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Foreword

Sustainable land management is an integral part of the famageaent system
of agrarian societies. Through centuries of experimentationefa in the Ethiopian
farming systems have developed technologies that sustained gkélaations.
However, due to population pressure and other anthropogenic factors, detoresidt
subsequent land degradation (desertification) are observed irgtiarus of Ethiopia in
general and in the northern highlands in particular. The landadigon not only
decreased the fertility of the soils but also resulted inosee of biodiversity, lowering of
the water table, diminished prime grazing land and an overall itossgricultural
productivity. This in turn increased the vulnerability of the areacfmlic droughts,
famine and absolute neglect to care for natural resources.

Fallow periods that were used to replenish the fertility of thieae no more
practiced because of the pressure on the land for continued cultivé@ieep sloped
lands that were formerly excluded from plowing are now put into gnaauction
triggering soil erosion and sediment transport into valley bottomsdlanidnds, thereby
silting up reservoirs and decreasing the quality of land.

In an effort to understand the processes of soil erosion and evemécaligmend
appropriate land management technologies, the Mekelle Univenspiarinership with
Belgian Universities, the Relief Society of Tigray and theeu of Agriculture initiated
research on the highlands of Dogu'a Tembien.

Several PhD and MSc studies were undertaken for better understandamgl of
degradation and for evaluating soil and water conservation technifoesesults of
these studies were published in national and international joursaisijnars and
workshops were conducted on the thematic components of the researcmaifité is a
product of these processes.

What makes this manual unique? It is not a reproduction of parts stfngxi
textbooks which usually clearly describe general principles bahdéick the details to
apply for instance erosion control techniques properly in a given dapessetting.
Rather this manual is entirely based on research experieire ga the highlands of
Tigray. As such, it has a great practical value.

This manual is intended to address the scientific basis of tlearobs the
technical considerations and socio-economic attributes that need taitisallye
scrutinized in the research that was conducted.

Development agents, subject matter specialists, students ofilagac natural
science and researchers dealing with natural resourcesfindllit interesting as a
reference for field practice and as a resource material for furtiearobs

Prof. Jean Poesen Prof. Mitiku Haile
K.U.Leuven Mekelle University



Preface

Research cooperation between Mekelle University and Belgidneps on soil erosion
and soil and water conservation started in 1994 through an MScdittiay University of Liége.
Subsequently, fundamental research was carried out by FWO (Furtitortific Research,
Flanders, Belgium) from 1998 to 2001 and concerned especially ssibermprocesses, rates and
assessment of human vs. natural causes of land degradation.alBRBaget project (VLIR,
Flemish Inter-University Council, 2001-2007) was a joint projectvbeh Mekelle University,
the Relief Society of Tigray, the K.U.Leuven and the Africarousé Tervuren (Belgium). The
Tigrinya wordszala and daget stand for physical and biological soil and water conservation
technology. This research project focuses on the evaluation of variousdseibger conservation
techniques used in Tigray, impact of soil erosion at catchmeie snd two-way transfer of
knowledge on soil conservation between land users and researchers.

After publication of dozens of theses, congress presentations antifisgiapers (out of
which about thirty in high-level international scientifmujnals), it was time to concentrate the
gathered knowledge in a single volume directed towards expestsliand water conservation
and natural resources management.

Given that this manual is about research progress, it has its own lingtdtisnnot a full
fledged 'Soil and Water Conservation Manual', but rather compleneargting basic manuals,
such as Hurni's (198@&uidelinesor the recenSoil and Water Conservation Manual for Eritrea
as well as various technical guidelines (BoANR, 1997; Carucci,)200 manual is about new
findings: scientific progress obtained in FWO and Zala-Dpggjects made accessible to the end
users. It is complemented by a series of leaflets in Tigrinya, diredtlsessed to the farmers. Our
colleagues of the VLIR Forest Rehabilitation project contrithtisethe section on management of
exclosures. During fieldwork, there was always intense ictierawith farmers and agricultural
experts. A draft version of this manual was also discussddfaiiers and experts during the
Zala-Daget project stakeholders forum on 23 September 2004 anduseful comments have
been integrated.

Every section of this manual contains a problem statemerdtatedof the art: which are
the approaches used in Northern Ethiopia so far, which is theiBcistite of the art. Next, the
larger part of each section concerns the research findingse Tingtings have mostly been
published already in international journals (available in MeKghiversity libraries and in other
institutions in Tigray) which implies that they have been cobesked and evaluated by
international scientists, and which is a guarantee for theility. The demonstration of these
findings is not within the scope of this manual. The interegtadar may, for every section, refer
to the articles on which that section is based.

Constructive criticism and ideas for improvement are warmly weldome

Dr. Jan Nyssen, editor
September 2007

Amanuel Negassi, Estifanos Bein, Kifle Ghebru, Tréigy B., 2002. Soil and water conservation
manual for Eritrea. Nairobi, RELMA/Sida, 246 p.

BoANR, 1997. [Water and soil conservation, foresteyelopment. Manual for agricultural cadres.
Lekatit 1989 (Eth. Cal.)] (In Tigrinya). Bureau Africulture and Natural Resources, Makalle.
Carucci, V., 2000. Guidelines on water harvesting soil conservation for moisture deficit areas in
Ethiopia. Manual for trainers. World Food Programiiddis Ababa.

Hurni, H., 1986. Guidelines for Development Agemitssoil conservation in Ethiopia. Soil
Conservation Research Project. Community ForestSail Conservation Development Department,
Ministry of Agriculture, Addis Ababa.
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0. Introduction:Land degradation

| Human impact on the environment |

Is land degradation and soil erosion a recent phenomenon, or to the contrary is iPa
And: is there a way out?

State of the art

presented. We include also some data from literature which have been broudartog
for the first time.

In this section, some new findings on the history of land degradation in Ethiopia are

FWO project findings
The environmental history of Tigray is written in its landscape

-

l—0. Before major
nygrnan interventions
started, the Tigray
highlands were
covered by forests
with deep soils as
can still be observed
in some remnant
(church) forests

v

| 1. Deforestation, er-
osion on slopes,
since 3000 years

| 2. |Thick sediment
deposits in valley
bottoms

o | 3. Removal of
shrubs andlaget
(traditional SWC)
since 100 years

4

" : P : | 4. lIncreased runoff
6. |At present: active | 5. /Gully formation and surface

|
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Fireplaces and burne
horizons, down in the
profile witness the
deforestation which
occurred around 3000
years ago, after which
more than 5 m of
sediment was
deposited. Thick
deposits in plains and
footslopes all over
Tigray have been
formed due to erosion
processes that took
place over centuries.
Picture and drawing
of a profile in Tsigaba
(D. Tembien)

Removal of vegetation leads to rapid runoff responses, and thus to gullying. Fie

30 BP

experiments show that runoff coefficients increase strongly when vegetatio

removed (see 5.6)

What about drought? Long term analysis of yearly precipitation data do niotoexis

Tigray. The most nearby long term analysis concerns the Blue Nile basin:
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Fig. 18. Time series of annual precipitation ( P): area-average (1 —11 gauges) over the Blue Nile basin. The smooth curve is obtained using a 10-

year Gaussian filter (Conway, 2001).

o Starting from 1900 no long term changes in annual rainfall have been
observed; in other words, on average it rains as much around the year 2

around 1900.

1930

|
1940 14950 1960 1870 1880 1890 2000

o There was an exceptional drought in the 1980s

o0 Such dry period has a negative impact on already degraded environmen

there is no more buffer capacity of the vegetation.

Agricultural intensification and land rehabilitation

FAO data (see next page) show a continued

increase of agricultural production levels,

3090 +/-
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whereas production per inhabitant has decreased
until 1990 after which it stabilised

140
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70| 7

Food production (index 1989-1991 = 100)

BO o
1960 1970 1980 1990 2000

Evolution of relative food production in EthiopiackEritrea (1962000] -

(3 years' moving average). Dotted line: total fomtiuction; solid line:
food production per capita (index 1989-1991 = 1D@ja from FAO
(2001).

Improved production may be due to

the following:
Improved climatic conditions

Human interventions. Society reacts o
land degradation with innovative

processes such as

0 Integrated SWC
Exclosures
Fertiliser
Irrigation

© O 0O

etc.

To carry out a sustainable increase of
production, additional steps need to be
taken. First signs of such future steps are

visible in many villages:

An increased area is used for gardening
Cut and carry takes place instead of fr

(stubble) grazing

Extension, seed selection, credit,

=

[1%
D

References:

Moeyersons, J., Nyssen, J., Poesen, J., Deckers, J., Kurkura Kabeto, Mitiku Haile,
Naudts, J., Veyret-Picot, M., Descheemaeker, K., Govers, G., 2003. Environmental

versus anthropogenic desertification as a constraint for sustainabldtagein
Tigray, Ethiopia. International Conference of Ethiopian Studies, 21-25.7.2003,

Hamburg, Book of abstracts, p. 116.

Nyssen J., 1995. Soil erosion in the Tigray Highlands (Ethiopia). I. Natural and
human environment in its relationship to soil erosion. Geo-Eco-Trop 19, 51-82.
Nyssen, J., Poesen, J., Moeyersons, J., Deckers, J., Mitiku Haile, Lang, A., 2004

Human impact on the environment in the Ethiopian and Eritrean Highlands — a state
of the art. Earth Science Reviews, 64/3-4: 273-320.
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1.1. Sheet and rill erosion: causes

| Natural and human origins of sheet and rill erosion in Tigray |

Problem statement

On the occasion of storms, our rivers take the colour of the soil. This soil, eroded m4
through sheet and rill erosion has built up the fertile lands of Egypt over centurids. W\
happens?

inly
/ha

State of the art

Several causes of sheet and rill erosion have been generally recognised slope
steepness and deforestation. Less is known on soil erodibility. Very few raisiipte
measurements have been done in Tigray.

Zala-Daget and FWO project findings
Slope steepness
- The relief of Tigray is essentially linked to the subhorizontal structuteeof t
geological formations and to rapid incision (due to uplifting).
- An analysis of slopes around Hagere Selam shows average slope gradient
and slopes above 60 % are no exception at all
Rainfall intensity
0 65 to 80 % of the rain falls with an intensity less than 18 mm/h
o0 3to5 % of the rain falls with an intensity more than 66 mm/h
Rain drop size
0 65100 drops
were measured
o For asimilar
intensity, rain
drops are larger
in Ethiopia than
in most other
places in the
world
o Average drop
diameter during
strong rains is 4
mm
0 Such large drops
fall with great speed and create a lot of 'splash erosion’
Soil erodibility
o0 USLE's soil erodibility factor was computed for topsoils
o Erodibility of the fine earth fraction of Tigray's soils is relatively J@s
compared to major agricultural regions of the world (e.g. Europe's and Ch
loess belts), due to high clay and/or sand contents

of 2

na'

0 There is often high stone cover and content; this further decreases soil
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erodibility

0 Hence, soil erodibility is not an explanation for the importance of actual sai

erosion.
0 The most erodible soils are those without stones (see section 1.4)
Land Use system
o In general, the traditional land use system doesn't allow for biological
conservation
Traditional openfield with stubble grazing on cropland
Trees are much better conserved around houses
Traditional free grazing system on slopes, with however sometimes
laws on period of utilisation
o0 Absence of hedges, live fences, free grazing etc. enhances runoff
o Through time, pressure on the land has led to an expansion of agricultura

Evolution of land use in May Zeg-zeg catchment (1: cropland, 2: fallow, 3: dens
vegetation, 4: sparse vegetation, 5: poor or no vegetation).

o Changing the land use system is a major challenge (see section 5)
Vegetation

o0 Remnant vegetation cover on slopes (grasses, shrubs, trees) is decreasin

o Traditional conservation structures (daget, grass strips on plot boundaries

narrowed, from 2 m some 50 years ago, to less than 0.5 m at present

Conclusion: the combination of steep slopes, vegetation removal and erosive rai
to sheet and rill erosion. This is however tempered by low soil erodibility, high stq
cover and the implementation of SWC works (see section 1.3).

by

ar

g
ar

N le
ne

References:
Naudts, J., 2003. Farming systems in the Tembien Highlands, Tigray, Ethiopia. R
obtained within the framework of the Zala — Daget project. KULeuven (Belgium)
CNEARC (France), 47 p.

Nyssen, J. 2001. Erosion processes and soil conservation in a tropical mountain
catchment under threat of anthropogenic desertification - a case studydrtmern

Resl
and

Ethiopia. Ph.D. thesis, KULeuven, Belgium, 380 p.
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Nyssen J., Mitiku Haile, Moeyersons J., Poesen J., Deckers J., 2000n&eiater
conservation in Tigray (Northern Ethiopia): the traditional dagehriique and it
integration with introduced techniques. Land Degradation and Development,
199-208.

Nyssen, J., Vandenreyken, H., Poesen, J., Moeyersons, J., Deckers, J., Mlgkt
Salles, C., Govers, G., 2005. Rainfall erosivity and variability in tlethdrn
Ethiopian Highlands. Journal of Hydrology, 311: 172-187.

Note: See also:
1.3. Stone bunds on cropland
1.4. Effects of stone removal
5. Watershed management
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1.2. Rates of sheet and rill erosion

Yearly rates of sheet and rill erosion are considerable, though less than Geai
Ethiopian rates

Problem statement

Calculation of sheet and rill erosion rates allows to assess the magnitud@aittieen.
Such rates do however not imply that all this soil leaves the catchment oheven t
cultivated plot.

State of the art
Rates of sheet and rill erosion have been studied in many places in Ethiopia, but n
Tigray Highlands

Dt in

Zala-Daget and FWO project findings
Measurements on experimental plots during three years give the follawenage
rates
0 Steep exclosures/forest without stone bunds: 2.3t/ ha / year (3 sites, 30
4000 nfin area)
o Steep rangeland without stone bunds: 13.5t/ ha/ year (1 site,’3@Grea)
o Rolling cropland with stone bunds: 9.9 t/ ha / year (5 plots, 75 to 270 m
area)
USLE (Universal Soil Loss Equation) average estimation for cropland \eitle st
bunds: 18.1t/ ha/ year
Average of sheet and rill erosion measurements on cropland in Central and Sol
Ethiopia is 42 t/ ha / year

-

el ;L:‘“ y . i T— . |
Compare the situation in Tigray to rill ... and near Debark
erosion around Sokota...

Reasons why sheet and rill erosion rates in Tigray would be relativelyripsgtant:
o High stone cover (much soil has already been eroded)
o0 Active SWC implementation
0 Less rain than Central Ethiopia

D to

the

Soil loss means not only loss of mineral particles, but also nutrients (Sea $c8})
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Since in many areas profiles have been truncated down to the C horizon, comparisc
to (theoretical) soil formation rates makes not much sense

References:
Desta Gebremichael, Poesen, J., NysseDgedkers, J., Mitiku Haile, Govers, G.,
Moeyersons, J., 2005. Effectiveness of stone bunds in controlling soil erosion on
cropland in the Tigray highlands, Northern Ethiopia. Soil Use & Manage2i3):
287-297.
Nyssen, J. 2001. Erosion processes and soil conservation in a tropical mountaif
catchment under threat of anthropogenic desertification - a case studydrtimern
Ethiopia. Ph.D. thesis, KULeuven, Belgium, 380 p.
Nyssen, J., Poesen, J., Mitiku Haile, Moeyersons, J., Deckers, J., Hurni, H., 2007.
Effect of land use and land cover on sheet and rill erosion rates in the Tigray
Highlands, Ethiopia. Soil and Tillage Research, in press.
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1.3. Stone bunds in cropland (1)

| Efficiency of stone bunds for soil erosion control and soil moisture

Definition/problem statement

How much soil is trapped behind stone
bunds in Tigray?

It can often be observed that crop grows
better on both sides of stone bunds. It is
expected that this is due to water
conservation. This was never measured in
Ethiopia.

State of the art

Measurements on the efficiency of SWC structures in Ethiopia so far hayes ddeen done
in experimental plots. Results might not be representative for the reabsifisitice structure
in experimental plots are (1) in optimal (and not average) condition and (2) are enly a f
years old with a good depression behind it.

Zala-Daget project findings
We analysed 'real' stone bunds on 202 farmers plots
Through measurements ...

Cross sectional area

-':r Pa. =<

e . 3

Volumes of soil lost from the foot of the stoné]olumes of soil acchmulated behind stor
bunds bunds

o ...the average movement of soil on cropland with stone bunds could be

reconstructed...

16

uoanpou|

ualsola uaisoda uolsoda ||
abe|L "z

fing ¢

Juawabeuew Buipjispuen

paysiajepn

SUOISN|aU0Y)

pue jpays |

a



o0 ... and the efficiency of stone bunds for controlling soil erosion calculated

On average, for stone bunds 3 to 20 years old, stwks is decreased by 68 %.

o On average, after stone bund building, slope gradient decreases by 1 % ever
years

o Itis strongly recommended that the landholder increases the height of the bu
once they get filled with sediment

Water conservation
o What are the consequences of stone bunds on
soil moisture content?
Higher moisture content on both
sides of the stone bund
Long lasting effect
Agroforestry allows using this soil
moisture stored in deeper horizons
0 See the effect in these soil moisture profiles (cross-sections through stwse b
with contour lines for soil moisture content, based on field measuremants
2002)

Dark colours correspond to higher moisture... several months after the end of the rains

y 3

nds

contents...

17
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1.4. Stone bunds in cropland (2)

| Other effects of stone bunds in cropland

plot

Definition/problem statement

Sometimes, stone bunds might have some negative side effects, such as

- Excessive stone removal for bund building may lead to increased soil erosion
Since the stone bund blocks most of the soil transit, a tillage step is createfbat thg
of the stone bunds, what may lead to the creation of soil fertility gradietiig it

Stone bunds can lead to rapid sediment deposition which buries the crop

If a stone bund collapses, or is overtopped by runoff, rills or even a gully can teslgrea
Are these real risks in the Tigray Highlands?

1%

State of the art

So far, such phenomena were sometimes described, but have never been studied in the
Ethiopian Highlands

o

o

Zala-Daget and FWO project findings
Does excessive stone removal lead to
increased soil erosion?

YES, especially when small
stones are removed (see picture)
stone cover: protection of arable
land from soil erosion by water
influence on infiltration
generally, stones increase
infiltration rate
protection of the
soil from raindrop impact
protection from surface sealing and crusting
Farmers always leave a critical amount of stones. One farmer daid:
you put butter on one's head, it is better if his/her head has hair to K
the butter; in the same way, stones help to keep moisture»
Results from experimental plot show clearly the negative impact if akstamre
removed (see below)

High cover by small stones gives better crop yield
What to do?
The farmers' traditional management: farmers remove part of the la]
stones of the fields with high stone cover
No small stones should be removed from the field

eep

rger

A limited number of larger stones can be removed

19



May subsoil appear at the surface of cropland treated with stone bunds?

(0]

(0]
0]

Are stone bunds responsible for crop

burial
0]
0

(0]

Difficult to give any precise recommendation (variability of rainfaltla
soils), best to rely on the farmers' experience

Stone-faced trenches: stone-rich soil dug out behind the stone bunds and

used to top the backfill
instead of small stones

visual observations show that sedimentation behind stone faced

trenches is less rapid (and thus soil erosion less)

Soil loss from Zenak'o experimental plot
(3 replicates)

u
o

)

/
Wb N
oo o,

/
&

)
ocuio 1 O

Soil loss by runoff erosion
(t/haly
8

T T
No stones Half stones All stones
removed removed removed

Effect of stone removal on soil loss

YES, this may be the case at the uppper part of the plot, when soils are sh
especially in limestone areas
See section 2.1
What to do?
When soils are shallow, spacing between stone bunds might be ma
broader.
Often, enhanced moisture conservation will balance the effect of lo
soil fertility at the foot of
the stone bund
Some farmers will
preferentially put manure
along the stone bund, on
the lower side.

NO, generally not

In exceptional cases such

spectacular events can happen

Four km of stone bunds were analysed. Along 48 m (1.2 %) of the stone b
such problems occurred. The damage was generally less than the one sh
the picture
This occurs mainly when the land concentrates runoff, or when concentrat
runoff is diverted into cropland from a gully or from the road

allow,
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What to do?
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Never let concentrated runoff be diverted onto cropland

If stone bunds are overtopped, their height should be increased,
otherwise such problems will be created for the lower stone bund
Generally this occurs in the first years after construction

Can stone bunds lead to the formation of rills and gullies?
o0 NO, generally not
o0 In exceptional cases such spectacular events
can happen
o Rills created by stone bunds occur only along
0.3 % (12 m) of the surveyed 4 km of stone
bunds
0 Main cause is collapse of stone bunds
0 Second cause is runoff concentration when
stone bunds are off contour over some distance
o What to do?
Technical norms for stone bunds should always be respected, such
working along the contour, and foundation depth.
People and cattle should not climb over stone bunds. Footpath cros
must exist on convenient places. Stone bunds must be interrupted {
allow oxen crossing
As soon as a stone bund starts collapsing, it should be maintained
landholder.

Finally, WHAT IS THE ALTERNATIVE? What would happen if, for the reasons
mentioned above, we do not build stone bunds?

o0 Increased rill erosion and severe soil loss on the cropland

0 Moisture stress

o0 Increased gullying downsteam

0 Reservoir sedimentation

as

sings
(o]

Dy the
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1.5. Stone bunds and crop yield

| Effects of stone bund building on crop yield

Problem statement

Stone bunds keep soil, they protect the dowslope area from flooding. But what is tf
effect for the farmer? Will he have improved yield?

e

State of the art
Measurements on the effect of stone bunds on crop yield were never done in Tigra
Elsewhere in Ethiopia it was only done in experimental plots. Results might not be
representative for the real situation, since structures in experimensaapaatl) in

optimal (and not average) condition and (2) are only a few years old with a good
depression behind it.

Zala-Daget project findings
We measured crop yield on 150 farmers plots with stone bunds
Through measurements at the lower, the middle and the upper part of the plot

Comparison of average grain yield (g/m?2) on the accumulation zone, the middle
and the loss zone (average of 143 plots in Dogu'a Tembien)
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Crop yield increase by bunds was calculated, taking into account space occupied by
the bunds
0 Average of 143 plots in Dogu'a Tembien, in 2002, for various crops
0 Increment in grain yield in accumulation zone
= 30 g/m?
0 Area occupied by the fertile accumulation zone behind stone bunds:
22 % of the land
2200 m2 of accumulation zone per ha
66000 g/ha
=0.66 Qt/ ha
o Cropland loss by bunds:
Part of cropland occupied by stone bunds: 8 %
To be decreased with
Area where stone bunds are built on unploughed land within
the croplanddaget, §orbi): 3 %
Newly ploughed landh@@addish botadue to stone removal: 2 %
Real loss of cultivable area: 8 % -3 % -2 % =3 %
This corresponds to 0.18 Qt/ha yield
o On average, stone bunds lead to increased crop yield: 0.66 —0.18 = 0.48 Qt /
ha, or half quintal per hectare!
Though this is appreciable, this beneficial effect can still be improved in the
following ways:
o Growing high value crops along stone bunds (agroforestry, fruit trees and
seasonal crops)
o In situ soil and water conservation, by making furrows along the contour,
either by using tied ridger or traditiorddogri (wide ears ofnahrasha

References:
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1.6. Site specific use of SWC techniques in craghlan

Some general rules for SWC implementation on cropland, which need be applied with
much flexibility

Problem statement
Which technique shall we use in which place? And how to integrate it with traditdf@l S
techniques?

Zala-Daget and FWO project findings
The traditional daget technique

o Only on cropland
o Characterisation
Height: 0.5t0o 3 m
Grass strip: 0.2 to 0.5 m, exceptionally 2 m
Slope of riser: 40 % to subvertical
Dense herbsQynodon dactylofPennisetunsp.)
Locally, shrubsAcaciadiv. sp.,Rumex nervosuslicotiana glauca
If not vegetated or stone protected: retreating, as observed in many
countries
0 Vegetative barrier
partial barrier for water-induced erosion
total barrier for tillage erosion
0 An ancient technique, dating back to the establishment of fixed parcel limit
o Recent slumping
o Grass strip grows into Daget
Traps sediment from water and tillage erosion
10 to 20 cm step in 4 years
Effectiveness
On slopes up to 10 %: 1-m wide grass strips have the same

7]
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effectiveness as stone bunds (62 % reduction of soil loss)
On steep slopes (28 %) grass strips are less efficient than stone
bunds
Integration of daget and stone bunds / traditional and introduced / biological and physical
conservation techniques
o Various ways of integrating daget and stone bunds
Build stone bunds on daget
Establish Grass strips along stone bunds
Many types of hybrid structures exist (see photo underneath)

General recommendations for soil and water conservation on cropland

0 Integrate network of stone bunds with daget

o Be flexible
Equidistance as a guide, not a dogm
Modulate
stone bund
height, if
necessary
Discuss the
lay out with
agricultural
cadres,
experts,
farmers,
including the
landholder!

o Grass strips with

stone bunds
0 Agricultural
intensification

Agroforestry with leguminous trees (momona, sesbania, tree lucern,
leucena) — need to be watered a one or two times in the first year afte
planting

-
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In areas that are not accessible to cattle (for example: closed catchmég
including the cropland - see section 5.1), we can also think on growin
fruit trees (e.g. apple trees in the highlandgjeshoon stone bunds
Be site specific: some general rules

o Stone faced trenches in most places: enhance infiltration

0 Stone bunds only, on clay soils (walka)

0 Grass strips (0.5 up to 1 m wide)
On slopes up to 10 %
Especially if there is an important risk of waterlogging
Or if there are not enough stones
Protect the grass strips from ploughing by digging in large stones on |
sides of the grass strip

2Nt

oth
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2.1. Tillage erosion processes

| Steps occurring at the foot of stone bunds are a witness of tillage erosion |

Definition
Tillage erosion = Downslope movement of soil over the whole thickness of the tilleg
layer, induced by the mechanical action of the plough only. (In addition to the fact t
loosened soil is more susceptible to sheet and rill erosion)
* Consequences:
— colluvium deposited in lower part of field
— soll profiles truncated in the upper part
» Occurs for all tillage implements

)
hat

State of the art
Few research, worldwide, on tillage erosion by non-mechanised implements
Process not recognised in Ethiopia so far
In some areas (Andosols), it was observed that tillage erosion leads to decr
soil fertility at the foot of stone bunds

pased

Zala-Daget and FWO project

findings

- During tillage bymareshathe
farmer inclines the steering stick
to give it a position that is
perpendicular to the soil surface.
On steep slopes, this results in
throwing all soil to the lower
side of the furrow during every
tillage pass.
Year after year, the soil is moved from
the upper part to the lower part of the
plot.
‘Tillage steps' at the foot of stone
bunds are created by tillage erosion
No soil is removed from the land
through tillage erosion, but it is
accumulated in the lower part
Tillage erosion is proportional to slope steepness and to the number of tillage
operations.
Major problem might be creation of
soil fertility gradients. We analysed
this through detailed analysis of soil
samples taken in 25 plots.

0 Hypothesis: due to tillage

27



erosion, the less fertile subsoil will be at the surface in the upper part of the
plot
o Inlimestone areas, solil fertility gradients due to tillage erosish ¢fi
oucropping petrocalcic horizons or parent material)
o0 In basalt areas, there are generally no soil fertility gradientsodhe t
presence of homogenous soil profiles (Vertisols, Regosols)
Mechanical tillage will increase tillage erosion
Hoeing will increase tillage erosion
With 'conservation agriculture' (including no-till or zero tillage) themoigillage
erosion
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2.2. Tillage erosion rates

Eventhough tillage erosion occurs within the plot, it is important to know tillageenages,

especially in relation to stone bunds

State of the art:

Tillage erosion rates were never calculated in Ethiopia

Zala-Daget and FWO project

findings

- The steeper the slope, the higher
the tillage erosion rates
Based on our measurements, the
following average tillage erosion
rates on various slopes in Tigray
were found:

o Tillage erosion and sheet
and rill erosion contribute
each about half of the
sediment deposited behind
the stone bunds

Soil loss by sheet and rill erosion
o [Soil loss by tillage erosion

= 57.26 thdpartly conserved)
= 18.64 t/haly dtbt conserved)
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Note: See also:

1.4. Stone bunds in cropland: Efficiency for soil erosion control
1.5. Stone bunds in cropland: Soil fertility gradients
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3.1. Causes of gully erosion

The presence of Vertisols and of dry spells induces favourable cotidns for gully
erosion in Tigray. Human activities leading to larger runoff response trigger gily
erosion.

State of the art
* Gully erosion is a widespread phenomenon in Ethiopian Highlands
* Poor knowledge of:

— Causes (general ‘feeling’ that it is due to degradation in catchment;

obvious cases such as road building)
— Age
— Rates

Zala-Daget and FWO project findings: Causes of gully erosion in Tigray
Land degradation leads to change in hydrological conditions
0 Increased runoff coefficients
o Rapid runoff response
Land use changes can lead to change
in hydrological response
o0 Urbanisation
Decreased infiltration
o From forest to range- or
cropland
o From cropland to rangeland:
increa-sed runoff coefficient
because of:
Absence of tillage
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Trampling (soil structure decay, decreased hydraulic conductivity,

decreased infiltration)

Soil and water conservation structures are no longer maintained
Clear water effect

o clear water erodes more than water that carries sediment, in other words

creates gullies

o clear water effect due to the fact that for larger runoff response léss soi

eroded from the slopes (due to advanced degradation)

o relatively clear water flowing through checkdams again carriesrsail the

lower gully
Vertisols

o Major factor in

development of
valley bottom gullies

0 Sometimes very flat

land is gullied

0 Subsurface piping

and tunelling

0 Subsidence of

polygonal structures
Road building

0 More rapid runoff

response due to drainage channels etc.

0 Increased catchment size due to the fact that all runoff is drained to culv
Eucalyptus plantation in valley bottoms and wetlands dries the Vertisols and
provokes cracking
Climate: in dry years, vegetation cover is less, due to drought and to increased
pressure by livestock. Hence, runoff response to storms will be stronger, and n¢
gullies can be created
Drying of the landscape is an important consequence of gully erosion

o Directly, through occurrence of (temporary) springs in the gully bottom

o Indirectly, through impact of sunshine on gully banks

o It has an immediate effect on crop yield. Crops ripe faster near the gully

Generally farmers start harvesting a plot at the side of the gully

Crop yields are better when moving away from the gully
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Yield measurement-weight of grain

740
720 -
700 -
680 -
660 -
640 -
620 -
600 -
580 -
560

weight of grain (kg/ha)

Average crop yields in 15 plots along gullies (Dogu'a Tembien, 2003). Y1 = on the

of the gully, Y2 =25 m away from the gully, Y3 =50 m away from the gully

edge
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3.2. Rates of gully erosion

For the first time, rates of gully erosion have been measured in Ethicgga Short-term
gully erosion rates in Tigray are now far less than sheet and rill erosion rates.

Rates of gully erosion can be expressed as total volumes per year. But tharese of
specific rates (t/haly) allows to compare gully systems and to d&l@warage rates.

State of the art

So far, there was poor knowledge in Ethiopia on:
» Age of gullies (‘*expanding at an alarming rate’)
» Rates of gully development

Zala-Daget and FWO project findings
Based on field measurements and specially
developed interview techniques
For catchments up to 20 km
o0 Longterm rate: 6.2 t/haly
o Short term rate: 1.1 t/haly
Gully development since some 50 y (due to

land degradation)
Strong increase in the 1980s (due to drougt
period)

Stabilisation since the 1990s (due to SWC
measures in catchments and gullies)
Nowadays, short term rate of gully erosion
far less than short-term rate of sheet and ril
erosion
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3.3. Check dams

| Loose rock check dams for gully control

| Under which circumstances can checkdams be effective?

State of the art
Information on effectiveness of
gully control techniques is very
limited, worldwide
Two approaches in Tigray
o SWOC in catchments
o Control measures in gullies
vegetation may be
used, when gullies
are not grazed
check dams built of
loose rock

Zala-Daget and FWO project findings
Based on systematic survey of 400 check dams
Check dam collapse is generally related to
0 Heavy clay area
o Building errors (absence of spillway,
absence of apron, no concave plan form PYpassed
when looking downslope)
o0 Large catchments
0 Steep slopes

series can be destroyed
o Distance between check dams
o Importance of slope gradient
Rule of thumb: Spillway of the lower
check dam needs to be higher than the foot
of the upper check dam
0 depends on vertical interval and
checkdam height
o five advantages
reduced runoff erosivity
storage of large runoff
volume
increased sediment volume
more stable gully bed
favouring vegetation growth

o If one check dam breaks, a whole _—
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ponding of water at the foot of the check dams during rain events
which the flow energy of runoff overtopping the dam is dissipated
(reduced plunge-pool erosion)

The nomograph at the right was developed for Tigray to calculate loose rock ch

dam distance as a

function of slope

gradient and drainage

area. It indicates the

spacing (in metres) that

should be applied for a

given catchment area

(A, in ha) and slope

gradient of the gully (S,

in %) — example: for a

gully with a slope of 25

%, draining a catchment

of 20 ha, checkdam

spacing should be 4.5

m.

Gabion checkdams

should be used in

critical places,

especially for large

catchments and steep

slopes.

Maintain check dams as soon as dam collapse starts

o For this purpose, a permanent maintenance team should be active durin
rainy season in each village

n
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References
Nyssen J., Veyret-Picot M., Poesen J., Moeyersons J., Mitiku Haile, Deckers Js G¢
G., 2004. The effectiveness of loose rock check dams for gully control in Tigray,

ve

Northern Ethiopia. Soil Use and Management, 20: 55-64.

35



3.4. Gully control in Vertisol areas

| It is very difficult to control gullies in Vertisol areas. Here are some hits. |

| Due to swell-shink action in Vertisols (‘walka'), many check dams graskgd by flood |

State of the art
The problem of the control of gullies in Vertisols is well known in Ethiopia.
So far, no specific solutions were suggested.

Zala-Daget and FWO project findings
Check dam behaviour in Vertisol areas
0 Large deep cracks in Vertisols at
the beginning of the rainy season
o Piping, tunnelling and bypassing of
check dams
0 These phenomena can cause check
dam collapse within one rainy %
season
Simple rule to decide whether an area with
vertic soils is suitable for check dam
building is to observe if cracking is
important in the dry season
Do not plant Eucalyptus in Vertisol valley
bottoms
Solution for areas affected by large-scale
cracking: Raise water table in Vertisol
areas. Dig in a two- to four-metre deep
subsurface dam (canvas sheet or
geomembrane)
0 to deactivate soil shrinking and
cracking
o0 Hence avoid piping and bypassing
of check dams
o Avoid collapsing gully head works
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3.5. Other gully control techniques

| Other gully control techniques tested with success by the Zala-Dageroject \

State of the art
Gully control in Northern Ethiopia is mainly done through loose rock and gabion cheg
dams. The first one is not always possible due to absence of stones and/or negattve
of excessive stone removal. The gabion check dam technique is expensive and can
used in critical positions.
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Zala-Daget project findings
- Vegetative control

- Other materials than stones (brushwood check

dams)

Flood regulator

o Can be installed in any place in a gully, especially if the catchmergut in

Close gullies for livestock and wood collection and allow establishment of
vegetation, which reinforces and takes over the stabilising role of check dg
Gully bed roughness is increased, reducing runoff velocity

Favouring sediment deposition

Biomass produced in the gully area can be used as cattle fodder, which
decreases grazing pressure in other areas

Though exclosure of gullies concerns only a relatively small area, itstnspa
large. A well treated gully behaves like a linear oasis

Cheap

Should be inclined backwards to resist to
flooding

Easily replicable

No excessive stone removal

Efficient

Cannot withstand strong floods

Metal pipe through lower part of gabion check dam

Temporary runoff storage
Spreading of peak runoff over time

k
impac
best be

ms

ficiently treated or where large runoff is generated from roads or towns
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o Effect on runoff similar to that of a well-treated catchment
o Functioning of flood regulator
Temporary storage
Detention-type reservoir
Gradually emptying during the hours following the rainfall event
Storage volume must be large enough
o This will only work for gullies where sediment transport is small.
- Diversion into exclosure
o Water from the gully is taken in the
exclosure by canals, which are nearly on
contour. The water infiltrates slowly through

stone walls.

0 Observed effects:

o0 Practical recommendations:
The amount of water diverted to the exclosure should not be exce
Adjustments can be made on the weirs in the gully, after euajuie effects
of the first storms.

Canals should not be steep (slope gradient < 5 %), otherwise thébotinen
will erode, and the water will have no opportunity to infiltrate thiotige stone
walls into the exclosure.
Stone walls should be stable (thickness of at least a double stongamnah
high enough (generally at least 60-70 cm).
In locations where a lot of water tops over the stone wall, and arifieav
small gully is created, smaller stone walls or checkdamstkectures shoul
be build to prevent further erosion
- Watershed management (see section 5.1) is the best method to control gullies. R
harvested in the catchment (see section 1.4) and the runoff coefficient Eseecre

More water
infiltrates into the
soil of the

exclosure than
would  normally
be the case by only precipitation.

Sediment, eroded from wupslope cropland and
rangeland, is deposited behind the stone walls and in

densely vegetated areas

Grass and herb growth is significantly higher than in

other, similar areas, where no action is undertaken.

The gully carries less water and will be less erosiv
Less sediment will leave the catchment, because
deposited in the exclosure.
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4. Landsliding

Why do landslides occur in Tigray? How important is that phenomenon? What can
be done?

Definition
Landslide = the sliding down under the force of gravity of a mass of land on a mou
or hillside

ntain

FWO project findings
Landslides occurring in the
Ethiopian Highlands are due to
a combination of several of the
following factors:

0 Steep slopes

o Undercutting by road

0 Undercutting by gully

0 Loose material
(colluvium) overlying a
less pervious layer

Vegetation (grass) regrowth in
sensitive areas leads to
enhanced infiltration and
sometimes landsliding

Though not very common in the
Tigray Highlands, landsliding
can be prevented by:

o0 Watershed management
and hence filling of
gullies

o Careful road design

o0 No runoff harvesting
(trench bund, stone faced trenches, etc.) in landslide areas; infiltrated wa
would favour landsliding

o Tree growth and plantation in these areas will stabilise them due to
strenghening by roots and evaporation of water. Water consuming trees
as Eucalyptus would be a good option for these areas.

Footslope of Amba Raesat (D. Tembien): the
upper image shows the slide head in sandstg
colluvium; the lower image shows the

landslide toe, after cleaning of the road
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5.1 Watershed management: introduction

Implementation of SWC techniques becomes much more effectiaad efficient if
carried out in an integrated way

Definition
The use, regulation and treatment of water and land resources of a watershed to
accomplish stated objectives.

State of the art

Even if rainfall conditions in Tigray have somewhat improved over the last decade,
drought (and locally famine) problems remain, due to the erratic nature of raimdate
low infiltration capacity of the soil.

Zala-Daget project findings
- Implementation of the May Zegzeg
Integrated Watershed Management Project
o Site-specific SWC at catchment
scale
o Continued effort to decrease
pressure by roaming livestock
integration of fodder
production with soil
conservation activity
exclosures
grass strips
cut & carry
improved grass production areas
stubble grazing is not allowed on cropland in order to protect
biological conservation
o Spring and irrigation development in the lower parts of the catchment

Sustainability
1. Ecological sustainability:
Improved environmental conditions
within the watershed enhancing the
hydrological cycle
Regeneration of degraded lands.
Regeneration of depleted soils.
2. Economical sustainability:
More economical use of natural
resources (water, land,...):
increased production of fodder and marketable fruit, crops, irrigation
3. Social sustainability / Involvement of local communities

Answer to three major problems of the local communities: land productivity,
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water and fodder

Communities in Tigray have accepted land management activities as p
their land husbandry

Communities of the district will be involved through the extension and
experience sharing programmes.

Local authorities are involved in an institutional way

Challenge: to convince the farmers to abandon the free grazing systen

to adopt a controlled or no grazing system. Key for success will be to get

farmers trained in and used to stall feeding

Part of the May Zeg-zeg catchment, before (left) and after watershed managemen
(right). The persons are standing exactly on the same lgjooe than 200 ha have be
treated with site-specific physical SWC structures and tree planting. The atesgd c
for cattle and firewood collection. Due to strongly decreased runoff from the upper
slopes, the lower gully could be rehabilitated and is used again for cropping.

Innovation
o although there have been many initiatives for SWC in Tigray, until now {
techniques were nearly never brought together and managed a complet
catchment, thus demonstrating the advantages brought by integrated
watershed management
o the project includes an important, but realistic, change in land use:
abandonment of free grazing system and change to no or controlled gra
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5.2. Sediment yield at catchment scale

Rates of soil loss on cropland are sometimes high. Does all this soil leave the

catchment?

Definition

Sediment yield concerns the amount of upslope eroded soil that effectively fbave

catchment

State of the art:

So far a 'blanket' rate of sall
loss/sediment yield at catchment
scale has been used in Tigray.
That rate was obtained by
Hunting consultants in 1975-
1976 from measurements on two
rivers and equals 17 — 33 tonnes
per ha per year. No
measurements of soil loss at
catchment scale were ever done
since, and nothing allowed to
take into account catchment
characteristics

One way of measuring soil loss at
catchment scale is to measure the
sediment deposited in reservoirs.

A reservoir traps nearly all sediment lost fror
its catchment. Ruba Gered, North of Atsbi

>

Zala-Daget project findings

Sediment volumes were measured in 13 reservoirs in Hintalo-Wajirat, Endéiga,

Awlalo and Avergelle

<
Profile pits were dug in the sediment (example for ... and thickness of
Gereb Shegel reservoir)... sediment measured

This allowed to calculate that sediment yield at catchment scalesrbatyeeen 2 and
18 tonnes per ha per year (for catchments less than 2[aigs)

(example for Gereb Segen)

Ki
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- Measurements elsewhere in Ethiopia show that for larger catchments therse
yield is even much less (1t/ ha/y for Atbara, 0.06t/ ha/y for Wabi She

Remember the relatively high
Comparison of soil loss and sediment

rates of soil loss in small plots

(upto 54t/ halyear)

Scale effect: the larger the
catchment, on average, the
less sediment yield per ha; th:

is because a lot of sediment is

deposited in vegetation strips,

along the river in floodplains

yield values at different scales

60

di
pelle)

etc.

Based on an analysis of the
studied reservoirs, it was

found that the following are
the main causes of high 10-
sediment deposition in
reservoirs: 0
1. Absence of good soil g g X £ 8 2
and water s §s § &£ & 8
conservation T 2 = I c./:;"
2. Presence of s § & § 3
numerous gullies o \J 5 S S
(which allow rapid S & 8 o
transfer of water and g § S S
sediment) 2S5 5 8
S g &

20+

t/ ha/year
w
<

3. Poor vegetation or

Nyssen, J., Poesen, J., Moeyersons, J., Deckers, J., Mitiku Haile, Lang, A., 2004
Human impact on the environment in the Ethiopian and Eritrean Highlands — a s

stone cover
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5.3. SWC at catchment scale

| Effect of implementation of SWC techniques at watershed scale

Problem statement

It is known that watershed management leads to decreased flooding and decreased soi

dget

loss. Changes in soil loss can be approached mathematically through sedimeimdpu
Zala-Daget and FWO project findings ZENAK'O - ARGAK'A, Dogu'a Tembier
The implementation of SWC at ETHIOPIA
catchment scale leads to decreased 199.1 ha 1998 - 2001
sediment production
See thesediment budgetdf this catchment ~ SOURCEs SINKS
with SWC treatment of medium quality ,;,,

0 Sources = soil loss Sheet & rill erosion
i — ; g ; (cropland) 1317ty 922 ty*
o Sinks = sediment deposition in the ) om in ropland
catchment 20 % 32%

Sheet & rill erosion

o0 Yield = sediment that leaves the (rangeland) 571 t§

CatCh ment 2 O/SOheet & rill erosion
o Presence of stone bunds and (exclosures) 49 £ \
exclosures leads to important sinks in
the catchment (32 + 18 %, in this
case) and to decreased sediment yleFéi"gu"y —
Integrated watershed management leads to ossty
decrease of sediment sources (through
installation of exclosures and improved
grassland), strong increase in sediment
sinks (stone bunds, upslope eroded e
sediment trapped in exclosures), and (1165ty" 5.9thdy?
hence decreased sediment yield.
A recent study shows that after implementation of the May Zegzeg Itgdgra

Watershed Management, sediment yield has been reduced from 1584355 t V'

506 t y*
Deposition in exclosures
18 %

281ty
Debris fans
10 %
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5.4. Exclosures and SWC

What are the effects of exclosures on soil properties, sediment depasitiand runoff
and soil moisture?

Problem statement
In the Tigray highlands, the establishment of exclosures hasmige@n important
measure to combat land degradation and increase biomass production. lof Vigiv
land pressure and scarcity of firewood and grazing land, it is inmbotta obtain
profound knowledge about the benefits and effects of the set-asidg palidifferent
aspects of the natural environment.

State of the art

Various authors have reported beneficial effects of exclosuedsrah vegetation i
regenerating, runoff and sheet and rill erosion are reduced, the land isesiamitswate
availability is increased. New springs originate and duringngdr period more water |s
flowing in the rivers draining the catchments. Exclosures seee t® very successfu
measure for soil and water conservation. These positive consequeaadsoanoticed
and appreciated by the local farmers. However, until now, no quavgitatasurement
of the effects of exclosures have been carried out.

"2

-

[72)

Zala-Daget project findings:

1. Increase of soil fertility in exclosures
we analyzed soil samples taken from the topsoil in different lase types
(exclosures of different ages, degraded grazing land, church fdoest)arious
nutrients
soil fertility is improved from the degraded grazing land towdlds regenerating
forest areas

Average values of soll fertility parameters for different land use types
in May Ba'ati, a study site on limestone lithology

available P m total N (% organic C (%
pp 9
10 04 0.35 51
8 4 -
6 037 0.22 3] 262
4 295 291 0.2 008 2]
5 | 128 I:l 014502 © 14032 07°
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. Sediment deposition in exclosures

we collected a large dataset on depths of the sediment deposdedkisure of thg
area.

all sediment that enters from cropland into an exclosure is trapped

even on steep slopes (35 — 50 %), very high sediment deposition2%atep (o0 93
t/halyr) were observed in exclosures located below large sediment acesse

117

most sediment is deposited at the upper side of the exclosure (see above graph)

Decrease of runoff in exclosures
to assess the effect of restored vegetation in exclosures on amabfoil moisture
an experiment was set up containing 30 experimental units of 10x&0, nvatch are
representative for all situations of vegetation density and compostape gradient
and soil type that can be encountered in the study sites.

Mean runoff coéfficient (%) Mean runoff coéfficient (%)
10
235
25 4
gl 77
20
6 4
15 A 12.6
10 4
2 15
5 11 0.4
0 ‘ e 003 0 =
S D 5 © © &
& & &8 s & 8
& £ & « S & §
y ¢ ¢ N N S
N S o S I
S 2 o 9 %) g
$ ¢ o o OQ so
g & § & <
AN g S
S L 8 &
Q G 5 s

Average runoff coefficients for different land use
types (left) and vegetation densities (right)
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In each of the experimental plots, a closed runoff plot of #Gvas set up, using

stones and cement to construct the borders. A metal container weddtige soil to
collect the water running down the plot, the volume of which is measured daily.
Runoff coefficients for each plot have been calculated as the percentage of the
monthly rainfall lost as runoff.

As shown in the table (above, middle), runoff coefficients are high in degraded

rangeland, less in exclosures and nearly nil in the church forest.

Improved soil water availability in exclosures

To measure volumetric soil moisture content, we used TDR equip(iamie
Domain Reflectometry). Weekly soil moisture values for diffedgypths in the so
were obtained for each experimental plot (see graph below).

In the rainy season, soil moisture content in the exclosure site (full linesivakes)
is clearly higher than the moisture content in the grazing land (dotted lirfkes wit

circles). Until a depth of 70 cm, soil moisture content in the exclosure is maxima

while in the grazing land (dotted lines), moisture values stay well below that val
The upper soil layers dry out in the transitional period (squares), i.e. the first we
after the end of the rainy season, but in the exclosure, an increased soil moistu
content is noted in the deeper layers, as water further infiltrated. In teeabkyn
(triangles), further drying of the profile until wilting point is observed.

Because infiltration is high, soils in the exclosure can hold a considerable amou

eks
re

nt of

water during the rainy season. As biomass production is also concerned here, it is

clear that sufficient soil water availability during at least oneoplein the year will
highly favour plant growth as compared to situations were plants have to cope
water stress the whole year round.

. Conclusion: exclosures as soil and water conservation measure
Because of their high sediment trapping capacity, exclosuraslisked in 50 to 10

vith

O

m wide strips across the slope are a very efficient soil cossen measure. They
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accelerate fertile soil buildup and prevent important sediment loasigiting from
high erosion rates on cropland and rangeland, from leaving the catchnsitingn
up water reservoirs.

Significantly lower runoff coefficients and increased soil moisture awéfiain
exclosure sites as compared to degraded grazing land, learn us that higtzeionf

due to the restoring vegetation in exclosures, is creating more favourablearendit

for plant growth. Besides the positive effect this has on biomass production, anpther

effect will be that runoff, possibly damaging lower-lying cropland, will be
significantly reduced even on very steep slopes.
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5.5. Management of exclosures

| Guiding principles with respect to forest restoration in Tigray

Definition/problem statement

Exclosures (also called closed areas) are areas which are taken outwfuagti
production with the objective of soil and water conservation and vegetation restora
Livestock grazing and agriculture activities are not allowed. Access i®ledtby
guards. Sometimes restricted activities are allowed such as cut andfagnags. Forest
regeneration in exclosures is a slow process. Management guidelinesdae toegbtain
more successful results in terms of regeneration speed, tree species comaogit
sustainability of the resource in the long term.

tion.

State of the art
Research on the vegetation restoration and management of exclosutes is
scarce and started only recently. Most of the guidelines presented here
are based on scientific data collected during the VLIR EI project on
Forest Rehabilitation through Natural Regeneration in Tigray, Ethiopja
(Mekelle University/KULeuven) in thdegaand dryweyna dega
agroclimatological zones of the Enderta and Doga Tembien districts |n
Tigray. Although we believe most of the principles to be valid within the
mentioned agroclimatological range, validation of these guidelines in
other districts is required before region-wide application.

Forest Rehabilitation Project findings

Do exclosures need to be demarcated in a

planning document on paper and in the fielg

0 Yes, a closed area should have well demarcated boundaries to avoid conflig
encroachment (in terms of grazing, browsing and fire-wood collection).

o All stakeholders should be well aware of the boundaries and management
objectives of the closed area, including a time-frame in which local user grot
are expected to benefit from the closed area.

o0 Closed areas should be under local management, and local stakeholders sh
granted the use rights. If external users will utilize the resourcestofer@osed
areas without retribution to the local community, motivation to maintain the
closed area will become a major problem (high cost/low benefit situation).

Names in square brackets are verf
ysular names of species in Tigrinya

How should new closed areas be selected ?
0 Areas with more or less woody regrowth, especially those near remnestsfe.g
church forests) have the best potential for natural regeneration of feesst tr
o Steep hills that are not suitable as crop land can be kept as grazing land; but
steep hills should be converted to closed areas.
o0 Exclosures selected in heavily degraded areas far away from remnaitd fore
require more and longer restoration effort, since it has been shown that no fo
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tree seeds remain in the soil seed bank.
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Are soil and water conservation structures favourable for forest restoration i
exclosures?

o Stone bunds with infiltration trenches decrease runoff and erosion and enhan
moisture in the closed area. Seed predation by rodents is concentrated in nar
strips along these structures. The spacing of stone bunds should be wide en
probably 10 m is a safe minimum (ensuring 80% of the area to be free of see
predation).

How to manage the existing vegetation in closed areas? How to know if the ste
condition is favorable for forest restoration?
o If soil and water conservation structures are to be installed, care should beta
minimize damage to existing vegetation.
0 Closed areas with dense shrubs on mulch-rich mounds sktitlkes racemosa
[kuleaw] have great potential for regeneration of African wild olive [djvlie

ce soil
row
pugh;
d

irting

ken t

o Closed areas with high species diversity have better chances to developtto fares

pure stands of thorn tree&dacia etbaicaAcacia abyssinicgseraw], Acaciaseyal
[chea]) tend to develop to thorn shrub or savanna woodland.

o Pure patches ddichrostachys cinerefgonok/arshamarsha] are problem areas,
usually a result of overgrazing; in most cases, this species does not grow to &
tree form in Tigray and is a known encroacher that blocks succession.

o All trees and shrubs that carry fleshy fruits are of great importamceafural foresf
regeneration because they attract birds that disperse the seeds fronmtod rem
forests to the closed areas. They should be protected and promoted. Exam
Capparis tomentosgandel], Carissa eduligegam],Celtis africana[h’amat-
rewey],Cordia africanalauwh’i], Euclea racemoskuleaw] andFicus vasta
[da’ro].

o0 Grasses block succession of woody species and should be harvested periodi
(cut-and-carry). Grass can be used as thatching material or livestock fodder.

o Existing vegetation in gullies and on gully shoulders should never be cut, eve
grazing land. This vegetation first of all stabilizes the gully and decreessisn
by runoff, but also has the potential to form a network of woody vegetation in
landscape. Such networks decrease wind erosion and create pathways for s
dispersing animals such as birds.

Which silvicultural practices can enhance the value of the restoringZorest
o Pure patches ddichrostachys cinerepgonok/arshamarsha] should be broken
open. The same holds for large patche®mintia ficus-indicdbeles].

o0 Very dense patches of thorn trees should be thinned to promote tree formatian.

Thinning could be carried out by strip-coppicing. Pruning of the lower branch
from the non-coppiced thorn trees further promotes tree formation. Pruning g
be carried out correctly, preferably by saw, and not by breaking or tearing.

o Very largeEuclealkuleaw] shrubs that have a crown that reaches ground leve
be pruned to form multi-stemmed shrubs with a crown that starts some 30-50
above ground level promoting natural regeneration of olive [awlie’] underneat
these shrubs.

o Small olive trees that have been cut and browsed for a long time have formeg
shrubs that are fairly abundant in grazing land and closed areas. In closed ar
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these shrubs can form new shoots that could eventually grow to a full tree.
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Is there a need for planting trees in exclosures (so called enrichmemgjfanti

How to cope with the loss of grazing grounds due to area closure?

Which indigenous tree species have high potential for forest restoration and wh

Removal of all bushy regrowth of the shrub except for the leading shoot (usua
the largest, erect shoot with normal large olive leaves) by careful pruning cou
speed up this process.

Enrichment planting of valuable native species is recommended where
investigation shows that no natural seedlings are present.

The use of exotic species suchEasalyptus sgkelamitos],Casuarina
equisetifolia, Schinus mol[ekur berbere] oICupressus lusitanicderenj tid] for
fast production of timber should be discouraged in closed akra=slyptus,
CupressusndCasuarinahave detrimental effects on the soil and native
vegetation.Schinugproduces fruits massively very fast and tends to spread likg
weed. Dense, enclosédicalyptugkelamitosjwoodlots near villages that are
thinned and pruned on a regular basis are a better alternative for the producti
timber. These woodlots could be irrigated by diverting water from gullies. A
even better species to produce valuable timber and fuel wood reasonably fas
woodlots or plantations Grevillea robustawhich does not have the negative si
effectsEucalyptushas. If pruned regularly, mean annual increment of sawtim
guality Grevilleais spectacular even on dry sites Eifcalyptuds to be planted in
closed areas, the spacing should be wide (at least 10 m) to avoid total degen
of native vegetation.

As to the planting technique, planting in trenches or pits reduces the soil dept
seedlings and may cause water logging in the rainy season. Water logdiege
planting pits moreover causes puddling of the soil, resulting in a reduction of 1
soil volume in the planting pit. This exposes the roots of the seedling, resultir
certain seedling mortality. Although more labor intensive, a better adlierns
planting in half-moon structures. Even then, seedling survival is often low.
Planting under the canopy of existing shrubs sudkcasia etbaicdseraw] or
preferentiallyEuclea racemosfkuleaw] seems more promising, since these are
places where natural regeneration occurs. Planted seedlings shouldralvedyes
some litres of water directly after planting.

If free grazing is going to be limited by the establishment of foresbiléhtion
areas on former grazing land, tethered feeding and stall feeding systghbe
implemented. For cattle, piling up the fodder is enough. Goats have to be fe
a feeding tray with the correct height. Chop unpalatable feeds, wilt wet feixds
feeds. Furthermore, ensure comfort and safety of the tether, move frgguentl
ensure presence of shade and frequent access to water.

Acacia seyalchea] is a suitable tree for semi-arid areas (250-1000 mm rainfal
year) and closed areas that are waterlogged periodically (areasraehanks,
intermittent streams or large gullies). Seedlings are easily obtaora nicked
seeds and grow fast; the species also regenerates well naturaktlycaiection
should start early — the pods and seeds are highly sensitive to predation by in
larvae. Leaves, shoots and pods are valuable fodder. The wood is excellent
wood and charcoal production. Since the species regrows very easily after, ¢
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this tree is very suitable for coppicing, provided saws are used and not axes.
Cordia africanalawh’i] (700-2000 mm rain a year) is a native broad-leaved tre
that can become a top canopy forest tree later on. The tree produces valuab
(on the international market, it is known under the commercial name ‘Arabian
teak’). lIts fairly fast growth and early production of fleshy fruitschhattract seed
dispersing animals make it a suitable framework and soil conserving é@esp
Seedlings are easily obtained from fruits eaten by birds (or even humangt D
sowing using the procedure described for olive is a good alternative. Like oli
the seedlings need shade and should be planted preferentially under the covg
existing shrubs.

Croton macrostachygambuk’] is a forest pioneer that is easily grown from see
in areas with 750-2000 mm rainfall per year. It produces timber that is sugab
light wood work. The smoke and bad smell when burnt make it less suitable
fire wood. Soil conservation is the main reason for planting this fast growing
species.

Dodonea angustifolifthases] (500-1500 mm rain a year) is a rapidly regenerat
small tree or shrub that can be established by direct sowing. It can be used g
wood and for charcoal making. It is a useful tree for soil conservation, wind b
and live fences. The leaves can be used as fodder as well. A slight disadvar
this species is that it is wind dispersed and sometimes has the tendency to in
neighboring cultivated areas.

Faidherbia albidafmomona] is a tree that is particularly tolerant for the heavief
clay soils and soils that are periodically waterlogged,; it is fast ggywewen in
poor soils and in dry areas (300-1800 mm rainfall a year). It provides shade i
dry season. It sheds its leaves during the rainy season and can therefonéeble
along or even in the middle of fields with annual crops. Leaves and pods are

important livestock fodder. The wood is good construction wood, but poor fue

wood.

Olea europaeaubspcuspidatgawlie’] is a suitable tree for the drier highlands
(500-1500 mm rainfall a year). It is slow growing, but very valuable. The woc
very hard, heavy, strong and durable and is traditionally used to construct the
Ethiopian ox-plough (maresha). It produces good timber, charcoal and fire w
Twigs are used as tooth brushes. Twigs for tooth brushes should be collecte
branches.Neverpick out the top shoot of young trees, since it will seriously
deform the tree, leading to stunted growth. Seedlings for enrichment planting
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easily produced from nicked or cracked seeds without pulp. If no seedlings
available, a cheap alternative is direct sowing of olive seeds under theg cdnop

re

Euclea racemosfkuleaw] or shrubs with a similar structure. The seeds to be used
are those from olives eaten and deposited under the mother tree by birds. Large

guantities of these eaten fruits (the pulp is removed) are often found in churc

forests or under solitary trees in villages. Direct sowing should occur in tlye rain

season. Cracking the endocarp (the hard part of the seed) carefully hattktarfe

speeds up germination considerably. This technique could be of particulartinteres
for closed areas that halzeiclea racemoshut that are far away from natural forest

remnants.

Rhamnus prinoidejgiesho] is a small tree or shrub growing on wetter sites (750-
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2000 mm rainfall per year) and is widely used to flavor local beer (sua) and hpney
wine (meez). Since it is relatively fast growing and can carrydseatl year round,
it is a valuable framework tree species, especially since it ensukgpredits from
the closed areas in the form of leaves that can be marketed.

Salix subserratdkwiha] is very useful for stabilisation of gullies and river banks
and grows well in areas with over 500 mm rain a year. The wood can be usef as
firewood and the twigs are an alternative to olive tooth brushes.
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