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Appendix 1: Major soil units of Eritrea and their characteristics (FAO-

UNESCO, 1990)

Soil units Origin of the name and its major features

Arenosols From L. arena, sand; connotative of weakly developed
coarse textured soils.

Calcisols From L. calx, lime; connotative of accumulation of
calcium carbonate.

Cambisols From late L. cambiare, to change; connotative of
change in colour, structure and consistence.

Fluvisols From L. fluvius, river; connotative of alluvial deposits.

Gypsisols From L. gypsum; connotative of accumulation of
calcium sulphate.

Leptosols From Gr. leptos, thin; connotative of weakly developed
shallow soils.

Lixisols From L. lixivia, washing: connotative of accumulation
of clay and strong weathering.

Luvisols from L. luere. to wash, ‘lessiver’; connotative of
accumulation of clay.

Nitisols From L. nitidus, shiny; connotative of shiny ped faces.

Regosols From Gr. rhegos, blanket; connotative of a mantle of
loose material overlying the hard core of the earth.

Solonchaks From R sol, salt, and chak, connotative of salty area.

Vertisols From L. vertere, to turn; connotative of turn over of

surface soils.

L =Lstn

Gr = Greek R = Russian
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Appendix 2: Lists of requirements of Land utilization types for rainfed crop
production (FAO, 1983)

A. Crop Requirement

Energy -Radiation
-Photoperiodocity
Temperature -Total requirement  Growth
-Critical period cycle
Moisture

Oxygen (soil drainage)

Nutrient availability

Nutrient retention

Rooting condition

Conditions affecting germination or establishment
Air humidity as affecting growth

Condition for ripening

Flood hazard

Climatic hazard -Frost
-Storm

Excess of salts -Salinity
-Sodicity

Soil toxicities
Pests and diseases

B. Management Requirement

Soil workability

Potential for mechanization

Conditions for land preparation and clearance

Conditions affecting storage and processing

Conditions affecting timing of production

Access with in the production unit

Size of potential management unit location -Existing accessibility
-Potential accessibility

L. Conservation Requirements

Erosion hazard
Soil degradation hazard

118



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

()

L-¢ Hd wnuwndo :3m3Fo|
J91eM INOLIM puE 9[qe)

Sutuadir 1oy wajqouad sasneo

JANISUDS -1o1em doap yim sjios | aumesadiwa) (000 1D 0| < ameradwa) Aep
A|21e19pOJA | pajeise pue paureip-[[2M UOIBUILLLIAF 10§ 1JS04) 01 9ANISUAS | 1IOYs/[rNNaU Ae(] (Se-S1) 0E-+C +0r1-001 (sdbw paz) aziel\
L-¢¢
Hd :jros doy asoo] yim
DAIISUDS [10S pain)xa) wnipaw D,07< 3q pinoys aimesadiua) (pav3oddy
A[@eiopon ‘Q1qeLy ‘paulelp-|la M UOIJEUILLIDF 10] £)S01) 0) DAIISUIG |ennau Ae(] (£¢-81) 87-7C 0F1-06 | Sugopi)’) mupunoln
paiinbai Furuadi L1p i(a8uel
8-/ Hd wnwndo yum D.08€-02) T€-LT uawdojaaap
g-¢'GHd :s[108 painixal [10q 103 painbai ainjeladwiay Sspuim [esnau wnns.ay
JueIR[0 ], Aaeay-wnipaw ‘deagg P|02 10 uons 1S01J 0) FABISUIG Aep/Aep Loy (e-91) 0£-0Z 081-0S1 winyddsson)) uono)
8-¢ Hd
1191EM JUBUSE)S WOL) 291) pasggaad pouad Lip j10ys 10 19ajuim
‘S[10S Pa4n)x2) Wnipauw 0} 1000 (Auprwny ySiy ‘puim Fuons
QAINSURS | Jy31| ‘pojesae [|om ‘doa( | ‘(SS9] $231) JUBULIOP) 1504 0] AANISUIG [ennau Aeq (se-c1)0g-€T S9E-0tT (dds snipD) snniD
QANISUSS 5'9-9 Hd %06-09 HY wnwndo :jnjuLey jou (paowv.iajo
Aja1e12poA wnuwindo ;pautelp 24 | ade (0]-) 3soyy dieys jo spouiad noysg Kep Suo (+z-01) 0Z-S1 +0S1-001 v21sspAg) aFeqqe))
s w
£-¢ Hd = puim ‘Hy Y31y saanbau ”mmmﬁ:_mu
DANISUDS L121BM JURUSE)S INOYIM snoas sasneo sporiad Jaguo| 1oj
A12A | weo] pautelp [[am ‘daag | D, 8> aIamesadiua) 35015 0] 2AIISURG [ennau Keqg (s¢-51) 0£-SZ ¢9¢-00¢ | (dds psnpy) eueueg
9=
Hd wnwndo :pauteip 12U)Ba M |ennau 0Z1-06 A1 (Stip3jna
JANISUIG [19Mm ‘[10s a[qeLy) ‘daa(] | 10y ‘Urel DAISSIOXD S0 0) DAINSUIG KepjAep uoys (LzZ-01) 0Z-S1 06-09 :ysal snpoasoy f) ueag
(aFues puy)
wnwndo
Suuamolq | (D,) ymois 1oy
Ayures 0y syuswalinbaysiuiensuod | 1oy syuawalinbay arneradwa], (sAep) poriad
AjAnisuag sjuawiaanbai j10g aneWIo o1y10adg p3us) Aeq Ajrep uealy | Suimods [elo], doi)

(1861 ‘Bunox pue jua(q) sdoud yniy pue 3qeasaA ‘uread pajaopas jo syudwaaimbaa pros pue snewi) :exipuaddy




0zl

Aupruny aane|oy =Hy

ANISUSS Z'L-8°SHd (Srap3na snjnai’))
Aj1e1apojy | :paiajaid s1 weo| Apueg 1504} 0] SA1ISUIS [ennau Aeq (se-81) 0€-72 011-08 UO[2ULIDIB A\
£-SHd 2,02 (tunjuanosa
:BuIB5o] Jatem noyim | - aanjesadwa) JySiu wnwndo purm (AK1osanu ui G¢ 10215.42d02A°)
JAIISUAS | paulelp [[am ‘weol 31 | Suons pue Hy YySiy 9s01) 0] SANISUIG [ennau Aeq (8z-51) sz-81 -67<) 0Z1-06 ojewo ]
0'8-5' Hd
:patagaid si weo| Apues J[BIUILIO
paureIp [[9M ‘paInionns Su35o| [ennau ‘g "uAs wnaiput
JA1ISURS poo0S ‘0]1112] 2IBISPOJA] | I21BM PUE UIEL JAISSIOXI 0] DAINISUDS Kep/Aepuoys | (0p-S°L1) £€-LT 081-08 JWIESAG UIESAS
9 uonenul
aamsuas | -¢'t Hd :sjios snotod pue 1aqn) poo§ 10j palinbai B0l |ennau (wunso.raqny
AJ2142pOJA paielae ‘pauleip-[[2 A\ aineaadwia) JySiu 501 01 2ANISUIG Kep/Aep Suor] (sz-01) 0Z-S1 0S1-001 wnujog) 018104
JAISUDS £-¢°¢ Hd :sjios [ennau (dds
AJ21BI3PO I padnIxa) wnipaw-1y3i] 1S01] 0] 2ANISURS Aep/Aep Hoys (LZ-S1) €2-81 0S1-0Z1 wnoisdn)) 1addag
§'9-6'GHd sjios 0z1-58 1A
JAIISUDS | POJEIOE PUB PIUIBIP-|[IM SunoA uaym juels|ol 1501y TS [ennau Ae(q (£Z-01) 81-S1 | 001-59 ysa1 | (wnanps winsif) ead
(aSue1 puy)
wnuwndo
Furemol | (D,) ymois 1o,
sjuawaainbaysiurensuos | 1oj sjuaiaiinbay aimetadwa (sAep) porad
AAnIsuag syuawannbar jlog aneLI|d 010adg 8ua| Aeq Krep uealy | Suimods [e10], doip
(panunuoo) ¢ xipuaddy
"amesaduwua) awaa)xa ou fuoneniul
£-9 Hd 1amolj 10} pannbai (91-41>) [elnau (Kiasanu ui G¢ | (pdad wniyjy) uoIuQ
ANISUAS {108 painixa)-wnipajy aunjeiaduud) Moj $IS01J 07 JUBIDJO], KepyAep Suor] (sz-01) 02-S1 | -0€+) 0F1-001




Appendix 4: Land qualities that need to be assessed for rainfed crop production

(FAO, 1983)

Qualities related to crop growth

LQ1

LQ2
LQ3

LQ4
LQ5
LQ6
LQ7
LQ8
LQ9
LQ10
LQI1
LQ12
LQ13

LQ14
LQl5

Radiation regime: Total radiation
Day length

Temperature regime:

Moisture availability: Total moisture
Critical period
Drought hazard

Oxygen availability to roots (drainage)

Nutrient availability

Nutrient retention capacity

Rooting condition

Conditions affecting germination and establishment

Air humidity as affecting growth

Conditions for ripening

Flood hazard

Climatic hazard

Excess salts: Salinity
Sodicity

Soil toxicities

Pests and diseases

Qualities related to management

LQ16
LQ17
LQI18
LQI19
LQ20
LQ21
LQ22
LQ23

Soil workability

Potential for mechanization

Land preparation and clearance requirement

Conditions for storage and processing

Conditions affecting timing of production

Access within the production unit

Size of potential management unit

location: Existing accessibility
Potential accessibility

Qualities related to conservation

L.Q24 Erosion hazard

1.Q25

Soil degradation hazard
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Appendix 5: List of class-determining factors (i.e. as land use requirements or
limitations or as land qualities) with some land characteristics, input and land
improvements for consideration in setting critical limits for irrigated crop

production (FAO, 1985)

Class-determining factors:
-land use requirements or limitations
-land qualities (where applicable)

Representative land characteristics,
inputs, land improvements and other
relevant considerations

Agronomic:
-crop requirement /limitation

-the crop environment

I, Growing periods:
-growing period requirement
-growing period

Growing cycle of crops.
Dates and duration (days)

2r Radiation
-radiation requirements

-radiation regime

Day length, extra-terrestrial radiation;
solar radiation (Rs);
photosynthetically
active radiation (PAR); actual
sun shine hours (n); possible number
of sunshine hours (N); net short
wave radiation Rns; total net
radiation (Rn), mm of evaporation
(Rn=cal/cm2/min approximate
equivalent to 1 mm water/hr).

(%]

Temperature:
-temperature requirement
-temperature regime

Temperature data.
Heat units.
frost free periods.

4. Rooting:
-rooting requirement
-rooting conditions

Effective soil depth for roots.
Root room.

Volume % of stones.
Penetration resistance or soil
Strength.

5. Aeration:

-oxygen & aeration
requirement

-oxygen supply and
soil aeration

Periods with or without adequate
aeration during the growth period.
(Depth and fluctuation of ground-
water)

6. Water quality:
-water requirement
-water supply
-total water
-critical period

Water balance, water storage.

yield vs. evapo-transpiration relati-
onships; deficient periods

Run-off, run-on, seepage and porco-
lation, ground water contribution,
effective precipitation. Stream flows,
diversions, storage releases, aquifer
safe vields.




Appendix 5 (continued)

Class-determining factors:
-land use requirements or limitations
-land qualities (where applicable)

Representative land characteristics,
inputs, land improvements and other
relevant considerations

7 Nutrients (NPK):
-nutrient requirement
-fertilizer requirements
-nutrient supply
-fertilizer supply

NPK uptakes by crops & response to
NPK. Loses of NPK (leaching, vola-
tilization, fixation, etc.). N fixation.

soil nutrients & their retention. CEC
fertilizer requirement & availability

including manure, etc.

8. Water quality:
-crop tolerance to water quality
-water quality

Total salt concentration. Ionic comp-
sition. Sodium adsorption ratio
(SAR),pH, carbonates and bicarbonates.

9. Salinity:
-crop tolerance to salinity
-salinity regime (salt balance)

Plant salt tolerances, present and future
soil salinity, inputs of salt through water
supply, losses of salt by leaching, salt
balance. Seasonal salt movement in
profile, salt from groundwater.

10. Sodicity:
-crop tolerance to sodicity
-sodicity regime

Predicted pH, ESP and/or SAR of soil
solution, predicted effect on soil struc-
ture, infiltration and permeability.
Sodium toxicity.

141, pH. micronutrients and
toxicities:

-crop tolerance, susceptibilities
-toxicity or micronutrient regime

On non rice crop land, pH effects and
crop tolerances and susceptibilities to
excesses or deficiencies of Ca, Mg, Zn
Fe, S, B, Cu, Mn, Mo, Al.

12. Pest, Disease, Weeds:
-crop tolerance, susceptibilities
-pest, disease, weed hazard.

Crop tolerances and susceptibilities.
Wild animals, birds, arthropods etc.
Fungal, bacterial, viral pathogens.
Weeds. Pesticides, fencing, inputs.

13. Flood, Storm, Wind, Frost:
-crop tolerance, susceptibilities
-flood, storm, wind, frost hail
hazard

Frequency and severity of floods, storms
wind, frost and hail if any.
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Appendix 5 (continued)

Class-determining factors:
-land use requirements or limitations
-land qualities (where applicable)

Representative land characteristics,
inputs, land improvements and other
relevant considerations

Management:
-management requirements
and limitations.
-conditions affecting

management

14. Location: Closeness to markets, processing unit.
-location requirement Access to inputs and services.
-location Access to water (gravity, pumped).

Travel & transport problem & cost.
Day to day management problems.
Accessibility of machinery.

15. Water application management: Size, shape of management unit.

-limitation of irrigation method
-conditions affecting water appl-
ication management.

Labour requirement. Availability.
Conditions affecting uniformity of
Water application, rate, frequency
and duration of application.

16. Pre-harvest farm management:
-pre-harvest farm management
requirements & limitations
-conditions affecting pre-harvest
farm management

Effects of timing of pre-harvest opera-
tions (e.g. soil workability) including
land preparation, nurseries, seeding,
transplanting, fertilizer application,
irrigation, weeding, spraying etc.

17. Harvest and post harvest
Management:

-requirements and limitations
-conditions affecting

Atmospheric wetness, dryness, wind.
Soil wetness, dryness. Effects of soil

or humidity on the quality of the crop
produce.

18. Mechanization

-requirements for mechanization
-conditions affecting potential for
Mechanization and on-farm
Transportation

Slope angle, rock hindrances, stoniness,
soil depth, soil texture, shape and size
of fields. Effects of soil compaction.
on-farm transportation.
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Appendix 5 (continued)

Class-determining factors:
-land use requirements or limitations
-land qualities (where applicable)

Representative land characteristics,
inputs, land improvements and other
relevant considerations

ment

-land development requirements
-factors affecting cost of land
clearing

Land development and improve-

19. Land clearing:
-land clearing requirements
-conditions affecting cost of land

Forest: underbrushing, felling, burning
stacking; costs, value of timber, charcoal
time period to development. Persistent

clearing weeds: mechanical cultivation, flooding
chemical control; costs, time period to
development. Rocks and stones: removal
costs.
20. Land grading and leveling: Slope, microrelief, macrorelief] cover.

-grading and leveling requirement
-conditions affecting land grading
and leveling costs

Field size and shape, cut and fill,
earthmoving costs.

21 Physical. chemical and organic
aid and amendments
-requirements

-conditions affecting costs

Need for deep ploughing, subsoiling,
profile inversion, sanding, marling;
gypsum, lime, organic matter, costs.

22, Reclamation leaching;:
-leaching requirement
-conditions affecting leaching

Primary or one-time reclamation
leaching requirements mm of
water; continuous or intermittent,
costs.

23 Irrigation engineering
-irrigation engineering require-
ments

conditions affecting engineering
works and costs

Earthwork and other structures for
diversion, storage, conveyance, and
regulation of water. Topography, sub-
tratum conditions, permeability chan-
nels, access to construction sites, cost of
engineering works.




Appendix 5 (continued)

Class-determining factors:
-land use requirements or limitations
-land qualities (where applicable)

Representative land characteristics,
inputs, land improvements and other
relevant considerations

Conservation and environmental:
-conservation and environmental
requirements and limitation
-conditions affecting conservation
and the environment

24. Long-term prevention of salinity long-term inputs of salt, water quality
and sodicity: water depth, permeability, drainage
-requirements and limitations tidal swamp conditions, intrusion
-conditions affecting long-term saline water into an aquifer, control
salinity and sodicity hazards measures and their costs.

25, Long-term control of ground water Protection of catchment areas, degra-
and surface water: dation of catchment, sedimentation of
-requirements and limitation reservoirs, control of groundwater, and
-conditions affecting long-term their cost.

Control

26. Erosion hazard: Erosion control. Maximum acceptable
-requirements and limitations soil loss and effects of climate, soil,
-conditions affecting erosion topography, land use factors costs.

27. Environmental hazard: wildlife, water-borne humdn diseases
-environmental control requirement (e.g. malaria), needs for environmental
and limitations control of vectors.

-conditions affecting long-term
environmental risks
Socio-economic:

-socio-economic requirements and
limitations

-socio-economic conditions

28. Farmers’ attitudes to irrigation Will the farmers utilize the irrigation

facilities.

29. Other socio-economic limitations Water rights, tenurial and land
that may be class-determining ownership complications, disincentives

of taxation, fragmentation, etc.
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Appendix 6: Requirements and limitations of land utilization types for
extensive grazing (FAQO, 1991).

Primary production level
Growth requirements

Radiation
Temperature
Moisture
Aeration (soil drainage)
Nutrients
Rooting condition
Salinity/sodicity
Soil toxicities
Hazards fire
Flood
Frost

. Genetic potential of vegetation

Management requirements

Ease of control of undesirable plant species
Mechanized operation
Size of potential management units

Conservation requirement

Tolerance to soil erosion

Tolerance to vegetation degradation
Secondary production level

Growth requirements

Grazing capacity

Drinking water availability

Climatic limitation

Biological hazard

Accessibility for animals

Conditions for hay and silage

Management requirements

Ease of fencing or hedging
Location
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RSITY OF PRETO
T

127

ESITHI YA PRETORI

RIA
RIA
RiA



Appendix 7: Checklists of headings for description of land utilization types

(FAO, 1983)

Headings

Descriptions

Cropping system

Single, multiple or compound LUT.

Crops grown,cultivars,cropping calendar,cropping
intensity. Perennial cropping systems, cultivation
factor,cropping index.

11 Markets Subsistence, commercial or both, domestic or
export, or both.
I11. Water supply Seasonal supply and quality.
V. Irrigation method Gravity or lift, runoff-river or storage
releases, surface overhead, drip, etc.
V. Capital intensity Value of capital investment and recurring
cost per ha.
VI. Labour intensity Family and hired labour, man-months
per ha, seasonal peak periods, festivities and
holidays.
VII. | Technical skills and Experience, response to innovation and change,
attitudes literacy.
VIII.| Power Extent of human, animal and tractor power impact
on land preparation, harvesting, etc.
IX. Mechanization and Which operations are mechanized or partly
Farm operations mechanized.
X. Size and shape of Farm size, size by LUTs, fragmentation of holdings,
Farms rainfed and irrigated areas.
XI. Land tenure Free hold: family farm, corporately owned estate.

Tenancy: cash rent tenancy, labour tenancy, share
cropping.

Communal ownership: cooperative (collective)
farming, village land with rights to cultivate etc.

State ownership: state farm, national park.
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Headings

Descriptions

XII.

Infrastructure

Assumptions about processing facilities, storage
deposits, markets, access to farm inputs. Roads,
housing, schools, medical facilities, electricity,
domestic water supplies. Research and extension,
services and facilities.

XII.

Irrigation infra-
Structure

Assumptions about irrigation and drainage infra-
structure and access to irrigated land.

XIV.

Cultivation practice

Preparation of land for irrigation including clearing.

Tillage operations (including duration for ploughing,
leveling etc.

Fertilizer application (timing and methods), weeding
crop protection, harvesting and processing.

XV.

Material inputs

Prior assumption about quantities and
quality of inputs especially for seed, planting
material, fertilizers, pesticides. herbicides, etc.

XVL

Livestock

For traction, milk or meat, manure,
forage requirements, including crop by-products,
field grazing, zero grazing, stall-fed, etc.

XVII.

Associated rainfed

Influence of LUT of competing rainfed agriculture,
shifting cultivation or agro-forestry, timber trade
from land cleared for irrigation.

XI1I.

Yields and production

Yield per unit area on S1 land (ceiling value for
relative yield).

yield per unit of water (per m’ ) especially during
periods of water shortage.

XIX.

Environmental impact

Public health problems (i.e. Bilharzia, malaria, river
blindness, diseases transmitted by water).

Downstream effects on water supply and quality
siltation, flooding, etc.

Effects on wildlife conservation.

XX.

Economic information

Market prices, input costs and availabilities, sub-
sidies, credit.
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