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Fig. I-11 GROUNDWATER RECHARGE AND DISCHARGE
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Fig. I3 WATER QUALITY CLASSIFICATION

\¢ @é 00 ‘0’ O
AN
R4 3:0‘0 e

REX
RASEAN

A VAvAVWAv |
| AVAV GA



Fig.I14 DIAGRAM FOR CLASSIFICATION OF
CIRRIGATION WATER
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Fig. I-15 DESIGN OF TEST WELL
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ANNEX I1X

"S0IL- AND LAND SUITABILITY CLASSIFICATICNS

1. General =

_ . 3eTheré‘ate.tw0 references avatlable for study on the soil and

land suitability’blassificatioh-in the object area of the Lower~Moshi
Agricultural Develbpment_Prqject. The primary scil investigation and
study, covering approkimately 27,000 ha of the Lower-Miwaleni and Kahe
areas, were conducted in 1969 by the F.A:0. staff in conformity with:
“phe_Re?ised Seventh Approximation System" of the U.S. Departiment eof
Agriculture. In addition, the geferal reconnaissance soil survey, covering
whole Kilimanjaro Region, vas. carried out in 1977 by the Study Team of
Kilimanjaro Agricultural Development Project under the Japanese Technical
Cooperation Programme, making reference to '"the Soil Map of Africa"

~ defined by D'Hoore, J., 1963. These previous soil investigations revealed
that the land particularily in the lowlying area had scarcely any potential
for agricultural development owing to the soil cenditiens strongly af-
fected by salinity and alkalinity.

R Edr the present feasibility study on the object Pfoject,

the previous soil studies are useful as the basié¢ data and information,
though a unification of soil classifications and confirmation of soil
boundaries by detailed ficld survey is necessary._'ThUS; the present
soil investigation primarily concentrates on confirmation of the soils
- particularily classified into saline and alkaline s0ils which were defined
as the biggest limiting factor for the future development of the Lower-
Moshi area. In: the Kilimanjaro Regien Integrated Development Plan (1977),
the Projecl ared was demarcated as approximately 4,000 ha.  For
comprehensive planning of a total agricultural development project, the
present soil survey has been earried out on an area of about 42,000 ha,
- ¢overing the whole Lower-Moshi area.

The soil profile survey and sampling werc made by making explo-
ralory pits and by the use of hand-auger. The profiles were examined to
& depth of about 1.5 m or more and on an average density of one profile
per 300 ha. In.the profile examination, some 252 soil samples were eol-
leeted ‘from major horizons or layers. AdditiOnally,abOut'Tgroundwater samples
were also taken at a representative shallow profile foy chemical analysis.
These s0il and water sampleswere tested on their degree of salinity and
alkalinity by the use of pH-meter and EC-meter at the field laboratory.
Qut of 252 soil samples, 45 representative samples selected based on
resulis of field seil examination and they were sent to Tokyo for detailed

-chemical analyses.

. - Unification of the previous s0il classifications and completion
of the present soil mapping are herein presented, making reference to "The
Soil Map of the World" defined by F.A.O/UNESCO, 1974. The land ¢lassifi-
cation for the specific purpose of establishing the extent and degree of
suitability of land for sustainable irrigation farming .is made in con-
formity with the land classification systen defined by the Burcau of
Reclamation, U.S. Department of Interior in 1953 and modified in 1967.

Iir -1



2. Genoral Con&itioﬁs of Land and Soils'’

. The Lower-Moshi area lies on the southeastern skirt of
Mt. Kilimanjaro at altitudes between 700 m and 800 m above mesn sea
level. According to the zonal climate classification system by =~
J. Papadakis, the area is characterized as "Semi-arid Monsoon Tierra
Templada (TL/Tp.cj mo)" as presented in detail in Table IIT-1.

, From the geomorphological viewpoint, the land of the Lower—
Moshi area is broadly divided into the following four categorics of
topography: o . : Do : Lo :

(1) Steep and stony Hills, which are tortiary volcanic land

“formations (volcanic cones), are patchily scattered over: the
north-casternmost part of the Lower-Moshi -area and occupy
about 3 # of -the total acreages. ' .The land gemerally consists
of ‘loamy to sandy skeletal (gravel and siony condition) soils,
roughly covered with the Psammophytic vegetation: The land
practically has no agricultural potential due 4o steep topo-
graphy and unfavourable soils such as very shallow and gravel
and/or stony, - :

(2) Colluvial Plain, having very gentle topography, lies on the

' foot of Mt. Kilimanjare and occupies approximately 47 % of
the total aereages. The lanad of this plain is dissécted and/or
eroded by the numerodus gullié¢s” (seasonal rivers) and: the lower
most part of this plain is still classified as fan-formation.
The land generally consists 6f fine textured colluvium trans-
ported directly from the Mt. Kilimanjare. L

Recently, almost all of the land has been developed as the.
agricultural land and cultivated with maize and 16 sowme small
extent with cotton, beans, finger-millet, ectc, mwainly under
rainfed conditions. BEEREER '

(3} 014 Alluvial Plain, mainly exténds over the south-eastern part
of the Lower-Moshi area and it occupies about 33 % of the total
acreages. The land generally consists of fine to medium tex-
tured o6ld alluvium rather deeply deposited by the rivers Rau,
Karanga, Mue, and Himo, and has nearly flat topography. '

Almost half of this land category particularly the lowlying
area in the southernmost part, is being seriously affected by
salt accumulation in the surface soil due mainly £o brackish
shallow ground-water raised to the ground surface. Thus, the
land of this area is, at present, barren of previous ¢rop
cultivation ‘and mostly covered with the Hallophytic vegetation.

The other half of the land in this plain has been yecently .
developed as the farm land with irrigation facilities (so-
called traditional furrow) to its potential maximum, and
farmers grow various kinds of crops, such as maize, cotton,
beans, vegetables, paddy rice, sunflower, sesame, eote,

IIT - 2



Thig land is mostly free from seasonal flooding and unfavourable
~saline and alkaline soil conditions,

(4) Recent Alluvial Plain, which is a narrow land mainly extending
along the river Raw, Himo and Kileo, has very gengle topography
including natural levees end slightly depressed land (seasonal
-marshes).  The land generally consists of fine textured allu-
vium and partially of recent colluvium,

‘A seasonal floeding stands rather deeply for more than 120 con-
secutive days during the months from April %o June in most areas,
and for 160 consecutive days from early April to August in the
alluvial depression,

Recently, the land of this plain has been gradually exploited
as the agricultural land and farmers grow paddy rice, maize,
and some small extent of cottou, beans, vegetables, etc. with
the receeding of the scasonal flooding in the rainy season.

: As broadly presented above, the soils in the Lovwer-Moshi area
area are primarily derived from the clay to leamy alluvium and colluvium.
These soil malerials originate from volcanic production, such as ash and
weathered tuff, and they are rather deeply deposited in most areas.
These soil materials generally consist of about 35 to 50 % clay, 30 to
40 % silt fractions and in a few areas of about 30 % sandy particles.

The scasonal water stegnation has put the recent alluvium-
under the soil forming procésses of hydrémorphic weathering (i.e.
gleization and mottlings) caused by the waterlogging and the seasonal
fluctuation of shallow groundwater to a certain extent. Salinization
of so0ils is also proceeded on this soil formation particularly in the
lowlying area where the land lies an altitude at less than 705 m.

Most of the old alilumium has been .put under the soil forming
processes with the oxidation weathering under the semi-arid monsoon
tierra, templada eclimate, and cambic formation is being weakly developed
in the rather shallow surface prefilé., With the exceptional soil forma-
tion other than the cambic formation, the old alluvium particularly
deposited in the lowlying area at altitudes less than 7053 m has been put
under saline and alkaline soil forming processes which causes a raising
of brackish shallow groundwater to the soil surface. The exient of
these saline/alkaline soils is relatively wide and the degree of soil
salinity and alkalinity is also increasing vhen compaved with the
previous conditions determined by FAO staff in 1969.

Colluvial deposits, which might be derived from the volcanic
ash and weathered tuff, deeply overlie the volcanic sequences on the
foot of Mt. Kilimanjaro, These soil materials have been put under the
s0il forming processes with the oxidation weathering under the semi-
arid monsoon tierra templada climate, and some cambic soil formation is
veakly developed in most of this colluvial plain. With the exception
of the land in this colluvial plain at the eastern-mosi part of the
Lower—Moshi area, the colluvium is rather shallowly underlain by the
caliche layer (so-called petro-calcic layer) and calcic, saline as
well as sodic soil formations have proceeded perfectly.
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Othér than the above soil formations, ‘gravel and stony soils
and/or outcrop are also found in small patches on the steep hills.

Ii1 - 4



3, Seil Classification

3.1  Basic Considerations on Soil Classification

Lo The -present soil classification is made in conformify witﬁ
“The Soil Map of the World" system compiled by F.A.O/UNESCO, 1974.

s In r?fetenCG tdrthe F.A,O/UNESCO system, the following terms
of soil features are particularly taken into consideration for this
soil cIaSSificatiqn and mapping in the Lowver-Mishi area.

(1) Parent materials and/or Iith010gical materials:

- Regent-alluyial deposits, generally having 35 to 409
“.clay, 25 t0'35 % silty fiactions and 20 to 25 -
sandy particles {textural classes)

- 0ld alluvium, having 35 to 50% cla.y,.15 to 30 %
silty fractions and 30 to 40 % sandy particles
{textural classes)

~ Colluvium, which is gencfally consist of 25 to 45%
clay, 25 to 30% silly fractions and 20 to 30 %
- sandy particles {textural classes).

- Diluvium mainly frommeta-morplice rocks in pre—combrian
formation and/or from volcanic materials in tertiary
formation {textural classes and stony phases)

(2) Lithological sequence in the specific soil depth (150 cm)

- Out-crops or volcanic basement, i.e lava, taff, scoria
layers underlies in shallow profile (lithiec and stony
phases)

- Groundwater formation in shallow profile {phreatic phasec}

< Petro-calcic and/or Petro-ferric formalion in shallow
profile (petero-ecalcic or petro-ferric phases)

{(3) Basic soil formation:

~ Hydromorphic weathering such as leaching process of
_inherent basis, salinization/alkalinization process, and
gleization and mottling caused by seasdnal groundwater
fluctuation and/or water logging in certain period.
(Dystric, Entrie, and/or Gleyic in unit factor, saline/
sodic phase, etc.)

- Oxidation weathering such as laterization, formation of
oxidic conevelions, etc. (petric phase)

I1I - 5



- Surfaée horlzon in which soil have different soil colour
{mainly defined as ochrie, umbie and mollic horizon),
and humus contents (somewhat defined as humlc ‘horizon),

and glavelly or stony re glmes.

— Sub- surface horizon or layer lylng wlthln 150 cm below
the ground surface in which the soils have shallow .
groundwater table, or gleylc horizon; calcxc hOIIZOD,
pelro or petric horizon, eto. :

In order to rmake the un1f10at1on of the previous soil classi-’
flcatlons made by F.A.0.(1969) and Japanese Teams -{1977), the texms of
the above soil features are carefully studied by cross-checking survey
on both field and laboratory tests, also making reference to the pre-
vious field data and the results of soil tests.

11T - 6



3.2  Seil Ciaééification

‘ _ Upon the bases of the dlagnostlc soil characteristics and the
proflle features, the s0ils in the Lowéer—Moshi arvea are prnmarlly clas~—
sified. 1ntb thhSOIS, Regosols, FluVLSols, Gleysols, Nitosols and
Camblsbls in the hlghest Category in the soil classification of the
FAO/UVESCO system. Ambng them, Lithosols developed on the small volcanic
coigs scattered in'the north-eastern mést of the Lower-Moshi area.
Regosols are the recent ¢olluvial soils developed only in the narrowv
area on the feot of volcanig cones presented in the above. Fluv1sols,
which are generally referred to as the recent alluvial soils, ex--

.tend narrowly along the rivers. Gleysols dE\eloped mainly on the
narrow. alluvial. depr9551on {old rlver tralls) in the recent alluvial
plain. - Nitosols: are thé alkaline soils which developed malnly on the
lowlying area’ extending over the lower-reaches of the Rau, Mue, Himo and
Rufu rivers, Cambisols are primarily derived from the colluvium and

old alluvium’ deeply deposited uider the fan formation and are the most
predomxnant 50115 in the Lower-Moshi area.

‘Thée 'soils of both Lithosols and Regosols are reqpectlvely
correlated wlth the Typic sub-unit and the Typic phase.

The 30113 of Fluvnsols are correlated with Entric Fluv1sols
and further c1a331fled 1nt0 Typic and Sodlc/sallne phase categories.

" The soils’ deflned as Gleysols are classified into thlee sub-
un1ts, ie. Futrlc Gleysols, Mollic Gleysols and Humic Gleysols. . Of
" them, FButric Gleysols are further classified into Typic, Petro- —ferric
and Saliné soil phase in the lower category of this classification,
The soils of other Gleysols are respectively correlated with Saline
s0il phase. :

The' soils defined as Cambisols are classified into five soil
units such as Dystrié¢ Cambisols, Eutric Cambisols, Calecic Cambisols,
Gleylc Cambisols and Vertie Cambisols. Among five soils, Calcic Cambi-
sols have three phase, i.e. Petro-caleic, Stony/saline, and Petrlc/
saline Caleic Cambisols., Verti¢ Cambisols ave classified into Typic and
Stony Vertic ‘Cambisols soil phase. The soils of other Cambisols con-
sist of one soil phase, namely, respectively correlating with Phreatic
Dystric Cambisolsy Phreatlc/sallne EButric Camb1sols and Petric/saline
Gleylc Camblsols._ :

A CThe’ correlatlon wlth ihe soil classes defined in the above

are summarlzed in Table ITI- 2, and the development of the soils classified
herein above is illustrated on the semi-detailed so0il map attached to

this report.
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4. Pringipal Nétures}and Propérties of Soil§ -

As stated 1n thc Precedlng Sectlon 4 3, 1t 1s clarlfled that
the so0ils in the survey area can be prlmarlly classlf1ed 1nto 6 major
s0il unlts, 14 3011 Sub—un1ts and 21 soil phases. In du¢ con31derat10n
of the s0il use for agr1cultural product1on and also of: the
soil bult&blllty foyx 1rr1gat10n development, the pr1n01pal natures and
propeitles of each 5011 unlt are explalned in detall as follows:

4,1 Lithosbls’

Mapplng unlt (1) Liihoséls major_édil,ghit,_Typéé o
Lithosols subnun1t. R . S

j The SOllS of thhosols develop only on the narrow area of '
volcanie cores in the teltlaly formatxon and steep hills. in the pre-
cambrian formation. The land of thls s0il unit extends over about
950 ha, correspondlng to about 2.3 % of the tqtal_sulyey area.

The soils are derived from léémy to sandy diluvium originating
from velcanie rocks and metamorphic rocks. L :

The soils heréin classified into Lithosols are also identified
with Lithosels in the previous soil studies, . The main factor to identify
the soils to thhosols is that the soils have no. dlagnostlc proflle .
features except stony or gravel condltlons and shallow soil depth 11m1ted
by base—rbcks._ :

Generally, the soils of Lithesols have Au/R hor1z0n sequence.
Au horizen having reddish brown (2.4 YR 5/4) seil colour is thin
at less than 25 cm and sometimosabsent in the profile because of heavy
0ut-wash1ng by rain water due io very scanty vegetatlon. R horizon is
the basement i.e. lava, unweathered tuff, scoria an&/or metamorphlc rocks
as blotltegnelss.'

. Regardlng the soil chem1ca1 propertles, the soils are sllghtly
acid to almost neutral ranging between 6.75 to 7.20 in pH {1s2, 5) value
and ECe values are mostly less than. 0.2 m. mho/cm/ZSGC, 1ndlcat1ng that
they have no sallnlty'and alkalinily problems. o y

In the light of their profile features and topographic condi-
tions, the soils of thhosols are unsuitable for the’ agrlcultural
ut1112at1on.

4,2 Regosols'

Mapping unit (2): Regosols major soil unit, Dystric ~.
Regosols sub-unit, and Steny and/or lithic soil phase.

The soils of Dystric Regosols are primarily the sandy and
loamy colluvium being deposited under the small fan formation. This soil
unit is identified with Regosols 1ntergraded to Reddish brown Orthird
in the F.A.0, study and Lithosols in the KIDP study.

IIT - 8



The so1ls of thls 5011 unit deVe10p Only on the foot of -
volcanlc ¢orns oOr steep hills in the precambrlan formation patches seat-
tered in’ “the' Lowér-HOShi area. The land of this s0il exténds only 250
ha,” cortéspbndlng to about’ 0. 6 % of the total survéy ar¢a. At present,
almost all 'of the land lies’ in waste without agricultural production
but cowéred wlth sparSe acacia shrub and short w11d grasses.

The' gen9ral horlen sequénce of these soils is AI/AZ/R, w1th
practlcally no dlagnestlc features in the soil proflle except fine
. styatification in thée shallow profile. Al horizen, is 'a surface soil
having ‘reddish brown {2.5 YR 5/4) soil colour, loamy to sandy texture
qualltles, and stony'or petrlc {many course fragments) phase factor.
. A thickness of this horizon is 30 cm on average and the boundary
- with the néxt A2 horizon is’ diffuse and smooth in formation. A2 horizon
is composed of course textured soil and have more stony conﬁltlons than
the Al horizon, ‘A thlckness of this horizon is rather wide ranging be-
twéen 30 em and 50 ¢m and then limitted by the basement volcanic rocks.
The soils 1n.hoth Al and A2 horizons are generally compact, and massive
1n structure. .

'As-f9r=théir chemical features, the soils have neutral to slight-
ly alkaline conditions (pH 7.0:~ 8.0), while at less than 0.3 m.mho/cm/25°C
in ECe. ' Phys1cal features of the soxls are unfavorable for the: profitable
farm1ng.' - : -

4.3 . Fluvisols

Fluvisols are correlated with Butric FPluvisols s0il sub-unit
and thése soils are further classified into Typic {mapping unit
(3) and saline/sodic mapping unit (4) soil phase.

. The soils’ 013931f1ed 1nt0 Fluv1sols are primarily the recent
alluyium and/or recent ¢olluvium deposited on a narrow riverine depression.
In the previous soil study, these soils were identified with Haplorthent
in soil claSsificatiﬁn'(U;S.D.A. system).

Generally, the soils have no dlagnostlc profile features, except

" very few and week mottling. Formation in the shallow profile.. The typical
horizon séquence is A1/A2/C and total profile depth is deeper than 200 cm.
Al horizon is the surface soils having 25 cm thickness; brownish black

(5 YR 2/2) colour‘ and clay to silty clay texture; medium size and

weak  sub- angular blocky structurés; friable when vet and slightly hard
consistence when dry} gradual and smooth boundary with underlying ‘A2
horizon. - A2 horizen is‘a soil having a depth of 50 - 60 c¢mj brownish
black {7.5 YR 3/2) c¢olor; clay to silty clay texture; about 10 t6 25% fine
gravelsy 00&159 and rather strong blocky structures; friable when wet,
vhile hard’ cons1stency when dey} diffuse and smooth poundary with the next
C horlzon. ¢ horizon is a dark brown s6il - having the features such as
dull to’‘dark brown (7.5 YR 3/4) matrix éolour, silty clay to clay
texture; massive structure, moist cond1t1on even in the most dry season,
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No clear differences on the profile features are’ found between
Typic phase (3) and Sallne/SOdle phase (4} of these Butric FiuV1sols._
The soils of béth phases are distinguishéd by different percentages:of
their chemical properties, particularly of sa11n1ty and- alkallnity.
Namely, the Typic phase-is a slightly alkallne 's0il; hav1ng 7:+5.10 B.O:
in. pH values and less. than 0.3 m.mho/cm/25" (:ECe'throughOut ‘the: profile, .
while strong to extremely strong saline and. alkallne soils. have pH 9.0 -
10.0 and ECe values moré than 8 m.mhos/cm/25 C in Saline/Sodic phase.
General plopertles of both’ 50113 avre! shown in Tablé III—S.-, ' '

- In the llght of the 5011 nature and propertzes, and envxronmenia
conditions of this soil area, the soils of Typie phase in Eutric Pluvisols
are suitable for agricultural use. llowever, flood centrol and/or drainage
improvement are indispensable for future land utilization. In contrast,
the soils of Saline/Sodic phase are scarcely very suitable for prof1table
agricultural development. :

4.4 Glexsols

The soils of this soil unit also develop rather narrowly over
the depression in the recent alluvial plain where seasonal flooding
"stands rather deeply for méore ithan' 160 consecubive days duringthe -ménths
from April to August and the groundwater table stands: relatively shallow
throughout the year. The area of this soil unit éxtends approximately
3,970 ha, corresponding to about 9.4 % of the whole Lower-Moshi area,
The s0ils have diagnostiec proflle features resultlng from- hydromorphlc
weatherlugs, i.e. gleization and mottlings., This soil unit is further
correlated with humic Gleysols, Mollic Gleysols and Butrie Gleysols 50il
sub-units. Among them, the soils of Mollic and Eutric Gleysols are row
cultivated with paddy rice and maize. .The .soils of Humic: Gleysols st:]l
lie in waste due to deep flooding and high seil- salznlty.

" 4.4.1  Humic Gleysols = , e
Mapping'ﬁhi{ (5):.:Saiine; Humie Glejséls éoil-phdSe.==:

The soils of Humic Gleysols ave’ dzstlngulshed from other
-Gleysols by proflle features having humi¢ horizen and a streng sa11ne_-.
factor. - In the previous soil study, the soils are correlated wlth
Hydromorphlc Gley soils . in papyrus swamps. _ ; e

: The 50113 claSS1f1ed 1nto thls Humic Gleysols develop only on
the lowlylng marshes along the Kileo river and Rufu river {easternmost
of the Lower-Moshi area). Generally, these s01ls are mostly wet through-
out the year, Typical soil horizon sequence is A/Cr and the . pr0f1le3
depth is shallewly limited by the groundwater to only 30 cm from the
ground-surface even in. the dry season. A horizon (20 cm) is'a humiec
soil having glayish black colour; very fine clay téxture; massive
structure; firm consistence; more than T % of organic.carbon 8.0 - 8,5
pH values; 10 - 15 m.thS/cm/ZS Cﬁﬂe,and clear and smooth boundary with
the next Cr horizon. Cr horizon is a gleyic soil having clay 10 silty |
¢lay texture, low organlc carbon (less than 0.9 %), 8.0 - 8.5 pH values,
8 - 10 m.mhos/cm/25°C ECe.
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In regard to the phy31cal propertles, the 30115 have relat1vely
high molsture holding capaclty, with véry slow permeability coeffici-
ents rangzng from 3.5 x 10"5 x 8.5 x 10™ -6 cin/sec.

In tha llght of the 3011 featules and environmental con-

dltlons of thls soil area, it is considered that the soils of this
soil unit are economically unsuitable for agricultural development.

4.4.2 " Mollié Gleysols

Happiﬁg unit (6):.fSéline, Mollic Gleysols soil phase.

. The soils of this unit develop mainly on narrow depressions
(o1d rviver trials) mainly along the Rau and Kilco rivers. These soils
have a thick mollie horizon at the soil surface and a mottled horizon
at relatlvely shallow profile in sub-soil. The soils are slightly
affected by salinity. In the previcus soil study, the soils are clas—
sified 1nt0 Glelc Orthid and/or Low-humlc—Hydromorphlc Gley s01ls.

Th0301ls have a horazon sequence of A(p)/Bg/Cr in general,
and the groundwater table fluctuatés seasonally,but relat1vely deeply,
at 150 —~ 200 cm in the dry season. A(p) horizon {25 cm) is a mollic
soil having blownlsh black (7.5 YR 2/1) color; clay to silty clay texture;
weak sub- angular blocky" structures; friable vhen wet while hard con-
sistency. when dry} gradual and smooth boundary. Bg horizon is mostly
the mottled 50115 hav1ng dark brown (30 YR 3/3) matric colour and
many; fine, ‘distinet reddish brown (10 YR 5/4) ferriginous mottling;
silty clay to fine loam texture; coarse and strong blocky structures;
frlable when wet, while very hard consislency when dry; diffuse and
_qmooth houndary; €r horizon is grey soil (7.5 YR 4/2) celor which are
put under strong rédictive conditions with the seasonal groundwater
fluctuat10n.

o These gleylc 50113 generally have clay to s11ty clay texture;
massive structures and a profile depth deeper than 200 cm. - Ina
few cases, about 30 ~ 50 eém thickness of fine gravel layer intercalates
in this Cr horizon at depths below 140 em.

. The 50115 show a strong alkaline reactlon ranglng between
pi 8 5 and 9 0, throughout the profile, while their sodium adsorpt1on
rat1o (SAR) and exchangeable sodiun percent {ESP) are quite low at
0.3 -0.5 and 4.0 - 10, 0, respectively. Organic carben is about
0 5-2.0% 1n,the ‘surface soil but abruptly decrease to less than
0.5 % in the sub- 50113._ Cation exchangeable capacity is rathexr vari-
,able from 10 to 30 m.eq. in both surface and. sub-soils. The degree of
base saturatlon is estlmated at 150 — 160 % in the surface soil, while
more than 200 % in the sub-soils.
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Among the bases, calcium carbonate is dominant {more than
50 % of the total bases)}. Groundwater qual1tles are relat1vely strﬁngly
saline ranging flom 2.0 to 5 O m. thS/cmf25 C. P . .

As. regard thélr phys1cal nature, thé moisture’ holding éapécity
of these soils is as high as 45 - 50 % of the bulk dry solid while the
low permeability coefficient of the sub—301l layer ranges between 5 0 X
' 10‘4 and 5 0 X IO =5 cm/sec. .

Taking 1nt0 account the soil features above, these 50113 are
suitable for paddy rice cultlvatlon, though & rather high capital :
investment will be required for flood protectlon or drainage 1mprDVement
To realize the optimum production of upland crops, both surface and’
internal dlalnage 1mprovement arg in dzspensable in this seoil area.
Besides, proper soil amendment, particularly for moderation of sail
salinity, is required th;oughout the period of sustainable farming.

4.4.3 Eubrie Gleysols

Mapping unit (7): 'Typib'ﬁutric?cieysols;
" - (8): Petro—ferrlc Eutrlc Gle)sols, -
" (9)' Saline Eutrlc Gleysols.

~ The 50115 of thls so6il unlt develop malnly on the 1ow1y1ng
area extendlng over along the upper—reaches Rau river, - The 30113 g
have three soil phases as’ presented above, They are distinguished -
from each other by their specific profile features and’ salinity :
degrees. Petro-ferrié¢ soils (B) are the shallow Eutric Gleyso6ls having
a thick ferriginoéus hard pan within 50 cm of the™ “surface’ prof1lp. ’
Sa11ne soils {9) have the same profile featurés with the Typié soil (7,
but are strongly effected by salinity 31m11ar to the Mollic™ Gleysols (6)
presented in the- precedlng paragraph. . _

Generally, the horizon sequence of Typic soils is almost
same as the soils of Mollic Gleysols. The major dlfferenées from
Mellic Gleysols are that the soils have an othrzc horlzon in the
surface profile and finer texture qualltles. . P

. AL horizon with about 25 cm thlckness consists of very low
humic soils’ having dark redd1sh brown (5 YR 2/3) tolor) clay texture;
weak subangular blocky structures; very friable when wvet and slightly:
hard consistency when dry, gradual and smooth bbundary formation. Bg’
horizon (25 - 110 ¢m) is the mottled s6il having grayish brown (5 YR 5/6)
matrix colour and many, fine to coarsé ferriginous mottlings (10 YR 3/5);
clay texturejmmassive t0 véry ¢oarse and strong blocky structures, frlable
when wet but hard con51stence when dry} diffuse and smooth boundary.' Cr
horizon (below 110 cm) is gleyic soil having grayish brown (7.5 YR 4/2)
color clay texturej massive structuresi{ and some yellow;sh brown motilings
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In case of the Petro- ferrlc soils (8), the prof11e sequence
is commonly A/Bms/Cr The characteristics of A horizon is same as Typic
soils. Bms. horizon is a ferriginous hard pan which is formed by
sesquioxide ‘accumulation (m) and cetientation(s) under shallow fluctuation
of: groundwater.‘ The thickness of this Bms horizon varies from 25 cm to
50 cm and penetration of roots is- completely restricted by this horizon.
Formatlon ‘and character1stxcs of Cr horizon are almOst same as that of
the Typlc soxls. '

' g Regardlng the chemlcal properties of these soils, the surface
3011 has less than 0.5 % organic carbon; 8.0 to 8.5 pH values; 15 to 20
m.¢q. cation exchange capacxty. :In case of the Typ1c soils and Petro-
ferric soils, EC values are very low, less than 1.0 m.who/cm/25°C,
indicating it is quite free frem the salinity, although base saturation
is more than 100 % of the cation exchange capacity. In contrast, the
sallnity in ‘Saline, Eutr%c Gleysols is indicated by high ECe value ‘of
more than 8 m. mhosfcm/25 c and base saturation more than 150 %

: The sub 30113 have qulte small amounts of organic mattel, 8.5
pH value on average, (20 t6 25 m.eq. cation exchange capac1ty (C.E.C.);
more than 100'% base saturation; less. than 2.0 m. mohs/cm/25 C EC, except
Saline ‘soils, The sub-soils of Saline Eutric¢ Gleysols have basé satura-
tion of more than 150 % of C.E.C; 8.0 te 10 m. mhos/cm/25°c EC values,
1ndlcat1ng a. hlgh degree of sallnlty constraint.

. - As for the hydlodynamlc charaeterlstlcs, these seils have high
mo1sture holdxng capacity ranging from 50 to 55 % of the bulk dry solid,
~and & Low permeabllzty coefficient of 2.5 x 107 ~4” -~ 5.0 x 10 "scm/sec.

“In- the llght of the soil conditiens above, the soils of Typlc
and Sallne, Eutric Gleysols are quite suitable for paddy cultivation,
while marginally suitablé for profitable farming with upland crops due
to their: unfavorable phy51cal nature. .The soils of Petro-ferrie, Eulric
Gleysols are unsuitable for profltable farming due to shallow soil and
high groundwater in the main crop season (rainy season).
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4.5 - Nitosols

Mapp;ng unlt (10):‘ Sodlc/Sallne, Eutrlc Nltosols.

Nltosols heleln c1a331f1ed are . strong alkalxne cum sailne soxls
developed on the lowlying alluvial plain which wldely extends over the
lower-reaches of Rau, Mue, Himo and Rufu rivers. Total area of these
so0ils are estlmated at about 5, 010 ha, correspondlng to about 12% of
the whole Lower—Mosh1 area.

S In the préevious study, these 30113 are’ consldered Soloﬂetzlc,
Heddlah ‘bréwn Orthids or Ustoll in U.S.D.A classlf1cat10n (the 7th -
ApplOle&thH system) - ; %

Genelally, the soils have Anz/an/Crz hOrlzon sequence, and
the brack:sh groundwater (more than 9 m.mohms/cmf25 C:EC). standsiat -
relatively shallow depth at 150 cm in the profile: (dry sedson) ., ‘Anz
horizon with a thickness of 15 cm is a surface soil having brownish
black {10 YR 2/2) to biack (10 YR 1.7/1) colorj silty clay to ¢lay
texture' rather coarse. and strong sub-angular’ blocky structuressy :
friable when wet but hard consistency when dryj ‘gradual and irregular
boundary with the next Bmh 'horizén. . On thé soil surface, ‘small: sali
spots (ma1n1y sodium carbamate) are found in Places. ‘Bmn horizoen with
a thickness of 50 e¢m is'an argillic B horizon weakly developed.: The
soils have dark raddish brown (2.5 YR 3/6) to Grayish brown (10 YR 4/2)
colour; eclay texture; massive structures; duffuse and smooth boundary.
In some part of this profile, many small. blacklsh alkali- spots are-

. formated undér the. proceeding alkalirization., - Crz horizon to:a depth

of 200 cm is primarily grey soil. The soils are Dull yellowlsh brown

- (10, YR 5/3) to gray (7.5 YR 5/6) color, 311ty olay to sandy clay texture,
masgive struotures, and’ m01st; : P .

Regardlng thelr chemlcal prope;tles, the surfaCe 3011 shows
extremely strong alkali reaction with pHl values -of 10 6 11,5, Catlén
‘exchange capacity (C.E.C.) of this soeil ranges betiteen 45 to 50 m.eq.
and base saturation degree is more than 200% in which sodium ions cccupy
more than 90% {about 180 - 190% in exehangeable sodium pércent: ESP).
Sodium adsorpt1on ratio {SAR) is estimated at’ ‘about 30 to 35, Organic
carbon in the soils is commonly less than 0,5%." The soil of Bin horizon
alsé has exbremely high alkali ranging from 9.5 to 11.0; 50 to 55 m.eq.
C.E.C; ‘150 to 180% base saturation; 100 to 150% ESP and 20 to 25 SAR,
Generally, the soils of Crz horizon show a lower degree of alkalinity and
salinity than that in the upper soils, but still in a strong class with
150 to 180% base saturalion degreej 100 to-lBO% ESP and 19 to 23 SAR.

-5 Permeablllty coeff1c1ent of the sub—SOJIS is less than 5 0 X
10 cm/SEC, lndlcat1ng a salt leachlng difflculty.

: _ The land of this soil unit is covered with wild palms, thorn
bushes and short grasses. Rocently, some 70 ha of paddy field and 700
ha of upland field have been reclaimed by the local inhabitants,
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However, the crop production is still 1nsubstant1al, and some of the

land lies waste from the cropping, at present. Accordlng to the fiecld
monltorlng of ‘tha- soll modification experiment conducted by the Japanese

- s6il expert in the Kirvya Pilot Parm, 1977, it is forécast that economical
utilization of Nitosols could not be realized for agricultural production,
although some small effects were obtained by such technical practices as
gypsum treatment for moderatlon of soil alkalinity and/or leaching of
_salts in soils. "~ Thus, the seils of Nitosols are graded as unsuitable

-1n thls 3011 and land class1flcat10n study.

4.6 ='Cze:mbisols

1he soils of Camblsols dévelop widely over the Lower-Moshi
area.‘ These SUllS are prlmarlly the raddish brown ecolluvial ang/er old
alluvial soils’ deveIOped under the soil forming processes of oxidation
weatherlng. The area of these soils is approximately 28,500 ha, corre-
sponding to about 68% of the whole Lower—Mosh1 area, '

4.6.1  Dystrie Cambisols
Mapping unit (13): Phreatic, Dystric Cambisols.

- The soils are’ reddlsh brown and neutral or sllghtly-a01d
Cambisols. The soils are derived from the old alluvium deposited mainly
by Rau and Himo rivers. Base saturation degree ranges belween 45 50 50%,
and calcium is the dominant base. The soils have a cambic B horizon

'weakly developed under the ochric surface horizon. To a cértain extent,
the soils have a paralithic contact or underlying thin gravel layer in
the” proflle shallower than 200 cm below the surface. These soils were
considered’ as’ Hegoaols intergraded to Heddish brown Orthid in the U.S.D.A.
013531f1cat10n 1n the prev10us 3011 study in this area.

The - land of this s0il group has a very gentle slope of less
than 1/250 and has mostly been cultivated with maize, cotton, pulses,
etc. under rainfed ¢onditions. Those agricultural productions are,
however, small due to shortage of soil m01sture and 1nfert111ty of soils,

_ Generally, "the soils have an ochric’ A(P) horizon in the surface
prof1le. ' Thickness of this horizon is about 15 cm on average. The soils
are dark reddish brown (2.5 YR 2/4} color; silty clay to e¢lay texture;
subhangular blocky structures; friable when wet and rather hard consist-

=enéy when dry. The second horizen to a depth of about 65 cm in a cambic

‘BIL hoilzon.' The 3011 in this hOllZOH are dark réeddish brown (2 5 YR 3/3 ~
7.5 IR 3/4) colour} clay texture, in which a few fine gravels are included;
sub—angular blocky to blocky structures; rather friable when wet and hard
cOn31stency when diy} firmly ¢onsolidated under the natural conditions.
The- soils’ gradually change to undérlying B2 horizon with a smooth boundary.
B2 horizon is ¢ommonly dull reddish brown {5 YR 3/4) to reddish brown
(5 YR 4/5) color; clay to silty clay texture; massive to very coarse
blocky structures; compact and rather firmly consolidated. Generally,

. C horizon or layer underlies the surface below 200 cm.
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The €1 horizon directly underlying the B2 horizon is & gravel soil hav-
ing clay loam to sandy clay matrix color and 50 to 60% small gravels.,
Groundwater stands deeper than 200 cm in the dry season, while it will
rise to 150 cm in the rainy season. R : oo
: As for chemical features, théfsqilé'are_ﬁeuﬂral to slightly
acid ranging from 6.5 to 7.5 pH throughout the profile} less than 0.5%
orgariic carbon; 5 to 7 m.eq water soluble salts; less fhaﬁ_l'm}mhdfﬁmf
25°C ECe3 15 to 25 m.eq cation exchange capacity; 45 to 50% base setura-
tion degree; less than 0.5 sodium adsorption ratio and less than 2,04
exchangeable sodium percent, . ' ' : '

_ In regard to physical nature, the soils consist of 35 to 50%
clay and 15 to 30% silt and 30 to 40% sandy particles. “Generally the
soils have a high moisture holding capacily ranging from 35 to 50%,
but a slow permeability coefficient ranging from 3.5 x 10~¢ to 5.6 x
10-% cm/sec in the sub-soil layer and a moderately high basic intake
rate ranging between 45 and 50 mm/hr in the surface soils. e

In the light of the soil features presented above, it is)
consideved that the soils of this unit ave very suitable for irrigation
development and high production could be anticipated for both paddy and
upland crops. ' : ' S :

4.6.2 Futrie Cambisols

Mapping unit {14): Phreatic, salihe/sq&ié,'Eut?ié‘CémﬁiﬁOJS.

The soils of this.unit have quite similar profile and featuves
to the former Dystri¢ Cambisols. These soils are, howvever, distinguished
“only due to the chemical properties expfessed infq,b@sé_satufgtion'degree
higher than 50% of cation exchange capacity. In the Lower-Moshi area,
these soils are mainly found on the old levee mnarrowly, extended along
the river trails of the Rau river. At present, the land of this soil
aréa is used for village accommodation and is also used for upland .
cropping with maize and banana plantation to some extent. o

_ In continuous hydromorphic cum oxidation weathering, the soit

formation is proceeding with base accumulation, ahd”dt:ﬁfesent, the.

soils are under alkaline conditions,

. Genexally, the surface soil is strong alkali ranging betwéen
9.0 to 9.5 pH values which gradually decrease to 8.5 with depth. Cation
.exchange capacity ranges from 15 {0 20 m.eq. and these are mostly . .~
saturated by bases, The base saturation degree (BSD) is estimated at
about 80% to 130% in vhich amount of sodium is expressed as 50 to 60%
of exchangeable sodium percent {(ESP) and 3 to 5 sodium adsorption ratio
(SAR). 1In the sub-soils, those degrees of  BSD, ESP and SAR are rather
lowver than that of the surface soil. The quality of the groundwater
ts rather strongly saline ranging from 8 to 10 m;mhos/gm/QSOC EC. -
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_ _ In consideration of the above soil features, the soils of
this unlt are usable for crop cultivation, though some constraints
siuch' as strong alkal1ne conditions, poor drainability will limit the
pxoductivxty to some extent.

4,6.3 Calcic Cambisols‘

Mapplng unit (16} Petfo—calcic, Caléiq Canmbisals
(17): Stony and saline, Calcic Cawbisols
(18) Peiric and saline, Calcic Cambisols

Calclc Camblsols are so:ls having calcic hrizon within 100 cm
of - the surface profile. The ¢alcic horizon herein defined has character—
istics such as Petro-calcic contact (lime erust formation}, calcareous
.contact’ (llme accumulat10n) and petric contact (lime concretionary
formatxon)

At present, all the land of this soil wnit still lie in waste
“from agrlcultULal production, except use for village yards to small
extent. - Under the natural conditions, the soils generally have a horizon
sequenée of A/Bkw or Bew/C with gradual boundary formation. A horizen
to a depth of about 25 cm on average is a mineral soil which can be
Spec1fied ‘as ochric eplpedon.' The soils are brownish black or dark
reddish brown’ (7.5 YR 3/2) ¢olour} silty c¢lay to clay texture. They
have soft and friable consistency when wet while hard and firm consistency
when dny. Bkw horizon to a depth of about 70 cm has cambic characteristics
‘and is under 11me accumulatlon soil forming process. Generally, the soil
of this horlzon is'dark brown (10 YR 3/3) to dull reddish brown (7.5 ¥R
5/5) ¢olour clay to clay loam texture; sub-angular to weak blocky
structures,'soft and friable consistency when wet, while firm when dry.
Many and fine powdel -like lime spots are found in this horizon. C
“hérizon is a soil that has cull brown (5 YR 5/4) to reddish brown (7.5
YR 6/3) colour; 311ty ¢lay to fine loam texture; massive structures;
-frlable when wet but hard and firm con31stency-when dry.

If the soils correlate with stony phase (17), the proi‘lle is
chafacterized by many and large size gravel and lava fragements in the
shallow profile. The soils of petric phase {18) are specified by Bck
‘horizon having many fine lime concretions, Petrocalai phase (16) exist
only to a small extent. The soils of this phase have a shallow profile
bottomed by & lime crust with a th1ckness of about 30 cm. Under the
lime crust C h0r1zon lies deeply.

With regard to their chemical pr0pe1tles, the 50115 show strong
_alkallne reactions ranging from 8.5 to 9.5 pH throughout the profile.
Organlc carbon is less than O, 5% Cation exchange capacity (C.E.C)

is’ 20 16 25 m.eq. and is saturated by bases of more than 200% in which
calcxum is the predominant base. ECe ranges between 8.5 and 15 m.mhos/
cm/25 C, indlcatlng that the soils are sirongly affected by salinity.
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_ In the llght of the’ proflle features and chemlcal propert1es,
the soils are classified as marglnally su1table for the profltable
falmlng. i

4.6.4 Gleyic Cambisols

.Néppihg unit t19): Pétric and_sﬁline,_cleyié Cambisols

The. soils of this unlt are prlmarlly the wet camblsols. They
have gley;c horizon in shallow profile. Under so6il gleization farming
processes,’ concretlons of sesquioxides develop in the.gleyie horizon.
A part of these 30113 mlght be 1ntergraded to the Petroferrxc, Eutric
‘Gleysols., . : _ .

_ Generally, the SDllS haVe a dlagn05t1c p10f11e sequence of

A/Bcs/Cr. A horizon to.a depth of about 20 cm is mineral soil having
- very dark brown (5 YR 3/2) _colour; clay texture weak blocky structures;
friable when vet, but hard consisteney when dry; clear and smooth
boundary with the next B horizon. Bes horlzon is a gleylc soil hav:ng

grayish brown (2.5 YR 5/4) matrix colour; many coarse and dlstlnct
ferriginous mattlng; many and.Fine concretlons of su3qu10x1des, clay

to silty clay texture; friable when wet but hard c¢onsistency when dry.
Cr herizon is also the gleylc soil hav1ng gray (2 5 YR 5/6) colour;
clay texture, ma331ve structures._

Regardlng their chemlcal featules, the 30113 are st:ongly
alkali ranged from 8.5 10.9.0 pH; 5 to 8.5 m.mhos/cm/25 C EC, indicating
that the soils are sllghtly'affected by sallnlty. Catlon exchange
capac1ty of these soils ranges between 15 and 20 m.eq. and. ‘the' satura-
tion degree of bases is estimated ‘about iSOd on average. Groundwater,
 which stands at the rather shallow depth of 150 cm in the dry_ season,
is rather strong in sallnlty ranglng from S to 9 m. thS/cm/ZS C

In due’ cons1derat10n of the 3011 character13t1cs above, it
is considered that the soils in this unit are usuable for paddy rice
cultlvatlon, but are not su1table for prof1t&ble farm1ng with upland
erops.” To realize upland c¢ropping, it is requlred to improve the
drainage cond1tlons partlcularly to expel the bracklsh groundwater.

4.6.5 Yertic Cambisols

Mapping unit (20): Typie, Vertic Cahbisols
' (21) Stony, Yertic Cambisols

The soils of this unit are the most predomlnant so1ls for
agrzcultural ut1lizat10n in the Lower-Moshi area.. Recently, all of
the land of this soil area has been reclaimed to its. potentlal maxXimum
"and cultivated with maize, mostly under the ra1nfed cond1t10ns._'

In the previous soil study made by the F A0 team, these soils

were considered Vertic Haplorthents or Grumsols intergraded to Reddish
brown Andiptic Usterts.
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_ ' The 30113 ale derlved from the clayey colluvium deeply

dep031ted with the fan formation. Generally, these soils have
diagnostic hOTlZOD sequence . of A/Bw/C. Deep and wide cracking when
dry as well as glrgal formation are the main profile features of these
50115. : -

J _ A horlzon to a depth of about 25 ¢ is a mlneral 3011 whlch
le spe01fled as ochrlc epipedon. . The soils in this horizon are dark
‘reddish brown (10 YR 2/2 - 3/2) colour; elay texture; weak ‘subangular
blocky structures, frlable when wet and rather hard consistency when
diy; gradual and smooth boundary with the next B horlzon. Bw herizon
Cor layer is generally deeper than 150 em. The soils of this horizon
are dark reddish brewn {10 YR 3/2) to dull reddish brown- {7.5 YR 3/3)
eolourj: clay texture; blocky structures; friable when wet, while very
hard con31stency when: dry, diffuse and smooth boundary fermation,

'€ horizon consists of reddish brown (5 YR 3/3 or 7.5 YR 4/3) clayey
soils having massive structures.

The 30113 ClaSSIfled into Stony phase of this soil unit have
a shallﬁw proflle and many coarse gravel and lava flagments throughout
the proflle.

- As regard to their chemical properties, the soils are sllghtly
a]kallne ranglng from 7.5 to 8.5 pH and less than O. 3 m. mho/cm/25 G ECe
'thréughout the proflle. Organlc carbon in the surface is 0.3 to 0.,5%
and less than 0.2% in sub-soils. Cation exchange capacity ranges A
from 15 to 20 m.eq. Base saturation degree is estimated at 80 - 120%.
Exchangeable sodium percent and sodium adsorption ratio are estimated
less than 0. 05 and O, 3, respectlvely.

‘ In regard to. their phySLcal nature, the soils consist of 30
to 45% clay, 25 to 30% silt and 25 to 30% sandy particles. Generally,
the so6ils have’ hlgh moisture holding capacities ranging belween 3C and
50%, and relatively large basic intake rates at 50.- 80 m?/hr. Permea-
bility coefficient in the sub-soils ranges from 5.0 x 10”- to 5.0 x 10
ci/sé¢ 1nd1¢at1ng good internal . dra1nab111ty. The main characteristics
~ of these s0ils . are a stlong shrinkage when dry and formation of wide
'and deep cracklng in,both surface and sub-soils.

o Taklng 1nt0 con31derat10n the 3011 features above, the soils
in Typic phase are very suitable for profitable upland cropping, with
low suitability for paddy cultivation mainly because of a high percola-
tion coefficient due to cracking caused by shrlnkage chalacterlstlcs.

) The 50115 of Stony phase are unsu1table for profltable farm1ng
due to shallow and stony conditions.
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5. Land ClaSsifiéation

5.1 Bésic Consi&erations on'Léﬁé;Claséifiééiiohf'

The land class1flcat1on for delineation of the potentlal
arable areéa is made in accordance with the land classification system
defined by the Buleau of Reclamatlon, the u. S‘ Department of Iuterlor,
1953 as modlfled in 196? ' o .

- For the speclflcatlon of the land deflned 1n the above reference
the following soil and physical env1ronments are- taken into’ cOn31derat10n
as the essentlal Ones for evaluatlon

(1) Soil textural quallt1es (s) 11m1tat1on due tﬁ coarse texture
‘with gravel for economic developmént of paddy fleld with irri-
gation facilities, and or 11m1tat10n due to very. fine texture
for upland crops with 1rr1gat10n.

(2) Effective soil ‘depth (k)1 11m1tat1on due to sand, gravel
- cobble, petre and/or petric formation and/or 1mpermeable
layer within shallew depth below ground surface.

{3) Soil salinity and alkallnlty (a) 11m1tat10n due to strong
saline and alkaline veaction h1gh exchangeable sodlum percent
'and/or sodlum adsorptlon ratlo of the 56113; ‘

(4) TOpography {(t): limitation ma1n1y due to unsu1tab1e land
e¢levation for eéconomical ‘gravity 1rr1gatlon, and relléf con-
dxtlons unsuitable for econom1cal fleld arrangement

(5) Dralnage (d): limitation mainly due’ to the seasonal flebdlng
- or very poor internal drazn&blllty caused by hlgh groundwater
tabie and heavy clayey texture.r’ :

Among the limiting factors above, seasonal floodlng is the
blggest constraint to the proper agrtcultural development_ although
present crop ¢ultivation is more or less sustalned by the use ‘of flood
water. - Yery poor internal draznablllty caused - by’ heavy clayey texture
and high groundwater table is alse a 11m1tat10n, partlcularly for the
economic farming of upland crops. In order'to develop the Project
area successfully, rather high capital 1nvestment is requ1red for the
flood c¢ontrol and dralnage 1mpr0vement._ ' :

The main tepographic constraint are the rellef conditions in
the billy area. Mainly due to steep slopes, it 13 dlfflcult Lo make
economical fleld arrangement for proper 1rr1gat10n farmlng.

" The fine textural features which consist of 35 to 50% élay,
30 to 45% silt and 15 to 25% sandy particles are generally acéepted
for paddy rice cultivation. However, the cultivation of uPland crops
is restricted to a certain degree due to unfavourable characteristics
such as very low intake rate, very high moisture holdlng ¢apacity, and
very low permeability coefficient of soils, '
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The fine lextured soils having very hard con51$tency when dry,
while very soft and friable consistency when: wet, will alse restrict the
soil preparatlon work to somé extent.

: Coarse textured 50115 havnng rapid percolation rate and low
mo:stufe holdlng capaclty, a¥e &lso not suitable for economical irriga-
tion development due to the large water requivements for maintaining a
) favourable range. of 3011 mo:sture in a certain depth of the soil.

Gravelly and stony soxls in the hilly area wlll largely llmlt farm
operatlons and 11m1t the. rootlng of crops.

Shalléw 5011 depth espeCIally'due to petro~03101c and petro-
ferric horlzon will restrict not only the crop preduction but also
economlcal fleld arrangement. In order to reclain these soils success-—
fully, it is necessary to study the specific land use and irrigation cum
drainage englneerlng, from the viewpoint of soil improvement and land
conservation.

Sowe other constlalnts are also found in the survey area, such
as the prevalence of various pests and discases,; low familiarity of the
farmérs with the modernized farming practices and improved varieties of
erops, low ;nten51ty of agriculiural supporting services and so0 on. So
far as the purpose of this land classification is concerned; however,
‘these conditions can be excluded f10m this land classificatien study,
which is conceptual

5.2 Specification of Land ciassificatioﬁ

Taklng 1nt0 account the soil and land condltlons presented in
the preceding Sect1ons and alsoe the plant-physiological ¢haracteristics
of paddy rice and upland crops, the terms of land classification and
thelr SpElelc degree of correspondence te the land suitability classes
are established in accordance with the land classification standard
defined by the U.S. Bureau of Reclamation.

The cxlterla for rat1ng of soil and land factors is tabulated
in Table III~4. The terms .of land classification and their specific
degree of correspondence are summarized in Table III-5.

5.3 . Land Classification

In rating the irrigation suitability of land, limiting factors
of s0il and land are assessed whether they are.corrigible or difficult
to involve in land development. Hence, the potential land suitability
herein defined are graded by applying the lowest amount of limiting
factors. In this context, physical features such as seil depth, soil
texture, drainability, and chemical properties such as strong salinity
and alkalinity, and topographic conditions are the essential limitations
in the Lower- Hoshl area.

In llght of the profile features, as well as soil chemical

properties and physical features, the soils correlated with Typic Eutrie
Pluvisols {3), Typic Eutric Gleysols (7} and Phreatic Dystric Cambisols {13)
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are found in the highly suitable land class (I) for 1rr1gated paddy
rvice cultivation. The soils of Salinhe Mollic Gleysols (6), Saline’
Eutric Gleysols {9), Phreatic and Saline Eutric Cambisols (14} and
Petric and Saline Gléyic Cambisols (19) are graded as suitable land
class (11} for paddy cultivation, though rather hlgh cap1tal invest:
mént is required for flood protection and rather expen31Ve management
cost is required for surface dvainage during the crop season part1cular1y
in the rainy season.. Sallnlty constraints in thése 30113 can be neg-
lected so far as paddy rice cultivation is con¢erned.” The soils cor-
related with Petric and Saline Calcic. Cambisols (18) and Typié Vértie
Cambisols (20) are arable {graded as land class’ III) for paddy cultiva-
tion.: From the irrigation enginécring point of view, howeVer, it is
not recommended for devéloping paddy fi¢lds because of the’ rather high
investment requived for correc¢tion of the high percelation coefficient,
The other soils are graded inbto scarcely Suitable or unsuitable land
grades from both the ehgineering and economical points of view,

. As far as the lrrlgatlon deVelopment for: upland: CfOpplng is
toncerned, the land sultablllty gradés in each s60il unit ¢ould be made
separately from the above ¢lasgification; taking into account the specific
irrigation practices and adaptability of the upland crops. The soils
correlated with Phreatic Dystric Camblsols and Typlc Vertic Cambisols are
gradéd into tha highly suitable class (I) and the soils of Typlc Eutrie
Flurisols are put into the second grade (II), atthough fldod e¢ontrol ‘and
drainage improvement are required to a certain extent. The other soils,
except those correlated with Lithesols (1), Regosols (2), Nitesols (10)
and a part of Gleysols {5 and 8), could also grade as arable (III and IV),
but profitable development cannot be expected because of the high capital
investment and recurrent cost requ11ed for connection of flood or drainage
constraints and amelioration of salinity and alkalln1ty of §0il,  The soils
- defined as phase (1), (2), (5), (8) and (10) are graded as ' wunsuitable land.
They have very scarce potentxal for crop productivity and/or no—p0331b111ty
of soil improvement.

From the above land evaluatlon, the land in the survey area is
classified into four suitable land classes for paddy and upland crops
with irrigation as shown in Table I11-6, and the extent of each class is
illustrated in the land classification map attached to this report.

_ The first class is thé_highly shitabie_clﬁss. .Tﬁétlaﬂd in this
class has no limitation for future development in géneéral, and high
return on crop production can be anticipated with the Project.

- °  The ‘second ¢lass includes suitable land: {II) in which suf-
ficiently high productivity and profitability c¢an bé expectéd from the
soil and land. However, there are moderate limitations caused by =
relatively strong alkaline soil reaction, slight salinity, poor essen-
tial plant nutriéents, and seasonal floodxng, ete. These faetors are
likely to reduce crop yleld and/or to increase recurrent costs for crop
production and improvement of soil and land condltlons.
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S . The thirg class is moderately suitable land (III}. The land
of this class is also expected to be fairy productivity for paddy and
upland cr0ps, although there are some limitations which may reduce

7 erop y1eld and call for higher recurrent costs for production and soil

amelloratloh; Rather deep flaod1ng will be the biggest constrain in
‘ thls land class. . _

The fourth class is scarcely suitable land (¥). The land of
‘this class has a serious constraints such as poor drainage, strong scil
sal1n1ty and alkallnlty, 'seasonal floodlng, etc., and hence, it is not
1ecommended for future develcpnent with the Progect.

The last class is econom1cally unsu1table land (VI) for the
'1rr1gat10n development programme. Because of the land having very
serious limitations such as deep vater stagnation and extremely strong
saline and alkallne soils in the low-lying area and coarse textured
3011 w1th gravel, shallow soil depth, rolling or undulating topography
in the’ h1lly or ¢olluvial plain, etc. econemic development by this
Pro;ect ¢annot be expectéd for the land in this class, although some
p0551bi11t1es for agrlcultural development with other specific crops and
trees is lecognlzed.
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6. Dewarcabion of Potential Avable Land

_ “According to the systematic appraisal of soils and land in:
in the preceding section 5, the land in the survey area s classified
“inta fourllahdfélésééé‘in'whibﬁhthé fifst“f#é'clﬁésésﬂ#rp;th?fSﬁiﬁéble
land for irrigated farming and the third tb'fifth_clééses'@fé"bébnqﬁically
marginally sditable_to_qnsuitable'lanq’forlﬁhﬁ iryig&ﬁipn_défelopmént.

i

.~ In this land classification, about 24,700 ha or abéut 58.7 %
of total survey aten is selected as the potentinl arabls land (slassos
I'and IT). Generally,’ these lands have sufficiently deep soil, moderate
tillability, high irvigability and sustainable surface drainability,

The physical constraints prevailing in ﬁh?'??éﬁ'0qﬁld b§himprGt¢digpd/0r
modified satisfactorily with & reasonable’ amount of capital inveslment.
a’ or 23,2 % of the land is graded into marginally
~arable land (classes 111 and IV}, ‘Th95§;}ahd§:a;e”aiso'¢bnsidér§&,gs
pdteﬁtial‘aréblefiand.:'Bowever;gspepigl‘meééures'ﬁjllgbé required for
agrichlturgl‘utilization;_partichlérly fbrtaméljoratiénf¢f égg?§§éted

About 9,750 ha

soil features. "It is rather difficult, at préesent, to expeet economical
use of these soils for profitable irrigation farming of paddy rice and
other common upland crops by implementation of a comprehensive irriga-
tion and drainage system. Accordingly, the land in this class is not
recommended for the projeet. . ' '

‘The rémaining avea, 7,500 ha or 18.1 % is classified into

class VI (econpmically unsuitable for irvigation farming), and the
lands are excluded from the project study. = ' : . |

_ Based on the above land classification, déﬁarcatiqn;bf ivri-
gable land to be taken for project study is made as shown in Table
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1.

1‘1

1.2

Table II11-4 Criteria for Rating of Land Pactors

Soil Conditions -

Soil

Téexture Qualities

sO¢
sl
s2t

. s):

Surface Soils

.Coarse loamy to fine loam
‘Fine Yoamy. to fine ¢lay

Coarse loamy and/or very
fine clayey
Sandy and/or histic soils

Effectlve Seil Depth

Sub-surface Soils

Pine loamy to fine clay
Coarse loamy to fine clay
Coarse loamy and/or very
fine clayey

Sandy and/or histie soals

Depth to sand, gravel, cobble, plinthite, mud-clay or histiés

’ -ﬁb=

1.3

2.
2.1

3'

3.1

: Very deép ~ more than 90 em
" ki: Deep -50 to 90 cm
" k2: Moderate - 20 to 50 c¢m
k3: Shalilew - les- than 20 em
‘ Depth to impermeable layer : :
; for Diversified Crops for Paddy Rice
';jﬂi Véry deep - more than 150 ¢m kO: Very deep - more than 90 cm
" il: Deéep - 120 t6 150 em kl: Deep - 50 to 90 cm
2 i2: Moderate < 100 to 120 cm k2: Moderate - 20 to 50 ¢m
:13:. Shallow = less than 100 em k3: Shallow - less than 20 ¢m
Soil Aci&ityr(pﬂ' H20 1:1 soil-water suspension)
a0 _Sllghtly alkaline to neutral - 6.1 to 7.5
alt .- Moderately strong alkaline -~ 2.6 to 8.5
a2: Strong alkaline - 8.6 to 9.0
a3: Very strong alkaline - 9.1 to 9.5
a4: Extremely strong alkaline - more than 9.5
Fopography
Relief Conditions 2.2 Sloping Conditions
_¥0: Flat to nearly flat 10: 0 to 2%
r}: Gently sloped land ti: 2 to 5% in single slope
r2: Undulating t2: 5 teo 8% in single slope
o r3: Rolling | t3: 8 to 15%
S . t4: more than 15%
.ﬁfainage Conditions _
Soil Drainability 3.2 Seasonal Flooding
“d0:  Well drainable f0: Non seasenal flooding
"d1: Moderately drainable {nén inundatiou)
d42: Somewhat poorly drainable fl: Seasonal flooding shallowly
d3: Poorly drainable (sometime inundated)
d4s Very poorly drainable £2: Seasonal flooding deeply
' . : {frequently inundated)
£3: . Flooding throughout the year
(inundated all the times)
Source: Trrigation suitability classification, US Bureau of

Reclamation, 1967
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Teble I11-5 LAND SUITABILITY CLASSIFICATION BY DEGREE OP_SOIL_CHARACTERISTICS

switability (lass Suilable Unsuitable

Specific Degree - Yery KRigh (3) High {2) Moferately Low 4} Yery btov (5)
: - High §))

Hoil and land Qualilics
1, Soil fertilities

*less t¥an 0.1%
less (han 0.01

0.15 to 0.1%
001 Lo 0,03

more than 0.75
more than 0.05

mare than 0,75
more than 0,03

- organic ¢arbon (%)

- Yess than G.15
- tolal nilzogen (£) 1

less than 0.01

~ available Pa05 {ppm) | high : moderate R T 1 T owery low - very leov
- C.E.C (mr.e?.} mare than MO mere thau 10 "3 to 10 less than 3 less than 3
- potassivm {w.eq.) more than 0.2 more lhan 9.2 . 0,1 Lo 0.2 less than 0.1 less than 0,1
- bhase sateralion (%) more than 40 more Lhan 40 1G to 40 less than 0 tess than 10
2. Alkalinity of ssils .(p}h 1:25 soil-vater suspension}
Iess than 3.5 less than 3.5 B.5 to 9.0 more than 9.1 more than 9.5
3. Soil bepih {cm)
- deplh 10 sand, etd, aore than 90 wore than 90 50 to 9\) 20 10 50 less than 20
- depth Lo imperoeable _ _ R : R
layer wére than 150 120 to 150 120 10 150 100 1o 120 less than 100
4. Topography '
- relief tlat to nearly flat to nearly grotly stoped wundulaling rolling
flat flat .
= sloge {%) 0 to 2 2o 5 510 8 3 to 15 more than 15
S, Oraih&ke Conditions '
- drainability well | modersate sctevhat’ pasr poor -uﬁr poor
- aeasunal flooding nen Hlooding - ‘nen flacding shory mnd . ‘tong and decply  perwancotly and
: : shallowly fleadey .deeply flooded
ftoaded - -
tand Capability '
6. Condilions for sccdipg establishment and lill.n‘hilil_y
- sail structlure 5l:.ructureless sub-angular sub-angular blocky o " massive .
& granular tlochk blocky nassive B ;
- consistence friable friable firm © wvery fira eéxirenely fire
- susceptlibility to )
sorlace sealing slight slight moderaie - strong Cstrong
7. Yorkabilitly® . :
- 'cov.l'si'atence. vhen wet non Lo slightly  slightly aticky sticky & ur} sticky & very stichy &
. sticky & plastic & plastic plastic very plastié very plastie
~ consistence vhen dry loose 10 moderate moderately hard =zoderately very hard very hard to
. hard to hard txtremely hard
8. Pessibility for fars mechanizetion
- land form & slape flat to g’enllj - gently undurat- undululing. " rolling folling and
sloped - ing . steeply sleped
9, Cagability for maintainirg sucface water . L
~ permeability less than 1.3 to 5.5 x 1.6 x 1072 to lass than, RITTRLCR
1.4 x 10% cof 10°% enfsec. $.3x 104 1.6 x 107 snf 3.6 x 103 o/
cmfsee, . LTT-N

sed, ; 8Bl

Land luitabil.iiy classification for irrigated paddy and diversificd crops defined

Note: Sourcess
: by U.8. Burésu of Reclamation, 1967,

Crlie.ri.s fér 1and capabilily appraisal iy preliminarily eatimated tased on the
specific degree generally accepled.
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Table 111-6
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Table IT1-7 DEMARCATION OF POTENTIAL ARABLE LAND

LAND SUITABILITY
CLASSES

Class It . Highly'suitablé
: -1

Class IX: Suitable
: - 25
. ,_..2'(1
{ sub-total )
Class III: Moderately suitable
o =~ 3s
-~ 3d
- 3sd
{ sub-total )

Class IV: Marginally suitable

EXTENT AREA -
Por Upland For Paddy

L Crops Ricse ‘
“(hay -~ (ha) -7
22,070 10,670

- 4,600
2,590 G
S (2,590) - (4,600)
420 17,270
380 -
2,220

( 3,020 ) (11,210 Yo

- 4s 2,900 .. 700
- 4sd 2,610 1,220 . -
- 4t 250 . - P [
- 4st 270 . 140
{ sub-total ) ( 6,730 ) {2,060 }
Class VI: Unsuitable :
- 65 - _ 700
~ 6sd 6,560 . 44590
( sub-total ) ( 7,500 ) { 7,320 )
Total 41,520 41,920
Note: The symﬁol of land suitability sub-class shdws the limiting

factors for development of the irrvigated agriculture.

Example; . " 3sat"
. " where 3¢
’ .53

d:

+1

land Sﬁitabilify grade
soil limitations, such as saline,
alkaline, stony, ete.

drainage prpbléms'inclusifé‘ofA

seasonal flooding

 fopographic conditions which unsuitable

for setting the irrigation facilities,
land reclamation, eto.
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~ ‘Table 111-8 QUANTITY OF GROUNDWATER

¥Water Samples | o EC value Total Salts
| - (Tacmho/en/27% ) ( opn )
__Pit No, LM-12 : 8,60 0.55 340

Pit No. IM<15 o 9,20 0,12 B

'P1t No, IM-31 9.95 2.80 1,750

Pit No. IM=39 ‘ 9.00 2.20 1,370

Pit No, IM-45 9.45  9.00 5,630

Pit No. IM-87 T8 0.8 110

Pit No. LM-86 . 8,10 0.29 | 180

Note  Total sélts'ale'esfimated based on the EC value,

Water . samples ave taken from the botton of auger-hole
where the groundwater springs.,

Above water qualities are measured at the fisld laboratory
temporarily set in Moshi,
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Table I11-¢ (1) . FTbLD TEST RESULTS OF SOIL SALJNITY AND_ATKAL IHIT;
( Lower-Moshi Ares ) :

PIT No. &  SOIL °  SOIL

HORIZON _ - DEPYH COLOVR  TEXTURE _pb _Bee
) {em)y (when when wet) ' (m.mhos/cm)
M -1 0 - 5 5YR2/3 €L 7,60 0.5
-2 55 - 65 5YR3/4 'si¢ 8,00 0.5 o
W2 -1 0 - 15 5YR2/4 ¢ .50 0.33
=215 - 51R 2/5  CL- 7440 0,19 -
IX3 ~1 0 - 10 SR 3/6 .SiC 7440 2,03
-2 10 - 100+ 5YR.3/4 = siC 750 0 0
M4 -1 0 - 18 SYR3/4 € 6.80 0.22
-2 15 - 60 S51R 2/3 ¢ 7,20 0,09
-3 £ - SYR 2/3  8iC 7.20 0.13
M6 -1 0 - 45 SYR2/4 L 720 0.30
-2 45 - 518 3/3 L 8420 0,130
W7 -1 0 - 3 5Mm2/5 ¢k L1200 023
=2 3 - 95 50 3/4 L 1200 0,15
3 95 - 5IR 3/3  Sol .70 0.12
M8 -1 0 - 45 5YR 2/3  CL 74300 0440
-2 45 - 85 5/1R3/4 ¢ 7.90° 0.15
-3 95 - SIR 4/2 ¢ - 8,20 0.16
IM9 -1 0 - 40 S5YR3/4 ¢ 7.40 0.16
-2 40 - 85 SYR3/4 CL 7.40 0,10
-3 85 - 5IR 4/3  CL 1430 0.10
LM 10 - 1 - 20 10R 3/4 ¢ 9,10 2.75
-2 20 - 4510WR 3/3 CL 9.20  4.50
-3 45 - 2.51R 3/3 ¢ 8.90 6.25
IM11 -1 0 -~ 15 7T5%WR3/3 ¢ 9.50 0,55
-2 15 - 60 7.51R'3/2 ¢ 10.60 2.15
-3 60 -  T5Wm3/2 ¢ 10.50 5025
IM12-1 0 =~ 357.5¥R L.7/1¢ 9.10 0,57
-2 35 - 85 100R 3/3 ¢i 9.70 0,78
-3 85 - MO+T.5IR 4/2 SL 9,10 0,45
IN13 -1 0 -~ 40 7.5YR 3/2 L 11,00 - 15,50
-2 40 -100 10YR 3/3 L 11.10. 12,00
-3100 - ° 10/R4/3 L 11.00 - 8.00
LM 14 -1 0 - 40 7.51R 3/3 CL 7500 18,00
-2 40 - 55 7.51R 3/3  CL 7.0 20,25
-4 55 =120 7.5YR3/2 L 10.90 9,25
-4120 - TSR 3/2 IS 11,00 2.75
- continued -
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able T111-9 {2) ~ FIELD TEST RESULTS OF SOI1 SALINITY AND ALAKLINITY

{ Lowenfﬂbahirgfea )]

PIT No. & - o SOIL

CITT - 37

_ SOIL . SOIL | -
BORIZON _ ' _DEPTH - COLOUR - TEXTURE P ECe
T Can) Ghenwet) T T T/

LM 15 =1 0= 20 7.50R 2/2 oL 10,30 3,00
<2 20-755 10¥R4/2  SL-. 9,80 1.45
S =3 BS - 0 MOYRS/3 0 Sel 9,70 1,35
LM 15'=1 top few em 11,10 12,00
-2 under the above layer 10.10 2.07
17 =1 0= 25 251K 2/3 . oL 7.40 0.16
IM19 -1 ~ 0-:15 10YR 2/2 L 7.0 0.23
S =2 15- 70 10WR2/3 & 7.80 0.11
M2t <1 ©-:15" SYR2/2  Se 7.60 0.23
-2 15- 40 SR 2f2 L 7.70 0.14
WM22-1 0- 20 S5R33 - L 7,60 0.27
-2, 20~ 45 SR 2[3 CL 7.80 0.16

-3 45-105+ SWR2/4 ¢ 8.60 0.20°
IM 23 =1 .0~ 15° 2,51R 3/3 L 8.50 0.35
-2 15 - 3% 2.5¥R 3/3 oL 8,00 0.27
-3 35 - 100+ 5IR2/4 cL 8.30 0.65

M2 -1 0~ 15 2.5 3/3 L 7.50 0.72
-2 15« .35 2.51R 3/2 CL 7.40 0.35
=3 35 -105  5IR.2/4 CL 8.50 0.40
25 -1 0.- 15 SIR 3/3 L 8,10 0.23
-2 15- 3 S5YR3/3 CL. 8.20 4.00
-3 35~ 65  SIR2/3 s 8.40 10.00
M2-1 0- % S5IR 2/2 CL - 8.20 0.30 .
-2 30~ 50  S5IR2/3 c 8.40 0,32
-3 5 - 90  SIR 3/3 cL | 8,80 0.37
. <4 90 -120  5IR 2/4 Go 8,80 0.80
IM2T -1 . 0= 20 SYR1/1 c 9,80 1,03
~2. 20~ 40 T.SWR3f2 ¢ 10,90 10.00
-3 40 -100 10YR 3/4  CL 10,70 4.50
‘ - 4. 100 - 10YR 8/} ¢ - 10,20 2.00
M28-1 0~ 15 1WWw22 € 10,00 3.25
-2 15- 40 T.51R3/3 ¢ 11.00 12,00
-3 40 - T.5MR5/4 ¢ 11.10 12,30
M29-1 0- 10 SR . C 11.10 19,50
-2 15 -5 2,5f{R3/6 . ¢ 10.80 10.75
-3 50~  1W0¥R33 ¢ 10.70 6,00
M3 -1 0~ 5 SIR2M4  CL 10.80 69.00
-2 . 5- 20 2524 ¢ 11,00 15.00

- 3.1 20-150  5YR 3/6 ¢ 10.90 6.50
302 - 0 o ¢ 10.10 1.85

~ ¢ontinued -



" Table IT19(3)

FIT No. &

HORIZON

L 31 -5
LM 32 -
LM 33 -
1M 34 -
I¥ 35 -
LM 36 -
LM 38 -
LXK 39 -
IM 40 -
LN 41 -
LM 42 -
IM 435 -
LM 44 -

WRE VR SN R WA WA WA A W R R R W R R IR e B UL R b

| SOIL
DEPTR COLOUR _ : - TEXTURE
( Cm;_ (when wet) L
0 - m75m4A-_L-
10 - 25 7.5YR 4/4: CL
125~ 70 7.5YR 4/4: oL -
270 - 70 7.5YR 4/4 - ¢L
70 - 130 5IR 3/4  CL
0-. 30 SYR2/4 ¢
30 - 100 2,5YR 2/4 . ¢
100 - 140+2,5¥R 3/4 ' CL
0- 25 SWw2/2 ¢ -
25 - 80 7.5YR 3/2 ' ¢
80 - 200+7.5YR 3/4 - ¢
0~ 25 5YR2/4 ¢
25 -. T.5YR 2/4. ¢ .
0 - 20 7.5 3/4 = CL
20 - 707.5YR4/6 ¢
70 - 150+7.5YR 4/3 ¢
0~ 202.5YIR 3/4 . 0©
20~ 2.57R 3/3 ¢
0~ 152.51R3/4 ° ¢
15 - 100 2,51k 3/4 ¢
100 - 2.5YR 3/2  CL
0= 25 10YR 1.7/1 ¢
25 ~ 70 10YR 2/3 ¢
T0 - 120+ 10YR 3/4 ¢
0- 20 SR21 ¢
20 - 55 7.57R 4/4 - ¢
55 ~ 100*7.5YR 4/4 ¢
0~ 20 5YR2/1 ¢
20 - 145 10YR S5/4 ¢
145 - 200+ 10IR 7/2 ¢
0 - 35 TSYR 22 ¢
3% - 75 SYR 4/4 . ¢
75 - 180 T.5YR 4/4  CL
180 - TBYR /4 ¢
0 - 20 10YR 2/2 €L
20 - 40 10YR 3/1 © ¢L
40 - 120+ 10YR 6/3  SL
0- 3 WWwR20 ¢
30 - 100 7.5YR 3/4 ¢
100 - 150+7.5¥R 4/4 ¢

C80IL

FIELD TESP RESULTS oF §Q!k SALINITY Aﬁg ALEALINIE

( Lowor-Moshi Area ) -

8o .

III - 38

9.60

' pg :
R (m.mhoa/cm)
RS} 1 20 23,00
10. @0 R 7Y . B
10,20 3:50
10.20" 2.50
8.80 0.85
8.0 9,00
10,40 475
8,50 3,00
8,50 21,00
9.40 16,50
8.90 0.8%
9.00 6.00
8,80 1,00
10,80 ©7.00
;-10.70” 13,25
770 0.35
8.20 0.65
7.70 0,45
7.50. 0425
7. 40' 0.10
10.40 5,00 °
" 10, 30 3100
10,20 2.50
1040 4.00
16.00 1.57
9.40 1.20
8.60 - 1.65
9.9 Feh-
9.80 3450
10 40’ 20.!43 )
9,90 1,70
9,60 i': 1,03
10.40 3.50
10.00 1.80
19,00 0.50
8.50 1.65
- 8.80 1.07
1,30

- continued -



Tadle IIT-9(4)FIELD TEST RESULTS OF SOIL SALINITY AND ALKALINITY
( Lowor-Moshi Area )

#IT Nos & o SO1L SO1L L
HORIZON. .  _DEPTH. COLOVR - - TEXTURB CoH ECo - .
~ . CUen ] (whion wet) B (. uhos/cm)
45 -1 - 0- 15 T5R4/H o - 10,90 - 8,59 -
-2 .15 - 45 T.5IR4/6 - oL 10,60 - . 4.2
-3 45-100 7.51R4/6  cL - 10,30 - 3.25
-4 100-150+ 51R4/6 oL -L  10.40 3.00
IM47 -1 0 - 25 . S5WR2/2 ¢ 9,00 0,57
-2 25- 90 S1R3/1 c 9.60 2.10
-3 9- 7.5 4/2 ¢ 10.70 3.3
IX48 -1 0 - 40 2.57R 2/3 ¢ 8,40 - 0,25
-2 40 -755+ Sm®2/3 ¢ 7.95 071
IM49 -1 © O~ 35 7.5%R 2/2 cL 10.45 . 2.87
S =72 35 - 100+ 7.51R 3/3 Sel 10,50 2,62
IM50 -1 0~ 35 T.5YR3/2 ¢ 110,40 3,75
-2 .35 -110  -syR4/3° ¢ 10,20 2,12
~3 110 - 140  7.5YR 3/4 C 9.60 1,5¢
- 4 140 ~ 200+ T.51R 5/3 ¢ 9.65 1.20°
INS5L -1 .0~ 30 7.51R 4/2 ¢ 8.80 ©0.82
~2 30 - 100  5YR 4/2 c 9,50 10,90
3 100 ~ 5YT 3/2 ¢ 1 9.60 0.85
IM52-1 0~ 25 . 51R 2/3 c 770 2,25
~2 25 65 5IR 33 c 7.75 2,00
~3 65 - M5+ 5YR 3/3 c 9.40 1.37
IM53 -1 -0~ 15 2.51R 2/4 c 8.40 0,32
-2 15 - 5 2,5%R 3/3 ¢ 8.50 0.07
-3 75~ 100+  5YR 3/3 L 8,90 0.25
M5 -1 0= 25 5YR 2/3 C 1,95 0,70
-2 25 - 95 2,51R 2/4 ¢ 7.75 0,05
-3 95 - 150+ 2.51R 3/3 ¢ 7.95 © 0,10
M58 -1 0~ 20 - 51R 2/2 ¢ 8.20 ©0.90
-2 20 - 80 SYR 23 CL 7.10 1.05 -
-3 80.-140 S¥R3/3 - L CT.70 3,00
- 4 140 200+ - 5YR 4/3 oL S %20 1.67
-2 20- 60  5IR 2/4 ¢ . 8.,05 0,20
-3 60 ~110  S5YR 3/3 oL 8.50 0.35
IM60 -1 -~ 30  5YR 23 ¢ . 6.60 0.45
-~ 2 30 =110 - SYR 2/4 X ' 7.00 0,08
-3 110 - 200+ SYR 3/3 ¢ ~ 7.80 0.35
IM62-1 .0~ 20  SYR4/3 ¢ 7.40 0.60
-2 20 - 100 2.5IR 4/4 ¢ 7,20 0,15
=3 100 - 2.5YR 2/3 CL 7400 6,25
63 =1 0« 20 SIR 3/4 cL 7.80 0.55
-2 2 - 5 SYR 3/3 CL 7.10 7.00
~3 50«12+ SYR3/4 L 7.90 11.50
IM64 -1 0= 30 2.5fR2/4 ¢ 6.80 0,18
~2 30 - 65 2.5¥R 2/3 ¢ 6.00 0,14
3 60 - 120+ 5YR 3/4 ¢ 6.20 0.2]

111 - 39 - continued -



Table T11-9(5) FIELD TEST RESULTS OF SOIL SALINITY AND ALKALINITY
{ Lowor-Moshi Avea )

¥17 No. & S0IL SOIL = . :
HORIZON _ . D:PTH_ COLOUR  GHXTURE - "_gH . -~ _EGe ..
§ ca (when wet) R - (m.mhos/em) -
65«1 0=~ 25  SIR 3/3 CL 7.65 . 057 1
-2 2 - 9 SW®3/4 ¢ 720 6.50
3 90 - 130+ . SYR 3/4 - CD .05 975 -
IM6s~1 0- 35 SmI2 ¢ 7,20 0.37
-2 3% - 90 2,58 3/3 ¢ 6160 0,35
-3 90« 150+ SmR2/4 ¢ 7.00 7,00
N6 -1 0= 25 2.51R 3/2 CL 7.05 0.23.
-2 5. 65 251R2/4 ¢ 7.40 0.16
~ 3 65 - 110 2.5YR 2/4 C 8.30 0.730
- 4 110 - 140+ 2.5YR 2/4  CL-SL - 8.40 0.55
1463 -1 0~ 30 SYR 2/3 CL 7,30 0.60
~2 30~ 100+ 2578 2/3 ¢ 650 0414
IM70-1 0~ 40 SWR3/4 ¢ 7.30 0,53
IM71-1 0- 15 SWR3/3 ¢ T30 0,435
-2 15~ 70 S5m®3/3 ¢ 7.20 0,14
3 70 - 240+ SYR 3/4 ¢ 7.65 0.18
IH74 -1 0- 10 SWR3/2 ¢ 7.30 0.35
-2 10 - 40 T.5YR 3/4 ¢ 7:50 2,67
-3 40 ~ 110t ' 5YR 3/3 ¢ 750 - 07
MT75-1 0~ 20 SIR2/3 ¢ 6.80 0.35
-2 20- 70 S5m®R3/3 ¢ 7.20 0,27
3 70 - 150+ 2.50R 3/3 ¢ 7.30 . 02
IMT7 -1 0=~ 15 2.5YR3/4 ¢ 6.90 3,25 .
-2 15~ 120 25W® 2/3 ¢ 7.00 2.30
- 3 120 ~ 150+ 2.5YR 3/3 ¢ 8,90 - 0.65
M78-1 0~ 25 5WR2/3 c 8,40 . 0,52
-2 25~ 75 51R33 ¢ 8,90 0.45
-3 75 - 230+ SIR 3/3  CL 9,10 . 0,85
W79 -1 0~ 15 S51R3f2 . ¢ 7,60 0423
-2 15 - 55 2.5YR3/3 C. 7,80 0.14
-3 55.- 100 2.5YR 3/3 c 7.80 0,13
-4 100 - 125 2,5YR 3/4 . . CL 7.80 0.14
- 5125 - 210+ . 5YR 2/2: ¢ - '8,00 - 0.14
IM80 -1 0- 20 B5YR3/3 ¢ 7.20 0.53
-2 20~110 25R 33 ¢ . 7.20 0.35
- 3110 - 150+ 2.5YR 3/4 ¢ 8,40 0.24
IM8lL-1 0- 15 5iR 2/3 ¢ 7.00 0,35
-2 15- 9  SIR3/4 CcL 6,10 0.78
-3 95 - 1504 534 ¢ 7,20 0.09

- conbinisd -

111 - 40
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Table 1TI-9(6)FIELD TEST RESULTS OF SOIL SALINITY AND ALKALINITY

PIT No. &

{ Lowsr-Noshi Ares )

0. &~ S0IL . SOIL .
HORIZON . DEPTH - COLOUR  ° THKTURE o ECe .
07 Uem ) (when wet) ' (z.zhos/cn)
wMe2-1 0-.25 W33 ¢ 6.0 0,57
-2 25-.55 5YR 3/3 ¢ 7.10 0.13
-3 55- 110 SMm3/4 ¢ 7430 0.03
Ma83-1 0-..20 Sm2/4 ¢ 7.20 0.45
S -2.20- 60 2.5%R3/3 ¢ 6.60 0,03
3 60 ~.  25W3/4 ¢ 6.50
B84 -1 0-.20 S¥R2/3 ¢ 7.00 0.20
-2 2 - 70 5YR'3/4 ¢ 7.20 0.03
=3 70 - 110 5YR 3/4 ¢ 7.60 0.03
X8 ~1 0~ 10 SYR 2/2 © 7.60 0.33
-2 10~ 40 S5YR33 ¢ 7.60 0.08
-3 40 - 70 2.51R:2/3 ¢ 7.50 0.13
-4 70- 15  SW®3IM4 ¢ 7.50 0.08
INB6-1 0~ 15 5YR 3/1 ~ CL 7.50 0.20
IN8T -1 0=~ 10 S5YR2/3 ¢ 7.80 0.08
-2 10 - 40 5YR 2/2 ¢ 7.90 0.08
=3 40 - - 100 5YR 3/3  CL 8.70 0.07
WM ~-1 0= 20 STR 2/3 ¢ 7.60 0.10
-2 20- 60 5YR 3/3 ¢ 7.80 0,08
-3 60~ 100¢ 5YR3/6 ¢ 7.60 0.03
mMsey -1 0~ 15 5YR 3/3 ¢ 7.90 0.47
-2 15- 65 2.5R2/3 ¢ 9.90
-3 65~ 120¢ SYR2/4 ¢ 9.60 1,15
INGO -1 0~ 20 2.5Y%R2/1 ¢ 8,80 1,00
=2 20~ 50 STR 3/3 ¢ 10.40  2.25
-3 50 - 100.  SIR3/4 ¢ 9.90 1.85
-4 100 - 150+ T.51R 3/4 ¢ 9.20 0.73
M93-1 0~ 15 25M2/4 ¢ 7.10 0.25
IMgd-1 0- 20 SYR 2/4 ¢ 6.70 0.05
w2 20- 130 2.,5¥R3/3 ¢ 6.80 0.05
-3 130 - 2.5YR 3/4  CL 8,10 0.32
M95 -1 0- 25 T.5tR3/1 © 8.40 2,15
~2 25- 50 SYR 4/1 ¢ 8,50 7.75
-3 50+ 100+ 2.5YR 4/1 C 8,90 9.50
Mg -1 0~ 2 5YR 2/2 ¢ 6.90 0.48
=2 20- 45 25134 ¢ 8.10 0.27
97 -1 0- 25 5YR 3/3 ¢ 7.00 10,25
. =2 25- 80 5YR 2/4 ¢ 7.10 6.50
-3 80 - 150+ SYR2/4 ¢ 7.10 5.75
o - ¢ontinued -

I11 ~ 41



Table 1I1-0(7) FIBLD TEST RESULTS OF SOIL SALINITY AND ALKALINITY

( Lower- Moshi Arvea )

FIT No. & SO11, SOIL
HORIZO DEPTH COLOUR PEXTURE
(en ) ( when wet )
Mo98-1 0~ 25 257R2/4 ¢
-2 25- 100 2.518R3/2 €
-3 100 - 200+ 51 3/3 ¢
LM 100- 1 0- 20 5YR 2/2 CL
-2 20~ 65 SYR 2/4 ¢
-3 6% -~ 110 SYR 3/3  CL
-4 110 - 6 3/6 Ls
IM101-r o0- 25 _10R 3/2 ¢
-2 25 80 10R 3/2 ¢
-3 80 - 10R 3/3 ¢
L4 39 - 4

J1I - 42

pH e
{ m.mhos/em )

6.90 0.1%
‘71.40 0.05
T.60 0.05
7.90 0.20
5.40 .53
9.30 0.65
9.30 0.47
7!90 0. 20
7,70 0.57
1.50 0,20
7.40 0.27
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" ANNEX. 1V IRRIGATION AND DRAINAGE

.i}_,  Existing Irrigation System

1.1 Exiétinb irfigéiion System

On the slcpe of Mt. Kilimanjaro between El. 900 - 2,000 m, a
g1eat number of small-scale irrigation systems have prospered for cen-
- turies, Such irrigation systems are called "traditional furrows" bhecause
of then ancient origin and small. canal size. The traditional furrows
have ho legal water rxghts. :

. There are prescntly 40 1rr1gat10n intakes in the Lower Moshi
area, of uh1ch 28 are distributed along the Rau river, 12 along the
NJoro river and 3 each along the Mue and Rimo rivers. The Kahe 1rr1ga—
tion project is. the biggest projeet in the Lower Moshi area; it was
constructed in 1970 as a national project and is now operated by the
Nat1onal Agrlcultural and’ Food Corporation (NAFCQ) in Kahe. NAFCO is
growing maize and:other food crops drawing the irrigation water from
“the Miwalwni sprlngs. There are three borehole irrigation schemes
cperatlng in Uchira village. They are called Miwaleni borehole Nos. 1,
2 and .3, of .which borehole No.l belongs to the Miwaleni Experimental
Sub-station of the M1n13try of Agriculture, and the others are for
v1llage use. The locations of the existing irrigation schemes are
_shdwn'in:Fig. IV-1 and the features are listed in Table iv-1

There are more than 40 intakes from rivers in the Lower Moshi
area, “of’ wh1ch very few are provided with weirs, either made from banana
leaves and logs or concrete. Most traditional furrows have no structure
to secure the necessary water level at theéir intakes, which supposedly
ar1g1nates from the ﬁlfflculty in maintaining banana leaf weirs against
flooding: ' :

S The NJoro rlver, vhich is fed by a group cf Njoro springs,
has - fa1r1y constant perennial flows, and therefore is the most easily
usable r1ver in the Lower Moshi area. There are 12 intakes, most of
which have no weir, but all were taklng water for paddy cultivation in
the - 1nvestlgat10n pcrlcd.’

_ The Mue river has 2 1ntakes in the stretch from the national
read to. the lealenl confluence, but they are almost totally destroyed.
The Mue iiself is dried up from September to February upstream of the
Miwaleni confluence. .

The H1mo has two concrete weirs constructed by the Department
of Irrlgatlon downstream for the Taveta road. Although the river has a
perennial £low, the valley is formed by 20 m high cliffs on both sides
near Himo town, gradually getting shallover. downastream; this topography
counteracts farmers' efforts io set up intake structures. The downstream
weirs de not seem to function well, becausé lots of cobble are placed
by farmers on the crest of weir to raise the intake water level, but
still the intake flow seems to be very small.

v - 1



Under the present conditions of intake structures, regardless
of with-weir or non-weir, a regulated and stable intake cannot be
expected, Where there are too many traditional furrows in a shert dis-
tance, like the Rau and Njoro rivers, integration of nelghbour1ng ‘intakes
is needed. Newly constructed weirs should be permanent ones made of
concrete. » AR :

Most canals in the Lower Moshl area aré unlined earth canals;
the only exception are the Miwaleni bor¢hole’ 1rr1gat10n schemes™ which"
-have ¢oncrete lined canals. The biggest problem for earth canals is
the séepage toss. According to the investigation of canal seépage, a
canal from the Himo river runs on the steep valley wall about one kilo-
meter from the intake up to the plateau, losing 62 % of the dxscharge
in this stretch (eg. 0.315 m /sec at the intake and O 119 m /sec at
1 km downstream) .

The ex1st1ng canals are entlrely lacking of or véry poorly
provided with structures, such as division structures, bridges or
culverts, crossing drains, measuring devices, etc. Without such struc—
tures, canals cannot functlon fully or be f:ee from damage.

Measures should bé taken to decrease the ¢anal losses by méans
of concrete lining, ete. At the same time neeessary structures shouid
be installed in proper places in order to achieve proper funct1on1ng '
of the 1rr1gat10n system, :

1.2 Water Rights

- The vater ut1llza610n {Control and Regulatlon) Aet was enacted
in - 1974 and then supplemented by subsidiary ‘legislation published in
October 1975. According to the régulation, an application for water:
rights is examined by the Mlnlstry of Water Development and Poweriand -
the Ministry of Agriculture. The Water Advisory Board to be formulated
on that occasion makes the final decision for -the grant of water rlghts.
The application should be attached with fees, but after the grant is
publlshed, the users are entitled not to pay sny charge for the water
use. No one is allowed to take water from any sources without a granted
water right, However, there exist in fact plenty water users who have
had tradltlonal uawritten water rlghts.

. The Government Notlce No, 242 publlshed in October 1975 declared
that the major waler resources in the country to be ithe national water
supply sources, in which the Rau, Mue and Himo rivers and Miwaléni
springs were included. As regards these rivers, control and regulation
of water utlllzat1on are dealt with on the nat1onal level.

Granted water rights in the Lower Mosh1 area totals 136.9 -
cusecs (3.88 m3/sec)t 20.8 cusecs for four schemes in the Raw, 108 -
cusecs (3.06 m3/sec) for one scheme from Miwaleni springs and 8.1 cusecs
(0.23 m?/see) for four schemes in the Himo. Each water . right is as
shown in Table IV-2. S

v - 2



1.3 Irrigation Practi'ce

- There are various irrigation practices with different irriga-
tlon tlmes in and, arOund the Projeet Area. TPRC is undertaking both the
sprlnkler 1rrlgat10n (24 hours a day with two shift operation) and the
forrow. irrigation. NAFCO is carrying on the border irrigation; 16 hours
a day with two shifts. And in Chekereni Village the furrow and border
1rr1gat16n is undertaken 24 hours a day: on the communal plots from

6 A M. to noon, and on the 1nd)v1&ual plots from noon to 6 A.M. through-.
out n1ght"~- SR . o .

In the case of the TPC sprlnkler me thod and Chekeren1 Vlllage,
noe regulat1ng pond is necessary, but in case of NAFCO, a regulatlng
pond is prlnclpally needed: in 0rd1nary irrigation practlce. In any
1rr1gat10n system, if the delivery hour of the canal differs from the
irrigation hour in fields, a regulating pond has 10 be provided.

“In the Lower Moshi area, the water resources are more scarce
than any other resources, such as land, labour etc. Therefore, it would
be logical lo.plan 24zhour iniake from rivers or springs and to provide
certain means to adjust the difference between the delivery and irriga-
tion hours, if any.

. - As for on-farm 1rr1g&t10n pract1ce, the prevailing method
is both 1nefflclent and non:disciplinary. The main reason of inefficiency
may be attributed to the cultivation method adopted and the topographical
condition of ‘land.: The -upland field customarily is ploughed by tractor
and planted with crops withont any harrowing and ridging; therefore, the
ground surface is so rough that wno kind of 1rrlgat10n method seems 1o
be applicable except overhead -irrigation, 'Besides, there are small
undulations of the ground surface which further accelerate inefficiency.
Bue to the undulatxons, certain areas in a plot are always either non-
1rr1gated or over1rr1gated, and fluctuation in unit yields by plot ox
vithin a plot are’ exagelated in the dry season. In order to avoid the
effeet of unfavourable micro-topography, farmers try to divide their
field into very small irrigation units, 10 melers square or less, which
then apparently lowvers the irrigation efficiency.

In the Project area, modern scientific surface irrigation
is seen in Miwaleni Experimental sub-station, where the land grading
vas primarily conducted with terrace formation. Fields are located to
give milder irrigation slopes with some intersecting angles tovard
contour lines, The water is supplied 1nto furrows with syphen- pipes.

.Plot rearrangement or land consol1dat10n is more effective

vhere plots are of small size and irregular shape. It necessitates the
land grading or levelling. ' '
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2. Irrigation Water Requirement

2.1 General

The crops proposed in the PrOJect areé’ paddy rice and upland €Tops
- suéh as maize, cotton, pulses, soybeans, vegetables, etc. The 1rr1gat10n
wvalér requirements for them are separately estimated’ based onithe Proposed
~eropping pattern. The irrigation water requirément. consists; of erop vater
consumption, 1rr1gat10n losses, and an9111ary water demands fof respec_
tive crops. : : : S el

The 1rr1gat1on water requ:rements for the Pro;ect are estlmated
on a monthly basis, using daily climatic data for estlmatlng crop water
consumption and the effective ralnfall. : .

_ The-irrigation water requirements are estimatled by.the following
procedure: : . C e

Paddy Rice

-. Estimate of paddy“rice?watér:consﬁmptioﬁ ffoﬁ'pqtential“
‘evapotranspiration caleculated by ¢limatie data and crop
coefficients varying with growth stages, CU.

Estimate of percolatian raté, P.

Estlmate of effectlve ralnfail ER

Estlmate of nursery water, NH and pudd11ng water
requlremont L I e

hstlmate of net 1rr1gat10n vater’ requ1rement NR.' o
MR - cU+-P-FR+-Nw+APw‘ S

Estzmate of gross 1rr1gat10n water requlrement GR,;
based on NR div1ded by 1rr1gat10n eff101ency.,d '

Upland Crops
- Estimate of érbp.ﬁatér coﬁsumbti@n, cu.
-~ Estimate ofﬁﬁfé;iffigétiOn vater, PI: )

- Estimate of effective rainfall, EH.

Estimate of net irrigation water rdeiréﬁént, NR, -
=CU+ PI-ER

Estimate of gross irrigation water reﬁuireﬁenf, GR,
based on NR divided by irrigation efficiency.
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2.2 . Yater Consumption

2,2.1 3 ?otentigl;evhpﬁttéﬁspir5£ion

. ”1‘:Cr6p ﬁgter’cphsumption is estimated as & product of potential
'evapotranspiratioq:(PET) calculated frem climatic data and crop coef-
ficients;(ﬁc) relétipg erp growth stages. The modified Penman methddll
being generally accepted as the most accurate prediction method, is ’
-rémployed since'the:climatip:datd necessary for applying the method is
adequate in and around the Project area.: At three locations {(Moshi,
Mivaleni and Arusha Chini), the data were made available. They are situ-
ated tyansVersely from north to south and at altitudes vhich decrease
to theé south. Their potential evapotranspiration is estimated by the
modified Penman method as shown below. The detailed calculations are
presented in Table IV-3. ;

. 'Netédrological :
T.oecation . station . Data used
Moshi Moshi Meteorological 1970 to 1979

' Station
Miwaleni' = = Miwaleni Agricultural 1972 to 1979
e ' Experimental Sub-station :
Arusha Chini - Tanganyika Planting 197¢ to 1979
: Company

Unit: mm/day

© Jan Fob ' Mar' Apr May Jun Jul Aug Sep Oct Nov Dec
CMeshi . ... - |
5.8 5.9 5.6 4.7 3.9 3.4 3.8 4,1 5.1 5.8 5.7 5.7
6.1 6.3 6.1 5.4 4.4 4.0 4.0 4.6 5.5 6.0 6.2 6.4
" Arusha Chimi, _ B ' S

5-7 5!9 6-0 4-9 4-4 3-8 319 4-4 5.2 517 5-7 5-7

It is noted that there is mno distinet trend based on altitude
difference between three locations, but the maximum values of potential
evapotranspiration in all months occur at Miwaleni which is located
in-between the others and in the central part of the Project area.
Therefore, potential evapotranspiration at Miwaleni is used in estima-
tion of the irrigation waler requirement for all the schemes.

Note: /1: Irrigation and Drainage Paper, Crop Water Requirements,
g ‘ .
a revised 1977, FAO, '

v - 5



2.2.2 Crop coefficient

The ploposed cropping pattern consists of paddy rice, maize,
cotton, pulses, soybeans, vegetablés ang perennlal plants such as
banana, coffee. The crop coefficients differ accordlng Yo kind of ¢rop,
time of planting or soving, stage of crop development and cllmatlc con-
ditions. The determznatlon of crop coefficients.of. the proposed crops
in the Project area is prxmarlly based on the before. mentloned FAO -
publication since it provides the information for all the ¢rops for the
Project and is well agreed wlth the app11ed water consumptlon pred1ct10n
method. : :

o In dete1n1nat1on ‘of crap coeff1c1ents for the ploposed cropa,
the crop groving seasons of" each ¢rops is divided into four stages
accordlng to the PAD publ1cat10n, and c1op coefflclent curvés ave
estab11shed, as shown in Fig.IV-2. The average crop coefficients are
estimated on the half monthly bases for the proposed erop timing as
shown in Table 1V—4

2.2.3 Waier consunpbion

. Water qonsumption by each proposed crop is calc¢ulated by
multiplying potential evapolranspiration by crop coefficient as shown
in Table IV-5. .

2.3 Percolation

The field measurements of vertical percolatlon rate in the
exlstlng paddy*fleld in Msaranga Mandaka Village wére carried out during
the field investigation by means of cyllndr1cal 1nstruments together
with measurements of rice water consumption. The soil in the field
test is a type of clay. The test results show the average consumption
rate wvas 1 mm/day. The soil profile survey made in the Project area
revealed that the soils in the proposed paddy field were.clay to ¢lay
loam, The vertical percolation rate in those soils will be 1.0 mmfday
to 2.0 mm/day. Thus, the percolation rates of 1.0 and 2.0 mm/day ih
respeclive rainy and dry seasons was adopted in estlmatlng the water
demand of the paddy field of the Progect.

As regards horizontal percolatlon, it functaons to supply

water to adjacent ficlds. Thus, such percolation will not need to be
considered in estlmatlcn of the overall irrigation requ1rements.

2.4 Other Water Dcmands.

-

2.4.1 Puddling water requirements

The puddling water requirements to be supp11ed before puddling
work consists of water equivalent to the difference in 30il moisture before
and after puddling, the standing water required above s6il surface and
evaporation and percolation lesses from paddy field. The amount is largely
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subjected to Such factors as soil characterlstlcs, puddiing method and
period, groundwater table depth in the field, etc. Tn view of these
factors, the puddllng water 1s assessed as follows!

(1);‘Depthdpf s0il and porecity : :
20 cm 50 %

~ Surface soil :
SubSOil : 10 cm . 50 %
(ii) 8011 vapour phase after puddllng 1 5%
(iii): 8011 m01sture before water supply . : 15 %

(iv) Whter to be supplied .
Yater to be supplled to soil proflle t 90 mm

iEvaporatlon : 40 wm
Percolation : 10 wm
Standing water depth after puddllng t 40 mm

Total = 180 mm

o _ ° The puddling water requirement schedule is as shown in
“Table IV-6. '

2.4.2: ‘ NurSeryrwater réquirements

“The nursery water requ1rements consist of water needed for
preparat1on of nursery bed, and evapotranspiration and percolatlon during
the nursing. peried.  Thé water requiremént is estimated undér the follow-
ing ¢onditions, with details shown in Table IV-7. :

(i) Area reqqired'for nursery bed : 1/20 of paddy field

(ii) Nursery periqd : 25 days

(iii) Requlred Water for 25 days

Preparat1on of nursery bed : 180 mm
. Evapotranspiration : 7 am/day
Percolation, 2 mm/day : 50 mm
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2.5 Effective Rainfall

"~ The effective ralnfall for crops is estlmated by means of the
daily water balance methed, under the following’ condltlons.-

1) Rainfall less than 5 mm/day is con31dered 1neffect1ve.-

2)  Water holding capac;ty in the soil proflle is 80 mm, then
‘ : the excess ra;nfall above 80 mm is CODSldered 1neffect1ve,

3) ;Hhen the soil proflle dries up to 80 mm, 1rr1gat10n of 80 mm
“is supplied. o . . L

4} - Poteéntial evapotransplratlon is employed for watel consumptlon
from the 5011 prof11e :

: As explalned 1n,ANNEK I, HYDROLOGY .the ra1nfa11 1nten31ty
and depth vary with locations over the PrOJect area.; To estimate the
effective rainfall to suit such @ifferent rainfall characteristics in
the envxsaged irrigation schene areas, effective rainfall at Miwaleni,
Kahe, Himo and Mashi for 20 years are estimated as shown in Table IV-8.
Probable effective rainfalls are estimated as shown in Table IV#9. Among
them, effective rainfall w1th 807 dependabllxty as ehown be10w 1s .applied
to the Project.

Unit: mm/mOnth

Jan. Feb. Mar. Apr. May Jun. 'Jul;"Aug.' Sep.  Oct. Nov. Dec.
Miwaleni o L S
0 6 14 8 41 0 o o o -0 9 8

Himo

Kahe

Moshi
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2.6, Irrigation Efficiency

P a__:Tpe‘propbsgd,}and“use plan of the Project consists of paddy
~ field and upland field irrigation farming. Thus, the irrigation
efficiency fpr-each p1anfis assesséd as follows:

- As regards the irrigation method to be applied.for upland
fields in the Project area, a furrow irrigation method will be favorable
in view of topography and soil texture as detailed in the succeeding
section. Irrigation losses in:the fields, generally, are dealt with

as an application loss. It includes deep percolation and surface
runoff, . The extent of such losses will depend on a number of differ—
ent factors. Among them, the most influential factor is the skillful-
ness and intensiveness of irrigators to practice good water management.
In estimating the application efficiency, an approximate standard which
is commonly usédrin_therUniLed States /1 is employed. According to

the standard, an application efficiency of a furrow irrigation method
bgtﬁeennﬁo%,to 70% averaging 65% is expeécted after the complete exploi--
tation of the Project, Whereas, in the paddy field whére the con-
tinuous water supply will be practiced, the application efficiency of
85% 1s employed in consideration of surface runoff to drains during
water supply.:

) Puring conveyance of water from an intake to fields, seepage
and canal operational 1osses occur. The magnitude of the losses
depends on the type.of canal, provision of lining and canal operation
and maintenance. Taking into account these conditions for the Project,
conveyance losses of 90% and operation losses of 80% to 85% are adopted.

. Therefore the overall irrigation effic¢iencies for respective
raddy and upland fields are estimated as summarized below,

Paddy Upland

field field
. Appiication efficiency - 85 % 65 %
Operation efficiency 80 85
Conveyance efficiency 90 .90
Overall efficiency 61 - 50
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2.7 Diversion ¥ater Requirements

The dlver31on water requarement for ihe Pr03ect is estlmated
based on the effective rainfall vith a dependablllty of 80%, The diver-
sion requirvement is computed by d1v1d1ng the net water requxrement by
the overall irrigation efficiency. To neet” the varied climhtic condi-
tions over the Lower Moshi area, the effective rainfall at!'the follow-
ing stations is applled for the respectlve 1rr1gat10n schemes.

lealenl Sub-station: Rau Rlver System:ﬂ'_. P
- Upper Habog1n1, Phbogznn and
‘Rau Ya Kati ‘schemes ' )
Mivaleni Pump Lift schemes’i“"
North' Groundwater and East Groundwater
schemes _

Kahe NAFCO Station : Rau River System
'Chekereni Sbhemes 

1H1mo R1ver System “ : R
Bhkuyunl and Ghona & KlleO schemes

-

Himo Sisal Estate

Based on the prlﬁ¢1pa1 f;gures as calculated above and the
effective rainfall for each scheme, the 1rr1gat10n water requ1rement
for each ¢rop is first ealculated as shown in Table IV-10. Then,
according to the cropping patterns of each stheme, the ‘diversién water
requirements are calculated as shown in Table IV;ll 12 and 13 ‘and
summar1zed below. AR

J P M A M J - J A 8 6 N D

Rau River System

Upper Mabogini (m3/sec)

0.04 0 ~0.04 0.20 0.14 0.17 0.08 0 0.01° 0,09 0.08 0.09

Mabogini {m3/sec)

0.33 0.13 0.33 1.08 0.75 0.95 0.49 0.07 0.15 0.52 0.52 0.56

Rau Ya Kati (m3/5ee)

0.13 0.10 0.19 0.58 0.40 0.51 0.27 0.04 0,09 0.28 0.27 0.30
Chekereni (m3/sec)

B = o 4 e o o e e e

0.34 0,13 0.33 1.11 0.86 0.95 0.49 0.07 0.17 0.53 0.55 0.60

. e e e e A = e o am e n

0.44 0.24 0.94 1.44 1.56 2.00 0.92 0.31 0.34 0.90 0.88_ 0,91
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Himo River System

R

M

,_....-.-_—___--_..'_.--.-

O 22 0 11 0 30 0 18 0. 32 0.44 0. 20 o 18
Ghona & Lotima (m3/sec)

,__.....___..-._-.__..___q__—...._._..

0 02 0.09 - 0 26 0 34 0 37 0 48 0 23 0:16

North Grﬁah¢wéter~for 60-ha scheme ({/sec)

6

EéS£ Groundwater for 30-ha scheme ({/sec)

1300

38

12

- 41

- 53 24

N

7

19

)

20

20 12
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20

-0.20

42

22

0.21

0.20

54

29

0.18

0.18

52

27
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3. Soil Characteristics and Irrigation Schédu%é

3.1 Aveilable Soil Moistufe

The available moisture holding capac1ty of the 5011 is expresSed
as the moisture amount held by the soil in the range belween the field
‘capacity and the w11t1ng point. The terms "Field Capaﬂlty" and "Wilting
Point" are defined by the Soil Science Sovlety of Amerxca as follows:

Pield Capacity : the moisture content of a deep, permeable,
well-drained soil several days after a
deep melting

¥ilting Point : the moisture content et which‘{heﬁleaveé'of
' "a test plant growing in the soil fail to
regain tnrgidity ina saturated'&tmbsphere

These approx1mate values aré’ ohtained for each 3011 in the
laboratory test. WTor loam or finer textured soil, the moisture level at
1/3 aimosphere tension usually is considered to be the field capacity.
The wilting point corresponds to the moisturée held at an atmosphere
tension of 15, Seil moeisture content near the wilting point, however, is
not readily available to the plant; ‘this varies with the type of ¢rop.
Some crops, such as vegetables, potatoes and oniomns, require relatively
wet soil to produce acceptable yields. Other crops such as ¢otton and
maize will tolerate high soil water depletion levels, The Irrigation and
Drainage Paper, Crop Water Requirements by PAQ, 1977 gives the depletion
levels for each crop as a fraction of the total available s0il water
(Field capacity minus initial wilting point).

. The s0il moisture relationships of the soils taken at 3 sites
were analysed in the laboratory. The results are plotted logarithmically
to indicate the relation between moisture stress and moisture content
(Pig.1v-3). The total available soil water is determined for the range
between atm, 0.2 and atm, 2.5, The results are summarized below.

Total Available Soil

Pit No. Seil Moisture Characteristics
: {mm/M)

M - 15 : 135. - loam

IM ~ 45 250 clay

LM ~ 55 170 clay

Por the subséquent discussion on 1rrigat1on Sehedule, it seems
preferable to classify the soil into two groups accordlng to the available
water and the soil texture as follows:

Category Total Available Soil Water
Pine soil : : 200 mm/M
Medium soil 140 wm/M
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3.2 Ihfake Ratg'

3,2.1 1inder 1ntake rate

_ © The’ éyllnder 1ntake rate tests were carried out at ten sites

with® 1epresentat1ve $oils in the envisaged irrigation scheme areas. The
lbcat10ns of test” 51tes axe as shown in Fig. IV-d. The basic intake rate
which' is used for the design of 1rr1gat10n is defined as the intake rate
at which water absorptlon 1nto s6il becomes nearly constant after water

supply.

Thé’ relatlonshlps betwéen the accumulated intake depth of water
and the elapsed time, and the 1ntake rate and fhe elapsed time are
graphlcally analysed. The accumulated intake are expressed by the follow-
ing formula when the test data are plotted on log paper on the vertical
_axis and t1me on’ the horizontal axis.

D:!CT

where! D = Accumulated intake of the soil {mm)

c m‘ACCUmulated intake intercept at
unit time

T = Time that water is on the surface
of the soil {(min)

n = Slope of the line

By dlfferentlatlng the above formula, the intake rate is expressed
by: I = ¢ ner-1,

The basic . intake rate, Ijj, is practically obtained as the intake
rate at the elapsed time of 600{1-n) minutes after test commencement.

Iy = 60 C G e (600(2-n}) ™1

The basic intake rates for each test site are calculated as
shown in Table TV.l4, The test results show that the basic intake rates
ligs between 5 'to 50 mm/hr, of which higher values are observed in
the northern and eastern steeép areas extending on fine textured collu-

vium. ' Por irrigation planning, the Project avea is broadly classified
into three categories according to the magnitudes of the basic intake rate
as shown below,. '

Aveérage Basic

Categofy Intake Rate : Area
{mm/hr}
1. High 50 Makuyuni, Upper Miwaleni
.2, Moderate 20 Mabogini, Mandaka, Chekereni,

Miwaleni, Rilerent

3. Low 10 Lower Miwaleni, Soko, Kileo

v - 13



3.2,2 Purrow intake rate

The furrow tests were carried out by means, of. dlvertlng
different size ‘streams into several firrows and checklng the rate at
wvhich the stream fronts advance dowvn them. The - representat1Ve sites of
furrow tests were selected in Chekereni and Miwaleni in view of soil
. characteristics and water avallablllty for testlng. The testlng furrows

are those with land slopes. of O, 5 % and 0. 3 % using typlcal furrows
with length, interval and depth are 100 m,. 60.cm and 30 em. The results
are as shown in Fig.IV-5, the rate of advance curve. . St

In general furrows in_ the. flEld should be. long enough to permit,

economical handling of farm equlpment but not too 10ng for safe irriga-
tien. - Evaluation of the furrov*1rr1gat10n system is_ extremely Amportant,
_ chdlblllty of the soil, size of the stream, steﬁpness of . the slope, and
shape of the furrow sheuld be carefully determlned.J Experlence galned
indicates that the intake rate under 1r11gated ¢ondition was as small as
one—~third to a half of that of virgin conditions.  Because of lack of
enough information for evaluation of the future conditions to cover the
whole Progect area inclusive of the above prlnczpal 1te?s,-irrigati6n
planning is supplemented by the commonly used criterial prepared by U.S.D.A,

. The minimum allowable stream is glven bv the followlng emplrlcal
formula; :

[

@. .
I

' l—g (za11lon/min)

37.9 .
=g ({/min)

Wl

where} 0 = Maximum allGWable'streaﬁ
‘S

I

Irrlgatlon slope in percent
The results of the field tests show1ng the maximad unit streams of 2 f/s

and 3 f/s for irrigation slopes of 0.3 % and 0.5 % indicated that this
formula was applicable to the Projeet area.

3.3 Irrigation Schedule -

Field 1rrlgat1on schedules are’ based on the érop Water balance
and aré expressed in depth and’ interval of ‘irrigation, Depth of iiriga-
tion application is the depth of water that can be storéd within root
zone betweén the field capacity and the allowable soil depletion level
of water which is easily made avaxlable for crops, as ment1oned in the
previous section, : :

1/ Instruction and Criteria for Preparation of Irfigafioﬁ Guides.
United State Deparitment of Agriculture, Soil Conservation Service

iv - 14



_ Total readily available soil water for crops is calculated
from_thgntotal‘available_SQil_water and the allovable soil depletion
level, which is 'expressed as a frac¢tion of the total available soil
wateri’ Net depth of irrigition application is determined for the ex-
pected rooting depths of creps. The following table shows the lotal
readily available soil water and the net depth of irrigation application
at the full development stages of crops.

» | . Readily 1)  Net Depth

" ST Y Available Rooting~ of Irrigation

 Frac¢tion of= Soil Water - Depth at " _Application

o o Total Available Pine Medium Full Growth PFine - Medium
Crop Soil Water Seil So01il Stage Soil So0il
. {(om/M)  (mm/M) {mm) (mz)  (mm)
Maizé o 6. 120 80 1.0 120 80
Cotton - L 0.65 130 9% 1.0 130 90
Pulses =~ 0.45 90 65 0.6 54 39
Soybeans - 0.5 100 70 0.6 60 42

Vegetables . L

“Onions o 0.25 . 50 35 0.25 25 18
Tomatoes : c.4 80 60 0.40 56 42
: 0.45 9 65 0.45 36 26

Cabbéées

' Trrigation intervals can be calculated with the information on
the net depth of irrigation application and the rate of evapotranspiration
as follows: -~ -

Irrigation _ Net Depth of Irrigation Application {mm)
Interval {day) ~ . Bvapotranspiralion Rate (mm/ﬁay)

" The irrigation intervals of the propbsed crops at the highest
rate of water consumption are calculated as follows:

l/_.RQfers to the generalized data on root depth of full growth
crops; fraction of available water and readily available soil
water, Crop Water Requirements, prepared by FAO, 1977.
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Ixrlgatlon Intervals

Flne Soil

Cabbages

Maximum Ry bedlum 8011

Water: Net Appliea- Inter- ~Nel Applica= Inter-

Crops Conswnption _tion Depth val tion Depth .- _: val

- ' (min/day) (mm) . {day) “(mm) - {day)
Maize 6.9 120 17 80 o
Cotton 6.9 130 18 90 - 13
3 Pulses {Beans) 6.9 54 T 39 5
- Soybeans 6.6 60 ' 42 6
Vegetables . o =
Onion 6.3 25 3 18 2
Tomatoes 7.0 56 8 42 6
6.3 36 5 26 4

Timing of irrigation is pllncxpally needed to confoxm to 5011
waler depletion requirements of the crops which varies with erop growth.

stages.

Therefore, considerable flexibility in time and depth of

irrigation should be considered {o accommedate distinct dlfference in

various erop water needs.

In plannlng, for deép rootlng erops, such as

maize and cotton, and for shallow rooting éreps such as pulses, soybeans
and vegetables, the following schedules are taken.

Deep rodting Crops

Shallow rooting crops

Net Depth of

Irrigation Yrrigation
Application - Intexrval,
(ram} (day
80 10

40 s
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A, Irrigation Method and Field layout

4.1 belectlon of Irr1gat10n Method for Upland Field

Irrlgatlon eff1c1ency varies with the irrigation method effected
by many factors among which the most influential factér is the basie
intake rate of the soil, The basic intake rates in the Progect area
were found to be 10 mm to 50 mm as described in section 3.2.1. The
allowable basic intake rate of all the irrigation methods is less than
75 mm/hr. Thus from the viewpoint of the basic 1ntake rate, any irriga-
tion method could be used in the PrOJect area,

The land slope is another 1mportant factor for selection of
theé 1rr1gat10n method.  The upland field in thé land use plan of the
Projéct is contemplated to be - implemented in the rather steep area.
The surfaceé-irrigation method requires a mild and smooth field surface
to attain the desired irrigation efficiency, vhéreas, the sprinkler
nethod adapts to all land slopes without the land levelling.

In making the choice of the best suited irrigation method in
the Project area, a comparison was made Lo select the representative
area in the groundwater scheme area. In the area, the basic intake
rate is high, and the land slope is relatively steep. Further, irriga-
tion is . made by the high head pumping up water lified from tube wells,
'1.e., by expen31Ve 1rr1gat1on water.

The follow1ng shows the basic irrigation plans for the surface
method and sprinkler method in the nerth groundwater area.

41,1 Basic'plans of surface and sprinkler irrigation

{1) Irrlgatlon eff1clency

Topography in the area is rather steep and the soil has high
intake rates. - Thus, the irrigation efficiency of the surface method in
the area is selected as 60 % which @iffers from the other areas of 65% as
mentioned: in Section 2, ' The canal is of open type and is lined with
concrete up .to the field outlet. The conveyance efflclency will be 90 %
because of the short length of concrete llned canals.

The app11cat10n efflc1ency of the sprinkler method is deter-
mined by such factors as the irrigation application depth, the peak
consumption requirement and climatic conditions., The sprinkler irriga-
tion losses consist of évaporation loss, deep percolation loss, and
other operational loésses such as surface runoff. In view of high wind
velocity and low relative humidity in the area, the evaporation loss
is inherently high. Therefore, an applicalion efficiency for the
sprinkler method of 70 % is selected in this study. Since all the dis-
tribution system is of buried pipe type, the conveyance efficiency is
set at 95 4.
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In consideration of the above, the 1rr1gat10n effxclency for
each niethod is as follows: ,

Surface - Spr1nkler

Method ' “ethod
_Appiication efficiency .. 0.55 ~-0.70
'Cohfeysnce efficicney - : ; 0.90 .-i.,Q;??;
~ Overall efficiency . 050 . 0,67
(2) Irrlgatlon water requ1renent and command area

e The 1rr1gat10n water requ1rements for the respectlve plans are
calculated based . on-the proposed cropping pattern of thé groundvwatér
_scheme and the.expected irrigation efficiency as shown in Table IV-15,
Therefore, the command area of a tube well w111 be 60 ha and for the

surface and sprlnkler methods, 70 ha.

(3)_ | Irrlgat1on system layout

: The surface 1rr1gat10n method w111 be a furrow method. The
fleld layout:is such that the field ditches from which the water is
supplied to the field are placed following the contOur, and -the tertiary
canals which supply water to the field ditches are constructed parallel
- %o the field ditches. The furrow direction is selected to intersect -

the general ground slope at. about 45%, t6 reduce the levelllng require-
ment. - As irrigation operation in the peak demand perlod is prac¢ticed
18 hours a day, a regulating pond is needed to store the difference in
continuous water supply from the tube well and. the_lnterm1ttent diver-
sion to the field. The layout is as shown in Fig. IV-6,
The distribution system of the sprinkler systém is a buried
pipeline system and a semi-portable lateral, on which the sprinkler
sets are attached, is contemplated. The irrigation system comprises 5
tertiary plpellnes, 2 secondary pipelines and a }lead plpellne.. the sprie-
kler set selected should be the medium pressure type in consideration
of the following: (1) more uniform distribution pattern normally results
from longer settings, (2) most users prefer. systems Tequiring less moving
per day and (3) there is a tendency toward soil sbructure improvement
. where appllcatlon rates lower than necessary are selected.

: S1nce tho tube well pump operates contlnuously for 24 hours
and the sprinkler operation contemplated is also to be 24 hours, no
storage reservoir is provided in the system, The sprlnkler systén
layout is as shown in Fig., IV-0, : S

- The operatlon methods of each plan is presented in Tahle IV¥16
The general features of the facilities are as shown in Table 1V-17.
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4.1.2 Comparison of-suffdce and sprinkler‘irrigatian

Cliin . The compar1son of the 00nstruct10n cost is made for the surface
_1rrlgat1on methad ,commanding 60 ha, and the sprinkler irvigation methed
serving 70 ha iin.case the systems are contemplated in the groundwater
area. The cost, 1nc1udes only the direct construction cost for irrigation,
_draxnage and road systems, exclusive of well and péwer line c¢onstruction.
‘The results’ are as shown in Table IV-18. The results indicate that
the cénstructlon ¢ost of the surface method on the unit area basis is
lower than that of the 'sprinkler system. Further, the sprinkler system -
needs higher. pump1ng cost for supplying the add1t10nal water head to the
sprinklez head. The surface method is economically more advantageous
than the sprlnkler system

Consequently, the surface irrigation method is selected for
the upland irrigations

1.2 ter Supply Operatlon Me thod

- Hater supply operatlon greatly influences 1r11gat10n water

supply eff1c19ncaes and 1rr1ga+10n system capacltLes .

: It 13 clear that 24-hour supply operatlon makes the minimum
canal system capa01ty and efficiént water intake from the river flow.
' This method can be applied to ‘paddy fields because during water
supply no spec1a1 water managément in the field or at the field intake
is requxréd even during night irrigation, whereas, upland irrigation
requires preclse management of water supply in the field to attain the
expected hlgh 1rr1gat10n efficiency. The soil texture and topography
in thé Project area show that as irrigation operation will be finished
in a comparatively short period, frequent water management practice
is requzréd.i Thus: the. ¢ontinuous irrigation, which premises night
_ 1rrlgat10n, is unllkely to be practicable. This means that, for upland
‘1rr1gat10n,‘prov1510n of a night storage pond is required to store the
water for difference in the supply from the continuous river flow and
1ntérm1ttent diversion to the field. Taking into account the oceur-
rence of the hlgh variation in the water requirements throughout a

year in the péak demand period, prolonged supply operation has to
_be, 1nt10duced :

It is propOSed, therefore, that the water supply operatxon

for paddy fields will be made on continucus 24- hour basis, and for upland
flelds on an 18uhour basis with provision of farm ponds.
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4.3 Standard Field Layout S R U PR

: A proper. dayout of the farm plots, farm roads; and 1rrlgat10n
and dralnage canals is necessary for well managenent ‘of lrrlgatlén farm-
ing. The size, shape and location of fields are to be su1ted fo: the

- farming practices Lo be adopted.’ -Por the upland farm, i '
farming is proposed to some extent, whereas for the paddy f1eld mecha—

nlzatlon w111 remaln on a’ small scale.r
. "?

. i The 1rr1gat10n method to be adopted in the upland fleld wlll

be the surface 1rr1gat10n method within-whic¢h the fnrrow method fis
satisfactorily app]:ed over most of the: Pro;ect area,  The border _
irrigation method is considered not praetlcal since it reeds &' com—
paratively flat field surface résulting in the heavy grading., In
planning of a standard upland field layout, due consideration is given
- to save grading requ1rements as much as p0531b1e and yet secure eff1~
cient 1rr1gatlen :

The length of the irrigation run, Wthh is one of de0151ve fac-
tors for field size, is to be the longest distance in which the maximum
allowable furrov siream can effect nearly uni form dlstrlbutlon of water
in soil. Therefore, -the length of furrow 1rr1gat10n run 'is a function
of the irrigation slope, the furrow stream adopted;, the soil’ intake rate,
and the application depth. Thus, to supplement the furrow test data,
the criteria on a wide range of such information has -te be émployed in
irrigation plamning. Accord1ng to the criteria: for preparatlon of
irrigation guide by U.S.D.A., the faxX imum irrigation Tuns are: est;mated
for different irrigation slopes .in the three areas as 313551fled in
Section 3.2, These are as shown in Table IV~19 :

_ In order to un1fy the. plot size as much as- 90531b1e for
securing efficient and easy water management at- the f1e1d inlét and
efficient farm opération, the furrow. lengths of 100 m and 150 m=are
adopted depending on the irrigation slope and the intake rate.' In -

- the steep areas the direction of irrigation run i§ set to have somewhat
milder slope. with intersecticn angles to the natural gradlent “The
intersection angles w111 range between 300 to 45° depend1ng on the
natural slope. i - : T

The termlnal 1rr1gat10n ¢anals, dralnage canals and farm rOads
are provided at intervals of 400 1 te connect the field plots. “Three
typical laycuts are COntemplated accordlng to the" allowable max1mum
extent of furrow 1rr1gat10u run as shown in Fzg IV-?." Bpae

As f0r the typlcal layout of the paddy fleld, ‘due c0n31derat10n
is given to expansion of field plots for future mechanlzatlon and the
reduction of land prepavation cost. The size and shape of a plot is
0.3 ha (100m x 30m) consisting of sub-fields of 0.1 ha. The field plots
of 0.3 ha extend  on both sides of a farm ditch and a field road, In
view of efficient operation and maintenance, and good water management
of a terminal system, irrigation and drvainage ‘ditches dare separately
provided. The on-farm irrigation bloeck is about 40 ha that censists of
2 rotation irrigation blocks of 20 ha. The on-farm works comprises farm
ditches, farm drains, field roads and border r1dges, and their related
structures. The typical layout is as shown in Fipg.IV-8.
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5.3 - Waté}:ﬁiétrihutioﬂ'Plan:

The surface water sources to be made available for 11r1gatlon
in the Lower Moshl area can be divided into three in view of occurrence
of dependable flow. and 1rr1gable area extending around them. These
rivers d1scharges ave analyzed in ANNEX 1.

‘ (1) The Rau river 1nclud1ng the Njoro rlver.
{2} The M1walen1 sprlngs
:_(3) The meo river.

The water of the above Tivers has been tapped through many
1ntakes, both legal and tradlt1ona1 4 however, intakes have not been
eff1c1ent1y utlllzed . In maklng the irrigation plan based on the
11m1ted water sources in the Project area, a comprehensive water use
plan is Tirst needed, 1nc1ud1ng the revision of all the existing.
schemesﬁr_“_ __,,_=_

. The Rau rlver presently serYves. areas extendlng on both its
banks., In vlew of the geographical location of the left bank area and:
the. present water use of the Mivaleni springs, vhich is mentioned later,
the loft bank area can be. efflclently served from the Miwaleni springs.
Whereas, the r1ght bank area has no water source except the Rau river
and the NJoro river. In consideration of the above, the principal plan’
of the, Rau r1ver System is such that the Rau river flow is preferentially
_ allocated %o the, right bank area, and compensation of the existing water
use in the left bank area is made from the Miwaleni springs.

: . The M1walen1 springs have been used by NAFCO Kahe, and legal
water rlghts have been given for the major part of the flows. NAFCO,
however, has not utilized the full, amount of water granted by the water

-rights, since. the. NAFCO scheme is less developed than the original

plan due to greater salxnlty problems surrounding the original scheme
which reduced its. orlglnal extent. 1In spite of the ample ouiflow of the
sprxngs, the lealen1 discharges downstream without effeclive use in

the- Lower Mosh1 area. Such surplus flow should be brought into productlve
use by 1ntroduclng 1t to the Miwaleni upland area.

The Himo rlver ex13ts 1ndependently from the other water sources.
Therefore its. water ‘i8 to be. supp119d to the area lying along the river
- course:as: effectlvely as p0551b1e. : ‘

s In the Lower Mosh1 area abundant groundwater has been con-
f1rmed and .the. hydrogeologlcal 1nvest1gat10n revealed the development
potent1a1 of groundwater scheme. In the northern part of the Project
area,. excellént .groundvater acquifers are confirmed and in the eastern:
area, good acqu1fers are also disclosed. As those areas have no depend-
able Surface vater, the groundwater developnient schemes are contemplated
for those: areas.
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