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Tand Soil mechanical

classification classification Dig Te . U'c
Lower terraces s 0.11-0.23 2.9-8.3 0,8-1.0
Alluvial fans: S or S=F 0.075-0,15 2.9-6.2 0.8-1.3
Flood plains - F - - -

Remarks  Djg; Effective grain size
Uc ;3 coefficient of uniformity
U’'c; coefficient of curvature

More details. about the above figures are shown in Table B-1. According
to this, the lower terraces consist of sand (S) in texture, and are made
from well-graded soils. The alluvizl fans consist of sand (S) and/or
sandy soils (5~F) in texture, and their grain size distribution is
comparatively similar to that.of the lower terraces.

-From the gfadation analysis at the field it was difficult to
clarify the detailed mechanical condition for the flood plains locatd
mainly on the lower land of each scheme area.

However, from the result of test-pitting, it was confirmed that
this land consists of a homogeneous layer containing silt of a dark gray
color. The liquid limit of this soil is low and cracks are easily
caused when the soil is dry.

4.2,2 Bearing Capacity and ?ermeability of Foundation

(1) N-value

An investigation of the bearing capacity was conducted in order to
grasp the foundation condltlon for the main canals and the major
structures, and then to obtain the’ ‘engineering criteria for the
foundation treatment etc.,

The"invéstigation includes the check of soils in each scheme area
by auger boring along the routes of the irrigation system, and by sell
sounding tests for the sites of the major structures.

The soil sounding test was conducted using a cone penetrometer and

the N-value was measured at a depth ranging from 1.5 to 2 meters. The
following shows the range of N-value in the land of each scheme area:
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Scheme N-value.

- - PP

Kisiwani 49
Gon ja 25
Ndungu 10-13
Kihurio 3-29
Tgoma 15

. - [y

According to the results of the investigation, the N-value of the lands_
in each scheme area is described as follows;

(a) Kisiwani scheme area

Most of the routes of the main canals are located in the land of
the alluvial fans, excluding a small downstream: portion which traverses
through the flood plains. The N-value of the soils of. these lands
ranges from 4 to 6. The land along the route.of the floodway, which is
planned as the river trainning work at the downstream of the existing
* weir on the Nakombo river, consists of soils which are sandy in texture

and whose N—value ranges from 5 to 9. :

(b) GonJa scheme area

In this scheme area, the land of the flood plains is developed
w1dely from the Same-Tanga road along the Hlngilili river, and the land
of the alluvial fans is developed to along the Same-Tanga road located
in the south side of that river. The proposed main canals run mainly in
‘the flood plains in their upper reaches , and then after crossing the
Hingilili river, they run in the alluvial fans.

Therproposed route of the floodway is located in the flood plaihs.
The N-value of the lands in this scheme area is generally low, compared
with those in other scheme areas,

In particular the N-values of the proposed sites for major
‘structure near the Same-Tanga road are low (about 2). Among the routes
of the main canal, the one crossing the Hinglilili river comsists of.
sandy soils in texture and which has a N-value of 6.

{c) HNdungu schemé area

The proposed routes of the main canals are located in the lower
terraces and the alluvial fans. These lands are suitable for the
structures, with the N-values more than 10. The land along the floodway
running in the alluvial fans includes comparatively clayey soils.

(d¢) Kihurio scheme area

The routes of malmn canals are located in the higher terraces or in
the lower terraces and the alluvial fans. The floodway runs in the land
of the alluvial fans. The soil condition of this land is generally
good, showing a higher N-value than the other scheme areas. For the
lower terraces, the N-value ranges from 8 to 20.
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(e) Igoma scheme area
The land of this scheme area consists mainly of f£lood plains, with
the surrounding land consisting of lower terraces. The routes of main
canals are located in lower terraces which show relatively high N-value.
The N-value of the intake site proposed at the Kambaga river shows
15.

(2) Bearing Capacity

Bearing capacity of the soils can be estimated from the N-value
measured by cone penetration test, by applying the Terzaghi’s method.
The allowable bearing capacity of the soils along the main canals and
ma jor structures 1s tabulated as below;

ran MY i e o L Y S S T B i o ch o e e e o A e A D ek i s mn rn ot et e

Allowable bearing capacity

-ahgle of _ (t/m?)
scheme shearing — --=--- i i i e
registance Long-term Short term
(©) capacity capacity
Kisiwani 28 - 30 10 - 15 11 - 17
Gonja 28 - 29 10 ~ 12 11 ~ 13
Ndungu 36 - 31 i5 - 16 17 - 18
Kihurio 28 - 36 10 - 40 11 - 46
Igoma 32 18 20

- - e —— e e o et s e e o T . R L o e e g U s

The above table was made by disregarding the cohesion of the soll, since
the soil properties of the lands consist of sandy soils, as mentioned
above. The detail of each site is shown in Table B-3.  From this
result, the engineering property of soils for construction of the main
canals and major structures is discussed as follows; -

(a) The allowable critical height of the canal embankment is estimated
at about 5 meters. However, from the viewpoint of the layout of
the irrigation system, the embankment height is suggested to be
lower than 2 meters. Therefore, the bearing capacity of the soils
‘can be sufficient for such embankment works.

(b) As for the foundation of the related structures such as siphon,

culvert, and turnont etc., it is preferable to use shallow
foundations such as footing foundations. :
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(3) Permeability

The permeability'of solls was checked by a permeability test in
compliance with the criteria of the U.S. Bureau of Reclamatilon.

-According to the result tested,

the permeability coefficient does not

vary from place to place, and shows 10~4cm/sec in average.

Rowever,

comparatively high, showing 10

the permeability coefficient of the soil along major rivers is
=3en/sec.

The range of the

permeability coefficients for each scheme area is shown below;

ks (R 1 s R d S R T AR L ok S R iR ot Y e L A e el il i o L et

T e

Permeabllity
Description coeffilcient
(cm/sec)
Kisiwani scheme 1.5x10"%
Gonja scheme - _
Nohungu scheme 1.2 - 4.3x10™4
Kihurio scheme 0.8 -~ 6.3x104
Igoma. scheme 2.4 - 4.0x107%
Makombo river 4 .5%1073
Hingilili river 1.4x10~3
Yongoma river 1.1x10"3

Detalls are_showﬁ in Table B-1.

4.3 Embankment Materials

4,3,1 Sample soils

In order to clarify the soil mechanical characteristics as the
embankment materials, a total of 8 representative samples were sent to
Japan, and laboratory tests werecarried out in detail. The results of
the tests are shown in Table B~2. From the table, it is evident that
most of the sample soils are clagsified into the sandy solls in

texture. Their mechanical characteristics are éxplained below;

{a) The soil specific gravity ranges from 2.7 to 2.8

{b) The liquid limit (L.L) ranges from 27/ to 304 except for the sample
soil (Kisiwant) obtained near  the Nakombo river. This sample soil
shows 46% of the liquid limit. Plastic 1imit (P.L)} ranges from 16% .
to 19%Z in all of the samples.

{(c) The plasticity index (P.I)_varies from place té.plade.. Especially,
the sample soil (Igoma(l)) obtained from the proposed dam site
shows non—plastic nature.

{(d} The natural moisture content also varies from place to place;
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4.3.2 Soil Mechanical Characteristlcs

(1) Result of the laboratoty test

In order to clarify the engineering criteria for construcktion,
analysis was performed in detall for the following three sample soils,
obtained from the land of the lower terraces which is considered to be
suitable as an embankment material.

(1), obtained from the downstream area of the proposed

{a) TIgoma
Igoma dam gite,
{b) Igoma (2), obtained from the proposed reservoir area of the
Igoma dam, and
(¢) Kalimawe, obtained from the existing Kalimawe dam site. From
- the results of these detail tests, soil mechanical and
‘engineering chardcteristics are discussed below;
(d) Compaction characteristics:
The compaction tests carried out based on the standard
completion method, show different curves as shown in Fig.
B~17. The maximum dry density and the optimum molsture
content are summarized bhelow. '
Sample soil Dry denqity Moisture content
(kg/cmd) (%)
Kalimawe 1931 ©13.1
Igoma (1) 1878 13.5
Igoma (2) 1750 " 16.3
The dry density of the Igoma: (1) soils does not greatly vary
relative to the variation of the moisture content. Soil
showing such characteristics is not so suitable as an
" embankment material. On the other hand, the moisture content
to be attained is 11% at a maximum dry density of 90%. This
is nearly equal to the natural moisture content of sgoils in
the dry season.
(e) Permeability chafécteristics:

The permeability coefficient of the embankment materials after
compaction is expected to reach around 107 4/sec and

10-7/sec. The relationship between permeability and
compaction is illustrated in Fig. B-18.
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(f) Shearing characteristics:

The shearing test shows that the cohesion and internal
friction angle for soil obtained from the proposed borrow area
neay the Kallmawe dam are:

3.6t/
350 .

Cohesion . : #
Angle of internal friction - &

® o

This result was obtained under the condition that the dry
density and moisture content are 1.770 g/dm3 and 7%,
respectively. ‘ '

The detail is as shown in Fig. B-19.

(g) Consolidation characteristics:

The conmsolidation test results are shown in Fig. B~20 and
B~21. From these figures, the index for the comsolidation
characteristics are summarized_below,'

Consolidation index C. = 0.180
Maximum precompression P, =7

(2) Design value and stability of slopé

Based on the result of the laboratory test, the following design
values are determined to be adopted;

- Wet density Te = 1,800 g/cm3
- Dry density rq = 1,700 g/cm3
- Cohesion ' ¢ = 3.0 kg/m?

~ Angle of internal friction ¢ = 35°

- Goefficient of permeability K 1.0x10%cn/sec

The relationship between émbankment height and angle of slope for the
side slope of the canal embankment, are estimated as shown below;

- e - o

Embankment height  Allowable maxi mum

N : (m) - angle of slope
Less than 2 80 (1:0,17)'
2 - 4 60 (1:0.6)

4 -5 50 (1:0.8)

- pt

From this result, a side slope of 1:0.5 wiil be suitable for the
stability of the slope adopted for the canal design.  Decrease of the
embankment height after construction can be disregarded from the results
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of the conéolidatiou test.

4,3.3 Borrow area for embankment materials

According to the soil mechanical test and the reconnaissance survey
for the borrow area, It Is desirable that the materials for embankment
be collected from the sloping lands of the lower terraces which are
developed widely in the higher land in each scheme area. The materials
are to be collected from the shallow layer, since the gypsite bed is
generally found in layers 3 meters below the surface.

On the other hand, it desirable that the embankment works are
executed by maximum use of in-site materials obtained from excavation.
From the above mentioned point of view, the following is suggested for
collecting the materials;

-~ Materials for canal embankment

-+ :The canal ‘embankments, as a rule, should use in-site materials
obtained from canal excavation. It will be generally possible since the
actual helght of canal embankment is generally low. Extra materials
should be obtained from the land of the lower terraces if there occurs a
shortage of embankment materials.

~ Embankment materials for the Igoma dam.

The land of the lower terraces, developed behind the proposed Igoma
dam site, is suitable as a borrow area, from the result of laboratory
- tests (Fig. B=22).

- Embankmenf materials for the Saseni dam

"It is difficult to collect the materials from the land of the lower
terraces, because the transport of the materials is costly. The
proposed borrow area is the downstream of the dam site (Fig. B-22),
according to the investigation of the dam site.

However, since the volume expected is too small, it is proposed to
use the rock materials which are found abundantly in and around the dam
site. The proposed type of the dam will be a rock-fill type with the
central core.

- Embarikment materials for Yongoma dam

‘The materials for the dam embankment can be collected from the
sloping land of the right side, which 1s located in the upper stream of
the dam site along the Yongoma river (Fig. B-22). The borrow area will
be widened since the available depth seems to be shallow.
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- Embankment materials for the Hingilili dam

- The materials for the dam embankment can be collected from the
sloping land left of the site of the proposed dam site (Fig. B-22).

4.4 Sand and Gravel .

4,4.1 Sand ﬁétefials

In and around the project area there are sands deposite& in the
river beds of the major rivers and small tributaries.

. Most of these sands except for'those at the river.bed'of the
Kambaga river and that of hinterlands of the Igoma scheme area, are not
favourable for concrete aggregates because they are too fine.

Sands of the Kambaga river bed near the Gonja Village were .
originally derived from. the Tossa Mountains by flood run—-off. The
result of electrical sounding at the river bed of Kambaga river suggests
that the beds: are more than 2 meters thick. Their grain size
distribution shows a good graded curve for the fine aggregate of
concrete, shown as in Fig. B-24. The scoll mechanics indices are shown
as below. o

Effective grain size 0.19 m/m
Coefficlent of uniformity 5.2
Coefficient of curvature 1.3

The river bed deposits of the hinterlands of the Igoma scheme, are
similar to that of Kambaga river. From the result of these
investigation, it is suggested that fine aggregates be collected from
the Kambaga river bed and the hinterlands of the Igoma scheme area.

On the other hand, fine aggregates might be obtained from the
excavated materials at the river beds of the proposed welr sites in the
major river. However, the available volume is not so great since it
includes considerable amount. of gravels.

42 Gravel .

The quarry sites are located at the sloping lands in the foothills
of the Pare Mountains along the Samé-Tanga road. The coarse aggregate
for the concrete and the pavement materials for the proposed road can be
collected from these areas. The quarry sites for each scheme are
discussed bhelow.

- Kisiwanl scheme

The coarse aggregates for the concrete can be collected from the _
terraces of the upper stream of the proposed weir site along the Nakombo
river. The weathered rocks along the Same-Tanga road are_suitable for
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pavement materlals.
- Gonja scheme

Coarse aggregate for concrete can be taken from the excavated
gravels at the proposed weilr site of the Hingilili river and river bed
gravels around the proposed welr site. The pavement materials can be
collected from the weathered rocks near the Igowma village.

~ Ndungu scheme

Similar to the Gonja scheme, the coarse aggregates can be obtained
from the excavated gravels at the proposed welr site of the Yongoma
river. The pavement materials also can be collected from the weathered
rocks along the Same-Tanga road.

~ Kihurie scheme
Coarse aggregates can be obtaiﬁed from the proposed weir site of

‘the Saseni river. .The pavement materials can be collected widely from
the sloping lands in the foots of the Pare Mountains

= Igoma scheme
Both coarse aggregates and pavement materials can be collected fron

the mound of quartzose gneiss which is located on the center of this
scheme area along the Same-Tanga road.
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Table B-2 (1/2)

SOIL TRSTS FOR EMBANKMENT MATERIALS

Soil-Sample

Proposed Borvow Avea

Kalimawe Igoma (1) Igoma (2)
Gradation  Gravel _. FA 12 . - 23 22
Sand % 53 | 63 43
silt- % 28 8 21
Clay % 7 6 14
Maximum grain size mm 19.1 . 19,1 9,52
Consistency Lidquid limit L.L % 26.7 37.2
Plastic limit P.L % 16.2 - 15.6
Plasticity index P.I 10.5 21.6
. Specific gravity Gs 2.769 2.802 2,629
Classification SF - § - F $-F
Natural Moisturé content 7% 5.8 : 4.9 8.36 .
condition o jensity  kg/cmd 1497 1839 1582
Wet density  kg/cm3 1598 1973 7 1764
Void ratio "0.850 0.524 0.654
Degree of .
saturation ' pA 21.9 3%.0 4.2
Compaction Optimum water _
- content % 13.1 13.5 16.3
- Maximum dry } '
- density kg/cm3 1931 . 1878 1750
Consolida- 'Compression index 0.18 .
tion Maximum pre-
compression _kg/m2 7
Shearing Cohesion C  t/m? 3
strength Angle of
internal o
friction é .. 35°3"
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Table B-2(2/2) B0IL TESTS FOR EMBANKMENT MATERTALS

'Soil Sample : Saseni. Kisiwani

Gradation Gravel : % ' 0 0
Sand % 98 46
Silt % ‘ 1 31
Clay % 1 23
Maximum grain size mm 1.8 4.76
Consistency Liquid limit L.L ¥ 46.4
- ' Plastic limit P.L % 19.2
Plaéticity index P.I 26.9
gpecific gravity Gs 2.765 2.684
Classification . . s F
Natural Moisture content ¥ 15,3 ' 35.2
condition
Soil Sample ' . Gonja Ndungu Kihurio
gradation Gra%el % 1 : 0 : 2
Sand - ' % 58 52 42
silt %19 24 32
Clay T 22 24 24
Maximum grain size mm 4,76 4,76 4.76
Consistency Liquid limit L.L % _ 33.4 8.3
Plastic 1imit P.L % 16.4 16.2
Plasticity index P,1 17.0 22.1
Specific gravity Gs 2,773 2,746 2.766
Classification §F SF F
Natural =~ Moisture content % -~ 10.7 15.3 13.6
condition :
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1. GENERAL

The primary soil investigation in the: Mkomazi Valley area was
conducted in 1963 by the Land Planning Office of the Kilimanjaro Region,
in a course of: the development planning for the Gonja Irrigation Scheme,
which had been’ prepared by the Reglonal Water Engineer for Water
Development and Irrigation Division of the Ministry of Agrlculturee
This soll investigation covered approximate]y 405 ha of Gonja village
area and clarified that the soils in the Scheme area are quite capable
of growing paddy and upland crops, although attention should be paid to
the drainage control, partioularly in the lowlying land

To extend the above land assessment to the objective development
area and to assist proper planning of the development schemes, the
present soil investigation is programmed as an essentlal study on the
Mkomazl Valley Area Irrigation Development Project. The present soil
investigation is carried out, ‘covering approximately 8,560 ha of which
7,700 ha is from November 1982 to January 1983 and remainlng 860 ha is
May to June 1983, in conformity with the soll survey manual prepared by
the U.S Department of Agriculture., The soil profile survey and sampling
are performed by making exploratory pits and by the use of hand augers
of 15 cm diameter. The profiles are examined to a depth of about 1.5 to
2.0 meters and to an average density at about one profile per 100 ha.

In the course of the profile’ éxamination, some 112 soil samples were
collected from major horizons or- layers. Moreover, three groundwater
samples are also taken from the representative shallow profile for
checking. the salinity and alkalinity. These soil and groundwater
samples are tested for their degree of salinity and alkalinity by. the
use of pH-meter and EC-meter at the field laboratory which is
temporarily set in the KADC Administratlon Building in Moshi. Out of
112 so0il samples, 15 representative samples, were selected based on the
results of field soil examination and sent to Tokyo for further detailed
chemical analyses. ‘The results of these detailed chemical analysis are
shown in Figs C-l and €C-3 and Tables C-1 and c-2.

The ‘present soil classification is made referlng to "the So0il
Taxonomy system defined in 1953 the Scoil Conservation Services, U.S.
Department of ‘Agriculture, 1975, in accordance with the request of the
Regional Agricultural Development Office, Kilimanjaroc Region. The land
classification for the specific purpose of establishing the extent and
degree of land ‘suitability for sustainable irrigation farming is made in
conformity with the land sultability classification system defined by
the Bureau of Reclamation, U.S.Department of Interior and modified in
1967, particularly for appraisal of lowlying wet land.

‘The detailed topographic map (1:5,000), which was prepared by JICA
in February: 1983 is used for the mapping of soil and land classes., The
boundaries of. soil and land units are defined according to the
information obtained through the field 1nvestigation and aerial photo
interpretation. )



2. GENERAL, CONDITIONS OF SOIL AND LAND

From the geomorphological viewpoint, the Mkomazi Valley area is
broadly classified into four land units, i.e. (1) quaternary plateau,
(2) reliet hills, (3) alluvial fan and (4) alluvial plain. The
quaternary plateau is further classified into two land sub-units, i.e.
dissected higher terrvace (l.a) and lower terrace including small scale
colluvial fan formulation (l.b). The alluvial plain is also
sub~classified into. natural levees (4.a), recent alluvial plaine (4. b)
and alluvial depressione (4.c).

0f the land units classified above, alluvial fane (3) are the most
important for future agricultural development. The major fans extended
in the valley area are Kihurio, Ndungu, Gonja and. Kisiwani ‘and these are
respectively fed by Saseni, Yongoma, Hingilili and Nakombo rivers which
are tributaries of the Mkomazi river. The land of these fans’ generally
has very gentle.slopes ranging from less than 1%. Mesorelief and/or
slight undulations are found along the old river trails. These fans
'prlmarlly consist of fine textured alluvium which is derived from the
weathered gneissose in pre-cambrian formations. . These alluvium have
been recently put under the soil forming process with the oxidation
weathering. As the results, cambic formations are weakly developed in
the shallow surface profile. With the exceptional soil formation other
than the cambic fcrmatlon, the alluvium particularly deposited in the
1owlying area has been put under the saline and alkaline soil forming
processes which mlght cause a raising of brackish groundwater to the
soll surfaee.

The 10wer quaternay terrace (l.b) is the land. which mainly extends
over the upper slope of the project area. Generally, the land has a
gentle slope of less than 4% but has been dissected to rather small
tracts by numerous shallow gullies. The soils of this terrace are
primarily the loam to light clayey colluvium directly transported from
the Mt. Pare chain. These colluvium have been put under the soil
forming processes with strong oxidation weathering under the monsoon
savanna climate, and cambic soil formation is weakly developed in rather
shallow profile. With the small exception where the land has been
recently cultivated with traditional irrigation practices; the colluvial
soils are put under the hydromorphic soil forming processes. As. the
result, the soils have changed their colour from hue. 2.5 YR to hue 5 and
7.5 YR in most cases.  Besides, ferruginous mottling has proceeded in
the shallow surface profile. No salinization and alkalinization are
found in this irrigated soil. :

The recent alluvial plain (4.b) is rather narrow land extending
over along the Mkomazi river, The land of this plaim has a flat or
nearly: flat topography and flood water stands in certain period during
the rainy season. The soils are of recent alluvium having a heavy clay
texture. Seasonal water stagnation has put these alluvium under the
s0il forming process of the hydromorphic weathering. Salinization and
alkalinization of soils have also proceeded on this hydromorphic soll
formation.

The alluvial depressicn (4.c) is practically a part of the recent

alluvial plain. Due to the lack and/or small capacity of the natural
drainage system in this area, the seasonal flooding i1s great for more
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than eight months from December to July, and the land forms marshes in
the remalning months. Such seasonal waterlogging has put the fine
textured alluvial golls in a'strpng gley formation. No salt
accumulation is so far obsérved for this soll. With no exceptional
cases other than the above, extremely strong salinization as well as
alkalinization of -solls has proceeded perfectly in the narrow area for
the land surrounding this alluvial depression.

The land units other than the above, dissected higher terraces
(1.a), relict hills (2) and natural levee (4.a) are relatively few. The
dissected highér terrace 1Is primarily the quaternary plateau developed
at the foot of the Mt. Pareé:chain: Because of thé rather steep
topography in this terrace, the soils are being seriously eroded by
strong showérs, and hence sandy residuals with boulders, stones and
gravels shallowly overlie the pre-cambrian basement at present.
Psammophytic vegetation stands scarcely.

The relict hills ‘are primarily the gneissose coné dissected in the
quaternary land formation stage. The general features of this land are
quite similar to those of the dissected higher terrace.

The natural levees herein defined only extend narrowly along the
Mkomazl river. The soils of this land unit are generally composed of
fresh sands having medium to fine sized particles. Because of the
frequent occurrence of seasonal flooding in the rainy season, and the
contrasting shortage of soil moisture in the dry season, vegetation as
savanna grasses and thorn-acacia brushes scarcely grows on these
levees.



- 3.1

3. SOIL CLASSIFICATION

Unique Soil Progertiés for Classification

In'feference'to "the Soil Taxonomy" system, the,following-terms of

soll features and properties are taken into account for the present soil
classification and mapping in the Mkomazi Valley area. :

(13

Parent material and/of'lithdlogical materials

The parent materials of all thé sdilé_afe primarily gheiséoseﬁin‘

pre—~cambrian formations. Gypsites, crystalline gypsum and gypsiferous
sand are secondary materials paxtlcularly of the recent alluvium and
colluvium, :

From the liﬁhological viewpoint, the soils in the entire Mkomazi

Valley area derive from the following four materials.

(2)

- Recent alluvium:

Generally, these materlals are deeply deposited in the flood plain
and have 35 to 40% clay, 10 to 15% silt flactions and 45 to 50%
sandy particles. With small: exceptions, deep sandy sediment are
also found in the natural levee.

- 0ld alluvium:
These are primarily the fan dépositions. The specific particle -
size shows a rather wide range from 15 to 50% clay, 25 to 50% silt

and 3 to 65% sand., Fine to small gravel and/or fragments are also
found in certain shallow layer but less than 207 in common.

- Colluviuﬁ:
These materials consist of 30 to 35% clay, 10 to 15% silt and 45 to
50% sandy particles. Thin gravel or stony layers intercalate few
positions in the shallow proflle,

— Residuals:

These are priﬁérily the diluvium originéted'from gneissose in the

- pre—cambrian formation. Because of steep topography, finer

fractions of these materials have been outwashed by heavy shower.
Thus, the present texture quality of these materials is of sandy in
general. Various boulders, cobbles, coarce fragments, etc. also
remain in the profile.’ ' o '

Lithological sequence in the specific soil depth(lSC cm)

As bfoadly stated 1n the preceding sections, all the soils except

those in the dissected higher terrace and relict bhills have deep



profiles of more than 2 m. These profiles generally consist of several
strata characterized by different sedimentations, of which sandy and/or
gravel stratification in the shallow profile are the essential factor
for definition as the lower categories of soil groups. Seasonal
formation of groundwater (perched water) or seasonal fluctuation of the
groundwater table in the shallow profile are also important factors for
defining the classes of soll molsture regime in the higher categories of
soll classification..

In the small exception, out-crop and/or shallow profile limited by
the base rock is the factor for classifying Lithic sub-group
particularly in the dissected higher terrace and trelict hilly area.

(3) Specific soil formation and diagnostic profile features

. Hydromorphic weathering, such as leaching process of inherent
basis, salinization/alkalinization process, gleization and mottling
caused by the seasonal fluctuation of groundwater and/or waterlogging in
‘certain period, etc. is the essential feature of soils in the lowlying
area. - Cn o

Although still weak at present; the formation of cabmic horizon is
a unique profile feature in the sub-solls in the alluvial fan deposits
in particular. Mollic and Ochrie epipedons are typical surface soils in
the entire Mkomazi arvea, : :

(&) Environment

The predominant features area a monsoon savanna climate directly
subject to the soll formation, in which soil moisture regime is
specified as Aquic in- the lowlying area, and as Ustic in the elevated
area.-

There is no data available on the soil temperature in the Mkomazi
Valley area. ' However, it is considered that the soll temperature regimé
might be grouped into Iso-thermic in specific class for all over the
soils, according to the seasonal variation of air temperature, relative
humidity, solar radiation, evaporation, etc.

Scarce vegetation with psammophytic shrub and thorn-acasia brushes
subjects to severe erosion. On the contrary, dense swampy grasses
return organic materials to the soils, so that mollic epipedon develops
rather extensively in the lowlying area.

According to the specific terms of soil features presented in the
above, the soll classification is as follows:

3.2 Soil Classes - .

Based on the unique soil properties and the soil profile features,
the soils in the Mkomazi Valley area are primarily classified into the
following two orders, six sub-orders, six great groups, and nine



sub-groups in the higher. categories of classification.:
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Ordet Sub-Order Great Group Sub-group
Entisols ‘Fluvents Ustifluvents Typlc Ustifluvents

- do - - do - - do - Mollic Ustifluvents
- do - : - do - ~ do - Vertic Ustifluvents
= do - - Aquents Fluvaquents | Mollic: Fluvaquents"
- do -~ - Orthents Ustorthents . Typic Ustorthents

- do -~ - ~do~ = ~do~- Lithic Ustorthents
- .do - Psamments Ustipsamments Typic Ustipsamments
Inceptisols  Agquepts Tropaquepts Typic Tropaquepts .
-~ do - Tropepts Ustropepts .. Fluventic Ustropepts
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Out. of eight s011 sub-groups, Typlc Ustifluvents mainly developed on the
alluvial terrace lying upper part of the -alluvial fan. formation. Mollic
Ustifluvents are the alluvial soils developed on the narrow river trails
and/or alluvial depression scattered in the upper part of the alluvial
fan. These soils are generally associated with Vertic Ustlfluvents and
somewhat with Typic Psammaquents._ :

_ Mollic Fluvaquents are the predominant so0ils extended over the
alluvial depression in the ‘lowlying alluvial plain. These soils
generally are in wet conditions for more than 8 months from mid—November
to mid~August.

Typic Ustorthents are primarily the colluvial soils deeply
deposited in the lower part of quaternary plateau., Lithic Ustorthents
are the erodible soils in the dissected higher terrace of .quaternary
plateau. Generally, these soils are shallowly bottomed by the gneissose
basement and have skeletal conditions.

“Typice Ustipsamments are. the typlcal sandy alluvial soils developed
narrowly along the Mkomazi river.

Typic Tropaquepts are mottled solls mainly developed on. the
alluvial low terraces or old levees in the middle part of major fan
formations. They are somewhat assoc1ated with Vertic Tropaquepts and/or
Typic Torrerts.

Fluventic Ustropepts, Which are generally referred to as Low Humic
Gley soils, mainly extend narrowly along the old river trails in the
middle part of fan formatlon.. : e

Generally, the soils of each sub-group are correlated with one to
two s0il families at the lower soil ‘category of this soil
classification, according ro the soil profile features and soil chemical
properties specifled in the Soil Taxonomy.

In the soil classification at the JOWest soil categories, such as
soll series, soil phase and soll types, some associated groups:are also
observed in each soil family. These soils are. characterized and
distinguished each other mainly by the degree of base saturation to the
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cation exchange capaclty, degree of thelr inhevent fertility, different
distribution of goil particle compounds, etc. These soll conditions,
particu]arly base saturation, and fertility will be directly modified in
the future when the objective development 1is performed and such works as
irrigation, drairage and also intensive farming practices are properly
operated. Thus, in this soll classification, the soils in the lowest
catagories are excluded from symbolizing the soil unit and mapping.

The soils correlating with the soil classes defined herein are

surmarized in Table C-1, and the development of each soil is illustrated
on the soll map attached to this report(¥ig. C-2).
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4. PRINCIPAL NATURES- AND PROPERTIES OF SOILS.

As stated in the preceding chaptef 3, it is clarified that the
soils in the Mkomazi area can be primarily classified into two soil
orders, six soil subuorders, ‘six- great soll groups, nine soll sub-groups
and 11 soll families. 1In due consideration of the soil utilization for
agricultural production and also of the soil suitability for irrigation
development, the principal natures and properties of each soil group are
explained in detail as follows:

4.1 Typic Ustifluvents

Typic Ustifluvents 50 classifled herein are primarily the sandy to
loamy alluvial soils that mainly develop on the alluvial terraces lying
over the upper part of fan formation. Generally, these soills have a
ustic soil moisture regime and iso-thermic soil temperature regime under
monsoon savanna climate. The groundwater table is commonly deeper than’
50 cm in profile, although some seasonal fluctuation can be observed.

At present, almost all of the land in this soil area is being cultivated
for agricultural production, such as maize, beans, mango and coconut
trees, under the rainfed conditions. :

These 50115 have the specific horizon sequence at Ap/CL/TIIC in
common. Ap horlzon is. an ochric epipedon having: dark brown to brownish
gray (7.5 YR 3/3 to 10 YR 4/1); sandy loam to loam; weak sub-angular
blocky structure; soft and friable consistence when wet, clear and
smooth boundary with the mext Cl horizon. The thickness of this Ap
horizon is about 25 cm on an average. A good rooting of crops is
observed in this horizom. Cl horizon to a depth of about 50 cm is a
sub~surface 'soils having dark brown to brown (7.5 YR 3/4 to 4/4); loamy
sand to sandy loam; few mottling with chroma 4 to 6 at 2,5 YR ; rather
loose structure; clear and smooth boundary with IIC horizon. The
rooting 1in this horizon is rather poor and limited to only the upper
half position. ' IIC horizon is practically in the sub-soil with its
profile deeper than 150 e¢m. The soil of this IIC horizon generally has
a silty clay to clay loam texture; rather compact but friable
consistence when wet; with a plastic and stlcky when wet; w1th a massive
to very coarse blocky structure,

Regatdlng the chemlcal properties of these soils, the surface soil
has less than 2% of organic carbon; 7.8 to 8.5 pH values; 10 to 15 m.eq.
cation exchange capacity (CEC) and some 100% or less of base saturatiom
degrees The exchangeable sodium percentage of less than 10 indicates
that the soil is free from alkaline constraint. ECe value is less than
1.0 m. mho/cm/ZS 0C. The sub-surface sandy soils are also free from
the alkalinity and salinity problems, with a low inherent fertility in
general.

The soils to a depth of within 50 cm are well drainable but IIC
sub-gsoil layer has low permeability at less than 10~%cm/s. In the
light of these hydrodynamic characteristics, the ‘solls are considered as
unsuitable for paddy cultivation. To successfully cultivate the upland
crops with irrigation practices, attention should be paid to the soil
conservation such as manuring, erosion control, etec.
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- In the Mkomazi Valley area, the soils of Typlc Ustifluvents
correlate only with the Sandy soll family. These soils are indicated by
the serial soil number 1. which is temporarily set as the mapping symbol
in the present soil mapu .

4,2 Mollic Ustifluvents

“These soila develop mainly ol NATTOW alluvial depression extending
over the upper part of fan formation. The soils are also grouped into
Ustifluvents but distinguished from the former Typic Ustifluvents by the
mollic property in the surface soil. Finer texture quality, calcareous
conditions -are' to be key features for correlating with the soil family
of this soil group.

in general these soils have a horizon sequence of A(p)/C/IIC, and-
groundwater stands at less than 50 cm deep in the profile. A{p) horizon
with a thickness of about 30 cm on an average is a mollic epipedon
having brownish black to very dark reddish brown colour (5 YR 3/1 to
2/3); silty clay to clay loam; weak, sub~angular blocky structure;
slightly sticky and plastic; friable consistence when wet but rather
hard when dry; diffuse and smooth boundary. C horizon to a depth of
about 50 cm is a sandy soil which generally has a dull reddish brown
colour (5 YR .4/3 to 5/3); loose and structureless; very few and fine
motties; -clear and smooth boundary. IIC horizon 1s practically -
sub-so0il, having a clay loam to silty clay texture; brown colour {7.5 YR
4/3 to 10 YR 4/4); rather compact; massive to very coarse blocky
structure; friable when wet but rather hard consistence when dry;
plastic and sticky when wet,.

With regard to the chemical properties, these soils have moderate
alkaline range at 8.0 to 8.5 pH:throughout the profile, Their
exchangeable sodium percent (ESP) is low at less than 5. Organic carbon
is about 3% in the surface soil and less than 1% in the sub-surface
soils, CEC is rather variable from 30 to 40 m.eq. in both the surface
and sub-soil. Base saturation is estimated at 80 - 100% in the surface
soil and around 80% in the sub-soils. Among the exchangeable bases,
calcium carbonate is dominant at more than 60% of the total bases.

“Hydrodynamic features of these soils are mostly similar to the
former Typic Ustifluvents. In due consideration of the soil conditions
presented above, the soils of this group are suitable for irrigated
upland. cropping but not recommendable for paddy cultivation, mainly due
to low surface water retention-capacity.-

The extent of this soll area is indicated in the present soil map
by the use of serial soil number 2,

4.3 .Vértic'Ustifluvent

Vertlc Ustifluvents are primarily the: recent alluvial soils deeply
deposited on the.alluvial plain of the Mkoma21 river, These soils’ have
no diagnostic profile features except such vertic. characters as wide and
deep cracking when dry and weak gilgai formation on the soil surface.



These soils generally have a deep profiie of- more than 2 meters and
a specific horizon sequence at A/G. A horizon to a depth of about 50 cm
is an ochric epipedon haviung grayish yellow brown colour (10 YR 4/2 to-
5/2); heavy clay texture; rather firm consistence ‘when wet- and hard when
dry; very plastic and sticky; compact and rather hardly consolidated.
When dry, cracking form rather intensively with depth more than 35 cm
and width more than 1 cm. The soll of C horizon 1s moist- throughout the
year and the soil consists of fine stratlflcation and hardly eompacted
with massive. structure.: '

Theqe soils show a strong alkaliwreaction ranglng from 8 5 to 9.0
pH throughout the profile and a rather hlgh salinity is observed with
ECe values ranging from 4 to 8 m.mhos/cm/259C. Their ESP are }
moderately high at 25 to 30 in the surface soil and 70 to 90 in
sub-soil. Organic carbon is around 1.5% in the surface soil and 0.5% in
the sub~soil.. CEC is about 30 m.eq. Base saturation is estimated at
110% or more throughout the profilee - S

As for the hydrodynamlc features, the 30113 have a high. m01sture
holding capacity at more than 45% (at field capac1ty level: pF 1, 8),
and have a very slow permeability ‘coefficient. -

“In the light of 5011 condltlons stated above, it is. con31dered that
these soils are suitable for paddy cult1vat1on, but’ are not recommended
for upland farming. Seasonal flooding and poor internal drainage are-
the main constraints for upland c¢rop cultivation. In the - agricultural
utilization of these soils, attention should be paid to soil
desalinization and/or dealkalinization.

In the present soil wmap, these soils are indicated by the use of
serial soil number 3, As for the lower category of this soil
classification, it is recognized that the soils are correlated with
Clay, calcareous soil family of .Vertic Ustifluvents. Besides, these
‘soils are somewhat assoclated with Mollic Fluvaquents.

4.4 Mollic Fluvaquents.--

These soils are the typlcal wetl soils deve10ped in alluvial
depressions. Since deep flood water stands for more than 6 consecutive-
months during the period from mid-November to mid-August, the land of..
this soil area is waste fallow and densely covered with swampy grasses.

Genera]ly, these soils bave no dlagnostlc profile teatures except
rather thick mollic epipedon_ln the surface profile. The soils consist
of fine particle alluvium throughout the profile. The soil of mollic
epipedon has brownish black colour (5 YR to 7.5 YR 3/1 to 2/2); clay
texture; weak sub-angular to blocky structure; plastic and sticky;
rather friable when wet but hard consistence when dry. The thickress of
mollic epipedon is about 25 cm on the average and the boundary with Cg
sub~s0il layer forms mostly clear and smooth in common. Cg sub-soils
are light gray to grayish yellow brown colour (10 YR.5/2 to 6/2); clay
to silty clay; massive structure; and a very plastic and sticky, and a
very hard: consistence when dry. ' .

With regard to the chem1ca1 propertles, the soils generally show
strong alkaline reactions ranging from 8.5 to 9.2 pH throughout the
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profile. ECe values. are - ‘rather variable throughout the profile and also
between at 1ocations, but do not' exceed 4 m.mhos/cm/25°c.

With the special exception, these soils have been put under the
salt accumulation process, and hence,. the surface soils are, more or
less, affected by salinity cum alkalinity. These soils mainly extend on
the lowlying seasonal marshes in the Kihurio village area. The soils
show high EC values ranging between 5 to 20 m.mhos/cm/ZSOC at the
surface and these values gradually decrease with profile depth. The
soll reaction: ranges between &.5 and 9.5 pH which also indicates that

the soils are strongly alkaline throughout the proflle.

Taking into account the 5011 features stated above, it is
conslidered that these solls are particularly suited to paddy
cultivation, -although a rather high capital investment will be required
for drainage improvement. To realize the optimum production of upland
crops, both surfda¢e and internal drainage improvement are indispensable
in this soil area. As for the special soils which are strongly affected
by salinity cum-alkalinity, proper soil amendment, particularly for
modification of soil salinity by means of leaching practices, is
required throughout the perlod of sustainable farming.

In the present scil map, these Mollic Ustifluvents:are
sub~classified into the two soil families of a Clayey family and a
Clayey, Saline and Alkaline family. These development areas are
indicated by the respective use of the serial soil numbers 4 and 5.

4.5 Tﬁpic Ustorthents

Typic Ustorthents are prlmarily reddlsh brown colluvial soils
'deeply deposited on the lower quaternary terrace. At present, almost
all of the land of this soil area lies in waste with no agricultural
production and i1s covered with scarce acac1a shrub and short savanna
grasses.i : :

The general horizon sequence of these soils is A/C with practically
no diagnostic features in the soil profile except thin gravel
stratification in the shallow profile. A horizon is a ochric epipedon
having dark " reddish brown-colour (2.5 YR 3/3 to 3/6); loamy sandy
texture; weak and fine blocky structure.or mostly structureless; very
friable. consistence when wet and soft when dry; clear and smooth
boundary. A thickness of this horizon is about 20 cm on an average and
the boundary with the next C horizon is clear and smooth form in
common. . C horizon generally comsist of reddish brown loamy soils (2.5
YR 4/6) and thin gravel layers intercalate some 30 to 50 em interval
within 1,5 meters of profile. The soils of this horizon are compact and
structureless. In the profile deeper than 1.5 meters, gypsum
accumulates and forms crystaline patches,

As for the chemical properties, the soils show sllghtly to strong
alkaline-reactions: at location by location, while mostly at less than &
m.mhos /em/259C in ECe values throughout the profile. Organic :
carbon in the surface soill is low at l.6%Z. CEC is about 35 m.eq. in
surface soil and 27 m.eq. in sub-surface soil. Base saturation is
estimated at about 45% or more.
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The physical nature of these soils is faverable for irrigated
upland farming, but not suitable for paddy cultivation, -In- the
agricultural development, attention should be paid to the land and/ox
soil ¢onservation with respect to erosion control, Prope1 manuring is
also required for production increases. . :

The solls of this Typic Ustorthents are 1llustrated with serial
soil number & in the present soil map attached to this report. In the
¢lasgification of lower category, these soils are correlated with the: -
Loamy family. Assoclation with sandy or clayey families is also
recognized to a certaln extent. These association develop mainly on the
narrow gullies and river trails, respectively.

4,6 Lithic Ustorthents

The soils hereln are correlated with. Lithic Ustorthents and develop
on rather narrow area of the dissected higher terrace in quaternary .
plateau and the relict hills scattered in the entire Mkomazi Valley.
These soils are primarily derived from loamy to sandy dilavium shallowly
deposited on the pre—cambrlan basement. :

_Generally,_the soils-have no diagnqstic_profile features except the
erosion face and skeletal conditions as boulders, and a stony and gravel
profile. The surface soil is sandy residue having a reddish. brown
colour (2.5 YR 4/6); many boulders and coarse fragments of . gneigsose;
and thin at less than 25 cm deep of profile. This surface soil is
sometimes absent in the profile because of heavy leaching by rain due to
the scanty vegetation and steep topography. The second layer consists
of fresh gneissose basement. : -

The land of this soll area is not suitable for: agricultural
development in the light of the soils as well as topographic
conditions. In this soil area, reafforestation with such ‘trees as.
cashew, eucalypt, etc. is the essential requirement 8o as to properly.
congerve the land particularly from the viewpoint of watershed
management.

' The soils of Lithic Ustorthents have a-éandy skeletal soil fémlly.-
The development of this soil group is i1llustrated in the present soil
map by the use of serial soil number 7. : ;

4.7 Typic Ustipsammehts,.

The seils of Typic Ustipsamments develop on the narrow alluvial
levee. mainly extending over along the Mkomazi river. Gemerally, these
soils have more than 1.5 meters deep of sandy strata which mainly .
consists of fime tc medium sand particles. There are no specific profile
features except several thin, finer 3trat1f1cations.

The surface soil mnstly to a depth of about 20 em is an ochric .
epipedon having dark brown colour (7.5 YR 3/4); sandy loam texture; weak
sub-angular to blocky structure; slightly sticky and plastic;. friable
consistence when wet,  The lower layer is sandy sub-~soil-having brownish
gray colour (7.5 YR 5/1 to 6/2), loose consistence. In this layer,
intercalation of thin clayey to loamy stratifications is. observed in
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some 20 cm to 35 cm intervals.

Thesé solls show a strong alkaline reaction ranged from 9.0 to 9.5
throughout the profile, while quite low ECe at less than 0.5
m.mhos /cm/250C,  The groundwater table is as low at 2 or more even
in the rainy season, .

_.Actording to the soll conditions, the land of this soil area is
considered unarable. In order to stabilize the present river course,
reformation of gallery forest is required. To this end, cashew,
eucalypt trees, etc., which have a high resistance to both drought and
wetness, .are recommended.

The - soils of Typic Ustipsamments correlate with only the Alkaline

soil family in the lower classification. These soils are indicated in
the present soll map by the use of serial soll number 8.

4.8"Typic.Tr0paquénts.

The solls herein classified into Typic Tropaquents are typical wet
Inceptisols developed extensively on the alluvial fan. These soils have
been utilized for agricultural production since long ago. Besides, most
half of these soils have been recently put under irrigation, although
sustainable crop growth has not yet been achieved. :

" Generally, these solls have a gleyic and cambic horizon in the
shallow profile. Under gleyic soil forming process, fine concretions of
susquioxides develop in the gleylc horizon. Specific profile sequence
observed in these soils is at A(p)/B/C. A horizon to a depth of about
25 cm is primarily the mineral soils’ having very dark brown to dark
reddish brown colour (5 YR 2/3 to 7.5 YR 2/3); clay to clay loam
texture; weak blocky structure, friable when wet but hard consistence
when dry; plastic and sticky; clear and smooth boundary. B horizonm,
which is specified as the cambic pedon, is a gleyic soil having brown to
grayish brown colour (7.5 YR 4/3 to 6/2); common and distinct fine
ferruginous mottling; few to common, fine concretions of susquioxides;
clay to silty clay texture; blocky structure; friable when wet but hard
consistence when dry. C horizon is also a gleyic 'soil having dull brown
colour (7.5 YR 6/3) to dull yellowish brown (10 YR 5/3); clay to clay
loam, massive structure. . The groundwater seasonally fluctuates within
one meter of the shallow profile,

o Regafding'their chemical features, the soils. are moderately strong
to strong alkaline ranging from 8.0 to 9.0 pH; less than 4
m.mhos /em/250C in ECe value, indicating that the soils are free
from the salinity. CEC of these soils ranges between 15 m.eq. and 35
m.eq. and the saturation degree of exchangeable bases is estimated at
about 80% on an average. Groundwater stands at a depth of 50 cm and
shows low salinity at less than 3 m.mhos/cm/25°C.

For the small exceptions where the land lies on the river trails
particularly in the lower reaches of fan formation, the soils are
affected by a moderately strong salinity. Poor drainage conditions are
also the constraint on the present agricultural production,
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In-the light of the seil conditions stated above, these solls are
quite suitable for paddy cultivation, .To successfully realize the
upland cropplng, drainage improvement is the essential requirement in
this soil area.

In this soil classification, an associlation with. Vertic Tropaquepts
and/or Mollic Fluvaquents is also observed in certain extent. With
regard to the classification of lower category,. clayey and moderately
strong: alkaline soil is defined as the most predominant soil family.

The saline soil observed in the lowlying area is distinguished from the
above family so as to clarify the agricultural constraint. of these
soils. Thus, in the present soil map, these two typical soil families
are illustrated by the use of serial soil aumber 9 and 10,
respectively. :

4.9 Fluvehtig Ustropepts

Fluventic Ustropepts are soils mainly developed on the skirt of
lower quaternary terrace. These solls are one of the dominant soils for
the agricultural utilization and have been recently reclaimed to its
potential maximum,

.+ The solls are to be derived from the clayey colluvium deeply .
deposited under the fan formation. The Specific horizon sequence of
these soils is at A(p)/B/C in which B. horizon is considered at cambic
soil. A(p) horizon to a depth of about 25 cm is. a mineral soil which is
specified as ochric epipedon. The soils in this horizon are dark reddish
brown (10. YR 3/2); clay to silty clay texture; weak’ sub~angular to
blocky structure; friable when wet and rather hard consistence when dry;
plastic and sticky when wet; gradual and smooth boundary. B horizon is
generally deeper than 50 cm. .The soils of this horizon are a dull
reddish brown (7.5 YR 3/3); clayey texture; blocky structure; frlable
when wet but of hard consistence when dry; diffuse. and with a smooth
boundary. C horizon consists of reddlsh ‘brown to brown coloured_301ls
(7.5 YR 4/3) having massive structure.. Groundwater table is deeper than
2 meters even in the rainy season in most cases. :

As regards thelr ‘chemical properties, the soils are slightly to
moderately strong alkaline ranged from 7.5 to 8.5 pH and less than. 1
m.mho/cm/259C ECe throughout the .profile. Organic carbon in the
surface is 2.5% and less than 1.5% in sub~surface soil. ECe ranges from
15 to 25 m.eq. Base saturation degree is estimated at 60 to 100%. ESP
is estimated about 10 to 25, . . :

With respect to their physical nature, the soils have a high
moisture holding capacity ranging from 30 to- 35% at the field capacity
in condition. Permeability coefficient in the. sub-surface soil ranges
from 107 ~4 to 10 =3 cm/sec in order. Taking into consideration the soil
features above, the soils are suitable for cultivation of both paddy and
upland crops.

In the'present soll map,. these soils are indicated by the use of

serial soll number 11. These svpils are predominantly cortelated with
clayey soil family dn the lower category of this classification.
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-5, LAND SUITABILITY CLASSIFICATILON

5.1 Basic Consideratons’oﬁ Land Classification

The land classification for delineation of the potential arable area is
made ‘in accordance with the land classification system defined by the
Bureau of Reclamation, the U S. Department of Interior, 1953 as modified
in 1967. -

For the specificaticn of the land defined in the above reference,
the following soll and physical environments are taken into
congideration as the essential terms for evaluation.

(1) Soil textural qualities (s):  limitation due to coarse texture
- with gravel for economic development of paddy field with
irrigation facilities, and/or -limitation due to very fine
texture for upland crops with irrigation.

(2) 'Effective ‘gsoil depth (k): 1imitation due to sand, gravel,
cobble, and/or rock formation and/or impenetrable sand layer
within shallow depth below ground surface.

{3) Soil salinity and alkalinity (a) limitation due to strong
. saline and alkaline reaction, high exchangeable sodium percent
and/or sodium adsorption ratio of the soils. .

(4) Topography (t): limitation mainly due to unsuitable land
"~ elevation for economical gravity irrigation, and relief
. conditions unsuitable for economical field arrangement.

(5) Drainage (d): -limitation mainly due to. the seasonal flooding
" or very poor internal drainability caused by high groundwater
~ table and heavy clayey texture.

Amoung the limiting factors above, seasonal flooding is the biggest
constraint to the proper agricultural development, although present crop
cultivation is more or less sustained by the use of flood water. Very
poor internal drainage is caused by heavy clayey texture and the high
groundwater table is also a limitaiton, particularly for the economic
farming of upland crops. In order to develop the project area -
successfully, rather high capital investment is required for flood
control and drainage improvement.

The main topographic constraints are the relief conditions in the
quaternary plateaua and relict hilly area. It is difficult to make
economical field arrangement for proper irrigation farming mainly due to
the steep slopes,

The fine textural features which con31st of 35 to 50/ clay, 30 to
45% silt and 15 to -25% sandy particles are generally accepted for paddy
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 holding capacity, and very low
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permeability coefficlent of soils.

The fine textured soils héving a very hard consistence when dry,
while very soft and friable consistence when wet,_will also restriet the
soil preparation work to some extent.

Coarse textured soils: having a rapid percolation rate .and a low
moisture holding capacity, are also not suitable for economical .
irrigation development due to the large water requirements for
_maintaining a favourable rauge of soil moisture in a certain depth of
the soil. Gravelly and stony soils in the quaternary plateau .and relict
hilly area will greatly liwmit the farm opexaltons and the rooting of
Crops. . _ .

Shallow soil depth especially due to rock or stony layers will
restrict neot only. the crop production but also an- economical field
arrangement: .In order to reclaim these soils successfully, it is
necessary to study the speciflc land use, from the viewpoint of land
conservation. :

Some other constraints are. also found in the survey .area, such as
the prevalence of various pests and diseases, low familiarity of the
farmers with the modernized farming practices and improved varieties. of
crops, low intensity of agricultural supporting services and so on.
However these conditions can be excluded from this land c1a381ficat10n
study, concerning the purpose of this land classiflcatlon.

‘5.2 Specificaion of Land Classificaiton

- Taking into account the soil and land coaditions presented in the
preceding sections and also the plant physlological characteristics of
paddy and upland crops, the terms of land classification and :their
specific degree of correspondence to the land suitability classses are
established in accordance with the land classiflcation- standard defined
by the U.5.Breau of Reclamatlon. :

The criteria for rating of soil and land factors is tabulated in
Table C-4. The terms of land classification and thelr specific degree
of correspondence are summarized in Table C- 5.

5.3 Land Classification

In ratiug the 1rr1gation suitability of land, limlting factors of
soil and land are assessed whether they are corrigible or difficult to
involve in land development. ' Hence, the potential land suitability
herein défined are graded by applying the .lowest amount of limiting:
factors. In this context, physical features such as soil depth, soil
texture, drainability, and chemical properties such as strong salinity
and alkalinity, and topographlc conditions are the essential limitaitons
in the Mkomazi Valley area.

. In light of the profile features as well ag goil chemical and
physical properties, the land of soll areas, fie. Clayey and moderate
alkaline soil family of Typic Tropaquepts (9) and Clayey mineral soil
family of Fluventic Ustropepts (11) are involved in:the highly suitable
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class {I) for irrigated paddy- cultivation, Taking into account the
plant’ physlologieal characteristics of paddy, alkalinity of soil family
(9) is considered to be acceptable for normal ‘growing the paddy plant.

" The land of such soils as Clayey, strong alkaline and low humic
goll famlly of Mollie Fluvaquents (4), and Clayey and nioderately strong
alkaline/saline soil family (10) of Typlec Tropaquents is classified into
suitable class for profitable paddy. cultivation., Alkaline reaction of
these solls 1s not a limitation to the paddy production. - Beésides, the
salts accumulated in soils (10) could be reduced to capable range at
less than 4 m.mhos/ecm/25°C by proper operation of the leaching
practices through intensive lrrigaion. Drainage improvement is the
essential Work in this land class,

The land of . soil families such as Fine loamy, calcareous and low
humic Typle Ustifluvents (2), Clayey, calcareous and strong alkalire
soils ‘of Vertic Ustifluvents-(3), Clayey, stromg alkaline/saline and low
humic goils:-of Mollic Fluvaquents (5) is also defined as arable land for
paddy cultivation. From the drainage engineering point of view,
however, the suitability grade of this land might be low at moderate

- (ILI) to marginal (IV) classes because of rather high capital investment
required for flood protection and alsc rather expensive management cost
of surface ‘drainage during the cropping season particularly in the rainy
season. I1f provide proper drainage system and operate sustainable
irrigation for paddy farming, alkaline reaction of soils will be
modified -into the'capable range without any use of special inputs. The
salinity constralnts can be also improved through 1nten51ve irrigation
and drainage operation.

The other land correlates with the Sandy mineral seoil family of
Typic Ustifluvents (1), Loamy and strong alkaline soil family of Typic
Ustorthents (6), Sandy skeletal family of Lithic Ustorthents (7) and
Alkaline soil family of Typic Ustipsamments (8) are classified into
unsuitable'land class (VI) for paddy cultivation. The coarse texture
quality is one of the essential limitations. Unduration or steep
topography make the proper field arrangement for irrigation and farm
operation difficult,

As far as the irrigation development for the upland cropping is
concerned, the land suitability grades in each soil family could be made
separately from the above classification, taking into account the
specific irrigation practices and adaptability of the upland crops. The
80ils  correlated with the s0il families (6) and (l1) are grade into the
highly suitable class (I) and ‘the soils (9) are put into the second
grade (II). The soils classified into families (1), (4) and (10) could
also grade ‘as arable (III and IV) but profitable development cannot be
‘expected because of the high capital investment and recurrent cost
required for connection of seasonal flood or dralnage constraints and
amelioration or modification of salinity and alkalinity of soil.” The
soils defined as soil families (2), (3), (5) and (7) are graded as
unsuitable land. These land have very scarce potential for crop
production and/or little possibility of soil and land improvement.

From the above land evalvation, the land in the Mkomazi Valley area
is preliminarily classified into five suitable land classes for
irrigated paddy cultivation and four classes for upland crop cultivation
ags shown in Table C-6.
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The first class is the highly suitable land (I). :The land of this
class practically has no limitation for future development in general,
and high refturn on crop. production can be expected with the project,

. . The second class includes the suitable land (II) in which
sufficiently high productivity and- profitability can be expected if the
land is developed with irrigation.; However, there are some limitations
caused by alkaline reaction, poor Inherent- plant nutrients of nitrogen
and phosphrorous elements in particular, and poor drainability of
soils. - These factors are likely to reduce the crop yield and/or to
increase recurrent gost for the crop production and conservatlon of s46il
and land.

The third class 1s moderately suitable land (II1). The land of
this class 1s also expected to have higher productivity for both paddy
and upland crops, -although there are limitations which may reduce crop
yield and call for higher recurrent cost for the farm operation and soil
conservation. Seasonal flooding and/or water stagnation are the biggest
constraint in this class land. S

The fourth class (IV) is the marginally sultable land (IV); The
land of this class is - also expected to obtain a certain return from crop
production. . However, improvement of drainage conditions requlres a
1arge capital investment. -

‘ The last class is the economically unsuitable land (VI} for the
objective irrigation development, because of the land having serious:
limitation such as deep standing of seasonal flood or shallow and stony
soll or steep topography, etc.
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6. DEMARCATION OF POTENTIAL ARABLE LAND

The 11 soil families preliminarily identified in the entire Mkomazi
Valley area are distributed in the surveyed are, as shown on Fig,.C-3 and
tabulated below.

Unit: ha
Soil : Sheme Area
Families —— : - -— w==  Total
(S0il No.) Kisiwani Igoma Gonja Ndungu Kihurio
(1) %0 - - 70 - 160
(@) - 140 - - - 140 -
- {3) - _ 70 - - 50 250 370
(4) S 250 - - 470 250 270 1,249
"(5) - - 70 - 170 240
{6) 230 200 400 260 330 1,420
(7) 20 60 - 10 30 120
@) e e 870 200 - 1,070
(9) - - 140 170 610 - 530 620 2,070
(10) - - 230 250 30 510
{11) o - 290 150 180 600 1,220
Total Extent 800 860 2,800 1,800 2,300 8,560

According to the systematic appraisal of soil and land made in the
preceding section 5, the land in the project area is classified as
follows:

Soil ' Extent Land Suitability Classes

Families Area - e e e
(Soil No.) (ha) for Rice for Upland Crops
(1) 160 Vs IIls
(2) 140 IIa Vid
(3 370 - IIId " Vlad
(4) 1,240 CI1d Ivds
(5) 240 I1Tad VIads
(6) 1,420 Vist I
(7) 120 _ Vist VIst
(8) 1,670 Visd IVsd
(9 2,070 1 _ I1d
(10) : 510 I1a Iilad
(11) 1,220 I I

ot ot —nn o ——— i e e s B B s e . TR

- These locations are shown in Fig. C-4.
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" In this land claséification,-abqut-S,?gQ ha or 68% of the total
area corresponds to arable land (classes I, II and ¥IT) suitable for
rice cultivation, while 5,380 ha (or 63%) for upland farwming as shown
below.

Unit: ha
Land Scheme Area B Total
Classes Kisiwani Igoma Gonja WNdungu Kihurio Extent
A. Land to be suitable for Paddy cultivation
I (9+(11) . 140 460 760 710 1,220 3,920
Ila (2)+(10) . - 140 230 250 30 . 650
I1d (4) 250 - 470 . 250 270 1,240
ITId (3) 70 - - 50 . 250 . 370
TITad(5) - - 70 - 170 240
Total 460 . 600 1,530 1,260 1,960 5,790
B. Land to be suitable for ﬁpland crbb cultivation
1 (6)4+(11) 230 490 570 440 930 2,640
I1d (9) 140 170 . 610 53 - 620 2,070
1lis (1) . 90 - - 70 - 160
IITad{10) - - 230 250 30 510

Total 460 660 1,390 1,290 1,580 5,380

Generally, this arable land of about 5,790 ha has a sufficiently
high tillability and irrigability as well as sustainable surface _
drainability. The soil constraints, such as alkalinity and salinlty
could be improved and/or modified satisfactorily with a reasonable range
of capitl investment. About 1,420 ha or 17% of the land, which is
graded into class VI for paddy but class I for upland crops, is also
considered as potential arable land. The total arable land to be taken
for study is about 7,210 ha as shown below.
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Scheme Area :
Land Serial - e e e Total
Classes Soll No. Kigsiwani Igoma Gonja Ndungu Kihurieo Extent

A o k0 et i T et L T B AL ot s i 4 -

1. Iy - 290 150 180 600 1,220
1 1T (9) 140 170 610 530 620 2,070
I1a IITad(10) =~ - - 230 250 30 510
Iia vid (2) - 140 - - - 140
IId - - Ivds (&) 250 - 470 250 270 1,240
111d Viads (3) - 70 - - 50 250 370
IIlad Viads (5) - - 70 - 170 240
Sub-total . 460 600 1,530. 1,260 1,940 5,790
Vist " T (86) 230 200 400 260 330 1,420
Total : 690 800 1,930 1,520 - 2,270 7,210

_ Taking account of the above land classification, the project area
is demarcdated based on the present land use (See ANNEX C) and water for
1rrigation (See ANNEX G). The soils observed in the area are as
follows:

Unit: ha

Soil Scheme Total Land Classification

Familigs ———se—mrrercm e e e e e — e e ———————

(S0il No.) Kisiwanl Igoma Gonja Ndungu Kihurio ~ for Paddy for Upland

' Crop

(1) 25 R - 55 - 80 vis - IiIs
(2) - 140 - - - 140 Ila VIid
3 20 - - 5 100 125 111d VIad
(4) 200 - 335 160 255 950 11d IVds
(5) - - 40 - 145 185 I1I1ad Vlads
(6) 75 200 105 205 180 765 VIst I

A7 5 60 - - 5 70 Vist Vist
(8) -~ - 255 60 ~ 315 Vist IVsd

- (9) 95 70 340 475 570 1,650 I 11d
(10) g - ~ 180 210 30 420 Ila IIlad
(1 - - 290 105 170 595 1,160 1 1

Total: 420 860 1,360 1, 340 1,880 5,860

Based on the above land classification, demarcation of irrigable
land to be taken for the project study is made as summarized below. .
About 3,230 ha are classified into suitable land for both rice and
upland crop cultivation, about 1,400 ha are classified into suitable
land for rice cultivation but marginally suitable for upland crop
cultivation, 845 ha are classified into suitable or marginally suitable
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for upland crop ecultivation but not suitable for rice cultivation and
385 ha is not suitable for both rice and upland crop cultivation.

Land Class Land Utilization Types

Soil Area - - - i ‘ e

Families : for Up- Up- -+ “Upland . Exclu-

No. _for Rice ‘land Crop "~ land Paddy - /Paddy ssive
Cultivation Cultivation Field Field . Field Area
1 80 Vis I11s 80 - - -
2 140 Ila - VEd: - 140 - L=
3 125 I11d.  Vlad _ = 125 - , -
4 950 IId - - IVds - 950 - L -
5 i85 -I1lad ‘Vlads - 185 - ' -
6 765 Vist I 765 - - -
7 70 Vist Vist - - - 70
8 - 315 Vis ivsd . - - - 315
9 1,656 -~ 1 . - 1Id - - 1,650 : -
10 420 1la I1Tad : - - 420 -
11 1,160 I I - .= 1,160 0 . -
~ Total 5,860 : 845 1,400 3,230 385

Tt et e Gt e st —_— - - it st e y ot b e
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Table C-1  SOIL CLASSES IN MKOMAZI VALLEY AREA

Soi] Classeg in Higher Catepory -

Soll Classes in lower Catepory

Soil Great Soll Happing
Soll Order Sub-Order Croun 301l Sub-Group Soil Family Sampling
Entisots - Fluvents ~ Uatifluvents = Typic Ustifluvents - Sandy mineral soils m
) - Mollic Ustifluvents ~ Loamy, calcareous, [ ¢3]
low humic seoils
- Vortic Ustifluvents ~ Clayey, calcareous, (3
strong alikaline solls
- Aquenis ~ Pluvaguents ~ Mollie Fluvaquents - Clayey, stvong {4y
alkaline, low humic
solls .
- Clayey, alkaline/ (5
o ) . saline, low humic soils
- Orthents ~ Ustorthents = Typic Ustorthents - Alkaline soil (6}
: 7 - lithic Ustorthents - Sandy skeletal solls m
-~ Psamments - Ustipsamments ~ Typic Ustipsamments - Alkaline soil (8}
Inceptisols - Aquepts = Tropaquepts - Typlc Tropaquepts = Clayey, alkaline solls (9)
~ Clayey, alkaline/ {10)
saline soils ’
~ Tropepts. = Ustrupepts - Fluventic Ustropepts - Clayey mineral soils {11)
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Table C-2 (1/2) CHEMICAL PROPERTIES OF MAJOR SOILS

Sample Horizon pi ECe Total Total Yater Soluble Salets {mg/100 g) .
Mo . Depth (l.izﬂ)_ (m.mhos )Ca'_:km-.x Nitrogen . : . " P, Ci ”
(em) (1:2.5) /emf259 (mp/g) (%) we K Ca fe .. €03 4
9-1 0-60 800  0.30 16.93 0.157 0.75  0.70 1.61 1.24  2.48 1.07  .t.99
9~2 60-150* 8.00  0.49  4.83 0,06 1.96 . 1.49 - 5.23 - -1.36 13,62 1.36 4,08
10-1 - 0-30 8,05  9.50 15.7% 0,055 106.18 L4 20005 911 5,58 59.02 221.14
10-1¢s) (0-2) 7.90 18.50 26.08 - 169.19  1.48 38.67  26.12 3.10 212.78 - 251.62
10-2 - 30~60 910 7.00 9.17 -0.012 148.34 7 0.81 © 418 538 29.76 52,35 214.49
10-3 60-150+ 9,00 7.60 - 5.29 0.026  95.63  0.44 8,84  9.82 16.12 45.82° 225.84
20-1 0-25 9.50  54.00 10.33 0.115 855.69 - 6.75 51.38 32.9%  9.30 806.30 980.22
20~-2 25-40 . 10.00  33.00 11.18 '0.036 °696.23  2.29 10,03 = 8.88 13.66 588.54 792.%
20-3 40-150% 9.80 33,00 7.30 0.024 710.20 . 1.80 33,55  9.75- 13.02 553.06 943.40
28-1 0-15 8.00  0.50 22.33 0.126 5.9 1.32 1.05  0.74  4.96 2.58 6.5
28-2 15-50 9.30  0.80 16.46 0.040  16.86  0.84 1.84 1.63  26.04 4.43  8.48
28-3 50-150% 9.5¢  1.30  7.31  0.020 1.11 2,90 4,70 2.01 20.46  1.32  2.53
36-1 0-25 9.10 0.3  28.05 0.117 4.58  0.80 2.80  0.97 30.38 2,15 26.3%
36-2 25-100 9.20  0.85 19.03 '0.074  3.68 . 0.28 5,11  2.84 22.94 2,47 9.13

363 100-150+ 9.40  0.60  14.96  0.035 2.02  0.11°  2.82 207 15.30  1.33  4.04

Table C-2 (2/2) CHEMICAL PROPERTIES OF MAJOR SOILS

Capacity Na K Ca Mg Bases Degree Percent
(em} {m.eq/lC0 g) _{m.eq/100 g) (w.eq/100 g) (%)

9-1 0~60 35.65 9.96 1.08 0.13 5.87 17.04 47.8 3.6

9-2 60-150+ 27.09 15.70 0,75 0.19 C o257 19;ﬁ1 70.9 C 7.0
10-1 0-30 32,58 © 16.65 1.01 8.39 10.21 36.26 111.3 25.8
16-1(5) (0~-2) 30,56 30.81 1.25 22.58 17.85 12.49 237.2 73.9
10-2 30-60 11.30 16.53 1.36 10.13 1¢.96 38,98 345.0 - 89.6
10-3 60-150F 28.38 18.03 0.75 4.91 6.98 30.67 105.8 16.9
20-1 0-25 17.52 8.77 1.20 25.25 5.59 40,81 232.9 144.1
20-2 25-40 15.59 2.60 0.57 32.94 2.01 - 38.12 26&.5 211.3
20-3 40-150% 23.35 8.51 0.73 .43.76 2.76 55.76 238.8 187.4
28~1 0-15 14.79 9.45 1.03 1.16 Iyt 14.85 - 100.4 1.8
28-2 15~50 18.51 6.39 0.10 2,26 2.57 11.32 6l1.2 12.2
28-3 50-150+ 28.15 13.36 0.87 7.20 6.04 27.47 97.6 25.6
36-1 0-25 34,20 18.57 3.19 Q.08 6.39 28.23 82.5 2.3
36-2 25+100 39.71 17.81 0.92 0.59 12.56 31.88 80.3 1.5

36-3 100-150 6.05 S 7.05 0.17 0.29 5.18 12,69 209.8 4.8
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Table C=3' (1/4) SALINITY AND ALKALINITY OF MAJOR SOILS

Sample Horizon Soil colour

No, Sequences Depth Texture  (When wet) pH ECe
(cm) . (1:2.5) (m.mhos/cm?25°C)
P -1 Ap 0 - 30 CL 5YR 2/4  7.80 0.21
1 -2 C 3015 CL 5YR 3/4  7.60 1.60
2 -1 A 0 - 30 CL 10YR 2/2  7.80 0,16
2 =2 C 30 - 90 CL 7.5YR 2/3 8,00 1.90
2 =3 IIic 90 - 150° 1s 10YR 3/4 8.00 0.10
3 -1 A 0-20 - CL 5YR 2/2  7.80 0.14
3.~ 2 C - 20 ~ 45 SL SYR &/4 - 8,60 0.95
3-3 IIC 45 - 150" f£.6S 5YR 4/6  8.80 0.55
5 -1 A 0 - 25 sic 2.5YR 4/1 8,90 0.95
5 -2 c 25 - 150" fS x Si€C  2,5YR 4/2 8,80 1.08
6 ~ 1 A 0 - 20 LS 7.5YR 3/3 7,80 0.17
6~ 2 C 20 - 35 S 7,5YR 3/4  8.00 0.08
6 -3 IIC 35 - 150"  Sic 7.5YR 4/4  7.80 0.02
7 -1 A 0 - 30 CL 7.5YR 3/3  7.20 0.27
- C 30 -~ 40 S 7.5YR 4/3 - -
7 -2 c2 40 - 150%  SL 7.5YR 4/3 7,70 0.20
8 -1 A 0 - 40 L 2.5YR 3/4  8.80 0.86
8 ~ 2 B 40 - 90 CL 2.5YR 4/4 9,00 6.13
8 -3 C 90 - 200'  CL 2.5YR 4/6  9.10 7.50
9 ~1 A 0 - 60 CL 5YR 3/2 8,00 0.30
9 ~-2 C 60 - 150" C 5YR 3/4  8.00 0.49
10 - 1(s) A(s) 0~ 2 CL 2.5YR 3/2 7,90 18,50
10 -1 A 0 - 30 cl 2,5YR 3/2 8,05 9.50
10 -2 C1 30 - 60 CL 2.5YR 3/4  9.10 7.00
10 - 3 c2 60 - 150" SiCL 2.5YR 3/4  9.00 7.60
11 -1 A 0 - 10 sic 10YR 3/2  8.80 5.00
11 -2 c 10 - 50 CL 10YR 5/2 8,40 1.53
11 -3 c2 50.- 150"  CL 10YR 5/4 - 8.80 0.72
12 -1 A 0 - 30 C 5YR 3/3  8.50 3.50
12 = 2 B 30 - 110 C 5YR 4/3 8,60 6.75
12 - 3 C 110 - 160' C SYR 4/6  8.80 6.50
13 - 1 A 0 - 15 LS 5YR 4/4  9.40 0.21
13 - 2 B 15 - 55 L 5YR 4/3  9.60 0.18
13 -3 C 55 - 70 G.LS 7.5YR 6/6 9.20 0.19
13-4 TIC 70 - 85 LS 7.5YR 6/6 9,20 0.23
13 -5 IIiC 85 - 100  £.G 7.5YR 6/6  9.10. 0.12
13 -6 - IVC - 100 - 200"  £SL 5YR 6/6  9.00 0.57
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Table C-3 (2/4) SALINITY AND ALKALINITY OF MAJOR SOILS

Sample Horizon : N S 801l colour .
No.  Sequences Depth Texture  (When wet) pH _ECe
(cm) (1:2.5)  (m.whos/cm25%
14 - 1 A 0 - 20 L 5YR 4/4 9,20 0,31
14 - 2 B 20 - 50 CL 5YR 4/6 - 9,70 - 0.11
14 - 3 ¢ 50 - 60  fG.SL SYR 4/6 9,20 0.27
14 - 4 TIC 60 - 150" L 5YR 5/6 9.60 0.19
15 - 1 A 0 ~ 20 CL SYR 4/3 9,40 0,19
15 -~ 2 B 20 ~ 60 c 5YR 4/6 9,10 3.00
15 - 3 ¢ 60 ~ 130 L ~ 5YR 5/6 9,00 ©9.25
15 - 4 1IC 130 - 150 G,L 5YR .5/6  9.00 11.80
16 ~ 1 A 0 - 20 fL 7.5YR 3/2  10.00 0.90
16 - 2 C 20 - 70 CL - S5YR 4/4 9.00 . 1.77
16 - 3 11C 70 - 100' G,CL 5YR 4/5 9.60 - 1.20
17 - 1 A 0 -20 CL 7.5YR 4/3  9.10 0.78
17 = 2 B 20 - 70 CL SYR 5/6 8,70 1.77
17 - 3 c1 70 - 100 L SYR 5/6 9.50 0.50,
17 - 4 c2 100 - 130  S.CL 5YR 6/6 9.50 . 0.30
17 - 5 €3 130 - 150" LC 5YR 6/6° 9,60 0.29
18 - 1 A 0~ 20 c 5YR 3/3 9,00 2,00
18 - 2 B 20 - 70 c 5YR 3/6 9.10 0.47
18 - 3 C 70 - 1507 C 5YR 4/6 9.40 0.53
19 -1 A 0 - 20 C 5YR 3/3 7.70 6.25-
19 - 2 B 20 - 50 C 2,5YR 3/4 8.80 1.90
19 - 3 C 50 - 150" C 2.5YR 3/6 9.00 ~1.70
20 - 1 A 0 - 25 C  2.5YR 3/4  9.50 54,00,
20 ~ 2 B 25 - 40 SC 2.5YR 4/4 10,00 33.00
20 - 3 C 40 - 150" CL 5YR 3/6  9.80 33.00
21 - 1 A 0 - 20 . CL 2.5YR 3/3 9,40 0,10
21 - 2 AB 20 - 75 CL 2,5YR 4/6 9.30- 3.35
21 ~ 3 B 75 - 150 c 2.5YR 3/4 9.00 4,75,
22 - 1 A 0-15 CL 5YR 4/6  9.40 0.40
22 - 2 AB 15 - 80 LS 5YR 4/8 9.40 . 0.45
22 - 3 B 80 - 150' c 2.5YR 4/6  8.60 0.36
23 ~ 1 A 0 - 30 L 2.5YR 3/6  8.50 1.75
23 ~ 2 B 30 -~ 90 L 2.5YR 4/6 - 8.80 6.25
- C 90.- 150" 1L 2.5YR 5/8 - -
24 - 1 A 0-20 L 2.5YR 4/6  9.30  0.25
24 - 2 B 20 - 50 sc 2,5YR 3/4  9.10 0.31
24 - 3 c 50 ~ 150 L 2,5YR 4/6 10,00 0.68
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Table C-3 (3/4) = SALINITY AND ALKALINITY OF MAJOR SOILS

Sample Horizom - | Soil colour

No. _ ' Sequences Depth = Texture {(When wet) pH ECe
— (cm) (1:2.5) {m.mhos/cm/25°C)
25 - 1. A 0~ 30 CL 2.5YR 4/3  9.00 0.28
25 = 2 B .30 - 70 CL 2,5YR 3/4 9,30 0.50
25 = 3 ] 70 -~ 110 CL 2.5YR 4/6 9.50 3,12
95 - &4 c2 . 110 - 150'.  cCL 5YR 4/4 8.90 7.50
26 ~ 1 A 0 - 30 CL 7.5YR 3/4 8,50 1.03
26 —~ 2 cl 30 - 60 CL 7.5YR 3/4  10.20 0.80
26 - 3 c2 60 - 150" CL 7.5YR 3/6 9,10 11.80
27 - 1. A 0 - 20 . CL 7.5YR 3/3 9,30 0.56
27 - 2 - C 20 - 50 . CL 5YR 4/4 8.50 0.50

- IIC - 50 — 60 S 5YR 4/6 - -
27 -3 IIIC 60 - 150! CL © 5YR 4/6  8.20 0.07
28-1 - A 0 - 15 CL 7.5YR 4/2  8.00 0.50
28 - 2 cl 15 ~ 50 8C 7.5YR 4/4 9,30 0.80
28 - 3 c2 50 — 150! SC 7.5YR 4/6 9,50 1.30
30 - 1 A 0 - 20 CL 7.5YR 3/3  8.80 1.65
30 - 2 C 20 - 40 5 7.5YR 3/6 8.20 0.08
30 - 3 1IC 40 - 150" L 7.5YR 4/4 7.50 0.85
31 - 1 A 0 - 20 C 7.5YR 3/2 7,90 0.93
31 - 2 c 20 - 150’ CL 7.5YR 4/4 - 8.30 2.07
33 - 1 A 0 - 20 CL 7.5YR 3/4  6.10 0.12
33 - 2 B 20 - 50 ¢ - 7.5YR 4/4 7.40 0.17
33~ 3 c 50 - 1507 L 7.5YR 4/8  7.80 0.50
34 ~ 1 A 0 - 30 CL 7.5YR 3/4 7.40 0.27
34 - 2 c 30°-60  CL 7.5YR 4[4 7.30 0.20

- 1IC 60 - 150 S - 7.5YR 5/4 - -
35 - 1 A 0 - 30 L 2.5YR 2/4 8,40 0,22
35 - 2 B 30 ~ 80 CL 2.5YR 3/6 8.60 0.30
35 - 3 C 80 .~ 150° L 2.5YR 4/6 9,10 0,35
36 -1 A 0 - 25 ¢ 5YR 3/1 9,10 0.34
36 ~ 2 C 25 - 100 c 5YR 4/3 9,20 0.85
36 - 3 11C 100 - 150" CL 5YR 6/2 9,40 0.60
37 - 1 A 0 - 45 C 5YR 3/1 9,40 0,57
37 - 2 C 45 - 140 o 5YR 3/2 9,70 . 0.73
38 - 1 A 0 - 20 C 10YR 3/3 8.70 0.27
38 -2 AB c 10YR 3/4 8.90 0.63

20 - 100°
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Table C-3 (4/4) SALINTTY AND ALKALINITY OF MAJOR SOTLS

Sample Horizon Soil colour f T
No, . Sequences Depth Texture  (When wet}. pH ECe ,
(cm) ' (1:2.5) (m.mhos/cm/25°%)
39 - 1 A 0 -5 L 7.5YR 3/3  9.20 0.35
39-2 - ¢ 5 - 20 ] 7.5YR 4/4 9.50 0.26
39 -3 - IIC 20 - 25 C 7.5YR 4/4  9.00 0,55
39 - 4 ITIC 25 - 100 s 10YR 4/4 9010 0.30
- e 100 - 150" C 7.5YR 3/3 .- -
40 - 1 A 0 - 50 C 7.5YR 3/3 7.60 0.55
40 - 2 B 50 - 150" C 7.5YR 4/6 7.40 0.40
41 - 1 A 0 - 30 C 7.5YR 3/4 - 7.70 1.26
41 - 2 C 30 - 150 C 7.5YR 4/6 7.80 0,30
(Note: All the figures are obtained by fleld investigation and testing

through the present soil survey work, )
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Table C~4 CRITELIA FOR RATING OF LAND FACTORS

1, Soil Conditions

1.1 Soil Testure Qualities

_ Surface Soils

s0: Cdarse loamy to fine loam
sl: TFine loamy to fine clay
2% Coarse loamy and/or very

fine claye

y

s3: Sandy and/or histic soils

1.2 Effective Soil Depth

Sub-surface Soils

Fine loamy to fine clay
Coarse loamy to fine clay
Coarse loamy and/or very
fine clayey )

Sandy and/or histic soils

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

k0: Very deep
kl: Deep

k2: Moderate
k3: Bhallow

- more than 90 em

50 to 90 em.
20 to 50 cm
less than 20

cm

Depth to imhermeable layer

for Diversified Crops-

i0: Very deep
il:  Deep

i2: Moderate
13: Shallow

more than 150

cm

120 to 150 cm.
100 to 120 cm

less than 100

cm

for Paddy Rice

kO:  Very deep -~ more than 90 cm
kl: Deep -~ 50 to 90 cm

"'k2: Moderate - 20 to 50 cm

k3:  Shallow - less than 20 cm

i.3 Soil_Aci@ity (pH: HZO 1:1 soil-water suspension)

a0: Silightly alkaline to neutral

al: Moderately strong alkaline
a2: Strong alkaline _
‘a3: Very strong alkaline
at: Extremely strong alkaline

2. Topography

2.1 Relief Conditions

r0: Flat to nearly flat
rl: Gently sloped land

rZ2: Undulating .

r3: Rollipg

3. Drainage Conditions

3.1 Soil Drainability :

d0: Well drainable

di: Moderately drainable

d2: Somewhat poorly drainable
‘d3: Poorly drainable

d4: Very poorly drainable

2.2

3.2

- 6.1 to 7.5
- 2.6 to 8,5
- 8.6 to 9.0
- 9.1 to 9,5
- more than 9.5

Sloping Conditions

t0: 0 to 2%

tl: 2 to 5% in single slope
t2: 5 to 8% in single slope
t3: 8 to 15%

t4: more than 15%

Seasonal Flooding

f0G: Non seasonal flooding
(non inundation)

fl: Seasonal flooding shallowly
(sometime inundated)

f2: BSeasonal flooding deeply
(frequently inundated)

f3: Flooding throughout the year
(inundated all the times)

Sourcé: Irrigétion suitability ciaésification, US Bureau of
Reclamation, 1967
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TERMS OF LAND CLASSIFICATION AND

Table C-5
THEIR SPECIFIC DEGREE
Suitability Suitablé_ Unsuitable
Specific Degree Very High (1) High (2) Hodprately ~Low (4) Very Low {5}
: High (3) ‘

S0il and Iand Quelities

1. Boil fertilities

- organic carbon (%)7
- total nitrogen (%)
- available Py .

- G.E.C (m.eq.}

- potassium (m-eq.}

- base saturation (%)

2. Alka11n1 of soils (pH

wore than d-?i
more thah .05
high '

mors than 10

more than 0.2 .

more than 40

more than 0.75
more than 0.05
mederate

more than 10
more than 6;2

more than 40

1:2.5 sopil-water éuspensiun)

3. Soil Depth (cm)

~ depth to sand, etc.

- depth to impermeable
layer

4. Topography
- velief
- slope (%)

5. Drainage Conditions

~ drainsbility

iess.than 8.5

more than 90

more than 150

flat to nearly
flat

0 to 2

well

less than 8.5

more than S0

120 1o 130

flat to nearly
flat

2.t0 5

magaerate

0.15 to 0.75
0.01 to 0.05
low o

3 te 10

0.1 to 0.2
10 to 40

5.5 to 9.0

50 to 90

120 ‘o 150

gently sloped

5 to 8

somewhat poor

less than 0.15
1ess than 0.01
\ery 10w

less than 3

" less than 0.1

less than 10 .
mére.than 9.1

20 o 50

100 to 120

undulating.

8 to 15 -

pooy

“less than 0.13
. less than Q.01

'very low

less than 3
less than 0.1
less than 10

more than 9.3

less than 20

less than 100

rolling

.ﬁnre then 15

veTry poor

- seasonal flooding ner flooding non flooding short and long and deeply = permanently aad
shallowly Floaded desply flooded
flooded

Land Capability
6. Conditions for seeding esteblishment and #illability
~ s0il structure structureiess suﬁ-angular sub-angular blocky to ma3sive
& granular block blocky massive
- consistence friable friable Pirm very firm "extremely firs
~ susceptibility to . . . .
surface senling slight 3light mederate strong strong
7. Workability

- consistence when wet non to slightly slightly sticky sticky & vary sticky & very sticky &

sticky & plastic & plastie plastie .very plastic very plastic

-~ consistence when dry loose to moderate moderately hard moderately very hard very hard to
hard to hard extremely hard

8. Possibility for farm mechanization
~ land form & slope flat to gently gently undurat-  undulating rolling .rolling and
“sloped ing C steeply sloped
9. Capsbility for maintaining surface water _
- permeability lesa. than 1.34to 5.9 % 1.6 x 1073 t0 . less -than . less than
1.4 x W4 en/ 107 enfsec. 5.5 % 1074 1.6 x 307> em/ 1.6 x 1077 e/
sec. cm/sec. sec. see,
Note: BSources: Land su1tab111ty classlf1cat10n for irrigated puddy and diversified crops defined

by U.S. Bureau of Reclamation, 1967.

Criteria for land cupahility sppraisal is preliminarily estimated based on the
apgcific degree gonerally accepted. ’
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Table C-6

SUMMARY OF LAND CLASSIFICATION _
(LAND SUTABILITY APPRAISAL OF MAJOR SOIL AREA)

U

goil Sub~Gioup -

Sell Family

Sexial Soil

Appralzal In Sulitability Classes

Typic Ustifluvehts

Vertic Ustifluvents

Hollile Fluvaquents

fypic Ustorthents

Lithic Ustorthents

Typic Ustipsamments
Typlc Tropaquents

Mo, Foxr Rice For Upland Crops
- Sandy mineral soils (1) Vis IfTs
Mellic Ustifluvents Fine loamy, calcareous and low (2} Yis 1ls
: humic solls

Clayey, caleareous, and strong (3) I11d VIad
alkaline soils
Clayey, strong alkaline and low (4) 11d IVds
humic seolls = -~
Clayéy; strong alkaline/saline {5) IITad VIads
and low humic soils
Loamy, strong alkaline soils (&) Vist 1
associated with sandy and clayey

csoils ) :
Sandy skeletal wineral soils (7} Vist VIst
including out-crops
Alkaline and mineral.éoils (8) Visd - IVsd
Clayey and moderately stréng (9) 1 I1d
alkaling solls
Clayey and moderately strong (10) Ila I1Iad

" alkalinefsaline soils

Fluventic Ustropepts Clayey mineral soils (11) I I
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Moisture (Volume %)

o ) UDnit: volume %
Sample pF Value

No. ) 1.5 1.8 2.7 3.5 4.2

9-1 51.05 39.10 35.00 27.15 7.20 3.05
10-1 56.10 49,25 46.55 37.30 7.25 3.05
20-1 43,50 28.70 2600 20.05 6.80 1.70
28-1 46.20 35,05 31.80 "23.95 7.25 3.00
16~1 63.05 49.30 44,50 34,10 - 13.75 4,85

¥ig. C-1  pF CURVES OF MAJOR SOILS
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