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CHArTER I
INTROLUCTION

Over the past fifteen years, the area of Nepal's forests has been
reduced by about two-thirds. This deforestation is in direct response to the
needs of a bargaining population Zor additional farmland and, even more critically,
for fuel. 1In addition, overgrazing of cleared lands, fircs set to increase the
growth of grasses, and continuous cropping with insufficient restoration of
nutrients to farmland, has resulted in serious soil erosion, destroying the basis
of rural livelihood and having widespread impacts on potential hydroelectric
development, on transportation networks, and on flooding regions throughout the

North Indian plateau.

In addressing this complex problem, the RCUP is providing for long-term re-
source inventory and monitoring to assess environmental damage and the success
of the RCUP in improving the situation. A soils and geological reconnaissance
of the RCUP project area has already been carried ou: to provide a “asis for the
design of the early project activities. This 1is considered an interim measure,

pending the publication of the report of detailed resource inventories.
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PHYSICAL AND ENVIRONMENTAL FEATURLS

Location and Extent

The Xulekhani catchment area is located southwest of Kathmandu Valley
in and around the Mahabharat ranges in Makawanpur District, Narayani Zone
of Central Nepal. The catchment area, measuring avout 18 km from east to
west and 12 km from north to south, lies between 85° 2'46" and 85° 16'15"
east longitude and 27° 33'25" and 27° 41'13" north latitude. The surveyed
area comprises 212 sq. km. There were about 30,000 inhabitants in this area
in 1971, with a projected population of 36,000 in 1979. The average density
of the population in the area is 172 people per square km. The elevation of
the area varies from 7200 m at the bank of Kulekhani khola at Ipa Ukhubari
to 2400 m at Simbhanjyang.

Climate

Only two weather stations, Daman and Markhu, are operating within the
Kulekhani watershed. Data from these stations reveal annual precipitation
values of between 1500 and 2500 mm respectively. The records indicate that
about 80 percent of the rain falls in the months from June to September.
Most of the remainder falls in the pre-monsoon (April-May) and post-monsoon
(October-November) periods. Winter is a distinctly dry period. All precipi-
tation falls as rain except some snowfall in the highest elevations.

Daman temperature re¢.cords show seasonal fluctuations in mean monthly
temperature between 5.6°C in January and 17°C in June. Summer mean maxi-
mums reach 23.5°C, whereas winter mean minimums drop to -1.5°c. Relative
humidities reach about 60 percent in winter-spring, climbing to 91 percent
during the monsoons (Department of Irrigation, Hydrology and Meterology,
1977).

This data indicates that the lowland climates of Kulekhani are sub-
tropical monsoonal, becoming temperate at higher elevations in the surround-
ing mountains.

Physiography and Drainage

Most of the Kulekhani catchment area is drained by the Kulekhani River,
which is one of the tributaries of the Bagmati River. The Kulekhani River
originates about 5 km west of Palung. Gathering tributaries from the north,
the river flows about 10 km eastward to Tasar, then turns southeast meander-
ing toward Kitni, about 7 km south-southeast of Tasar. For the last 9 km
between Kitni and the confluence with the Bagmati, the river takes an east-

southeast direction.



The Kulekhani project area can broadly be .grouped into two physio-
graphic units namely Mahabharat Lekh and Midland.
Mahabharat Lekh: Mahabharat Lekh, known as middle or '"less'" Himalaya, is

situated soutl of the Kulekhani River. The whole range rises from 884 to
2590 m. The Mahabharat range is very rugged, steep and has minimal soil de-
velopment and productivity, resulting in a sparce human habitation. The
lithology of the Mahabharat Lekh consists mainly of metamorphic rocks of
marble, gneiss, schist and quartzite and also has massive granitic intrusive
rock. A warm temperate climate supports evergreen oak forests at lower al-
titude, yielding to mixed broad leaf and rhododendron fores*: with increasing
elevation. The upper part of the Lekh has good forest cover, but in the
lower slopes the rorests are being heavily cut and are badly depleted.
Midland: The northern part of the project area, north of the Kulekhani
River, comes under the Midland Region. This region attains almost the same
elevation as that of the Mahabharat range but its terrain and geological com-
position are quite different. It is gentle in slope and consists of soft
rocks (schist, phyllite, limestone, etc.) and has a favorable agro-climate.
Soils are fertile and support intensive rice cultivation with ample water
supply, especially in the valleys and adjoining terraces. All of these
factors have contributed to a dense population in this region.

Natural Vegetation

Based on altitudinal zonation, the native vegetation of Kulekhani Catch-
ment area can broadly be grouped into sub-tropical (1200-1800 m) and temperate
forest (1800-2400 m) categories.

In the sub-tropical forest category, the vegetation identified are Pinus

roxburghii, Lagerstroemia parviflora, Lyonia ovalifolia, Berberis asialica,

Castanopis indica, Querces incana, Impereta cylindrica, etc. Shorea robusta

is found only in very few places. Temperate zone forest consists malnly of

Pyrus ovalifolia, Rhododendron arboreum, Prunus cerasoides, Ficus nemoralis,

Barberis asialica, Pinus excelsa, Lyonia ovalifolium, Schima wallichhii,

Quercus sermicarpifolia, Quercus incana, Quercus glauca, Castanopsis indica,

Castanopsis taubalaris, Myrica nagi, Pyrus pashia, etc.

Land Use

Out of the total 212 sq. km. of the project area, the area under forest,
cultivated land, pasture and others are estimated to be 104, 82, 21 and 5 sq.
km. respectively (APROSC 1979). A description of each land use type follows:

Forest: Fortynine percent of the project area is covered by forest. As
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already pointed out, sub-tropical and temperate forest areas include shrub
and brush, encroached forest, steep and rocky areas and commercial forest.
Pasture: Pasture land comprises 10 percent of the project area. The natural
pasture units are scattered throughout the catchment area.

Agriculture: Agriculture covers aliout thirty-nine percent of the total pro-
ject area. Cultivation is mainly carried out on bench terraces. The

Valley of Tistung, Palung and Siknarkot are under intensive cultivation,
rice being the main crop in terrs of area and production. Maize, millet,
wheat, potatoes, and mustard follow in importance. Other crops such as sugar-
cane, barley, soybean, and a wide range of vegetables are grown on a small
scale. Rice is grown in the Kulekhani Catchment area up to 1800 m. Below
1600 m., double cropping is practiced; the main summer crops being maize

and millet followed by either mustard or wheat during the rabi (winter)
season. Between 1600 m and 2200 m. a two-year cropping sequence of maize
followed by millet and wheat is the common pattern. Above 2200 m., only one
crop per year of either wheat, barley, potatoes or maize is grown. The crop
grown and the intensity of land use are influenced to a large extent by the
availability of water.

Others: Water areas, roads and trails, rock outcrops, settlements, etc.
cover two percent of the project area. Major areas of human settlement are
in Tistung, Palung, Kulekhani and Chitlang.

GENERAL NATURE OF THE SOILS

A. Methodology
Mapping and Classification of the Soils: The soil survey was done on a broad

reconnaissance basis with the primary objective of identifying and recem-
mending the inventory needs for investigation and planning sectoral projects.
The field work was carried out from December 13th to 28th, 1978 and then
from January 6th to 17th, 1979. A topographic map (Sheet No. 72 E/2) with

a scale of 1:63,360 was used as the base map. Traverses of the area were
made on foot and by vehicle. Because of the time constraints for field sur-
veying, major emphasis and reliance was placed on aerial photo-interpretation
for both preliminary studies of physical features and as a basic aid in
piotting the boundaries between map units. Soils were examined in soil pits
and notes on topography, vegetation, geology and other physical features
were recorded on field sheets and on air photos. Forty pits were dug in the
entire project area.

The soils were tested for carbonates in the field with the help of 10



percent hydrochloric acid. Special correlation boxes developed by Charter
and Brammer (Brarmer, 1965) were used for soil correlation as well as for
retention of a representative soil profile in the Nepalese soil museum.

Morphological characteristics are recognized by soil layers or hori-
zons that differ in colour, texture, structure, consistency, reaction,
thickness, or chemical analysis of soils. All soil profiles are compared
with others in the area and classified into soil series according to the USDA
system (USDA, 1975). Every soil series is given a local name, e.g., Angare
series. Each soil unit is on a unique natural landscape that has a distinct
pattern of soils and of relief and drainage features. A unit typically
consists of one or more soils of major extent and some soils of minor extent.
The unit is named for the major soils, e.g., Bisingkhel-Chhankhu. The kinds
of soil in one unit can occur in other soil units but in a different pattern.

Altogether, 19 map units have been identified, four of which have been
subd“vided into land use phases (see Sheet No. I Soil Map 1lla). The map
provides a2 broad perspective of the soils on landscapes in the survey area.
It provides a basis for comparing the potential of large areas for land use.
Areas that are generally suitable for certain kinds of farming or other uses
can be identified on the man. Likewise, areas of soils having properties
that are distinctly unfavourable for certain uses can be located.

Because of its small scale, the map does not show the kind of soil found
at a specific site. The kind of soil in any one soil unit ordinarily differs
from place to place in slope, depth, stoniness, drainage, or other character-
istics that affect soil management.

A description of various mapping units is jiven in a following section.

Land Suitability Classificationl/: A suitability classification for agri-

culture, horticulture, pasture, forestry and terraceability was made based
on the following criteria:
Highly Suitable (Class 1):

Land having no significant limitations to sustained czpplication of de-~

fined use, or only minor limitations that will not significantly re-
duce productivity and/or benefits, and will not require recurrent and

minor capital inputs for production and conservation above an acceptable

1/ This land classification is based upon the proposal by Expert Consultation
on Land Classification, Wageningen, 1972 (Inter.ational Institute for Land
Reclamation and Improvement, 1973).



level.

Moderately Suitable (Class II):

Land having limitations which in aggregate are moderately severe for

sustained application of the defined use: the limitation will reduce

productivity and/or benefits and increase required recurrent and minor

capital inputs for production and conservation to the extent that the

overall advantages to be gained from the use, although still attractive,

will be appreciably inferior to that expected on highly suitable land.
Poorly Suitable (Class III):

Land having limitations which in aggregate are severe for sustained ap-

plication of the defined use and will so reduce productivity or bene-
fits, and/or increase required inputs for production and conservation,
that this expenditure will be only marginally justified.

Unsuitable:
Land having characteristics which appear to preclude its sustained use
for the defined purpose in the defined manner or which would create
production, upkeep and/or conservation problems requiring a level of
recurrent inpufrs unacceptable at the present time.

B. Description of Mapping Units

Angare soil occurs in the western part of the mapped area on moderately
steep to steep slopes. These soils are shallow, somewhat excessively

drained and are made up of materials derived mainly from marble.

Altitude About 1950 m; Exposure; Southwest.
Surface Soil Very dark grayish brown, friable, silt loam,
20 cm. thick.
Sub-So0il Very dark brown, very friable, silt loam. 20 cm.
thick, many rock fragments.
Substratum Hard rock 1in situ.
Other Froperties Neutral, very high in organic matter, medium
in nitrogen, phosphorus and potach.
Suitability
Agriculture Unsuitable for farming.
Horticulture Moderately suitable.
Pasture Poor to moderately suitable.
Forestry Moderate to highly suitable
Terrace Unsuitable.
Limitations Shallow to bedrock, many rock fragments on or

near the soil surface; risk of soll erosion,
moderately steep to steep slopes; wind, frost
and hallstorms.



Erosion and Landslide Hazards This soil unit falls under moderately
non-sliding territory. Soil erosion
hazards class is ratad as moderate
and sheet erosion moderate to high.

Bisingkhel - Chhankhu Soil (1.63 km?) Bi - Ca
The Bisiigkhel - Chhankhu soil unit occurs in the northern part of the

mapped area on rolling to moderately steep bench terraces. These soils
are moderately deep to deep, moderately well drained to well drained
and are made up of materials derived mainly from slate, phyllite and
quarczite and occasionally limestone. Soil texture varies from silt
loam to silty clay loam, and altitude varies from 1680 to 1830 m.

This unit contains 50 to 55 percent Bisingkhel and 45 to 50 percent
Chhankhu soils.
Altitude (Bisingkhel) About 1830 m.; Exposure: Southeast.

Surface Soil Dark brown to dark yellowish brown,
friable, silt loam, 10-15 cm. thick,
few rock fragments.

Sub-So0il Da.k brown to dark yellowish browm,
friable, silt loam, 60-90 cm. thick,
few rock fragments.

Substratum May be hard rock in situ derived mainly
from slate, limestone and quartizite.

Other Properties Slightly acid, very high in organic
matter and potash, medium in nitrogen
and phosphorus.

Altitude (Chhankhu) 1680-~1830 m.; Exposure: South

Surface Soil Brown to dark brown, very friable,
loam/silt loam, 10-15 cm. thick, few
rock fragments.

Sub=-Soil Brown to strong brown, very friable,
silty clay loam, 55 to 95 cm. thick,
few rock fragments.

Substratum May be (a) hard rock in situ, (b) poorly
sorted colluvial material.

Qther Properties Medium to slightly acid, very high in
organic matter, high in nitrogen, low
in phosphorous and high to very hkigh

in potash.
Suitability
Agriculture Highly suitable for maize, millet, po-

tato and mustard; moderately suitable
for wheat, barley and buckwheat; poorly
suitable for rice and sugarcane.
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Horticulture

Pasture
Forestry
Terrace

Limitations

Erosion and Landslide Hazards

Charkhu Soil (21.34 km2) Cr

Moderately suitable for lemon, lime,
plum, peaches and walnut. Suitable
vegetables include radishes, peas,
beans and cole crops.

Moderately suitable for forage crops.
Moderately suitable.
Poor to moderately suitable.

Suffers drought in dry season, re-
quires irrigatinn for good crops;
moderately steep slopes, risk of soil
erosion; relatively short growing
season.

This soil unit falls under non-sliding
to moderately sliding terri.ory. Soil
erosion hazards class is rated moderate
and sheet erosion moderately high to
high.

The Charkhu soil unit occurs in the northeast part of the mapped area

on steep slopes. These soils are moderately deep, well drained and are

made up of materials derived from slates.

Altltude
Surface Soil

Sub-So0il

Substratum

Other Properties

Suitability
Agriculture

Horticulture
Pasture
Forestry
Terrace

Limitations

Erosion and Landslide Hazards

About 2130 m.; Exposure: Southwest.

Very dark brown, friable, silt loam,
10-15 cm. thick, few rock fragments.

Dark brown, friable, loam to silt loam,
35-40 cm. thick, many rock fragments.

Weathered slate.

Medium acid, very high in organic
matter, high in nitrogen and potash
and medium in phosphorus.

Poor to unsuitable for farming.
Poor to moderately suitable.
Poor to moderately suitable.
Highly suitable.

Unsuitable.

Droughtiness in dry season, requires
irrigation for good crops; steep
topography, risk of soil erosion, many
rock fragments on or near the soil
surface; short growing season; wind,
frost and hailstorms.

This soil unit is included in the
moderately non~sliding to sliding
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territory. Soil erosion hazards
class can be rated moderate to severe
and sheet erosion moderately high to
high.

Chhankhu Soil, Cultivated Phase (18.05 kmn?) Cnj

This soil unit occurs in the eastern and central parts of the mapped

area on moderately steep fan and bench terraces. Soils are deep, mod-

erately well drained ind are made
phyllite, slate and quartzite.
Altitude

Surface Soil

Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture
Forestry
Terrace

Limitations

Erosion and Landslide Hazards

up of materials derived mainly from

1830 m.; Exposure: Southeast

Strong brown, friable, silt loam 10
cm. thick.

Strong brown to dark brown, friable,
silt clay loam, 90 cm. thick, few rock
fragments.

Weathered phyllite.

Medium to slightly acid, high in
organic matter, medium in nitrogen,
very high in potash and low in phos-
phorous.

Highly suitable for maize, millet,
legumes; moderately suitable for wheat;
poorly suitable for rice and sugar-
cane.

Moderately suitable for lime, lemon,
peach, and plum; highly suitable for
vegetables such as radishes, cabbage
cauli.lower and broad-leaved mustard.

Moderately sulftable.
Moderately suitable.
Moderately suftable.

Droughtiness in dry season, moderately
steep slopes, risk of soil erosion;
requires irrigation for good crops;

short growing scason; low in phosphorous;
wind aad hailstorms.

This soil unit mostly occupies non-
sliding territory. Soil erosion hazards
class is estimated to be moderate.

Fifty percent of the arca ha . slight
erosion. The remaining arca is in
moderately high to high class.

Chhankhu Soil, Forested (23.47 ka) Cny

Similar to as Chhankhu Soil, cultivated but moderately deep to deep,

moderately steep to stcep slope, exposure variable,
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Limitations

Erosion and Landslide Hazards

Chitlang Soil (4.47 ka) Cg

Droughtiness in dry season, requires
irrigation for good crops; moderately
steep to steep slope, risk of soil
erosion; short growing season: low in
phosphorus; wind and hailstorms.

This soil unit falls under moderately
sliding territory. Soil erosion
hazards class is rated moderate and
sheet erosion mostly moderate to high.

This so0il occurs in the central part of the mapped area on moderately

steep slopes. These soils are mocderately deep, moderately well drained

and are made up of materials derived from phyllite and quartzite.

This nnit is composed of 30 percent forest, 50 percent pasture and

the rest barren land.
Altitude

Surface Soil

Sub--So0il

Substratum

Other Properties

Suitahility

Agriculture

Horticulture

Pasture

Forestry
Terrace

Limitationu

Erosion and Landulide Mazardn

About 1680 m.; Exposure: Southwest.

Reddish brown, friable, sandy loam,
10-15 cm. thick, few rock fragments.

Reddish brown, friable, silty clay,
60-70 cm. thick, few rock fragments.

May be hard rock in situ.

Slightly acid, very high in organic
matter and potash, high ir nitrogen
and very low in phosphorus.

Moderately suitable for maize, millet,
wheat and mustard; poorly suitable for
rice and sugarcane.

Moderately suitable for lime, lemon,
peace, plum, pear. Suitable vege-
tables include raddish, legume and
colocasia.

Highly suitable for raising pasture
subject to the addition of phosphatic
fertilizer.

Highly suftable,
Moderately sultable,

Drought iness in dry season, requires
frripation for crops and pasture de-
velopment; moderately steep slope,
risk of soll erosion; relatively short
prowing neason; low molsture holding
capacity; severe wind, frost and hail-
astormi.

Thia soll unit occupfes almost 100 per-
cent area of non-nllding clasn, Soll
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erosion hazards class 1s rated moderate
and sheet erosion mostly moderate to
high.

1

This soil uni“ occurs in the central and western parts of the mapped area

on rolling bench terraces. These soils are deep, moderately well drained

and are made up of materials derived from granite.

This unit contains 20 percent rsegular and 80 percent irregular re-

lief.
Altitude
Surface Soil

Sub-Soil

Substratum

Other Properties

Suitability

Agriculture
Horticulture
Pasture

Forestry

Terrace

Limitations

Erosion and Landslide Hazards

Daman Snil, Forested (18.69 ka) Da

About 1830 m.; Expodure: North.

Yellowish brown, firm, silt loam, 10-15
cm. thick.

Yellowish brown to dark brown, firm,
silt loam to silty clay loam, 80-90
cm. thick, few rock fragments.

Weathered granite,

Strongly acid, very high in organic
watter, phosphorous and potash and
high in nitrogen.

Poor to moderately suitable for farming.
Moderately suitable.
Poor suitability for developing pasture.

Highly suitable for forest. About 80
percent of this unit 1s under forest
cover.

Poor to moderate suitability.

Droughtiness in dry season; susceptibil-
ity to erosion under cultivation or
human intervention; wind and hailstorms;
frost and snow.

This soil unit falls under non-sliding
territory. Soil erosion hazards class
is rated severe and sheet erosion mod-
erately high to high.

2

This soil unit occurs in the central and western parts of the mapped area

on easy rolling to rolling bench terraces. These soils are deep, mod-

erately well drained, and are made up of materials derived mainly from

granite,.

Alticude

Surface Sclil

1830-2280 m.; Exposure: Variable.

Yellowish brown to dark yellowish brown,
friable, loam/silt loam, 15-20 cm. thick,
few rock fragments,
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Sub-So0il

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture
Forestry
Terrace

Limitations

Erosion and Landslide Hazards

Deorali Soil, Cultivated (5.37 km%) Dr

Yellowish brown to brownish yellow,
firm, loam to silty clay loam, 60-80
cm. thick, few rock fragments.

Weathered granite.

Medium to strong acid, high to very
high in organic matter, phosphorous
and potash and high in nitrogen.

Moderately suitable for maize, millet,
potato and buckwheat; poorly suitable
for rice and sugarcane.

Highly suitable for peach, plum, pear;
poor to moderately suitable for apples.
Suitable vegetables include raddish,
cauliflower, cabbage and soybean.
Goveramental Horticultural Farm is
located in this area.

Poor to moderately suitable.
Moderate to highly suitable for forest.
Poor to unsuitable.

Droughtiness in dry season, requires
irrigation for good crops; shor* growing
season; wind and hailstorms.

This soil unit falls under non-sliding
territory. Soil erosion hazards class
is rated slight to moderately high to
high.

1

Similar to Deorali soill forested (described later) but cultivated.

Terrace

Erosion and Landslide Hazards

Deorali Soil, lorested (21.58 kmz) Dr

Unsuitable.

About 50 percent of this soil unit con-
sists of non-sliding territory, and the
remaining of moderately non-sliding
territory. Soil erosion hazards class
i5 rated severe and sheet erosion
moderately high to high.

2

This soil unit occurs in the southern and central parts of the mapped

area on moderately steep to stecp slopes. These soils are shallow, well

drained and are made up of materials derived mainly from granite, quartz-

ite and quartzitic phillite.

Altitude

Surface Soil

1830-2440 m.; Exposure: Northeast.

Very dark greyish brown to very dark
brown, very friable, sandy loam to
silt loam, 10-15 cm. thick.
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Sub-Soil

Substratum

Other Properties

Suitability
Agriculture
Horticulture
Pasture
Forestry
Terrace

Limitations

Erosion and Landslide Hazards

Yellowish brown to dark yellowish brown,
very friable, loam 25-40 cm. thick,
many rock fragments.

Brownish yellow, gravelly sandy loam,
many rock fragments.,

Medium acid, very high in organic mat-
ter, high in nitrogen, low to medium
in phosphorus and medium in potash.

Poor to unsuitable for farming.
Moderately suitable.

Poor to moderately suiltable.
Moderate to highly suitable.
Unsuitable.

Droughtiness in dry season; low moils-
ture holding capacity; many rock frag-
ments on or near the soll surface; severe
risk of soil erosion, moderately steep
slopes; wind, frost, and hailstorms.

This soil unit falls under moderately
non-sliding to sliding territories.
Soil erosion hazards class is rated
moderate and sheet erosion moderately
high to high.

Khadpu - Bhalukharka Soil (21.31 km®) Kd - Bk

The Khadpu - Bhalukharka soil unit occurs in the southern part of the

mapped area on rolling bench terraces to very steep slopes. The solls

are moderately dcep to deep, moderately well drained and are made up of

materials derived from phyllite and quartzite. Texture varies from silt

loam to silty clay loam; altitude varies from 1370-1830 m.

This unit contains 70 percent Khadpu and 30 percent Bhalukharka

solls.
Khadpu Soil:
Altitude
Surface Soll

Sub~Soil

Substratum

Other Properties

About 1830 m.; Exposure: Variable.

Dark yellowish brown, friable, silt
loam, 10-15 c.m. thick.

Yellowish brown, very friable, silt
loam, 40-60 cm. thick. many rock
fragments.

Weathered phyllite in situ.

Medium to slightly acid, high to very
high in organic matter and potash,
high in nlitrogen and medium in phos-
phorus.
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Bhalukharka Soil:
Altitude
Surface Soil

Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture
Forestrv

Terrace

Limitations

Erosion and Landslide Hazards

Khadpu Soil (0.53 sz) Kd1

1370-1830 m.; Exposure: Variable.

Dark greyish brown, friable, silt loam,
10-15 cm. thick, few rock fragments.

Yellowish brown to dark yellowish
brown, firm, silt loam to silty clay
loam, 100-140 cm. thick, few rock
fragments.

May be (a) hard rock in situ (b) poorly
sorted alluvial colluvial materials.

Slightly acid, very high in organic mat-
ter, phosphorus and potash and high in
nitrogen.

Moderately suitable for maize, millet,
mustard, wheat and buckwheat; poorly
suitable for rice and sugarcane.

Highly suitable for lime and lemon;
poorly suitable for apple. Raddish,
cauliflower, mustard and colocasia are
the suitable vegetables.

Poor suitability.
Highly suitable.
Unsuitable to poor suitability.

Droughtiness in dry season, requires
irrigation for good crops; steep slopes
(Khadpu soil); few to many rock frag-

ments on or near the soil surface; wind

and hailstorms.

This soil unit occupies approximately
50, 40 and 10 percent arca of sliding,
moderately non-sliding and non-sliding
territories, respectively. Soil erosion
hazards are mostly severe in this unit
and sheet erosion is rated high.

The Khadpu soil unit occurs in the ecastern part of the mapped area on

steep slopes.

These soils are moderately deep, well drained and are made

up of materials derived from phyllite.

Altitude

Surface Soil

Sub-Soil

About 1830 m.; Exposure: Variable.

Dark yellowish brown, friable, silt
loam, 10-15 cm. thick, many rock frag-
ments.

Yellowish brown, very friable, silt loam,
40-60 cm. thick, many rock fragments.
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Substratum

Other Properties

Khuplang Soil Cultivated (12.56 kmz) Ku

Weathered phyllite in situ.

Slightly acid, high in organic matter,
nitrogen and potash and medium in
phosphorus.

1

This soil unit occurs in the western and northwestern parts of the mapped

area. These soils are moderately deep to deep, moderately well drained

and are made up of materials derived from phyllite, schist and quartzite.

Altitude

Surface Soil

Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture
Forestry

Terrace

Limitations

Erosion and Landslide Hazards

2150 m.; Exposure: Northwest.

Dark yellowish, brown, friable, silt
loam, 15-20 ecm. thick, few rock frag-
ments.

Dark brown to yellowish brown, very
friable, silt loam to silty clay loam,
50-80 em. thick, many rock fragments.

Weathered phyllite and schists in situ.

Medium to slightly acid, high in organic
matter and nitrogen, medium in potash
and very low in phosphorus.

Highly suitable for maize, millet,
wheat, buckwheat and soybean; poorly
suitable for rice and sugarcane.

Moderately suitable for peach, plum,
lime and lemon. Poorly suitable for

apple.
Poor suitability.
Moderately suitable.

Dominantly poor suitable. (About 50
percent area falls in this class and
rest in class I and 1II1).

Droughtiness in dry season, requires
irrigation for good crops; moderately
steep to steep slopes; many rock frag-
ments on or near the surface soil; risk
of soil erosion; very low in phosphorus;
wind, frost and hailstorms.

About half of the area of this unit is
occupied by moderately non-sliding
territory and the remaining half by
non-sliding territory. Soil erosion
hazards class is rated moderate and
sheet erosion moderately high to high.

Khuplang Soil, Forested (11.13 kmz) Ku2

This so0il unit occurs in the northwestern part of the mapped area on

moderately steep to stcep slopes.

These sollgs are moderately deep,
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moderately well drained and are developed from phyllite, schists and

quartzite.

Altitude About 2100 m.; Exposure: Southeast.

Surface Soil Reddish brown, very friable, silt loam,
15-20 cm. thick, few rock fragments.

Sub-Soil Brown to dark brown, very friable,
silt loam to silty clay loam, 50 cm.
thick, few to many rock fragments.

Substratum Weathered phyllite and schist in situ.

Other Properties Medium to slightly acid, high to very
high in organic matter, medium to high
in nitrogen, low in phosphorus and high
in potash.

Suitability

Agricultuic Poor suitability for farming.

Horticulture Poor suitability.

Pasture Moderately suitable.

Forestry Highly suitable existing forest con-
sists mainly of Rhododendron spp.
Quercus lanuginosa, Quercus semecarpi-
folia and pinus spp.

Terrace Unsuitable.

Limitations Droughtiness in dry season; relatively
short growing season; many rock frag-
ments on or near the soil surface;
severe risk of soil erosion, moderately
steep to steep slope; low in phosphorus;
wind, frust and hailstorm.

Erosion and Landslide Hazards This soil unit falls under moderately

non-sliding territory. Soil erosion
hazards class is rated moderate and
there is high degree of sheet erosion
in this unit.

Kogte Soil (8.17 km?) Ko
The Kogte soil unit occurs in the south and southwest part of the mapped

area on rolling bench terraces. These soils are decp, somewhat excessively
drained and are made up of materials derived from micaceous quartzite and
phyllite.

This unit contains 50 percent cultivated and 50 percent forest phase.

Altitude About 1830 r.; Exposure: Southeast.

Surface Soil Dark yellowish brown, very friable,
sandy loam, 15-20 cm. thick, few rock
fragments,

Sub-So0il Dark vellowish brown to very dark grey-

ish brown, friable, loam, few rock frag-
ments,
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Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture
Forestry
Terrace

Limitations

Erosion and Landslide Hazards

May be hard rock in situ.

Medium acid, very high in organic mat-
ter and potash and high in nitrogen and
phosphorus.

Highly suitable for maize, millet,
mustard and buckwheat; moderately
suitable for rice and sugarcane.

Moderately suitable for lime, lemon,
pear, plum, peaches, walnut, vegetables
and legumes; poorly suitable for apples.
Moderately suitable for pasture.

Moderately suitable.
Moderately suitable.

Droughtiness in dry season, requires
irrigation for good crops; short growing
season; low moisture holding capacity;
wind and hailstorms.

This soil falls under non-sliding
territory. Soll erosion hazards is
rated moderate and sheet erosion
moderately high to high.

Palung - Tistung Soil (4.92 ka) Pa - Ti

The Palung - Tistung soil unit occurs in the western and northeast parts

of the mapped area on flat to gently undulating terraces. These soils

are deep, imperfectly drained and are made up of alluvial colluvial ma-

terials derived mainly from phyllite, schists, quartzite and granite.

Texture varies from silt loam to silty clay loam, altitude from 1700 to

1830 m.

This unit contains 80 percent Palung and 20 percent Tistung soils.

Palung Soil:
Altitude

Surface Soil

Sub-Soil

Substratum

Other Properties

About 1750 m.; Exposure: Variable.

Dark greyish brown to dark yellowish
brown, friable, loam/silt loam, 25-35
cm. thick, few rock fragments.

Dark greyish brown to dark yellowish
brown, friable, sandy loam to silt loam,
50-100 e¢m. or mcre thick, few rock frag-
ments.

May be (a) dark greyish brown to grey-
ish brown sandy loam to silt loam
materials with few rock fragments

mainly of granite and schists (b) poorly
sorted alluvial colluvial materials from
large boulders through to silt.

Medium to slightly acid, very high in
organic matte:, high in nitrogen, low in
phosphorus and medium in potash.
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Tistung Soil

The detail of this soil unit has been presented in mapping unit Ti,

Suitability
Agriculture Highly suitable for rice; moderately
suitable for wheat, potato and mustard;
poor to moderately suitable for maize,
millet, barley and sugarcane.
Horticulture Moderately suitable for lemon, lime,
pear, plum, peaches and walnut; suit-
able vegetables include raddish,
cauliflower and cabbage.
Pasture Moderately suitable for pasture.
Forestry Moderate to highly suitable for forest.
Terrace Highly suitable.
Limitations Relatively short growing season; wind
and occasional hailstorms.
Erosion and Landslide Hazards This unit falls under non-sliding class.

There is only slight soil erosion hazard
in this soil unit and sheet erosion 1is
also slight.

Tekar Soil (5.07 km%) Tk

The Tekar soil unit occurs in the central and southeast parts of the map-

ped area on rolling bench terraces. These soils are moderately deep to
deep, well drained and are made up of materials mainly derived from

phyllite, quartzite and slate.

Altitude 1280-1830 m.; Exposure: Variable.

Surface Soil: Dark brown, friable, loam/silt loam,
15-20 cm. thick, many rock fragments.

Sub-Soil Dark yellowish brown, very friable,
loam/silt loam, 60 cm. thick, many rock
fragments.

Substratum Stones and boulders of phyllite, quartz

ite and slate.

Other Properties Slightly acid, high to very high in or-
ganic matter and phosphorus, high in
nitrogen and very high in potash.

Suitability

Agriculture Highly suitable for maize, millet, mus-
tard and buckwheat; moderately suitable
for wheat, potato and barley; poor to
moderately suitable for rice and sugar-
cane,
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Horticulture

Pasture
Forestry
Terrace

Limitations

Erosion and Landslide Hazards

Tistung Soil (4.20 kmz) Ti

Highly suitable for lime, and lemon;
moderately suitable for peach, plum
and pears. Suitable vegetables include
raddish, cole crops, legume and colocasia.

Poor to moderately suitable
Moderate to highly suitable for forest.
Moderately suitable.

Droughtiness in dry season, requires
irrigation for good crops; many rock
fragments on or near the surface soil;
wind and hailstorms,

This unit falls under non-sliding class.
Soil erosion hazards class is rated
moderate. Three-fifths of the area is
occupied by slight sheet erosion and
remaining by moderately high to high
classes.

The Tistung soil unit occurs in the northern part of the mapped area on

flat to gently undulating terraces.

These soils are deep, imperfectly

drained, and are made up of alluvial colluvial materials derived mainly

from phyllite, quartzite and slate.

Altitude
Surface Soil

Substratum

Other Properties

Suitability
Limitations

Erosion and Landslide Hazards

1700 to 1830 m.; Exposure: Variable,

Light brownish grey to dark greyish
brown, friable, silt loam, 15-30 cm,
thick, few rock fragments.

May be (a) greyish brown to very dark
greyish brown silt loam materials with
many rock fragments mainly from phyllite,
quartzite nd slate (b) poorly sorted
alluvial colluvial materials from large
boulders through to silt.

Neutral to slightly alkaline, very high
in organic matter, high in nitrogen and
potash and medium in phosphorus.

Same as Pa - Ti,
Same as Pa - Ti,

Similar to Palung - Tistung. This soil
unit falls under non-sliding territory.
There is light soil erosion hazard in
this unit and sheet erosion is also
slight,
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GEOLOGY, EROSION AND TERRACEABILITY

GEOLOGY

l.

Physiography

The area consists of land masses of irregular terrains like ridges
and valleys. The table top of the ridges mostly depends upon the rock
types found in the area. In phyllites the tops of ridges are flat in
comparison tc those of quarczite, marble and granite. The rivers fol-
lowing the trend of the rock are more active and wide, whereas the streams
flowing in any other direction are narrow, steep and form deep gorges.

Stratigraphy

A photo-geological map made by J. Stocklin and K. D. Bhattarai
(1972) with some modifications by G. Sharma is presented in Sheet No. II,
6a.

The area is composed of different imetamorphosed sedimentary rocks and
granite bodizs. The paleozoic metamorphosed sedimentary rocks belong to
the Cambrian, Ordovician and Silurian periods. But the Palung massif of
Eocene period, comprised of different types of granites, has been found
intruded in these metamorphic rocks. The following stratigraphic groups
are identified in the project area:

Bhimphedi Croup

Ordovician System

Chisapani Quartzite (Olcp): is exposed on the north of Bhainsedobhan
marble with east to northeast trend. The quartzite is greenish white
in colour and fine grained. It is exposed in Barhaghare and in fault
contacts with Palung granite at some places. Its exposed thickness is
about 100 meters.

Y}
Kulekhani Micaceous Quartzite and Schists (0 are stratigraphically

lku):

identical to the Chisapani quartzite of Bhimphedi-Ipa Khola area. They

are grey to dark-grey, impure, strongiy micaceous quartzites and quartzitic
mica-schists, fine grained and thick-bedded. In the Palung area, dark
schists often with abundant segregationary quartz predominate ovver quartzite
in the upper part of the unit. These calcarecous bands appear as inter-
calations In the schists near the top and form a transition to the massive
basal limestone of the Markhu calcarcous zone. Its total thickness is

more than 1000 meters but it is variably truncated by intrusjions of Palung
Granite.

Markhu Calcarcous Zone (Ozmr+mra): a zone of coarsely crystalline marble

alternates with calcarcous and argillaceous schists. A compact marble
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band, 30 to 50 meters thick, forms the mappable base of the unit. Phyl-
lite and micaschist intercalations with biotite increase because of marble
in the upper part. Worm tracks and clay cracks have been observed in
argillaceous bcds in the Kulekhani Valley, and stromatolites in lime-
stones in the lower Agra Khola (Stocklin - 1972). The unit, which is
excellently bedded and in places forms marked ridges and dip-slopes is
the best marker =zone of the whole catchment area, crossing it diagonally
from the southeast to the northwest corner. Its total thickness is about
400-500 meters.

Tistung Quartzites and Phyllites (03 ti): The calcareous unit of Markhu

calcareous zone changes gradually into argillaceous facis of this unit.
The transition zone of marble into phyllites, slates and quartzites with
quartz mica schist and marble is marked by calcareous, grey, slaty quartz-
ite and phyllites. The transition zone shows a lateral variation from
east to west consisting of the replacement of argillaceous metamorphosed
rocks by more micaceous ones. 1t is dominantly represented by slates and
quartzites in the east and by phyllites in the west.

The slates are fine-grained, grey to dark grey in coiour. The
quartzite is grey to dark grey, fine to medium-grained, poorly banded and
tough. It is composed mainly of quartz with some gneiss and magnetite.
Bands of dark coloured slates are also present. The quartzites and slate
bands contain intercalation of calcareous quartzite. In Chakhel and Rakas
Kholas slaty quartzite horizons are overlain by the greenish grey phyllite
rocks. The phyllite rocks are fine to medium-grained, liniated and foli-
ated.

In Chitlang, Bisenkhel and Tistung Kholas, the Markhu marble has
been overlain by phyllitic quartzite. Near the contact, these phyllites
are either interbedded with marble or they are represented by micaceous
quartzite and quartz-mica schist showing calcareous contact.

The Phyllites are grey to dark grey, pearly, soft, lineated, foli-~
ated and microfolded. They consist of mainly micaceous material and
occasionally telcosec and calcareous. White quartzite and quartz biotite
moscorite schists are traced out in it. The calcarcous members inter-
bedded with phyllite are represented by micacecous marble and calcareous
schists. The marble is fine to medium-grained, white, greyish, brownish,
violet and banded.

Phulchauki Group

Silurian System

Chandragiri Limestones (Sllch) are located in the northern part of the
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area. They are light-grey to greenish-grey, yellow-weathered limestone,
fine crystalline, partly siliceous or sandy and always well bedded.
Argillaceous intercalations are more abundant in the loug part where the
unit breaks into slate slabs that are extensively quarred at some places.
Fine grained pyrite occurs frequently in fine dissemination or as fissure-
filling material. A zone of fine grained quartzite, about 150 m. thick,
was found within the given unit. The total thickness of the units is
2000-2500 m. Near the top of the limestone section on Chitlang pass and
just scuth of it, fairly well preserved fossils have been found. They
comprise small Brachiopoda, Crinoidea and possibly a specimen of a blastoid.
These organic remains suggest an age somewhere in Ordovician-Devonian
range (J. Stocklin).

Sopyang Slates Thin Limestone (82 ): It is a transition bed between

lsg
Chitlang series and Chandragiri limestones, thin bedded, soft-weathering,

dark-green-grey phyllites with thin intercalations of argillaceous lime-
stone. The latter are a few meters thick and often have a lenticular or
rodular aspect. Occasionally more massive limestone bands several meters
thick occur also. Contacts of these rocks are gracational. The thickness
is about 300-500 m.

Chitlang Slates, Quartzites and Quartzitic Limestones (Szcg): This hori-

zon ic marked by the presence of phyllitic quartzite or gricty phyllite
with bands of ferruginous material. The members of this unit are well
exposed in the Chitlang Khola and its thickness is about 3300 m.

The Quartzite is whitish to brownish, fine to medium-grained, friable,
ferruginous and current bedded with a composition of opaque and transparent
quartz. Frequently slate and phyllite rocks are also found interbedded.
Slates are generally grey to dark-grey, fine grained, moderately conusoli-
dated but fractured. Phyllitic rocks that approach a thickness of 50 m,
or more and are greenish grey, foliated and fairly degraded. Slaty bands
are poorly cleavaged. The long horizon of the unit is more or less
calcareous ani contains sccondary calcite encrustation.

Structurally this horizon shows more or less monotonous strike of
NW and a dip of around 507 NE.

Granite (FEocene): The Palung is exposed as two separate bodies which be

virtually connected at depth. These two arce the baman (Palung) and Ipa

granites.

In general Palung massif s aligned WNW-ESE and these granite bodies

have smooth and slightly curved contacts with the country rocks., The
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calcareous material was sedimented at the bottom of the basin existing
at that time.

In the Sopyang time, the conditions of sedimentation were changing
and hence alternate horizons of calcareous and sand-~silt materials were
sedimented at the bottom. At the end of the above-mentioned period,
the territory was highly folding (passing the stage of Kalidonian
foldings), as a result of which a syncline was formed at the northern
side of the area.

The sediments of the Chitlang time are found only at the synclinal
part of the watershed, as if the basin was separated from the existing
entire basin.

After the Silurian period, the territory was folded in the Devonian
period (at the end of the Kalidonian foldings), and at the end of the
Permian period of the Paleozoic era (during Hertianian foldings).

In the Cenozoic era, the territory folded a number of times and at
last in the Eocene, the granite body was intruded in the territory. Dur-
ing the Alpine foldings the territory was highly folded, as a result of
which mountains and valleys were formec in the catchment.

Kulekhani Khola started its history from the Cenozoic era, as a
drainage for the mountains which existed in the past and survive up to
the present time.

In the past, the territory was lighly eroded (and is still being
eroded), as a result of which the watershed formed its present shape.

Geomorphology

The geomorphology of Kulekhani catchment area is dominated mostly
by lithology, geological structure, the high rate of precipitation during
the monsoon and waterset. All these factors have acted, generally to-
gether to form the present morphology of the watershed.

The territory ic divided into the following four geomorphological
units:

(1) Alluvial horizontal or slightly inclined terraces

These are Chitlang, Palung, Tistung and Kulzkhani Valleys.
These valleys are generally located on the synclinal structure of
the bedrock., Chakhel, Tekar, and Lamcahaur are also terraces of
the above mentioned unit.

The three biggest alluvial valleys of the watershed are Palung,
Chitlang and Tistung with areas 7.8 sq. km., 5.3 sq. km., and 2.7



(2)

(3)

(4)
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sq. km. respectively. The total area of the unit in the catchment
is approximately 20 sq. km. The valleys have a relative relief
varying from 50 to 200 meters.

Eluvial and colluvial, rolling to moderately steep fans

These fans are generally inclined to the alluvial valleys.
This unit is located in all Panchayats. The fans are located on
the sides of hill slopes.

The area of the unit in the catchment is about 44 sq. km. The
relative relief of the unit varies from 50 to 500 meters.

Eluvial horizontal or slightly inclined plateaus

These areas are located on the hilltops of Chitlang, Phakhel
and in Daman Panchayats. Their relative relief varies from 200
to 500 meters or more.

The area of the above mentioned unit in the catchment is al-
most negligible.

Eluvial, moderately steep to very steep slopes

This unit is located betwcen units 2 and 3., It is the most
dominant unit in the catchment. It covers 69.8 percent of the
total area of the watershed.

Unit 1 is characterized by high depth of soil cover and the
occurrence of generally light to medium-textured soil. The unit
is either slightly or moderately eroded. Bank erosion along the
rivers is very common for this unit.

Soil depth in Unit 2 is moderate to high, but the texture de-
pends upon the parent material on which the fan has formed. The
unit 1s characterized by moderate to high erosion, depending upon
the land use of the area.

Sheet erosion in the third group is slight, and generally it
is mechanical, due to the rain water, snow, ice, and the high
variance in temperature during day and night. These areas are
either covered by grasses or are undergrowth.

The fourth unit of the arca is characterized by a high rate
of erosion and a shallow soil depth. Rock outcrops are frequently
present in this unit. These areas are either under growth or the
forests of the area are being used as pasture lands. Landslides
of small masses are very common in this unit.

Rills and gullies are highly developed in units 2 and 4.
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EROSION

Based upon topography, morphology, tectonics, lithology, waterset and
biotic interference, the whole project area is classified into different
landslide classes and erosion classes.

Landslide Classes:

A rough sketch of different classes of landslides is presented by Sheet
No. III, 10a. Table 1 has been developed for the classification.

#

Table 1

Landslide Hazards Classification

Rock Class Slope Highly Erodible Erodible Non-Erodible
Above 36° CLASS - I
25° - 36°
|
16° - 25° CLASS - II
|
Below 16° CLASS - III

Rock classes andslope classes have been used as the main parameters for
landslide classification. Rocks have been classified into non-erodible,
erodible and highly erodible,

Non-Erodible: Granite is mostly non-erodible under existing conditions,

though stone falls are common. Only a variance in hydrostatic balance can
alter their future.

Erodible: Quartz, marble, limestone and slate form a group of erodible
rocks. Quartzite are strong enough to resist the process of erosion, but as
they occur in layers with phyllites and schist, their erodibility is highly
increased. 1n these rocks, small scale landslides are very common. Lime-
stone and marble are soluble in mineral water, so they emphasize karst forma-
tion.

Highly Erodible: These are soils of alluvial terraces, phyllites, schist

and Sopyang slates. These rocks and soils are mechanically very weak.
On the basis of the above classification, the territory of the watershed

is divided as follows:
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Class I - Sliding Territory: Examining landslide hazard map (Sheet No.

111, 10a), it is clear that about 13 percent of the catchment area falls in
this class.

This area has typical old landslides and geomorphology. There is no
probability in the dry season, but in the rainy season landslides can occur.
The volume of the sliding mass is small and is not dangerous to people.

About 60 percent of Deorali (Drz), 50 percent of Khadpu-Bhalukharka, 20 per-
cent of Charkhu and 12 percent of Chhankhu soils are included iu this category.

Class II - Moderately Non-Sliding Territory: This class comprises about

37 percent of the catchment area. The rocks are stable even in the rainy
season but they can slide with a change in the hydrostatic balance of the
area, (This class is included here because the hydrostatic balance will
change after the completion of the dam in Kulekhani.) The units which fall
under this category are Angare, Khuplang (Kuz) and Chhankhu-Tekar.

Class I11 - Non-Sliding Territory: Where there are slanting slopes and

almost horizontal valleys, there is no possibility of landslides. In these
areas soil erosion (bank and bottom erosion) is only possible by rivers,
though surface erusion in thke rainy season is not uncommon.

About half of the watershed area falls in this category. Practically,
the soil units liable to be unaffected by sliding are Daman, Chhankhu,
Chitlang, Khadpu (Kdl), Tekar, Tistung and Palung~Tistung.

Soil Erosion: Depending on its nature, soil erosion can be divided into

sheet erosion, rill and gully erosion, and bank and bottom erosion.

Sheet Erosion: Sheet erosion is very high in the area. Sheet erosion

is mostly governed by the slcpes and more influenced by soil texture, though
in some places it 1s checked by natural vegetation--forests and grass fields.
According to erodibility, the soils are divided into the following four groups:

Group 1 - High erodible soils: These are fine sand, loamy sand and silt

loam. They are found in cultivated areas.

Group 2 - Erodible soils: These are medium sand, loam, lying in culti-

vated areas and the soils of the first group in forests and other natural

vegetation.
Group 3 - Moderately Erodible Soils: These are clay loam, silty clay loam,

coarse sand and sandy clay loam under cultivation and the soils of group 2

under natural vegetation.

Group 4 - Moderately non-erodible soils: These are sandy clay, silty

cley, and gravels under cultivation as well as under natural vegetation and

the soil of groups 3 under natural vegetation,
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A map of potential sheet erosion, made on the basis of soil texture and
slope divides the territory into three classes (Sheet No. IVa, 12a). Table

2 gives a general 1dea of the sheet erosion classification.
Table 2

Sheet Erosion Classification

Soil
Slope Group Group 1 Group 2 Group 3 Group 4
over 25°
16° - 250 CLASS - I
52 - 16° CLASS - II
Below 5° CLASS - III

Class I - Highly Eroded Territory: These are territories lying on slopes

over 250, and also territories having soil textures of groups 1 and 2 lying
on slopes above 16°. These territories are either cultivated or barren.
About 68 percent of the catchment area falls into this category. More than
80 percent of Khuplang (K,z), Angare, Chhankhu (Chz) and Khadpu-Bhalukharka
is included in this class, whereas 60 to 70 percent of the areas of Bisinkel~
Chhankhu, Deorali, and Daman fall under this class.

Class I1 - Moderate to Highly Eroded Territory: These are territories

lying on slopes between 160—250, having soil textures of groups 3 and 4 and
also territories lying on slopes between 5° and 16° and having soil textures
of groups 1 and 2.

Approximately 19 percent of the catchment area falls in this class. Over
80 percent area of Chitlang is included in this class. 50 to 70 percent of
the areas of Khuplang (Kul), Khadpu, Bisingkhel-Chhankhu and Tekar fall under
this category.

Class III - Slightly Eroded Territory: These territories lie on slopes

below 5° and on slopes below 16° for the soils of groups 3 and 4. About 13
percent of Kulekhani catchment area is included in this class. Palung-Tistung
Tistung are the main soil units undergoing a slight degree of crosion. About

50 to 60 percent uf the area of Chhankhu (Cnl) and Tekar fall in this category.
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Rill and Gully Erosion:

Rills and gullies are numerous in the project area. The main reason

for this type of erosion is the high rate of precipitation during the mon-
soon and the fact that the watershed is composed of weak, silt-cemented,
highly weatherable rocks. The above mentioned process is more conspicuous
in those landscapes having high relief and steep slopes. These rills and
gullies feed the perennial rivers in the rainy season; hence, they are
themselves highly eroded during this process and in consequence increase
the erod bility of the perennial rivers.

Bank and Bottom Erosion:

Waterset, which is highly developed in the area, is the main agent of
bank and bottom erosion. There are many rivers with perennial flow, though
their discharge depends upon the season, with the maximum reached in tke
monsoon. The biggest of the rivers is Kulekhani Khola which is fed by a
number of perennial rivers such as Chitlang Khola, Chakhel Khola, Sankhamul
Khola, etc. As mentioned above, the density of steep rills and gullies,
serving as seasonal rivers, is high in the watershed.

As the rivers flow on the bedrocks, bottom erosion is negligible but bank
erosion in the flood season is common in the alluvial valleys of the catch-
ment.

Soil Erosion Hazard Classes:

Soil erosion hazard classes are mainly defined on the basis of slope,
land use, zeology and extent of landslides as well as characteristics of
soil units recognized in the catchment area. The classes are: slight,
slight ¢c moderate, moderate, and severe (Sheet No. IVb, 13a). Table No. 3
gives a general idea of the soil erosion hazard classification.

I. Slight: Soil units of Tistung, Palung-Tistung and Chhankhu-
Tekar are completely in the category undergoing slight >rosion.

II. Slight to Moderate: Approximately 60 to 70 percent of the

area of Daman (Daz), Khuplang (Kuz) and Chharkhu (Cr) fall in
this class.

I11. Moderate: Angare, Deorali (DR2), Chitlang, Chhankhu (Cnl),
Bisingkhel-Chhankhu and Khadpu are the soil units estimated to
be in the class having moderate crosion. Eighty percent of the
arca of Chhankhu (an) and Tekar are also included in this class.

IV. Secvere: A high or severe degree of erosion can be encountered

with soil series such as Daman (Dal), Khadpu-Bhalukharka and
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Table 3 - Soil Erosion Hazards Classification

Soil Erosion Hazard Class
Slope Landslide Soil Units Cultivated} Pasture} Forest
Land Land
)
5 - 16 Non-sliding All other soil I (Valley 11 II*
territory units except Lithic | terrace)
soils II (Other
areas)
16 - 25°| Non-sliding All other soil I II,III% I-11,
territory units except III*
Lithic soils
25 - 36° Moderately non- All other soil 111 II1 I-1I
sliding territory | units except
Lithic soils
Lithic coils - - II
(Angare)
Non-sliding All other soils III II I-1I
territory in units except
granitic Lithic soils
geology
- 36°| s1iding territory | All other soil 111 II1 | III
units except
1 Lithic soils
Moderately non- Lithic soils II1 - II

sliding territory
in granitic

geology

(Deorali)

* Accelerated soil erosion due to human influence.
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is included in this class.
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About 80 percent of the area of Khuolang (Kul)
20 percent of ~“hhankhu (an), 40

percent of Khuplang (Kuz), and 30 percent of Charkhu also fall

under this class.

TERRACIBILITY

Terracibility is an estimate of the suitability of sloping areas for

constructing terraces for cultivated rrops.

of Kulekhani catchment area is shown in Sheet No. V (l4a).

For

A terrace suitability class map

classifica-

tion the criteria used are slope, elevation, relief, presence of landslides

and characteristics of soil units.

race suitability classification.

Table 4 gives a general idea of the ter-

Table 4

Teriace Suitability Classification

Terrace
Elevation Slope Relief Landslides Soils Suitability
Class _
All other I (incluu-
Below 7000 ft. 5-16° 50-200m | Non-sliding soil vnits ing valley
except Lithic|terrace)
soil
All other
Below 7000 ft. 5-16° 200-500m | Non-sliding | soil units 11
territory except Lithic
soils
Non-sliding All soil units
Below 7000 ft. 25-36° 200-500m | territory plus some 111
50-200m | moderately Lithic soll
200-500m | non-sliding
territory
Non-slilding All other
+u00 ft, and -16° 200-500m | tervitory 501l units
above -500m erxcept Lithic
L. soils
25-360 | 200-500m | Moderately All Other
-360 =50MNm | sliding soil units Unsuitable
=500m |territory except Lithic
soils
Sliding All other
=360 ~500m | territory goll units
except Lithic
soils
Moderately All othersoil
Below 7000 ft. 25-36° ~=500m |non-sliding | units + some
-36° territory Lithic soils
200-500m | Sliding All other soil
-36° ~-500m |territory units except

LLithic solils
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Terrace suitability of the areas within Kulekhani catchment have been
classified as high, moderate, poor and unsuitable. This is described in
the following paragraphs.

Highly suitable: About 5.5 percent of the area of Kulekhani catchment area

is highly suitable for terracing. The main soil units in this category are

Palung-Tistung and Tistung.

Moderately Suitable: About 30 percent of the catchment area is moderately

suitable for terracing. Chb nkhu (Cnl), Chhankhu-Tekar, Chitlang, Khadpu
and Kogte are included in this category. Approximately 80 percent area of
Chhankhu (Cn2) and Tekar are also categorized in this class. About 30, 40,
and 50 percent of the areas of Khuplang (Kul), Daman (Dal) and Bisingkhel-
Chha=l.! 1, respectively, are estimated to be moderately suitable for ter-
racing.

Poor Suitability: About 23 percent of the catchment area is rated tec be of

poor suitability for terracing. About 50 to 60 percent of the areas of
Disinskhel-Chhankhu, Daman, Khuplang (Kulx and Khadpu-Bhalukharka are in-
cluded in this class,

Unsuitable: A major portiou of the catchment area has been recognized as
unsuitable for terracing. The unsuitable area has been estimated to be 41.5
percent of total catchment area. The soil units identified as unsuitable
for terracing are Angare, Charkhu and Deorali. About 80 percent of Khuplang
(Kuz) also falls in this class. Half the areas of Daman (Daz) and Khadpu-
Bhalukharka are also estimated to be unsuitable for terracing.

Conclusions and Recommendations:

a. Conclusions: In view of all the above mentioned factors, we have come to
the conclusion that the Kulekhani catchment area is highly active, due
to not just a few but many factors acting together to accelerate major
and minor types of erosion. The most important factors behind erosion
are:

i. weull hedrock;

11. high average annual rainfall and rate of precipitation;
i14. highly developed riverset;

iv. steep slopes;

v. lach of adequate vegetation cover especially near human habitation.

Landslides in the watershed are not dangerous for the human habitations
or for the cultivated areas except in some special cases. Regarding ter-

racing, about 65 percent of the c..tchment area is poor or unsuitable.
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b. Recommendations: On the basis of the above mentioned physical factors,

the following points are noted and recommended:
i. Landslides (see Sheet No. III) of the area in some Panchayats
(Chitlang, Chakhel, Kogte and Ipa panchayats) though not dangerous
now can be dangerous in the future when they will reach the vil-
lages and cultivated areas.

ii. In some villages such as Likhu and Majuwa of Chitlang Panchayat,
where steep to very steep slopes are being cultivated, landslides
can occur with the accumulation of water on the man-made terraces.
Such lands should be left under forest or well managed pasture.

iii. Bank erosion, along the rivers of Chitlang, Chakhel, Sankhamul and
Kulekhani, is very high, which should be checked with the aid of
plantation along the bank or with the aid of any other feasible
structures.

iv. Sheet erosion in the cultivated alluvial terraces is very high.
Though the process of sheet erosion is not catastrophic, it is
noticeable, and hence the soil fertility curve of the area may go
down instead of up. Thus, the valley soils will have to be well
managed.

v. Sheet erosion is very high in che catchment area. It is a very
slow process accelerated ... slopes by:
1. multiple use of forests as pasture land,
2. cutting trees for fuel and timber,
3. cutting of bushes and vines for feeding livestock,
4. burning of forests and jungles, etc.
Therefore, the above activities should be strictly controlled and
conservation measures established.

vi. During the monsoons, floods occurring in the Kulekhani Khola and
its tributaries cause floods in the adjacent cultivated areas,
which should be protected by plantation along with some embankments.

vii. Rill and gully erosion connected ~itl the soft silt-cemented rocks
and the high rate of percipitation in the monsoon are numerous in
the watershed, These areas should be protected.

viii, Criological erosion, though rare, does occur in the catchment, es-
pecially on areas above 8000 ft. elevation, which should be taken
into account in planning.

ix. About 35 percent of the catchment area is moderate to highly suit-

able for terrace making,
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USES AND MANAGEMENTS OF THE SOILS

Agriculture
The soil units mostly poor to unsuitable for arable farming are Angare,

Charkhu, Chhankhu (an), Deorali (Drz) and Khuplang (Kuz). The main reason
that these soils are unsuitable for arable farming may be attributed to mod-
erately steep to steep slopes occupying the upper areas or portions of mountain
ridges and many rock fragments on or near the surface soil. These units mostly
occupy natural forests.

Suitability for various crops have been wnrked out (see description under
mappiug units) and are described in the following:

Rice: Palung-Tistung and Tistung soils are highly suitable for the
cultivation of rice. Kogte soils are moderately sultable. Poor
to uncuitable soils are Bisingkhel-Chhankhu, Chhankhu-Tekar,
Chhankhu (Cnl), Daman (DAZ)’ Khadpu-Bhalukharka and Chitlang.

Maize: Highly suitable soil units for maize cultivation are Bisingkhel-
Chhankhu, Chhankhu, Khadpu (Kd}) and Kogte, Khuplang (Kul) and
Takar. Chhankhu-Tekar, Chitlang, Daman (Daz) and Khadpu-
Bhalukharka units are moderately suitable for naize growing.

Palung-Tistung soil is considered to be poor to moderately suit-

able.
Millet: Suitable areas for millet are roughly the same as for maize.
Mustard: Soil suitability for mustard is the same as for maize and millet.
Wheat: The Khuplang series (Kul) is considered to be highly suitable for

wheat cultivation. Moderately suitalble areas are Bisingkhel-
Chhankhu, Chhankhu (Cnl), Chitlang, Khadput-Bhalukharka, Palung-
Tistung, Tistung and Tekar. The Chhankhu-Tekar unit is poor to
moderately suitable for wheat.

Potato: The Bisingkhel-Chhankhu soils unit is highly suitable for growing
potatoes. The units identified as moderately suitable are Daman
(Daz), Palung-Tistung, Tistung and Tekar. The Chhankhu-Tekar
unit is poor to moderately suitable.

Buckwheat : Khuplang (Kul), Kogte and Tekar are highly suituble for buck-
wheat. The moderately suitable soil units are Chhankhu-Tekar,
Daran (Daz) and Khadpu-Bhalukharka.

Barley: Moderately suitable soil units for barley are Bisingkhel-Chhankhu
and Tekar. Chhankhu-Tekar and Palung-Tistung soil units are poor

to moderately suitable for barley.
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Sugarcane: Sugarcane is only grown to a small extent in the cetchment area.
The Palung-Tistung soils are moderately suitable for growing
sugarcane. Poor to unsuitable soils include Bisingkhel-Chaankhu,
Chhankhu-Tekar, Chitlang, Daman (Daz), R¥hadpu-Bhalukharka
Khuplang and Tekar.

Fertilizer Recommendation

In general, the organic matter status of the soils of the Kulekhaui Catch-
ment area ranges from high to very high., Nitrogen is rated high in all the
soil. units except Angare and Chhankhu (Cnl‘ soils which have medium status.
Gererally the catchment area contains high to very high amounts of potash.

The soil units containing a medium amount of potash are Angare, Deorali (Drl)
Khuplang (Kul\ and Palung~Tistung. Phosphorus is high in four soils (Daz, Ko,
Kd-Bk, Ti), medium in nine soils (An, Bi-Cn, Cn, Cn-Tk, Da, Drl, Pa-Ti, Ti) and
low in five soils (Cn, Cg, Kdl, Kul, Kuz). The fertility status of various
soil units is given in Table 5.

The optimum fertilizer recommendation for various crops have been calcu-

lated and is presented in table 6.

Horticulture

As mentioned earlier, the altitude of the Kulekhani Catchment area varies

fror about 1200 to 2400 m. Subtropical fruits such as guava, papaya, and
pomegranate are grown in some places, as most of the area falls under the
temperate zone. Among citrus fruits, lime and lemon can be grow: everywhere.
Mzjor important temperate fruits include pear, plum and peach. C:her fruits
such as apricot, almond, persimmon, walnut, etc., can be grown in limited
areas. Althiough apple is grown in various locations such as Angare, Kogte,
Khuplang, Tekar, Daman, etc., the suitability is considered to be poor to
moderate because of the unfavourable climatic condlitions. In general, the
Kulekhani Catchmeat area can be categorlzed as moderately sultable for prowing

the above mention~d f-uits.

If the fertility status of the soll with respect to a certain nutrient

is high (see Table 1), only 1/4th of the recommended dose {6 to be applied.

1f the nutrient rating is medium, half of the rcecommended dose should be ap-
plied. 1In casc of low nutrlent status, the full recommended dotie should be

added.

Among vegetables, cole crops (cauliflower, cabbage, khol khol), radish,

colocasia, etc., ~cem promising. 1n some places adjoining Kathmandu Valley,
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Table 5 - Fertility Status Rating of Various Soil Units of
Kulekhani Catchment Area
Soil Unit OMT::;C N P,05 K,0
1, |Angare High Medium t»dium Med{um
2.|Bisingkhel-Chhankhu High High Medium High
3.|Charkhu High High Medium High
4, |Chhankinu High Mediun Low High
5. [Chhar.ckhu-Tekar High High Medium High
6.|Chitlang High High Low High
7a, |Daman, Cultivated High High Medium digh
7b, |Daman, Forest High High High High
8a.|Dcorali, Cultivated High High Med{ium High
8b, |Deorali, Forest High Hipl Med{um Medium
9, [Khadpu-Bhalukharka High High High High
10, |Khadpu, Cultivated High tigh Low Righ
11a, [Khupland, Cultivated High High Low Medium
11b, [Khuplang, Forest Bigh Medium Lo High
12. {Kogte High High High High
13,1 Palung-Tiatuny; High High Med{um Medium
14, |Tckar High High ‘Hgh Mgh
15. |Tietung High High Mcd iun High
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Table 6 - General Fertilizer Recommendation for Various Crops in
Kulekhani Catchment Area (Kg,/Ha,)

Organic 2/ 1/ 1/ 1/
Crops ) Manure N P205 Kzo—
Rice Improved 6000 75 20 20
Local 6000 30 ' 15 15

Maize Improved 6000 90 35 25
Local 6000 45 15 15

Millet 4000 30 20 20
Mustard 6000 30 20 20
Wheat Improved 6000 75 30 20
Local 6000 45 20 15

Potato Improved 10000 60 40 40
Local 10000 40 20 30

Buckwheat 4000 30 20 20
Barley Improved 6000 45 20 20
Local 4000 30 15 15

Sugarcance 10000 90 40 35

1/ Joshy & Deco, 1976,

2/ Karki, 1975,
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peas are becoming popular because the farmers can easily sell this produce in
the Kathmandu market.

The growing of legumes to only a small extent may be attributed to high
acidity. To obtain a satisfactory yield, the soil should be limed to desired
pH.

General fertilizer recommendations for vegetables and fruits are given in

Table 7.

Pasture

Chitlang soils are highly suitable for pasture subject to the addition
of phosphatic fertilizer. Most of the units fall under poor to moderately
suitable classes. The units recognized as moderately suitable for pasture
are Bisingkhel-Chhankhu, Chhankhu (Cnl+Cn2), Kogte and Khuplang (Ku2). Angare,
Chhankhu-Tekar, Daman (Da2), Deorali (Dr2) and Tekar units are caregorized in
between poor to moderately suitable areas for pasture. Poorly suitable units

are Daman (Dal), Khadpu-Bhalukharka, Khadpu and Khuplang (Kul).

Forestry
The highly suitable areas for forestry are Charkhu, Chhankhu (Cn2),

Chitlang, Daman (Dal), Khadpu-Bhalukharka, Khadpu and Khuplang. Angare, Daman
(Da2) and Deorali (Dr2) fall in between moderate to highly suitable areas.
Moderately suitable units for forestry are Bisingkhel-Chhankhu, Chhankhu (Cnl),
Chhankhu-Tekar and Khuplang (Kul).

Various shrubs and trees existing under natural conditions are described

in Section I.

Terraceability
The Palung-Tistunp soil unit and Tistung soils are recognized as highly

suitable for terrace making since these soils occur on flat to gently undu-
lating slopes. Soil units having moderate suitability for terracing are
Chhankhu-Tekar, Chitlang, Khadpu and Kogte. About 5U to 60 percent area of
Bisingkhe)-Chhankhu, Daman, Khuplang and Khadpu-Bhalukharka are categorized

in the poorly suitable class. A major portion of the catchment area is iden-
tified as unsuitable for terracing mainly because of the steep nature of the
slopes, erosion or landslide hazards, and because some arecas occupy the upper
portions of mountain ridges. Soil units identified as unsuitable {or terrace
making are Angare, Charkhu, Deorali and Khuplang (Kuz). About 50 percent area

of Daman (Dnz) and Khadpu-Bhalukharka is also unsuitable for terracing.
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Table 7

Fertilizer Recommendation for Various Fruits and Vegetables

in Kulekhani Catchment Area

Kindl/ gzxpg;t Chemical Fertilizers (Kg./Ha.)

i N PZOS KZO
1. Cole Crops 20,000 50 60 40
2, Bulb Crops 20,000 60 40 60
3. Radish 20,000 45 30 40
4.  Legume 30,000 25 50 40
5. Colocasia 25,000 40 30 80
6. Cucurbits 35,000 20 40 60

7. Tomato, Chilli,
Brinjal, Ochra 25,000 40 30 50

8. Leafy Vegetables 25,000 40 25 25

1/ Karki, 1975.



Ftuitsz

/

Non-Bearing Stage (Amount/Tree)

Bearing Stage (Amount/Tree)

Kind of FYM or | Oil Complexal | Muriate |FYM FYM or | 0Oil Complexal Muria- FYM
Compost | Cakes | (20:20:0) | Potash |only Compost| Cakes | (20:20:0) ;ztzsh only

1. | Papaya 10 kg - - - - 45kg | 1 kg| 1 kg |500 kg | 60 kg
2, | Guava 10 kg - - - - 45 kg - - - -
3. | Pomegranate | 10 kg | 500kg - 100 g - 45 kg | 2.5kg | 1.2 kg - -
4, | Citrus 10 kg lkg 200 g 135 g - 36 kg | 4.5kg - - -
5. |Apple 10 kg - 225 g 85 g | 25 kg 45 kg - 2.25 kg | 300 -
6. | Peace - - 250 g 85 g | 25 kg 30 kg - 1 kg | 400 -

7. | Plum 10 kg - 500 g 100 g | 25 kg 45 kg - 2 kg {300 60 kg
8. | Pear 10 kg - 300 g 85 g | 25 ke 45 kg - 2.25 kg | 300 -
9. | Apricot - - 250 g 85 g | 25 kg 30 kg - 1 kg | 400 -
10. | Walnut 25 kg - 65 g - - - - - - -
11, | Persimmom 10 kg - - - - 45 kg - - - -

2/

Sinha, 1975,

VA
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APPENDIX I - DESCRIPTION OF SOILS AND ANALYTICAL DATA

Technical descriptions and available analytical data for the main soils recog-
nized in each mapping unit are presented in this section. Each soil is classified
in terms of Soil Taxonomy: A Basic System of Soil Classification of Making Inter-
preting Soil Surveys, USDA, Agr. Handbook No. 436. The nomenclature of the USDA
Soil Survey Manual (USDA, 1951) and the FAO Guidelines for Soil Description (FAO,
1977) have been followed.

According to the USDA classification, texture is based on hydrometer readings,

and the colour notations follow the Munsell Colour Charts (1954). PH is deter-
mined in 1:1 soil water ratio with pH meter and nitrogen by the standard micro-
kjeldahi method. Available P205 was determined colorimetrically by Bray's or
Olsen's method, depending upon soil pH,and potassium by flame photometer (Jackson,
M. L. 1962). Physico-chemical analyses of soils collected from the Kulekhani
catchmen' area were performed in the Division of Soil Science and Agricultural
Chemistry, Khumaltar.

The classification of soils is mainly based on morphological descriptions of

soils with a minimum of analytical data available at the time of report writing.

Therefore this classification is considered provisional.

1. Angare Series, An

The Angare series are somewhat excessively well drained soils developed on
moderately steep to steep slopes, made up of materials derived mainly from marble.

These soils are under a forest vegetation dominantly of Pinus roxburghii,

Rhododendron Spp., Lyonia ovalifolia and Pyrus pashia.

The Angare series is classified as a course loamy, mixed, mesic family of Lithic

Rendolls.

Typical Profile

Location: Site 26, aerial photograph R 20-22, topographic map 72 E/2
near Angare, Makwanpur District 1950 m. a.s.l.; Southwest
exposure.

01 3-0 cm Forest litter, mainly loose undercomposed leaves underlain
in places by partly disintegrated leaves and twigs with
ccme fungal hyphae.

Al 0-20 cm Very dark greyish brown (10 YR 3/2) moist; silt loam; weak

to moderate granular crumb + angular blocky, friable moist;



B2 20-40 cm

R 40 + cm

Analytical Data

46

slightly sticky, non plastic wet; few rock fragments,
many fine to medium roots; pH6.6; clear boundary.

Very dark brown (10 YR 2/2) moist; silt loam, moderate to
strong fine crumb + angular blocky, very friable moist;
sticky, non plastic wet; thin patchy dark greyish cutans
along the vertical ped faces and root channels; many rock
fragments; pH 6.5; clear boundary.

Weathered marble in situ.

Lab. No.| Horizon | Depth Particle Size Distribution
(cm.) 0.05-2.0 002-05 |.002 Texture
sand 7 silt % |[clay %
SS 890 Al 0-20 23 66 11 Silt loam
SS 891 B2 20-40 27 60 13 Silt loam
Depth H I’?'O5 K O

Horizon (em.) p Kg/halKg/ha | 7 o.C.] % N C/N}| OM, %
Al 0-20 6.6 24,7 |225.7 2.97 0.08 3.71 5,11
B2 20-40 6.5 16.4 }150.5 1.42 0.03 4.7 ) 2.45

2. Bhalukharka Series

The Bhalukharka

series are well drained soils developed on rolling bench ter-

races made up of soil material derived from phyllite and quartzite. These soils

are mainly in maize,

The Bhalukharka

millet, mustard and buckwheat cultivation.

series 1s classified as a fine loamy, mixed, mesic family

of Typic Eutrochrepts.

Typical Profile

Location:

Al 0-14

Site 16, aerial photograph R 17-24, topographic map 72 E/2
near Bhalukharka Todkakhanikhet Panchayat, Makwanpur Dis-
trict 1802 m, a.s.l.; Northeast exposure.

Dark yellowish brown (10 YR 4/4) dry; dark greyish brown



Bl 14-40 cm

B21t 40-61 cm

B22t 61-98 cm

B23t 98-150+ cm

Analytical Data
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(10 YR 4/2) moist; silt loam, moderate to strong fine

crumb + angular blocky, friable moist slightly sticky,

non-plastic, few rock fragments; pH 6.5; gradual smooth

boundary.

Yellowish brown (10 YR 5/6) moist; diffused yellowish

brown mottles; silt loam; moderate to strong, fine to

medium crumb + sub-angular blocky, friable moist, slightly

sticky, slightly plastic wet; thick patchy cutans along

vertical and ped faces; few rock fragments; pH 6.85;

gradual boundary.

Dark yellowish (10 YR 3/4) moist; silt loam; prismatic +

angular blocky; firm meist; sticky, slightly plastic wet;

thick dark browncutans along the vertical ped faces; few

rock fragments; pH 6.9: gradual smooth boundary.

Dark yellowish brown (10 YR 4/4) moist; silty clay loam;

blocky to sub-angular blocky; firm moist; sticky plastic

wet; thick patchy brown to dark brown cutans along the

vertical ped faces; pH 6.8; abrupt smooth boundary.

Dark brown (7.5 YR 5/4) moist; silty clav loam; massive;

firm moist; sticky plastic wet; pH 6.5.

Particle Size Distribution
Lab. No. Horizon Depth 0.05-2 ] 0.002-0.05 .002 Texture
(cm.) sand 7% silt 7 clay 7
SS 810 Al 0-14 26 64 10 Silt loam
SS 811 Bl 14--40 20 59 21 Silt loam
SS 812 B21t 40-61 20 54 26 Silt loam
SS 813 B22t 61-98 12 60 28 Silty clay
loam
SS 814 B23t 98-150+ 12 54 34 Silty clay
loam
Horizon Depth pH PZ0> K§O % 0.C % N C/N 0.M. %
KG/Ha | Kg/Ha | © °° ’ ’ Tt
Al 0-14 6.5 | 236.0 | 650.0 3.25 0.33 9.8 5.60
Bl 14-40 6.85] 63.81419.3 ] 0.54 0.09 6.0 0.94
B21¢ 40-61 6.9 67.9 | 478.4 1 0.65 0.07 9.2 1.12
B22t 61-98 6.8 96.8 | 559.1 0.77 0.07 11.0 1,33
B23t 98-150+ 6.5 80.3 |763.3 ] 0.91 0.09 110.1 1.57
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3. Bisingkhel Series

The Bicingkhel series are well drained soils developed on rolling terraces made
up of materiais derived from slate, limestone and quartzite., It is mainly in maize,
millet and mustard cultivation.

The Bisingkhel series is classified as a coarse loamy, mixed, mesic family of
Typic Hapludalfs.

Typical Profile

Location: Site 8, serial photograph R 21-31, topographic may 72 E/2,

near Bisingkhel, Makawanpur District 1803 m. a.s.l.; South-
east exposure.

Ap 0-15 cm Dark yellowish brown (10 YR 4/4) moist; silt loam; moderate
fine to medium crumb angular blocky, friable moist, slightly
sticky, non-plastic wet; few rock fragments; few fine roots,
pH, 6.1; gradual smooth boundary.

B21 15-36 cm Dark yellowish brown (10 YR 3/4) moist; silt loam; moderate
fine to medium crumb sub-anpgular blocky, friable moist,
slightly sticky, non-plastic wet; thin patchy brown to dark
brown cutans; few rock fragments; pH 6.4; gradual smooth
boundary.

B22 36~-80 cm Dark yellowish brown (10 YR 4/6) moist; silt loam; weak to
moderate fine patches sub-angular blocky, moist friable,
slightly sticky non-plastic wet; thin patchy cutans; pH
6.55; eradual smooth boundary.

Alb 80-100+ cm Dark vellowish brown (10 YR 3/4) moist; silt loam; weak to
moderate, fine sub-angular blocky, friable moist; slightly
sticky, non-plastic wet; few rock fragments; pH 6.6.

Analytical Data

Particle Size Distribution
0.05-2 0.002-0.05 .002 Texture

Lab, No.| Horfizon |} bepth (cm) | sand % silt % clay 7%

SS 784 Ap 0-15 24 61 15 Silt loam
§S 785 B21 15-36 24 59 17 511t loam
5SS 786 R22 36-80 24 65 il Silt loam

SS 787 Alb 80-11(+ 24 63 11 Silt loam
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Depth P2 05| K0
Horizon (cm) pH Kg/Ha | Kg/Ha %C %N C/N 0.M%
Ap 0-15 6.1 37.6 838.6 2,17 0.16 13.5 3.74
B21 15-36 6.4 20.6 623.6 | 2.53 0.14 18.0 3.22
B22 36-80 6.5 10.3 467.7 0.69 0.13 5.3 1.19
Alb 80-110+ 6.6 10.3 204.2 1.79 0.10 17.9 3.08

4, Charkhu Series, Cr

The Charkhu series are well-d-ained soils developed on steep slopes made up of

materials derived from slate. Th: soils are under a forest cover dominantly of

Quercus incana, Quercus semecarpifolia, Rhododendron spp. Castanopsis spp. Myrica

nagli and Pyrus pashia.

The Charkhu series is classified as a fine loamy, mixed mesic family of Umbric

Dystrochrepts.
Typical Profile

Location:

01 3-0 cm

Al 0-12

B21 12-36 cm

B22t 36-52

Site 1, aerial photograph R 21-34, topographic map of E/2
near Charkhu Chautara forest, Chitlang Panchayat Makawanpur
District, 2105 m. a.s.l.; southwest exposure.

Forest litter, mainly loose under-composed leaves underlain
in places by partly disintegrated leaves and twigs with
some fungal hypae.

Dark brown (7.5 YR 3/2) dry, very dark brown (10 YR 2/2)
moist; silt loam; granular + crumb, very friable loose
moist, non-sticky, non-plastic wet; few rock fragments,
many fine to course roots; pH 5.9 abrupt smooth boundary.
Dark brown (7.5 YR4/4) moist; silt loam; fine to medium
granular crumb + suban, ular blocky, friable moist; sticky,
elightly plastic wet; many rock fragments; few medium to
very course roots; ph 5.6 gradual wavy boundary.

Dark brown (7.5 YR 4/4) moist, loam, very weak subangular
crumb, friable moist; non-sticky, non-plastic wet; Fe

roots; pH 6.15.
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Analytical Data
Particle Size Distribution
Lab No. Horizon | Depth (cm) 0.05-2 | 0.002-0.05 .002 Texture
sand 7 silt 7 clay 7
01 3-0
SS 845 Al 0-12 23 53 24 | Silt loam
SS 844 B21 12-36 23 55 22 | Silt loam
SS 845 B22t 36-52 31 49 20 | Loam
Depth P2 0° | Ky0
Horizon| (cm) pH Kg/Ha | Kg/Ha | %0.C| %N C/N 0.M.7
01 3-0
Al 0-12 | 5.9 26.7 360.1 | 9.80 )] 0.65 | 15.0 16.87
B21 12-36 | 5.6 14.4 96.7 | 1.7510.20 8.7 3.01
B22t 36-52 | 6.15 14.4 119,2 | 0.28 | 0.06 4.6 0.49

Chhankhu S

eries

The Chhankhu scries are well-drained soils developed on moderately steep to

steep slopes made up of materials derived from slate, phyllite and quartzite.

These soils are under a forest cover predominantly of Pinus wallichiana, Schima

wallichii, Rhododendron spp. Berbaris aristata and Lyonia ovalifolia.

The Chhankhu series is classified as a fine loamy, mixed, mesic family of

Ultic Haplustalfs.

Typical Pr

ofile

Location:

Al 0-10 cm

Site 4, aerial photograph R 20-29, topographic map 72 E/2
near Chitlang Panchayat, Makawanpur District; 1802 m.
a.s8.1.; Southwest exposure.

Yellowish red (5 YR 5/6) dry, yellowish red (5 YR 4/6)
moist; loam, weak very fine granular crumb + subangular
blocky, non-uticky, non-plastic wet; few rock frapgments;
few concretion probably of FE and Mn; many fine roots;

pH 5.9; gradual smooth boundary.
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B21t 10-32 cm Strong brown (7.5 YR 5/6) moist; silt loam; weak very fine
crumb + sub-angular blocky, slightly sticky, non-plastic
wet granular friable moist; few rock fragments; few
concretion probably of Fe and Mn, pH 6.1; clear smooth
boundary.

B22t 32-65+ cm Strong brown (7.5 YR 5/8) moist; silt clay loam, fine to
medium crumt + subangular blocky, friable moist, slightly
sticky non-plastic wet; many rock fragments of weathered
slate increasing with depth; pH 6.1.

Analytical Data

Particle Size Distribution

Lab No. Horizon | Depth (cm) 0.05-2 | 0.002-0.05 002 Texture
sand 7 silt 7% clay %

SS 826 Al 0-16 42 49 9 Loam

SS 827 B21t 10-32 20 54 26 Silt loam

SS 828 B22t 32-65+ 12 58 30 Silt clay
loam

Depth P2 05| K0

Horizon (cm) pH Kg/Ha Kg%Ha %C %N C/N 0.M.%

Al 0-10 5.9 14.4 268.8 | 3.70 0.28]13.2 6.37

B21t 10-32 6.1 4,1 225.,7 | 0.81 0.31| 2.6 1.40

B22t 32-65+ | 6.1 6.1 209.6 | 0.04 -- - 0.42

6. Chitlang Series, Cg

The Chitlang series are moderately well-drained soils developed on moderately
steep slopes made up of materials derived from phyllite and quartzite. The soils

are mainly in natural pasturc land.

The Chitlang series is classified as a fine clay, mixed, mesic family of Udic

Haplustalfs.
Typical Profile

Location: Site 23, aorial photograph R 19-30; topographic may 72 E/2
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Al 0-14 cm

B21t 14-32 cm

B22t 32-85 cm

Analytical Data:
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Markhu panchayat, Makawanpur District; 1930 m. a.s.l.;
Southwest exposure.

Reddish yellow (5 YR 6/6) dry; reddish brown (5 YR 4/4)
moist; sandy loam; strong fine to very fine crumb + sub-
angular blocky, friable moist; sticky non-plastic wet;

few rock fragments; few fine roots; pH 6.2; gradual boundary.
Dark reddish brown (5 YR 3/4) moist; silty clay; strong fine
crumb + angular blocky; friable moist; sticky, non-plastic
wet; dark reddish brown cutans along the vertical ped faces
and root channels; few rock fragments; pH 6.5; gradual
boundary.

Reddish brown (5 YR 4/4) moist: silt clay; moderate to strong
fine to medium crumb + sub-angular blocky; firm moist;
slightly sticky, slightly plastic wet, few rock ‘ragments,
dark reddish brown cutans along the vertical ped faces and

root channels; few concretion probably of Fe and Mn; pH 6.4.

Particle Size Distribution
Lab No. Horizon| Lepth (cm) 0.05-2 | 0.002-0.05 002 Texture
sand 7% silt 7 clay 7% \
SS 899 Al 0-14 59 38 3 Sandy loam )
SS 900 B21t 14-32 6 52 42 Silty clay
Ss 901 B22t 32-85 7 52 41 Silty clay
Depth P2 0° | K,0
Horizon (cm) pH Kg/Ha Kg%ﬂa %C %N C/N 0.M.%
Al 0-14 6.2 4.1 795.6 | 3.58 | 0.30 |11.9 6.16
B21t 14-32 6.5 4,1 817.1 | 1.01 | 0.12 8.4 1.75
B22t 32-85 6.4 4,1 752.6 | 0.32 | 0.17 4,5 0.75



http:0.002-0.05

7. Damian Series

53

The Daman series are moderately well-drained soils developed on rolling bench

terraces made up of materials derived mainly from granite. These solls are mainly

in fruit (apple, peach,

vation.

plum) and vegetable (radish, cabbage and caluiflower) culti-

The Daman series 1s classified as a fine silty, mixed, mesic family of Ultic

Hapludalfs.
Typical Profile

Location:

Ap 0-15 cm

B21t 15-28 cm

B22t 28-48 cm

C 48-80 cm

Analytical Data

Site 33, aerial photograph R 18-20, topographic map 72 E/2
at Daman Horticulture Farm, Makwanpur District, 2300 m.
a.s.l.; East southeast exposure.

Very pale brown (10 YR 7/3) dry; dark yellowish bLiuwn

(10 YR 4/4) moist; silt loanm; moderate to strong fine crumb
+ angular blocky, very friable moist; slightly sticky non-
plastic wet; many fine to medium roots; pH 5.2; gradual
boundary.

Yellowish brown (10 YR 5/6) moist silty clay loam; strong

fine crumb + sunabgular blocky, friable moist; sticky
slightly plastic wet; very thin yellowish brown cutans

along vertical root channels, few medium to fine roots;

pH 5.3; smooth boundary.

Yellowish brown (10 YR 5/6) moist; silty clay loam; moderate

to strong granular crumb + angular blocky, friable moist;
sticky slightly plastic wet; very thin yellowish brown
cutans along vertical ped faces and root channels, few

fine roots; pH 5.4 gradual wavy boundary.

Yellowish brown (10 YR 5/4) moist; brown to dark brown dis-
tinct mottless; loamy sand; blocky firm, slightly sticky

plastic wet; thick continuous strong brown cutans, pH 5.0,

Lab. No. Horizon | Depth (cm) g?agfgloo?agg-gfggrih?5532" Texture

sand 7 silt % clay 7 |
SS 906 Ap 0-15 20 55 19 Si1t loam
SS 907 B21t 15-28 5 57 38 S11ty clay loam
SS 908 B22t 28-48 3 64 33 Stlty c¢lay loam
SS 909 C 48-80 77 20 ] Loamy sand
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Depth P2 0 | K
Horizon (cm) pH Kg/Ha | Kg/Ha | %0.C %N C/N 0.M.%
Al 0-14 5.7 20.6 204.2 7.32 0.63 11.6 12,60
B 14-39 5.6 6. 64.5 1.66 0.13 12,7 2.87

Khadpu Series

The Fhadpu series are well drained soils developed on moderately steep, bench

in maize, millet and mustard cultivation.

terraces made up of materials derived mainly from phyllite. T

hese soills are mainly

Khadp.a series is classified as fine loamy, mixed, mesic family of Lithic

Ustrog!rcpts.

Typical Profile

Location:

Ap 0-15 cm

B2 15-32 cm

C 32-80+ cm
Analytical Data

Site 11, aerial photograph R 19-23, topographic map 72 E/2

near Khadpu village, Makawanpur District; 1803 m. a.s.l.;

Northeast exposure.

Dark yellowish brown (10 YR 4/6) moist; silt loam; moderate

to strong fine crumb + sub-angular blocky; friable moist;

slightly sticky, non-plastic wet; few rock fragments; pH

6.2; gradual smooth boundary.

Yellowish brown (10 YR 5/6) moist; silt loam; moderate to

strong fine to medium crumb + sub-angular blocky; friable

moist; slightly sticky, non-plastic wet; few rock fragments;

pH 6.55, abrupt smooth boundary.

Weathered phyllite in situ.

Particle Size Distribution
Lab No. Horizon | Depth (cm) 0.05-2 k1.002-0.05 002 Texture
sand 7% silt 7 clay 7%
58 796 Ap 0-15 22 53 15 S11t loam
5SS 797 B2 15-32 24 57 19 Silt loam
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Depth P2 0° [ K0
Horizon| (cm) pH Kg/Ha | Kg/Ha %C %N C/N 0.M.7%
Ap 0-15 6.2 28.8 354.8 1.46 | 0.15 9.7 2,52
B2 15-32 6.5 8.5 107.5 0.30 0.04 7.5 0.52

10. Khuplang Series

The Khuplang series are moderately well-drained soils developed on moderately

steep slopes made up of materials derived from phyllite, schists and quartzite.

These soils are under a forest cover dominantly of Pinus roxburgii, Rhododendron spp.

Quercus incana, Quercus semecarpifolia and Lyonia Ovalifolium.

The Khuplang series is classified as a fine silty, mixed mesic family of Ultic

Haplutalfs.
Typical Profile

Location:

01 2-0 cm

Al 0-15 cm

B21t 15-35 cm

B22t 35-60 cm

C 60+ cm

Site 28, aerial photograph R 21-29, topographic map 72 E/2
near Tistung Panchayat, Makawanpur District 2068 m. a.s.l.:
Southeast exposure.

Forest litter, mainly loose and composed leaves and twigs.
Dark brown (7.5 YR 4/4) dry, reddish brown (5 YR 4/4) moist;
silt loam; weak to moderate fine crumb + subangular blocky,
frishle moist; sticky non-plastic wetL; few rock fragments;
many fine to medium roots; pH 5.55; gradual boundary.

Dark brown (7.5 YR 4/4) moist; silty clay loam; strong fine

crumb + sub-angular blocky, very friable moist; slightly
sticky slightly plastic wet; dark brown patchy cutans;

many rock fragments; few fine roots; pH 5.95; gradual bound-
ary.

Brown (7.5 YR 5/4) moist; silty clay loam; strong; fine to
medium crumb + angular blocky, firm moist; slightly sticky,

slightly plastic wet; patchy moderately thick dark brown
cutans along the vertical ped faces, many rock fragments,
many medium to course roots; pH 6.1.

Weathered phyllite in situ.
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Analytical Data

Particle Size Distribution
Lab No. Horizon | Depth (cm) 0.05-2 | 0.002-0.05 002 Texture

sand 7 silt 7 clay 7

SS 896 Al 0-15 23 56 21 Silt loam

SS 897 B21t 15-35 15 54 31 Silty clay loam
SS 898 B22t 35-60 12 51 37 Silty clay loam

Depth P2 0° Ko0

Horizon | (cm) pH | Kg/Ha Kg/Ha %C %N C/N 0.M.7%

Al 0-15 5.8 6.1 118.2 | 1.50 | 0,18 | 8.3 2.59

B21t 15-35 5.9 | 10.3 86.0 | 0.91 | 0.11 | 8.2 1.57

B22t 35-60+ | 6.1 4.1 96.7 | 0.20 | 0.06 | 3.3 0.35

11. Kogte Series, Ko

The Kogte series are somewhat well-drained soils developed on rolling bench
terraces made up of soil materials derived from micaceous quartzite and phyllite.
These soils are mainly in maize, millet, mustard, potato and buckwheat cultivation.

The Kogte series is classified as a coarse loamy, mixed, mesic family of

Dysteric Entrochrepts.

Tpyical Profile

Location: Site 16, topographic map 72 E/2 necar Kogte village,
Makawanpur District, 1802 m. a.s.l.; Southeast exposure.

API 0-18 cm Dark yellowish brown (10 YR 4/4) moist; sandy loam; mod-
erate fine crumb + angular blocky, very friable moist; non-
sticky non-plastic wet; moderately thick dark brown cutans
along the vertical ped faces; few rock fragments; pH 6.0;
gradual smooth boundary.

B 81-40 cm Dark yellowish brown (10 YR 4/4); loam; strong fine gran-
ular blocky; very friable moist; non-sticky, non-plnstic
wet; few rock fragments; pH 6.0.

Alb 40-60 cm Very dark greyish brown (10 YR 3/2) moist; loam; stron-

fine granular crumb + angular blocky, friable moist; non-sticky,
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non-plastic wet; pH 6.0; diffused boundary.
11821 60-90 cm Dark yellowish brown (7.5 YR 4/4) moist; loam; moderate
granular crumb + sub-angular blocky, friable moist: yellow-
ish brown cutans; few rock fragments; pH 6.5; gradual boundary.
1IB22 90-125+ cm  Dark yellowish brown (7.5 YR 4/4) moist; loam; moderate
granular crumb + sub-angular blocky, friable moist; sticky
slightly plastic wet; thin patchy dark yellowish brown
cutans; few rock fragments; pH 5.6.

Analytical Data

Particle Size Distribution
Lab No. Horizon | Depth (cm) 0.05-2 | 0.002-0.05 002 Texture
sand 7 silt 7 clay 7%
5SS 821 AP] 0-18 46 48 6 Sandy loam
SS 822 B 18-40 48 42 10 Loam
SS 823 Alb 40-60 36 50 14 Loam
SS 824 1T B 60-90 32 46 22 Loam
SS 825 1T B22t 90-125+ 32 46 22 Loam
Depth P2 O5 K,0
Horizon| (cm) pH kg/Ha Kg;Ha %C %N C/N | 0.M.%
API 0-18 6.0 72.1 | 569.8 | 2.09 | 0.17 } 1z.2 3.60
B 18-40 6.0 57.6 | 274.1 | 1,76 | 0.14 | 12.5 3.04
Alb 40-60 6.0 43,3 |1 279.5 4| 2.72 | 0.19 | 14.3 4,69
11 Bt 60-90 6.1 72,1 | 252.6 | 1.36 | 0.12 | 11.3 2.34
IT B22t | 90-125+ | 5.6 103,0 | 403.2 | 1.34 | 0.12 | 11.1 2.31
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The Palung series are poor to imperfectly drained soils developed on flat to

gently undulating terraces made up of alluvium derived from granite. These soils

are mainly in paddy, wheat and potato cultivation.

The Palung series is classified as a coarse loamy, mixed, mesic family of Aeric

Haplacuepts.
Typical Profile

Location:

Apl+AP, 0-29 cm

2

B21 29-53 cm

B22 53-70 cm

Alb 70-85 cm

11B21 85-110 cm

1IB22 110-130+ cm

Site 24, aerial photograph R 19-23, topographic map 2 E/Z,
near Palung High School, Makawanpur District; 1725 m. a.s.l.;
Northwest exposure.

Light brownish grey (10 YR 6/2); dark greyish brown (10 YR
4/2) moist; few patchy strong brown mottles; loam; massive;
very friable moist, slightly sticky, non-plastic wet; few
fragments of slightly weathered granite; pH 5.50; clear
smooth boundary.

Dark greyish brown (10 YR 4/2) moist; prominent many strong
brown mottles; sandy loam; moderate to strong fine to medium
crumb, sub-angular blocky, fine to crumb; sticky slightly
plastic wet; thick horizontal and vertical patchy greyish
brown cutans; few fragments of slightly weathered granite;
pH 6.1; diffuse boundary.

Brown (10 YR 5/3) moist; diffuse strong brown mottles; loam;
massive; friable moist; sticky slightly plastic wet; thick
vertical patchy light brownish grey cutans, few fragments

of slightly weathered granite; pH 6.3; diffuse boundary.
Dark greyish brown (10 YR 4/2) moist; diffuse prominent very
dark brown mottles; loam; weak fine to medium crumb, angular
blocky, friable moist; sticky, slightly plastic wet; dark
greyish brown cutans along the root channels; few fragments
of slightly weathered granite; pH 6.3; diffuse boundary.
Brownish yellow (10 YR 6/6) moist; clay loam, massive,
sticky sliphtly plastic wet; many thick, light yellowish
brownish cutans along the vertical ped faces: diffuse brown-
ish yellow cutans; few fragments of slightly weathered gran-
fte; pH 6.4; pradual boundary.

Brownish yellow (10 YR 6/6) moist; clay loam, massive; firm
moist, nticky, slipghtly plastic wet; patchy thin dark yellow-

fuh brown cutans on vertical ped facen; few concretions
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probably of iron and manganese; few fragments of slightly
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weathered granite; pH 6.5.

Particle Size Distribution
Lab No. Horizon | Depth (cm) 0.05-2 | 0.000-0.5 .002 Texture
sand 7% silt % clay 7
SS 880 Apl+Ap2 0-29 49 40 11 Loam
SS 881 B21 29-53 61 26 13 Sandy oam
SS 882 B22 53-70 43 38 19 Loam
SS 883 Alb 70-85 41 40 19 Loam
SS 844 I11B2 85-110 23 40 37 Clay oam
SS 885 11B2 110-130+ 35 35 30 Clay oam
Depth P2 0 K,0
Horizon (cm) pH | Kg/Ha Kg;Ha %C ZN C/N 0.M.%
Apl+AB 0-29 5.5 6.1 311.8 | 2.48 | 0.25 9.9 4.27
B21 29-53 6.1 39.1 204.2 | 1.01 | 0.35 2.8 1.75
B22 53-70 6.3 22.6 236.5 | 0,91 | 0.10 9.1 1.57
Alb 70-85 6.3 45.3 344,0 | 2,37 | 0.24 9.8 4,09
11821 85-110 6.4 45.3 370.9 | 0.54 | 0.09 6.0 0.94
1182 110-130 6.5] 26.7 295.6 - 0.05 -- -

13. Tekar Series

The Tekar serfes are well-drained soils developed on rolling bench terraces
made uvp of materfals mainly derived from phyllite, quartzite and slate. These
30ils are mainly in maize, millet and mustard cultivation.

The Tekar series is classified as a coarse loamy, mixed, mesic family of

Typic Eutrochrepts.




Typical Profile

Location:

Ap 0-15 cm

B21 15-40 c¢cm

B22 40-80 cm

C 80+ cm

Analytical Data
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Site 18, aerial photograph R 17-24; topographic map E/2
near Tekar, Chanaute Village, Makawanpur District, 1355

m. a.s.l.; Southwest exposure.

Dark yellowish brown (10 YR 4/4) dry, dark brown (10 YR 3/3)
moist; silt loam; strong fine crumb; angular blocky, very
friable moist: non-sticky, non-plastic wet; many rock frag-
ments, few fine to medium root hairs; pH 6.4; gradual smooth
boundary.

Dark yellowish brown (10 YR 3/4) moist; silt loam; moderate
to strong granular crunt subangular blocky, friable moist,
slightly sticky, non-plastic wet; moderately thick patchy
yellowish brown cutans; mauy rock fragments; few fine root
hairs; pH 6.€; gradual smooth boundary.

Dark yellowish browh (10 YR 4/4) moist; silt loam; moderate
to strong granular crumb subangular blocky, very friable
moist, non-sticky, non-plastic wet; thin patchy yellowish
brown cutans along the vertical ped faces; many rock frag-
ments; pH 6.90; gradual smooth boundary.

Stones, boulders and gravels.

Particle Size Distribution
Lab, No. | Horizon | Depth (cm) 15705-210.000-0.05 | .002 | Texture
Sand 7 Silt % Clay 7
8Ss 815 Ap 0-15 30 62 8 Silt loar
SS 816 B21 14-40 26 66 8 Sil* ioam
SS 817 B22 40-80 50 46 4 Silt loam
Horizon 2:2?; pH ::/g: K:%ga b9 N C/N 0.M.%
AP 0-15 6.4 |105.0 |550.1 | 1.30 | 0.22 | 5.90 | 2.25
B21 15-40 6.4 49,4 1266.8 | 0,77 | 0,11 | 7.0 1,33
B22 40-80 6.9 63.8 |344.6 | 0.358 | 0.06 | 9.6 1.01
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14, Tistung Series, Ti ‘
The Tistung series are imperfectly drained soils developed on flat to gently

undulating terraces mrade up of alluvial/colluvial materials derived mainly from
phyllite, quartzite and slate. These soils are mainly in paddy, wheat and potato
cultivation.

The Tistung series is classified as a fir= loamy, mixed, mesic family of Aquic

Haplaudalf.
Typical Profile

Location: Site 31, aerial photograph R 20-24, topographic map E/2
near Tistung Bazaar, Makawanpur District, 1685 m. a.s.l.;
Northeast exposure.

Apl+Ap2 0-28 cm Light grey (10 YR 7/2) dry, light brownish grey (10 YR 6/2)
moist; silt loam; weak to moderate fine crumb angular
blocky, friable moist; slightly sticky non-plastic wet;
pH, 6.0; gradual boundary.

B21t 28-50 cm Dark brown (10 YR 4/3) moist; yellowish brown mottles;
silt loam; blocky breaking into sub-angular blocky; firm
moist; sticky plastic wet, continuous thick greyish brown
cutans along the vertical ped faces pH 6.6; pradual
boundary.

B22t 50-70 cm Dark browa (10 YR 4/3) molst; many prominent strong brown
mottles; silt loam; coarse prismatic breaking into angular
blocky, firm moist; sticky sliphtly plastic wet; moderately
thick patchy greyish brown cutans, pH 6.8; gradual bound-
ary.

Alb 70-100 cm Very dark greyish brown (10 YR 3/2) moist; few prominent
strong brown mottles; silt loam; moderate fine crumbs
angular blocky, friable moist; slightly sticky, non-plastic
wety thin preyish brown cutans along the vertical ped
faces and root channels; pH 6.7; clear boundary.

1Ic 100-120 cm Dark Brown (10 YR 4/%) moist; silt loam; massive; loonme

molst; few rock fragments,
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Particle Size Distribution
Lab, No. | Horizon | Depth (cm) 0.05-2 10.000-0.05 T 002 Texture
Sand % Silt % Clay 7%
SS 902 | Apl+Ap2 0-28 27 59 26 | Silt loam
ss 903 | B21t 28-50 14 65 21 | Ssilt loam
SS 904 B22t 50-77 17 63 20 Silt loam
SS 905 Alb 77-10C0 29 56 15 Silt loam
Depth PZ 0° Ky0
Horizon |'(on) | PH |Re/Ha |Kelma | %€ | * [ /v | ouma
B21t 28-50 6.6 30.9 215,0 - 0.13 - -
B22t 50-77 6.8 |43.2 145,1 - 0.11 - -
Alb 77-100 6.7 53.5 112,9 - 0.07 | - -
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CHAPTER 111

SOILS AND GFOLOGY OF DARAUNDI CATCHMENT AREA
(Gorkha District)
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PHYSICAL AND ENVIRONMENTAL FEATURES

Location and Extent

The Daraundi project area is situated between 84°27' and 84°48' cast
longitude and 27°51'2" and 28°21'43" north latitude. The area is located
in the central and southern part of Gorkha District covering 795 sq. km,

The total arca of Gorkha District is 3456 sq. km. The effective catchment
area of the Daraund{ River is 597 sq. km. Panchayat boundaries rarely coin-
cide with the watershed boundary. All the panchayats that fall partly or
wholly in Daraund! Catchment have been included in the project for adminis-
trative reasons,

Climate

Four types of climates are found in the Daraundi catchment arca, namely
vropical, sub-tropical, temperat: -d arctic., The lower river valleys have
a tropical climate and the: lower foothill slopes a sub-tropical climate,

The northern hills and wountains have a temperate climate and the high
Himalayas an arctic climate.

There are only two weather stations in Gorkha District, located at
Gorkha and Sctibas. Thus {t {s difficult to make generallcations for the
whole catchment area. The mean annual precipitation, based on the records
of these two stations are 1400 mm and 1600 mm respectively, In peneral,
south-facing slopes recedve a very heavy rainfall during the monsoon as the
gsouthern side of the upper slopes around 2400 m are gencrally always covered
with drizzling mist and clouds during that time. In general, more than 75
percent of the annual precipitation falls from July to September. Maximum
24 hour rainf¢ 1 Intensities of 100-140 mm have also been recorded in these
stations (Department of Hydrology and Meterology, 1977).

The only temperature records available are from the Gorkha weather
station. Herce the mean January temperature s 12.4° with a mean mionfmum
dropping to 6.3°C., The July mean {4 22.3°C with a mean maximun ot 27,34,
1t has been calculated that averape temperature decline northward and with
altitude (about 7°C/100 m) to a summer mean of about 107C at the trecline,
and a mean annual temperature of lenn than 07C above the nnow lne,  In the
gouth facing low-lying valleyn, pre-monnoonai temperatures reach 3157, an
recorded by the RCUP team in May, 1979, Relative humiditien at Corkha range
between 41 percent in March and 55 percent {n the monsoon perfod of June and
July. Evapotranspiration raten thus are preatent in the pre-monsoon period,

dropring to minfmum leveln during the monnoon, fucreaning the pont-monsoon,
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and declining again during winter.

Physiography

The Daraundi catchment area consists of a series of hills and valleys
varying from about 600 to 6700m. within an aerial distance of approximately
58 km north to south. Thus, within this relatively small area a variety of
topographic features are found. The project area can broadly be grouped
into three physiographic units, namely Midland, Fore Himalaya and High
Himalaya.

Midland: The Midland, consisting of low sunken hills and mountain valleys

of the Nepal Himalaya system, lies between the Mahabharat Lekh in the south
and the Fore Himalaya in the north. This area is mainly composed of slight
to moderate metamorphic rocks like phyllite, schist, phyllitic limestone,
dolomites and sometimes quartzites and sandstones. The height of the Midland
varies from 600 to 2000 m., covering about 85.7 percent of the project area.

The region as a whole can be characterized as an easy rolling to mod-
erately steep to steep terrain, with fertile soil and an agreeable climate
except in some parts of the northern sector. The southern half of the pro-
ject area contains mor: than 95 percent of the inhabitants.

In this area human livelihood is based on agriculture. A few people
derive thedir livelihood from livestock farming. Maize and millets are the
principal creps but the lower va'leys are dominated by rice.

The overall population density in the Midland region 1is unusually high
considering {ts land carrying capacity. As a result, the farmers are re-
ceding fast to the north; and the steeper marginal lands are being culti-
vated, which ¢ accelerating erosion and des rading the physical environment.
Fore Himalaya: The Fore Himalaya lies between the Midland in the south and
the Hiph Himalaya {n the north. The elevation ranges from 2000 to 4500 m,
a.u.l. stretching over 13.6 percent of the project area. It is very steep,
rugped and has o high relief, Winter is severe and summer is short. Be-
caute of hostile terrafns and the harsh olimate, this arco has a very sparce
populatton.  Antmal husbandry and potato caltivation are the main cconomy
of thin repton,  The area hew o pood utand of alpine forest above which s
Rrasaland that extends up to the nnow line.

High Himalaya: The High Himalaya regfon covers the northern periphery,
accounting fur lenn than one percent of the project area. 1t ius permanently

coveredg hy unow,

Drajnage

A out 75 percent of the catehment area in drained through the Daraund!
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(USDA, 1975) in levels of subgroups. The purpose of the pit descriptions
is to give detailed soil profile information for the different soil series.
Typical profile descriptions and the range of characteristics in each
series are givor.

The depth, texture type and phase classes are the same as those de-
scribed in the "Soil Survey Manual" (reissued in October 1962). Soil color
was determined according to the "Munsell Color Chart" and the taxonomic
classification was made according to the "Soil Taxonomy'" book during field-
work. Use was also made of the "FAO Guidelines for Soil Descriptions."

Special correlation boxes developed by Charter and Brammer (Brammer,
1965) were used for soil correlation as well as for retention of representa-
tive soil profiles in the Nepalese so0il musecum.

During fieldwork, samples were collected for laboratory analysis. These
samples were taken from throughout the profile with the purpose of analyzing
the texture, pH, organic matter, N, P, K and exchange capacity of bivalent
cations. This was needed for soll classification. The data are presented
in APPENDIX 1.

A detalled description of the mapping units are presented in the fol=-

lowing scctions (Shect No. I, 11h),

B. Description of Mapping Units
1. Ambote Soil (31.6 km’), Abl/

Pockets of the ambote soil unftn are scattered in the central and

southern part of the mapped area on easy rolling river terraces. These
soils are moderately deep, poorly drafned and are made up of alluvium/

colluvium materfals derfved mainly from quartzite,

Altftude About 460 to 500 m,: Exposure:
Varfable.
Surface So.l Grayi{sh brown to dark grayish brown,

strong brown mottlen, firm, loam to
silt loam, few rock fragments, 10
cm. thick,

Sub=Soi{] Gray to prayish brown, stronp hrown
to yellowinh rown mottlen, sandy
loam to silt loam, usually 50 cm,
thick,

1/ Marmt soil (See Appendix 1 for dencription) ls correlated with Anbote
soll,
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Tasa-Aupa Soil (32.2 kmz), Ta-Au

The Tasa-Aupa soil unit occurs in the northern part of the mapped area
on moderately steep to steep slopes. These solls are moderately deep

to deep, moderately well drained to well drained and are made up of
materials derivcl Irom phyllite. Soil texture is loam or silt loam with
altitudinal variation from 1390-1980 m.

Tasa Soils - Altitude 1830-1920 m.; Exposure: Variable.

Surface Soil Dark brown to dark greyish brown,
friable loam, manv rock fragments,
15 cm. thick.

Sub-Soil Viry dark greyish brown, friable, 1»>am/
silt loam, many rock fragments, 50 cm.
thick.

Substratum May be hard rock in situ,

Aupa Soils:

The description of Aupa soils are given under mapping unit Rangrung-
Aupa (Ra-Au).
Suitability

Agriculture Highly suitable for maize., millet,
barley, wheat and potato; unsuitable
for rice and sugarcanc.

Horticulture Moderate to highly suitable for fruits
like peach, plum, pear, walnut, apricot,
suitable vegetables include cole crops,
radish, broad-leaved muctard.

Pasture Moderately suitable for forage crop
and fodder-trees; poorly suitable for
grazing.

Forestry Moderately suitable.

Terracibility Unsuitable.

Limitations Moderately steep to steep topography,

risk of soil erosion; droughtiness in
dry season, requires irrigation for
good crops; many rock fragments on or
near the soil surface; occasional
hailstorms,

Erosion and Landslide Hazards Erosion hazard as well as sheet crosion
closs 1s rated high., This unit falls
under moderately sliding territory.

Tasa-Kabo Soil (90.0 kmz)J~JZgj§[

The Tasa-Kabo soil unit occurs In northern part of the mapped area on
moderately steep to steep nlopes. These soils are shallow to moderately

deep, well drafned and are made up of materials derived mainly from



15. Gyachok-Digra Soil (19.1 km®), Gy-Di

1/

phyllite. Soil texture is loam or silt loam with altitudinal variation

from 1830 to 1920 m.

Tasa Soils:

These soils have been described under mapping unit Tasa-Aupa (Ta-Au).

Kabo Soils - Altitude

Surface Soils

Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture

Forestry

Terracibility

Limitations

Erosion and Landslide Hazards

1860 m.; Exposure: West.

Dusk red, friable, silt loam, many rock
fragments, 20 cm. thick.

Very dusk red, friable, silt loam, many
rock fragments, 20 cm. thick.

(a) May be poorly sorted alluvial
colluvial materials (b) hard rock in
situ.

Medium acid, very high in organic mat-
ter and potash and hiph in nitrogen
and phosphorus.

Moderate to highly suitable for maize,
millet, barley, wheat and potato;
poorly suitable for rice and sugarcane.

Moderately suitable (important fruit
crops include peach, plum, pear,
marmelos, etc.)

Moderately suitable.

Highly suitable. Major area of this
unit is under forest consisting mainly
of Rhododendron arboreum, Schima
wallichii and Alnus nepalenis.

Unsuitable to poorly suitable.

Moderately steep to steep slope, sus-
ceptible to erosion; droughtiness in
dry season; many rock fragments on or
near the soil surface; occasional hail-
storms.

Erosion hazard class of this unit is
rated as high to very high and sheet
erosion as high. This unit falls
under moderately sliding to actively
sliding territory.

1/

The Gyachok-Digra soil unit occurs in the northern part of the mapped

area on moderately steep to steep slopes. These soils are moderately

deep, moderately well drained to well drained and are made up of soil

Division of Soil Science and Agricultural Chemistry, Khumaltar.
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materials derived mainly from phyllite and schist. Soll texture

varies from loam to silty clay loam and altitude varies from 1650 to

2250 m,

Gyachok Soils - Altitude 2250 m.; Exposure: East.

Surface Soil Da-k brown, massive, silt loam, few
rock fragmenrts, 20 cm. thick.

Sub=-Soil Dark yellowish brown, massive, silt
clay loam, few rock fragments, 30 to
40 cm. thick.

Substratum May be hard roc'. in situ.

Other Properties Extremely to very strongly acid, very

high in organic matter and potash, high
in nitrogen and medium in phosphorus.

Digra Soils:
These soils have been described under mapping unit Digra-Manakama

(Di-Mn).
Suitability
Agriculture Moderate to highly suitable for barley
and potato; moderately suitable for
maize, millet, and wheat; poorly sult-
able for paddy.
Horticulture Moderately suitable.
Pastur~ Moderate to highly suitable for pasture
and livestock farming.
Forestry Moderately suitable.
Terracibility Poor to unsuitable.
Limitations Droughtineas in dry season; moderately

stecep to stecp topography, risk of soil
erosion; rzlatively short growing
season; very strong to extreme acidity;
occasional hailstorms.

16, Minor Soils
1. Kanelthok Soils (Km)

A moderately deep, moderately well drained soil developed on eusy

rolling to rolling fan, made up of materials derived from phyllite.

Altitude 570-690 m,; Exposurec: Variable.
Surface Soil Dark reddish brown to yellowish red,

friable to firm, silty clay, many rock
fragments, 10 cm. thick.

Sub-So0il Weak red to dark red, friable to firm,
gravelly clay to clay, few rock frag-
ments 70 cm, thick.

Substratum May be hard rock in situ,



Other Properties

Suitability
Agriculture

Horticulture

Pasture

Forestry

Limitations

2, Tipnmana Soil (Ti)
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Strongly to slight acid, medium in
organic matter and phosphorus, and
high in potash.

Moderate to highly suitable for maize,
millet, barley, wheat and potato; un-
suitable for rice and sugarcane.

Moderately sulftable for walnut, peach,
plum, pear and citrus species; highly
suitable for vegetables like cole
crops, radish, beans and colocasia.

Moderately suitable for pasture de-
velopment.

Highly suitable for forest management.

Strong acidity, droughtiness in dry
season, many rock fragments on or near
the soil surface.

A moderately deep, excessively drained soll developed on very steep

slopes made up of soll materials derived mainly from quartzite.

Altitude
Surface Soil

Sub-Soil

Substratum

Other Propertics

Sulftability
Agriculture

Horticulture

Pasture

Foruatry

Limitation

1080 m.; Exposure: Northwest,

Dark brown, very friable, silt loam,
few to many rock fragments, 10 cm.
thick.

Strong brown to dark reddish brown,
very friable, loam to silt loam, few
rock fragments, B0 cm. thick.

May be poorly sorted alluvial/colluvial
materials from quartzite.

Strongly to medium acid, high in organic
matter, nitrogen and phosphorus and very
low in potash.

Poor to moderately nultable for farming.
Moderately suitable.

Moderate to highly suitable for fodder
trees and forage crops but poorly
gsuitable for grazing due to very nteep
slopen. At preuent few npecies of

fodder treen nuch au Bauhinia longifolia,
Artocarpun lakoocha and Litsen citrata
arc exinting.

Moderate to highly nuftable for re-
forentntion.

Very stecep topography, susceptible to
eroafon; droughtincan in dry scason,
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many rock fragments on or near the
soil surface, medium to strong acid-
ity and low fertility especially of
potash are the main limiting factors.

Gorakhakalil Soil (Go)

A deep, well drained soil developed on moderat.ly steep slopes

made up of soil materials derived from phyllite and schist.

Altitude 1500 m.; Exposure: Northwest.

Surface Soil Dark brown, friable, loam, many rock
fragments, 15 cm. thick.

Sub-Soil Dark brown, friable, loam, many rock
fragments, 80 cm. thick.

Substratum May be hard rock of phyllite in situ.

Other Properties Medium to necutral acid, medium in

organic matter and nitrogen, high to
very high in phosphorus and low in

potash.
Suitability

Agriculture Highly suitable for maize, millet and
mustard; moderately suitable for wheat,
barley and buckwheat, poorly suitable
for rice and sugarcanc.,

Horticulture Moderately suftable for fruit plants
such as peach, plum, pear, lime and
lemon. Suitable vegetables like
cabbage, cauliflower, radish and broad-
leaved mustard are grown in these soils,

Pasture Moderately suitable for range manage-
ments,

Forestry Moderate to highly suitable for forest.
Some exinting forest specles are
Quercus _incana, Castanopsis indica,
Rhododendron supp, Lyonia ovalifolia.

Limitations Moderately steep topography, susceptible

to cronfon, many rock fragments on or
near the soil surface, deficlency of
phonphorus are the main factors affecting
use in farming.

Belnawarn Soil (Be)

A moderately decep, well drafned noil developed on moderately steep

slopes made up of noifl materials derived from micaceous and non-

micaccous uchint,

Altitude 630 m.; Exponurc: South.
Surfance Soil Dark brown, friable, loam, few to many

rock fragmentn, 10 cu. thick,



Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture

Forestry

Limitations

Kipat Soil (Ki)1
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Dark brown to strong brown, friable
loam to silty clay loam, few to many
rock fragments, 60 cm. thick.

May be rock in situ.

Strongly acid, high in organic matter
and potash and medium in nitrogen and
phosphorus.

Poorly suitable for agriculture develop-
ment.

Poor to moderately suitable.

Poor to moderately suitable for forage
crops. Grazing in the forest is very
common

Highly suitable. Nearly 80 percent of
this unit 1is under forest.

Strong acidity, steep topography,
susceptible to erosion, many rock
fragments on or near the soil surface.

A deep, moderately well drained soil developed on moderately steep

slopes made up of soil materials derived mainly from phyllite and

schist.
Altitude
Surface Soil

Sub-Soil

Sulstratum

Other Properties

Suitability
Agriculture

Horticulture

1/ Source:

1350 m.; Exposure: South,

Dark reddish brown, friable, silt loam,
few rock fragments, 10-15 cm. thick.

Reddish brown to dark reddish brown,
firm, silty clay loam, few rock frag-
ments, 25 to 35 cm. thick.

Red to dark red weathered and semi-
weathered phyllite.

Very strongly acid, high in organic
matter, medium in nitrogen and very
high in phosphorus and potash.

Highly suitable for maize, millet, buck-
wheat and mustard; moderately suitable
for paddy and wheat.

Moderately suitable for citrus fruits,
pear, plum and banana.

Division of Soil Science and Agricultural Chemistry, Khumaltar.
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Pasture Moderately suitable.
Forestry Moderately suitable.
Limitations Droughtiness in dry season, moderately

steep slope, risk of soil erosion;
occasional hailstorm; high acidity.

GEOLOGY, EROSION AND TERRACEABILITY

GEOLOGY

Stratigraphy

The project area is composed of different metamorphosed sedimentary
rocks of the Daram, Khahare, and Hilang suites of the Proterozoic group
and the Himal and Okharbot suites of the Palaeozoic group. All the
suites have an East-West trend (Sheet No. II, 6b).

The area covered by different geological units, the percentage of
the total area of the watershed covered by the units, and their occur-

rence in different panchayats is presented .n Table No. 12.

Proterozoic Group

The proterozoic group is represented by the Daram, Khahare and

Hilang suites of middle Proterozoic sub-group.

Middle Proterozoic Sub-group

Daram Suite (Pder): The Daram suite is exposed in the central part of

the catchment in Pandrung, Taku, Jaubari and Shrinkathkot Panchayats.
It has a fault contact with the rocks of Paleozoic group in the south
and a normal contact with the rocks of the Khahare suite.

The suite is represented by quartzites, calcareous quartizites,
phyllites and biotite quartz schists. They are generally brown to
greyish brown, rarely white to yellowish white in color. These strong
to moderately consolidated, moderately fractured and slightly weathered

rocks have a wminimum thickness of 1200 meters.

Khahare Suite (PRzkh): The Khahare suite lies on the rocks of the Daram
suite, covering it from the north. The suite has normal contact with
the rocks of the Hilang suite, which lie on top of it.

These are white to greyish white quartzites, brown to dark brown,
rarely pinkish schists and sandstones. They are moderately consolidated
and fine to moderately fractured.

The suite is around 6000 meters thick and is located in a number of
panchayats lying between Jaubari and Taku in the south and Barpak and
Simjung in the north.
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Table No. la. Areas and percentages of different geological units of

Daraundi Watershed

Geological Units Area sq. km. Percentages | Panchayats
1. Daram suite (PRZDr) 19.5 2.46
2. Khahare suite (PRZKh) 170.8 21.48
3. Hilang suite (PR2H1) 48.6 6.11
4. Okharbot suite (C20k) 474.8 59.72
S. Himal suite (C+0 Hm) 81.3 10.23
TOTAL 795.0 1100.00

Hilang Suite (PR2H1): This suite lies on the rocks of the Kahare suite

and is located on the northern side of Barpak and Simjung Panchayats.

The suite is composed of light to dark brown phyllites, schists, phyl-
litic limestones and dolomites. The Dolomite is white to yellowish white.
All the rocks of the suite are weak to moderately consolidated and

highly weathered. Surface and underground forms of karst are highly de-

veloped in limestones and dolomites. The thickness of the suite is unknown.

Faleozoic Group

The Paleozoic group in the area is represented by Cambrian and combined

Cambro-Ordovician systems.

Cambrian System

The Okharbot suite represents the Cambrian system in the catchment area.

Okharbot Suite (C20k): These are brown to reddish brown, pinkish phyllites,

schists and quartzites, moderately consolidated, fine to moderately fractured.
This suite is located in the entire central and the southern part of the
territory. (It is named as a kunchha formation by J. Stocklin and K. D.
Bhattarai, 1977.)

This suite has a fault contact in the north with the rocks of the Daram

suite, Proterozoic group. Its thickness has not been measured or estimated.

Indifferential Cambro-Ordovician System

Himal Suite (C+O hm): Grey granitized schists and quartzites with bands of
limestones represent this suite. These rocks are high to moderately con-

solidated and slightly fractured.
This suite is located in the far north of the project area. No esti-

mation of its thickness has been made.
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Structure

The geological structure of the area is dominated by a large anti-
cline, the Gorkha anticline. The axis of the anticline strikes E 45°,
Numerous dip measurements indicate that both of the flanks of the anti-
cline have an inclination of about 25° with local variations between
20° and 35°. The southern flank is very gentle whereas the northern one
is generallv steeper with some variation in inclination. The influence
of this anticline is cut off by a mega fault (uplift) - The Taku fault,
lying 4 km. north of the mega fold. The gentle overall anticlinal und
synclinal structures of the area are complicated by numerous sublongi-
tudinal faults. Displacement along these faults have generally only a
vertical component. These macro faults are almost parellel to the mega
fault.

The Taku megafault has both vertical and horizontal components.
Its horizontal ccmponent is small in comparison to the vertical compo-
nent, which is likely to have an uplift of some thousand meters. The
characteristics of this megafault have not yet been studied.

The folding of the territory and the formation of the faults oc-
curred almost at the same time, following the Okharbot time. However,
the Taku mega fault already existed at the end of the Daram time.

Geological History

The geological history of th- project area can be traced from the
Middle Proterozoic period.

In the Daram time of the middle Proterozoic period, the entire
area was under water. The Proterozoic basin was not deep in the present
catchment area, and hence, fine to medium sized quartz with silt material
was deposited. All these medium to coarse materials were brought from
the south and the north, from the Chinese and the Indian platcaus. The
Proterozoic basin was a quiet basin with no volcanoes.

At the end of the Daram time, the Taku mega fault was formed and
its northern flank was uplifted with a gentle inclination to the north,
The entire basin was scparateu into two basinn--one of them covered the
southern part (the southern and the central part of the present cateh-
ment). The other basin was shifted to the north.

In the Khahare time of the same period, the Proterozoic basin was
covering a little lesn of the project area than in the Daram time. But

the basin was ns shallow as before and the sediments were snimilar. As
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IV. Moderate to high erosion hazard: This is an intermediate class, where

some types of erosion are high and others are moderate. Around 114.0 sq.
km. (14.30%) of the watershed is included in this class.

V. Moderate erosion hazard: These areas are characterized by moderate

sheet erosion and muderate rill and gully erosion. They are located in
slightly sliding territories. About 65 sq. km. (£.21%) of the catchment
is included in this class.

VI. Slight to moderate erosion: This is an intermediate class, between

slightly eroded and moderately eroded areas. About 17.5 sq. km. (2.19%)
of the catchment area is covered by this class.

VII. Slight erosion hazard: These areas are located in non-sliding terri-

tories and are characterized by slight sheet erosion, slight rill and gully
erosion as well as slight bank erosion. About 11.0 sq. km. (1.39%) of the
watershed is covered by this class.

Table No. 3 shows the erosion hazard classes encountered in the

Daraundi watershed.

Table 3 -~ Erosion Hazard Classes in Daraundi Watershed

Erosion hazard classes %
Soil Units High to
Very Moderate Slight to
high Zery High to high Hoderate moderate Slight
igh

Adb 10 - 30 30 10 20 -
Anm { - - - - 50 30 20
Ba-Bh - 10 60 15 15 - -
Ba-Bh-Mn - - 75 15 - 10

Ch - - 75 15 10 - -
Ch - - 60 - 5 10 25
Ch-Bh - - 65 10 25 - -
Da - - 10 90 0] - -
Di-Mn 40 10 45 5 - - -
Mn-Bo - 5 60 15 20 - -
Ra-Ap 15 - 20 50 15 . - -
Rn-Au 30 10 60 - - - -
Ta-Au - 5 95 - - - -
Ta-Ka 20 5 75 - - - -
Gy-Di 30 5 65 ‘- - - -

N.B. Percentages of the units are given approximately.
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SS
MS
AS

H-H

M - Moderately eroded

S -8

Slightly sliding
Moderately sliding

Active sliding
ighly eroded

lightly eroded

Table 4 -~ Landslides and sheet erosion 1/

Landslide classes Sheet erosion classes
Soil Unit

AS | MS | SS| NS | Mean Value | H M S Mean Value

Ab 10 |25 ] 45| 20 SS-MS 50 | 40 10 M-H
Am - - - 100 NS - 70 | 30 S-M
Ba-Bh - 75 1 25 - SS-MS 75 1 25 - M-H
Ba-Bh-Mn - 651 30 5 SS-MS 70 | 30 - M-H
Ch.1 - 20 | 25 55 NS-SS 35 15 | 50 M
Ch.r - 60 | 25 15 S$S-MS 60 | 25 15 M-H
Ch-Bh - 55 | 30 15 SS~MS 60 | 40 - M-H
Da - - 25 75 NS-SS - - 100 S
Di-Mn 35 |40 ] 25 - MS 80 | 20 - H
Mn-Bo 5 70 | 25 - SS-MS 65 | 35 - M-H
Ra-Ap 20 | 25 | 45 10 MS 55 § 40 5 M-H
Rn-Au 35 65 - - MS-.AS 100 - - H
Ta-Au - 100 - - MS 100 - - H
Ta-Ka 25 | 75 - - MS-AS 100 - - H
Gy-Di 25 |75 | - - MS-AS 100 | - - H
NS - Non-sliding

1/ The figures indicate the approximate percentages of the units,
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Landslides: Small scale landslides are fairly common in the area and
are found almost everywhere within the catchment. A map of landslides is
prepared on the Lasis of slope analysis and mass movements, holding tectoni-
cal and geological factois constant for the catchment.

On the basis of the above, the watershed area is divided into the fol-
lowing four classes (see Sheet No. IV, 10b).

I. Active sliding territory: 1In this territory active landslides with vol-

ume of about 1,0000 cu. m. or more are found. These are very steep sloves
with inclinations varying from 56 to 80 percent and above. These areas need
immediate attention and protection.

II1. Moderately sliding territory: Small scale landslides are very common in

the project area. These areas lie on steep slopes with inclinations above
56 percent but below 80 percent.
IIT. Slightly sliding territory: Small scale landslides, though not so com-

mon, are found on moderately steep slopes with inclinations varying between
36 and 56 percent. The landslides of the area are generally harmless. Very
often they are not natural but accelerated due to some external activity.

IV. Non-sliding territory: No mass movement is found in these areas. They

are on slanting slopes with inclinations below 36 percent.

Table No. 4 shows the landslides and sheet erosion conditions of the

watershed.

TERRACIBILITY
To prepare a terrace suitability map (Sheet No. V, 14b), the main cri-

teria used were slope, altitude, land use, landslide and characteristics

of soil units, especially soil depth. Terracibility is classified as high,
moderate, poor and unsuitable. Table 5 shows the classification of terrace
suitability.

Table 5 -~ Terrace Suitability Classification

Terrace Suitability
Landslide Slope Cultivated Land Forest and Pasture
Active Sliding Unsuitable
Moderately Sliding | Above 39° Poorly Suitable Unsuitable
Slightly Sliding 16°-36° Moderately Suitable Poorly Suitable
Non-Sliding Below 16° | Highly Suitable Moderately Suitable

This classification was checked by so0il depth as shown below:
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Deep 100 cm High suitable
Moderately Deep 50-100 cm Moderately suitable
Shallow 50 cm Poorly suitable

1. Highly Suitable: Approximately 38.84 sq. kms. (4.887%) of the Daraundi

catchment is included in this class, Am and Di soil units are considered
highly suitable for terrace making.
II. Moderately Suitable: This class includes about 181.57 kms. of Daraundi

catchment. Chhepetar level phase is moderately suitable for terracing. The
soil units which fall between poorly and moderately suitable classes for
terrace making are Ab, Ch-Bh, Di-Mn and Mn-Bo.

III. Poorly Suited: In this class covers about 293.14 sq. kms. (36.87%) of

the Daraundi watershed. The Ra-Ap soil unit is poorly suitable for terracing.
The units which fall between unsuitable to poorly suited are Ba-Bh, Ba-Bh-Mn,
Ch.r., Rn-Au, Ta~Ka and Gy-Di.

IV. Unsuitable: About 275.69 kms (34.687%) of the Daraundi watershed falls

in this class. Ta-Au is considered to be unsuitable for terrace making.

Conclusions and Recommendations

Conclusion: The areac studied are highly active due to many factors acting
together to accelerate landslides and other major and minor types of erosion.
The most important of these factors is that the land lies in silt-cemented
mountains and dales, with rain and numerous small streams that accelerate
erosion.

Recommendations: Suitable land for terrace making is very low in the catch-

ment area. On the basis of the physical factors discussed above, the fol-

lowing points are noted and recommended:

a. There are some villages in Chhoprak Panchayat such as Chilaune village,
which are highly susceptible to active landslides occuring along the
river Khahare (here the people of the area are in danger). Some pre-
cautions should be taken either to protect the village fron sliding or
to shift the inhabitants of the area to another sife place.

b. Some active landslides which are effecting cultivated lands are found
in the Darimchaur area of Harmi Panchayat. In the near future these
slides can reach the villages lying just above the present sliding
territory.

c. Some trails in Harmi, Chhoprak, Amppipal and Palungtar Panchayat have
suffered from landslides. They need some protection from the slides in
the rainy season (these territories are actively sliding only in the

rainy season).
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d. ''he cultivated areas adjacent to the Ramrung and Daraundi Rivers in
Barpak Panchayat are suffering from landslides. To some extent this
can be controlled by increasing tree plantation in that area.

e. Rill and gully erosion in this area is related to the soils developed
from soft cemented rocks, like schists and phyllites, and to the high
rate of precipitation in the monsoon. This type of erosion is quite
widespread in the area. It can be controlled with the aid of gabion
rock structures, revegetation and other related practices.

f. Sheet erosion is very high in the catchment area. It is a very slow
process emphasized on slopes by:

i. Overgrazing of forests and pasture lands.
ii. Cutting of bushes and vines for stall feeding of livestock.
iii. Cutting of trees for fuel and timber.
iv. Burning of forests and jungles.
These processes should be controlled and conservation reserves be set
up in the catchment as examples of proper land management.

g. Daraundi khola and its tributaries commonly flood during the monsoon
and cause damage to adjacent cultivated areas. These areas could be
protected by river embankments.

h. The areas identified as highly suitable for terrace making should be
properly managed. Moderately suitable areas require better management

practice from a conservation point of view.

USES AND MANAGEMENT OF THE SOILS

Soil suitabil: .ies for various uses have been determined, based on data
presented in Section II and additional information collected during the soil

survey:

Agriculture
Amppipal and Rangrung soils are unsuitable for farming. Belswara is

poorly suitable and Tinmana falls into a poor to moderately suitable class

so far as arable farming is concerned. Suitabilities for various crops have

been determined and are described as follows:

Rice: Chheptar level phase and Rautepani soils are highly suitable
for upland paddy cultivation. Batase and Aupa soils fall
into a moderate to highly suitable class. Ambote, Amchaur
and Daraundi soils are highly suitable for lowland paddy.
Harmi soils are moderately suitable. The coil units identi-

fied as poorly suited for rice are Bhulbhule, Belswara and



Maize and
Millet:

Wheat:

Barley:

Potato:

Mustard:

Sugarcane:

103

and Gorkhakali. Panara, Kabo, Tasa and Kanelthok soils are

considered to be unsuitable for rice production.

Highly suitable soil units for maize and millet cultivation
are Mankamana, Chhepetar (level phase), Digra and Rautepani.
Rautepani, Tasa, Batase, Chhepetar (rolling phase), Bhogteni,
Aupa, Kabo, Gorkhakali and Kanelthok, soil units are included
in a moderate to highly suitable class. Gyachok and Panara
soils are moderately suitable for maize and millet growing.
Belswara, Bhulbhule and Daraundi soils are poorly suited for
these crops.

Soil units identified as highly suitable for wheat cultivation
are Tasa, Daraundi and Panara. Kabo, Harmi and Kanelthok fall
in a moderate to highly suitable class for wheat. Ambote,
Ampchaur, Gorkhakali, Manakamana, Digra, Bhogteni and Gyachok
soils are moderately suitable, while Batase, Bhulbhule and
Belswara are rated as poorly suited for wheat cultivation.
Tasa and Panara soil units are highly suitable for barley.
Kabo, Gyachok and Kanelthok are moderate to highly suitable,
and Digra and Gorkhakali soils fall under a moderately suit-
able category. Soils identified as poorly suited for barley
are Batase, Belswara, Bhulbhule and Digra.

Tasa and Panara soils are highly suitable for potato cultiva-
tion. Moderate to highly suitable soils for growing potato
are Kabo, Gyachok, Manakamana and Bhogteni. Digra soils are
moderately suitable. Ambote and Aupa soils are rated as poor
to moderately suitable, while Belswara, Bhogteni and Harmi
falls into a poorly suited class.

Highly suitable soil units for this oilseed are Manakamana
and Chhepetar (level phase). Chhepetar (rolling phase)
Gorkhakali, Bhogteni, Aupa and Harmi soils are moderate to
highly suitable for mustard growing. Ambote, Amppipal and
Panara soils are categorized as moderately suitable and
Belswara and Bhogteni are poorly suited.

Highly suitable soils for growing sugarcane are Daraundi and
Chhepetar (level phase). Aupa soils are moderate to highly
suitable. Moderately suitable soil units are Ambote and
Amppipal. The coils identified as poorly suited for sugarcane
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growing are Batase, Bhulbhule, Belswara, Gorkhakali and Harmi.
Tasa, Kabo and Panara and considered unsuitable for this crop.
Buckwheat Buckwheat is grown to a limited extent in the Daraundi catch-
ment area. Manakamana soils are highly suitable for this
crop. Gorkhakali and Belswara fall under moderate and poorly

suited classes, respectively.

Soil Fertility status and Fertilizer recommendation

Soil Reaction (pH)

In general the soils of the Daraundi catchment area are acidic in reaction.

The soils of Gy are extremely acid (pH below 4.3). Very strongly acid soils
are Ap, Bo and Di. The soils which are strongly acid in reaction are Am, Bh,
Be, Che, Chr, Ka and Ti. The medium acid soils are Au, Ba, Go, Ha, Mn, Pa,
Ph, Ra and Ti. The soils which are slightly acid in reaction are Ab, Ba, Chr,
Ha, Ka, Mn, Pa, Ra and Ta. The neutral soils are Am, Go and Ph.

A slightly alkaline soil unit is Au. A slight to medium alkaline soil
is Da.

Organic Matter: In general, the soils of the Daraundi Catchment area

are medium to high in organic matter. Ch. 1, Da and Ph soil units are included
in a low organic matter category. The soils units containing medium amounts

of organic matter are Ab, Am, Au, Ba, Bh, Go, Kn, Ra and Ta. Be, Bo, Ch. 1,
Mn, Ra, Ran and Ti contain high amounts of organic matter. Only four soil
units (Ap, Di, Gy and Ko) are very high in organic matter.

Nitrogen: The Daraundi catchment area is medium to high in nitrogen
content. The soil units considered to be medium in nitrogen are Ab, Am, Ba,
Be, Ch. 1, Ch. r, Da, Go, Ha, Pa, Ph and Ra. The high nitrogen content
soils are Au, Bh, Bo, Di, Gy, Mn, Kn, Ta and Ti.

Phosphorus: The soils of the Daraundi catchment area are medium to high
in phosphorus content. The soil units having medium phosphorus content are
Ab, Ap, Bh, Bo, Gy, Kn and Ph. Other such as Am, Ba, ch.l, Ch.r, Da, Ko,
Mn, Pa, Ra, Rn, and Ta are high in this nutrient.

Potash: Most of the soils of the Daraundi catchment area are high to
very in potassium content. These solls are Ab, Be, Bh, Ch.l1l, Ch.r, Da, Kn,
Ap, Ba, Bo, Di, Gy and Ko. Au, Ha, Pa and Ti soil units are medium in
potash. The soils which are low to very low in potassium content are Ph,
Ti, Am, Go and Rn.

The fertility status of various soil units is given in Table 1. The
fertilizer recommendation for various crops have been calculated (Joshy and

Deo, 1976) and is presented in Table 7.
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Table 6 - Fertility status rating of various soil units of
Daraundi Catchment Area
Soil Unit Organic Matter | Nitrogen | Phosphorus | Potash
1. | Ambote (Ab) Medium Medium Medium High
2. | Amchaur (Am) Medium Medium High Low
3. | Ampipal (ap) Very high High Medium Very high
4, | Aupa (Au) Medium High High Medium
5. | Batase (Ba) Medium Medium . | High Very high
6. | Belswara (Be) Medium Medium Medium High
7. ] Bhulbhule (Bh) | Medium High Medium High
8. | Bhogteni (Bo) High High Medium Very high
9, | Chhepetar
level (Ch.1l) High Medium High High
10. | Chhepetar
rolling (Ch.r) | Low Medium High High
11, | Daraundi (Da) Low Medium High High
12, | bigra (Di) Very high High Low Low
13, | Gorkhakali (Go) | Medium Medium Medium Low
14, | Gyachok (Gy) Very high High Medium Very high
15, | Harmi (Ha) Medium Medium High Medium
16. | Kabo (Ka) Very high High High Very high
17, | Kanelthok (Kn) | Medium High Medium High
18, | Manakamana (Mn) | High High High Very high
19. | Panara (Pa) High Medium High Medium
20, | Phalade (Ph) Low Medium Medium Very low
21. | Rangrung (Rn) High High High Low
22, | Rautepani (Ra) | Medium Medium High Very high
23, | Tasa (Ta) Medium High High Medium
24, | Tinmana (Ti) High High High Very low
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H
Table 7 - Fertilizer recommendation for various crops in

Daraundi Catchment Area (Kg/Ha)

Crops Organi;/Manure N 1/ | Py05 1/ | K50 1/

1. | Rice Improved 6,000 75 30 20

Local 6,000 30 20 15

2, | Maize Improved 6,000 55 30 20

Local 6,000 30 20 10

3. | Millet 4,000 30 20 20

4, | Mustard 6,000 30 20 20

5. | Wheat Improved 6,000 75 40 20

Local 6,000 45 35 15

6. | Potato Improved 10,000 60 40 40

Local 10,000 40 20 30

7. | Buckwheat 4,000 30 20 20

8. | Barley Improved 6,000 64 40 20

Local 4,000 30 15 15

9, | Naked Barley 4,000 30 15 15

10. | Sugarcane 10,000 90 40 35
1/ Joshy and Deo (1976).

Karki (1975).
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If the fertility status of the soil with respect to a certain nutrient
is high, caly 1/4 of the recommended dose is to be applied. If the nutrient
rating is medium, half of the recommended dos¢ should be applied. In case

of low nutrient status, the full recommended dose should be added.

Horticulture

The altitude of the Daraundi catchment varies from 500 to 5000 m. or
above, resulting 1in subtropical to arctic climates. Therefore, these regions
should be able to grow almost all the fruits found in Nepal. The main fruits
grown in the area are lemon, lime, orange, mango, litchi, jackfruits, papaya,
banana, pineapple, pomogranate, pear and plum. Apple growing has been re-
cently introduced in the northern part of the catchment area. Radish, cole
crops, legumes (mainly soybean, black gram), yam, colocasla and some other
common summer and winter vegetables are generally grown. Sultabilities for
horticultural crops have been worked out and are presented in the following
categories.

Highly suitable: The Batase and Chhepetar soll units are highly suit-

able for growing horticultural crops and vegetables. The suitable fruit
crops include lime, lemon, orange, mango, banana, pineapple and jackfruits.
Among vegetables, radish, yams, colocasia and leafy vegetables are grown
in these units.

Moderate to highly suitable: Rautepani, Digra and Bhogteni are identi-

fied as moderate to highly suitable units for orchard development. In Digra
and Bhogteni, the suitable fruits grown are lime, lemon, orange, pear and
plum. In Rautepani, which 1s situated at a lower elevation, pomogranate,
guava, papaya and banana are grown as well as citrus fruits.

Moderately suitable: The Manakamana series is moderately suitable for

growing fruits such as citrus, pear, plum and banana.

Poor to moderately suitable: In this category are included the Ambote

and Bhulbhule soil units. Suitable fruits grown in these soil units are
mango, litchi, papaya and pomogranate.

Poorly suited: The soil units identified as poorly suited for horti-

culture development are Ampchaur, Amppipal and Rangrung.

Pasture

Moderate to highly suitable units for pasture development are Chhepetar
(rolling phase) and Rautepani. Forage and fodder crops could be grown in
these arcas. Amppipal, Manakamana, Digra and Bhogteni are rated as mod-

erately suitable for pasture. Poor to moderately suitable soil units include
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Ampchaur, Batase, Bhulbhule, Chhepetar (level phase) and Rangrung. Ambote

is considered as poorly suited for pasture development.

Forestry ,
Amppipal and Bhulbhule soil units, having 80 to 90 percent forest cover,

are highly suitable for forestry. Rangrung also falls in this category.
Chhepetar (rolling phase) and Digra are identified as moderate to highly
suitable for forestry. Batase, Manakamana, Bhogteni and Rautepani have
moderate suitability, whereas Ambote, Ampchaur and Chhepetar (level phase)
have poor forest suitability.

Various forest species identified in the area have been given in

Section I.

Terracibility

Am and Di soil units are highly suitable for terrace making. Ch.l is
moderately suitable, while Ab, Ch-Bh, Di-Mn and Mn-Bo are poor to moderately
suitable for terracing. The Ra-Ap soil unit has poor to moderately suit-
ability, whereas Ba-Bh, Ba-Bh-Mn, Ch.r., Rn-Au and Gy-Di are poorly suited

to unsuitable class. Ta-Au is identified as unsuitable for terrace purpose.












Bl 6-48 cm

B2t 48-67 cm
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Dark brown (7.5 YR 4/4 moist); clay loam; weak sub-

angular, blocky, very friable moist; slightly sticky

slightly plastic wet; many medium roots; many rock

fragments, pH 5.2; cleav weavy boundary.

Strong brown (7.5 YR 5/6) moist; clay loam; weak sub~-

angular blocky, very friable moist, slightly sticky

slightly plastic wet; few fine roots, many rock frag-

ments with Fe and Mn concetion through the profile;

pH 5.4.
Analvtical Data:
Lab. Depth P20s K20 '
No, Horizon cm pH | kg/ha] kg/ha] %2 C| ZN]| C/N |0.M%
G 15 Al 0-6 4.6133.0 | 2275.0] 2.03] 0.112{18.12 | 3.49
G 6 Bl 6-48 5.21 33.0 195.0|1.22] 0,196{ 6.22 | 2.0
G 17 B2t 48-67 S.4] 3.2 487.5]1.99] 0.133{14.96 | 3,42

4. Aupa Series
A moderately deep well drained soil developed on alluvium/colluvium soil ma-

terials derived from phyllite. It occurs on moderately steep to steep slopes

under forest mainly in Rhododendrun spp.

This soil is classified as loamy skeletal mixed mesic family of Hapludollic

Arent.

Typical Profile

l.ocation:

01 3-0 cm
A 0-29 cm

A3 29-74

Site 28, topographic may 71-D/16 near Aupa Kharkh, Barpak
Panchayat 1390 m. a.s.l. Northwest to north exposure.
Forest litter, mainly loose undercomposed leaves and twigs.
Dark yellowish brown (10 YR 4/4) moist; silty loam; med-
fum to coarsc subangular blocky breaking into fine crumb;
friable moist; non-sticky uon-plastic wet; many fine to
medium roots; many rock fragments, pll 6.0; clear wavy
boundary.

Very dark greyish brown (10 YR 3/2) moist; silty loam;
massive; friable molst; non-sticky non-plastic wet; many
fine to ce.rse roots, muny rock fragments; pli 5.6; abrupt

wavy boundary.
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C 74-93 cm Brownish yellow (10 YR 6/8) moist, loamy sand; massive;
friable moist; non-sticky non-plastic wet; very many rock
fragments.

Analytical Data:

Lab, Depth Pq0 K90

No, Horizon cm pH kg/ga kg/ha | X C | AN |C/N |0.M.%

G 92 A 0-29 6.0 80.0 188.5 | 0.95] 0.182]5.21}1.63

G 93 A3 21-74 5.6 80,0 163.0 ] 2.16] 0,315 6.85}3.72

5. Batase Series

A moderately deep excessively drained soil developed on steep slope. It is

made up of alluvium/colluvium probably derived from phyllite. It is in steep moun-

tain slopes under forest mainly in Schima wallichii, Castanopsis indica, Lyonia

ovalifolia, Fugenia jambolana and Zyziphus mauritiona.

This soils is classified as fine loamy mixed mesic family Dysteric.

Typical Profile

Location:

Ap 0-8 cm

B21 8-18 cm

B22 18-85 cm

Site 21, topographic map 72 A/9; near Batase Village,
Gorkha district, 1050 m. a.s.l.; Northeast exposure.
Yellowish red (10 Yr 5/6) dry; dark brown (7.5 YR 4/4)
moist; silty clay loam; medium angular blocky breaking

into fine crumb; firm moist, slightly sticky slightly
plastic wet; many fine to medium roots; few rock frag-
ments; pH 5.8; clear wavy boundary.

Brown (7.5 YR 5/4) moist; silty clay; medium subangular
blocky breaking into fine crumb; firm moist; plastic

and sticky wet; many fine roots; few rock fragments; pH
6.6; diffuse boundary.

Yellowish red (5 YR 4/6) moist; silty clay; weak sub-
angular, blocky; firm moist; slightly sticky slightly
plastic wet; few fine roots; few to many rock fragments;

pH 6.5.
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Lab. Depth P,0q K50

No. Horizon cm pH kg;ha kg/ha { 2 C | %N JC/N | O.M.%

G 79 Ap 0-8 5.8 |1160.0 |1487.5 | 1.097{10147[6.59| .66

G 80 B21 18,18 | 6.6 |113,20 |1520,0 | 1,101|10154) 6.55| 1.73

G 81 B22 18-85 | 6.5 [121.0 '585.0 | 0.85 | 0.09] 9.44| 1.46
6. Bhogteni Seriesl/

A moderately deep, moderately well drained soil developed on moderately steep

to steep slopes made of soil materials mainly derived from phyllite and schist.

This soil is classified as fine loamy, mixed mesic family of Aquic (lithic)

Haplaudalf.

These soils are related to Rautapani series (lithic Haplaudalfs).

Typical Profile

Location

Ap 0-28 cm

B2t 20-43 cm

A.b 43-65 cm

1

1/ Source:

Site GP 19, topographic map 71/D.12 near Nareshwar
Bhogteni Village, Gorkha District, 1150 m. a.s.l.;

West exposure.

Greyish brown (2.5 YR 5/2) moist; common bire and dis-
tinct dark brown mottles; silt loam, stmoture non-
defined; friable moist; slightly sticky plastic wet;
fine roots common; pH 5.8: smooth boundary.

Greyish brown (2.5 YR 5/2) moist; many medium discinct
yellowish red mottles; silt loam; structure not defined
firm moist; structure not defined; firm moist; sticky
plastic wet; few fine roots; few rock fragments; pH
6.6 diffuse boundary.

Very dark greyish brown (10 YR 3/2) moist; silt loam;
weak subangular blocky; friable moist; a very sticky

plastic wet; fine patchy cutans on vertical ped faces;

very few fine roots; few rock fragments; pH 6.1.

Division of soil science and Agricultural Chemistry Khumaltar
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Lab, Depth Org. Texture

No. Horizon cm pH | MatterZ| N % |kg/ha| kg/ha| sand|silt|Clay

Z 88 Ap 0-20 | 5,55 1.65 |0.082 | 117 344 54 | 33| 13

Z 89 B2t 20-43 | 5.7 1.38 [0.069 46 306 48 | 34| 18

Z 90 A1b 43-65+H 6.1 1,77 |0.088 60 226 52 ) 29| 19
7. Bhulbhule Series

A deep; somewhat excessively drained soil developed on moderately steep to

steep slopes. It is made up of soil materials derived from phyllite and schist.

It is in hill slope under forest mainly in shorea robusts and castanopsis

indica. This soil is classified as fine clayey mixed thermic family of Typic

Rhodustult.
Typical Profile

Location:

012—0 cm
Al 0-12 cm

th 12-122+ cm

Analytical Data:

Site 15, topographic map 71-D/12 near Khoplang, Gorkha
district 580 m. a.s.l, South to Southeast.

Forest litter, undercomposed twigs, and leaves.

Red (2.5 YR 4/8) dry, red (10 R 4/6) moist, silty clay;
massive; friable moist; slightly sticky slightly plastic
wet, light gray continuous cutans along the vertical

ped faces; many medium to course roots, few rock frag-
ments; pH 5.4; gradual boundary.

Red (2.5 YR 4/6) moist; silty clay; massive; friable
moist; slightly sticky, slightly plastic wet; many

cecarse roots; many rock fragments; pH 5.5

Lab, Depth P;05 | Ky0
No, Horizon cm pH kg}ha kg;ha %C J%N |C/N ]O0.M,%
G 52 A15 0-12 5.4 33 260 1,10 1 0.252]4.36] 1.89
G 53 Bat 12-122+| 5.5 11 195 0.45 1 0.147}3,06] 0,77
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8. Belswara Series

A moderately deep, well drained soil developed on moderately steep slope made
up of soil materials derived from micaceous and nonmicaceous schist.

It is in moderately steep fan under forest mainly in Shorea robusta and Schima
wallichii.

This soil is classified as fine clayey, mixed, thermic family of Typic Hapludult.

Typical Profile

Location: Site 1, topographic map 71 D.8 near Palungar, Gorkha dis-

trict, 6.30 m. a.s.1l. South exposure.
0, 2-0 cm Forest litter, under composed twigs and leaves.

A, 0-5 cm Dark brown (7.5 YR 4/4) moist; loam; weak subangular
blocky, friable moist; non-sticky non-plastic wet; many
coarse roots; few rock fragments; pH 5.5:; clear boundary.

A3 5-16 cm Dark brown (7.5 YR 4/4) moist;loam; weak subangular blocky;
friable moist; non-sticky non-plastic wet; many coarse
roots; many rock fragments; pH 5.1; abrupt smooth boundary.

Bl 16-35 cm Yellowish red (3 YR 5/6) moist; loam; weak subangular

blocky; friable moist; non-sticky non-plastic wet;

moderately thick patchy cutans; many coarse roots; many
rock fragments; pH 5.4; clear smooth boundary.

th 34-79 cm Strong brown (7.5 YR 5/6) moist; silty clay loam; weak

subangular blocky firm moist; slightly sticky slightly
plastic wet; patchy thick cutans, many coarse roots; few
rock fragments; pH 5.1; abrupt smooth boundary.

322t 79-85+ cm Reddish brown (YR 4/4) moist; clay loam; weak subangular
blocky; friable moist; slightly sticky non-plastic wet;
reddish brown patchy thick cutans; common coarse roots;
few root fragments; pH 5.2.

Analytical Data:

Lab. Depth P70q K20

No, Horizon cm pH | kg/ha | kg/ha %Cl ZNJC/N | OMY%
G1 Al 0-5 5.5| 33.0 162.5 | 5.76 | 0.09858.77 | 9.90
G 2 A3 5-16 | 5.1] 44.0 | 715.0 | 1.66 0.167‘11.29 2.85
G3 B 16-34| 5.4] 11,0 227.5 | 0.95]0.063{15.07 | 1.63
G4 Bat 34-79} 5.1] 11,0 | 1592,5 | 0.06 | 0.259| 4.09| 1.82
G5 B2at 79-85| 5.2] 11.0 617.5 | 1.22 | 0,182| 6,70 | 2.09
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9. Chhepetar Series:

A moderately deep, imperfectly drained soil developed on level to rolling
terraces made up of alluvium/colluvium probably derived from phyllite, schist and
quartzite.

It is in an upland area, mostly used for mango, litchi, lemon banana and mixed
vegetables and other such as black gram, maize, mustard and millet.

This soil is classified as fine clayey, mixed, thermic family of Ultic Haplu-

stalf.

Typical Profile

Location: Site 16, topographic may 72 A/9 near Tara Nagar Village,
Gorkha district, 390 to 781 m. a.s.l.; southwest exposure.

Apl 0-10 cm Strong brown (7.5 YR 5.6) dry; dark brown (7.5 YR 4/4)
moist; silty clay; weak to medium angular blocky; firm
moist; slightly sticky slightly plastic wet; fine common
roots; few rock fragments; pH 6.2; abrupt smooth boundary.

B21t 10-33 cm Reddish brown (5 YR 4/4) moist; clay; medium to strong
subangular blocky; firm moist: very sticky very plastic
wet; few fine roots; light gray thin and continuous cu-
tans; few rock fragments; pH 6.1; gradual smooth boundary.

B22t 33-76+ cm Reddish brown (5 YR 4/4) moist; clay; massive; firm moist;

very sticky very plastic wet; light grey thin and contin-

uous cutans; pH 5.4.

10. Daraundi Series
A shallow, poorly drained soil developed on level flood plain made up of

alluvium/colluvium soil materials probably derived from phyllite.
It is in a level flood plain area mostly used for rice, wheat and sugarcane.
This soil is classified as sandy skeletal mixed, thermic family of Typic
Fluvent.
Typical Profile
Location: Site 14, topographic map 72 A/9 - 71 D/12 near Taranagar
Village, Gorkha district, 426 m. a.s.l.; Variable expo-

sure.

Ap 0-8 cm Olive grey (5 YR 5/2) moist; finc sand; non-plastic wet;
few fine roots; few rock fragments; pH 7.8; abrupt smooth
boundary.

C1 8~23 cm Olive gray (5 YR 4/2) moist; loam massive; friable moist

non~-sticky non-plastic wet; abundant fine roots; few rock

fragments; pH 8.0; clear smooth boundary.



11.

IIC2 23-36 cm

1102 36-46 cm

Analytical Data:
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Coarse sand; many rock fragments and boulders; clear

smooth boundary.
Light grey (7.5 YR 7/0) moist; red prominent mottless;

sand, massive.

Lab. Depth P05 K20

No. Horizon cm pH kg/ha kg/ha [%# C ] %N |C/N JO.M.Y%

G 50 Ap 0-8 7.8 | 64.04 552.5 0,200,077 |2,59 [0.,34

G 51 C1 8-23 | 8.0 | 80.0 332,5 {0.37(0.105 | 3,52 | 0,63
1/

Digra Series

A moderately deep, well drained soil developed on moderately steep to steep

slopes made up of soil materials derived from phyllite.

This soil is classified as fine loamy, mixed, mesic family of Aquic Dystro-

cherpt.

Typical Profile

Location:

Ap 0-16 cm

B2 16-67+

Analycical Data:

These soils are related to Gorkhakali series (Umbric Dystrochrepts).

Site GP 5, topographic map 71 D/12 near Shertan Village
panchayat, Gorkha district, 1650 m. a.s.l.; Southeast
exposure,

Olive brown (2.5 YR 4/4) moist; common medium faint
yellowish red mottles; structure not definad; very friable
moist; slightly sticky plastic wet; fine to medium roots
common; pH 4.8; clear and smooth boundary.

Dark brown (10 YR 4/3) moist; many medium distinct red-
dish browh mottles; friable moist; few fine roots; few

rock fragments; pH 5.0.

Lab. Depth Po05 [ K20 Texture £/

Ne., |Horizon cm pH ]0.M.% | N % Jkg/ha ] kg/ha |sand%|Silt%|Clay%

Z 46 Ap 0-16 | 4.8| 2.88 |0.144] 125 784 49 27 24

Z 47 B2 16-£7r} 5,0| 2,03 J0.101] 50 451 56 24 20
1/ Source: Division of Soil Science and Agriculture Chemistry, Khumaltar.

Texture was interpreted in terms of International System.



12. Gorkhakali Series
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A deep, well drained soil developed on moderately steep slopes made of soil

material derived from phyllite and schist.

in maize a

nd millet.

It is in a hill slope area cultivated

This soil is classified as coarse loamy, mixed, mesic family of Umbric Dystro-

chrept.

Typical Profile

Loca

Ap O

B

B)2

B3

Analytical Data

tion:

-15 cm

15-36 cm

36~50 cm

50-110 cm +

Site 12, topographic map mainly 71 D/12 near Gorkhakali
Village, Gorkha district, 1501 m. a.s.l.; Northwest

exposure.
Dark brown (10 YR 4/3) dry; dark brown (10 YR 3/3) moist;

loam, massive, friable moist; non-sticky non-plastic

wet, many fine roots; many rock fragments; pH 5.5; abrupt

smooth boundary.

Dark brown (10 YR 4/3) moist; loam; weak angular blocky;

friable moist; non-sticky non-plastic wet; few fine roots;

few rock fragments; pH 5.6; clear smooth boundary.

Dark brown (10 YR 4/3) moist; loam; weak angular blocky,

firm moist; non-sticky non-plastic wet; light grey thin

patchy broken cutans; very few fine roots; many rock

fragments with Fe and Mn concretion; pH 5.6; gradual

smooth boundary.

Dark brown (10 YR 4/3) moist; loam; massive; friable

moist; non-sticky non-plastic wet; light brown patchy

broken moderately thick cutans; many rock fragments with

Fe and Mn concretion; pH 5.6.

Lab. Depth P70g K,0

No, | Horizon cm pH_lkg/ha kg;ha %Cl %ZN JC/N |OM%
G 41 Ap 10-15 5.5 |220.0 | 32,5 | 0.87 | 0.161] 5.40] 1.49
G 42 B21 115-36 | 5.6 [256.0 | 32,5 ]| 0.65 | 0.077] 84,44} 1.11
G 43 B22 36-50 5.6 |272.0 | 32,5 | 0.48 | 0.077] 6,23} 0.82
G 44 B23 50-100H 5.6 |336.0 | 32,5 | 0,24 | 0.98 | 2,441 0.4




13. Ghyachuk Series
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1/

A moderately de
slopes made up of soi
This soil is cl
dalfs. These soils a

Typical Profile

ep, moderately well drained soil developed on moderately steep
1 materials derived mainly from phyllite and schist.

assified as fine, loamy, mixed, mesic family of Himic Haplu-
re related to Belswara series (Typic Haplaudalf).

Location:

Ap 0-17 cm

th 17-50+ cm

Analytical Data

Dark brown (7.5 YR 3/2) moist; silt loam, massive,
slightly non-plastic wet; fine roots common; pH 5.15;
clear and smooth boundary.

Dark yellowish brown (10 YR 3/4); silty clay loam;

moderate + subangular blocky; thin cutans, few fine

roots; pH 5.1.

Lab, Depth P705 | Ko0 Texture2/

No, Horizon cm pH [0.M.%] N % | kg/ha |kg/ha [sand%|silt?|clay?

Z 52 Ap 0-17 | 5.15]4.54 | 0.227 6 2043 | 36 40 24

Z 53 Bat 17-50H 5.10{ 2,65 | 0.132 1 Very | 34 36 30
High

14. Harmi Series

A moderately de

ep, moderately well drained soil developed on rolling to mod-

erately steep slopes made up of alluvium/colluvium soil material probably derived

from phyllite and sch
It is 1in a ste
This soil 1s cl

Dysteric Eutrochrept.

Typical Profile

ist.
ep hill slope mainly used for rice, wheat and mustard.

assified as coarse loamy, mixed, thermic family of Aquic

Location:

Ap 0-15 em

Site 11, topographic map 71 D/12 Southwest near Harmi
Village, Gorkha district, 1000 m. a.s.l.;

Greyish brown (2.5 YR 5/2) dry; olive grey (5 YR 4/2)
moist; many fine prominent clear yellowish brown mottles;
silty loam; massive; friable moist; non-sticky non-plastic

wet; many fine roots; few rock fragments; pH 5.7; abrupt

1/ Source: Divislon of Soil Science Apricultural Chemistry, Khumaltar
2/ Texture was intorpreted in terms of international system.



B, 15-31 cm

2

C 31-80+ cm

Analytical Data:
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smooth boundary.

Olive grey (5 YR 5/2) moist; many diffuse brownish
yellow mottles; silty loam; weak subangular blocky,
firm moist; non-sticky non-plastic wet; common fine
roots; many rock fragments; pH 5.8; gradual weavy
boundary.

Pale olive (5 YR 6/3) moist; silt; massive; friable
moist; non-sticky non-plastic wet; many rock fragments

with weathered schist and quartzite; pH 6.5.

Lab, Depth P05 K20

No, |Horizon cm pH | kg/ha | kg/ha]l 2 C | % N IC/N | OM.%
G 38 Ap 10-15 | 5,7 | 160,0 | 130,0| 0.88} 2.28 |3.,14] 1,51
G 39 B2 15-31 | 5.8] 144,0 | 130,0] 0,55] 0.126]4.36 ] 0,94
G 40 c 31-80+{16,5] 160.0 60,0 0.16} 0.063]2,53] 0,27

15. Kabo Series

A shallow, well drained soil developed on moderately steep slopes made up of

alluvium/colluvium soil material probably derived from phyllite. It is in a hill

slope, unirrigated up-land (Bari) used for maize, millet, barley, potato and wheat.

This soil is classified as coarse loamy, mixed, mesic family of Lithic

Haplumbrept.
Typical Profile

Location:

Ap 0-11 cm

B

11-34 cm

R 34+ em

Site 27, topographic map 71 D/16 near Kabo Gaun, Barak
Panchayat, Gorkha district, 1860 m. a.s.l.; West exposure.
Dusk red (2.5 YR 3/2) moist; silty loam; massive; friable
moist; non-sticky non-plastic wet; common fine to medium
roots, many rock fragments; pH 7.4, diffuse boundary.

Very dusk red (2.5 YR 2/5/2) moist; silty loam; medium to
weak subangular blocky breaking into medium crum; friable
moist; non-sticky non-plastic wet; common fine to medium
roots; few rock fragments; pH 5.9.

Phyllite rocks.,
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[ Depth F,05 | Kz0

No. Horizon cm pH kg;ha kg}ha %2Cl %N ]cC/N |0M%
G 90 Ap 0-11 7.41] 208.0 975.0 2,531 0,420}) 6.02 14,36
G 91 B2 11-34 5.9 32.0 390.0 3.66/0.357]10.25 | 6.30

16. Kanelthok Series

A moderately deep, moderately well drained soil developed on easy rolling to

rolling terraces made up of alluvium/colluvium soil material derived from phyllite.

It is a fan up-land mainly in buckwheat, maize, black gram, sesame and peanuts,

Other existing fruit crops are banana, guava, mango and jackfruits.

This soil is classified as mixed, fine clayey mixed, termic family of Udic

Rhodustalf.
Typical Profile
Location:
Ap 0-7 cm
B21t 7-14 cm
822t 14-26 cm
823 26-27 cm

Site 3, topographic map, 71 D/8 near Palung Panchayat

Gorkha district, 590 m. a.s.l.; Southwest exposure.
Yellowish red (5 YR 4/6) dry; yellowish red (5 YR 4/6)

moist; silty clay loam; subangular blocky; very firm

moist; sticky plastic wet; many fine to medium roots; few

rock fragments pH 5.5; abrupt smooth boundary.
Dark reddish brown (2.5 YR 3/4) moist; silty clay; sub-
angular blocky; very firm moist; sticky plastic wet;

very many fine roots; few rock fragments; pH 6.2;

clear smooth boundary.

Dark red (2.5 YR 3/6) moist; clay; subangular blocky tirm

moist; sticky plastic wet; patchy thin cutans; common

fine roots;

concretion.

few rock fragments; with prominent Fe and Mn

Dark red (2.5 YR 3/6) moist; clay; subangular blocky;

firm moist;

fine roots;

Mn concretioun.

sticky plastic wet; thin broken cutans; few

few rock fragments with prominent Fe and












20. Phalade Series
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A moderately deep, imperfectly drained soil developed on rolling man-made

terrace made up of alluvium/colluvium soil material probably derived from phyllite

and schist. It is a level man-made terrace mainly used in rice, maize and rabi

crops.

Thus soil is classified as loamy, other sandy skeletal mixed, thermic family

of Aquic Dysteric Eutrocherept.

Typical Profile

Location:

Ap 0-12 cm

B,, 12-26 cm

21

522 26-52 cm

C 52-89+ cm

Analytical Data:

Site 13, topographic map mainly A/9 71 D/12 near
Raniswara Village, Gorkha district; 825 m. a.s.l.;
Southeast exposure.

Light olive grey (5 YR 6/2) dry; olive (5 YR 5/3) moist;
yellowish red few fine mottles; loam; massive; friable
moist non-sticky non-plastic wet; many fine roots; pH
5.6; abrupt smooth boundary.

0live (5 YR 5/3) moist; common distinct fine mottles;
loam; subangular blocky firm moist; non-sticky slightly
plastic wet; few fine roots; pH 5.6; abrupt smooth
boundary.

Pale olive (5 YR 6/3) moist; brownish red; common dis-
tinct mottles; loam; subangular blocky, friable moist;
non-sticky plastic wet; very few fine roots; pH. .70
clear wavy boundary.

Light brownish grey (2.5 YR 6/2) moist; sand; weathered
schist; pH 6.7.

Lab, Depth Py0q K,0
No, Horizon cm _pH kg’ha kg;ha %CJl %ZN]C/NJOMYZ
G 47 Ap 0-12 5.6 | 144.0| 32,5 | 0,36 |0,098] 3.67{0,61
G 48 Bo1 12-20 7.0 48,0 | 32,5 | 0.23 |0,063] 3.65}0.39
G 49 B2 26-52

c 52-89+] 6.7 48,0 | 32,5 | 0.14 10,077} 1.81j0.24
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21. Rautepani Series

A deep, well drained to somewhat excessively drained soil developed on mod-
erately steep to steep slopes made up of soil materials derived from phyllite and
schist. It is an upland area mainly vsed for maize, millet, buckwheat; black gram
and fodder grasses.

This soil is classified as fine clayey mixed, thermic family of Ultic

Hapludalf.
Typicai Profile

Location: Site 5, topographic map 71 D/12 near Amppipal Village;
Gorkha district. 1034 m. a.s.l.: Southwest exposure.

Ap 0-10 cm Dark brown (10 YR 3/3 ) dry, brown to dark brown (10 YR
4/3) moist; loam; subangular blocky, firm moist; non-
sticky non-plastic wet; thick broken cutans; common med-
ium to fine root; few rock fragments; pH 5.5; abrupt

smooth boundary.

B21t 10-25 cm Dark greyish brown (10 YR 4/2) moist: clay loam to loam;
subangular blocky, very firm moist; slightly sticky
slightly plastic wet; thick and continuous cutarns; common
fine roots; few rock fragments; pH 5.7; clear smcoth
toundary.

B22t 25-29 cm Dark brown (7.5 YR 4/4) moist; loam to clay loam: sub-
angular blockv, very firm moist; slightly sticky slightly
plastic wet; thick continuous prominent cutans: few fine
roots; few to many rock fragments; pH. 6.6; clear smooth
boundary.

B23t 59-105 cm Strong brown (7.5 YR 5/6) moist; clay loam to clay sub-

angular blocky; firm moist; sticky plastic wet; thick
broken cutans; very few fine roots; many vock fragments
with Fe and Mn concretion; pH 5.7; difrfuse irregular
boundary.

I1B,t 105-111 Strong brown (7.5 YR 5/6) moist; clay; massive; firm
moist; sticky plastic wet; thick patchy cutans; few fine

roots, many rock fragments; pH. 5.8.
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Lab. Depth P,05 K,0

No, ‘Horizon cm pH kg;ha kg;ha %Cl %N |]c/N [0.M.%

G 18 Ap 0-10 5.5 | 110,0 | 1950.0| 1.23|0.14 | 8.75]2.11

G 13 B21t 10-25 5.7 | 112,0 | 2080,0{ 1.19{0,091/13.07|2.04

G 20 Boot 25-59 5.6 64.0 715,01 1,17/ 0,112{10.14}2.0

G 21 Boyst 59-105 | 5.7 80.0 | 1462.5] 0,71{0.105] 6.76]|1.22

G 22 I1 Bot |105-111 ] 5.8 80.0 130.0 | 0,51j0.51 | 5.,60]0.87
22, Rangrung Series

A moderately deep, somewhat excessively drained well developed on rolling to

moderately steep to steep slopes made up of alluvium/colluvium soil material

probably derived from phyllite. It is in a steep hill base under forest mainly in

Schima wallichii shorea robusta.

This soil is classified as fine loany, mixed thermic family of mollic

Hapludalf.
Typical Profile

Location:

01 3-0 cm

A1 0-20 cm

B2 20-81 cm

B3 81-99 cm

Site 33, topographic may 71 D/12 near Ramrung Barpak
Panchayat, Gorkha district 901 m. a.s.l.; Northeast
exposure.

Forest litter, undercomposed twigs, leaves, barks and
moss.,

Dark reddish brown (5 YR 3/4) silt loam, weak to medium
subangular blocky breaking into fine to medium crumb,
friable moist; non-sticky non-plastic wet; many fine

to medium roots; few rock fragments; pH 7.7 diffuse
boundary.

Red (2.5 YR 4/6) moisc clay loam to loam; medium to medium

to strong subangular blocky breaking into fine to medium
crumb; firm moist; slightly sticky slightly plastic wet;
many fine to medium roots; few rock fragments; pH 7.5
clear boundary.

Strong brown (.5 YR 5/6) moist; loam; to medium to medium
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up of soil material derived from phyllite.

Analytical Data:
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strong subangular blocky breaking into fine to medium
crumb; friable moist; non-sticky non-plastic wet; com-

mon fine to coarse roots; few rock fragments, pH 7.6.

Lab. No. | Horizon | Depth cm. | pH ié /:2 ngga w | w | c/n |omy
G 104 Al 0-20 |7.7 | 80 | 90.0]1.41|0.140 | 20.07| 2.43
G 105 B2 20-81 |7.5 | 48 | 32.5]0.57|0.001 | 6.26| o0.98
G 106 B2 81-99 |7.6 | 80 | 45.5]1.62]0.70 | 23.1 | 2.79

Tasa Seriles

A deep moderately well drained soil developed on moderately steep slopes made

It is in a fan mainly used for maize,

millet, potato, barley and wheat.
This soil is classified as coarse loamy, mixed, mesic family of Dysteric

Fluventic Eutr.ochrept.

Typical Profile

Location:

Ap 0-11 cm

B 11-34 cm

A b 34-45 cm

1

Site 30, topographic map 71 D/12 - D/16 near Tasa Village,
Barpak Panchayat. Gorkha district, 1832 m. a.s.l.;
Southwest exposure.

Dark greyish brown (10 YR 4.2) moist; loam; weak to med-
ium subangular blocky breaking into medium crumb; friable
moist, slightly sticky slightly plastic wet; many fine
roots, few rock fragments; pH 6.1 diffuse boundary.

Dark greyish brown (10 YR 4/2) moist; yellowish brown
thin mottles; silt loam; weak to medium angular blocky
breaking into fine to medium crumb; friable moist; non-
sticky non-plastic wet; few fine roots; few rock frag-
ments; pH 6.1 diffuse boundary.

Very dark greyish brown (10 YR 3/2) moist; yellowish
brown thin mottles; silt loam; weak to medium angular
blocky breaking into fine to medium crumb; friable moist,

non-sticky non-plastic wet; many rock fragments; pH 6.3

abrupt smooth,
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Yellowish brown (10 YR 5/4) moist; yellowish brown thick

IIB 45-61+ cm
mottles; loam; medium to strong angular blocky breaking
into medium to coarse crumb; friable moist; slightly
sticky slightly plastic wet; thick patchy cutans with
vertical ped faces; very few fine roots; many rock
fragments; pH 6.3.
Analytical Data:
p |F205) RO ool | oc
Lab., No. | Horizon |Depth cm. | p Kg/Ha | Rg/Ha /N | 0.M.%
G 96 Ap 0-11 6.1 |160.0]214.5]1.48] 0,196 | 7.55 | 2.54
G 97 B 11-34 6.1 96.0| 52.0}0.93]0.161 | 5.77 1.60
G 98 Al 34-45 6.3 96.0 | 91.0]0.83]10.168 | 4.94 1.43
G 99 IIB 45-61 6.3 96.0] 195.0} 0.63 | 0.105 | 6.00 1.08

24, Tinmana Se

ries

A moderately deep, excessively drained soil developed on very steep slopes

made up of colluvium/alluvium soil material probably derived from quartzite.

It is a very steep man-made terrace under forest mainly in gchima wallichii

and Castanopsis

indica.

This soil is classified as mixed coarse loamy, mixed, mesic family of Fluven-

tic Dystrochrept

Typical Pr

ofile

Location:

Ap 0~10 cm

B1 10-23 ¢

m

Site 181 topographic map 72 A/9, near Taklungpani Vil-
lage, Gorkha district. 1081 m. a.s.l.; Northwest ex-
posure.

Dark brown (7.5 YR 4/4) dry; dark brown (7.5 YR 4.4) moist;
silt loam; massive; friable moist; slightly sticky slightly
plastic wet; common fine to medium roots; few rock frag-
ments; pH 5.7; abrupt smooth boundary.

Dark reddish brown (5 YR 3/4) moist; loam; massive; very
friable molst; non-sticky non-plastic wet; common fine

to medium roots; few rock fragments; pH 5.3; abrupt smooth

boundary.



B, 22-40 cm

2

A.b 40-73 cm

1

B2 73-90+ cm

Analytical Data:
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Strong brown (u.5 YR 5/6) moist; silt loam; medium
angular blocky, friable moist; slightly sticky slightly
plastic wet; common fine to medium roots; few rock frag-
ments; pH 5.4; clear smooth boundary.

Dark reddish browh (5 YR 3/4) moist; loam: massive;
very friable moist; non-sticky, non-plastic wet;

common roots; few rock fragments; pH 5.2; abrupt weavy
boundary.

Strong brown (7.5 YR 5/6) moist; silt; medium angular
blocky; friable moist; slightly sticky slightly plastic
weak; common fine to medium roots; few rock fragments;

pH 5.5

Lab. No.| Horizon |Depth cm.| pH :2/:: x:7:a % | W c/N [0.M.%
G 68 Ap 0-10 | 5.7| 64.0| 97.5] 1.54] 0.119 | 12,94 | 2.64
G 69 By 10-23 | 5.3 | 99.0] 32.5| 1.92] 0.168 | 12.42 |3.30
G 70 B, 23-40 | 5.4 | 121,0| 19.5] 1.10{ 0.091 | 12.08 | 1.89
¢ 71 Ab 40-73 | 5.2 | 242.0| 19.5f 1.92] o0.252| 7.6 |3.30
G 72 B, 73-90+ | 5.4 | 33,0 32.5| 0.36{10.084 | 4.28 | 0.61
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CHAPTER 1V

SOILS AND GEOLOGY OF MIDDLE UPPER KALIGANDAKI CATCHMENT

(MYAGDI)
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PHYSICAL AND ENVIRONMENTAL FEATURES

Location and Extent

The Myagdi region lies due south of Mustang within the drainage of the
lower Kaligandaki River Valley, between Tatopani and Beni along the river's
main right bank tributary, the Rahughat Kohla. The lower Kaligandaki catch-
ment area lies between 83°26' and 83°51' 37" east longitude and 28°20' 21"
and 28°40' 30" latitude. The surveyed area covers 944 sq. km. The popula-
tion for 1979 is projected as 39,342.

Climate

Annual precipitation values of between 700 and 1400 mm of rain have been
recorded for the Myagdi region, generally increasing southward and with
altitude especially on south-facing slopes. The percentage of annual pre-
cipitation in the monsoon period increases southward, from 587 at late, to
66% at Dunai, and 85% at Beni Bazaar in the far south. Inversely, winter
proportions of total precipitation incre.se northward from only 5% at Beni
Bazaar to over 20% in the north. Maxium 24 years rainfall intensities vary
between 40 mm in the north and 150 mm in the south (Departments of Irriga-
tion, Hydrology and Meterology, 1977).

In Myagdi, the main climatic zones are subtropical, temperate and al-

pine.

Physiography and Drainage

Most of Myagdi district is drained by the Kaligandaki River and the
Rahughat Khola. The terrain is a highly dissected portion of the Inner
Himalaya, with altitudes extending from 835 m at Beni to over 6,000 m along
the peripheral divides. Everywhere relief is great and most slopes are in

excess of 35 degrees.

Land Use

As noted above the total area of the lower Kaligandaki catchment area
is 944 sq. km. The area under forest, cultivated land, pasture lands, snow-
covered, rock outcrops and others are estimated to be 29, 17, 36, 8, 9 and
1 percent respectively (APROSC, 1979).

Twenty-nine percent of the project area is covered by forest. The
main forest types include subtropical riverain forest, subtropical wet
forest and temperate forest vegetation, but increased population densities
have also brought extensive clearing and degradation of the native vegeta-

tion.
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Horticulture

Pasture

Forest

Limitations

Kuulegaunda Soil - Altitude

Surface Soil

Sub-So0il

Subsatratum

Other Properties

Suitability

Agriculture

Horticulture
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Moderate to highly suitable for
horticulture development. Formerly
many soils of this unit were used

for unirrigated cereal crops, and
were on landslide areas. At present
these soils are fallow and are under
being planned for horticulture de-
velopment. The suitable vegetables
include radish, cauliflower, cabbage,
broad leaf mustard and pumpkin.

Moderately suitable for forage crops
and fodder trees; poorly suited for
grazing.

Moderate to highly suitable for forest
development. The main forest species
are pinus roocburgie; Rhodedendron
spp; Schiwa wallichii, Castanopsis
indica; Barberis amalica; Lynolia
ovalifolium; Myrica ragi and Saroja

Low water-holding capacity, moderately
steecp to steep topography, susceptible
to erosion, droughtiness in winter
season, rock fragments on or near the
soll surface, slightly acid and oc-
casional hailstorms are the main re-
gtrictions of these soils. Many
goils of this unit are in a slidy
position, which doesn’'t permit agri-
culture.

1050-1400 m., Exposure: Variable.

Dark greyish brown to very dark grey-
ish brown, sailt loam/loam, 10-15 cm.
thick, many rock fragments.

Very dark greyish brown, loam, 15 cm,
thick, many rock fragments,

May be dark brown, gravelly, loamy
gand with many weathered schist
fragmenty.

Slightly acid, medium {n organic
mutter, and nftrogen, high in phos-
phorusn and potash.

Poor to moderately sultable for maize
and m{llet.

Poor to moderately suitable for
orange, banana, and other citrus
fruitn,
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Pasture

Forest

Limitations

Toripani Soil - Altitude
Surface Soil

Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture

Forest

Limitations

Dhaskhore-Poon lill Soils (Dh-Po)

Moderately suitable for fodder-trees,
poorly suited for gazing.

Highly suitable for forest development,
At present many soils of this unit are
under pine forest which are protected
by the Department of Forest. The re-
forestation program will be of benefit
in this location.

The main limiting factor is that most

of the soils of this unit are under

dense forest; and others are suscepti-
ble to erosion, have a rolling topography,
rock fragments on or near the soil sur-
face, droughtiness in the winter season
and some hailstorms.

1650-1800 m.

Greyish brown to dark greyish brown,
friable silt loam, 10-15 cm. thick,
few rock fragments.

Exposure: South.

Dark greyish brown to olive grey, firm,
silt loam, many rock fragments.

May be hard rock in situ.

Medium acid, high in organic matter,
nitrogen, phosphorus and medium in
potash.

Highly suitable for wheat, maize and
potato, moderately suitable for rice
and poorly suitable for sugarcane.
improved varieties of wheat also are
introduced in these soils.

Some

Moderately suitable fruits include
peach, plum, pears, citrus and suitable
vegetables are cole crops, radish,
tomato and colocasia.

Moderately suitable for forage crops
and grazing.

Poorly suitable for forest development,
because the soils are under agriculture
farming and dense population.

Limitations are moderately steep topo-
graphy, droughtiness in winter seasoa,
susceptible to landslide and erosion;
rock fragments on or ncar the soil sir-
face, medium acid and low productivity.

The Dashkhore-Poon Hill Soils occur in the east-west and northern part of

the mapped arca on moderately steep to steep slopes.

These soils are



141

moderately deep to deep, moderately well drained and are made up of
materials derived mainly from schist and phyllite.
Dhaskhore Soils - Altitude 2750-3200 m. Exposure: Southwest.

Surface Soil Dark brown to very dark greyish brown
friable, loam/silt loam 10-15 cm.
thick, few rock fragments.

Sub-So0il Dark brown to yellowish brown, friable,
silt loam 20 cm. thick, many rock
fragments.,

Substratum May be yellowish brown, very gravelly,

very fine sandy loam to loam soil
materials with many fragments of
weathered schist.

Other Properties Strongly acid, very high in organic
matter, medium in nitrogen and potash,
high in phnsphorus.

Suitability

Agriculture Unsuitable for farming.

Horticulture Poor to moderately suitable.

Pasture Poorly suited to pasture development.

Forest Highly suitable for forest development.
Many soils of this unit are under
forest. At present, these soils are in
thick dense forest, mainly Rhododendron
arboreum and Quercus semecarpifolia.

Limitations Low water holding capacity, steep topo-
graphy, susceptible to erosion,
droughtiness in winter season, short
growing season, rock fragments on or
near the soil surface, strongly acid,
low in potash and sometimes covered
with snow.

Poon Hill Soil - Altitude About 3050 m.; Exposure: Southeast.

Surface Soil Very dark grey, friable, loam 10-15 cm.
thick, few rock fragments.

Sub-So0il Dark grey, friable, loam 25 cm. thick,
many rock fragments.

Substratum May be reddish yellow, gravelly, loam,
soil materials with many rock frag-
ments.

Other I'roperties Strongly acid, very high in organic
matter, medium in nitrogen, high in
phosphorus and low in potash.

Suitability

Agriculture Unsuitable for farming.

Horticulture Poorly suited.



Pasture

Forest

Limitations
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Highly suitable for forage crops,
grazing. At present wild grass lands
are available in this unit. These
solls are also suitable for range
management.

Highly suitable for forest plants; at
present about 50 percent of the soils
of this unit are under dense forest,
mainly Pinus excelsa, Rhododendron and
Arundinaria spp.

The principal limiting factors for
agriculture are the climate, the
topography, rock-fragments on or near
the soil surface; snow-fall during the
winter season, strong acidity and low
fertility, and existing dense forest.

Gharsoona-Sikha-Nagi-Pangdr Soils (Gr-Si-Na-Pa)

The Gharsoona-Sikha-Nagi-Pangdr soils occur in the central part of the

mapped area on bench terraces and moderately steep slopes. These soils

are shallow to moderately deep, poorly to well drained and are made up

of materials derived mainly from schist and phyllite.

Gharsoona Soil - Altitude

Surface Soil

Sub-Soil

Substratum

Qther Properties

Suitability
Agriculture

Horticulture

Pasture

1800-2400 m. Exposure: Variable.

Dark brown to very dark greyish brown,
friable, silt loam, 20-35 cm. thick,
many rock fragments.

Dark greyish brown to yellowish brown,
friable, sandy loam to silt loam, 30
cm. thick, many rock fragments.

May be strong brown loamy sand with many
fragments of mica and schists.

Slightly acid, high in organic matter,
medium in nitrogen, phosphorus and
potash,

Moderate to highly suitable for maize,
millet, barley, naked barley and
potatn. Poorly suited for rice and
sugarcare.

Moderate to highly suitable for peach,
plum, pear, walnut and apple. Recently
fruit plants are being distributed from
LAC, and farmers scem interested in
fruit growing. Suitable vegetables in-
clude cauliflower, cabbage, knolkhnl,
asparagus, radish, and broad-leaf
mustard.

Poorly suited to pasture development.
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Forest

Limitations

Sikha Soil - Altitude

Surface Soil

Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture

Forest

Limitations

1/

Nagi Soil - Altitude

1/

Poor to moderately suitable for forest
development.

Many solls of this unit are under crop
farming and are located in dense resi-
dential areas., Low water-holding capac-
ity, moderately steep topography,
susceptibility to erosion, rock frag-
ments on or near the soil surface,
droughtiness in the winter season, low
soil fertility, and hailstorms are the
main limitations of these soils.

1829-2134 m. Exposure: Northeast.

Very dark grey to dark brown; firm;
gravelly silt loam; 15-35 em. thick;
many rock fragments.

Dark greyish brown to dark reddish
brown; friable silt loam; 15-65 cm.
thick; few rock fragments.

May be poorly sorted alluvial/colluvial
materials ranging from large boulders
to silt.

Medium to slightly acid, high in organic
matter, nitrogen and phosphorus and
medium in potash.

Highly suitable for maize, millet,
naked barley and potato; unsuitable
for rice and sugarcane.

Moderate to highly suitable for peach,
plum, pear, walnut and moderately suit-
able for apples. The suitable vege-
tables include cole crops, radish,
asparagus and broad leaf mustard.

Poor to moderately suitable.

Moderate to highly suitable for forest
development; reforestation is very im-
portant in this area because many soils
of this unit are under active slide.

Moderately steep topography, low water
holding capacity, susceptible to erosion,
risk of landslide, droughtiness in win-
ter season, frost, rock fragments on or
near the soll surface, medium acid in
reaction.

About 2300 m.; Exposure:

Source: Division of Soil Science and Agriculture Chemistry, Khumaltar.
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Surface Soil

Sub-Soil

Substratum

Other Properties

Suitability
Agriculture

Horticulture

Pasture
Forest

Limitations

1/

Pangdar Soil - Altitude

Surface Soil

Sub-So0il

Substratum

Other Properties

Suitability
Agriculture

Horticulture
Pasture

Limitations

4, GChara-Toripani Soils (Gh-To)

Very dark greyish brown, friable, silt
loam, 10-15 cm. thick, few rock frag-
ments.

Yellowish brown, firm, silty clay loam,
40 cm. thick, many rock fragments.

Hard bed rock of schist in situ.

Medium acid, very high in phosphorus
and high in potash. (Organic matter
and nitrogen are not estimated.)

Highly suitable crops are maize, millet,
barley and wheat.

Moderately suitable for peach, plum and
citrus fruits. The suitable vegetables
include cole crops, radish and broad
leaf mustard.

Poor to moderately suitable.
Moderately suitable.

Low waterholding capacity, acceptible
to erosion, many rock fragments on or
near the soil surface, medium in acid.

About 2300 m.

Olive grey, massive, loamy sand, 10-15
cm. thick, many rock fragments.

Exposure:

Olive grey, friable, silt loam, 25 cn.
thick, many rock fragments.

May be hard rock in situ.

Slightly acid, high in phosphorus and
potash. (Organic materials and nitro-
gen are not estimated.)

Poor to moderately suitable.
Moderately suiltable.
Highly suitable.

Cool to cold climate is one of the main
restrictions; also susceptible to ero-
sion, snow fall, many rock fragments on
or near the soil surface, slightly acid
in reaction.

The Ghara-Toripani soils occur along the Kaligandaki River of the catch-

ment arca on moderately steep bench terraces.

1/ Source:

These soils are moderately

Division of Soil Science and Agriculture Chemistry, Khumaltar.
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deep, somewhat poorly drained and are made up of materials derived

mainly from schist, phyllite and slate.

Altitude About 1500 m. Exposure: Northeast.

Surface Soil Dark grey, friable, silt loam, 10-15
cm. thick, many rock fragments.

Sub-Soil Greyish brown, friable, silt loam,
20 cm. thick, very many rock frag-
ments.

Substratum May be aard rock in situ derived

mainly from schist and phyllite.

Other Properties Neutral, medium to organic matter, and
nitrogen, high in phosphorus, and very
low in potash.

Suitability
Agriculture Poor to moderately suitable for farm-
ing. At present, the ex’.ting crops
are paddy, maize and wheat. Due to the
agricultural practices many soils of
this unit are susceptible to landslide
and erosion.
Horticulture Poorly suitable for orchard development
and unsuitable for vegetables.
Pasture Poor to moderately suitable for pasture
development; unsuitable for grazing.
Forest Highly suitable for forest development.
Quick growing tree plantation is very
important in the active landslide area.
Only a little Alnus nepalensis is
growing there at present.
Limitations Many so0il of this unit are under active

landslides. Other limitations include
steep topography, susceptibility to
erosion, rock fragments on or near the
soil surface, droughtiness in winter
season; low soil fertility and hail-
storms.

I1I. GEOLOGY AND EROSION
GEOLOGY

1. Stratigraphy

Metamorphosed sedimentary rocks of Proterozoic and Paleozoic
groups compose the project arca (Sheet No. II, 6c¢).

The area covered by different geological units and the percentage of the
total arca of the watershed covered by the units and their occurrence in

different panchayats {s presented in Table No. 1.
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Proterozoic Group

The proterozoic group is represented by the rocks of the middle
proterozoic subgroup. These rocks are found in the southern half of
the catchment. This subgroup is represented in the project area by the

rocks of Galang, Khahare and Hilang suites.

Galang Suite (Pzgl): In the Kaligandaki catchment area, this suite is

composed of chlorite sericite schists, quartzites and limestones. They
are dark green, light to dark brown, and rarely black, or dark grey in
color. These highly weathered and often finely fractured rocks have a
northwest to southeast trend. They are moderately consolidated. This
suite is found in the southern part of the territory. Its thickness is

about 1500 meters.

Khahare Suite (szh): This suite is represented by quartzites, schists

and sandstones. The quartzite is white to greyish white, whereas the
schists and sandstones are brown to dark brown, rarely pinkish in color.
The rocks are high to moderat:zly weathered, moderately consolidated
and finely fractured. Lying on the rocks of Galang Suite, they have a
normal contact with them. A normal contact of this suite with the rocks
of the Hilang suite is also seen in its northern edge. The thickness of

the Khahare suite is estimated to be about 5500 meters.

Hilang Suite (chl): The Hilang suite, in the project area is found in

the central part In Darmija, Dhoba and Baraha Panchayats. It is rep-
resented here by white to brownish white, light yelloy limestones and
dolomites. These rocks are moderately consolidated, slight to moderately

fractured and slightly weathered.

This suite has a contact in the north with the Himal suites of the
Cambrian and Ordovician systems which overlay it.

This suite has an east-west trend and its thickness is about 3500

meters.

Paleozoic Group

Paleozofc rocks in the lower Kaligandaki catchment areas are found
in the northern part. This group is composced of rocks belonging to

Cambrian, Ordovician, Silurian and Dcevonian systems.

Cambrian and Ordovician Systems

Himal Suite (C4Ohm): The Himal sufte s represented by grey granitized

achints and quartzites with bands of limestones. These rocks are high
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Table 1

of wupper-Kaligandaki watershed,

Geological Units

Galang suite (PRpgl)
Khahare suite (PRzkh)
Hilang suite (PRhl)
Himal suite (C+Ohm)
Silurian system (S)
Devonian system (D)
Recent alluvium

(IVal)

Total

Area in sq.km,
38,25

256.04
81.23

421,6
62.7

12,54

943.96

Percentage of

the total area

4.05
27.12
8.61
44,67
6.64

7.58

1.33

100
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to moderately consolidated and slightly fractured.

This suite is located in Kuine Mangale, Darmija, Dana and Baraha
Panchayats. The suite lies on the denuded surface of the rocks of the
Hilang suite. The Himal suite has an east-west trend, and its maximum

thickness is estimated to be about 9000 meters.

Silurian System(s) (S)
The Silurian system consists of white to light yellow limestones.

The limestone is highly consolidated, moderately fractured and slightly
weathered. No karst formation was seen in the territory.
This suite is located in Darmija, Kuine Mangale and Dana Panchayats.

Its thickness is not uniform, and varies from 0 to 3000 meters.

Devonian System (D)

The Devonian system is represented by argillo-sericite schists and
phyllites. These light-to-dark-brown, greyish brown vocks are found in
the north of Darmija, Kuine Mangale and Dana Panchayats. They are weak
to moderately consolidated, highly weathered and finely fractured. The

thickness of the Devonian system is about 3000 meters.

Cenozoic Group

Quarternary system

Recent alluvium (IVal): These are generally sands, gravels, boulders

and different sand-clay horizons. They occur along the river beds. The

thickness is variable and was not measured in the catchment area.

Structure

The geological structure of the area is governed by a large anti-
cline at the south and a syncline at the north. The axis of both syncline
and anticline strike 15°-20° East,

Kowang syncline has slightly inclined flanks with their average in-
clination 20°-25° with local variations between 15° to 35°.

Pipale anticline has a very steep northern flank, whereas its
southern flank is almost flat. The average inclination of the northern
flank is about 35°-40° with local variations from 20° to 25° up to 70°-
75°. The flat southern flank has local variations from 10° and 30°.

The synclinal and the anticlinal structures of the area are compli-
cated by numerous small anticlines and synclines which in most cases are
structures of lower classes. But the tendency of the macro faults re-

mains unchanged.
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No major fault could be traced because of the insufficiency of the
observations.

Along some rivers such as Ghar Khola, Ghaleli Khola and Rukse Khola,
are macro faults of sublongitudinal trend. Both vertical and horizontal
components of the faults are not large, though at some places they were

easily noticed.

Geological History of the Lower Kaligandaki Catchment

The geological history of the lower Kaligandaki catchment can be
traced from the middle proterozoic period.

In the Galang time of the middle proterozoic period the entire
Kaligandaki catchment area was underwater. It was a shallow basin (depth
varying from around 50 to 250 meters). The basin was quiet, and hence
fine silty material was deposited on the bottom.

Limestone was formed as a result of chemical processes occurring at
the bottom of the basin.

In the Khahare time, the basin was similar in shape. At this same
time the middle Himalaya geosyncline started folding, but no big mountains
formed and the whole area remained under the existing basin. As a result
of folding the basin became shallow at some places, whcre coarse material
was deposited. In the deep parts of the bottom, sedimentation of silty
materials continued.

At the end of Khahare time, Pipale anticline was formed as a sub-
longitudinal island in the Proterozoic basin. From this time, the con-
tinental history of the southern part of the catchment area began.

In the Hilang time, the area covered by the basin was decreased. It
became a moderately shallow basin, where sedimentation of chemical lime-
stones and dolomites took place.

In the Cambrian and the Ordovician periods, the basin was receding
further. Its southern boundaries shifted to the north. The conditions
of sedimentation were similar to thuse of Hilang time, but it was more
shallow at the upper part of the continental shelf, where sedimentation
of coarsc to medium material (quartz, sand and silt) took place. But at
the lower side of the continental shelf, carbonate material was deposited.

The depth of the basin during these periods did not remain constant
but periodically changed. The conditions of sedimentation also changed
with a change in depth. Those changes in depth gave rise to the forma-
tion of the bands of limestone.

In the Silurian time, the conditions of sedimentation remained similar
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but the basin was more deep than in the Cambrian and the Ordovician
periods. The water pool was more quiet during the process of its re-
cession. At the bottom of this calm basin, limestone forming material
was deposited.

At the end of the Silurian period, the territory started folding and
a huge syncline was formed, where the Silurian basin existed before. In
the Silurian time, the basin was almost absent. It existed only in the
eastern and the western parts. These two water pools were connected by
a narrow channel. The basins and the channel were very deep, where fine
argillic material was deposited. The conditions of sedimentation re-
mained similar. It was a quiet basin, though its depth was decreasing
constantly. At last, at the end of the Devonian period the basin was gone.

After the Devonian period, the territory was folded many times,
though the exact time of folding is not known.

This area has been highly influenced by the foldings of the place in
the Tertiary period in the higher Himalayan.

The rocks of the area are highly metamorphosed. Schist of the Cam-
brian and Ordovician was granitized and the argillic rocks of the Devonian
period and the Galang suite were sericitized and chloritized.

In the Tertiary period, the formation of the Himalayas gave rise to
the formation of the sublongitudinal faults, which have mostly vertical
components. The northern flank is, in all cases, uplifted in comparison
to the southern flank.

After the formation of the high Himalayas, the monsoon period started.

The formation of the Kaligandaki River is very closely related with
the formation of the high mountains, which are inclined to the south.

The gradual decreasing of height from the higher Himalayas to the lower
terai formed a gradient, as a result of which, the rivers started flowing
from the north to the south.

The territory was denuded from the end of the Devonian period.
During this long period, many landslides as well as other major and minor
types of erosion took place. As a result of this erosion, the area was
flattened. The rivers denuded the banks and formed flat or slightly in-
clined alluvial terraces along their routes.

Erosion: Erosion in the Myagdi-Kaligandaki catchment is compli-
cated not only because the area is situated at different altitudes and

hence different climatical regions, but also because many factors are
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acting together to promote erosion. These factors are: lithology,
geological structure, tectonics of the area, hydrology, geomorphology,
relief, slope, etc. All these factors have been described earlier. In
this sesion we will discuss the particular types of erosion occurring

in the area.

Sheet erosion: Sheet erosion, In the Middle-Upper Kaligandaki

watershed is very high. The main reason for the high .ccurrence of
this type of erosion is the hLigh average annual percipitation. The rate
of percipitation varies from place to place and the average annual precip-
itation is not constant for all the territory of the watershed. Slope is
another dominant factor behind sheed erosion and the arca is characterized
by steep slopes.

A map of potential sheet erosion has been made on the basis of slope
and land use (presented by Sheet No. 12c). The sheet erosion classifi-

cation of the territory is shown in Table 2.

Table No. 2 - §Dget Erosion Classification

Land use: ' .
+ Pasture + Forest , Cultivated area
Slope ' (Range) .
' CLASS IV ]
Below 5° ' ' '
[} [ ]
50 - 16° ' 1) CLASS III | CLASS II
1 ' v
o ! ] |}
. 9260 '
16 25 ) CLASS III ' ?LASS 11 ' CLASS I
Above 25° ! CLASS 11 '
[}

Table 3 presents the arcas covered by different erosion classes and
the percentage of the total area of the watershed.

Ri11 and gully erosion: Rills and gullies are highly developed in

the watershed. The main causes of this type of erosfon are the high
average annual precipitation, genceral high relief, steep slopes and snow-
capped mountains of the catchment. The rills and pullicu of the area are
generally very decp. Thelr density in steep slopes in high fn comparison
to that in rolling to moderately steep slopes. In the fans, they are
generally wide and shallow. Perennial melting of snow fs one of the main

causes of the rills and pullien.
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~lower as well as the intermediate altitudes is dJeforestation.
These slides are generally accelerated by human action rather than
natural.

In the vicinity of Ghar Khola are a number of active landslides
with their volumes sometimes exceeding 50,000 cu. m. On the right bank
of the Ghar Khola marks of former landslides are visible. The main
reason of active landslides on the left bank is the lithology of
the bedrock, which is composed of phyllites and schists.

In Tallo Sikha, in the vicinity of Ghatte Khola, notential land-
slide 1s located in phyllites and schists; its volume is estimated to be
around 100,000 cu. m. In the areas adjoining to the slide, about 2 to 3
meter cracks were noti:ed on the 2nd May 1979. The area is known to
have been actlvated a.ter 1961 A.D.

An active landslide 1s also located at the left bank of Gar Khola,
at the meeting point of Dhaske Khahare Khela and Gar Khola in Sikha
Adarsha Panchayat. [ts volume is estimated to be about 300,000 cu. m.
The area is known to be activated about 28-30 years ago.

At the right bank of Dhaske Khahare Khola at Chhalim Danda, another
potential landslide has been found. It is not large but it 1s dangerous
for the cultivated arcas of the Danda. Such landslides are very common
in this Panchayat.

All the above mentioned landslides are very dangerous both for human
populations and the cultivated areas, as the landslides are located very
close to the villages of Sikha, Ghara, Phalate and Chitre. The Panchayat
is loosing cultivated lands year by year through landslides.

Some seasonal rivers of the Panchayat are noticeable, because their
existence {s very dangerous for the villages. Among such rivers is a
seasonal river in the vicinity of Ghar Village, which is very steep and
wide. It brings a lot of stones and boulders with it after every rain-
fall, very often demoliohing houses and causing numerous slides in the
cultivated arca of the village.

In Panchayats other than Sikha Adarsha, no bedrock sliding had been
noticed, thouph nmall landslides in the alluvial soils are common
throupghout the catchment arca.

A map of landuliden 1o made on the basis of slope, lithology, relief,
land une and the obuservationn f the Soil and Geological Survey Team of
APROSC In the upring of 1979, This map is presented in Sheect do. IV, 10c.

The clannification of the territory fu shown in Table 4.
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Table 4 - Landslide Classification

Rock Classes : Highly erodable : erodable

Slope ' !

Above 36° , /1 ¢ r3/+ ré/) ('--c I1 (F+P)
] 1 ]

250 - 36° : 11 'C (F+P)

160 - 250 . c (F+P®) , € III (F+P)
[]

Below 16° : c IV (F+P)

N. B.: In this table, schists, schists with quartzites and sand-
stone are classified as highly erodible rocks whereas limestones and
dolomites are classified as erodible rocks.

Active slides territories are not included in the table since
these areas are rare in the watershed.

Table 5 presents the areas covered by different landslide classes,
their occurrence in different Panchayats and their percentage of the total

are of the watershed.

C = Cultivated area
P = Pasturc
F = Forest
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Table 5 - Area Under Different Landslide Classes

Area, Percent of
Units 8q. km, | the total area! Panchayats
Class I -
Highly sliding 581.29 61.58 All but Ghatan
Class II -
Moderately sliding| 259.33 27.47 All
All but Jhee, Ghatan,
Class III - Bhagbat Begkhola,
Slightly sliding 36.93 3.92 Hi' than Mandali,
Barana, Dana
Kuine Mangale, Ramche,
Class IV - Histhan Mandali, Sikha
Non-sliding 64.41 6.82 Adarsha, Baraha, Dana
Active sliding
Territories 2,00 0.21 Sikha Adarsha
Total /943,96 100,00

Conclusions and Recommendations

Conclusions: The following are conclusions on erosion of the project areca:

a. The area is characterized by high sheet erosion, rill and gully erosion
as well as bank erosion.

b. The main reason for the high erosion hazard is the high rate of precipi-
tation and the high averape annual precipitation.

c. Actfve landslides are penerally located in Sikha Adarsha Panchayat along
the Ghar Khola River. Although these are not large masses, they are

dangcerous for villagers as well as for the cultivated arcas.

Recommendations: In view of all thene factors, the following are recommended

in the project arca:

a. Conuldering the high cronfon hazard, deforentation should be prohibfived.

b. Highly croded ulopens should be reforented to decreane eronjon hazard.

C. Measurens nhould be taken to protect the arean adjacent to active land-
sliden, Aforentation s recommended for thin purponce,

d. Babankments should be eonntructed along the rivers with high bank erosion,

enpecially along the Ghar Khola River in Stkha Adarsha Panchayat,
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e. Cultivation in the areas adjacent to the active sliding territories
should be either prohibited or better managed.

f. Precautions should be taken to prevent the active sliding areas from
further sliding and from other types of erosion. The most important
factor here is water flow, which should be diverted from these areas.
Plantation of shurbs and grasses can, to some extent, prevent these
areas from further erosion.

g. Cultivation on steep slopes should be well managed to protect these

areas from erosion.

USE AND MANAGEMENT OF THE SOILS

Agriculture
Rice: The Dandakot, Dhaskhore-Poon Hill and Sikha soils are unsuitable

for rice cultivation. The Gharsoona soil is poorly suited for rice. The
Ghara and Pangdar soils are poor to moderately suitable for rice. The only
moderately suitable soil unit for rice is Toripani.

Maize: The Dandakot and Dhaskhore-Poon Hill soils are unsuitable for
maize. The poor to moderately suitable soil units for maize are the Ghara,
Kaulegaunda and Pangdar. The highly suitable soils for maize are the
Gharsoona Shikha, Nagi and Toripani.

Millet: The Dandakot, Dhaskhore-Poon Hill, Ghara-Toripani soils are
unsuitable for millet. The poor to moderately suitable soil for millet is
Kauleguunda and the highly suitable soil units are Gharsoona, Sikha and Nagi.

Barley: The Dandakot, Kaulipaunda-Toripani, Dhaskhore-Poon Hill,
Ghara-Toripani Pangdar and soils are unsuitable for barley cultivation. The
Tadreoona, Sikha Napi solls are highly suitable for barley.

Wheat: The Dandakot-Kaulegaunda, Dhaskhore-Poon I1i11, Gharsoona-Sikha
and Pangdar soils are unsuitable for wheat. The highly suitable soils .or
wheat are the Ghara Toripan{ and Napi,

Naked Barley: The Dandakot, Kanleganda-Toripanf, Dhaskhore-Poon Hill
Ghana-Toripanil Napl, Pangdar and Nagf are unsuitable for naked barley, The

suftable soll units for naked barley are Gharsoona and Sikha.

Potato:  The Dandakot, Kanlegaunda, Dhaskhore-Poon Hill Ghara, Nagi and
Pangdar nofls are unsuitable for potato. The suitable soil units are the

Gharsoona Sikha and Tor{ipani,

Horticulture

The Ghara and Poon Hill soile are poorly mufted for fruit cultivation,
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The Dhaskhore and Kaulegaunda soils are poor to moderately suitable for horti-
culture development. The Nagi-Pangdar and Toripani soils are moderately
suitable for peach, plum, pear and citrus fruits and for the vegetables such
as cole crops, radish and broad leaf mustard. The moderate to highly suit-
able soil units for peach, plum, pear, walnut, and apple are Dandakot,

Gharsoona-Sikha and Nagi.

Pasture

“he Dhaskhore and Gharsoona soils are poorly suitable for pasture develop-
ment; Ghara, Nagi and Sikha soils are poor to moderately suitable. The ’
Dandakot-Kaulegaunda Toripani soils are moderately suitahle for pasture de-
velopment but the Kaulegaunda soils are poorly suited for grazing. The highly

suitable so0il units for pasture development are the Poon Hill and Pangdar.

Forest

The Toripani soils are poorly suited for forest development. The Ghar-
soona and Pangdar soils are poor to moderately suitable for forestry. The Nagi
soils are moderately suitable for forest plants. The Dandakot and Sikha soils
are moderate to highly suitable for forest growth. The highly suitable soil

units for forests are the Dhaskhore-Poon Hill, Ghara and Kanlegaunda.

Fertility Status

Fertility status of the soils of Myagdi district is shown in Table 6. In
general the soils of the upper middle Kaligandaki catchment area of Myagdi vary
from strongly acid to neutral in pli.

The Poon-Hill soils are strongly acid in reaction. The Toripani and
Sikha-Nagi soil have medium acidity. The Dandakot, Ghara, Gharsoona-Pangdar
soll, are slightly acid. The Dhaskhore soils are neutral in pH.

The organic matter content of the soils varies from medium to high and
very hipgh. The Dhaskhore-Kanlegaunda soils are medium in organic matter.

The Ghara-Torlipani, Gharsoona~Sikha, and Poon-liill soils are high and very
high in the organic matter content.

The nitrogen content In the soils varies from medium to high. The Danda-
kot, Kaulegaunda-Toripani Ghara-Toripani, Dhaskhore-Gharsoona and S{kha-Pangder
goils are medium to hipgh In nitropen. The amount of phosphorus varies from
medium to high and very hiph, The Ghara and Gharsoonn soils are medium in
phosphoxut. The Dandakot-Kaulegaunda-Toripani, Poon-H{ill and Sikha and Pangdar
solls arc high and the Dhaskhore and Nagi soils nre very high in phosphorus

content.
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The soil of the upper middle Kaligandaki catchment (Myagdi) varies from

low to high in potassium content. The Dhaskhore and Poon-Hill soils are low

in potash. The Ghara, Toripani, Gharsoona and Sikha soils are medium in

potash. The Dandakot-Kaulegaunda and Pangdar soils are high in potash.

Table 6 - Fertility Status of the Soils of Myagdi District

Soil Units pH 0.M. N P,0g K,0
Dandakot, Dk Slight acid | very high] Medium] High High
Dhaskhore, Dh Neutral Medium Medium| Very high| Low
Ghara, Gh Slight acid | High Medium|] Medium Medium
Gharsoona, Gr Slight acid| High Medium! Medium Medium
Kaulegaunda, Ka » " Medium High High High
Pangdar, Pg Slight acid| - .- High High
Poon-Hill, Po Strongacid | Very high Hediumw High Low
Nagi, Na. Med.acidic - - Very high | High
Toripani, To Med. acid High High High Medium
Sikha, Si Med. acid | High H%gh Bigh Med{um
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APPENDIX I -~ DESCRIPTION OF SOILS AND ANALYTICAL DATA

Technical descriptions and analytical data available for the main soils recog-
nized in the mapping units are presented in this section. Each class 1is classi-
fied in terms of soil taxonomy. The nomenclature of the USDA Soil Survey Manual
(USDA, 1951) and the FAO Guidelines for Soil Description (FAO 1977) have been
followed.

Texture is determined according to feel and the color notation follows the

Munsell Color Charts (1954). pH is determined in 1:1 soil/water ratio with pH
meter and nitrogen by Bray's or Olsen's method, depending upon soil pH, and potassium
by flame photometer (Jackson, M. L. 1962).

The classification of soils are mainly based on morphological description of
solls with a few analytical data at the time of report writing. Therefore, the
classification is considered provisional. It may also be mentioned that only two
village panchayats, namely Ghatam and Sikha, had been surveyed by the APROSC Soil
Survey Team in 1978. 1In addition, some informations, was available at the Divi-
sion of Soil Science and Agriculture Chemistry. Therefore, the soil maps have
been organized by using very short information of soils in the Ecological Map of
Nepal - I region Annapurna, Dhaulagiri by Doberey, J. F. and Jest, C. 1974.

The exact location of all soil boundaries should not be looked for.

1. Dandakot Series

This ~eries is a moderately deep, moderately well drained soil developed on
moderately steep to steecp bench terraces made up of soil materials derived mainly
from slate, schist and phyllite. 1t is under a forest vegetation consisting of

Pinus roxburpi, Rhododendron spp., Schima Wallichifi, Castanopsis indica, Barberis

asiatica, Lynolia ovalifolium, Myrica napi, Saroja Nepaleness, lrrs. cte. This
soil is classified as a loamy skeletal, mixed, mesic family of Mollisol.

Typical Profile

Location: Site 8, near Toripani Village, Ghatan Panchayat 1920 m,
a.s8.1.; Northeaost exposure,
0, 2-0 cm Raw and decomposing leat and plant remains,

1
A, 0-13 cm Brown (10 YR 5/3) dry, very dark greyish brown (10 YR 3/2)

1
moiat silt loam; weal to medium subanpular blocky breaking
into fine to medium crumby friable molnt; nlightly nticky
non=plantic wety many rock fragments; abundant medium to

coarte rootn; pH 62 abrupt smooth boundary,






Analytical Data

l6l

E:?. Horizon| Depth| pH | P,0 K,O| C| ZN]| C/N| OML
cm kg/Ra kg;ha

0 0; 3-0

M 10| A 0-10} 5.1| 88.0] 134.0]2.64 | 0,14 | 18.85] 4.54

M1l B 10-28 | 5.4| 220,0| 91.0{1.96 | 0.315] 6.22 3,37

M 12 C 28-59| 5.8 96.0| 26.0]0.76 | 0.035]21.71|1.30

3. Ghara Series

This serics is a moderately deep somewhat poorly drained soil developed on

moderately steep bench terraces made up of soil materials derived mainly from

schist and phyllite.

tion.

These soils are mainly in maize, wheat and paddy cultiva-

The Ghara scries is classificd as a loamy skeletal mixed, thermic family of

Intisol.

Typical Profile

Location:

Ap 0-14 cm

Ac l4=-444 cnm

Site 1, near Ghara Goun, Sikha Adarsa Panchayat, 1520 m.
a.s.l.; Northeast cxposure.

Dark olive prey (5 YR 3/2) dry, dark grey (5 YR 4/1)
moist; silt loam; masuive friable molst; slightly
sticky, slightly plastic wet; many rock fragments; fine
to medium roots common, pH 69; clear wavy boundary.
Greyish brown (2.5 YR 5/2) mofut; many dlstinct fine
and wedfum reddish brown mottles; sflt loam; mannive
wveak, friable mofnt; slightly nticky, snlightly plastic
wet: very tany rock fragments of weathered phyllite and

gchists; {{ne to medium rovts commony pH 70.
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Lab P 2 K,0

No. | Horizon | Depth cm| pH kg; a kg;ha %“Cl] ZN]|C/N |OM%Z
M1 Ap 0-14 6.9} 64.0 | 19.5 |]1.06|0.154]6.88] 1.82

M2 Ac 14-41+ 7.0| 32,0 | 42,0 |0.72]0.147/4.89 | 1.23

4. Gharsoona Series

This series is a moderately deep, well drained soil developed on moderately

stecp slope made up of soil materials derived mainly from schist and phyllite.

These soils are mainly in barley, naked barley, maize and potato cultivation.

This soil series is classified as loamy skeletal, mixed, mesic family of

Entisol.

Typical Profile

Location:

Ap 0-19 cm

A, 19-69 cm

3

C 69-95+ ¢m

Site 3, near Dhase Khore Village, Sikha Panchayat,

2130 m. a.s.l.; Southeast exposure.

Very dark grey (10 YR 3/1) moist; loamy sand; massive;
friable moist; non-sticky, non-plastic wet; many rock
fragments; abundant fine to medium roots; pH 62; dif-
fuse boundary.

Very dark greytfsh brown (10 YR 3/2) moist: sandy loam;
friable moist; weak to medlum subangular blocky breaking
fnto {ine crumb; non-sticky, non-plastic wet; many

rock fraprnents; fine roots common pH 63; clear broken
boundary.

Strony, brown (7.5 YR 9/8) wmolst; loamy nand; masnive;
non-sticky, non-plastis wet; very many rock fragments

ol weathered uchint; concretionn probably of Fe and Mn,;

pH 63.
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Lab, Depth P20 K,0

No. Horizon| cm pH kg/ga kg;ha C| %N E/N |JOM 7
M7 Ap 0-19 6.2 | 160.0| 253.,5] 1.87 | 0,21 | 8.90] 3.21
M8 A3 19-69 6.3 | 144,0] 221.0f 0.96 0.14* 6.53] 1.65
M9 c 69-95+ 6.3] 160.0| 169,0] 0,42 | 0.077 5.45} 0.72

5. Kaulegaunda Series

This series is a shallow, moderately well drained soil developed on rolling

to moderately steep bench terraces made up of soil materials derived mainly from

schist and slate.

These soils are mainly in maize and millet cuitivation.

This soil series is classified as a loamy skeletal, mixed, thermic family in

Entisol.
Typicul Profile

Location:

Ap 0-10 cm

B 10-25 cm

C 25+ cm

Analytical Data

Site 7, near Kaulegaunda, Ghatan Panchayat, 1540 m.

a.s.l.; Southeast exposure.
Greyish brown (10 YR 5/2) dry, dark greyish brown (10 YR

4/2) moist; silt loam; massive, non-sticky, non-plastic

wet; many rock fragments; fine to medium roots common;

pH 66; clear wavy boundary.
Greyish brown (10 YR 5/2) dry, very dark greyish brown

(10 YR 3/2) molst; loam; massive; sliphtly sticky, non-

plastic wet; many rock fragments, few fine roots; pH 64

abrupt boundary.

May be loamy sand materials with many fragments

Lab, Depth PO K,0

No, | Horiron| cm pH kg;ha kg;hn 2C |%2N JC/N |OMTZ
M 17 Ap 1-10 6.6]| 320.0 | 617.5 1,441 0,168 8.57 | 2.47
M 17 10-25 6.4] 128.0 | 221.0 0.53] 0.098] 5.40 | 0.91
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Lab. Depth P O K,0

No. | Horizon| em ol | kgthd |kgtha| % c] % n o/ [ouma
M3 ap | o0-15 | 6.2 | 64.0|169.0] 1.26( 0.147]8.57 | 2.16
M 4 B |15-48 | 6.1 | 48,0 42.0]1.22] 0.175/6.97 | 2.09
M5 Ap | 48-66 | 6.7 | 32.0 | 19.5] 1.89] 0.21 [9.00 | 3.25
M6 B, | 66-80+ | 5.9 | 32,0 | 32.5] 1.05] 0.126/8.33«| 1,80
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CHAPTER V

SOILS AND GEOLOGY OF UPPER KALIGANDAKI CATCHMENT AREA

(MUSTANG)
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PHYSICAL AND ENVIRONMENTAL FEATURES

Location and Extent

The upper Kaligandaki catchment area (Mustang) is located in the Dhaulagiri
Zone of the western development region of Nepal. It shares borders with Tibet
to the north, Myagdi district to the south, Manang district to the east and
Dolpa district to the west. The catchment area lies between 83°28'3" and
84°8'11" east longituc . and 28°33'36" and 29°19" north latitude. The total
area comprises 3176 sq. km. with a population projection of 14,957 in 1979,

Climate

The Trans-Himalayan zone of Nepal is not exposed to the monsoon rains,
but forms rather an arid, semi-desert zone with low precipitation and scarce
vegetation. The upper watershed of the Kaligandaki River falls in this region.
Mustang lies completely in the rain-shadow and probably forms the desert area
of the whole of Nepal with less than 300 mm., of annual rainfall. Southward,
Jomsom receives 303 mm, and Marpha receives over 2500 mm. Further south, the
total rainfall {s reduced, probably because of less orographic effect, with
Tatopani receiving only about 1300 mm. Muktinath, lylng at a higher altitude
(4000 m) {n the upper Jhong Khola Valley reccives 369 mm., slightly more than
nearby, but lower, Jomsom (Department of Irrigatfon, Hydrology and Meteorology
1977).

Seasonal distribution of precipitation also varies within the replon.
About 85 pcrcent of the annual preciplitation falls at Tatopani. Pre- and
post-monsoon precipltation accounts for up to 30 percent, with less than 25
percent of the preciplitation occurring in the winter.

Maximum 24 hour rainfall {ntensitfes vary up to 300 mm, during the mon-
soon. Although no snow fall records arce avallable, arcas north of and at
higher altitudes than Jomsom recefve fncreanfngly greater shares of annual
precipitation an snow,

The only temperature data for the Muntang reglon are from Jomsom. Here
the January mean minfmum temperature drops to 2.6°C, and the July mean max{-
mum {5 25°C.  An extreme low of 10°C han been recorded, and {rost occurn in
seven monthe of the year.  The mean nnual temperature {6 about 12°C,  Sip-
nifleantly higher temperatures occur nouthward in the Kaligandakl River
Valley., Above the timberline, the mean annual tenperature {n montly below
0°c,

No wind records exint for the reglon,.  However, high wind velocitien

are commonly obaerved {n the Jomnom, Kagben!l and Lomaatang Valleys, where
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Suitability

Agriculture Unsuitable for farming.

Horticulture Moderate to highly suitable for apple,
grape, apricot and walnut; suitable vege-
tables include cole crops, peas, potato
and radish.

Pasture Moderately suitable.

Forest Highly suitable for forest development.

Limitations Cool to cold arid climate (a main limiting

factor). Susreptibility to erosion,
droughtiness in winter and summer, many
rock fragments on or near the soil surface,
snow fall (snow covers the area nearly
half of the year).

Tukche Soil

Altitude About 2550 m. Exposure: Southeast.

Surface Soil Dark greyish brown, friable, loam to silt
loam, 10-15 cm. thick, many rock fragments.

Substratum May be stones and boulders of phyllite and
schists.

Other Properties Moderate to strongly alkaline, high in
organic matter, nitrogen, phosphorus and
potash.

Suitability

Agriculture Highly suitable for naked barley and potato;
moderately suitable for wheat and maize.

Horticulture Moderately suitable for orchard development.

Pasture Moderate to highly suitable for range de-
velopment.

Forest Poor to moderately suitable for forest

developuent

Limitations Cool, arid climate, snow fall (about four
months in a year) high-wind velocity, sus-
ceptibility to erosion, many rock fragments
on or near the soil surface, moderate to
strongly alkaline pH.

Mantang-Morang Soil (Mt-Ma)

The Mantang-Morang soil unit occurs in the northern part of the
mapped area on flat to undulating terraces. These soils are shallow,
moderately well drained and are made up of materials derived mainly
from alluvial/colluvial material. The soil texture is silt loam.
Mantang Soil
Altitude About 3650 m. Exposure: Northeast.
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Surface Soil Dark greyish brown, friable, silt loam,
25 cm. thick, few rock fragments.

Substratum May be, a) poorly sorted alluvial/colluvial
materials with many rock fragments or b) hard
rock in situ.

Other Properiies Moderately alkaline, medium in organic mat-
ter, high in nitrogen, very high in phos-
phorus and potash.

Suitability

Agriculture Moderately suitable for naked barley and buck-
wheat.

Horticulture Moderately suitable for apple.

Pasture Highly suitable for pasture development.
About 40 percent of the soils of this
series is under natural pasture.

Forest Poor to moderately suitable for forest trees.
Popular trees, still in very good condition,
were planted on the bank of the Lomantang
Khola.

Limitations Cool to cold climate; susceptibility to

erosion, droughtiness in winter and summer;
many rock fragments on or near the surface;
snow fall (snow remains nearly half of the

year), high wind velocity, moderately alka-
line pH.

Manang Soils

These soils have been described under mapping unit Chhunga-Marang-

Muktinath-Samar (Ch-Ma-Mu-Sa).

III. GEOLOGY AND EROSION

A'
1.

GEOLOGY

Stratigraphy

The area consists of metamorphosed sedimentary rocks of Paleozoic,
Mesozoic and Cenozoic groups and of granite bodies (Sheet No. II). The
Paleozoic group is represented by rocks of all three divisions. All
the systems of the Mesozoic group are represented in the area.

Quarternary rocks and soils are widespread in the catchment. 1In
the northern part, one-third of the area is covered by quarternary

alluvium. The granite bodies have existed from the Tertiary period.

Paleozoic Group

The paleozoic group consists of a complex of the Cambrian and the
Ordovician as well as Silurian, Decvonian, Carboniferous and Permian

systems. This group 1is located in Lete Kunje, Kowang, Tukuche, Marpha,
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on the right bank of the Kaligandaki River in Kagbeni, Chhusang, and
Dhami, and on the left bank of the same river in the north of Surkhang

Panchayat.

Cambrian and Ordovician Syst .ms

The above complex is represented by the Himal suite, which occurs

at the southern end of the catchment.

Himal Suite (C + O hm): This is a complex formation of grey granitized
schists and quartzites with bands of limestone. These rocks are high
to moderately consolidated, slightly weathered and fractured.

The suite has a normal contact in the west with the Silurian rocks,
whereas the Devonian rocks lie on its denuded surface. It has an east-
west trend.

The Himal suite is found in Lete and in the southern part of Kunje

Panchayat. 1Its maximum thickness is about 9000 meters.

Silurian System (S)

The Silurian system is represented by white to light yellow lime-
stone. The limestone is highly consolidated, slightly fractured and
slight to moderately weathered. Karst was not noticed in this rock.
It has an average east-west trend.

This system is located in Lete and Kunje Panchayats. Its maximum
thickness is 3000 meters, but at some places it is completed denuded.
The system lies normally on the rocks of Himal suite, and it has a

normal contact with the Devonian rocks which lie on it.

Devonian System (D)

The Devonian system consists of agrillo-sericite schists and
phyllites. These light to dark-brown, greyish brown rocks are found
in Kunje, Kowang, Tukuche, Marpha, Kagbeni and Chhusang Panchayats.
They have a NW-SE trend. The system is located at the right bank of
the Kaligandaki, except in Kunje Panchayat, where it is located at the
left bank of the river.

The Devonian rocks are weak to moderately consolidated, highly
weathered and finely factured. The system is highly developed in the
catchment. It lies normally on the Silurian rocks, but very often the
Permian rocks lies on its denuded surface. In some places, it has
a normal contact with the Carboniferous rocks, lying on the rocks on

the Devonian system. Its thickness is about 3000 meters.
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Carboniferous System (C)

The Carboniferous system is represented by white to yellowish-white,
high to moderately consolidated, moderately fractured and moderately
weathered limestones. They mostly have a normal contact with both the
underlying and the overlying rocks. Very rarely do they have a denuded
contact with the Silv:i.an rocks. Where the Devonian rocks are absent,
they have an abnormal contact.

This system is located in Kunje, Dhami and Chhoser Panchayats. Its

maximum thickness is around 1500 meters.

Permian System (P)

This system consists of metamorphosed shales, phyllites and schists.
These rocks are moderately consolidated but they are highly weathered
and fractured. All these rocks are generally brown in color. They are
located in Kowang, Tukuche, Marpha, Dhami and Chhoser Panchayats.

This system normally lies on the Carboniferous rocks and generally
has a normal contact with the Triassis rocks. In Dhami Panchayat only,
it has a denuded contact with the Jurassic rocks. Its maximum thickness

is about 1500-2000 meters.

Mesozoic Group

The Mesozoic group is represented by the Triassic, Jurassic and
Cretaceous systems. This group is widespread in the territory. It 1s
located in Kunje, Kowang, Tukuche, Marpha, Jomsom, Jharkot, Muktinath,
Chhusang and Gurkhang Panchayats on the left bank of the Kaligandaki,
and on the right bank of the Chasang Kaligandaki in Lomanthang Pancha-

yats.

Triassic System (T)

In the upper Kaligandaki catchment, the Triassic system is repre-
sented by limestones (mainly organic) and quartzites with rare bands of
phyllites. 1In general, these rocks are light colored, very often white.
They are high to moderately weathered. They are found in Marpha, Dhami,
Surkhang and Chhoser Panchayats.

The Triassic system has a normal contact with the overlying Permian
and the Jurassis rocks respectively. Its maximum thickness 1is about

3500 meters.

Jurassic Syctem (J)

This system is represented by the lower and the middle divisions and
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is found in Surkhang and Chami Panchayats. Moreover, these rocks are
found in combination with the cretaceous rocks in Chhusang, Muktinath

and Jharkot Panchayats. They are widespread in the catchment.

Lower Jurassic Division (J 1)

Rocks of the lower Jurassic divisicn are found in Surkhang, Ghami,
Chhusang, Muktinath and Jharkot Panchayats. These rocks are represented
by litic limestones and sandstones. These moderately consolidated rocks
are slight to moderately fractured and slightly weathered. The limestone
is generally white to yellowish-white in color, while sandstone is brown-
ish. The sandstone is generally composed of quartz sand with clay ce-
ment.

The thickness of the division is about 2500 meters.

Middle .urassic Division (J 2)

Brown to reddish-brown, greyish-brown congolomerates are the main

components of this division, which is found in Chhoser Panchayat. The
conglomerates are moderately consolidated, slightly weathered and
slightly fractured. The thickness of this is about 1500 meters (maxi-

mum) .

Integrated Jurassic and Cretaceous System (J+K)

The Integrated Jurassic and Cretaceous system is located in Chhusang
and Muktinath Panchayats. These are shales, glaukonitic sandstones
and conglomerates. These rocks are light to dark green, brown and
dark grey to black in color. They are generally slight to moderately
consolidated, moderately fractured and moderately weathered. Dark
green to black shale is high to moderately consolidated. The estirated

thickness of this system is about 6000-7000 meters.

Cretaceous System (K)

Cretaccous rocks occur on the northern side of the catchment, but
at some places on the left bark of the Thak Khola, the system is also
located in the central and the northern part of the territory. The
system is widespread in the project area. It occurs in Jomsom, Surkhang,
Marpha, Charang, iLomanthan, Dhami and Chhonhup Panchayats.

The system is represented by dark green, dark greenish grey
glaukonitic sandstonus, which are moderately consolidated, slightly
fractured and slight to moderately weathered. Generally, the rocks of

the Cretacevus system are on steep to very steep slopes, but they are
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high to moderately stable in their initial position. The system has
a sublongitudinal trend. Its thickness is about 3000 meters.

Cenozoic Group

Quarternary System (IV al)

Quarternary alluvium is highly developed in the Kaligandaki catch-
ment area. These rocks are generally developed along the river beds,
but in the north and in the far noich of the project area, they occur
almost everywhere. More than 50% of the far north area is occupied by
this system.

In the northern area (Chh.unga and beyond), the alluvium is repre-
sented by unconsolidated conglecmerates, which are composed of pebbles,
gravels and boulders of granite, and are cemented by clay. These
rocks are brown to red and often form canyons. These canyons are
highly stable in the catchment.

South of Chhunga Village, the size of the granite pieces decreases;
hence, medium to fine conglomerate and gravellite are formed, though
the character of the cement remains the same. These rocks are similar
to the northern conglomerates in color and form similar canyons in the
central part of the watershed. These fine to medium conglomerates are
found from the south of Chhunga Village to Chaile Village.

In the south of the catchment and in the central part, the character
of the alluvium changes and it is represented by shale conglomerates,
sands and other sand clay horizons.

In Jharkot Panchayat, this alluvium is represented by conglomerates
which are composed of sandstone-gravel, quartzite-gravel and pebbles.

The quarternary system is generally not thick, but its thickness

changes, varying from zero to several hundred meters.

Intrusive Rocks

Intrusive rocks are located in the far northeast and the far north-~
west in the catchment basin. These rocks are represented by narrow
granite bodies, which mainly consist of quartz, .eldspar, tourmaline,
and mica (mainly muscovite). These granite bodies are located in
Chhonhup and Chhoser Panchayats.

The time of the intrusion of these rocks is still under question
though it 1s clear that intrusion occurred after the Cretaceous period.

It can be speculated that this occurred in the Tertiary period, when
the territory was folding (at the final stage of the geosynclinal regime).
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According to the geological map of Nepal (Iatalov, 1972), the granites
are parts of the granite bodies of southern Tibet (China).

The granite bodies are intruded in the rocks of the Cretaceous
system,hence they must be younger than the existing rocks of that

system.

Structure

The upper Kaligandaki catchment area i1s structurally complex. The
geclogical structure of the catchment is dominated by a large number
of synclines and anticlines. With the exception of the far southern
part of the territory, the two sites of the Kaligandaki River have dif-
ferent structuires. These two sides appear to be separated by a big
fault along the river.

The far southern part of the territory there is a large syncline,
whose axis lies in the Devonian rocks. Both its flanks have an inclin-
ation of about 20-25 degrees with local variations between 10° and 30°.
Its axis strikes from northwest to southeast. The influence of this
syncline is high in the south, whereas in the north, its influence is
cut off by an anticline lying along the Silurien rocks. The southern
flank of the anticline is gently inclined to the south, though its
northern flank is steep. The anticline is seen only on the left bank
of the Kaligandaki whereas on the right bank, no Silurian rock or anti-
clinal axis is noticed. In the areas north of the anticline, the axis
on the sides of the river shifts to a north-south direction.

A steep syncline was noticed in the Permian rocks in the north of
this anticline. 1Its axis strikes parallel to the axis of the anti-
cline. 1Its flanks have an average inclination of about 40°, with local
variations between 25° and 60°. This synclinal axis 1s shifted to the
north. The Tukuche anticline has cut off the influence of this syn-
cline and we find the rocks inclined to the other side, which forms the
axis of the anticline. This axis is seen in the rocks of the Permian
period. It is parallel to the southern synclinal axis, and its flanks
are very steep. The average inclination of the southern flank is about
30° with local variations between 20° and 45°. The northern flank is
more steer, with an average inclination of about 60°, with local varia-
tions between 40° and 80°-85°.

A slightly inclined syncline occurs in Marpha Panchayat in the rocks
of the Triassic period. The flanks are slightly inclined to both sides,
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with average inclination of about 10°-10°, and local variations be-~
tween 5° and 20°.

The effect of the Tukuche anticline is cut off by the axis of a
slightly inclined syncline in the rocks of the Triassic period in
Marpha Panchayat. The synclinal axis is parallel to the Tukuche an-
ticlinal axis. This synclinal behavior 1is noticed only some kilo-
meters in the north, which is diverted by a steep anticline in the
Permian rocks of northern Marpha. The axis of the anticline is paral-
lel to the synclinal axis, but the average inclination both of its
flanks is about 80°-85°. 1Its northern aspect is a little steeper than
the southern one. This anticline can be called the Nilgiri anticline,
as it extends up to the Nilgiri mountains.

A number of synclinal and anticlinal axes were observed in Jomsom,
Jharkot and Chhusang Panchayats. These axes have a similar NW to SE
trend. Their flanks are very slanted, with local variations between
10° and 30°. Some of the northern flanks are rarely very steep with
variations of their amounts of dip up to 60° and above. These folds
have a high influence in the land form of the area, though the morphol-
ogy of the area 1s highly altered by glacial crosion.

These minor and major folds are altered in the north by the anti-
cline of the Triassic rocks in Surkhang Panchayat. Though the axis of
the anticline is parallel to the above mentioned axes, its flanks are
steep to very steep. Its southern flank is inclined to the south with
an average inclination of about 40° and local variations between 30°
and 40°-45°, However, the northern flank is steeper.

The rest of the structure in the northern part of the territory is
unknown since the area has not been surveyed.

The geological structure of the right bank of the Kaligandak{ River
is described as follows going north to south.

In Dhami Panchayat, there is an anticlinal axis in the Permian
rocks, Its axis is slightly diverted from NW to the north and the
northern and eastern flank is very steep with an inclination of about
60°-65°. The influence of the anticline {s cut off by a synclinal axis
of the Triassic rocks in Dhami Panchayat, which ha: a trend parallel
to the axes of the other bank. 1ts northern flank is steep but the
southern flank is rolling to moderately steep, and is further compli-

cated by a number of synclines and anticlines of II grade.
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In Chhusang, Kagbeni and Marpha Panchayats, the Devonian rocks
have been smashed by a huge number of small anticlines and synclines
that have very slight to slightly inclined flanks. In some very rare
cases, they are very steep, with Inclinations well above 50 degrees.

In the southern part of Marpha Panchayat there is a synclinal axis.
These anticlines and synclines have rolling to moderately steep flanks.
This axis occurs in the pormian rocks and is parallel to all the men-
tioned above.

About two kilometers soath of this syncline, there {s an anticlinal
axis whose flanks are moderately steep to steep with local variations
between 30° and 60°. This anticlinal axis occurs in Devonian rocks.
The parts close to the rivers are inclined at an angle of about 30°-
35°, 14 the southern part of the same Panchayat, a synclinal structure
cuts off the influence of this anticline. The anticline has a rolling
southern flank whercas {ts northern flank {s moderately steep.

All the above mentioned structures are complicated in the north
by three megafaults, two of them striking NW to SE and the third
striking west to cast. These faults have not been well studied.

Two comparatively small bodies are intruded in the rocks of the
Cretaceous system.  As determined by an examination of the sedluaents
brought by the Mustang Chu River, these are tourmaline-granite bodies,
with "sherl" as one of their main components. The precise time of
intrusion is unknown, although it 18 clear that it happened after the
Cretaceous period. These granite bodies are the southern ends of the

Tibetan granites.

Geological History

The geological history of the upper Kaligandaki watershed can be
traced from th+ Cambrian period up to the modern age.

The basin, which existed in the beginning of Paleozolc era, con-
tinued up to the end of the Mesozoic era, However, the area covered
by the water pool was receding and by the end of the Mesozofc era, the
basin had completely unninted.

In the Cambrian period, the basin was shallow where sedimentation
of coarse to medium material took place. The depth and the regime of
the basin changed a number of times, creating good conditions for sed-
imentation of carbonate materfalus. As the formation of the Mahabharat

range was proceeding in the south, the basin was disappearing from the
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southern part of the territory at the end of the Ordovician period.

In the Silurian period, the basin was warm and quiet, and sedi-
mentation of carbonate material (calcium carbonate) took place. The
surface arca of the basin kept receding in the Silurian period, at the
end of which the southern boundary of the sea had shifted a number of
kilometers to the north.

In the Devonian period, the basin was shallow and quiet and fine
to medium material was deposited. The rivers feeding the basin in the
period were also quiet. The river materfals vere being brought from
the south, where Paleozoic and the Precambrian mountaine already existed.

The conditions of sedimentation in the Carboniferous period was
similar to those of the Silurian time and the deposits at the bottom
of the basin were similar.

In the Permian period, the shape and size of the basin changed a
number of times, thoupgh the conditions of scedimentation remained similar
and deposition of fine clay to medium sized material took place. The
climate of the area was cold, hence, no carbonate formation occurred.

The basin disappeared from the right bank of the territory especially
after the Devonlan perlod.

The basin was changing its slze and depth in the Triassic period,
when coarse, medium and carbonate material was settled. The boundary
of the basin was also oscillating in the Triassic period.

In the beginning of the Jurassic period, the basin was shallow and
carbonate as well as coarse-grained materials were sedimented. The
climate of the region In that period was changing, alternating f{rom
cold to warm and humid climates. During this time, the materials of
Oolitic limestone formations (carbonate material) were setteled at the
bottom of the basin,

The regime of the rivers feeding the basin was not quicet. These
rivers brought very coarse to conrse materials that were deposited at
the basin bed.  These materials were gravels, boulders of coarse sands,
from which conglomerates were formed,

In the integrated Jurassic and Cretaceous perfods, the sediments
were changing their character according to the conditions of the sedi-
mentation process. The deposits were clay, silt and sand materfals,
from which shales, glukonitic sandstones and congolmerates were formed.
The basin was Inhabited by ammonites, belemnites, ete. These fauna are

found in abundance in the shalesn,
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In the Cretaceous period, the basin was shallow, and sedimentation
of coarse-grained material took place. By the end of the cretaceous
period, the basin had disappeared from the territory. This occurred as
result of foldings of the Alpine foldings of the Mesozoic era.

The history of the Kaligandaki river can be traced from the forma-
tion of the high mountains, which began to serve as a drainage for
marine water in the Tertiary period, and later as a drainage of the
waters from melted snow as well as for rain water,

In the beginning, the Kaligandaki River was a zig-zag line, follow-
ing fault lines and weak areas. It started eroding land and its modern
shape was formed as a result of this erosion.

Later on the mountains rose very high and the accumulation of snow
increased as a result of this river, topether with its tributaries,
started receiving more water, which led to cause more crosion. The
weight of the accumulated snow became unbearable for the weak, sflt-
cemented rocks, which pave rise to the formations of big active land-
slides., These occurred in directions of siltation.

Large lands of alluvial terraces were formed in places where the

Kaligandaki Kiver and {its tributaries had formerly croded.

Geomorpholopy

The geomorphology of the area is closely related to processes which
occurred in the past, some of which are still occurring. In the pro-
ject area, three main processes helped to form the present shape of
the territory.

a. Folding of the territory in the past: The final stapge of folding

of the territory occurred in the Tertiary perfod, as a result of
which many mountains were raised in the arca. This was the end of
the geosynclinal repime in the area. After the mountains were
formed, they began to be denuded in complex ways by water, wind,
sun radiation, snow, etc.

b. Alluvial processes: Alluvial processes are responsible for the

formation of the large pocketsn of alluvial terraces and valleys,
The formation of the alluvial terraces and valleys coinclded with
the formation of the Kaligandak{ River, which occurred just after
the folding of the territory in the Tertiary period and the forma-
tion of the high mountains with snow covered peaks. The river

then served as a drafnage for the melted anow.
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c. Glacial: Glacial processes were one of the main agents of erosion

in the watershed. Glacial movements denuded and flattened th-

steep mountains, as a result of which concave and convex landforms

were created.

At present the following peomorphological units are recognized

in the project area:

1)

11)

111)

iv)

EROSION

The

Flat, horizongal or easy rolling alluvial terraces: These areas

are scattered in the catchment area. They are located in inter-
mediate, high and very high altitudes in the watershed. Alluvial
processes are negligible in high and very high terraces, whereas
in the intermediate terraces, these processes are significant,

In the intermediate terraces, the glacial processes are nepli-
gible. Rills and gulleys are highly developed in these terraces.
In the high and very high terraces, rill and gulley erosion is
very high; whercas In the Intermediate terraces, sheet erosion

is very hiph, although rill and gulley erosions are not uncommon,
Aolian processes in the Intermediate terraces are neplipible.

Eluvial and colluvial fans: These fans are located In al' the

Panchayats of the watershed.  Sofl depth in these fans {5 shallow.
The fans are very rocky and are not sufted to cultivatfon., They
are gencrally covered with grasses or rare bushes.  The dominant
geological process in the unft depends upon the altitude at

which a piven fan s si{tuated,

Alluvial stcep to very steep slopes:  These slopes are either

undergrowth or are barren, but they are not cultivated anywhere
in the catchment area.  The peolopicai processes occurring in
the unit are similar to those of unit {1, with the only differece
that the colluvial layers do not stay {n the unft., The woll
depth {s very shallow in the unit,  This unft (s located in all
Panchayats of the watershed.

Flat or casy rolling to rolling plateaun:  These plateaut oceuy
in all Panchayats of the project arca and are located on hill
tops. Thin units fn penerally covered with snow.  Landslides,
connected with unft {1 are very common, The unit han medfum to
shallow noil depth. Thene are the alpine pantures of the carch-

ment .

following types of cromion occur in the Muntanpg-Kaligandak{
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the Lete Khola. The western bank of the Kaligandaki in Jomsom
Panchayat at Jomson proper and at Chhiro in Marpha Panchayat is
highly eroded, which is dangerous for the cultivated lands of
Chhro Village and for the livestock farm ot Marpha Panchayat.

Both the right and left banks of the Mustang Khola are highly
ercded and the river bed is very wide.

s. Rill and gully erosion: Rills and gullies are highly developed in

the catchment arca. They are largely connected with the melting
of snow from the high mountains. Another main reason for this type
of erosion is that the area is composed of weak and soft rocks with
high erodibility, and the soil formed from these rocks is also
highly erodible.

The second main factor of rill and gully erosion is rainfall.
Rill and gully erosion in the project area is also aided by the
high relief, which is 1 dominant factor for all types of erosion.

d. Landslides: Landslises are relatively rare in the project area.

Active laundslides are found in the Lete Panchayat. These slides,
although theyv are where there are not large masses, are very dan-
gerous for the inhabitants of the arca. lLandslides of very small
masses are common along the banks of the Kalipandaki River. Some
active landslides were seen near the Kalsang Military Camp in
Marpha Panchavat. Generally, these landslides are located in soft
alluvial soils and no bedrock sliding was noticed in the watershed.
Thus the slope of the territory are generally stable, but stone
falls are common In the project arca.

Landslides connected with the welpht of the accumulated snow
at the tops of the hipgh mountains are very common. These land-
slides penerally dnvolve large masses, but they are not dangerous
for human population or for the cultivated arcas since they occur
far from human scttlement.  Snowslide was seen in the southeast of
Kaisanpe when the territory was surveyed by the RCU team on May 6,
1979,  Snowslide i predictably very common In the high mountains

of the project area,

Conclunfons and Recommendat fons
Conclutfon: In view of all the above mentloned factors, it in clear that
the mont domfnant type of erosfon for the central and the northern parts of

the project area and for the arean lyfng at higher altftuden in wind crosicn
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(aolian erosion), which is combined with glacial erosion at higher altitudes.

In the sout.iern Panchayats, water (fluvial) erosion is dominant.

Recommendations:

a. As wind erosion is dominant in the central and the northern parts of the
catchment, wind breakers should be constructed in these parts of the
watershed. This could be done by planting rows of poplar there and by
instituting controiled and well managed pastures of appropriate shrubs
and grasses. Similar measures could help prevent the formation and a-:-
celeration of rills and gullies.

b. Bank erosion is very high in Lete Panchayat, where it has become the main
agent of active landslides along the Lete and Kaligandaki Rivers. Some
embankments should be constructed to nrotect this area from landslides.
Similar types of landslides near the Kaisang Military camp could be
controlled through aforestation.

c. As mentionad above, the velocity of wind in the catchment is very high.

This could be used to generate suitable types of energy such as el ctricity.

USE AND MANAGEMENT OF THE SOILS

Agriculture
The Chhiro soil unit is poorly suited for agricultural develnpment; soils

of this unit are under improved forage crops and forest trees. The other im-
portant reasons limiting its use to agriculture are shallow depth, low water
holding capacity of soils, susceptibility to erosion, droughtiness in both
summer and winter, rock fragments on or near the soil surface, high alkaline
content and low soil fertility. On regions of upper Kaligandaki catchment,
the frigid and arid climate is one of the main factors which affects germina-
tion, growth, flowering, fruiting and grain formation of the crops. Suit-
abilities for various crops have been determined (see description under mapping
units) and are described as follows:

Rice. In the upper Kaligandaki catchment area, the relatively low alti-
tude soil units are Chhairo, Marpha and Sayng. These soils are also unsuit-
able for rice cultivation mainly due to climate topography, soil texture,
high pH, and lack of irrigation. In this area, rice cultivation does not

occur.

Maize and millet: Both these cereal crops are unsuitable in the soil

units, for the same reasons as rice is unsuitable.
Wheat: Wheat is the most important cereal crop of the Trans-Himalayan

reglons. Undoubtedly, wheat is the only crop that covers the valuable
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cultivatable terraces in the upper Kaliganaaki catchment area. Mantang,
Mustang and Muktinath soil units arehighly suitable for wheat, a moderate
to highly suitable soil unit is Chhunga, and Ghilling soil is moderately
suitable for wheat.

Rarley: Ghilling, Muktinath and Syang units are highly suitable for
barley cultivation. The Marpha unit is moderately suitable for this crop.

Buckwheat: Highly suitable units fer buckwheat are Marang, Mantang,
Muktinath and Syang. Moderately suitable soils for this crop are Marpha
and Samar.

Naked Barley: Mantang, Muktinath and Syang units are highly suitable

and Marpha soils are moderately suitable for naked barley cultivation.
Potato: Moderate to highly suitable soil units for potato cultivation
are Ghilling, Muktinath and Marpha.

Fertility Status of Soils: 1In general, the soils of the northern parts

of the upper Kaligandaki catchment area are slight to strongly alkaline

(pH 7.7-8.7). The organic matter of the soils range from low to very high.
The Chhunga soil unit containc low organic matter; Marpha, Mantang and
Muktinath soils come under the medium categories whereas Ghilling, Marang,
Chhairo, Samar and Syang sois are high to very high in organic matter.

In the project area the nitrogen content of soils varies from medium to
high. Chhunga and Marpha soil units are low in organic matter and the other
soil units are high in this nutrient.

The amount of phosphorus in the soils of the upper Kaligandaki catchment
ranges from high to very high. Among all the soil units, Chhairo, Marpha,
Muktinath, Samar and Syang are high in nrganic matter and the remaining soil
units (Chhunga, Ghilling, Marang and Mantang) are very high in phosphorus.

The amount of potash ranges from low to very high in the soils of the
project area. Chhairo and Marpha soils are low in this nutrient. Ghilling,
Muktinath and Samar series are medium; Chhunga and Syang are high and Marang

and Mantanz are very high in potash (See Table 1).

Horticulture

In the upper Kaligandaki catchment area, the Marpha soil unit is highly
suitable for fruit and vegetable cultivation. The existing fruits that have
good yields are apple, peach, plum, walnut, apricot and strawberry. Cauli-
flower, cabbage, knolkhol, carrot, broad leaf mustard and radish are the
common vegetables of this area. Muktinath and Syang soils are moderate to

highly suitable for fruit farming. Ghilling, Marang, Mantang and Samar soil
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units are moderately suitable for fruits and vegetables. Poor to moderately

suitable soil units are Chhunga and Chhiro.

Pasture

Nearly 34.56% of the soils of the upper Kaligandaki catchment area is
under wild pasture. Nearly 80% of the catchment area is highly suitable for
pasture. Except for Chhairo soils, all the other soils (Chhunga, Marang,
Mantang, Muktinath and Samar) are under wild grasses and ere highly suitable
for range management. Most of the soils of Chhiro are under improved forage
CTOUpS.

Must parts of the Chhunga, Marang, Mantang, Muktinath and Samar units are -
under grazing. This is due to the fact that auimal husbandry is the most
dominant occupation of the catchment area. A major portion of these units is
covered by wild pastures which are used for grazing. The domesticated ani-
mals are donkeys, mules, horses (for transport) and cattle (for manure,
draught and milk). Yaks and their cross-breeds, and goats and sheep are also
common in these regions. Although goats play an important role in animal
husbandry in the project area, goat raising should not be encouraged from the
point of view of soil conservation.

Ghilling soils are moderate to highly suitable for range management. The
Marpha unit is moderately suitable for the pasture development whereas the

Syang unit is poorly suited.

Forest
In the upper Kaligandaki catchment area, the soils are moderate to highly
suitable for forest development. Chhunga, Chhairo, Marang, Marpha and Muk-
tinath soils are in need of reforestation. As the other soils, the Chhairo
and Marpha soils and in the area south of Jomsom, the density of pine trees
and junipers is in many places, still great enough for natural regeneration.
Mainly on the southern slope, dense forests can be found, but father north,
the forests diminish quickly.
There are only a few areas left that are marked as forest (e.g. '"sub-
forest") in the east of Tangba. This area consists of scattered
trees. There is a northern zone of 'junipers" around Samar Village which,
however, ends about 5 km. north of Samar. The Syang unit is poorly suited

for forest development and Mantang is poor to moderately suitable.
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Table 7 - Nutrient Status of the Soils of Mustang District

Organic 2,0 K,0
Soil Units Matter 2°5 2
Chhunga, Ch Moderate to Low Medium |Medi{um [High

strong acidic
Chhairo, Cr Moderate alkaline |Very high |High High Low
Kaisang, Ka Moderately acidic |Very high |High High Medium

Marang, Ma Moderately alkaline|Medium High Very Very
Bigh |High

Marpha, Mr Moderately " Medium Medium [High Low

Muktinath, Mu |Moderately " Medium High High Medium

Mantang, Mt Moderately " Medium High Very Very
High High

Samar, Sa Moderately " Very high |High Bigh Medium

Syang, Sy Moderately » Very high |High Bjgh High

Tukuche, Tu |Moderately ™ High High |High [High
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APPENDIX T - DESCRIPTION OF SOILS AND ANAILYTICAL DATA

Technical descriptions and available analytical data for the main soils rec-
ognized in each mapping unit are presented in this section. Each soil is clas-

sified according to the system of Soil Taxonomy: A Basic System of Soil

Classification for Making and Interpreting Soil Surveys, (USDA, Agr. Handbook
No. 436). The nomenclature of the USDA Soil Survey Manual (USDA, 1951) and the
FAO Guidelines for Soil Description (FAO, 1977) have been followed.

Texture is determined according to feel and the color uotation follows the
Munsell Color Charts (1954). pH is determined in a 1:1 soil/water ratio with a pH
meter and nitrogen is determined by standard micro-Kjeldahal method. Available
P205 was determined colorimetrically by Bray's or Olsen's method depending upon
soil pH. Potassium has been determined by flame photometer (Jackson, M. L.

1962).

The classification of soils is mainly based on a morphological description

of soils along with a few analytical data available at the time of writing.

Therefore, the classification is considered provisional.

1. Chhunga Series

A well drained soil developed on moderately steep to steep slope made up of

soil materials derived mainly from alluvium/colluvium and phyllites. It falls

mainly in the pasture area. Among the important vegetations, Caragana brevispina,

Lonicera spinosa and alpine meadows of graminaceae and cyperaceae families are

noted.
Chhunga series is classified as loamy skeletal, mixed, frigid family of
Rendollic eutrochrept.

Typical Profile
Location: Site 7, near Chhunga, Chilling Panchayat, 3350 m. a.s.l.,

Southeast exposure.

A =15 cm Very pale brown (104 YR 7/3) dry, pale brown (104 YR
6/3) moist; loam; massive; friable moist; non-sticky,
non-plastic wet; many rock fragments; few fine roots;
pH 8.6; diffuse boundary.

B 15-120+ cm Yellowish brown (104 YR 5/4) dry, dark yellow brown
(104 YR 4/4) moist; loam; massive; friable moist; non-
sticky, non-plastic wet; mauy rock fragments; abundant

fine to medium roots; pH 8.7.
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Lab. Depth P70g K20 .

No. |Horizon cm pH | kg/ha | kg/ha | %C |%Z N |N/C | O.M.%

Mu 13 A 0-15 ] 48.0 416.,0] 0,531} 0,126 4.20] 0,91

Mu 14 B 15-120% 8.7 | 176.0 84.5] 0,29 0.084 3.45| 0.49
2. Chhairo Series

A well drained soil developed on flat to gently undulating river terraces

made up of alluvial/colluvial materials derived mainly from phyllite and schist.

These soils are mainly in cultivated pasture.

lucenve, clover, rye grass and wheat grass.

Important pasture crops are

The Chhairo series is classified as a loamy skeletal, mixed, mesic family

of Aquic (Lithic) Ustifluvent.

Typical Profile

Location:

A, 0-8 cm

1

Bc 8-29 cm

C 29+

Analytical Data

cm

Site 10, near Agriculture Development Office, Chhairo,

Marpha Panchayat, 2550 m. a.s.l.; West exposure.

Light grey (10 YR 7/2) dry, dark greyish browh (10 YR

4/2) moist; loam, medium to weak subangular blocky,

breaking into fine crumb firm moist; non-sticky, non-

plastic wet; many rock fragments; abundant fine roots;

pH 7.7; gradual boundary.
Grey (10 YR 5/1) moist; common distinct yellowisn

brown patchy mottles; silt loam; strong to medium sub-
angular blocky, breaking into coarse medium crumb, firm

moist; slightly sticky non-plastic wet; many rock frag-

ments; pH 8.0.

Stones and boulders

Lab. Depth P20s K20

No. Harizon cm pH |kg/ha { kg/ha| 2 C | % N |c/N [O.M.%
Mu 21 A 0-8 7.7]176.0 97.5]| 4.07] .266] 15,30f 7.00
Mu 22 Bc 8-29| 8.0| 96.0 32,51 1.71| .126 | 13.57| 2.94
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3. Kaisang
A shallow, well drained soil developed on steep hill. Slopes made up of

materials derived mainly from alluvium/colluvium. These soils are mainly under

forest.
This soil is classified as a loamy skeletal, mixed, frigid family of Entisol.

Typical Profile

Location: Site 11, near Kaising Camp, Mustang district, 3350 m.
a.s.l.; Northwest exposure.

012-0 cm Fresh litters

Al 0-9 cm Greyish brown (2.5 YR 5/2) dry, dark greyish brown
(10 YR 4,2) moist, gravelly loam; medium to weak sub-

angular blocky breaking into fine grains; friable
moist, non-sticky, non-plastic wet; many rock frag-
ments, few fine roots; pH 8.3; clear weavy boundary.

C 9-60 cm Light yellowish brown (2.5 YR 6/4) moist; gravelly
silt loam; strong angular blocky breaking into fine
to medium crumb; friable moist; non-sticky, non-
plastic wet; very many rock fragments; common-fine to
coarse roots; pH 7.8.

Analytical Data

Lab. Depth P,0 K70

No, Horizon cm pH kg/ga kg/ha | 2 C JZ N |C/N_ |O.M.%

Mu 13 A 0-9 8.3 ) 96.0 110,5 | 2.23| 0.196|11.37| 3.83

Mu 14 c 0-67| 7.8 ] 64.0 299.0 | 0,33 0.105] 3.14| 0.56
4, Marang Series

A moderately deep soil developed on rolling bench terraces made up of ma-
terials derived mainly from alluvium and colluvium. These soils are mainly in

wheat, buckwheat and sesame cultivation.
Marang series is classified as coarse loamy, mixed, frigid family of Aridic

Haploboroll.
Typical Profile

Location: Site 5, near Marangé Village, Charang Panchayat, 3650

m, a.s8.l.; Southeast exposure.



Ap 0-12 cm

B, 12-32 cm

1

B2 37-67+ cm

Analytical Data
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Greyish brown (10 YR 5/2) dry, very dark grey (10 YR
3/1) moist; silt loam, medium to weak subangular blocky
breaking into fine to medium crumb; friable moist; non-
sticky, non-plastic wet; few rock fragments; abundant
fine to medium roots; pH 8.2; diffuse boundary.

Very dark grey (10 YR 3/1) moist; silt loam, medium to
weak subangular blocky breaking into fine to medium
crumb; slightly sticky slightly plastic wet; few rock
fragments; fine to medium roots common, pH 8.3;

abrupt smooth boundary.

Dark grey (10 YR 4/1) moist; silt loam; medium to weak
angular blocky breaking into fine to medium crumb;
friable moist; slightly sticky slightly plastic wet;

few rock fragments; fine to medium roots common; pH 8.3.

Lab. Depth. P,05 | K;0
No. |Horizon cm pH kg;ha kg/ha |'%C |%2 N |C/N |0.M.%
Mu 9 Ap 0-12 8.2 | 224.0 520.0( 1.53{0.23 | 6.62| 2.63
Mu 10 B} 12-37 8.3 80.0 455.0( 0.83] 0.175|4.85| 1.46
Mu 11 Bs 37-67+ | 8.3 | 16v.0 364,0| 0.48( 0,098 4,89 0.34

5. Marpha Series

A moderately deep soil developed on easy rolling bench terraces made up of

materials derived mainly from alluvium/colluvium. These soils are mainly in

vegetable (mustard, cole crop, peas) and fruit (apple, peach, apricot, walnut,

grape, plum) cultivation.

The Marpha series is classified as a coarse silty mollic mixed, mesic family

of Fluventic Haplustoll.

Typical Profile

Location:

Ap 0-9 cm

Site 9, near Marpha Horticulture Farm, Marpha Panchayat;
2600 m. a.s.1l.: Southeast exposure.

Grey (5 YR 5/1) dry, dark grey (10 YR 4/1) moist; loam;
medium to weak subangular blocky breaking into fine
crumb, friable moist; non-sticky, non-plastic wet; few

rock fragments, few fine roots, pH B.4; diffuse boundary.


http:0.17514.85

A3 9-18 cm

B 18-65 cm

C 65-89+ cm

Analytical Data
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Grey (5 YR 5/1) moist, silt loam; strong and medium sub-
angular block; breaking into fine crumb; friable moist;
slightly sticky non-plastic wet, few rock fragments,
fine roots common, pH 8.3; diffuse boundary.

Dark grey (5 YR 4/1) moist, silt loam; strong to medium
subangular blocky breaking into fine crumb; friable
moist; non-sticky, non-plastic wet; patchy thick cutans
along the vertical ped faces; few rock fragments; fine
to medium roots common. pH 8.1; diffuse boundary.

Dark grey (5 YR 4/1) moist; fine prominent yellowish
brown mottles; silt loam; slightly stick, non-plastic

wet; few rock fragments, few fine roots; pH 8.2.

Lab. Depth T ®,05 X,0
No. Horizon cm pH kg;ha kg/ﬁa %€ | %N C/N | 0.M.%
Mu 17 Ap 0-9 8.4 ) 128 52.0/0.91/0,210| 4.33]1.56
Mu 18 Ay 9-18 | 8.3} 80.0 32,5]0.73]0.070{10.,42 | 1,25
Mu 19 B 18,65 | 8.11 48.0 45.5]1.17§ .105{11.14 | 2,01
Mu 20 c 65.89+| 8.2 | 96.0 26.,0{0,26/0.056| 4.64 | 1.44

6. Mantang Series

A shallow soil developed on flat to gently undulating terraces made of ma-

terials derived mainly from alluvium and colluvium. These soils are mainly in

wheat, buckwheat and naked barley cultivation.

The Mantang series is classified as a sandy skeletal Entisol, mixed, frigid

family of Typic Ustatherit.

Typical Profile

Lozation:

Ap 0-21 cm

Site 4, near Lo Mantang, Lo Mantang Manchayat, 3650 m.
a.s.l; Northeast exposure.

Light brownish grey (10 YR 6/2) dry, dark greyish brown
(2.5 YR 4/2) moist; silt loam; medium to weak to sub-
angular blocky, breaking into medium to fine crumb;
friable moist; slightly sticky, non-plastic wet; few
rock fragments; fine to medium roots common; pH 8.3;

abrupt smooth boundary.



C 21-31 cm

Analytical Data
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Light yellowish brown (10 YR 6/4) moist; sand; single

grain; loose moist and dry; non-sticky, non-plastic

wet; many rock fragments; pH 8.5.

Lab. Depth P20s5 K20

No. Horizon cm pH | kg/ha | kg/ha | % C 12 N |C/N |O.M.%
My 7 Ap 0-21 8.3| 306.,0 { 585.0 | 0.97 | 0.,182]5.32] 1.67
Mu 8 C 21-31 8.5] 112.0 | 312.0| 0.18]| 0.098/1.83] 0.3l

7. Muktinath Series

A moderately deep soil developed on rolling terraces made up of materials

derived mainly from slaty phyllite. These soils are mainly in wheat, buckwheat,

barley, naked barley and potato cultivation. Important vegetables include radish
and cole crops. Apple is also grown on these soils.

The Muktinath series is classified as a fine loamy mixed, frigid family of

Cumulic Haploboroll.
Typical Profile

Location: Site 1, near Muktinath Village, 3500 m. a.s.l.; North-
west exposure.

Ap 0-9 cm Black (10 YR 2.5/1) moist, sandy clay loam, massive;
slightly sticky slightly plastic wet; friable moist;
few rock fragments, medium to coarse roots common, pH
8.3; diffuse boundary.

B 9-83+ cm Black (10 YR 2.5/1) moist, sandy clay loam; weak, sub-

angular blocky, slightly sticky non-plastic wet; firm

moist; few rock fragments; medium to coarse root com-

mon, pH 8.1.
Analytical Data
Lab, Depth. P,0g K,0
No, Horizon cm pH ggyha kg;ha %CJlZN IC/NJO.MZ
Mu 3 Ap 0-9 8.3
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8. Samar Series

A moderately deep to deep soil developed on moderately steep slopes made up
of materials derived mainly from phyllite. These soils are mainly in natural
pasture. Ilmportant vegetation exists.

The Samar Series is classified as a coarse silty mixed, frigid family of
Pachic Haploboroll.

Typical Profile

Location: Site 2, near Samar Village, Chhusang Panchayat, 3500 m.
a.s.l.; Northeast exposure.

01 3-0 cm. Litter, mainly loose under composed leaves and twigs.

Al 0-26 cm Dark brown (10 YR 4/3) dry, dark brown (10YR 3/3)

moist; loam; granular; non-sticky, non-plastic wet;
few rock fragments; abundant medium to coarse roots;
pH 8.0; diffuse boundary.

Dark brown (10 YR 4/3) dry, dark brown (10 YR 3/3)

moist; silt loam; granular, non-sticky, non-plastic wet;

B 21 26-63 cm

few rock fragments; medium to coarse root:; common; pH
8.3; clear wavy boundary.

B22 63-97+ cm Dark yellowish brown (10 YR 4/4) dry, dark brown (10

Analytical Data

YR 3/3) moist; silt loam; medium to weak subangular

blocky, breaking into coarse to medium crumb; non-

plastic wet; few to many rock fragments; few medium

to coarse roots; pH 8.5.

Lab. Depth. P,05 | K0
No. Horizon cm pH kg;ha kg;ha %C|] %N |C/N |O.M.Z
Mu 1 A 0-26 8.0 |112.0 | 117.0{2.238{0.238 |9.36}3.83
Mu 2 Byy 26-63 8.3 | 80.0 45,5/1.68 0,298 | 7.05(2.88
Mu 3 Bys 63-97 8.5] 64.0 6.5/ 0,42 |0,091 {4.61]0.72

9. Syang Serics

A moderately deep soll developed on easy rolling river terraces made up of

materials derived wainly from alluvium.

These soils are mainly {n barley, naked

barley, buckwheat, fruits (apple, peach) and vegetable (broad lecaf mustard, cole
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crops) cultivation.
The Syang series is classified as loamy, skeletal mixed, mesic family of Pachic

Haplustoll,
Typical Profile

Location: Site 12, near Syang, Marpha Panchayat, 2600 m., a.s.l.,
East exposure.

Ap 0-17 cm Very dark grey (7.5 YR 3/0) moist; silt loam; medium
weak subangular blocky, breaking into medium to fine
crumb; friable moist; slightly sticky, non-plastic wet;
few rock fragments; few fine roots; pH 7.9; diffuse
boundary.

B 17-59 cm Very dark grey (7.5 YR 3/0) moist; silt loam; medium
weak angular blocky, breaking into medium to fine crumb;
friable moist; slightly sticky, non-plastic wet; few
rock fragments; fine to medium roots common; pH 8.4;
diffuse boundary.

C 59+ cm Stone and boulders

Analytical Data

Lab. Depth. P205 | K;0
No. Horizon cm pH kg}hu kg;ha ZC | %N |C/N |[0,M.%
Mu 25 Ap 0-17 7.9 64,0 | 403.0 | 4,22 ] 0,332{12,7) 7.25
Mu 26 B “7-59 8.4 279.5 | 1,76 0.217| 8.1Y 2.99

10. Tukuche Series

A moderately deep soil developed on flat to gently undulating river terraces

made up of alluvial and colluvial materfals derived mainly from phyllite and

schist. These soils are mainly in maize, barley, potato and fruft (apple) culti-
vation,
The Ghiling serfen fs clasnificd as a Joamy over nandy skeletal mixed, menic

family of Typic.
Typical Profile

Location:

Ap 0-9 cm

Site 13, near Ghiling

m., a.v.l.: Southeant exponure,

Village, Tukuche Fanchayap, 2550

Light browntsh prey (2.9 YR 5/2) dry, dark preytnh

brown (2.5 YR 4/2) moint: loam; medium to weak subangular



A3 9-48 cm

1lc, 48-067
I1c2 67+ cn

Analvtical Data
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blocky, breaking into fine crumb; friable moist; non-
sticky, non-plastic wet; many rock fragments; fine roots
common; pH B.6; diffuse boundary.

Light brownish grey (2.5 YR 6/2) dry; dark greyish brown
(2.5 YR 4/2) moist  silt loam; strong to medium sub-
angular blocky; breaking into fine to medium crumb
slightly sticky, non-plastic wet; many rock fragments;
finc roots common; pH 8.3; abrupt smooth boundary.

sand,

Gravelly

Stones and boulders.

Lab. Depth.

No, Horizon cm pH | kg/ha | kgma ] 2 Cc |2 N [c/8 p.M.2Z
My 27 Ap 0-9 8.6 | 256.0 | 156.0 | 1.48| 0.063[18.41) 1,99
Mu 28 Ay 9-48 | 8.3] 112,0 | 45.0] 1.16} 0.287] 6.37] 3.14
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CHAPTER VI

RECOMMENDATIONS
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Soil survey and classification is essential as the basis for planning the wise
use and management of soils. There is a substantial need for detailed soil surveys,
particularly of +<irst and second order, in the four RCUP areas, as well as in
other areas where knowledge of the soil resources is needed to plan development
projects.

One of the objectives for conducting RCUP soil surveys is to promote and streng-
then a national soil survey program in Nepal. To strengthen national efforts, to
train staff, to promote cooperation and to assist in improving the quality of soil
surveys, the development of a Memorandum of Understanding is very important. A
draft example is presented as attacment #1 in Annex N. The Memorandum would:

1) provide for cooperative efforts in the development and utilization of soil sur-
veys in Nepal, 2) assure that all phases of the soil survey program are given ade-
quate attention, and 3) strive for maximum utilization of resources of all parties
working toward a common goal. The Memorandum would provide for agreement by the
parties involved to 1) make cooperative surveys according to sound scientific and
technical standards in accord with a national system of classification, correla-
tion and nomenclature, 2) to continually improve the quality and usefulness of
surveys to maximize their potential use, 3) to establish and update priorities of
areas needing surveys, 4) to inform the public regarding progress and uses of
published soil surveys, 5) to cooperate in developing educational materials about
soils and their use, and 6) to provide for the formation of a technical committee,
publications policy, and other general provisions incident to a Memorandum of
Understanding.

The RCUP staff will provide administrative and technical direction and coordi-
nation to field survey crews working in the four project areas. The RCUP staff
will also coordinate the survey program with the Department of Agriculture, De-
partment of Forests, Department of Soil and Water Conservation, APROSC, and other
RCUP technical and operational support personnel.

The Soil Science Advisor will provide technical advice for the overall admin-
istration and direction of the soil survey program. This advice will include co-
ordination requirements, the design, development, implementation and operation of
the RCUP soil survey so that it will meet and promote the objectives of the develop-
ing National Soil Survey Programs.

The soil survey field crews should have as co-soil survey 'eaders, HMG and
U.S. Peace Corps B.Sc. Soil graduates. One Technical Assistant should be assigned
to each crew.

The prcccdure for carrying out soil surveys should be as follows:

Premapping Activities: A plan of soil survey operations will be prepared for
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each of the four project areas. Each plan outlines the work to be done and an estimate
of the time to complete it, including goals for both mapping and supporting soil
survey activities. Consideration should be given to:

--coordinating woodland, range, biology, and engineering with soil surveys;

--maintaining scientific and cartographic quality;

--training soil scientists;

--training users of soil surveys, both within and outside RCUP so that maximum

use will be made of information asscombled in the soil survey.

Initial Field Reconnaissance: Active participants should include the RCUP

field soil scientist, APROSC soil scientists, survey crew, and specialists in
forestry, range and geology. The reconnaissance work should be guided by the basic
purpose of the RCUP and the interpretations of the soil survey that are required

to meet the needs of RCUP.
Design of Mapping Units: The mapping unit should undergo considerable field

testing to determine theirmappine ability, especially in terms of reliability of

delineations. Enough areas should be mapped during this testing phase to deter-
mine complexity of mapping unit patterns, and the kind and extent of inclusions.
This information is required to assess the need to design complex mapping units.

Initial Field Review: A field review will be scheduled after the tentative

mapping legend has been field tested.
Field Mapping Procedures: Basic field procedures and mapping techniques used

in the RCUP surveys will include:
--an initial field review;
--a descriptive legend to identify, classify, and correlate the soils by the
field soil scientists during test mapping;
--conventional and special symbols legend;

--make duplicate copies of field sheets for record keeping and use by coopera-

tors.
Sampling Soils: Soil sampling is a continuing process from beginning to end

of a field survey. Soils are identified, characterized, classified and behavior
predicted on the basis of data from selected samples, observations and experiences.

Determine Interpretations: Soil interpretations are developad for the uses

expected to be important or potentially important to users of soil survey informa-
tion. The following listing are types of interpretations that can be developed
for detailed planning purposes:

--use and management of the soils

--yields per hectare of crops and pasture

--~land capability classification by major management concerns of erosion,
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wetness, soil related problems, and climate

--rangeland productivity and characteristic plant communities

--woodland management and productivity

--woodland understory vegetation

--wildlife habitat potentials

--recreational development

~-engineering properties and classifications

--physical and chemical properties of the soils

--so0il and water features

--sanitary facilities

-~building site development

--construction materials

--water management

The land use planning that evolves from this process is to be a collabora-
tive one with dialogue occurring between project technicians and local people/land

users.
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WATERSHED MANAGEMENT REPORT

The Problem

Environmental degradation in Nebal is proceeding at an alarming rate., The
human implications of such degradation are clear, the results being reduced crop
ylelds, increased landslides and floods, downstream reservoir and stream
sedimentation, and the reduction of available natural resources for economic
development. For a growing nation whose population lives mostly at subsistence
level, the current situation is intolerable, and His Majesty's Govermment of
Nepal (HMG) as well as numerous donor agencies have attempted solutions. For
various reasons, most recent attempts at watershed improvement have fallen short
of intended goals. First, most efforts have been too small in scope to treat a
problem of such magnitude. Second, many efforts have been single-pronged with
narrow-ranged goals, such as afforestation, population resettlement, nursery
development, or the construction of erosion control structures. Watershed
degradation and 1its impacts are much too complex to be reversed by any one type
of corrective measure. And third, recent attempts have falled to integrate
social considerations into the solutions to the extent necessary.

The Resource Conservation and Utilization Project (RCUP) developed by HMG
with the help of the U.S. Agency for International Development (USAID) is an
attempt to attack the critical and complex problems of watershed degradation
through a series of integrated technical and social plans designed for local
landscape and culture variations. The four project regions chosen, Kulekhani,
Gorkha, Mustang, and Myagdi, represent a cross-section of natural and cultural
landscapes in Nepal. The RCUP in these regions is designed to begin immediate
correction of watershed problems and to provide models for nation-wide resource
improvement and conservation.

Watershed improvement and management in Nepal are major challenges for
several reasons. First, natural denudation rates are high in this region of
young, rugged, and unstable mountains (Simons, 1979), upon which 1is superimposed
a harsh monsoon-drought climatic regime. Second, but equallv important, high
population densities and growth rates place great demands on the land to provide
resources, especially food, fodder, and fuel. The ability of the landscape to
provide such resources is decreasing as population pressures increase. Under

these natural and cultural constraints it i1s not surprising that seemingly every



hectare of land below the snowline has been cultivated, grazed, lopped, burned,
cleared, or otherwise utilized by man and his livestock. Few nations on earth
are so inhospitable, yet so thoroughly settled, as Nepal.

Watershed degradation has initiated a series of chain effects and
undersirable feedback loops, causing a downward spiral of land productivity. For
example, cutting, lopping, and burning of forests exposes soils to direct
rainfall impact, which initiates soil erosion. Erosion removes humus and
weathered material from the surface, reducing the soll's capability to regenerate
trees, in addition to lowering its capacity to sustain useful forage and food
crops. The reduction of soil infiltration lowers ground water reserves, causing
springs to dry up and lowering baseflow stream discharges. Soil washed downslope
becomes stream sediment which chokes floodplains, reduces fish populations,
increases flood stages, fills impoundments, and degrades river quality
downstream, even into other nations (e.g., India and Bangladesh). Undesirable
cultural feedback loops are also generated. Reduced land productivity forces
utilization of more distant and often marginal lands, inducing even more
denudation., Breaking these disastrous cheins requires attacks at every front.
The long-term goals of the RCUP watershed management plan are to halt watershed
degradation, upgrade resources to sustained high levels, and reduce human
pressures on the land through better management and the introduction of alternate
economic activities.

The remainder of this report treats: previous watershed projects in Nepal;
the RCUP watershed management approach and philosophy; methods employed by the
RCUP design team; descriptions and specific proposed projects within each of the
four Project regions; issues; limitations and benefits; the projected budget; and

a cost-manpower matrix.

Review of Watershed Management Projects in Nepal

The establishment of the Department of Soil and Water Conservation (DSWC)
within the Ministry of Forestry at the beginning of the current 5-year plan
initiated a major in-country effort to study Nepal's watershed dcgradation
problems and provide solutions. The DSWC has proceeded admirably, despite
budgetary and manpower constraints, to establish local programs of watershed

study and improvement. In addition, HMC has solicited and obtained considerable



financial and professional aid from numerous donor agencies. For a detailed

At{scussion of DSWC-related projects and activities, refer to Soil and Water

conservation System (DSWC, 1977).

The following is a list of significant completed or on-going DSWC-related
projects:

--DSWC/ FAO/UNDP Integrated Watershed Management Project (IWMP); torrent
control and land use development project; a master plan of soil and water
conservation for Nepal; to be completed in 1979.

--Survey, Project Formulations, and Implementation in Bering, Bagmati,
Trisuli, Lothar, Trijugar, Karnali, Koshi, Samakhusi, Lamidate, Phewatal,
Rupatal, Begnashtal, Khorke, Itram, Jhupra, and Tinau Khola catchments.

--Research, Publication and Extension: by radio, pamphlets, demonstrations,
community development programs, public gatherings.

--Agricultural Resource Inventory Program; DSWC/USAID joint effort; remote
sensing center proposed to begin operation in 1980,

--Training Center Establishment; DSWC/British effort, to train soil and water
conservation technicians; 2-yr training program,

~--Volunteer Programs: American Peace Corps and Swiss Volunteers.

~--Resource Conversation and Utilization Project (RCUP); design phase is
subject of this report; implementation phase scheduled for 1980.

--Other bi-lateral and multi-lateral assistance; includes Swiss, British,

Germans, Americans Indians, Canadians, World Bank, UN/FAO, etc.

Watershed Management Approach and Philosophy

The RCUP approach to watershed management is the multi-objective,
partial-solution philosophy proposed by Rieger, et al. (1976). The multiple
objectives include, but are not limited to: treatment and upgrading of forest,
range, and agricultural resources; the introduction of new conservation
management techniques; demonstrations and trials with new species of flora and
livestock; development of alternative economic activities to agriculture, such as
cottage industries; and the development of cnergy resources.,

Demonstration projects are vital to the RCUP approach {n winning villaper
acceptance of new techniques. Most of the proposed watershed management projecta
should be located near population clusters where the need {s greatest and where
the visibility 1s highest. Thus, these projects will serve the dual purposes of

watershed improvement and demonstration,









Projact Region Descriptions

Kulekhani Region

Geography
The Kulekhani region lies immediately southwest of the Kathmandu Valley

within the Outer Himalyan mountains. It encompasses approximately 211
km2, most of which is in the drairage basin of the Kulekhani Khola. A
total population of 36,000 gives this 1egion an average density of 172
people/kmz, although densities vary considerably with relief (APROSC,
1979a).

Highway access 1{s provided via the paved Tribhuvan Rajpath which makes
a nourth=-south transect through the rezgion in the west. A graded dirt road
connects from the highway southeast to the Kulekhani Dam project., Other
access {s provided primarily by trails.

Most villages are situated within the stream valleys, although several
have hillside or hilltop locations. Settlement and cultivated cropland are
concentrated in valleys and on peripheral hillslopes, whereas the higher

altitudes are less densely settled and utilized.

Geolopv and Geomorphology

The Kulekhani region lles within two physicnraphic provinces: the
Mahabharat Lekh to the south, which is part of the Outer Himalaya; and the
Midland to the north (APROSC, 1979a). The Mahabharat Lekh 1s structurally
geosynclinal, with the axis trendi ~ ESE, controlling the alignments of
prin-fpal mounta’n ridges and valleys. Rocks (nclude ridge—forming
granftes, as well as quartzites and softer phyllite schists. The southern
rim of the geosvneline s a thrust nappe abutting against the S{walik Range
to the south (Sharma, 1977b), Structural surfaces are often steeply dipping
and provide abundant lands!ide surfaces, The major tributaries, the Sim,
Naliban, Tasar, and Sankha Mul Kholas, flow {n ESE-trending structural
valleys, but the trunk stream Kulekhani Khola swings southward across the
structure, breaching the Mahabharat Lekh {n a sateep gorpe at the Kulekhani
damsfte. Altitudes {n the Mahabhorat Lekh exceed 3500 m, and the mountains
contaln the steepest terrain of the regfon, most slopes exceeding 2590,

The Mfdland to the north of the Kulekbhant Khola {s In softer rocks,

namely, phyllite nchintn, Hmestonen, sandatonen, and slates, which account



for its greater degree of topographic maturity, lower relief (most slopes
under 259), and deeper weathering horizons. Relief increases from the
Kulekhani Khola northward to the boundary ridge where altitudes exceed 2000

m in several locales.

Soils and Vegetation

$oils are thin and poorly developed in the Mahabharat Lekh, being
forest podzols of relatively low fertility and, when denuded, high
erodibility. In the lowlands of the Midland, deep, rich alluvial and
in situ soils provide excellent cropland and pasture. Northward, these
soils thin and are subject to more intense mass wasting and erosion with
altitude.

Forests are the native vegetation of the entiie region, with
subtropical broadleaf forests in the lowlands giving way to mixed forests in
the uplands. However, in the lower and intermediate altitudes most native
vegetation has been removed from cropland and pasture. Cutting, lopping,
and burning activities are causing an upslope retreat of the forests, but

ridgelines still contain relatively good stands of timber.

Hydrology
The Kulekhani Khola and its tributaries drain 36 km? in a drainage

pattern which is dendritic in the north but becomes structurally controlled
to the south. The gradient of the trunk stream is 41 m/km. In the west
near Palung, the upper Kulekhani Khola, locally called the Sankha Mul Khola,
occupies a broad floodplain of coarse materials layed during low-frequency,
high-discharge floods. Here the channel is braided and tends to change
course frequently. Downstream, the river becomes entrenched and the
floodplain disappears, and at the Kulekhani damsite, the antecendant river
course flows through a deep gorge.

The mean annual discharge of the Kulekhani Khola at the damsite is 123
million m3/yr, equivalent to 3.9 m3/sec or 3.1 m3/sec/100 km2.
Seasonal fluctuations in discharge fall between the mean low discharge of
about 1 m3/sec in March to nearly 12 m3/sec in the monsoon season

(APROSC, 1979a). The 100-yr flood is estimated to approach 1,000 m3/ sec.



There are no data on sediment yields for the Kulekhani watershed, but
estimates of up to 700 m3/km2/yr are given (APROSC, 1979a). These high
yields relate to the high intensity monsoonal rains of which 90% is
‘estimated to run off the surface (Sharma, 1977b), carrying sediment from
natural and man-induced landslide scars and denuded soils.

The Kulekhani Dam, upon completion, will create an impoundment 74 m
deep, extending upstream past Markhu. Its purpose is to generate
hydroelectricity, and secondarily to enhance recreation resources. The
Kulekhani Khola below the dam will be reduced to periodic small releases,
flood overflow releases, and seepage from the impoundment. Most of the
reservoir water will be diverted through penstocks for power generation.
The life expectancy of the reservoir is only 50 yr due to high siltation
rates. A concern of the RCUP is to reduce siltation so as to extend the

life of the reservoir.

Meteorology

Only two weather stations, Daman and Markhu, are operated within the
Kulekhani watershed. Data from these stations reveal average annual
precipitation values of between 1500 and 2500 mm, of which about 80% falls
during the monsoon (June-September). Most of the remainder falls in the
so-called pre-monsoon (April-May) and post-monsoon (October—November)
pericds. Winter is distinctly dry. All precipitation falls as rain except
some snowfall in the highest elevations. Maximum 24-hr rainfall intensities
exceeding 180 mm have been recorded during the monsoon.

Sketchy evaporation records reveal maximum rates in the pre-monsoon of
over 200 mm/month, dropping to less than 50 mm/month during the monsoon and
in winter.

Daman temperature records show seasonal fluctuations in mean monthly
temperatures between 5.6°C in January and 17.0°C in June. Summer mean
maximums reach 23.59C, whereas winter mean minimums drop to -1.5°C.
Relative humidities reach lows of about 60% in winter-spring, climbing to
91% during the monsoons (Department of Irrigation, Hydrology, and
Meteorology, 1977).

These data indicate that the lowland climates of Kulekhani are
subtropical-monsoonal, becoming temperate at higher elevations in the

surrounding mountains.



Land Use and Denudation

The peripheral mountain slopes are subject to natural landlsides due to
a combination of geology, seismicity, monsoon.l rains, and steep slopes.
This natural tendency to mass waste is intensified where human disturbances
of the vegetation and soils occur. The primary forms of mass wasting
include creep, slumps, debris flows, and debris avalanches where weathering
mantles are deep and are mostly rockslides and debris slides in the less
weathered, steeper terrain. Landslide frequency increases during the
monsoons, and is potentially catastrophic where high-intensity rainfall
combines with dipping structural planes, steep slopes, and earthquakes.
Examples of large-scale slides are found in the northward-dipping rock units
of the Palung Panchayzt. Subsequent runoff and erosion from these scars has
created torrents downstream which have deposited coarse materials in wide
floodplains on the Sankha Mul Khola, all told destroying as much as 50 ha of
cultivated land (APROSC, 1979b).

In the lowland interior, lower gradient slopes reduce natural mass
wasting to a minimum, but small-scale slumps and caving are noted on poorly
constructed crop terrace risers and along the banks of the entrenched
Pulekhani Khola.

Fstimates of land use provided by APROSC (1979a) are as follows:

Land Classification Area (km2) Percent of Total
Forests 103.71 48.95
Cultivated Lands 81.90 38.66
Pasture Lands 21,21 10.01
Other 5.04 2.38

As mentioned, the forests, mostly on upper slopes, range from degraded where
cut~ing, lopping, and burning are practiced, to high quality near the ridge
lines. Man-induced erosion and mass wasting is minimal throughout the
forests, but continued degradation will increase denudation rates markedly.
Cultivated lands fall into two categories: lowland irrigated terraces where
denudation is minimal; and upland dry terraces where denudation rates range
from moderate to high, depending on the steepness of slopes cultivated and
the quality of terrace construction and maintenance. Barren lands include
most of the denuded areas where livestock grazing is practiced. These areas

produce the highest levels of denudation, especially along trails, in areas
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of gullies, and on slide scars. Barren land is increasing at the expense of
the forests.

Although overall denudation rates for the Kulekhani region are probably
lower than in many parts of Nepal, the trends of intensified land use
promise to accelerate the processes of denudation. The average family
depends on the produce of about 4 ha, of which 1 ha is cultivated. With
virtually all arable land in cultivation, the projected population growth
rate of over 2%/yr will create needs for cultivated lands in marginal areas,
expanded range, and further retreat of the forests. Unless these cultural
processes are checked, denudation rates will accelerate to dangerous and
distructive levels, making the 50-yr lifespan estimate for the dam

optimistic.

Gorkha Region

Geography
The Gorkha region lies in north-central Nepal between the Trisuli River

and the Tibet border. It is an elongate reglon drained by the major
southflowing Buri Gandaki River, and the Daraundi and Chepe Kholas, all of
which are left-bank tributaries of the Trisuli River. The landscape grades
from high glaciated mountains in the north to generally lower altitude but
bigh relliaf terrain southward.

Road access is under construction from Prithvi Raj Marga in the south
up to Daraundi Khola Valley to Gorkha. All other surface access in the
region is by trails. Villages lie scattered both in the valleys and on the
mountains, but the population densities increase generally southward to over

100/km2, except in the far southwest where densities are somewhat lower.

Geology and Geomorphology

The Gorkha region occupies the Inner Himalaya province except in the
Trisuli River area to the far south where it enters the Midland province.
Most of the area is unmapped geologically, but the dominant rocks are
Paleozoic sedimentary, metamorphic, and igneous facies of geosynclinal
origin. Structural trends are largely WNW to ESE, controlling the alignment
or rock units and tributary valleys. The region remains seismically active

(Sharma, 1977b).
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North of Barpak the mountains rise to altitudes of over 500 m, well
above the treeline (about 4000 m), and to a limited extent in the far
northwest, above the snowline (about 5000 m). Glaciated valleys are noted
and small glaciers still exist in favored sites. Southward, average summit
altitudes decline to under 3000 m, and valley bottoms are as low as 600 m.
Local relief throughout the region is high and slopes are mostly above
360.

Snow and ice-fed streams, such as the upper Buri Gandaki River and the
Chepe, Daraundi, and Machha Kholas, originate and flow through narrow
valleys lacking floodplains. Downstream, floodplains built of glacial
valley train and non-glacial torrent debris appear, especially in the
Daraundi Khola. Over the floodplains the streams have alternately braided
and meandering channels, and local course changes appear to be common,
Tributary streams, both perennial and intermittent, debark from narrow
valleys into the floodplains where they have deposited large alluvial fans
which in some cases exceed 100 m high and have radii of several hundred m.
These fans are built of torrent deposits which typically force the trunk

stream to the opposite side of the floodplain.

Soil and Vegetation

Between the Trisuli River and the Tibet border are found a variety of
soils, ranging from deep lateritic and s ibtropical podzolic soils in the
south to forest podzols and tundra soils in the north. Soil depths also
very greatly, from deep in the southern, low-gradient areas to shallow or
absent on steep slopas and northward into the higher mountains., Erosion and
reduction of soil fertility are so widespread in the Gorkha region that few
undisturbed soils exist.

Forest native vegetation dominates up to the treeline, with subtropical
broadleaf forests giving way to mixed and ultimately coniferous
associations. Except in the north, most native forest have been cleared,
burned, or lopped, so that few examples of native stands now exist. Above
the treeline, scrub growth and tundra plants dominate, offering a good
seasonal grazing resource. The influence of grazing on vegetation is not
known in this area, but overflights seem to indicate that the tundra is

relatively little affected by men.
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Hydrology
The principal streams in the Gorkha region arise in the highest

mountains in the north, fed by glaciers and snowmelt. Southward, flows are
increased by contributions of ground water and springs, and during the
monsoon, by surface runoff. Evidence suggests that seasonal river
discharges fluctuate greatly in the central and southern portions of the
region, based on examination of flood-plain deposits and reports of flood
damage. Monsoonal rains bring exceptionally high stages, which at times
have destroyed low-lying fields, villages and bridges. Sharma (1977b)
states that typical rivers in the Himalaya have ratios of mean maximum to
mean minimum flows of about 7:1. However, indications are that certain
flood peaks may discharge over 400 times the volume of water than at low
baseflow. Such flood peaks are directly related to intense monsoonal rains
falling on the man-altered, high denuded landscape. Monsoon surface runoff
is estimated to be 70-90% of total precipitation (Sharma, 1977a).

The only hydrologic measurements available are from Daraundi Khola near
Gorkha. Here the mean low flow of 7 m3/sec occurs in January, and mean
maximum flows exceed 26 m3/sec in July (APROSC, 1979c).

No data on sediment yields are available., Glacially-fed streams
typically carry a large quantity of silt and clay. Added to this base load
is material of sizes ranging up to large boulders carried during flood
periods. Sediment yields are presumed to be very high during the monsoon
period, perhaps reaching 800-1000 m3/km2/yr. Yields decline to low
values in winter and spring. Recent monsoonal floods have buried formerly
productive low-lying fields beneath deep deposizs of cobbles, indicating

that flood problems are increasing.

Meteorology
With only two weather stations in the Gorkha region, at Gorkha and Seti

Bas, it is difficult to make generalizations. These stations have mean
annual precipitation totals of 1400 and 1600 mm respectively. Values are
believed to decrease in the lowlands generally northward away from sources
of monsoonal precipitation, but increase roughly with altitude. Relatively
low values (250 mm) occur in the alpine zones (Thapa and Thapa, 1969) where

the air is relatively cold and dry. Typically more than 757 of the annual
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precipitation falls in the monsoon period, but this is reduced in the higher
and more northerly locales. Maximum 24-hr rainfall intensities of 100-140
mm have been recorded for these two stations (Departments of Irrigation,
Hydrology, and Meteorology, 1977).

The only temperature records available are from the Gorkha Station,
Here the average January temperature is 12,4°C with the mean minimum
dropping to 6.3°C. The July mean is 22,80C with the mean maximum being
27.30C, 1t can be assumed that average temperatures decline northward and
with altitude (about .79C/100 m) to a summer mean of about 100°C at the
treeline, and a mean annual temperature less than 0°C above the snowline,
South of Gorklt. in the low-lying valleys, pre-monsocon temperatures reach
above 359C, os witnessed by the RCUP team in May, 1979,

Relative humidities at Gorkha range between 41% in March and 93% in the
monsoon pe-iod of June and July. Evapotranspiration rates thus are greatest
in the pre-monsocon period, dropping to minimum levels during the monsoons,

and increasing in the post-monsoon, only to decline again during wirter,

Land Use and Denudation

Land use statistics for the Gorkha region are as follows (APROSC,

1979):

Land Classification Area (km2) Percent of Total
Forests 328.55 41,33
Cultivated Lands 307.80 38.72
Pasture Lands 133.08 16.74
Snow-covered 8.24 1.04
Others 17.29 2.17

794.96 100.00

Abuve timberline alpine meadows are used for summer pastures, but {t is
believed that man-induced denudation rates here are minimal. The mountains
and valleys south of Barpak are densely settled and land-usc intensities are
high., Little native vegetation has sursived cutting, lopping, burning, and
overgrazing., Poorly constructed and maintained dry terraces are widespread,
i#nd the pre-monsoon drought precludes the prowth of terrace crops, allowing
the infrequent pre-monsoon rafns to ecrode consfderable sediment. The early

mongoon rains probably effect the preatest erosion, since crops are not of
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sufficient size to break the impact of raindrops, and the soil 1s largely
exposed. Numerous large slides, some possibly natural, but most
man-induced, are found on steep slopes where terraces have been built,
Likewise, extensive gullying 1s found, both on terraced and grazed lands.
Generally, the southern portion of the Gorkha region is in an advanced stage
of environmental degradation. The vegetation 1s highly disturbed, soils are
eroded, surface runoff has eroded deep gullies, and main streams are choked
with sediment. Monsoonal flooding 1s on the increase, whereas springs, dry
up in the pre-monsoon earlier than in the past. Any attempts at watershed
rehabilitation must be massive if an appreciable improvement 1is to be

realized.

Mustang Region
Geography

The Mustang region 1s located in north-central Nepal in the headwaters

of the Kali Gandaki River. Two physiographic regions are represented, the
Tibetan Plateau to the north and the Inner Himalaya to the south. Most of
the region lies above 3000 m, with the highest peaks in excess of 7500 m.
The landscape is dominated by the broad geosynclinal trough of the Kali
Gandaki River and the snow-clad Annapurna and Dhaulagir{ ranges walling the
trough,

The combination of remoteness, high altitudes, rugged terrain, and
harsh climate have limited settlement and land use intensity. Most villages
occupy the Kali Gandaki River valley or major tributary valleys. There is
minimal cultivated land beyond a one-~hour walk of the villag-s, and the most
extensive land use is livestock grarzing.

The only ground access 15 prov ‘ded by trails, the most fmportant of
which 1s the old trading route aileng the Kali Gandaki River between Pokhara
and Tibet. Some access ie provided by plane and helicopter flights to and
from Jomsom. At the time of this writing, the region of Mustang north of
Kagbeni{ was closed to non-citizens of Nepal, and was not visfted by

expatriot members of the RCUP team.

Geology and Geomorphology

Little of the region has been geologically mapped, but the majority of
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rocks are sediments of the Tethysian Zone, bowed into a large N-S structural
depression occupied by the Kali Gandaki River. Younger sediments of fluvial
origin in the main valley form terraces of various ages and heights above
the current flood-plain. Recent alluvium occupies the broad Kali Gandaki
River valley. Little seismic activity is noted in this zone (Sharma

1977b).

The Himalayan mountain rim in the south extends well above the snowline
in many places, and large glaciers rest amid the peaks. There is little
evidence to suggest that these glaciers ever extended much below 4500 m.

The ice and sncw provide yearlong runoff to the rivers, and monsoon rainfall
suplements this flow in summer.

Upper valleys are occupied by glacial moraine and have the
characteristic catenary curve profile. At lower altitudes the valleys
become V-shaped in response to fluvial erosion. Near and in the trunk
valleys flooplains appear, built largely of glacial valley train alluvium.
Todav these valleys are occupied by underfit streams, indicating the
widespread flooding and deposition probably occur less now than in the

past.

Soils and Vegetatiun

Soil types vary with climate and altitude within the Mustang region.
South of Jomsom in the main valley, milder and wetter climates have produced
relatively deep soils, especially on river terraces and alluvial fans,
Considerable fertile cropland is found in the vicinity of Marpha. North of
Jomsom, the lowland alluvial soils are coarse and winnowed of their fine
fractions, mantled by wind-lap deposits. Tributary valleys such as the
Jhong, Khola contain fertile stream terrace coils in limited quantities.
Elsewhere {n the north, soils are typically stoney and thin in response to a
lack of dense vegetation and the cold, dry climate.

The best st »ds of forest, mostly coniferous, are found south of Jomsom
on the valley slopes. Northward, a combination of cold temperatures, high
winds and low precipftation values limits vegetation to steppe and tundra
prasses and low shrubs. Even these are absent in the sterile floodplain of

the upper Kali Gandaki Valley.
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szrologz

Most streams are fed by glacial melt, snowmelt, springs, baseflow, and
seasonal precipitation. The lack of abundant rainfall plus the more or less
steady release of meltwater provides relatively stable river regimes with
less flooding than found elsewhere in Nepal. In addition, the low level of
human occupance induces little added surface runoff inputs to rivers during
storms.

It is believed that the valley train deposits contain large quantities
of ground water, especially in the Kali Gandaki River valley north of
Jomsom. This resource may offer opportunities for future expansion of
irrigated lands.

Stream sediment yields contain moderate levels of clay and silt from
the glacial meltwaters. However, the generally low stom quickflow inputs
to rivers limit sediment yields. Relatively few active torrents are found,
although they occur in some tributary valleys where alluvial fans extend

into the trunk valley, such as the right-bank torrent fan about 1 km south

of Marpha.

Meteorology

The weather stations in Mustang are mostly low-lying and give a good
representation only for the valleys. Annual precipitation values decrease
northward away from moisture sources and in the lee of the Himalaya. Parts
of the Kali Gandaki lowland north of Jomsom arc¢ virtual deserts, such as
Mustang which receives less than 300 mm annually. Southward, Jomsom
receives 303 mm, and Marpha receives over 2500 mm. Further south, totals
are reduced, probably because of less orographic effect, with Tatopani
receiving only about 1300 mm. Muktinath, lying at a higher altitude
(4000 m) in the upper Jhong Khola valley receives 369 mm, slightly more than
in nearby, but lower, Jomsom (Department of Irrigation, Hydrology, and
Meteorologpy, 1977). Annual precipitation is presumed generally to increase
with altitude to some limit above which values decline; above the treeline
annual precipitation 1s reduced to near-desert amounts.

Seasonal distributions of precipitation also vary within the region.
At Tatopani, 85% of the annual precipitation 1is monsoonal., Northward the

monsoonal share of total precipitation falls to about 50%. Pre- and post-
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monsoon precipitation accounts for up to 307%, with winter totals of less
than 25% typical. Maximum 24-hr rainfall intensities vary up to 80 mm,
occurring during the monsoon. Although no snowfall records are available,
areas north of and at higher altitudes than Jomsom receive increasingly
greater shares of annual precipitation as snow.

The only temperature data for the Mustang region is from Jomsom. Here,
the January mean minimum drops to 2.6°C, and the July mean maximum is
259C. An extreme low of -109C has been recorded, and frost occurs in
seven months of the year. The mean annual temperature is about 12°C,
Significantly higher temperatures occur southward in the Kali Gandaki River
valley.

No wind data exist for the region. However, high wind velocities are
commonly observed in the main valley from Jomsom northward, where summer
winds funnel northward, bringing the monsoon rains and snows, and winter
witnesses a reversal of prevailing winds as the cold air of the T.»etan
Plateau drains southward. It is believed that this region has con;iderable
potential for the development of wind power for such purposes as the pumping
of ground water, the operation of mills, and possibly even electrical

generation,

Land Use and Denudation

Population densities are low throughout the region. Intensive
agriculture, mostly in the form of irrigated terraces, is limited to the
priximity of settlements. Elsewhere, grazing activities dominate. The
limited amount of cropland is due primarily to the need to irrigate and the
lack of water development in this region. Additional fertile soils, mostly
on river terraces, are available, but to date remain uncultivated, awaiting
the development of water resources.

The steppe grasslands north of the Jomsom and the alpine meadows at
higher altitudes provide abundant grazing lands; however, these resources
are not fully utilized at present. South of Jomsom, forests grow in high
quality, dense stands, revealing less of the exploitation and degradation
seen i1n the other study reglons,

In general, the Mustang region shows little of the land use pressures

typical of other regions, and consequently man-induced denudation rates are
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probably, relatively low. Some locally intense natural denudation is found
in landslide areas, on steep slopes, and in the vicinity of torrents.
However, those do not threaten life or valuable property to any significant
extent. Perhaps the chief denudatfon problem is due to wind erosion and
sand-blasting i{n the valley north of Jomsom. The extent to which winds
affect human activities 1s unknown.

The following {s a summary of land use in Mustang (APROSC, 1979):

Land Classification Area (km?) Percent of Total
Forests 83.63 6.60
Cultivated Lands 38,74 2.35
Pasture Lands 548.67 28,35
Snow-covered 742.75 5.74
Rock Outcrop 149,38 56.81
Others 2.06 .15

1565.23 100,00

This data {s for only 10 panchayats. Information on the other 6

panchayats is not available.

Myagdi Region
Geogrnghz

The Myapdi repfon lies due south of the Mustang region within the

drainage of the lower Kalil Gandaki River between Tatopani and HBeni, and a
main right bank tributary, the Rahughar Khola. The terrain {s a highly
dissected portion of the Tnner Himalaya, with altftudes extending from 835 m
at Beni to over 6000 m along the peripheral divides. Everywhere relfef is
great and most slopes are {n excess of 359,

Warmer and mofster climates have glven rise to dense native forest
vegetation, but {ncreased populatfon densftfes have also broupht extennifve
cleartng and depradation of the native vegetatfon. V{llages cluster both
along major rivers and tributarices and on mountain slopen.  Accompanyfing
these scettlements are {rripated and dry terraces, outlyfng denuded range
lands and retreating forests. Most remafning native forents e near
divides and in lmited arcas of protected Natfonal Forentu,

The principal accenn to thin regfon {n by foot trafla, some of which
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mainly by baseflow and storm quickflow, both perennial or intermittent.
Major valleys are subjected to erratic regimes with high flood peaks where
they drain appreciable amounts of disturbed watershed.

Springs are the principal water sources for domestic use and irrigation
for many hillside villages. These have tended to decline in discharge in
the pre-monsoon drought period due to watershed degradation, since
decreasing amounts of precipitation infiltrate into the soil. Seasonal
water shortapes are acute in several of the villages visited.

River sediment yiclds are presumed to be high in light of the
apparently high rates of overland flow, estimated to be over 707% by Sharma

(1977a),

Meteorology

Sparse weather station data for the region reveal annual precipitation
values of between 700 and 1400 mm, generally {increasing southward and with
altitude, especially on south-facing slopes. The percentage of annual
precipitation which falls {n the monsoon period increases southward, from
58% at Lete, to 667 at Dunai, and 857 at Beni Bazar iIn the far south.
Inversely, winter proportions of total precipitation increase northward from
only 5% at Beni Bazar to over 207% in the north. Maximum 24-hr rainfall
{ntensitfes vary between 40 mm in the aorth and 150 mm in the south

(Department of Irrigation, Hydrology, and Meteorology, 1977).

Land Use and Denudition

Throughout most of tbe Myapdi region population densities are high and
land use {ntensicies are preat. This {s especlally true further south,
Irrigated terraces are found where the generally limited water supplies are
adequate.  These are relatively well mafntained and present no major
denudatfon problem.  However, dry upland terraces, often found on steep
galopes, are valnerable to pre-monsoon and carly monsoon erosion and mass
wanting before crops are sufficiently established to protect the soil from
rainsplanh and sheetwasli,

Denuded forent landns uned for prazing are widespread, and almost
uniformly contrituts to Yigh rates of denudation. Barren soils, gullics and

revines, landslide ncarn, and eroding stock tralls are found in abundance on
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heavily grazed lands.

The remaining forests present no immediate denudation problems, largely
due to inaccesibility. As wood and tree—-fodder resources are depleted, it
can be expected that the cycle of forest retreat and the initiation of
denudation will begin.

The following is a summary of land use in Myagdi (APROSC, 1979):

Land Classification Area (km2) Percent of Total
Forests 300,50 31.84
Cultivated Lands 143,44 15.19
Pasture Lands 285.78 30.27
Snow-covered 165.94 17.58
Rock Outcrop 39.62 4,20
Others 8.68 0.92

943,96 100.00

Watershed Management Project Descriptions

The following is an outline of major RCU Watershed Management Projects
proposed, based on local habitat conditions, needs of the villagers, probability
of success, and long-term benefits for the region. The order in which projects
are listed for each region is based on a suggested action priority. Rough 5-year
and 15-year target values are given for each project for budgetary purposes only,

and should not be considered as final.

Kulekhani Region

Terrace Management and Improvement

Poor upland dry terrace construction and management in Kulekhani has
resulted in declining crop yields, small landslides, and sheet and gully
erosion. It is recommended that no major efforts be concentrated on steep
upland terraces which are so poorly situated as to offer little hope for
rehabilitation. These will hopefully be abandoned to cultivation if and
when land pressures are reduced. Sites for carrying out the terrace project
for the first 5 ycars should include, but are not limited to the areas

sultvunding:
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2.
3.
4.
5.
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Markhu in Kulekhani Panchayat
Chitlang in Chitlang Panchayat
Palung in Palung Panchayat
Tistung in Thachok Panchayat
Kuslechaur in Chitlang Panchayat

The remaining sites for the 15-year project period should be chosen

based on future studies.

Terrace improvements recommended are:

l.

2.
3.

4,

5.

6.

Regrading treads to level or slightly backsloping to reduce storm
overtopping and erosion.

Construction of bunds to reduce overtopping.

Construction of riser-base drainage ditches with proper lateral
spillways leading to drainage diversion ditches (with #2 above).
Regrading or stone-lining overly steep and unstable risers, and
allowing natural revegetation.

Improving peripheral drainage diversion ditches by rerouting, stone
or grass lining, baffles, check dams, etc.

Terrace livestock control using stone or live fences or guards.

Refer to Table 1 below for a summary.

TABLE I
KULEKHANI TERRACE MANAGEMENT AND IMPROVEMENT

Targets:
Activity J-year 15-year
Tread regrading 10 ha/village=50 ha 200 ha
Bund constructionl 5000 m/village=25,000 m 50,000 m
Riser-base drainagez 1000 m/village=5000 m 10,000 m
Riser staviliation 1000 m/village=5000 m 10,000 m
Drainage diversion3 1000 m/village=5000 m 10,000 m
Livestock control fences 2000 m/village=10,000 m 20,000 m
Livestock control guards5 10 ha/village, man-yrs 100 ha, wan-yrs
1/ Computed at rate of 500 m of bunds/ha
2/ Computed at rate of 500 m of ditches/ha
3/ Computed at rate of 100 m of ditches/ha
4/ Computed at rate of 100 m of fence/ha
5/ Computed at rate of man-yrs/village
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Watershed Protection and Rehabilitation Areas

Springs and small streams which provide drinking water and irrigation
should have their source areas protected from human and livestock
activities. The drainage basins for these water sources in Kulekhani must
be allowed to revegetate naturally in order to increase infiltration, thus
insuring a more constant rate of flow at the points where they are utilized.
In addition, the control of livestock from these watersheds will provide
higher quality drinking water. It is not feasible to protect the entire
drainage of each site, soc 1 is recommended that a priority be determined
based on field study, with sites utilized primarily for drinking water
having the highest priocity for protected watersheds. The following
activities are recommended:

1. Natural revegetat:ion of watersheds.

2. Fencing (1/2 of total sites), stone or live, to control livestock.

3. Guards (1/2 of total sites) to control livestock.

Refer to Table 2 below for a summary.

TABLE 2
KULEKHANI WATERSHED PROTECTION AND REHABILITATION

Targets:
Activity S-year 15-year
Natural revegetation 30 sites, 3 ha/site=90 ha 115 sitesl, 345 ha
Livestock control fences? 8400 m 32,000 m
Livestock control guards3 15 sites, man-yrs 57 sites, man-yrs

1/ Determined by APROSC projections;
2/ Computed at rate of 560 m/3 ha plot;
3/ Computed at rate of man-yrs/village.
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Trail Improvement

Human and stock trails provide vital transport links, but are often
poorly designed and routed, improperly drained, and overused, providing
artificial avenues for surface runoff. The result is extensive gullying and
stream sedimentation as well as trail destruction. Project sites are the
same as for terrace improvement (above) for the first 5 years of the
program. The following measures are recommended:

1. Provide drainage along stretches of eroding trail.

2. Regrade or reroute trails where erosion is advanced.

3. Artificially revegetate abandoned trails.

4, Construct stone steps on steep trail segments.

Refer to Table 3 for a summary.

TABLE 3
KULEKHANI TRAIL IMPROVEMENT

Targets:
Activity S-year 15-year
Trail drainage 1000 m/village=5000 m 15,000 m
Regrade/ reroute trails 500 m/village=2500 m 10,000 m
Artificial revegetation 100 m/village=500 m 1,000 m
Stone steps 500 m/village=2500 m 5,000 m

Range and Communities Pasture Denudation Control

The broad belt of livestock range found mostly on intermediate
hillslopes above the valley bottoms 1is overgrazed, denuded of vegetation
cover, and is undergoing high rates of denudation by landsliding, gullying,
and sheet erosion. Many improvements in range fall within the Livestock and
Range Management report. However, the following watershed management
practices are recommended in the above five villages for the first 5 years:

1. Gully repair by building structures (gabions, stone check-dame,

stone-lined channels, steps, brush barriers, etc).

2. Gully bank revegetation (artificial).



25

3. Gully head drainage diversion ditches.
4, Fencing (stone or live) for livestock control.

Refer to Table 4 below for a summary.

TABLE 4
KULEKHANI RANGE DENUDATION CONTROL

Targets:
Activity J-year l15-year
Gully repair 1000 m/village=5000 m 10,000 m
Artificial revegetation 1000 m/village=5000 m 10,000 m
Drainage diversionl 1500 m/village=7500 m 15,000 m
Livestock control fences? 1500 m/village=7500 m 15,000 m

1/ Computed at rate of 1.5 m of ditch/m of gully
2/ Computed at rate of 1.5 m of fence/m of gully

Landslide Control

Efforts should be concentrated on areas of high man-induced landslide
susceptibility or occurence. Only those potential or actual natural slides
which endanger life or valuable property should be treated. The following
measures are recommended, for the first 5 years to be concentrated in the
Palung, upper Chitlang, lower Markhu, and lower Sisneri Panchayats:

1. Drainage diversions around incipient or actual slide sites.

2, Site stabilization by artificial revegetation.

3. Livestock control fencing (live or stone) for site stabilization by

natural or artificial revegetation.

4, Slide structural control (gabions, stone checks, etc.).

5. Slide deposit internal drainage (recommended only where roads or

other valuable structures are threatened).

See Table 5 for a summary.



TABLE 5
KULEKHANI LANDSLIDE CONTROL

Targets:
Activity S5-year 15-year
Drainage Diversion 5000 m 15,000 m
Artificial revegetation 10 ha 15 ha
Livestock control fences 2000 m 5,000 m
Structural controls 25 structures 50 structures
Slide drainage 2 sites 5 sites

Stream Training and Erosion Control

In general stream training and erosion control on major channels is not
recoomended for this region under the RCUP. However, such measures should
be taken where valuable property or life 1s endangered, as 1is the case along
the Sankha Mul Khola east of Palung:

1. Gabions to protect stream banks from erosion and to rechannel or

confine flood discharges.

2. Riprap bank lining for crosion protection.

3. Floodplain stabilization through tree plantings and buffer strips.

4, Channelization; efforts should be considered to increase the

gradient of the braided channel.

Refer to Table 6 below for a summary.

TABLE 6
KULEKHANI STREAM TRAINING AND EROSION CONTROL

Targets:
Activity S-year 15-year
Gabions 300 m 500 m
Riprap 1000 2000 m
Floodplain planting 50 ha 100 ha

Channelization 500 m 500 m
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Road Embankrent Stabilization

Efforts to stabilize road cuts and fills should be concentrated on
small demonstration plots and sites along the new Kulekhani Dam access road
and the Tribhuvan Rajpath. The followin.g measur~.s are recommended:

1. Hydroseeding and plantings.

2. Improved roadside drainage.

3. Mass wasting and erosion control structures on cut and fill slopes

(gabions, stone and brush barriers, etc.)

Refer to Table 7 below for a summary.

TABLE 7
KULEKHANI ROAD EMBANKMENT STABILIZATION

Targets:
Activity S-year 15-year
Hydroseeding/planting 50 ha 50 ha
Drainage 2000 m 2000 m
Structures 30 30

Gorkha Region

Upland Terrace Improvement

Efforts at terrace improvement should concentrate on those terraces
where the likelihood of project success and the promise of significantly
increased crop production are greatest. Badly damaged and poorly located

terraces should eventually be abandoned and revegetated where possible.

The principal Project sites for the first 5 years should include, but

are not limited to, the regions near the villages of: Gorkha, Chorkate,
Bamgkot, Shrinathkot, and Barpak.
The following measures are recommended:
l. Regrading treads to level rr slightly backsloping.
2. Bund construction.
3. Riser-base drainage ditch and spillway construction (with #2
above).

4, Regrade, line and/or revegetate unstable risers.
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5. Peripheral drainage diversion improvement.
6. Terrace livestock control using fences and/or guards.

Refer to Table 8 below for a summary.

TABLE 8
GORKHA UPLAND TERRACE IMPROVEMENT*

Targets:
Activity J-year 15-year
Tread regrading 10 ha/village=50 ha 500 ha
Bund construction! 5000 m/village=25,000 m 10,000 m
Riser-base drainage?2 1000 m/village=5000 m 20,000 m
Riser stabilization 1000 m/village=5000 m 20,000 m
Drainage diversion3 1000 m/village=5000 m 40,000 m
Livestock control fences® 2000 m/village=10,000 m 20,000 m
Livestock control guards5 10 ha/village=50 ha, man-yrs 50 ha, man-yrs

* see footnotes, Table |

Water Development Projects

There is a widespread shortage of domestic and irrigation water
supplies in the Gorkha region. A program of spring improvement, and the
construction of impoundments and irrigation delivery structures should be
undertaken, to be preceeded by extensive feasibility studies (now underway
by APROSC). Thus, no specific sites are here recommended. The following
activities are suggested:

1. Spring development and improvement for increased quantities of high

quality water,

2, Small tributary impoundments for irrigation, fisheries and possible

mini-hydro power.

3. Spring and irrigation delivery canals and/or pipelines.

4. Hilltop rainwater catchment ponds (experimencal).
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5. Establishment of protected areas on spring and small stream
watersheds used for drinking water and/or irrigation:
a. Natural revegetation of watersheds.
b, Fencing (1/2 of sites), stone or live, to control livestock.
cs. Guards (1/2 of sites) to control livestock.

Refer to Table 9 below for a summary.

TABLE 9
GORKHA WATER DEVELOPMENT PROJECTS*

Targets:
Activity J-year 15-year
Spring development sites sites
Impoundnents 2 sites 4 sites
Canal/pipeline delivery m m
Rain catchment ponds 5 sites 15 sites
Artificial revegetation sites, 3 ha/sites=ha sites, ha
Livestock control fences2 m m
Livestock control guards3 sites man-yrs sites, man-yrs

*See footnotes, Table 2

Range and Community Pasture Denudation Control

The problem of range degradation in the Gorkha region is so widespread
that at best only a small portion of land in this use category can be
treated. These areas should be selected based on high visibility and
demonstration value. The following actions are recommended:

1. Gully and landslide repair using structures.

2, Gully bank and landslide scar revegetation (artificial).,

3. Gully and landslide head drainage diversions.

4. Fencing (stone or 1live) for livestock control.

Refer to Table 10 below for a summary.
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TABLE 10
GORKHA RANGE DENUDATION CONTROL*

Targets:
Activity S-year 15-year
Gully repair 1000 m/village=5000 m 10,000 m
Artificial revegetation 5 ha/village=25 ha 50 ha
Drainage diversionl 1500 m/village=7500 m 30,000 m
Livestock control fences? 1500 m/village=7500 m 30,000 m

* See footnotes, Table 4

Stream Channel and Floodplain Improvements

In the earlier stages of the RCUP, improvements of trunk streams are
not advised except to protect life and valuable property. The following
projects are recommended to be concentrated along the Daraundi Khola and
Buri Gandaki River:

l. River bank erosion protection using gablions and riprap.

2. Channel diversions from eroding banks. During the RCUP team visit
to Gorkha, the skills of local fishermen were :oted in diverting
stream channels. It is recommended that these local skills be used
in the RCUP effort,

3. Floodplain stabilization and rehabilitation through plantings.

Refer to Table 1l below for a summary.

TABLE 11
GORKHA STREAM CHANNEL AND FLOODPLAIN IMPROVEMENTS

Targets:
Activity S-year 15-year
Gabions 300 m 500 m
Riprap 1000 m 2000 m
Diversions 5 10

Floodplain stabilization 200 ha 500 ha
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Mustang Region

Irrigation and Terrace Expansion

A lack of water for irrigation is a major limiting factor in the extent
of cropland in this dry region. Potential exists to develop stream flow,
and possibly ground water resources as well, in areas where fertile but
uncultivated terrace soils are available. Feasibility studies of the
following projects are recommended, primarily in the Marpha-Tukche portion
of the Kali Gandaki River, along the Jhung Khola between Kagbeni and
Jhorkot, and also in the upper Mustang region:

1. Construction of new terraces on arable soils (where water delivery

is possible).

2, Test drilling to determine ground water resources in alluviated

valleys north of Jomsom.

3. Construction of tributary stream impoundments for irrigation and

possible mini-hydro power development.

4, Construction of water delivery canals and/or pipelines (contingent

upon location of water sources and demonstration of local needs).

5. Development of experimental windmill ground water pumping

stations.

Refer to Table 12 below for summary.

TABLE 12
MUSTANG IRRIGATION AND TERRACE EXPANSION

Targets:
Activity J=year 15-year
New Terraces 100 ha 500 ha
Test drilling 30 bores ?
Impoundments 2 4
Canal/pipeline delivery 3000 m 10,000 m

Windmills 5 ?
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Snow Management

The management of the snowpack could reduce potential spring snowmelt
flooding and Increase the ground water resources in the floodplains, thereby
smoothing the variations in stream discharge regimes. Snow surveys and
studies of the feasibility of snow management should be initiated,
especially in the alpine zones in the upper catchments of the Kali Gandaki
River and Mustang Khola. The following are recommendcd:

l. Site location and snow survey initiation to determine snowpacks.

2, Snow fence experimentation to determine optimum sizes,

orientations, materials and locations,

3. Snow fencing (contingent upon early successes of 1 and 2 above).

Refer to Table 13 below for a summary.

TABLE 13
MUST M7 SNOW MATAGEMENT

Targets:
Activity S-year 15-year
Site location - 10
Fence experiments - 15
Fences (permanent) - 20,000 m

Myagdi Region

Water Projects

The most critical single need of the villages in the Myagdi region is
for domestic and irrigation water. Spring and small strcam sources of water
have been increasinglv drying up during the pre-monsoon period due to
watershed depradatfon and declining {nfiltration. Also the productivity and
stability of many dry upland terraces could be enhanced by the applicatfon
of irrigation water. Efforts to develop and improve springs should be
concentrated In the vicinfties of hilluide villages, to {nclude {n the firat
5 years: Kotgaon, Pakhapani, Darmije, Jhingson and Kaulegaura. The

following activitien are recommended:
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Trail Construction and Improvement

The rugged terrain of rhe Myagdi Region has resulted in poor access to
some villages and the rapid deterioration of some foot trails. In order to
carry out the RCUP in these areas, Improved access mwust be provided. This
topic is treated in more detail in the Energy report of the RCU Project
Paper. The following watershed management activities are suggested:

1. Trail drainage construction and improvement.

2. Trail erosion control structures.

Refer to Table 15 below for a summary.

TABLE 15
MYAGDI TRAIL CONSTRUCTION AND IMPROVEMENT

Targets:
Activity S-year 15-year
Trail drainage m/village= m m

Structures

Urland Terrace lmprovement

Numerous upland dry terraces are poorly constructed and maintained,
contributing to low crop yields, mass wasting and erosion, and ultimately to
stream sedimentation. Target areas (at least five in first 5 years) should
be identified on the basis of likely success, proximity to villages and the
availability of local labor. The following activities are recommended:

1. Reprading treads to level or slightly backsloping.

2. Bund construction.

3. Construction of riser-base drainage ditches and spillways.

4, Regrade, line and/or revegetate unstable risers.

5. Peripheral drafnage diversion [mprovement.

6. Terrace livestock control using:

a. Stone or live fencen,
b. CGuards,

Refer to Table 16 below for a summary.
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TABLE 16
MYAGDI UPLAND TERRACE IMPROVEMENT*

Targets:

Activity S-year 15-year

Tread regrading 10 ha/village=50 ha 200 ha

Bund construction! 5000 m/village=25,U0U m " 30,000 m
Riser-base drainage2 1000 m/village=5000 m 10,000 m

Riser stabilization 1000 m/village=5000 m 10,000 m

Drainage diversion? 1000 m/ village=5000 m 10,000 m
Livestock control fences® 2000 m/villape=10,000 m 20,000 m
Livestock control guards? 10 ha/village, 50 ha, man-yrs ha, man-yrs

*See footnotes, Table |

Range Denudation Control

The processes of man-induced mass wasting and erosion are accelerating
on the degraded raunges uf{ the Myapdl region. It is recommended that five
near-village sites be chosen in the first 5 years for intensive range
denudation control and rehabilitation. The following activities are
recommended:

1. Gully and landslide repair using structures.

2. Gully bank and landslide scar revegetation (artificial).

3. Gully and landslide head drainage diversions.

4, Livestock control fencing (stone or live).

See Table 17 below for a summary.,
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TABLE 17
MYAGDI RANGE DENUDATION CONTROL*

Targets:
Activity S-year 15-year
Gully/ landslide repair 100 m of gully/village, 5000 m 10,000 m
Artificial revegetation 5 ha/village=25 ha 50 ha
Dralnage diversion! 1500 m/village=7500 m 30,000 m
Livestock control fences? 1500 m/village=7500 m 20,000 m

*See footnotes, Table 4
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General Resource Inventories and Monitoring

Aerial Photography

A prerequisite to mapping of resources in the four Project areas is aerial
photographic coverage. At present, there is available only limited and largely
inadequate aerial photography, specifically low-quality and dated black and white
1:20,000-scale coverage of Kulekhani, and some small-scale strip coverage of
parts of the Gorkha region. The following acquisitions are recommended:

1. Complete stereo coverage of all four Project regions.

2. 1:10,000-scale, 9 x 9 inch format.

3. Color infrared preferred; black and white acceptible.

4, Fall (post-monsoon) coverage.

The above photography should be provided through contract since such capability
does not exist in Nepal.

For follow-up and special purpose coverage, the proposed Agricultural
Resource Inventory System (USAID, 1979) will provide small scale 2 1/4 x 2 1/4
Hasselblad photography. This system should be operational by June, 1980
(beginning of Fy 1981),

Satellite Imagery

L.andsat has provided the capability of small-scale resource mapping of
under-developed regions of the world at frequent (18-day) intervals and in
various wavelengths (bands). The following Landsat I and II acquisitions of the
Project reglons are recommended:

1. All high quality (minimum cloud cover) images, bands IV - VII and

false-color IK,

2. 1:1,000,000-scale positive transparencies and prints.

3. Selected 1:250,000-gcale enlarvgement prints of above.

By the time RCUP {s implemented, landsat I11 {magery will also be available.
This coverage {s cxpected to surpass Landsat 1 and 11 fn resolution and overall
quality. The following Landsat 111 acquiaitions are recommended:

1. All high quality (minimm cloud cover) {magen, bands 1V = VIT and

falae-color IR,

2, 1:1,000,000=acnle ponitive tranaparencien and prints,

3. Selected 1:290,000=ncale enlargement prints of above.

4, Computer-compntible tapen of nelected imagen for auporvised land

clanat{{cation mapping.
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Resource Inventory and Land-Use Maps

Soils Maps

1. Complete coverage of four Project regions, 1:10,000-scale base.

2. Information desirable: soil type, textures, organic content and
fertility, depths, infiltration rates and capacities, erodibility,
and strength (for construction).

3. Sources of data: aerial photos, extensive field surveys.

Vegetation Maps

1.
2.

3.

Complete coverage of four Project regious, 1:10,000-scale base.
Information desirable: natural vegetation associations, percent
cover,

Sources of data: aerial photons, ground truth.

Hazards Maps

1.
2.

3.

Complete coverage of four Project regions, 1:10,000-scale base.
Information desirable: 1landslide and prone areas, gullying,
flood-prone areas, avalanche areas, soils of low strength, etc.

Sources of data: aerial photos, field study, soils maps.

Hydrologic Maps

1.
2.

3.

Complete coverage of four Project regions, 1:20,000-scale base.
Information desirable: location of perennial aad intermittent
channels, mean annual discharges, floodplain location, flood-prone
areas, channel bed characteristics, etc.

Sources of data: aerial photos, field surveys.

Geological Maps

1.
)

-0

3.

Current

Complete coverage of four Project regions, 1:20,000-scale base.,
Informat{fon desirable: rock type and structures.

Sourcen of date: aerfal photos, field surveys.

Land=Une Mapr

1.
2.

Complete coverage of four Project regions.

1:10,000=-acale base.
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3. Information desirable: level II or better classification.
4, Sources of date: aerial photos, ground truth.
5. Second set of maps should be done near end of Project period for

comparative study and determination of Project success.

Land Capability Maps

1. Complete coverage of four Project regions.

2. 1:10,000-scale base.

3. Information desirable: 1level II or better classification of best
potential use.

4, Sources of data: aerial photos, extensive field surveys, resource

inventory maps (above).

Meteorological Monitoring

The network density and data quality of currently operating w2ather
stations in the four Project regions is inadequate for RCUP watershed
management. These stations are widely scattered and have only non-recording
equipment. In addition, most have no temperature instruments and none have
wind-recording capabilities. Additional weather stations should be
established and the current stations upgraded. Table 18 summarizes the
recommendations.

Snow surveys should be carried out routinely in winter on designated
snow courses at higher altitudes (Meiman, 1976). Measurements of snow depth
and water equivalent (using a core sampler) should be taken.

A summary of ecquipment needs to outfit and upgrade weather stations and
projected costr (based on Department of Irrigation, Hydrology, and
Meteorology data) are outlined in Table 19,

The HMG Department of Irrigation, Hydrology, and Meteorology has
volunteered to set up the new stations, upgrade old stations to RCUP needs
(provided the Project purchases the equipmer.t), and train and provide the

manpower needed to monitor and service the stations.
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TABLE 18

RECOMMENDED UPGRADING AND ESTABLISHMENT OF METEOROLOGICAL STATIONS

Precipitation: Temperature: Snow
Station Non Non
(Number) Recording Recording Recording Recording Wind Surveys
Kulekhani:
Daman (0905) c P c P - -
Markhue Caon (0915) C P p p - -
Chisapéni Gadhi (0904) C P P P - -
*Ratmate | P - P - - -
*Chitlang P - p - - -
Gorkha:
Gorkha (0909) C P C P - -
Jagat (Setibas) (0901) C - P P - -
*Larke Bazar P P P P - P
*Bar pak P P P P P -
*Tribeni P - P - - -
Mustang:
Jomsom (0601) C P P P P P
Thakmarpha (0604) c P C - - -
Muktinath (0600) C P P P - P
Ghami (0610) C - P - - -

Mustang (0612) c P C P P p
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TABLE 18 (continued)

Precipitation: Temperature: Snow
Station Non Non
(Number) Recording Recording Recording Recording Wind Surveys
Myagdi:
Tatopani (0606) C - P - - -
Beni Bazar (0609) C P P P - -
Lete (0607) c - p - - -
Gorapani (0819) C - p - - -
*Pakhapani P P P P - -
*Bwarl P - P - - -

* Proposed new station
C Current capability

P Proposed capability
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TABLE 19

WEATHER STATION EQUIPMENT NEEDS AND COSTS

Unit

Cost Cost
Iten Number (Rs) )
Precipitation gauge, non-recording 7 250 1750
Hydrograph, continuous-recording, weekly 12 5500 66,000
Thermograph, continuous-recording, weekly 12 6000 72,000
Maximum-minimum therometer 17 240 3080
Wind speed recording instrument 3 2100 6300
Snow core samplers, scale, rod, etc. 4 1800 7200
Weather shelter 7 1000 7000
Shelter set-up (new) 7 2000 14,000
Shelter improvement 14 500 7000

Hydrologic Monitoring

Stream gauging stations should be established at various locations in

cach of the Project regions. Two types of stations, one with a

continuous-recording gaupe, the other for manual measurements, should be

establ{shed. The continuous-recording stations should be located, subject

to field fnspection, ncar the following

l. Tasar Khola near Markhu; Kulek

2., Daraund{ Khola, near Taranagar, Gorkha.

3. Kali Gandak{, near Bent, Myagd

hani

{.

The above stations cach will have continuous-recording stage gauges. The
non-recording paupe aftes nhould be chosen based on the following criteria:
l. Near the mouths of major tributarien to trunk ntreamas.
2. At bridpe crossfugs.,
3. At nfites where channel surveytug {s feanible,

4, At sites which will likely remain stable through floods,
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At least five permanent manual-monitoring stations should be established in
each of the four Project regions. Rating curves must be constructed for all
sites, and measurements taken as follows:

1. Stage measurements weekly during baseflow periods.

2. Stage measurements hourly or daily during quickflow periods.

3. Suspended sediment samples with each stage measurement.
Table 20 summarizes the hydrological station requirements and costs,

The HMG Department of Irrigation, Hydrology, and Meteorology has agreed

to help set up, train, and man these proposed hydrological stationms.

TABLE 20

GAUGING STATION NEEDS AND COSTS

Unit
Cost* Cost*
Item Number NRs NRs
Stage recorder, continuous-recording,
weekly 3 20,000 60,000
Suspended sediment hand sampler, DH-48,
wading-type 18 13590 24,300
Suspended sediment cable sampler, DH-59 3 4000 12,000
Gauge-house set-up 3 80,000 240,000
Cable set-up (100 m) 3 55,000 165,000
Current meter, hand, wading=-type 10 6000 60,000
Current meter, cable=type 3 10,000 30,000
Miscellancous equipment - - 20,000

AF{pures provided by Department of Trrigation, Hydrology, and Meteorology.
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Runoff Plots

In each of the four Project areas one set of runoff plots (Djorovic,
1577) should be established to measure sediment and runoff yields from
similar soils under different cover types. The following are suggested
procedures:

1. Locate plots near villages for maximum visibility and demonstration

value.

2. Locate plots near weather stations or have rain gauge at each

site.

3. Construct as least two plots side-by-side for comparative

studies/demonstrations.,

4. Data on runoi: per ha and weight/volume of soil loss per ha are to

be recorded.

Sediment Catchment Measurements

At suitable sites where check dams have been constructed, it will be
desirable to keep measurcments of sediment accumulations behind the dams.
This should be done on a seasonal or at least annual basis at as many sites

as possible.

Major Issues in Watershed Management

Biological vs. Mechanical Control of Denudation

During the RCUP design period there has arisen some differences in opinion
between HMG and USAID over the applications of bfological vs. mechanical control
of watershed denudatfon. HMG maintains that structures, such an check dams,
gablony, river training structures, and large tmpoundments in general should be
fncorporated within the carly utages of implementation of watershed management
for two main reasons.  Firnt, such structures will help spare the remaining
productive land {n floodplatnn, thereby reducing the trend for farmers to move
higher {nto the watersheds for cultivation an lowland acreage {u dentroyed by
flooda, Second, mechanfcal control has more direct and vinual fmpact upon local
villagern than blologfcal control, thereby pgatning their early confidence that

the RCUP will indeed be fmplemented.
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USAID's and this writer's philosophy 1is to emphasize biological controls of
denudation over the erection of structures, for several reasons. First,
biological controls, such as planting, natural revegetation, and livestock
management, are applicable to wider areas at a lower cost per hectare. Second,
biological controls deal with and attempt to solve the root problems of watershed
denudation, and not simply treat the symptoms. Third, the application of
biological methods in time precludes the need of widespread use of structures.
And fourth, impoundments, being capital intensive, aie iuveslments which are béét
protected by upgrading the watershed first, before ccastruction.

These two philosophies are not necessarily mutually exclusive. Neither HMG
nor USAID maintains that the RCUP should usc one approach to the exclusion of the
other. 1In fact, a mutual understanding has been reached as to the approach the
RCUP will take. First, bilological methods will be stressed throughout the RCUP
implementation period since capital investments will be limited and these methods
have the best chances for long-term success. Second, structures, excluding large
impoundments, should be applied to those areas of the Project regions in which
life or valuable prcperty are threatened by natural or man-induced denudation
processes. Third, in light of the lag time required for biological methods to
take effect, the establishmen: of small structures will serve a useful role in
gaining the early confidence and acceptance of the v!llagers. And fourth, large
impoundmeats, whether for hydroelectricity, flood control, and/or irrigation,
be considered as part of the long-range watershed management plan, but with

financing to come from HMG and other donor agencies.

Manpower Avallability

The needs for considerable inputs of trained and unskilled manpower
will be a continuing problem in the RCUP implementation. Nepal has a
history nf skilled manpower shortapes, and unskilled labor availability
tends to fluctuate preatly with the seasons.

Within the f{rst five years of RCUP {mplementation, large inputs of
highly tratnel personnel will be required, especially {n watershed
management , to collect the resource {nventory data required to carry out
effective long=range planning, It is clear that HMG can nupply little of
thin neced; thun, RCUP will be renponsible for bringing {n expatriot experts

to manage early {mplementation efforts, It {n hoped that, meanwhile, HMG



46

and RCUP can begin training (see Training in RCUP, this Project Paper) of

Nepalese specialists who can be phased into the implementation as soon as
they are prepared. This will require a major training effort uscurpassed 1in
the history of Nepal.

Unskilled manpower needs will be great throughout the implementation
period and beyond. Initially these inputs will be suppli~ad from surplus
labor pools during low-activity agricultural seasons, such as in the spring
and pre-monsoon periods. Eventually, however, if is believed that a
successful RCUP will free some labor as agricultural production and

efficiency increases, lessening the strain on village labor supplies.

Need vs. Desires of Villagers

From a purely utopian standpoint, the needs of local villagers in terms
of watershed management are straightforward: the land should be upgraded to
its optimum ecological stage, and maintained as such indefinitely. However,
this state may never be achieved in Nepal where rural population pressures
are so intense and landscape degradation so advanced. At best, a general
improvement in watershed cunditions can be achieved which will decrease
degradation and increase rescurce productivity to some acceptable level
below the theoretical optimum.

Thus, RCUP must not only corsider the needs of the villagers as
perceived by the experts, but also be sensitive to the desires and
perceptions of the villagers. The Prnject simply cannot hope to succeed in
any measure without the support of the villagers. 1If the desires of the
villagers do no necessarily coincide with their needs (i.e., best watershed
management practices), some middle ground must be sought. The chlallenge of
RCUP will be to begi immediate upgrading of the watersheds with the early
gupport of the villajsers, and, where necessary, to change the perceptions of
the villagers where such perceptions conflict with good watershed
management. Perhaps the best example of where perceptions must be altered
is to inutill the philosnophy that the upgrading of watersheds {s a long-term
cffort which, in some cases, does not pay benefitn directly o immediately.
Patience will be neceusary in thins procesn., Altered perceptions can be
achieved through effective demonstration projects and local educationnl

programs. The end result will hopefully be an upgraded and more productive
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landscape resided upon by villagers who have an enhanced understanding of

land stewardship and who will continue to strive on their own for healthy,

productive watersheds.

Limitations

Analysis of Project Limitations and Benefits

Social Limitations

1.

2.

3.

Unskilled labor availability. As noted carlier, rural labor pools
{n Nepal undergo considerable seasonal flux. Minimal labor {is
avallable during the monsoon scason (June=September) when fleld
preparation, crop planting, and harvesting activitices peak, RCUP
watershed management activitfies {nvolving larpge quantities of
unskilled labor must be planned so as to utilize of f=season labor
pools, especlally {n late fall through late spring,

Unskilled aad skilled labor fncentives.  Sowe question exists as to
the best methods of payment for unskilled labor, whether {t be {n
cash, credits, food or other necessities, or voluntary, Studiesn
are required to find which method or combination will be wmont
successful, Skilled labor fncentives (nvolve different problems,
Although rates of pay may be at {hsue, more {mportant are
amuenitics which will keep skilled technfctans and professfonals
fn=country, will attroct them to {feld locations, and will keep
them there for prolonged perfods to provide continufty to RCU
Projects. Such incentives may fnvolve hardship allowancen,
comfortable restdences, perfodic leave perfods, family allowances,
ete,

Lack of panchayat and district level wotershed management
fnfrastructures. To date, there fu ne effective Infrastructure at
the seb=natfonal level to implemnent watershed management activitien
and cducition, The RCUP will be responuible for entablishing such
an infrantructure so that RCUP fmplenentation and poat=RCUE

continuation of activities are {naured,



Pressures on natural resources. In nearly all parts of Nepal,
landscape degradation is related not so much to ignorance of good
management and conservation techniques as to over population and
the {immediate demands for food, fuel, livestock fodder, and shelter
for survival. The main challenge 1is, therefore, to relieve
population pressures. This may best be accomplished by population
control, which 1s being attempted and {s not within the mandate of
the RCUP. Alternative methods whirh RCUP must address include
increasing resource productivity through introduction of better
resource management systems and technology, establishing
alternative economic pursults to agriculture, offering other erergy
sources, etc.  Only when concnerns for survival are elimirited will
the villapers be able to aftourd the luxury of conservation, and

they will then be likely to accept such methods readily.

Technical Limitations

l.

2,

Shortage of skilled and professional manpower. Nepal has a history
of shortages of highly-trained manpower. If the RCUP 1s to be
successful, 1t will have to construct an immed{ate and productive
system of training at all levels of competence. Only in this way
will the RCUP technical and professional slots be filled by
Nepalis, which (s a principal goal of the RCUP. To achieve this
goal, {t may at {{rst be necesnary to send Nepalis overseas to
recelve training; meanwhile, expatriot specialists will be nceded
to get the RCUP anderway. It {s hoped that In the longrun such
trafning will be within the capatflitien of the Tribhuvan
Unfversfty and other in=-country education/trafning centers,

Poor local watershed pracfees.  Although local {gnorance of good
watershed management practices on not the primary problem, an

ment {oned above, there are practices which for reasons of custom,
puperntition, or {gnorance, have Httle value and may {n nome casce
be detrimental, [t behooven the RCUP to provide local
enlightenment throupgh extennion, education, and demonatration to

replace these practicen with better onen,
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3. Research gaps. Considerable inventorying and research has been
accomplished in watershed management in Nepal; however, a lack of
concerted efforts have led to a present state in which may gaps are
found in knowledge. Some of the gaps are due to a lack of
technology transfer from foreign, and even in-country, areas.

There are other research gaps due to a simple lack of study of
watershed management technologies suited to local

Nepalese habit conditions. FEcologically, the mountains of Nepal
are unique, and technology transfer from other mountainous areas of
the world is not always successful. Examples of technological gaps
in watershed management fnclude terrace technology, gully control
techniques, river training methods, and snow management.

4. Limited scope of RCUP. The RCUP ¢ffort wil! be focused on only
four regions within Nepal, and will be limited within these regions
to areas of concentration. Obviously, the RCUP {s not designed to
solve all of Nepal's watershed problems even {n fifteen years. It
i1s a major challenge to Inftiate conservation and management
projects at key locations {n the four Project reglons where a
maximum of demonstration and technology transfer will take place.
Only when the villagers sce new techniques and take them back to
their villages will the necessary dissemination of watershed

management technology take place.

Benef{tw

Direct Benefits

2,

Reduced sofl erosfon. The most obvious direct benefit of the RCUP will
be in reduced sofl losses, The primary goal of biological denudation
control {s to shield the rofl and anchor ft In place no that gofl
quality will be matntatned,

Reduced landulide.  Another direct result of RCUP Watershed Management
will be the reduction of man-fnduced mans wanting.  Such procensen
rapidly remove topunofl and overburden, not only lennening the land's
ability to nuntain vepgetatfon, but aluo threatening 1ife, cultivated
landn, houscn, and other structuren. New landnlide sears alno typically

Inftiate local cyclen of accelerated erontfon through gullyfr,,
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Reduced landslide. Another direct result of RCUP Watershed Management
will be the reduction of man-induced mass wasting. Such processes
rapidly remove topsoil and overburden, not only lessening the land's
ability to sustain vegetation, but also threatening life, cultivated
lands, houses, and other structures. New landslide scars also typically
initiate local cycles of accelerated erosien through gullying.

Torrent control. hHetter watershed manag:ment will keep the soll in
place, improve the vegetative cover, anu thus reduce surface runoff into
draws where it concentrates and become; highly effecient in moving
debris downslope into river systems. Checking such torrents will stop
their encroachment onto adjacent cultivated lands, and decrease the
threat to structures such as houses, roads, trails, canals, cetce.

Flood control, The maln perennfal stream channels will become more
astabilized once upland censervatfon and rehabilitation measures take
effect. This means that discharpe regimes will become less erratic,
flood peaks will drop, lag times will {ncrease, total quickflow
discharges will decline, and baseflows will {ncrease. The above changes
will mean fewer destructive floods, the opportunity to reclaim
floodplains for cultfvation, and the enhancement of stream resources for

such uscs as domestic and {rrigation water, fishing, and power.
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Watershed Management Professional

Personnel Requiremeuts

Title: Physical Geographer

Qualifications: Ph.d.; exparience and expertise in remote sensing and
aerial photo interpretation, geomorphology, and cartography, knowledge of
meteorology, climatology, vegetation, soils; competence ir all forms of mapping,
especially land use. Ability to work under strenuous fields conditions, and to
supervise cartographic staff.

Person-years: 8, or about 2 yr/region; required in Nepal first 6 months
to set up and supervise early mapping efforts, and for 6 months near end of
mapping phase; require one year in U.S. developing computer mups for Project
reglons.

Scope of Work: Supervision of field and remote sensing data gathering for
land use, land capability, and hazards maps; supervision of all resource map

cartography; coordination of other watershed management activities,

Title: Soil Scientist

Qualifications: Ph,D., M.S. acceptable, experience and expertise {in
soils mapping in field and from remote sensing imagery; excellent health and
atawina.

Person-years: 8, or about 2 yr/region,

Scope of Work: Supervision of field data collection and napping, and
soils mupping from remote sensing imagery; cooperntfons with other resource

mapping activities; input into land capability map.

Title: Geolopiat

Qualificationn: Ph.D.; expe-fence and expertisc {n rock=type and
structure mapping {n ficld and from remote nenuing {magery; knowledge of neismic
geology; excellent health and stamina,

Pergon=ycars: 8, or about 2 yr/regton.

Scope of Work: Supervinion of field and remote sensing dnta gathering
for rock and structure mapping; examination of niten for ntructures to detoermine

stability; fnput 1nto land capability and hazards mapn,
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Title: Watershed Hydrologist

Qualifications: Ph,D.; experience and expertise in fluvial hydraulics;
stream gauging set-up, munitoring, and statistical analysis; measurement of
sediment yields; and set-up, operations and analysis of results from runoff
plots; knowledge of meteorology and geomorphology; surveying skills; excellent
health and stamina.

Person-years: 12, or about 3 yr/regton.

Scope of Work: Set-up of stream gauges and supervision of gauge
operations; set-up and supervision of runoff plots; supervision of sediment dam
measurements; supervision of hydrologic data mapping; cooperation and

coordination with meteorology efforts.

Title: Hydrometeorologist

Mualiffcations: Ph.D.; experfence and expertise {n meteorology,
climatolowy, synoptic analysis, and hydrologic cycle; excellent "ealth and
stamina,

Scope of Work: Superviston of weather station locatlon, set-up, and
operations; analysis of metecorological data; {nputs into other resource mapping;

coord{nation and cooperatfons with hydrology effarts.
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Attachment I3 (Cont.)

Ist 9 Year Program
Year 1 Year 2 Year 3 Year 4 Year 5 Total| 2nd 5 Years 3rd 5 Years
1 2 l 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
INVENTORY /MONITORING
Aerial Photography 3/ 0 14 9x91 100 0 0 0 0 o 0 40 P RSC 3 0 0 o] 103] 60¢3 RS@ 4.5 1006 RSC} 7.9
miss mlss niss. misg
Satellite Imagery 40/ 0 {Ls 1, 75| 0 1S 2l o 1S 2 0 LS 0 LS 2] 155 o | LS 12,90 o Ls | 11.4
11 11 111 It (9 9] LIl 111
Maps: 111
Solls 41/ 6000 Hap:SZ’ 100 | 6000|Maps 2, 1007 O 0 0 0 0 0 0 0 0 2001 0 0 0 0 0 0
rgns. Tens
Vegetation 42/ 1200| Maps 2} 20 1200 |Maps I 20 0 ] 0 0 0 0 0 0 0 40 0 (V] 0 0 0 0
- rgns. rgns.
Hydrology <13/ 0 8 o] 1200 |1aps 3 10} 1200 Maps 2 10 Q G 0 4] o] 0 20 0 0 0 0 0 0
- rgns rpens
Ceology 44/ 0 o o 4600 {Maps 3 60[ 4000 Maps 2 60 0 v 0 o 0 ojl120] o0 0 0 0 0 0
ryns rgns
Land Us= 45/ 1200 M.xps% 20 1200 |Maps 3 20 0 0 4] 0 0 0 0 0 0 40 1] 0 0 2400!(? Is“:o 40
rgns. rgns
Land Capability 46/ 0 0 0 0 8 0 1200 Maps 2 20 | 1200 Maps 2 20 0 0 0 40 0 0 0 [+] 0 (4]
- rgns rgns.
Hazards 41/ 1200|Maps 4 20 1200{Maps 2 20 0 0 J 0 0 0 0 0 40 0 0 0 0 0 0
Tgns. rgns
Weather Stations 48/ 112121 Sas{ 200 0 0 0 0 4] 0 0 0 0 0 0 0 200 ] 1] 1] 0 0 0
Stream Guages 49/ 0 0 375[Setup 650] 1350 {Se Op. .5 | 1350 {sta.Op .S 1350 [sta.0p] 5] 65158750 3=.Cp. 2.4 870Bta®.| 2.3
Runoff Plots 50/ 0 0 120i5etup 4] 1440 [Mbr (. 2 1440 [1oe On 2 | 1440 MNaOp 15 10 p200)2%zOp.} 10 700pke .| 10
Sediment Catchment Meas. 0 0 0 0 0 30| Meas.] 1.9 30 Meas. LS 30 Meas. 15 4S5] 150 Meas. 175 BOpteas. 7.5
51/
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Attachwent 111 (Revised)

Proposed Project Schedules

First Five Years Second Third Fifteen
PROPOSED PROJECTS Total of Five Five Year
1 2 3 &4 S First 5 Yrs Years Years Total
1. Terrace laprovement 5 ha. 10 ha. 10 ha. 10 ha. 15 ha. 50 ha. 75 ha. 75 ha. 200 ha.
2. Trall lnprove.nent 0 km 1 km 1 km 1 km 2 km 5 km 10 km 10 k= 25 km
3. Coemunity water source protection 18 ha 18 ha 18 ha 18 ha 18 ha 90 ha 128 ha 127 ha 345 ha
4. Major gully control on range land 1 ko 1 km 1 1 km 1l km 5 km 5 km S5 km 15 km
5. Landslide rehabilitation 0 km 1 km 1.5 km 1.5 km 1 km S km 3.75 km |3.75 km | 12.50 ka
6. Stream-bank stabilization a. gablions - 0.1 km 0.1 km 0.1 km - 0.3 kn 0.1 km 0.! knm 0.5 km
b. riprap 0.2 km 0.2 km 0.2 km 0.2 wa 0.2 km 1 km - - -
7. Flood plaln tree planting 10 ha 10 ha 10 ha 10 ha 10 ha 50 ha 25 ha 25 ha 100 ha
8. Stream channel contrel - - - 250 = 250 m 500 m - - 500 m
9. Road slope stabilization 0.4 km 0.4 kn 0.4 km 0.4 km 0.4 km 2 km - - 2 k=
10. Climatological stations (new) - 1 1 - - 2 - - 2
11. Climatolugical stations (vld) - 1 1 1 - 3 - - 3
12. Stage recorder and cable way - 1 - - - 1 - - 1
13. Building - 2 1 - - 3 - - 3
14. Catchment ponds (hill top) - 1 2 2 3 8 8 10 26
. S
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Appendix 111 (Revised) (Cont.)

First Five Years Second Third Fifteer

PROPOSED PROJECTS Total ot Five Five Year

1 2 3 4 b First 5 Yrs Years Years Total

1. Terrace Improvement 5 ha 10 ha 10 ha 10 ha 15 ha 50 ha 225 ha 225 ha 500 ha

2. Trall laprovemcnt 0 km 1 kn 1 km 1 km 2 km 5 km 10 %~ 10 km 25 km

). Community water source protection 20 ha 20 ha 20 ha 20 ha 20 ha 100 ha 100 ha 100 ha 300 ha

4. Major gully cuntrol on range land - 1 km 1 km 1 km 2 km S5 km 2.5 km 2.5 km 10 km

S. Road clupe stabiltzation 0.4 km 0.4 km 0.4 km 0.4 km 0.4 km 2 km - - 2 km

6. Streasbank stabilizattion a. gablons - - 0.1 km 0.1 km 0.1 km 0.3 km 0.! km 0.1 km 0.5 km

b, riprip 0.2 k= 0.2 km 0.2 km 0.2 km 0.2 km 1 km 0.5 km 0.5 km 2 km

7. Flood platin tree planting 40 ha 40 ha 40 ha 40 ha 40 ha 200 ha 150 ha 150 ha 500 ha
8. Diversions - - - 2 ka J ke S ka 3 2 10
9. Climatological stations (new) - 1 1 1 - 3 - - 3
10. Climatolugical stations (old) - 1 1 - - 2 - - 2
12. Stage recorder and cableway - - 1 - - 1 - - 1
12. Bulldings 3 - - - - 3 - - 3
13. Catclment pond (h1ll top) 1 1 2 5 S 14 15 20 49
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Attachement 111 (Revised) (Cont.)

First Five Years Second Third Fifteen

PROPISID PROJECTS Total of Five Five Year

1 2 3 L3 p) First 5 Yre Yeata Years Total

1. Terrace inprovewmnt 1C ha 10 ha 10 ha 10 ha 10 ha 50 ha 75 ha 75 ha 200 ha

2. Trall imor_.ement 2 km 3 km 4 ko 4 kn 2 ko 15 km 5 ka S ka 25 ka

3. M:ot gully control on range laand - - 14tm 1 \m 1 km 3 km 2.5 bk 2.5 km 8 km

4. watersbed protection 10 ha 10 ha 10 ha 10 La 10 ha 50 ha 50 ha 50 ha 150 ha
S. Climatolegical stations (new) - 1 1 - - 2 - - 2
6. Climatoloegical statioans (old) - 2 2 - - 4 - - 4
7. Stage tecorder arnd cableway - - 1 - - 1 - 1 1
8. Rulldin:zs - 3 - - - 3 - - 3
9. Catchaent pond (bill top) - 1 1 1 &4 7 4 10 21

L9
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Attactment 1it (Revisced) (Coat.)

First Five icars Secord Third Fifteen

PROPOSED PROJECTS Total of Five Five Year

1 2 p] A 5 Firat 5 Yrs Years Years Total

1. Terrace eapansion - - 10 ha 10 ha 10 ha 30 ha 200 ha 200 ha 430 has

2. Wwatershed protection 10 ha 10 ha 10 ha 10 hLa 10 ha 50 ha 100 ha 100 ha 250 ha
). Snow sanagescont - - - 1 - - ] [} k]
4. Wind =mills - - 1 2 2 b - - 5
5. Test drilltog - b b ¢ 6 24 - - 24
6. Climatological stattons (new) - - - - - - - - -
7. Climatological stuttivas (old) - 1 2 2 - b - - s

8. Stage recorder and cableway - - 1 - - 1 - -

9. Buildlngs - 3 - - - 3 - - 3
10. Catchamnt ponds - - 1 2 3 6 3 10 19
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Attactment 111 (Revised) (Cont.)

Unit of First Five Years Five Second Third Fifteen
PROPOSED PROJECTS Accoaplish Year Five Five Year
ment 1 2 3 & 5 Total Years Years Total
1. Inventory and Mounitoring
A. Hydrologlc Survey Hectares 0 32,000 100,000 109,585 110,000 351,585 161,077 0 512,662
Area ruport 0 0 1 1 1 3 1 0 4
B. Ceology Survey Hectares 32,000 } {00,000 109,585 110,000 110,000 461,585 51,077 0 512,662
Area report 0 0 1 1 1 3 1 0 4
C. Sotl Survey Hectares 32,000 | 100,000 109,585 110,000 110,000 461,585 51,077 0 512,662
Area report 0 0 0 1 2 3 1 1] 4
D. Land Capability Survey Hectares Aertal 32,000 100,000 102,585 110,000 351,585 161,077 0 512,662
Area report| Photography 1 1 1 1 4 1 1 6
E. Eroston Hazard llectares 0 32,000 100,000 109,585 110,000 351,585 161,077 0 512,662
Area report 0 0 1 1 1 3 1 1] 4
F. lapact Evaluattion Plots &4 4 A 4 4 20 20 20 60
G. Adaptive Research Stulles 2 2 2 2 2 8 -} 8 26
H. Documentation Photo pointh 40 80 .11) 80 80 360 400 400 1160
Movie 1 1 1 1 1 b 2 2 9
I. Farm Planning Hectares 0 250 500 700 1,000 2,450 5,000 5,000 12,450
2. Watershed Management
A. Terrace loprovesent Hectares 10 30 40 40 60 180 575 575 1,330
B. Tratl loprovement Kilometers 1 5 b 6 6 5 25 25 75
C. Coesunity Water Source Protection Hectares SH 58 58 58 SH 290 378 m 1,045
D. Major Gully Coantrol on Range Lands Number 1 2 3 3 4 13 7.5 7.5 28
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Attachment 111 (Revised) (Cont.)

Unlt of Firet Five Years Five Second Third Fifteen

PROPOSED PROJECTS Accomplish- Year Five Five Year

aent 1 2 3 b 5 Total Years Years Total
E. Lund Slide Rehabilitativan Nuaber 4] 1 1 2 1 5 S 5 15

F. Streaabank Stabilization
1) Cabloas KiloBeter 0 a.1 0.2 0.2 0.1 0.6 0.2 0.2 1
2) Riprap Kilometer 0.4 2.4 0.4 0.4 0.4 2 0.5 0.5 3
G. Flood Plain Tree Planting Hectares 50 50 50 50 50 250 175 175 600
H. Stream Channel Control Meters 0 ] 250 250 500 0 (1] 500
I. Ruad Slope Stabilizatioo Kiloamcters 0.8 0.8 .8 0.8 0.8 4 [s] (1] &
J. Catchament Ponds (hill top) Nuzsber 3 [ 10 15 35 30 50 115
K. Cliaatological Stations
1) New Kurbers 0 3 ] 1 0 7 0 0 7
2) old Nunbers 0 5 6 3 o 14 2 2 8
L. Stage Recourders Nusbers 0 1 3 0 0 & 2 2 8
M. Snow Managesent Stdatioas Nuablers 0 0 (1] 1 (1] 1 1 1 3
N. wind Mills Nusbels 0 1] 1 1 2 b) 3 3 11
0. Test Urtllitug Nusbers 0 [} [} 6 6 24 0 (4] 24
?. Diversions Nuabers (1] o 1] 2 3 b 3 2 10
R S P U R S
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Attachment 11

Basis of Matrix Data Calculations

Footnotes*

Tread regrading:
Moving 3000 m3/ha of earth 5 m distance, 25% slope; 500 person-days/ha;

manual (hand); use of animal nower will decrease manpower needs.

Bund Construction:

Bunds 15 x 30 cm; 0.225 m) earth moved/m of bund; 1 person-day = 250 m.

Riser-Pase Dra{nage:

Ditch 20 x A5 cmj .13 nJd earth wved/m of Jitch; 1| person-day = 40 m.
Riser Stabilization:

] person-day = 5 m.

Drainage Diversion:

! person-day = 5 m; 200 person-day/km.

Livestock fences:

S strand, 3 o pole spacing; | person-day = 3 m fencing; cost = $350/100 m.

Livestock Guards (Terraces):

Plot = 10 ha; 1 guard/plot; 365 person-days/plot/yr, cumulative with time.

Natural Revegetation:

Mo labor or capital outlay.
Liveatock Guards (Watershed):
Plot = » ha; t guard/plot, 365 person-days/plot/yr, cumulative with time.

Trail Drainapes:

30 person-days/ka.
Regrading/Retoutizg Trails:

person-days/km; total cost = $2100/kam.
Artificial Revepetation (Abandoned Trails):
125 person-days/ha; 3000 trees/ha; total coste §300/ha; figures based on m

of trail with dimensfona 1.5 m wide; 1 ha = 667 m of trail; total cost =
$450/km of trail.

* Numbers rounded in some cases.
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Attachment II (Cont.)

Stone Steps:
300 pcrson-days/km.

Gully Structures (Gabjons):
12 gabions/gully, 3660/gabion (standard size), $8000/gully; 4
person-days/gabion, 50 person-days/gully; average gully = 5 km length.

Artificial Fevegetation (Gully):
125 person-days/ha; 3000 trees/ha; total cost = $300/ha; figures based on m
of gully length; 1 ha = 1500 o gully; total cost = $200/km of gully length;

85 person-days/km.
Structures (Gully Gabions):
Cost = $660/gabion (standard gize); computation based on number of gabions;

4 person-days/gabion.
Slide Drainage (Internal):
Cost = $2500/site; 10 person-days/site.

Gabion (Stream):

Average 2 gabions/3 m protection; buried 1 m; total = $700/m;
10 person-days/m protection.

Riprap (Stream):

1 person-day/m lining.
Artificial Revegetation (Floodplain):
125 person-days/ha; 3000 trees/ha; total cost = $300/ha.

Channelization:

1 person-day/m; cost = §15,000/km (manual).

Hydroseeding:

Cost = $100/ha; 5 person-days/ha. cost of hydroseeding set = §250 per unit.
(Which should be included in supplies)

Artificial Revegetation (Roadside):

Cost = $750/ha; 310 person-days/ha.

Drainage (Roadside):

Cost = $5000/km; 200 person-days/km.

Spring Development:
Cost = $700/asite; 320 person-days/site.

Impoundments:
Cost = §2100/site; 1000 person-days/site.

Canala:
Cost = $8350/km; 4,000 person-days/km.
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At :ochment II (Cont.)
Pipelines:
Cost = $25,000/%m; 500 person-days/km.
Artifiﬁiql Pevegetation (watershed):
125 person-days/ha; 3000 trees/ha; total cost = $300/ha; 3-ha/site.

ghannel Diversions:

5 person-days/diversion, manual.
New Terrace Construction:
Moving 6000 m3/ha of earth 5 m on 25% slope; 1000 person-days/ha;

manual.

Test Drilling:

Cost = $2000/bore; 10 person-days/bore.
Windmills:

Cost = $2000/windmill; 15 person-days/windmill.

Snow Fence Site Location:

2 person-days/site (professional).
Snow Fence Experiments:

Cost = $1000/site.

Snow Fencing:

Cost = §7500/km; 200 person-days/km fencing.

Spring Improvement:

Cost = $1000/site; 400 person-days/site.

Rain Catchment Ponds (Hilltop):

$300/pond; 100 person-days/pond; average 50 o3 excavation for 1.5 x 8 x 8

pond, using excavated earth for dikes; lined with clay or plastic; proper
overflow into stuble drainage ditches/channels provided.

Aerial Photography:
4 - 9 x 9"missions + photos = §$100,000, no manpower needed; 10 - 2 1/4 x

2 1/4"Remote Senning Center (DSWC) missions + photos = $1500/mission, 20

person-days/mission.
Satellite Imagery:
Landsat ! and I1 = §7500: landsat III (ongoing) = $30,000; no labor

needed.

Soils Maps:
$50,000/reglon, 3000 person-days/regions; {ncludes professional, technical,

unskilled labor.
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Attachment II (Cont.)

42, Vegetation Maps:
$10,000/region, 600 person-days/region; includes professional, technical,
unakilied labor.

43, Hydrologic Maps:
45000/region, 600 person-days/region; i{ncludes professional, technical,
unskilled labdber.

44, Geologic Maps:
$30,000/region, 2000 person-days/region; {ncludes professional, technical,
unskilled labor.

45. Land Use Maps:
$10,000/reglon, 600 person-days/region; {ncludes professional, technical,
unskilled labor.

46, Land Capability Maps:
$10,000/region, 600 person-days/region; {ncludes professional, technical,

unskilled labor.

47. Hazards Maps:
$10,000/region, 600 person-days/region; {ncludes professional, technical,
unskilled labor.

48. Weather Stations:

Labor = upgrading-=3 person-days/station; new set-up--10 person
days/station;
Materials/Equipment: Total = $20,000.
Station Operations by HMG.
49, Stream Gauges:
Set-up: labor--100 person-days/station (recording), 5 person-days/station

(non-trecording).
Materials/Equipment--$650,000 total.
Operation: labor=—=75 person-days/station/yr; upkeep (recording
stations)--5150 total/yr.
50. Runoff Plots:
Set-up/plot = 30 person-days; cost = $1000/plot.

Operatioa = $500/yr/plot; 360 person-days/yr/plot.

51, Sediment Catchment Measurements:

30 stations; | person-day/station/yr.
Cost = $50/station/yr.









Attachment 111 (Cout.)

Staff and Expertise Year 1 Year 2 Year 3 Year 4 Yeic 5| First 5 Second 5 Third 5 Grand Total
Year Total| Year Total Year Total
Adainistrative Support
1. Senlor Accountant (Gaz. Accts. 1 _ _ _ _ 1 _ _ 1
Service Class 111).
2  Accountants (Non-Cazetted
2 - - - - 2 - - 2
Class 1)
3. Adalnistrattive Otticer 1 - _ _ - 1 _ _ 1
(Cazetted Adm. 'I1)
4. Administrative Asst. (Non-
Gazetted, Class 1) 2 ! - ! 4 4
5. Typlst (Non-Gazetted Class 1) 3 2 - - - 5 - - 5
6. Driver cum Mechanics (N.G.
Tech. Class 1I1)
7. Peons. 3 3 - - - 6 - - 6
TTTToTAL: T --—.’l-“_-h-l-’i’.----_:-“-—--v—m-l—-”- T 35 - - 35

LL



Attachment 1111

Phaslog of the Catchment Otfice Staff

Staff and Expertise Year 1 Year 2 Year 3 Year 4 Year 5 First S5 Second 5 Third 5 15 years
year year year Total
- Total Total Total
A. Kulekhani-Catchment Conservatinon Gffice
1. Catchment Conservation offaicer
(Forest/Agrl Service, Sotl 1 . - - - 1 - - 1
Conservation Faculty Gazettedu
Technical 11)
2. Asst. Soll Conservation Officer-
land treatment (lorest/Agri
Service, S.C. faculty, Cazetted
Technical 111)
3. Asst. Soll Conservation Officer- _ 1
Cliae]l treatment (Forest/Agri - 1 - . - - -
Service, S.C.)
4. Asst. Soll Comservation Off.cer-
Extenslon, Education and research - - - 1 - - - - 1
Forest/agri Scrvice S.C. faculty
Cazetted Technical I11)
5. Oversears. (N.G. Tech 1) ! - k] - - 1 - - 1
6. Soll Conscrvation Tech. (Non- 2 2 2 1 - 7 - - 7
Gaz. Tech. Class 1)
7. Accountant (N.G. Acct. I 1 = - - - ! = - !
8. Admlnistrative Asst.(N.G. Adm 1) ] - = = - ! - - !
9. Storekeeper (N.G. Accountant 1) 1 - - - - 1 - - 1
10. Driver Cum Mechanics (N.t. Tech !1) ! ! - - - 2 - - 2
11. Peons and Guards 2 2 - - - 4 - - 4
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Attachment 1111 (Cont.)

Staff and FExpertise

Year |}

Year 2

Year 3

Year &

Year 5

First S
year
Total

Second 5
year
Total

Third S
year
Total

15 years
Total

).

Daraudi Catchment & Conservation Uffice-

GCorkha.

7.
B.
9.
10.
1.

Catchment Conscrvation Officer
(Forest /Agrl Service, Sotl
Conservat ion Faculty, GCazetted
Technical 11)

Asst. Soll Conservation Officer-
land treatment (Forest/Agrl
Service S.C. Faculty, Gazetted
Technical 111)

Asst. Soll Conservatlon Officer-
Channel treatment (Forest/Agri
Service; S.C. faculty Tech. I11)

Asst. Soil Conservation Officer-
Extent ton/Education and research
(Forest or Agri/Service, S.C.
faculty, Gazetted Tech. I111)

Overscers (N.G. Tech. I)

Suil Conservation Asst. (Non. Gaz.

Tech. 1)
Accountant (N.G. Accountant [)
Adainistrative Asst. (N.G. Adm 1)
Store Keeper (N.G. Ada I)

Driver cum Mechanics

Peons and luards

17

BN = e

12

29

S N N e e
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Attachuent 1I1i (Cont.)
Staff and Expertise Year 1 Year 2 Year 3 Year 4 Year 5 First S Second 5 Third 5 15 years
year year year Total
Total Total Total
C. Upper Kall Candaki Catchment
Conservation Offlce - Myapdt
1. Catchment Conservation Offfcer
(Forest/Agri. Service, Soll 1 - - - - 1 - - 1
Conservation faculty, Ga. 2 Tech 11)
2. Asst. Soil Conservation Officer - Land
Treatment (Forest/Agri Service, Soll - 1 - - - 1 - - 1
Conservation faculty Ga. 2. Tech 111)
3. Asst. Soil Conservation Officer - Channel
Treatment (Forest/Agri Scrvice, Soil - - 1 - - 1 - - 1
Conservation faculry, Ga. 2. Tech 111)
4. Asst. Soll Conservaticn Offlcer - Ex-
tension educatlon & research (Forest/ _ _ N 1 - i - - 1
Agri Service, Soll conservatton faculty
Ga. 2. Tech 111)
5. Overseers, Civlil Works (G Tech I) 1 - - - - - - 1
6. Soil Conscrvation Asst. (NG Tech 1) 2 2 2 2 2 10 4 - 14
7. Admn. Asst. (KG Adm [) 1 - - - - - - 1
8. Accountant (NG Accr. 1) 1 - - - - 1 - - 1
9. Store Keeper (NG Ada. 1) H - - - - 1 - - 1
10. Driver cua Mechanles (NG Tech 11) - - - - - - - 2 2
11. Peuns & Cuards 2 - - - 2 4 - - 4

08



Attachment 1111 (Cont.)

Staff and Expertise Yr. Yr. Yr. Yr. 4 Yr. First 5 Second 5 Third 5 15 Years
years years years Total
Total Total Total
D. Xali Gandaki Catchament Conservation Office
1. Catchment Conservation Officer (Forest/Agri 1 _ _ - 1 - - - 1
Service, Soll Conservation faculty, Ga. 2
Tech. 11I)
2. Asst. Soil Conservation Officer - Land
Treatment (Forest/Agri Service, Soil - 1 - - - 1 - - 1
Conservativn faculty, Ga. 2 Tech 111)
3. Asst. Soil Conservation Officer - Channel
Treatment (Forest/Agri. Service, Soil Conser- - - 1 - - 1 - - 1
vation faculty, Ga. 2 Tech 111)
4. Asst. Sotl Conservation Officer - Extension _ _ _ _ - _ _ - -
Education & Research (Forest/Agri Service)
5. Overseers - Civil works (NG Tech 1) 1 - - - - 1 - - 1
6. Soil Conservation Asst. (NG Tech I) 2 2 2 1 1 8 2 - 10
7. Ada. Asst. (NG Ada 1) 1 - - - - 1 - - 1
8. Accourtant (NG Acct. 1) 1 - -~ - - 1 - - 1
9. Store Kceper (NG Adm 1) 1 - - - - 1 - - 1
10. Driver cum Mechanics (NG Tech 11) - - - - - - - 2 2
11. Peons & Guards 2 - 2 - - 4 - - 4
GRAND TOTAL 38 17 18 14 6 93 18 4 115

18



Attachrent IVI (@)

invartary and Monitaring
(Operating Cost In Thousand Rupee)

R . Unit ] ) _Figst Five Yeary
Particulars Unit Cout Year Ycar 2 Year 3 Year 4 Year 5 Total L. C. F. C.
1. Local Staeff
- Salartes & B=netlts 157.3 212.9 246.2 273.1 279.8 1169.3 1169.3
— Travel & Uther Allowdances 37.9 47.0 9%.1 61.2 61.2 261.4 261.4
- Froject Allowances 51.9 71.3 18.8 85.3 85.3 372.6 372.6
SUB TOTAL 247.1 331.2 379.1 419.6 426.3 1803.3 1803.3
2. OUperation of Vehicles and
Equipments
- Four Whevl Drive (4W) 206.0 324.0 124.0 324.0 324.0 1502.0 1502.0
Vehicles and Sedans
! 5.0 10.0 10.0 10.0 10.0 45.0 5.0 40.0
- Mutor Cycles
- Dupllca}lng Machines and 5.0 5.0 5.0 5.0 5.0 25.0 25.0
other Equlpments
Sus TUTAL 216.0 339.0 339.0 339.0 319.0 1572.0 30.0 1542.0
3. OUfflce bExpenscs
- Office Running (electricity, 50.0 50.0 50.0 50.0 50.0 250.0 200.0 50.0
phone, elc.)
- Office Rental 72.0 12.0 72.0 0.0 0.0 216.0 216.0
SUB TUTAL 122.0 122.0 122.0 50.0 50.0 466.0 416.0 50.0
4. Hbg:llapuous Erpenses and 100.0 100.0 100.0 100.0 100.0 500.0 400.0 1060.0
Office Supplies
5. Conservation Education 50.0 15.0 106.0 100.0 100.0 425.0 400.0 25.0
6. Local Consultancies I . |_5_11.7 170.2 146.8 205.9 226.1 943 .17 94).7
“’T’“L- :_"% ::;"3 889.9 7.4 1226.9 12145 12608 $710.6 | 3993.0 | 1717.0
TUTAL US 55 “00 ~ 14.11 95.58 103.10 | 102.06 106.32 | 479.83 | 335.55 | 144.28
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Attachment [VI(a) (Cont.)

_Sccond Five Year

__Third Flve Year

Fiftcen Years Total

Particulars Total L.C. F.Cc. | Total L.C. F.C. | _Total L.C. F.C.
1. Local Staff
- Salarles & Benefits 1483.3 | 1483.3 1634.2 1634,2 4286.8 | 4286,8
- Travel & Other Allowances 426.7 426.7 426.7 426.7 1226.1 1226.1
- Project Allowances 312.1 312.1 312.1 Jl12.1 885.5 885.5
SUE TOTAL 2222.1 2222.1 2373.0 | 2373.0 6398.4 | 6398.4
P. Operation of Vehicles and
Equipments
- 4WD Vehicles and 1200.0 1200.0 | 1200.0 1200.0 | 3902.0 3902.0
Sedans
- Motor Cycles 50.0 10.0 40.0 50.0 10.0] 40.0 145.0 25.0 120.0
- Duplicating Machines and 30.0 30.0 30.0 30.0 85.0 85.0
ther Equipments
SUB TOTAL 1280.0 40.0 | 1240.0 | 1280.0 40.0 |1240.0 | 4132.0 110,0 120.0
B. Office Expenses
- Office Running 250.0 200.0 s0.0 [ 250.0 200.0 | 50.0 | 7s50.0 600.0 150.0
- Office Rental 216.0 216.0
SUB TOTAL 250.0 200.0 50.0 | 250.0 200.0 | 50.0 | 966.0 816.0 150.0
o Miscelluneous Expenses and 500.0 | 400.0 100.0 | s00.0 | 400.0 | 10c.a | 1500.0 | 1200.0 300.0
Office Supplies
5. Conservation Education 500.0 400.0 100.0 | 500.0 400.0 | 100.0 | 1425.0 | 1200.0 225.0
hb. Local Cunsultancies
TOTAL N Rs. '000 47521 3262.1 1490.0 | 4903.0 | 3413.0 {1490.0 [15365.1 [10668.1 4697.0
TOTAL US §s '000 399.34 | 274.13 | 125.21| 412.02 | 286.81] 125,21 1291.18 | 896.48 394.70
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Kulekhani Catchment - Watershed Manaqomant Pro ject (Makawanpur )

Attachment Vil

(Cont.)

(a)

(Capital Cost in Thousand Rupees)

Second Flve Ycears Third Five Years Fifteen Years Total
Total L.C. F.C. Total L.C. F.C. Total L.C. F.C.
1. Surveying Eaquipment (Levels,
Theodolites, Drawving equipsent, 100.0 100.0 100.0 100.0 410.0 410.0
etc.)
2. Hydro-seteorological equipmsent,
(Precipitation gaage, Stage re- 150.0 150.0
cordars, Hydro-trermograph, etc.)
3. Vehicles
4WD Pick Up 90.0 90.0 90.0 90.0 270.0 270.0
WD Jeep 1.8 100.8 100.8 100.8 302.4 302.4
SUBS TOTAL 190.8 190.8 190.8 190.8 $72.4 972.4
4. Pield and Camping Equipameat 60.0 20.0 40,0 60.0 20.0 40.0 180.0 60.0 120.0
S. Purniture & Other O(fice Equipment 15.0 60.0 15.0 15.0 60.0 15.0 225.0 180.0 5.0
6. Buildings
1) Office 8uilding (1225 eq. ft.) 153.2 153.2
11) Quarter A type (1037 sq. ft.) 129.6 129.6
111)Quarter B typs (300 8q. ft.) 99.0 99.0 198.0 198.0
SUB TOTAL 99.0 99.0 ¢80.8 480.8
7. Construction of Hydrometeorological
Stations 150.0 100.0 50.0
8. Terrace lmprovement 340.0 340.0 340.0 340.0 1020.0 1020.0
9. Comsunity Water Source Protection 4B6.0 486.0 486.0 486.0 1458.0 1458.0
10. Trail laprovement Bl.u 83.0 83.0 83.0 249.0 249.0
11. Major Cully Coatrol on Range Land 1308.0 1208.0 1308.0 1308.0 3924.0 3924.0
12. Landslide Control 1125.0 1125.0 1125.0 1125.0 3375.0 3375.0
13. Stream Training
i) Cabions B50.0 B4U. O 140.0 840.0 4200.0 42€0.0
11) Riprasp 12.0 12.0
111) ?lood Plain Planting 900 90.0 90,1 90,0 360.0 361.0
iv) ‘hannelization 90.0 96.0
SUB TOTAL 930.0 930.0 Y00 9300 4662.0 4662.0
14. Roadside Slope Stabilization 71640.0 740.0
15. Catchment Pond (HM1ll Top) 2.0 52.0 69.0 65,0 169.0 167.0 2.0
TOTAL COST NKC Rs. [T N 4501.0 AN ] 4762.8 (YRR 345.8 17:6%.2 16415.8
US Sa 407,46 }i8. 40 29.06 400.23 3117 29.06 1492.87 1379.47 113.39
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At tachment

WWiii(a) (Cont.)

FPirst Fi Y
Particulars Untt g:;: Year 1 Year 2 Year 3 Year & Year 5 Total 2 L.Cte enrp.c‘
1. Surveying Equipesents, Levels,
Theodolites, Drawing Equip- 100.0 100.0 20.0 220.0 220.0
ments.
2. Hydro-metorological Equip- )
sents, Precipitation guage, 150.0 150.0 50.0 350.0 350.0
Stage recorder, Hydro thermo-
graphy etc.
3. Vehicles
4WD Pick Up 90.0 90.0 90.0 90.0
4WD Jeep 100.8 100.8 100,8 100.8
SuUB TOTAL 100.8 90.0 .90.8 190.8
4. Fleld & Camping Equipments 30.0 20.0 20.0 20.0 20.0 110.0 50.0 60.0
5. Furniture & Other Office 30.0 30.0 20.0 20.0 20.0 120.0 | 100.0 20.0
Equipments
§. Bulldings
1) Office building (1225 eft.) Sfr. Rs. 157 192.2 192.2 192.2
11) Quarter 'A' Type (1237 sft.) Sfr. (Rs. 197 162.8 162.8 162.8
111) Quarter °‘B' Type (900 sfcr.) Sfr. |rs. 138 124.2 124.2 124.2
SUB TOTAL 192.2 162.8 124.2 479.2 | 479.2
7. Constructtion of Hydrometeorological 75.0 75.0 150.0 150.0
Statlons
8. Terrace lmprovement (Tread regard-
tng, Bund construction, River Ha. 8.16 40.8 81.6 81.6 81.% 122.4 408.0 § 408.0
base drainage)
9. Comsunity Watershed Protection Ha. 6.48 129.6 129.6 129.6 129.6 120.6 648.0 | 648.0
10. Trail Improvement Km. 19.92 19.92 19.92 19.92 39.84 99.6 99.6
11. Major gully control on range land KmZ 313.9 313.9 313.9 313.9 627.8 1569.5 |[1569.5
12. Road slope stabilization 100m 44 .4 177.6 177.6 177.6 177.6 177.6 888.0 | 888.0
13. Stream Tralning
1) Cabtlons Im 10.1 1008.0 1008.0 1008.0 1008.0 4032.0 14032.0
11) Riprap Xm. 14.4 14.4 2.9 2.9 2.9 2.9 26.0 26.0
111) Flood Plain planting Ha. 4.3 172.8 172.8 172.8 172.8 172.8 864.0 | 864.0
iv) DUiverston 0.24 0.48 0.72 1.2 1.2
i SUB TOTAL 187.2 1183.7 11813.7 1184.2 1184.42 | 4923.2 [492].2
Catchment Pundﬂ()llitlc;c;];)'" - 1 7. . 2.8 7.8 15.6 39.0 39.0 109.2 | 109.2
T 5 Rs. 028.8 2571.3 2194.7 2110.0 2360.7 10265. 424,
TOTAL COST IN WS § . 216.07 184.43 177.31 198.38 863.24 97%1,;9 8‘0:2
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Atcachment IVI{1{(h)

Daraundi Watershed Management Project (Gorkha)

(Uperating Cost in Thousand Rupees)

1
|
Firet Five Year 1
Particulars Year 1 Year 2 Year 3 Year 4 Year 5
1. Local Staff
Salaries & Benefita 85.8 129.2 187.17 241.2 274.1 918.0 918.0
Project Allowances 24.6 35.2 50.2 63.4 71.2 244.6 244.6
Travel & Other Allowances 23.2 30.4 42.3 50.4 53.1 199.4 199.4
Local Conaultanciea 3o.0 40.0 40.0 50.0 50.0 210.0 210.0
SUB TOTAL 163.6 234.8 320.2 405.0 448.4 1572.0 1572.0
- Operation of Vehiclea and 6.0 72.0 72.0 12.0 72.0 324.0 74.0 250.0
Equipments
5. Office Expenses
Office Running 50.0 50.0 50.C 50.0 50.0 250.0 225.0 25.0
Office Rental 20.0 20.0 20.0 20.0 i 80.0 80.0
SUB TOTAL 70.0 70.0 70.0 70.0 50.0 330.0 305.0 25.0
p- Miacellanzous Expenses 60.0 60.0 75.0 75.0 75.0 345.0 300.0 45.0
and Office Supplies
$. Maincenance of building
structures and other 5.0 15.0 20.0 20.0 20.0 80.0 80.0
field activitiea
§- Conservation Education and 50.0 100.0 100.0 100.0 110.0 460.0 460.0
Farmers’ training .
TOTAL COST IN NC Rs. 384.6 551.8 657.2 742.0 7175.4 jiii.0 27191.0 320.C
TOTAL COST IN US § 32.32 46.37 55.23 62.35 65.16 261.43 234.54 26.81
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Attachment IVv(b) (Cont.)

PARTICULARS

Second Five Year

Third Five Year

Fifteen Year Total

Total L.C. F.C. Total L.C. F.C. Total I..C. F.C. |
1. Local Staff
- Salarles & Beneflts 1534.0 1534.0 1650.5 1650.5 4090.6 4090.6
- Project Allowances 239.0 239.0 241.7 2417 645.6 645.6
~ Travel & Other Allowances 234.4 234.4 235.3 235.3 651.8 651.8
- Cousultancies 150.0 150.0 150.0 150.0 450.0 450.0
SUB TOTAL 2157.4 | 2157.4 2271.5 | 2277.5 $838.0 $838.0
2. Operation of Equlvments 40.0 30.0 10.0 360.0 110.0 | 250.0 430.0 165.0 265.0
and Vehicles
3. vuffice Expenses
- Office Running 375.0 300.0 75.0 375.0 300.0 75.0 | 1000.0 825.0 175.0
- Office Rental 80.0 80.0
SUB TOTAL 375.0 300.0 75.0 375.0 300.0 75.0 | 1080.0 905.0 175.0
4. Miscellancous Expenses and 350.0 300.0 50.0 350.0 300.0 50.0 | 1045.0 900.0 145.0
Supplles
$. Maintenance of Building 100.0 10G.0 100.0 100.0 285.0 285.0
structures and other
tleld acrivities
TUTAL COST IN NC Rs. 3022.4 | 2887.4 135.0 3462.5 | 3087.5 | 375.0 | 8678.0 8093.0 585.0
TUTAL COST IN US § 253.98 | 242.64 11.3% 290.97 | 259.45) 31.5 729.24 680.08 49.16
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