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CHA'TER 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 rebponse to the
 

needs of a bargaining population for additional farmland and, even more critically,
 

for fuel. In addition, overgrazing of cleared lands, fires 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 is considered an interim measure,
 

pending the publication :f the report of detailed resource!inventories.
 



CHAPTER II
 

SOILS AND GEOLOGY OF KULEKHANI CATCHMENT AREA
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PHYSICAL AND ENVIRONMENTAL FEATURES
 

Location and Extent
 

The Kulekhani 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 about 18 km from east to
 

west and 12 km from north to south, lies between 850 2'46" and 850 16'15"
 

east longitude and 270 33'25" and 270 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 ?200 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 rccords show seasonal fluctuations in mean monthly
 

temperature between 5.60C in January and 170C in June. Summer mean maxi

mums reach 23.5 C, whereas winter mean minimums drop to -1.50 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 ii 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.
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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 south 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 forests 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 altitudiiial 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 consi.sts mainly of
 

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

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

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

Castanopsis taubalariu, 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 througnout the catchment area.
 

Agriculture: Agriculture covers albout 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.
 

II. GENERAL NATRE 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 thu 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
 

plotting 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
 



7
 

percent hydrochloric acid. Special correlation boxes developed by Charter
 

and Brammer (Bramer, 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
 

subdi.vided into land use phases (see Sheet No. I Soil Map lla). The map
 

provides a 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 given in a following section.
 

Land Suitability Classificationl/: A suitability classification for agri

culture, horticulture, pasture, forestry and terraceability was made based
 

on the followin 6 criteria:
 

Highly Suitable (Class I):
 

Land having no significant limitations to sustained cpplication 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 abov- an acceptable
 

/ 	 This land classification is based upon the proposal by Expert Consultation
 
on Land Classification, Wageningen, 1972 (Inter-iational Institute for Land
 
Reclamation and Improvement, 1973).
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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 inputu 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 inputp unacceptable at the present time.
 

B. 	 Description of Mapping Units
 

1. 	 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-Soil Very dark brown, very friable, silt loam. 20 cm.
 
thick, many rock fragments.
 

Substratum Hard rock in situ.
 

Other Properties 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 soil erosion,
 
moderately steep to steep slopes; wind, frost
 

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

Bisingkhel - Chhankhu Soil (1.63 km2) Bi - Cn
 

The Bisl-Lgkliel - 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 (Bisingkhei) About 1830 m.; Exposure: Southeast.
 

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

Sub-Soil 	 Da-k brown to dark yellowish brown,
 
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.
 

Other Properties 	 Medium to slightly acid, very high in
 
organic matter, high in nitrogen, low
 
in phosphorous and high to very high
 
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 	 Moderately suitable for lemon, lime,
 
plum, peaches and walnut. Suitable
 

vegetables include radishes, peas,
 
beans and cole crops.
 

Pasture 	 Moderately suitable for forage crops.
 

Forestry 	 Moderately suitable.
 

Terrace 	 Poor to moderately suitable.
 

Limitations 	 Suffers drought in dry season, re

quires irrigation for good crops;
 

moderately steep slopes, risk of soil
 
erosion; relatively short growing
 
season.
 

Erosion and Landslide Hazards 	 This soil unit falls under non-sliding
 
to moderately sliding terri, ry. Soil
 

erosion hazards class is rated moderate
 
and sheet erosion moderately high to
 

high.
 

3. Charkhu Soil (21.34 km2 ) Cr
 

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.
 

Altitude 	 About 2130 m.; Exposure: Southwest.
 

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

Sub-Soil 	 Dark brown, friable, loam to silt loam,
 

35-40 cm. thick, many rock fragments.
 

Substratum 	 Weathered slatL.
 

Other Properties 	 Medium acid, very high in organic
 

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

Suitability
 

Agriculture 	 Poor to unsuitable for farming.
 

Horticulture 	 Poor to moderately suitable.
 

Pasture 	 Poor to moderately suitable.
 

Forestry 	 Highly suitable.
 

Terrace 	 Unsuitable.
 

Limitations 	 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.
 

Erosion and Landslide Hazards 	 This soil unit is included in the
 
moderately non-sliding to sliding
 



territory. Soil erosion hazards
 
class can be rated moderate to severe
 
and sheet exosion moderately high to
 

high.
 

4a. Chhankhu Soil, Cultivated Phase (18.05 k11 2) CnI
 

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 :nd are made up of materials derived mainly from
 

phyllite, slate and quartzite.
 

Altitude 	 1830 m.; Exposure: Southeast
 

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

Sub-Soil 	 Strong brown to dark brown, friable,
 

silt clay loam, 90 cm. thick, few rock
 

fragments.
 

Substratum Weathered phyllite.
 

Other Properties Medium to slightly acid, high in
 
organic matter, medium in nitrogen,
 

very high in potash and low in phos

phorous.
 

Suitability
 

Agriculture 	 Highly suitable for maize, millet,
 

legumes; moderately suitable for wheat;
 

poorly suitable for rice and sugar
cane.
 

Horticulture 	 Moderately suitable for lime, lemon,
 

peach, and plum; highly suitable for
 

vegetables such as radishes, cabbage
 

cauli,lower and broad-leaved mustard.
 

Pasture 	 Moderately suitable.
 

Forestry 	 Moderately suitable.
 

Terrace 	 Moderately suitable.
 

Limitations 	 Droughtiness in dry season, moderately
 
steep slopes, risk of soil erosion;
 

requires irrigation for good crops;
 

short growing season; low in phosphorous;
 

wind aad hailstorms.
 

Erosion and Landslide Hazards 	 This soil unit mostly occuples non
sliding territory. Soil erosion hazards
 

class is estimated to be moderate. 
Fifty percent of the area hi:. slight 

erosion. The remaining area Is in 
moderately high to high cla;s. 

4b. Chhankhu Soil, Forested (23.47 km2 ) Cn2
 

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

moderately steep to steep slope, exposure variable.
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Suitability
 

Agriculture Poorly suitable for farming.
 

Horticulture Moderately suitable.
 

Pasture Moderately suitable for forage crops.
 

Forestry Highly suitable.
 

Terrace Moderately suitable.
 

Limitations 	 D%.oughtiness in dry season; severe
 
risk of soil erosion, moderately
 
steep to steep slope; low in phos
phorus; wind and hailstorms.
 

Erosion and Landslide Hazards 	 Major area of this soil unit falls
 
in non-sliding territory. Soil
 
erosion harards class is rated mod
erate and sheet erosion fall in class
 
I (high). 

5. 	 Chhankhu - Taker Soil (4.50 km2) C-- Tk . 

The Chhankhu - Tekar soil unit occurs in the northeast past of the rapped 

area 	on rolling bench terraces ranging from moderately steep to steep
 

slopes. These soils are moderately deep to deep, moderately ivell drained 

to well drained and are made up of materials derived from phyllite, 

quartrite and slate. Texture varies fr, silt loam to silty clay loam; 

dititude varies from 1680 to 1830 m. 

This 	unit contains 90 percent Chrakhu and 10 percent Tekar soils.
 

Chhankhu Soil: This soil has cultivated (CU1) and forest phases (C 2 ). 

Its detail has been presented under mapping units Cu1 and CU,.
 

Taker Soils This soil unit has 	been described in mapping unit TK, 

Suitability
 

Agriculture 	 Moderately suitable for maise, millet, 
mustard, buckwheat and legumes poor 
to moderately suitable for wheat, 
barley and pottto; poorly suitable 
for rice and sugarcane. 

Horticulture 	 Moderately suitable for lemon, lime, 
poses, plum and pers; moderate to 
highly suitable for vegetables such as 
radish, legume, cole and colocasia. 

Pasture 	 Poot to moderately suitable tot forage
crops* 

Yorestry Moderate to highly suitable for forestry, 

Terrace Moderately suitable. 
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Limitations 	 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.
 

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

6. Chitlang Soil (4.47 km2 ) Cg
 

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

steep ,lopes. These soils are moderately deep, moderately well drained
 

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

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

the rest barren land.
 

Altitude 	 About 1680 m.; Exposure: Southwest.
 

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

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

Substratum 	 May be hard rock in situ.
 

Other Properties 	 Slightly acid, very high i.n organic 
matter and potash, high in nitrogen 
and very low in phosphorus. 

Suitailitv
 

Agriculture 	 Moderately ;quitable for maize, millet,
 
wi,eat and mustard; poorly suitable for
 
rice and sugarcane.
 

Horticulture 	 Moderately suitable for lime, lemon,
 
peace, plum, pear. Suitable vege
tables include raddish, legume and 
colocas;la. 

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

Forestry 	 Highly suitable. 

Terrace 	 Moderately f-ul table. 

Limitation" 	 Droughtilnu s in dry season, requires 
Irriga tion for crops; anti pasture de
velopinen t; moderately steep slope, 
risk of s-oil erosion; relatively short 
growing rjoalton; low moisture holding 
Capacity; severe witd , fros t and hail
. t ormi 

Eronlon And Lnndolidr lnzards 	 Thl& mol 1 unit occupienl almos;t 100 per
cent areu of non-Ol d ng claus. Soil 
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erosion hazards class is rated moderate
 
and sheet erosion mostly moderate to
 
high.
 

7a. 	 Daman Soil, Cultivated (9.84 km2) Da1
 

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

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

and are made up of materials derived from granite.
 

This unit contains 20 percent zegular and 80 percent irregular re

lief.
 

Altitude About 1830 m.; Expodure: North.
 

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

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

Substratum Weathered granite.
 

Other Properties 	 Strongly acid, very high in organic
 
t,.atter, phosphorous and potash and
 
high in nitrogei.
 

Suitability
 

Agriculture Poor to moderately suitable for farming.
 

Horticulture Moderately suitable.
 

Pasture Poor suitability for developing pasture.
 

Forestry Highly suitable for forest. About 80
 
percent of this unit is under forest
 
cover.
 

Terrace Poor to moderate suitability.
 

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

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

7b. 
 Daman Soil, Forested (18.69 km ) Da2 
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.
 

Alti'tde 1830-2280 m.; Exposure: Variable.
 

Surface S]11 Yellowish brown to dark yellowish brown,
 
friable, loam/silt loam, 15-20 cm. thick,
 
few rock fragments.
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Sub-Soil 	 Yellowish brown to brownish yellow,
 
firm, loam to silty clay loam, 60-80
 
cm. thick, few rock fragments.
 

Substratum 	 Weathered granite.
 

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

Suitability
 

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

Horticulture 	 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.
 

Pasture 	 Poor to moderately suitable.
 

Forestry 	 Moderate to highly suitable for forest.
 

Terrace 	 Poor to unsuitable.
 

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

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

8a. Deorali Soil, Cultivated (5.37 km2 ) Dr1
 

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

Terrace 	 Unsuitable.
 

Erosion and Landnlide Hazards 	 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
 
iG rated severe and sheet erosion
 
moderately high to high.
 

8b. Deorali Soil, lorested (21.58 km2) Dr2
 
This soil unit occurs in the southern and central parts of the mapped
 

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

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

ite and quartzitic phillite.
 

Altitude 1830-2440 m.; Exposure: Northeast.
 

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



16
 

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

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

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

Suitability
 

Agriculture Poor to unsuitable for farming.
 

Horticulture 	 Moderately suitable.
 

Pasture 	 Poor to moderately suitable.
 

Forestry 	 Moderate to highly suitable.
 

Terrace 	 Unsuitable.
 

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

Erosion and Landslide Hazards 	 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.
 

9. Khadpu - Bhalukharka Soil (21.31 km2) 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 soils
 

are moderately deep 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
 

soils.
 

Khadpu Soil:
 

Altitude About 1830 m.; Exposure: Variable.
 

Surface Soil Dark yellowish brown, friable, silt
 
loam, 10-15 _m. thick.
 

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

Substratum 	 Weathered phyllite in situ.
 

Other Properties 	 Medium to slightly acid, high to very
 
high in organic matter and potash,
 
high in nitrogen and medium in phos
phorus.
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Bhalukharka Soil:
 

Altitude 	 1370-1830 m.; Exposure: Variable.
 

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

Sub-Soil 	 Yellowish brown to dark yellowish
 
brown, firm, silt loam to silty clay
 

loam, 100-140 cm. thick, few rock
 
fragments.
 

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

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

Suitability
 

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

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

Pasture 	 Poor suitability.
 

Forestry 	 Highly suitable.
 

Terrace 	 Unsuitable to poor suitability.
 

Limitations 	 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.
 

Erosion and Landslide Hazards 	 This soil unit occupies approximately
 
50, 40 and 10 percent area 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.
 

10. Khadpu Soil (0.53 Km2) KdI
 
The Khadpu soil unit occurs in the eastern 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 	 About 1830 m.; Exposure: Variable.
 

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

Sub-Soil 	 Yellowish brown, very friable, silt loam,
 
40-60 cm. thick, many rock fragments.
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Substratum Weathered phyllite in situ. 

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

lla. Khuplang Soil Cultivated (12.56 km2) Ku
 

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 cm. thick, few rock frag
ments.
 

Dark brown to yellowish brown, very
 
friable, silt loam to silty clay loam,
 
50-80 cm. 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 II).
 

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.
 

llb. Khuplang Soil, Forested (11.13 km2) Ku2
 
This soil unit occurs in the northwestern part of the mapped area on
 

moderately steep to steep slopes. These soils 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, frost 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.
 

12. Kogte Soil (8.17 km2 ) Ko 

The Kogte soil unit occurs in the south and southwest part of the mapped 

area on rolling bench terraces. These soils are deep, 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
 
fragmentb.
 

Sub-Soil 	 Dark yellowish brown to very dark grey
ish brown, friable, loam, few rock frag
ments.
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Substratum 	 May be hard rock in situ.
 

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

Suitability
 

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

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

Pasture Moderately suitable for pasture.
 
Forestry Moderately suitable.
 
Terrace Moderately suitable.
 

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

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

13. Palung - Tistung Soil (4.92 km2) 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 	 About 1750 m.; Exposure: Variable.
 

Surface Soil 	 Dark greyish brown to dark yellowish
 
brown, friable, loam/silt loam, 25-35
 

cm. thick, few rock fragments.
 

Sub-Soil 	 Dark greyish brown to dark yellowish
 
brown, friable, sandy loam to silt loam,
 
50-100 cm. or mcre thick, few rock frag
ments.
 

Substratum 	 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.
 

Other Properties 	 Medium to slightly acid, very high in
 
organic matteL, 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
 

Agririlture 	 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 is
 
also 	slight.
 

14. 	 Tekar Soil (5.07 km2 ) Tk
 

The Tekar soil unit occurs in the central and soutbeast 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 	 Highly suitable for lime, and lemon;
 
moderately suitable for peach, plum
 
and pears. Suitable vegetables include
 
raddish, cole crops, legume and colocasia.
 

Pasture 	 Poor to moderately suitable
 

Forestry 	 Moderate to highly suitable for forest.
 

Terrace 	 Moderately suitable.
 

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

Erosion and Landslide Hazards 	 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.
 

15. Tistung Soil (4.20 km2) Ti
 

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 collu-ial materials derived mainly
 

from phyllite, quartzite and slate.
 

Altitude 	 1700 to 1830 m.; Exposure: Variable.
 

Surface Soil 	 Light brownish grey to dark greyi3h
 
brown, friable, silt loam, 15-30 cm.
 
thick, few rock fragments.
 

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

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

Suitability 	 Same as Pa - Ti.
 

Limitations 	 Same as Pa - Ti.
 

Erosion and Landslide Hazards 	 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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III. 	 GEOLOGY, EROSION AND TERRACEABILITY
 

GEOLOGY
 

1. 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 to those of quartzite, 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.
 

2. 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 metamorphosed sedimentary rocks and
 

granite bodies. 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 (01 cp): 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.
 

Kulekhani Micaccous Quartzite and Schists (O'lku): are btratigraphically
 

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

are grey to dark-grey, impure, strongLy micaceous quartzites and quartzitic
 

mica-schists, fine grained and thick-bedded. In the Palung area, dark 

schists often with abundant segregationary quartz predominate over quartzite
 

in the upper part of the unit. These calcareous bands appear as inter

calations in the schists near the top and fon a transition to the massive 

basal limestone of the Markhu calcareous zone. Its total thickness is 

more than 1000 meters but it is variably truncated by intrusions of Palung 

Granite.
 

Markhu Calcareous Zone (02mr+mrs): a zone of coarsely crystalline marble
 

alternates with calcareous 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, 3lates 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. It is dominantly repre3ented by slates and
 

quartzites in the east and by phyllites in the west.
 

The slates are fine-grained, grey to dark grey in colour. 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 telcose and calcareous. White quartzite and quartz biotite
 

moseorite schists are traced out in it. The calcareous members inter

bedded with phyllite are represented by micaceous marble and calcareous
 

schists. The marble is fine to medium-grained, white, greyish, brownish,
 

violet and banded.
 

Phulchauki Group 

Silurian System
 

Chandriigiri Limetonet (S lch) 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 long 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 south 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 (S2 s): It is a transition bed between
 

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 gra(ational. The thickness
 

is about 300-500 m.
 

Chitlang Slates, Quartzites and Quartzitic Limestones (S2cg): This hori

zon if i,,nrked by the presence of phyllitic quartzite or gritty 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 conm;oll

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 an] contains secondary calcite encrustation. 

Structurally thisl horizon show; more or le;,; monotonous strike of 

NW and a dip of around 50 NE. 

Granite (Eocen ) The Palung Is exposed as two ieparate ho(dies which be 

virtually connected at depth. These two are the D)aman (Palung) and lpa 

granites. 

In general. Palung massif Is aligned WNW-ESE and thesie granite bodies 

have smooth and slightly curved contacts with the country rocksi. The 
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northern contact is exposed along Sankhamul and Kulekhani kholas, whereas 

the southern contact is irregular, though it is exposed in some places. 

.I n--theonorthern Palung'granite, - muscovite -dominates biotite-whereas 

the reverse occurs in the southern half. Palung granite Is, in fact, 

not a single granite body, but is composed of different smaller bodies, 

which differ mineralogically and chemically. Mineraloically the granites 

may be divided into biotite granite, muscovite tourmaline granite and 

quartz-feldspar and tourmaline rocks. 

These two members of the Palung massif, namely Daman granite and Ipa 

granite, have been found intruded into the rocks of the Kulakhani series. 

At the contact schists and quartzites have been silicified, toughened and 

baked resulting in dark brown quartzite, quartz-mica schist and garneatif

erous schists. The calcareous rocks are also silicified, toughened and 

ptymatically folded. As in the west of Palung, the intrusion clearly
 

followed 	a pro-existing fault, which forms Its present limit, but further
 

east the 	intrusion overstepped and these by healded the fault, so that
 

the trace of the later disappears. Although a few younger faults cut
 

through the granite, the intrusion was essentially post-tectonic.
 

3. 	Structure
 

The geological structure of the catchment area is dominated by a
 

large syncline, the Chandraairi syncline. The axis of the map fold
 
.
strikes 9 300 The syniclinal apex can be clearly seen at some places 

on the Tribhuvan Highway at Porichaur, in the upper Chitlang and Chakhel 

valleys. The syncline has a clear, tough, very gentle axial plunge to 

ESE, opening in this direction and closing in the opposite direction. 

Numerous dip measurements indicate that both flanks have an Inclination 
°
 of about 450 with local variations between 300 and 60 . Steeper dips,
 

up to vertical, are found persistently in the northern flank with an ap

proach to the Thankot-Mahash Khola fault zone, which cuts and limits
 

the synclinal structure in the north. 

The gentie overall synclinal structure, Is complicated by numerous
 

longitudinal and transverse faults, which have superimposed a complex
 

fault-block pattern on the syncline. The longitudinal (INW-ISI) fault
 

places are vertical to very steeply Inclined (around 600) to the north;
 

the transverse faults all seem to be practically vertical. There t no
 

evidence of significant thrusting, except perhaps for the Thankot fault
 

sone, where steep (70-800) up-thrusting to the south (a)night have *c

curred.
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Amonig the transverse faults, a SSW-ESE direction perpendicular to
 

the regional strike clearly predominates. This is also reflected by the
 

direction-of the majority of-larger-tributaries-of the1Kulekhani-river 

(Tistung, Chitlang, Rakas Kholas, etc.). Displacements along these faults
 

have both vertical and horizontal components to several hundred meters.
 

The numerous parallel SSE-NNW faults in the Tistung area, particu

larly near Tistung Deurali, are of special interest. They are clearly
 

related to the conspicuous Palung-Tistung inflexion, which in turn is
 

evidently related to the large northerly bulge of the Palung granite. In
 

the Bhimphedi area it was observeL that the granite cuts indiscriminately
 

through several large folds. The intrusion must therefore be younger
 

than the folding, and most probably, the Chandragiri syncline was already
 

in existence when the granite was emplaced. The inflection of the synclinal
 

flank can therefore be explained as a late distortion, caused by lateral
 

pressure from the relatively "cold" intrusion of the granite bulges and
 

not by adaptation of folding to a preexisting rigid granite mass (J.
 

Stocklin).
 

The age of granite intrusion is Eocene (evidence from absolute age
 

determination by Khan and Tatar, 1970).
 

4. Geological History 

The geological history of the Kulekhani catchment area can be traced 

from the Chisapani time of the Ordovician period of the Paleozoic era. 

At that time, the area was under a water basin where sedimentation of 

coarse grained material took place. It was a shallow basin, though it 

covered the entire territory. At the end of the Chisapsni time, the 

territory started folding and an anticline was formed in the Chisapani 

rocks, but the territory did not emerge over the water surface. 

In the Kulakhani time of the same period, the basin was almost
 

unchanged and the sediments were similar. A little more of micaceous
 

material was being brought from the shores and mcdium to coarse material
 

was sedimented.
 

In the Harkhu time the basin was very warm and the marine organisms
 

were highly developed, as a result of whichcalcareous material settled 

at the bottom of the basin; but as the basin was shalloA the calcareous
 

material mottled in layers with silty and sandy materials.
 

In the Chandragiri time of the Silurian period, the conditions of
 

sedimentation were similar to those of the Kulekhani time and similar
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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 fornieG 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 highly eroded (and is still being
 

eroded), as a result of which the watershed formed its present shape.
 

5. 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 is divided into the following four geomorphological
 

units:
 

(1) Alluvia). horizontal or slightly inclined terraces
 

These are Chitlang, Palung, Tistung and Kul2khani Valleys.
 

These valleys are generally located on the synclinal structure of
 

the bedrock. Chakhel, Tekar, and Larmcahaur 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
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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.
 

(2) 	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.
 

(3) 	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.
 

(4) Eluvial, moderately steep to very steep slopes
 

This unit is located between 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 is 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 area 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.
 



30
 

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, lOa. Table 1 has been developed for the classification.
 

Table 1
 

Landslide Hazards Classification
 

Rock Class Slope Highly Erodible Erodible Non-Erodible
 

Above 360 CLASS - I 

- 360250 


160 - 250 CLASS - II
 

Below 160 CLASS - III
 

Rock classes and slope 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. In 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.
 

III, 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 (Dr2), 50 percent of Khadpu-Bhalukharka, 20 per

cent of Charkhu and 12 percent of Chhankhu soils are included iin 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 (Ku2) and Chhankhu-Tekar.
 

Class Ill - 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 erosion in the 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 (Kd1 ), 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 slopes and more influenced by soil texture, though
 

in some places it is 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, loami, 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
 

cloy, 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 idea of the sheet erosion classification.
 

Table 2
 

Sheet Erosion Classification
 

Group 4
 
'lope Group Group 1 Group 2 Group 3 


Over 250
 

CLASS- I
160 - 250 

°
 50 - 160 ° CLASS -II
 

Below 50 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 160. 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 2) , Angare, Chhankhu (Ch2) 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 II - Moderate to Highly Eroded Territory: These are territories
 

lying on slopes between 16°-25o, having soil textures of groups 3 and 4 and
 

also territories lying on slopes between 50 and 160 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 claos. 50 to 70 percent of
 

the areas of Khuplang (Ku1 ), Khadpu, Bisingkhel-Chhankhu and Tekar fall under
 

this category.
 

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

below 50 and on slopes below 160 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 erosion. About
 

50 to 60 percent of the area of Chhankhu (CnI) 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 the
 

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, geology and extent of landslides as well as characteristics of
 

soil units recognized in the catchment area. The classes are: slight,
 

slight Lc 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 tile category undergoing slight erosion. 

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

area of Daman (Da2 ), Khuplang (Ku2) and Chharkhu (Cr) fall in 

this class. 

III. Moderate: Angare, Deorali (DR2 ), Chitlang, Chhankhu (Cn1 ), 

Bislngkhel-Chhankhu and Khadpu are tile soil units estimated to 

be in the class having moderate ero:.ion. Eighty percent of the 

area of Chhankhu (Cn2 ) and Tekar are also included in this class. 

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

with soil series such as Daman (Da 1 ), 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 II II*
 
territory units except Lithic terrace)
 

soils II (Other
 
areas)
 

16 - 250 Non-sliding All other soil II I,I1* I-II, 
territory units except 111* 

Lithic soils 

25 - 360 Moderately non- All other soil III III I-II 
sliding territory units except 

Lithic soils 

Lithic coils II 
(Angare) 

Non-sliding All other soils III II I-1l
 
territory in units except
 
granitic Lithic soils
 
geology
 

- 360 Sliding territory 	 All other soil III III III 
units except 
Lithic soils 

Moderately non- Lithic soils Ill II 
sliding territory (Deorali) 
in granitic
 
geology
 

* Accelerated soil erosion due to human influence. 
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Deorali (Drl). About 80 percent of the area of Khunlang (Ku1 )
 

is included in this class. 20 percent of Thhankhu (Cn2), 40
 

percent of Khuplang (Ku2), and 30 percent of Charkhu also fall
 

under this class.
 

TERRACIBILITY
 

Terracibility is an estimate 3f the suitability of sloping areas for
 

constructing terraces for cultivated crops. A terrace suitability class map
 

of Kulekhani catchment area is shown in Sheet No. V (14a). For classifica

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

and characteristics of soil units. Table 4 gives a general idea of the ter

race suitability classification.
 

Table 4
 

Teriace Suitability Classification
 

Terrace 
Elevation Slope Relief Landslides Soils Suitability 

Class 
All other I (inclu,-

Below 7000 ft. 5-160 50-200m Non-sliding soil units ing valley 
except Lithic terrace)
 
soil
 
All other
 

° 
Below 7000 ft. 5-16 200-500m Non-sliding soil units II 
territory except Lithic 

soils 
0 Non-sliding All soil units 

Below 7000 ft. 25-36 200-500m territory plus some III 
50-200m moderately Lithic soil 

200-500m 	non-sliding
 
territory
 
Non-sliding All other
 

° 
iuO0 ft. and -:6 200-500m territory soil units 
above -500m except Lithic 

soils 

25-36o 200-500m Moderately All Other 
-36o -500m sliding soil units Unsuitable 

-500m territory except Lithic 
soils 

Sliding All other 
-360 -500m territory 	 soil units
 

ex(ept Lithic
 
soils
 

Moderately All other soil 
Below 7000 ft. 25-360 -500m non-sliding unit!, + some 

-360 territory Lithic soils 

200-500w Sliding All other soil 
-360 -500m territory units except
 

Lithic soils 
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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 (Cn1 ), 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 (Ku1 ), Daman (Da1 ) and Bisingkhel-


Chhan'- ,,respectively, are estimated to be moderately suitable for ter

racing.
 

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

poor suitability for terracing. About 50 to 60 percent of the areas of
 

Disinkhel-Chhankhu, Daman, Khuplang (Ku1 ),and Khadpu-Bhalukharka are in

cluded in this class.
 

Unsuitable: A major portion 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
 

(Ku2) also falls in this class. Half the areas of Daman (Da2) 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 erosi.on
 

are:
 

i. 	weal, bedrock;
 

ii. 	high average annual rainfall and rate of precipitation;
 

iii. highly developed riverset;
 

iv. steel) slopes;
 

v. 	lack 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.
 

http:erosi.on


37
 

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 The 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 plaitation along with some embankments.
 

vii. 	 Rill and gully erosion connected 4itl, the soft silt-cemented rocks
 

and the high rate of percipitation in the monsoon are numerous in
 

the 	watershed. These area.; 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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IV. USES AND MANAGEMENTS OF THE SOILS
 

Agriculture
 

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

Charkhu, Chhankhu (Cn2), Deorali (Dr2) and Khuplang (Ku2). 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 tLe surface soil. These units mostly
 

occupy natural forests.
 

Suitability for various crops have been worked out (see description under
 

mappiLL6 units) and are described in the following:
 

Rice: Palung-Tistung and Tistung soils are highly suitable for the
 

cultixation of rice. Kogte soils are moderately suitable. Poor
 

to unsuitable soils are Bisingkhel-Chhankhu, Chhankhu-Tekar,
 

Chhankhu (Cn1 ), Daman (DA2), Khadpu-Bhalukharka and Chitlang.
 

Maize: 	 Highly suitable soil units for maize cultivation are Bisingkhel-


Chhankhu, Chhankhu, Khadpu (Kd1 ) and Kogte, Khuplang (Ku ) and
 

Tnkar. Chhankhu-Tekar, Chitlaug, Daman (Da2 ) and Khadpu-


Bhalukharka units are moderately suitable for maize 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 (Ku1 ) is considered to be highly suitable for
 

wheat cultivation. Moderately suitabl1 areas are Bisingkhel-


Chbankhu, Chhankhu (Cn1 ), Chitlang, Khadput-Bhalukharka, Palung-


Tistung, Tistung and Tekar. The Chhankhu-Tekar unit is poor to
 

moderately suitablL for wheat.
 

Potato: 	 The Bisingkhel-Chhankhu soils unit is highly suitable for growing
 

potatoes. The units identified as moderately suitable are Daman
 

(Da2), Palung-Tistung, Tistung and Tekar. The Chhankhu-Tekar
 

unit is poor to moderately suitable.
 

Buckwheat: 	 Khuplang (Ku1 ), Kogte and Tekar are highly suitable for buck

wheat. The moderately suitable soil units are Chhankhu-Tekar,
 

Dajan (Da2) 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 c&tchment area.
 

The Palung-Tistung soils are moderately suitable for growing
 

sugarcane. Poor to unsuitable soils include Bisingkhel-Chiankhu,
 

Chhankhu-Tekar, Chitlang, Daman (DA2), YhAdnu-Bhalukharkd
 

Khuplang and Tekar.
 

Fertilizer Recommendation
 

In general, the organic matter status of the soils of the Kulebhani Catch

ment area ranges from high to very high. Nitrogen is rated high in all the
 

soil units except Angare and Chhankhu (CnI' soils which have medium status.
 

Generally the catchment area contains high to very high amounts of potash.
 

The soil units containing a medium amount of potash are Angare, Deorali (Dr1 )
 

Khuplang (Ku1 ) and Palung-Tistung. Phosphorus is high in four soils (Da2, 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, Kd1 , Ku1 , Ku2). 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 

from about 1200 to 2400 m. Subtropical fruits such as guava, papaya, and 

pomegranate are grown in some places, as most of the area falls unor the 

temperate zone. Among citrus fruits, lime and lemon can be grow% everywhere. 

Mjor important temperate fruits include pear, plum and peach. ('her fruits 

such as apricot, almond, persimmon, walnut, etc., can be grown in limited 

areas. Although 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 condition;. In general, the 

Kulekhani CatchmeAt area can be categorized as moderately suitable for growing 

the above mention-d f'uits.
 

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

is high (see Table 1), only 1/4th of the recommended do;e Is to be appieled. 

If the nutrient rating is medium, half of the recommended do:e should ,e ap

plied. In case of low nutrient status, the full recommended done should be 

added.
 

Among vegetables, cole cropi (cauliflower, cabbage, khol khol), radih, 

colocasia, etc., 'eem promising. ln some places adjoining Kathmandu Valley, 
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Table 5 - Fertility Status Rating of Various Soil Units of
 

Kulekhani Catchment Area
 

Organic N 	 K 0
 
2
Soil Unit 	 Mntter P205 K20
 

1. Angare 	 High Medium 1', dium Medium 

2. Bisingkhel-Chhankhu 	 Itigh 11tgh Medium Itigh 

3. Charkhu 	 High l11gh Med ium i1gh 

Low High4. Chhankhu 	 High Mediun 

11gh5. 	 Chharhu-Tekar High Hligh Me-diumr 

High lag) Low Itigh6. Chitlang 

7a. 	 Daman, Cultivated tigh I1ii6h Mediurn ,1tgh
 

Iigh
Forest I1gh 


Ba. Deorall, Cultivated 1Igh MediuFH IIgI.
 

7b. Daman, |igh 	 IlHigh 

High m 

1igh Hip% Med ium Mc-dium8b. Deorali, Forest 


9. Khadpu-Bhnlukharka 	 111gP gl1g It1 gi.1lipgh 

10. K0adpu, Cultivated lItgh iligh Low 1i1gh 

Ila. IQlupland, Cultivated 111gh II1gh Low Hedium 

llb. K~iuplang, Foreat Iigh M-dium Low |l1gh 

12. Kogte IRhg Iliph Ii F1g'. 	 Iftgh 

13. 	 Palung-Tistun$; High IIh ?1 d itiuM Medium 

IHgh High14. 	 T1kar 11gh 'I1Ig 


ig 11lg mrdium 111 gI
15. 1Titungit 
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Table 6 - General Fertilizer Recommendation for Various Crops in 

Kulekhani Catchment Area (Kg./Ha.) 

Organic 2/ 0/ 

Crops Manure - N P205 K20 I 

Rice Improved 6000 75 20 20 

Local 6000 30 g 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 Improvcd 6000 45 20 20 

Local 4000 30 15 15 

Sugarcane 10000 90 40 35 

11 Jophy & Deo, 1976. 

I/ 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 (Cn1+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 (Da1), Khadpu-Bhalukharka, Khadpu and Khuplang (Ku1 ).
 

Forestry
 

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

ChiLlang, Daman (Da1 ), 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 (Cn1 ),
 

Chhankhu-Tekar and Khuplang (Ku1 ).
 

Various shrubs and trees existing under natural conditions are described
 

in Section I.
 

Terraceabillty
 

The Palung-Tistung 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 JU to 60 percent area of
 

Bisingkhel-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 maluly because of the steep nature of the
 

slopes, erosion or landslide hazards, and because some areas occupy the upper
 

portions of mountain ridges. Soil units identified as unsuitable for terrace
 

making are Angare, Charkhu, Deorall and Khuplang (Ku2). About 50 percent area
 

of Daman (Da2) 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
 

Chemical Fertilizers (Kg./Ha.)
Kindl/ FYM or 

Compost N P20 K20
 

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.
 



2 1 
Fruits

Kind of 

Non-Bearing Jtage (Amount/Tree) 
Kin ofMur 

FYM or Oil Complexal Muriate FYM 

Compost Cakes (20:20:0) Potash only 

FYM or 

Compost 

Bearing Stage (Amount/Tree)
ja-FY 

Oil Complexal e FYM 

Cakes (20:20:0) Potash only 

1. 

2. 

3. 

4. 

5. 

6. 

Papaya 

Guava 

Pomegranate 

Citrus 

Apple 

Peace 

10 kg 

10 kg 

10 kg 

10 kg 

10 kg 

500kg 

1kg 

-

-

-

200 g 

225 g 

250 g 

-

100 g 

135 g 

85 g 

85 g 

-

-

-

-

25 kg 

25 kg 

45 kg 

45 kg 

45 kg 

36 kg 

45 kg 

30 kg 

1 kg 

-

2.5kg 

4.5kg 

-

-

I kg 

-

1.2 kg 

-

2.25 kg 

1 kg 

500 kg 

-

300 g 

400 g 

60 kg 

-

-

7. 

8. 

9. 

10. 

Plum 

Pear 

Apricot 

Walnut 

10 kg 

10 kg 

25 kg 

-

-

-

-

500 g 

300 g 

250 g 

65 g 

100 g 

85 g 

85 g 

25 kg 

25 kg 

25 kg 

-

45 kg 

45 kg 

30 kg 

-

-

-

2 kg 

2.25 kg 

1 kg 

-

300 

300 

400 

g 

g 

g 

60 kg 

-

-

11. Persimmom 10 kg 45 kg .... 

2/ Sinha, 1975. 
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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
 

Rendol]s. 

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 

cmc 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; 
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slightly sticky, non plastic wet; few rock fragments,
 

many fine to medium roots; pH6.6; clear boundary.
 

B2 20-40 cm 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.
 

R 40 + cm Weathered marble in situ.
 

Analytical Data
 

Particle Size Distribution
Lab. No. Horizon IDepth 

(cm.) 0.05-2.0 002-05 .002 Texture
 

sand 7 silt % clay %
 

SS 890 A' 0-20 23 66 1]. Silt loam
 

SS 891 B2 20-40 27 60 13 Silt loam
 

P205
Depth H K 0
 

Horizon (cm.) p Kg/ha Kg/ha % O.C. % N C/N O.M.%
 

Al 0-20 6.6 24.7 225.7 2.97 0.08 3.7 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, millet, mustard and buckwheat cultivation.
 

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

of Typic Eutrochrepts. 

Typical Profile 

Location: 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. 

Al 0-14 Dark yellowish brown (10 YR 4/4) dry; dark greyish brown 
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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.
 

Bl 14-40 cm 	 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.
 

B21t 40-61 cm 	 Dark yellowish (10 YR 3/4) moist; silt loam; prismatic +
 

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

thick dark brown cutans along the vertical ped faces; few
 

rock fragments; pl 	 6.9: gradual smooth boundary.
 

B22t 61-98 cm 	 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; pl 6.8; abrupt smooth boundary.
 

B23t 98-150+ cm Dark brown (7.5 YR 5/4) moist; silty clay loam; massive;
 

firm moist; sticky plastic wet; pl 6.5.
 

Analytical Data
 

Particle Size Distribution
 
Lab. No. Horizon Depth 0.05-2 0.002-0.05 .002 Texture
 

(cm.) sand % silt % clay %
 

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
 
loalm 

SS 814 B23t 98-150+ 12 54 34 Silty clay 
I_ _ Iloam 

Horizon Depth P 205 K/ 0 O.C. % N C/N O.M.% 

Al 0-14 6.5 236.0 650.0 3.25 0.33 9.8 5.60
 

Bl 14-40 6.85 63.8 419.3 0.54 0.09 6.0 0.94
 

B21t 40-61 6.9 67.9 478.4 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 10.1 1.57
 

http:0.002-0.05
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3. Bisingkhel Series
 

The Bisingkhel series are well drained soils developed on rolling terraces made
 

up of materials 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-angular 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; gradual smooth boundary.
 

Alb 80-100+ cm 	 Dark yellowish 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; p1l 6.6.
 

Analytical Data
 

Particle Size Distribution
 

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

SS 784 Ap 0-15 24 61 15 Silt loam 

SS 785 1121 15-36 24 59 17 Silt loam 

SS 786 1122 36-80 24 65 11 Silt loam 

SS 787 Alb 80-11(+ 24 63 11 Silt loam 
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Depth p2 05 K20
 
Horizon (cm) pH Kg/Ha Kg/Ha %C %N C/N O.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
 

nagi and Pyrus pashia.
 

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

Dystrochrepts.
 

Typical Profile
 

Location: 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.
 

01 3-0 cm Forest litter, mainly loose under-composed leaves underlain
 

in places by partly disintegrated leaves and twigs with
 

some fungal hypae.
 

Al 0-12 	 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; p11 5.9 abrupt smooth boundary.
 

B21 12-36 cm 	 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.
 

B22t 36-52 	 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 % silt % 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 05 K20 
Horizon (cm) pH Kg/Ha Kg/Ha %O.C %N C/N O.M.% 

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 1.75 0.20 8.7 3.01
 

B22t 36-52 6.15 14.4 119.2 0.28 0.06 4.6 0.49
 

5. Chhankhu Series
 

The Chhankhu st ries 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 Profile
 

Location: 	 Site 4, aerial photograph R 20-29, topographic map 72 E/2
 

near Chitlang Panchayat, Makawanpur District; 1802 m.
 

a.s.l.; Southwest exposure.
 

Al 0-10 cm 	 Yellowish red (5 YR 5/6) dry, yellowish red (5 YR 4/6)
 

moist; loam, weak very fine granular crumb + subangular
 

blocky, non-sticky, non-plastic wet; few rock fragments;
 

few concretion probably of FE and Mn; many ,ine roots;
 

pH1 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 crumb + 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 % silt % 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 K20
 

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


A] 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 pasture land. 

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

iaplustal f1. 

Typical Profile 

Location: Site 23, aurial 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:
 

Lab No. Horizon 


SS 899 Al 


SS 900 B21t 


SS 901 B22t 


Depth 

Horizon (cm) 

Al 0-14 

B21t 14-32 

B22t 32-85 
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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 moJst; 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
 
Depth (cm) 0.05-2 0.002-0.05 .002 Texture
 

sand % silt % clay %
 

0-14 59 38 3 Sandy loam
 

14-32 6 52 42 Silty clay
 

32-85 7 52 41 Silty clay
 

p2 05 K20 1
 

pH Kg/Ha Kglla %C %N C/N O.M.% 

6.2 4.1 795.6 3.58 0.30 11.9 6.16
 

6.5 4.1 817.1 1.01, 0.12 8.4 1.75
 

6.4 4.1 752.6 0.32 0.17 4.5 0.75
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7. Damian Series
 

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

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

in fruit (apple, peach, plum) and vegetable (radish, cabbage and caluiflower) culti

vation.
 

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

Hapludalfs.
 

Typical Profile
 

Location: 	 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.
 

Ap 0-15 cm 	 Very pale brown (10 YR 7/3) dry; dark yellowish btuwn
 

(10 YR 4/4) moist; silt loam; 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.
 

B21t 15-28 cm 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.
 

B22t 28-48 cm 	 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. 

C 	48-80 cm 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, p|! 5.0. 

Analytical Data 

Particle Size Distribution 

Lab. No. Hlor I zon Depth (cm) 0.05-2 0.002-0.05 .002 Texture 

nand % silt % clay %. 

SS 906 Ap 0-15 26 55 19 Silt, loam 

SS 907 1121t 15-28 5 57 38 Silty clay loam 

SS 908 B22t 28-48 3 64 33 Silty clay loam 

SS 909 C 48-80 77 20 3 Loamy nand 
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Depth p2 05 K20
 
Horizon (CM) PH Kg/Ha KB/Ha %C %N O/N 0.M.X
 

Ap -0-15 '5.2 ~41 0 97 11075.-2 4.37- 0.41 10.'6- 7 2 

B2lt 15-28 5.3 -- 268.8 1.11 0.11 10.0 1.92 

B22t 28-48 5.4 -- 182.7 0.56 0.08 7.0 0.98 

C 48-80 5.0 -- 139.7 0.42 0.07 6.0 0.73 

8. Deorali Series
 
The Deorali series are well-drained soils developed on moderately steep to
 

steep slopes made up of materials derived mainly 'rom granite, quartzite and
 

quartzitic phyllite. These soils are under a forest vegetation dominantly of
 

Quercus spp. Rhododendron app. and Lyonia ovalifolia.
 

The Deorali series is classified as a coarse loamy, mixed, meaic family of
 

Lithic Dystrochrepts.
 

Typical Profile
 

Location: Site 39, topographic ny 72 E/2, near Deorali Bhimphedi
 

Panchayst )Hakavanpur District 2025 m. a.s.l.; Northeast
 

exposure.
 

01 3-0 cm Forest litter, mainly loose undercomposed leaves and twigs.
 

Al 0-14 cm Very dark greyish brown (lOYR3/2) moist; sandy loam;
 

moderate strong fine crumb angular blocky, friable moist;
 

slightly sticky non-plastic wet; many rock fragments; many
 

medium to fins roots, pH 5.7; clear smooth boundary.
 

B 14-39 Yellowish brown (10 YR 5/6) moist; lOnj massive, friable 

moist; slightly sticky, non-plastic wet, very many rock 

fragments; gravel increases with depth; few fine to medium 

roots. 

Analytical Data
 

Particle Se Dist rbution 
0.052 0.-. 0 .02 1
Lab No. Horizon Depth (cm) 	0.05- 0.002-0.05 0 Texture
 

sand I silt X clay Z
 

85 919 Al 0-14 53 41 6 Sandy loam 

59 920 B 14-39 40 49 11 Loam 
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Depth p2 05 K20 
Horizon (cm) pH Kg/Ha Kg/Ia %O.C %N C/N O.M.% 

Al 0-14 5.7 20.6 204.2 7.32 0.63 11.6 12.60
 

B 14-39 5.6 6,1 64.5 1.66 0.13 12.7 2.87
 

9. 	 Khadpu Serie;
 

Th, Vhadpu series are well drained soils developed on moderately steep, bench
 

terraces made up of materials derived mainly from phyllite. These soils are mainly
 

in maize, millet and mustard cultivation.
 

Khadpl. series is classified as fine loamy, mixed, mesic family of Lithic
 
Ils t ro( 1r_1t 

Typical Profile 

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

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

Northeast exposure.
 

Ap 0-15 cm 	 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.
 

B2 15-32 cm 	 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;
 

p11 6.55, abrupt smooth boundary.
 

C 32-80+ cm 	 Weathered phyllite in situ.
 

Analytic 1Data 

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

sand 	% f;ilt % clay %
 

SS 796 Ap 0-15 22 53 15 Silt loam
 

SS 797 B2 15-32 24 57 19 Silt loam
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Depth P2 05 K20
 
Horizon (cm) pH Kg/Ha Kg/Ha %C %N C/N O.M.%
 

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: Site 28, aerial photograph R 21-29, topographic map 72 E/2
 

near Tistung Panchayat, Makawanpur District 2068 m. a.s.l.:
 

Southeast exposure.
 

01 2-0 cm Forest litter, mainly loose and composed leaves and twigs.
 

Al 0-15 cm Dark brown (7.5 YR 4/4) dry, reddish brown (5 YR 4/4) moist;
 

silt loam; weak to moderate fine crumb 4 subaigular blocky,
 

friabhe moist; sticky non-plastic weL; few rock fragments;
 

many fine to medium roots; pH 5.55; gradual boundary.
 

B21t 15-35 cm 	 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; pH1 5.95; gradual bound

ary.
 

B22t 35-60 cm 	 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.
 

C 60+ cm 	 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 % silt % clay %
 

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 05 K20
 

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

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 near 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; p1! 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-plastic
 

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.
 

lIB21 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.
 

IIB22 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 % silt % clay %
 

SS 821 API 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 II B 60-90 32 46 22 Loam
 

SS 825 II B22t 90-125+ 32 46 22 Loam
 

Depth P2 05 K 0
 
Horizon (cm) pH kg/Ha Kg Ha %C %N C/N O.M.%
 

API 0-18 6.0 72.1 569.8 2.09 0.17 12.2 3.60
 

B 18-40 6.0 57.6 274.1 1.76 0.14 12.5 3.04
 

Alb 40-60 6.0 43.3 279.5 2.72 0.19 14.3 4.69
 

II Bt 60-90 6.1 72.1 252.6 1.36 0.12 11.3 2.34
 

II B22t 90-125+ 5.6 103.0 403.2 1.34 0.12 11.1 2.31
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12. Palung Series
 

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: Site 24, aerial photograph R 19-23, topographic map 2 E/2, 

near Palung High School, Makawanpur District; 1725 m. a.s.l.; 

Northwest exposure. 

Apl+AP2 0-29 cm 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. 

B21 29-53 cm 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. 

B22 53-70 cm 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; p1l 6.3; diffuse boundary. 

Alb 70-85 cm 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; p1l 6.3; diffuse boundary. 

IIB21 85-110 cm Brownish yellow (10 YR 6/6) moist; clay loam, massive, 

sticky tilightly plastic wet; many thick, light yellowish 

brownish cutaim; along, the vertical ped faces,; diffuse brown

ish yellow culans;; few fragments of slightly weathered gran

ite; p)] 6.4; gradual boundary. 

IIB22 110-130+ cm Brownildi yello(w (10 YR 0/6) moli;t; clay loam, massive; firm 

moitt, stticky, ilightly plastic wet; patchy thin dark yellow-

Iih brown cuLtns on vertical pld f acies; f ,w concretIonj 
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probably of iron and manganese; few fragments of slightly
 

weathered granite; pH 6.5.
 

Analytical Data
 

Particle Size Distribution 
Lab No. Horizon Depth (cm) 0.05-2 0.000-0.5 .002 Texture 

sand % silt % clay % 

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 IB2 85-110 23 40 37 Clay oam 

SS 885 lIB2 110-130+ 35 35 30 Clay oam 

Depth p2 05 K 0 
Horizon (cm) pH1 Kg/Ha Kg Ha %C %N C/N O.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 

IIB21 85-110 6.4 45.3 370.9 0.54 0.09 6.0 0.94 

1IB2 110-130 6.5 26.7 295.6 -- 0.05 .. .. 

13. Tekar Series
 

The Tekar series are well-drained soils developed on rolling bench terraces 

made t~p of materIa1s mainly derived from phyllite, quartzite and slate. These 

zol1s are mainly in maize, millet and mustard cultivation. 

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

ypIc Eutrochrepts.
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Typical Profile
 

Location: Site 18, aerial photograph R 17-24; topographic map E/2
 

near Tekar, Chanaute Village, Makawanpur District, 1355
 

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

Ap 0-15 cm 	 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; p1l 6.4;gradual smooth
 

boundary.
 

B21 15-40 cm 	 Dark yellowish brown (10 YR 3/4) moist; silt loam; moderate
 

to strong granular crurLb subangular blocky, friable moist,
 

slightly sticky, non-plistic wet; moderately thick patchy
 

yellowish brown cutans; maiiy rock fragments; few fine root
 

hairs; pl 6.6; gradual smooth boundary.
 

B22 40-80 cm 	 Dark yellowish browh (10 YR 4/4) moist; silt loam; moderate
 

to strong granular crumb subangular blocky, very friable
 

moist, non-sticky, non-plastic uet; thin patchy yellowish
 

brown cutans along the vertical ped faces; many rock frag

ments; p1l 6.90; gradual smooth boundary.
 

C 80+ cm Stones, boulders and gravels.
 

Analytical Data
 

Particle Size Distribution
 
Lab. No. Horizon Depth (cm) 0.05-2 0.000-0.05 .002 Texture
 

Sand 7. Silt 7. Clay 7.
 

SS 815 Ap 0-15 30 62 8 Silt loaf
 

SS 816 B21 14-40 26 66 8 Silt loam
 

SS 817 B22 40-80 50 46 4 Silt loam
 

p20Y K20 	 - ___ 

Horizon Depth PH 2 D 0N 	 C/N O.H.% 
____r__o_ (cm,) _ Kg/Ha_ K _/H 

AP 0-15 6.4 105.0 550.1 1.30 0.22 5.90 2.25
 

B21 15-40 6.4 49.4 266.8 0.77 0.11 7.0 1.33
 

322 40-80 6.9 63.8 344.6 0.58 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 trade 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; 

pi1, 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 p11 6.6; gradual 

boundary. 

B22t 50-70 cm Dark brown (10 YR 4/3) molst; many prominent strong brown 

mottles; silt loam; coarse prismatic breaking into angular 

blocky, firm moist; sticky slightly plastic wet; moderately 

thick patchy greyish brown cutans, pit 6.8; gradual bound

ary. 

Alb 70-100 cm Very dark greyl,,-h brown (10 YR 3/2) moist; few prominent 

strong brown mottIe.,;; silt loam ; moderate fine crumbs 

angular blocky, friable molst; slightly fiticky, non-plastLic 

wet; thin grey ,ih brown cutann; along the vertical ped 

faces- and root channels; p11 6.7; clear boundary. 

Ict 100-120 cm Dark Brown (10 YR 4/3) molt; flilt loam; massive; looie 

moist; few rock fragm',nts. 
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Analytical Data
 

Particle Size Distribution 
Lab. No. Horizon Depth (cm) 0.05-2 0.000-0.05 .002 Texture 

._ Sand % Silt % Clay 7. 

SS 902 Apl+Ap2 0-28 27 59 24 Silt loam 

SS 903 B21t 28-50 14 65 21 Silt loam 

SS 904 B22t 50-77 17 63 20 Silt loam 

SS 905 Alb 77-1GO 29 56 15 Silt loam 

Horizon Depth H D K0 

_orizon (cm.) pH Kg/Ha O 7.N C/N O.H.7 

Apl4Ap2 0-28 6.0 63.6 258.0 2.03 0.29 7.0 3.50
 
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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(Gorkha District)
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I PHYSICAL AND ENVIRONMENTAL FEATURES
 

Location and Extent
 

The Daraundi project area is situated between 84827 ' and 84°48 ' east
 

'
longitude and 27°51'2 '' and 28021'43 ' north latitude. The area is located 

in the central and southern part of Gorkha District covering 795 sq. km. 

The total area of Gorkha District is 3456 sq. km. The effective catchment 

area of the Daraundi River is 597 sq. ki. Panchayat boundaries rarely coin

cide with the watershed boundary. All the panchayats that fall partly or 

wholly in Daraundi Catchment have been included in the project for adminis

trative reasons. 

Climate
 

Four types of climates are found in the Daraundi catchment area, namely 

Lropical, sub-tropical, tmperatz -d arctic. The lower river valleys have 

a tropical climate and th,' lower foothill slopes a sub-tropical clirmate. 

The northern hills and aiountains have a temperate climate and tht high 

Himalayas an arctic climate.
 

There are only two weather stat ions in Corkha Dissr fe t , located at 

Gorkha and Seti bas.. Thus it Is difficult to make genera I:atlionsi for the 

whole catchment area. The mean annual precipitation, bat.ed on tht recordu 

of these two stations, are 1400 mn andi 1600 mm respectivt ly. In general, 

south-facing slopes receive a very heavy rainfall during, the mont)oun as tie 

southern sile of the upper slope.; around 2400 m are generally alwayri covered 

with drizzling mit;t and clouds during that time. In general, more than 75 

percent of the annual precipitation falls from .lilly to Septembe r. Maximum 

24 hour rainfi 1 intens itie:; of 100-140 mm have also b).en recorded in theie 

station!; (Department of Hydrolcogy and Meterology, 1977). 

The only temperature records availa , a rv from the. (orkha we.4lher 

station. lere the mean .January t empe rature iii12.4" with a men inliiniun 

dropping to 6.3^C. The July mean 1,; 2,).'1C with mt maxiu~a ul 27. C. 

It has been cal culated that aVrage temperature de- 1i tt nor t hward anl with 

altitude (about 7'C/100 m) to a suimmer metan of aboUt I(0"C at tile t el llce. 

and at menn annual temperature of eti than 0 (C.above th ltlnow 111 1.. In tilt 

nouth fncing low-lying valleyn, pri'-motinoonti tempratures reach V),"C, llr 

recorded by the RCUP team 1ii May, 1979. e Itive. humidlit ir,t Cotrktha rainp' 

between 41 percent 1i Karch ,iid ;"j p.rcent in tilt montlooi peritd tit ,lUniti and 

July. Evnpotrantipiration ratepi tit Fira great ii t Ia the prn-nonoo pe, rlod, 

droplIng to minimum ti g,Increninlewelti dur iti. monsoon the pont-m inonol 
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and declining again during winter.
 

Physiography
 

The Daraundi catchment area consists of a seriei 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 qtiartzites 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 contain; mir- than 95 percent of the inhabitants. 

In this area hummn livelihood is based on agriculture. A few people 

derive their livelihood from livestock farming. Maize and millets are the 

principal crops but the lower va'leys are dominated by rice. 

The overall population density in the Midland region is unusually high 

considerinp' its land carrying capacity. As a result, the farmers are re

ceding fa,;t to the north; and the steeper marginal lands are being culti

vated, which 1!; acceleratin?, eroslon and dej rading the physical environment. 

Fore llmalaa: Tih Fort Himalaya lies between the Midland in the south and 

the ItlgL Igllimlay; in the north. The elevation ranges from 2000 to 4500 m. 

a. s.l. Fitretching over 13.6 percent of the project area. It it; very steep, 

rugged and ha;t a higi, relief. Winter is severe and summer I!, short. le

cause, of 1,ostllr terrains and the harnh Llmate, thil; area has a very sparce 

poiulalton. Animaul iuhbatdrv and potato c ltivation are the main economy 

of thisi region. The area ho,, a good statnd of alpine forest above which is 

granfltind thait extendti tulp to the i now line. 

H!!. H!.i ma1'I i: The IlIgh ll m n ya region .er)wrn thr northern iperiphe ry, 

account ing for leti than on(o percent of the proj c! aren. It il permanently 

cover, by tnaaw, 

catrchmott O,Mout 75 percont of the aren ,trnined throup.h tht, )nrtundl 
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River. The Daraundi River originates near Narad Pokhari in the north.
 

Padlung, Andhara and Ghatta Kholas are the main drainage rivers in the
 

northern parts of the catchment area. Lungdi, Khara Chukti, and Rangdi
 

Kholas drain the catchment area from the southern hills and small valleys.
 

Similarly, Beni, Bhusundi, Jarang and Ludi Rholas drain the southern,
 

central and lower southern central parts of the area. All these rivers
 

are tributaries of the Daraundi River. The Daraundi River covers about
 

66 km from source to mouth until it merges with the Marsyangdi River at
 

Majuakhairani.
 

Natural Vegetation
 

Based on altitude, the natural vegetation of the Daraundi catchment
 

area can be classified as follows:
 

Tropical forest (up to 1200 m): In this zone, the river sides and lower
 

valleys have tropical deciduous forests. The main species recognized are
 

Dalbergia sisso, Acacia catechu and Shorea robusta.
 

Subtropical forest (1200-1800 m): In the subtropical forest zone, the
 

vegetation identified are Pinus roxburghii, Lagerstroemia ovalifolia,
 

Berberis asiatica, Castanopsis indica, Quercus incana, and Impereta cylindrica.
 

Temperate forest (1800-3000 m): Temperate forests occur mostly in the higher
 

altitudes. The main species observed are Pyris ovalifolia, Rhododendron
 

arboreum, Pinus cerasoides, Ficus nemoralis, Quercus semecarpifolia, Quercus
 

incana, Castanopsis indica, Castanopsis taubalaris, and Myrica nagi Pyrus
 

pashia.
 

Subalpine forest (3000-4000 m): Subalpine forests mainly includes Abies
 

spectabilis, Betula utilis, Rhododendron campunulatum, Picas smietuana, and
 

Tousa dumosa.
 

Alpine-meadows-(4000-5000 m): In alpine meadows the vegetation consists
 

mainly of graminaceas and cyperaceal families.
 

Land Use
 
The existing land use of the project area is briefly described as
 

follows:
 
Foret:t About 328.6 km of the project area is under forest, which Isnearly
 

41 percent of the total area. Mainly tropical, subtropical, temperate forest
 

and alpine meadows occur inthe project area. The northern part of the project
 

area has tempersat dense, coniferous forest. Inthe~ lover hills and vallevi,
 



71'
 

the original species are disappearing. On the other side, reforestation
 

projects, which are very important from a soil conservation point of view,
 

are in progress. Otherwise the mountains and hills will be deprived of
 

soils.
 

Cultivated Land: About 307.8 km2 are under agriculture, covering nearly 39
 

percent of the total area. Irrigated rice is mainly cultivated in the river
 

belts and lower valleys where irrigation facilities are available. Rice is
 

also grown in the higher hills to a limited extent. In comparison Lo maize
 

and millet, rice covers far less of the catchment area. In other words,
 

the maximum cultivatable land has been occupied by maize and millet.
 

All mountain and hill areas are suitable for growing maize, millet,
 

potato and buckwheat. Other important grains and legume crops occupying
 

the cultivatable land are wheat, barley, groundnut, baJara, black gram, soy

bean, cowpeas, and beans. The fruit and vegetable crops are generally grown
 

on waste. The lower altitude areas have a warm climate supporting fruit
 

plants such as papaya, banana, pineapple, litchi, mango, Jack fruits and
 

guavas. Lime, lemon, orange, peach, plum and pear are grown in both tropical
 

and subtropical areas. The area under vegetables also appears to be increasing.
 

Pasture Land: No improved pasture lands were observed in the catchment area.
 

The total figure of the natural pasture land has been estimated to be 133 km2,
 

comprising 17 percent of total area. The higher altitudes are represented
 

by relatively large areas of natural pasture which are covered with snow for
 

about five months out of the year. These lands are very fertile due to high
 

amounts of organic matter. Other natural pasture lands are found in the
 

middle and lower hill valleys.
 

Snow-Covered Lands About 8.25 km2 is perpetually covered by snow. There
 

are also areas where snow falls only during winter season.
 

. GENERAL NATURE O THE SOILS 
A. Methodolosy 

Hsppins nd Classification of the Soils:' The Daraundi watershed has a sur

face of around 597 k02. The soil survey was done on a reconnaissance scale 

with the primary objective of Identifying the RCUP Project needs for research 
and planning. Soil pits were dug along vertical cross-sections of the pro

ject area. A topographical and a elope category map (both with a scale of 

1:63,360) were used as field maps. 

Thirty-three pita were dug and described In detail according to the 

Soil Survey Manual (USDA, 1951) and classified according to Soil Taxonomy 
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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 gb.'c. 

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 soil museum.
 

During fieldwork, samples were collected for laboratory analysis. These 

samples were taken from throughout the profile with the purpose of analyzing 

the texture, pli, organic matter, N, P, K and exchange capacity of bivalent 

cations. This was needed for soil classification. The data are presented 

in APPENDIX 1. 

A detailed description of the mapping units are presented in the fol

lowing section!; (Sheet No. 1, 111). 
B. 	 Description of Ma)ping Unit-, 

1 /
(31.6 	kmU2)'_A1. 	 Ambote Soil 

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

southern part of the mapped area on eany rolling river terraces. These 

ol1 s are moderately deep, poorly drained and are made up of alluvium/ 

colluvium materals derived mainly from quartzite. 

Al t I tud About 460 to 500 m., lxpoiure: 
Varlablvr. 

Surface So~l 	 Grayinh brown to dark grayinh brown, 
strong brown mottlen, firm, loam to 
silt loam, few rock fragmentn. 10 
cm. thick. 

Sub-Soil 	 Gray to grayi h brown, .trng brown 
to yellowih frown mottles, anndy 
loam to silt loam, uuanlly 50 cm. 
thick. 

1/ 	 Ilarmi noil (So# Appendix I for dvncrip ton) i" curranted with Asbote 
Poll.
 



bubstratum 	 May be poorly sorted alluvial/colluvial
 
materials from large boulders through
 
to silt.
 

Other Properties 	 Slightly acid, strongly to medium in
 
organic medium, nitrogen and phosphorus
 
high in potash.
 

Suitability
 

Agriculture 	 Highly suitable for rice; moderately
 
suitable for wheat, mustard and sugar
cane; moderate to poorly suited 	for
 
maize and potato.
 

Horticulture 	 Poor to moderately suitable for mango,
 
litchi, papaya, pineapple and banana.
 

Pasture 	 Poor to moderately suitable.
 

Forest 	 Poor to suitable. Presently existing
 
species includes Shorea robusta, Schima
 
wallichii and Castanopsis indica.
 

Terrace 	 Moderatoly suitable.
 

Limitations 	 Imperfect drainage and susceptibility
 
to flooding; high acidity; occasional
 
hailstorm.
 

Erosion and Landslide Hazards 	 Erosion hazard class in this soil unit
 
is rated as moderately high to 	high and
 
sheet erosion as moderately high. This 
unit falls under slightly sliding to
 
moderately sliding terrtory.
 

2. Apchaur Soil (7.0 kM2 ), Am
 

Pockets of the Ampchaur soil unit are located in the far western and far 

southern part of the sapped area 	on flat to slightly undulating river 

terraces. These soils are moderately desp, poorly drained and are made 

up of alluvium/colluvium materials derived mainly from quartzite. 

Altitude 	 420 i.; I Wposure: Southwest. 

surface Loill 	 Yellowish red, firm, silt loam, many 
rook fragments, 15 cu. thick. 

ub-SoilL 	 Yellowish red to dark brown, friable# 
silt loan to gravelly sandy loa , many
rock fragments, 70 cm thick, 

SIustru 	 Mey be boulders of quartsite. 

Othr Purot 	 Strongly acid to neutral, medium to
organic iaatter aod nitrogen# high in 
phospborous and low in potash# 

Agriculture 	 Highly suitable for rice; moderately 

cane; poorly suitable for mize 	and 

eui~~~ptbto# wet utadadagr. . 



Horticulture 	 Poorly suitable.
 

Pasture 	 Poor to moderately suitable.
 

Forestry 	 Poor to moderately suitable. A few
 
existing species include Acacia
 
catechu and Lagerstroemia parviflora.
 

Terracibility 	 Highly suitable.
 

Limitations 	 Imperfect drainage, susceptibility
 
to flooding and deficiency of potash
 
are the major limitations besides
 
occasional hailstorm problems.
 

Erosion and Landslide Hazards 	 Erosion hazard class in this soil unit
 
is rated as slight to moderate to mod
erate and sheet erosion as slight to
 
moderate. This unit falls under non
sliding territory.
 

3. Batase-Bhulbhule Soil (43.9 	km2 ) Ba-Bh
 

The Batase-Bhulbhule soil unit occurs in the southern part of the mapped
 

area on moderately steep to steep mountain slopes. The soils are mod

erately deep to deep, excessively drained and are made up of materials
 

derived from phyllite and schist. Texture varies from silt loam to
 

silty clay, altitude varies from 	500 to 1080 m.
 

Batase Soil - Altitude 	 720-1080 m.; Exposure: Variable. 

Surface Soil 	 Yellowish red to strong brown, firm,
 
clay loam to silty clay, few to many
 
rock fragments$ 20 cm. rtick.
 

Sub-Soil 	 Yellowish red to strong brown, firm,
 
gravelly silty clay to silty clay, few
 
to many rock frapentm, 50 cm. thick.
 

Substratum 	 Hay be hard rock of phyllite and schist
 
insitu.
 

Other Properties 	 Hoderate to slightly acid, mdium in
 
organic matter and nitrogen, high in
 
phosphorus and very high in potash.
 

Suitability
 

Agriculture 	 Moderate to highly suitable for miss,
 
millet# legume and upland paddy; poorly
 
suitable for lowland paddy, wheat,
 
barley and sugarcane.
 

HortiWjltur .	 Highly suitable for orchard development, 
suitable fruits and vegetables Include 
lemon, orange, ,papaya, banana pine
apple, mango ad soybean, bean 	and 
colocasis respectively. 

Pasture 	 Poor to moderately suitable for forage 
crops and trasins. 

forest 	 Moderately suitable for forest develop
- --- met. 



Bhulbhule Soil Altitude, 	 500-630 mi.; Exposure: Variable. 

Surface Soil 	 Dark brown to red, firm to friable,
 
silt loam to silty clay, few rock
 
fragments, 10 cm. thick.
 

Sub-Soil 	 Red to dark red, firm to friable,
 
silty clay to clay, many rock frag
ments, 80 cm. thick.
 

Substratum 	 May be hard rock in situ.
 

Other Properties 	 Strongly acid, medium in organic mat
ter and phosphorus, high in nitrogen
 
and potash.
 

Suitability
 

Agriculture 	 Poorly suitable for farming.
 

Horticulture 	 Poor to moderately suitable for or
chard development.
 

Pasture 	 Poor to moderately suitable for forage
 
crops and grazing.
 

Forestry 	 Highly suitable. About 80 percent area
 
is covered with the mixed forest mainly
 
of Shores robusta and Castanoysis indica.
 

Terracibility 	 Poor to unsuitable.
 

Limitations 	 Steep topography, susceptibility to
 
erosion, many rock fragments on or 
near 	the soil surface droughtiness
 
in vinter and strong acidity are major 
limitations. 

Erosion and Landslide Hazards 	 Erosion hazard class in this soil unit 
is classified as moderately high to 
hich and sheet erosion as moderately 
high. This unit falls under slightly 
sliding to moderately sliding territory. 

4. 	 Istase-hulbhue-Manakamna Soil (93.7 ke2) B-nh-

The Batase-Ihulbhule-anakana soil unit occurs to the southern part 

of the mapped area on moderately steep to steep to steep mountain 
slopes. These soils are shallow to moderately deep to deep# moderately 

well drained to excessively drained an are made up of soil materials 

derived from phyllite and schist. Texture varies from silt loas to 

silty clayl altitude varies from 500 to 1250 m. 

This soil has also beem described under mapping unit lata"e-

Bhulbhule (Ba-3h). 

This soil has also been described under mappifg Wt $&test-.
 

thulbiwale (Uamil).
 



Manakamana Soil -Altitude 


Surface Soil 


Sub-Soil 


Substratum 


Other Properties 


Stability
 

Agriculture 


Horticulture 


Pasture 


Forestry 


Terracibility 


Limitations 


Erosion and Landslide Hazards 


1250 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, 30 ca. thick.
 

Weathered phyllite.
 

Medium to slightly acid, high in or
ganic matter, nitrogen and phosphorus
 
and very high in potash.
 

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

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

Moderately suitable.
 

Moderately suitable.
 

Unsuitable to poorly suitable.
 

Droughtiness in dry seabon; moderately
 
steep to steep topography, risk of soil
 
erosion; occasionrl hailstors.
 

Erosion hazard class of this unit is 
rated as moderately high to high and 
sheet erosion as moderate to high. 
This unit is included in slightly 
eliding to moderately sliding territory. 

5. hhonetar Soil (Level) (39.3 kJ2) Ch1 

'his soil unit occurs along the Daraundi River In the southern part of 

the upped area on lower terraces and tars. These soil@ are moderately 

deept imperfectly drained and are made up of materials derived from 

phyllite, schist and quartaite. 

Surfacesial 


kutalus 

Otiher FIzaualui 

460 to 760 m.1 Exposures Variable# 
Dark reddish brown to dark red, silty
clay loam, few rock fragments, 50 cm. 
thick& 

May be hard rock to situ.
 
Strongly to medium acid, high In or-
Sanic matter and phosphorus and potash
and sodium In nitrogen. 

1/ Sources Division of Soil Science and Agricultural Chemistry, Xhumaltar.
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Suitability
 

Agriculture 	 Highly suitable for maize, sugarcana,
 
upland paddy, millet, black gram and
 
mustard.
 

Horticulture 	 Moderate to highly suitable for fruit
 
crops like mango, litchi, Jackfruit,
 
papaya and lemon, suitable vegetables
 
include radish and yams,
 

Pasture 	 Poor to moderately suitable.
 

Forestry 	 Poor to moderately suitable for forest
 
development.
 

Terracibility 	 Hoderately suitable.
 

Limitations 	 Droughtlness in winter; imperfect 
drainage; occasional hailstorms. 

Erosion and Landslide Hazards 	 Erosion hazard class of this unit is 
rated as moderately high to high and 
sheet erosion as moderate. This unit 
falls under non-sliding to sliding 
territory.
 

6, Chhenetar Soil (Rolling) (20.1 2 ) Ch-.r 

This soil unit occurs in the southern part of the mapped area in the 

right bank of Daraundi River on rolling terraces. The soils are
 

moderately deep, imperfectly drained and are made up of soil material
 

derived from phyllite, schist and quartzite.
 

Altitude 390 tO 781 n.; xposures Variable.
 

Surface Soil 	 Yellowish red to dark brown, friable 
to firm, gravelly silt loam to silty 
clay loam, few rock fragments, 10-20 
cm. thick. 

Sub-Soil 	 leddish brown to yellowish red, silty 
clay to clay, fev rock fraaents, 60 
co. thick. 

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

Other Properties 	 lghtly to strongly acid, low in 
organic metter, medium innitrogen

and high inphosphorus and potash.
 

Agriculture 	 Moderate to highly suitable for mais*, 
silletp mutr and soybea poorly
suitable for rice, wheat and sugarcane, 

Horticulture 	 Highly suitable for fruit plants like 
seos litchi, papaya, piasapple, 11e 
end irnoig moderately suitable 	for 
yegetablea such as legums, colocasia, 
radish and leafy vegetables. 
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Pasture 

* -

Forestry 


Terracibility 


Limitations 


Erosion and Landslide Hazards 


Moderate to highly suitable for range
 
managements*
 

Moderate to highly suitable. A feow
 
existing species are Shores robusta,
 
Castanopsis indica and Schima vallichii.
 

Unsuitable to poorly suitable.
 

Droughtiness in dry season, low in
 
organic matter, imperfect drainage, and
 
occasional hailsetorm are some of the
 
limitations.
 
Erosion hazard of this untii can be
 
classified as moderate to high and sheeot
 
erosion also falls in the same class.
 
This unit is included in slightly sliding
 
to moderately sliding territory.
 

7. 	Chhepetar-Bhulbhule Soil (52,ku2). Ch-.h 

The Chhepetar-Bhulbhule soil unit occurs in the southern part of the 

mapped area. 

Chhepstar Soils
 

These soils have been described under mapping unit, Cheepetar level
 

phase (Ch-L-Ph).
 

Bhulbhule Soils
 

These soils have been described under mapping unit Batase-Bhulbhule
 

(Ba-Bh). 

Terracibility 


Erosion &nd Landslide Haards 


S. Daraundi Soil (10#0 ka2) .Da 


Poor, to moderately suitable.
 

Erosion hasard lasss of this soil unit 
Is rated a moderately high to high and 
sheet erosion also falls in the same 
class. This unit falls under sliding 
to non-sliding territory. 

•
 

The Daraurdi soil unit occurs In the southern part of the mapped are 

* 	 adjacent to Daraundi fUyer on level flood plain. These soils are shal
low, poorly drained and are made up of soil materials derived from 
phyllite. 

Altiuds426 m.1 Exposures Variable# 
Surfac-SoilOlive grey, friable$ fine sand, many 

lb)fi2lL 

lubstratum 


rock 	fragments 10 om. thick.
 

Olive grey, yelowish red mottles, 
friable, long any rook fragments
20 cm. thick. mdu ocas 
M~ay be (a) light grey sdu ocas 
sand materials with many rock fragments 
(b)poorly sorted alluvial maerias 
from large. boulders through to silts 44 



Other Properties 


Suitability
 

Agriculture 


Horticulture 


Pasture 


Forest 


Terracibility 


Limitations 


Erosion and Landslide Hapzards 


9. Distra-Hanakamana Soil (76.6 km2 ). 

Slight to medium alkaline, low in
 
organic matter, medium in nitrogen,
 
high in phosphorus and potash.
 

Highly suitable for rice, wheat and
 
sugarcane; poor to unsuitable for
 
maize, millet and soybean.
 

Poorly suitable except for seasonal
 
vegetables like onion, garlic,
 
fenugrik, sometimes potato.
 

Poor to moderately suitable. Grazing
 
is common in winter season.
 

Poorly suitable.
 

Highly suitable.
 

Imperfect drainage, susceptibility to 
seasonal flooding, many rock fragments 
on or near the soil surface and low
moisture holding capacity are the main 
restriction.
 

Erosion hazard class of this soil unit 
is rated as moderate to high and sheet 
erosion as slight. This unit falls 
under non-sliding to slightly sliding 
territory. 

Di-Hn1 / 

The Digra-Kanakamana soil unit occurs in the central part of the mapped 

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

shallow to moderately deep, moderately well drained to well drained and 

are made up of materials derived mainly from schist and phyllite. 

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

1250 to 1650 u. 

Diam Soils - Altitude 1650 n.; Exposure tSouthwest 

Su.rface Sil Olive brown, very friable, silt loam, 
few rook frapents, 15-20 am, thick# 

Bb-Si + Dark brown, friable, lom, few rock 
fragments, 15-20 am. thick. 

substatum ay 'be hard rock tosituL. 

These soils have been described under mapping unit latase-Shulbhule-U'++++,+++.++ .. , ,+ +. . +r,++++++
Kaskamnas (BaSh-ft). 

I/ Sourest Divtin of Soil Science and Aricultural Chemitry, Xhumialtar.
 



Other Properties 

Suitability
 

Agriculture 


Horticulture 


Pasture 


Forestry 


Terracibility 


Limitations 


Erosion and Landslide Hazards 


Very 	strongly acid, very high in or
ganic matter and potash, high in
 
nitrogen and low in phosphorus.
 

Highly suitable for maize and mil
let; moderately suitable for barley,
 
wheat and potato; poorly suitable
 
for paddy.
 

Moderately suitable. Plum, pear and
 
citrus fruits are commonly grown in
 
the area.
 

Moderately suitable.
 

Moderate to highly suitable.
 

Poorly suitable.
 

Moderately steep to steep slope, risk
 
of soil erosion; droughtiness in winter,
 
requires irrigation for good crops;
 
relatively short growing season very 
strong acidity; low in phosphorus; 
occasional hailstorms. 

Erosion hazard of this unit ranges from
 
high to very high classes and sheet
 
erosion is rated high. This unit falls
 
under moderately sliding territory.
 

10. 	Manakamana-Bhoateni Soil (189.0 kim
2). Mn-Do1 / 

The Manakamana-Bhogteni soil unit occurs in the central part of the 

napped area on moderately steep to steep sloas. These soils are 

shallow to moderately deep well drained and are made up of materials 

derived mainly from schLst and phyllite. Soil texture varies from silt 

loan to silty clay loam, altitude varies from 1150 to 1250 a. 
Hanaamns Soiles
 

These soils have been described under mapping unit Batas*e-hulbhule-


Manakamana (-a-Bh-Hn). 
Ihosteni loils - Altitude 

Surfahe Sil 

Sub-SolL 


usa 


Other tfuertisl 


I/ 	Sources Division of Soil Science 

1150 	in.; Uposure: West. 

Oreyish brown, friable, silt lore, few 
rock fragments, 20 cm. thick. 

Grayish brown, firm, silt loan, few 
rook raenuts, 25 cmu. thick. 

May be hard rock of phylli ad schist 

Very strongly to medium acid, high in 

and Agricultural Chomistry, Khumaltar. 
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organic matter and nitrogen, medium in
 
phosphorus and very high in potash.
 

Suitability
 

Agriculture 	 Moderate to highly suitable for maize,
 
millet, mustard and potato; moderately
 
suitable for paddy and wheat.
 

Horticulture 	 Moderately suitable for citrus fruits
 
(lime, lemon and orange) and pear and
 
plum.
 

Pasture 	 Moderately suitable.
 

Forestry 	 Moderately suitable.
 

Terracibility 	 Poor to moderately suitable.
 

Limitations 	 Droughtiness in dry season; moderately
 
steep to steep slopes, risk of soil
 
erosion; occasional hailstorms.
 

Erosion and Landslide Hazards 	 Erosion hazard class of this unit
 
ranges from moderately high to high
 
and sheet erosion is rated as moderate
 
to high. This unit falls under slightly
 
sliding to moderately sliding territories.
 

11. Rautepani-Ampoplal Soil (66.2 knl), Ra-Ap
 

The Rautepani-Auppipal soil unit 	occurs in the southwest part of the
 

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

erately deep to deep, somewhat 	exce'sively drained and are made up of
 

soil materials derived mainly from phyllite and schist. Soil texture
 

varies from silt loam to clay loam, altitude varies from 650 to 1050 m.
 

Rampant Soils - -Aitude 	 630-1030 m.; Exposures Variable. 

Surface Soil 	 Dark brown, firm, loa/silt loam, few 
rock fragments, 10-15 cm. thick. 

sub-soil 	 Yellowish red to dark greyish brown, 
firm, silt loam to clay loam, few to 
many rock fragments 50 cm. thick or 
more* 

hktaum 	 May be hard rock of phyllite and schiat
 

Othe PropertisL 	 Medium acid, medium In organic matter 
and nitrogen, high In phosphorus 	 and 
very high inpotash. 

Agrieculture 	 Highly suitable for maize, millet, up
land paddy and black grm poorly 
suitable for lowland vice, nd sugarcane, 

Horticulture 	 Moderate to highlyo i table for f it 
crops such as orange, lime,lawon, pasaya-	

banaend pomegranate. Suitable vege
tables include radish,-~ 
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Pasture 	 Moderate to highly suitable for forage
 
and fodder trees.
 

Forestry 	 Moderately suitable.
 

Amppipal Soils Altitude 	 About 1000 m.; Exposure: Northwest.
 

Surface Soil 	 Very dark greyish brown, firm, loam,
 
many rock fragments, 6 cm. thick.
 

Sub-Soil 	 Dark brown to strong brown, very
 
friable, clay loam, many rock frag
ments, 45 cm. thick.
 

Substratum 	 Weathered schist in situ.
 

Other Properties 	 Very strongly to strongly acid, very
 
high in organic matter and potash,
 
high in nitrogen and medium In phos
phorus.
 

Suitability
 

Agriculture 	 Unsuitable for farming.
 

Horticulture 	 Poorly suitable.
 

Pasture 	 Moderately suitable for pasture.
 

Forestry 	 Highly suitable for forestry (about
 
90 percent of this unit is covered
 
by forest.
 

Terracibility 	 Poorly suitable.
 

Limitations 	 Moderately steep to steep topography,
 
susceptible to erosion, many rock
 
fragments on or near the soil surface,
 
droughtiness in dry season, occasional
 
hailstorms and strong acidity are the
 
main 	factors restricting its use.
 

Erosion and Landslide Hazards 	 Erosion hasard as well as sheet 
erosion class ranges from moderate to 
high. This unit falls under moderately 
sliding territory.
 

12. 	 Rangrunai-Auoa Sol& (18.4 1 2).RnA 

The Rangrung-Aupa sril unit occurs in the northern part of the mapped 

area on rolling to moderately steep to steep slopes. These solls are 

moderately deep, ,tell drained to somewhat excessively drained and are 

made up of materials derived from phyllite. Soil texture varies from 

loam to clay loam, altitude varies from 900 to 1980 a. 

Rnaruna oile- Altitude 900 to 1860 u.1 Exposurei Variable. 

lurfaSol 	 Dark brown to dark reddish btown,
friable, loa/silt loamp many rock 
fragments, 20cm. thick. 

sub-soi 	 Strong brown, friable to firm, loam 
to clay loam, many rock fragmenta, 
75cm. thick. 
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Substratum 


Other Properties 


Suitability
 

Agriculture 


Horticulture 


Pasture 


Forestry 


Aupa Soils
 

Terracibility 


Limitations 


Altitude 


Surface Soil 


Sub-Soil 


Substratum 


Other Propertior 


Suitability
 

Agriculture 


Horticulture 


Pasture 


Forestry 


-ay hyllite iniM be hard rock of--p tu 

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

Unsuitable for farming.
 

Poorly suitable for orchar6 development.
 

Poor to moderately suitable.
 

Highly suitable for forest development.
 
(This soil unit is mainly under forest.)
 

Poor to unsuitable.
 

Droughtiness in dry season, requires
 
irrigation for good crops; rolling to
 
moderately steep to steep slope, some
 
risk of soil erosion; many rock frag
ments on or near soil surface; oc
casional hailstorms.
 

1390 m.; Exposures Northwest to 	North.
 

Very dark grayish brown to dark yellow
ish brown, friable, gravelly silty loam,
 
many rock fragments, 20 cm. thick.
 

Very dark grayish brown to dark brown,
 
friable, loam/silt loam, many rock
 
fragments, 35 cm. thick.
 

Hay be brownish yellow, friable, loamy
 
sand materials with many rock fragments.
 

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

Hoderate to highly suitable for maize,
 
upland paddy, millet, barley, mustard,
 
soybean and sugarcane, major part of
 
this unit is under unirrigated cereals.
 

Moderately suitable for fruits such as
 
peach, plum, pear and walnut.
 

Moderate to highly suitable for pasture
 
and fodder trees plantation, but poorly
 
suitable for &razing.
 
Highly suitable for forestry, Major
 
area of this unit isunder forest trees
 
mainly of Rhododendron arboreum,
 

Erosion and Landslide Hazards 	 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
 
territories.
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1. 	 Tasa-Aupa Soil (32.2 km2), Ta-Au
 

The Tasa-Aupa soil unit occurs in the northern part of the mapped area
 

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

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

materials derlvcj from 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 Vi:ry dark greyish brown, friable, ]-,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 sugarcane.
 

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

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

Forestry 	 Moderately suitable.
 

Terracibility 	 Unsuitable.
 

Limitations 	 Moderately steel) to stee l) topography,
 
risk of soil erosion; droughtiness in
 
dry season, requires irrigation for 
good 	 crops; many rock fragments on or 
near 	 the qoil surface; occaqional 
hailstorms. 

Erosion and Lnndslide Hazards 	 Erosion hazard as well as sheet erosion 
class Is rated high. This unit falls 
under moderately sliding territory. 

14. 	 Tasn-Kaho Soil (0.0 km2) 'a-KI 

The Tnsa-Kabo soil unit occurs In northern part of the mapped area on 

moderately ot. ce p to steep slopes.. These soils are shallow to moderately 

deep, well drained and are made up of materials derived mainly from 
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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 1860 m.; Exposure: West.
 

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

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

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

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

Suitability
 

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

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

Pasture 	 Moderately suitable.
 

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

Terracibility 	 Unsuitable to poorly suitable.
 

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

Erosion and Landslide Hazards 	 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.
 

15. 	 Gyachok-Digra Soil (19.1 km
2 ), Gy-Di I/
 

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
 

1/ 	 Division of Soil Science and Agricultural Chemistry, Khumaltar.
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materials derived mainly from phyllite and schist. Soil 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 	 Dprk brown, massive, silt loam, few
 
rock fragments, 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 suit
able for paddy.
 

Horticulture 	 Moderatcly suitable.
 

Pastur-	 Moderate to highly suitable for pasture
 
and livestock farming.
 

Forestry 	 Moderately suitable.
 

Terracibility 	 Poor to unsuitable.
 

Limitations 	 Droughtiness in dry season; moderately
 
steep to steep topography, risk of soil
 
erosion; relatively short growing
 
season; very strong to extreme acit'ity;
 
occasional hailstorms.
 

16. Minor Soils
 

1. 	Kanelthok Soils (Km)
 

A moderately deep, moderately well drained soil developed on easy
 

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

Altitude 570-690 m.; Exposure: Variable.
 

Surface Soil Dark reddish brown to yellowish red,
 
friable to firm, silty clay, 	 many rock 
fragments, 10 cm. thick.
 

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

SubstraLum May 	be hard rock in situ,
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Other Properties 	 Strongly to slight acid, medium in
 
organic matter and phosphorus, and
 
high in potash.
 

Suitabilitv
 

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

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

Pasture 	 Moderately suitable for pasture de
velopment. 

Forestry 	 Highly suitable for forest management.
 

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

2. 	Tinmana Soil (Ti) 

A moderately deep, excessively drained soil developed on very steep 

slopes made up of soil materials derived mainly from quartzite. 

Altitude 1080 m.; Exposure: Northwest. 

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

Sub-Soil 	 Strong brown to dark reddinh brown,
 
very friable, loam to silt loam, few
 
rock fragments, 80 cm. thick.
 

Substratum 	 May be poorly sorted alluvial/colluvial
 
materials; from quartzite.
 

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

Sultabiltt 

Agriculture 	 Poor to moderately nuitable for farming. 

Horticulture 	 Moderately ulutable. 

Pasture 	 Moderate to highly suitable for fodder
 
trees and forage cropI but 	 poorly 
suitable for grazing due to very steep 
slopes. At pretient few opeclet. of 
fodder trees such ani 'IOn-inalallongifolla, 
Artocarput lnkoocha and L1tntea citrata 
are existing. 

Fora try 	 Moderate to highly sultablt, for re
forettnt ion. 

Limitation 	 Very steep topography, iusceptible to 
erosion; droughtinunn In dry season, 



88
 

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.
 

3. Gorakhakali 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 neutral 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 sugarcane. 

Horticulture 	 Moderately suitable for fruit plants 
such as peach, plum, pear, lime and 
lemon. Suitable vegetable; 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 exitLing forest specie; are 
.Quercu:. incana , Castanosis Indica, 
Rhododendron _Ep _, 1yonta ovalifolia. 

Limitations 	 Moderately ;teep topography, susceptible 
to eroslon, many rock fragments on or 
near the soil surface, deficiency of 
phonphorus are the main factors affecting 
use In farming. 

4. Belfiwara Soil (Be)9. 

A moderately deep, well drained soil developed on moderately steep 

slopetr ode up of soil materlaira derived from micaceouts and non

micaceous 1rch1st. 

Alt itudIe 630 m. ; Exposure: South. 

Surface Soil Dark 
rock 

brown, friable, loam, few 
fragments, 10 ci... thick. 

to many 
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Sub-Soil 	 Dark brown to strong brown, friable
 
loam to silty clay loam, few to many
 
rock fragments, 60 cm. thick.
 

Substratum 	 May be rock in situ.
 

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

Suitability
 

Agriculture 	 Poorly suitable for agriculture develop
ment.
 

Horticulture Poor to moderately suitable.
 

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

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

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

5. 	Kipat Soil (Ki)1 /
 

A deep, moderately well drained soil developed on moderately steep
 

slopes made up of soil materials derived mainly from phyllite and
 

schist.
 

Altitude 1350 m.; Exposure: South.
 

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

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

Sul-stratum Red to dark red weathered and semi
weathered phyllite.
 

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

Suitability
 

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

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

1/ 	Source: 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.
 

III. 	 GEOLOGY, EROSION AND TERRACEABILITY
 

GEOLOGY
 

1. 	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 (PR2dr): 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 minimum thickness 	of 1200 meters.
 

Khahare Suite (PR2kh): 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 (PR2Dr) 	 19.5 2.46
 

2. Khahare suite (PR2Kh) 170.8 21.48
 

3. Hilang suite (PR2Hl) 	 48.6 6.11
 

4. Okharbot suite (C2Ok) 474.8 59.72
 

5. Himal suite (C+O Hm) 	 81.3 10.23
 

TOTAL 	 795.0 1100.00
 

Hilang Suite (PR2Hl): 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.
 

Paleozoic 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 (C2Ok): 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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2. 	Structure
 

The geological structure of the area is dominated by a large anti

.

cline, the Gorkha anticline. The axis of the anticline strikes E 450
 

Numerous dip measurements indicate that both of the flanks of the anti

cline have an inclination of about 250 with loLal variations between
 

.
200 and 350 The southern flank is very gentle whereas the northern one
 

is generally 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 4nd
 

synclinal structures of the area are complicated by numerous sublbngi

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 component 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. 

3. 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 plateaus. 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 separateu Into two basinn--one of them covered the 

southern 	 part (the southern and the central part of the present catch

ment). 	 The other basin was shifted to the north. 

In the Khahare time of the same period, the Proterozoic basin wan; 

covering a little lesn of the project area than in the I)aram Lime. But 

the basin was as shallow as before and the sediments were slmilar. An 
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the uplifting of the northern flank of the Taku mega fault was proceeding,
 

the basin was shifted to the-lower side'. During-the Khaharetimea the
 

beach was shifted about 13 km. to the north.
 

The basin was reced~ng further in the Hiland time. It was warmer
 

than before, and hence organic and chemical carbonate as well as silt
 

material was settled at the bottom of the basin.
 

In the Cambrian and the Ordovician periods, the condition of sedi

mentation was similar to thct of the Hilang time, though the basin was
 

receding in dimension.
 

At last, in the Ordovician period, the water pool disappeared from
 

the territory.
 

The history of the central and the southern part of the area is un

known from the end of the Daram time to the beginning of the Okharbbt
 

time of the Cambrian period.
 

In the Okharbot time of the Cambrian period, the southern flank of
 

the mega fault was under water. It was a moderately shallow basin, where
 

sedimentation of silt material took place. At the same time the southern
 

flank of the mega fault started folding and a large anticline was formed
 

in Khanchok-Shrinathkot area. At the end of the Okharbot time, the
 

basin left the territory and shifted to the south of the southern bound

ary of the project area.
 

In the Cambrian period the area was folded many times (the exact
 

time of folding can not be estimated) and in being denuded up to the
 

present time.
 

The Daraundi River came after the form6bion of the snow-covered
 

mountains, the high Hymalayas, in the Cenozoic era. In the primary
 

stage it was fed by the ice cap, which covered the tops of the Himalayas
 

and malted under the high radiation of the sun.
 

The territory was highly influenced by the foldings of the
 

Himalayas, which occurred in the Tertiary period.
 

In the beginning, the Daraundi River was very insignificant because 

all its tributaries were fed by the melting of snow, and as the mountains 

were not then so high, they had a seasonal snow cover and limited snow. 

At that time the river followed a narrow, zig-zag path. As the mountains 

rose further, the accumulation of snow increased on the one hand and on 

the other the mountains started blocking the monsoon clouds, drifting 

to the north from the Bay of Bengal. 
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Later, the monsoon rains started in the territory, as a result
 

of which many seasonal rivers started to flow as tributaries to the
 

Daraundi River. Thus, its discharge increased. With the increment
 

of its discharge, this river together with its tributaries started
 

eroding the banks (with high erodibility) and Its present shape was
 

formed.
 

4. Geomorphology
 

The geomorphology of the watershed is mostly governed by the high
 

rate of precipitation in the monsoon and the soft silt cemented rocks
 

composing the territory.
 

The catchment iscomposed of the following geomorphological units:
 

I. Alluvial horizontal or slightly inclined terraces:
 

These terraces are located in Tarangar, Palungtar and Chhoprak
 

Panchayats, although small alluvial terraces are also found in Chairung,
 

Galkhur, Deurali and in other panchayats adjacent to the Daraundi River.
 

This unit is characterized by a high rate of bank erosion, although the
 

surface erosion in the area ismore or less checked by the slopes.
 

Rill and gulley erosion is common for this unit. The terraces are gen

erally covered by medium textured soil.
 

The total area of this unit in the Daraundi catchment is about 35.0
 

sq. km. which isapproximately 4.40 percent of the watershed.
 

II. Eluvial and colluvial rolling to moderately steep fans at the foot
 

slopes:
 

These fans are inclined to the alluvial terraces and the Daraundi
 

River. This unit is characterized by high to moderate sheet erosion.
 

Rills and gulleys are highly developed in the unit, depending upon the
 

relative relief. These fans, generally cultivated, are located inall
 

the panchayats of the catchment.
 

This unit is composed of colluvial, proluvial and eluvial soils.
 

These soils are generally medium textured, although heavy and light

textured soils are not uncommon. The unit has a thick to moderately
 

thick so.l cover.
 

I1. Eluvial. olluvial and proluvial horizontal-or sliahtly inclined
 

intermediate terracest
 

This unit is located inBarpak, Simjung, Oorkhakali, Palungtar,
 

Harmi, and other panchayats.
 

These terraces are moderate to highly eroded and small to medium
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landslides are common. This is because the soils lie over steep to
 

very steep slopes. Rill and gulley erosion is very comon in this unit.
 

Aolian process is one of the factors of sheet erosion in the dry season.
 

These terraces are either cultivated or are under growth.
 

The unit is characterized by deep to moderately deep soil cover.
 

IV. Eluvial steep to very steep slopes:
 

About 50 percent of the total area of the catchment is covered by
 

this unit, and this unit is located in all panchayats.
 

The unit lies between units 2 and 3 and units 3 and 5. In some
 

places, active landslides are occurring. Erosion in these slopes is
 

very high, although most of the slopes are under dense, natural forest.
 

These forests are the main source of firewood for the area. However,
 

further cutting of trees and bushes will greatly undermine the suitabil

ity of the slopes. Soil depth is very shallow in these slopes. Rocky
 

out-crops,as well as stone fallsare common in this unit.
 

V. Eluvial hish plateaus
 

These plateaus are very rare in the area. They are located In Barpak
 

and SimJung panchaysts. Accumulation of snow In winter is common on the
 

plateaus. The main agents of erosion of this unit are water, wind and
 

temperature.
 

VI. Snow covered mountains
 

These mountains are located in the far north of the watershed.
 

Eluvial, glacial, glaclo-fluvial and aolian processes are the main agents
 

of erosion.
 

Sliding of slopes can occur, only because of the weight of the ac

cumulated snow, which sometimes becomes unbearable for the rocks that
 

compose the mountains.
 

EROSION 

Erosion is one of the major problems of the Daraundi catchment. The 

"curse" of the area is the Daraundi River and its tributaries. Erosion is 

further triggered by 1ithology and heavy precipitation which causes floods 

and increases the erodibility of the rivers during the monsoons. 

Litholouay The litholosy of the area is represented by rocks of dif

ferent formations and suites, which are mainly composed of phyllites, 

schisty phyllites, phyllitic limestones, gritstonee, and sandstones. These 

rocks have different physical characteristic, and their erodibility depends
 

upon many factors, e.g., con.olidation and fracture, water balance and topography,
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Phyllite is the main lithological component of the project area. Small
 

. scale landslldes-are very common in- thse rocks. - Being soft, these rocks 

are highly erodible. Rill and gully erosion of the soil developed from this 

rock are very comon. When the soil dampens, its erodibility increases 

very fast and inmany cases It falls down under the action of gravity and Is 

washed away by streams. 

A number of large landslides have occurred in phyllites, especially in 

Harmi, Chhoprak, Shrinathkot and Barpak Panchayats. The process of karst 

formation ishighly developed in phyllitic limestones and limestones. 

Erodibility of all the rocks found in the area ishighly increased by 

the phyllites, which occurs in layers with all the other rocks. Lithologic

ally, the main agent of erosion is weathered phyllitic material, which it

self is highly erodible and weakens the other rocks in the territory. 

Soil Erosion: Soil erosion Is claosified as rill and Sully erosion,
 

bank and bottom erosion and sheet erosion. All these types of erosion are
 

highly developed In the project area.
 

Rill and Gully Erosion: Rills and gullies are common inall panchayats
 

of the project area. They are generally connected vith the high rate of
 

precipitation occurring in the watershed during the monsoon and the soft
 

silt-cemented rocks which compose the territory. Rills and gullies connected
 

with the malting of snow are found only at the northern end of the catchment
 

roea. 
Bank and Bottom rosiont These types of erosion ire connectod with the
 

river system of the watershed. The Daraundl Khola, the biplust river of
 

the area, has a number of tributaries. Some of the tributaries have peren

nial flow, although many of them are seasonal. The main rivers feeding the
 

Daraundi khola aret Shusundi, Ludi, Sirdi, Chhutki, and Ramruns. Although
 

these rivers have perennial flow, the discharge ioneglilible in dry periods.
 

AMonS the seasonal rivers the Pahiro khola and Khahare khola are notable.
 

n the vicinity of these seasonal rivers, a number of active landslides
 

occur. Since the Daraundi River flows scross the general trend of the rocks,
 

its bed isquite wide, which shows that bank erosion was very high in the
 

post. 

Sheet rosion: A sap of sheet erosion has been made (on the same basis
 

as the erosion map of the KulekhanL catchment)# which divided the territory
 

In three classes. This map is presented by Sheet No. Il, 12b. Table No. 1
 

shove the erosion condition of the different soil units of the watershed. 
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Table 1 -Erosion Condition Soils
 

Area sq. kmo Percentage of the
Units
Un____s__Area__q. kTotalArea
 

1. Highly erodible 551.6 69.39
 

2. Moderately erodible 196.3 24,69
 

3. Slightly urod~ble 41.2 5.18
 

4. Snow Covered 5.9 0.74
 

5.9 (0.74%) sq. km., which is covered by perpetual snow,is not taken
 

into account.
 

Erosion hazard classes: Using sheet erosion, bank erosio and land

slide erosion classes as parameters, the erosion hazard of the project
 

area is classified as very high, high, moderate and slight. Table No. 2
 

shows classification.
 

Table 2 - Erosion Hazard Classification
 

' Erosion Hazard
 
Sheet Erosion Bank Erosion Classes
Landslides 


1. Active Very high
 

2. Moderate I I High
 

3. Slight II Ii Moderate
 

4. Non-sliding III III Slight
 

On the basis of Table No. 2, a map of erosion hazard classes was pre

pared, which divides the whole watershed area into the following seven
 

groups (see Sheet No. IZIb, 13b).
 

I. Very hih erosion hazard: These areas are located in active sliding
 

territories. About 75 sq. km. (9.42) area of the catchment Is included
 

in this class.
 

II. Very hiah to hish erosion hazards Landslides are very conon in these
 

areas, sheet erosion as well as ril and gully erosion is high, and bank
 

erosion is high enough to cause landslides in the near future. About 19
 

sq. km. (2.40%) of the catchment is included in this class.
 

ni. High erosion hazards These areas are characterized by high bank and
 
sheet erosion as well as high rill and gully erosion. Active landslides
 

are rare and are of small masses. Approximtely 493.5 sq. km. (62.09%)
 

of the catchment isincluded inthis class,
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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 miderate rill and gully erosion. They are located in
 

slightly sliding territories. About 65 sq. km. (8.21%) 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. kn. (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 Very High to Moderate Moderate Slight to Slight
 

high high to high moderate
 

Ab 10- 30 30 10 20 -
Am - - - - 50 30 20 

- 10 60 15 15 - -Ba-Bh 
Ba-Bh-Mn - - 75 15 - 10 0 

Ch - - 75 15 10 - -
Ch - - 60 - 5 10 25 

- - 65 10 25 - -Ch-Bh 
Da - - 10 90 0 - 

- -Di-Mn 40 10 45 5 -

Mn-Bo - 5 60 15 20 - -

Ra-Ap 15 - 20 50 15 - 

30 10 60 - -- -Rn-Au 

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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Table 4 - Landslides and sheet erosion 

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 25 - SS-MS 75 25 - M-H 

Ba-Bh-Mn - 65 30 5 SS-MS 70 30 - M-H 

Ch.l - 20 25 55 NS-SS 35 15 50 M 

Ch.r - 60 25 15 SS-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-AS 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 

SS - Slightly sliding 
MS - Moderately sliding 
AS - Active sliding 

H - Highly eroded
 
M - Moderately eroded
 

S - Slightly eroded
 

.j/ 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 basis 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: In this territory active landslides with vol

ume of about 1,0000 cu. m. or more are found. These are very steep slopes
 

with inclinations varying from 56 to 80 percent and above. These areas need
 

immediate attention and protection.
 

II. 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.
 

III. 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 390 Poorly Suitable Unsuitable 

Slightly Sliding 160-360 Moderately Suitable Poorly Suitable 

Non-Sliding Below 160 Highly Suitable Modcrately Suitable 

This classification was checked by soil 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 

I. Highly Suitable: Approximately 38.84 sq. kins. (4.88%) 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
 

goil 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 (34.68%) of the Daraundi watershed falls
 

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

Conclusions and Recommendations
 

Conclusion: The areaF 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 frorn sliding or
 

to shift the inhabitants of the area to another safe 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 Hlarmi, Chhoprak, Amppipal and Palungtar Panchayat have
 

suffered from landslides. They need some protection from the slider in
 

the rainy season (these territories are actively sliding only in the
 

rainy season).
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d. 	 'Ifhe 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.
 

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

considered to be unsuitable for rice production. 

Maize and 
Millet: 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. 

Wheat: Soil units identified as highly suitable for wheat cultivation 

are Tasa, Daraundi and Panara. Kabo, Harmi and Kanelthok fall 

in a moderate to highly sui.table 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. 

Barley: 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. 

Potato: 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. 

Mustard: 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. 

Sugarcane: 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 soils 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.
 

to a limited extent in the Daraundi catch-
Buckwheat 	 Buckwheat is grown 


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
 

high in organic matter. Ch. 1, Da and Ph soil units are included
are medium to 


in a low organic matter category. The soils units containing medium amounts
 

Be, Bo, Ch. 1,
of organic matter are Ab, Am, Au, Ba, Bh, Go, Kn, Ra and Ta. 


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, Cb.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 soils are Ab, Be, Bh, Ch.l, 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.1) High Medium High High
 

10. 	 Chhepetar
 
rolling (Ch.r) Low Medium High High
 

11. 	 Daraundi (Da) Low Medium High High
 
12. 	 Digra (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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Table 7 - Fertilizer recommendation for various crops in
 

Daraundi Catchment Area (Kg/Ha) 

Crops Organic Manure N 1/ P205 1/ K20 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 

/ Joshy and Deo (1976). 

2/ Karki (1975). 
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If the fertility status of the soil with respect to a certain nutrient
 

is high, Laly 1/4 of the recommended dose is to be applied. If the nutrient
 

rating is medium, half of the recommended dose 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 in 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, colocasia and some other
 

common summer and winter vegetables are generally grown. Suitabilities for
 

horticultural crops have been worked out and are presented in the following
 

categories.
 

Highly suitable: The Batase and Chhepetar soil 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 is 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, Ampplpal and Rangrung.
 

Pasture
 

Moderate to highly suitable units for pasture development are Chhepetar 

(rolling phase) and Rutepanl. Forage and fodder crops could be grown in 

these areas. Amppipal, Manakamana, Digra and Bhogtenl 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, Manaka'lana, 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.
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APPENDIX I - DESCRIPTION OF SOILS AND ANALYTICAL DATA
 

Technical descriptions and available analytical data for the main soils rec

ognized in each mapping unit are presented in this sectton. Each soil is classi

fied in the terms of Soil Taxonomy: A Basic System of Soil Classification for
 

Making and Interpreting Soil Surveys, USDA, Agriculture Handbook No. 436. The
 

nomenclature of the USDA Soil Survey Manual (USDA, 1931) and the FAO Guidelines
 

for Soil Description (FAO, 1977) have been followdd.
 

Textural classes were worked out in terms of feel (USDA, 1951) and color
 

notation follows the Munsell Color Charts (1954). pH is determined in 1:1 soil
 

water ratio with pH meter and nitrogen by standard micro-kheldahl method. Avail

able P205 was determined colorimetrically by Bray's or Olsen's method depending
 

upon soil pH and potassium content was determined by flame photometer (Jackson,
 

M. L. 1962).
 

The classification of soils are mainly based on morphological description
 

of soils with a few analytical data available at the time writing. Therefore,
 

the classification is considered provisional.
 

1. Ambote Series
 

The Ambote series are poorly drained soils developed in recent alluvium.
 

It is on very gently undulating river terraces, mainly in rice and rabi crop
 

cultivation.
 

This soil is classified as coarse loamy, mixed, thermic family of Aquic
 

Dysteric Eutrochrept.
 

Typical Profile
 

Location: Site 2, topographic may 71D/8 near Thatipokharl Village,
 

Palungtar Panchayst, Gorkha Distvict.
 

Ap 0-11 cm 	 Grey (7.5 YR 6/1) dry; greyish brown (10 YR 5/2) noist; 

few fine prominent strong browi mottles; loaml sub

angular blocky, friable moist; non-sticky; non-plastic 

wet, very many fine roots, thin and broken cutans, few 

rock fragments, pH 5.5; abrupt smooth boundary. 

B21 11-26 cm 	 Greyish brown (10 YR 5/1) moist; many fine prominent 

strong brown mottlest non-sticky; non-plastic wet;
 

thin and broken cutans, few rock fragments, pH 6.00
 

gradual pH and weavy boundary.
 

B22 26-48 cm Grey (10 YR 5/1) moist; many fine prominent strong 

brown mottles; loam, subangular blocky friable moist; 



II B21 48-74 cm 


11 B22 74-87 cm 


Analytical Data:
 

Lab.
No. Hiorisou 
1 _ 

0 6 Ap 

0 7 3 21 

08 3 22 

0 9 11 321 

0 10 II 22 

2. Asachur Series
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non-sticky non-plastic wet; think patchy cutans; few
 

fine roots; few rock fragments; pH 6.2; abrupt smooth
 

.boundary.-


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

subangular blocky; friable moipt; non-sticky, non-plastic
 

wet; thick broken cutans; many rock fragments, pH 6.2;
 

clear smooth boundary.
 

Very dark greyish brown (10 YR 3/2) moist; few fine
 

strong brayw mottles; alit loam, massive; friable moist;
 

non-sticky, non-plastic wat; thin patchy cutans; many
 

rock fragments, pH 6.2.
 

Depth P 0 10K 

cmG p1 kgJh? ksba 

0.11cm 5.5 1100 682.5 

11.26cm 6.0 64.0 162.5 

26.4cm 6.2 32.0 292.5 

48.74cm 6.2 96.0 1102.5 

74.87cm 6.2 80.0 1495.0 

% C % N C/N, 

1.14 0.098 11.63 

0.95 0.063 15.01 


0.91 0.126 7.22 

0.43 0.098 4.38 


0.85 0.028 30.35 

0.M4
 

1.96 

1.63 

1.56 

0.73 

1.46 

A moderately deep, poorly drained soil developed on alluvium/colluvium *a

terials derived mainly from quartzite. 

This area Is flat to slightly undulating river terraces mainly in rice and 

crop cultivation. 

This soil i classified as sandy skeletal, mixed, thermic family of Muic 
lhtrochropt. 

Typical Profile 

Locationt Site 7, topographic my 71 D/8 near Palungar Panchayst 

orkha district 420 m. a.s.l.; southwest exposure. 

Ap 0-16 cm Grey (5 YR 5/1) dry; yellowish red (5 YR 1/8) moist; 



silt loam; subangular blocky firm moist; non-sticky
 

non-plastic wet; many fine roots; few rock fragments;
 

pH 5.4.
 

B2 16-29 cm 	 Yellowish red (5 YR 5/8) moist; dark greyish, few fine
 

mottles; silty loam; subangular blocky, friable moist;
 

non-stick, non-plastic wet; moderately thick and con

tinuous cutans; few very fine roots; many rock frag

ments; pH 6.7.
 

B3 29-88 cm 	 Brown to dark brown, (10 YR 4/3) moist; loam; weak sub

angular blocky breaking into fine grain, very friable
 

moist; non-stick non-plastic wet; very few very fine
 

rock fragments; pH 7.1.
 

Analytical Data:
 

Lab. Depth I P05 120
 
-No,. Horizon ah %LC .%ClL .
 

026 Ap 0.16 5.4 24.4 97.5 0.93 0.182 5.10 1.59
 

G 27 3 12 	 16-29 6.7 66.0 97.5 0.64 0.105 5.80 1.04
 

0 28 33 	 29-38 7.1 66.0 '227.5 0.07 0.042 1.66 0.12
 

3. 	 Amppipal Series
 

A moderately deep, somewhat excessively drained soil developed on moderately
 

steep to steep hill 	slopes made up of materials derived mainly from phyllite and
 

schist.
 

It is under a subtropical forest mainly of Schima wallichii, Castanop sis 

indica, lyonia ovalifolia. 

This soil is classified as a fine loamy mixed, thermic, family of Ultic 
Haplaudalf. 

Typical Prof~ile
 

Location: 	 Site 4, topographic map 71 D/12 Appipal Village, Gorkha 
district 100 m. a.s.lI Northwest exposure. 

01 2-0 cm Forest litter, mainly loose undecomposed leaves and twigs. 
A1 0-6 cm Very dark graylsh brown (10 YR 3/2) moist; loaml sub

angular blocky, friable moist non-sticky, non-plastic 

wet, many coarse to 	sodium roots, many rock fragments; 
pH 4.61j abruptismooth boundary.
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B1 6-48 cm 	 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; clear weavy boundary.
 

B2t 48-67 cm 	 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. 

Analytical Data:
 

Lab. 	 Depth P2 05 K20 

No. Horizon cm H kg/ha kq/ha % C % N ICLEL O.M.7 

0-6 4.6 33.0 	 2275.0 2.03 0.112 18.12 3.49
G 15 Al 


G 16 BI 6-48 5.2 33.0 195.0 1.22 0.196 6.22 2.0 

B2t 48-67 5.4 3.2 487.5 1.99 0.133 14.96 3,42
G 17 


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.
 

skeletal mixed mesic 	 family of HapludollicThis soil is classified as loamy 

Arent. 

Typical Profile 

Location: 	 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.
01 3-0 cm 


A 0-29 cm 	 Dark yellowish brown (10 YR 4/4) moist; silty loam; med

ium to coarse subangular blocky breaking into fine crumb; 

friable moist; non-sticky non-plnstlc wet; many fJne to 

medium roots; many rock fragments, p1l 6.0; clear wavy 

boundary. 

A3 29-74 Very dark greyish brown (10 YR 3/2) moist; silty loam; 

friable moist; non-sticky non-plastic wet; manymasslve; 


fine to c(..rse roots, nmny rock fragments; p1l 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 P20 K20 

No. Horizon cm PHa ki/ha C %N C/N O.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: Site 21, topographic map 72 A/9; near Batase Village,
 

Gorkha district, 1050 m. a.s.l.; Northeast exposure.
 

Ap 0-8 cm 	 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.
 

B21 8-18 cm 	 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.
 

B22 18-85 cm 	 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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Analytical Data:
 

Lab. 	 Depth P205 K20
 

No. Horizon cm pH klsha kg/ha % C %N C/N O.M.% 

G 79 Ap 0-8 5.8 1160.0 1487.5 1.097 10147 6.59 1.66
 

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 Series 
1/
 

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 Aguic (lithic)
 

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

Typical Profile 

Location Site GP 19, topographic map 71/D.12 near Nareshwar 

Bhogteni Village, Gorkha District, 1150 m. a.s.l.; 

west exposure. 

Ap 0-28 cm 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. 

B2t 20-43 cm Greyish brown (2.5 YR 5/2) moist; many medium distinct 

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. 

A b 43-65 cm 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. 

1/ Source: Division of soil science and Agricultural Chemistry Khumaltar
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Analytical Data:
 

Lab. Depth Org. Texture
 

No. Horizon cm pH -49tter% 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 Alb 43-65 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: Site 15, topographic map 71-D/12 near Khoplang, Gorkha
 

district 580 m. a.s.l. South to Southeast.
 

012-0 cm Forest litter, undercomposed twigs, and leaves.
 

A1 0-12 cm 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.
 

B2t 12-122+ cm 	 Red (2.5 YR 4/6) moist; silty clay; massive; friable
 

moist; slightly sticky, slightly plastic wet; many
 

coarse roots; many rock fragments; pH 5.5
 

Analytical Data:
 

Lab. Depth P2 05 KX0
 
No. Horizon cm PH kit ha % C % N C/N O.M.%
 

G 52 A15 0-12 5.4 33 260 1.10 0.252 4.36 1.89
 

G 53 B2t 12-122+ 5.5 11 195 0.45 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.l. South exposure.
 

01 2-0 cm 	 Forest litter, under composed twigs and leaves.
 

0-5 cm Dark brown (7.5 YR 4/4) moist; loam; weak subangular
A1 


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 fragmentj; pH 5.1; abrupt smooth boundary.
 

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.
 

B2t 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.
 

B22t 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; 	p11 5.2.
 

Analytical Data:
 

B1 


Lab. 	 Depth P205 K20
 

No. Horizon cm pH kg/ha kg/ha % C % N C/N O.M.%
 

G 1 Al 0-5 5.5 33.0 162.5 5.76 0.098 58.77 9.90 

G 2 A3 5-16 5.1 44.0 715.0 1.66 0.147 11.29 2.85 

G 3 BI 16-34 5.4 11.0 227.5 0.95 0.063 15.07 1.63 

G 4 B2t 34-79 5.1 11.0 1592.5 0.06 0.259 4.09 1.82 

G 5 B22t 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. 

A 1 0-10 cmP 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.
 

A 0-8 cm Olive grey (5 YR 5/2) moist; fine sand; non-plastic wet;
P
 

few fine roots; few rock fragments; p11 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; pHl 8.0; clear smooth boundary.
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IIC 2 23-36 cm Coarse sand; many rock fragments and boulders; clear
 

smooth boundary.
 

IC 2 36-46 cm Light grey (7.5 YR 7/0) moist; red prominent mottless;
 

sand, massive.
 

Analytical Data:
 

Lab. Depth P205 K20
 
No. Horizon cm pH kg/ha kg/ha % C % N C/N O.M.A
 

G 50 Ap 0-8 7.8 64.04 552.5 0,20 0.077 2.59 0.34
 

G 51 	 8-23 8.0 80.0 332.5 0.37 0.105 3.52 0.63
C1 


11. 	 Digra SeriesI!
 

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. These soils are related to Gorkhakali series (Umbric Dystrochrepts).
 

Typical Profile
 

Location: Site GP 5, topographic map 71 D/12 near Shertan Village
 

panchayat, Gorkha district, 1650 m. a.s.l.; Southeast
 

exposure.
 

Ap 0-16 cm 	 Olive brown (2.5 YR 4/4) moist; common medium faint
 

yellowish red mottles; structure not defined; very friable
 

moist; slightly sticky plastic wet; fine to medium roots
 

common; pH 4.8; clear and smooth boundary.
 

B2 16-67+ 	 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.
 

Analcical Data:
 

Lab. Depth 	 P051 K20 Texture Z/
 

No. 	 Horizon cm pH_ O.M.% N % k 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-C7r 5.0 2.03 0.101 50 451 56 24 20
 

I/ Source: Division of Soil Science and Agriculture Chemistry, Khumaltar.
 
2/ Texture was interpreted in terms of International System.
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12. Gorkhakali Series
 

A deep, well drained soil developed on moderately steep slopes made of soil
 

material derived from phyllite and schist. It is in a hill slope area cultivated
 

in maize and millet.
 

This soil is classified as coarse loamy, mixed, mesic family of Umbric Dystro

chrept.
 

Typical Profile
 

Location: Site 12, topographic map mainly 71 D/12 near Gorkhakali
 

Village, Gorkha district, 1501 m. a.s.l.; Northwest
 

exposure.
 

Ap 0-15 cm 	 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.
 

B21 15-36 cm 	 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.
 

B22 36-50 cm 	 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.
 

B23 50-110 Cm + 	 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.
 

Analytical Data
 

Lab. 	 Depth P205 K20
 

No. Horizon cm - pH ki/ha ha % C % N C/N O.M. 

G 41 Ap 10-15 5.5 220.0 32o5 0.87 0.161 5.40 1.49
 

G 42 B21 115-36 5.6 256.0 32.5 0,65 0.077 8,44 1,11
 

G 43 B22 36-50 5.6 272.0 32.5 0.48 0.077 6.23 0.82
 

G 44, B23 50-10D4 5.6 336.0 32o5 0.24 0.98 2.44 0.4
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13. 	 Ghyachuk Seriesi!
 

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

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

This soil is classified as fine, loamy, mixed, mesic family of Himic Haplu

dalfs. 	 These soils are related to Belswara series (Typic Haplaudalf).
 

Typical Profile
 

Location:
 

Ap 0-17 cm 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.
 

B2t 17-50+ cm Dark yellowish brown (10 YR 3/4); silty clay loam;
 

moderate + subangular blocky; thin cutans, few fine
 

roots; p11 5.1.
 

Analytical Data
 

Lab. Depth 	 P2 05 K20 Texture2 -

No. Horizon cm pH O.M.% N % ha kg/ha sand% bilt% clay%
 

Z 52 Ap 0-17 5.15 4.54 0.227 6 	 2043 36 40 24
 

Z 53 B2t 17-50+ 5.10 2.65 0.132 1 	 Very 34 36 30 
High 

14. 	 Harmi Series
 

A moderately deep, moderately well drained soil developed on rolling to mod

erately steep slopes made up of alluvium/colluvium soil material probably deri-ed
 

from phyllite and schist.
 

It is in a steep hill slope mainly used for rice, wheat and mustard.
 

This soil is classified as coarse loamy, mixed, thermic family of Aquic
 

Dysteric Eutrochrept. 

Typical Profile 

Location: Site 11, topographic map 71 D/12 Southwest near Harmi 

Village, Gorkha district, 1000 m. a.s.l.; 

Ap 0-15 cm Greyish biown (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; pl 5.7; abrupt
 

I/ Source: Division of Soil Science Agricultural Chemistry, Khumaltar
 
2/ Texture was interpreted in terms of international system.
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smooth boundary.
 

B2 15-31 cm 	 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.
 

C 31-80+ cm 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.
 

Analytical Data:
 

Lab. 	 Depth P205 K20
 

No. Horizon cm pH kg/ha kg/ha % C % N C/N O.M.%
 

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: Site 27, topographic map 71 D/16 near Kabo Gaun, Barak
 

Panchayat, Gorkha district, 1860 m. a.s.l.; West exposure.
 

Ap 0-11 cm 	 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; p1l 7.4, diffuse boundary.
 

B2 11-34 cm 	 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.
 

R 34+ cm Phyllite rocks.
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Analytical Data:
 

a.Depth P205 K 0
 

No. Horizon cm pH kh a % C 7.N C/N O.M.%
 

G 90 Ap 0-11 7.4 208.0 975.0 2.53 0.420 6.02 4.36
 

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: Site 3, topographic map, 71 D/8 near Palung Panchayat
 

Gorkha district, 590 m. a.s.l.; Southwest exposure.
 

Ap 0-7 cm 	 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.
 

B21t 7-14 cm 	 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; p11 6.2; 

clear smooth boundary. 

B22t 14-26 cm 	 Dark red (2.5 YR 3/6) moist; clay; subangular blocky tirm
 

moist; sticky plastic wet; patchy thin cutans; common
 

fine roots; few rock fragments; with prominent Fe and Mn
 

concretion.
 

B23 26-27 cm 	 Dark red (2.5 YR 3/6) moist; c]_ly; subangular blocky; 

firm moist; sticky plastic wet; thin broken cutans; few 

fine roots; few rock fragments with prominent Fe and 

Mn concretion.
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Analytical Data:
 

Lab., 
No. Horizon 

Depth 
cm 

P205 
kitha 

K20 
kithe C % N CIN .2.L 

G 11 Ap 0-7 7.5 33.0 455.0 1.02 0.217 4.70 1.75 

o 12 B21t 7-14 6.2 48.0 227.5 1.16 0.175 6.62 1.99 

0 13 B22t 14-26 .6.0 32.0 2925.0 1.08 0.175 6,17 1.85 

G 14 B23t 26-74 6.0 32.0 3575.0 1.72 0.14 12.28 2.95 

17. Kipat Series
 

Kipat series are moderately well drained soils developed on moderately steep
 

slopes made up of materials derived from phyllite and schist. It is mainly In
 

maize, millet, barley and up-land paddy cultivation.
 

Kipat series is classified as fine luamyt mixed, thermic family of Humic
 

Haplaudalfs. These soils are related to Beluwara series.
 

Typical Profile
 

Location: Site GP 2, topographic map 71 D/12 Harmi Village Pancha

yat, Kipat Village, Gorkha district, 675 m. a.s.l.:
 

Northwest exposure.
 

Ap 0-12 cm Dark brown (10 YR 4/3) moist; silt loam; not defined
 

structure, friable slightly sticky slightly plastic
 

wet; few rock fragments; fine roots common; pH 5.06;
 

clear smooth boundary.
 

B2t 12-63 cm Dark brown (10 YR 3/3) moist; silty loam; firm moderate
 

subangular blocky, slightly sticky plastic wett thick
 

cutans on vertical pod faces; few rock fragments; few
 

fine to medium roots pH 4.61 clear smooth boundary.
 

Alb 63-109 cm Very dark greyish browh (10 YR 3/2) moist; silty loam;
 

not defined structure; friable; sticky plastic wet;
 

thick patchy cutans; few rock fragments; few fine roots,
 

pH 4.65.
 

18. Hanakamana Series
1'
 

A shallov moderately deep, moderately yell drained soil developed on moderately
 

steep bench terraces made up of soil materials derived from schist and phyllite.
 

1/ Source: Division of Soil Science and Agricultural Chemistry, Khumaltar.
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The soil in classified as fine loamy, mixed, mesic family of Udc 

Haplustalfs. These soils are related to Chhepeta series (Ultic Hapludalfs).
 

Typical Profile
 

Location: Site OP 37, topographic map 7s A/9 near Kanaksmana
 

Village, Corkha district$ 1250 m. a.s.l,; south
 

exposure.
 

AP 0-12 cm Dark reddish brown (5YR 3/4) moist; silt loam;
 

structure not defined; friable moist; sticky plastic
 

wet; fine roots common; few rock fragment.; pH 6.45 

clear smooth boundary.
 

B21t 12-26 cm 	 Dark reddish brown (5 YR 3/4) moist; silty clay loam; 

fine + subangular blocky; firm moist; very sticky 

plastic wet; fine roots comon; few rock fragments; 

pH 6.45; clear smooth boundary. 

C 39-59 cm Red to dark red (2.5 YR 4/6-3/4) weathered and seat

weathered phyllite. 

Analytical Data: 

Depth P205 K20 Texture 2/ 
Lab No. Horizon (cm) pH O.1. NX KS/Ha K Unda slt% clay 

Z 131 Ap 	 0-12 6.45 2.64 0.132 216 978 46 30 24
 

Z 132 321t 12-26 6.60 1.51 0.075 44 925 33 27 40
 

Z 133 322t 26-39 6.45 0.90 0.045 34 688 39 29 32 

19. Psnara Series 

A moderately deep, well drained soil developed on rolling manade terraces 

made up of alluvium/colluvLum soil material probably derived from phyllite and 

schist. Itis a fan, manmde, terrace mainly used in maize; mllets, wheat, 

barley and potato. 

This soil to classified as fine loamy mixed, mosic family of NeOi 

2 1Texture wes interpreted in terms of International System. 
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-Typical.-Profile-


Location: 


Ap 0-17 cm 


B2t 17-54 cm 


Analytical Data
 

Lab No. Horizon 


G 100 Ap 


G 101 B2t 


L .
 

Site 31, topographic map 71-D/12 near Panara, Maucha
 

Barpak Panchayat 2030 m. a.s.l.; north exposure
 

Dark brown (7.5 YR 3/2) dry; loam; weak to medium
 

subangular blocky breaking into fine cruumb; friable
 

moist; slightly sticky, slightly plastic wet; few
 

fine roots, few rock fragments; pH 5.7; clear wavy
 

boundary.
 

Strong brown (7.5 YR 5/6) dry; clay loam; medium to
 

strong subangular blocky breaking into fine to
 

medium crumb; firm moist; slightly sticky, slightly
 

plastic wet; thin cutans with vertical ped-falses;
 

few fine roots; few rock fragments; pH 6.1.
 

Depth P2 05 K 0
 
(cm) pH" Kg/Ha Kg/Ha C% NX C/N O.M.
 

0"17 5.7 240.0 429.0 2.37 0..36 7.05 4.00
 

17-54 6.1 48.0 84.5 0.89 0.099 9.00 1.53
 

i L
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20. Phalade Series
 

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: Site 13, topographic map mainly A/9 71 D/12 near
 

Raniswara Village, Gorkha district; 825 m. a.s.l.;
 

Southeast exposure.
 

Ap 0-12 cm 	 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.
 

B2 1 12-26 cm 	 Olive (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.
 

B22 26-52 cm 	 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.
 

C 52-89+ cm Light brownish grey (2.5 YR 6/2) moist; sand; weathered
 

schist; pH 6.7.
 

Analytical Data:
 

Lab. 	 Depth P2 05 K20 

No, Horizon cm pH kgh kg/ha 7 C . N C/N O.M.7. 

G 47 Ap 0-12 5.6 144.0 32.5 0.36 0.098 3.67 0.61 

G 48 B21  	 12-20 7.0 48.0 32.5 0.23 0.063 3.65 0.39
 

26-52
G 49 B22  

C 52-89+ 6.7 48.0 32.5 0.14 0.077 1.81 0.24 
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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 used 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 Anppipal 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 fzagments; 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 cutans; common 

fine roots; few rock fragments; pH 5.7; clear smooth 

boundary. 

B t 25-29 cm 
22 

Dark brown (7.5 YR 4/4) moist; loam to clay loam: sub

angular blocky, 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 rock fragments 

with Fe and Mn concretion; pH 5.7; diffuse irregular 

boundary. 

IIB2t 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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Analytical Data
 

Lab. Depth P205 K20
 
No. orizon cm PH kgha kg/ha % C % N C/N O.M.%
 

G 18 Ap 0-10 5.5 110.0 1950.0 1.23 0.14 8.75 2.11
 

G 19 B21t 10-25 5.7 112.0 2080.0 1.19 0.091 13.07 2.04
 

G 20 B22t 25-59 5.6 64.0 715.0 1.17 0.112 10.14 2.0
 

C 21 B23t 59-105 5.7 80.0 1462.5 0.71 0.105 6.76 1.22
 

G 22 II B2t 105-111 5.8 80.0 130.0 0.51 0.51 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: Site 33, topographic may 71 D/12 near Ramrung Barpak
 

Panchayat, Gorkha district 901 m. a.s.l.; Northeast
 

exposure.
 

01 3-0 cm Forest litter, undercomposed twigs, leaves, barks and
 

mOSS.
 

A1 0-20 cm 	 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.
 

B2 20-81 cm 	 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; 'Lew rock fragments; pH 7.5
 

clear boundary.
 

B3 81-99 cm Strong brown (.5 YR 5/6) moist; loam; to medium to medium
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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.
 

Analytical Data:
 

Lab. No. Horizon Depth cm. pH 	 P2 05 K20 UC 7U C/N O.M.%
 

Kg/Ha Kg/Ha
 

G 104 Al 0-20 7.7 80 9o.0 1.41 0.140 20.07 2.43
 

G 105 B2 20-81 7.5 48 32.5 0.57 0.091 6.26 0.98
 

G 106 B2 81-99 7.6 80 45.5 1.62 0.70 23.1 2.79
 

23. Tasa Series
 

A deep moderately well drained soil developed on moderately steep slopes made
 

up of soil material derived from phyllite. 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 Eutrochrept.
 

Typical Profile
 

Location: Site 30, topographic map 71 D/12 - D/16 near Tasa Village,
 

Barpak Panchayat. Gorkha district, 1832 m. a.s.l.;
 

Southwest exposure.
 

Ap 0-11 cm 	 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.
 

B 11-34 cm 	 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.
 

A b 34-45 cm 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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IIB 45-61+ cm 	 Yellowish brown (10 YR 5/4) moist; yellowish brown thick
 

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:
 

Lab. No. Horizon Depth cm. pH P2 05 K2 a %C 7N C/N O.M.% 

I Kg/Ha Kg/Ha -I__ 

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 0.168 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 Series
 

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 schima wallichii
 

and Castanopsis indica.
 

This soil is classified as mixed coarse loamy, mixed, mesic family of Fluven

tic Dystrochrept.
 

Typical Profile
 

Location: Site 181 topographic map 72 A/9, near Taklungpani Vil

lage, Gorkha district. 1081 m. a.s.l.; Northwest ex

posure.
 

Ap 0-10 cm 	 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; p11 5.7; abrupt smooth boundary.
 

B1 10-23 cm 	 Dark reddish brown (5 YR 3/4) moist; loam; massive; very
 

friable iiioist; non-sticky non-plastic wet; common fine
 

to medium roots; few rock fragments; pH 5.3; abrupt smooth
 

boundary.
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B2 22-40 cm 


A b 40-73 cm 


B2 73-90+ cm 


Analytical Data:
 

Lab. No. Horizon 


G 68 Ap 


G 69 B1 


G 70 B2 


G 71 Alb 


G 72 B2
 

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
 

Depth cm. PH P2 05 K20 W W C/N O.M.%
 
Kg/Ha Kg/Ha I
 

0-10 5.7 64.0 97.5 1.54 0.119 12.94 2.64
 

10-23 5.3 99.0 32.5 1.92 0.168 12.42 3.30
 

23-40 5.4 121.0 19.5 1.10 0.091 12.08 1.89
 

40-73 5.2 242.0 19.5 1.92 0.252 7.6 3.30 

73-90+ 5.4 33.0 32.5 0.361 10.084 4.28 0.61
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CHAPTER IV
 

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 83026 ' and 83051 37" east longitude and 28020 21"
 

' 
and 28040 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 58% 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 extensi"e clearing and degradation of the native vegeta

tion.
 

http:incre.se
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Pasture: Pasture land comprises 17 percent of the project area. Alpine
 

meadows, suitable natural land for grazing animals, are found towards the
 

south of Dhaulagiri Himal at elevations between 3,500 and 5,000 m. Denuded
 

forest lands uied for grazing are widespread, and almost uniformly contri

bute to high rates of denudation. Barren soils, gullies and ravines, land

slide scars, and eroding stock trials all are found in abundance of heavily
 

grazed lands.
 

Agriculture: Cultivable lands cover about 36 percent of the total project
 

area. Irrigated terraces are found in the few places where the water sup

plies are adequate. These are relatively well maintained and water supplies
 

are generally limited, but irrigated terraces are found where water supplies
 

are adequate, present no major denudation problem. Maize, wheat, barley/
 

naked barley and potato are the important crops. Paddy is grown at lower
 

altitudes.
 

Miscellaneous: This includes 1 percent of snow covered land, 9 percent of
 

rock outcrops and 1 percent of "other."
 

Natural Vegetation
 

Natural vegetation has been described according to ecological map of
 

Annapurna-Dhaulagiri prepared by J. F. Dobremez and C. Jest (1970).
 

1. 	Subtropical Riverain Forest
 

This type of forest is found in a narrow belt starting from the
 

middle of Chasa and Dana and extending along the Kaligandaki River
 

up to Beni. The main vegetation consists of Alnus nevalensis,
 

Cedrella toona and Albizzia mllie.
 

2. 	Subtropical Wet Forest
 

This type of forest is encountered at altitudes between 1,000 .
 

and 2,000 m. with precipitation of more than 2,500 -. per year.
 

It is found towards the southern part of Rahughat Khola. The
 

main vegetation consists of Castanoysis indices, Schima wallichil
 

and Entelhardia spicata.
 

3. 	Temperate Forest
 

Temperate forests are situated between 200 m and 3000 or 3500 a.
 

with precipitation of less than 1000 mm. per year. The main vege

tation includes Rhododendron so, Quercus,sMecarpifolia, Onercus
 

lansuinosa, Ouarcus lamelloss, Abloe spectabilis and Aetula utilis.
 

4. 	Steppe
 

Alpine meadows exist towards the south of Dhaulagiri HLul at
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elevations between 3500 and 5000 m. The vegetation is composed
 

mainly of Graminaceas and Cyperraceae.
 

J1. GENERAL NATURE OF THE SOILS 

A. Hethodolosy 

Happing and Classification of the Soil$: For carrying out a general soil 

survey of the middle upper Kaligandaki catchmnt area (Myasdi district), a 

topographic map with a scale of 1: 63,360 and an ecological map of Annapurna-

Dhaulsgiri area (l1250,000) prepared by J. F. Dobree: and C. Jest (1970) 

were used as base maps. Soils were examined In soil pits and notes on topo

graphy, vegetation, geology and other physical features were recorded on 

field sheets. Use was made of a soil survey manual (USDA 1975) and FAO 

Guidelines for Soil Description (1977) during the field survey. 

Morphological characteristics are recognized by soil layers or hori

zons that differ in color, texture, structure, consistency, reaction, thick

ness or chemical analysis of soils. All soil profiles are compared with each
 

other and classified according to the USDA system (1975),
 

Descriptions of the mapping units are &Ivan in the following section 

(see 	Sheet No. 1, 11 C). 

B. 	Description of Mapping Units
 

1. 	 Dandakot- aulitunda-Toriyani Soil (Da-Ka-To) 

The Dandakot-Kauligaunda-Toripani soils occur in the southwestern part 

of the mapped area on rolling to moderately steep to steep slope. 

These soils are shallow to moderately deep, poorly to moderately well 

drained and are made up of materials derived mainly from schist, phyl

1Lte and slate. 

Dandkot Soil - Altitude 1200-1800 m.1 Exposures Northest. 

Surface Soil Very dark grey to very dark greyish 
brown, friable, loa/slit loam, 
10-15 ca. thick, many rock fragments. 

sub-soil Very dark greyish brown, friable, 
silt loam, 20-35 an. thick, may 
rock fragments. 

ubstrai n 	 May be greyish brown, silt loa ith 
many fragments of weathered schist 
and phyllite. 

Other ProSertie lightly aid, very high in organic,
matter, medium in nitrogen, high in 
phosphorus and potash. 

Agriculture 	 Unsuitable for farming. 
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Horticulture 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. 

Pasture Moderately suitable for forage crops 

and fodder trees; poorly suited for 
grazing. 

Forest Moderate to highly suitable for forest 
development. The main forest species 
are pinus roocburgie; Rhodedendron 
spp; Sch~wa wallichii, Castanopsis 
indica; Barberis amalica; Lynolia 
ovalifolium; Myrica ragi and Saroja 
nepalensis. 

Limitations Low water-holding capacity, moderatel5 
steep to steep topography, susceptible 
to erosion, droughtiness in winter 
season, rock fragments on or near the 
soil surface, slightly acid and oc
casional hailstorms are the main re
strictions o' these soils. Many 
soils of this unit are in a slidy 
position, which doesn't permit agri
culture. 

Kaulegaunda Soil - Altitude 1050-1400 m., Exposure: Variable. 

Surface Soil Dark greyish brown to very dark grey
ish brown, silt loam/loam, 10-15 cm. 
thick, many rock fragments. 

Sub-Soil Very dark greyish brown, loam, 
thick, many rock fragments. 

15 cm. 

Substratum May be dark brown, gravelly, loamy 
sand with many weathered schist 
fragments. 

Other _1roprtles Slightly acid, medium 
mutter, and nitrogen, 
phorus and potash. 

in organic 
high in phos-

Su I tab.flht 

Agriculture Poor to moderately 
and millet. 

suitable for maize 

Horticulture Poor to 
orange, 
fruit". 

moderately nuitable for 
banana, and other citrus 
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Pasture 	 Moderately suitable for fodder-trees,
 
poorly suited for gazing.
 

Forest 	 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.
 

Limitations 	 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.
 

Toripani Soil - Altitude 	 1650-1800 m. Exposure: South. 

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

Sub-Soil 	 Dark greyish brown to olive grey, firm,
 
silt loam, many rock fragments.
 

Substratum 	 May be hard rock in situ.
 

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

Suitab'lity
 

Agriculture 	 Highly suitable for wheat, maize and
 
potato, moderately suitable for rice
 
and poorly suitable for sugarcane. Some
 
improved varieties of wheat also are
 
introduced in these soils.
 

Horticulture 	 Moderately suitable fruits include
 
peach, plum, pears, citrus and suitable
 
vegetables are cole crops, radish,
 
tomato and colocasia.
 

Pasture 	 Moderately suitable for forage crops
 
and grazing.
 

Forest 	 Poorly suitable for forest development,
 
because the soils are under agriculture
 
farming and dense population.
 

Limitations 	 Limitations are moderately steep topi
graphy, droughtiness in winter seasoi,
 
susceptible to landslide and erosion;
 
rock fragments on or near the soil sir
face, medium acid and low productivity.
 

. Dhaskhore-Poon Hill Soils (Dh-Po) 

The Dashkhore-Poon Hill Soils occur in the east-west and northern part of
 

the mapped area on moderately steep to steep slopes. These soils are
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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-Soil 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 poLath,
 

high in phosphorus.
 

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 in.; Exposure: Southeast. 

Surface Soil 	 Very dark grey, friable, loam 10-15 cm.
 

thick, few rock fragments.
 

Sub-Soil 	 Dark grey, friable, loam 25 cm. thick,
 

many rock fragments.
 

Substratum 	 May be reddish yellow, gravelly, loam,
 

soil materials with mnny rock frag

ments.
 

Other Properties 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.
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Pasture 	 Highly suitable for forage crops,
 
grazing. At present wild grass lands
 
are available in this unit. These
 
soils are also suitable for range
 
management.
 

Forest 	 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.
 

Limitations 	 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.
 

3. 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 	 1800-2400 m. Exposure: Variable.
 

Surface Soil 	 Dark brown to very dark greyish brown,
 
friable, silt loam, 20-35 cm. thick,
 
many rock fragments.
 

Sub-Soil 	 Dark greyish brown to yellowish brown,
 
friable, sandy loam to silt loam, 30
 
cm. thick, many rock fragments.
 

Substratum 	 May be strong brown loamy sand with many
 
fragments of mica and schists.
 

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

Suitability
 

Agriculture 	 Moderate to highly suitable for maize,
 
millet, barley, naked barley and
 
potato. Poorly suited for rice and
 
sugarcare.
 

Horticulture 	 Moderate to highly suitable for peach,
 
plum, pear, walnut and apple. Recently
 
fruit plants are being distributed from
 
LAC, and farmers seem interested in
 
fruit growing. Suitable vegetables in
clude cauliflower, cabbage, knolkhnl,
 
aspalagus, radish, and broad-leaf
 
mustard.
 

Pasture 	 Poorly suited to pasture development.
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Forest 	 Poor to moderately suitable for forest
 
development.
 

Limitations 	 Many soils 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.
 

Sikha Soil - Altitude 	 1829-2134 m. Exposure: Northeast.
 

Surface Soil 	 Very dark grey to dark brown; firm;
 
gravelly silt loam; 15-35 cm. thick;
 
many rock fragments.
 

Sub-Soil 	 Dark greyish brown to dark reddish
 
brown; friable silt loam; 15-65 cm.
 
thick; few rock fragments.
 

Substratum 	 May be poorly sorted alluvial/colluvial
 
materials ranging from large boulders
 
to silt.
 

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

Suitability
 

Agriculture 	 Highly suitable for maize, millet,
 
naked barley and potato; unsuitable
 
for rice and sugarcane.
 

Horticulture 	 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.
 

Pasture 	 Poor to moderately suitable.
 

Forest 	 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.
 

Limitations 	 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 soil surface, medium acid in
 
reaction.
 

Nagi Soil I ! - Altitude 	 About 2300 m.; Exposure: 

1/ Source: Division of Soil Science and Agriculture Chemistry, Khumaltar.
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Surface Soil 	 Very dark greyish brown, friable, silt
 
loam, 10-15 cm. thick, few rock frag
ments.
 

Sub-Soil 	 Yellowish brown, firm, silty clay loam,
 
40 cm. thick, many rock fragments.
 

Substratum 	 Hard bed rock of schist in situ.
 

Other Properties 	 Medium acid, very high in phosphorus
 
and high in potash. (Organic matter
 
and nitrogen are not estimated.)
 

Suitability
 

Agriculture Highly suitable crops are maize, millet,
 
barley and wheat.
 

Horticulture Moderately suitable for peach, plum and
 
citrus fruits. The suitable vegetables
 
include cole crops, radish and broad
 
leaf mustard.
 

Pasture Poor to moderately suitable.
 

Forest Moderately suitable.
 

Limitations 	 Low waterholding capacity, acceptible
 
to erosion, many rock fragments on or
 
near the soil surface, medium in acid.
 

Pangdar Soill/ - Altitude 	 About 2300 m. Exposure:
 

Surface Soil 	 Olive grey, massive, loamy sand, 10-15
 
cm. thick, many rock fragments.
 

Sub-Soil 	 Olive grey, friable, silt loam, 25 c .
 
thick, many rock fragments.
 

Substratum 	 May be hard rock in situ.
 

Other Properties 	 Slightly acid, high in phosphorus and
 
potash. (Organic materials and nitro
gen are not estimated.)
 

Suitability
 

Agriculture Poor to moderately suitable.
 

Horticulture Moderately suitable.
 

Pasture 	 Highly suitable.
 

Limitations 	 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.
 

4. 	 Ghara-Toripani Soils (Gh-To)
 

The Ghara-Toripani soils occur along the Kaligandaki River of the catch

ment area on moderately steep bench terraces. These soils are moderately
 

l/ Source: Division of Soil Science and Agriculture Chemistry, Khumaltar.
 



145 

deep, somewhat poorly drained and are made up of materials derived
 

mainly from schist, phyllite and slate.
 

Altitude 


Surface Soil 


Sub-Soil 


Substratum 


Other Properties 


Suitability
 

Agriculture 


Horticulture 


Pasture 


Forest 


Limitations 


III. 	 GEOLOGY AND EROSION
 

GEOLOGY
 

1. Stratigraphy
 

About 	1500 m. Exposure: Northeast.
 

Dark grey, friable, silt loam, 10-15
 
cm. thick, many rock fragments.
 

Greyish brown, friable, silt loam,
 
20 cm. thick, very many rock frag
ments.
 

May be aard rock in situ derived
 
mainly from schist and phyllite.
 

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

Poor to moderately suitable for farm
ing. At present, the ex2..ting crops
 
are paddy, maize and wheat. Due to the
 
agricultural practices many soils of
 
this unit are susceptible to landslide
 
and erosion.
 

Poorly suitable for orchard development
 
and unsuitable for vegetables.
 

Poor to moderately suitable for pasture
 
development; unsuitable for grazing.
 

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.
 

Many soil 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.
 

Metamorphosed sedimentary rocks of Proterozoic and Paleozoic 

groups compose the project area (Sheet No. II, 6c). 

The area covered by different geological units and the percentage of the 

total area of the watershed covered by the units and their occurrence in 

different panchayats is 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 (P2gl): 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 (P2kh): 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 moderatzly 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 (P2111): 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 yelloi 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 (;roup 

Paleozolc rocks in the lower Kaligandak] catchment areas are found
 

in the northern part. This group Is composed of rocks belonging to 

Cambrian, Ordovician, Silurian and Devonian systems. 

Cambrian and OrdovActnn qy:;tem; 

|limal Suite (C40hm): The 1llmal suite Is represented by grey granitized 

schitits nnd quartzltes with bands of limeutonen. These rocks are high 
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Table 1
 

Areas and percentages of different geological units of middle
 

of upper-Kaligandaki watershed.
 

Geological Units Area in sq.km. 

1. Galang suite (PR2gl) 38.25 

2. Khahare suite (PR2kh) 256.04 

3. Hilang suite (PR2hl) 81.23 

4. Himal suite(C+Ohm) 421.6 

5. Silurian system (S) 62.7 

6. Devonian system (D) 71.6 

7. Recent alluvium 
(IVal) 12.54 

Total 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 rocks 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.
 

2. 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 20o-25* with local variations between 150 to 350.
 

Pipale anticline has a very steep northern flank, whereas its
 

southern flank is almost flat. The average inclination of the northern
 

-
flank is about 35o-40' with local variations from 200 to 250 up to 70*
 

750 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.
 

3. 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 e= isting 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 Ifilang 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 th,3e of Hilang time, but it was more
 

shallow at the upper part of the continental shelf, where sedimentation
 

of coarse 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 Lonstant 

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 ctosely 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 high 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 arva 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 - Sheet Erosion Classification
 

Land use, I 
Pasture , Forest Cultivated area 

Slope (Range)
 
CLASS IV 

Below 50
 

50 - 160 CLASS III CLASS II 

I , 
I I 

160 250 CLASS III CLASS 1CSS1 

Above 250 ' CLASS II 

Table 3 presents the areas covered by different erosion classes and
 

the percentage of the total area of the watershed. 

Rill and gully erosion: Rills and gullies are highly developed in 

the watershed. The main causes of this type of erosion are the high 

average annual precipitation, general high relief, steep i,;lope-!i and snow

capped mountain!. of the catchment. The rilli. and gull ie- of the, area are 

generally very deep. Their denIlty in steep slopell ia high In comparison 

to that in rolling to moderately steep tilopes. In th( fans1, they are 

generally wide and shallow. Perennial melLiug of snow iN Oe of the main 

causes of the rill and gullien. 
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Table 3 - Area and Percentages of Different Erosion Classes
 

Percent of +
 

Class I - Highly eroded 430.13 45.57 

Class 11-High to moderately
 
eroded 229.37 24.30
 

Class I1-Moderate to
 

slightly eroded 53.38 5.66
 

Class IV-Slightly eroded 14.38 1.52
 

Rock out crops 25.15 2.66
 

Snow covered area 191.55 20,29
 
-I
 

Total 943.96 100
 

Bank and bottom erosion: Bottom erosion In the watershed Is, though
 

prominent, not of great Importance. Since the rivers flow on the bed

rocks, it is not noticeable.
 

Bank erosion is very high along some rivers of the watershed. Very
 

often it has been the main cause of landslides. The ain river of the
 

area is that of Kaligandaki, which iomuch larger in Myagdi than In Mus

tang District. In the Middle-Upper-Kaligandaki watershed, It Is tributed
 

by a number of perennial rivers such as Rahughat, Sansar, Pandar, Dhasko 

Khahare, Char, Chalell, Beg, Chatte, etc. These rivers are generally 

narrow, steep, deep and very often they form gorges. They have &.high 

current and hence cause much erosion. The discharge in these rivers does 

not remain constant, but changes according to the seasono reaching its 

maximum In sumer. Some active landslides are connected vith bank erosion 

of the watershed. The Kaligandaki River flows across the general trend 

of the rocks and has a wide riverbed. 

Landslides: Landslides of small masses are very coon in the 

catchment. They are generally connected with the high rate of precipi

tation during the rainy season. In the high mountais, landslides are 

connected with the over-accumulation of snow but these landslides are 

not dangerous for the terrain as they are located far from the culti

vated areas and villages. Snowslides are very coion at the higher alti

tudes. The main reason for the development of active landslides inthe 
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lower as well as the intermediate altitudes is deforestation.
 

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 oil 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, )otential land

slide is 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 activated ater 1961 A.I). 

An active landslide is also located at the left bank of Gar Khola,
 

at tie meeting point of Dhaske Khahare Kho,2 and Car Khola in Sikha 

Adarsha Panchayat. Its 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 is dangerous 

for the cultivated areas 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 village!; 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 Is very dangerous for the villages. Among such rivers is a 

seasonal river In the vicinity of Char Village, which is very steep and 

wide. It brings a lot of stones and boulders with it after every rain

fall, very often demolishing houses and causing numerous slides in the 

cultivated area of the village. 

In hanchinyats other than Sikha Adarsha, no bedrock sliding had been 

noticr-, thoughi i;mll landslides In the alluvial soils are common 

throughout the catchment area. 

A map of landslides In made on the basis of slope, lithology, relief, 

land use and thv ohlervationsi f the Soil and Geological Survey Team of 

APHOSC In ti spring of 1979. This map is Fresented In Sheet oNo.IV, lOc. 

The clnnitification of the territory Is shown in Table 4. 
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Table 4 - Landslide Classification
 

Rock Classes Highly erodable erodable
 
Slope
 

Above 360 I V += I ( F + P) 

25 - 36 ' II 'C (F + P)
 

1C.'o -25. 
I 

C ( F+P) 
I

C III (F + p) 

Below 160 'C IV (F + P)
 
r 

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 - Pasture 

F - Forest 
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Table 5 - Area Under Different Landslide Classes
 

Area, Percent of 
Units sq. kim. 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: Tile following are conclusions on erosion of the project area:
 

a. 	 Tile 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 average annual precipitation. 

c. 	 Active landslides are 1penerally located In Slkha Adarsha Panchayat along 

the Char Khola River. Although these are not large mantnes, they are 

dangerous for villagers a; well as for the cultivated areas. 

Recommendat ion,;: In vitw of all thene factorii, the followiny are recommended 

in the projtct area: 

a. 	 Connidering the Ii gh eros lon hazard, deforertation should bIhe prohibited. 

b. 	 Ilighly eroded slopes tihould be reforested to (hecreame eronlo1a hazard. 

c. 	 Meamures hould he t aken to protect the arts adj.acetnt to actilye land

alides. AforentatLion fi recommended for thits putrpo.. 

d. 	 l~Hnnkmviat, should he conttructed along the rfvers with high bank eroion, 

anlaetnlly nlong the Ghnr Rhola River in .i klm Adnrthn i'nchnynt. 
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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.
 

IV. 	 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
 

Charsoona 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
 

Kaulegaunda and the highly suitable soil units are Charsoona, Sikha and Nagi.
 

Barley: The Dandakot, Kauligaunda-Toripani, Dhaskhore-Poon Hill,
 

Ghara-Toripani Pangdar and soils are unsuitable for barley cultivation. The 

f-iartoona, Sikha Nagi soils are highly suitable for barley. 

Wheat: The Dandakot-Kaulegaunda, Dhaskhore-Poon lill, Gharsoona-Sikha 

and 	 Pangdar soll; are un,;uitable for wheat. The highly sulftable soils .or 

wheat are the Ghara T'oripani and Nagi. 

Naked 	Barley : The Dandakot, Kanl eganda-Toripani, Dhaskhore-P'oon Hill 

Ghana-Tor ipant Nagi, Pangdar and Nag i are tnstltable for nak(d barley. The 

sutable noll unit s for naked barley are (harsoonm and SiTha. 

Potato: The, Dandakot, Kanlegatinda, l)hiankhore-Il'oon 11111 Ghmara, Nagi and 

Pangdar nollti ari' untuitnlleb, for potato. Tht nuitable soll ionIft are the 

Gharnoona SIkha and Toripnt. 

Ilort icul tori, 

Tih. htnrta nnd I'oon i111 noila nre poorly oilted 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 suitable for pasture de

velopment but the Kaulegaunda soils are poorly suited for grazing. The highly
 

suitable soil 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 pK.
 

The Poon-Hill soils are strongly acid in reaction. The Toripani and
 

Sikha-Nagi soil have medium acidity. The Dandakot, Ghara, Gharsoona-Pangdar
 

soil, are slightly acid. The Dhaskhore soils are neutral in pil.
 

Tile organic matter content of the soils varies from medium to high and 

very high. The Dhaskhore-Kanlegaunda soils are medium in organic matter. 

The Chara-Torlpani, Gharsoona-Sikha, and Poon-llill soils are high and very 

high in the organic matter content. 

Tile nitrogen content in the soils varies from medium to high. Tile Danda

kot, Kaulegaunda-Toripani Ghara-Toripani, Dhankhore-Gharsoona and Sikha-1'anzdOr 

soiln are medIurm to high in nitrogen. The amount of phosphorus varIl.-I from 

medium to high and very high. The Ghara and Gharnoona noils are medium in 

phonphorun. lle 1andnkot-Kaulegaunda-TorIpan I, Poon-Ilill and Sikha and Pangdar 

sollo are high and the Dhanikhore nnd Nagi soils tire very high in pho, phorun 

contint . 



158
 

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 O.M. N P205 K2 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 Medium High Low 

Nagi, Na. Med.acidic - Very high High 

Toripani, To Med. acid High High High Medium 

Sikha, Si Med. acid High High High Medium 
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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 is 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 p1l, and potassium
 

by flame photometer (Jackson, M. L. 1962).
 

The classification of soils are mainly based on morphological description of
 

soils 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. In 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 steep bench terraces made up of soil materials derived mainly 

from slate, schist and phyllite. It is under a forest. vegetation consisting of 

Pinus roxburg , Rhododendron Sppl,., Schr na Wall chl , Ca.,taio, ~isI,; ind(ca, Barberis 

asiatica, lyno lia ovallfollum, MSarcanaZI, )ra Ne )a1 viies_, , Irr,;, etc. This 

soil is classifled as a loamy t;keletal, mixed, mesic family of Mol_11 oSl. 

Typical Profile
 

Location: Site 8, near Toripani Village, Ghatan |anchayat 1920 m.
 

a. .1.; Northeast expoiire. 

0 2-0 cm Raw aind dvcotll(!l:iny l4-al and pllnt remain;. 

A 0-13 cm Brown (10 YR 5/3) dry, very dnark gr.yltli brown (10 YR 3/2) 

moi t iif t loam; w(.,il, to .ed l un tuhi gau1.ular blocky brunking 

into fine medium (r t-lil); mo rit; til ightly rtickyto 1rable 

non-pint it: w4.t ; misny rock f ragmel is; tahuiidant m,dIum to 

coartie roots ; p1l 62; ablt'upt s1"00oth houldary, 
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B 13-32 cm 	 Brown (10 YR 5/3) dry, very dark greyish brown (10 YR 3/2)
 

moist silt loam; single grain, slightly sticky non-plastic
 

wet; many rock fragments; abundant medium to coarse roots;
 

pH 61, clear smooth 	boundary.
 

Analytical Data
 

Lab. Horizon Depth pH P20 " 0 .% 0.0 % N C/N 0qH%
 

I cmj K e/ a rk s ~ ae o " 


M119 A1 	 2-0
 
0-13 6.2 176.0 149.5 2.06 0.126 16.34 3.54
 

M 20 B 13.32 6.1 112.0 32.5 1.01 0.119 8.48 1.73
 

C 32-62
 

2. Dhaukhore Series
 

This series is moderately deep, moderately well drained soil developed on steep
 

slope made of soil materials derived mainly from schist and phyllite. It is under
 

a forest vegetation 	dominantly of Ouercus semecarpifolita, Rhododendron arboreum
 

and Barberis asiatica.
 

This soil is classified as a loamy skeletal, mixed, frigid family of Inceptisol.
 

Typical Profile
 

Locations Site 4, near Dhaskhors Danda, Sikha Panchayet 2745 m. 
as.l.; Southwest exposure. 

01 3-0 cm 	 Decomposing loaf and twigs.
 

A1 0-10 cm 	 Dark brown (10 YR. 3/3) moist; loam; masuivel very friable 

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

medium to coarse roots coInoa; pi 51, clear smooth boundary. 

B 10-28 cm 	 Dark brown (10 YR 4/3) moist; silt I*h massive; friable 

moist; non-sticky, non-plastic wet; many rock fragents; 

medium to coarse roots cooa; pHs abrupt smooth boundary. 

C 28-59 cm 	 Browash yellow (10 YR 6/6) moist; very fine sandy 1oah to 

ARM; massive, friable moist; non-sticky, non-plastic wet; 
very many rock frsagmnts of weathered schisto few coarse 
roots; pH 58.
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Analytical Data
 

Lab.'
 

No. Horizon Depth pH P20 K 0 % C % N C/N O.M
 cm kg/[a kg~il
 

0 01 3-0
 

H 10 Al 0-10 5.1 88.0 134.0 2.64 0.14 18.85 4.54
 

H 11 B 10-28 5.4 220.0 91.0 1.96 0.315 6.22 3.37
 

H 12 C 28-59 5.8 96.0 26.0 0.76 0.035 21.71 1.30
 

3. Ghara Series
 

This sericb 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. These soils are mainly in maize, wheat and paddy cultiva

tion.
 

The Gharn series is classified as a loamy skeletal mixed, thermic family of
 

Entisol.
 

Typical Profile
 

Location: Site 1, near ;hara Goun, Sikha Adarsa Panchayat, 1520 m.
 

a.s.l.; Northeast exposure.
 

Ap 0-14 cm Dark olive p,oy (5 YR 3/2) dry, dark grey (5 YR 4/1)
 

moist; silt loam; mas liv, friable moist; slightly
 

sticky, slightly plristic w(.t; many rock fragments; fine
 

to mediumn rootsi common, p11 69; clear wavy boundary.
 

Ac 14-44+ cm Greyinh brown (2.5 YR 5/2) moist; rany dit tintct fine 

and medium redditih brovn mottles; silt loam; matssiive 

weak, fr able mokit ; blightly fiticky, tI lgh! ly plastic 

wet; very maniy rock fragmentr of weathered phyllite and 

schists; Ilae to miedium root,; commoni; pill70. 
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Analytical Data
 

Lab P9 K 0
 
No. Horizon Depth cm pH kg a kglha % C % N C/N O.M %
 

M 1 Ap 0-14 6.9 64.0 19.5 1.06 0.154 6.88 1.82
 

M 2 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
 

steep 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: Site 3, near Dhase Khore Village, Sikha Panchayat, 

2130 m. a.s.l.; Southeast exposure. 

Ap 0-19 cm Very dark grey (10 YR 3/1) moist; loamy sand; massive; 

friable moist; non-;tlcky, non-plastic wet; many rock 

fragments; abundant fine to medium roots; p1l 62; dif

fuse boundary. 

A3 19-69 cm Very dark greylsh brown (10 YR 3/2) moist: sandy loam; 

frlablv, mot,;t; weak to medium ;ubangular blocky breaking 

into fii., crumb; non-s;ticky, non-plastic wet; many 

rock fra .!,nt.;; fine rootts common p11 63; clear broken 

boundary. 

C 69-95+ cm Strong brows (7.5 NIt ')/H) :ro 1t ; 1atVnV _ 11nd11 ; mas ive ; 

noi.-sticky, non-pl,;tI, wet; very many rock fragmentti 

oi wcatho-red tichltt; conc ret.iont problnbly of Fe and Mn,; 

pH 63. 
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Analytical Data
 

Lab. Depth P2 0_ K 0
 
No. Horizon cm pH kg/ia kgha % C % N C/N O.M %
 

i 7 Ap 0-19 6.2 160.0 253.5 1.87 0.21 8.90 3.21
 

H 8 A3 19-69 6.3 144.0 221.0 0.96 0.147 6.53 1.65 

H 9 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 cultivation.
 

This soil series is 	classified as a loamy skeletal, mixed, thermic family in
 

Entisol.
 

Typicl Profile
 

Location: Site 7, near Kaulegaunda, Ghatan Panchayat, 1540 m.
 

a.s.l.; Southeast exposure.
 

Ap 0-10 cm 	 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;
 

pl! 66; clear wavy boundary.
 

B 10-25 cm 	 Greyish brown (10 YR 5/2) dry, very dark greyish brown 

(10 YR 3/2) molst; loam; mastsive; slightly sticky, non

plastic wet; many rock fragmentn, few fine roots; pHl 64; 

abrupt boundary. 

C 25+ cm May be loamy sand matrials with many fragments
 

Analytical ata
 

Lab. Depth 	 0 K 0 

o." %No. Horiton cm pit kg lh kg~hn %C % N C/N 

M 17 Ap 1-10 6.6 320.0 617.5 1,44 0.168 8.57 2.47
 

H 17 B 10-25 6.4 128.0 221.0 0.53 0.098 5.40 0.91
 

- -I 	 - I-I-I 
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6. Pangdar Series
 

Thisseries-is-a moderately-deep, moderately-well-drained-soil developed-on steep:

slope made up of soil materials derived mainly from schist. These soils are mainly
 

in maize, wheat, barley and millet cultivation.
 

This soil classified as coarse loamy, mixed, mesic family of Alfisol.
 

Typical Profile
 

Location: Site 5, near Pangdar Village, Sikha Panchayat., 2409 m.
 

a.s.l.
 

AP 0-0 cm 	 Olive grey (5 YR 4/2) moist, loamy sand; massive; friable
 

moists slightly sticky non-plastic wet; many rock frag

ments; pH 6.4: abrupt smouth boundary.
 

B21 9-33 cm 	 Olive grey (5 YR 4/2) moist; silt loam; friable moist;
 

granular, slightly sticky non-plastic wet; many rock frag

ments; pH 6.5; abrupt smooth boundary.
 

B22 33-53cm 	 OlivU (5YR 5/3) brown (7.5 YR 5/4) moist; silt loam;
 

friable moist; weak subangular blocky; slightly sticky,
 

slightly plastic wet; very many rock fragments, pH 6.9.
 

Analytical Data
 

Lab. Depth kg05 KiO C/ 0.)
 
No. Horizon cm pH 05 ha
 

580 Ap 0-9 6.4 15.46 

581 321 9-33 6.5 6.18 80.64 

582 22 3353 69 19.58 59,131 

Source: Division of Soil Science and Agricultural Chemistry, Khumaltar. 

7. Poon Hill Series
 

This series is a deep, moderately well drained soil developed on moderately 

steep slopes made up of soil material derived mainly of phyllite and schist. 

These soils are under a forest vegetation predominantly of Ahiss, Spectebilis, 

khododendron *Pp etc. Thin soil is classified as a fine loamy, mixed, frigid, 

family of Inceptisol. 

Typical Profile 

Locations Site 5,near loon Hill$ Sikh& Panchayat, 10,200 as aos.l.; 
Southeast exposure.
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01 2-0 cm Decomposing grass and plant remains.
 

A...~c~ ...Very~dark greyish-brow&.-(l0.YR,3/2)_,dry,yery darkgrey__ 
 -

(10 	YR 3/1) moist; loam; medium to strong subangular
 

blocky breaking into fine to medium crumb; non-sticky,
 

non-plastic wet; few rock fragments; fine to coarse
 

roots common; pH 5.0; clear 3mooth boundary.
 

B2 15-41 cm 	 Dark grey (7.5 YR 4.0) moist; loam; prismatic angular
 

blocky; breaking into course to medium crumb;.slightly
 

sticky, non-plastic wet; many rock fragments; few fine
 

to medium roots; pH 5.7; clear weavy boundary.
 

C(f) 41-110 cm Dark grey (7.5 YR 4.0) reddish yellow (7.5 YR 6/6) moist;
 

loam/silt loam; blocky; slightly sticky, non-plastic wet;
 

very many rock fragments.
 

Analytical Data
 

Labe Depth gakha C K / ..
 
No. Horizon cm pHi ks.- s
 

M 13 A 	 0-15 5.0 132.0 97.5 3.86 0.119 32.43 6.63
 

14 BL 15-41 5.7 32.0 32.5 0.96 0.126 7'61 165
 

8. 	Nai Series
 

This series is a shallow, poorly drained soil developed on bench terraces made
 

up of soil materials derived mainly from schist. These soils are mainly in maize,
 

millet, barley and wheat cultivation. 

This soil is classified as a fine silty mixed, mesic family of Neiol. 

Typical Profile 

Licationt Site P3 44, near Nazl Village Panchayant 2442 m. a.s.l. 

Ap 0-12 cm Very dark grayish broun (10 YR 3/2) moist; silt loam& 

massive; friable moist; slightly sticky, slightly plastic 

wet; few rock fragments; pH 5.6; abrupt smooth boundary. 

B2t12-40 cm 	 Yellowish brown (10 YR 5/4) moist; silt layloss; as
sive, firm moist, very sticky, very plastic vet; many 

rock framentsl pH 	5.8.
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Analytical Data
 

Lab, Depth P 0~ ~
 
No, Horizon cm PH kgKhl kgla % C % N CIN 0.M4J
 

2596 Ap 0-12 5.6 305.0 41395
 

597 Bat 12-40 5.8 16.48 225.79 

Source: Division of 	Soil Science and Agricultural Chemistry, Khumaltar. 

9. Toripani Series
 

This series is a moderately deep, poorly drained soil developed on moderately 

steep slopes made up of soil materials derived mainly from schist, phyllite and 

slate. These soils are mainly in paddy, wheat, maiss and potato cultivation. 

This soil is classified as a fine loamy mixed, thermic family of Inceptisol.
 

Typical Profile
 

Location: Site 9, near Toripani Village, Chatan lanchayat, 1787 a.
 

a.s.l.; Southeast exposure.
 

Ap1 0-11 cm 	 Light brownish grey (10 YR 6/2) dry, dark greyish brown
 

(10 YR 4/2) moist; few medium faint brownish yellow
 

mottles; silt loam; weak subangular blocky breaking into
 

fine crumb friable moist, Is non-sticky, non-plastic wet;
 

few rock fragments; fine roots cormon; pH 5.9; clear
 

smooth boundary. 

52111-31 cm 	 Orayish brow (10 YR 5/2) dry, dark trey (10 YR 4/1) 

moist; comon Line distinct brownish yellow mottles; 

silt loan weak angular blockyj breaking into fine crumb; 

friable moist non-sticky, non-plastic vet; few rook 

fragments; many fine roots, pH 6.01 abrupt smooth bound

ary.
 

B22 31-57+ cm 	 Greyish brown (10 YR 5/2) dry, dark greyish brown (10 YR 

4/2) moist; comon medium distinct brownish yellow mot

tles; s;lt 1lo , angular blocky breaking into fine crumb; 

firm moist; many rock fragmentl few fine roots, pH 

6.5.
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Analytical Data
 

Lab. 
-

Depth P 0~ K 0 
- - -

No. Horizon cm pH kgha kg/ha % C % N C/N O.M. 

M:21 Ap 0-11 5.9 80.0 104.0 2.100 0.259 8.10 3.61 

M422 B 21 11-31 6.0 16.0 39.0 1662 0.224 7.23 2.78
 

M 23 B 22 31-57+ 6.5 80.0 110.5 1.07 0.126 8.49 1.84 
"- - - - , - - ..

10. Sikha Series Si 
This series is a moderately deep, moderately well drained soil developed on 

moderately steep slopes made up of soil material derived mainly from schist and
 

phyllite. These soils are mainly inmaize, millet, naked barley and potato cul.
tivation. 

This soil is classified as a coarse loamy, mixed music family of Mollisol. 

Typical Profile 

Location: Site 2, near Sikha Gharsoona, Sikhs Adarsh Panchayat, 

2134 a. a.s.l.; Northeast exposure. 

Ap U-15 cm Dark brown (10 YR 4/3) dry; dark brown (10 YR 3/3) 

moist: aravelly silt loam; w:ak subangular blocky, 

breaking into fine crumb; firm moist, non-sticky, non

plastic wet; common fine to medium roots; many rock 

fragments; pH 6.21 diffuse boundary. 

B 15-48 cm Dark brown (10 YR 4/3) moist, dark grayish browi, 

gravelly (10 YR 4/2) mottles; silt loam; strong sub

angular blocky, breaking into fine crumb; friable moist; 

slightly sticky, nm,-plasttc wet; few roots; few rock 

fragments; pH 6.1; clear and smooth boundary. 

Alb 4 8-66 cm Dark grayish brown (10 YR 4/2) moist; loaml strong 

subansular blocky breaking into fine crumb; friable 

moist, non-sticky, non-plastic wet; very few rocks; few 

rock fragments; PH 6.7; diffuse and wavy boundary. 

66-80. cm Dark gryish brown (10 YR 4/4) moist; silt loam; medium 

block breaking Into fine crumb; friable 
moist; slightly sticky non-plastic wet; few rook frag

wents; pH 5.9. 

* ..subangular 
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Analytical Data 

Lab. Depth P 0 K 0 I 

No. Horizon cm pH kg~hl kglha . C 7 N C/N O.M.7 

H 3 Ap 0-15 6.2 64.0 169.0 1.26 0.147 8.57 2.16 

H 4 B 15-48 6.1 48,0 42.0 1.22 0.175 6.97 2,09 

H 5 Alb 48-66 6.7 32.0 19.5 1.89 0.21 9.00 3.25 

M 6 B2 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 tile south, Manang district to the east and
 

Dolpa district to the west. The catchment area lies between 83028'3 ' and
 

' 8408'11 east longitu( - and 28033'36" ' and 29019"1 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. Tile 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 les.s than 300 nun. of annual rainfall. Southward, 

Jomsom receives 303 mm. and Marpha recelves over 2500 mm. Further south, the 

total rainfall Is reduced, probably because of less orographic effect, with 

Tatopani receiving only about 1300 mm. Muktlnath, lying at a higher altitude 

(4000 m) in the upper Jhong Khola Valley receives 369 mm., sliglhtly more than 

nearby, but lower, Jomsom (Department of Irrigation, Hydrology and Meteorology 

1977).
 

Seasonal distribution of precipitation also varies witi, in the region. 

About 85 ptrcent of the annual precipitation falls at Tatopani. Pre- and 

post-monsoon precipitation accounts for up to 30 percent, with less than 25 

percent of the precipitation occurring In the winter. 

Maximum 24 hour rainfall intensiti-vi vary up to 300 mm. during tile mon

noon. Although no snow fall recordt; are available, aret north of aid at 

hif,,her altitude!, than .Jomsiom receive increaningl y greater shares of annual 

precipitation an tnow. 

ihe only temprntutire data ior the Mo t nit g r egion art- from Josom. lere 

the .ianuiarymean minimum temperature drop!i to 2.0'C. and the .July mean maxi

mum is: 2 5"C. Ail ext rent' low of 10"C hai been recordeld, and frost occurti in 

ievee mnonthi; of the year. Thv teian i nual temperature it. about 12"C. Sig

nifiiantly highir tem-iperatures occui iouthward in the Kaligandakl River 

Vs I Iey. Aivw, the timberliac, tihi' men anul! telleratrurv In montly below 

00C. 

ti'o wind recordri r'x it for the region. however, high wind vilocitiet
 

arc common ly obrerved In the ,Jomriom, Kan.heni and LIomn itnn. Val leyn, where
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sumer winds funnel northward, bringing the monsoon rains and snows, and
 

winter witnesses a reversal of prevailing winds as the cold air of the Tibetan
 

Plateau drains southward. The wind could be one of the main alternative
 

resources of energy for this region if proper technology could be employed
 

to tap this resource.
 

On the basis of altitude, three types of climates prevail in this region.
 

They are:
 

i) Cool-temperate (2000 - 3000 m a sl.)
 

ii) Sub-alpine (3000 - 4000 a.sl.)
 

iii) Alpine (4000 - 5000 m a.s.l.)
 

Elevation above 5000 m a.s.l. is perpetually covered by snow.
 

Physiography and Drainage
 

Two physiographic regions are represented, the Tibetan Plateau and the 

Inner Himalaya to the south. Host of the region lies above 3000 m. with 

the highest peaks in excess of 7500 m. The landscape is dominated by the 

broad geosynalinal through the Kaligandaki River and the snow-clad Anna

pua and Dhaulagiri ranges walling the trough. The combination of remote

ness, high altitudes, rugged terrain, and harsh climate have limited settle

ment and land use intensity. Most villages occupy the Kligandaki River 

Valley or major tributary valleys. 

Host parts of the project area are situated above the head of the 

Kaligandski River. The Mustang Chu (Khola) originates north of the Ulmalayan 

range and drains in to the Kaligandaki River. Many permanent and temporary 

tributaries are draining this upper plateau area. The Tange thola and the 

Mustang Dole especially drain the northeast parts of this location, while 

the Chilling Khola, the Saser Khola and the Sangdok Khols drain the north

west parts of the plateau. All the tributaries merge into the Nutang-Chu" 

and after Kagbni these rivers beaon the Kaligandski River. The Kligan

daki River drains about 90 percent area of the catchment. Among the trib

utaries, the Kabani Khola, the Dambush violap the Chadalou Khola are the 

important drainage tributaries of the upper Kaligandoki catchment area. 

The Kaligandaki River flows through Dhaulagtrig Gandaki and Lumbini *ones 
and finally merges Into the Merayeni River of the Narayant sons. 

Drainage of the Kaligandaki River is considered net to be a problem 

because of the low precipitation and low probability of flooding. 

Natural Valuation 
The following description of the natural vegetation Is In accordance 



with the ecological nap of J. F. Dobreaes and C. Jest (1970). 

1. 	Broadleaved Trees - Pine Forest 

Betveen Dana and Late, the natural vegetation is mainly represented 

by guercus seuecarpifolia and pinus excelsa. Other important vege

tation includes Tsuz Dumos, Tans baccata and Abies spectabilis, 

Spp. of Rhododendron, Skrbs, Evonyaus, Vibrnu, and Prunus. 

Salix and Ribes are also found in abundance. 

2. 	 Pine Forest 

Pine forests grow mainly between 2500 to 4200 m. They are found 

mainly at Lete Largung, Tukuche and Chin in the upper Kaligandaki 

catchment area. 

3. 	0oohora - Ozytropis Steppe 

Steppe vegetation consisting of Sophora moorcroftiana and Oxytrods 

sericogetala is found in the lover part of Upper Kaligandaki catch

ment area. This Is a dry area of constant violent winds. Other 

notable vegetation Includes BerWWeIes mcrifolia, lohedra aerandiana, 

Lonicera hynoleuca and ncrvLlea arauts. 
4. 	curasana - Artemisia Steoes 

Up to 4200 a., a type of steppe vegetation very rich to species 

such as cWrasana zorordiana and a certain number of Artenisa sp 

are found. Other vegetation consists of lose sericA, Lonieers 

sinutifolia, Spl bkIla, $piraa arouss, MRiLentaI , and 
Berbers unaulosa. 

S. 	 CafAter - Leusiera 1ta22e 

Beween 4200 to 5100 m. steppe vegetation eonsasts mainly of 

Carstan brevIlspina and ,nejera s inesa which provide only poor 

pasture to yaks lahabitating in the northern part of Himalaya. 

Land Use 

Current land use of the Upper Kaligandaki Catchment area is described 

as follows: 
Forese About 103.24 ka2 area of the catchumnt area is under forest, 

which is nearly 6.60 percent of the total area. The important natural vege

tation of this region has already been discussed. The southern part of the 
project area ts more dense with pne forest than the northern area. Between 

Dana Lae#. the natural vegetation Is mainly Ousraus semecarvitolia and MuL 
excel. This is the densest forest area compared to other sites. The 
central part of the project area has thicker forest than the higher northern 

- A!-
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plateau. The area south of Jomsom provides high quality and dense forest
 

Above Jomsom, the alpine forests are scattered in patches. Bestands. 

tween Samar and Chhungao there exists a moderately thick pine forest. Sev

eral areas In higher altitudes contain scarce vegetation, living the in

pression of a desert.
 

Cultivated Lands; The cultivated land occupies the lowest area in the
 
2 are under farming, which is
Kaligandaki catchuent basin. About 36.83 km


The climatic difference in the project
only 2.35 percent of the total area. 


area between the north and south naturally results in a different cropping
 

pattern. In the comparatively wars humid south, mate and millet are pro-


The farther north one goes, the more the cultivation of crops diduced. 


minishes. Paddy isnot grown in the trans-Himalayan part of the project
 

In the exarea. Instead, wheat, buckwheat and naked barley are grown. 


treme north# only wheat isgrown.
 

Population densities are low throughout the region. Intensive agricul

ture is practiced mostly in the river valleys that have adequate irrigation
 

The limited amount of crop land is due primarily to the lack
facilities. 


of Irrigation and water development in this region. Additional fertile
 

soils, mostly on river terraces are available, but to date remain unculti

vated due to the lack of developed water resources.
 

?asture Lands: 547.67 ke2 nearly 34.56 percent of the total area, is 

under pasture. Pasture land occupies the second largest area in the catch

mnt, after rock out-crops. The Upper Kaligandaki catchment are has great 

area is scope for developing improved pasture. At present, almost all the 

under wild pasture. Crop farming and livestock and husbandry are videly 

Irpha, Josom, Kaisaug, Kagbeni and up topracticed inLete, Kobang, 

But mostly, the higher plateau areas, such as Samar, Chhunga,)uktinath. 

arang and Lo-Kantsng, predominate in animal husbandry. WildCharang, 

grasing Is very ommon.
 

s The higher mountain ranges such as Annapurna,
ftow-Covered 1A 


SWilgii and Tukucht, are located vithin the project are. As a result,
 

the altitudinal differences within the project area are very high. Most
 

area to toWrarily covered with snow especially fromof the catchment 

Novmber to April. The hither the altitude, the more snow cover. The 

to be 8988 1m2, ortotal area permanently occupied by snow is estimated 

about 5.,74 percent of the total tchmnt area. 

Rk-utcroos Mors than half of the area of the Upper Kahigandaki 

L 
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Catchuent isunder rock outcrops. This is an area of nearly 889.20 km2,
 

comprising 56.8 percent of the total area. Comparatively higher altitudes
 

have large areas of rock outcrops.
 

Others: These categories include gravels, stones, rivers, gullies and
 

landslides. About 2.35 k.2 of landnearly 0.15 percent of the total area,
 

is covered by these categories.
 

GENERAL NATURE OF THE SOILS 
A. 	Hethodoloay 
Mapping and Classification of the Soils The soil survey vas done on a 

broad reconnaissance scale, with the primary objective of identifying and 

recoimendin s the inventory needs for intestisatint and planning gectoral 

projects. Lack of time was one of the main obstacles in the soil survey. 

Topographical maps were not available for the far northern parts of 

the upper Kaligandaki catchment area. For the rest of the area, topographi

cal maps with a scale of 1:63,360 were used. Besides this topographic map, 

NH 44-16 (1t250,000) prepared by US. Army, and an Ecological map of the 

Annapurna-Dhaulastri area (1:250,000) prepared by J. F. Dobremez and C. 

Jest (1970) were also used while preparing soil maps. 

Thirteen pits vere dug and described in detail according to the Soil 

Survey Manual and Soils were classified according to 8oL Ta (USDA, 

1975). Soils were examined in soil pits and aotes on topography, vegeta

tion, geology and other physical features were recorded on field sheets. 

During field work, use was made of the FAO Ouidelinss for Soil Descrintions 

(FA, 1977). 

Special correlation boxes developed by Charter and Brenmer (rainer, 

1965) vere used for soil correlation as well as for retention of represents

tive soil profiles in the soil museum. 
Durinj the field work, soil samples were collected for laboratory 

analyses. The samples were analysed for pH, organic matter, nitrogen, 

phosphorus And potassium for use insoil classification. 
Description of the mapping units follows. See Sheet No. 1. 

I. 	Description of Meonins Units 

I.* 	 CWhxua.Marsnv-uktInath-S1ar Soil (Ch-Ma-Hu-Sa) 

The Chbunga-Xsrang-Muktinath-Samar soil unit occurs in the central part 

of thesapped area on easy rolling bench terraces to steep slopes. 

These soils are shallow, moderately deep to deep, moderately well 

drained to well drained and are ade up of materials derived mainly 
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from alluvium/colluvium, slaty phyllite and schist materials. Soil
 

texture varies from sandy loam, silt loam or sandy clay loam.
 

Chhunita Soi
 

Altitude 


Surface Soil 


Sub-Soil 


Substratum 


Other Properties 


Suitability
 

Agriculture 


Horticulture 


Pasture 


Forest 


Limitations 


Went soi 
Attitude 


sra Si 


lbIiDark 


Substrum 


3350 to 3650 a. Exposure: Variable.
 

Pale brown to dray greyish brown, friable,
 
sandy loam to loam, 10-24 cm. thick, many
 
rock fragments
 

Yellowish brown to dark yellowish brown,
 
friable, sandy loam to loam, 30-100 ca.
 
thick, many rock fragments.
 

May be light yellowish brown silt loam with
 
many rock fragments.
 

Strong to moderately alkaline, low in organic
 
matter, sedium In nitrogen and phosphorus,
 
and high in potash.
 

Unsuitable except for very short duration
 
crops in a few places.
 

Poor for orchard development; In some places
 
apple and cole crops, peas, etc. are grown.
 

Moderate to highly suitable for pasture. 
These soils are utilised for grasing goats, 
sheep and, to some extent, cow. About 50 
percent of this soil unit is under natural 
pature. 

Poor for forest development. In some places, 
few forest trees are observed. 

Cool to cold arid climato, snow fall (about 
half of the year), high vind velocity, 
susceptibility to channel erosion from 
melting snow, any rock fragments on or 
near the soil surfaces, and strongly alkaline
pM.
 

3350 to 3650 a. Exposures Southest,
 

Dark 8reyish brown to very dark grey, friable, 
loan/silt loam 15-20 cm. thick, fey rock 
fragments. 

8reylsh brown to very dark friable, 
silt loam, 60-90 am thick# few rock frag-

May bet a) poorly sorted alluvial/colluvLal
materials from large boulders to silt, b) 
silt loan materials with many rock fragments 
mainly from phyllite and schi... 



Other Propertie. 


Suitability
 

Agriculture 


Horticulture 


Pasture 


Forest 


Limitations 


nuktinath Soil
 

Altitude 


Surface Soil 


Sub-Soil 


Substratum 

Agriculture 

Horticulture 

Pasture 

forests 

Uni wIU 

Moderately alkaline, medium in organic mat
ter, high in nitrogen, very high in phos
phorus and potash.
 

Moderately suitable for wheat and buckwheat; 
about 90 percent of this area is under cul
tivation. 

Moderately suitable for apple and straw
berries, radish and cole crops (some of
 
then recently introduced).
 

Moderately suitable for pasture; some areas
 
have thorny bushes which are consumed by
 
domestic animals.
 

Moderately suitable for alpine and sub
alpine forest.
 

Cool to cold arid climate; snow fall (snow 
covers the area for about 6-7 months of the 
year), high wind velocity, susceptibility 
to erosion, many rock fragments on or near 
the soil surface; modurately alkaline pH. 

About 3500 .. Exposures Northwest.
 

Black, friable, sandy clan los, 15 u. thick;
 
few rock fragpents.
 

Black, firm, sandy clay loam, 80 cm. thick,
 
few rock fragments.
 

Moderately alkaline, oediu, In organic
 
matter and potash, high in nitrogen and
 
phosphorus. 

oderstely suitable for buckwheat, naked bar
ley (ja). barley, wheat and potato. About 
30 percent of this soil unit is under these 
crops. 

Moderate to highly suitable for apple, cab
bage, cauliflower and radish. Presently 
farmrs are not growing fruits and vegetables. 

Highly suitable for pasture. The major por
tion of these soils are under natural pas
ture. Range magement could be developed. 

Moderately suitable for alpine and subalpine
forest. tn som places# popular trees are 
planted and they are Ingood condition. 
Cool to cold arid eltmate (a main restrLtion). 
Susceptible to eroson, snow fall (snow covers 
the area for about 4 months of the year), high
wind velocity, moderately lkallne pH. 
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Samar Soil 

Altitude 	 About 3500 m. Exposure: Northeast.
 

Surface Soil 	 Dark brown, friable, loam 30 cm. thick, 
few rock fragments. 

Substratum 	 May be hard rock In sttu.
 

Other Properties 	 Moderately alkaline, very high in organic
 
matter,,high in nitrogen and phosphorus
 
and medium in potash.
 

Suitability
 

Agriculture 	 Poor to moderately suitable for buckwheat.
 
Only about 5 percent of the soils of this
 
unit was under buckwheat cultivation at
 
the time of the field survey in May 1979. 

Horticulture 	 Moderately suitable for apple, cole crops
 
and radish. At present no activities are
 
being carried out for horticultural de
velopment.
 

Pasture 	 Highly suitable for pasture. Livestock
 
such as goats, sheep, and yaks are con
centrated in the area.
 

Forest 	 Moderate to highly suitable for forest.
 
One forest nursery has been established near
 
Samar village.
 

Limitations 	 Snaw fall, (snow covers the area for about
 
half of the year), high wind velocity,
 
susceptibility to erosion, droughtiness
 
both in vinter and summer; moderately
 
alkaline pH, moderately steep topography, 
cool to cold arid (one of the crucial 
limiting). 

2. Chhitro-Maroh-Svana Soil (Or-Mr-Sv) 

The Chhairo-oarpha-Syang soil unit occurs along the Kaligandaki River 

in the central part of the mapped area on flat to gently undulating 

river terraces to easy rolling bench terraces, These soils are shal

low to moderately deep, moderately well drained to well drained and are 

made up of colluvial materials derived mainly from rhyllits and schist. 

Soil texture varies from losm to silt loam. 

Altitude 	 About 2600 a. Uposurel Vest.
 

surfuc Sohi 	 Light grey, firm, loam 10 cm. thick, many 
rock fragments. 

Imkb-l 	 0rey, firm, silt loam, 2.5 am# thick, many
rock fragents.-

ISustrtu May be, a) poorly sorted alluvial/colluvial 



Other Properties 


Suitability
 

Agriculture 


Horticulture 


Pasture 


Forest 


Limitations 


Marpha Soil 

Altitude 


Surface Soil 


Sub-Soil 


Substratum 


Other Properties 


Suitability
 

Agriculture 


Horticulture 


Pasture 


forest 

Limitations. 
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materials from large boulders to silt,
 
b) silt loam materials with many rock
 
fragments mainly from phyllite and schist.
 

Moderately alkaline, very high in organic
 
matter, high in nitrogen and phosphorus and
 
low In potash.
 

Poor.
 

Poor to moderate.
 

Highly suitable for forage crops. At pres
ent, the existing forage-crops are wheat
 
gras, lucerne, clover, rye grasms and others.
 

Moderate to highly suitable for forest.
 
Reforestation would be of crucial importance
 
to this unit.
 

Cool and arid climate, snow fall, (about
 
four months in a year) high wind velocity,
 
many rock fragments on or near the soll
 
surface, moderately alkaline pH.
 

About 2600 m. Exposures Southeast.
 

Dark groy, friable, loan to silt loan; 20 cm.
 
thick; few rock fragments.
 

Dark groy, friablo, silt loam, 50 cu. thick,
 
few rock fragments.
 

May be dark gray silt loam with poorly 
sorted alluvial/colluvial matrialb. 

Moderately alkaline, medium in organic ut
ter and nitrogen, high in phosphorus and 
low in potash. 

Moderately suitable for barley, buckwheat,
 
naked barley and potato.
 

Highly suitable for fruits such as apple,
 
grape, peach, plum, walnut, apricot, straw
berries and vogetablea like broad leaf 
mustard, aulflower, cabbase, Kholhoiq 
pass and carros. The Karphs Horticulture 
Farm is located in this area. 

Moderately suitable for forage crops and
 
grazing, 
Moderately suitable for forest development.
 

Cool, semi-arid climate, droughtinss In 
both winter and suer, ausesptible to ero
sion, high velocity of wind, hallstorms., 
snow fall, soil alkalinity, low potash status, 
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Syang Soil
 

Altitude 	 About 2600 m. Exposure: East
 

Surface Soil 	 Very dark grey, friable; silt loam; 15-20 cm.
 
thick; few rock fragments.
 

Sub-Soil 	 Very dark grey, friable, silt loam, 45 cm.
 
thick, few rock fragments.
 

Substratum 	 May be stones and boulders of phyllite.
 

Other Properties 	 Moderately alkaline, very high in organic
 
matter, high in nitrogen, phosphorus and
 
potash.
 

Sultability
 

Agriculture 	 Moderate to highly suitable for barley, naked
 
barley and buckwheat.
 

Horticulture 	 Moderate to highly suitable for apple, peach,
 
plum, apricot, walnut and grape. Suitable
 
vegetables include broad leaf mustard,
 
cauliflower, cabbage, knolkhol, radish. At
 
preuent, there is intensive arable farming
 
in these soils.
 

Pasture 	 Poor to moderately suitable for pasture.
 

Forest 	 Poorly suitable for forest.
 

Limitations 	 Snow fall, high wind velocity, susceptibil
ity to erosion, droughtiness in both winter
 
and summer moderately alkaline pH, cool,
 
arid climate (a main limiting factor).
 

3. Kaisans-Tukehe Soil (Ka-Tu)
 

The Kaiseng-Tukche soil unit occurs in the southern part of the
 

catchment saend the eastern side of Cr-Mn-Sy soil unit are on flat to
 

undulating river terraces to steep hill slopes. These soils are shal

low to moderately deep, well drained and are made up of alluvium/
 

colluvium materials derived mainly from phyllite and schist. Silt
 

texture varies from gravelly loam to gravelly silt loam or silt loam.
 

Kaisang Soil
 

Altitude 3350 ,. Exposure: Northwest.
 

Surface Soil 	 Groyish brown, friable, gravelly loam, very
 
many rock fragments, 9 cm. thick.
 

Sub-Soil 	 Light yellowish brown, friable, gravelly
 
silt loam, very many rock fragments, 50 cm.
 
thick.
 

Substratum 	 May be alluvium/colluvium materials.
 

Otter Properties 	 Moderately acid, very high in organic mat
tar, high in nitrogen, phosphorus and medium 
in potash. 
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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). Susceptibility 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
 
developiient
 

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.
 

4. 	 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.
 



II. 


A. 


1. 
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Surface Soil 	 Dark greyish brown, friable, silt loam,
 
25 cm. thick, few rock fragments.
 

Substrat.um 	 May be, a) poorly sorted alluvial/colluvial
 
materials with many rock fragments or b) hard
 
rock in situ.
 

Other ProperLies 	 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 o- 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).
 

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 1n the area.
 

Quarternary rocks and soils are widespread in the catchment. In
 

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, Devonian, Carboniferous and Permian
 

systems. This group is 	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 uf the same river in the north of Surkhang
 

Panchayat.
 

Cambrian and Ordovician Systoms
 

The above complex is represented by the Himal suite, which occurs
 

at the southern end of the catchment.
 

Himal Suite (C + 0 hm): This is a complex formation of grey granitized
 

schists and quartzites with bands of limestone. These rocks are high
 

to moeerately 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. Its 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 H1imal 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 Sil-[.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 is
 

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. In 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 is about
 

3500 meters.
 

Jurassic System (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 divisi.n 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 Jurassic 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 estim'ated
 

thickness of this system is about 6000-7000 meters.
 

Cretaceous System (K)
 

Cretaceous rocks occur on the northern side of the catchment, but
 

at some places on the left bank of the Thak Khola, the system is also
 

located in the central and the northern part of the territory. The
 

system IL widespread in the project area. It occurs in Jomsom, Surkhang,
 

Marpha, Charang, ionanthan, 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 Cretaceous system are on steep to very steep slopes, but they are
 



187
 

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 (Chl.unga and beyond), the alluvium is repre

sented by unconsolidated conglomerates, 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 northeabt 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 is 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.
 

2. Structure
 

The upper Kaligandaki catchment area is structurally complex. The
 

geological 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 structures. 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 100 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 Silurian 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. Its axis strikes parallel to the axis of the anti

cline. Its flanks have an average inclination of about 400, with local
 

variations between 250 and 600. This synclinal axis is 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
 

300 with local variations between 200 and 450. The northern flank is
 

more steep, with an average inclination of about 600, with local varia

tions between 40* and 800-85'.
 

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*-l0 , and local variations be

tween 50 and 200.
 

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 is 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 . Its northern aspect is a little steeper than
 

the southern one. This anticline can be called the Nilgirl 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 

100 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 is highly altered by glacial erosion. 

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 Kaligandaki River 

is described as follows going north to south. 

In Dhami Panchayat, there is an anticlinal axis in tile Permian 

rocks. Its axis is slightly diverted from NW to the north and the 

northern and eastern flank Is very steel) with an inclination of about 

° 60°-65 . The influence of the anticline is 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. Its northern flank if 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 pormlian rocks and Is parallel to all the men

tioned above. 

About two kilometers suath of this syncline, there is an anticlinal 

axis whose flanks are moderately steep to steep with local variations 

between 30' and 600. This anticlinal axis occurs in Devonian rocks. 

-
The parts close to the rivers are Inclined at an angle of about 30* 

35'. IW the southern part of the same Panchayat, a synclinal structure 

cuts off the influence of this anticline. The anticline has a rolling 

southern flank whereas its northern flank Is 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 east. These faults have not been well studied.
 

Two comparatively small bodies are intruded in thu rocks of the 

Cretaceous system. As determined by an examination of the sediments 

brought by the Mustang Chu River, these are tourmaline-granite bodieq, 

with "sherl" as one of their main components. The precise time of 

intrusion in unknown, although it in clear that it happened after the 

Cretaceous period. These granite bodies are the southern ends of the
 

Tibetan granite .
 

Geological History 

The geological history of the upper Kaligandaki watershed can be 

traced from thl. 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 MeSo7olc era. However, the area covered
 

by the water pool was recedlng dd by the end of the Mesozoic era, the 

bain had completely unniLvted.
 

In the Cambrian period, the basin wan shallow where nedimentation 

of coarse to medium material took place. The depth and the regime of 

the basin changed a number of tLimes, creating good conditions for ned

imentation of carbonate materialn. An the formation of the Mahabharat 

range was proceeding in the south, the basin wan disappearing from the 
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southern part of tile territory at the end of the Ordovician period.
 

In tile Silurian period, the basin was warm and quiet, and sedi

mentation of carbonate mterial (calcium carbonate) took place. The 

surface area 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. Tile rivers feeding the basin in tile 

period were also quiet. The river materials vere being brought from 

the south, where Paleozoic and the P'recambrian mountaint- already existed. 

The condition!; of sedimentation in the Carboniferous period was 

similar to thoe,, of the Silurlan time and the deposits at tile bottom 

of tile ba!.in were similar. 

In the Permian period, the shape and size of the basin changed a 

number of times, though the condition; of sedimentation remained similar 

and deposition of fine clay to medium s,;.zed material took place. The 

climate of the area was cold, hence, no carbonate formation occurred. 

The basin disappeared from the right bank uf the territory especially 

after the Devonian period. 

The basin was changing its size and depth in tile Triass ic 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 shatllow and 

carbonate as well at- coarse-grained materials were sedimented. The 

climate of the region in that period was changing, alternating from 

cold to warm and humid climate.;. During this time, the material; of 

Oolitic limestone format ions (carbonate material) were setteled at the 

bottom of the basin. 

Tile regime of the rivers feeding the basin wan not quiet. These 

riverj brought very coarse to coarse material; that were deposited at 

the bas in bed, Th:;ee mater1als were gravels, boulders of coarse sands, 

from which conglomerates were formed. 

In the integrated Jurassic and Cretaceous periods, the sedimentH 

were changing their character according to the conditions of tile sedi

mentation process. The deposit; were clay, silt and sand materials, 

from which shales, glukonitic sandstonef; and congolmerates were formed. 

Tile bafin was Inhabited by ammoniteo, belemntes, etc. Theue fauna are 

found in abundance In the sdhales. 
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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 a 

result oF foldings of the Alpine foldings of the Mesozoic era. 

The history of the Kaligandaki river can be traced from tile forma

tion of tile high mountains, which began to serve as a drainage for 

marine water in the Tertiary period, and later as a drainage of tile 

waters from melted snow as well as for rain water. 

In thi 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, together with its tributaries, 

started receiving more water, which led to cause more erosion. The 

weight of the accumulated snow became unbearable for the weak, silt

cemented rocks, which gave rise to the formations of big active land

slides. These occurred in directions of siltation. 

Large land; of alluvial terraces were formed in places where the 

Kaligandaki River and its tributaries had formerly eroded. 

4. Geomorphol oL_ 

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 stage of folding 

of the territory occurred in the Tertiary period, as a result of 

which many mountains were raised in the area. This was the end of 

the geosynclinal regime in the area. After the mountains were 

formed, they began to be denuded in compiex way; by water, wind, 

sun 	 radiation, snow, etc. 

b. 	 Alluvial process.e;: Alluvial processes art: responsible for the 

formation of the large pockets of alluvial terraces and Valleys. 

The formation of the alluvial terrace; and valleys coincided with 

the formation of tile Kaligandaki River, which occurred just after 

the folding of tile territory in the Tertiary period and the forma

tion of the high mountains with nnow covered peaks. The river 

then served an a drainage for tile melted nnow.
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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 geomorphological unit; are recognized
 

in the project area: 

i) 	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 

proccsses 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 negli

gible. Rills and gulleys are highly developed in thle',e terraces. 

In the high and very high terrices , rill and guliley erosion is 

very high; whereas in the intermedi~tc terraces , slheet erosion 

is very high,, although rill and ,iulley erosions are not uncommon. 

Aollan proce;ses in the intermediate terrace!; are negligible. 

ii) 	 Eluvial and colluvial fans: Thes;e fans are located in al' tei 

Panchayats of thL watershed. Soil detl)h in these fan,; Is Shallow. 

The fans are very rocky and are not suited to cultivation. They 

are generally covered with grast;es or rare hushe.;. The dominant 

geological process in the tnit depends upon the altitude lit 

which a given fan I,; !;ituated. 

iii) Alluvial steep to very ,tteep slopes,: These slopes are either 

undergrowthi or are barren, but they are not cultivated anywhere 

in the catc hment area. lhe geologicai proce,;:ine s occurring in 

the unit are similar to thoei of tunit ii , with tlih only differ; e 

that the colluvial layers do not tstay in the unit . Tie stoil 

depth it; very tdhillow ini he. tu it. Thi i nti t k5 loc .ted inI all 

Panchayati; of the waterdld. 

iv) 	 Fl_at or ea;v roll ir, to rolliiK p1attavus: lhiit. plateaut occur 

in all Panchayats of the pro.;ect arv.a and are lovatl d on hill 

tops. This unit; is *,n rlly covered with itow. handiil idell, 

connected with unit iII are very common. The onit hias medlum to 

shallow noll depth. These are tie n p aie of catch1)1iture tile 

ment. 

B. 	 EROSION 

The following typai. of eronion occur In the Mutnn.g-Kallgandnk| 
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watershed.
 

a. 	Sheet erosiont Sheet erosion is very comon in the catchment area. 

This erosion process is,& complex of aolian; fl.ial# ann glacial 

sheet erosion as well as aero-fluvial and aero-glacial processes. 

The velocity of wind from Tukuche Panchayet to the northern bound

ary of the catchment is very high. Though no record is available, 

it is clear that high velocity wind is one of the main agents of 

sheet erosion. 

Rainfall is the main agent of fluvial sheet erosion. But as
 

stated earlier, most of the watershed lies in a rain shadow area, 

where the average annual rainfall and the rate of precipitation is 

not high; hence, fluvial sheet erosion, though not negligible, is 

very low. However, it is very high In )arpha Panchayat, where the 

average annual precipitation is about 2500 usq. 

In winter, glacial sheet erosion is very high in the territories
 

lying at altitudes above 12,000 feet. Generally this type of
 

erosion occurs during the movements of glaciers.
 

Aero-fluvial and aero-glacial erosion are respectively combi

nations of eolian with fluvial and eolian with glacial processes. 

In these types, wind is the dominant factor but fluvial and glacial 

processes complicate the eolian process, protecting the soil from 

solian erosion on the one hand but themselves erode the soil on the
 

other.
 

In the southern Panchayats of the catchment area (Kowang, 

Lets, and Kunje Panchayats), fluvial shert erosion is dominant and 

wind erosion is nelligible, but In some places, glacial erosion is 

prominent. 

b. 	lank erosion: Bank erosion &long the rivers is very high throughout 

the catchment area. The Kaligandaki, the ain river of the terri

tory has numerous tributary rivers that gcnerally have a perennial 

flow. The discharge in the rivers is high In suner and the rivers 

do not freese over in winter. The rivers have a high gradient and 

high erodibility. The min reason for the increment of discharge is 

the high rate of melting snow in summer in comparison to that in 

winter along with rainfall during the same period, The main rivers 

feeding the Kaligandaki are Dam, Ysk, Narsing, Kyugoma, Cha Lungba, 

Jhong, Yakim, Kaiku and Let. Very high bank erosion occurs along 
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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 of Marpha Panchayat.
 

Both the right and left bank3 of the Mustang Khola are highly
 

eLcded and the river bed is very wide.
 

c. 	Rill and gully erosion: Rills and gullies are highly developed in
 

the catchment area. They are largely connected with the melting
 

of snow rom 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 'i ('omlnant factor for all types of erosion. 

d. 	Landsl ides: Landsll'es art, relatively rare in the project area. 

Active laiidslides are found in the Lute Panchayat. These slides, 

although they are where there are not large masses, are very dan

gerous for the inhabitaints of thL ar, a. Landslides of very small 

masses are commnon along the bank.; of the Kaligandaki River. Some 

active landslides were seen near the Knisang Military Camp in 

Marpha l1anchavat. Generally, these landslides are located in soft 

alluvial soil!; and no bedrock sliding was noticed in the watershed. 

Thus the slopt: of the territory are generally stable, but stone 

falls are common In the projeCct area. 

Landt;llde; connct cd with the wei ,ht of the accumulated snow 

at the tOlis of t le hignimounta his are very comonOl . These land

slide; g,,nvraliv IlnVolVt lre ma!;!;ts, but they art not dangerous 

for human population or for he ctilt Ivalted areas since they occur 

far from human ;etttliement. Snow+ilide wa; sen In the southeast of 

Knit-an l. wlh.n Hiti,t errit or',, w,,; !waurvvyed by the 10:11 team on May 6, 

1979. Snow,.lideh is pred lct ablv v,rv common In the highi mountains 

of th ll l eel are.I. 

ioni 

Conclusion: In view of tiltlho' albove mnltoned fnctorni, it.ii clear that 

the mont dotnfluaut typi, of eros ion foi the central tid the nortlhern partil of 

ConclUilIonsi and H - om' -nlltliI 

t.e 	project rea and to r the tarets lyin g ait hliglher altittidvii In wind crouton
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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 controlled 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 mentioned above, the velocity of wind in the catchment is very high.
 

This could be used to generate suitable types of energy such as el ctrjcity.
 

IV. 	 USE AND MANAGEMENT OF THE SOILS
 

Agriculture
 

The Chhiro soil unit is poorly suited for agricultural development; soils
 

of this unit are under improved forage crops and forest trees. The other im

portant reasons limiting its use to agriculture are shallo: 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 p11, 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 samo reasons as rice is unsuitable.
 

Wheat: Wheat is the most important cereal crop of the Trans-Himalayan
 

regions. 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 are highly suitable for wheat, a moderate
 

to highly suitable soil unit is Chhunga, and Ghilling soil is moderately
 

suitable for wheat.
 

Barley: Ghilling, Muktinath and Syang units are highly suitablE for
 

barley cultivation. The Marpha unit is moderately suitable for this crop.
 

Buckwheat: Highly suitable units for 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: In 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 containE low organic matter; Marpha, Mantang and
 

Muktinath soils come under the medium categories whereas Ghilling, Marang,
 

Chhairo, Samar and Syang soi:.s 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 organic 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 Sam3r series are medium; Chhunga and Syang are high and Marang
 

and Mantan- 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
 

crops.
 

Most parts of the Chhunga, Marang, Mantang, Muktinath and Samar units are
 

under grazing. This is due to the fact that aitimal 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,
 

The Syang unit is poorly suited
however, ends about 5 km. north of Samar. 


for forest development and Mantang is poor to moderately suitable.
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Table 7 - Nutrient Status of the Soils of Mustang District
 

Soil Units 
Organic
Matter 

P2 5 
2 5 

K2 02 

Chhunga, Ch Moderate to Low Medium Medium 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 
High 

Very 
High 

Marpha, Mr Moderately ' Medium Medium High Low 

Muktinath, Mu Moderately " Medium High High Medium 

Mantang, Mt Moderately " Medium High Very 
High 

Very 
High 

Samar, Sa Moderately ' Very high High High Medium 

Syang, Sy Moderately Very high High High High 

Tukuche, Tu Moderately " High High High High 
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APPENDIX I - DESCRIPTION OF SOILS AND ANALYTICAL DATA
 

Technical descriptions and available analytical data for the main soils rec

ognized in each mapping unit aze presentcd 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 aotation 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; many rock fragments; abundant 

fine to medium roots; pH 8.7. 
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Analytical Data
 

Lab. Depth P2 05 K20
 

No. Horizon cm pH kg/ha kg/ha % C % N N/C O.M.%
 

Mu 13 A 0-15 8,5 48.0 416.0 0.53 0.126 4.20 0.91
 

Mu 14 B 15-12 8.7 176.0 84.5 0,29 0.081 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. Important pasture crops are
 

lucenve, clover, rye grass and wheat grass.
 

The Chhairo series is classified as a loamy skeletal, mixed, mesic family
 

of Aquic (Lithic) Ustifluvent.
 

Typical Profile
 

Location: Site 10, near Agriculture Development Office, Chhairo,
 

Marpha Panchayat, 2550 m. a.s.l.; West exposure.
 

A1 0-8 cm 	 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.
 

Bc 8-29 cm 	 Grey (10 YR 5/1) moist; common distinct yellowish
 

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.
 

C 29+ cm Stones and boulders
 

Analytical Data
 

Lab. 	 Depth P2 05 K20
 

No. Harizon cm pH kg/ha kg/ha % C % N c/N O.M.%
 

Mu 21 A 0-8 7.7 176.0 97.5 4.07 .266 15.30 7.00
 

Mu 22 Bc 8-29 8.0 96.0 32.5 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 loany 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
 

A1 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 P205 K2 0
 

No. Horizon cm p kg/ha ke/ha Z C % N C/N O.M.%
 

Mu 13 Al 0-9 1.3 96.0 110.5 2.23 0.196 11.37 3.83
 

Mu 14 C 0-61 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 Marange Village, Charang Panchayat, 3650
 

m. a.s.l.; Southeast exposure.
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Ap 0-12 cm 	 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 mpdium crumb; friable moist; non

sticky, non-plastic wet; few rock fragments; abundant
 

fine to medium roots; pH 8.2; diffuse boundary.
 

B1 12-32 cm 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.
 

B2 37-67+ cm 	 Dark grey (10 YR 4/1) moist; silt loam; me.ium 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.
 

Analytical Data
 

Lab. Depth. P2 05 K20 --


No. Horizon cm pH kg/ha kg/ha " C % N C/N O.M.%
 

Mu 9 Ap 0-12 8.2 224.0 520.0 1.53 0.23 6.62 2.63
 

Mu 10 B1 12-37 8.3 80.0 455.0 0.83 0.17514.85 1.46 

Mu 11 B2 37-67+ 8.3 16u.0 364.0 0.48 0.098 4e89 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: Site 9, near Marpha Horticulture Farm, arpha Panchayat;
 

2600 m. a.s.l.; Southeast exposure.
 

Ap 0-9 cm 	 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, p1l 8.4; diffuse boundary.
 

http:0.17514.85
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A3 9-18 cm 	 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.
 

B 18-65 cm 	 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.
 

C 65-89+ cm 	 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.
 

Analytical Data
 

Lab. 	 Depth P 05 
No. Horizon CM pH kga kg/a %C IN C/N O.M.%
 

Mu 17 Ap 0-9 8.4 128 52.0 0.91 0.210 4.33 1.56
 

Mu 18 	 9-18 8.3 80.0 32.5 0.73 0.070 10.42 1.25
A3 


Mu 19 B 18.65 8.1 48.0 45.5 1.17 .105 11.14 2.01
 

Nu 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 Mantaig series is classified as a sandy skeletal Entisol, mixed, frigid
 

family of Typic Ustatherit.
 

Typical Profile
 

Location: Site 4, near Lo Mantang, Lo Mantang Manchayat, 3650 m.
 

a.s.l; Northeast exposure.
 

Ap 0-21 cm 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 smooch boundary.
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C 21-31 cm 	 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.
 

Analytical Data
 

Lab. 	 Depth P205 K20 j 

No. Horizon cm pH kg/ha kg/ha % CI IN C/N 6.M.% 

Mu 7 Ap 0-21 8.3 30600 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 0.31 

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.
 

Black (10 YR 2.5/1) moist, sandy clay loam, massive;
Ap 0-9 cm 


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. 
No. Horizon 

Depth. 
cm pH 

P 05 
ha 

K 0 
% C % N C/N O.M.% 

Mu I Ap 0-9 8.3 

Mu 2 B 9-83+ 8.1 112.0 136.5 0.79 0.451 1.73 1.36 
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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. lmportant 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.
 

A1 0-26 cm Dark brown (10 YR 4/3) dry, dark brown (10Yl 3/3)
 

moist; loam; granular; non-sticky, non-plastic wet;
 

few rock fragments; abundant medium to coarse roots;
 

pH 8.0; diffuse boundary.
 

B 21 26-63 cm Dark brown (10 YR 4/3) dry, dark brown (10 YR 3/3)
 

moist; silt loam; granular, non-sticky, non-plastic wet;
 

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
 

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.
 

Analytical Data
 

Lab. Depth. P205 K2a 7N
 
No. Horizon cm pH kg/ha kgh C % N C/N O.M.
 

Mu 1 Al 0-26 8.0 112.0 117.0 2.238 0.238 9.36 3.83
 

Mu 2 B21 26-63 8.3 80.0 45.5 1.68 0.298 7.05 2.88
 

Mu 3 B22  63-97 8.5 64.0 6.5 0.42 0,091 4.61 0.72
 

9. Syang Series
 

A moderately deep soil developed on easy rolling river terraces made up of
 

materials derived mainly from alluvium. These soils are mainly in barley, naked
 

barley, buckwheat, fruits (apple, peach) and vegetable (broad leaf mstard, 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; p1l 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; p1l 8.4;
 

diffuse boundary.
 

C 59+ cm Stone and boulders
 

Analytical Data
 

Lab. Depth. P2 05 K2 0
 
No. Horizon cm pH kg/ha kg/ha % C % N C/N 0.M.
 

Mu 25 Ap 0-17 7.9 64.0 403.0 4.22 0.332 12.71 7.25
 

Mu 26 B '.7-.,9 8.4 279.5 1.76 0.217 8.1 2.99
 

10. Tukuche Seri(es 

A moderately deep soil developed on flat to gently undulating river terracei
 

made up of alluvial and colluvial materlalti derived mainly from phyllite and
 

schitst. Thes;e s;oil! are mainly In maize, barley, potato and fruit (Opple) culti

vation.
 

The Chllnrg seriei is clasti fled aii a loamy over tsandy skeletal mixed, mtetaIc 

family of jlpic. 

Typical Profile 

Location: Site 13, near Ghilin g Village, Tukutrhe 1'anchayag , 2MO0 

m. n .ni.].; outheai t exponure. 

Ap 0-9 cm 	 Li ght brownith grey (2 .) YI 5/2) dry, dark pry i h 

brown (2.j Yt( 4/2) moint; loam; medium to wrak nuobngtulAr 
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A3 9-48 cm 

llc, 48-67 

11c2 67+ cm 

Analvtical Data 

blocky, breaking into fine crumb; friable moist; non

sticky, non-plastic wet; many rock fragments; fine roots 

common; p1 8.6; 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 c'umb 

slightly sticky, non-plastic wet; many rock fragments; 

fine roots common; pll 8.3; abrupt smooth boundary. 

Gravelly sand. 

Stones and boulders. 

Lab. 
No. Horizon 

Depth. 
cm III kg/ha kg/ha % C . N C/N 0.H.% 

Mu 27 Ap 0-9 8.6 256.0 156.0 1.48 0.063 18.41 1.99 

Mu 28 A3 9-48 8.3 112.0 45.0 1.16 0.287 6.3 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 atbuhmen t #i 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) Lo 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 leaders, HMG and
 

U.S. Peace Corps B.Sc. Soil graduates. One Technical Assistant should be assigned
 

to 	each crew.
 

The procedurc 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 assembled 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 theirmappim 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 devel.oped 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
 

--soil 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 Nepal is proceeding at an alarming rate. The
 

human implications of such degradation are clear, the results being reduced crop
 

yields, 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 Government 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 its impacts are much too complex to be reversed by any one type
 

of corrective measure. And third, recent attempts have failed 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 is superimposed
 

a harsh monsoon-drought climatic regime. Second, but equally 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 is not surprising that seemingly every 
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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 soil'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 chains 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, INMG has solicited and obtained considerable
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financial and professional aid from numerous donor agencies. For a detailed
 

r.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, mich as 

cottnge industries; and the development of energy resources. 

)emonstration projects are vital to the RCPII approach In winning vitllager 

acceptance of new techniques. Most of the proposed watershed manageement projecto 

should be located near population clusters where the need in greatest and where 

the visibility Is highest. Thus, these projects will serve the dunl purposeti of 

watershed improvement and demonstration. 
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To compliment these activities, a number of experimental test sites should
 

--be-established to develop new.techniques for.local-conditions .andto- test various 

alternative approaches. Results from these tests will provide a sound basis for 

long-term planning decisions. Synthesized with these tests will be results of 

similar experimentation both within and outside Nepal, in an effort to reduce 

duplication. 

It is expected that some projects will be less successful than planned, so 

that it will be necessary to have built-in systems of maintenance, follow-up, and 

project modification. No project can stand on its own after initiation without 

continual maintenance, whether of structures, plots, equipment, fencing, etc. In 

addition, follow-up studies of each project will be required to evaluate project 

performance to date, and to extract those elements of success or failure for 

further action, A oroduct of follow-up will be project modification in which 

each project is continually upgraded and revised based on follow-up evaluations 

and breakthroughs in technology. 

Watershed management and conservation techniques utilized by the RCUP must, 

of necessity, be inexpensive, cost-effective, non-technical to the degree 

possible, and must make maximum use of local materials and labor supplies. To 

optimize available funds and manpower, it will be necessary to coordinate 

watershed management activities with all appropriate 101G ministries and 

departments, and with related projects of other donor agencies* 

The RCUP watershed management strategy will be to focus most early attention 

on upper drainages In each project region. Watershed reclamation must begin near 

the divides, because it is here that precipitation inputs of energy are most 

easily manipulated. Further downslopet water beces Increasingly concentrated 

and more difficult to control. The watershed divides in the four Project regions 

are also the areas least impacted by human activities, so that they are the most 

likely areas to be in ecologically sound condition. This strategy does not 

preclude the early treatment of watershed problems downslope, however. In areas 

of critical problems, especially where life or valuable property Is threatened, 

imediate steps must be taken to correct the situation# 

Related to the above strategy Is the use of biological vs. mechanical 

watershed management techniques (see Issues, p. 64, of this report). The fomer 

are usually cheaper to institute and maintain, and have a better chance for 

success, It Is recomended that biological teochniques, especially natural and 

artificial revegetation, be emphasized throughout the Project duration and 



especially in the upper drainages. Mechanical techniques, such as check dams,
 

_.-gablone, andstone structures, are. .both- expensiveand of.limited lonterm value, 

Such measures should be concentrated in those areas where flooding, erosion, and 

landsliding are major threats# They should also be concentrated near villages 

where they receive maximum visibility. Later in the project period, the 

ncreasing effectiveness of biological control measures should lessen the need 

for mechanical treatments. This strategy will require considerable patience and 

education of the villagers since It takes several years for natural and 

artificial vegetative regeneration to become effective. 

For the RCUP to be successful, immediate detailed resource monitoring and 

inventories must be instituted. It is clear that the volume and scale of most 

current resource information in the Project areas is inadequate. These resource 

data will be vital to long-term planning modifications of early project efforts. 

Survey Methods Used in Watershed Manatement Desin 

The period between late March and late June, 1979, was spent in Nepal 

designing the Watershed Management Report of the RCUP Project Paper. Field 

visits varying between 5 and It days were carried out in the Kulekhani, Oorkha, 

Mustang, and Myagdi regions. These were primarily reconnaissance tripe to gain a 

familiarity with local environmental and land-use patterns. Some filed data were 

collected and specific projects designed. The field reconnaissance was 

supplemented by airplane or helicopter overflights of each region. 

Library studies were undertaken to locate and digest all relevant Nepal 

watershed studies and projects. Included in this phae was air photo 

interpretation of the Kulekhani region. To date no comprehensive air photo 

coverage exists for the other three regions. For these, the study of available 

topographic maps had to suffice. 

There were various meetings with HHC departments and donor agencies involved 

in watershed manalement, such as H0 Departments of Irrigation, Hydrology, and 

Meteorology; Forestryl and Soil and Water Conservationt as well a with agencies 

of such foreign donors as Canada and Uitserland. 
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Project Region Descriptions
 

Kulekhani Region 

Geography 

The Kulekhani region lies immediately southwest of the Kathmandu Valley 

within the Outer Himalyan mountains. It encompasses approximately 211 

ki 2 , most of which is in the draitage basin of the Kulekhani Khola. A 

total population of 36,000 gives this tegion an average density of 172 

people/kin2 , although densities vary considerably with relief (APROSC, 

1979a). 

Highway access is provided via the paved Tribhuvan Rajpath which makes 

a nurth-south transect through the region in the west. A graded dirt road 

connects from the highway southeast to the Kulekhani Dam project. Other 

access is 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. 

Geology and Geomorphology 

The Kulekhanl region lies within two physiolraphic provinces: the 

Mahabharat Lekh to the south, which is part of the Outer Himalaya; and the 

Midland to the north (APROSC, 1979a). The Mahibharat Lekh is structurally 

geosyncllnal, with the axis trendl 1 ESE, controlling the alignments of 

prin, tpal mounta'n ridges and valleys. Rocks clude ridge-forming 

granite,, a; well a,; quartzites and softer phyllite schists. The southern 

rim of the geosyncline in a thrust nappe abutting against the Siwalik Range 

to the ;outh (Sharn;i, 1977h). Structural surfaces are often steeply dipping 

and provide abundant landslide surfaLeS. The major tributaries, the Sim, 

Nallthan, T.m.;ar, and Sankha Mul Khola; , flow in ESE-trending structural 

vallys, but the trunk stream Kulekhanni Khola swings southward across the 

ntructurp, breaching t lr. 'ahabharat Lkh in a steep gorge at the Kulekhani 

damsite. AltitUdi,; In the Mahiabbh, rat lekh exceed 3500 m, and the mountains 

.contain the ;tp.nt tPrraln of the region, most slopes exceeding 25n 

The Midland to tire north of the Kulekhani Khola Is In softer rockq, 

namely, phyllte nuhit 5, litflmtonles, sandstones , and slaLes, which account 
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for its greater degree of topographic maturity, lower relief (most slopes
 

under 250), 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
 

Soils 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 entile 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 km2 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 mn3/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.
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There are no data on sediment yields for the Kulekhani watershed, but 

estimates of up to 700 m3/km 2 /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 th- 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 precipitatlon 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 5.60 C in January and 17.0°C in June. Summer mean 

maximums reach 23.5 0 C, whereas winter mean minimums drop to -1.5 0 C. 

Relative humidities reach lows of about 60% in winter-spring, climbing to 

91% during the monsoons (Department of Irrigation, Hlydrology, and 

Meteorology, 1977).
 

These data indicate that the lowland climates of Kulekhani are
 

subtropical-monsoonal, becoming temperate at higher elevations in the
 

surrounding mountains.
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Land Use and Denudation
 

The peripheral mountain slopes are subject to natural landlsides due to
 

a combination of geology, seismicity, monsoonl 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 Panchayz:. Subsequent runoff and erosion from these scars has
 

created torrcnts 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
 

Kulekhani 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
 

2.38
Other 5.04 


As mentioned, the forests, mostly on upper slopes, range from degraded where
 

cutting, 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 region 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 relief 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/km 2 , 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 sedimcntary, metamorphic, and igneous facies of geosynclinal
 

origin. Structural trends are largely WNW to ESE, controlling the alignment
 

or rock units ind 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 ,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 slopes 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, 197 9 c). 

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 deposits of cobbles, indicating
 

that flood problems are increasing.
 

Meteorology
 

With only two weather stations in the Gorkha region, at Gorkha and SetLi
 

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 mo-e than 75% 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 0C with the mean minimum
 

dropping to 6.3C. The July mean is 22.80C with the mean maximum being
 

27.3 0C. It can be assumed that average temperatures decline northward and
 

with altitudu (about .70C/100 m) to a summer mean of about 100C at the
 

treeline, and a mean annual temperature less than O°C above the snowline. 

South of Gorkhl, in the low-lying valleys, pre-monsoon temperatures reach 

ahove 350 C, ,,s witnessed by the RCUP team in May, 1979. 

Relative humidities at Gorkha range between 41% in March and 93% in the
 

monsoon period of June and July. Evapotranspiration rates thus are greatest
 

in the pre-monsoon period, dropping to minimum levels during the monsoons,
 

and increasing in the post-monsoon, only to decline again during witter.
 

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
 

Above timberline alpine meadows are used for summer pastures, but it is 

believed that man-induced denudation rates here are minimal. The mountains 

and valleys south of Barpak are densely settled and land-use intensities are 

high. Little native vegetation has; sur/ived cutting, lopping, burning, and 

overgrazing. Poorly constructed and ma i talned dry terracen are widespread, 

*.nd the pre-monsoon drought precludes the growth of terrace cropf;, allowing 

the infrequent pre-monsoon rains to erode considerable sediment. The early 

monsoon rains probably effect the greatest erosion, since crops are not of 
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sufficient size to break the impact of raindrops, and the soil is 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 is 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 is highly disturbed, soils are
 

eroded, surface runoff has eroded deep gullies, and main streams are choked
 

with sediment. Monsoonal flooding is 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 is to be
 

realized.
 

MLstang Region 

Geography 

The Mustang region is 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 tile snow-clad Annapurna and Dhaulagiri 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 tile Kali Gandaki River valley or major tributary valleys. There is 

minimal cultivated land beyond a one-hour walk of tile villaF-s, and tile most 

extensive land use is livestock gra7lng. 

The only ground acce;s i,; pro, ded by trails, the mont Important of 

which is the old trad iwg route iling tile K;11i Gandaki River between Pokhara 

and Tibet. Some access it, provided by plane and helicopter flights to and 

from Jomsom. At the time of this writing, tile region of Mustang north of 

Kagbeni was closed to non-citizens of Nepal, and was not visited by 

expatriot members of the RCIJI' team. 

Geology and Geomorphology 

Little of the region hats 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 snow 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.
 

Today these valleys are occupied by underfit streams, indicating the
 

widespread flooding and deposition probably occur less now than in the
 

past.
 

Soils and Vegetation
 

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-lag deposits. Tributary valleys such as the
 

Jhong Khola contain fertile stream terrace soils in limited quantities.
 

Elsewhere in the north, soils are typically stoney and thin in response to a
 

lack of dense vegetation and the cold, dry climate. 

The hest st ds of forest, mostly coniferous, ate found south of Jomsom 

on the valley slopes. Northward, a combination of cold temperatures, high 

winds and low precipitation values limits vegetation to steppe and tundra 

grasses and low shrubs. Even these are absent in the sterile floodplain of 

the upper Kali Gandaki Valley. 
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Hydrology
 

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 storm 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 are 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 mam. 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 

Meteorology, 1977). Annual precipitation is presumed generally to increase 

with altitude to some limit above which values decline; above the treeline 

annual precipitation Is reduced to near-desert amounts. 

Seasonal distributions of precipitation also vary within the region. 

At Tatopani, 85% of the annual precipitation is 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 30%, 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 2.60C, and the July mean maximum is
 

250 C. An extreme low of -10 0 C has been recorded, and frost occurs in 

seven months of the year. The mean annual temperature is about 120 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 Tj.etan 

Plateau drains southward. It is believed that this region has considerable 

potential for the development of wind power for such purposes as ,:he 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 in the other study regions. 

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 loa. 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 nignificant
 

extent. Perhaps the chief denudation problem is due to wind erosion and
 

sand-blasting in the valley north of Jomsom. The extent to which winds
 

affect human activities is unknown.
 

The following is a summary of land use in Mustang (APROSC, 1979): 

Land Classification Area (kin2 ) 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 

1565.23 100.0( 

This data is for only 10 panchayats. Information on the other 6
 

panchayats is not available.
 

Myagdi Region
 

Geography
 

The Myagdi region lies due south of the Mustang region within the 

drainage of the lower Kali GandakI River between Tatopant and Bent, and a 

main ri It bank tributary, the Rahuaghar Khola. The terrain In a hi ghly 

dissected portion of the Tnner Hlimalaya, with altitudes extending from 835 m 

at leni to over 600(0 m along the 1xr ipLeral divide,. Evrywhvre relie.f IN 

great and most slopes are In exc,'m of '"Y. 

Warmer and moislt;er climates have given r ime, to deneNl, Iyle !orest 

vegetation, but increased pol.'at Ion dnsi I s have al,.(o brougliht eti lniiov.e 

clearing and de'gradation of the nativ' vg'pt it ion. Vil ngv'i ]sd er both 

along major rivers and triihlarlvN ani on mountainllninpe.. Auc'nlsilaiyi ug 

these settlements are Irrigated and dry terracc. , outlying d.'liudei rlne 

lands and retreatiIng forests. Mont rvtna i nn na tiv for.'rn 1llip near 

dividen and in 1limiIted area of prntectpid N'tltonal Forutui. 

The principal access to thlin region in by foot traitl!, numlI' Of which 
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traverse precipitous slopes which greatly Impede both human and livestock 

movements$ 

Geology and Geomorphology
 

The Hyesdi region occupies the outer portion of the Greater Himalaya.
 

The sedimentary, metamorphic, and Igneous rocks controlled by predominant 

ESE structural trends, are largely unmapped.
 

Steep V-shaped valleys are occupied by high-gradient streams frequently 

cascading over falls and rapids. Few floodplains are developed except in 

the far south near Sent. Natural mass wastinn, often inthe form of meesive 

rock slides, are common inareas of dipping structure and fractured bedrock. 

Han-induced slides are of smaller scale but are coimon on the steepest 

terraced lands and whdre intensive grazing Is carried out on denuded slopes. 

Erosion is likewise intense in both the slide areas and on cultivated and 

graed lands. Gullies frequently develop on landslide scars and on poorly 

famed or overgrazed slopes, grovwing downslope into deep ravines floored 

with torrent-layed boulders. These are found to threaten villages and 

cropland inmany areas. 

Soils and Vegetation
 

Soil depth and productivity depend largely on slope steepness and land 

use intensities. Broadleaf forest soils are deep podsols which$ when 

cleared, are easily eroded. Weathering depths vary from thin to deep on 

hillsides, and are easily stripped In areas of overgrasing and poor terrace 
management. 

Native vegetation is mostly subtropical broadleaf forest, but little of 

this remains except near divides and In the remoter areas. Host hillslopes 

near villages are denuded for fuel, timber and fodder, or are burned off to 

increase grasing land. At the higher elevations, subtropical forests give 

way to mixed forests, which due to their remoteness, are more often 

highergrade stands. 

Hydroloty
 

Major streams are fed by glacier and snomelt, as well as by ground 

water baseflow and storm runoff* The smaller tributaries$ are fed 



20
 

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 aniounts of precipitation infiltrate into the soil. Seasonal
 

water shortages are acute in several of the villages visited.
 

River sediment yields are presumed to be high in light of the 

apparently high rates of overland flow, estimated to be over 70% 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 In the monsoon period increases southward, from 

58% at Lete, to 66% at Dunal, and 85% at Beni Bazar In the far south. 

Inversely, winter proportions of total precipitation increase northward from 

only 5' at Bent Bazar to over 20% in the north. Maximum 24-hr rainfall 

intensities vary between 40 smi in the north and 150 im in the south 

(Department of Irrigation, Hydrology, and Meteorology, 1977).
 

Land Use and Denuda-tion
 

Throughout mast of tl- My'agdt region population densities are high and 

land useit intensi cles; art, great. This is especially true further south. 

Irrigated tLrraces are found where the generally limited water supplies are 

adequate. The.v. ar, relatively well maintained and present no major 

denudation problem. IHowever, dry upland terraces , often found on steep 

slopers, art, vul nerahl. to pre-monsoon and early monsoon erosion and mass 

wasting before crops; are nuffitc ently established to protect the soil from 

rainnplath and nhe-t wa::Ti. 

Deiuded forest landt; used for grazing are widespread, and almost 

uniformly cont .hut t .;% rates of (cenudition. Barren soils, gullie and 

revines, land slide ticarn, and croding stock trails 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 !and 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. Tlese will hopefully be abandoned to cultivation if and
 

when land pressures are reduced. Sites for carrying out the terrace project
 

for the first 5 years should Include, but are not limited to the areas
 

sUL luuilhiIr ; 
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1. 	Markhu in Kulekhani Panchayat
 

2. 	Chitlang in Chitlang Panchayat
 

3. 	Palung in Palung Panchayat
 

4. 	Tistung in Thachok Panchayat
 

5. Kuslechaur in Chitlang Panchayat
 

The remaining sites for the 15-year project period should be chosen
 

based 	on future studies.
 

Terrace improvements recommended are:
 

1. 	Regrading treads to level or slightly backsloping to reduce storm
 

overtopping and erosion.
 

2. 	Construction of bunds to redtice overtopping.
 

3. 	Construction of riser-base drainage ditches with proper lateral
 

spillways leading to drainage diversion ditches (with #2 above).
 

4. 	Regrading or stone-lining overly steep and unstable risers, and
 

allowing natural revegetation.
 

5. 	Improving peripheral drainage diversion ditches by rerouting, stone
 

or grass lining, baffles, check dams, etc.
 

6. Terrace livestock control using stone or live fences or guards. 

Refer to Table I below for a summary. 

TABLE I 

KULEKHANI TERRACE MANAGEMENT AND IMPROVEMENT 

Targets:
 

Activity 5-year 15-year
 

Tread regrading 10 ha/village=50 ha 200 ha
 

Bund construction I 5000 m/village=25,000 m 50,000 m
 

Riser-base drainage 2 1000 m/village=5000 m 10,000 m
 

Riser stabiliation 1000 m/village=5000 m 10,000 m
 

Drainage diversion3 1000 m/village=5000 m 10,000 m
 

Livestock control fences 4 2000 m/villageolO,000 m 20,000 m
 

Livestock control guards 5 10 ha/village, man-yrs 100 ha, man-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, so i,. is recommended that a priority be determined
 

based on field study, wirh sites utilized primarily for drinking water
 

having the highest prioiity for protected watersheds. The following
 

activities are recommended:
 

1. Natural revegetatfon 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 5-year 15-year
 

Natural revegetation 30 sites, 3 ha/site-90 ha 115 sites', 345 ha
 

Livestock control fences 2 8400 m 32,000 m
 

Livestock control guards 3 15 sites, man-yrs 57 sites, man-yrs
 

I/ 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. 	A-tificially revegetate abandoned trails.
 

4. Construct stone steps on steep trail segments.
 

Refer to Table 3 for a summary.
 

TABLE 3
 

KULEKHANI TRAIL IMPROVE21ENT
 

Targets:
 

Activity 5-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 i
 

Range and Communities Pasture Denudation Control
 

The broad belt of livestock range found mostly on intermediate
 

hillslopes above the valley bottoms is 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-dams,
 

stone-lined channels, steps, brush barriers, etc).
 

2. 	Gully bank revegetatlon (artificial).
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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 5-year 15-year
 

Gully repair 1000 m/village=5000 m 10,000 m
 

Artificial revegetation 1000 m/village=5000 m 10,000 m
 

Drainage diversion1 1500 m/village=7500 m 15,000 m
 

Livestock control fences2 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.
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TABLE 5
 

KULEKHANI LANDSLIDE CONTROL
 

Targets:
 

Activity 5-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
 

recommended for this region under the RCUP. However, such measures should
 

be taken where valuable property or life is endangered, as is 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 erosion 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 5-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 Embankmcent 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 followiL.q measures 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 5-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:
 

1. 	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
 

GORKIIA UPLAND TERRACE IMPROVEMENT*
 

Targets:
 

Activity 	 5-year 15-year
 

Tread regrading 10 ha/village=50 ha 500 ha
 

Bund construction1 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 diversion 3 1000 m/village=5000 m 40,000 m
 

Livestock control fences4 2000 m/village=lO,000 m 20,000 m
 

Livestock control guards 5 10 ha/village=50 ha, man-yrs 50 ha, man-yrs
 

* see footnotes, Table 1 

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.
 

c. Guards (1/2 of sites) to control livestock.
 

Refer to Table 9 below for a summary.
 

TABLE 9
 

GORKHA WATER DEVELOPMENT PROJECTS*
 

Targets:
 

Activity 5- 15-year
 

Spring development sites sites
 

Impoundments 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 fences 2 m 
 m
 

Livestock control guards 3 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 live) for livestock control. 

Refer to Table 10 below for a summary. 
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TABLE 10
 

GORKHA RANGE DENUDATION CONTROL*
 

Targets:
 

Activity 5-year 15-year
 

Gully repair 1000 m/village=5000 m 10,000 m
 

Artificial revegetation 5 ha/village=25 ha 50 ha
 

I
Drainage diversion 1500 m/village=7500 mi 30,000 m
 

Livestock control fences 2 1500 m/village=7500 i 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
 

Bur Gandaki River:
 

1. 	River bank erosion protection using gabions 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 efforr.
 

3. Floodplain stabilization and rehabilitation through plantings.
 

Refer to Table 11 below for a summary.
 

TABLE 11
 

GORKIA STREAM CHANNEL AND FLOODPLAIN IMPROVEMENTS
 

Targets: 

Activity 5-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 5-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 recommendLd: 

1. Site location and snow survey initiation to determine snowpacks.
 

2. Snow fence experimentation to determine optimuni sizes, 

orientations, materials and locations.
 

3. Snow fencing (contingent upon early successes of I and 2 above).
 

Refer to Table 13 below for a summary. 

TABLE 13
 

MUST , ' SNOW MA';AGEMENT
 

Targets:
 

Activity 5-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 stream sources of water
 

have been Increasingly drying up during the pre-monsoon period due to 

watershed degradatlion and declining infiltration. Also the productivity and 

stability of many dry upland terractn could be enhanced by the appl ication 

of irrigation water. Efforts to develop and Improve nprings thould be 

concentrated In the vIvtnities of hilliiide villagen, to Include in the first 

5 years: Kotgaon, Pakhapani, DarmiJe, .1hingson and Kaulegaura. The 

following activities are recommended: 
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1. Improvement of presently used springs. 
2. Location and development of new springs, possibly through
 

horizontal drilling._
 

3. Impoundments for irrigation, fisheries, and possible power
 

generation.
 

4. Construction of delivery canals and/or pipelines from springs and
 

impoundments.
 

5. Experimental hilltop water catchment ponds.
 

6. Establishment and improvement of protected watersheds above spring
 

and stream water-withdrawal points:
 

a. Artificial revegetation of badly damaged watersheds.
 

b. Natural reveoetation of watersheds.
 

c. Fencing (1/2 of sites), stone or live, to control livestock.
 

d. Guards (1/2 of sites), to control livestock.
 

Refer to Table 14 below for a summary.
 

TABLE 14
 

IYAGDI WATER PROJECTS*
 

Targets 

Activity 5-Feet 15-year 

Spring Improvement 30 sites 60 sites 

Spring locations 20 sites 100 sites 

Impoundments 2 5 

Canal/pipeline delivery 10,000 a 50,000 a 

Rain catcluent ponds 5 20 

Artificial reveletation 30 sites, 1 ha/site*30 ha 150 sitest 150 ha 

Natural revesetation 30 aites 3 ha/sitem9O ha 150 sites, 450 ha 

Livestock control fences2 8400 a 42,000 a 

Livestock control guards3 sitest mn-yrs sites, man-yr. 

* See footnotes, Table 2 
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Trail Construction and Improvement
 

The rugged terrain of Lhe Myagdi Region has resulted in poor access to
 

some villages and the rapid deteriorat ion of some foot trails. In order to
 

carry out the RCUP in these areas, improved access trust be provided. This
 

topic is treated in more detail In the Energy report of the RCU Project
 

Paper. The fllowing 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 5-year 15-year
 

= 
Trail drainage m/village m m
 

Structures
 

Upland Terrace Improvement
 

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 basts of likely success, proximity to villages and the
 

availability of local labor. The following activities are recommended:
 

1. Regradin g treads to level or slightly backsloping. 

2. Bund construction. 

3. Construction of riser-base drainage ditches and spillways. 

4. Regrade, line and/or revegetate unstabl, risers. 

5. Periphevral dratinage diversion Improvement. 

6. Terrace livestock control using:
 

a. Stone or live fences. 

b. Cun rdq.
 

Refer to Table 16 below for a summary.
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TABLE 16
 

MYAGDI UPLAND TERRACE IMPROVEMENT*
 

Targets:
 

Activity 5-year 15-year
 

Tread regrading 10 ha/village=50 ha 200 ha
 

Bund construction I 5000 m/village=25,UUU m 30,000 m
 

Riser-base drainage 2 1000 m/village=5000 m 10,000 m
 

Riser stabilization 1000 m/village=5000 m 10,000 m
 

Drainage diversion 3 1000 m/village=5000 m 10,000 m
 

Livestock control fences 4 2000 m/village=l0,000 m 20,000 m
 

Livestock control guards 5 10 ha/village, 50 ha, man-yrs ha, man-yrs
 

*See footnotes, Table I
 

Range Denudation Control
 

The processes of man-induced mass wasting and erosion are accelerating
 

on the degraded rangeb of Lhe Myagdi 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 5-year 15-year 

Gully/landslide repair 100 m of gully/village, 5000 m 10,000 m 

Artifit-ial revegetation 5 ha/village=25 ha 50 ha 

Dra!nage diverston i 1500 m/village=7500 m 30,000 m 

Livestock control fences 2 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
 

Landsat iWs piuvided 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 I acquisitions of the 

Project regions are recommended:
 

I. 	All high quality (minimum cloud cover) images, bands IV - VII and 

false-color IR. 

2. 	1:1,000,000-scale positive transparencies and prints.
 

3. Selected I:250,000-scale enlargement prints of above.
 

By the time RCUIP In implemented, IAndsat III Imagery will also be available.
 

Thin coverage in expected to nurpass ltnduat I and II In resolution and overall 

quality. The following Landsat III acquisitions nre recommended: 

I. All high quality (minitu cloud cover) images, bandn IV - VII and 

false-color R.
 

2. 	1:1,000,O00-tcnle positive transparencien and printr. 

3. 	 Selecti.d l:25n), OOO-ncale enlargement prints of abovo. 

4. 	 Computs.r-compltible tapes of selected Imngt'n for nupervilod land 

cl.s, l f ctt foil 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. 	Complete coverage of four Project regious, 1:10,000-scale base.
 

2. 	Information desirable: natural vegetation associations, percent
 

cover.
 

3. 	Sources of data: aerial photos, ground truth.
 

Hazards Maps
 

1. 	Complete coverage of four Project regions, 1:10,000-scale base.
 

2. 	Information desirable: landslide and prone areas, gullying,
 

flood-prone areas, avalanche areas, soils of low strength, etc.
 

3. 	Sources of data: aerial photos, field study, soils maps.
 

Hydrologic Maps
 

1. 	Complete coverage ,f four Project regions, 1:20,000-scale base.
 

2. 	Information desirable: location of perennial aid intermittent
 

channels, mean annual discharges, floodplain location, flood-prone
 

areas, channel bed characteristics, etc.
 

3. 	Source; of data: aerial photos, field surveys.
 

Geological Maps
 

1. 	Complete coverage of four Project regions, 1:20,000-scale base.
 

2. 	 Information desirable: rock type and structures. 

3. 	 Sourcen of date: aerial photon, field surveys. 

Current Land-Uti(, Mnpr:. 

1. 	Complete coverage of four Project regions.
 

2. 	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. 	Secotnd 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: level 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 waather
 

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 equipment needs to outfit and upgrade weather stations and
 

projected costr (based on Department of Irrigation, lydrology, and
 

MeLeorology data) are outlined in Table 19.
 

The I1MG 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 equipmernt), 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
 

Station 
(Number) 

Kulekhani: 

Precipitation: 
Non 

Recording Recording 

Temperature: 
Non 

Recording Recording Wind 

Snow 

Surveys 

Daman (0905) 

Mar'htu Caon (0915) 

Chisapani Gadhi (0904) 

*Ratmate 

C 

C 

C 

P 

P 

P 

P 

C 

P 

P 

P 

P 

P 

P 

-

*Chitlang P - P -

Gorkha: 

Gorkha (0909) 

Jagat (Setibas) 

*Larke Bazar 

(0901) 

C 

C 

P 

P 

-

P 

C 

P 

P 

P 

P 

P 

-

-

-

-

P 

*Barpak 

*Tribeni 

P 

P 

P 

-

P 

P 

P 

" 

P 

- " 

Mustang: 

Jomsom (0601) 

Thakmarpha (0604) 

Mukttnath (0600) 

Ghami (0610) 

Mustang (0612) 

C 

C 

C 

C 

C 

P 

P 

P 

-

P 

P 

C 

P 

P 

C 

P 

-

P 

-

P 

P 

-

-

" 

P 

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 

*Bwari 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
 

Item Number (NRs) (NRs)
 

Precipitation gauge, non-recording 7 250 1750
 

Hydrograph, continuous-recording, weekly 12 5500 66,000
 

Thermograph, continuous-recording, weekly 12 6000 72,000
 

17 240 3080
Maximum-minimum therometer 


Wind speed recording instrument 3 2100 6300
 

Snow core samplers, scale, rod, etc. 4 1800 7200
 

Weather shelter 7 1000 7000
 

7 2000 14,000
Shelter set-up (new) 


Shelter improvement 14 500 7000
 

Hydrologic Monitoring
 

Stream gauging stations should be established at various locations in
 

each of the Project regions. Two types of stations, one with a
 

continuous-recording gauge, the other for manual measurements, should be
 

established. The continuous-recording stations should be located, subject
 

to field inspection, nvar the lollowing: 

1. Tasar Khola near Markhu; oilekhani 

2. Daraundi Khola, near Taranagar, Gorkha. 

3. Kal I Gandaki , ntar Blent , Myagdt. 

The above fitatiorn: each will have continuous-recording stage gauges. The 

non-recordIng g au,,t- nites itiould be chosen based on the following criteria: 

1. Near the mouths of ma ntr trthutarten to trunk streams. 

2. At bridpe crohing,s. 

ble.
3. At ilte s whi.r,, ch.inttel surv yiug IN fea i 

4. At si eit which will likely renaintitahle through floodg. 
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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 hydrologiL.1l station requirements and costs.
 

The HMG Department of Irrigation, Hydrology, and Meteorology has agreed
 

to help set up, train, and man these proposed hydrological stations.
 

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, D11-48,
 

wading-type 18 1350 24,300
 

Suspended sediment cable sampler, DH-59 3 4000 12,000 

3 80,000 240,000Gauge-house set-up 

c(ible set-up (100 m) 3 55,000 165,000 

Current meter, hand, wading-type 10 6000 60,000 

Current nietr, c abli-type 3 10,000 30,000 

Mi ticr1 1laneotvi equipment - - 20,000 

*Figures provided by Dkpartment of Trrigation, Hydrology, and Meteorology. 

http:hydrologiL.1l
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Runoff Plots
 

In each of the four Project areas one set of runoff plots (Djorovic,
 

1977) 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 runoli 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 measurements 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 RCUI' design 1wriod there Kris arisen some differences in opinion 

between IMG and USAID over the application; of biological vs. mechanical control 

of watershed denudation. IGM; maintain; that ntructures, inch at; check damn, 

gabion!;, river trainintg strticturei, aiul large impoundment; in general should be 

inc orpo rated ltwithi the early utagen ofr Implementatton of water shed mana gemen 

for two main rea-ion,,. First , silcil titructurei will he)lp lpare the renailing 

;j rod tictivt land i floodplaini, thereby reduciig the trend for farmers to move 

higler Into tile water.iedn for tititivat toll as lowland d4icreage in dentroyed by 

cond, 4 	 direct impact localf lodn. .- Mec(hanic11al'control h-Iv more and vi n1la upon 

villgern than Hol(ogical ctontroI, thereby gaining tlhir early con ftdence tlat 

tthe RMI1Gwill indeed bt? Implemented. 
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USAID's and this writer's philosophy is 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, are IivtsLuients which are best
 

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 use one approach to the exclusion of the 

other. In fact, a mutual understanding has been reached as to the approach the 

RCUP will take. First, biological 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 property are threatened by natural or man-induced denudation 

processes. Third, in light of the lag time required for biological methods to 

take effect, the establishmenz of small structures will serve a useful role in 

gaining th,! early confidence and acceptance of the villagers. And fourth, large 

impoundments, 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 IMG and other donor agencies. 

Manpower Availability
 

Tle need; for considerable inputs of trained and unskilled manpower
 

will he a continuing problem In the RCUP implementation. Nepal has a 

hi story of !;killed manpower shortages, and unskilled labor availability 

tend- to fluctuate greatly wiLh the seasons. 

Wi thin the flr,;t five yea.rt; of RCUI' linplemnentat ion, large inpatrit of 

highly t rainel personnel will be requlred, enpecially in watershed 

management, to tol l,,tt tit, re i500rce Inventory da4t a requlre, to carry out 

effective long-range planning. It In clear that ING can supply little of 

thin need; tlun, RCI1I' will tx, responslble for bringing In expatriot experts 

to man ige enrly implmentntion effortn . It it hoped that, meanwhile, IIG 
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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 uc:,,rpassed in
 

the history of Nepal.
 

Unskilled manpower needs will be great throughout the implementation
 

period and beyond. Initially these inputs will be supplied from surplus
 

labor pools during low-activity agricultural seasons, such as in the spring
 

and pre-monsoon periods. Eventually, however, it 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 iiay 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, RCUIP must not only coiosider tile needs of the villagers as 

perceived by the experts, but also be sensitive to the desires and
 

perceptions of the villagers. The Pro-ject simply cannot hope to succeed in 

any measure without the support of the villagers. If 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 challenge of 

RCUP will be to begi', Immediate upgrading of the watersheds with the early 

support of the villaer,, and, wLere necessary, to change the perceptions of 

tile villagers where :;uch percept ions conflict with good watershed 

management. Perhaps the best example of where perceptions must be altered 

is to instill the philonophy that the upgrading of watershedn is a long-term 

effort which, in siomv caiie.c, doet not pay hezieffti directly ot immediately. 

Patience will be neceosary in this process. Altered perceptions can be 

achieved through effective demonstrn tion projects and local educational 

prograim. The end reult 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.
 

Analysis of Project Limitations and Benefits
 

Limitations
 

Social Limitations
 

1. 	Unskilled labor availability. At. noted earlier, rural labor pools 

in Nepal undergo considerable seasonal flux. Minimal labor is 

avai lable during the monsoon season (Junt-Septerther) whn field 

preparation, crop plantlng, and harvesttu activitt.e; peak. RCUP 

water shed matna enient att ivit ie, involving lart, qui t Ities of 

unskilled lat;,,r mu;t b" pl anned t;o v; to tit ill l'e of f-stason labor 

pools, espec ially in late falI through litt spring. 

2. 	 Unskilled aid killed lahur itent ive-. Soa: que;tion exists as to 

the be,;t m4thod.; of ia.,ent for mnkilled libor, lth~er it he in 

cash, crtedIt,;, fo{xl or other necessitics, or voluntary. Studiell 

are required to find which method or c)nmhinat on will tx. mofst 

successful. Skilled labor intent iv.- involvt. different problems. 

Although rates of paly ma> be at ititue, more Important ar. 

amenitle whtch will keep ilk illed tec In it: lans and proft.n ionalti 

in-country, will attrjotct thev to field loctt ion , and will keep 

them there for prolonged perIod,; to prsvhidet continuity to RClI 

Projectn. Such incent ives may Involve 1irdtihi p allow.tt1l'tel 

comfortable, reidelce, pe,riod It leav periods, fam ily allowances, 

etc. 

3. 	 Lack of ipnt:hayat and dlitr tI level wit truhed managemnt 

infraintrutoturtren. To date, the re i iinefftive Itfrattrt tture at 

the it,-nattonal l.vel to Imnplenument witertihi.d mainage-m-nt Ltlvltie 

and education. The I(CiP will be refiponl Ible for i'ntt blnhln ruch 

an Infrntitructure no that HCU' Implerientat Ion amd potit-RCl)' 

continuation of nctivitli are Innured. 
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4. 	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 is, therefore, to relieve
 

population pressures. This may best be accomplished by population 

control, which is being attempted and is not within the mandate of 

the RCUP. Alternative methods which RCUP must address include 

increasing resource productivity through introduction of better 

resource management systems and technology, establishing 

alternative economic pursuits to agriculture, offering other erergy 

sources, etc. Only when concnerns for survival are elimin.zted will 

the villagers be able to afturd the luxury of conservation, and 

they will then be likely to accept such methods readily.
 

Technical Limitations
 

1. 	 Shortage of skilled and professional manpower. Nepal has a history 

of shortages of highly-trained manpower. If the RCUP is to be 

%uccessful, it will have to construct an immediate and productive 

system of training at all levels of (ompetence. Only in this way 

will the RCI1I1 technical am professional slots be filled by 

Nepalis, whith it a principal goal of the RCIUP. To achieve this 

goal, It may at first be necer.i ary to Fiend Nepalis overseas to 

recelve training; meanwhile, expatriot npecial ists will be needed 

to get the RCI1' ,inderway. It Is hoped that. in the longrun such 

training will tb.within the capati Ii les1 of the Trihuvan 

Univer ity and other In-count ry educat Ion/ traini.g centers. 

2. 	Poor lotaI waterrshed pro. 've!;. Although local ignorance of good 

watershe.d management pray tite'i !,not the primary problem, ni 

ment ioned above., there are lrntt icet. wh ich for reaioni of cuntom, 

Pupernltition, or Ignoratie, have little value and may In sW)me cnseii 

be detriment .i* It behoovet tle IW1l' to prov ide local 

enlight enmet,t through e'xtenroion, education, and demonntrstion to 

replnc, th,.., pract .iceswith hetter onest 
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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. Ecologically, 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 Include terrace technology, gully control 

techniques, river training method,;, and snow management. 

4. 	 Limited scope of RCUP. The RCUI1 cffort wil! be focused on only 

four regions within Nepal, and will be limited within these regions 

to areas of concentration. Obviously, the RCIJP s not designee to 

solve all of Nepal's watershed problems even in fifteen years. It 

is a major cl'allenge to initiate vonservation and management 

projects at key locations in the four Project regions where a 

maximum of denronstration and techrnology transfer will take place. 

Only when the villagers see new techntques and take thtn) back to 

their villages will the necessary dlisemination of waternhed 

management technology take place.
 

Benefits
 

Direct Benefits
 

i. Reduced soil erosion. The mont obviouti direct benefit of the RCUtP will 

be in redticed noil losnf,,. The primary goal of biological denudttion 

control In to shield the ioll and anchor it in placie no that saoil 

quality will b. maintailnvd. 

2. 	 Reduced landslide . Another direct. restilt of HCilI' Wlterfled Management 

will be the red tiction of lan-Ind tic lI re.ioi want ing. Sucth procetivi. 

rapidly remove topsoil iind overburden, not only le nening the land'n 

ability to auntalin vege.ot tion, but til s threa tenit. life-, cultivated 

landsi, houi.-fa, afnd other astru ttire, . New Iniltlldi. stc rsi a1lo typically 

Initiate local cy.leai of niccelernted .ronlon through gu yl,,. 
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2. 	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 erosion through gullying. 

3. 	 Torrent control. Better watershed managment will keep tile sul in 

place, Improve the vegetative cover, ank 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 cultivatod lands, and decrease tile 

threat to st.ructture:; tich as house s, road.-, trails, canals, etc. 

4. 	 Flood control. lie main ;t rennial stream channels will become more 

ntabilized once upland c('nservatin and rehabilitation meafures take 

effect. This means that discharge regimes will become less erratic, 

flood peaks will drop, lag times will increase, total quickflow 

discharge, will decline, aind ba;efiows will Increase. The above changes 

will mean fewer destructlve floods, the opportunity to reclaim 

floodplains for cultivation, and the enhancement of stream resources for 

such uses as dometic and irrigation water, fishing, and power. 
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Watershed Management Professional
 

Personnel RequiremetLas
 

Title: 	 Physical Geographer
 

Qualifications: Ph.d.; experience 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 m;,ps for Project 

reg ions. 

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
 

(Qalifications: Ph.D., M.S. acceptable, experience and expertise in 

soils mapping in field and from remote sensing imagery; excellent health and 

stamina. 

Person-years: 8, or about 2 yr/region. 

Scope of Work: Supervision of field data collection and *napping, and 

soils m.pping from remote sensing imagery; cooperations with other resource 

mapping activities; input into land capability map. 

Title: 	 Geologist
 

Qualifications: Ph.).; expeitence and expertlne in rock-type and 

structure mapping I, field and from remote nenning imagery; knowledge of nosmic 

geology; excel lent healthI and stamina. 

Peroon-ycars: 8, or about 2 yr/reglon. 

Scope of Work: Supervinion of field and remote siensing data gathering 

for rock and structure mappinp.; examination of siten for st? ructuren to detormine 

stability; input into land capability and hlazalrdn maps. 
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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/region. 

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: Ilydrometeorologist
 

Qualifications: Ph.D.; experience and expertise in meteorology, 

climatology, ,;ynoptic analyt;s,, and hydrologic cycle; excellent 'ealth and 

*;tam ina. 
S:o)pe of Work: Suparv I lon of weittr s;t ton ]ocat!on, ,;et- p , and 

operations; analysis of meteorological data; Inputs into other resource mapping; 

coordination and cooperations alth hydrology efforts. 
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At tachmentI I (Cnt.) 

1st 5 Year Program 

Year I Year 2 Year 3 Year 4 Year 5 Total 2nd 5 Years 3rd 5 Years 

1 2 1 3 1 2 -1 1 1 2 I 2 3 i 2 3 1 2 3 1 2 1 3 

l NVENTORY/MON ITOR !NG; 

Aerial Photography32/ 

Satellite Imagery 40/ 

0 

0 

4 9x9 
Miss 
IS 1. 

II 

100 

7.5 

0 

0 

o 

IS 

0 

2 

0 

0 

0 

.S 

0 

2 

40 'mVSC 
s 

0 .S 
111111l 

3 

2 

0 

0 

0 

LS 
II1 

0 

2 

103 

15.5 

6013iRSC 
is 

0 LS 
Ii 

4.5 

11.L 

1005 RSC 
is 

0 LS 
ill 

7.! 

1.J 

Maps :111 
Soils 41/ 6000 HJps 2 100 6000 Maps 100 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 

Vegetation 42/ 

rgns. 
12U0 Maps 20- r8n", 20 

rgns 
1200 Maps 2rn'a'p '2 20 010100 0 0 0 0 0 0 0 0 0 4020 00 0 0 0 0 0 0 

Hydrology 43/ 

Geology 44/ 

Land UsT 45/ 

Land Capability 46/ 

0 

0 0 

1200 Maps. 
0 0 

0 

0 

20 

0 

1200 11as 
rgns. 

4GOO Maps 
rgn. 

1200 taps 

0 

10 1200 aps
rgns.0 

60 4000 Maps 2 
I rgns. 

20 0 0rgnsrgnrgns. 

0 1200 Maps 2 

10 

6 

0 

20 

0 G 

0 0 

0 0 

1200 Maps 2 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

120 

40 

40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2400 

0 

0 

aps 4 

0 

0 

0 

4 
0 

0 

Hazards 47/ 

Weather Stations 48/ 

1200 Maps- rgns. 

112 21al 

20 

200 

1200 

0 

Haps 
rgn 
0 

20 

0 

0 

0 

rgns. 
(1 

0 

3 

0 

0 

0 

rrns. 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

40 

200 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Stream Guages 49/ 0 0 0 375 Setup 650 1350 Sn.Op. .5 1350 Sta.01p .5 1350 Sta.Op. .5 6515 1750 9ta.0p. 2. 87503taC. 2.5 

Runoff Plots 50)/ 0 0 0 120 Setup 4 1440 ItbL . 2 1440 1k Oi 2 1440 IlLtOp, 1.5 10 7200 11aQp. 10 700 ?P qt. 10 

Sediment Catchment Meas. 
51/ 

0 0 0 0 0 0 30 Kea%. 1.5 30 Lean.1.5 
_______________ 

30 reas. 1.5 45 150 He 
a s. 7.5 150leas. 7.f 



III (Revised)
Attachmenit 

KucklYni Wat ershed MHai.ijcmi.at Project (akwanpur) 

i'.oosted Project Schedules 

p E E 2 

First 

3 

Five Years 

4 5 
Total of 
First 5 Yrs 

eond 
Five 
Years 

Th ird 
Five 
Years 

Fifteen 
Year 
Total 

1. Terac Improvement 
5 ha.
0 km 

10 ha. 
I km 

10 ha. 
I km 

10 ha. 
I km 

15 ha. 
2 km 

50 ha. 
5 kn 

75 ha. 
10 km 

75 ha. 
10 km 

200 ha. 
25 km 

3. Counlty water source protection 18 ha 18 ha 18 ha 18 ha 18 ha 90 ha 128 ha 127 ha 345 ha 

4. 

5. 
6. 

Major gully control on range land 

Landslide rehabilitation 

Stream-bank stabilization a. gabions
b. riprap 

1 km 
0 km 

-
0.2 km 

1 km 
I km 

0.1 km 
0.2 km 

1 km 
1.5 km 

0.1 km 
0.2 km 

1 km 
1.5 km 

0.1 km 
0.2 1oa 

1 km 
I km 

-
0.2 km 

5 km 
5 km 

0.3 k" 
1 km 

5 km 
3.75 km 

0.1 km 
-

5 
3.75 

0.1 

km 
km 

km 
-

15 km 
12.50 km 

0.5 km 0% 
Ln 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Flood plain tree planting 

Stream channel contrel 

Road slope stabilization 

Climatological stations (new) 

Climatolugical stations (old) 

Stage recorder and cable way 

Building 

Catchment ponds (hill top) 

10 ha 

--

0.4 km 

-

-

-1 

-

-

10 ha 

0.4 km 

1 

1 

2 

1 

10 ha 

0.4 km 

1 

1 

-

1 
2 

10 ha 

250 

0.4 km 

-

1 

_I1 

-

2 

10 ha 

250m 

0.4 km 

--

-

-

3 

50 ha 

500m 

2 km 

3 

3 
8 

25 ha 

-

-3 

-

8 

25 ha 

-

-

-
10 

100 ha 

500m 

2ki 

2 

1 

3 
26 

http:MHai.ijcmi.at


Appendix III (Revised) (ConL.) 

First Five Years Second Third Fiftee-

PR POSED PROJECTS 
2 3 4 5 

Total ot 
First 5 Yrs 

Five 
Years 

Five 
Years 

Year 
Total 

1. Terrace Improvement 5 ha 10 ha 10 ha 10 ha 15 ha 50 ha 225 ha 225 ha 500 ha 

2. Trail Impruveownt 0 km I km 1 km 1 km 2 km 5 km 10 !-- 10 km 25 km 

3. Comunlty water sourcr protection 20 ha 20 ha 20 ha 20 ha 20 ha 100 ha 100 ha 100 ha 300 ha 

4. Major gully untrol on range land - I km I km I km 2 km 5 km 2.5 km 2.5 km 10 km 

5. Road clupe stabilization 0.4. km 0.4 km 0.4 km 0.4 km 0.4 km 2 km - - 2 km 

6. Stream-bank stabilization a. gablons - - 0.1 km 0.1 km 0.1 km 0.3 km 0.1 km 0.1 km 0.5 km 

b. riprp 0.2 km 0.2 km 0.2 km 0.2 km 0.2 km 1 km 0.5 km 0.5 km 2 km % 

7. Fluoad plain tree planting 40 ha 40 ha 40 ha 40 ha 40 ha 200 ha 150 ha 150 ha 500 ha ON 

8. Diversions - - - 2 km 3 km 5 km 3 2 10 

9. Clinatologial stations new) - I I I - 3 - - 3 

10. Climatologlal stations (old) - I I - - 2 - - 2 

11. Stage recorder and c.blte~ay - - I - - I - I 

12. Buildings I - - - - 3 - - 3 

13. Catclment pcnJ (hill top) 1 1 2 5 5 14 15 20 49 



ALtJLl.-nt III (FtcvIs.CJ) (C-Int.) 

First FIve Years Second Third Fifteen 

WPJSD FMOJECTS Total of Five Five Year 

1 3 4 First 5 Yrs Years Years Total 

I. Terrace Imsrov,--nt IC ha 10 ha I0 ha 10 Ila 10 ha 50 ha 75 ha 75 ha 200 ha 

2. traill 1t,'.:.mnt 2 k1 3 km 4 km 4 km 2 kin 15 km 5 km 5 km 25 km 

3. !d'.Jx gully Cuntrol on rasnge land - - I m I ks I km 3 km 2.5 km 2.5 km 8 km 

4. .ter~bed protectiou 10 ha 10 ha IL hia 10 Ila 10 ha 50 ha 50 ha 50 h. 150 ha 

5. ClizatolegIcal btatlIons (new) - I I - - 2 - - 2 

6. C11mjtologlcal sration: (old) - 2 2 - - 4 - - 4 

7. Stage recorder ar..cableway - - I - - I - 1 1 

8. bIul,lios - 3 3- - 3 

9. Catchoent -F00
4 

(hill top) - 1 1 4 7 4 10 21 

http:FtcvIs.CJ


First FIvt iears Second Third Fifteen 

?KOOS.D FIOJECTS PRPO3 SED P Total 
First 

of 
5 Yrs 

Five 
Years 

Five 
Years 

Year 
Total 

1. Terrace expansion - 10 ha 10 ha 10 ha 30 ha 200 ha 200 ha '30 ha 

2. Watershed protection 10 ha 10 ha 10 ha 10 ha 10 ha 50 ha 100 ha 100 ha 25O ha 

3. Srw.w Iaagcwna t - - - I - - 1 1 3 

4. Wind mills - 1 2 2 5 - - 5 

5. Test drilling - b b 2 - - 24 

6. Clizatolo.tcal Ntatiocs (n") - - - - - -

7. Climatological statluns (old) - 1 2 2 - 5 - -

8. Stage recorder and Lablway - - 1 - - 1 - - 1 

9. uoildings - 3 - - - 3 - -3 

10. Catchownt jonds - 1 2 3 6 3 10 19 



Attaclaieut Ili (Revised) (Cont.) 

1. 

PROPOSED PROJECTS 

lnventoy- and Monitoring 

A. Hydrologic Survey 

B. Geology Survey 

C. Soil Survey 

D. Land Capability Survey 

E. Erosion Hazard 

F. Impact Evaluation 
G. Adaiptive Research 

H. DocemntaLion 

I. Farm Planning 

Unit of 

Accomplish-

Ient 

Ilectares 
Area report 
Hectares 
Area report 
hectares 
Area report 

Hectares 
Area report 
Hectares 
Area report 
Plots 
Stu lles 
Photo point 
Movie 
Hectarcz 

First Five Years 

1 2 3 4 

0 32,000 100.000 109.585 
0 0 1 1 

32,000 100.000 109.585 110,00 
0 0 1 1 

32.000 100,000 109,585 110,000 

0 0 0 1 

Aerial 32,000 100.000 109,585 

Photograi iy 1 1 1 
0 32.000 100.000 109,585 
0 0 1 1 
4 4 4 4 
2 2 2 2 

4U 80 80 80 
I 1 1 1 
0 250 500 700 

110,000 
1 

110.000 
1 

110,000 
2 

110.000 
1 

110,000 
1 
4 
2 

80 
1 

1,000 

Five 
Year 

Total 

351,585 
3 

461.585 
3 

461.585 
3 

351,585 
4 

351,585 
3 

20 
8 

360 
5 

2.450 

Second 
Five 

Years 

161,077 
1 

51,077 
1 

51.077 
1 

161,077 
1 

161,077 
1 

20 
8 

400 
2 

5,000 

Third 
Five 

Years 

0 
0 

0 
0 

0 
0 

0 
1 
0 
0 

20 
a 

400 
2 

5.000 

Fifteen 
Year 

Total 

512.662 
4 

512,662 
4 

512,662 
4 

512,662 
6 

512,662 
4 

60 
26 

1160 
9 

12,450 

2. Watershed Managromnt 

A. Terrace Improvement 

B. Trail Improvement 

C. Comunity W.ater Source Protection 

D. Major Gully Control on Range Lands 

lectares 

Kilometers 

Hectares 

Number 

10 

1 

58 

1 

30 

5 

58 

2 

40 

6 

58 

3 

40 

6 

58 

3 

60 

6 

58 

4 

180 

25 

290 

13 

575 

25 

378 

7.5 

575 

25 

377 

7.5 

1.330 

75 

1,045 

28 



Attaclmeit III (Itevlscd) (Cont.) 

pI pos xu PROJECTS 
Unit of 

Accomplish-

ment 1 
T 

Firat 

-
2 

Five Year* 

3 4 5 

Five 
Year 

Total 

Second 
FiveY a se 

Years 

Third 
Fivers 

Years 

Fifteen 
YearTotal 

E.F. L.nd Slide Rehabllati.-'Stre~amb~ank Stabilization 
Number 0 1 1 2 1 5 51.20. 

IF 
1) 

Lrabions 
Riprap 

Kiluer 
Kilometer 

0 
0.4 

0.1 
3.4 

0.2 
0.4 

0.2 
0.4 

0.1 
0.4 

0.6 
2 

0.2 
0.5 

0.2 
0.5 

1 
3 

G. Flood Plain Tree Planting lIectare. 50 50 50 50 50 250 175 175 600 

H. Streaa Ch.annet Control 

1. ILoai Slope Stabllzati.n 

McLrs 
Kilocters 

0 
0.8 

0 
0.8 

0 
0.8 

250 
0.8 

250 
0.8 

500 
4 

0 
0 

0 
0 

500 
4 

J. Ctcbhont Fonds (h1i11 top) Nu=ber 1 3 6 10 15 35 30 50 115 

Cliztlogical 

.) Old 

N 
NNbewr 

0 
0 

3 
5 

3 
6 

1 
3 

0 
0 

7 
14 

0 
2 

0 
2 

7 
8 

L Sta e Record r , N ;b.rt 0 3 O 0 4 2 2 3 

b. 

N.0. 

Snow M.agement scatlIs 

tn4I'n driiliu& 

NUmLerb 

hubers
Nu0bers 

0 

0III0 

0 

0 
b 

0 

1 
6 

1 

1 
6 

0 

2 
6 

l 
5 

24 

1 
3 

0 

1 
3 

0 

3 
11 

24 

P. DiveriuO5 Nsab~er, 0 0 0 2 3 5 3 2 10 
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Attachment II
 

Basis of Matrix Data Calculations
 

Footnotes*
 

1. Tread regrading:
 

Moving 3000 m3 /ha of earth 5 m distance, 25z slope; 500 person-days/ha; 

manual (hand); use of animal 'ower will decrease manpower needs.
 

2. 	 Bund Construction:
 

15 x 	 30 cm; 0.225 m3 earth movc./m of bund; I person-day - 250 m.Bunds 

3. 	 Rise r- Ba serinane: 

20 x 65 cm; .13 m3 earth tmved/m of Jitch; 1 person-day a 40 m.Ditch 

4. 	 Riser Stabilization: 

1 person-day - 5 m. 

5. 	 Drainage Diversion: 

1 person-day - 5 m; 200 person-day/km. 

6. 	 Livestock fences: 

5 strand, 3 m pole spacing; I person-day - 3 m fencing; cost - $350/100 m. 

7. 	Livestock Guards (Terraces): 

Plot - 10 ha; 1 guard/plot; 365 person-days/plot/yr, cumulative with time. 

8. 	 Natural Revegetation:
 

Sb labor or capital outlay.
 

9. 	Livestock Guards (Watershed):
 

Plot - i ha; i guard/plot, 365 person-days/plot/yr, cumulative with time*
 

10. 	 Trail Drain"Ses: 

30 per son-days/km. 

11. 	 Regrading/Retoutiig Trails:
 

person-days/kin; total cost - $2100/km. 

12. 	 Artificial Revecetation (Abandoned Trails):
 

total 	cost- $300/ha; figures based on m125 person-days/ha; 3000 trees/ha; 

I ha - 667 m of trail; total cost = of trail with dimensions 1.5 m wide; 


$450/km of 	 trail. 

Numbers rounded in some cases. 
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Attachment II (Cont.)
 

13. 	 Stone Steps:
 

300 pcrson-days/km. 

14. 	 Gully Structures (Gabions): 

12 gabions/gully, $660/gabion (standard size), $8000/gully; 
4 

average gully - .5 km length.person-days/gabion, 50 person-days/gully; 

15. 	 Artificial 1Levegetation (Gully):
 

$300/ha; figures based on m
 125 person-days/ha; 3000 trees/ha; total cost -

I ha - 1500 m gully; total cost - $200/km of gully length;of gully length; 


85 person-days/km.
 

16. 	 Structures (Gully Gabions):
 
of gabions;

Cost - $660/gabion (standard size); computation based on number 


4 person-days/gabion.
 

17. 	 Slide Drainage (Internal): 

Cost - $2500/site; 10 person-days/site. 

18. 	 Gabion (Stream):
 

Average 2 gabions/ 3 m protection; buried I m; total - $700/m;
 

10 person-days/m protection.
 

19. 	 Riprap (Stream):
 

I person-day/m lining. 

20. 	 Artificial Revegetation (Floodplain):
 

3000 trees/ha; total cost - $300/ha.125 person-days/ha; 

21. 	 Channelization: 

I person-day/m; cost - $15,000/km (manual). 

22. 	 Hydroseeding: 

Cost - $100/ha; 5 person-days/ha. cost of 

(Which should be included in supplies) 

23. 	 Artificial Reveetation (Roadside): 

Cost - $750/ha; 310 person-days/ha. 

24. 	 Drainage (Roadside): 

Cost - $5000/km; 200 person-days/km. 

25. 	 Spring Development: 

Cost - $700/site; 320 person-days/ site. 

26. 	 Impoundments:
 

Coast - $2100/site; 1000 person-days/site. 

27. 	 Canals: 

Coat - $8350/km; 4,000 person-days/km. 

set * 	 $250 per umit.hydroseeding 
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28. 	 Pipelines:
 

Cost - $25,000/kni; 	 500 person-days/km. 

29. 	 Artificial ,evegetation (watershed):
 

- $300/ha; 3-ha/site.
125 prson-days/ha; 3000 trees/ha; total cost 


30. 	 Channel Diversions:
 

5 person-days/diversion, manual. 

31. 	 New Terrace Construction:
 
3/ha of earth 5 m on 25% slope; 1000 person-days/ha;
Moving 	6000 m


manual. 

32. 	 Test Drilling: 

Cost - $2000/bore; 10 person-days/bore. 

33. 	 Windmills: 

Cost - $2000/windmill; 15 person-days/windmill. 

34. 	 Snow Fence Site Location: 

2 person-days/site (professional). 

35. 	 Snow Fence Experiments: 

Cost - $1000/site. 

36. 	 Snow Fencing:
 

Cost - $7500/km; 200 person-days/km fencing. 

37. 	 Spring Improvement:
 

Cost - $1000/site; 400 person-days/site.
 

38. 	 Rain Catchment Ponds (Hilltop):
 
3 

$300/pond; i00 person-days/pond; average 50 m excavation for 1.5 x 8 x 8 

plastic; proper

pond, using excavated earth for dikes; lined with clay or 


overflow into stable drainage ditches/channels provided.
 

39. 	 Aerial Photography:
 
10 - 2 	1/4 x 

4 - 9 x 9"missions + photos - $100,000, no manpower needed; 

1/4"Remote Sensing Center (DSWC) missions + photos - $1500/mission, 20
2 

person-days/mission.
 

40. 	 Satellite Imagery:
 

. and II - $7500: Landoat III (ongoing) - $30,000; no labor
 
Landsat 


needed.
 

41. 	 Soils Maps:
 

$50,000/region, 3000 person-days/regions; includes professional, technical,
 

unskilled labor.
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Attachment II (Cont.)
 

42. 	 Vegetation Maps: 

$10,000/region, 600 person-dayq/region; includes professional, 
technical, 

unskilled labor.
 

43. 	 Hydrologic Maps: 

includes professional, technical,
$5000/region, 600 person-days/region; 

unskilled labcr.
 

44. 	 Geologic Maps: 

$30,000/region, 2000 person-days/region; includes 
professional, technical,
 

unskilled labor.
 

45. 	 Land Use Maps:
 

$10,000/region, 


unskilled labor.
 

46. 	 Land Capability 

$10,000/region, 


unskilled labor.
 

47. 	 Hazards Maps: 

$10,000/region, 

unskilled labor. 

600 person-days/region; includes professional, 
technical, 

Maps: 

600 person-days/region; includes professional, 
technical,
 

600 person-days/region; includes professional, 
technical,
 

48. 	 Weather Stations:
 

new set-up--1O person
Labor 	 - upgrading-- 3 person-days/station; 

days/station;
 

Total 	 - $20,000.Materials/Equipment: 


Station Operations by HMG.
 

49. 	 Stream Gauges: 

Set-up: labor--100 person-days/station (recording), 5 person-days/station 

(non-recording). 

Raterialii/Equipment--$650,000 total.
 

Operation: labor- 7 5 person-days/sta tion/yr ; upkeep 


stations)--S150 total/yr. 

50. 	 Runoff Plots: 

Set-up/plot 30 pernon-days; cost - $1000/plot. 

Operatioa - $500/yr/plot; 360 person-dayo/yr/plot, 

Sediment Catchment Measurements:
51. 


30 stations; I person-day/station/yr.
 

Cost - $50/station/yr.
 

(recording 
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Attachment 111 (C43ut.)
 

Staff and Expertise Year I Year 2 Year 3 Year 4 Ye;.. 5 First 5 
Year Total 

Second 5 
Year Total 

Third 5 
Year Total 

Grand Total 

Administrative Support 

I. Senior Accountant (;dz. 

Service Cl.-ss III). 
Accts. - - - I 

2 Accountants 

Class 1) 

(Non-Gazerted 2- - - 2 2 

3. Administrative Otlicer 

(t2azetted Adm. '11) 
- - - 1 

4. Administrative Asst. 

Gazetted. Class 
I) 

(Non- 2 1 - I - 4 4 

5. Typist (!kon-Gzetted Class 1) 3 2 - - 5 5 

6. Driver cum Mechanics (N.G. 

Tech. Class Ill) 

7. Peons. 3- - 6 6 

- 35 35TOTAL.: 21 . . 



Attachment 1III 

Phailng of the Catchment Of fice Staff 

Staff and Expertise Year I Year 2 Year 3 Year 4 Year 5 First 5 

year 
Total 

Second 5 

year 
Total 

Third 5 

year 
Total 

15 years 

Total 

A. Kulekhani-Catchment Conservatin Gffice 

1. Catchment Conservation offtcer 

(Forest/Agri Service, Soil 
Conservation Faculty Gazettec. 

Technical II) 

- 1-

2. Asst. Soil Conservation Officer

land treatment (lorest/Agri 
Service. S.C. faculty, Gazetted 

Technical ill) 

3. Asst. Sil Conservation Officer-

Chinme treatment 

Service, S.C.) 

(Forest/Agri - - - -

4. Asst. Soil Conservation Off.cer-
Extension. Education and research .... 

F(,rest/Agri Service S.C. faculty 
Gazetted Technical I11) 

5. Oversears. (N.G. Tech 1) 1 - - - j - -

6. Soil Conservation Tech. (Non-
Gaz. Tcci. Class 1) 

2 2 2 1 - - - 7 

7. Accountant (N.G. Acct. 1" 
8. Admini!.trattvt A--st.(N.X. Adm 1) 
9. Storekeeper (N.G. Accountant 1) 

--
- - -

-.. 

-

I 
I-1 
| 

- -1 

-

10. 

11. 

Driver Cur Mechanics 

Peons and Guards 

(N.- Tech !1) iI-

2 2 - -4 

- 2 

- 4 

- 2 



Attachmlent 1l11 (Cont.) 

Staff and Expertise Year I Year 2 Year 3 Year 4 Year 5 First 5 
year
Total 

Second 5 

year
Total 

Third 5 
year
Total 

15 years 
Total 

Daraudi Catchment & Conservation Office-

Corkha. 

1. Catchment Conservation Officer 

(Forest/Agri Service, 
Soil 

Conservation Faculty. Gazetted 

Technical 11) 

2. Asst. Soil Conservation Officer-

Land treatment (Forest/Agri 

Service S.C. Faculty. Gazetted 

Technical 1ll) 

3. Asst. Soil Conservation Officer-

Channel treatment (Forest/Agri 

Service; S.C. faculty Tech. Ill) 

4. Asst. Soil Conservation Officer-

Extention/Education and research 

(Forest or Agri/Service. S.C. 

faculty. Gazetted Tech. Ill) 

5. Overseer (N.G. Tech. 1) 

6. Soil Conservatio'n Ast. (Non. Gaz. 

Tech. 1) 

7. Accountant (N.G. Accountant ) 

8. Administrative Asst. (N.G. Adm 1) 

9. Store Keeper (N.G. Ada I) 

10. Driver cum Mechanics 

11. Peons and 'uards 

3 

1 

1 

I 

I 

2 

3 

.... 

I 

! 

-

4 

_ 

-

-

2 

4 

-

2 

-

-

17 

1 

1 

1 

2 

4 

12 

-

-

2 

-

-

-

-

-

29 

1 
2 

2 

4 



Staff and Expertise Year I Year 2 Year 3 Year 4 Year 5 First 5 
year 

Total 

Second 5 
year 

Total 

Third 5 
year 

Total 

15 years 
Total 

C. Upper Kali (andaki Catchment 

Conservation Office - MVagdI 

1. Catchment Conservation Officer 

(Forest/Agri. Service. Soil 

Conservation faculty. Ga. 2 Tech II) 

I -

2. Asst. Soil Conservation Officer - Land 

Treatment (Forest/Agri Service, Soil 

Conservation faculty Ga. 2. Tech 1l1) 

- I " -

3. 

4. 

Asst. Soil Conservation Officer - Channel 

Treatment (Forest/Agri Service, Soil 

Conservation faculty. Ga. 2. Tech I1) 

Asst. Soil Conservation Officer - Ex-

tension education & research CForest/ 

Agri Service. Soil conservation faculty 

Ga. 2. Tech Ill) 

- -

- - -
0 
C_ 

5. 

6. 

7. 

Overseers. Civil Works 

Soil Conservation Asbt. 

A~mn. Asst. (N. Ad. 1) 

(I:G 

(; 

Tech I) 

Tech 1) 

! 

2 

I 

. 

2 

-

2 2 

-

2 

-

I 

10 

1 

-

4 

-

-1 

-

-

14 

I 

8. 

9. 

10. 

11. 

Accountant (NG Acet. 

Store KXepvr (NG Adm. 

Driver cum,Mechanics 

Peons & Cuards 

I) 

I) 

(NG Tech Ii) 

I 

-

2 

-

-

-

_ 

-

-

-

-

2 

1 

! 

-

4 

-

-

-

-

-

2 

-

l 

1 

4 



Attachment l11 (Cont.)
 

Staff and Expertise Yr. I Yr. 2 Yr. 3 Yr. 4 Yr. 5 First 5 
years 

Second 5 
years 

Third 5 
years 

15 Years 
Total 

Total Total Total 

D. Kli Gandaki Catchment Conservation Office 

1. Catchment Conservation Officer (Forest/Agri 

Service. Soil Conservation faculty. Ga. 2 

Tech. II) 

- - i 

2. Asst. Soil Conservation Officer - Land 

Treatment (Furest/Agri Service, Soil 

Conservation faculty, Ga. 2 Tech I1) 

! 

3. Asst. Soil Conservation Officer - Channel 

Treatment (Forest/Agri. Service. Soil Conser-

vation faculty. 
Ca. 2 Tech 111) 

- ! 

4. Asst. Soil Conservation Officer - Extension 

Education & Research (Forest/Agri Service) 
_ 

5. Overseers - Civil works 

6. Soil Conservation Asst. 

7. Ads. Astt. (N( Adm 1) 

8. Accountant (NC Acct. 1) 

(W; Tech I) 

(NC Tech I) 

1 

2 

1 

I 

.... 

2 

-

-

2 

-

-

1 

-

-

1 

-

1 

8 

I 

I 

-

2 

-

-

-

-

-

-

1 
10 

I 

9. Store Kceper (NG Adm 1) 

10. Driver cur Meclhnics (N. Tech 11) 

ii. Peons & Cuard, 

CHANO TOTAL 

1 

-

2 

is 

-

-

-

I? 

-

-

2 

Il 

-

-

-

14 

-

6 

I 

-

4-

93 18 

2 

-

4 

2 

4 

115 

I _1I



At-d~-mant IVI (a) 

Inmyrncr and Mmoita-ing 

(Ol -eingcmt In "tot.a RWW) 

pUniticulars nea III Year 2 Year 3 Year 4 Year . 
' 
Total 

rtL Five Year, 
L. C. F. C. 

1. Local Stdff 

- Salarie & B-netlL 

- Travel & Other Allowances 

- Frojcct Allowances 

UB TOTAL 

157.3 

37.9 

51.9 

247.1 

212.9 

47.0 

71.3 

331.2 

246.2 

54.1 

78.8 

379.1 

273.1 

61.2 

85.3 

419.6 

279.8 

61.2 

85.3 

426.3 

1169.3 

261.4 

372.6 

1803.3 

i169.3 

261.4 

372.6 

1803.3 

2. operation of Vdhc1C andI 
Equipmant 

- Four Weel rive (4Wf) 

Vehicles agd Sed-111S 

- motor Cycles 

- Duplicatr.g Muchines and 

other Lq SU5 TOTAL 

206.0 

5.0 

5.0 

21b.0 

J24.0 

10.0 

5.0 

339.0 

324.0 

10.0 

5.0 

339.0 

324.0 

10.0 

5.0 

339.0 

324.0 

10.0 

5.0 

339.0 

1502.0 

45.0 

25.0 

1572.0 

5.0 

25.0 

30.0 

1 

1502.0 

40.0 

1542.0 

3. Office 1-xpenses 

- Office Running (electricity, 

hOffice et.)u 

50.0 

72.0 

50.0 

12.0 

50.0 

72.0 

50.0 

0.0 

50.0 

0.0 

250.0 

216.0 

200.0 

216.0 

50.0 

SUB TOTAL 122.0 122.0 122.0 50.0 50.0 466.0 416.0 50.0 

4. 

5. 

6. 

Hicel lincous L-punses 
Office Supplies 

CInsvrvation EduCaLIun 

Local Consultancies 

"10TAL N it!.. 
TOTAL uS $s 

and 

1000 
'1)OU 

.. 

-

.. 

100.0 

50.0 

154.79 

889.9112 
74.77 

100.O 

75.0 

1?0.2 

95.58 

100.0 

106.0 

I16.8 

103.10 

100.0 

100.0 

205.921-±-"51.O7--

102.0b 

100.0 

100.0 

226.1 

104.32 

500.0 

425.0 

943.7 

5710.0 
479.83 

400.0 

400.0 

943.7 

39912. 
335.55 

100.0 

25.0 

O 

144.28 



Particulars 
Second Five Year 

Toal I..C. F.C. 
Third 

Total 
Five Year 
L.C. F C 

Fifteen Years Total 
Total L.C. F.C. 

1. Local Staff 

- Salaries & Benefits 1483.3 1483.3 1634.2 1634.2 4286.8 4286.8 

- Travel & Other Allowances 

- Project Allowances 

SUE TOTAL 

426.7 

312.1 

2222.1 

426.7 

312.1 

2222.1 

426.7 

312.1 

2373.0 

426.7 

312.1 

2373.0 

1226.1 

885.5 

6398.4 

1226.1 

885.5 

6398.4 

Operation of Vehicles and 
Equipments 

- 4WD Vehicles and 
Sedans 

- Motor Cycles 

- Duplicating Kachines and 
Other Equipments 

SUB TOTAL 

1200.0 

50.0 

30.0 

1280.0 

10.0 

30.0 

40.0 

1200.0 

40.0 

1240.0 

1200.0 

50.0 

30.0 

1280.0 

10.0 

30.0 

40.0 

1200.0 

40.0 

1240.0 

3902.0 

145.0 

85.0 

4132.0 

25.0 

85.0 

110.0 

3902.0 

120.0 

120.0 

Office Expenses 

- Office Running 

- Office Rental 

SUB TOTAL 

250.0 

250.0 

200.0 

200.0 

50.0 

50.0 

250.0 

250.0 

200.0 

200.0 

50.0 

50.0 

750.0 

216.0 

966.0 

600.0 

216.0 

816.0 

150.0 

150.0 

Miscellaneous Expenses and 

Office Supplies 

500.0 400.0 100.0 500.0 400.0 100.0 1500.0 1200.0 300.0 

Conservation Education 500.0 400.0 100.0 500.0 400.0 100.0 1425.0 1200.0 125.0 

Local Cunsultancies 

TOTAL N Rs. '000 47 52.1 3262.1 1490.0 4903.0 3413.0 1490.0 15365.1 10668.1 4697.0 

TOTAL US Ss '000 399.34 274.13 125.21 412.02 286.81 125.21 1291.18 896.48 394.70 
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Attachment IVil (a)
 

(Cont.)
 

Kulekhani Catchment - Watershed Manangm-3nt Project (Makawanpur)
 

(Capital Cost in Thousand Rupees)
 

Years Fifteen Years Total
Second Five Years 	 ThirI Five 
F.C. Total L.C. F.C.
Total L.C. F.CTo total L. 


1. Surveying Eou.pment (Levels.
 
00.0 100.0 410.0 	 410.0II9I.O 	 100.0Theodolites. Drawing equipment, 


etc.)
 

2. Hydro-seteorological equipment.
 150.0 	 150.0
 
(Precipitation g'Jage. Stage re-


corders. Hydro-ti-ermograph. etc.)
 

3. Vehicles	 270.090.0 210.090. 	 90.0 90.0 
4WD PickUp 302.4100.8 302.4100.8 100.811K1.84WD Jeep 	 512.4190.8 572.4
190.8 190.8
190.8
SUB TOTAL 


180.0 60.0 120.0
0.0 20.0 40.0 60.0 20.0 40.0 

4. Field and Camping Equipment 
60.0 15.0 225.0 180.0 45.0
 

75.0 60.0 15.0 75.0

5. Furniture & Other Office Equipment 

6. Buildings
 
153.2 	 153.2
1) Office Building (1225 sq. ft.) 

129.6 	 129.6
1i) Quarter 	A type (1037 sq. ft.) 
198.0 	 198.0
ill)Quarter 	I typ2 (900 sq. ft.) 99.0 99.0 

1.80.8 	 480.8
SUB TOTAL 	 99.0 99.0 

0.
 
7. Construction of Hydrometeorological 
 150.0 	 100.0 50.0
 

Stations 


140.0 	 40.0 340.0 1020.0 1020.08. 	Terrace Improvement 340.0 


1458.0 14SB.O
9. Community Water Source Protection 4B6.0 48h.O 	 486.0 486.0 

81.0 83.0 	 249.0 249.0
10. 	 Trail Improvement 1.U 83.0 

3924.0 3924.0
11. Major Gully Control on Range Land 1308.0 I,08.0 	 2108.0 1308.0 

1125.0 1125.0 1125.0 1125.0 	 3375.0 3375.0

12. Landslide Control 


13. Stream 	Training
 
40. 84U.0 	 44.0.0 840.0 4200.0 42C0.0i) CabIons 

12.0 	 12.0I) Rilprap 

9( O 90.0 9.0. 90.0 360.0 361.0
I1) Flood Plain Planting 


90.0 	 90.0
IV) 'hannelizatton 

SUB TOTAL ' u.o 9 0 1..o.0. 9if.0 4662.0 4662.0
 

740.0 	 740.0

14. Roadside Slope Stabilization 


3b9.0b',.&' 	 lb.I) 167.0 2.0
52. 1 52.015. Catchinent Pond (Hill Top) 4l3 ib501.3 4 ihi.8( 4417 II J45.8 	 1165.2 16415.8 

TOTAL COST 	NC Rs. 


US S 40)1.4b 3)8.4U 
 29.06 4uO.23 311.17 29.06 1492.87 1379.47 113.39 
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) (Ca t
Alt.mr~ncit lV .(. 


- First Five ear2 
Year 4 Year 5 Total L.C. F.C_


Unit Year I Year 2 Year 3 

.02 .
Particulars 	 Unit cst ____2 

I. 	 Surveying Equipments. Levels. 100.0 100.0 20.0 

Theodolites. Drawing Equip

men ta.2. 	 Hydro setorologcal Equip- 150.0 1501.0 50.0 .300 

mentG. Precipitation guage.
 

Stage recorder. Hydro therso

graphy etc.
 

10.8 90.0
90.0 90.0
3. 	 Vehicles 


4 D Pick Up 100.8 100.8 9.8 10.8

100.8100.8100384WDJeep 


.0 190.8
20. 0.0
SUB TOTAL 


20.0 20.0 20.0 110.0 	 50.0 60.0
30.0 20.0
4. 	 Field 6Camping Equipments 


20.0 2.0 200.0 20.0
30.0 30.0 20.0 20.0

5. 	 Furniture & Other Office 


Equipments
 

6. 	 Buildings 192. 1.5.2
 
Rs. 	157 192. 192.2 192.21) Office building (1225 sft.) 	 Sft. 


St. s. 197 162.8 12.8 162.8

ii) Quarter 'A' Type (1037 aft.) 


49.24.2 124.2
479.2

iii) Quarter 'B' Type (900 aft.) 	 Sit. Rs. 138 162.8 124.2124.2


SBTTL192.2
SU RTOTAL 

0 . 1 0 0
 

15.0 150.0
75.0 75.0
7. 	Construction of Hyiroueteorological 


Stations
 

8.16 40.8 81.6 81.6 81.6 122.4 408.0 408.0Oa.
8. 	 Terrace Improvement (Tread regard-


drainage)
ing.base Bund construction. River 

9. 	 Comeunity Waterahed Protection 1l. 6.48 129.6 129.6 129.6 129.6 12Q.6 648.0 648.0
 

0. 	 Trai I aroee Km. 19.92 19.92 19.92 19.92 39.84 99.6 99.6
1595 595
to. Trail Improvement267. 


1569.5 1569.5
2 	 313.9 627.8
313.9 313.9
Km 313.9

II. Major gully control on range land 
 888.0
177.6 888.0 


44.4 177.6 177.6 177.6 177.6 

Road slope stabilization 

lOOm 


4032.0
 
12. 


Im 10.1 1008.0 1008.0 1008.0 1008.0 4032.0 

13. Stream Training 


26.0
1I) Gabions Km. 14.4 14.4 2.9 2.9 2.9 2.9 26.0 


it) Riprap 
 Ila. 4.3 172.8 172.8 172.8 172.8 172.8 864.0 864.0
 

0.48 0.72 1.2 1.2 

SUB TOTAL 187.2 1183.7 
iI) 	 Flood Plain planting 0.24 


1183.7 1184.2 1184.42 4923.2 4923.2
 
39.0 109.2 109.2
7.8 15.6 39.0
1 7.8 7.8Pondvatchent (11111 Top) 

2360.7 10265.5 9424.7 840.8

1028.8 2571.3 2194.7 2110.0 


TOTAL COST IN NC Rs. 	 70.65
862.64 791.99
86.45 216.07 184.43 177.31 198.38 


TOTAl. CAST IN IS $ 



Atta.chmient lViil(b) 

I), raundi Watershed Management Project (G;orkhta) 

(Operating Cost In Thousand Rupees) 

First Five Year 
Particulars Year 1 Year 2 Year 3 Year 4 Year 5 

1. Local Staff 

Salaries & Benefits 85.8 129.2 187.7 241.2 274.1 918.0 918.0 
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 Conaultancles 30.0 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 Vehicles and 36.0 72.0 72.0 72.0 72.0 324.0 74.0 250.0 
Equipments 

Office Expenses 

Office Running 50.0 50.0 50.0 50.0 50.0 250.0 225.0 25.0 
Office Rental 20.0 20.0 20.0 20.0 80.0 80.0 

SUB TOTAL 70.0 70.0 70.0 70.0 50.0 330.0 305.0 25.0 
Miscellaneous Expenses 60.0 60.0 75.0 75.0 75.0 345.0 300.0 45.0 
and Office Supplies 

Maintenance of building 
structures and other 5.0 15.0 20.0 20.0 20.0 80.0 80.0 
field activities 

Conservation Education and 50.0 100.0 100.0 100.0 110.0 460.0 460.0 
Farmers' training 

TOTAL COST IN NC Rs. 384.6 551.8 657.2 742.0 775.4 3111.0 2791.0 320.C 
TOTAL COST IN US $ 32.32 46.37 55.23 62.15 65.16 261.43 234.54 26.8 



93
 

U
C

 

'

co 
0 

n
 

r4
 

* 
R. 

G
o4 

. 
I 

. 
O

4 
00 a 

a. 
r*

4
 

0 
V

 

*4
.4

 

o1 

In In
-In

 

o 
w-



944 

N
N

 

IiC
 

0 

a 
V

, co r 

C
c 

m
0

C
 

MC
ino 

N
N

 

CV
4 

N
r 

e
lIM

 -t 

00 

0 4 P
. 

V
 

C
XC7 

aIW
M coC

 

A
. 

hi 
0C

 

C
4N

 

f4 

N
 

U
 

cc 

C
 O

 cc% .7 

- 10 

* 
~ 

~ 
00 

~C
 

N
 * 

cc 
~* 

a~i 
0
 
P

 

A
l 

I-
I-

A
 

's 
9 



ow
 

01 



95
 C
~! C

! 
C

! 
0 

U
I 

* 

414 

0 
. 

0
 

C
%

 

c
c
 

0 

W
N 0~-0

+C
 

0a 

-
a, 

* 
0 

9
0
O

 
0 

0 
0,• 

-
faIU

 
4
 

-
-

. 
. 

-
*en 

P
 

I

.e4 

-~
~

~
~

~
 

" 
00 

cc 

C
 os 

0
aO

0000 

an 

0 

000 
0 

9 
"09 an 

0 
U

 
0 '1 

0 

na 

3-~
~

~
 

~
~

~
-

-
P

 
.'f 

1 
6 

C
!

+ .. 
N

!+/+~c4
U

-, 

' 
f4 



96
 

ic 
N
N
 

O
 

4 
c
o
 

_
f
 

. 
4

0. 
0 

en
 

0 
000 

e
n
.
 

m
 

*•
'
 

0 

I 

0 
0
4
,
 

0 

m
'
m
 

to 
lb

I h
r
 

in
 

04,9
 

.
~0 

%
040 

0
m
0
 

m
 

P
* ,

s
0
 

0
 

00 

0 0 

C
4 

.
 ,
,
4
 

0 
¢
 0 

in
 

0 
0 

0 

r
 

4 

in
 

O
,
 

N
 

N
*0 

M
0 
.
.
 

%
 

"
.
 

h fi
 

in2
 

0 
0
.
€
0
 

€
 
0
 

. 

0 
. 

in
 

.
•
 

0 
O

i 

. 

-4o000 

41 
N
*
I
 
0
 

4
 

0 
0 

0 
0
 

i
n
0
 

e
.
,
 

U
J
 

* I :
 
'
+
 

Ii. 
.
 

I hi.
'
1
 

M
.
 

.
.
.
 

..
.
 

, 
. 

0I 
n,-t' 

inN 
%

 
9 

N
,
+
 
0
.
.
.
 

-
+
 
'
+
 

j
 

'
"
 

+
'
 

"
 

+
 

'
 

;
:
 

+
 

w
+
 

+
,
+

+
 

.
.
 
.
 .
 .
.
 

t
 

.
.
.
,
+
+
F
+
+
+
'
+
,

:
]
 
+
 
+
 

+
 
,
+
+
.
+
 
O
 

+
 

+
+
+
 

+
+
'
+
,
"
 
+
+

+
 

'
"
 

.
.
 
+
 

'
 

"
 

N
 

r
 

0 
M

 
4 

0
0
0
 

0
.
.
 0
.
.

44 

"
+
~
0
"
 

w
4
I
 

..
.
 

N
 

.
n
 

w
 %
,
 



9
7


 

4
I
 

,
 

M
 

N
c
-

A
 , 

0 _
 

0 .
 

0%
 

0 

c-

I
 

to 

.
 

.
t
 

*~
~

~
6 

9
 

9%
0%

 

. 
. 

. 

Z
U

~0 

-
-4~

U
0@

 

49 

C
 

0 
0 

1 
%

 

O
u

 

e
.0%

 

94 

'a09%
 

i
~
U
 

e
90 

-
e
 

A
 

9 
4 

0 
O

 
~09~9%

0
9

0
1

%
 9%

 
40

4 
~ 

0 

00
to 

~ 0 
09 

U
 

"
 

N
 * 

U
l

~ N
 

f
 9 

-
.l 

V
,
"
 

9 

F
4

 
-

J 
,
-
.

m
 

4
C
4
 

I
 

j
 

N
 



98 -
.
 

. .
:
 

. 
0:. 

.
. 

ga.. 
r
.
.
 

i
.
M
.
 
o
.
 

.
 

* 
N

 
-
"
 

"
1
 

1
 

r
 

%
 

"
 

.
.
.
.
 

4


 

-
-

q


 

4
4
C

 
M

a 
C

 
0 

0M
 

I. 
--

4N
-%

. 
6U

 
-
4
 

.
t
1
 

0
%

 
N

 
00C

0V 1aN
C

 
O

04 

C
4

4 

O
N

 
N

a
-W

M
#A

0%
M

N
4 

-
N

 
N

 
M

 
N

t 
40 

~U
 

9
*


 

N
 

P
%

 

+
 
-
+
+
+

.
.
 

+
+
 

a



.
.
. .
.
.


 

W
. 

6
-
-
-
.



M
a. 

N
 

N
 

V
al

i
f
i
 

I


 

.
C

~0 
C

 
C

 



99
 

o. 
. 

. 
9
 

9 
9 

9 
I 

C
I !
 I 

0 

. 
W

IN
 

9 
1 

_ 
9 

9
0

0
I@
.. 

__ 
-

C
IA

0 
9 

9=9 
0 

4 

,, 
0
 

' . 
0 

d .

N
 

,09 
.
 

=, 

1.
U

 
I
 

4D
6 

.
.
 

.
 

.
 

8 
0 

'N
 

iM
 

0 
4 

N
 

0 

1
 

a 

-

' 
"

 

,. 

' P 

* 
. 00 

,r 
/ 

-
. 

.0-4.00 

41 
-t 

N
 

.. 

M
 * 



100
 N
 

N
 

,
1
 

N
 

'
L
,
.


 

C
Ac 

N
 

i


 

944 

N...6 
6
 
.
.
.
 

.
 
.


 

*
 

0
 

0
 

C
 

Id 
IA

 
M

 

.
 

. 
-

P
C

%
;
 

- ,
 

,
 

C
 
C
 

C
 ,C•

 
, 

C
.
 C~~o C

 
.C

 
C.



U
 

I
"


 

A
jA

 

1
4


 

I 
- l 

N
-

C
e
 

U
 

C
 

C
 

C
i
 

C
 

.
 

C
 

C
C
,
 

C
 

C
 

C
 

C
 

C
 

C
 



Attachment lVv(b) (Cont.)
 

PARTICULARS 
Second Five Year 

Total L.C. F.C. 
Third Five Year 

Total L.C. F.C. 
Fifteen Year Total 

Total L.C. F.C. 

1. Local Staff 

- Salaries & Benefits 

- Project Allowances 

- Travel & Other Allowances 

- Conbultancies 

1534.0 

239.0 

234.4 

150.0 

1534.0 

239.0 

214.4 

150.0 

1650.5 

241.7 

235.3 

150.0 

1650.5 

241.7 

235.3 

150.0 

4090.6 

645.6 

651.8 

450.0 

4090.6 

645.6 

651.8 

450.0 

SUB TOTAL 2157.4 2157.4 2277.5 2277.5 5838.0 5838.0 

2. Operation of Equipments 
And Vehicles 

40.0 30.0 10.0 360.0 110.0 250.0 430.0 165.0 265.0 

3. Office Expenses 

- Office Running 

- Office Rental 

SUB TOTAL 

375.0 

375.0 

300.0 

300.0 

75.0 

75.0 

375.0 

375.0 

300.0 

300.0 

75.0 

75.0 

1000.0 

80.0 

1080.0 

825.0 

80.0 

905.0 

175.0 

175.0 

4. Miscellaneous Expenses and 

Supplies 

350.0 300.0 50.0 350.0 300.0 50.0 1045.0 900.0 145.0 

5. Maintenance of Building 
structures and other 

100.0 IOG.O 100.0 100.0 285.0 285.0 

field activities 

TOjTAL L sT IN NC 

TUTAL COST IN US 

Rs. 

$ 

3022.4 

253.98 

2887.4 

242.64 

135.0 

11.34 

3462.5 

290.97 

3087.5 

259.45 

375.0 

31.5 

8678.0 

729.24 

8093.0 

680.08 

585.0 

49.16 
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