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FOREWORD 

In response to a request of the Kali Konto Project, the Soil Science 

Department of the Facul ty of Agriculture of Universi tas Brawi jaya 

in Malang carried out a detailed soil survey and physical land 

evaluation study of the Upper Kali Konto Watershed. 

The Upper Kali Konto Watershed is the project area of the Kali 

Konto Project. The project was ini tiated in 1979 to carry out a 

case study in which the Governments of Indonesia and the Netherlands 

cooperate to develop a planning procedure for the establishment 

of a management model for forest land in densily populated watersheds 

on Java . 

The soil survey of the project 

data on the soils and their 

the proper planning and use 

area was undertaken to collect basic 

spatial distribution, 

of the land resources 

required f or 

in the area. 

The study was also part of the training programme of the Nuffic­

Unibraw Soil Science Project, a project of cooperation between 

the Agricultural University Wageningen, the Netherlands and Universi­

tas Brawijaya in Malang, Indonesia. 

The Kali Konto area is considered an ideal training ground for 

staff and students in soil survey techniques , aerial photointerpre­

tation, soil classification and land evaluat ion procedures. 

The study, commissioned in November 1982, was carried out from 

December 1982 till March 1984 . The results of the study are treated 

in this report. It describes the soil conditions of the area and 

the morphological, physical and chemical properties of the individual 

soils as delineated on the soil map . It equally describes the phys -

ical suitability of the lands for various land use alternatives, 

bath actual and potential. 

The authors hope that this volume will make a worthwhile contribu­

tion to the planning and development of the area. They also hope 

the report will be used as a case-study for soil science students 

of Uni ver si tas Brawi jaya and that the area will become a permanent 
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field laboratory. Research on soils, their management and behaviour 

under various management systems is only possible when basic data 

on their properties and characteristics are well known and docu­

mented. 

Malang, May 1984 

Soil Science Department 
Faculty of Agriculture, 
Universitas Brawijaya 

Nuff ic/Unibraw/Agricultural 
University Wageningen 
Soil Science Project 
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ORGANIZATION OF THE STUDIES 

The survey was carried out by staff of the Soil Science Department 

of Universitas Brawijaya, Malang, from December 1982 till March 

1984. The following staffmembers of the Department participated 

in the survey 

ir. Mochtar Lutfi Rayes (project coordinator) 

ir. Abdul Mukri Prabowo 

ir. Widianto MSc 

ir. Sudarto 

ir . Sugeng Priyono 

Ir.Budi Santoso, 

work and fitted 

Dipl.Agr., 

the study 

Soil Science Department. 

Head of Department, programmed 

in the overall workprogramme of 

the 

the 

Many Unibraw students participated in the field survey as part 

of their first degree training in soil science. A number of students 

also carried out research on specif ic subjects such as soil catenary 

studies, soil-water relationship studies, soil fertility studies 

and soil erosion studies. The results of their studies and investi­

gations are incorporated in this report. 

In conjunct ion wi th the survey, soil eros ion studies on run-off 

plots were carried out on representative soil types and slope 

gradients under various cropping systems and management practices. 

The studies were financially supported by the DAS Brantas Project 

in Malang en were conducted by Dr.Wani Hadi Utomo and Ir.Widianto 

MSc. 

Collected soil samples were analyzed in the laboratories of the 

Soil Science Department of Unibraw under the supervision of Dr. 

Slamet Setyono and Ir . Yulia Widianingsih (soil chemical analysis) 

and Dr. Wani Hadi Utomo (soil physical analysis). The following 

staf fmembers of the Department were in charge of the analysis 
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- ir. Endang Listyarini (Mrs) 

- ir. Kurniatun Hairiah (Ms) 

- ir. Retno Suntari (Mrs) 

- Ms. Sunarsih 

Students participated in the laboratory analysis as well. 

Mr. G.W.van Barneveld, Soil Resources Specialist of the Nuffic ­

Unibraw-Agricultural University Wageningen Soil Science Project 

acted as consultant and technical advisor of the studies. Mr. 

D.Legger of the same projec t guided the laboratory staff with 

t he interpretation of the analytical r esults . 

The final report has been prepared mainly by Messrs. Lutfi Rayes, 

Mukri Prabowo and Widianto. Mr. G.W.van Barneveld assisted in 

the preparation and was in charge of the final editing. Mr. Sudarto 

did all the map compilation and drafting. 
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BOW TO USE TBIS REPORT 

An important part of any soil survey report is the basic soil 

map. Soil maps provide probably the most satisfactory means of 

conveying soil resource data to the user. 

The final soil map of the Kali Konto area has been printed on 

a 1: 25. 000 grey-tone orthophotomosaic. The use of an orthophoto­

mosaic as base-map has the advantage that each individual farm 

and tract of land can easily be located on the map. 

The final soil map is intended as a tool for (sub)watershed planning 

and land use planning at the village level. 

As the map is likely to be used by many people , it has been decided 

to prepare easy reproducible black and white diazoprint copies 

as well. The original of these maps are retained in the Soil Science 

Oepartment of Universitas Brawijaya in Malang and paper or transpar­

ent copies can readily be made available. 

Every area delineated on the soil map is identif ied by a particular 

symbol and the map legend, printed separately, explains the meaning 

of each symbol. All areas wi th the same symbol together form a 

soil mapping unit. All symbols are in the form of a fraction. 

The numerator of each symbol indicates the landform type and the 

denominator refers to the soil unit or units found in that particu­

lar mapping unit. An example is unit Pm. In this symbol Pm stands 
Te 

for "intervolcanic middle plain", a land form unit . T stands for 

"Tawangsari series", as can be seen in the second column of the 

legend. The suffix "e" indicates that the soils are moderately 

eroded (soil phase). 

The soil patterns in the area vary considerably. On a particular 

landform type different soil units may be found, while a particular 

soil unit may occur on more than one landform type. There are 

thus many "combinations" of landforms and soil types and a total 

of 56 such combinations ( "mapping units") have been recognized. 
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In the legend, the mapping symbols are arranged approximately 

from the lowest areas (alluvial valleys) to the highest mountains. 

The legend indicates also the slope type, slope class, as well 

as the type and degree of present erosion (column 3 of the legend). 

In the last column the soils are classified according to the US 

Soil Taxonomy. 

A soil classification 

the legend. The table 

( LPT, 1 9 8 1 ) and the 

correlation 

gives the 

FAO/UNESCO 

table is found at the back of 

equivalents in the Indonesian 

soil classification systems. 

For a description of the properties and characteristics of the 

soils of individual mapping units, reference is made to Section 

IV of this report. In this section the soils and soil conditions 

are described in detail, the soil units being listed alphabetically. 

The descriptions are easy to understand, also for the non-specialist. 

More detailed morphological and analytical laboratory data, to 

be used by soil specialists, are found in the annex. 

For the user requiring less detailed information reference is made 

to the generalized soil- , landform and soil erosion maps prepared 

at a scale 1:50.000. The generalized maps are coloured paper prints. 

Coloured maps have the advantage of showing better the spatial 

relationships between the various mapping units and the conditions 

of the watershed as a whole. The generalized maps are thus prepared 

particularly for the regional watershed and landuse planner. 
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SECTION I. INTRODUCTION 

I. 1. GENERAL BACKGROUND 

In 1979, the Governments of Indonesia and the Netherlands initiated 

a cooperative project to develop a planning procedure for the 

establishment of a management model for forest land in densily 

populated watersheds in Java . 

The watershed of the Upper Kali Konto has been selected for the 

project activities. The area of approximately 233 km 2 is situated 

in the Malang Regency of East Java, some 25 km Northwest of Malang 

and 95 km South of Surabaya. The watershed consists of a series 

of upland plateaus surrounded by steep slopes of several volcanic 

complexes, partly active ~Kelud), partly dormant or extinct (Kawi­

Butak and the Anjasmoro). The crests and steep ridges of the moun ­

tain complexes determine the boundaries of the watershed. The 

area is situated in several agro-ecological zones and the generally 

young, fertile and deep soils derived from volcanic materials, 

permit the cultivation of a relatively braad range of crops. Large 

areas of the steep mountain slopes are. covered wi th forests, which 

makes the area a privileged region compared to many ether parts of 

Java. 

Almost two thirds of the watershed area consists of state forest 

land, which is still seen by the local population as de-facto 

common land, from which everybody is entitled by right to collect 

whatever wood or ether products he may require. 

The increasing imbalance between population growth on one hand 



- 10 -

and the lack of 

the agricultural 

of other economie 

land resources for the absorption of labour in 

sector, together with a stagnant development 

sectors on the other hand, appears to lead 

rapidly to a si tuation of marginalisation of income for an ever 

growing part of the population . As a result, it could be said 

that the forest area increasingly act as a reservoir providing 

illegal subsistence for increasing numbers of landless and marginal 

farmers . 

Perum Perhutani , the State Forest Co r por ation, is responsible 

for the management of the f orest a r eas. The tasks o f t he Cor pora­

tion include the maintenance of the forests and the de ve lopme nt 

of its protective and productive functions. Within the limits 

and possibili ties set by these main functions, the Corporation 

permits the local population, carefully and to a limited extent, 

to derive produce and income from forest land . Pe rum Perhutani' s 

general policy is thus (i) to create, maintain and protect stable 

ecological forest systems, (ii) to create multipurpose forest 

systems fitting into the national forest policy and (ii) support 

and improve the living conditions of the local communities . 

Consider ing the above, the objectives of the cooperative Proyek 

Kali Konto are to draw up proper watershed management and master 

plans in such a way that a proper balance can be achieved and 

maintained between the several functions of the forest and the 

needs of the population . 

. The nature of the problem of the rapid deterioration of the forest 

resources and their main protective, productive and hydrologie 

functions, lies in overpopulation and a rapid deteriorating ratio 

of people to resources. The Proyek Kali Kon to has taken the 

praiseworthy initiative to analyse this pressing problem and 

to find ways to improve the situation. 

However, the complex problems necessarily require actions not 

limited to the forest areas and sector alone. Instead, the entire 
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watershed, including both the forest and agricul tural lands, need 

to be considered as one single integrated unit. 

The preparation of proper watershed management plans require a 

number of preliminary studies and surveys of the physical, human 

and economie resources of the watershed. Basic information on the 

soils and soil conditions, as well as the assesment of their suita-

bility for alternative land use systems are an important part of 

these preliminary studies. The purpose of the detailed soil survey 

reported in this volume, is to provide Proyek Kali Konto with this 

basic information . 

I.2. THE UPPER KALI KONTO WATERSBED 

The upper Kali Konto watershed covers an area of approximately 

23.325 ha and is situated partly in the Kecamatan Pudjon ( 12.505 

ha) and partly in the Kecamatan Ngantang (10.820 ha) , 

Regency, East Java. 

Modiun 
• 

. . 
Kediri 

SE A 

INDIAN OCE~N 

• Kali Konto Project Area 

Fig.I.1 . Location sketch Kali Konto area 

Ma lang 
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· d · t P d' l) · t The eastern (upper) part, s1tuate in Kecama an u ]On , cons1s s 

of a gently sloping and sloping intervolcanic plain, bordered 

by steep and very steep mountain slopes of the twin volcanoes 

Gunung Kawi and Gunung Butak in the South and the Anjasmoro range 

in the North. This part of the area is situated between approxi­

mately 850 and 2650 meter above sealevel, wi th agr icul tural areas 

between 950 and 1300 meter. The area is a major vegetable growing 

area, supplying the markets of Surabaya and Malang. Dairy farming 

is equally important. 

The western (lower) part of the watershed (the "Ngantang area"), 

is situated between 620 and approximately 1400 meter above sealevel. 

The area consists of three gently sloping and sloping intervolcanic 

plains situated between .620 and 800 meter: The plain of Kali Pinjal, 

between the Gunung Kelud and Gunung Kawi, the plain of Kali Kwa­

yangan between the Anjasmoro and Luksongo hills and the plain 

of the Kali Konto, coming from the East. The plains constitute 

an important agr icul tural area wi th wetland r ice based cropping 

systems on sawahs and upland crops and mixed coffee gardens and 

homestead on land not being irrigated. 

Where the three plains meet, there is the Selorejo Dam and Lake. 

The dam has been constructed in the course of the second half 

of the nineteen sixties and is part of a much larger complex of 

works to con trol and regulate the Brantas ri ver system. The main 

functions of the Selorejo dam are ( i) flood control of the area 

below the dam, ( ii) the provision of irrigation water during the 

dry season for 5700 ha rice land in the areas of Pare and Jombang 

and ( iii) the generation of electricity (a turbine output of max 

4.800 kW). ( comm. DAS Brantas) 

The Selorejo lake covers an area of approximately 280 ha and the 

water level varies from 598 to 622 meter a. s .1. wi th an average 

1 ) the area is aften referred to as the "Pudjon area". 
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high water level of 620 meters. A 600.000 m3 capacity silt trap 

has been constructed upstream in the Kali Kon to (Saba Dam Tokol) . 

Of the 23.325 ha of the watershed, 15.625 ha is found within the 

forest boundary (the official forest area), although only part 

of the lands are actually covered by forests. The total village 

lands cover approximately 7.420 ha, of which 5.950 ha is farmland, 

partly sawah, partly tegallans and homesteads. Data from Dinas 

Pertanian (1980) and Perum Perhutani (1980 -1983 ) on land use are 

as follows: 

Table I . 1 . Landuse in the Kali Konto Watershed 

natural forest 6. 725 ha sawah area 2. 160 ha 

plantation forest 1. 090 ha dry farm land 3.785 ha 

scrub area 7.810 ha desa's, homeyards 1. 4 75 ha 

total fores t area 15 . 625 ha total agricultural 7 . 420 ha 
area 

Lake Selorejo 280 ha. Total project area: 23.325 ha. 

Source Dinas Pertanian (1980), Perum Perhutani (1979) and PKK 
( 1982). 

Fig.I.2. is a generalized landuse sketchmap, scale 1:80.000,based on 

aerial photointerpretation (aerial survey 1979). It provides an 

overall picture of the general natural vegetation and landuse 

units of the watershed. The map has been prepared by PKK. 

I.3. THE FORESTS 

The forests lands, or the area within the official for e st boundary, 

covers approximately 15.6 25 ha (PKK data). 

Roughly 7000 ha is covered by natural montane forests. These are 

essentially protection forests with important ecological functions 
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such as soil and water conservation and serving scientific purposes. 

Most of the natural forests are found above 1400. meter in the 

submontane and montane ecological zone. 

The most common type of natural forest is the mixed montane high 

forest with Lithocarpus spp, Engelhardia spicata, several Myrtaceae 

and treeferns as characteristic species, representing, maybe, 

the natural climax vegetation of the higher elevations . Several 

subtypes are recognized, being the result of local differences 

in climate, landform and natural erosion. There is a difference 

in species composi tion between the forests on the wet rain-facing 

slopes of the Anjasmoro Range and those on the drier nothern rain­

shadow slopes of the Kawi-Butak complex. Intermittent volcanic 

activity of the Kelud greatly influenced the composition and state 

of the forest on the Kelud slopes. 

A second major type is the Cemara forest, consisting of aften 

fairly pure stands of Casuarina junghuhniana. The soil survey 

team found this forest type to exist particularly on the steep 

upper slopes of the Gunung Kawi and on the saddle between the 

Gunung Kawi and Butak. Cemara is fire resistent and the forest is 

the resul t of regular burning of the vegetation. The team found 

no relation between soil conditions and the presence of Cemara. 

As most of this forest type is found on the drier eastern slopes, 

it is possible that the humid conditio~s, which prevail throughout 

the year on the rainfacing slopes, prevent the spread of the forest 

fires and the cemara forest vegetation. 

A significant factor influencing the natural forests is the human 

practice of cutting timber and fuelwood and the collection of 

fodder (young tree leaves). Degradation of the natural forests 

is particularly severe in the most accessible parts of the forests 

on the middle and lower slopes of the mountain complexes. Degrada­

tion and exploitation gradually change the vegetation from a closed 

canopy forest vegetation to a pure scrub "kirinyu" vegetation 
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of dense thickets of Eupatorium inulifolium and Lantana camara. 

Bath species originate from South America and were introduced 

in the Bogor Botanical Gardens dur ing the last century from where 

they spread rapidly and uncontrolled over all of Java. 

Over 7800 ha, or one-third of the entire watershed, is presently 

covered by this unproductive scrub vegetation, including areas 

wi th remnants of the original natural forest. Foresters generally 

consider areas with a forest canopy cover of 20% or less as scrub 

area. (RIN . pers . comm . ) 

However, not all kirinyu areas are the result of indiscriminative 

logging and degradation. Between 1860 and 1880 vast areas of natural 

vegetation on the lower and even middle slopes of the mountain 

complexes were transformed into coffee plantations. Around the 

turn of the century a devastating fungus disease . (Hemileia vastra­

tix) kil led most of the coffee and caused that most plantations 

were abandoned . Efforts to restore a protective or productive 

forest vegetation on these lands apparently failed. 

Approximately 1100 ha of the forest lands are covered by plantation 

forests. It is likely that most of the plantation forests are 

situated on the old abandoned coffee gardens, on lands that are 

not too steep and wi th a good access. Important species are pinus 

(Pinus merkusii), eucalyptus (Eucalyptus spp), damar (Agatha loran­

thifolia), calliandra (Caliandra spp) and other minor species . 

Most stands are relati vely young and vary considerably in guali ty 

and appearance (degradation, kirinyu infestation, etc.). 

More and detailed data on the forest resources of the area will 

be presented in other reports. 
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1 . 4. POPULATION AND AGRICULTURE 

Early history 

Judging by ancient records of irrigation control and dam-building, 

as well as the archeological remains of some of the constructions 

still to be seen, the Ngantang area of the Kali Konto Watershed 

certainly is one of the oldest populated and cultivated areas 

of East Java. The earliest settlers and sawahfarmers succeeded 

in overcoming great odds to gain a foothold in the area which 

later was to become a prosperous region of wetland rice cultiva­

tion. 

The 

Java 

earliest 

is found 

recorded knowledge 

in the Harinjing 

of systematic f arming 

inscription of 804 AD, 

in East 

recording 

the building of a dam and the excavation of a condui t to connect 

the Kali Harinjing to the larger Kali Konto, just a few kilometers 

downstream the Selorejo dam. In 921 AD this irrigation system was 

reconfirmed as a freehold in favour of the descendants of the 

original founders of the dam and the excavated conduit. In the 

same area, near Kandangan, there is an inscribed stone of 1350 

AD recording the restoration of the original dam of 804, which 

"was naw so solidly reinforced that i t would last forever, for 

all the inhabi tants of the valley". Unfortunately this was not 

to be: the regular, aften catastrophic eruptions of the nearby 

Kelud volcano washed the dam away many times over the centuries 

and even in present times the Kelud area remains a problem area 

for hydraulic engineers. 

Present population and population trends 

Presently, the upper Kali Konto watershed is an example of a very 

densily and overpopulated area. 

The 1980 population census determined the total population of 
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the area in that year to be 91.300 and comparing the data with 

those from 1972 indicate an average annual population growth of 
1 ) 

1. 75%. 

Extrapolation of the data learns that the population would be 

approx. 99.500 in 1985 and with unchanged trends over 125.000 

in the year 2000. 

The average population densi ty, or the number of inhabi tants per 

square kilometer agricultural land, was approx 1150/km 2 in 1980 

(1225 for the Pudjon area, 1080 for the Ngantang area). All people 

live in desa's or kampongs, and although the space between the 

already densily packed houses still produce considerable amounts 

of frui ts and vegetable crops or are used for animal and dairy 

production, the (semi)urbanized villages in the area cover 1.475 

ha or 20% of the available farmland. 

Table I.2. Population and population trends 

Kecamatan 

total population 1972 

1980 

1985(est) 

annual population growth 

ditto East Java 

population density (1980) 

household size(persons) 

1

residential . village areas 

Pud 'on 

38.495 

44.296 

48.300 

1.225/km 2 

4.58 

1.76 %1) 

1. 49 % 

1.475 ha (20% of 

Source 1972 and 1980 census. 

1) presently approx. 1.0 (PKK, pers. comm.) 

45.788 

47.004 

1 

51. 300 

1. 079/km' 1 

4.53 1 

total f armland) l 
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Agriculture 

In the project area there are two major agricultural areas, each 

si tuated in a different agro-ecological zone and wi th different 

types of agricultural and cropping systems. (see also the 1:80.000 

land use map; fig.I.2) 

The largest single black of agricultural land in the watershed 

is found on the lower intervolcanic plains surrounding Lake Selorejo 

(the "Ngantang area"). The area, slightly ove r 4500 ha, is situated 

a t e l evations be tween 620 m (the l eve l o f the Lake ) a nd 800 m 

a pprox imate ly . 

Large tracts of land in the Ngantang area have a continuous and 

abundant water supply, permitting two rice crops per year or even 

five crops per two years . Most r ice cul ti vated in the area is 

high yielding variety rice (HYV), but lately there seems to be 

a renewed inte r e st in the old traditional varieties, producing 

less but yielding higher market prices ( better taste). Where the 

water supply does not permit continuous wetland r ice cul ti vat ion, 

maize and other palawija crops are cultivated during the dry season: 

locally two crops of maize, locally one maize erop followed by 

a red pepper, sweet potato, shallot or peas/bean erop. The total 

area with wetland rice based cropping systems covers approximately 

1.500 ha. 

In the non-irrigated areas mixed perennial erop and coffee gardens 

are typical and the garden area seems to be increasing ( presently 

1200 ha). Coffee (mostly robusta but some arabusta as well) is 

an attractive cash erop and is aften cultivated in mixed stands 

wi th many other perennials. These include cocon ut, clave, ei trus, 

avocado, banana, jackfruit, durian, papaya, vanilla and a few 

food and vegetable crops such as cocoyam (taro). Lamtoro is aften 

planted between the crops, providing shade to the coffee, firewood 

and fodder. Same gardens are almost pure coffee gardens, in others 

coffee is just a minor erop. 
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Small and more dependent farmers generally cultivate annual food 

crops on tegallans. In Ngantang, mai ze is the dominant tegallan 

erop, cultivated twice a year, before and after the heavy ra ins . 

Intercropping with cassava (on the ridges and edges) is common. 

Most of the maize cultivated is of the tall, long growing cycle 

type ( 120-130 days); the short cycle varieties do not meet the 

farmer's approval because they consider the y i e ld potential to 

be lower. 

Tobacco is an 

slopes of the 

important cash erop on the tegallans on the lower 

Kelud. The erop (Burley cult i vars ) is cu l t i vated 

always in rotation with maize. The erop has been introduced fairly 

recent l y, attracted by the development of the kretek cigarette 

industry in Kediri. 

The total area tegallan land in the Ngantang area covers approxi ­

mate ly 2250 ha . 

The second agricultural area is found around Pudjon. Situated 

on the upper intervolcanic plain and the footslopes bordering 

the plain, the area covers roughly 2.500 ha, of which approxima tely 

1. 250 ha is irrigated regularly o r occasionally . At an elevation 

be tween 950 and 1300 meter, the area is separated from the Ngantang 

agricultural area by the south-western flank of the Anjasmoro 

mountain range and the north-western slopes of the Gunung I<awi. 

The Pud jon area is a major vegetable growing area wi th cabbage, 

irish potatoes and carrots as main crops and onions, beans, chinese 

cabbage and red pepper covering smaller areas. Pudjon has an impor­

tant vegetable marketing cooperative and most of the produce is 

sold to the towns of Surabaya, Malang and Batu. The general pattern 

is to cultivate cabbage and other perishable crops not toa far 

from the central market while irish potatoes are more common on 

farms at larger distances. Presently there is a trend to grow more 

cabbage and irish potatoes,which are the most profitable crops(though 
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more capital intensive as well). Vegetables are cultivated on 

bath irrigated or semi-irrigated land and on tegallans. 

Cabbage is generally cultivated during the wet season, from February 

to May on irrigated land and from January to April on tegallans . 

Irish potato is a typical dry season erop on irrigated land (June 

-September). On tegallans the erop is cultivated just before and 

just after the heavy rains (October-January and March-June). Carrots 

are cultivated from January-April on tegallans and from August­

December and again from November-February on irrigated land. 

Subsistence crops in the Pud jon area are mai ze (bath on sawahs 

and tegallans), wetland rice, cassava and sweet potatoes on tegal­

lans, aften in mixed cropping systems. The area is unsuitable 

for high yielding rice varieties (altitude) and all rice cultivated 

are traditional , tall and late maturing varieties. Maize varieties 

are usually tall and long cycle va rieties (120-135 days), although 

some 80-90 days varieties are presently being introduced as well. 

Most of the erop is cultivated from the onset of the first rains 

in September till December. 

Pud jon is also an important dairy area . Dairy cattle were first 

introduced during the early seventies and the activity is developing 

rapidly, as a result of favourable though artificial price mecha­

nisms. 

The cattle are kept almost permanently indoors , in smal l stables 

on the village compounds. Their nutrition is based on erop residues, 

supplemented by natural or cultivated (Pennisetum spp.) grass 

grown along raad sides, irrigation channels and on the ridges 

and r isers of terraced land. Particularly dur ing the dry season 

the fodder supply has to carne from the forest areas (grass, fresh 

leaves and twigs). With the rapid development of the dairy sector, 

the si tuation seems to run out of hand , creat i ng heavy pressure 

on the forest resources and the damage inflicted is becoming a 

serious quest i on i ndeed. 
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The average farm size is approximately 0. 4 ha ( 0. 37 ha in the 

Pudjon area and 0.41 ha in the Ngantang area), but the farms vary 

~onsiderably in size, as is indicated in table I . 3. 

Table I.3. Farm size distribution 

Farm si ze 
0.25 ha 0.25-0.5 ha 0 . 5 ha total 

Owners Pud jon 34.4. % 15. 7 % 1 3. 1 % 63.2 % 

Ngantang 22.8 % 16 . 8 % 17 . 8 % 57.3 % 

Owners, share croppers 
and tenants Pud jon 4.0 % 2.9 % 2.2 % 9 . 1 % 

Ngantang 5.8 % 5 .3 % 5.2 % 16. 2 % 

Landless farmers 
Pud jon 27 . 7 % 

Ngantang 26.5 % 

Source: PKK inception report. 

Addi tional data on demography , population trends and agriculture 

in the project area will be presented in separate reports. 

Agroforestry 

In line with the State Forest Corporations's policy and approaches 

to contribute to the improvement of the living condi tions of the 

forest communities, agroforestry projects have been set up in 

the project area as well. The purpose of the agroforestry systems 

in the project area is to allow farmers~ for a restricted period 

during the establishment phase of the forest plantation, to culti ­

vate annual food crops and forage crops in between the rows. In 

exchange, the farmer tends the forest plantation . On Java, this 

system is widely practiced in new teak plantations and is known 

under the general term of "Tumpangsari". 
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Tumpangsari is also practiced in the project area. Large tracts 

of the kirinyu scrub lands as well as in the plantation forests 

have been under tumpangsari. Pinus and Calliandra plantations 

are being established this way. Generally, each participating 

farmer is enti tled to 0. 25 ha to grow his crops for a period of 

two years. 

The MaMa system is another, still largely experimental agroforestry 

system. The term MaMa comes from Malang and Magelang, the two 

locations where this system is being tried out. In the project 

area the system is applied in Pinus replantings wi th a rotation 

of 25 years. Participating farmers are entitled to a single str ip 

of land consisting of 6 plots of 0. 25 ha each . One plot may be 

used exclusively for foodcrops during five years. The other five 

plots are planted with rapid growing and intermediate tree species, 

and will successively be used as future agricultural plots (after 

5, 1 0, 15 and 20 years respecti vely). The plot abandoned by the 

farmer after five years of cultivation is replanted with pinus. 

Presently approximately 100 ha are under the MaMa agroforestry 

system. 
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SECTION II. THE PHYSICAL ENVIRONMENT =========== ======================== 

II. 1. CLIMATE AND AGROCLIMATIC CONDITIONS 

Gener al 

The clima tic charact e ristics of the a rea under s tudy are typical 

for the higher e l evations of areas wi th a tropica l monsoon type 

of climate with distinct wet and dry seasons. 

Going from West to East Java, the gener al pattern is that of a 

wet season becoming shorter and a dry season becoming langer . 

In East Java most areas have a wet season not exceeding 5-6 conse­

cuti ve months ,whereby a wet month is def ined as a month recei v ing 

at least 200 mm of rain (Oldeman , 1975). The dr y season pattern , 

however, is far more complicated. The mountain complexes introduce 

loca l air circulation systems and attract orographic rainfall, 

resulting in a great variety of rainfall patterns at the meso­

and local scale. Also the annual variation can be considerable. 

In the project area , the we t season is from the middle of November 

to the end of March and the dr y season from early June to the 

end of September in most yea r s. The periods April June and 

October-November are intermediate periods, during which rainy 

days alternate with days with bright sunshine . These periods can 

therefore be considered as the optimal erop growing seasons, parti­

cularly on rainfed agricultural lands. From December till March 

solar radiation is limite d and many crops suffer from excess mois­

ture and disease and pest incidence. In the dry season, from July 
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onwards, soil water becomes limited and shallow rooting upland 

crops suffer from drought-stress, when not irrigated. 

Rainf all 

Rainf all data are available f rom a number of rainfall stations 

in the project area. The national meteorological service operates 

a station at the Selorejo dam since 1973. From 1926 to 1941, the 

service also recorded rainfall at the summit of the Gunung Butak 

(2868 meter). 

Since the early fifties and sixties the DAS Brantas Project is 

monitoring rainfall at a number of other locations in the project 

area: at Pudjon on the upper intervolcanic plain (1150 m), at 

Kedungrejo in the valley of the Konto river (800 meter), at Ngantang 

on the lower intervolcanic plain ( 630 m) and at Sekar, close to 

the northwestern footslopes of the Gunung Kawi ( 700 meter). The 

data are presented in tables II.1 and II.2. 

The data classify the area within agro-climatic zone C2 (Oldeman, 

1975) with approximately 4 consecutive dry months receiving less 

than 100 mm. of rain and 5-6 consecutive wet months receiving 

over 200 mm. rain. Oldeman's classification is based on the culti­

vation of lowland (wet) rice and rainfed upland crops. Regardless 

the suitability of the lands for wetland rice cultivation (tempe­

rature can be a limiting factor), the ·rainfall pattern would permit 

the cultivation of one wetland rice erop, but for two consecutive 

rice crops supplemental irrigation would be essential. On the 

other hand, the rather long dry season requires a very careful 

management if farmers were to try year-round cultivation of rainfed 

upland crops, and supplemental irrigation would be very welcome 

to reduce the risks of erop failure. The latter is certainly valid 

for all agricultural areas of the watershed. 



Table II.1. Climatic data national meteorological servic e 

station: Selorejo (620 m) ; period 1973-19 80 (excl. 19 78) 

Jan Feb Mar Apr May J un Ju 1 Auq Sep Oct Nov Dec Annua 1 

Temperature mean 22,7 22,8 23,0 23,6 23,4 22,9 22,4 22,7 23,2 23,9 24,0 24,0 23 , 2 

( OC) max. 28,0 28,8 29 , 0 31, 0 29,7 29 ,2 28 , 9 29,7 30,2 30,8 30,2 29,5 29,6 

min. 19' 6 19, 8 19' 3 19, 0 18, 6 17, 5 17, 5 17 ,0 17' 6 19, 0 1 9, 1 19' 5 18' 6 

Evaporation(pan A) 3' 16 3,47 3,74 4' 11 4, 17 4,7 7 5, 29 6' 11 6,3 7 6,02 4,90 3,83 1704 

(mm/ day) 

Hours of sunshine/ 3,08 3,21 3,60 4,46 5' 14 6,06 6' 1 6 6, 1 9 5, 59 4,60 4, 14 3' 7 1 1700 

day 

station: Gunung Butak (2868 ml; period 1926-1 941 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

IRa inf all (mm) 440 393 353 235 130 78 54 1 9 18 25 148 290 2183 



Table II.2.: 

Rainf all data Kali Konto project area (source: DAS Brantas) 

Ngantang Agricultural area Pudjon A9ricultural area 

Ngantang (630 m) Sekar (700 m) Pud jon (1150 m) Kedungrejo (800 m) 

Mean S.D. Mean Mean S.D. Mean Mean S.D. Mean Mean S.D. Mean 
rronthly M:l.x.daily rronthly M:l.x.daily rronthly M:l.x.daily rronthly M:l.x.daily 

---- -----
Jan 500.2 184.0 71 508.8 150.4 70 392.9 158. 1 58 489.7 206 . 4 62 

Feb 413 .0 134. 8 69 435.2 109.3 73.5 354.8 130.9 55 393.3 199 . 6 50 

Mar 393.1 166.8 54 426.7 108.3 69 310.7 90.5 50 344. 1 169 .0 45 

Apr 212.6 11 8. 3 38 258.9 127.6 48 156.0 78 . 1 38 159.8 115 .2 35 

May 158.3 101 . 8 32 180.2 109.8 37 114. 8 69 .7 30 125.7 86.6 34.5 

Jun 52.0 60.4 15 71. 3 76.9 22 49.3 49 .8 13 55.0 75. 1 17 !\.) 

CP 

Jul 50.8 79.8 15 49.5 61. 6 15 50.6 72. 2 16 42.7 102.2 15 

Aug 34.0 54.4 8 28. 1 37.3 8 32.6 37. 9 12 23.6 36.1 5 

Sep 39.5 50.3 13 32.0 52.0 9 42.0 62. 9 9 37.6 73 . 5 7.5 

Oct 150.4 11 6. 9 28 108.1 99.6 37.5 115. 3 103.3 33 119. 8 138.8 20 

Nov 195.0 93.5 42.5 263.5 123.6 53 217.9 129 . 9 43 209.3 122.4 40 

Dec 356.8 142.4 56.5 387.9 143.6 49.5 308.0 92 . 0 43.5 337. 1 146.0 47.5 

Total 2555.7 602.2 2737.3 524.7 2144.9 463 .4 2320.6 681.6 

period 1950-1982 period 1950-1978 period 1950- 19 82 period 1960-1978 j 
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However, the value of the rainfall data and the climatic classifica­

tion is limited in a regional sense. The distribution of rainfall 

in the highlands of tropical areas is the result of the combined 

effects of 

macroscale air circulation and the move me nt of the Inter-Tropical 

Converge nce zone 

local air moveme nts in which the orographic (vertical)component 

of ascending air masses influences pluviosity 

exposure and or ientation in relation to the mountain complexes 

a nd t he sea ( rainfaci ng a nd ra in s hadow zones ) . 

The influe nce o f the verti ca l c omponent (the orographic effe ct) 

i n the pro j e c t a r ea i s con s iderabl e , but as t here a r e no r a in fa ll 

stations on the slopes of the major volcanic complexe s, this e ff e ct 

is still largely unknown. 

Investigations in similar tropical areas ( H. Trojer, 1976) indicate 

however , that the valleys a nd h i ghest mounta in cr ests gene rally 

receive less precipitation than the mid-sections of the slopes 

(the effect of the vertical component of the local circulation). 

The exposure factor is equally i mportant . Foresters working in 

the area during the early years of the century noted already that 

the Southern and western slopes of the mountain complexes receive 

more rainfall than the Northern and Eastern slopes (the stemming 

effect). They also noted a remarkable difference in the natural 

vege tation between the rainfacing side s and the l e eward sides 

of the mountains. 

An addi tional aspect of the vertical component is i ts influence 

on rainfall distribution and intensi ty. Mid-sections of the major 

slopes aften have a more regular distribution of rainfall over 

the year and at the highest peaks , above 2000 meter, rainfall 

intensi ty may be considerably less as a substantial part of the 

precipitation occurs in the form of drizzle and light showers 

(see rainfall data Gunung Butak , table II.1. ). 
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Considering the above, 

data have a limi ted 

i t can be sa id that the available rainfall 

value for the forest areas. Concerning the 

where all the meteorological stations are 

permit the following tentative conclusions: 

agricultural 

situated, the 

areas, 

data 

The Ngantang area receives approx. 20 - 30% more total rain than 

the Pudjon area, as the latter is situated more or less in 

the rainshadow of the Kawi. 

there is no significant difference between the two areas in 

r e spe ct to the l e ngth a nd i ntens ity o f t he dry season. 

the higher a nnua l amounts of rain in Ngantang are due to a 

wetter rainy s e ason; in t he peak of that s e ason (January 

February) the average monthly rain is around 450 mm in Ngantang, 

against 375 mm in Pudjon. As the evapotranspiration in Ngantang 

is also higher (temperature), the effects will be limited . 

rainfall intensi ty in Ngantang is higher than in Pud jon (per 

24 hrs, confirmed by other data of Proyek Brantas). 

within the Ngantang area, the lower slopes of the Kawi (Sekar) 

receive more rain than the area North of the Lake. 

within the Pudjon area, it is likely that the lands on the 

lower slopes of the Kawi, south of Pud jon, recei ve less rain 

than the area north of Pudjon . 

the annual variation in rainfall in the dry season is consider­

able; in some years there may be no rain at all during this 

period while in other years a real dry season is hardly notice­

able. 

Soil moisture balance and moisture regimes 

The availability of soil water in a free drained upland soil with 

groundwater tables far below the reach of plant root systems, 

as is the case in all upland soils of the project area, is a 

function of rainfall, evapotranspiration and the capaci ty of the 

soil to store and release water in the rooted zone (the actual 

available moisture capacity of the soil). 
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With these data, the soil moisture balance has been calculated 

according to Thornwaite and Mather (1955), for a small number 

of locations and representative soil types. 

The empirical method is based on mean monthly values, so in drier 

or wet ter years the actual si tuation will be different from the 

calculated model. 

Since evapotranspiration data are not available, they have to 

be calculated according to a method developed by Penman (ILRI, 

1972) . The method requires data on temperature, air humidity, 

coefficients of sunshine, wind speed and solar radiation at the 

outer limit of the atmosphere. Several of these parameters also 

have to be estimated, but the calculated approximate evapotranspi­

ration values for Ngantang are in agreement wi th data from ether 

similar locations on Java (Irish, 1979). The calculated total 

mean annual potential evapotranspiration at Ngantang is around 

1500 mm, 1350 mm at Pud jon and approx. 825 mm at the summi t of 

the Kawi mountain. 

The water retention capaci ty at different tensions of the soils 

have been determined in the laboratory on undisturbed soil samples; 

samples were collected from each major soil horizon between the 

soil surface and the 120 cm depth. The actual available moisture 

capaci ty is calculated, based on a rooting depth of 50 cm in the 

agricultural soils and 120 cm in the forest soils. 

The calculated waterbalance for four selected locations and major 

soil types typical for the selected location are presented in 

fig. II. 1 and an example of the calculation is presented in table 

II. 3. 

The waterbalances indicate that a representative tegallan soil 

in the Ngantang area will be unable to supply soil water to a 

erop with a rooting depth of 50 cm as from the third week of July 

approximately in an average year. For a tegallan soil in the 

Pud jon area (Pudjon series) this occurs around the first week 
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Fig. II.1 . Soil moisture balance of four representative sites and 
soil types in the Kali Konto Watershed. 
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Calculation of the Soil Moisture balance 
acc. to 'l'hornwaite and Kathcr 

Ngantang ( 63 0 m) 

Ngantang Series (Luvic Pheozem) 

STo = 162 nun (moisture retention at field capacity 00-60 cm soil) 

J M A M J J A s 0 N 

500 4 1 3 )93 2 12 150 52 5 1 )4 39 15) 195 
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-65 -146 -241 -343 
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-54 -42 -30 -17 +3 +54 
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u 0 0 0 0 11 )9 65 85 0 0 

)92 296 288 95 38 0 0 0 0 0 0 

(all data are in "ru) 
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of August and for the tegallans on the lower slopes of the Kawi/ 

Anjasmoro (Kraantje Lek series) about a week later. 

The soils at the summi t of the highest mountains never show a 

deficit. 

Soil moisture is equally an important parameter for the classifica­

tion of soils in the US Soil Taxonomy. The system defines a soil 

moisture con trol section, which is between 10-30 cm in most loamy 

and clayey soils as found in the area. Calculating the water balance 

of this control section indicates the section to be dry between 

60-90 days (cumulative) per year. This would classify most soils 

as having an "Udic" soil moisture regime . (Soil Taxonomy, 1975) 

A subdivision of the several soil moisture regime classes has 

been proposed recently (van Wambeke, 1982). According to these 

proposals, the soil moisture regime of most soils would be QEy_ 

Tropudic, i.e. wi th a soil moisture con trol section dry for more 

tan 30 but less than 90 consecutive days . 
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Temperature and Soil Temperature Regimes 

The survey team was unable to collect reliable temperature data 

of the area. The only meteorological station recording temperature 

is the Selorejo station _at the dam, 

of the project area. It is likely, 

si tuated at the lowest point 

moreover, that the presence 

of the lake will have an effect on the temperatures recorded at 

the station. The data are presented in table II.1. 

Another station with systematic temperature data is the agrometeor­

olog ical station at Tlekung, near Batu, approx 12 kms Southeast 

of the watershed and situated at an elevation of approx 950 meter. 

It is unfortunate however that the Stevenson hut is not well placed 

and that the data can hardly be used for e xtrapolation. 

Another approach is the application of the formula of Braak (Braak, 

1928): T = 26.3 - bh, with a = 26.3°C (the average temperature 

. at sealevel), b 0. 006 and h the elevation above sealevel (in 

meters). It is interesting to note that the calculated mean annual 

temperatures of most stations of East Java are always approximately 

0. 7-0. 8 °C lower than the recorded temperatures. This may be 

explained by the drastic changes occurring in the ecological balance 

of the · island over the last fifty years. The dwindling forest 

resources ( acting as a coolant) and the rapidly increasing urban 

areas (heating effect) may well be the origin of the discrepancy 

between the recorded and calculated mean annual temperatures. 

Allowing for this effect, the calculated mean annual temperatures 

of the Pudjon agricultural area would be around 20.4°C, decreasing 

to 9.8°C at the top of the Gunung Butak at 2860 meter. 

An important aspect is also the daily temperature fluctuation. 

It is well known that temperatures in the area can drop to very 

low values during clear cloudless nights in June and July. Night­

frosts at the sununi ts of the highest mountains are conunon dur ing 

this period. The effect ("cold föhn") is influenced by . dry cool 

(winter) air coming from the Australian continent and the local 

air circulation from the higher elevations. 
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Soil temperature is one of the parameters to c lassify soiis in 

the US Soil Taxonomy. Tentatively three different soil temperature 

regimes have been established in the area 

the isohyperthermic soil temperature regime ( > 22°C) of the 

soils below approximately 900 meters 

the isothermic soil temperature regime (15 -22° C) of soils between 

approx. 900 and 2000 meter and 

the isomesic temperature regime (8-15°C) for the soils above 

approximate l y 2000 meter. 

Soil temperature is def ined as the mean annual temperature at 

50 cm be low the soil surface (Soil Taxonomy, 1975) . 
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II. 2. GEOLOGY AND VOLCANISM 

Gener al 

The geology and geomorphology of the area are the resul t of wide­

spread vol can ic and orogenic activi ty, al ternated by periods and 

cycles of denudation. 

The 

area 

area is si tuated in the Solo zone, a longi tudinal volcani c 

between t he Tertiary geanticline of the Southern limestone 

( South of Karangkates ) and the geosyncline of Northern Java 

Rembang hills and Madura). The zone is filled a nd capped 

hills 

(the 

by a series of giant quarternary volcanoes and intervolcanic plains . 

The Anjasmoro mountain range is the oldest volcanic complex in 

the are~. van Bemmelen (1949) provisionally considers the mountains 

to be formed during the Upper Pleistocene, though others consider 

the range to be formed somewhat earlier (Middle Pleistocene). 

The base of the Anjasmoro range consists of extensive and thick 

layers of basaltic and inte rmediate lava flows (also known under 

the name of the Jombang layers), covering the older rocks and 

sediments of the southern and northern tertiary geanticline and 

geosyncline respectively. The layers are the result of fissure 

eruptions but on top of the f lows a number of volcanic cones devel­

oped. Due to faul ting and folding, the Anjasmoro vo lcanoes broke 

down in a number of irregular blocks. The Luksongo hills are proba ­

bly the most western blocks of the range. 

Next in age is the Arjuno (3329 m), situated North of the area. 

Due to the enormous weight of the volcano on the underlying soft 

sediments, the Arjuno ' cone broke off, resulting in renewed volcanic 

activity along the rifts and ridges (the Welirang group, presently 

in a fumarole and solfatara stage) . 
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The twin volcanoes Butak ( 2868 m) and Kawi ( 2631 m) belang to 

a group of younger, holocene volcanic structures which partly 

cover and mask the older upperpleistocene complexes. The Kelud 

is the youngest in this range and still active. 

The geologic-geomorphologic sketchmap (fig II.2) and the schematic 

section accres the Arjuno, Anjasmoro and Kawi-Butak complexes 

(fig II.3) clearly indicate the volcanic- tectonic structure of 

the area. 

From the f igures we see that there are a number df vol can ic com­

plexes, some small and hardly visible as such, ethers large and 

imposing, but all ha ving their particular influence on the land­

form and soil conditions of the area. 

The Kawi-Butak Complex 

The twin volcanoes Kawi (2631 m) and Butak (2868 m) are presumably 

si tuated on a small N-S transverse 

"strato-volcano" type, consisting 

shields and layers of andesitic 

fault. The complex is of the 

of successive and overlapping 

rocks, breccias, agglomerates 

and tuff (consolidated and cemented pyroclastic and lahar materials) 

and ash. Alternated resistent and less resistent layers faveur 

the formation of steepsided valleys and undercutting of less re­

sistant layers give rise to the formation of waterfalls. The Caban 

Rondo fall is just one of them; several more have been fourid as 

well. 

The two volcanoes are liriked by a "saddle" of sloping land at 

elevations between 2000-2600 meter. Although bath volcanoes are 

considered extinct, the Butak is probably younger than the Kawi. 

The cone of the latter is strongly dissected by radial, extremely 

deep and steep ravines with sharp edges and crests (serrated land­

forms). The Kawi also has a we11 formed and deep crater, which 

is open towards the south-west, as a result of the collapse of 

the crater rim. The northern rim of the crater is part of the water­

shed boundary. 
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The Anjasmoro, Parangklakah, Kelet and Amping-Amping 

As described already, the Anjasmoro mountains are remnants of 

the oldest volcanic activity in the area. It is possible that 

the range was formerly a single dome-shaped mass, reaching about 

1500-1700 meter at the highest points. Eros ion has cut deep into 

the volcanic (andesitic) pile, leaving an irregular hilly mass 

' (planeze or the residual stage of dissection). 

One of the old Anjasmoro craters is the G. Parangklakah, situated 

wi thin the project area and wi th a highest peak of 1490 meter. 

The rim of the almost perfect circular crater is still well intact. 

The western section of the rim collapsed, possibly under the weight 

of a crater lake. The collapse of the crater wall and the emptying 

of the lake resulted in a huge lahar flow of mud, volcanic debris, 

blocks and boulders, which covered the lower intervolcanic plain 

(see fig.II.2) . 

The Kelet and the Amping-Amping are two smaller volcanic cones 

situated on the intervolcanic plain of Pudjon. 

The Kelet ( 14 77 m) is a single lava eruption cone, build up from 

andesitic rocks. The smaller Amping-Amping ( 1266 m) is a volcanic 

spatter or einder cone, consisting mostly of loose cindery volcanic 

mater ial. Bath cones are covered by thin covers of vol can ic ash. 

The Kelud 

The Kelud volcano ( 1731 m) has over the centuries brought bath 

prosperity and tragedy to the region: prosperity in the form of 

regular volcanic ashes enriching the surrounding lands and tragedy 

as a result of violent eruptions, hot and cold lahars and periodic 

floods creating havoc in populated areas. 

The notoriety of the Kelud is due to the viscosity of the extruding 

magma, which tends to form an impermeable plug or dame in the 

crater pipe. Rainwater fills the crater and a crater lake results. 

Eruptions generally start wi th the formation of a steam pil low 
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at the bottom of the lake produced by increasing heat and mounting 

pressure from below the plug. Wh e n the eruption takes place, the 

whole lake is ejected. A cold lahar mud and boulder stream will 

run down through the ravines, soon followed by hot lahar formed 

by the hot deeper water layers of the lake. The lahars have an 

enormous erosive power and make deep incisions in the U-shaped 

ravines. Most of the lahar valleys are found on the southern and 

western slopes of the Kelud, outs ide the project area. The small 

Kali Laharkelet on the Kelud's northeastern s lopes and within 

the project area probably i s an older lahar ravine, covered and 

smoothened by airborn pyroclastic materials and no langer recogni ­

zable as an active lahar valley. 

After the lake has been thrown out, the disintegrated pumice 

plug, together with debris from the inner slopes of the crater 

are ejected, aften mixed with ash, steam and glowing volcanic 

gasses ( ladus). When also the pumice plug has been blown out, the 

crater pipe is "clean" and the eruption continues ejecting mostly 

ash. 

The earliest known Kelud eruption is of 1000 AD. Between 

the most interesting and 1481 nine eruptions we re recorded, 

occurring in 1334, which was identified 

the Pararatan inscriptions. Banyu pindah, 

description of the hot lahar streams. 

occurred in 1811, 1826, 1835, 1848, 1864, 

131 1 

one 

as a 

moving 

More 

1901 

"banyu 

water, 

recent 

pindah" in 

is an apt 

and 1919. 

eruptions 

In 1875, 

the crater wall collapsed, resulting in a flood, which destroyed 

1579 bahus of sawah, 790 bahus of tegallan and 1451 homes. The 

1919 eruption kil led over 5000 humans and destroyed 104 villages, 

all in a time span of 45 minutes. 

After the catastrophe of 1919, the Government 

the lake by a number of tunnels; the tunnels 

Blitar side of the mountain. The next eruptions, 

decided to drain 

are found at the 

in 1951 and 1966, 

caused significant less damage than usual, but the eruptions also 
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destroyed the tunnels . A new set of seepage pipes was then con­

structed which, while not actually reaching the crater lake, would 

drain it, as if the rocks were permeable. Zen (1967) reported 

that the pipes failed to drain the lake properly, so lahars are 

again a potential danger. 

The history of the Kelud eruptions is perfectly reflected in the 

soil conditions of the area. All soils on the slopes of the Kelud 

are formed in stratified and alternating layers of coarse and 

fine pumice and ash. On the footslopes, the pumice layers are 

generally thin, the pumice particles s mall and ash ( sandy ash) 

predominates . Moving to the top, closer to the source, the thickness 

of the pumice layers increases, and ash no longer predominates. 

A schematic profile of a representative soil of the Gombong Asso­

ciation, found on the middle slopes of the Kelud, is presented 

in fig.II.4. 

Kelud eruption of 31 August 1951 
(from: Mohr, et.al. Tropical Soils) 
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-------------------- - - --- - - ---- -------------

I 

II 

II I 

IV 

most recent deposits, 
eruption s (?); profile 
gravels (fragmented 

probably of the 1919 or 1901 
is formed in coarse pumice 
plug), becoming gr a dually 

sma ll er in size and changing into sandy ash towards 
the soil surface. The topsoil has a well developed 
A horizon with 3-4% organic matter. 

a buried profile, representing a major eruption 
cycle; the sequence of pumice gravels and ash 
i s si mil ar , bu t mos t l aye r s are thi cke r; th e buri e d 
topsoil has a well developed A horizon with 5-
6% organic ma tter 

a small eruption c ycl e , mo s tly consisting of fine 
and medium s i ze d pumi ce with so me s andy a s h on 
top; soil has had little time to develop an A 
horizon 

a 60 cm thick buried profile representing a major 
eruption cycle (see II) 

Figure II.4. Schematic profile of the middle slopes Gunung Kelud (850 m; 
4 km NE from crater). 

L Gombong association: Umbric Vitrandept, medial over cindery, 
isohyperthermic. (Vitric Andosol) 

--- - ---------- -- - --- --- - - - - - - · - - ---
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Spatial distribution and composition of volcanic ejecta 

It is well known that during volcanic eruptions the coarsest ejecta 

will be deposited not toa far from the source and that the finest 

ash particles will be blown high in the atmosphere and fall slowly 

as an ash rain covering extended areas. The distance the particles 

will travel will depend on their size, shape, specific weight 

and the prevailing winds. 

Coarse volcanic ejecta found in the area of study are limited 

to pumice gravels, originating mainly from the fragmented plug 

or dame found at the top of the magma pipe in the Kelud crater . 

Volcanic bombs, lapilli and other rock type ejecta have not been 

found in the area. 

Research carried out by students from Universitas Brawijaya on 

the spatial distribution of pumice gravels on the Gunung Kelud 

showed that the size of the individual pumice gravels indeed 

decreases with increasing distances from the crater; also the 

porosi ty of the pumice gravels increased . Wi thin 3 km from the 

crater, the relati ve amounts of pumice in the si ze fraction of 

over 5 cm varied from 10-25%. In the zone between 3 and 6 km there 

was no gravel of this size fraction and beyond 6 km almost all 

pumice was smaller than 2 cm. More important, however, is the 

relation between the amount of gravels and the distance from the 

source. The thickness of the pumice layers generally decreases 

wi th increasing distances from the era ter. However, some layers 

actually appear to be local and in the form of lenses. The latter 

was also observed by the survey team on the tegallans of the Ngantru 

village on the lower slopes of the Kelud. In this area, the amount 

of pumice gravel in the topsoil varies considerably over short 

distances, giving the idea as if the intensity of the "gravel 

rains" var ied from one spot to another. The phenomenon may have 

been caused by local air tubulances during the eruption. 
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The influence of the Kelud can be traced all over the western 

(Ngantang) part of the project area. Comparing the soils of the 

Ngantang area wi th those of Pud jon, the presence of coarse sand 

particles in all soils of the Ngantang area is striking. A close 

look shows that most of the sand particles are actually pumice 

fragments. The influence is also found on the western slopes of 

the Kawi facing the Kelud, but only below the 800-850 me ter contour 

line. Above this line all soils are virtually gravel and sand 

free, as is the case on the northern Kawi slopes. Also the soils 

in the Pud jon area are gravel and sand free, wi th the exception 

of the soils on some slopes of the Anjasmoro range where many 

soi ls have some fine pumice gravel layers in the deeper subsoils 

( around Ngebrong for example) . Study i ng the pos i tion and expos ure 

of these pumice layers, the team reached the conclusion that these 

are much older and possibly originate from the older Anjasmoro 

eruptions or from the Arjuno group. 

More difficult is it to trace the origin of the different ashes. 

Most of the Kelud ash of the 1901 eruption was blown to the west 

(dry monsoon) . The 1 91 9 ash was blown to the east and west; the 

west monsoon blew most ash to the east , but the ash which reached 

the stratosphere was blown west (anti-passate winds ). 

Baak (1949) studied the mineralogical composition of the 1919 

Kelud ashes, col l ected from several locations. The ash was of 

an augite -hyperstene andesitic origin . Same of Baak's data are 

presented in tables II. 4 and II. 5. He found a distinct increase 

in the SiO 
2 

content of the ash wi th increasing distance from the 

source (volcanic glass being the main component in the finest 

ash). Pyroxenes were generally confined to the coarse ash fraction 

and are thus found particularly close to the source. Near the 

Kelud the plagioclase was found to be richer in calcium and poorer 

in sodium. This also confirmed by the results of the soi l survey 

(soil sample analysis). 



Table II.4 . Mineralogical composition of the sandy fractions of some volcanic 
ash samples of the G. Kelud (after Baak, 1949) 

Km from crater Fraction percentages of minerals 
- = West Gp'q.e \tllcanic !bel< Plagicr- !\ll:j'ite Hy[;er- Green Oxy-
+ = East glass frag - clase stl-ene lbrn- hom-

ua1t.s blert.1'.: blcrcb 
- 9 200-500 5 7 27 46 7 8 - -

100-200 3 20 16 46 7 8 - -
50-100 4 35 10 49 1 - - 1 

20- 50 1 85 4 10 - - - -

- 92 100 - 200 3 84 - 11 1 1 - -
50-100 1 52 1 35 3 7 1 -
20- 50 2 82 - 12 1 3 - -

- 360 50-100 12 46 2 38 - 2 - -
20- 50 4 86 - 9 1 - - -

+ 36 200 - 500 4 - 23 47 9 17 - -
100- 200 17 15 8 45 8 7 - -

50 -1 00 9 25 14 42 3 7 - -
20- 50 4 73 7 14 - 2 - -

+ 66 200-500 - 56 7 35 1 1 - -
100-200 1 39 14 41 4 1 - -

50 -1 00 8 47 5 37 - 3 - -
20- 50 1 84 - 15 - - - -

+ 166 100-200 10 80 - 7 1 2 - -
50 -1 00 4 42 2 45 2 5 - -
20- 50 1 84 - 1 3 1 1 - -

Table 11.S. Total chemica! analysis of volcanic ash of the G. Kelud (after Baak, 
1949 ) 

Distance from crater (km) 1 2 3 4 5 6 7 

(- = W; + = E) -3 6 -9 -5 rock +36 +56 +166 
Si0

2 60.8 54.8 52.6 57. 6 . 54.6 57.0 59.9 
Ti0

2 0 . 6 0.6 0.9 0.6 0 .7 0.9 0.6 

P205 0.2 0 .2 0 . 2 0 . 1 0.2 o. 0.3 
Al

2
o

3
• 18. 3 20.6 17 . 2 18 . 0 20.7 17 .8 18.6 

Fe
2

o
3

• 3.9 4 .5 3 . 9 3.9 4.9 4 .3 3.7 
FeO 2.4 3 .8 5 . 9 3 .9 3 . 3 4. 1 2.2 
MnO 0. 2 

1 
n.d. 0. 1 0.2 0.3

1 o. 1 0 . 3 
1 

MgO 1. 9 3 . 3 4.4 3 . 1 3 . 2 2.6 2.0 
cao 6.0 8.5 10. 2 8 . 5 8 . 8 7.8 6.4 
Na

2
o 5.9 3 . 0 3. 1 3 . 1 2.9 3.6 3.9 

K
2

o 1.0 0.5 1. 1 0.8 0.5 1. 1 1.0 
tt

2
o+ 1. 0 n.d. 0.4 tr 0.6 0 .5 1. 5 

tt
2

o- n.d. n.d. o. 1 0.3 n.d. 0. 1 n . d. 

503 0.2 0.2 0.2 n.d. 0.2 0.3 0 .4 

Niggli va lues 

si . 206 . 0 153.0 134. 0 1Ei8 . 0 150.0 172.0 200.0 

al 36.5 33.5 26 . 0 31. 0 33.5 31. 5 36.5 

fm 26 . 5 32 . 0 37.0 32 . 0 31. 5 30.5 26.0 

c 22 . 0 25 . 5 27. 5 26 . 5 26 . 0 25 . 5 23.0 

alk 15 . 0 9.0 ·9. 5 10.5 9.0 12. 5 14 . 5 

f:lz + 46 + 17 - 4 ... 26 + 14 + 22 + 42 
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Although Baak demonstrated that each volcano has its own character­

istic and specific mineralogical association, it is also known 

that the ash composi tion of a particular volcano may vary from 

eruption to eruption. Also the fact that ashes can tra vel far, 

complicates the situation. Pudjon, for example, at 20 km from 

the Ke lud, received 15 cm of Kelud ash in 1919 and 5 cm in 1951, 

but the area also received 3 cm of ash from the Gunung Agung (Bali) 

in 1963 and a student collected 2 mm of ash at Caban Rondo from 

the 1982 Galunggung eruption (West Java). 

As no other mineralogical data are available of the soils in the 

project area, it is difficult to indicate the or igin of the ash 

and the distribution of the different ash types over the area. 

However, analyz ing the analytical laboratory data of the collected 

soil samples, the following can be said: 

the ashes on the northern slopes of the Kawi are acid and low 

in weatherable minerals. Base saturation of soils of the area 

(G.Butak and Caban Rondo Series) are very low, in spite of 

the fact that the soils are si tuated on the dry leeward side 

of the Kawi, 

the ashes of the Anjasmoro, and the western slopes of the Kawi 

are higher in weatherable minerals, 

the ashes of the Kelud are higher in 

in potassium or have a mineralogical 

unfavourable Mg/K ratios. 

calcium, but often 

composition resulting 

low 

in 
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II. 3. HYDROLOGY 

Information and data on the hydrological and hydrogeological condi­

tions of the Kali Konto watershed are scarce. Only fairly recently 

and in connection wi th the construction of the Selorejo dam, DAS 

Brantas started to measure flowstreams at a few sites wi thin the 

c atchment. The measurements are part of a study on reservoir sedi ­

mentation and sediment transport, which is a severe problem,causing 

loss of valuable water storage capaci ty and threathening the 

effective life of the reservoir . High rates of sedimentation indi ­

cate the magnitude of accelerated eros ion in the watershed. This 

a s pe ct will be discussed separate l y in Se ction V. 

The project area is made up of three catchments: the Kali Kon to 

with a catchment area of 13 . 700 ha . , the Kali Kwayangan of 5.300 

ha. and the Kali Pinjal of 4. 300 ha. The three catchment areas 

meet at Lake Selorejo. 

Each stream has its particular characteristics and longitudinal 

profile. 

The Kali Konto shows an interrupted profile of a stream with several 

stretches along its course with nickpoints being the headward 

limits of successive periods of base leveling. The upper section 

is young and active, with V-shaped cross profiles and advancing 

headwards to the higher areas. The middle section has a steepened 

stream gradient and the river has cut itself deep in the volcanic 

materials, running fast in a narrow U-shaped valley. The lower 

section has more of a graded stream in a system of quasi-equilibrium, 

streaming in a concave, colluvial valley. 

The regimes of the Kali Pinjal and Kali Kwayangan are different. 

They have young and active upper-sections, advancing headwards 

and laterally and graded lower sections . 

Streamflow, 

5-7 m3 /sec 

measured at Selorejo from 1951 

during the period July-October 

to 1972, averaged from 

and 14-17 m3 /sec from 
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J anuary to March < •rhe h ighest mean monthly va lue mea sured was 

33 m3 /sec in February 1960, the lowest 3.1 m3 /sec in October 196 4 

and 1965. 

The data recorded clearly illustrate the influe nce of the dry 

season and the relatively long period of two months necessary 

to recharge the aquifer and for the baseflow to r eturn to normal 

levels. The data a lso show that t he flow during the dry season 

is wel l correl ated with t he total rai nfall of the preceeding rainy 

season. As the wet seasons in the Ngantang area are approx. 20% 

wetter than in the Pudjon area, the relative streamflows in Ngantang 

may likely be higher as well. 

The thick packages of volcanic sediments covering the watershed 

act as the main aquifer . The loamy textured volcanic ash and the 

soils developed in these materials are very porous, have a high 

permeabili ty and are thus excellent waterholders . Weathered and 

rotten andesi tic rock, as well as sorted coarse pumice also produce 

good waterholding media. On the ether hand, compacted and somewhat 

cemented volcanic breccia and conglomerates are less good water­

holders and volcanic tuff (consolidated and cemented ash) is a 

paar waterholder in spite of its porosity being high. 

Generally speaking, the upper slopes of the 

of the studied area tend to be very poreus. 

volcanic complexes 

Their permeability 

is so high that no run-off occurs, even on the very steep slopes; 

as a resul t no well def ined s trearn channels exist in that area. 

Somewhat lower on the slopes t he poreus materials alternate with 

less permeable layers and springs o r surf ace seepage occurs. Most 

of the springs in t he area are found at the contact be tween the 

permeable volcanic ash layers and underlying tuff, or beds of 

breccia's and conglomerates (buried and cemented lahar materials). 

They also occur below the outcrop of well sorted purnice layers 

overlying less permeable tuff or compacted ash. Students doing 

field work in the area demonstrated that pumice laye rs are important 
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and extremely good conduits of subsurface water. 

Many springs disappear during the dry season and only the ones 

associated with larger flowpaths are permanent. The influence 

of the dry season is well illustrated by the long period necessary 

to recharge the aquifer in the volcanic sediments; for the base 

flow to return to i ts normal level two wet months are norrnally 

required; these data are in line wi th data from other volcanic 

areas on Java (Bruynzeel, 1983). 

oownstream of the springs there is simpl e stream erosion and 

basa l sapping by the streams causes steepening of the headwall 

and gully retreat . On strato-volcanoes, like the Kawi, the struc­

tural control of hard lava or tuff beds will commonly lead to 

steep-sided (gorge-type) valleys. Alternate resistent and less 

resistent beds are especially favourable for the development of 

waterfalls as the non-resistent beds are undercut. Headward erosion 

develops the small falls into bigger ones such as the Coban Rondo 

fall and other f alls found on the northern and western slopes 

of the G.Kawi as well as in the Anjasmoro mountains. 

The lack of quantitative 

able irrigation water and 

requ ires urgent attention. 

data on flowstr eams, 

waterconsumption is 

aquifers, avail­

unfortunate and 

This is particularly true as the lack of suff icient 

water during the dry season appears to be a limiting 

irrigation 

factor and 

in some areas even the most limiting factor for agricultural devel­

opment. With the degrading and dwindling forest resources , affecting 

the hydrological function of the forest lands, this trend is like ly 

to continue and to become more serious. 

The soil survey team has found areas with soils strongly modified 

by long periods of irrigation and wetland rice cultivation, but 

which are no longe r irrigated because of the unavailability of 

irrigation water. Farmers reported about springs being dried up 

permanently (PKK, pers. comm. ). 



- 51 -

Although the statistics indicate that the total area irrigated 

does not decrease, it is likely that over the years a greater 

porti on of the lands only occasionally recei ves irr igation water. 
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II. 4. PHYSIOGRAPHY AND LANDFORMS 

Landform maps 

As the soil survey of the project area was commissioned only in 

November 1982, at a time there was already a pressing need for 

early results and data on landforms, slopes, soils and erosion 

of the area, the soil survey team prepared first a physiographic 

landform map at a scale 1:20.000,base d on a e rial photointe rpre t a tion, 

supported by field data. The map is not included in this report . 

The accompanying descriptive l egend inc ludes tabular descriptions 

of the twenty ( 20 ) landform units recognized, their subdivision 

in smaller units based on slope characteristics, eros ion, soils, 

drainage condi tions and landuse practices such as terracing and 

irrigation for wetland rice cultivation. In July 1983, the map 

and r e port were presented as a working document for the agronomy , 

forestry and vegetation specialists and land use planners working 

in the area. Copies of the map and report are available. 

The 1 :20.000 landform map has been the basis for the 1:50.000 

generalized landform map attached to this final report (map 2A). 

Figure II . 5 is a reduction of the generalized map; not to scale. 

Reviewing the area, four different main landscapes can be recog­

nized: 

the alluvial and lahar valleys ( 4.5 % of the area) 

the intervolcanic plains and plateaux (.25.3%) 

the hilly areas (49.3%) 

the volcanic mountainous complexes (19.7% ) 

They are described as follows: 

Alluvial landforms 

The alluvial landforms are limited to the generally narrow alluvial 

and colluvia l val l eys , U-shaped or concave and without ter races . 
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Dry lahar valleys are also included in this landscape. On the 

1:50.000 map the following units can be distinguished: 

Ac = alluvial and colluvial valleys 

The only distinct river course is the U-shaped valley of the Kali 
Konto. The few other courses are concave colluvial valleys, not 
well developed, or are modified by manJ preparing sawahs and con­
trolling and diverting the water. Other valleys are erosion valleys 
(units Ps). On the 1:20.000 landform map the irrigated and terraced 
valleys are separated from the non-irrigated ones. Flooding is 
very rare as the stream channel is deeply cut in the sediments 
(Kali Konto), or the river catchments have limited extensions . 
Soils are of ten stony and bouldery cambisols or fluvisols, others 
are medium texture colluvial soils. 

Al = lahar valleys 

Lahar valleys are old erosion gullies and ravines originating 
at the steep upper cones of the volcanoes , which later were filled 
by coarse lahar materials (generally cold or rain lahars). In 
the process, the deep incised V-gullies changed into U-valleys. 
They have an irregular surface with stony and bouldery soils, 
but locally the materials are covered by thin covers of finer 
textured colluvial sediments. The lahar valleys may extent over 
long distances, but most do not reach the Kali Konto river system. 
On the 1: 20. 000 landform map a distinction has been made between 
the dry, exces si vely drained lahar valleys (most common) and the 
irrigated and terraced valleys. The lahar flow over the sloping 
plain near Ngantang (the Parangklakah lahar), which actually is 
not a true valley, has been included in this unit as well. 

Intervolcanic plains and plateaux 

In the project area there are two major intervolcanic colluvial 

plains: the Pudjon plain, a slightly concave and sloping plain, 

between the G. Kawi and the G.Anjasmoro, and the Ngantang plain 

between the G. Kelud, the G. Kawi and the Anjasmoro range. The 

Pudjon plain is situated at elevations between 950-1225 m, the 

Ngantang plain between 620-800 meters. The plains are not related 

and are separated from each other by the lower slopes of the G.Kawi 

and the foothills of the Anjasmoro range , wi th the narrow / deeply 
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incised gorge of the Kali Konto r i ver in between. 

On the Pudjon plain two planation leve ls can be observed: one 

between 1150- 1225 m (the upper plain) a nd one be t ween 950 -1175 

m (the middle plain). The Kali Konto river system cut up the plain 

into several smaller isolated plateaux and the erosion process 

is advancing headwards. Smaller e ros ion valleys are found on the 

Nga ntang plain. The following units have been r ecognized : 

Pu = upper plains and plateaux (Pudjon) 

Situated between 1150- 1225 m, this unit covers only limited surfaces 
as colluviation from the adjacent foothills have covered this 
unit in several areas . The plains are ( gently) sloping and many 
are eroded. Soils are well drained andic cambisols and most lands 
are in use as tegallans; the soils are somewhat drought sensitive 
and erosion (rill) is locally a problem. 

Pm = middle plains and plateaux (Pudjon) 

The middle plain covers most of the agricultural areas of Pudjon. 
The plain is situated between 950 - 1175 m. a . s . l . and is cut up 
by the Kali Konto and its tributaries into several individual 
plateaux; most plateaux are gently sloping (3-8%). On the 1:20.000 
landform map the units are subdi vided in to ( i) non- eroded, non­
irr igated plains/plateaux (tegallans) wi th loamy to clayey cambi ­
sols, (ii) non - eroded, irrigated plains/plateaux with clayey padi ­
sols, mostly in use for intensive horticultural based cropping 
systems and (iii) eroded plains, sloping (8 - 20 %) and generally 
irrigated and strongly terraced. On the latter subunit erosion 
is common, as well as the collapse of sawahs, resulting in "catstep­
slopes". 

Pl = lower plains (Ngantang) 

The lower plains cover most of the Ngantang agricultural lands . 
Situated between 620-800 m. a.s.l., the slopes are generally gentle 
(3-8 %), but near the small river systems,natural erosion resulted 
in sloping lands (8-15%) . The soils are basically of coluvio­
aeolian (volcanic) origin, fine to medium-coarse textured with 
volcanic sand and pumice particles. On the 1: 20. 000 landform map, 
the following subunits are recognized: (i) non-eroded, non-irrigated 
plains with cambisols and mediteran soils in use as tegallans 
or as mixed coffee gardens, (ii) non-eroded, irrigated plains 
with clayey padisols, used for wetland rice based cropping systems 
and (iii) eroded, irrigate d 8- 15% sloping plains, generally 
strongly terraced and in use as irrigated rice land as well. 
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Pd = dissected (serrated) plateaux 

Si tuated between the upper plains of Pud jon and the lower plains 
of Ngantang, the unit concerns a sloping dissected plateau, developed 
in uni form ash. The plateau is traversed by a series of parallel, 
uniform and ravine type of V-valleys, with the valley sides inter­
secting in sharp-edged parallel ridges. The valleys have 2-300 
meter long, single, straight and steep slopes (20-50%). Soils 
are and ic cambisols, well to somewhat exces si vely drained. Most 
of the dissected plateau lands are within the forest boundary 
and covered by kirinyu vegetation or plantation forest; erosion 
hazards are moderate. 

Ps = erosion valleys 

The unit comprises the erosion val l eys which deeply cut into the 
intervolcanic plains. 
In the Pudjon area, the valleys cover extensive areas and have 
steep and very steep valley sides, with 200-400 m long, straight, 
s ingle, 25-75% slopes . The soils are developed in mixtures of 
ash and colluvial materials and many are excessivel y drained . 
Many valleys and gul lies are advancing headwards. Most units are 
official forest lands and covered with kirinyu vegetation. Erosion 
s usceptibility is high. 
In the Ngantang area, the valleys are smaller and more of the 
U- type, with 15-40 % single, straight, rather short (100-200 m) 
valley side slopes. Soils are slightly gravelly and generally 
somewhat exces si vely drained. Eros ion hazards are moderate. 

Hilly landforms 

The largest portion of the watershed is occupied by hilly landforms 

(approx. 50%). They are found between the intervolcanic plains 

and mountainous areas. The hills stand out approximately between 

200 and 500 meter above the intervolcanic plains wi th the upper 

limit at approximately 1400 m.a.s.l. 

Many hill zones are denudational, but also · colluvial foothills, 

footslopes and small, single volcanic cones are included. Many 

hill areas are under natural or plantation forest or kirinyu scrub 

vegetation, while the less sloping lands are generally in use 

as tegallan land. 

A number of landform units have been recognized: 
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.!:!J2. = hill plateaux and spurs 

The unit comprises small, isolated hill plateaux, situated on 
crests a nd sloping hill spurs. 
Gently s loping (convex , 5-8% ) plateaux and moderately steep ( 12-
35% ) convex/ concave hill spurs. Soils are mostly deep non-eroded 
andosol s . 

Hs = hillslopes 

Thi s i s the largest landform unit. Weathering, denudation and 
eros ion, mainly by sheet wash, is smoothening the land. The un i t 
includes small crests, spurs and colluvial footslopes. On the 
1:20.000 landform map a number of s ubunit s are r ecognize d based 
on differences in rel i ef , e ros ion and landuse. The s lopes, s ingle 
or compl ex , are usually convex in the upper slope section and 
straight or concave in the middle and lower sect ions. On the higher 
convex parts most soils are andosols, on the middle and lower 
parts andic cambisols. The soils are deep to very deep ,well drained, 
locally somewhat excessively or excessively drained. Soil erosion 
varies;in some areas the hillslopes are not eroded, on other erosion 
can be moderate or severe, depending on slope characteristics 
and landuse. 

He = colluvial footslopes and foothills 

This unit concerns colluvial footslopes and foothills and a number 
of colluvial valleys, the latter particularly in the Ngantang 
area. The footslope areas generally have 5-15 % concave slopes, 
the foothills are undulating to rolling (5 - 15 % slopes). Most soils 
are developed in loamy and clayey colluvial materials and are 
luvisols, phaeozems and cambisols, depending on local condi tions 
and the setting. Most colluvial footslopes are used for irrigated 
agriculture, upland crops (tegallans) and mixed coffee gardens; 
the foothills are sometimes found under kirinyu scrub or forest. 
the colluvial footslopes of the Kelud form a separate unit; the 
area is dissected and soils are gravelly, pumice-rich soils, exces­
sively drained and marginally suited for agriculture. 

Hi = isolated small volcanic cones 

Two separate small volcanic cones occur in the area; they stand 
out some 6 0 m ( G. Amping 2 

) and 3 0 0 mete r ( G. Ke let) above the sur­
rounding plains and are characte r i zed by their very steep slopes 
(30-75 %) and smooth surface. The small G.Amping 2 is a spatter 
cone with cambisols, strongly terraced and in use as tegallan 
land. The higher G.Kele t is a single eruption cone and has an 
andesitic rock core; soi ls are shallow, stony and bouldery andosols 
(higher parts) and cambisols (lower parts). Most of the Kelet 
is covered by natural and plantation forest. 
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Hl = landslide scars and slip surfaces 

This unit concerns a miscellaneous landtype of landslip and land­
slide surfaces, consisting mostly of masses of soil material, 
weathered rock, stones and other unconsolidated materials that 
slid down . "No-soil" areas with a pioneer vegetation. 

Mountainous landforms 

The steep :niddle and upper slopes of the Gunung Kawi and Gunung 

Kelud, as well as the highest peaks of the Anjasmoro range are 

mo'Jntainous landforms. In practice i t means that all l and above 

1400- 1500 meter, or approx. 20% of the watershed, is mountainous. 

Most lands are strongly dissected with deep V-shaped ravines. 

Several landform units can be recognized: crests, spurs, plateaux, 

steep mountain slopes and landslide scars. 

~ = mountain plateaux, spurs and crests 

Although in fact three different units, they have been grouped 
together. The plateaux concern the least dissected parts of the 
saddle bet ween the twin volcanoes G. Butak and G. Kawi; spurs are 
generally found on the upper and middle slopes and the crests 
are the rims of the watershed and the sharp edged ridges between 
the ravines. Eros ion on these units is limi ted and all soils are 
very deep and original andosols, with topsoils high in accumulated 
organic matter. The units are under natural vegetation. 

Ms = steep mountain slopes 

Most mountain slopes are steep to extremely steep ( 50 100 % 
slopes and over). Slopes are generally straight, single or complex. 
Actual eros ion var ies from slight to mod_e rate ( creep, slip and 
an occasional earthflow) and most soils are developed in thin 
covers of volcanic ash over weathered andesi tic rock and mixed 
with some creepwash from above. 
On the 1:20.000 landform map several subunits have been recognized, 
based on differences in slope gradient (steep, very steep · and 
extremely steep), degree of dissectation and erosion intensity. 
There is a precar ious balance between vegetation and soils and 
removal or change in the farmer may easily resul t in a collapse 
and the formation of landslide surfaces (see below). 

Ml = landslide scars 

A miscellaneous landtype of unstable landslide surfaces, consisting 
of masses of volcanic ash, soil, debris, weathered rock and other 
unconsolidated materials that slide down in a constant process. 
The vegetation on these areas is mostly of a pioneer type. 
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II. 5. GENERAL SOIL CONDITIONS 

The major soil groups 

This chapter concerns a general description of the soils and soil 

condi tions of the Kali Konto watershed. The chapter is intended 

as a background paper and an introduction. It i s at the same time 

a description of the generalized 1:50.000 soil map (fig.II.6 and 

coloured map 2B) . 

All soils of the area are developed in volcanic materials. Many 

are developed in windblown fine textured volcanic ash, in re­

deposi ted ash or in coarse ash and pumice gravels, the latter 

particularly on the slopes of the Gunung Kelud. On very steep 

surf aces where ( natural) eros ion is intensive, the ash cover is 

aften thin and soils may be developed partly in weathering products 

of underlying tuff or andesi tic rocks. In the valleys, most soils 

are developed in mixtures of redeposi ted volcanic ash and stony 

and bouldery lahar materials. 

Soils generally develop from the surface downwards through weather­

ing, transformation, leaching and illuviation . However, in volcanic 

areas they also tend to be accumulative and with the addition 

of fresh ash they tend to develop upwards as well. Over time, 

the repeated falls of fresh ash can be considerable and many soils 

of the area have two or more bur ied older soils within their pro­

files. The process of ash accumulation has a marked effect on 

the properties of the soils, since the surface soil is constantly 

being rejuvenated. 

Di fferences in landforms and climatic condi tions re sul ted in the 

presence of three geographic soil zones, each zone with a specific 

pattern of soils. The zones coincide more or less wi th the three 

major landscapes as discussed in previous paragraphs: 



Fig. II.6. Soil sketch map Kali Konto Watershed 
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mountainous landf orms - andosols 

hilly landforms - andosols and cambisols 

intervolcanic plains - cambisols and medite rans 
and alluvial valleys 

(In this paragraph the Indonesian soil classification system of 

1981 is used). 

The characte ristics and properties of the major soil groups will 

be discussed below . 

1) 
Andosols 

Andosols are found in the highest parts of the watershed, from 

the summi t of the major volcanic complexes down to approximately 

1300 meters, and in some areas even somewhat lower. In the survey 

area, Andosols cover 51 % of the total area. 

Andosol is a name connotative of soils formed in volcanic ash, 

having commonly dark, organic matter rich horizons ("An" dark 

coloured, "Do" soil, in Japanese). Andosols are characterized 

by a number of particular properties, most of them related to 

the presence of "allophane", a gellike, amorphous clay mineral 

which is formed as one of the first weathering products of volcanic 

ash. 

Physically, Andosols have excellent properties including a high 

porosi ty, high permeabili ty and a high capaci ty to retain large 

amounts of soil water. A very striking property is the very low 

bulk density, giving the soils a light, fluffy appearance, easy 

to recognize in the field. 

Physico-chemically, Andosols have high exchange capacities and 

a tendency to fix large amounts of phosphorus. Their fertility 

levels depend, among others, on the mineralogical properties of 

1) Indonesian and FAO/UNESCO systems. 
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the volcanic ash in which they are formed. Same andosols have 

high base saturation values and are well provided with plant­

available cationic nutrients, others are leached and low in nu­

trients or are formed in volcanic ash high in silica and lower 

in Ca, Mg or K bearing minerals . The buffering capacity of Andosols 

is high and even the poor and leache d ones do not have low pH 

values. 

In the survey area the following Andosol soil units have been 

recognize d: 

Caban Rondo series : loamy; base saturation moderately low in 
the topsoil and low in the subsoi l; pH 5.5-6.0 (Humic Andosol; 
on the northern s l opes of the G.Kawi). 

Ngebrong series: loamy; 
6 . 0-7.0 (Mollie Andosol; 
the western slopes of the 

base saturation high throughout; 
on the Anjasmoro mountain range 

G.Kawi). 

Gunung 
layer; 
upper 

Butak series: loamy wi th a 4-1 0 cm thick organic 
base saturation low; pH 5. 5-6. 5 ( Humic Andosol; on 
slopes of the G.Kawi; above approx. 1900 

pH 
and 

top­
the 
m). 

Gombong complex: sandy ( "ashy " ) and 
saturation moderately high, pH 6.0-6.5 
sols; on the middle slopes of G. Kelud). 

gravelly (pumice); base 
(Mollie and Vitric Ando-

Gunung Kelud complex: sandy ( "ashy ") and very gravelly (pumice ); 
high base saturation; pH 6.0-7.0 (Vitric Andosols; on the upper 
slopes of G.Kelud). 

b . 1 1) Cam iso s 

Cambisols are found on the lower slopes , the foothills and foot­

slopes of the volcanic complexes, generally below 1300-1400 meters. 

They are also found on some parts of the intervolcanic plains. 

The Cambisols cover approximately 17.5% of the watershed and, 

after the Andosols , they are the second largest group. 

All cambisols in the area are developed in volcanic ash. 

The evolution from Andosol to Cambisol ( Cambic is from "cambiare"= 

change) concerns particularly a process of transformation of clay 

1) Indonesian and FAO/UNESCO systems. 
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minerals. In humid tropical areas with alternating wet and dry 

seasons, allophane is dehydrated rapidly and transformed first 

into halloysite and later into other crystalline minerals. The 

transformation causes a gradual loss of the typical Andosol prop­

erties. Although still "volcanic ash soils", they aften have ei ther / 

or higher bulk densi ties ( less "fluffy" character), fix smaller 

amounts of phosphorus, have more clay, or accumulate less organic 

matte r in the topsoil ( also because of the higher temperatures) . 

Clay illuviation is another process taking place. These soils form 

a particular group, aften difficult to classify and relatively 

little known what their management requirements are concerned. 

In the survey area the Cambisols can be grouped into the following 

soils units: 

Andic Cambisols. 

Soils still resembling Andosols, but they lost some of the charac­

teristic andosol properties, sometimes even difficult to detect 

in the field. They are found mostly on the hilly landforms just 

below 1200-1400 meter. The following series have been recognized: 

Kraantje Lek series: loamy, no clay illuviation; base saturation 
moderately low; pH 6. 0; soils resemble the Caban Rondo soils 
and are found on the northern slopes of the G. Kawi. 

Jombok series: loamy, no clay illuviation; 
pH 6.0-6.5; soils resemble the Ngebrong 
on the western slopes of the Anjasmoro. 

high base saturation; 
soils and are found 

Sebaluh 
moderate 
subsoil; 
the Kawi. 

series:loam to clay loam with some clay illuviation; 
base saturation; pH 5.3-6.0, locally higher in the 
typical of the northern footslopes and foothills of 

Kaumredjo series: sandy clay loam - clay loam 
illuviation; high base saturation; pH 6. 0-7. 0; 
footslopes and foothills of the Kawi-west 

wi th some clay 
typical of the 
and Ngantang. 

Ngantru series: coarse sandy loam with some fine pumice gravels; 
base saturation is high; pH 6. 0-6. 5; typical of the footslopes 
of the G. Kelud. 
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Andie Cambisols also oeeur in assoeiation with Andosols 

Kelet assoeiation: bouldery and stony Andie Cambisols and Humie 
Ando s ols on the Gunung Kelet. 

Luksongo 
Lithosols 

assoeiation: 
on the 

Andie Cambisols, 
upper slopes of 

Mollie, Eutrie and Dystrie Cambisols. 

Humie Andosols and some 
the Luksongo hills. 

Al t ho ugh mos t of the s e Cambisols are deve lope d in mate rials d e ri ved 

from voleanie ash, they are more developed and do not belang any 

langer to the "andie" subgroup. They are t ypieally found on the 

i ntervo l ea ni e p l a ins , but al so many s oil s o f the a lluv i a l valleys 

be l a ng t o these groups. The following s oil units have been es ta -

blishe d
1 

of whieh some are assoeiations with othe r soils. 

Pudjon seri es : loamy , elay illuv iation 
textural - B horizon; base saturation is 
of the dryland intervoleanie Pudjon 

r e sulting in a n ineipi e nt 
high; pH 5.8-6.5; typieal 
plain (Eutrie Cambisol). 

Jabon series: sandy elay loam, some elay illuviation; base 
saturation is high; pH 6 . 0-7 . 0 found in a ssoei a tion wi th the 
Ngantang series on the dry land intervoleanie plains around 
Ngantang (Mollie Cambisol). 

Bendosari-Pinjal assoeiation: soils of the steep erosion valley 
sides of the Kali Konto and Kali Pinjal river systems; soils 
developed in mixtures of ash and weathered tuff; soils are 
eroded, low in organie matter and are droughty; base saturation 
varies from moderate to high (Eutrie and Dystrie Cambisols). 

Konto-Pait assoeiation: bouldery and stony soils of the alluvial 
valleys; loamy soils with variable properties depending on 
the loeal eonditions of sedimentation and drainage (bouldery 
Eutrie and Dystrie Cambisols) . 

Sereng-Tlogo assoeiation: 
able properties in small 
some alluvial soils) and 
in dry lahar valley s . 

d . 1 l d d' · Me iteran an Pa isoils 

assoeiation of loamy soils with vari­
eolluvial valleys ( Eutrie Cambisols, 
stony and bouldery Mollie Andosols 

Inere ased elay formation and elay illuv iation over time lead to 

1) Indonesian system , 1981. 
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to soils which are clayey and have an argillic horizon, i.e. a 

subsurface horizon considerable highe r in clay than the topsoil 

and often with a rather dense p r i s matic structure. The weathe ring 

o f the volcanic ma t e rials (the nut ri e nt r ese r vo ir) r e l ease s large 

amounts of cationic nutrients resulting in highly productive soils. 

Many mediteran soils in the survey area are be ing used for wetland 

r i ce cultivat ion and could a l so be named Padi so l s . 

The following soil s s e ri e s have been r ecogni zed: 

Ngantang series : clay loam topsoils and well developed clayey 
argillic horizons; high base saturation; pH above 6. 0; found 
in association with the Jabon series on the dryland intervolcanic 
p lains of Ngantang (Molli e Medi teran) . 

Selorejo 
puddled, 
is high; 

series : padisol; s andy c l ay loam tops oi l and d e nse , 
clayey subsoils ; impe r fectly d ra ine d; base satura tion 
pH 5. 8- 6. 5; typical padisoi 1 o f the Ngantang plain. 

Tawangsari series: padisol; clay 
dense, puddles, clayey subsoils; 
saturation moderate to high; pH 
of the Pudjon plain. 

Soil Toposequences 

loam to clayey topsoil and 
imperfectly drained; base 

5 . 0-6.5; typical padi soil 

Individual soils of the major soil group described above form 

toposequences, or a succession of soils of increasing maturity 

from a mountain crest to a valley bottom. They are comparable 

as they belong basically to one and the same continuum, developed 

in the same type of parent material (or derived from similar parent 

materials) and wi th properties which are changing only gradually. 

This gradual process is well demonstrated in fig. II.7. which 

shows the relation between altitude and some selected physico­

chemical properties of the soils of a toposequence on the Gunung 

Kawi. The decrease in temperature towards the summit of the mountain 

is in good relation wi th the increase of organic matter; the de­

crease in base saturation is explained by increased rainfall and 

leaching and the higher P- retention values and lower bulk densities 

are in good relation wi th the increased allophanic character of 

the soils. 
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In fig. II. 8 , a , b a nd c, some representati ve toposequences of 

soils in the project area are indicated in cross sections. 
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SECTION III THE SOIL SURVEY 

III.1 INTRODUCTION 

Sections III and IV of this report present the results of the soil 

survey of the Kali Konto Watershed . 

In this section ( III), the soil survey procedures are discussed 

first. This is followed by a description of the soil map and a 

description of the map legend, its composition and structure. 

The descriptions of the soils of the individual mapping units are 

found in section IV. 

III.2 SOIL SURVEY PROCEDURES 

The soil survey of the Kali Konto Watershed is an example of a 

physiographic soil survey, based on the use and interpretation 

of aerial photographs. 

Soils do not occur in isolation but are organized within the land­

scape as discrete natural bodies. Recogni tion of such bodies leads 

to the concept of three-dimensional soil-landscape systems, which 

consti tute the basis of the physiographic approach of soil mapping. 

The map boundaries separate different natural soil bodies, which 

in fact, are sequences or transects of soils in recurrent segments 

of the landscape. 
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The area is covered by 1:20.000, 6 inch aerial photography of July 

1979 (Aerial Survey Mission Gunung Butak, flown by PENAS). The 

original "unscaled" 1: 20. 000 photographs were used for systematic 

photointerpretation and the 1:20.000 orthophotomaps with contour 

lines as a base for the final soil map. The transfer of the bounda­

ries from the original photographs to the orthophotomap was a free­

hand transfer. 

The specific use of aerial photographs in soil surveys concerns 

interpretation. Soil profiles are not seen on aerial photos and 

in ma ny areas t he thi c k vege t a ti o n p r event s t he o bse r ver from seeing 

e ve n t he soi l s u r fa ce. Photo inte rp reta t i o n f o r s oil s ur ve ys , howeve r, 

works by c orre l at i o n of ge ne r a l, s pec i f i c or loca l natur e and inc ludes 

rec ognition and ide ntification, analysis and d e duc tion of "eleme nts" . 

In a physiographic soil survey landform and relief are the principal 

photointerpretation elements and boundaries are drawn on the external 

properti e s and characteristics of the landforms as perceived on 

the photography . In the Kali Konto wate rshed, the spatial relations 

between land form and soils are generally clear, in spi te of the 

fact that most soils are formed in the same parent material (volcanic 

ash) which, being an aeolian sediment, bears no relation with the 

landform. 

The photointerpretation legend constructed for the Kali Konto water­

shed is composed of four landscapes: the alluvial, colluvial and 

lahar valleys, the intervolcanic plains, the foothills and the 

mountain complexes. Each landscape is subdivided into a number 

of landforms, whose recognition is based on the general relief 

type and geomorphological processes acting in the past and at 

present. Up to this level of detail, the units are of general use. 

Below this level other characteristics are employed such as slope 

gradient, degree of erosion and agricultural practices of terracing 

(cut and fill practices) and irrigation for wetland rice cultivation 

(puddling of soil profiles). These characteristics are particularly 

important for the soil survey . 
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Fieldwork in a p hysiograph i c soil survey i s primarily intended 

to ide ntify and describe the soils of the physiographic photointer­

pretation unit s . However , physiographi c soi l mapping not only 

supposes a close relation between soil units and landforms, but 

also requires that this relation is constant throughout the area. 

In the Kali Konto watershed this i s actually not always the case. 

The presence of several vol can ic complexes in the area, each wi th 

a particular history and regime, e j ect ing different t ypes of ma­

t e ri a ls (fine ash, coarse ash and pumice; all with a variable 

mineralogy) resulted in different soils on similar landforms. 

The soil mapping procedure fol l owed could therefore not be pure 

physiographic , but, instead , had to be a combination of a physio­

graphic and a "free " soil survey. "Free survey" is Steur's (1961) 

term for mapping of soils by their boundaries. Once the physio­

graphic and photointerpretation legend is established, the surveyor 

has to locate some soil boundaries in the field and has to follow 

them around on their relations with the physiography. Other bounda­

ries are the result of important differences in soil properties 

determined in the field and/or in the laboratory . 

Fieldwork was carried out by two survey teams from November 1982 

to July 1983, interrupted from January to March due to heavy rains. 

The work was concentrated first in pre-selected sample areas, 

strips, transects and toposequences ( catena' s). One of the sample 

areas was the subwatershed Kali Sereng ( 600 ha), surveyed already 

earlier. After final photointerpretation and soil correlation, 

fieldwork continued outside the sample areas (extrapolation survey ), 

particularly in those areas not well covered by the sample areas 

and in dubious spots. 

All fieldwork included 
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ide ntification and description o f the soils of the diffe r e nt 

photointerpretation units 

chec king of the boundaries drawn by aerial photointerpretation 

soil corre lation,followed by modification or d e l e tion of s ome 

boundaries , creation of ne w boundaries based on significant 

s oil differences found in the field and/ or the laboratory. 

The relations between physiography, photo-image and soil 

c ondi tions being clear in most are as, the corrections we re 

minor. 

Fi e ld work included the description of 950 soil obse rvations made 

by spade to a depth of 40-50 cm and further by auger to a depth 

of 120 c m. 

An addi t i ona l 300 l ess detai l ed observations ( conf i r mat i ons ) wer e 

ma d e a long roadcuts , gully b a n ks , t err ace benches or just by a uger 

only. Soil descriptions were made following the Soil Survey Manual 

and the FAO Guide line s for Soil Descriptions, adapted some what 

to local conditions. The format of the field observation sheet 

is shown in the Annex . 

A total of 51 representative soil profiles were studied and sampled. 

In addition compound tops oil s a mpl e s wer e collecte d from about 

60 different and representati v e farmer's fields. The laboratory 

analysed a total number of 393 soil samples . Dete rmina tions included 

standard routine determinations and special analysis to characte rize 

the particular properties of soils developed in recent volcanic 

as h . The analytical laboratory me thods ar e describe d in the Annex 

a s we ll . 

The sequence of activities carried out is summarized as follows: 

s tep 1. 

step 2 . 

The collection and study 
data concerning the area, 
log ic, climatic and soils 

of a vailable 
including base 
data in report 

Survey of the Kali Sereng 
(Novembe r / Decembe r 1981). 
April 1982. 

subwatershed 
Survey r e port 

docume nts and 
maps and g e o­
and map form. 

( 600 ha). 
submitte d in 

s tep 3. A preliminary fi e ld r e connaissance study and s e lection 
of additional sample are as, transects and cate na's 
(November 1982). 



step 4. 

step 5 . 

step 6. 

step 7 . 

step 8. 

step 9. 

step 10. 
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Field survey of the sampl e areas (November 1982 - April 
1983) and systematic aerial photointerpretation during 
periods of heavy rains. 
Final version 1:20.000 landform map and descriptive 
legend (incl. l andform, soils and eros ion) submitted 
in July 1983 . 

Preparation of prelimin~ry soil l e gends, followed by 
a f i eld extrapol at ion survey (March-April 1983) and 
the preparation of a preliminary soil map. 

Select ion and detailed d escription, 
of representative soil profiles 

Laboratory analysis; followed by 
and preparation final soil legend 

study and sampling 
(May-June 1983) . 

soil classif ication 
(May-November 1983) . 

Final soil 
the final 
final soil 

corre l at ion in the f i e ld, 
soil map (December 1983 

map submitted in March 1984 . 

preparation of 
January 1984); 

Land Evaluation (October 1983 - March 1984). 

Preparation of the soil survey report (March 
1984) and a set of generalized maps. 

June 

III.3. THE SOIL MAP 

The physiographic soil map of the Kali Konto watershed is presented 

at a scale 1: 25.000. 

The map is printed on a grey-tone orthophotomosaic, prepared by 

the International Training Centre for Aerial Survey ( ITC) in En­

schede, the Netherlands. 

The use of a photomap as a basemap has the advantage that each 

indi vidual field or tract of land can easily be located on the 

map. Coloured maps have the advantage of a better general view 

of the soil condi tions of an area and may show better, through 

different colours, the spatial relationships between the var ious 

soil units. To serve the purpose of regional watershed and landuse 

planning, a set of generalized soils, landform and soil erosion 
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maps have been prepared as well. The scale of these maps is 1: 

50. 000. The maps have been printed by the Research Insti tute for 

Nature Management, Leersum, the Netherlands. 

Additional easy reproducible black and white diazoprint copies 

of all maps prepared are available from the Soil Science Department 

of Universitas Brawijaya in Malang. Copies of the original trans­

parancies can be made available as well. 

Although the basemap essentially is an orthomap, the vertical 

distortion in the steep higher parts of the mountains is aften 

considerabl e and for these areas the maps are not exact. For these 

a r eas the maps are actually sketchmaps and should be used as such. 

All soils of the area are formed in volcanic materials. But because 

of striking differences in the properties of these materials, 

differences in altitude, landform, drainage conditions, climatic 

factors and landuse within the are, the soil patterns are intricate . 

The pattern of the slopes of the Kawi is very different from that 

of the Kelud, while on the slopes of the Anjasmoro range the pattern 

is diffe rent aga in. 

The intricated soil patte rn resulted in the initial recognition 

of over 75 different mapping units, a number toa large to cape 

with one's mind. Therefore, in the final soil correlation, instead 

of being over-intent on drawing attention to differences, similar­

ities between soils were stressed. As a result, a total of 56 

different mapping units were retained and recognized on the final 

1: 25. 000 soil map. The number of different mapping units on the 

generalized soil map is 22. 
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III.4. THE LEGEND 

The legend of the soil map is presented as a separate appendix. 

In the legend, the mapping units are arranged physiographically, 

the soils being classified according to the landform to which they 

are associated. The arrangement reveals the complex relation between 

landform and soils in the area. 

The tabular explanatory legend consists of four columns. 

In the first column the mapping symbols are indicated as they appear 

on the soil map. The symbols are in the form of a fraction. The 

numerator refers to the land form unit . The denominator refers to 

the soil unit(s) within the landform unit . 

The second column gives the full names of the soil unit(s) of each 

landform unit. Many soil units are soil series, many others associa­

tions of series or soil complexes. 

The third column indicates the slope gradient and slope type, as 

well as the degree and type of present erosion. 

In the fourth column, the classification of the soils are indi­

cated according to the US Soil Taxonomy Soil Classif ication System. 

Details of each aspect are outlined below. 

Landforms 

The soil map being a physiographic soil map, the landform is the 

first entry in the mapping symbol. It is indicated in the numerator 

of the mapping symbol wi th a special code. The various landforms 

are described physiographically, rather than strict geomorphologic­

ally. The landforms, together wi th their soi 1 units, are arranged 

in the legend approximately from low (alluvial landforms) to high 

(volcanic mountainous landforms). 

The codes used for the landforms are as follows: 
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Table III.1. 

Key to landforms (sequence as in the legend) 

A Alluvial and lahar valleys 

Au U-shaped valleys 

Ac colluvial valleys with concave valleyfloors 

Al recent and subrecent lahar valleys 

P Intervolcanic Plains and Plateaux 

Pu upperplains and plateaux; 1150-1225 m. a.s.l. 

Pm middle plains and plateaux; 950-1175 m. a . s.l . 

Pl lower plains and plateaux; 620-800 m. a.s.l. 

Ps steep plateaux sides along plateaux margins 

Pe plateaux scarps along plateaux margins 

Pd dissected (serrated) plateaux with parallel steep ridges 

Pv small erosion valleys 

H Hilly Landforms 

He colluvial foothills and footslopes 

Hi isolated small volcanic cones (single eruption cones) 

Hp small hill plateaux, crests and spurs 

Hs hill slopes 

M Volcanic Mountainous Landforms 

Ms mountain slopes of the G.Kawi and Anjasmoro 

Mk mountain slopes of the G. Kelud 

Me colluvial footslopes and debris slopes · 

Mu mountain s urs and crests 

Soil units 

The denominator of the mapping symbol refers to the soil unit. 

The soil unit is indicated with a code and the full name is given 

in the second column of the explanatory l e gend. 
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Many of the soil units are soil series (e.g. Selorejo series), 

ethers are soil associations (e .g. Ngantang association) or soil 

complexes (e.g. Kali Pait complex). 

The soil series is a grouping of soils with similar modal profiles, 

properties and characteristics and developed in the same or very 

similar parent materials. In the area of the Kali Konto watershed, 

the series is used with a somewhat wider meaning as specified in 

the Soil Survey Manual (1951). The variation in the parent volcanic 

materials over short distances and the human influences on the 

soils (e.g. terracing) made it impractical to follow the strict 

meaning and to create numerous narrowly defined series . All series 

are gi ven local geographic names, indicating the locali ties where 

the soils of the series are well developed. In some instances the 

series name refers to the locality where the soil is first described. 

In the Kali Konto watershed 13 soil series are recognized. 

Same mapping units are compound units, ha ving a particular pattern 

of two or more different soil units. In some of the compound units 

the indi vidual soils are found in a regular pattern or are geo­

graphically associated (soil associations). Nine different soil 

associations are recognized in the area. In other compound mapping 

units the individual soils cannot be mapped separately because 

of their very intricate pattern or indistinct boundaries. These 

mixtures of soils are called soil complexes. In the Kali Konto 

watershed seven soil complexes are identif ied. 

Soil phases are subdivisions of soil units (series, associations or 

complexes) that are potentially significant to landuse or the manage­

ment of land, but are not diagnostic for the separation of the 

soil units themselves. Phases are extremely useful to drawing atten­

tion to marked differences of practical significance (erosion for 

example). 
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Soil phases are indicated by a special code following the soil 

code in the denominator of the soil mapping symbol. The following 

soil phases are recognized: 

Table III. 2. 

Soil phase symbols 

e moderately eroded 

E severely eroded 

t strongly terraced (particularly on hilly landforms) 

s stony , bouldary 

Special criteria are used to map the soils of the steep mountain 

slopes . On these surfaces there is generally a rather intricate 

yet predictable pattern of soils, aften arranged in a simple clino­

sequence. Thus on the upperslopes and crests of the complex mountain 

slopes the soils are generally well developed and deep. On the 

steep slope si des they are not only eroded, but as a resul t of 

the continuous process of erosion (slips, small landslides) and 

deposition, they are more varied and different. By convention, 

sequences of this nature are not considered as associations or 

complexes. In stead, they are named according to the modal soil. 

The convention, however, does not apply where differences in parent 

material give rise to soils of more than one clinosequence within 

the mapping unit. Such units are mapped as ordinary associations 

or complexes. 

Slope characteristics 

In the third column of the explanatory legend the slope type (single 

or complex, concave, convex or straight) and the dominant slope 

gradients are indicated. The slope classes used are adapted from 

the Soil Survey Manual and the Soil Survey Institute Bogor, as 

follows: 
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Table III. 3 . Slope classes 

A. 

B. 

Single s l opes 

0,5 % l eve l 15-30 % moderately steep 

1-3 % near l y level 30-50 % steep 

3-5 % very gently sloping 50-100 % very steep 

5-8 % gent l y s l op ing 100 % extremel y steep 

8- 15 % sloping 

Complex slopes 

Classes are established with alternative minimum and maximum 
iimits in terms of gradient 

lower limit 0 
limit 1-3 

% flat to nearl y flat upper 

lower limit 1-3 
% gently undulating 

upper limit 3-5 

lower limit 3- 5 
% undulating 

upper limit 5-8 

lower limit 5-8 
% rolling 

upper limit 8-15 

lower limit 12 - 20 
% hilly 

upper limit 20-30 

lower limit 20-30 
% steep hilly 

upper limit 30-50 

lower limit 30-50 
% mountainous 

upper limit 50 + 

Soil erosion 

In considering erosion it is necessary to differentiate between 

natural eros ion, being part of the geomorphic cycle whereby land 

is being gradually reduced to sealevel and the acceleration of 

this natural proces s or soil erosion , due primarily to man's inter­

ference within an existing natural ecosystem. 
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The farms of natural erosion prevalent in the Kali Konto watershed 

are classified as follows: 

creep erosion 

slip erosion 

flow erosion 

slow mass movement under the 
gravity 

inf luence of 

sliding or slipping of soil and underlying 
material upon a slipping surface 

the more rapid of the mass movements, including 
earthflows , mudflows and debr is avalanches 

The farms of accelerated soil erosion are 

s heet erosion 

rill erosion 

gully erosion 

the more or less uniform removal of top soil 
material without the development of conspicuous 
water channels 

the removal of soil with the formation of 
numerous but definite water channels 

soil and underlying material 
running water with consequent 

relatively large channels with 

the removal of 
by streams of 
formation of 
steep sides 

In assessing the degree of erosion, the criteria used in this survey 

are specific to the soil type. For example, the erosion of shallow 

soils over rock or over infertile bands of cindery and pumice mate­

rials cannot be assessed from the same criteria as are used for 

the erosion of very deep homogeneous volcanic ash soils suffering 

much less change in their properties when eroded. 

In the Kali Konto watershed the degree of erosion is estimated 

in the first in stance by the proportion of the area affected and 

this estimate is being weighted against other criteria such as 

the depth of the fertile topsoil and the properties of the subsoil, 

which affect the soil's agricultural potential. 

The degree of actual erosion is then obtained by combining the 

proportion of the area affected and the degree of soil degradation 

and is arranged as follows: 
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slight erosion : l ess than 15 % of the area is affected; 
degradation is slight a nd l ess than 20% measured as 
decrease in the land's productivity. 

soil 
the 

moderate erosion between 15-40% of the area is affected 
and/ or soil degradation is moderate; the production po­
tential of the land decreased with 20-50 %. 

severe erosion : over 40 % 
degradation is severe 
tivity of 50 % or more. 

of the area is af f e cted and soil 
with a decrease in the land's produc-

As the present stage these classes can only be tentative and cannot 

be defined more precisely, since the assessment requires observations 

on soil conditions and erop performance over long periods . 

Soil phases based on actual erosion are established only when they 

are significant to land use. 

Soil description 

In the last column of the explanatory legend the soil units are 

described and classified. 

The descriptions are very short and only refer to the drainage 

conditions, soil depth, rockiness and stoniness (if present), the 

soil texture and information on terracing and irrigation (puddling) 

practices, if present. This is followed by the classification of 

the soils in the terms of the US Soil Taxonomy. 

The detailed descriptions of the soil units are found in section 

IV of this report. 

The descriptive terminology used in the legend is the standard 

terminology of the Soil Suvey Manual and the Guidelines for Soil 

Description. A summary of this terminology is given below: 

natural drainage classes 

imperfectly drained 
enough to keep 

the water is removed from the soil slowly 
it excessively wet for significant periods 
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moderately well drained 
small parts of time 

the soil is excessively wet during 

well drained : near optimum amounts of soil moisture are retained 
for lengthy periods 

somewhat excessively drained 
limits plant growth, also 

moisture 
during 

deficiency freguently 
the cropping season 

excessive ly drained 
soil and most is 
soi ls or on steep 

very little water 
removed very rapidly 
surfaces ) 

is retained 
( very sandy, 

in the 
shallow 

soil depth classes : 

00 - 50 cm 

50-80 cm 

shallow 80-140 cm deep 

moderatel y deep over 150 cm very deep 

soil texture classes 

refers generally to the texture of the subsoil between 25-100 
cm and is based on the whole soil, including the coarse fraction: 

loamy 

clayey 

medial 

ashy 

cindery 

skeletal 

Soil classification 

sandy 
with 

loam, sandy clay loam 
less than 35 % clay and 

and clay loam 
l ess than 35% 

gravels, stones, etc . 

clay, sandy clay , silty clay and clay loam 
with over 35 % clay and less than 35% gravels, 
stones, etc . (fine clayey has over 60% clay) 

volcanic ash soil that feels loamy (handfeeli ng) 

volcanic ash soil that feels sandy (handfeeli ng) 

over 
or 
of 2 

60% of the soil 
coarse ash; 35% or 

mm or more 

is einders, 
more has a 

pumice 
diameter 

over 35% of the soil is rock, stone , gravel, 
etc. but there is enough fine soil to f ill 
the space between the rock fragments or stones 
( hence: loamy-skeletal, cla·yey-skeletal) 

In the explanatory legend the soil units are classified according 

the US Soil Taxonomy system. 
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The survey t e am would have pre f e rre d the use of the Indone sian 

soil classif ication system. The l a tter system is based on the 

princ iple s of the FAO-UNESCO l e g e nd for the Soil Map of the World 

and is only a two-level s yste m: the soil order and unit . Bath 

s y stems being designe d particularly for e xploratory and braad 

reconnaissance soil s urvey s and maps, they are, in the pre sent 

form, l e ss sui t a ble for use in d e t a iled surveys for which they 

lack sufficient detail. A third-level terminology (subunits) needs 

to be developed to express the greater amount of detail require d. 

As a step in that direction the survey t e am introduced a number 

of additional units and subunits in the Indonesian and FAO-UNESCO 

systems. However, the surve y area be ing small, the a tte mpt could 

only be tentative and is certainly very incomplete. It is for 

. that reason that the US Soil Taxonomy system has been used as 

the principal reference system. 

A classification correlation table at the back of the legend sheet 

gives the equivalents in bath the Indonesian and FAO-UNESCO systems. 

In the table the new proposed units and subuni ts are indicated 

as well. 
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SECTION IV THE SOILS ========= 

IV. 1. INTRODUCTION 

This section describes the soils of the individual mapping units 

as they appear on the soil map. As explained already earl ier in 

this report, the symbols of the mapping units have the form of 

a fraction. The denominator of each symbol consti tutes the code 

of the soil unit. In the legend the full name of the soil unit 

is indicated. This name is the entry for this section . 

For example, if we want to be informed about the soils of mapping 

unit Pm, we first consult the legend. The legend indicates that 
T 

T stands for Tawangsari series. We then refer to this section 

of the report for the reguired information. The soil units are 

listed alphabetically. 

The soils are described basically in a technical but not a pure 

scientif ic language, based on the terminology outlined in the 

Soil Survey Manual (USDA 1951 ), Guidelines for Soil Description 

(FAO, 1967) and the Munsell soil colour notations. A summary of 

the terminology is given in Section III. 

All scientific and technical data which may interest the individual 

soil scientist, but which may b~ difficult to understand and inter­

pret by the user of this report in charge of landuse planning, 

have been omi tted. These data are given in the Appendix. 

For a more general description of the soil conditions of the water­

shed, reference is made to Section II, chapter II.5, as well as 

to the generalized soil map toa scale 1:50.000. 
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IV.2. DESCRIPTION OF THE SOIL UNITS 

BC BENOOSARI COMPLEX 

This unit concerns a complex of well and somewhat excessively 
drained, · deep and loamy soils of the steep eros ion valley si des; 
they are developed in mixtures of redeposited volcanic ash and 
weathered tuff. Due to erosion, deposition and terracing, the 
soil properties may vary over rather short distances. 

A representative profile is described in the annex. 

setting steep to very steep 
intervolcanic 
of the Kali 

(25-75 %) valley sides; the unit 
separates the 
the valleys 

middle plains 
Kon to and 

and plateaux from 
its tributaries. 

land use most lands are wi thin the forest boundary and planted 
with Pinus, Damar or Eucalyptus, but the stands are afte n d a mage d 
or ve ry poor and invaded by scrub; some parts are in use as 
agroforestry land or are terraced and irrigated. 

soi ls the soils have a limi ted water-holding capaci t y and as 
run-off and permeability are rapid, many soils dry out quickly. 
The topsoils are 0-25 cm deep, dark brown to dark yellowish 
brown in colour, have a loamy texture and a weak and fine granu­
lar and subangular blocky structure. 
The subsoils are developed in mixtures of ash and weathered 
tuff and have clay loam to clayey textures and moderate blocky 
structures. Buried profiles are common. 

erosion : varies from slight to severe trills, creep and slip) 

soil fertility due to erosion, the soils are generally low in 
organic matte r ( 1- 3%). The soil reaction is very slightly acid 
(pH 5.7-6.5). In spite of the low organic matter levels, the 
soils are well provided with available cationic nutrients with 
base saturation values between 40 - 95 %. The soils show marked 
responses to N and P fertilizers. 

competing series 

classification : 
Typic Ustropept, Ustic and Typic Dystropept 

loamy, mixed?, isohyperthermic 
Eutric and Dystric Cambisol 

mapping unit established : 

Soi 1 Taxonomy 

LPT and FAO 

Ps Bendosari Complex on steep and very steep plateau sides 
BC (total area: 211 ha) 

BL BENDOSARI- KRAANT,JE LEK ASSOCIATION 

base-rich volcanic ash and 
and tuff and found on the 

sharp parallel ridges. 
the Kraantje Lek series, 

An association of soils developed in 
colluvial materials derived from ash 
dissected (serrated) plateaux with 
Approximately 50% of the soils are in 
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the other 50 % be lang to the Bendosari complex. The farmer are 
found on the ridges and uppe r slopes a nd the latte r on t he steep 
middl e and lower s lope s. The soils of the very na rrow valleys 
a r e a gain Kraantje Lek so ils, with t hicke ne d topsoils. 
For the descr iption see the indi vidual units of the association 

mapping unit es tablished: 
Pd Bendosar i-Kraantj e Lek associat ion on se rrated plateaux 
BL (total a r ea : 651 ha) 

BR BENDOSARI-LITHOSOL ASSOCIATION 

An association of soils of the Bendosari complex , Lithosols and 
11 non-soils 11 found on plateau scarps. On the steep and very steep 
upper parts (50-100 % slopes) the soils are of the Bendosari complex, 
the middle and lower slopes are near vertical escarpments wi th 
Lithosols and rockland. 

Pe Bendosari-Lithosol association on plateau scarps 
BR (total area : 43 ha) 

C COBAN RONDO SERIES 

The Caban Rondo soils are deep and very deep young volcanic ash 
soils of the steep hill and mountain slopes. Typically , the Caban 
Rondo series have well drained, permeable and porous, loamy profiles 
with near black, humus-rich fluffy topsoils and dark yellowish 
brown subsoils with low bulk d ens ities . Well developed buried 
profiles are common . The soils have excellent physical properties 
but are characterized by rather small amounts of available nutrients. 

A typifying profile is described in the annex. 

setting stéep hill slopes and mountain slopes, small hill p·la-
tea.ux, mountain spurs and crests of the Northe rn slopes of the 
Gunung Kawi. The soils are found between approx. 1250 and 1900 
meter above sealevel. 

landuse natural and degraded mountain forest, kirinyu scrub 
vegetation and locally agroforestry systems. 

topsoils the soils have 18-40 cm deep black or very dark brown 
topsoils, very rich in organic matter (10-17 %) , a loamy to 
sandy loam texture on handfee ling ( pseudosands of c l otted ash 
particles) and a fluffy , light, granular and subangular blocky 
structure. 
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subsoils the subsoils are invariably dark yellowish brown wi th 
a clay loam texture on handfeeling and a weak angular blocky 
structure. The subsoils are very porous and permeable. Below 
75-100 cm , most soils have a buried older profile. 

eros ion approximately 50% of the area wi th Coban Rondo soils 
is not or only slightly eroded ( splash eros ion); approx. 25% 
is moderately eroded ( rill, some slip eros ion), while the re­
maining 25% is severely eroded (slip and flow erosion). 

soil fertility : the Coban Rondo soils are high in organic matter. 
They are moderately supplied wi th available cationic nutr ients, 
though many subsoils are magnesium deficient; base saturation 
is between 20-50% in the topsoils and 10-40% in the subsoils. 
Al though the f ixation of added phosphate is high (over 80%), 
the available P-levels in the topsoils are satisfactorily. 
The soil reaction is slightly acid in the topsoils (pH 5. 5. 

6.0) and somewhat higher in the subsoils (pH 5.7-6.4). 

s oil pha ses 
moderately eroded phase, on steep and very steep hill and moun­

tain slopes 
moderately eroded and strongly terraced phase on steep and 

very steep hill slopes 
severely eroded phase on very and extremely steep mountain 

slopes 
strongly terraced phase 

competing series : similar soils are in the Ngebrong, Gunung Butak 
and Kraantje Lek series. Ngebrong soils are base-rich volcanic 
ash soils and are found on the Anjasmoro and the western slopes 
of the G. Kawi. Gunung Butak soils have a 5-10 cm thick organic 
topsoil layer and are situated above 1900 meter on the G.Kawi. 
The Kraantje Lek series are found below approx. 1250 meter 
and are slightly more developed. 

classif ication: 
Typic Dystrandept, media i isothermic - Soil Taxonomy 
Humic or Humic-Melanic Andosol - LPT and FAO/ UNESCO 

mapping units established 

He Coba.n Rondo series, strongly terraced on 8-15% colluvial 
Ct (total area 72 ha) footslopes 

~ 
c 

Coban Rondo 
(total area 

series, 
291 ha) 

on small hill · plateaux and crests 

Hs Coban Rondo series, on 30-75% hill slopes 
C (total area : 403 ha) 

Hs Coban Rondo series, moderately eroded and strongly terraced 
Cet (total area 362 ha) on 30-75% hill slopes 

Hs Coban Rondo series, strongly terraced, on 25 - 60% hillslopes 
Ct (total area : 66 ha) 
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Ms Caban Rondo series, on 15-5 0% s lightly dissected mountain 
C (total area : 2 7 4 ha) slopes 

Ms 
Ce 

Ms 
CE 

Co ban 
(total 

Co ban 
(total 

Rondo 
area 

Rondo 
area 

series, moderatel y 
63 ha) 

series , severely 
697 ha) 

eroded on 50-125 % dissected 
mountain slopes 

e roded on strongly dissected 
mountain slopes over 100 % 

Mu 
c 

Caban Rondo series , on 40- 75 % 
(total area : 69 ha) 

convex mountain spurs 

GA GOMBONG ASSOCIATION 

An association of well and somewhat excessively drained soils 
developed in stratified, geological recent ash and pumice layers 
and found on he foothills of the Kelud volcano . Approximately 
40% of the soils are deve loped in ash wi th only moderate amounts 
of pumice (Eutrandepts), while the remaining 60% are gravelly 
or have thick layers of pumice (Vi trandepts). All soils have a 
buried profile. 

A typifying profile of the Vi trandepts is described in the annex. 

setting sloping and moderately steep (12-15%) colluvial and 
slightly dissected foothills of the Gunung Kelud, between approxi­
mately 775 and 900 meters above sealevel. 

land use most lands are wi thin the forest boundary and many 
are planted wi th mahoni or pinus; many others are covered 
with scrub or a degraded natural forest vegetation. 

topsoils the topsoils of the Eutrandepts 
very dark coloured and wi th a sandy loam 
only few pumice gravels. The Vitraridept 
do not exceed 25-30 cm and have up to 10% 
topsoils have an abrupt boundary to an 
thick pumice layer. 

are 20-40 cm deep, 
"ashy" texture wi th 
topsoils gerierally 

pumice gravels. All 
underlying 10-30 cm 

subsoils the subsoil consists of a buried profile extending 
from 40 - 65 cm to 100- 120 cm be low the soil surface. The amount 
of pumice in the buried profile varies from up to 5% in the 
Eutrandepts to approx 25 % in the Vi trandepts. Below the buried 
profile there is another thick layer of pumice. 

soil erosion : slight to moderate (rill, splash, slip). 

soil fertili ty the soil organic matter levels are moderate ( 3-
4% in the topsoil, increasing to 4-6 % in the buried profile 
and dec:reasing to approx 1 % in the deeper subsoil). The soil 
reaction is slightly acid (pH 6.0-6.5) throughout. Base satura­
tion in the Vitrandepts varies from 35-50% in the topsoils, 
increasing to 50-70% in the buried profile. In the Eutrandepts, 
base saturation is over 50 % throughout. Same subsoils are defi­
cient in magnes ium. The available phosphorus levels are satis­
factorily in the topsoils, but the subsoils are very P-deficient 
with high P-fixing capacities. The pumice layers are virtually 
sterile. 
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competing series similar soils are found in the Ngantru series 
seri~s have much 

The subsoils of 
gravel (stratified 

and the Gunung Kelud Complex. The Ngantru 
less pumice gravels and are more developed. 
the Gunung Kelud Complex soils are almost pure 
pumice) . 

classification: 

Umbric Vitrandept and Typic Eutrandept 
medial over cindery, isohyperthermic 

Melanic-Vitric and Mollic-Vitric Andosol 
Humic-Vitric and Mollic-Vitric Andosol 

mapping unit established : 

Soil Taxonomy 

- LPT 
- FAO/UNESCO 

He 
GA 

Gombong association on 
(total area 1 61 ha) 

12-25 % sloping and moderate steep 
foothills of G. Kelud 

GC GOMBONG COMPLEX 

The unit concerns a complex of 
moderately deep and deep soils, 
of recent pumice and ash. 

(somewhat) excessively drained, 
developed in stratified layers 

s e tting strongly dissected, moderately steep and steep foothills 
of the Gunung Kelud, between approx 775 and 950 meters above 
sealevel. 

l anduse : most lands have a degraded forest and kirinyu scrub vege­
tation; some Pinus and Mahoni plantations 

soils : the soils are similar to the soils of the Gombong association, 
but due to natural eros ion, the different ash and pumice layers 
are aften mixed, leading to a complex of soils with variable 
amounts of pumice gravels and associated properties which vary 
over short distances. See Gombong association. 

erosion : moderate rill and gully; some slip erosion. 

soil fertili ty the organic matter levels are lower than in the 
soils of the Gombong association and do not exceed 3%. Base 
saturation and other properties are similar. 

classification : 
Typic and Entic Eutrandepts 
Umbric and Typic Vitrandepts 
Mollie and Vitric Andosols 

mapping unit established : 

- Soil Taxonomy 

- LPT and FAO/UNESCO 

He Gombong Complex, on hilly 15-40% dissected foothills of 
GC (total area:353 ha) Gunung Kelud 
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GB GUNUNG BUTAK SERIES 

The Gunung Butak series are deep and very deep, well drained and 
intensively leached volcanic ash soils found on the steep mountain 
slopes of Gunung Kawi / Butak above 1900 m. Typically, Gunung Butak 
soils have a 4-10 cm thick organic toplayer followed by a near 
black, humus -r ich topsoil and dark brown subsoils. The subsoils 
are slightly th ixotropie . 

A typifying pedon is described in the annex. 

setting 
spurs 
Kawi. 

steep to extremel y steep mountain slopes, 
of the Northern upper slopes of the Gunung 

The soils are found above 1900 m. approximately. 

crests 
Butak 

a nd 
and 

landuse montane high forest: Casuarina junghuniana (Ce mara) 
and mixed forests; locally degraded into a mi xed forest-scrub 
or scrub vegetation . 

topsoils typically, Gunung Butak soils have a 4-10 cm thick 
organic li tter layer consisting of slightly decomposed organic 
matter (casuarina needles, tree leaves, herbaceous material). 
The li tter is followed by a 30-50 cm deep black or very dark 
topsoil, high in organic matter ( 11 - 18 %), wi th a sandy loam 
to loam "ashy" texture on handfeeling (pseudosands) and a light 
and fluffy, granular and subangular blocky structure. In e roded 
prof il es, the topsoi ls are less deep and even very shallow; 
depending on the degree of erosion and mixing of materials 
their properties may vary. 

subsoils the subsoils are dark brown to dark yellowish brown 
with a loam to clay loam texture on handfeeling and a moderate 
to weak angular blocky structure. The subsoils are generally 
porous, permeable and with a smeary consistence (thixotropism). 
In eroded soils they are aften mi xed with materials derived 
from weathered andesitic rocks and are less porous and permeable, 
and have more clay. 

eros ion 
eroded; 
eroded 

approximately 25% of the Gunung Butak soils 
the remaining part being moderately ( 15 %) or 
( 60 %). Eros ion is natural slip or flow 

are not 
severely 
eros ion. 

soil fertili ty the Gunung Butak soils are leache d and low in 
available cationic nutrients, particularly in magnes ium. Base 
saturation varies from 5-25 % in the topsoils, de creasing to 
5-10% in the subsoils. In subsoils developed in weathered ande -
site (eroded profiles) the values are aften higher (30-45 %). 
P-retention is particularly strong (over 80 %) but available 
phosphorus (organic) levels are moderate. The soil reaction 
is slightly to very slightly acid throughout (pH 5 . 5- 6.5). 
The soils are high in organic matter (11-18 %). 
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soil phases: 
moderately eroded phase, on 50-125% 
severely eroded phase, on extremely 

slopes 

dissected mountain slopes 
steep (over 100% mountain 

competing and associated series 

classif ication : 

Hydric Dystrandept, medial over thixotropie 
Humic Andosol 

mapping units established 

Soil Taxonomy 
- LPT and FAO 

Ms Gunung Butak series, on moderately stee~ and steep (15 - 50%) 
GB (total area : 165 ha) mountain slopes 

Ms 
-

Gunung Butak, moderately eroded on very steep (50-125%) 
GBe (total area : 82 ha) mountain slopes 

Ms 
-

Gunung Butak series, severely eroded on extremely steep 
GBE (total area : 388 ha) mountain slopes 

GK GUNUNG KELUD COMPLEX 

This units concerns a complex of very deep, excessively drained 
soils developed in stratif ied, geologically recent ash and pumice 
layers and found on the middle slopes of the Kelud volcano. Most 
soils have a dark coloured base-rich topsoil developed in ash and 
overlying a shallow buried profile and with a deeper subsoil con­
sisting of thick layers of coarse pumice. 

Two representative prof iles of the complex are described in the 
annex. 

setting very steep middle slopes of the Gunung Kelud, between 
approximately 950 and 1450 meter above sealevel. 

land use : all lands are within the forest boundary: degraded montane 
forest, scrub vegetation and locally a pinus plantation. 

topsoils most topsoils are 8-15 cm deep but due to erosion and 
mixing, the thickness may vary from only a few centimeters to 
over 35 cm. They have a sandy loam "ashy" texture wi th up to 
20% pumice gravels and have a fluffy, granular and subangular 
blocky structure. 

subsoils below the shallow topsoil there is usually a 10-20 cm 
thick gravelly layer wi th 5-30% (vol. ) pumice gravels, abrupt 
overlying a buried profile with well developed A horizons and 
with variable amounts of pumice. Below 60-85 cm from the surface 
there are thick layers of coarse pumice. In other profiles there 
is another pumice layer just above the buried profile. 
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soil e ros ion : mode rate or s ever e natural e rosion (rill a nd gulli e s 
leading to di ssectation of the landform). 

s oil fertili t y the organi c matter levels incre ase wi th inc r e a s ing 
a ltitude f r om a pprox imate l y 5% a t 950 m t o a pprox . 10 % at 1400 
m. The soils are ve r y s lightly acid to ne utral (pH 6.0-7.0). 

Base satura ti on i s high a nd vari e s from 70-90 %. The tops oil s 
are well prov ided with pla nt a vailable phosphorus and the P­
r e t e ntion capacities o f t he s urface l ayer s are s urpri s ingly 
l ow ( 20- 30%). The s ubso i l s , however, a r e l ow in phosphorus a nd 
have P- rete ntion values o f 50-70 %. Mos t s oil s a re deficient 
in potassium , partly due to Mg / K imbalance s; the r e is however 
no constant trend . The pumice grave l layers a r e virtually sterile. 

s oil pha s e s : 
moderat e l y erode d phase 
s evere l y e rode d phase 

on very steep (over 60%) mountai n s l opes 
on extreme l y steep (over 100 %) s lopes 

c ompet i ng ser i e s : s i milar s oil s are found in t he Gombong associat ion 
of the f oothills of the G. Ke l ud . Gombong soil s have muc h l ess 
pumice gravel in the subsoils . 

classif ication : 
Mollie, Umbric and Typic Vitrandepts 

ashy over cindery, isothermic 
Mol l ic- Vitr ic and Melanic-Vitric Andosol 
Vitric-Melanic and Mollic-Vitric Andosol 

mapping units established : 

Soil Taxonomy 

LPT 
FAO/UNESCO 

Mk Gunung Ke lud Complex , moderatel y erode d on very s teep middle 
GKe ( t otal area: 393 ha ) slopes of Gunung Kelud 

Mk Gunung kelud Complex, severely eroded on extremely steep 
GKE (total are a : 134 ha) mi ddle s l opes o f the Gunung Ke lud 

J JOMBOK SERIES 

Jombok soils are well drained, very de ep soils of steep hillslopes; 
they a re de velope d in base-r i ch v o l canic ash, locally redeposi t ed 
or mixed wi th we athered tuff. Typi cally , the Jombok series have 
r:ermeable and porous profiles wi th loamy, dark brown topsoils and 
clay loam, dark yellowish brown subsoils, generally with small 
amounts of pumice grave ls or thin pumice layers. 

A typifying profile is described in the annex. 
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setting steep and very steep (30-75%) hillslopes. The soils 
are found between approximately 800 and 1000 meter above sealevel. 

land use : most lands are within the forest boundary and are covered 
by natural degraded forest or scrub vegetation. Some land is 
used for agroforestry purposes. 

topsoils : uneroded Jombok soils have 15-30 cm deep loamy topsoils, 
dark brown in colour. They have a well developed granular and 
subangular blocky structure, are porous and permeable and have 
3,5-5 % organic matter. 

subsoils the dark yellowish brown subsoils have a clayloam or 
clayey texture on handfeeling and a few subsoils show incipient 
clay illuviation. The structure is angular blocky. Most subsoils 
have up to 15% pumice gravels ( 1-3 cm 0 ) , or have thin bands 
or layers of pumice. 

soil eros ion : approximately 60% of the Jombok soils are moderately 
eroded (sheet, rill, locally a small gully), particularly where 
the soils are poorly terraced; non eroded soils are generally 
unterraced and under natural forest vegeta tion . 

soil fertility the soils are developed in base-rich materials 
and base saturation values are over 60% throughout ( 60-85%). 
However, some soils, subsoils in particular, are K-def icient. 
Plant available phosphorus is extremely low due to the high 
P-retention capaci ty of the soils. Organic matter levels vary 
from 3,5-5 % and the soils are very slightly acid (pH 6.0-6.5). 

competing series similar soils are in the Ngebrong, Kaumredjo 
and Kraantje Lek series. Ngebrong soils are morphologically 
very similar, but they are Andosols found above approximately 
1 000 meter. Kaumredjo soils are si tuated on the lower slopes 
and are developed in colluvial materials. Kraantje Lek soils 
are found in the Pud jon area, have very similar profiles but 
are low in bases and lack pumice gravel. 

classification 

(Anthropic) Andic Hapludoll, fine clayey, 
locally loamy or medial, isohyperthermic 

(Anthropic) Mollic-Andic Cambisol 
(Anthropic) Andic-Haplic Phaeozem 

mapping units established 

Hs Jombok series on steep and very steep -
J (total area : 272 ha) 

Hs Jombok series, moderately eroded and -

Soil Taxonomy 

LPT 
FAO/UNESCO 

(30-75%) hillslopes 

strongly terraced 
Jet (total area : 789 ha) on steep and very steep hillslopes 

Hs Jombok series, strongly terraced on steep (25-60%)hillslopes -
Jt (total area : 149 ha) 
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JS JOMBOK- SELORF.JO ASSOCIATION 

An association of terraced, puddled and irrigated, aften imperfectly 
drained soils of steep hillslope s in the area of Jombok. Originally 
all soils were loamv and clayloam Jombok soils, but strong terracing, 
bunding and puddling practices changed the properties of the soils 
considerably. Approximately 60 % of the soils are still Jombok soils 
but with anthraquic properties (imperfectly drained, mottled and 
concretions and a rather dense traffic pan). The other 40 %, particu­
larly found on the lower slopes, are clayey and anthraquic Selorejo 
soils. 

setting steep 25-50 % single hill and valley side slopes in the 
area of Jombok 

land use : irrigated wetland rice cultivation with ma ize and horti ­
cultural crops in the dry season . 

soils : see Jombok series and Selorejo s e ri e s 

erosion moderate rill and small gully erosion, particularly be-
tween individual fields 

classification : 

Anthraquic Andic Hapludoll and Tropudalf 
fine clayey, isohyperthermic 

Anthraquic Mollie Cambisol and Mediteran 
Anthraquic Haplic Phaeozem and Luvisol 

- Soil Taxonomy 

- LPT 
- FAO/UNESCO 

mapping units established : 

Hs 
JSe 

Jombok-Selorejo association, 
(total area : 146 ha) 

moderately eroded on steep 
hillslopes 

KC KALI KONTO COMPLEX 

A complex of imperfectly drained, shallow, stony and bouldery soils 
of the Kali Konto river valley. They are generally terraced,irrigated 
and puddled and are developed in loamy alluvial materials derived 
from volcanic sediments. 
The complex also include some deep loamy colluvial soils with uniform 
profiles and gradual boundaries. 

A representative profile is described in the annex. 

setting and land use U- shaped valley of the Upper 
the lands are generally terraced and used for rice 
cul ti vat ion; farmers removed many stone s from 

Kali Konto; 
or vegetable 
the soils. 

soils : the soils are stony and bouldery and the majority are shallow; 
the effective soil depth varies from 10-50 cm. The soils have 
loamy, dark grayish brown topsoils and loamy, dark brown subsoils. 
The s oils of the colluvial valley side slopes generally belang 
to the Se baluh s e ries. 
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soil e rosion 
v ial) 

some localize d streambank erosion, deposition (collu-

s oil f e rtili t y the fertili ty of the soils var ies, but most are 
well provided with nutrients. The organic matter levels, however, 
are moderate, ranging from 1-5 %. Base saturation values as 
well above 50% with balanced ratios between the individual 
elements . The soils are slightly acid in the topsoil (pH 5. 5-
6 . 0) and very slightly acid in the subsoil (pH 6 . 0-6 . 9) 

competing series similar soils are in the Kali 
typical of concave river valleys . Most Ka li 
d eep e r and have we ll deve loped profile s. 

c l ass ifi cation 

Pa i t complex , 
Pa i t soil s a r e 

Anthraqu i c Eut r opepts , Fl uventic Tr opohumults - Soil Taxonomy 
and Dystropepts , loamy ske l etal and l oamy , 
isohyperthermi c 

Anthraquic Eutric Cambisols - LPT and FAO 

mapp i ng un i t establi shed : 

Au Kali Konto Complex on flat vall ey f loors 
KC (total area : 126 ha) 

PC KALI PAIT COMPLEX 

A complex of imperfectly drained, shallow to d e ep, locally gravelly, 
sto ny or boulde ry soil~ of concave rive r valleys . The y are terraced, 
irrigate d and puddle d soils, deve lope d in fine t extured alluvial 
and colluvial materials derived from volcanic sediments. 

setting 
its 

colluvial valleys 
main tributaries; 

of 
very 

the middle Kali Konto 
ge ntly sloping (3 - 8 % 

river and 
slope s) 

s oils the soils are developed in stony . and bouldery alluvial 
materials covered by 30 - 80 cm fine tex tured sedime nts. They 
have dark grayish brown 10 - 30 cm deep topsoils, wi th a loamy 
texture and aften with some gravel. The dark ·brown loamy subsoils 
may be stony or bouldery ; many subsoils are dense as a resul t 
of puddling. Many soils are stratified. 

s oil erosion : locally some streambank erosion or some deposition 

soil fertility : the fertility of the Kali Pait soils is very similar 
to that of the Kali Konto complex soils . The soils are slightly 
ac id in the topsoil (pH 5. 5-6. 0) and very slightly acid in the 
s ubs oil (pH 5.8-7.0). the topsoils hav e 3- 5% organic matte r 
and a base saturation of over 50 %. 

compe ting series similar soils are in the Kali Konto complex 
(shallow, bouldery and stony) 
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classif ication : 

Anthraqu i c Eutropept, Humitropept a nd Tropudalf - Soil Taxonomy 
loamy, clayey or loamy s keletal, isohyperthe rmic 

Anthraquic and Humic Cambisols and Mediteran - LPT 
Anthraquic Cambisols a nd Luvisols - FAO/ UNESCO 

mapping units e stablished 

Ac Kali Pait complex in colluvia l concave va l leys 
PC (tota l area : 298 ha) 

IC KALI PINJAL COMPLEX 

A complex of we ll a nd somewhat excessive l y drained, deep and moder ­
ately deep soils, developed in mixtures of redeposited volcanic 
materials , including ash, t u ff, pumice and einders. Due to erosion, 
deposi tion and terracing, the soil properties may vary over short 
distances . 

setting and landuse small erosion valleys in the lower inter-
volcanic plain, with 15 - 40 % single, straight, rather short slopes . 
'!he lands are sometimes used for dryland agriculture incl. gardens 
wi th mixed perennial crops; others are used for (agro) forestry 
or have a kiriny u vegetation 

soils the soils are well and somewhat excessively drained with 
a rapid runoff and permeability ; many are rather droughty. 
The topsoil range from 10- 20 cm, are dark brown or brown, have 
a sandy loam or loam texture and a weak developed structure. 
The subsoils are aften gravelly o r cindery a nd have a coarse 
loamy texture . 

soil erosion mode rate to severe erosion ( rill, gully and locally 
some streambank e rosion) 

soil f e rtility : though t he s oils are low in organic matter, eroded 
and droughty , t hey are developed in materials rather well pro­
vided with weatherable mine rals . No exact data are known . 

competing series some Kali Pai t soil s resemble the soils of the 
Bendosari complex; the latter are developed in fine textured, 
grave lfree materials. 

classification : 

Typic Ustropepts, Ustic and Typic Dystropepts - Soil Taxonomy 
Eutric a nd Dystric Cambisols - LPT and FAO 

mapping unit established : 

Pv Kali Pinja1 Complex, of s mall, s teep incised e rosion va lleys 
IC (total area : 333 ha) 
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SA KALI SERENG ASSOCIATION 

An association of loamy vol can ic ash soils of dry lahar val leys. 
Approximately 50% of the association are deep, stratified and moder­
ately well drained soils; the other 50% are shallow, stony and 
bouldery and excessively drained soils. Minor soils include shallow 
or moderately deep colluvial soils. 

A representative profile of the deep soils is described in the 
annex. 

setti ng the association is typical of small U-shaped/ usually 
dry lahar valleys, descending from the Gunung Kawi and the Anjas­
moro Range. The longitudinal slopes are 5-12%. 

soils : the deep stonefree soils consist of several layers of redepo­
si ted vo l can ic ash. Most sediments are loamy, but some are clay 
loam or sandy loam, with or without some small andesitic gravels. 
They are high in organic matter throughout the profile . 
The shallow, stony and bouldery soils are loamy, al though some 
may be sandy loam or are gravelly. They have not well developed 
profiles, are relatively low in organic matter and are droughty. 

soil eros ion 
position 

locally there is some slight sheet erosion or de-

soil fertili ty the deep soils are well provided wi th cationic 
nutrients; base saturation values range from 60-90%, but the 
organic matter levels vary considerably (2-10%). 
Most shallow soils have 2-3% organic matter, base saturation 
percentages between 40-65% and are acid to slightly acid (pH 
4 . 7-5 . 5) 

competing series : similar soils are found in the Kali Tlogo complex, 
which is typical of small colluvial valleys. The Tlogo soils 
are deep and generally stone and boulder free. 

classification : 
Udic, Lithic and Entic Eutrandepts 

medial and medial skeletal, iso(hyper)thermic 
Mollie and Mollic-Lithic Andosols 

mapping units established : 

Al Kali Sereng Association of dry lahar valleys 
SA (total area : 477 ha) 

TC KALI TLOGO COMPLEX 

Soil Taxonomy 

- LPT and FAO 

A complex of deep, moderately well drained soils, typical of small 
concave colluvial valleys. The soils of this unit are developed 
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i n stratified laye rs of volcani c a sh or sediments of var iable tex­
tures and der ived f r om volcanic mate rials. 

A representative profile is described in t he a nnex. 

sett ing : s mall concave colluvial or a lluvial valleys i n t he foot ­
hil l s o f t he Anjasmoro r a nge a nd t he Gunung Kawi mountain.Flooding 
is rare. 

land use : some s oils a re intens i vel y used f or ra infed agr iculture 
and horti cul ture; others are wi thin the forest boundary a nd under 
a natural vegetat i on. 

soils most s oil s are stratified colluv ial soil s developed in 
al ternating layers of loamy, sandy loam or c lay loam sediments; 
some may be slightly gravelly or have thin gravel l ayers in 
the subsoils . Most soils are brownish or yellowish brown, but 
some may be darker. The sed ime nts of ten c ontain appreciable a mounts 
of organi c matter that decrease irregularly wi th depth . In t he 
upper parts of many of the valleys, the soi ls are developed 
in redeposi ted vol can ic ash ( andosols) wi th thi ckene d topsoils. 

soil erosion locally some deposition or streambank erosion. 

soil fertili ty the fertili t y status of the Tlogo soils varies 
from fertile with high organic matter levels and high base satu­
ration percentages to low or even deficient in several cationic 
nutrients (particularly in magnesium) . Most soils are slightly 
acid (pH 5.0-5.5) to very slightly acid (pH 5.5-6.0), aften 
increasing with depth . 

competing series none; soils of other concave valleys are stony, 
bouldery and shallow and belang to the Kali Sereng Association 
or to the Kali Konto and Kali Fait Complexes. 

classif ication : 
Fluventic Eutropepts; some Eutrandepts 

fine loamy, isothermic or isohyperthermic 
Eutri c Alluvial soils; some Humic Andosols 
Eutric Fluvisol; some Humic Andosols 

mapping uni t e stablished 

- Soil Taxonomy 

- LPT 
- FAO/ UNESCO 

Ac Kali Tlogo Complex o~ small concave colluvial valleys 
TC (total area: 120 ha) . 

K KAUMREJO SERIES 

The Kaumrejo 
of colluvial 

series are well 
footslope s a nd 

drained, very deep, fin e loamy s oils 
foothills in the a r ea of Ngantang . 
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They are developed in base-rich colluvial materials derived from 
volcanic sediments. The soils typically have dark brown, sandy 
clay loam topsoils and dark yellowish brown clay loam to clayey 
subsoils. Many Kaumrejo soils are somewhat gravelly in the subsoil 
and may hav~ a buried profile. 

A typifying profile is described in the annex. 

setting gently 
footslopes and 

sloping and 
undulating 

sloping (5-15 %) concave 
to rolling colluvial 

colluvial 
foothills. 

land use : nearly all lands are terraced and intensive ly cultivated 
with foodcrops (rainfed) or are mixed perennial erop gardens 
(coffee dominant) . 

topsoils due to colluviation and inte nsive terracing/ the topsoils 
( from 10-15 cm higher on the slopes 
terraces to between 25-45 cm on the 

vary considerably in depth 
and on the cut side of the 
lower parts of the s l opes 
They have sandy clay loam 
generally with some fine 
well structured and porous. 

and on the fill side of the terraces ) . 
to c lay l oam textures ( 22-37% clay ) , 
andesi tic or pumice gravels and are 

subsoils the dark yellowish brown subsoils have clay loam or 
c layey textures and blocky structures. Most subsoils have some 
fine or me dium sized pumice or andesitic gravels, ranging from 
5-30% (vol.). Same prof iles show evidences of clay illuviation 
but laboratory data do not indicate enough clay increase for 
the horizon to become argillic. 

soil erosion : non or slight rill e rosion. 

so il fertility the Kaumrejo soils have 2,5-3% organic matter 
in the surf ace horizons, decreas ing slowly and irregularly wi th 
de pth. The soil reaction is very slightly acid to neutral; pH 
va lues range between 6.0-6.5 in the topsoils, increas ing to 
approx. pH 7 in the subsoils. Base saturation is high, particu­
larly in the subsoils, but some topsoils are low in potassium 
or have unfavourable Mg / K ratios. The soils are very low in 
ava ilabl e phosphorus and show a marked response to added P-ferti-
1 i zers. 

soil phases a stony phase has been established on a relatively 
thin lahar flow 

competing series similar soils are in the Sebaluh series, found 
on colluvial footslopes in the Pudjon area. Sebaluh soils,however, 
have no gravel, are higher in organic matter but have lower 
base saturation values. The Kaumrejo soils are found in associa­
tion wi th the Jombok series on the hillslopes just above the 
colluvial footslopes of the Kaumrejo soils. 

classif ication : 
Anthropic Andic Eutropept - Soil Taxonomy 

fine loamy (loc .over cindery) isohyperthermic 
Andic-Eutric Cambisol - LPT and FAO 
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mapping units establsihed 

He Kaumrejo series on colluvial 
Kt (total area : 1149 ha) 

footslopes or foothills 

Al Kaumrejo series, stony 
Ks (total area : 22 ha) 

KA KEI.ET ASSOCIATION 

phase on sloping lahar land 

The Kelet association groups the soils of the Gunung Kelet, a single 
eruption cone in the area of Pudjon. The cone rises from the inter­
volcanic plain at approx . 1150 meter till an elevation of 1477 
meters. 

All soils are somewhat excessively drained, shallow or moderately 
deep, stony and bouldery and are developed in thin layers of volcanic 
ash overlying fragmented andesitic rocks. Under the present vegeta­
tion (forest) erosion is only slight. 

The soils of the upper slopes, above approximately 1300 meter, 
are loamy young volcanic ash soils with dark coloured, humus-rich 
fluffy topsoils and brown loam to clay loam subsoils ( stony Caban 
Rondo soils) . 

The soils of the middle and lower slopes are slightly more developed,, 
loamy soils with 10-20 cm deep topsoils and moderately deep or 
shallow yellowish brown, loamy to clay loam subsoils (stony Kraantje 
Lek and Sebaluh soils). 

The soils are slightly acid. Due to their low potential, they have 
not been studied and analyzed in detail. 

competing series : the presence 
tion on a single volcanic 
not comparable to any 

of stones, 
cone make 
other soil 

boulders and their posi­
the Kelet soils unique, 

unit in the area. 

classif ication : 
Typic and Lithic Dystrandept and Andic and 

And ic - Li thic Eutropept, medial over 
skeletal, isothermic 

Humic and Humic-Lithic Andosol and Andic 
and Andic-Lithic Cambisol 

mapping unit established : 

Hi Kelet association of the Gunung Kelet 
KA (total area : 62 ha) 

- Soil Taxonomy 

- LPT and FAO 
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L KRAANTJE LEK SERIES 

The Kraantje Lek soils are very deep, loamy volcanic ash soils 
of the upper intervolcanic plateaux, plateaux remnants and dissected 
plains in the area of Pudjon - Purworejo. Typically, the Kraantje 
Lek soils have humus-rich fluffy topsoils and dark yellowish brown 
porous subsoils. They resemble the young volcanic ash soils (andosols) 
but they are slightly more developed and are actually intergrades 
to the more developed cambisols of the lower areas. 

A typifying profile is described in the annex. 

setting intervolcanic upper plains and plateaux remnants in the 
area of Pudjon; they also occur on serrated (dissected ) plateaux, 
in association with the soils of the Bendosari complex. 

land use most soils are rainfed agricultural lands; some 
wi thin the forest boundary and under scrub vegetation or 
as agroforestry land. 

ar e 
used 

topsoils : the surface horizons are 20 - 45 cm deep, very dark grayish 
brown in colour and wi th 5-8% organic matter. The texture is 
loamy on handfeeling and the structure very fine granular and 
subangular blocky, somewhat fluffy and very porous. 

subsoils the ye llowish brown subsoils have a clay loam texture 
on handfeeling and a moderate blocky structure; they are porous 
and permeable. In some profiles there is a slight evidence of 
clay illuviation. Below 80-130 cm from the surface a buried 
older profile may be present. 

soil erosion : slight splash erosion. 

soil fertility the soils are very slightly acid throughout (pH 
around 6. 0) and are relati vely well provided wi th cationic nu­
tr ients except magnesium, which is often low. Base saturation 
values of the topsoils vary from 25-40%; of the subsoils from 
40-75%. The available phosphorus levels are moderate and there 
is a fairly strong reaction to added P-fertilizers. 

competing and associated series similar soils are in the Jombok, 
Caban Rondo and Pudjon series. The Jombok soils are found on 
lower hillslopes in the area of Ngantang and are developed in 
base-r ich vol can ic mater ials (high base saturation va lues) wi th 
some pumice gravels or gravel layers. Caban Rondo are morphologi­
cally very similar, but these are andosols and found above approx. 
1250 meter. Pudjon soils are typical of the middle intervolcanic 
plains and have more developed B-horizons. The Kraantje Lek 
soils are found in association with the soils of the Bendos3.ri 
complex on serrated (dissected) plains in the area of Bendosari 
-Purworejo. 

classification 
Andic Humitropept, medial isothermic 
Andic Cambisol 

- Soil Taxonomy 
- LPT and FAO/UNESCO 
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mapping units established : 

Pu Kraantje Lek series on gently sloping upper plains and 
L (total area : 387 ha) plateaux remnants 

LU LUKSONGO ASSOCIATION 

An association of soils of the Luksongo hills, west of the Selorejo 
Lake. The hills are very steep with rock outcrops and scarps. 

Approximately 30% of the area are scarps with rocks .or very shallow 
lithosols. Sixty percent o f the remaining area is covered by 
soils of the Ngebrong and Jombok series ; they are situated on 
the upper slopes and crests . The remaining soils are similar to 
many of the Bendosari soils ( eroded soils developed in mixtures 
of redeposi ted volcanic ash and tuff), while on the lower slopes 
a few soils are in the Kaumrejo series. 
For detailed descriptions, see the individual soils of the associa­
tion (paragraphs IV . 2, IV. 10 and IV.17) . 

The Luksongo hills are wi thin the forest boundary and are covered 
by a degraded forest or scrub vegetation . 

mapping units established : 

Hs Luksongo association on very steep hills with rock outcrops 
LU (total area : 255 ha) and scarps 

NA NGANTANG ASSOCIATION 

An association of well drained
1 

very deep, dark coloured soils davel­
oped in base-rich materials d·2rived from volcanic ash, an::l found 
on the lo~er intervolcanic plains. 
Approx imately 60% of th·= soils of th·= associatio.'.1 b·=long to the 
Ngantang :>eries wi th :::layloam t opsoils and clayey subsoils. 
The remaining soils are in th= _1:3.bon s-=ries with sandy clay 103.m 
topsoils and loa~ to clayloa~ subsoils. 

Typifying pedons of th•= two serie:'3 are de:'3crib·2d in the annex . 

setting 
sloping 

th2 association is found exclusiv•2ly on 
lower intervolcanic plains 3.round 

th·= very g·2ntly 
Lake Selorejo. 

landuse dryland agriculture (maiz-= d•)mina1t) and pere;-i::iial erop 

gardens with coffee, c love, coconut, vanilla, banana, kapàk 
a nd ether perennials. 
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topsoils bath series have well structured
1 

porous and permeable 
topsoils, 20-40 cm deep and very dark brown in colour. The Ngantang 
topsoils have clayloam textures ( 30 - 38% clay), the ones of the 
Jabon series sandy clayloam textures (22-35 % clay). Many Jabon 
soils, particularly South of the Selorejo lake, have some pumice 
gravels in the topsoils. 

subsoils the subsoils of the Ngantang series are clayey with 
clear evidence of clay illuviation (argillic horizons). The 
Jabon series have subsoils which vary in texture from loam 
to clayloam and sandy clayloam, aften with some pumice or andesi­
tic gravels. The Jabon soils have a weak developed buried soil, 
below 60-80 cm from the surface. 

soi l erosion : -

soil fertility the soils are rather low in organic matter , gener­
ally not exceeding the 2% level.They are very slightly acid (pH 
generally always above 6.0 throughout) and as they are developed 
in base-rich parent material, they are well provided with nu­
trients. Base saturation is invariably above 50% and in many 
soils above 65%. 

soil phases : -

competing series similar soils are in the Jombok and Ngantru 
series. The Jombok series are found on the hillslopes in the 
same area as the Ngantang association, are higher in organic 
matter and have low bulk den si ties. The Ngantru series are also 
found on the lower volcanic plains . These soils resemble the 
Jambon series but are much more sandier (sandy loam versus sandy 
clay loam to clay loam) and are characterized by considerable 
amounts of volcanic pumice gravels. 

classif ication : 

Ngantang series 
Typic Agriudoll, clayey, isohyperthermic 
Mollie Mediteran 
Luvic Phaeozem 

Jabon series 

- Soil Taxonomy 
- LPT 
- FAO/UNESCO 

Fluventic Hapludoll fine loamy, isohyperthermic- Soil Taxonomy 
Mollie Cambisol - LPT 
Haplic Phaeozem - FAO/UNESCO 

mapping units established 

Pl Ngantang association on lower intervolcanic plains 
NA (total area : 1 .2 19 ha) 
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G NGANTRU SERIES 

The Ngantru series are we ll drained, deep, coarse loamy soils/devel­
oped in a su~cession of layers of coarse and fine textured volcanic 
sediments originating from the Gunung Kelud. They are found on 
the intervolcanic lower plains. Typically , the Ngantru soils have 
sandy loam topsoils wi th variable amounts of small pumice grave ls 
and subsoils consisting of buried older profiles. Each buried profile 
represents a major e ruption cycle of the Gunung Kelud. 

A typifying profile is described in the annex. 

setting lower intervolcanic plains and plateaux in the area of 
Ngantru, very gently sloping 

landuse : dryland agriculture with maize, 
nant annual crops and banana, coffee, 
as codominant perennials, the latter 
divisions of individual fields. 

cassava, tobacco as domi­
coconut, kapok and clave 
generally grown on the 

topsoils the topsoils vary in depth from 15-30 cm, are sandy 
loam with variable amounts of pumice gravels up to 4 cm in dia­
meter. Originally, the topsoil consisted of a 15-20 cm deep 
(All) horizon wi th 10-25 % pumice gravels in a thin Al2 horizon 
wi th 60 - 80 % pumice gravels. In many instances however, the two 
subhorizons have been mixed. The .mixtures are dark brown to brown 
and have 2-2. 5% organic matter. Soil structure is of ten weak. 

subsoils the subsoil consists of a buried profile with a 15-25 
cm deep sandy loam A horizon with very few pumice gravels,followed 
by a structural sandy B- horizon . The amounts of gravel increase 
with depth from 1-2% to 20-40 %. Below 100-110 cm from the soil 
surface a second buried profile is found, again with few pumice 
gravels in the topsoil which gradually increases in amount with 
depth. The boundaries between the various horizons are clear 
or abrupt. 

soil erosion : -

soil fertili ty typically, the soils are rather low in organic 
matter (1.5-2.5 %). The soil reaction is only slightly acid (pH 
6.0-6.5). Base saturation values vary within and between profiles 
from 50-80%. Same soils are low in phosphorus and some also 
in potassium or magnes ium due to an imbalance between the elements. 

soil phases : -

competing series similar soils are in the Gombong association 
found on the middle slopes of the Gunung Kelud. The Gombong 
soils are Andosols and have much more pumice gravels ( gravelly 
soils). 

classification 
Andic Hapludoll, coarse loamy, isohyperthermic - Soil Taxonomy 
Mollic-Andic Cambisol - LPT 
Andic Phaeozem - FAO/UNESCO 
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mapping unit established : 

Pl 
G 

Ngantru series 
(total area 

N NGEBRONG SERIES 

on gently sloping lower intervolcanic plains 
497 ha) in the G. Kelud area 

The Nge brong series are deep and ver y deep young volcanic ash soils 
of the steep hill and mountain slopes. Typically, the Ngebrong 
so ils have well drained, perme able , porous and loamy profiles with 
ne ar-black , humus-r ich, f luf fy topsoils and dark ( yellowish ) brown 
subsoi l s. Many soil s have some pumice gravels in the subsoi l and 
some even a gravelly pumice l ayer or l e n s . The Negbrong soils are 
developed in base-rich volcani c ash and have large amounts of avail­
able cationic nutrients . 

A typifying profile is described in the annex . 

setting steep hill and mountain slopes, small hill plateaux, 
mountain spurs and crests of the Anjasmoro mountain range and 
the western slopes of the Gunung Kawi. The soils are found above 
1000 meter approximately. 

landuse natural and degraded mountain forest, kirinyu scrub vege-
tation and locally some plantation forests or agroforestry plant­
ings. 

topsoils the Ngebrong soils have 20-40 cm deep black or very 
dark brown topsoils, rich in organic matter (7 - 15 %). Same soils 
have topsoils as deep as 70-80 cm (generally including buried 
older topsoils). The texture on handfeeling is loamy with pseudo­
sands of clotted ash particles and the soils have a fluffy, 
granular and subangular blocky structure and very low bulk densi­
ties. 

subsoils the subsoils are dark brown, dark yellowish brown or 
sometimes very dark brown with black or very dark coloured buried 
profiles; the latter are of ten found below 70-100 cm from the 
soil surface. The texture of the subsoil is clay loam to loam 
on handfeeling. Many Ngebrong subsoils have 1-5% fine andesi tic 
gravel or pumice gravels. Same Ngebrong soils may even have 
a layer or lens consisting almost excluss ively of fine and medium 
pumice gravels. This layer, if present, is generally found below 
70-80 cm from the soil' s surface. The structure of the subsoil 
is angular and subangular blocky, is very porous and permeable 
with low bulk densities. 

soil erosion approx. 65% of the Ngebrong soils are not or only 
slightly eroded (splash or rill); approx. 25% are moderately 
eroded (rill or natural slip erosion), while the remaining 10 % 
are severely eroded (natural slip and flow erosion). 
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soil fertility the Ngebrong series are developed in base-rich 
volcanic-ash and are well provided wi th available and cationic 
nutrients, except magnesium which aften is low and deficient. 
There also may be an Mg/K imbalance. Base saturation is over 
50% throughout the profile. The soils are high in organic matter 
(7-15%) and are only very slightly acid (pH generally above 
6.0). The Ngebrong soils are fairly low in available phosphorus, 
with high capacities to retain and fix Phosphorus. 

soil phases : 
moderately eroded phase, on steep and very steep hill and mountain 

slopes 
moderately eroded and strongly terraced phase on steep and very 

steep hill slopes 
severely eroded phase on very steep and extremely steep mountain 

slopes 
severely eroded and strongly terraced phase on very steep and 

extremely steep hill and mountain slopes 
strongly terraced phase on steep hill slopes 

competing series : similar soils are in the Caban Rondo, Gunung 
Butak and Jombok series. Caban Rondo and Gunung Butak soils 
are andosols as well, but they have much lower base saturation 
values; the Gunung Butak soils also have a 5-10 cm thick organic 
topsoil layer. Jombok series are found below approx. 1000 meter 
and are slightly more developed. 

classif ication : 
Udic Eutrandept, medial isothermic 

(locally medial over cindery) 
Mollie Andosol 

mapping units established : 

- Soil Taxonomy 

- LPT and FAO/UNESCO 

He Ngebrong series, on 5-15% concave footslopes 
N (total area : 167 ha) 

!!E. 
N 

Ngebrong series, on 
(total area : 354 ha) 

small hill 

Hs Ngebrong series, on 30-75% hillslopes 
N (total area: 2.763 ha) 

plateaux and crests 

Hs Ngebrong series, moderately eroded, on 50-75% hillslopes 
Ne (total area: 1.151 ha) 

Hs 
Net 

Hs 
NEt 

Ngebrong 
(total 

series, moderately 
area: 1. 286 ha) 

eroded and 
on 

strongly terraced 
30-75% hillslopes 

Ngebrong series, severely 
(total area : 72 ha) 

eroded and strongly terraced 
on very steep ( 50 %) hillslopes 

Hs Ngebrong series, strongly terraced, on 25-60% hillslopes 
Nt (total area : 4.056 ha) 

Ms Ngebrong series, moderately eroded, on 50-125% dissected 
Ne (total area : 411 ha) mountain slopes 
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Ms 
NE 

Ngebrong series, severely eroded on strongly dissected 
mountain slopes (over 100%) (total area 1. 166 ha) 

Mu Ngebrong series, on 40-75% convex mountain spurs 
N (total area : 52 ha) 

P PUDJON SERIES 

The Pudjon series are typical of the non irrigated upper plains. 
They have well drained, very deep, loamy prof i les, developed in 
base-rich colluvial materials derived from volcanic ash . The soils 
typically have uniform homogeneous profiles with gradual horizon 
boundaries. 

A typifying pedon is descr ibed in the annex. 

setting : gently sloping middle plains in the area of Pudjon, between 
950-1150 meter 

landuse intensively used for dryland agriculture and horticulture 

topsoil due to intensive terracing, the dark brown topsoils vary 
in depth from 15-40 cm. They have a loamy texture (20-30% clay) 
and have a fine and friable granular and subangular blocky struc­
ture. 

subsoils : the subsoils are also dark brown and loamy and generally 
have a weak blocky structure. A buried profile is common; the 
buried soil has an incipient textural B-horizon and a weak prisma­
tic structure 

soil e rosion : some slight splash or rill eros ion 

soil fertili ty the Pud jon soils have 2. 5-4% organic matter in 
the surface horizon, decreasing slowly and irregularly with 
depth. The soils are very slightly acid wi th pH values between 
5. 8-6. 5 throughout. The soils are well _provided wi th cationic 
nutrients and base saturation values range from 50-75 %. Same 
Pudjon soils

1
however

1 
are rather low in potassium or have unfavou­

rable K/ Mg and Ca/Mg ratios. The soils show a marked response 
to added P- fertilizers 

s oil phases 

competing series similar soils are in the Sebaluh series , found 
on colluvial footslopes and foothills in the same area. The 
Sebaluh series have well developed A and B horizons and are 
higher in organic matter. 

classification : 
Anthropic Andic Eutropept, 
Anthropic-Eutric Cambisol 

medial isohyperthermic- Soil Taxonomy 
- LPT and FAO 
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mapping unit established 

Pm Pudjon series on gently sloping intervolcanic middle plains 
P (total area : 659 ha) 

B SEBALUH SERIES 

The Sebaluh series are well drained, humus-rich soils of the colluvi­
al footslopes. They have very deep, fine loamy profiles and are 
developed in base-rich materials derived from volcanic ash. The 
soils typically are dark coloured throughout and have clayloam 
to loam, humus-rich topsoils and clayloam subsoils. 

A typifying pedon is described in the annex . 

setting gently sloping and sloping ( 5- 12%) colluvial footslopes 
and undulating to rolling colluvial foothills. 

landuse nearly all lands are intensi vely cul ti vated wi th rainfed 
food-and horticultural crops. 

topsoils the topsoils are 17-45 cm deep, the variation being 
due to cut and fill practices (terracing). The surface horizons 
have dark or very dark brown colours, 3-5% organic matter, are 
well structured and have a loam to clayloam texture (25-30% 
clay). 

subsoils the subsurface horizons are generally dark yellowish 
brown, still relatively rich in humus and have well developed 
blocky structures. Many profiles show evidence of clay illuviation 
but laboratory data do not indicate enough clay increments for 
the horizons to become argillic. 

soil erosion 
a moderately 
rill and some 

the central concept 
eroded phase has 
gully erosion. 

of the series 
been recognized 

is not eroded; 
with moderate 

soil fertility the fairly high organic matter levels ( 3-5%) are 
characteristic; the soil reaction is slightly acid in the topsoil 
(pH 5.3-5.8) and very slightly acid in the subsoil (pH 6.0-6.8) . 
Base saturation varies from 35 - 55% in the topsoil, increasing 
to 45-80% in the subsoil. The soils show a strong reaction to 
added P fertilizers. 

soil phases there is a moderately eroded phase on 8-15% sloping 
footslopes or on rolling foothills (rill and small gully erosion 
between the terraced fields). The eroded phase is also found 
on the steep slopes of the small Gunung Amping-Amping. 

competing series the Sebaluh series resemble the Pudjon series 
found on the intervolcanic middle plains. The Pud jon soils have 
less organic matter and less developed subsoils (B-horizons). 
The Sebaluh series also resemble the Kaumredjo series, also 
found on colluvial footslopes. The Kaumredjo soils have some 
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gravel, have less organic matter 
saturation. 

but most are higher in base 

classif ication 
(Anthropic) Andic Humitropept, loamy , silty or - Soil Taxonomy 

medial, isohyperthermic 
(Anthropic)-Andic Cambisol - LPT and FAO 

mapping units established : 

He Sebaluh series, on 5- 12 % gently sloping to sloping colluvial 
B (total area 233 ha) footslopes 

He Sebaluh series, moderately eroded on 8-15% sloping colluvial 
Bet footslopes or rolling colluvial foothills 

Hi 
Bet 

(tota l area : 11 8 ha) 

Sebaluh series , moderately eroded on 
(total area : 43 ha) 

S SELOREJO SERIES 

30-60 % slopes of the 
Gunung Amping-Amping 

Selorejo series comprise the padi soil s around Lake Selorejo. They 
have impe rfectly or poorly drained, deep profiles, developed in 
sandy clay loam to clayey volcanic materials. The topsoils are 
being puddled, are dark coloured and have a sandy clay loam texture. 
The subsoils are dense, clayey, dark coloured with mottles, concre­
tions and some faint gley characteristics. 

A t ypify ing profile is describe d in the annex. 

setting the Selorejo series are si tuate d in the lower intervol -
canic plains surrounding Lake Selorejo, at elevations between 
620 meter (the level of the lake) and 800 meter approximately. 

landuse most lands are intensively used for wetland rice based 
cropping systems 

topsoils the surface horizons are 15-25 cm deep, dark grayish 
brown in colour and have a sandy clay loam to clay loam texture 
(28-35 % clay)

1 
with 1-3% coarse/ sand-sized · pumice particles or 

fine pumice gravels (2-3 cm 0 ); almost all topsoils are puddled 
for wetland rice cultivation and the transitional horizon to 
the subsoil is aften dense, compact and sometimes even somewhat 
cemented with mottles and concretions (a traffic pan). 

subsoils the subsoils are clayey (38-50% clay) and there is evi-
dence of clay illuviation (argillic horizon). The structure 
is mostly coarse or medium angular blocky to weakly prismatic 
and rather den se and compact. The colour of the subsoil is dark 
grayish or dark yellowish brown wi th many distinct Fe and Mn 
mottles and concretions and weak gley colours. Below 70-90 cm 
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there is sometimes a weakly or moderately cemented hardpan, 
particularly in soils wi th some medium and coarse pumice parti­
cles (cement structures). 

soil eros ion slight gully eros ion between the sawahs; an eroded 
phase has been identified. 

soil fertility : the Selorejo soils have moderate amounts of organic 
matter (2-4%), but being developed in base-rich parent materials, 
most cationic nutrients are in good supply, particularly calcium 
and magnesium; an exception is potassium which generally is 
low and in some instances very low. Also the available phosphorus 
levels are low and the soils respond well to P-fertilization. 
The soil reaction is very slightly acid throughout (pH 5.8-6.5). 

soil phases a moderately eroded 
8-20% slopes; erosion consists 
sawah f ields as well as eros ion 

f h 
/ . 

a ter eavy rains. 

phase has be en recognized on 
of gully erosion between the 
due to the collapse of sawahs 

competing series similar soils are in the Tawangsari series. 
Tawangsar i soils are also "padi" soils (al though most are used 
for irrigated horticulture) in the area of Pudjon. Tawangsari 
soils have higher base saturation values () 50%) and lack pumice 
particles. 

classification 
Anthraquic Tropudalf, fine clayey, 
Anthraquic Mollie Mediteran 
Anthraquic Luvic Phaeozem 

mapping units established : 

isohyperthermic-Soil Taxonomy 
-LPT 
-FAO/UNESCO 

Pl Selorejo series on gently sloping (3-8%), intervolcanic lower 
s (total area 587 ha ) 

Pl Selorejo series, moderately eroded/ on sloping (8-15%) 
Se (total area 274 ha) vol can ic 

He Selorejo series, strongly terraced, on 5-15% concave 
st (total area 176 ha) 

SS SLIP SURFACES AND LANDSLIDE SCARS 
(miscellaneous land type) 

plains 

lower 
plains 

foot-
slopes 

This unit concerns a miscellaneous land type of landslide surfaces 
and scars, i.e. consisting mostly of masses of soil material, 
weathered andesi tic rock, coarse stony and rocky debr is and other 
unconsolidated material that slid down continuously. The materials 
move down under farces of heavy rain and gravi ty. The unit is 
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found on extremely steep upper slopes of the mountain complexes 
and hills. The mass movements are entirely natural. 

The soils are a complex of very shallow, stony and bouldery regosols 
and "non" soils. The unit has not been studied in detail. 

T TAWANGSARI SERIES 

Typicall~ Tawangsari series are ''padi" soils with imperfectly drained, 
deep, terraced and puddled profiles" developed in base-rich clayey 
materials derived from volcanic ash. The soils have thick and dark 
coloured surface horizons and dense clayey (argillic) subsurface 
horizons . The Tawangsari soils are found on the intervolcanic plains 
of Pudjon . 

A typifying pedon is described in the annex . 

setting the Tawangsari series are found on the intervolcanic 
middle plateaux and plains; 950-1175 meter above sealevel (Pudjon 
area). 

landuse all lands are intensively used for irrigated agriculture 
and horticulture, including some wetland rice cultivation and 
horticultural crops. 

topsoils : the topsoils are 25-35 cm deep, very dark grayish brown 
and have a clay loam to clayey texture wi th 28-44% clay and 
a favourable, f r iable, granular and subangular blocky structure. 
The transitional horizon to the subsoil is aften dense with 
mottles and concretions (a traffic pan due to puddling). 

subsoils the subsoils are dark brown or dark grayish brown and 
clayey ( 33-50%) / wi th clear evidences of clay illuviation (ar­
gillic horizon). The structure is prismatic and rather dense 
and compact with a slow permeability . In the deeper subsoil 
there is aften a weakly developed buried profile. 

soil eros ion slight gully eros ion between the terraced f ields; 
an eroded phase has been recognized as well. 

soil fertility : the soils have moderate amounts of organic matter 
(2-3.5%). However, they are well provided with nutrients, but 
phosphorus may be rather low in some Tawangsari soils. The 
soil reaction is slightly acid in the topsoils (pH 5.0-5.7) 
and very slightly acid in the subsoils (pH 5.8-6.5). 

soil phases moderately eroded phase on 8-20% slopes; erosion 
generally due to the collapse of sawahs and between the individual 
fields. The eroded soils have less deep topsoils (15-30· cm). 
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compet ing series : similar soils are in the Selorejo series, typical 
of the intervolcanic plains below 800 meter. Selorejo series 
have some coarse sand or fine pumice gravel and have lower base 
saturation values . 

classification : 
Anthraquic Argiudoll , fine clayey, 

mixed?, isohyperthermic 
Anthraqu i c Mollie Mediteran 
Anthraquic Luvic Phaeozem 

mapping units establ i shed : 

Pm 
T 

Tawangsari series 
(total are a 741 

on gently 
ha) 

- Soil Taxonomy 

- LPT 
- FAO/UNESCO 

sloping 3-8% 
middle plains 

intervolcanic 
and plateaux 

Pm Tawangsari series, moderately eroded on sloping and moderate­
Te (total area 315 ha) ly steep middle plateaux 
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SECTION V. EROS ION 

v. 1 • EROSION IN PERSPECTIVE 

Soil erosion, with its many impacts on utilizable land resources 

and e nvironmental quality , represents a major threat to land produc­

ti vi ty and human welfare . It is also a relentless process that 

is nearly impossible to stop, usually difficult to control and 

easily accelerated by man. 

By def i nition, soil erosion is the removal of soil material by 

water or wind. In the Kali Konto watershed" soil erosion by water 

is the most active and in this section we will centre the discus-

si ons on water ( rainfall) eros ion. This does not mean that there 

is no winderosion in the area. The loamy soils, themselves formed 

in windblown mate rials (ash), are very liable to wind erosion 

as anybody will realize who has b·2en in the area during a quiet 

and warm afternoon in the dry season , when loose surface soil 

material is picked up by the small warm-weather whirlwinds and 

blown high into the sky. But gene rally speaking , si tuated in the 

rather humid tropics where strong winds are rare, wind erosion 

is l ess significant. 

Quantitative determinations of the extent and impact of soil erosion 

by water in tropical areas are ske tchy and till the last decade, 

the area of the Kali Konto watershed was no except ion. Then , during 

the late sixties, the Selorejo dam was constructed. The e ngine ers 

in charge of the planning of the dam based the ir calculations 
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on an average deposition rate in the Lake of approx. 270.000 ml/ 

year, corresponding to 1. 2 mm of soil per year as an average for 

the whole watershed (Brabben, 1978). The figure of 1.2 mm is already 

high, b'J.t not . unusual in Java. In 1977, a reservoir study was 

carried out to determine the volume of sediment deposition in 

the Lake from 1970-1977. The study indicated that the volume of 

sediment in that period was approx. 730.000 ml/year, corresponding 

to an average erosion of over 3 mm/year for the entire watershed. 

Although recent studies indicate lower values, the actual sedimen­

tation is much higher than previously assumed. 

Another way to assess and evaluate the seriousness of the erosion 

problem, is to consider the soils themselves and to evaluate the 

degrading effects of soil erosion on the agricultural production 

capaci ty of this precious resource. Most soils in the area are 

the result of a gradual and continuous process of accumulation 

of fresh volcanic ash, rich in weatherable minerals. This process 

resulted in very deep soils with subsoils having often similar 

levels of soil fertility (and product{on capacity) then the topsoil. 

Removal of soil mater ial by water will thus of ten have a limi ted 

effect and realizing this, i t is then clear that the threshold 

level, or the limit of "tolerable" erosion, for the agronomist 

and the farmer is of a different magnitude than that for the hydro­

logist in charge of the Selorejo dam. 

A third aspect of soil erosion is natural erosion, being the normal 

aspect of landscape development and which concerns the geomorpholo­

g i st. Natural erosion (others use the term "geologie erosion" 

or "normal erosion") is an active process in geologically very 

young areas with alternating periods of denudation and renewed 

volcanic activity. 

in the Kali Konto 

mountainous parts, 

Clear evidence of high rates of natural erosion 

area, not only in the highest, extremely steep 

but also in the agricultural areas, proves 

that natural erosion is indeed an active process. For example, 

the process of headward gullying of the Kali Konto river system 

in the intervolcanic plains, resulting in deep and wide erosion 
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valleys with very steep valley-side s l opes (units Ps on t he landform 

map ), affected and de gra ded a lready over 35 % of t he plain. 

From the abave we see that assessment of t he seriousness of erosion 

in t he a r ea may l ead 

nature of the problem 

with hi s alarm that 

to contradictory stateme nts. The co~plex 

is well brought up by ( i) the hydrolo9ist 

"e rosio:1" must b·= controlled as othe rwise 

the value and function of the Se lore jo dam will be in danger, 

( ii) t he geomorphologist wi th his statement that na tural eros ion 

is considerable and cannot be stopped and (iii) the agrono~ist 

a nd farme r who do not easily see the ef fects of eros ion wi thin 

the individua l farmer ' s fields and who may reason that whatever 

the r ai nstorms will take away, will be replaced by an occasional 

eruption of a nearby (or far away) vo l cano . 

v. 2. FORMS AND EXTENT OF EROSION 

Natural and Accelerated Soil Erosion 

In humid tropical environments, a young landscape as that of the 

Kali Kon to area, wi th several recent volcanic complexes standing 

out high abave the surrounding l a ndscape; dissects rapidl y. Dissec­

tion resul ts in steep-sided valleys, where land-slides, rock-fall 

and other types of rapid mass moveme nt are acti ve as a highly 

e ffective process of de nudation. Once t he slop2s are reaching 

a certain angle, the proces s of mas s movement slows down and slopes 

become stable. The "threshold slope angle " is broadly related 

to the properties of the parent rock a nd sediments, the c limatic 

and hydrologie conditions and the vegetation cover . 

Once the slopes a re at stabl e gradi e nt s with respect to rapid 

mass moveme nt, t he s lowe r proce s s of soi l e r osion be comes dominant. 
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rainfall cannot infiltrate sufficiently 

over the surf ace and gradually erosion 

into the soil, i t 

starts to develop 

a drainage system in the area. In natural landscapes, erosion 

is also natural and may ei ther be a gradual process or a rapid 

catastrophic one. Rapid geologie uplifting or new showers of 

volcanic ash that kill the natural vegetation will disrupt the 

equilibrium and initiate new cycles of very active erosion. Periods 

with rapid natural erosion will thus alternate with relatively 

stable periods with little natural erosion. 

Man's activities may also disturb the natural equilibrium, resulting 

in a man-induced acceleration of the eros ion process. Commonly, 

in applied soil science i t is this accelerated soil eros ion what 

is meant with the terms "soil erosion" or "erosion". 

The distinction between natural erosion and accelerated soil erosion 

is an important one. Natural eros ion is a process of soil and 

landform dev~lopment, whereas accelerated 

value and even destroys valuable farmland. 

eros ion 

In some 

reduces the 

areas natural 

and accelerated soil eros ion are taking place simul taneously and 

i t is of ten not easy to determine the relati ve importance of the 

two types. 

Erosion in the Forest Areas 

Most of the forest lands are situated on the steep volcanic moun­

tainous and hilly complexes. On these surf aces, covered by rather 

thick packets of fairly loose, incoherent volcanic ash, mass move-

ment (landslides, earthslips, creep or slopewash) is the principal 

and natural process of denudation and downslope movement of loose 

material. The term implies that gravity is the driving force, 

but water does play an important role . High concentrated rainf all 

saturates the regolith in the wet season, and act as a lubricant 

which triggers the process of rapid mass movement. The presence 

of less permeable layers of weathered rock or tuff or even a few 
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single boulders are also important factors in landslide develome nt. 

Landslide s and earthflows are the most spectacular farms of mass 

move ment and can 

of the Kawi and 

which is build-up 

be observed frequently on 

Anjasmoro. They are l ess 

entirely of very porous 

the steepests slopes 

frequent on the Kelud 

pumice gravels. Slope 

gradient is an important factor and most landslide surfaces occur 

on slopes over 100%. On slopes over approx. 125-150 % very li tt l e 

loose material will remain at all and these surfaces are actually 

subject to a continuous process of downslope moveme nt. Vege tation 

on these surfaces is sparse and of a pioneer type (not scrub). 

Earthslips are 

form of mass 

the soil and 

l ess spectacular and sometimes also a l ess rapid 

movement. Earthslips are less deep, removing only 

some under l ying material over a slipping surface . 

Many of the earthslips are only a few me ters in width and 1 0-50 

m in length. Slip erosion is com..~on on slopes over 60 %, both under 

forest and scrub vegetation. 

The slowest form of mass movement is creep erosion, measured only 

in centimeters per year. It can hardly be observed and measured 

directly, but the occurrence of curved tree trunks are a good 

indication of the existence and importance of the process. Soil 

creep is the principal form of mass movement on forested slop.-~s 

with gradients up to 60%. Slopewash is a form of creep erosion. 

The incidence of slopewash and also the more rapid farms of mass 

movement are said to increase with an increased degradation of 

the natural forests. The remark questions the prote cti ve capaci ty 

of the various vegetative covers found in forest lands. 

Although earthslips in scrub areas are indeed common and they 

can easily be spotted and observed, also from a comfortable position 

as a verandah chair on a leisurely afternoon, the soil survey 

team observed many slides and slumps 11nder the closed canopy of 

the forest vegetation , where they appear to take place rather 

slowly without sudden tree falls. Studying different slides, slips 

a nd slopewash in the area, also in relation to the vegetation, 
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i t seems likely that local condi tions of slope steepness and the 

presence of bedrock, tuff or other less permeable layers which 

can act as failure surfaces, are the principle factors in the 

occurrence of mass movement. These layers cannot absorb enough 

percolation water, so that the overlying mass becomes saturated 

and starts to sl id down, independent of the vegetation. Only the 

form differs. An exception on the general rule may be the bushfire 

prone cemara forests. The lack of a continuous and dense under­

growth in this type of forest causes slopewash to become particu­

larly strong in this forest type. 

Erosion in the Agricultural Areas 

When considering erosion in the agricultural areas of the watershed, 

a distinction must be made between the irrigated areas and the non­

irrigated tegallan lands. 

In areas where sufficient irrigation water is available, generations 

of farmers have remodeled the landscape by carving cascading ter­

races in the hillslopes. Through extensive irrigation systems each 

terrace is irrigated, one flowing into the next as in a rhytmic 

pattern. 

Almost all sawah soils are strongly modified by puddling and irriga­

tion, resulting in the formation of imp~rmeable "traffic-pans", 

giving these soils their typical "padisol" or "anthraquic" character. 

Dur ing heavy, high intensi ty rainstroms, the . sawahs cannot absorb 

all the rain and overflow is common. Most of the overflow will 

enter the next sawah, already overflowing by itself, and this 

self-accelerating process will lead to a point where the overflow 

will force its way in a concentrated form over the small footpaths 

or other strips of land between the sawah systems, re sul ting in 

gully erosion. Depending on the general slope gradient, slope 

length as well as the lay-out of the sawah systerns, gully eros ion 

in sawah areas can be considerable. 
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sawahs or irrigated ter races o:-i the steep:2r hillslop,2s wi th slope 

gradi e nt s of approxi mate l y 12% or over, ma y , under certa in condi ­

tions also be subject to slumping. After long a nd persistent ra ins 

a whole series of sawahs breaks loose from its bed and s lids do~n­

slope as a si ngl e unit. The surfac2 of failure beneath a s lump 

block is spoon- shaped , concave upward and outward . At the l ower 

end a small earthf low may e::nerge , destroying an a ddi tional number 

of sawah s tructures downslope. Al though farmers reconstruct their 

sawahs again, a particular relief remains visible , a lso known 

under the name of "catsteps ". 

In the tegallan lands the main factors determining soil erosion 

are (i) the permeability and infiltration capacity of the soils, 

(ii) the way terraces are constructed (management factor) and 

(iii) slope characteristics . 

Of the three factors the permeabili ty and infil tration capaci ties 

of the soils appear to be the most determinant. It is true that 

most tegallan soils are deep o r very deep and have moderate to 

high infiltration capacities, but in many farmers' fields plowing 

and other soil preparation practices resulted in the formation 

of plowpans. Plowpans are particularly formed in loamy soils and 

many tegallan soils are very sen si ti ve to the formation of these 

pans. Also tegallans which in the past were (occasionally) irrigated 

may still show a traffic pan (puddled , d e ns e and with a low permea­

bility) and are thus highly susceptible to erosion. 

Erosion on tegallan land generally starts in the form of ri ll 

erosion. This occurs particularly during the f irst rains, when 

the soils are dry and very dispersible. It also occurs in the 

midst of the rainy season, when the amount of rain cannot be 

absorbed fully. However, as the fields are terraced and sma ll, 

much of the removed soil will initially be trapped in hedgerows. 

Farmers will then obliterate the rills by tillage, but where the 

rills are many, the practice s often result in a deterioration 

of the t e rraces as well. The latter beco~e irregular, sloping 



- 124 -

and, instead of acting as a medium for water conservation, they 

tend to concentrate run-off water, encourage the formation of 

new rills and, where the slopes are long enough, gully erosion 

at the lower end. Rill and gully erosion in tegallans, and parti­

cularly in tegallans which, naw or in the past, are (were) occa-;­

sionally irrigated, are one of the most active farms of accelerated 

erosion in the area. 

Another important origen of erosion in the agricultural areas 

are the agro-residential areas and the dense network of roads 

and footpaths. In the villages there are generally no provisions 

to collect rainwater and as the soils around the houses are usually 

bare and dense and have low infiltration capacities, most of the 

water of intensive rainstorms will flow overland. As nearly all 

villages are situated on more or less sloping land, the resulting 

streams of water leaving the villages have enormous erosive powers 

and the loosened sediment of ten moves as a slurry, first to the 

roadside ditches and from there to the major streams. No data 

are known of soil loss and run-off from agro-residential areas 

and from roads and footpaths. But the fact that 20% of the agricul­

tural areas are actually residential vil lage areas, suggests that 

the contribution of this particular form of run-off and erosion 

must be high. A conservative estimate of the contribution of 20% 

urban village area and another 3-4% for footpaths, farm roads, 

roadsides, etc . , 

in Lake Selorejo 

to the total amount of runoff and sediment yield 

is between 40-60% for runoff and between 20-40% 

for sediment yield. 

The certainly somewhat speculative estimates suggest however, 

that much more attention should be paid to the problems of the 

imp3.ct of urban village areas and rural roads to run-off, erosion 

and sediment yield. This is particular true for the latter as 

the phenomena are usually not reflected in a greater land degra­

dation or lower land productivity. Careful consideration also 

needs to be gi ven to the local practice of cul ti vating roadsides, 

irrigation canal ditches etc. 
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Soil Erosion Maps 

For the purpose 

(present) erosion 

of land use and conservation planning an actual 

map and an eros ion 

prepared of the wate rshed, bath at 

maps 3A and Band f ig. V.1. and V.2. ). 

susceptibili ty map have been 

a scale 1:50.000 (coloured 

The actual or present erosion map is derived from the 1: 20 . 000 

soil map. As discussed in Section III (Soil Survey Procedures) 

particular attention has been pa id to S·::>il eros ion features, bath 

form and intensi t y , and many mapping units of the 1: 20. 000 soil 

map and the result of differences in eros ion . 

The map indicates for each mapping unit the predominant type of 

erosion: natural creep, slip or flow erosion, accelerated sheet 

rill or gully erosion, or a combination. It also indicates the 

erosion intentsity (slight, moderate, severe), but not in absolute 

terms. Instead, in assessing the degree of eros ion, the criteria 

used are the proportion of the area affected and the degree of 

degradation of the soil's agricultural potential resulting from 

erosion. For details, see chapter III.4. 

The erosion map shows in an overview that, concerning erosion , the 

area can be divided roughly in three different zones; 

In the highest parts of the watershed natural eros ion, generally 

in the form of mass movement, is an important and natural process 

of denudation. Most of the loose erosion products, however , remains 

as a debris on the footslopes and lower parts of the stee p mountains. 

Only very occasionally, after very heavy and persistent rain 

together with a major landslide , a cold rain lahar or debris (mud) 

flow may remove the loose debris to the lower parts of the watershed. 

The landform and soil map, however , indicate that these lahars 

only rarely reach the river system of the Kali Konto. The natural 

erosion in the highest parts of the watershed will thus not contri­

bute directly to the larqe amounts of sediment deposi ted in the 

Se lorejo reservoir. 
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A second zone is the "middle belt", the middle and lower slopes, 

foothills and footslopes of the volcanic complexes. Most of these 

slopes are stable and natural erosion is minimal. As most of these 

lands are found within the forest boundary, accelerated soil erosion, 

induced by man, is equally a minor problem. 

A third zone concerns the agricultural areas. These areas are 

geomorphologically characterized by an 

system cutting deep in the intervolcanic 

the area of Pudjon. Natural erosion, as a 

active advancing river 

plain, particularly in 

result of headward and 

sideward gully formation, is 

by farming practices (critical 

itse lf erosion is mostly in 

considerable, partly accelerated 

areas) . In the agr icul tural areas 

the form of rills and gul lies. The 

tegallan lands on the foothills and footslopes are the most critical 

areas (rill and gully erosion, induced particularly by plowpan 

formation). In the irrigated areas, gully eros ion varies depending 

on the general slope characteristics. On the steeper 

lands slumping (collapse of sawah systems) often is an 

problem. A major source of erosion and sediment _ yield 

irrigated 

additional 

in the 

Selorejo reservoir are the urbani zed vil lage areas and the dense 

network of farmroads and footpaths. 

The erosion susceptibility map indicates the type and intensity 

of eros ion to be expected under the same condi tions of climate, 

soils and agricultural practices, but considering the present 

trends of an increasing population, a higher population pressure, 

smaller farms, continuation of the degradation of the forest re-

sources, 

for the 

decreasing water resources and 

available water resources. The map 

increased competition 

is not based on the 

introduction of other types of land 

changes in management, and therefore 

hazard map. 

use or crops or considerable 

the map is not an erosion 
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V.3. SOIL EROSION RESEARCH 

Runoff and Erosion from Run-off plots 

In con neet ion wi th the soil 

and students of Universitas 

survey of the Kali Kon to area, 

Brawijaya and in cooperation 

staf f 

with 

Proyek Brantas, have set up a small series of field experiments. 

The purpose of the experiments is to monitor and evaluate quantita -

tively run-off and erosion on different soils and unde r various 

soil and erop management systems (PSLH Unibraw, 1984). 

The experiments are carried out on run-off plots of approximately 

50 m2 
( 16 x 3 m), closed on all sides to avoid soil and water 

from surrounding areas to enter the plots and wi th a set of col­

lector' s drums at the lower end . 

The first experiments were set up on the steep Kali Konto valley-

side slopes near Pudjon (soil mapping unit Ps/BC), on an 35% slope. 

The slope is terraced following the common practice of cut and 

fill and the runoff plots are laid down on the individual terraces 

to monitor run-off and erosion on terraced land. The slope within 

each terrace varied from 1-10%. 

The purpose of the experiments was to monitor runoff and erosion 

from farmer' s fields under various erop and soil management prac­

tices. The results show that erosion is limited and that the steep 

valley sides can be used provided the lands are extremely well 

terraced. 

A second set of exper iments is set up in 

(Ngantang) on the intervolcanic plain (soil 

on a 3% slope. The area is not terraced. 

soil management practices selected are in 

local practices. 

the area of Jombok 

mapping unit Pl/NA) 

The various erop and 

accordance with the 

The first results, cove ring the rainy season of 1983 / 84, are pre­

sented in table V.1. 
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Table V.1. Runoff and Erosion from run-off plots during rainy season 
1983/84 

1. 

2 . 

3. 

4. 

5. 

6. 

7. 

Soilunit 

Treatment 

Bare soil 

Cabbage 

Maize 

Maize on beds 

Erosion valley-sides (Ps) 
general slope 35%; terraced land 

Bendosari complex (BC); Dystric Cambisol 

slope 
within terrace 

4 % 

2 % 

1 % 

1 % 

Runoff 
m3 /ha 

3.752 

2. 15 7 

126 

74 

Eros ion 
kg/ ha 

20.340 

15.350 

318 

274 

Maize and carrots 1 % 282 912 

Grass 1 % 145 304 

Coffee 9 % 66 312 

Site B: Ngantang (Jombok) , 
Landform : lower volcanic plain (Pl) 

general slope 3%; non terraced land 

Soilunit : Jombok series; Mollie Cambisol 

Treatment slope 
Runoff Eros ion 
m3 /ha kq/ha 

1. Bare soil 3 % 3.984 17.780 

2. Maize 3 % 2.356 7.048 

3. Groundnut 3 % 1. 950 5.040 

4. Maize + Groundnut 3 % 1 . 4 8-1 2 . 730 

5. Cas sa va 3 % 2.631 8.046 

6. Maize + Cas sa va 3 % 1. 872 4.438 

7. Coffee 3 % 54 232 

CP 

-
0.75 

0 . 01 

0.01 

0 . 04 

0. 01 

0.01 

CP 

-

0.40 

0.28 

0. 15 

0.45 

0.25 

0. 01 

1 
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The Ngantang data indicate that f or annual crops terracing of 

the very gently sloping lands remains a necessity. 

Rainfall Erosivity Indices 

Soil los s is c lose l y re lated to rainfall through the detaching 

power of raindrops striking the soil surface and the contr ibution 

of rain to run off. The a bility of rain to erode the soil is known 

as t he erosi v i t y of the rainfall. Rainfall eros i vi ty is usually 

expressed as an index based on the kinetic energy of the rain­

storms. It is, in turn, a function of its intensity and duration, 

bath of which are determined by the number, mass, and veloci ty 

of the raindrops toge ther with the frequency of occurrence. To 

compute the erosivity of a rainfall one requires data on the charac­

teristics of rainfall. Such data are hardly found in the survey 

area. It is therefore that Utomo et.al. (1983) tried to calculate a 

rainfall erosivity index from monthly rainfall data which are 

availabl e from many stations. They analyzed rainfall data obtained 

from eight a utomatic rain gauges installed in the area of Kali 

Brantas watershed . Then they related them to the monthly observa­

tions , a nd o~tained the following equation : 

R 2.80 + 4.15 M 

where : R is rainfall erosivity index 

M i s monthly rainfall (in cm) 

Rainfall erosivity indices of five stations in Kali Konto area 

are calculated according to the equation, and the results are 

given in Table V.2. The erosivity indices obtained from the western 

part of the watersh e d (represented by stations in Ngantang, Selorejo 

and Sekar ) are gene r al l y higher tha n from the east e rn part (Pudjon 
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and Kedungr e jo). The monthly indices are high during the month 

of November to May, in a ll s ta t ions. The data indicate that the 

erosivity of t he ra infa ll in the watershed can be classified as 

high, particularly from Decembe r to March . 

Table V.2. Rain e ros ivi t y calculated from ave r age monthly rainfall using the 

equa tio n R 2. 8 + 4.1 5 M. 

Station J F H A H J J A s 0 N D l\.nnual 

Pud jon 
152 159 123 74 39 3 1 15 15 22 50 102 132 886 

162 150 131 67 51 23 23 16 20 5 1 94 130 888 

Kedungrejo 
15 3 174 128 75 53 28 11 12 23 36 8 1 124 866 

208 158 140 70 58 24 18 11 17 49 87 148 959 

Ngantang 
18 1 180 149 96 66 37 17 13 15 43 88 130 98 4 

2 11 174 166 91 68 25 23 18 19 53 83 152 10 52 

Se ka r 2 12 183 177 112 77 32 22 14 15 46 111 166 1136 

Se lore jo 178 155 149 88 73 24 14 16 26 56 75 10 4 928 

1 

! 

l 
1 

1 

! 
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v. 4. SUMMARY AND CONCLUSIONS 

1 . Erosion on the steep and very steep mountain slopes in the highest 

parts of the watershed is a natural process that cannot be stopped 

but that can be controlled through proper forest management and 

conservation practices. 

2. The natural eros ion in the highest parts of the watershe d does 

not contribute directly to the large amounts of sediment deposited 

in the Selorejo reservoir. 

3. Erosion is critical in many tegallan areas, particularly on 

the steeper slopes with slope gradients over 12 %. Important addi ­

tional factors appear to be the presence of plowpans, particularly 

in soils which are occasionally irrigated or which were irrigated 

in the past . Another factor are the bench terraces, which are often 

sloping or otherwise not correctly maintained, resulting in con­

centration of run-off water. 

Erosion in the tegallan lands can be controlled, through adapted 

soil and erop management practices, well constructed level bench 

terraces or reyerse-slope terraces, and gully control. 

4. Erosion also occurs in the irrigated areas, in the form of gully 

eros ion and due to the collapse of ter races (on slopes over 12%) . 

Although gully erosion control is difficult and expensive, simple 

and temporary structures such as brushwood dams, brick weirs, etc. 

can be effective. 

5. The existence of large agro-residential areas is an important 

factor in the occurrence of concentrated run-off water and subsequent 

gully erosion. Structures to disperse village run- off water and 

proper road drainage are essential to reduce the force and erosive 

power of the run-off water. 
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SECTION VI. SOIL FERTILITY 

VI. 1. INTRODUCTION 

The general fertility properties of the individual soil units recog­

nized are described in Section III. 

However, morphological similar soils still may show a wide range 

of nutritional values, laterally and vertical ly. The variability 

is 

a) 

due to bath natural and cultural conditions such as: 

natural conditions 

micro variability in the par ent material, i.e. loc al variations 

in the composition of the vol can ic deposits 

local variations in weathering, reinoval and redeposition of 

weathering products and nutrients 

biological factors such as variations in the soil fauna and 

natural vegetation. 

b) cultural factors 

land use, different plot histories, etc. 

soil, erop and water management, including terracing and ferti ­

lization 

differential erosion and accretion; i . e . removal of soil material 

from the higher parts of individual plots and deposition in 

the lower parts. 

As a resul t, the fertili ty status of indi vidual soils and plots 

may vary considerably wi thin each soil unit recognized on a soil 

map. Soil fertility is thus site-specific and situation-specific. 

A soil fertility evaluation is the process by which nutritional 

problems are diagnosed and fertilizer use recommendations made. 

A soil fertili ty programme involves several steps. Soil fertili ty 
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has to do principally with plant nutrients and soil conditions 

and concerns levels of availabili ty and nutrient balances in the 

soil. A soil survey, separating the major soil groups is only a 

first step. This should be followed by sampling of composite root 

zone soil 

sense of 

samples of representati ve fields 

soil type and cultural factors 

history and soil and plant management). 

( representative in the 

such as land use, plot 

A next step is the correlation between the analytical data and 

erop responses. Usually, these correlations are conducted at two 

levels: an exploratory one in the greenhouse and a more defini te 

on carefully selected farmer's fields. 

This step requires research programmes extended and repeated over 

a number of years. The final step involves interpretation and re­

commendation and putting the information to use (agric. extension). 

So far no soil fertility evaluation programme has been conducted 

in the area and i t will be clear that such à programme is nei ther 

part of a soil survey. 

Based on the resul ts of the soil survey, however, the survey team 

collected and analyzed a large number of composi te soil samples 

from representative soil types under representative soil, erop 

and land management practices. A composi te sample is composed of 

approx. 20-30 subsamples from the rooting zone of a field. Non 

representative spots, such as plot borders, terrace borders, manure 

piles etc. were avoided. Sixty fields were sampled this way. 

The analysis of the composite samples permitted the recognition 

of eleven (11) different zones, each with soils having fairly similar 

general fertility characteristics. (fig. VI.1a). 

Comparing this sketch wi th the soil and landform map we see that 

the recognized "soil fertility zones" coincide with the braad soil 

and landform "provinces", as fellows: 
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Zone I 

zone II 

zone IIIA 

Zone IIIB 

zone IV 

zone V 

zone VI 

Zone VII 

zone VIII 

zone IX 

zone x 

- 140 -

the northern upperslopes of the Kawi-Butak mountain 
complex 

· soil unit : Gunung Butak series (GB) 

the northern middle slopes of the Kawi-Butak mountain 
complex 
soil unit : Caban Rondo series (C) 

the 
and 
soil 
(T), 

Pudjon intervolcanic plain (southern section) 
the adjacent footslopes of the Kawi mountain 

units: Pudjon series (P), Tawangsari series 
Sebaluh series (B) and Kraantje Lek series (L). 

the Pudjon intervolcanic plain (northern section) 
and the adjacent footslopes of the Anjasmoro mountain 
range 
soil units: Tawangsari series (T), Kraantje Lek 
s e ries (L) and Sebaluh series (B) 

the sout h e rn slopes and hill complex of the Anjasmoro 
range 
soil units: Ngebrong series (N) 

the northern footslopes of the Kawi mountain in 
the Bendosari area 
soil units: Kraantje Lek and Sebaluh associations 
(LB), some Tawangsari series (T) 

the western slopes of the Anjasmoro range, the 
Luksongo hills and the Selorejo intervolcanic plain 
soil units: Ngantang-Jabon association (NA), Jombok 
series (J), Kaumrejo series (K) and the Selorejo 
series (S) 

the western slopes of the Kawi mountain 
soil unit : Ngebrong series (N) 

the we stern f ootslopes of the Kawi mountain and 
the Kelud-Kawi intervolcanic plain 
soil units: Ngantang-Jabon association (NA), Kaumrejo 
series (K) and the Selorejo series (S) 

the middle and footslopes of the Kelud 
soil units: Ngantru series (G) and the Gombong 
complex (GC) 

the upperslopes of the Kelud 
soil unit : Gunung Kelud complex. 
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Per zone and per individual nutrient (potassium, calcium, magnesium 

and phosphorus) the average concentration in the rooting zone, 

the subsoil and the complete profile were calculated. Extreme (low 

or high) values were replaced by data from adjacent horizons. The 

average data of the complete profiles were recorded on figures 

similar as fig. VI.1.a. Through the introduction of ranges of nutri­

ent concentrations
1 

some zones could be combined, resulting in a 

set of single value fertility sketchmaps (fig . VI.1.b-e). In the 

following paragraph the average root zone and subsoil values of 

the individual elements are used for a discussion of the fertility 

status per element. Nutritional imbalances, such as imbalances 

in the ratios of available calcium and magnesium and magnesium 

and potassium are discussed as well. 

VI . 2 . THE LEVELS OF THE INDIVIDUAL PLANT NUTRITIONAL ELEMENTS 

Nitrogen 

In spite of the fact that most soils of the project area are rather 

well provided wi th organic matter ( from 2-5% in most soils of the 

intervolcanic plains till over 15% in the soils of the highest 

mountain crests), readily available nitrogen is the nutrient element 

most freguently in short supply. Wi th the exception of recently 

cleared land most cultivated soils are deficient in this element. 

Determining the nitrogen reguirements of the soils is difficult 

as most analytical laboratory determinations do not meet the criteria 

for a successful soil test. 
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For a particular soil type and under similar climatic and soil 

management condi tions total soil ni trogen and organic matter are 

sometimes correlated wi th ni trogen response. Al though the correla­

tion may be good in greenhouse exper iments in some cases, in the 

field the correlation is generally poor (Sanchez, 1976). Other 

analytical methods, such as incubation methods to evaluate nitrogen 

mineralization rates, are too time consuming and cumbersome for 

routine purposes . 

Since there are thus no practical soil tests for estimating the 

available ni trogen levels in the soil, the determination of the 

ni trogen requi rements has t o be based on field experimentation . 

Potassium 

The N. ammonium acetate extraction is usually considered to 

approach best the available forms of soil potassium. Critical levels 

for tropical soils separating adequacy and deficiency for many 

crops are as fellows (Boyer, 1972, Sanchez, 1976) 

< 0.2 mmo/100 grs soil - very low 

0.2-0.4 Il low 

0.4 - 0.8 Il moderate 

0.8 - 1.5 Il - moderately high 

> 1. 5 Il high 

The potassium levels of the soils of the "so~l fertility zones" 

are indicated in fig. Vl.1.b. 

In the soils on the Kawi - Butak complex the available potassium 

levels are low to very low, but the nutrient is well distributed 

in both horizontal and vertical direction. Also the soils on the 
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upper slopes of the Kelud are low in potassium. The deficiency 

on the Kelud is not only due to the average low values, but more 

so as a result of the extreme low values repeatedly found in some 

of the soil horizons. The low potassium values of the Kelud confirm 

the mineralogical data of the Kelud ashes (Baak, 1949). 

Substantial deposition of potassium poor material of the Kelud 

on the western (Kelud-facing) slopes of the Kawi could explain 

the very low potassium levels in zone VII. The higher potassium 

levels of zone I ( northern slopes of the Butak-Kawi) may also be 

due to les s lea ching ( r ainshadow side of the mountain) . 

The potassium levels in the soils of the other zones are moderate 

and even moderately high ( zone IV) . As the latter zone is a rain­

facing area wi th intense leaching, the high potassium levels of 

the Anjasmoro mountain range can only be explained by assuming 

the soils are developed in parent material (ash) high in potassium 

bearing minerals. 

On a meso scale, the potassium levels are higher in the soils 

of lower slopes and in drainage ways than in the soils higher 

on the slopes and on the crests. This could be caused by potassium 

being leached and laterally moved down the slopes. 

Calcium 

Like potassium, the available farms of calcium are well determined 

by the N ammonium acetate extraction. The · critical levels are 

as follows (Hauser 1974, Sanchez 1976): 

(2 

2-10 

> 10 

mmo/100 grs soil 

Il 

Il 

low 

moderate 

high 

The calcium levels of the soils of the different "soil fertility 

zones" are indicated in fig. VI.1.c. 
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The soils on the upper Butak-Kawi slopes (zone I) are low to very 

low. Leaching in this area being limited (rainshadow)" it is likely 

that the parent volcanic ashes in this area are low in calcium 

bearing minerals. The same applies to magnesium (see below). 

The soils of the Anjasmoro range (zone III) and of the intervolcanic 

plains (zones III, V and VI) occupy an intermediate position, while 

the soils close to the Gunung Kelud (zones VII - X) are moderately 

high or high in calcium. The influence of the Kelud ashes in these 

areas with considerable amounts of calcium-rich minerals is clearly 

demonstrated. 

On the meso scale, the calci urn levels generally increase slightly 

downslope, being highest in the drainage ways. Later al removal of 

calcium could be the e xplanation . The effect of leaching is also 

demonstrated in the individual soil profiles: subsoils are generally 

higher in calcium than topsoils. 

Magnesium 

Available farms of soil magnesium are also determined by the 

N ammonium acetate extraction. Critical levels for many crops in 

tropical 

<1 
1-3 

> 3 

soils were determined by Buol ( 1975), 

mrno/100 grs soil 

Il 

Il 

very low 

low 

moderately high 

as follows: 

The magnesium levels of the soils of the various "soil fertility 

zones" are indicated in fig. VI.1.d. 

Generally speaking, the magnesium levels decrease with increasing 

distance from the Kelud volcano. 

The soils of the Pud jon area are invariably low in magnesium and 

the soils of the higher slopes of the Butak-Kawi complex (zone 

I) even very low. The differences are likely due to variations 

in the mineralogical composition of the pa rent vol can ic ashes. 
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On the Kelud, the magnesium levels are fairly uniform and do not 

vary as . much from horizon to horizon and from site to site as is 

the case with potassium and calcium. 

At the meso scale, there is no significant difference in the magne­

sium levels between the soils on the upper and middle slopes and 

the soils of the valley bottoms and lower slopes. Within each profile 

the differences between topsoil and subsoil are equally insignificant . 

Phosphorus 

After ni trogen, phosphorus is the most commonly limi ting nutrient 

in t r opical soils . Phosphorus dif iciencies are particularly common 

in young volcanic ash soils, rich in allophane, which has a high 

capacity to retain or "fix" phosphorus. As the allophanic character 

of the vol can ic soils of the area increases wi th alti tude, also 

the phosphorus retention capaci ty increases wi th alti tude ( chapter 

II.5 and fig. II.7.c). 

In these soils the main source of phosphorus for plants is organic 

phosphorus. The importance of maintaining soil organic matter is 

thus also a function of the maintenance of plant available phosphorus. 

As the organic matter contents are increasing in the cooler environ­

ments of the higher elevations, this aspect may compensate the 

higher fixing rates of the soils of these areas . 

Several effective soil tests for estimating available phosphorus 

exists, the Bray extractions being the widest applicated in 

tropical vol can ic areas. The tests however, are less sui table for 

flooded rice soils. The critical levels are (Buol, 1971 ) : 

(Bray II) 

< 0.5 r-g/gram soil very low 

5-10 " low 

10-30 " moderate 

> 30 " high 
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The phosphorus levels of the soils of the various "soil fertility 

zones" are indicated in fig . Vi.1.e. 

The soils high in organic matter of the upper slopes of the Kelud 

and the Butak-Kawi are also fairly high in available (organic) 

phosphorus, inspi te of the high P- retention capaci ties of these 

soils. 

The high levels of zone IIIB can not be explained properly. The 

soils of zone VI (the northern part of the Ngantang intervolcanic 

plain) are lowest in available phosphorus; the soils of this area 

are a l s o general l y l ow in organ i c matter. I n add i tion to the general 

trends , phosphorus def ic ienc i es may parti c ula rly be expect e d in 

the intri gated lands, particular l y on the Ngantang p l ain. 

Nutrient imbalances 

Nutrient deficiencies may also be caused by imbalance s between 

the different e l eme nts. Same of the better known ratios, those 

o f Ca/Mg and Mg/K were calc ulated f o r each analyzed horizon and 

were subsequently treated in a similar way as explained above for 

the individual elements. 

The results are as follows (fig. VI.2): 

Ca/Mg: optimum is approx . 2-3 (Buol, 1975). 

In the Kali Konto area t he ratios between plant available calcium 

and magnesium are rathe r we ll balanced and not in any part do they 

result in serious imbalances . 

Mg/K: when > 20 - 25, potassium is of ten deficient 

when < 3 , magne sium is aften deficient 

(Buol, 1975) 

The Mg/K ratios vary enormously wi thin the project area and imbal ­

ances can be expected in many areas . Only on t he Pud jon plain and 

on the northern slopes of the Butak-Kawi mountain the ratios are 

generally wi thin the optimum levels. On the Anjasmoro range and 
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in the Kelud area the ratio vary widely from 2-75 on the Anjasmoro 

to 2- > 1000 in the Kelud area. In the lat ter area 

the imbalance could lead to potassium deficiencies, particularly 

where the potassium levels are already low (fig. VI. 1 . b) . 
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SECTION VII. LAND SUITABILITY EVALUATION 

VII.1. INTRODUCTION AND PURPOSE OF THE EVALUATION 

This section concerns the interpretation of the collected land 

and soil resources data into terms of suitability . 

Land suitability refers to the fitness of a given tract of land 

for a specific use and land evaluation is the process of assessing 

this suitability (FAO, 1976). The purpose of the land suitability 

evaluation is to provide a framework for the establishment of a 

management model for the lands of the Kali Konto watershed a nd 

to avoid misuse and degradation of the land resources . 

The Kali Konto watershed is characterized by contrasting patterns 

of land use. The watershed includes agricultural areas ( "village 

lands"), very densily populated and intensively used for a wide 

range of crops and cropping systems. The population pressure is 

high (or land is scarce), which is a major constraint for development . 

The remaining areas are forest lands, without population. Large 

tracts of these forest lands have important ecological functions, 

such as soil and water conservation. Other "forest" lands, however, 

are covered by an unproductive type of (kirinyu) vegetation. 

In the agricultural areas, many generations of farmers have acquired 

ample experience on the agricultural potential of their land, their 

optimum use and management under the prevailing socio-ec onomie 

and ecological conditions. In this situation, land evaluation can 

easily become an unneccessary, superfluous or even academie exercise. 
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However, large tracts of village lands are threathened by a shortage 

of irrigation water, while other areas are subject to severe erosion. 

The rapid siltation of the Selorejo Reservoir has alarmed the autho­

rities. This situation asks for an evaluation of the management 

requirements of the agricultural lands, as a basis for proper soil 

and water conservation and land use planning. Land evaluation in 

the agricultural areas should thus indicate alternative forms of 

land use and/or management practices, aimed at restoring the ecolo­

gical balance . 

In the forest areas, the si tuation is different. Land evaluation 

in these areas is particularly needed for those areas which at 

present are "underused", or even without a productive type of vegeta­

tion (the scrub areas) . Land evaluation should indicate if there 

are alternative forms of productive, protective and sustained land 

use, including sui table forms of (agro )-forestry and may be even 

agricultural production, without disturbing or damaging the pre­

carious ecological balance of these areas. 

Considering the above, the land suitability evaluation presented 

in this report has an ecological approach. It relates the specif ic 

ecological requirements of different land use alternatives with 

the ecological conditions of the different land units. 

Different degrees of suitability depend upon the relationships 

between inputs (costs ) and benefits (actual or anticipated). Although 

in the end "suitability" is a question of cost/benefit analysis, 

within the possibilities of sustained land use, economics did not 

enter the evaluation. The evaluation could also not be based on 

quantitative data such as production levels, erop yields, etc. 

The data required for such an approach were not, or only partly, 

available at the time of the evaluation, as land use in the agricul­

tural areas is so much characterized by mixed cropping and relay 

cropping patterns. 
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Economie considerations are thus present only in the background, 

first in the selection of the land utilization types and second 

in the definition of the suitability classes. 

On the other hand, the data provided by the ecological suitability 

evaluation presented in this report would serve as a basis for 

a subsequent quanti tati ve economie evaluation, in which the resul ts 

of the ecological evaluation would be subject to economie analysis. 

VII.2. THE STRUCTURE OF THE LAND SUITABILITY CLASSIFICATION 

The structure of the land suitability classification used is a 

system adopted in all studies and surveys carried out by the Soil 

Science Department of Universitas Brawijaya and which is also 

being used nationally. 

According to this system, the sui tabili ty of a certain land unit 

is indicated following a classification consisting of three levels 

of detail : 

Land Suitability Order 

Land Suitability Class and 

Land Suitability Subclass 

a) Land Suitability Orders 

Order S: SUITABLE LAND Lands on which sustained use of the kind 
under consideration is expected to yield benefits that will 
justify the required inputs without unacceptable risks of land 
degradation or other damage to the environment. 

Order N: UNSUITABLE LAND Lands having characteristics which 
appear to preclude its sustained use of the kind under considera­
tion or which would create production, upkeep and/or conservation 
problems, requiring a level of inputs unacceptable at the time 
of the interpretation. 
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b) Land Suitability Classes 

Land suitability classes indicate the relative degree of suitabi­

lity 'for the defined purpose in the defined manner. The classes 

are numbered in order of decreasing suitability (increasing 

limi tations). 

Class S1: HIGHLY SUITABLE LAND Lands having no significant 
limitations to sustained application of a given use, or only 
minor limitations that will not significantly reduce productivity 
or benefits . 
Major improvements are not necessary and management practices 
required to ensure sustained use without hazard to the land 
resources are relati vely simple and wi thin the usual package 
of management practices. Lands permi tting high y ields at rela­
ti vely low casts. 

Class S2: MODERATELY SUITABLE LAND Lands wi th limi tations 
which in aggregate are moderate for sustained application of 
a given use ; the limitations will reduce productivity or benefits 
and increase required inputs to an extent that the overall 
advantage to be gained from the use, although still attractive, 
will be significantly inferior to that expected under optimal 
condi tions. Land permi tting moderate yields at relati vely low 
casts or high yields at relatively high casts . 

Class S3: MARGINALLY SUITABLE LAND Lands wi th limi tations 
which in aggregate are severe for sustained application of 
a given use and that will seriously reduce productivity or 
benefits, or cause serious erratic variations in productivity 
or benef i ts, or that require corrections or inputs that will 
be only marginally justified . Lands permitting only marginal 
yields in relation to the casts. 

Class N1 : PRESENTLY UNSUITABLE LAND Lands with limitations 
which may be surmountable in time but which cannot be corrected 
with existing knowledge at presently acceptable casts and which 
preclude the successful sustained application of a given use. 

Class N2: PERMANENTLY UNSUITABLE LAND Lands ha ving limi ta­
tions which cannot be corrected and which are sa severe as 
to preclude any possibility of successful sustained use of 
the land in a defined way . 

c) Land Suitability Subclasses 

Land sui tabili ty subclasses are di visions wi thin classes, dis­

tinguished by the nature of the main limi tation ( s) which have 

determined the ir classification. The subclasses are indicated 

by lower case letters following the class symbol. The following 

subclass symbols are used in this study : 
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c = climatic limitations (temperature, low radiation, aften 
expresses as altitude) 

d unfavourable drainage condi tions ( excess subsurface water) 

e = erosion hazard 

f flooding hazard 

s adverse physical soil conditions 
dense subsoils, etc) 

(stoniness, 

t adverse topography (not because of e r os ion) 

rockiness, 

w permanent lack of irrigation water (only use for class 
N2) 

VII . 3 . SELECTI ON AND DEFINITION OF LAND UTILIZATION TYPES 

Since there is no absolute and generally applicable value of land, 

the concept of land suitability is meaningful only in relation 

to the use of land for a specific purpose and in a defined manner. 

For this purpose specific land utilization types have to be selected 

and defined in detail. 

Agricultural Land Utilization Types 

The identification and selection of land utilization type s (LUT's) 

for the evaluation of the agricultural areas (the "village lands "), 

d . . . h k l' l) was one in cooperation wit Proye Ka i Konto . 

Agriculture in the area is extreme ly complex as there are an infi ­

nite number of cropping patterns, mi xed cropping systems, both 

on irrigated sawahs and dry tegallan lands. The differences are 

the result of local practices, traditions, the availability of 

1) the cooperation with Mr. Waluyo Nibbering is parti c ularly acknowl ­
edge d 
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irrigation water, marketing aspects and others. 

Evaluation of all these different systems would be difficult 

and unneccessary as for the pur pose of land evaluation wi th an 

ecological bias, the 

patterns or clusters . 

systems can be grouped into a number of 

The following Land Utilization Types have been def ined and selected: 

wetland rice (two to three crops per year) 

wetland rice based cropping systems 

subtype 

subtype 

wetland rice followed by vegetables 

wetland rice followed by maize 

irrigated vege table based cropping systems 

subtype 

subtype 

rainfed 

subtype 

subtype 

subtype 

subtype 

without ma ize (vegetables only) 

with maize (January - May) 

food and vegetable cropping 

maize - maize (or maize - beans) 

maize - vegetables 

vegetables - maize 

maize - tobacco 

mixed coffee gardens (kebuns) 

systems 

IRR 

IRV 

IRM 

IW 

IVM 

(tegallans) 

TMM 

TMV 

TVM 

TMT 

K 

A detailed description of these Land Utilization Types will be re­

ported by the agronomie and soc . econ. sections of Proyek Kali 

Konto. All types are already practiced in the area. 

Fo1est Land Utilization Types 

Considering the purpose of the land evaluation in the forest areas, 

i.e. to develop functional and producti ve forest systems" particu­

larly to replace the very degraded forests and scrub vegetation 

on the middle and lower slopes of the mountain complexes, the 

following Land Utilization Types have been selected and defined: 
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fuelwood plantations 

agroforestry systems 
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subtype incl. annual crops and/ or fodder 

subtype incl. perennial crops 

FP 

FF 

AFA 

AFP 

A detailed description of the s e lected forest Land Utilization 

Types will be reported by the Forest Section of Proyek Kali Konto, 

in 

the 

separate reports. 

area, other LUT' s 

Some of the types are alre ady practice d in 

are new or are "improved" types. 

VII . 4 . SPECIFICATIONS FOR THE EVALUATION 

This chapter describes the physical requirements of the various 

land utilization types that have been considered in the evaluation. 

The requirements are based on the optimal condi tions of the major 

land or soil characteristics; this is followed by a sliding scale 

of increased limitations. 

The selection of the requirements and the rating of the limitations 

is probably the most difficult part of land evaluation, as informa­

tion on optimal growing conditions is often unavailable, or only 

known in a qualitative or vague form. In the case of the Kali 

Konto Watershed, the ratings are based on 

observations in the area itself on the growth and performance 

of different crops in different environments 

farmer' s experience and experience from rural extension agro­

nomists 

experiences and research carried out elsewhere in similar envi­

ronments. a.o. reported by LPT-Bogor 

(scarce) literature on erop ecology. 

In the following tables the optimal conditions and degree of limita­

tions are indicated for each Land Utilization Type considered. 
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~~~~=~!,S,E= (TWO-THREE RICE CROPS/ANNUM) SYMBOL LUT: IRR 

Assumption: Availability of irrigation water is not considered; assume there is enough water (see text) 

LAND/ 
SOIL 

ALTITUDE 

CHARACTERISTICS 

(temperature, sunshine) 

TOPOGRAPHY 
macrorelief 
microrelief 

SOIL PHYSICAL POPERTIES 
- texture 

- turn around period (TAP) l) 

- boulders, stones (surface) 

- permeability top soil 
- effective soil depth 

till rock or skeletal 
subsoil (groundwater 
below 75 cm) 

SOIL DRAINAGE 
- natural drainage class 

- fl ooding (flashfloods) 

- moisture stress 

SOIL FERTILITY 
- pH topsoil (water) 
- character epipedon 

OPTIMAL 
CONDITIONS 

D E G R E E 
SLIGHT 

0 F L I M I T A T I 0 N 
MODERATE 

< 400 m < 750 m < 900 m 

<1 % 1 -3 % 3 - 8 % 

no or slight ter- > 40m wide ter races > 15m wide ter races· 
racing is required possible possible 

fine c layey , 
clay loam 

< 15 day s 
none 

< 0 . 5 cm/ hour 

> 75 cm 

imperfect-poer 

none 

never 

:::> 6.0 
mollic/umbric 

very f i ne clayey, 
fine loamy , f ine 
silty 

<: 30 days 
none/s l ight 

< 2.0 cm/hour 

> 50 cm 

poor-very poor 
imperfect-mod.wel l · 
sometimes, occ. 
damage 
sometimes ,light 

:> 5.0 
umbric/ochric 

coarse loamy 

< 45 days 
slight/ moderate 

< 6 . 5 cm/hour 

/ 25 cm 

very poor 
mod.well- well 
frequent, some­
times damage 
stress 4x in 

10 years 

< 5.0 
ochric 

SEVERE 

7 900 m 

> 8 % 
any other 

any other 

> 45 days 
moderate or 

more 
>6 . 5 cm/hour 

/' 10 cm 

excessively 
drained 

frequent, 
serieus damage 

any other 

1) the period necessary for a puddl ed , semi-dried out padisol to become suitable again for planting 
the next erop. 

Vl 
O'\ 



Tao.Le v .1.1. L. 

SPECIFICATIONS FOR THE PHYSICAL EVALUATION OF THE KALI KONTO WATERSHED LANDS ================================================================ 
FOR WETLAND RICE-BASED CROPPING SYSTEMS ================================= 

SYMBOL LUT ' s : IRV 
IRM 

IRV wetland rice (mid-December-May ending)fol l owed by vege table s (mid June -September ending) 
IRM : wetland rice (mid-December-May ending)fol l owed by ma i ze (mid June -Novembe r) , r e lay cropping. 

Assurnption : Evaluation is based on the assump t i on that suf f ic i ent i rrigation water is available 

LAND/ 
SOIL CHARACTERISTICS 

ALTITUDE 
(temperature,sunshine) 

TOPOGRAPHY 
- macrorelief 
- microrelief 

SOIL PHYSICAL PORPERTIES 
- texture of topsoil 

- turn around period (TAP)l) 
- boulders / stones (surface) 

- effective soil depth 
till skeletal subsoil 

SOIL FERTILITY PROPERTIES 
- PH topsoil (pH water ) 
- character epipedon 

SOIL DRAINAGE 
- natural drainage class 

IRV 
IRM 

- permeability subsoil 

- flooding (flashfloods) 

OPTIMAL 
CONDITIONS 

< 400 m 

1-3 % 
slight terracing 
max.cut/ fill=25cm 

(silty )clay loam 
or light clay 

< 15 days 
none 

> 50 cm (IRV) 
> 60 cm ( IRM) 

> 6.0 
mollic/ urnbric 

imperfect 
imperfect/ mod. well 

slow 

none 

1 

D E G R E E 
SLIGHT 

400-70 0 m 

3-5 % 
)' 40 m ter r aces 
max . cut/ f i l l =50 cm 

(sandy)clay , loam , 
silty loam 

< 30 day s 
slight 

> 30 cm (IRV ) 
> 45 cm ( I RM ) 

> 5.0 
. umbric 

mod . well 
imperfect/paar ; 

well 
mod . slow/moderat e 

rare;light dama g e 

0 F L I M I T A T I 0 N 
MODERATE 

700-10 0 0 m 

5-1 2 % 
>15 m terraces 
max.cut/ fill=75cm 

sandy l oam-heavy 
clay 

~ 45 days 
moderate 

) 20 cm (IRV) 

> 30 cm (IRM) 

< 5. 0 
ochr ic 

somewhat excc. / 
poor; s omewhat 

excessi ve 
very slow/ mod . 

rapid 
annual;light 

damage 

SEVERE 

l 1000 m 

> 12 % 
kl 5 m terraces 

any other 

NA 

:;> 45 days 
very bouldary/ 

stony 
< 20 cm (IRV) 
< 30 cm (IRM) 

NA 
NA 

excessive/ poor 
v ery poor/ 

excessive 
rapid 

annual;mod/ severe 
damage 

1 ) the period necessary for a puddled, semi-dried out padisol t o become suitable again for planting 
upland crops ( aeration, structureal reaggr egation, e tc . wi t h help o f simple trad. soil til lage 
practices) . 

Ul 
-J 



SPECIFICATIONS 

FOR WETLAND RICE-BASED CROPPING SYSTEMS (cont ' d) 
================================= 
IRV wetland rice (mid December-May ending), f o l lowed by vege tables (mid June-September ending) 
IRM : " " " " " " " by ma i ze (mid July - mid November) 

LAND/ OPTIMAL D E G R E E 0 F L I M 
SOIL CHARACTERISTICS CONDITIONS SLIGHT MODERATE 

AVAILABLE SOIL WATER 
DRY SEASON 

IRV (vegetables)00-40 cm > 550 mm > 45 0 mm 

IRM (maize) 00-80 cm > 60 0 mm > 5 00 mm 

1) based on irish potat oes being the most wate r demanding vegetable erop 
systems without potatoes : 50 mm. less. 

--------

> 350 mm 

> 400 mm 

I T AT I 0 N 
SEVERE 

L 350 mm 

L.. 400 mm 

1) 

U1 
OJ 



SPECIFICATIONS FOR THE PHYSICAL EVALUATION OF THE KALI KONTO WATERSHED LANDS ================================================================ 
SYMBOL LUT's : IVV 

IVM 
IVV without maize as a sole erop; some maize may be grown mixed with vegetables(from July-November) 
IVM : with maize (mid January - early May) 

Assumption : Evaluation based on the assumption that suffic i ent irrigation water is available (not limited) 

LAND/ 
SOIL CHARACTERISTICS 

ALTITUDE 
(temperature, sunshine) 

TOPOGRAPHY 
- macrorelief 
- microrelief 

SOIL PHYSICAL PROPERTIES 
- texture of topsoil 

- boulders/stones 
- effective soil depth 

till skeletal subsoil 

SOIL FERTILITY PROPERTIES 
- pH topsoil (pH H20) 
- character epipedon 

SOIL DRAINAGE 
- natural drainage class 

- permeability subsoil 

- flooding (flashfloods) 
and panding 

AVAILABLE SOIL WATER 
DRY SEASON 1 ) 
- avail. water (mm) 

00- 40 cm 

OPTIMAL 
CONDITIONS 

;:> 1000 m 

1-5 % 
> 1 0 m ter races 
max.cut/fill=25 cm 

loam,clay loam 
sa . clay loam, 
si . clay loam 

none 
> 50 cm (IVV) 
> 60 cm (IVM) 

> 6.0 
mollic/umbric 

mod. well 

rood.slow/ 
moderate 

none 

> 550 mm 

D E G R E E 

SLIGHT 

800-1000 m 

5-12 % 
> 1 0 m. terraces 
max.cut/fi ll=5 0 cm 

clay,silty clay 
sandy clay , silt 
loam 
slight, moderate 

)30 cm (IVV) 
> 45 cm ( IVM) 

> 5.0 
umbric 

well/imperfect 

·slow 

none 

) 450 mm 

0 F L I M I T A T I 0 N 

MODERATE 

C:: 800 m 

12-20 % 
> 5 m terraces 

max.cut/fill=75 cm 

heavy clay,sandy 
loam 

very bouldery/stony 
< 30 cm ( IVV) 
< 45 cm ( IVM) 

< 5. 0 
ochric 

somewhat excess./ 
po or 

very slow/ mod. 
rapid 

occasional; light 
damage 

/ 350 mm 

SEVERE 

NA 

> 20 % 
(5 m terraces 

any other 

NA 

NA 

any other 

NA 
NA 

very paar/ 
excessive 
rapid 

any other 

< 350 mm 

LT1 
\.0 

1) based on irish potatoes, being the most water demanding vegetable erop 
~~~~~~~~~~--~~~~~-



SPECIFICATIONS FOR THE PHYSICAL EVALUATION OF THE KALI KONTO WATERSHED LANDS SYMBOL LUT ' s: TMM 
TMV 
TVM 

================================================================ 

TMM 
. TVM' 

maize-based cropping systems (maize o r beans (Nov-Feb) ; ma i ze or beans (early March-July) TMT 
maize-vegetable systems (maize or bean s (Nov-Feb) ; veg~tables (Feb-June) 

TMV vegetable-maiie systems (vegetables (Oct-Feb); mai z e or s weet potat oes (March-Aug) 

Assumptions : - All crops are grown on terraced l and, 
(common practice) 

- Manure is used 
- Altitude will not be considere d as all t h r ee subs y stems are suitable for the range 

600-1300 m as found i n the area. Howe ver , individua l vegetable crops are selected 
accordi ng to t heir tem~erature requirements ( e .g . r ed onions below 8-900 meters). 

LAND/ 
SOIL CHARACTERISTICS 

TOPOGRAPHY 
- slopes < 250 meter 
- slopes > 250 meter 

SOIL PHYSICAL PROPERTI ES 
- texture of topsoil 

- effective soil depth 
till stony or scori a 
layer 

- stoniness ( incl.boul der) 

SOIL FERTILITY PROPERTIES 
- pH topsoil 
- character epipedon 

SOIL DRAINAGE 
- natural drainage classll 

OPTIMAL 
CONDITIONS 

0-5 % 
0-3 % 

clay loam 

) 10 0 cm 

none 

) 6.0 
mollic/umbric 

mod , well 

D E G R E E 
SLIGHT 

5-8 % 
3-5 % 

loam , c l a y ,sa . 
clay loam 

60- 100 cm 

< 15 % ( volume) 

) 5 . 0 
umbric 

well 

0 F L I M I T A î I 0 N 
MODERATE 

8-15 % 
5-12 % 

heavy clay ,sa.loam 

40-60 cm 

15-40 % (vol) 

< 5.0 
ochric 

somewhat excess. 

SEVERE 

> 15 % 
> 12 % 

NA 

< 40 cm 

over 40 % (vol) 

NA 
NA 

excessive 

1 J al ternati ve drainage ( padisols) is not considered ; the e val uation of padisols will be based on 
the drainage class which wi ll result after us ing the l and for the rainfed cropping s y stems ("restored 
natural drainage class") 

O'I 
0 
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FOR RAINFED ANNUAL FOOD AND VEGETABLE CROPPING SYSTEMS ( CONT'D) ===================================================== 

LAND / OPTIMAL D E G R E E 0 F L I 
SOIL CHARACTERISTICS CONDITIONS SLIGHT MODERATE 

AVAILABLE SOIL WATER 
DURING DRY SEASON 

.TMM:maize 
period:March-July > 600 mm > 500 mm > 400 mm 

TVM:vegetabl es 1 ) 
period:Febr-June ) 500 mm > 400 mm > 300 mm 

TMV:maize/sweet potatoes 
period:April-August ::> 550 mm )> 450 mm > 35 0 mm 

1 ) excl. maize as relay erop; incl. mai ze : add. 
1 
100 mm 

' 
SPECIFICATIONS WHEN ALL CROPS ARE CULTIVATED WITH IMPROVED SOIL MANAGEMENT 
(SPECIFICALLY : WITH WELL CONSTRUCTED TERRACES) 

TOPOGRAPHY 
- slopes < 250 m 0-5 % 5- 12 % 12-20 % 
- slopes > 250 m 0-5 % 5-8 % 8- 15 % 

ADDITIONAL SPECIFICATIONS FOR MAIZE-TOBACCO SYSTEM (TMT) 

TMT : maize-tobacco (maize (Nov-Feb); tobacco (March-July) 

ALTITUDE <700 m <850 m > 850 

Available water 
during growing season >600 >500 < 400 

m 

M I T A T I 0 N 
SEVERE 

~ 400 mm 

< 300 mm 

/ 350 mm -.. 

> 20 % 
) 15 % 

< 400 



Table ·v11.s. 

gE~!~!~~!~~g=~~=~=E~g!~=~~~~!~~=~~=~=~!=~~~=~~~=~g 

~~=~~=~~=~~g (KEBUN) 

Assurnptions: - land _over 5% slope is terraced 
SYMBOL LUT 

- altitude is not considered ; individual crops will be selected acc. to 
their temperature requirements ; shade trees acc . to altitude (cloudiness) 

K 

LAND/ OPTIMAL 
CONDITIONS 

D E G R E E 
SLIGHT 

0 F L I M I T A T I 0 N 
SOIL CHARACTERISTICS 

TOPOGRAPHY 

- slopes < 250 m 
- slopes ;;> 250 m 

SOIL PHYSICAL PROPERTIES 

- effect.soil depth 
till scoria/pumice 

- stoniness/boulders 

SOIL FERTILITY 

- character topsoil 
- pH at 50 cm 

SOIL DRAINAGE 

- nat.drainage class 

0-8 % 
0-5 % 

>125 cm 

none 

mollic/urnbric 
>6.0 

well 

8 - 20 % 
5 - 12 % 

>100 cm 

<25 %(vol) 

urnbric 
>5.0 

mod. well 

MODERATE 

20 - 30 % 
12 - 20 % 

>50 cm 

25 - 60 % 

ochric 
<5.0 

somewh .excess . 

SEVERE 

.::::.30 % 

>20 % 

<50 cm 

>60 % 

N.A. 
N.A. 

poor/excess 

°' N 
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Table VII. 6. 

SPECIFICATIONS FOR THE PHYSICAL EVALUATION OF THE KALI KONTO WATERSHED ====================================================================== 
FOR FOREST AND AGROFORESTRY LAND UTILIZATION TYPES 1) 
=======================================~========== 

SYMBOL LUT's 

f P 
FF = 

Plantation forest 
Fuelwood plantations 

AFA 
AFP = 

Agroforestry , incl. annual crops and fodder 
Agroforestry , incl. perennial crops (coffee) 

LAND/ OPTIMAL DE G 
SOIL CHARACTERISTICS CONDITIONS SLIGHT 

TOPOGRAPHY (terraced land) 

convex slo:ees 
Plantation forest FP <20 % <45 % 
Fuelwood plantations FF <20 % <3D % 
Agroforestry AFA <15 % <20 % 
Agroforestry AFP <2ci % <30 % 

strai9ht or concave slo:ees 
Plantation forest FP <20 % <30 % 
Fuelwood plantations FF <20 % <30 % 
Agroforestry AFA <15 % <20 % 
Agroforestry AFP <20 % <30 % 

SOIL FERTILITY 

character epipedon AFA mollie umbric 
AFP mollie umbric 

EFFECT SOIL DEPTH 

(till pumice layers) AFA ::::::: 75 cm > 50 cm 
AFP ~125 cm >100 cm 

1) Data partly provided by RIN/PKK 

REE 0 p · L I M I T A T 
MODERATE 

<;(75 % 
"(50 % 

"30 % 
<45 % 

<50 % 
<40 % 
<25 % 
'C45 % 

ochric 
ochric 

.:>30 cm 
>50 cm 

FP 
FF 

AFA 
AFP 

I 0 N 
SEVERE 

'>75 % 
>50 % 
>30 % 
'.:> 45 % 

.:::: 50 % 
'.::::> 40 % 
:::::.. 25 % 
:::::> 45 % 

N.A. 
N.A. 

<30 cm 
<50 cm 

O'I 
w 
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VII.5. THE SUITABILITY ASSESSMENT 

Once the land units have been mapped and the basic resource data 

collected for each unit, the land utilization types have been selec­

ted, their ecological requirements determined and the class limits 

for these requirements been set, the stage of actual land suitability 

assessment has arrived. 

Ecological suitability assessment is made by comparison of the 

(ecological) requirements of each land utilization type with the 

(ecological) conditions of each land unit . "Matching" is a popular 

expression of this exercise. 

In the tables of the previous paragraph ( tables VII. 1 6) the 

specifications for the evaluation of the lands for the selected 

land utilization types are indicated. The requirements are e xpressed 

in terms of individual land characteristics, such as soil texture, 

soil pH, relief (slope angle), altitude, etc. These single attributes 

can be rneasured and expressed quantitatively. The problem is, however, 

that the individual land characteristics do not act alone, as their 

interaction is equally important. A second difficulty is that the 

"weight" or importance of the indi vidual lirni ting factors rnay vary. 

For these reasons, the FAO frarnework for land evaluation (FAO, 

1976) proposed the concept of "land quali ty". A land quali ty is 

a complex attribute of land which acts in a distinct rnanner in 

i ts influence on the sui tabili ty of land for a specific kind of 

use (FAO, 1976). For exarnple, erosion hazard is a land quality 

resulting from the interaction of many single land characteristics 

such as slope angle, slope length, soil texture, structure, struc­

tural stability, infiltration capacity and rainfall erosivity. 

Whereas the single land characteristics can be measured and expressed 

quanti tati vely, the land quali ty "eros ion hazard" cannot. 
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Fortunately, some land gualities can be expressed properly by one 

single land characteristic. Altitude in meters above sealevel, 

for example, is a fairly good single parameter to express the land 

gualities of solar radiation and temperature regimes, at l east 

in the poject area. 

Land suitability assessment based on single land 

thus has the advantage of being more guanti tati ve, 

is that account should be taken of the various 

characteristics 

but a handicap 

interactions of 

the single characteristics. This reguires a good "feeling" of the 

type of interactions, and how these influence erop performance. 

On the other hand, land suitability assessment based on land guali­

ties avoids the problem of the need to consider interactions (though 

true only toa certain extent) , but many land gualities are difficult 

to measure guantitatively. 

The procedure followed in the study of the Kali Konto watershed 

actually is a · combination of the two approaches. Where land gualities 

could be indicated using one single land characteristic or otherwise 

be expressed guantitatively this has been done so. Examples are 

altitude (already mentioned), available water expressed in mm., 

water available during the growing period of the erop, nutrient 

availability expressed in the single parameter of the character 

of the epipedon (mollie, umbric or ochric horizons) and the ability 

of the soil to regenerate after wetland rice cultivation (expressed 

as TAP, turn around period). 

In other cases however:, single parameters have been used such as 

slope gradient, permeability, natural drainage class, soil pH, 

etc. 

Same "try outs" carried out by the survey team indicated that for 

a relatively small area as that of the Kali Konto Watershed, the 

approach, together with a reasonable good " feeling" of the weight 

of the indi vidual factors and their interactions, provided a good 

basis for assessing land suitability. 
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•rhe result of the assessment as carried out by the survey team 

is presented in tables VII.7 and 8. 

Most land units have not been assessed for all land utilization 

types, as certain land uses are not relevant for certain areas. 

In that case the symbol NR, not relevant applies. For example, 

the irrigated agricultural lands have not been assessed for agro­

forestry systems, as these lands will not be used that way; at 

least not in the present socio-economie context. Also the areas 

which at present are under a ( natural) forest vegetation are not 

assessed for agricultural land utilization types as these areas 

should remain under forest ( a preliminary assumption). From this 

i t will be clear that "not relevant" not necessari l y means "ecolo­

gically not sui table". 

Finally, it should be mentioned that the lack of sufficient quanti­

tative hydrological data is a handicap for the proper assessment 

of land suitability for irrigated land utilization types. It has 

been assumed that those areas which are irrigated at 

in the future will have sufficient irrigation water, 

some areas this may not be the case. 

present also 

although in 

For the tegallan lands,however, the problem is more serious. Although 

the tegallan lands and also those areas which only ocassionally 

are or can be irrigated, are evaluated for irrigated land utilization 

types, the assessment had necessarily to be based on the assumption 

that suff icient irrigation water is available or can be made avail­

able. In these cases the e valuation had thus the character of a po­

tential suitability assessment. 
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Table VII. 7 

~=~~~!~~~~~=~~~~!~~~ 

LAND UTILIZATION TYPES 
SOIL UNITS IRR IRV IRM IW 1 IVM TMM TMV TVM TMT K FP FF AFA AFP 

Au/KC S3.cs S2.cs S2.cs S1 I, S1 S2. s Sl Sl S2 .cs S2.d NR NR NR NR 

Ac/TC N2. c N2.c N2.c N1 / S2.s N1 / S2.s Sl Sl Sl S2.c S2. f Sl S1 S1 S1 

Ac/PC Sl S1 Sl S2.c S2.c S2. d S2.c S2 . c S3 . d S2 .d NR NR NR NR 

Al/SA N2.c N2.c N2.c N2.s* N2.s* N2.s* N2.s* N2.s * N2 .s S3.sf S2.s S2.s S3.s S3.sf 

Al/Ks S2.st S2.st S2.st S2.s S2.s S2.s S2.s S2 .s S2.cs S2. s NR NR NR NR 

Pu/ L N2.c N2.c N2.c N1 / S2 . s IN1 / S2.s S2.s S2.s S2. s S2.c Sl S1 S1 S1 S l 

Prn/P N2.c N1/S2.c IN 1/ S2.c N1/S1 N1/S1 S1 
1 

S1 S1 S2.c S1 NR NR 

1 

NR NR 

Prn/T N2.c S2.c S2.c S1 S1 S2. d S1 Sl S3.cs S3.cs NR NR NR NR 

Prn/T.e N2.c S2.ce S2.ce S2. e S2.e S2.eà S2.e S2.e S3 .cs S3.cs NR NR NR NR 

Pl/G Nl / S3.s N1/S3.s Nl / S3.s Nl/S3.s Nl / S3.s S3 .s S3.s S3.s Sl Sl Sl Sl Sl Sl 

Pl/NA Nl / S2.t Nl/Sl Nl/Sl Nl / S2.c Nl / S2.c Sl Sl S2 .c Sl Sl Sl Sl Sl Sl 

Pl/S Sl Sl Sl S2.c S2.c S1 S2 .c S2.c S3.sd S3. s d NR NR NR NR 

Pl/S.e S3.et S2.e S2.e S2.ec S2.ec S2.e S2.ce S2.ce S3.se S3. se NR NR NR NR 

Ps/BC N2.ts N2.ts N2. ts N2.ts N2.ts N2.te N2.te NJ .te N2 .te N1/S2e S2.t S3.te N2.te S2.te 

Pe/BR N2.ts N2.ts N2.ts N2.ts N2.ts N2.ts N2.t s N2.ts N2 .ts N2.ts• N2.ts• N2.ts N2.ts N2.ts 

Pd/Bl N2.ts N2.ts N2. ts N2.ts N2.ts N2.te N2.te N2 .te N2.te Nl/S2.e Sl S3.t N2.te S2.t 

Pv/ IC N2.ts N2.ts N2.ts N2.ts N2.ts N2.te N2.te N2.te N2.te Nl / S2 •. e S3 . t S3.te N2.te S2 . te 

NR Not Relevant 

small parts of the unit may be suitable 



Table VII.8 
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LAND UTILIZATION TYPES 
SOIL UNITS IRR IRV IRM IW IVM TMM TMV TVM 

He/B N2 .e IN1/S3 .e N1/S3. c N1/S I N1/S1 52 . e 52.e 52.e 

He/Bet N2.ee ~1/53 .e N1 /s3 .c Nl/52 .e. Nl/52.e 53.e 53.e 53. e 

He/Ct NR NR NR NR NR 53.e 53.e 53. e 

He/GA NR NR NR NR NR N2 . s N2.s N2 . s 

He/GC NR NR NR NR NR N2 . st N2.st N2 . st 

He/Kt Nl/52.t Nl/52 .t Nl/52.t Nl/52.e Nl/52.e 52.e 52.e 52 . e 

He/N N2.w N2.w N2.w N2 .w N2.w 53.e 53. e 53 . e 

He/St 52.et 52.e 52 . e 52 . ee 52.ee 52 .e 52.e 52.ee 

Hi/Bet N2.w N2 . w N2.w N2 . w N2 . w N2 .e N2.e N2.e 

Hi/KA N2.w N2.w N2.w N2.w N2 . w N2 . s e N2.se N2.se 

Hp/C N2.w N2.w N2.w N2 . w N2 . w 52 .e 52.e 52. e 

Hp/N N2.w N2.w N2.w N2 . w N2 . w 52 . e 52 .e 52 . e 

Hs/C NR NR NR NR NR NR NR NR 

Hs/Cet NR NR NR NR NR N2.et N2.et N2 . et 

Hs/C.t NR NR NR NR NR N2.te N2.te N2 . te 

Hs/J NR NR NR NR NR NR NR NR 

Hs/Jet , NR NR NR NR NR N2.et N2. et N2.et 

Hs /Jt NR NR NR NR NR N2.te N2 . te N2.te 

Hs/J5e Nl.te Nl .et .N1 .et N1 .et N1 . et Nl .et N1 . et N1 . et 

Hs/LU NR NR NR NR NR NR NR NR 

Hs/N NR NR NR NR NR NR NR NR 

Hs/Ne NR NR NR NR NR NR NR NR 

Hs/N.et NR NR NR NR NR N2.et N2.et N2.et 

Hs/NEt NR NR NR NR NR N2.et N2.et N2.et 

Hs/Nt NR NR NR NR NR N2.te N2.te N2.te 

Hs/55 NR NR NR NR NR N2 . e t N2 . et N2.et 

TMT K FP 

53.ee 52.e NR 

N2.ee 52 . e 51 

N2.ee 52.t 51 

53.s 53.s 51 

N2.st N2.st 52.s 

52.e 51 NR 

53.e 52.t 51 

53 .sd 52.sd NR 

N2.e 53.e 51.t 

N2.se N2.st 52.st 

53.ee 51 51 

53. e e 51 51 

NR NR 52 . t 

1 

N2.et N2.et 52.t 

N2.te 53.te 52.t 

NR NR 52 . t 

N2.et N2.et 52.t 

N2.te 53.te 52.t 

Nl .et 53.ts 52 .t 

NR N2.te 53.te 

NR NR 52.t 

NR NR 53 .te 

N2.et N2.et 52.t 

N2.et N2.et 53.et 

N2.te 53.te 52 .t 

N2.et N2.et N2 . e t 

FF AFA 

NR 51 

51 52.e 

51 51 

51 Nl.s 

52.s N2.s 

NR 51 

51 51 

NR NR 

52.t 52 .t 

52 .st N2 . st 

51 51 

51 5 1 

NR NR 

53.t N2.te 

52.t 53.t 

NR NR 

53.t N2 .te 

52.t 53.t 

52.t 53.t 

N2.te N2 .et 

NR NR 

NR NR 

53.t N2. te 

N2 . e t N2 .et 

52.t 53.t 

N2.et N2 .et 

AFP 

5 1 

5 1 

5 1 

53 .s 

N2.s 

51 

51 

NR 

52.t 

N2 .st 

51 

51 

NR 

53.t 

52.t 

NR 

53 .t 

52.t 

52.t 

N2.et 

NR 

NR 

53.t 

N2 .et 

52. t 

N2.et 

Cl\ 
00 
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VII.6. LAND SUITABILITY OF THE IRRIGATED VILLAGE LANDS 

All irrigated areas in the Upper Kali Konto Watershed are character­

ized by terraced land and soils which are strongly modif ied by 

puddling and other practices of wet-tillage, resulting in the forma­

tion of soils with a typical "padisol" or "anthraquic" character 

(Section IV) . 

Most of the irrigated lands are under cultivation already for very 

long periods and generati0ns of farmers have, through trial and error, 

developed cropping systems most suitable to the ecological conditions 

of their lands. On the Ngantang plains most of the cropping systems 

are rice-based, but in the Pudjon area above 850 m. a.s.l., where 

rice is a less suitable erop, irrigated vegetable- based cropping 

systems are the rule. Land suitability in the irrigated areas is 

thus particularly a function of altitude (temperature, cloudiness 

and solar radiation levels) and the availability of irrigation 

water, much more than particular soil condi tions ( tables VII. 7. -

8). 

As indicated already, the availability of irrigation water has 

not played a role in the evaluation, as quantitative hydrological 

data were not available at the time of the assessment. It has been 

assumed that sufficient irrigation water is and remains avialble . 

As this availability in the future is by no means sure, the suit­

ability of the lands for dry-land land utilization types has been 

ass8ssed. 
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IRRIGATED LANDS - PUDJON AREA 

mapping units: 
Pm/T (741 ha); Pm/Te (315 ha); Au/KC (126 ha) 

present major land utilization types: 
vegetable based cropping systems IVM, IVV 

major limitations: 
Pm/T: some rill and gully erosion between fields 
Pm/Te: gully eros ion between f ields; collapse of ter races after 

heavy ~ains on slopes over 12% 
Au/KC: stones and boulders, on the land's surface 

required special management practices: 
general : improved water management (water economy) and spraying 

techniques (pe st and disease control); development 
of adapted varieties and optimum fertilization practices 

Pm/Te: 

Au/KC: 

(resea rch) . 
gully erosion control; devices to control excess runoff 
af ter heavy rains along roadbanks and in residential 
village areas. 
removal of stones and boulders; locally some streambank 
erosion control. 

relevant alternative land use systems: 
rainfed vegetable-based cropping systems, fodder crops (with/ 
without irrigation) are relevant and suitable alternatives. 
The lands are less suitable for rice-based cropping systems (tem­
perature) and are marg inally sui table for tree- and frui tcrops; 
agroforestry and fuelwood crops would underuse the land's potential . 
Au/KC: sui table for pekarangan systems and highly sui table for 
floriculture, ornamental plant nurseries and recreational facili ­
ties ( the main road Malang-Kediri crosses the unit). 

IRRIGATED LANDS - NGANTANG AREA 

mapping units: 
Pl/S (587 ha); Pl/Se (274 ha) ; Hc/St (176 ha); Hs/JSe (146 ha); 
Ac/PC ( 298 ha) 

present major land utilization types: 
wetland rice and rice-based cropping systems 
IRR, IRV, IRM 

major limitations: 
Pl/S and Ac/PC: -
Pl/Se; Hc/St; Hs/JSe: gully erosion between fields and collapse 

of terraces after heavy rains on slopes of approx.) 12%. 
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required special management practices: 
gener al: improved water management (water 

techniques; development of adapted 
fertilization practices (research). 

economy) and spraying 
varieties and optimum 

Ac/PC: locally some streambank erosion control 

Pl/Se and Hc/St: gully erosion control; devices to control excess 
runoff after heavy rains, particularly along roadbanks 
and in residential village areas 

Hs/JSe: unit is presently unsuitable (N1) for irrigated and 
non- irrigated cropping systems (toa steep), land use 
should be changed into mixed perennial erop gardens, 
other pekarangan systems or agroforestry systems; devel­
opment of proper land utilization types for these steep 
areas is essential (research). 

relevant alternative land use systems: 
except for unit Hs/JSe, rainfed foodcrop systems (TMM) are suitable 
alternatives; the lands are less suitable for vegetable- based 
cropping systems (climate), but suitable for foddercrops (grass, 
maize). The lands are less suitable for perennial tree and fruit­
crops, and agroforestry and fuelwood systems would underuse the 
land's potential. However, the latter systems offer good possibi ­
lities for the steep lands of unit Hs/JSe . 

VII.7 . LAND SUITABILITY OF THE DRY-LAND VILLAGE LANDS 

Large tracts of the agricultural village lands do not have a conti­

nuous or sufficient irrigation water supply and are not, or only 

occasionally irrigated. Also for these areas, farmers have developed 

many different cropping systems suitable to the ecological conditions 

of their lands. At the higher elevations (the area of Pud jon), most 

dry- land cropping systems are based on vegetables grown in the wet 

season and during the periods just before and just after the heavy 

rains. Maize and other palawija crops are cultivated in the dry 

season (see also chapter I.4). 

At the lower elevations (the area of Ngantang) mixed perennial erop 

and coffee gardens are typical (chapter I.4). Maize is the dominant 
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annual rainfed erop, of ten intercropped wi th cassava. A particular 

cropping system is found on the lower slopes of the Kelud: a tobacco­

maize rotation with perennial tree crops on the field borders (TMT). 

Lack of irrigation water is the main limiting factor for the tegallans, 

as farmers would convert many t -egallans into irrigated land .if suffi -

cient water .'becomes available. 

Although some tegallans can never be irrigated, due to their topo­

graphic position, for many other tegallans the situation is different. 

A better use of the available water resources , improved wate r manage ­

ment as well as a good watershed management plan could r esult in 

a situati on that some t egallanscan indeed be converted into irrigat ed 

land. 

In the present situation, most tegallans are thus unsuitable for irri ­

gated land utili zat ion types (class N1 , presently unsui table) and 

some permanently unsuitable (N2). However, this may change in the 

future and i t is therefore that the tegal lan land mapping 

units which are presently unsui table (N1)" have also be evaluated 

for the irrigated land utilization types, assuming that in the future 

irrigation water may become available ( tables VII. 7 - 8). As water 

resource data are still extremely scarce, it is at this stage impos­

sible to say which areas may be converted in irrigated land . The 

assessment bears thus the character of a potential suitability. 

TEGALLANS OF THE INTERVOLCANIC PLAINS 

mapping units: 
Pu/L ( 387 ha) and 
Pl/ NA (1.219 ha) and 

Pm/P 
Pl/G 

(659 
(497 

present major land utilization types : 

ha) 
ha) 

on 
on 

Pu/L and Pm/P: vegetable based cropping 
Pl/Na: mixed perennial and coffee gardens 

cropping systems (K, TMM) 

the Pudjon 
the Ngantang 

systems (TVM, 
and f oodcrop 

plain 
plain 

TMV) 
based 
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Pl/G: maize-tobacco r otation and mixed coffee gardens (TMT, K). 

major limitations: 
Pu/L and Pm/P: some slight rill erosion; low waterholding capacity 

(Pu/L) 
Pl/NA: locally some slight rill erosion 
Pl/G: low waterholding capacity 

required special management practices: 
general: proper terracing (bench terraces ) ; tillage practices 

to prevent and break traffic pans; selection of adapted 
varieties and development of optimum fertilizer recommend­
ations ( research ) 

Pu/L: selection of low water demanding dry season crops 
Pl/G: adapted rotations and selection of varieties to meet the 

particular soil conditions (research). 

relevant alternative land use systems : 
gener al: provided irrigation water is available, irrigated land 

use systems are recommended, particularly on Pl/NA and 
Pm/P; less so for Pu/L and Pl/G (higher infiltration 
rates). ~he lands are also very suitable for fodder crops 
(grass and maize). Units Pu/L and Pm/P are less suitable 
for perennial fruit- and tree crops ( climate) ; also Pl/G 
is less sui table for perennials ( too much damage in case 
of Kelud eruptions). 
All lands are suitable for agroforestry and fuelwood, 
but the systems would probably underuse the land's poten­
tials. 

TEGALLANS OF THE FOOTHILLS AND BILLSLOPES 

mapping units: 
Hc/B (233 ha); He/Bet (118 ha); Hi/Bet (43 ha) (Sebaluh series 

in the Pudjon area; total ·394 ha) 
Hc/Kt (Kaumredjo series in the Ngantang area: total 1.149 ha) 
very small parts of units Hp/C and Hp/N (Pudjon area only) 

present major land utilization types: 
Hc/B; He/Bet; Hi/Bet: vegetable and foodcrop based systems ( TVM 

and TMV) 
Hc/Kt: mixed perennial and coffee gardens and foodcrop based 

cropping systems (K, TMM) 

major limitations: 
susceptibility to rill and gully erosion, particularly in units · 
He/Bet, Hi/Bet and Hc/kt. 
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required special management practices: 
general: very careful soil and erop management practices; proper 

constructed and maintained bench terraces are essential; 
tillage practices to break traffic pans; selection of 
adapted varieties and development of optimum fertilizer 
recommendations (research) 

Hc/B, He/Bet and Hi/Bet: development of more suitable cropping 
systems based on perennial crops (research); particularly 
unit Hi/Bet should no langer be used for dry land annual 
cropping systems (erosion) 

relevant alternative land use systems: 
general: the suitability for irrigated land use systems, provided 

suff icient irrigation water can be made available, is 
good for land with slope gradients up to 8%; suitability 
on steeper land is limi ted ( collapse of ter races, gully 
erosion and size of the individual fields becomes limited) . 
Units Hp/C and Hp/N are permanently unsui table for irri­
gated land use hill plateaux. 
Lands with slopes up to 15% are also suitable for fodder 
crops (grass in particular), but proper soil conservation 
practices remain important. 
Lands are sui table for agroforestry, bamboe and fuelwood 
plantations, particularly on slopes over 12%, where alter­
native land use systems are limited or impossible. 

TEGALLANS OF THE SMALL ALLUVIAL AND LAHAR VALLEYS 

mapping units: 
parts of units Ac/TC; Al/SA and Al/Ks; total area approx. 300 
ha; other parts are within the forest boundary 

present major land utilization types: 
rainfed foodcrop or vegetable-based cropping 
and TVM); locally some agroforestry (AFA) 
erop or coffee gardens (K) 

major limitations: 
variability in the 
holding capacities 
and/or colluviation 

soil conditions, stoniness 
(locally); some risk of 

from adjacent slopes 

required special management practices: 

systems 
or mixed 

(TMM, TMV 

perennial 

(Al/SA), low water­
flooding (locally) 

very dependent on local soil conditions (site specific); where 
soil conditions are good no special management required; where 
soil conditions are limiting adapted land use should be considered 
(e.g. agroforestry, forestry, etc.). 
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In many locations proper soil 
such as streambank conservation, 

and water 
silttraps, 

relevant alternative land use systems: 

management practices 
etc. are recommended. 

in (small) areas with good soil conditions (Al/TC), irrigated 
land use systems could be considered, as well as the development 
of perennial erop gardens; areas wi th droughty and stony soil 
conditions (Al /SA) could be used for agroforestry systems and 
fuelwood plantations; bamboo is locally a very suitable erop. 

VII . 8 . LAND SUITABILITY OF THE FOREST LANDS 

As indicated already earlier in this report, the forest lands can 

be subdivided into the following areas: 

the forest lands of the very steep eros ion valleys, si tuated 

close or within the village lands 

the forest lands of the hillslopes with scrub vegetation 

the forest lands of the hill and mountain slopes with a forest 

vegetation. 

THE FOREST LANDS OF THE EROSION VALLEYS 

These lands concern the steep and very steep plateau and valley 

sides of many of the tributaries of the Kali Konto river system, 

which deeply cut into the intervolcanic plains. Particularly in 

the Pudjon area, the units cover extensive surfaces and through 

active gully systems
1 

erosion is still advancing. The lands are 

the result of natural erosion , aggravated by man (erosion units 

NS). See also chapter II.4. units Ps and Pd (p.56). 
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The suitability of these lands for agricultural production is very 

limited. In addition to the steep relief, the soils are eroded, 

have shallow topsoils and are aften droughty (Bendosari complex, 

p.88). Moreover, the establishment of a forest vegetation aften 

failed, due to conflicting interests between the forester wanting 

to establish plantation forests and the local population looking 

for fuelwood not far from their homes. As a re sult, many of these 

lands are only covered by an unproductive kirinyu vegetation, although 

this vegetation appears to be effective as a means of soil conserva­

tion (dense root systems). 

The suitability of the land for various land use systems are indicated 

in table VII. 7 (units Ps, Pd, Pe, and Pv), and is summarized below: 

mapping units: 
Ps/BC (211 ha); Pe/BR (43 ha); Pd/BL (651 ha) and Pv/IC (333 
ha). Total area : 1.238 ha approx. 

present land utilization: 
most lands are under kirinyu vegetation 

major limitations: 
excessive relief (25-75 %), erosion hazard, shallow topsoils re­
sulting in soils which dry out quickly 

relevant land utilization alternatives: 
situated not far from the villages, the lands offer good possibi­
lities for some well managed agroforestry systems based on peren­
nial crops, or based on perennial crops in combination with fodder­
crops (grass); agroforestry systems including annual foodcrops 
are not suitable. Also certain fuelwood species offer good possi­
bilities, particularly species which rapidly develop a dense 
root system and prevent erosion. An extremely careful soil manage­
ment, including well constructed bench ter races, are essential, 
particularly during the establishment period of the crops. 
The lands also offer possibilities for pekarangan systems but 
these need to be developed and adapted to local conditions first 
(research); arabica coffee could be a promising perennial for 
such systems. 
The lands _are permanently unsui table for irrigated land utili­
zation types (toa steep, high infiltration rates), even if irriga­
tion water is available . An exception are those areas with slopes 
less than 30 - 40%. 
L~nd unit BR should be kept permanently under natural vegetation; 
the unit is characterized by an attractive scenery of waterfalls 
and the lands of the valley below (Au/KC) could be developed 



- 177 -

as recreational areas . 
Land unit ?d/BL is situated fartheraway from residential vil -
lage lands and plantation forests have a better chance. 

THE FOREST LANDS OF THE HILLSLOPES WITH SCRUB VEGETATION 

The scrub areas of the hillslopes actually form an intermediate 

belt between the agricultural lands of the intervolcanic plains 

and foothills and the forest areas of the highest mountainous com­

plexes ( see also fig. I. 2). The scrub belt covers a total area of 

approximately 6250 ha. Many of the lands are somewhat terraced and 

many are slightly or moderately eroded. Severe erosion in this belt 

is rare. The soil condi tions vary, but nearly all soils are loamy, 

young volcanic ash soils (see chapter II . 5, p.61). An exception 

are the soils of the Gunung Kelud which are formed in alternat i ng 

layers of volcanic ash and pumice gravels . 

The purpose of land evaluation of these areas is to assess the e colo­

gical suitability of the various land units for alternative land 

use systems, which may replace the present unproductive kirinyu 

vegetation, without disturbing the ecological balance. Particularly 

agroforestry systems have been considered but also dryland agricul­

tural land utilization types. Irrigated land utilization types are 

not considered, as it is felt that even if irrigation water is avail­

able, this could better be used to irrigate the tegallan lands of 

the village areas. Moreover, irrigation of the Andosols would require 

high amounts of water as the infiltration capacity of the soil s 

is very high, particularly during the first years of irrigation. 

mapping units : 

most units: 
Hc/Ct 72 ha Hs/Jt : 149 ha 
Hs/Cet 362 ha Hs/ Net: 1 . 286 ha 
Hs/Ct 66 ha Hs/NEt: 72 ha 
Hs/Jet ï89 ha Hs/Net: 4.056 ha 



and parts 
He/GA 
Hc/GC 
Hs/LU 

of units: 
161 ha 
353 ha 
255 ha 

major limitations: 

Hp/N 
Hp/C 
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304 ha 
291 ha 

excess relief, more than erosion hazard; low levels of incoming 
solar radiation (cloudiness, mist) 

relevant land utilization alternatives: 
The poss ibilities for annual food or vegetable-based cropping 
systems are very limited. Only the small hill plateaux and crests 
(Hp/C and Hp/N) are suitable for these land utilization types, 
but many of t hese units are found far away and cover small are as 
wh ich does not justi f i es t heir use . Also the c o l luvia l f oot slope s, 
just within the f orest bounda r y are (mar g i na lly ) s uita ble , but 
these areas c over very limite d sur fac e s (unit Hc/Ct : 72 ha). 
The s lop ing parts o f unit GA on t he Kel ud , also just within the 
f orest boundary and wi t h s lope gradients not e xceeding 15 % offe r 
very mar gi nal possibilities f or tobacco-maize based cropping 
system TMT. 
The uneroded hillslopes wi th slope gradients not exceeding 40-
45% (parts of units Hs/Ct, Hs/ Jt and Hs/Nt) are marginally suita­
ble for perennial mixed cropping systems , fo r example based on 
arabica coffee, but research will be necessary to establish the 
most sui table system and the necessary erop and soil management 
practices . 
Betters suited land use alternatives are plantation forests, fuel ­
wood plantations and some agroforestry s y stems based on perennial 
crops . The non- eroded lands wi th slope gradients not exceeding 
45% are generally suitable for these land use alternatives; the 
slightly-eroded lands marginally sui table . All areas wi th slope 
gradients ove r 45 % are generally unsuitable for agroforestry 
and fuelwood land use systems and are marginally suitable for 
plantation forest systems . For details see table VII . 8 . 

THE FOREST LANDS OF THE HILLY AND MOUNTAINOUS LANDFORMS WITH A 
(NATURAL) FOREST VEGETATION 

These areas have not been evaluated as the lands should remain 

under a forest cover. Same forests should remain strict protection 

forests, natural soil and water conservation forests, while other 

forests may offer possibili t i e s as a natural production f orest. 

However, these considerations are mainly the concern of the forest 

specialists . It is hoped that the data on landform, soil and erosion 
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conditions of these areas, as presented in t h i s report, will assist 

the foresters in his planning of the natural forests. 
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APPENDIX 

MORPHOLOGICAL DESCRIPTIONS AND ANALYTICAL DATA OF REPRESENTATIVE 

PROFILES. 

This annex 
laboratory 
The profiles 
files. 

concerns the morphological descriptions and tables o f 
data of pedons of the major soil units recognised. 

represent examples of representative and typifying pro-

1. SOIL DESCRIPTIONS 

The soils are described according to: 

a) Soil Survey Manual. US Department of Agr icul ture . Handbook 18 . 
1951 and 1962 supplement. 

b) Guidelines for Soil Description. FAO Land and Water Development 
Division, FAO Rome, 1967. 

c) The soil structure and macroporosity are described according to 
an adapted field method: G.W.van Barneveld, 1969. Description 
of soil structure and macroporosity in the field. Actas Sa Reunion 
Ciencia del Suelo , Santa Fé , Argentina. 

d) The Soil Survey Manual is presently under revision. The new Manual 
will include new designations for soil horizons and layers. The 
new designations have been added in brackets. 

2. SOIL CLASSIFICATION 

Toe S·:>ils are classified according to the three soil classification 
systems presently in use in Indonesia: the Indonesian soil classifica­
tion syste m (in development) , the FAO/UNESCO Legend o f the Soil Map 
of the World and in the US Soil Taxonomy. The following literature r e­
fers: 
a) Kunci P2netapan Jenis dan Macam Tanah. BPT-Bogor 1981. 

b) FAO/ UNESCO 1974. Soil Map of the world. Volume I. Legend 

c) Soil Taxonomy . A basic system of Soil Classification for Making 
and Interpreting Soil Surveys. Soil Conservation Service USDA 
Agric. Handbook 436. 1975 

The Indonesian and FAO/UNESCO legends are particularly designed for 
exploratory and broad reconnaissance soil maps. They lack sufficient 
detail for use in detailed soil surveys. In the Kali Konto survey 
new units and subunits were recognized and introduced. These new 
proposed taxa carry an asterix * 
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3. LABORATORY METHODS AND PROCEDURES 

The laboratory methods and procedures used are basically those in 
current use in international standard soil laboratories. 

The samples were analysed in the laboratories of the Soil Science 
Dep3.rtment of Unibraw in Malang. However, the analysis of the soil 
extracts for the determination of Ca, Mg, K and Na of profiles KK1 
- KK15 were carried out on the Atomie Absorption Spectrophotometer 
of the Sugar Research Institute at Pasuruan. 

Collected samples were air-dried, crushed in a 
through a 2 m~ sieve. Determinations were performed 
fraction ( < 2 mm) and results are reported 

mortar and passed 
on the fine earth 

on that basis. 

~) Particle size analysis : USDA standard sieves (to de termine the 
sand fractions) and the pipette method(determinatión of . clay and silt 
fractions) after destruction of the organic matter ( H 

2 
o

2 
) and using 

sodium hexametaphosphate as dispersing agent . Andosols and othe r 
soils developed in volcanic ash generally do not disperse well and 
in that case particle size analysis is a meaningless exercise. For 
this particular group of soils the field estimates on handfeeling 
are more precise and reliable . 

È_) Organic Carbon : Walkley and Black , wet acid-dichromate digestion 
and Feso

4 
titration . 

.:::J Total Ni trogen: Se:ni-micro Kjeldahl digestion followed by ammonium 
destillation and titration with sulphuric acid . 

~)pH (H
2

o and KCl): Potentiometrically using a combined glass-calomel 
electrode in a 1 : 1 ratio of soil and respecti vely H

2 
0 and M KCl. 

~) Exch~ngeable cations: Dis placement wi th 1 M NH
4 

OAc at pH 7, 0 and 
deterrnination of Ca, K and Na by flamephotornetry and Ca + Mg by EDTA 
titration (Mg as difference). 

_!_) Exch3.ngeable acidity: Extraction of Al and H with unbuffered M KCl, 
followed by NaOH titration. Exchangeable Al by backtitration with 
H21 after the addition of NaF. 

,9_) Extractable acidity: Extraction of Al and H with Bac1
2

- TEA buffered 
at p!l 8. 2 and followed by ti tration wi th HCl to the same end point 
as that of a blank . 

.!!_) Cation Exchange Capacity (CEC): is the capacity of the soil to 
retain cations. These exchangeable cations are the most important 
source of immediately available cationic plant nutrients. The rnethod 
universally applied is the NH 40Ac method, whereby the soil's exchange 
complex is first saturated wi th NH 4 . This NH 4 is than displaced and 
deterrnined. The procedure is done at pH 7,0. For soils with a pH 
that differs fro:n 7, 0, this method is not realistic if the CEC is 
(very) dependent on the pH as is the case in allophanic Andosols. 
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As- the pH of the vol can ic ash soils ( Andosols) in the project area 
is around 5.5 (pH KCl), the CEC-NH40Ac values will thus be higher 
than the CEC in the natur al soil . The difference can be considerable. 
A more realistic CEC value is the "effective CEC", which is the sum 
of the exchangeable cations and the exchangeable acidity (Al and 
H) determined with unbuffered M. KCl (see above, method f). However , 
the value of this method in Andosols high in organic matter needs 
further study. 
A third comrnonly used CEC value is the "CEC sum of cations" method, 
i.e. the sum of the exchangeable cations and the extractable acidi ty 
(Al+H) at pH 8,2 (method g, see above) . It is clear that this me thod 
grossly overestimates the natural CEC of volcanic ash soils with 
a low pH . On the other hand, the overestimation of the CEC is also 
an indication of the degree of weathering of the volcanic ash and 
the % variable charge ( s ee be low) is proposed as a c ri ter ion f or 
t he def i nition and c l ass i f i cation of volcan ic a sh soils. The determi ­
nat i ons ment ione d under f , g a nd h were t herefore not carri ed out 
on a routi ne bas is . 

i.l._ Available Phosphorus: Kurz - Bray II: extraction with 0,1 M HCl 
and 0. 03 M NH

4 
F and the colorimetrie determination of the extracted 

P. 

j) Bulk density: determined on core samples collected at 1/ 3 bar 
moisture. 

~) Perm2ability: determined on presaturated core samples. 

_!) Water retention: for pF 0-2, 7 determined on care samples on s and 
and kaolin boxes and for pF 3, 7 and 4, 2 wi t h t he pres s ure plate on 
membrane press extractors . 

.!!:.) Consistency Values: (Atterbe rg liquid limit and plastic limit 
values) d e termined with the Casagrande apparatus . 

.!2_) Special analyses to characterize the character of the clay fraction 
of young vol can ic ash soils ( allophane and allophane- l i ke amorphous 
mate rials): 

% variable charge: % of the CEC which is pH dependen~ 

- pH NaF: pH determined in 1 : 50 soil : M NaF solution after 2 minutes 
- P-retention: As %- of P retained out of a 0, 1 % P solution after 

24 hours shaking (soil solution = 1:5) 
- total Silica and Aluminum: Al 0 is dissolved by HSO, s . g.1,47, 

and determined titrimetricafly~ subsequently Sio 2 i4s dissolved 
in Na CO and i ts concentration read c61orimetrica ly. 

2 3 

REFERENCES: 

1) Soil Survey Laboratory Methods and Procedures for Collecting Soil 
Samples. Soil Survey Inve stigations Re port no . 1 
Soil Conservation Service , USDA, Re vised Edition 1972. 
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2) FAO Soils Bulletin no. 10. Physical and Chemical Methods of Soil 
and water Analysis. FAO Rome 1970 . 

3) Embrapa. Manual de métodos de análisa de solo. Serviço National 
de Levantamento e Conservaçao de Solos. Rio de Janeiro, 1979. 
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ANNEX 

GUIDE FOR TEXTU RAL CLASSIFICATION 

May 1. 1950 

pe rcent sand 

SC11L STRUCTURË 

A2fJ 
Semlcrumb Gronulor Gronulor t SubonQulor blocky 

A7 A4c?0\P~ 
r.:>i~Cl5· ~ u·.::.~ . -·· ·" 

Sub onqulor blocky lrr. onQulor blocky ReQ . onQulor blocky Lom. blocky Wedgeshoped blocky 

PI P5 

lrr. sinQle prisms ReQ . sinQle prisms. lrr. compound prisms ReQ. compound prisms Semi columnor 

Columnor Ploty 



BENX6l\RI CXMPLEX: 

Pedon N:i. : KK 5 {predaninant soil) SYMOOL: OC 

Classification : LPI'-Bogor 
FJ>D 

Elltric Carnbisol 
Elltric Carnbisol 
Typic Ustrqiept 

Lo::ation 
Physiograi:hy 
Elevation 
Tqx:çrai:Oy 
Drainage 

Eros ion 
Landuse 

Soil Taxonany 
fine 103111Y, isothermic family 

450 m ™ of entrance village Bendosari 
steep plateau side slqie; p:isition midslope 
955 rreter 
steep, 20-45% (40% at pit) 
-11 to so:t'eNhat excessively drained; run-<iff rapid ; 
perrreability rroderately rapid 
m::derate (rill) 
wasteland; kirinyu vegetation {Ellpatorium and 
Lantana spp with grass undergrowth) 

Parent rraterial: colluvial material derived fran volcanic ash 
and tuff 

Describ=d by 

A1 {A1) 
00-04 cm 

B1 {BA) 
04-16 an 

B21 {B1w) 
16-42 an 

B22 (B2w) . 
42-90 an 

B23 {B3w) 
90-120 an 

IIB {2B) 
120 + 

M.Prabowo, L.Rayes and G.W •. van Barneveld 
25 September 1981 

d3.rk brown to brown { 1 OYR 4/3) =ist; loam on handfeeling; 
medium weak granular and subangular blocky structure; 
friable, slightly sticky and slightly plastic; very slight­
ly acid; many fine and medium roots; many fine and medium 
pores; clear and srrccth boundary 

brown { 10YR 5/3) m:iist; clay loam on handfeeling; medium 
~ granular and subangular blocky structure; friable , 
sticky and plastic; very slightly acid; carrron fine roots; 
carrron medium pores; clear and srrccth boundary 

brown { 10YR 5/3) l!Oist; clay loam on handfeeling; medium 
m:derate angular blocky structure; friable, sticky and 
plastic; very slightly acid; few fine roots; ccmron fine 
pores; gradual and srrccth boundary 

brown (10YR 5/3) =ist; clay on handfeeling; medium very 
~ prisms breaking in medium rroderate angÜlar blocky 
structure; friable, sticky and plastic; few fine tuff 
particles; very few thin cutans on ped faces; very few 
fine roots; carrron fine pores; gradual SllOOth boundary 

yellowish brown { 10YR 5/4) I10ist; clay on handfeeling ; 
medium rroderate angular blocky structure; friable, sticky 
and plastic; very slightly acid; very few fine roots ; 
camon fine and medium p:ires; clear and SllOOth boundary 

pale brown { 1 OYR 6/3) l!Oist; clay on handfeeling : wi th 
25% fine tuff particles; medium ~ angular blocky 
structure; very slightly acid; friable , sticky and plastic ; 
trace of very fine roots; a::mron fine and medium pores 

Horizon 
Depth {an) 

Texture 

organic C % 

total N % 

C/N 

pil {H20) 

pil {KCl) 

Bendosari c:arplex 

Ap B1 B21 B22 B23 
00-04 04-16 16-42 42-90 90-120 

Soil does not disperse -11 and particle 
size analysis was not Ill3de; see field 
estirrates 

2.24 

0.20 

11 

6.0 

5. 1 

1. 16 

0. 16 

7 

5.7 

5.3 

1. 11 

0. 13 

10 

6.0 

5.2 

0.62 

0.08 

8 

6.0 

4.9 

0.69 

0.07 

10 

6.3 

5.0 
========================================================= 
exch. ca m:q/1 00 grs 10.4 11.1 10.8 10.3 11.5 
exch. ~ 5. 1 4.8 5.8 5.0 5.8 
exch. Na 0.6 0.5 0.6 0.8 1.1 
exch. K 2.2 1.9 1.8 2.8 1 .8 

CEl: NH40Ac 25.2 23.4 20.2 21. 1 21.6 
Ba.se sat. 72.6 78.2 94.0 89.6 93.5 
Avail. p {Bray II) wn 28.8 28.8 29.3 27.3 19.6 

l:ulk density 1 .09 0.95 0.98 

perm=ability cm/hr 8.6 
water retention 

pF 0 68 . 4 83. 1 88.5 

pF 2 44.9 40.9 44.3 
pF 2,5 36. 1 34.7 41.5 
pF 4,2 31.3 31.2 35.2 
available water 0-100 an· : 52. 7 mn 

-...] 



CllWI KHX> SERIES 

Pedon No. : KK 11 SYMOOL: C 

Classification : LPT-Bogor 
FNJ 

Huni.c Andosol 
Humic llndosol 

I.ocation 
PhysiograEfly 

Elevation 
TopograEf\y 
Drainage 
Eros ion 
Vegetation 
Parent material: 
Described by 

Soil Taxonany Typic Dystrandept, 
nmial isothermic family 

footpath Bendcsari - t.cç G.Kawi at 1600 rreter 
steeply dissected upperslopes 
(position : Crest) 
1600 rreter 
crestslope 35%; valley side slopes 55-60% 
well drained; rapid run-off; very rapid pemeability 
rroderately ercded (sheet and rill) 
Casuarin;i forest wi th unilergrCMt:h of Ellpator ium 
volcanic ash over tuff 
M. Pral::ooio, L. Rayes and G.W.van Barneveld 
12 Cctober 1981 

Al (All black ( lOYR 2/0) rroist; loam to sandy loam on handfeeling 
00-20 an with sare fine ash and tuff gravels and nodules; nmium 

rroderate subangular blocky structure; friable , slightly 
plastic and slightly sticky; slightly acid; many roots; 
many fine and rrediux;i pores; clear, srrooth bcmxlary 

A3 (AB) very dark brown ( lOYR 2/2) rroist; loam on handfeeling 
20-37 an with few fine semi-cerrented ash nodules; rredium, rroderate 

to weak subangular blocky structure; very friable, slightly 
sticky, slightly plastic; slightly acid; many roots; 
many fine and nmiun pores; clear' wavy bcmxlary 

821 (81w) dark yellowish brown (lOYR 4/6) rroist; clay loam on hand-
37-75 an feeling with 5-10% fine ash nodules; nmium, weak angular 

blocky structure; very friable, slightly sticky, slightly 
plastic; slightly acid; many roots; many fine, few nmium 
pores; clear, srrooth bcmxlary 

822 (82w) dark yellowish brown ( lOYR 4/4) rroist; clay loam on hand-
75-119 an feeling; rredium, weak angular blocky structure; very 

friable, sticky and plastic; slightly acid; a:rnron fine 
roots; many fine and few nmium pores;clear srrooth bcmxlary 

II8 ( 2B<N) dark brown . to dark yellowish brown ( 1 OYR 4/3, 5) rroist; 
119-132 an clayey on handfeeling with 10% tuff gravels up to 2 an 

!Il; rredium, rroderate to weak angular blocky structure; 
friable, sticky and plastic; acid; very few fine roots; 
many fine and cx:mron rrediun pores; abrupt, srrooth bcmxlary 

IIC ( 2C) yellowish brown to brownish yellow ( 1 OYR 5/6 to 6/8) 
132-155-+on rroist; semi-weathered tuff with sandy clay loam texture 

on handfeeling; rrediun weak angular blocky structure; 
friable, sticky and plastic; acid; cx:mron fine pores 

Horizon 
Depth (an) 

Al 
00-20 

caban lbndo series 

A3 
20-37 

821 822 
37-75 75-119 

IIB 
119-132 

============================================================= 
Texture Soil does not disperse well and particle 

size arialysis was not made; see field 
estimates 

============================================================= 
organic C% 

total N % 

C/N 

pH (H20l 

pH (KCl) 

8.48 

0.60 

14 

5.8 

4.3 

6.17 

0.47 

13 

6.2 

4 .9 

2.66 2. 70 

0.21 0 . 19 

13 14 

5.9 5.8 

5.0 5. 1 

1.07 

0.05 

21 

5.4 

4. 1 
============================================================= 
exch. Ca ireq/100 grs 8.8 4. 1 3.8 5.4 4.6 

exch. ~ 1.9 0.9 1.0 2.0 1.4 

exch. Na 0.2 0.1 0.4 0.4 0.6 

exch. K 0.3 0.2 0.2 0.4 0.3 

exch. acidi ty (pH 7) 0.2 0.2 0.2 0.2 0.35 

extr. acidity (pH 8.2) 39.0 39.9 39.0 30.2 18 .6 
============================================================= 
CEX: (NH40Acl " 38.2 36 . 2 34.3 36.4 28.4 

CEX: effective" 11.4 5.5 5.6 8.4 7.2 

CEX: sum cations " 50.2 45.2 44.4 38.4 25.5 

Base sat. (NH4Ql\c) 29 . 3 14.6 15 .7 22.5 24.3 

Base sat. (eff ective) 98 96 96 98 96 

Base sat. ( sum cations l 22.3 11. 7 12.1 21.3 27.0 

Avail. P (Bray II) 49.4 40.9 20.6 20.6 17.4 

P-retention % 84 97 98 99 96 

pH (NaF) 10.9 10.9 11. 0 10.1 10.0 

Variable charge % 77.3 87.8 87.4 78. 1 71.8 

001.k density 0.83 0.47 

~ility 01\lhr 43,5 27,5 

water retention % 

pF 0 108.6 195. 1 

pF 2 69.4 142.1 

pF 2.5 59.7 94.2 

pF 4.2 39.5 6'.3.5 

CD 

:J::< z z 
~ :x: 



Q'.MOl; ASSX:IATICN 

Pedon No. : KK 25 

Classification : LPT-Bogor 

SYMOOL : GA 

Melanic-Vitric* Andosol 
Humic-Vitric* Andosol 
UTibric Vitrandept, 

Location 
Physiography 
Elevation 
~raphy 
Drainage 

FAO 
Soil Taxonany 

media! over cindery, ischyperhterrnic 
family 

2 km SW, Desa Ngantru 
colluvial foothills, G..l!lung Kelud 
800 rreter 
hilly 15-30% 

Eros ion 
Vegetation 
Parent rraterial: 

scxnewhat excessively drained 
·slight (rill) 
Mahoni plantation with grass undergrCMth 
volcanic ash and p.imice 

I:escribed by 

A11 (Al) 
00-17 an 

Al2 (A2) 
17-26 an 

C (C) 
26- 49 an 

IIA {2A) 
49-68 an 

L. Rayes, Sudarto , G.W.van Barneveld and G. 
5 March 1983 

Cosijn 

very dark brCJ;111 ( 10YR 2/2) rroist; sandy loam on handfeeling 
with 5% p.imice gravels ( 1-2 an flll ; rnediun to fine rroderate 
granular structure; friable, slightly sticky and slightly 
plastic; very slightly acid; many fine and medium roots; 
many fine, medium and coarse pores; clear sm:x:rt:h boundary 

dark brCJ;111 ( 7, 5 YR 3/2) rroist; sandy loam on handfeeling 
with 3% p.imice gravels up to 1 an fll ; medium, . rroderate 
granular and subangular blocky structure; friable, slightly 
sticky and slightly plastic; very slightly acid; many 
fine and medium roots; many fine, medium and coarse pores; 
abrupt wavy boundary 

yellowish brCJ;111 ( 1 OYR :?/8) rroist; coarse p.imice layer 
(5-6 an fll ) ; loose; friable, non sticky non plastic; very 
slightly acid; cx:rnron fine and medium roots; abrupt wavy 
boundary 

black ( 10YR 2/1) rroist; loam on handfeeling with 1% p.imice 
gravels 1 , 5 an; medium rroderate subangular and angular 
blocky structure; friable, non sticky, slightly plastic; 
very slightly acid; o:::rnrco fine roots; many fine, medium 
and coarse pores; gradual wavy boundary 

IIB21 (2B;.r): dark yellowish brCJ;111 ( lOYR 3/4) rroist; sandy loam on 
68-109 an handfeeling with very few p.imice gravels up to 1 an fl); 

medium rroderate angular blocky structure; friable, non 
sticky, slightly plastic; very slightly acid; few fine 
roots; cx:rnron fine, medium and coarse pores; clear srrooth 
boundary 

IIB22 (2B;.r): dark yellowish brCJ;111 (lOYR 3/4) rroist; coarse sandy loam 
109-127 an with 30-40% p.imice gravels up to 3 an fll; medium rroderate 

angular blocky structure; friable, non sticky, non plastic; 
very slightly acid; few fine roots; few fine, medium 
and coarse pores; abrupt sm:x:rt:h boundary 

ANALYTICAL DATA 

Horizon 
Depth (cm) 

Texture 

Organic c % 

Total N % 

C/N 

exch. Ca maq/100 grs 

exch. ~ 
exch. Na 

exch. K 

All 
00-17 

Gombong Association 

Al.2 
17-26 

IIA 
49-68 

IIB21 
68-109 

IIB22 
109-127 

Soil does not disperse well and particle size 
analysis was not made; see field estimates 

2.3 

0. 19 

12 

6.3 

4.9 

4.2 

1.8 

0.3 

0.4 

2.0 

0. 19 

11 

6.2 

5.0 

3.9 

1. 3 

0.3 

0.3 

2.6 

0. 18 

14 

6.2 

4.8 

6.4 

1. 7 

0.5 

1.0 

1.3 

0.13 

10 

6.3 

4.9 

6.5 

1. 7 

0.3 

0.8 

0.7 

0.07 

10 

6.4 

4.9 

7.4 

1.3 

0.4 

0.7 

CEX: NH4 ON:: " 13.7 16.0 17.7 17.6 16 .0 

Base sat. NH40Ac % 49 36 54 53 61 
================================================================ 
Avail. P ppn (Bray II ) 

Variable charge % 

001.k densi t y 

54 

10.7 

0,85 

36 

11.0 

9 

11.0 

0,85 

9 

11.1 

0,70 

19 

11.0 



QNN; l'lm\K smIES 

Pedon No. : KK 14 SYMOOL GB 

Classification : LPI'-Bo3or 
FNJ 

Humic Andosol 
Humic Andosol 

I.ocation 
Physiograi;hy 

Elevation 
~rai;hy 
Drainage 

Soil Taxonany Hydric Dystrandept , medial over 
thixotropie, isaresic family 

footpath Bendosari - top G.Kawi at 2450 rreter 
steeply dissected upper slopes 
(position: crest) 
2450 rreter 
crestslope 30%; valley side slopes 85-90% 

Eros ion 
Vegetation 
Parent m~terial: 

w~ll drained; rapid run-off; rapid p~ility 
slight 
Casuarina forest with grass undergrowth 
volcanic ash 

Describ=d by 

01 (Oi) 
-6-00 an 

All (Al) 
00-12 an 

A12 (A2) 
12-34 an 

A13 (A3) 
34-46 an 

A3 (AB) 
46-64 an 

M.Prabo;.o, L.Rayes and G.W.van Barneveld 
11 October 1981 

organic litter layer 

black ( lOYR 2/1) rroist; sandy loam on handfeeling with 
few · w~thered ash nodules 1-1,5 an !1l ; medium rroderate 
granular and surengular blocky structure; friable, non 
sticky and slightly plastic, slightly thixotropie; very 
slightly acid; rrany roots; rrany fine and rredium pores; 
clear, srrooth boondary 

black ( lOYR 2/1) rroist; loam on handfeeling with 5% 
weathered ash noules 1-1 , 5 an !1l ; medium, rroderate granular 
and subangular blocky structure; friable, non sticky 
and slightly plastic, slightly thixotropie; acid; rrany 
r=ts; rrany fine and medium pores; clear, srrooth boondary 

black ( lOYR 2/ 1) moist ; loam on handfeeling with few 
fine tuff particles ; rredium, rroderate granular and sub­
angular blcr...ky structure; friable, slightly sticky,slightly 
plastic, slightly thixotropie; acid; rrany fine roots ; 
rrany fine and rredium pores; clear and srrooth boondary 

black to very dark brown ( 1 OYR 2/ 1 , 5) moist; loam to 
clay-loam on handfeeling with few weathered ash nodules; 
medium m::rlerate angular blocky structure; friable, sticky 
an'.l. plastic, slightly thixotropie ; acid; ccmron fine 
roots; rrany fine and medium pores; clear and irregular 
boundary 

B2 (Bw) streng brown (7, SYR 4/6) moist; clay loam on handfeeling 
64-105 an with few ~thered ash nodules; medium weak angular blocky 

structure; friable, sticky and plastic, slightly thixo­
tropie; very slightly acid; few fine roots; rrany fine 
and medium pores; clear and srrooth boondary 

IIB (2 EM) dark yellowish brown ( lOYR 3/6) moist; clay on handfeeling 
105-108+ developed fran weathered andesite; friable, sticky and 

plastic , slightly thixotropie; acid; camon fine pores 

Horizon 
Depth (an) 

All 
00-12 

A123 
12-46 

-------------~ 

Qmung Butak series 

A3 
46-64 

B2 
64-105 

IIB 
105+ 

============================================================== 
Texture Soil does not disperse well and p3Iticle 

size analysis was not made; see f i eld 
estimates 

==========:=================================================== 
organic c % 6.71 8.48 7.02 2.35 1. 74 

total N % 0.58 0.68 0.59 o. 18 0. 14 

C/N 12 12 12 13 12 
============================================================== 
pH (Hpl 6.5 5.4 5.8 6.2 5.5 

pH (KCl) 4.6 4.6 4.9 5.5 4.5 
============================================================== 
exch . ca meq/100 grs 0.2 0.6 0.4 0.4 0.5 

exch . Mg 0.2 0.3 0.3 0.4 0.4 

exch. Na 0.4 0.5 0.4 0.2 0.4 

exch. K 0.3 0.3 0.2 0.2 0.2 

exch. acidity (pH 7) 0.5 0.7 0.3 0.25 0.3 

extr . acidity (pH 8.2) 29.6 39.6 35.6 32.0 29.6 
============================================================== 
ax:: NH40l\c pH 7 17 .9 27 .2 28.0 23.2 28.0 

ax:: effective " 1.6 2.4 1.6 1.4 1.8 

ax:: sum ·::>f cations 30.7 41.3 36.9 33.2 31. 1 

Base sat . NH40l\c % pH 7 6. 1 6.2 4.6 5.2 5.3 

Base sat. effective % 68.7 70.8 81.2 85.7 83.3 

Base sat. sum cations % 3.6 4. 1 3.5 3.6 4.8 
============================================================== 
Avail. P p;;m (Bray II) 33 . 5 28.8 24.2 24.2 21. 1 

P-retention % 52 82 86 92 99 

pH (NaF) 10.8 10 .6 10.8 10.4 9.9 

Variable charge % 94.8 94.2 95.7 95.8 94.2 
============================================================== 
bulk density 0.78 0.51 

liquid limit 66.3 162.4 

plastic limit 135.2 

plasticity index 27 . 2 

perrreability c:tT\l'hr 36 12,5 

water retention % 

pF 0 91.2 226.5 

pF 2 53. 1 148. ·1 

pF 2,5 40.3 115. 1 

pF 4,2 19.5 67.7 

---------- - - ----- ----

0 

>' z z 
t'1 
:><: 



GUNUNG KELUD COMPLEX 

Pedon No. : KK 33 SYMOOL : GK 

Classif ication : LPI'-Bogor 
Fl'D 

Mollic-Vitric• Andosol 
Mollic-Vitric* Andosol 
Mollie Vitrandept, 

I.ocation 
PhysiograEXiy 
Elevation 
Topa;raFby 
Drainage 

Soil Taxonany 
ashy over cindery, isotherrni.c 

5, 1 km SW of Desa N;jantru 
steep ll'OUlltain slopes of Gunung Kelud 
1090 rreter 
p:isition crest; 40-45 % slopes 
excessively drained, rro:ierate run-off; 
rapid penreability 

Eros ion 
Vegetation 
Parent material: 

m::xlerate rill erosion 
scrub vegetation (Eupatorium and lantana spp) 
volcanic ash an:i p.imice 

Descril:ed by 

Al (Al ) 
00-12 on 

N:. (N:.) 
12-19 çm 

IIAl (2Al) 
19-38 on 

IIJIC (2AC) 
38-48 an 

L. Rayes and G.W.van Barneveld 
21 May 1983 

black ( 1 OYR 2/0) rroist; 10311\ on handfeeling wi th very 
few p.imice gravels; rredium, rroderate granular and sub­
angular blCY"...ky structure; friable, non sticky, non plastic; 
very slightly acid; many fine and rredium roots; many 
fine, rredium and o:iarse pores; clear wavy bourrlary 

brCMn (10YR 5/3) moist; sandy loam on h:indfeeling with 
10% p.imice and andesitic gravels up to 2 on !11 ; m:dium, 
very weak angular blocky structure ;· friable, non sticky, 
non plastic; neut ral; =y fine and rredium roots; =y, 
fine, medium and coarse pores; clear, srro:n:h bourrlary 

very dark brCMn ( 10YR 2/2) moist; sandy 10311\ on hand.­
feeling wi th 20% p.imice and andesi tic gravels up to 5 
on !11; medium, nroerate subangular blocky structure;friable, 
non plastic, non sticky; neutral; m:my fine roots; many 
fine, m=dium an:i coarse pores; clear, =tb bourrlary 

brCMn (10YR 5/3) rroist; san:i with 70-80% p.imice gravel 
up to 5 an!11 ; medium, very weak angular blocky structure ; 
friable, non sticky, non plastic; neutral; few, fine 
roots; lll3!lY fine, m=dium and co3Ise pores; clear, sm:>Ot.h 
bourrlary 

IIIAl (3Al) very dark brCMn ( 10YR 2/2) moist; lo~ sarrl on hand.feeling 
48-59 c:n with 50% p.imice gravels up to 5 an !11; m:dium, very VP....ak 

subangular blocky structm:e; friable, non plastic, non 
sticky; neutral; few, fine roots; many fine, m:diu:n 3Il:i 
coarse pores; clear, srro:n:h bourrlary 

IIIC ( 3C) p.imice gravel layer, loose wi th i ndi vidual p;rnice gravels 
59-145 an + up to 5 an !11. 

Horizon 
Depth (on) 

Texture . 

organic C %% 

total N % 

C/N 

pH (Hpl 
pH (KCl) 

exch. Ca meq/100 grs 

exch. M3 
exch. Na 

exch. K 

extr. acidity (pH 8 .2) 

Al 
00-12 

Qmung Kelu:i a:nplex 

IIA1 
19-38 

IIJIC 
38-48 

IIIA1 
48-59 

the soil dcies not disperse well and 
particle size analysis was not made; 
see the field estimates 

7. 1 

1. 08 

7 

6.3 

5.8 

32. 1 

2.8 

0.4 

0.6 

17.3 

2.5 

0. 28 

9 

6. 5 

5.9 

15.9 

3.6 

0 .3 

1.0 

12.0 

1 .6 . 

0 . 30 

5 

6 . 5 

5.9 

10.2 

6.9 

0.2 

tr 

8.6 

2.4 

0.24 

10 

6.6 

5.8 

12 .8 

7.0 

0.2 

tr 

13.2 

COC NH4Cl!lc 64. 7 24 .5 26.8 25.0 

COC effective 73 .. 2 32.8 25. 9 33.2 

Base sat. NH40Ac % 56 85 65 80 
===================================================~========= 

Avail. P F-Çlll (Bray II) 

P - retention % 

pH (NaF) 

tu1k density 

74 

12 

9.0 

0.76 

63 

23 

10.5 

0.73 

54 

21 

10.4 

0. 77 

28 

73 

10.7 

0.79 



G.N.N; KEUD CXMPLElC 

Pedon No. : KK 35 SYMl30L : GK 

Classification : LPT-Bogor Melanic-Vitric * Andosol 
Fl\D Vitric-Melanic * Andosol 
Soil Taxoncmy Typic Vitrandept, 

ashy over cindery, isothermic family 

I.ocatioo 3,2 Jan sw of Desa Ngantru 
Physiograp-iy steep rra.mtain slopes of Q.mung Kelud 
Elevatioo 950 ireter 
Top:>grap-iy position crest, 40-55% slopes 
Drainage excessively drained, rroderate run-off; 

rapid permeability 
Erosion rooderate rill erosioo 
Vegetation Pinus plantatioo, Kirinyu 
Parent material: volcanic ash and pumice 
Described by M.L.Rayes and G.W.van Barneveld 

24 May 1983 

A11 (Al) 
00-10 an 

A3 (AB ) 
10-24 an 

AC (AC ) 
24-46 an 

IIC (2C) 
46-82 an 

IIIAl (3A1) 
82-95 an 

IIIB1 (3BA) 
95-113 an 

IIIB21 <3Bw) 
113-135 an 

black ( 10YR 2/1) rroist; sandy loam on hand.feeling 
with 2% pumice gravel s(3 an i2S; rredium rroderate granular 
and subangular blocky structure; friable, non sticky , 
non plastic; very sli ghtly acid ; many fine and rredium 
roots; many fine, rredium and coarse pores; clear 
wavy boundary 

clark br=n (10YR 3/3)rroist; sandy loam on hand.feeling 
with 3% pumice gravels (.3 an i2S; rredium weak subangular 
and angular blocky structure; friable, non sticky, 
non plastic; very s l ightly acid; many fine and rrediun 
roots; many fine, rredium and coarse pores; clear 
wavy boundary 

br=n ( 10YR 4/3)rroist; sandy to sandy loam on hand.­
feeling with 60-70% pumice gravels up to 5 an i2S ; 
rredium, very weak subangular and angu1ar blocky struc­
ture; friable, non sticky, non plastic; very slightly 
acid; many rredium roots; many fine, rredium and coarse 
pores; clear wà.vy boundary 

yellowish br=n ( 10 YR 5/6)rroist; pumice layer; loose; 
friable1 non .sticky , non plastic; many fine roots ; 
clear wavy boundary 

black ( 10YR 2/1) rroist; sandy loam to loam on hand.­
feeling with 5% pumice gravels up to 2 an lÓ ; rredium 
weak granular and subangular blocky structure; friable, 
non sticky, non plastic; neutral; few fine and rredium 
roots; llBrlY fine, rredium and coarse pores; clear 
wavy boundary 

clark br=n ( 10YR 3/3)rroist; loam oo handfeeling with 
3% pumice gravels up to 1 ~ i2S; rredium weak subangular 
and anular blocky structure; friable, slightly sticky 
non plastic; neutral; · few fine roots; many fine , 
rredium and coarse pores; clear wavy boundary 

clark yellowish brown ( 1 OYR 4/6 ) rroist; loam on hand.­
feeling wi th 5% pumice gravels up to 2 an i2S ; rredium 
rooderate angular blocky structure; friable,slightly 
sticky non plastic; neutral; few fine roots; few 
fine and o::mron rredium and coarse pores; clear wavy 
boundary 

Qmung Kel.ud OCllplex 

lbrizoo Al 1 A3 AC IIIA1 IIIBl IIIB21 
Depth (an) 00-10 10-24 24-46 82-95 95-113 113-135 
====================================:=============================== 
Texture 

Organic C % 

'Ibtal N % 

C/N 

exch. Ca meq/1 00 grs 

exch. M:J 
exch . Na 

exch. K 

CEC NH40!\c 

cÈx: effective " 

Base sat . NH40Ac % 

Base sat. e f fecti ve % 

Avail. P ppn (Bray II) 

P-retenti on % 

pH (NaF) 

Soil does not disperse well and particle size 
analysis was not made; see field estimates 

3. 4 

0.44 

8 

6.3 

5.9 

5.3 

10.0 

0.4 

17.4 

30 . 1 

90 

52 

81 

24 

10.0 

3.0 

0.40 

8 

6.3 

5.9 

19.0 

8.5 

0.5 

0.6 

29.8 

42. 1 

96 

68 

2.4 

0.36 

7 

6.5 

6.0 

13 . 6 

9.0 

0.3 

0.1 

23.3 

34 . 7 

99 

66 

79 57 

26 30 

10.6 10.6 

2.6 

0.25 

10 

6.6 

5.9 

21. 1 

7.0 

0.4 

0.3 

30.1 

49.6 

96 

58 

25 

67 

10.9 

2. 1 

0.28 

8 

6. 6 

5.9 

14. 1 

10.7 

0.4 

0.3 

27.2 

43.1 

94 

59 

59 

68 

11.0 

1.0 

0. 17 

6 

6.7 

5.8 

8.4 

5.9 

0. 3 

19.8 

30.0 

74 

49 

24 

61 

11.0 
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JAB:N SERilS 

Pedon No. : KK 39 

':lassification 

I.o::ation 
Physiography 
El.evation 
TqX:graphy 
Drainage 
Eros ion 
Vegetation 
Parent material: 
Described by 

LPI'-Bogor 
FJ\D 
Soil Taxonany 

SYMOOL NA 

M:illic Carrbisol 
Haplic Phaeozern 
Fluventic Hapludoll, 
fine loamy, isohyperthermic 

750 rreter SE fran Desa Jabon 
lawer intervolcani c pl a in 
660 meter 
very gently sloping 3-5% 
well drai nErl 
none 
kebun: coffee, banana, =nut, cassava, cv::oyam 
fine textured lahar and. volcanic ash rraterial 
M.Pral:x:M.::>, L. R?.yes and G.W.van Barneveld 
10 June 1983 

A 1 (A 1) very dark grayish braN11 to very dark brON11 ( 1 OYR 2, 5/2 ) 
00-20 c;n =ist; sand.y clay loam with 2% and.esitic gravel < 1 cm 

fil; rrediurn, l!Oderate granular ·and. subangular blocky structure; 
slightly sticky, non plastic; very slightly acid; ccmron 
fine roots; rrany fine , medium and. coarse pores; clear , 
wavy ba.mdary 

A3 (AB ) very dark grayish brON11 to very dark brON11 ( 1 OYR 2, 5/3) 
20-40 an m:>ist; sand.y clay loam with 5% and.esitic gravels < 2 an 

fil; rredium, rroderate angular blocky structure; slightly 
sticky, slightly plastic; slightly acid; few fine roots; 
co:mon fine and. rredium and. few coarse pores; abrupt, sm::oth 
b::iundary 

II ( 2B) brON11 to dark brON11 ( 1 OYR 4/3) =ist ; sand.y clay loam 
40-55 an to san:ly loam with 10% and.esitic gravel<0 , 5 an fil; strati­

fied and loose ; slightly sticky, non plastic; very slightly 
acid; few fine roots; rrany fine, m:dium and. coarse pores; 
abrupt, s:n::ioth b:lli1dary 

IIIB2 (3B) dark brow.-i ( 1 OYR 3 , 5/ 3) l!Oist; clay 1 03111 wi th few and.esi tic 
55-7 1 an gravel<0,5 an f2l ; m:dium, l!Oderate angular blocky structure; 

sticky an:1 plastic; neutral; very few patchy cutans on 
ped faces; few fine roots; ccmron fine, rredium and. rrany 
coarse pores; clear, sm:ioth b:lli1dary 

IIIB3 ( 30C) yellallish braN11 ( 10YR 5/ 8 ) m:.:iist; loam; medium, weak angular 
71-88 c;n blcr...ky structure; slightly sticky, non plastic; neutral , 

o:>nn::m fine distinct F~ l!Ottles; very few fine roots ; 
=rrron fine and. rre:iium and. rrany coarse pores; clear SllOath 
b:lli1dary 

IVA (41\) brON11 to ~k brON11 ( 10YR 4/3) llDist; clay loam; medium, 
88-114 en mo:lerate angular blocky structure; slightly sticky, slightly 

plastic; slightly acid; trace roots; many fine, medium 
and o:rnron coarse pores 

IVB1 (4BA) light yellallish brON11 to a yellc:Mish brON11 (10YR 5,5/4) 
11 4-123 an m:iist; clay loam on hand.feeling; medium, rroderate angular 

blocky structure; slightly sticky and slightly plastic ; 
very slightly acid; cx:rnron, medium, distinct FeMn l!Ottles ; 
very few fine ro::>ts; f ew fine , medium and. coarse pores 

------- --- --~--

Horizon 
D:pth (an) 

to':al c lay % 

total silt % 

total sand % 

very f i ne sand % 

fine san:l % 

medium sand % 

o:::arse sand % 

very coarse sand % 

organic C % 

total N % 

C/N 

pH (H
2
0 ) 

pH (KCl ) 

pH (NaF) 

exch. Ca m:q/100 grs 

exch. M:J 
exch. Na 

exch. K 

Jabcn series 

A 1 B II IIIB2 IIIB3 IVA 
00-20 20-40 40-55 55-71 71-88 88-114 

21 

23 

56 

7 

19 

20 

8 

2 

25 

21 

54 

5 

18 

20 

9 

2 

o. 7 0.6 

0. 08 0 .07 

9 9 

6. 1 

4. 7 

9. 8 

6.0 

4.9 

9. 7 

7.9 14. 5 

0 . 6 3 . 2 

0 .3 0. 4 

tr 0.4 

22 

6 

72 

2 

10 

26 

24 

10 

0 . 4 

0 .05 

8 

6. 1 

4. 9 

9.3 

29 

28 

43 

7 

15 

13 

6 

2 

o.5 
0.09 

6 

6.6 

5 . 0 

9.6 

12.3 10.3 

5.8 4.9 

0. 6 0.6 

0 . 7 1.2 

24 

38 

38 

14 

10 

8 

5 

0.5 

0.07 

7 

6.6 

4. 8 

9.7 

34 

46 

20 

5 

6 

5 

3 

0.3 

0.06 

5 

6 . 5 

4.9 

9.8 

13.5 29.3 

4 .6 4. 4 

0.8 0.7 

1. 7 1.8 

CEi:NH
4
0Ac 11. 1 19.7 20 .3 17 .1 26.7 37.5 

Base sat. NH4011c 79 94 96 99 77 97 
== ========================================================== 
Avail . P pp:n (Bray II ) 8.0 6 . 0 12.0 9 . 0 7.0 8.0 



JCHn{ SElUES 

Pedon No. : KK 27 SYMB'JL : J 

Classification : LPI'-Bogor 
FNJ 

Anthropic* l'bllic Cambisol 
Anthropic* Haplic Phaeozen 
Anthropic* Andic* Hapludoll 

Location 
Physiograi;tiy 
Elevation 
Topograi;X'ly 
Drainage 

Soil Taxonany 
fine clayey, isdlyperthennic family 

2,4 km NE of Desa Janbok 
hillslopes, terraced 
790 rreter 
35-50% slopes 
m::derately well drained; rapid run-off; m::derate 
permeabili ty 

Eros ion 
Vegetation 
Parent naterial: 

m::derate rill and srrall gully e rosion 
Penniseturn p..irµrreurn on agro forestry land 
colluvial naterials derived fran volcanic ash 
Sudarto, L. Rayes and G.W.van Barneveld Descr ibed by 

Ap (Ap ) 
00-1 1 an 

Al (Al ) 
11-22 an 

81 (BI\) 

22-35 an 

19 May 1983 

dark brc.-m ( 1 OYR 3/3) rroist; loam to clay l oam on hand­
feeling; rrediurn m::derate granular and subangular blocky 
structure; friable, slightly sticky, slightly plastic; 
very slightly acid; nany fine roots; nany fine, rrediurn 
and coarse pores; clear srrooth boundary 

dark brc.-m ( lOYR 3/3) rroist; clay loam on handfeeling; 
rrediurn m::derate subangular blocky structure; friable, 
slightly sticky, slightly plastic; very slightly acid; 
carrron fine roots; nany fine, rrediurn and coarse pores; 
clear srrooth boundary 

brc.-m ( lOYR 4/3) rroist; clay loam to clay OA handfeeling 
with 5% tuff particles; rrediurn m::derate subangular and 
angular blocky structure; friable,slightly sti cky, slightly 
plastic ; very slightly acid; camon fine roots; nany 
fine, rrediurn and coarse pores; few fine FeMn concretion; 
carrron fine FeMn rrottles; patchy thin clay cutans; clear 
srrooth boundary 

821 (8lw) dark yellowish brc.-m ( lOYR 4/4) rroist; clay on handfeeling 
35-77 an with 5% tuff particles; rrediurn m::derate angular blocky 

structure; friable; slightly sticky and plastic; very 
slightly acid; few f ine FeMn concretions; carrron fine 
distinct FeMn rrottles; patchy thin clay cutans; camon 
fine, rrediurn and coarse pores; gradual srrooth boundary 

822 (82w) dark yellowish brc.-m ( lOYR 4/4) rroist; clay on handfeeling 
77+ an with 20% weathered andesit tuff and 5% fine andesit ic 

gravel; rrediurn m::derate angular blocky structure; firrn, 
sticky and plastic; very slightly acid; patchy thin clay 
cutans; carrron fine, rrediurn and coarse pores 

Horizon 
Depth 

Ap 
00-11 

Jartx:k series 

Al 81 B21 
11-22 22-35 35-77 

B22 
77 + 

============================================================ 
Texture 

Organic C % 

Total N % 

C/N 

exch. Ca rreq/100 grs 

exch. 113 
exch. Na 

exch. K 

Avail. P ppn (Bray II ) 

pH (NaF) 

Soil does not disperse well and particle 
size analysis was not nade; see field 
estinates 

2. 1 

0.28 

8 

6.3 

4.6 

12.5 

8.2 

1. 1 

1.5 

32. 1 

73 

2 

9.7 

3.3 

0.43 

8 

6. 1 

4. 1 

10 .0 

11. 2 

0.4 

0.5 

35.3 

63 

2 

9.9 

0.5 

0.09 

6 

6.5 

4.2 

11. 7 

5.5 

0.4 

0. 1 

28. 1 

63 

4 

10.0 

0.3 

0.04 

8 

6.4 

4.2 

12.2 

12.9 

0.4 

o. 1 

31. 9 

80 

3 

9.9 

0.3 

0 . 04 

8 

6.2 

4.8 

14.6 

12.6 

0.4 

tr 

30.5 

91 

6 

10.4 



Pedon No. : KK 3 (predaninant soil) SYM0'.JL : KC 

Classification LPI'-Bogor Anthraquic* Eutric Cambisol 
Anthraquic* Elltric Cambisol 
Anthraquic* Eutropept, 

Location 
Physiography 
Elevation 
Topography 
Drainage 

FAO 
·Soil Taxonany 

loamy skeletal,isohyperthermic family 

Kedungrejo; 200 m w of bridge over Kali Konto 
U-shaped alluvial valley 
885 rreter 
sloping, 12% slope; terraced land 
irrperfectly drained (altered drainage); medium run­
off; slow perrreability (estirrate) 

Eros ion none 
Landuse irrigated agriculture; rice, rraize and vegetables 
Parent rraterial: alluvial deposits, clayey and stony of volcanic 

origin 
Described by M. Prabowo and G.W.van Barneveld 

25 SeptaTiber 1982 

Ap (Ap ) 
00-17 cm 

Al (Al) 
17-30 cm 

B (B) 
30-49 cm 

!IA (2A) 
49-64 cm 

black ( 1 OYR 2/1) rroist; loam with few fine andesitic gra­
vels up to 1 cm !Il; medium, rroderate granular and subangular 
blocky structure; friable, slightly sticky, plastic; acid; 
camon fine r=ts; many fine and medium pores; clear, 
smooth boundary 

very dark gray ( lOYR 3/1) rroist; loam with few fine ande­
sitic gravels up to 1 cm !Il; medium rroderate angular blocky 
structure; friable, sticky and plastic; slightly acid; 
camon, medium distinct Fe rrottles; few fine r=ts; camon 
fine pores; clear smooth boundary 

black ( lOYR 2/1) rroist; loam with 5% gravels up to 3 cm 
!Il; medium, rroderate to weak prisms breaking into medium 
rroderate angular blocky structure; friable, sticky and 
plastic; very slightly acid;many medium distinct Fe rrottles; 
few fine cutans on ped faces; ccmron fine pores; abrupt 
smooth boundary 

very dark gray (lOYR 3/1) rroist; loam with 75% rounded 
stones up to 20 cm !Il; rredium weak angular blocky structure ; 
friable, non sticky, non plastic; alrrost neutral; few 
fine FeMn rrottles; camon fine pores; clear and smooth 
boundary 

IIB2(2 Bw) very dark grayish brown ( lOYR 3/2) rroist; clay loam on 
64-89 cm handfeeling with 10% rounded gravel up to 10 cm !Il; 

medium weak prisms breaking into medium rroderate angular 
blocky structure; friable, sticky and plastic; neutral; 
few, fine FeMn rrottles; few fine cutans on ped faces; 
ccmron fine pores; abrupt to clear, smooth bourdary 

IIB3(2 OC) dark brown ( lOYR 3/3) rroist; clay on handfeeling with 
89- + cm 45% rounded andesitic gravel and stones up to 10 cm 0; 

medium rroderate angular blocky structure; friable, sticky 
and plastic; slightly acid; ccmron fine Fe rrottl es; ccmron 
fine pores and few fine cutans on ped faces 

Horizon 
Depth (cm ) 

total clay % 

total silt % 

very fi ne sand % 

f ine sand % 

medium sand % 

coarse sand % 

very coarse sand 

organic C % 

total N % 

C/N 

pH (H20 ) 

pH (KCl ) 

% 

Kali Kcnto CC1Iplex 

Ap A 1 B !IA IIB2 IIB3 
00-1 7 17-30 30-49 49-64 64-89 89-117 

24. 6 18.6 20.9 

42.0 42.9 41.9 

4. 3 4.6 4.8 

13. 3 16 . 3 14 . 9 

9.4 10.7 12. 3 

4.0 5. 1 3.8 

2. 3 1.9 1 .5 

1. 31 1.16 0.85 

0.14 0.11 0.10 

9 11 9 

5. 5 6.0 6 .4 

4. 8 5.3 5.6 

16 . 7 

39.4 

4. 4 

'18 . 9 

13.0 

5. 1 

2.5 

0. 77 0.42 

0.08 0.06 

10 7 

6.6 6. 9 

5.6 5. 4 

0.23 

0.05 

5 

5.9 

5.4 
============================================================= 
exch. Ca rreq/100 grs 12. 3 14.0 14.3 13.9 16.4 

exch. M3 7. i 7.2 7.3 7 . 3 7.4 

exch. Na 0. 9 0.9 0. 8 1. 1 1.0 

exch . K 0. 5 0.6 2.0 1.5 1 .6 

CEX: (NH40Ac l " 38. 2 35.4 30.8 29.4 29.5 

Base sat % 55. 7 64. 1 79. 2 80. 9 89.5 

available p (Bray II) 33.5 31.8 18.8 18.5 19.3 

Vl 



,_ .. 

KALI SEmN:; AS9XIATICN 

Peàon No. : KK 8 SYMBOL SA 
Classif ication : LPl'-Bogor 1-blli c Andosol 

1-bllic Andosol 

I.ocation 
PhysiograiitY 
El.evation 
Tqo:µ-1l{Xly 
Drainage 

Eros ion 
Landuse 

~l~ o.mtl.ic 1-bllic llitrandept 
rredial isdlyperthermic family 

1250 m SSE of Bakir village 
. • U-shaped valley flCX>r; trib.ltary Kali Sereng 

1125 meter 
nearly flat valley flCX>r (1-2%) 
iroderately well drained; run-<:>ff rredium to slCM; 
permeability moderate; flCX>ding rare; groundwater 
table at 140 an 
deposition 
farmland: coffee, banana, avocado and undergrc:Mth 
of grass 

Parent material: alluvial and colluvial l.aterials derived fran 
volcanic ash and tuff 

Described by 

A11 (A1) 
00-10 an 

A12 (A2) 
10-36 an 

B (Bw) 
36-61 an 

II (2 Bw) 
61-73 an 

IIIA(3A) 
73-90 an 

III (3B) 
90-100 an 

M.Pr~, L. Ra.yes and G.W.van Barneveld 
5 October 1981 

black ( 10YR 2/1) moist; loam on hand.feeling; rredium irodera te 
to \Oeak granular and subangular blocky structure; friable, 
non sticky and non plastic; slightly acid; many fine rCX>ts; 
very poreus; clear and wavy bouOOary 

black to very dark gray (10YR 2,5/ 1) moist; loam to sandy 
loam on hand.feeling; rredium moderate granular and subangular 
blocky structure; friable, non sticky and non plasti c; 
slightly acid; cx:mnon fine rCX>ts; very poreus; clear and 
wavy bouOOary with a few lenses of coarse ash materi al 

black to very dark gray ( 1 OYR 2, 5/ 1 ) moist; clay loam 
on hand.feeling; very \Oeak rredium prisms breaking into 
rredium \Oeak angular blocky structure; friable , sticky 
and plastic; slightly acid; few fine distinct Fe mottles; 
few fine cutans on ped faces; few fine rCX>ts; cx:mnon fine 
and rredium pores; clear and wavy bouOOary 

very dark grayish brc:Mn ( 10YR 3/2) moist; sandy clay loam 
on hand.feeling; iredium \Oeak angular ·blocky structure; 
friable , sticky and plastic; very slightly acid; few fine 
distinct Fe mottles; · very few fine rCX>ts ; cx:mnon fine 
and rredium pores; abrupt and wavy bouOOary 

black (1 0YR 2/1) moist ; loam to sandy clay loam on hand­
feeling; rredium \Oeak angular to subangular blocky structure; 
friable, sticky and plastic; very slightly acid; very few 
fine rCX>ts; abrupt and szrooth bouOOary 

very dark brc:Mn ( 1 OYR 2/2) ; layers and bands of clay, 
loam, sandy loam and sandy clay loam materials ; \Oeak pla ty 
and angular blocky structure; friable; very slightly acid; 
few fine and distinct Fe mottles; very few fine rCX>ts; 
ccmron fine pores; abrupt and szrooth · bouOOary 

IVB1 ( 481\.) black to very dark gray (10YR 2,5/1 ) moist; clayey with 
"00-120 an 10% sandsize tuff particles; rredium \Oeak prisms breaking 

in rredium moderate angular blocky structure; friable , 
sticky and plastic; many rredium distinct Fe mottles; very 
few fine rCX>ts; few fine pores; gradual and smooth bouOOary 

Kali Sereng associ ation 

Horizon A1 1 A12 B II IIIA IVB 
Depth (an) 00-10 10-36 36-61 61-73 · 73-90 100-120 
=====%===========================::========================== 
Texture Soil does not disperse well and particle 

size analysis was not rrade; see field 
estimates 

============================================================= 
organic C % 

total N % 

C/N 

6.28 

0.43 

15 

5.40 

0.38 

14 

4.44 

0.33 

13 

3.24 

0.23 

14 

4.21 

0.29 

14 

2.77 

0.24 

12 
============================================================= 
pH (Hpl 
pH (KCl ) 

5.6 

4.8 

5.9 

4.9 

5.7 

5.3 

6. 1 

5.3 

6. 1 

4.7 

6.0 

4.6 
============================================================= 
exch. Ca rreq/1 00 gr s 

exch . M;J 

exch. Na 

exch. K 

COC NH 
4 
Cll\c 

Base sat. NH 
4
0Ac % 

Avail. P (Bray II ) Wl\ 

blik densi t y 

permeability etVhr 

water retenti on % 

pF 0 

pF 2 

pF 2,5 

pF 4,2 

available water % 

9.3 

3. 1 

0.5 

1.0 

23. 3 

59.9 

19.6 

available water 0-HJO an : 157 , 8 mn 

9.4 10.2 9.6 

3.1 4.2 3.7 

0.5 0.5 0.6 

1.0 1.4 1.0 

22.6 21.3 20.4 

61.9 76.5 73.0 

33.5 28.8 27.3 

0. 79 1.08 

24.9 5.2 

101.8 106.2 

58. i 62 . 1 

50.5 55.1 

31. 4 31.9 

19. 1 23.2 

9.8 

3.8 

0.6 

0.6 

22.2 

64.4 

35.0 

0.98 

6.2 

108.0 

87.2 

53.2 

33. 1 

20. 1 

9.7 

4 . 1 

0.7 

0.9 

23.2 

66.4 

30.4 



KALI TI.aD SElUFS 

Pedon No. : KK 17 

Classification LPT-Bogor 
Fl>D 

SYME!OL 'IC 

Alluvial Eutrik 
Eutric Fluvisol 
Fluventic Eutropept, 

Ir.x:ation 
Physiography 
Elevation 
Topography 
Drainage 

Soil Taxonany 
fine loamy, isohyperthermic 

2,4 km N:w/ of Pud.jon 
colluvial valleys with concave valley floors 
1075 rreter 
concave 3-8% slope 
m:iderately well drained, rrod. rapid perrreability, 
slight risk of light flOO'.ling 

Eros ion 
Vegetation 
Parent rraterial: 

non; slight dep::isition 
dryland agriculture : rraize, onion, cabb3ge 
alluvial and colluvial sedirrents 

Described by 

Ap (Ap) 
00-22 c;n 

Al (Al) 
22-48 cm 

IIB (28) 
48-59 cm 

IIIB( 3 B) 
59-76 cm. 

IVB (48) 
76-90 cm 

VB (5B) 
90-118 cm 

W.H.Utaro, A.M.Pral::x::>No and G.W.van Barneveld 
2 Dacerrber 1982 

d3.rk brc:..m ( lOYR 3/3) moist; clay loam; medium, rroderate 
granular to subangular blocky structure; friable, slightly 
sticky, slightly plastic; slightly acid; few, fine, faint 
Fe mottles; many fine roots; many fine, medium and coarse 
p::ires; clear, srrooth bouOOa.ry 

d3rk grayish brc:..m ( lOYR 4/2) moist; loam with 15% scoria 
an:i pJ'.lÛce gravels, < 1 cm ~ ; medium, rroderate angular 
blocky structure; friable, slightly sticky, slightly 
plastic; very slightly acid; few fine roots; many fine, 
carrn:in medium and few coarse pores; clear, wavy bouOOa.ry 

d3rk brow;i ( lOYR 3/3 ) moist; loam; m;dium very waak angular 
blocky structure; friable, non sticky, non plastic; very 
slightly acid; few fine roots; many fine , medium and 
coarse p::ires; clear, wavy bouOOary 

very dark grayish brc:..m ( lOYR 3/ 2) moist; loam with 5% 
scoria gravel < 1 cm ~ ; rre:iium, rro:l.erate angular blocky 
structure; friable, slightly sticky, slightly plastic; 
very slightly acid; few fine roots; clear, wavy bouOOary 

dark brc:..m (lOYR 3/3) moist; loam; medium, rroderate angular 
blocky structure; friable, sticky, plastic; very slightly 
acid; few fine roots; ccrnron fine, few medium and coarse 
pores; clear, wavy b:iundary 

dark yellowish brc:..m ( 10YR 4/4) moist; loam with 2,5 % 
andesitic gravel 2-5 cm~; medium, rroderate angular blocky 
structure; friable, slightly sticky, slightly plastic; 
very slightly acid; clear, wavy bouOOary 

Horizon 
Depth (cm) 

total clay % 

total silt % 

total sand % 

very fine sand % 

fine san:i % 

medium sand % 

coarse sand % 

very coarse sand 

organic C % 

total N % 

C/N 

% 

Kali Tlogo series 

Ap A 1 IIB IIIB VB VIB 
00-22 22-48 48-59 59-76 90-118 118-145 

34 

48 

18 

7 

6 

4 

tr 

3. 3 

0.33 

10 

27 

35 

38 

6 

13 

13 

4 

2 

2.0 

0.20 

10 

21 

39 

40 

8 

14 

13 

4 

2.0 

0.24 

8 

27 

45 

28 

7 

8 

8 

4 

2.3 

0.25 

9 

25 25 

40 39 

35 36 

8 8 

12 10 

9 10 

4 6 

2 2 

1.5 1.0 

0. 17 0. 13 

0· 10 
============================================================= 
pH (H20) 

pH (KCl) 

exch. Ca m=q/100 grs 

exch. ~ 
exch. Na 

exch. K 

5.7 

4.8 

8.9 

0.1 

0.5 

0.5 

6.5 

4. 8 

8.9 

3. 1 

0.4 

0.4 

6.2 

5.7 

11.0 

0.4 

0.6 

0.5 

6.3 

5.0 

11. 7 

2.8 

0.5 

0.4 

6.3 

5.1 

6.3 

4.9 

9.0 11. 5 

3.3 3.2 

0.6 0.8 

1.0 1.0 

CEJ: NH40Ac 32 .0 21.1 20.8 19.2 18.0 18.0 

Base sat. NH40Ac % 31 61 60 80 77 92 
============================================================= 
Avail. P pi;:rn (Bray II) 43.0 14.0 10.0 13.0 21.0 15.0 



KN.HlEJO SElUES 

Pedon No. : KK 30 

Classification : LPl'-Bogor 

SYMOOL K 
Elltric Cambisol 
Elltric Cambisol. 

r.o-..ation 

Physio:iraEity 
El.evation 
'l'qx:qraEity 
Drainage 

FNJ 
Soil Taxonc:l'!f AOO.ic Elltropept 

3 Jan N of Selorejo damsite (fo:rt:hills Ulksongo range, 
W of lakei 
colluvial fo:itslop~ 
725 meter 
ooncave footslope, 12% 

Eros ion 
Vegetation 
Parent material: 

w~ll drained; IrO:lerate run-off; m:derate p~rmeability 
slight rill erosion 
coffee and I.eucaena glauca plantation 
o:>lluvi al material deriva:l fran ash and andesite · 
A.M.Prabowo, L. Rayes, Sudarto an:l G.W.van Barneveld 
20 May 1983 

Described by . : 

Al (Al) 
00-16 cm 

Alb (A2b) 
16-35 cm 

81 (8".) 
35-48 cm 

821 (8lw) 
48-77 c:n 

822 (82w) 
77-104 cm 

8 3(0C) 
104-133 cm 

very dark grayish brown ( 1 OYR 3/2 ) m::>ist: sarx1y clay 
loam with very few fine andesitic gravels <'. 2 cm Ql : 
rredium, IîOderate granular and subangular blocky structure; 
friable, slightly sticky, slightly plastic; very slightly 
acid; many fine and medium roots; many fine, medium and 
coarse pores: clear srrooth wavy boundary 

black ( lOYR 2/1 l 110ist; clay loam with few fine andesitic 
gravels< 0 , 5 cm 12!: m~ium, l!Oderate granular and subangular 
blocky structure; friable, slightly sticky, slightly 
plastic; neutra!; co:mon fine roots; many fine, medium 
and coarse p:ires; clear srrooth to wavy · boundary 

very dark grayish brown ( 1 OYR 3/2) m::>ist: clay loam wi th 
few fine an:lesitic gravels < 0,5 cm 12! : m~ium, IîO:lerate 
subangular blcr..ky stru::ture; friable, slightly sticky, 
slightly plastic; neutra!; few fine roots; =rnon fine , 
m~ium an:l coarse p:>res; clear srrooth boundary 

dark bra,;n ( lOYR 3/3) 110ist; clay loam with 5% weathering 
tuff and gravels < 2 cm 12! ; medium, m:::xierate subangular 
and angular blocky structure; friable, slightly sticky, 
slightly plastic; neutra!; few fine roots; ccmron fine , 
ne:iium and coarse pores; clear srrooth boundary 

bro;m (10YR 4/3) m::>ist; clay loam with 5% andesitic gravels 
< 3 on !.:l ; m~ium,m::>derate subangular and angular blocky 
structure; friable, slightly sticky, slightly plastic; 
neutra!; few fine roots; camon fine, medium and coarse 
pores; clear sm:Y.Jth boundary 

brawn ( lOYR 4/3) m::>ist ; clay loam with 30% andesitic 
gravels ~ 3 c:n 12! : m~um, m:::xierate angular blocky struc -
ture; friable, slightly sticky, slightly plasti c; neutra! ; 
fe-.N fine roots; ccmron fine, medi um and coarse pores . 

Itaunredjo series 

Horizon Al Al b 81 821 822 83 
Depth (cm) 00-16 16-35 35-48 48-77 77-104 104-133 

~=~~:y=~=============;~====;~====;;====;;====;;=====;~==== 

total silt % 21 30 34 29 37 36 

to:al sand % 54 43 39 44 32 28 

very fine sand % 6 5 6 7 5 5 

fine sand % 13 13 14 14 11 10 

medium sand % 18 14 12 14 9 8 

coarse sand % 1 3 9 6 7 5 3 

very coarse sand % 4 2 2 2 2 
============================================================ 
organic C % 

total N % 

C/N 

1.5 1 .6 

0.22 0.21 

7 8 

1.6 

0.21 

8 

0.5 

0. 10 

5 

0.4 

0 . 08 

5 

0. 3 

0.08 

4 
============================================================ 
pH (H

2
0l 6.4 6.7 6.8 6.9 6 .8 6.9 

pH (KCl) 5.6 5. 0 5.0 4.9 4.8 4.8 

pH (NaF) 9.7 9 .7 9.5 9.5 9.5 9.7 
============================================================ 
exch. Ca rreq/100 grs 8.7 11.6 18.6 12 .6 10. 1 11. 7 

exch. ~ 4.0 5 .3 9.0 6.5 6.5 9.4 

exch. Na 0.9 0 .4 0 .7 0.6 0.6 0.6 

exch. K tr 0. 8 1.5 1.3 1.6 1 .6 
============================================================ 
COC NH 4 Ol1c 

Bas~ sat . NH
4

0l1c % 

Avail. P pp:n (Bray II) 

27 .6 25. 1 

49 72 

7 9 

36.8 25. 9 28.5 

81 81 66 

10 7 8 

28.8 

81 

4 

============================================================= 

co 



KR.MNl'JE Ll'l': SERilS 

Pedon No. : KK SYMOOL L 
Classif ication : LPl' Bogor 

FAO 
Andic* carrbisol 
Andic* carrbisol 
Andic Humitropept 

Location 
Physio:rraphy 
Elevation 
Top::gra[Xly 
Drainage 

Eros ion 
Vegetation 

Soil Taxonany 
rredial isothermic family 

"Kraantje Lel<"Damar plantation; 1SO m SE of fieldshed 
Upper terrace 
1170 meter 
gently sloping; 4% o:invex slope 
well drained; slo..' to :n=cliun run-off; m:iderately 
rapid peareability 
slightly eroded (sheet) 
Damar plantation (Agathis) with undergro-llth of 
Pennisetum purpureum 

Parent rraterial: volcanic ash 
Described by M.PraJ:,o,,u and G.W.van Barneveld 

24 Septarèer 1981 

Ap (Ap) black ( 10YR 2/1) m:iist an:i dark grayish bro-1111 ( 10YR 4/2) 
00-18 c:n dry; loam on handfeelin3 with sare pseudosand P3rticles; 

rredium, waak granular and subangular blocky structure; 
very friable, n:in sticky, n::>n plastic; slightly acid; 
many fine, m=clium and roarse roots; many fine and rn=clium 
pcres; gradual an:'l srooth b:iundary 

Al (Al) very dark br= ( 10YR 2/2) m:iist and dark garyish br= 
18-29 c:n ( 10YR 4/2) dry; loam m handfeeling with sare pseudosand; 

rre:iium, weak to ::n:>derate granular and s-.lbangular blocky 
stru::ture; very friable, non sticky, non plastic; slightly 
acid; many fine and m=::lium roots ; many fine and m=clium 
pcres; clear an:i ·,;avy roJndary 

A3 (AB) dark yello-,.,ish bro-1111 (10YR 3/4) m:iist; loam m hand.feeling; 
29-39 c:n medium, m:iderate subangular blo::ky structure; friable, 

non sticky, non plastic; very slightly acid; =ron fine 
ro:>ts; m3.11y fine and o:mron medium pcres; clear and srro:>th 
b::.Jndary 

Bl (Bl\) dark bro-1111 (7,SYR 3/4) m:iist; loam on han:ifeeling with 
39-Sl c:n scrne pseu:losan:'i, tuff pürticles and P'.rnice gravel up 

to 1 o:n !11; medium, m:>:hrate angular blocky structure; 
friable, slightly sticky, non plastic; very slightly 
acid; few fine roots; o::rmon fine and :n=clium p:ires; clear 
and smooth boundary 

B21 ( s.11 ) dark br= ( 7, SYR 3/ 4) moist; loam to clay loam on hand 
S1-7S cm feeling with sare sani-carented ash nodules ; very weak 

rredium prisms breaking into rrediun moderate angular blocky 
structure; friable, slightly sticky and slightly plastic; 
sare traces of very fine cutans on ped faces; very few 
fine roots; ccrnron fine and rredium pcres; clear and wavy 
booOOa.ry 

B22 ( Bw2) dark br= ( 7, SYR 3/ 4) moist; clay loam on handfeeling 
7S-10S cm with sare semi-carented ash nodules; weak rredium prisms 

breaking into rredium moderate angular blocky structure ; 
friable, slightly sticky and slightly plastic;very slightly 
acid; traces of cutans oo ped faces; very few fine roots; 
camon fine and rredium pcres; clear and smooth booOOa.ry 

Kraantje I.ek Series 

Al A3/B1 B21 B22 B23 IIB 

~~==================~~~:s===~:-:2==;~::~=2~=~~==~~:~;~=!?~ 
Texture Soil does not disperse well and par­

ticle size analysis was not made; 
see field estimates 

;;;;~~~=~~================~~;.;====;~~===~~~;===~~;;==~~2;===~~~ 

Total N % 0.43 0.28 0.18 0.14 0.13 0.11 

C/N 12 11 9 9 9 9 

pH !Hpl S.9 6.0 6.1 6.0 6.S 6.4 

pH (KCl) S. 1 S.2 S. 1 S. 1 S.3 S.3 

::~~=~=~~;;~;:========~~;====:.~===~~~;===~~~;==~~~;==~;:;-

exch. M:J rreq/100 grs 2.3 2.0 3.9 S.6 6.9 6.9 

exch.Narreq/100grs O.S 0.4 1.1 1.4 1.6 2.1 

exch. K rreq/100 grs 0.6 0.9 1.6 1.8 0.4 0.4 

exch. acidity (pH 7) 0.2 0.4 0.4 0.2 0.2 0.2 

exch. acidity (pH 8.2) 29.6 27.4 23.8 lS.8 23.4 22.2 
============================================================ 
CEC NH4CJ.1\c: rreq/100 grs 

CEl: effective 

CEl: sum of cations 

Base sat . NH4CJ.1\c: % 

Base sat. effective % 

Base sat. sum cations % 

28.0 

11.9 

41.3 

41.8 

98 

28.3 

24.0 

10.1 

37. 1 

40.4 

96 

26. 1 

33.8 

18.9 

42. 1 

S4.7 

98 

43.S 

30.2 

20.S 

36.1 

67.2 

99 

S6.2 

33.2 

20.4 

43.6 

60.8 

99 

46 .3 

34.6 

20.9 

42.9 

S9.B 

99 

48.3 

~~;~=;=~=~~:~=;;;=====~~~;===;;.~===~;~~===~~~;==;;~;==;;~= 

P-retention % SS.S S7.S 72.S 78.0 71.S 67.0 

pH (NaF) 10.3 9.7 9.7 9.6 9.6 9.9 

variable charge % 71. 1 72. 7 SS. 1 43.2 S3.2 Sl .2 
======;===================================================== 
OOlk density 

liquid limit 

plastic limit 

plasticity index 

peareabili ty cm/hr 
water r etention % 

pF 0 

pF 2 

0.66 

62.0 

7. 1 

106.3 

63 .9 

0.76 O.S4 0.66 

66.4 111". 7 

S3.7 89.0 

12 .7 22.7 

8.S S.3 7.8 

114.9 1 68.~ 17S. 1 

62.2 103.0 109. 1 

pF 2,S 41.2 48.9 91.4 86.7 

pF 4,2 28.7 26.9 41. 9 43.7 
============================================================ 



Pedon No. : KK 40 SYMOOL NA 

Classif ication : PP1'-Bo3or 
FAO 

:!obllic Mediteran 
:ü.Ivic Phaeozem 
:Typic Argiudoll 

I.ocation 
Physiography 
Elevation 
Top:x,,raphy 
Drainage 
Eros ion 
Vegetation 

Soil Taxonany 
clayey isohypertherrnic 

900 rreter E of Desa Ngantang 
lower intervolcanic plain 
680 neter 
gently slopin3 (5-8%) 
well drained; slow run-<>ff; rapid perneability 
none 
ke!::Am: coffee, b3.nana, vanilla, o:x:onut, cocoyam, 
pineapple, clove, durian, nangka 

Parent rraterial: volcanic ash 
Descr i b?d by 

A1 (A) 
00-22 c;n 

A3 (AB) 
22-36 cm 

M.Prabowo, L. Rayes and G.W.van Barneveld 
10 June 1983 

very dark brown ( 10YR 2/2) rroist; clay loam with few 
fine pu:nice p3.rticles; m?diurn, rn:xl.erate granular and 
subangular blocky structure; friable, slightly sticky 
and slightly plastic; very slightly acid; rnany fine and 
trediurn roots; rnany fine, rreJ.iurn and coarse pores; clear, 
srrooth bourrlary 

very dark grayish brown to very dark brown ( 1 OYR 2, 5/ 2) 
rroist; clay loam with few fine p.llllice particles; rreJ.iurn, 
moderate subangular blocky structure; friable, sticky 
and plastic; very slightly acid; rnany fine and rreJ.iurn 
roots ; rnmy fine, irediurn and o::iarse pores; clear srrooth 
boundary 

B21 (Blw) very dark grayish brown to very dark brown (10YR 2,5/2) 
36-55 cm rroist ; clay with fine p.Jrni.ce tuff particles; rn?diurn, 

moderate angular blocky to weak prisrnatic structure; 
sticky and plastic; slightly acid; few patchy cutans 
on ped faces; o:mron fine and rreJ.iurn roots; canron fine, 
rrediurn and coarse pores; clear, srrooth boundary 

B22 (B2w ) d.3.rk brv""1 to dll"k yellowish brown ( 1 OYR 3/ 3, 5 l rroist ; 
55-73 cm rroist; clay with sare fine purnice particles (3%); rreJ.iurn 

moderate · angular blocky structure; sticky and plastic; 
very slightly acid; few fine roots; cx:mron fine, rreJ.iurn 
and o::iarse po.:-es; clear srrooth boundary 

B23 (B3w) very dark grayish brown to very dark brown (10YR 2,5/2 ) 
73+-( 128)cm rroist; clay; rreJ.iurn, m::r.l.erate angular blocky to weak pris ­

Ill3.tic structure; sticky and plastic;' very slightly acid ; 
few patchy cutans on p:d faces; very few fine roots; 
carrn:>n fine, rreJ.iurn and coarse pores 

A."W.YTICAL Dl\TA 

Horizon 
Depth (cm) 

N;Jantang series 

Al A3 B21 B22 B23 
00-22 22-36 36-55 55-73 73-128 

============================================================ 
total clay % 

total s ilt % 

total sand % 

very fine sand % 

fine sand % 

m;diurn sand % 

COll"se sand % 

very =>.rse sand 

orgmic c % 

total N % 

C/N 

pH (Hp l 

pH (KCl) 

% 

33 

25 

42 

5 

17 

15 

4 

o.e 
0.09 

9 

6.4 

4.9 

35 

25 

40 

8 

15 

12 

4 

0.4 

0.07 

6 

6. 1 

4.8 

45 

26 

29 

6 

11 

9 

2 

0.5 . 

0.06 

8 

5.9 

4.7 

42 

23 

35 

7 

16 

9 

2 

0.4 · 

0.06 

7 

6.3 

4.7 

53 

33 

14 

5 

5 

3 

0.3 

0.05 

6 

6.2 

4.7 
============================================================ 
exch. Ca meq/100 grs 

exch. M3 
exch. Na 

exch. K 

COC NH40Ac 

Base sat. NH
4
0Ac % 

Avail.P p;;:rn (Bray I I) 

pH (NaF) 

l::ulk density 

9 . 0 

4.2 

0.4 

0.5 

16.6 

85.0 

5.0 

9.6 

1.08 

15.6 

2.5 

0.4 

0.5 

20.2 

94.0 

4.0 

9.6 

1. 15 

13. 7 

5.4 

1.0 

0.6 

22.8 

91.0 

5.0 

9.7 

1. 15 

21.0 

5.5 

1. 1 

0.5 

36.0 

78.0 

56.0 

9.6 

20.7 

6.8 

1.4 

1.6 

36.7 

83.0 

10.0 

9.7 

N 
0 



N:;l\Nffi(J SIBilS 

Pedon No. : KK 24 SYMBOL : G 

Clas s i fication : PPI'-Bogor 
FAO 

Mollie Andic• Cambisol 
Andic* Phaeozern 

Lcr...ation 
Physiography 
F.levation 
Top.:graphy 
Drainage 
Eros ion 
Vegetation 

Described by 

Ap (Ap) 
00-20 an 

Al (Al ) 
20-24 an 

IIA1(2A) 
24-44 an 

IIA3 ( 2AB) 
44- 60 cm 

IIB21 (2Blw) : 
60-78 cm 

IIB22 ( 2B2w): 
78-106 cm 

II IA 11 ( 3A 1): 
106-139 an 

Soil Taxonany Andic* Hapludoll, coarse loamy 
i sohyperthermic 

650 m M-J· o f Desa Ngantru 
lcr..-:r intervolcanic plain 
700 meter 
very gently sloping 3- 5% 
well drained 
none 
kebun: banana, ll13.ize, cassava, sare coffee, =nut, 
sane clave, kapok, red pepper 
M.Prabowo, L. Rayes, G.W. van Barneveld and G. Cosijn 
5 March 1983 

dark brown ( 1 OYR 3/ 3) moist; coarse sandy loam wi th 15% pu­
mice gravel < 1 , 5 cm ; medium, moderate granular and 
subangular · blockv structure; friable, non sticky and 
non plastic; slightly ac id; many fine roots; many fine , 
m=:lium and ccmron coarse pores; clear, smooth boundary 

yellowish brown and dark brown ( 10YR 5/6, 10YR 3/3) moist; 
coarse sandy loam with 70% pumice gravel< 4 cm i1l ; loose; 
friable, non sticky and non plastic; very slightly acid; 
few fine roots; many fine, medium and coarse pores; abrupt, 
smooth boundary 

very dark brown ( lOYR 2/ 2) moist; sandy loam with 1% pumice 
gravel< 1 cm i1l; sare .. charcoal and brick fragments; medium, 
moderate to weak subangular blocky structure; friable, 
slightly sticky and slightly plastic; very slightly acid; 
few fine roots; many fine, medium and coarse pores; clear 
wavy boundary 

dark yellowish brown ( 1 OYR 3/ 6) moist; sandy loam wi th 
1 % pumice gravel < 0, 5 cm i1l ; medium, weak subangular blocky 
structure; friable, slightly sticky, slightly plastic; 
very slightly acid; few fine roots; many fine, carrron 
medium and few coarse pores; clear smooth boundary 

yellowish btown ( lOYR 5/ 6) moist; coarse sandy loam with 
5% pumice gravel < 1 cm i1l ;medium Weak angular to subangular 
blocky structure; friable, slightly sticky and slightly 
plastic; very slightly acid; few fine roots; canron fine 
and medium and few coarse pores; clear smooth boundary 

cl.ark yellowish brown ( 10YR 4/ 4) moist; coarse sandy loam 
with 25% pumice gravel < 3 cm i1l ; medium, weak angular 
blocky structure; friable, non sticky and non plastic; 
very slightly acid; few fine root;s; canron fine, and 
medium and few coarse pores; c1ear smooth boundary 

dark brown ( lOYR 3/3 ) moist; sandy loam with 5% pumice 
gravel< 2 cm jD ; medium, moderate angular blocky structure; 
friable, slightly sticky and siightly plastic; neutra!; 
few fine roots; many fine, medium and coarse pores; clear 
srrooth boundary 

ANALYTICAL DATA Ngantru series 

Horizon Ap I IAl I IA3 IIB21 IIB22 IIIA12 
Depth (cm ) 00-20 24- 44 44-60 60-78 78- 106 140-150 
============================================================== 
total clay % 17 13 13 8 9 16 

t otal s ilt % 23 33 31 28 20 21 

total sand % 60 54 56 64 71 63 

very fine sand % 6 7 7 6 6 6 

f ine s and % 9 11 10 12' 12 14 

medium sand % 19 16 17 20 26 21 

coarse sand % 20 15 16 19 21 16 

very coarse sand % 6 6 6 7 7 6 
============================================================== 
organik C % 1. 2 1. 6 1. 4 0.9 0.7 0.9 

total N % 0 . 10 0 . 12 0 . 13 0.08 0.07 0 . 05 

C/N 12 13 11 11 10 18 

pH (H
2
0 ) 6 . 0 6 . 3 6 . 4 6.5 6.5 6. 7 

pH (KCl ) 4. 9 5 .0 5 . 0 5 . 2 5. 2 5.0 
============================================================== 
exch. Ca meq/100 grs 4.0 4. 6 4.6 4.3 4.8 5 . 4 

exch . M:J 1. 9 3.2 3 . 5 2.6 1. 3 1.2 

exch. Na 0. 3 0 . 4 0 . 4 0 . 3 0. 3 0.4 

exch. K 0. 8 1. 2 0 .8 0 .4 0.3 0.6 

CEX: NH
4
0Ac 10. 7 15 . 9 16.5 9 .4 12. 9 14 . 3 

Base sat. NH40Ac % 69 59 56 81 52 53 
============================================================== 
Avail. P ppn (Br ay I I ) 

pH (NaFO 

bulk density 

11 5 

10.6 

28 

10 . 9 

1 . 03 0 . 85 

18 

10. 9 

16 

10.9 

0.94 

15 

10 . 9 

25 

10.8 

N 



NGEBRONG SERIES 

Pedon No. : KK 28 SYMBOL N 
Classification LPT-Bogor 

FAO 
M::>ll ic Andosol 
M::>ll ic Andosol 
Udi c &ltr andept, 
rre.:lial , isothermic 

I.Dcation 
Physiogr aphy 
Elevation 
To~raphy 

Draina3e 

Soil Taxmomy 

3, 6 km SW of Ngebrong 
s t e2p hi lls l opes An jasrroro r ange 
1050 meter 
8-1 2% convex crest ; side slop2s 60- 70% 

Eros ion 
Ve92tation 
Parent material: 

wel l drained , mojerate run--<Jff ; moderate perm2ability 
s l ight sh2"et erosion 
kir i nyu wi th grass undergrowth 
volcanic ash 

Descr ib2Cl by 

All (.1\1) 
00-0ï ar 

A12 (A2) 
07-1 5 c:n 

A J(AB) 
15- 35 c:n 

II A l 1(2Al): 
35-52 an 

IIA12(2A2 ) 
52-85 c:n 

IIB (28) 
85-120 an 

IIIB( 38 ) 
120- 140 c:n 

Su3arto , L. Rayes and G.W . van Barneveld 
20 M;y 1983 

v2ry dark bro..m ( 1 OYR 2/ 2 )moist; sandy clay loam on hand­
feeling; m...0 chum, moderate granular and subangular bl=ky 
s tructure ; friable , slightly sticky, slightly plastic; 
very slightly acid ; many fine roots ; many f ine , medium 
and coarse pores; clear srrooth boundary 

very dark brown ( 1 OYH 2/2) moist; loam to clay loam on 
handfeeling; m2dium, moderate granular and subangular 
bl ocky structure; friable , slightly sticky, slightly 
plastic; very slightly acid ; many fine roots; many fine, 
medi um and coarse pores; clear srrooth b::lundary 

very .:lark brown ( 1 OYR 2, 5/2) moist; clay loam to sandy 
clay loam o'.1 handfe:li ng ; medium , m:X!erate granular and 
subangular blo=ky structure; friabl e, slightl y sticky 
and slightly plastic; very slightly acid; many fine root s; 
m"tny fine and co11r0n nedium pores; clear smooth boundary 

very dark brown ( 1 OYR 2/2) moist; sandy clay loam on 
handfe:ling with approx. 1% andesiti c gravels < 0,5 an 
0; m2jium, m:X!erate angular blocky structure; friable , 
slightly s t i cky, sl ightly pl astic; very slightl y acid ; 
many f i ne roots; carrron fine and medium pores ; c l ear, 
smooth boundary 

very dark brown ( 1 OYR 2/2) moist ; loam t o sandy clay 
loam 0'.1 h"tndfe:ling; medium, m:X!erate subangular and 
angular bl=ky structure; friable , s l ightly sticky,slightly 
plastic; very slightl y acid; camon fine roots ; camon 
fine and meji um pores; clear, srrooth boundary 

d3rk bro..m 91 OYR 3/3) moist; sandy loam on handfe:l ing 
with 55% p:.nnice gravels < 3 c:n 0 ; weak angular bl ocky 
structure; friable , s l ightly sticky, sli ghtl y plasti c; 
neutral; abrupt smooth boundary 

brown ( 1 OYR 4/3) m:iist ; sandy clay loam to clay l oam 
on handfe:ling; medi um, m:X!erate angular blocky structure; 
friable, slightly sticky , slightly ;:ilastic; neutral; 
few fine roots; c=n f ine and medium pores 

---· ·- -·- - - - -------------- - ----------, 

Horizon 
D2pth (cm ) 

t exture 

org;mic- C ~ 

total N •. 

C/N 

pH (Hp ) 

pH ( KCl) 

pH (NaF ) 

exch. ca rreq/100 

exch. Mg 

exch. Na 

exch . K 

CE>: NH 40Ac 

B"lse sat. NH 40Ac 

Avail. P ppn (Brny 

P-retention 

grs 

% 

II) 

Al 
00-1 5 

A3 
15-35 

IIAl 1 
35- 52 

Ngebrong series 

IIA12 
52- 85 

UB 
85-1 20 

UI 
120- 140 

Soil do2s not disper se well and part i c l e 
s i ze anal ysis was not made . Se: f i e l d 
estimates 

4.3 

0.48 

9 

6 . 5 

5. 2 

10. 2 

18. 2 

3. 5 

1.1 

0. 1 

27 . 4 

84 

6 

BJ 

1. 8 

0 . 17 

11 

6 . 0 

4.7 

10.5 

13. 0 

8. 7 

0 . 6 

0 . 4 

39 . 2 

58 

6 
')6 

2.5 

0 . 26 

10 

6 . 3 

4.8 

10 . 5 

10. 2 

i 1. 5 

0.3 

31. 1 

71 

84 

2.4 

0 . 22 

11 

6.2 

4. 8 

10 . 6 

12. 9 

10. 2 

0.3 

0. 1 

37. 4 

63 

84 

1. 3 

0. 16 

8 

6.7 

4.8 

10. 5 

10. 9 

10. 1 

0.4 

0. 1 

33 . 1 

65 

4 

86 

0.7 

0 . 10 

7 

6 . 6 

4.9 

10. 2 

10 . 7 

7 . 3 

0 . 6 

0 . 1 

29 . 5 

63 

6 
94 

N 
N 



PlJDJCN srnIES 

Peàon No. : KK 7 

Classification LPT-Bogor 

SYMB'.)L : P 

Anthropic* Eutric cambisol 
Anthropic* Eutric Cambisol 
Anthropic* An::l.ic Eutropept 
rredial isothermic fami l y 

Locdtion 
Physicgraphy 
Elevation 
Top:igraphy 
Drainaga 

Eros ion 
L:m::l.use 

FAO 
soil Taxonany 

500 m East of Bendosari villaga 
rnid::l.le terrace 
1115 meter 
slopin3 ( 13% single slope); terraced 
well drained; rrediurn rwi-off; m::derately s la.-i 
permeabili ty 
s].ightly eroded 
rainfed foo::l.crop cultivation with sare additional 
irrigation (maize, vegetables ~::l. in the past also 
sare rice) 

Parent rTBterial: mixture of ash and colluvial m~terial derived frorn 
ash 3!ld tuf E; terraced land wi th c·:msidarable cut 
an::l. fill 

D2scrib~ by 

Ap (Ap) 
00-1 4 Qll 

81 (BA) 
14-29 Q11 

82 (Bw) 
29- 46 c:n 

IIIA (3A) 
46-56 c;;n 

IIIB (3 Bw): 

56- 83 = 

IVB (4 B•) 
83- 116 cm 

M.Prabo~J, L.!Gyes an::l. G.W.van Barneveld 
5 Octobar 1981 

very dilk braNO ( 1 OYR 2/2) moist an:l vary ;lark grayish 
bra.r.i ( lOYR 3/2) dry; lo~; ma:liurn rno:lerate angular and 
sub~gular blocky structura; friable, slightly sticky 
and slightly plastic; slightly acid; c=n fine roots ; 
very porous; clear and srro::>th boundary 

very dark bravo ( lOYR 2/2) moist; la~; medium vary w=ak 
prisms bre.3.k.ing into medium :n::derate blocky structure; 
slightly firm, sticky an::l. plastic; vary slightly acid; 
cmrnon fine Fa"l'.1 concretions; few fine faint Fe :nottles; 
fe" fine cutans on p~ facas; few fine roots; few ;ne:liurn 
an:l ve.ry few fine pores; clear s;rooth boundary 

very dark braN.1 ( 1 OYR 2/2) rnoist; clay la~ on handfeeling 
lo=ally wi th S·'.7.lle rounde:l andasi tic stones rnax. 5 c:n ~ 
and tuff; medium w=ak prisrrs breaking into rn...o:liurn mo::l.er ate 
angular blocky structure; friable, sticky and plast ic; 
very slightly acid; few fine Fe.'ln concretions and few 
fine faint Fe :nottles; co:rrnon fine cutans on pe:1 faces; 
very few fine roots; cJ.Tm::>n fine and rrediu:n pores; clear 
an:l irregular boundary 

black to very dark bra.vn ( lOYR 2/1,5); s3!ldy loarn; rrediurn, 
mo:lerate to waak angular to sub~gular blocky structure; 
friable, non sticky, non plastic; very slightly acid; 
very few fine roots; mmy fine and m:!diurn pores; clear 
an:l smooth boundart 

very dark brcrN.1 ( l OYR 2/ 2) moist; clay loam ·::>n handfeeling; 
rne:lium waak prisrrs bra.a.king into m~iurn rno:lerate angular 
blocky structure; friable, sticky an:l plastic;very slightly 
acid; few fine cutans on pe:1 faces; very few fine roots; 
ccmn::>n f ine and ma:liurn p::>res; gradual srrooth boundary 

dark bra.vn ( lOYR 3/3) moist ; clay loarn on handfeeling · 
wi th 5% semi waathere:l tuff particles and nodules 0, 5 
cm lil and few 5-1 0 c:n 0 rounde:l an::l.esi tic stones; rrediurn 
we~ prisrns breaking in m?diurn m::xl.erate angular blocky 
structure; friable, sticky and plastic; vary s l ightly 
acid; fe" fine cutans on pa::l. facas ; vary few fine roots; 
ccrnron fine and m=cl.ium p::>res; gradual smooth boundary 

Horizon 
Depth (een ) 

Ap 
00-14 

81 
14- 29 

B2 
29- 38 

Pud.jen Series 

IIIA IIIB IVBl 
46-56 56- 83 83-116 

================~============================================ 

total clay % 

total silt % 

total s3!ld % 

very fine sand % 

fine san::l. % 

rrediurn sand 

coars-= sand 

very coarse 

organic C % 

total N % 

C/N 

% 

% 

sand 

exch . ca rreq1100 

exch. 1'13 rneg/100 

exch. Na 

exch. K 

ax: NH
4
0Ac 

83.se sat NH40Ac 

% 

grs 

grs 

% 

availaole p (Bray II) 

25.9 

47.8 

26 . 3 

4.6 

12. 5 

7.4 

1.6 

0.2 

2.08 

0 . 14 

15 

5. 7 

4.0 

8.2 

3.2 

0. 5 

1. 2 

22 .6 

57.9 

18 . 1 

23 .8 

48.5 

27 .7 

5. 1 

13.0 

7.5 

2.0 

O.j 

1. 93 

0 . 12 

16 

6.0 

5.0 

8.7 

4.7 

0.6 

1. 2 

23 .4 

64 . 9 

16 . 5 

11.8x 

67.0 

21.2 

0. 4 

13.3 

6. 1 

1. 1 

0.4 

2.39 

0 . 13 

18 

6. 1 

4.2 

8.7 

4. 4 

0. 6 

1. 2 

22 . 8 

65.3 

15 . 0 

3.9x 18. 9x 8.4x 

46.9 50 .7 65 . 2 

49. 1 30.4 26 . 4 

9. 1 6. 1 5. 1 

. 22.0 14 .0 13 .7 

15.9 8. 1 6. 1 

2. 1 2.0 1. 1 

0. 1 0.2 0.3 

2.89 2. 55 1. 47 

0.20 0.19 0.10 

14 13 15 

6.3 

5.0 

8.8 

3.0 

0.7 

2.0 

24 . 6 

58.9 

21. 2 

6.2 

4.9 

9.0 

2.7 

0.6 

1.2 

21.0 

64.3 

18 . 1 

6.2 

4.8 

9.0 

2.6 

0.8 

1. 1 

21.4 

63. 1 

19 .6 
============================================================= 
bulk de:-isity 1. 13 1. 15 1. 16 

parm:ability cm/hr 6. 1 3.8 1. 75 1.0 

liquid lirni t 49.5 46.7 45.5 56.7 

plastic lirni t 40.0 42.4 32 . 8 44.2 

plasticity index 9.5 4.3 12. 7 12 . 5 

pF 0 water % 79.3 80.0 99.8 

pF 2 41. 7 44.2 53.5 

pF 2,5 37 . 8 37 . 8 48.7 

pF 4,2 30.8 30. 1 34.2 
x============================================================ 

53."llples 82, UIA, IIIB and IVB did not disperse well an::l. the clay 
contents should ba higher than indicate:l; see field estim;tes 

N 
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Sflll\IllJ SERilS . 

Pedon No. : I<K 23 SYMOOL B 

Classif icatioo : P~Bogor 
FNJ 

aitric Cantlisol 
aitric Carrbisol 

IJ::x::atioo 
PhysiogratiJy 
Elevatioo 
TopOgratiJy 
Drainage 

Soil Taxooany Anthropic* Andic Hlini.tropept 
f i ne silty, isohyperthermic 

1, 2 Jan WSW fran Desa Sebaluh 
colluvial footslopes 
1210 m..oter 
sloping: 8-12 % cxincave slope 

Eros ion 
Vegetation 
Parent naterial: 

-11 drained: medium rui:i-off: medium peareability 
slight gully erosioo between terraced f ields 
naize, vegetables 
colluvial naterials derived fran volcanic ash 
M.Prabowo, L.Rayes and G.W.van B:irneveld Described by 

Ap (Ap) 
00-18 an 

Al (Al) 
18-33 an 

Bl (BA) 
33-46 = 

B21 (Blw) 
46-98 an 

B22 (B2w) 
98-150 an 

B3 (OC) 
150 + 

3 Mrrch 1983 

very dark brown ( 10YR 2/2) rroist : clay loam: medium, 
rroderate granular and subangular blocky structure: friable, 
slightly sticky and slightly plastic; acid: many fine 
roots: many fine, medium and coarse pores; few, fine 
charcoal fragrrents; clear, srrooth boundary 

dark brown ( 7, SYR 3/2) and very dark brown ( 1 OYR 2/2) 
rroist; clay loam; medium, rroderate granular and subangular 
blocky structure: friable: slightly sticky and slightly 
plastic; slightly acid: ccmron fine roots; many f ine, 
medium and coarse pores: clear \'l/Ny boundary 

dark yell<Mish brown (10YR 3/4 ) to dark brown (7, SYR 
3/4) rroist; clay loam with very few, fine tuff parti cles 

< 2nm 0 : medium, m:xlerate subangular blocky structure; 
friable, slightly sticky, slightly plastic: very slightly 
acid: few, patchy cutans on ped faces; few fine roots; 
ccmron fine and medium pores; clear srrooth boundary 

dark yell<Mish brown ( lOYR 3/4) rroist; clay loam with 
few fine tuff particl es < 2 rnn 0 ; medium, rroderate angular 
blocky structure; friable, sticky and plastic;very slightly 
acid: few, fine cutans on ped faces; few fine roots: 
ccmron fine, medium and coarse pores; diffuse srrooth 
boundary 

dark brown ( 7, 5 YR 3/ 4) rroist : clay loam on hand.feeling 
with few, fine tuff particles < 2 rnn 0 : medium, rroderate 
angular blocky structur: friable , sticky and plastic; 
neutral: traces of cutans on ped faces : very few fine 
roots: cx:mron fine and medium and many coarse pores; 
clear to abrupt and srrooth boundary 

brown to dark brown (7,SYR 4/4) rroist: clay loam on hand.­
feeling with cx:mron, fine tuff 3 rnn 0 : medium, rroderate 
angular blocky structure: friable , slightly sticky and 
slightly plastic: very slightly acid; very few fine roots; 
many fine and coarse and few medium rcots pores 

Horizon 
Depth (an) 

total clay 

total s ilt 

total sand 

% 

% 

% 

very fine sand % 

fine sand % 

coarse sand % 

very coarse sand % 

Sebaluh series 

Ap Al Bl B21 B22 B3 
00-18 18-33 33-46 50-90 100-150 150-170 

31 34 37 30 24 * 14 * 

40 36 37 41 39 37 

29 30 26 29 37 49 

17 18 17 18 20 20 

9 9 7 8 11 16 

3 3 2 3 5 11 

tr tr tr tr 2 
============================================================== 
organic C % 

total N % 

C/N 

exch. Ca rreq/100 grs 

exch. M; 

exch. Na 

exch. K 

2.80 

0 . 23' 

12 

5. 5 

4.2 

8.5 

1.8 

0.4 

1.0 

2.40 

0. 17 

14 

5.8 

4. 1 

9.0 

2.7 

0.4 

0.4 

1. 10 

0.10 

11 

6.5 

4.6 

10.6 

6.0 

0.6 

0.9 

1.00 

0.08 

13 

6.5 

4.9 

11.3 

5.5 

0.7 

0.5 

0.80 

0.07 

11 

6.6 

5.0 

12.6 

4.6 

0.8 

0.4 

1.20 

0. 13 

9 

6.2 

5.4 

14.5 

7.8 

0.9 

0.5 
============================================================== 
CEX:: NH40Ac 30.8 28.9 30.8 23.0 23.3 37.6 

Base sat. NH40Ac % 38.0 43.0 59.0 78.0 79.0 63.0 
============================================================== 
Avail. P ppn (Bray II) 

pH (NaF ) 

33 .0 16.0 

10.1 10.1 

8.0 10.0 

10.2 10. 1 

9.0 

10. 1 

12.0 

10.5 

=======~====================================================== 

* sarrples B22 and B3 did not disperse well and clay =ntents should be 
higher than indicated; see field estinates 

N 
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SEU:REJO SEru:E5 

Pedon 1-b. : KK 41 

Classification : PPl'-Bogor 

SYMOOL : S 
Anthraquic* Mollie M;diteran 
Anthraquic* Luvisol 
Anthraquic* Tropudalf, clayey, 
iscllyperthermi.c 

I.=ation 
Physiography 
Elevation 
Tqx:>graphy 
Drainage 

FNJ 
Soil Taxonany 

700 m NE of Desa Ngantru 
I.ower intervolcanic plain 
720 rreter 
gently sloping (5-8%) 

Eros ion 
Vegetation 
Ilarent rraterial: 

irrperfectly drained; slCM run-off; slCM pemeability 
none 
wetland rice 
ash and p.imice of Gunung Keloo 

Cescribed ·by 

Ap (Ap) 
00-12 an 

A12 (A2) 
12-22 an 

Bl {BI'.) 
22-28 an 

B21g(Blg) 
28-57 an 

B22g(B2g) 
57-75 an 

B3 (OC) 
75 an + 

M.Pra.bowo, L. Fa.yes and G.W.van Barneveld 
10 June 1983 

dark gray to very dark gray ( 10YR 3,5/1) moist; sandy 
clay loam on hand.feeling with 2% fine p.imicé gravels 

( 3 an i2S ; rredium ,moderate subangular and angular blocky 
structure; firm, slightly sticky and slightly plastic; 
slightly acid; ccmron fine, distinct Fe mottles; rrany 
fine roots; cx:rnron fine and rredium and few coarse pores; 
clear smooth boondary 

dark gray to dark grayish brc:Mn ( 1 OYR 4/1, 5) moist; sandy 
clay loam on hand.feeling with 5% fine p.imice gravel< 
3 an i2S; m=dium, moderate angular blocky sturcture; firm, 
slightly sticky and slightly plastic; neutral; ccmron, 
fine, distinct Fe mottles; rrany fine roots; ccmron fine 
and rredium and few coarse pores ; abrupt smooth boondary 

dark gray to dark grayish br= (lOYR 4/1,5) moist; 
sandy clay on hand.feeling with 10% fine p.imice gravel 
< 3 c.11 i2S; m=dium, stiong angular blocky structure; slightly 
cerrented traffic pan, firm, slightly sticky and slightly 
plastic; neutral ; many, fine, distinct Fe - mottles; few 
fine and rredium and few coarse pores;abrupt smooth boondary 

dark grayish brc:Mn (lOYR 4/2) moist; sandy clay on hand.­
feeling with 10% fine p.imice gravels ( 3 an i2S; rredium, 
streng angular blocky structure; firm, sticky and slightly 
plastic; neutral; o:::mron fine Mn CXJOcretions; rrany, rredium, 
distinct FeMn mottles; few fine, rredium and coarse pores; 
clear smooth boondary 

dark gray to dark grayish brc:Mn (lOYR 4/1,5) moist; clay 
on hand.feeling with 5% fine p.imice gravels ( 3 an ; rredium, 
moderate angular blocky structure; firm,sticky and plastic; 
slightly acid; ccmron, fine Mn concretions ; rrany, rredium 
distinct Mn mottles; few, fine, rredium and coarse pores; 
abrupt and smooth boondary 

hard pan 

Horizon 
Depth (an) 

total clay % 

total silt % 

total sand % 

very fine sand 

fine sand % 

rredium sand % 

coarse sand % 

% 

very coarse sand % 

organik C % 

total N % 

C/N 

exch. Ca rreq/100 grs 

exch. Mg 

exch. Na 

exch. K 

Avail. P ppn (Bray II) 

pH (NaF) 

Ap 
00-12 

32 

16 

52 

8 

10 

12 

11 

11 

0.8 

0. 15 

5 

5.7 

5.0 

31.0 

4.1 

0.5 

tr 

48.3 

74 

29 

9.7 

A12 
12-22 

38 

15 

47 

8 

11 

10 

8 

10 

0.6 

0.11 

5 

6.9 

5.4 

18.6 

9.8 

0.5 

0.1 

37. 1 

78 

25 

9.8 

Selarejo series 

B21 
28-57 

42 

13 

45 

6 

8 

12 

7 

13 

0.4 

0.06 

7 

6.6 

5.4 

23.4 

4.1 

1.1 

1. 1 

55.7 

83 

35 

10.0 

B22 
57-75 

50 

12 

38 

4 

7 

10 

10 

7 

0.4 

0.06 

.7 

5.9 

5.5 

24.8 

6.2 

1.1 

1.2 

37.2 

90 

44 

9.9 

~~~~~~-===================================-~ -
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Pedon No. : I<K 4 SYM80L : T 

Classif ication : LPT-Bogor 
Fl'[) 

Anthraquic* 1-bllic Mediteran 
Anthraquic* IJ.Jvic Phaeozan 
Anthraquic * Argiudoll 

I.ocation 
PhysiografX1y 
Elevation 
Topogril[Xly 
Drainage 

Eros ion 
Ianduse 

Soil Taxonany 
fine clayey isohyperthermic family 

400 m ™ of entrance Bendosari village 
l owar middle terrace 
990 net.er 
gently sloping (4% single slope); terré!-ced 
inp~fectly drained (altered drainage) ; s l CM run-off ; 
very slow pemeabili ty 
slight gully erosion betwaen sawahs 
irri gated agriculture: rraize, S<Neet potatoes, vege­
tabl es; in sane years rice 

Parent naterial: volcanic ash over andesitic tuff 
Described by 

Ap (Ap ) 
00- 13 = 

Al (Al) 
13- 23 cm 

Bl (BA) 
23-36 = 

M. Prabowo and G.W.van Barneveld 
25 Septerrber 1981 

very dark bra1111 (10YR 2/2) rroist; silty clay l oam; medi um 
rro:ierate granular and sub3.l'lgular bl ocky structure; slightly 
firm, slightly sticky and slightly plastic; acid to slight­
ly acid; few f i ne Fèln concretions; few fine faint Fe 
rrottles; camon fine roots; many fine and m8dium pores; 
clear an:i srrooth bouOOary 

very dark brown ( 10YR 2/2) rroist; silty clay loam; medi um 
rro:ierate angular blocky structure; slightly firm; slightly 
sticky and plastic; acid to slightly acid ; c:x:mron f i ne 
Fe.'1n concretions; camon fine distinct Fe!o!n rrottles; 
so:re organic rratter coatings on pe:i faces; few fine roots; 
few fine pores; clear and sm:ioth bouOOary 

very dark grayish brown ( 10YR 3/ 2) rroist; clay loam; 
Jre:iium very ~ p:-isms breaking into me::iium rn:xlerate 
angular bl<Y"'...ky structure; slightly firm, sticky an:i 
plastic; slightly acid; few fine FeMn concretions; c::rmon 
fine :iistinct FeMn rrottles; few f i ne cutans on pe:i faces; 
few fine pores; clear srrooth boundary 

B21 (Bl t) very dark grayish brown ( 1 OYR 3/2) rroist; clay loam; 
36-60 a.n me:iium rn:xlerate prisms breaking into medium m::x'l.erate 

angular blocky structure; slightly firm,sticky and plasti c; 
very slightly acid; few fine FeMn concretions ; ccrnron 
fine disti nct Mn rrottles ; cx:mron fine cutans on ped faces; 
few fine pores; clear srrooth bouOOary 

B22 (B2t) very dark brown to very dark gray brown (10YR 2,5/ 2) 
60-78 an rroist; clay loam; me:ii um waak prisms breaking into medi um 

rn:xlerate angular blocky structure; f irm, sticky and plasti c; 
very slightly acid; very few fine Mn rrottles and con­
cretions; few fine cutans on pe:i faces; c.::mron fine pores; 
clear srrooth boundary 

IIB2 {2Bw) dark brown (10YR 3/3) m::>ist; sandy clay derived fran 
78-1 19 cm weathering tuff; m~ium and coarse angular blocky struc­

ture; friable , sticky and plastic; canron medium pores; 
clear =t.h b::iundary 

Horizon 
Depth (cm) 

total clay % 

total silt % 

very f i ne sand % 

fine sand % 

rredium san:i % 

coarse sand % 

very coarse sand % 

organic C % 

total N % 

C/N 

exch. ca m:q/100 grs 

exch . Mg 

exch. Na 

exch. K 

exch. acidity (pH 7) 

extr. acidi t y (pH 8. 2 ) 

CEx:: NH 40llc 
CEx:: effective" 

CEx:: sum of cations 

Base sat. NH4011c 

Base s at . effective 

Base sat. sum cations 

Avail. P ppn (Bray II ) 

Al 
00-23 

28. 4 

60.9 

2. 4 

4.2 

2.5 

1. 4 

0.2 

1. 77 

0.15 

12 

5.5 

4.8 

9. 2 

5. 9 

0.7 

1.2 

0. 10 

18.2 

32.2 

17. 1 

35.2 

5i.8 

99 

48.2 

30. 1 

Bl 
23-36 

30. 1 

43. 0 

5.2 

10.3 

8.4 

2.5 

0.5 

1.31 

0. 12 

11 

5.9 

5. 4 

10.2 

6.6 

0.7 

1.3 

0.20 

20.6 

30.0 

19.0 

39.4 

62.6 

98 

47.7 

16.8 

Tawangsari seri es 

B21 
36-60 

34 . 5 

23.8 

6.3 

16.5 

13.0 

4.9 

0.9 

1.00 

0. 08 

12 

6.2 

5.0 

10.8 

6.5 

0.8 

2. 7 

0.30 

16.0 

34.2 

21.1 

36.8 

60.8 

98 

56.5 

28.5 

B22 
60-78 

31.6 

28.2 

6.2 

16 . 7 

11. 7 

4.3 

1.3 

0. 93 

0. 07 

13 

6. 4 

5. 4 

12.5 

6. 6 

1. 3 

4. 3 

0. 35 

18.0 

33 .2 

25.0 

42.7 

74. 4 

98 

57 .8 

47. 8 

IIB 
78- 119 

38.5 

11. 1 

7.7 

21.2 

13. 7 

5. 6 

2. 2 

0.46 

0.04 

12 

5.8 

5. 4 

11.5 

6.5 

1. 2 

4. 3 

0.40 

13. 9 

29 . 8 

23.9 

37.4 

78.8 

98 

62 . 8 

15.0 
============================================================ 
bulk density 

liqui d limit 

plastic l imit 

plasticiky i n:iex 

per:treabi lity cm/hr 

pF 0 % water 

pF 2 

pF 2.5 

pF 4.2 

availabl e water rnn 0 -

1.22 1. 17 

47.5 49. 4 

40.6 37. 4 

6.9 12.0 

11. 3 0. 16 

86. 4 83.2 

51.0 40.8 

39.0 37. 4 

25.5 25.3 

100 cm : 119, 5 rnn 

1.38 

0.06 

71.9 

37.3 

35.3 

26.7 

1.01 

83.6 

66.9 

16.7 

1.1 

125 . 9 

72.7 

67 . 9 

47. 3 

============================================================ 
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