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ABSTRACT

£

Land is the dominant physical resource farmers
use., Of the land components that determine the
type and productivity of agricultural enterprises,
soil and landscape characteristics are most impor-—
tant. Natural landscape facets _and soil units de-—
velop by, parallel genetic processes, and there~
fore, landforms' amd soil bodies Vare often~closely
correlated loecationally. This correlation is for-
tunate because land features are easily recognized
and an approximate interpretation for agricultural
-use can be made if the association between land
features and soil properties is known.

Within cropping systems research projects, rthere
is a need to classify land for two reasons. First,
on the basis of land classification, project re-

search is focused on land that is likely .to pro--

duce the highest payoff. Second, to extrapolate
research results it is necessary to describe the
characteristics of land on which research was con—
ducted and then to identiffy other land areas with
similar characteristics. This study devised a pro—
cedure for rapid land description and determined
its utility by classifying land in the Cagayan
River Basin.

For the classificdation, a four-level system was
adopted: land system, land subsystem, landform
unit, and land surface units. Landform units were

regarded as the largest terrain units that would
be managed relatively uniformly with respect to
the sequence of crops planted and the dates of
planting. Four land systems, 9 land subsystems, 30
landform units, and 75 land surface units were
recognized. All land in the Cagayan River Basin
was ‘mapped to the subsystem level, but only land
in the alluvial land system was mapped at the
landform unit level., Because rice production is
concentrated on alluvial land forms, other land
systems were of secondary interest.

Stereograms and photos of selected landforms were
used to illustrate physical characteristics of the
landform, including common positioms of landforn
unit occurrence in relationship to associated
landforms, i.e. the pattern of landform occur-
Trence. :

To obtain a limited but objective evaluation of
the correspondence between land and seoils, soil
profile data from 26 soil profiles described along
short transects were subjected to cluster analy~
sis. Although the hierarchal system appeared to be
satisfactory in this study, additional.research is
needed to confirm the correspondence between land-
form units and soil characteristics over a wider
range of land systems in which rice is a common
Crop.

lBy R. C. Bruce, senior research fellow, and R. A. Morris, cropping systems agronomist, Intermational

Rice Research Institute,
Series Committee May 1981.

-

Los Banos, Laguna,

Philippines.
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LANDFORMS IN THE RICE-GROWING AREAS OF THE CAGAYAN RIVER BASIN

+

Land is the dominant physical resource farmers
use, Within areas covering 50,000-100,000 ha, over
which the climatic pattern is reasonably uniform,
landscape and soil characteristics are the most
important land components that determine the type
and productivity of agricultural enterprises.
Where the effects of climate are uniform, mnatural
landscape facets and soil units develop by the
parallel processes of pedogenesis and geomorphoge-—
nesis; therefore landforms and seil bodies are
often closely correlated locatiomnally. This cor-
relation is fortunate because terrain features are
eagily recognized and an approximate interpreta-—
tion for agricultural use can be made if the asso-
ciation between land facets and soil properties is
known.

On the basis of terrain features, a hierarchal
land classification system can be developed and,
for a given region, land classes within that sys-
tem can be mapped. To aid recognition of landform
units, the general relationships between land
mapping units and terrain features can be de-—
seribed and illustrated. Two linked benefits
should be derived from improved recognition of
.land classes:

e First, by recognizing important differences
in land characteristiecs, regional agricul-
turists should be able to make more accurate
erop recommendations for given areas, Im—
creased accuracy of recommendations should-
increase the efficiency of resource alloca-—
tion in agricultural development programsS.

e A second benefit should come from an improved
focus of research aimed at increasing region—
al agricultural production.

More specifically, within cropping systems re-
search programs there 1s a need to classify land
for two reasons:

e to use limited research resources efficiently
research should be focused on land classes
that are likely to produce the greatest pay—
off, and

e to extrapolate research results, land areas
within the same land class on which research
was conducted must be identified.

To be useful in cropping systems research projects,
land classification methods must provide sufficient
detail to be useful to the research staff in the
initial stages of program formulation, and to the
extension staff when production is initiated. To
meet this requirement, three products are required.

PREV

1. maps of land units from which the relative
proportions of land in each mapping unit can
be determined;

2, stereograms and photos that illustrate the
t¥pical recurrent patterns of land units in
the landscape with respect to slope, relative
elevation, and common terrain features so
that Tecognition in the field is facilitated:
and

3. descriptions of representative soil profiles
from the major land units on which rice is
grown, plus a brief evaluation of the land
unit for specified cropping patterns.

The objective of our study was to devise a proce-
dure for rapid land description and to use it in
the classification of land in a selected portion
of the Cagayan Valley. Before devising a procedure
we reviewed land classification approaches used by
others. It was not an objective of this study to
make a detailed analysis of the correspondence
between s8o0ils as natural bhodies and associated
landforms, although some preliminary comparisons
were made.

CONCEPTS OF LAND CLASSIFICATION

Because of differences among scientific discip-
lines, scales of study, and intended applications,
a single, widely accepted land classification sys-
tem does not exist. Geographers have proposed and
applied systems based on broad geologic features,
usually for small-scale geographic studies. Pedo-
logists, geomorphologists, and hydrologists have
formulated land classification schemes that are
suitable for large-scale studies. Seldom is termi-
nology consistent across classification systems.
In most cases, common geomorphic landform nomen-—
clature such as interfluve, kame, and fan has béen
explicitly defined for each study.

Classification systems developed by agricultur—
alists have often been adaptations of geomorpho-
logical or geographic classification systems. The
land clagsification systems used by agricultura-
lists have, in genergl, been designed to facili-
tate agroecological imventories or research pro-
jects, often to provide a basis for formulating an
area development project or establishing land use
policies.

In the remainder of this section, selected publi-
cations on geomorphology, pedology, and land clas—
gification are reviewed. In the first part of the
review, the objective is to support the notion
that one should expect to obtain at least a strong
correlation between the surfaces and the cropping
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potentials of the soils on those surfaces. In the
second part, Jland classification systems are
examined: first, to demonstrate that others have
found wmerit in hierarchal land classification
systems as loglical methods for describing land,
and, second, to determine how a land classifica-
tion system should be structured specifically for
the Cagayan River Basin. ’

Geonmorphic—pedogenic studies

Boil scientists and geomorphologists have examined
the influence of landforms on- pedogenesis, or,
perhaps more correctly, the parallel and interac-—
tive processes of pedogenesis and geomorphogene—
sis. The recognized relationships between landform
and soil patterns are used by soil surveyors to
locate tentative boundaries of soil bodies on
aerial photos and to guide sampling in the field
{USDA 1975, Beckett 1978).

From their extensive research, Conacher and
Dalrymple (1977) proposed a nine—unit land surface
model. They describe diagnostic criteria for each
of the nine fundamental land surface uynits that
comprige any landscape. The criteria make possible
the field recognition of the units. They present
their nine~unit model as a soil-water—gravity mo—
del, and claim that it is relevant to studies in
pedogeomorphology. In addition to, a2 framework
within which pedogenetic studies can be pursued,
the land surface units can be mapped and the in—
formation from land surface studies can be used
for land evaluation. Conacher and Dalrymple dis—
cuss both laund surface mapping and land evaluation
on the basis of land surface units.

Huggett (1975) developed a soil-landscape model
that provides a ratiomal basis for the simulation
of soil systems. Valley basims form the basic or—
ganlzational units of the soil systems. The model
is three-dimensional. The watershed boundaries on
the rim of wvalley basins, the land surface, and
the weathering front at the base of the soil pro-
file are system boundaries. The model builds on
concepts such as Simonson's generalized theory of
soil genesis (additions, removals, transfers, and
transformations) and watershed flow theory
(groundwater recharge, throughfiow, overland
flow). The model assumes that soil and landform
evolve simultaneocusly. ’

Drawing on experiences from several studiess, Web-
ster (1977) stated that “about half the variance
in the physical properties of soil in a region can
be attributed to differences between classes in a
fairly simple classification of soil based on pro-—
file appearance, physiography, or geology."” About
one—third of the total variances of organic matter
and pH, but less-than 10% of the total wvariances
of available phosporus and potassium, were diffe—
rentiated by such simple classifications. The phy—
sical properties determined in the studiss cited
by Webster were plastic limit, matric suction, and
soll strength (cone index).

Buhe (1969) associated the soil distribution pat—
terns in Iowa to the evolutlion of glacial land-

scapes. The series of studies by Ruhe provides
strong documentation of the influence of deposi-
tional and erosional geologic processes, previous
climatic conditions, and time on the evolution of
the soils and landforms.

In a study of three areas in Venezuela, Arnold and
Schargel (1978} found that the nature of mate-
rials, particularly texture and relative landscape
position, yield map patterns common to both geo-
morphic and pedologic maps, and to maps showing
areas of similar cropping potential. They stated
that additional refinements in textural profiles
and wetness could be used to increase detail of
the pedologic maps.

In a study of geomorphic surfaces in Hawaii, Bein-—
roth et al (1974) found that soils occurring down
uwniformly sloping lava flows differed because of
climatic factors, of which an orographic rainfall
gradient resulting from a gradual elevation in-
crease was regarded as the most significant fac—
tor. Within a band of similar annual rainfall, re-
peating patterns of soils and land surfaces were
evident from their study. Furthermere, soils in
two different orders (Ultisols and Oxisols) found
in adjoining positions on the same surface had
very sidilar chemical and mineralogical proper-
ties. Despite occcurring in different soil orders,

-it is reasonable to assume that adjoining soils on

the same surface would not differ greatly with
respect to agricultural suitability and management
requirements because differences in soil proper-—
ties were only minor.

In an extensive discussion of the geunesis, classi~
fication, taxonomy, and geography of soils, Hunt
(1972) and Buol et al (1973) cover the relation—~
ships of landscape and soil formation and the dis—~
tributional patterns of .soils in the landscape.
Hunt makes the distinction between scales of land-
forms and describes the characteristic major land—
form elements in each physiographic province of
the United States. He emphasizes that an under—
standing of topography is important because it
provides a clue to the kind and thickness of wea~
thered materials that cover the bedrock and to how
surface deposits build or modify landforms.

In their discussion of soll genesis, Buol et al
(1973) present a state-of-the-art synthesis of pa~
rent material, relief and landscape, climate,
time, and organism as factors influencing soil de-~
velopment. From thelr discussion, 1t 1s apparent
that within an area covered by the same series of
climatic sequences, the geologic processes that
determine parent material, relief, and time for
soil development simultancously determine the evo~
lution of landscape features. They discuss the re~
lationship between terrain features and soilscapes
and thelr relevance to soil surveying.

The cited studies of Conacher and Dalrymple, Hug-
gett, Ruhe, Arnold and Schargel, Webster, and Buol
et al suggest a close relationship between the
distributional pattern of natural soil bodies and
landforms. More explicitly, within the same geo—
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logical formation, soils with similar properties
should be found on similar land surfaces. This
correlation can be applied in the development of a
rapid land classification system that can be used
to locate aud to describe tracts of land with si-
milax land-use potentials. Because of parallels in
evolution, so0il bedies found on similar land sur-—
faces will often belong to the same or to a close~
ly related family. Soils belonging to the same fa—
mily will have similar agronomic .potential (John-—
son 1980). Even where two or more natural soil bo—
dies occur on a single land surface unit, the sgi-
milarities among the soils would likely not be
great enough to place the soils in different soil
management groups. A soil management group is a
technical grouping consisting of sgoil series of
like profile characteristics that have similaxr
productivities for a defined use (Mokma et al
1978).

Land classification systems

Geographers and agriculturists recognize the im-
portance of landscape-soll relationships and have
often incorporated them into low categories of
land classification systems. At the high catego—
ries in the classification systems, however, broad
geoclogic features differentiate regions.

Under the general term terrain classification,
Ollier (1977) described and compared several land
system surveys. Three or four hierarchal catego-
ries are commonly used. In a discussion of gemeral
principles, Ollier pointed out that a high corre-
lation between rock, landform, soil, wvegetation,
and climate at a site, and between similar sites,
is the basic assumption on which the utility of
terrain classification 1s based. He also mnoted
that these correlations, which enable reasonable
predictions to be made about land properties at
sites not directly inventoried, impart value to
terrain classification. According to Ollier, how-
ever, only a few rigorous examinations of these
assumed correlations have been made.

Australians were among the earliest to recognize a
need for systematically mapping land features as a
neans of inventorying land resources. Way (1978)
described the components of the PUCE (Pactern—
Unit-Component—Evaluaticn) scheme wused in Austra-
lia and compared it to landform mapping systems in
the United States. The PUCE scheme, or variants of
it, 1s more formalized than schermes used else-
where., The four categories in the PUCE system are
terrain province, terrain pattern, terrain unit,
and terrain component. The first two categories
are mapped on a4 1:250,000 gcale, the third cate—
gory is mapped on a 1:50,000 scale, and the last
category is described in a~ narrative section. In
addition to being mapped, terrain patterns are
also described in block diagrams. Characteristics
of PUCE wnits are summarized in Table 1.

From a review of earlier land classification
systems, Thomas (1969) synthesized a 6-category
hierarchal classification system for resource—
inventory applications in agricultural, forestry,

- and range land development projects.
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Thomas
proposed the following criteria:

1. 8ite - Sites are fundamental units of relief
and are not susceptible to subdivision using
morphological eriteria. In general they may
be wapped only at scales around or greater
than 1:10,000. .

2., Facet - Facets are relief units exhibiting a

high degree of homogeneity and which are ge-
netically single features within landform.
A facet is generally only one part of a unit
landform (defined below). They can generally
be mapped consistently at a scale 1:25,000,,
but not always at 1:50,000.

3. Unit landform — A unit landform was defined
by (others) as a ‘'terrain feature ....
usually of the third order .... that may be
dascribed and recognized in terms of typieal
features wherever it may occur.' This morpho-
logical uwnit is of critical importamce in
that each unit landform is likely to corres—
pond to a single soil association or catena.
The teminology for landform description must
be precisely defined for each area. Unit
landforms may usually be mapped at a scale of
1:50,000. -

4, Landform complex — The landform complex finds
no exact parallel in past literature but its
existence is recognized by allusions to com-
plex land units and complex unit landforms.
Tt may be argued that such & morphological
unit is one of -comwenience, but certain land-
forms occur more often as complexes than as
simple units. In certain cases it may be ne-
cessary to mep landform complexes rather than
individual unit landforms at secales 1:50,000-
1:100,000.

5. Landform system — This category arises out of.
the definitions of the tract, +... the land
system, ... and the recurrent landscape pat—
tern e.... Such systems are defined here
solely in geomorphic terms; they exhibit a
repeated pattern of unit landforms and/or
landform complexes. Landform systems may be
mapped at scales 1:250,000—1:500,00'0.

6. Landform vregion — This category includes
areas within which all the landforms are sys—

, tematically related through structural or
other factors. It corresponds to the major
relief unit of Young (1969). A landfomm re-
gion will contain two or more related land-—
form systems.

Thomas did not consider categories that would be
mapped at scales smaller than 1:500,000. At such
scales the information comveyed would obviously
lack detail sufficient to make it useful for
planning purposes.

Landscape elements such as alluvial fans and pled-
mont plains, which could be recognized, named, and
mapped, were not emmerated by Thomas. He left the
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Table 1. PUCE units and associated characteristics (Way

1978).

Stage in terrain Map scale Terrain factor§ used Terrain factors suitgble for quantitative expression
classification for description Factors Method and scale
Terrain province 1:250,000 Geology Properties of geologic Air photointerpretation or
materials geological maps 1:1,000,000
Terrain pattern 1:250,000 Geomorphologyi basic Relief amplitudes, Airphoto and/or ground study
plus block characteristics of stream frequencies 1:10,000
diagram soil, rock, vegetation : . -~
COmmMon among constit—
uent terrain units,
drainage pattern -
Terrain unit 1:50,000 Physiographic: unit; Dimensions of physio— Airphoto and/or ground study 5
principal characteris— graphic unit (relief 1:10,000
tics of soil, rock, amplitude, length,
and vegetation width)
Terrain component Usually not Physiographic compo-  Dimensions of physio- Measure on site
mapped but nent, lithology, soil graphic component
described type, vegetative (relief, amplitude,
association length, width, slopes)

Dimensions of vegetation Measure on site
(height, dismeter,
spacing)

Dimension of surface Measure on site
obstacles including rock
outcrops and termitaria

Properties of earthen Measured in the field or
materials throughout through laboratory procedures
profile

Quantities of earthen Measured or estimated on site
matexrials

descriptive definitions for the classes to the
adopters of the hierarchal system he ocutlined. He
did, however, describe a classification system for
tropical Africa, but because- of differences in
geologic development and age, the elements within
the classification have 1ittle relevance to
insular Asia. .

For a natural resource imnventory of Malawi, Young
(1969) wused geomorphologlcal mapping units to
stratify land. In the stratification, four units
of scale were used:

1. Major relief umits, presented on a scale
1:1000,000, included certain types of land-
forms, but permitted a wide. range of landform
characteristics and slope properties.

2. Relief units, commonly of the order of 20-200
km in extent, were described by type and re-
lative extent of landforms and the proportion
of slopes in different ranges.

3. Landforms, commonly of the order of 100 m to
2 km in extent, were recognized on the basis

of pdatterns of landform width, maximum slope,
predominant slope, and slope shape.

4, Slope units, mapped on scales 1:10,000 to
1:25,000, were the divisions of an individual
slope. The slope units, which could be recti-
linear, comnvex, or concave, were described by
curvature and angles.

Three landscape categories were included in a land
resource classification system used by the Inter-—
national Center for Tropical Agriculture to inven—
tory the agricultural resources of Tropical Ameri-
ca (Cochrare 1980), At the highest category, land
systems were delineated on 1:1,000,000 LANDSAT
prints. Land systems were subdivided into land fa-
cets, with a maximum of three facets per land sys-
tem. The major solls occurring in individual land
facets were used as the lowest categoxry of the
system. The soils were vregarded as descriptive
units, not as mapping units. Soils were described
at the Great Group level of Soil Taxonomy {(USDA
Soil Survey Staff 1975).




For an extensive cataloging of Indonesian land~
forms, Desaunette (1977) suggested that at a ge-
neral level of classification, broad physiographic
regions could be described and mapped at scaleg,
between 1:1,000,000 and 1:1,250,000. For recomnnai-
sance level studies; land systems could be de—
scribed and wmapped at scales between 1:500,000 and
1:250,000, For detailed studies, land units within
land systems could be mapped at scales between
1:100,000 and 1:10,000 but a land subsystem level,
falling between the land system and the land unit
level, would be useful in organizing an inventory
of land resources. )

Desaunette proposed 7 land systems for Indonesia:
alluvial, marine, plain, hill, plateau-mouatain,
volcanic, and karst. Within each 1land system,
several subsystems were proposed. The alluvial
system, for example, was subdivided into alluvial-
marine, alluvial, alluvial-collevial, and closed
alluvial. Within each subsystem 3 to & landforms
were conmonly described as the basis on which to
delineate land wunits. Within the alluvial-éollu-
vial subsystem, seven landforms were recognized:

¢ narrow, isolated interhill miniplains;

¢ broad, isclated interhill winiplains;

e ramified interhill miniplains;~

e undulating to rolling interhill miniplains;
‘e alluvio—colluvial fans;

& colluvial faus; and

¢ footslope colluvium in strips.

Desaunette suggested that landforms can be used as
a quick, diagnostic criteria for agricultural
development. Agricultural suitabllity assessments
are similar for land units of the same landform,
assuming they are found within the same general
agroclimatic  zone. The system proposed by
Desaunette was applied im a reconnaisance of the
land resources survey of the Cimanuk Watershed
(FAO/LPT 1976). Applying image interpretation
techniques, Malingreau (1976) used landforms in

. the Cimanuk Watershed in a study of patterns of

cropping and water management.

To classify natural resources in South Afrieca,
MaeVicar et al (1974) developed a system with the
categories: land system, land type, and -ecotope.
In their system, an ecotope is defined in terms of
climate and soil characteristiecs such that,
between two ecotopes, there is a  significant
difference in the potential yield of a farm
enterprise.

¢ To map ecotopes, scales of 1:20,000 and lar-
ger are required. A land type consists of a
number of ecotopes.

s For each land type, terrain forms and soil
patterns display marked degrees of uniformi-

.
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H
ty. Scales about 1:250,000 are suitable for
for land type mapping.

o In the land system category, groups of Jand
types with characteristics sufficiently gimi-
lar to distinguish them from other groups are
combined. Land systems can be mapped at a
scale 1:1,000,000 or smaller.

In the systems devised by MacVicar et al, land
types and their compohent ecotopes are the units
on which agricultural extension and development
programs are focused.

Whyte (1976) has surveyed different land classi-
fication methods for integrated resource manage—
ment and land use planning purposes. Although he
presents mo conclusions, it is clear that he re-
cognizes the economies of time and funds obtaina—
ble by a geomorphological approach to land cha-
racterization. He states that Iandform maps pro-
vide information to agronomists, soil surveyors,
and engineers engaged in research and develop~
ment.

Using a land systems approach to land imnventory
with four levels of stratification, land system
units in Nepal were mapped on 1:500,000 satellite
imagery base maps (Nelson 19%80). The four levels
were zones, regions, land systems, and land types.
Because of the small size of most land type units,
this level was used as a description unit rather
than mapping unit.

The elements that make up a landscape have been
described by geomorphologists, pedologists, and
other scientists. For example, in a study of rice~-
growing wetlands, Moorman and van Breemen (1978)
described six major elementary recurrent land—
forms: inland walleys, alluvizl fans and piedmont
plains, meander floodplains, lacustrine f£flood-
plains, marine floodplains, and alluvial terraces.

Takaya (197la, b; 1974, 1980) wused geomorphic
terms to describe the Chao Phraya Basin in Thai-

. land, the lower Mekong River Basin in Vietnam, and

the Komering River Basin in Indonesia. These geo—
morphic deseriptions have been used as structural
background on which to base agroecological studies
of rice and other crops.

Aiming at land classification applications that
are more clearly interpretive for small develop—
ment areas, Way (1978) described typical landforms
found in each of 6 terrain categories: sedimenta—
ry, digneous, metamorphic, glacial, eolian, and
fluvial. For each category, he illustrates and
discusses characteristic land pattern elements,
assoclated soil characteristics, and potentials
and limitations for engineering, and other uses.

This review of pedologic and geomorphologic lite-
rature suggests that the correlation between land-
forms, soils, and hydrologic regimes is sufficient
to permit a useful and rapid classification of
land on the basis of landforms. The review of
landscape classification systems suggests that a
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hierarchal system with large physiographic tracts
at the highest category and elementary land sur-
face units at the lowest category is a sound ap—
proach to land classification. Land subsystems and
landform unit categories should be placed between
the highest and lowest categories. Landform units
can serve as the basis for mapping unit defini-
tion, but users need photographs, stereograms, or
sketches to illustraté typical recurrent terrain
features within landform and land subsystem units.
From the mapped landform units, areas with a com—
plex of land surface soil-hydrclogic characteris-—
tics similar to those on which intemsive agromo-—
mic research has been or is being conducted can be
identified. Agronomic practice adapted to condi-
tions in intensively studied areas will have a
greater likelihood of being adopted in areas with
similar land surfaces, soll, and hydrologie attri-
butes than in large areas that are casually iden—
tified.

It is apparent that while a landscape mapping
approach to land classification has an appeal of
rapidity and utility and ease of conveying land
recognition to laymen, the resulting descriptions
of landscapes and related soil materials should
riot be viewed as a replacement for a proper soil
survey and a documented soil map. A well-conducted
landscape mapping project, however, can form a
starting point for a rigorous soil survey and
studies. of soil genesis and taxcnomy. .

The objective of the study we report here was to
develop a land classification -system for the
Cagayan River Basin. The land areas of primary
interest were those on which rice is grown, and
more specifically, land with characteristics
similar to that found at the Solana site of the
IRRI~Cagayan Integrated Agricultural Development
Project’ (CIADP) cropping systems research project.
Our study had three purposes:

s It was to provide a preliminary assessment of
the soundness of the approach taken to land
classification.

o The information collected was to provide the
basis for subsequent landform, ,soil, and
agronomic studies.

# As 2 basis for recommending improved agricul-
tural practices in the Cagayan area, the pro—
ducts from the study were designed to enable
agricultural technicians to ideutify other
areas in the basin with land characteristics
similar to those in the Solana cropping sys—
tems research area.

OVERVIEW OF THE CAGAYAN RIVER BASIN

The' Cagayan River drains 25,400 km2 of which
about 12X is 1level. Rice,, maize, mungbean,
tobacco, cotton, vegetables, and sugarcane are
grown on the level portion.

Landform evolution

Tha Cagayan River Basin was once part of the sea
that covered all but the highest parts-of northern
Luzon. The southern end of the basin is closed by
the east—west oriented Caraballo Mountains. .The
Cagayan River is joined by many triButaries but
the principal ones are the Magat, the Ilagan, and
the Chico. All drainage of the Cagayan Valley is
northward with the Cagayan River as the master
stream. Its head is near Echague and it empties in
the Babuyan Channel near Aparri. Except for the
Ilagan River, which lies east of the Cagayan, all
sizable streams in the basin enter the main stream
from the west, a factor that gives the wvalley an
assymmpetrical profile.

* Throughout the lower surfaces of the basin, marine

sediments extend to great depth. Only the upper-
most layersg are younger strata of river alluvium,
In some parts along the edges of the valley,
gentle uplift and folding have exposed ancient
formations. Meanderings of the Capayan River,
faulting and folding on both rims of the valley,
and cousiderable erosion in the highlands bor-
dering the valley, have produced numerous landform
types 'in the basin.

Sandbars or point-bar deposits and islands are
common in the Cagayan River and 1lts larger tribu-
taries. The braided stream patterm, especlally, is
characteristic in the central and upper valley. In
the lower course, the river becomes wide, teaching
400 m at TIlagan and 2 km at its mouth in Aparri.
Banks of sand and silt, oftenr a few meters high,
occur along its lower course. The valley termi-
nates with a broad sandy beach more than a kilome—
ter wide and about 10 m high along the Babuyan
Channel. East of Aparxri the beach is surmounted by
vegetated sand’ dunes, some more than 100 m high.
Behind the beach lie broad expanses of wetlands
that are too swampy and too low for rice cultiva-
tion. .

Streams flowing from the Sierra Madre Range des-—
cend by way of deeply trenched chanmels, often
forming deep cascades and high waterfalls along
faults that parallel the north trending fabric of
the land. Many of the channels widen and form nar-
row valleys favorable for wetland rice produc=
tion.

Stratigraphy of the Cagayan River Basin

The first stratigraphic nomenclature for Cagayan
Basin was presented by Corby et al (1951). How-
ever, the units were inadequately defimed and no
type sectioms were presented. Later the Petroleum
Division of the Bureau of Mines recognized seven
mappable lithologic wmits constituting the compo-
site stratigraphic column of Cagayan Basin (Bureau
of Mines 1966). The main features of these seven
formations are summarized im Table 2.

The general north—south trend of the basin margins
is broken in the north by the northeast trending
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Table 2. Main features of seven geologic formations in the Cagayan River Basin (Bureau of Mines 1966).

Formation Location

Rock structure Thickness

Geologilc age

Lubuagan, Kalinga;
localized along upper
Chico River; Tabuk

Awiden Mesa

Ilagan #long Ilagan River,
South Tlagan, Isabela;
localized along west
side of the valley;
well exposed on the
Enrile and Tumauine
anticlines

Cabagan Present almost through-

out the basin; exposed

in the Buluan River
area

Callao Callao Canyon along
Tuguegarao River at
Pefiablanca, Cagayan

Lubuagan Scutheast part of the
basin; Sierra Madre;
Kalinga foothills;
along eastern border

of the basin

Ibulao Exposed in the south-
east and northwest
parts of the basin.

Dumatata Observable only in the
southwest part of the
basin along Dumabate

Dumatata rivers,

Composed of welded tuff and 300-600 m
tuffaceous sediments overlain

by alluvium; quartz grains form

an erosional residue; numerous

mammalian teeth and tektites

have been found in the formatiomn.

Great lateral lithological wvaria- 1000-2000 m
tions of marine shale and sand-

stones; typical fluvial deposi-

tional formation; cobblestone

conglomerares are present in

the upper portion.

Shale with coarse_clastic and 1000 m
limestone intercalations in lower
portions and reef limestone

deposits in upper portions.

Reef complex which grades into 600 m
clastic facies in the deeper
part of the basin. .

Silty claystone and graywacke 200-2000 m
beds upper section; coarse sand-
stones and conglomerates on the
middle part and shale and silé-
stone on the lower part

Reef limestone deposits with 300-500 m
claystones and thin interbedded
graywacke sandstone in the upper
portion

Basic lava flows, partially meta- 100-600 m
morphosed agglomerates; tuff

brecia; tuffaceous sandstone and

silstone; over basement complex.

Upper middle
Pleistocene

Pliocene to
Pleistocene

Miocene to
Pliocene

Middle Pliocene

Middle Miocene

Early Miocene

Pre-0ligoceng

Cassigayan-Bajucan high which is essentially a

not uniform over the basin,

however, with some

horst block. A similar northeast-trend feature
exists in the subsurface of the. Ipil aresd, which
is exposed in the San Mariano Embayment, and in
the southwest part of the basin. These two fea-
tures, plus a similar one that may have existed
near the central part of the basin in its early
history, controlled sedimentation during the forma-—

tion of the IYbugao, Lubiagan, and Callao formatioms.

The basin gradually developed its present shape
during the Cabagan, Ilagan, and Awiden Mesa inter—
vals (Bureau of Mines 1966).

-

Climate

Most areas in the Cagayan River Basin have a wet
season of 5-b consecutive months in which rainfall
is more than 200 mm/month. The rainfall pattern is

areas having slightly longer wet seasons (Flores
and Balagot 1969, IRRI 1977). From December to-
April, vhen the winds are easterly, the basin
receives practically no precipitation. An excep—
tlon is the northermmost portion, which receives
significant rainfall ian December and Jamuary. The
northern coast, which is exposed to northeast
winds, receives somewhat higher rainfall. Mean
annual rainfall of 2,250 mm for Aparri, 1,720 mm
for Tuguegarao, and 1,683 mm for Ilagan have been
recorded. Much of this anuual rainfall comes from
the many typhoons that affect the area.

For the basin as a whole, the precipitation re—
ceived in the wetlands is much less than that re—
ceived in the mountains to the east, west, and
south. Intense rainfall received from storms is an
important factor contributing to the erosion and
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deposition of surficial materials and therefore to
landforms and soils developed in the valley.

MATERTALS AND METHODS

The proposed landform classification system

As generally used, the term landform applies to
the.recognizable arrangements of the physical laad
features that make up the surface of the earth.
. The term includes broad features such as plains,
plateaus, and mountains, but also smaller features
such as hills, walleys, canyons, alluvial faus,
and river terraces. For large areas such as the
Cagayan River Basin, the number of different land~
forms is large but classifiable. A practicable
method of organizing the many landforms occurrving
in the basin is needed. The classification system
formulated should be useful to agricultural tech-—
nicians, scientists, and planners. We proposed a
system based, on visually recognizable fundamental
land units that can be organized into broader
classes at higher categories of a hierarchal sys-
tem.

To classify land in the Cagavan River Basin, an
adaptation of a system similar to those used by
Thomas (1969), Degaunette (1977), and others was
formulated. The organizational structure was
strongly influenced by Thomas, and the terminology
for landform nomenclature was strongly influenced
by Desaunette. Four categories were established:
land system, land subsystem, landform unit, and
land surface unit.

'

¢ Land system. Land systems are subdivigions of
broad areas within which recurrent patterns
of higher order terrain featurés are found.
Such patterns provide for a natural grouping
of lower order terrain features, within which
recognition of a limited number of possible
component landform units is facilitated. The
physical surface features on which land sys—
tems are separated are controlled by major
geologic processes.

In the Cagayan River Valley, all land systems
© were of such extent that they could be inter-
preted on topographic maps at scales ranging
from 1:250,000 to 1:1,000,000 with elevation

contour intexrvals from 100 to 400 m. Black
and white (band 6) and cowposite color LAND-
SAT prints also aided recognition amd delin—
eation. TFour land systems were recognized:
alluvial, plain, hill, and mountain.

¢ Land subsystem. Land subsystems are subdivi-
-sions of land systems within which the diver-
sity of recurrent patterns of terrain fea—
tures is decreased. The decreased diversity
is dintroduced by recognizing the effects of
secondary geologic or geomorphic processes
and lithologic factors that limit the terrain
expression resulting from major geologic
processes.

Land subsystems were recognizable on 1:50,000
to 1:250,000 topographic maps with 20 to 100

m contour intervals and on 1:20,000 to 1:50,
000 airphotos. The component land subsystems
within the four land systems are presented
in Figure 1.

o Landform unit. Landform units are terrain
features that may be described and recognized
in terms of typical features wherever they
way occur. They are usually simple in form,
resting on a particular rock or superficial
deposit, and have soils and water regimes
- that vary in a consistent way over the whole
landform unit., Landform units are products of
one or more elementary processes from a com—
plex of denudational-aggradational processes
operating on material of similar Iithology.
For agricultural purposes, the landform unit
is sufficiently homogeneous Co permit the
same or similar sequences of crop species ko
be cultivated over a year, althouéh cultivars
exhibiting particular characteristies that
improve adaptation to local environmental
gradients (primarily differences in field
water regimes) may be planted in subdivisions
of a landform wunit, Homogeneity of present

agricultural use across a landform unit aids |

in the recognition of the landform unit, The
expected homogeneity of the landform unit in
future agricultural use imparts significance
to it as an agroecological unit.

Landform units were identified using 1:10,000
to 1:50,000 topographic maps with 5~ to 20-m
- elevation contour iaterval, or airphotos with
scales ranging from 1:10,000 to 1:20,000, The
compenent landform units within each land
subsystem are shown in Figure 1.

o Land surface unit. Land surface units are
components of laadform units. Land surface
waits are similar to the facets that Thomas
(1969) defined as relief units. They exhibit
a high degree of homogeneity and are geneti-
cally single features within the landscape,
having heen formed by a sivgle elementary
process in a complex of denudational—aggrada~
tional processes operating on material of
similar lithology. Crests of alluvial fans
and central segments of interhill miniplains
are examples. Within a land surface unit,
crop cultivars of similar duration and plant
type would be equally adapted and the optimum
management requirements of these crops would
be identical. Two or three land surface units
are recognized within each landform unit. The
compenent land surface wunits within each
landform unit are presented in Figure 1.

Land surface units were generally identified

- and mapped using 1:10,000 to 1:30,000 scale
airphotos. Although land surface units can be
recognized om 1:10,000 topogrdphic map with
5-m contour intervals, it is difficult to re-
cognize any of them on 1:50,000 topographic
maps with 20-m contour intervals.

The hierarchical categories in the landform clas—
sification system and the basis on which classes
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Fig. 2. Land systems and subsystems
in the Cagayan River Basin: A =
alluvial, P = plain, H = hill, and M =
mountain. The initial study area is
outlined at top center.

|
i
|

Four hierarchal categories in the land clas-
sification system formulated for the Cagayan River Basin.

are interpreted within each category are summa-
rized in Table 3.

Landform mapping procedures

Hiezarchal Interpreted on
category
Land system 1:250,000 - 1:1,000 topographic map

Land subsystem

Landform unit

Land gurface
unit

with 100- to 400-m contour interval

1:250,000 composite color LANDSAT
imagery

1:50,000 - 1:250,000 topographic map
with 20- to 100-m contour interval

1:20,000 - 1:50,000 air photos

1:10,000 - 1:50,000 topographic map
with 5- to 20-m contour interval

1:10,000 - 1:20,000 air photos
1:5,000 - 1:15,000 air photos

1:10,000 - 1:50,000 topographic map
with 5- to 20-m contour interval

Using 1:250,000 topographic maps and LANDSAT
imagery, broad landscape patterns were identified
and delineated as land systems. Within land sys-
tems, subsystems were identified and mapped by
means of photo interpretation techniques. To ob-
tain a three-dimensional impression of the land-
scape, a mirror stereoscope was used to view over-
lapping airphotos. Only land in the alluvial land-
system was mapped at the landform unit level.

Boundary of the study area

The initial study area, which covered about
150,000 ha in the north central part of the basin,
is outlined in Figure 2. Subsequently, the entire
basin was included for mapping purposes, but field
studies remained confined to the initial study
area.
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Recognition aids

In addition to devising the landform classifica-
tion system, two types of aids were developed to
assist potential users with recognition of land-
form units in field.

e Stereograms were selected and annotated to
show examples of major landforms in the land
subsystems on which agriculture is important.

e Photographs of selected landforms were used
to illustrate some of the common landforms,
and their typical positions in relation to
other landforms in the same and ad jacent land
subsystems.

Cluster analysis of soils in landform units

To obtain an exploratory but objective test of the
correlation between landform units and soil pro-
perties, cluster analysis of profile attributes
was used to group 26 soil profiles. Soil profiles
were described along seven small transects in the
soil study areas identified in Figure 3. Because
soil factors that affect crop adaptation were of
greater interest than factors that determine the
taxonomic placement of a soil, most of the varia=-
bles used in the analysis were determined in the
surface 40 cm, where crop roots predominate.

3 of sy S G e o Aies 30, demp, e Sestured,
e 3 s [y

W Adyed - e 06, O, S0es. fre m Hocert Smpowt Aol E
SR o ma sewtured medt 10 coorse testn

Bentar vl ot e, fre
med sextured

Fig. 3. Landform units in the initial study area, cross section at
A-B, and location of the soil study areas.

Three comparisons of alternative clustering pro-
cedures were made. First, a comparison of two fu-
sion methods (nearest neighbor and Ward's) was
made. In a second comparison, two sets of soil
variables,one from the surface horizon only (17
variables) and a second set from the surface and
second horizons plus color at 70-cm depth (33
variables), were used to cluster the 26 soils
using Ward's method (Table 4). In a third compa-
rison, principal component analysis was applied to
the set of 33 variables. From the principal compo-
nent analysis, the first 9 factor scores were used
to cluster the 26 soils using Ward's fusion
method.

The CLUSTAN package described by Wishart (1975)
was used for all cluster analysis. Except when
factor scores were used, fusions were obtained
from a similarity matrix of euclidean distances
computed from standardized scores of the original
variables.

RESULTS AND DISCUSSION

Landform classification and mapping

The predominant characteristics of the 4 land
systems, 9 land subsystems, and 30 landform units
are listed in Tables 5-10. These tables summarize
characteristics of the boundaries between units,
topographic and other physical surface features,
existing land use and vegetative cover, water
availability and flooding hazards, and use suita-
bility. The tables can be used to assist in land-
form recognition and the evaluation of landforms
for alternative uses.

Table 4. Soil variables used in cluster analysis.

First Second At
horizon horizon 70 cm

Number of horizons?
Hue!

Value

Chroma

Clay (%)

Sand (%)

Bulk density

Root abundance®

pH

Cation exchange capacity
Total exchange bases
Exchangeable K

Olsen P

Total K

Total P

Total N

Organic carbon

WOk oM MMM MMM KKK

o oMoM oMM oMM MMM MM KM MN
"

%rhe number of horizons in the profile was placed on
a computer card with variables in the first horizon.
PHue was coded as 2 for 2.5 yr, 3 for 5 yr, 4 for
7.5 yr, and 5 for 10 yr. “Root abundance was coded
as 0 for none, 1 for few fine, 2 for many fine, and
3 for many medium roots.




Table 5. Predominant characteristics of four land systems in the Cagayan River Basin.
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_§§§E§g Boundary Typography di:ii:;z Vegetation
Alluvial With highlands: abrupt Predominantly level Relatively large river Mostly cultivated; minor
change in elevation. surfaces but irregula- with single or wmultiple surface irxregularities
With lowlands: occurs rities do exist; dif- channel flow; general make vegetative cover
adjacent to stream: ferences in elevation lack of integrated sur- wvariable.
- there may be transi- resulting from irregu- face drainage; haphazard
tional zone; change i1s . larities are of minor arrangement of tributa-
often gradual, no defi- nature; minor irregu-— ries; very broad inter—
nite boundary. larities include such  fluves and shallow
features as lakes and gullies.
SWampSs. Stream frequency - .
Elevation ~ 0-30 m 0-2/km2
Slope - (-3% Drainage density -
Local relief - 0-2 m 1-2 km/km2
Plain With highlands: irre- Broad, gently rolling No major streams; Predominantly grasses
gular identified mainly with terrain presenting moderately wide intex- and savannah vegetation;
by change in elevation; a smooth appearance;’ fluves and moderately = moist bottomland usually
there is a transitional wany broad interfluves. deep gullies. covered with trees;
or border zone. Elevation - 30-100 m Stream frequency - cultivated areas are
With lowlands: gradual  Slope - 0-8% ) 3-4/km? . usually planted to
change., Local reijef — 1-20 m Drainage density —- sugarcane.
4-10 km/km?
Hill With lowlands: wmarked Relatively rugged; No major streams; stredm Thin forests, grasses,
isolated hills. series of straight, meander at random; nume- savannah vegetation}
With highlands: irre— nearly parallel ridges; rous intermittent streamsjpatches of cultivated
gular; many closed crestline of hill is narrow interfluves and areas; moist low areas
contours; contours highly irregular. relatively deép gullies. thickly covered with trees
spaced close together. Elevation -~ 100-300 m Stream frequency - but usually of no commer-—
Slope - 5-30% 46 fkm? cial value.
Local relief - 30-300 Drainage density -
- w2 10-15 km/km2
Mountain Highly irregular; Very irregular surface;

rising more or less
abruptly from the
surrounding level area.

rugged, interconnected

hills with steep slope

forming continuous

ridge. )

Elevation — more than
300 m

Slope — more than
20%

Local relief - more
than 200 m

Strongly dissected,
closely spaced, smooth—
ly curving drainage ~

channels; parallel
patterns of streams occur

on steep ranges.

Stream freauency -
6-15/km

Drainage density -
10-12 km/km?

High elevations pre-
dominantly forested;
grass and savannah
vegetation cover most
of the mountainsides
at intermediate ele—
vations.

Among the four categories of the hierarchal system
shown in Figure 1, land subsystems and landform
units were most diverse in the alluvial land sys—
tem. Figure 2 shows land coverage in the basin aec-
cording to the 9 land subsystems. The Iandform
units in the initial study area and =z cross-
sectional diagram showing surface elevations, the
general nature of soils and underlying materials,
and common crops or vegetative cover are seen imn
 Figure 3.

Between the initial establistment of the hierar-
chal classification system and the production of
the maps and tables to describe the units at the
three highest levels, only minor adjustments were
made.” These adjustments reflected an increased
appreciation of the landform patterns as field
work and air photo Interpretation expanded to co-
ver & broader array of landscapes than encountered
initially. These adjustments were regarded as a
natural consequence of the preocedure, not as a



Table 6. Predominant characteristacs of the 9 land subsystems in the Cagayan River Basin,

T Lond Hode of v
subsystem _Formation/development Qecnrences Boundary Topogr¥aphy
Alluvial Alluvial, deposition by  Usually ncar the sea. Weth highlanda: very Low, depressed position. Visible acand water;
maxine stresws and/or marine Depressed situation, significant abrupt Mlcrureginf hnrgly visi~ 1n gmall swum:z§ noter, sz:::ﬁ:d;:g :::33 Sovere Surf;uc an:ls:is?rfnce
sedimentation due to Linived arcal extear,  change in elevataon. ble, level wath very channels develop; 1n tral water purface; GHB; { aza " Ei -
B uplifting and recession very irregular in wWith lewlands: mot slight difference in tidal marshes near the the ocuter maggin ’ E::el ¥ 18 question
of sea level, organie shape, tidal marsh slgnaficant, very elevation becween the gea, highly integrated, of mest swamps and )
deposition. near Apaxei, many smu}l chenge 1n ele= outer and the inner . wide but short channel marsbics are xice
small swamps scattered wvarion., Contour line marging. system developss most paddics and vege-
in several municipali-  may not be geen par- Bwamps have no vusible table gardens,
ties in alluvial land ricularly in small streams. finhponds are common.
system. areas. ,
Alluvanl Alluvial deposits of Wide, flat, low areas With highlande: abrupt Overall level surface; Relatively large Extensively culti- Scasonal; Surface water general-
plajn che normal eyele of an the bapdn exeending  change 4n elevarion, arregularities do not streams = single chan- vated with lowland severe flood 1y available; ground-
streom velley develop- from Bayombong in the may ba of almost any cenist; difference an nel streams; meandexr rice o5 dominant in areas near water available at
ment, south to Aparry in the shape. elevation due to avxe= over the level plain; crop; maize, tobazc— major rivers. some depth depending
north, commen to near- Futh lowlands: non= gulapicres are mimor lack of antegrated sur=-  ¢o, mungbean, cotterd, on locacion with
ly all streams with existent. conpared to its broad face drainnge, oxbow and other field crops trespect to majar
low gradients. cxtent takes abandened channels are also grown. gtream,
- and river scars are
. commen} very broad
anzerfluves. v
Alluvial-  Alluvaal depesition in At the base of hill Rith highlands: aagnaf- Uniform, gently a}.oping Many ahort, zncer- Bainfed riee, sugar-~ Hone in most Surface water genexal-
colluvial  rapid stream action in ond mountain slopes, 1cant change in clevation, from high land roward mittent streams of cane, orchatd an aressg; occa~ 1y unavailable;
combination with collu- small valley floors slope, ond surface con- lowland; surface irre- various patterns; scme most areas; grass sienal in tran- groundwater uatally
vial deposicron {sheet between hills or Figurarion. gularities are present. traibutaries and some and savanoah 1n sition zome. obtainable at trangi=
form accumulation at hillocks. with lowlands: gradual distrabutaries. gome areas. tion zone with aliu-
the base of slope). change of slope from Elac vial plazn.
* to wuniform, gentle slope. .
Cloged Alluvial deposition Found n limited areas #ith highlando: distanct Basan type topography; Surface drainage con- Rice often pump Seldom to Surface and grownd=
aliuvial wath small colluvaal in scveral parta of +  grodual change in ¢leva- slaghtly sloping to verges to low nreas irrigoted, diver- ogcasional par- water geperally
deposits near upland Cagayon River Basan. tion and slope. low or ceatral portion, no major streamd. s1fxed upland ticularly eagily available.
boundary. . With lowlandp not signif-  elevation is lower than crops maxze, to-  during extreme-
icant; no zdjacent lowland  surrcunding upland. baces, mungbean, 1y high rain=
of other landform ¢laga. . vepetables. Fall pericds.
River-cut  Stream dissection, Exeansive, elevated Wuth highlanda: signafi~- Broad, relatively flat HMany shor:z, iatrer— Generally covered  None Confined to valley
plan flat or relling eresion plaxms of low relief cant change in relief and interfluves; low relaef  mittent, well-integrated with grasses; large floors and concave
) surface produced by betweon hills nnd allu- ¢levation intérmediate elevation; surface drains} no major area 1s planted to areas fringing allu=
streams., vial land systems. With lowlando: gradual sxmilar to table land vivers. sugarcane, rice vial plains; small
decrease of elevatfon and of low elevarion, mode- paddies an many ponds occur in areus
slope with rransition zone. rately te highly dia- smakl valley floors underlain by slightly
sected, relatavely formed between two wenthored shale
narrow interfluves, interfluves. formation.
concave and convex
shapes,
Hillslope Uplifced denudarional Connection between Aceas from the valley Slope may be recti- At highest elevatien, Generally grass None Generally none cxcept
(erosiomal) processes ridge/summit (crest or bottoms upward may have linear, concave, or head of intermattent and savennah vege= at footslope or by
or mass wasting. halltop} and valley transiticn zone with conplex in plan and styeams formang radial tation; patches of damming .
bottoms (channel}. ploan alluvial land profile; many closed pattern, areas of head~ trees near streams;
systens. contour lines signi- ward erosion; many few terrvaced Eor
fying zsolated hilltops. intermicrent atreams, T1CE,
trabutarzes, gullies,
and rivulats at lower
posations.
Rudge/ Uplifted vigorous At highest elevation Prominent because of Defined by both its Relatively uni hed, a 11y thick, Hone None; all inter-
gummit erosional processes, in the land system. great clevacion and area. greater height and ite ingermittent head mess type forest. mittent atreams.
(mountain greater area compared streams usually in
land to other land systems; parallel patterns.
systen) . intercomnected contour ¢
lines representing .
ranges or BLECTas.
Mountain- Uplifted, denudatiomal Connection berween Areas devnward from Steep slopes; rectl= Many antermittent Generally forest; Neme May be available at
s1de processes of groat radge/summit or crest anflexzon poine of ridge/ linear, concave, o, streans of high gra=- mAnY areas are the footslope fringing
volume; mass wasting and bottomland. gummat to the bottomland. complex in plan and dients forming dem- | denuded and covered the bottomland.
and slope wash, profile. dricic pattern. with grass and
' sovannoh vegetation.
Bettom- AlRuvaal-colluvial Valley floor, flocd- Wuth highlands: signaf- Lowest elevation tn the At Ieost one low grade, Generally graded Slight to Avallable.
land depositaon. plaina of atreams ieant change in eleva- land system; level permanent stream. for paddy rice in  moderate;
dissecting the moun- tion, slope, and areal rerrain. relatively wade flood only
tain land system. 1imit, bottomlands; small of short
. \ R area usuvally duration.

forested.

~ T e

1!

1861 3sndny ‘g9 "ON Sddl



Table 7.

Predomanant charecteriotacs of landform waits an the alluvaal land syatem of the Cagayan River Basan,

Landform Locatfon/ . Topegzaphy So1l Water availability Flood Erastang Use
uaLt Hectaroge. Solum depth Texture Drainage {surface and subsurface) hazard land use puizahality
Swamp $cattered in limited Depressed area, flat, >100 cm Clay loam to clay; organie Waterlogged or very Basily available, * Always deeply flooded Fishpond in permanently Paddy rice fishponds,
areal extent in the slightly concave-alepe; accunulation from decom- pooTr. watér. standing on during rainy season, water-covered portiona; vegetables, .
alluvial plazin land * mrcrorelact of € - 10 poscd plant debras. surface at times, greater than 100 cm. rice paddres and vege- *
subsystem = Baggas, cm. hxgh water stable. tahles on relatively
Solama, Ilguig, Tugue= dry, outer margins,
garao, etc., 2,093 haj
zapped.
Tadal Coastal, area near the  Flat, usuvally depressed >100 em Clay loam ro sand. Brackash water, Slack water, usual- Flooded by sea and Usually fashponds; Aquaculeure - fishe
swamp gega in Aparri, 3,937 ares bewween beach 1y salc water imin- freshwnters often many pontilens are ponds, salt, mangrova *
ha, mapped. radge ond hagher land- datipn, deeply flocded, covered wxth thin Eoroats ’ 8 ’
ward arca; micxorelicf greater than 100 cm. mangrove: foresta, !
of 9=10 cm.
Alluvial Congists of old flood- Flat, unadirectzonal > 100cm Salt’'loam to clay topsoil; Somewhat poorly Yariable, depending Sensorol floed, Rice produccion aren - Paddy Tice, maize
texrace plains formed by the ground surface, gen- clay loam to clay subsoil. drained to mode- on locality; sur- depending on location  1rrigated ond roinfed; tobaceo m’mgbenn,
Cogayan River and crally constant slope; rately well drained, face water avail= with vospect to major other crops anclude ? cotton, ard pthor
pther major rivers) net broken by signifi- able from streams river; mderul:ely maize, tnbac'co, mung- uplund’cro 3
144,416 ha, mapped. cant clevatiens and dissccring the avea, flooded, 20 to 100 cm. bean, cowpea, and L
depresajons. subsurface water . cottan.
Elevation ~ 520 u, , avarlable depend-
slope - 0-4% N ing on local aqui= '
Microrelief - 0-20 cm fer. 1In some arcas
. of Tugucgarao, . !
. Enrile, and Solana,
subsurface water 1s
avazlable at 10 m
depth,
Natural Natural embankment Rarrow strip, fene= 100 em Has beth vertical and Well drained; Surface water in=- Seasonally flooded. - :
levee of Cagayan Raver zl- rally convex slope; horizontal fertural rapid parcolataion, fluenced by raver 4 ggi::'f iz:i:c:“;ing- g:ﬁﬁ:lgzizcﬁ .:32!:
thougl not welk sreepyater facing . variaticn; coarse on flood; subsurface . beon, cotton \..'ege- P eBontly mroun Ps
developed 1n most the river and grad- the gurfsce and near water generally . tublés. ! l;_n the Y B
areas, 205 haj ually decreasing 1ts the raver and grad- available zn the dreg.
mapped. slope inland from * ually becoming finer . zone fringlng
. the crose. terture with depth and alluvial plain
distance from the river. landform unit. "
i Hater table great-
ly influenced by
Tavet water regime.
'
Raver Near river; former Level; depressed, >100 cn Clay loan t0 clay to depth Usually waterlegged Subgsurface woter Eagily and deeply Bunded nudfash ponds Mudfash preduction,
scar meander now filled oXbow shape area, of move than 100 cm be- during rainy season; usually available flooded. oi the innar gegmenc, but river scars are
wath deposits; Elevation ~ 2-10 p * coming medium textore and central portiom when unconsala~ vogacables are -~rowa on better loft wopti=
the town of Enrile Slope - 0-1% finally soarse and gravelly. usually wet even dated material is | the guter segment during 1x2ed to serve us
1s bounded on the Microrelsef = 0-10 cm duraing dry scason. pencetrated; water dry scason, 1n some buffer strips or
souch by river scar: usually stands on Tiver scars, ocufer seg= regerveirs for
v found alse an Solana, the surface parti- ments are used for floodwater., B
Iguig, Amulong, and cularly on the paddy rice,
other towns. . ivner segment.
3,206 ha; mapped.
.
" Buckswamp  Narrow, strip Narrow strap of »100 cm Cley to tlay loam with Waterlogged; glow Watet gtagnates Easily and deeply Usually left unused. Too smoll for cul-
depressional swamp depregsed, slighely sandy lean substratum; pegcolation. on the surface, flooded . tivation, not enough
usually siceated be- concave prea. surface 18 usually venecred subsurface water - water depth for nmud-
hind lpveecs or in Elevation = 3-15m wath thin layer of milt available frcm fish; rapad vater
the conecave area Slope ~ 0=L% deposzxted by recent flood- un¢orsoladated evaporation.
near the hill, 185 ha;  Microrelief ~ 5-15 cm water materaals at depth;
mapped. water diminishes '
rapzdly by evapo= —
. ration. . %
Foint baxr  Scdiments deposaicted om  Flat with :.:r'eguln— Indefinite Coarse texture with water— Excessively well Surface and sub- Basaly and deeply Maize and peanut are Peanut, sweet potate, o
deposit the wnside o4 grow- raries ingade the worn gravel of assorted drained. sutface water flooded. grown in many well and othex root crops, &
1ng meander loop; meander loop or as g1zes. greatly influenced developed point bar point bar depcsits o
ogeurs also as sand islet. by the river. deposits such as those are susceptible ro :
bax 1sland, such as Elevaticen - 2-5 n ' * 4n Enrile; others are wind ercsion. Ez
Fugo Island and other Slape - 0-1% not culeivated and -
small sand 1slets an Miceorelief - 5-20 cn covered wath sparse by
Cagayan River; 11,447 in che form of ridge growth of tall grass, =
ha; mapped. and Jhumoeky topopraphy. mainly talahib. "'é
7]
Recent Close ro Cagayan River, Level relatively marrew  >100 em Fine sand to sandy loam Well drained, Surface and gub- Easily and degply tlazze, tobacco, mung- Suited to most wp- -
river represents valley floor strip along the Tiver aver pure atand. surface water flooded. bean, peonut, and tand f£ield crops: G
terrace abandoned as the river at clevacron slightly v, greatly infla- vegetables. maize, tobacco, &0
Level 1 cyuts down to the new higher then surface enced by the . mungbean, pennut, —

and lower basc level,
mapped

water elevacion.
Slope = 0=2%
Microrelicf - 5-20 em

river.

vegetables, and
cotton.

SI



Table 7

Predominant characterastics of landform unxts an the alluvial land system of the Cagaynn River Basin

Landform Location/ Topograp! So11 : Wnter availabilicy Flood Existing Use
Uzt Hlectarage Solum depth Texture Droinage {surface and subsurface) hazard land use surtabality
Recent Similar £o river Sxmilar to level 1, but >100 cm FPine sandy loam to silt Well drained. Surface vator Seagonally £looded. Maize, tgpbagco, mapng- Suited to most upland
river terrvace level 1 buc 2 to 4 m higher in leam over sandy loam usually not bean, peanug, and field crops.
terrace farther away from the elevaticn. available, sub- . vegetables.
Level 2 raver at hagher cle- surface water s
vation; mapped. ' avarlable ac
water cable
s dupth,
Resant Similar to lavels 1 Similar to levela 1 >100 em S1it loam/eclay loam. Moderately well Few intermittent Seasonally flooded. Haaze, tobagco, mung= Suited to moat upland
rrver and 2 but farther away and 2 but 3 to S m drained. smail channels; bean, and paddy rice faeld ereps.
terrace from the tiver at hagher in elevation. . subsurface water at transitron zone
Level 3 haigher elevation} hag available at water
transxzrion zone wath takle depth,
alluvial plain landform
unnt; mapped,
Interhill  WNarrew valley floors Relatively small and 50-100 cm S:lty ctay loam to clay Somewhas poorly Surface water Hone, Mostly utilzzed for Suitable for paddy
minaplain  between halls or narrow, valley floor lean surface, clay loan drained available and can paddy rice; uncultivated rice, wath carth dam
hilleehs, usually slightly sloping from te clay subsoal. be stored with area usually covered for raanwater regor-
terraced for paddy rice, head downward; big earth dam during . with savacnah vegetacion woir
emerges to alluvial nlluvial plaxin, usually dry season, sib- oY grasses.
plazn londferm unit; graded and rerraced; N * surface water
commor: hetween hills on  elevagion range from avnilable at
frainging the alluvial 10 n near the alluvial water table depth
. plain area on the east plain tronsition zone at transiilon zone.
and west of Cazayan to 30 m near the head,
Raver Basin: 23,816 ha; and slope range from
mapped 2 to 5%.
Hillslope Occurs on all low hxlls Either uniform slopes, 20-50 cm Variable, but unusually Moderately to some— No major streams; None, Usually grass and Tree creps and
In the alluvial collu~ convex slope or con- silty clay loam to clay what pooxly drained many intermittent savanmoh and small forests,
vinl land subsysten, cave slope, clevation leam over elay loam sub= tributaries, sub- areas. Swall area is
the slopes of the hills varies grescly; slope so1l overlying highly + surface water M utilized for paddy
and uplands that form may rauge from 15 to weatherad parent material, usually not avail- rage production, par-
the interbill mani- 0% or steeper. able except on a tacularly on upslopes
plains are included 1in few secpage arcas. of interhall maniplains.
thias cacegory; 411 ha; .
mapped. .
Alluvial Fap-shaped alluvial Surface slopes smcoth- 50-100 cm Genarally soarger-yed= Moderately well to Few small surface None e copt at the Cultivated fans are Troe Crops, Sugar-
plain deposxt made by rapidly Ly from highland to= tured so1ls occeur at the well drained in the  draxpage chaonels; margin where rainwater usually planted te + cane, paddy rice at
flowing streams from ward lewland, alsc head of the fan and finer- convex surface por-  subsurface water may aceumelate and sugarcane, few rice or near lower margin
hatls and uplands outr slopes lateraldy textured soils toward the tion, poorly to some- usually available stay for short paddien; uncultivated of fan.
onto a level area, forming a convex margin, usually clay loam what poorly at the at che margin of periods fane are gencrally
develop o many aveas surface. topsoil and sikty ¢lay margin of the fan. fan, covered wath graesses
1n Cagayan River Basan loam subsoil. andfor savannah vege-
where streams emerge tation.
from mountains onto ‘
lowlanda; 205 haj '
mapped.
Predmont Oceurs where two or Each fan has lateral 50-1C00 cm Same as alluvial fon but Same as alluvial Same as alluvial Hacer may accumulate Usually sugarcanc on Treg crops, sugar=
alluvial more alluvial fans econvex surface sloping with fine-textured soal fans; poorly drauned fans; subsurface at the margin of fans cultivated porriens, cane, paddy rice at
plain coalesce or merge; gently from the head between twe coalesclng at the depression water may aleo be and at dapressions grass and savannah on lower margans and
common at the foot of end with depressicns Eansa. botween two avallable at the between two coa~ uncultivated portions; depressions.
haighlands fringing the between the coalescing coalescing fans. depressicn between  lescing fans. some paddy tice on
alluvial plain on the fans. . N two coalescing warging and depressions.
west; 323 ha, mapped. £ans.
Interidll Land surrounded by Depresslonal area »100 cm Clay loam to clay. Somewhat pootly No major strenmns; Seasonally Flooded. Usually paddy rice. Paddy rice and maize,
basan uplands; lacgest in— level to alightly drained. several amall,

terhall basin x5 an
Gadu; 1,180 ha;
mapped.

gloping area,
surrounded by high=
land or upland.

mtermattent
streams, subsur-
fage water avari-
able for pusp
1rrigation.

tobateo, mungbean,
vagetables.

91
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Table 8. Predominant characteristics of landform units in the Plain land system of the Central River Bagin.

IRPS No. 65, August 1981 17

v

. Soil
Landform Location/hectarage Topography Depth of Texture Drainage
units ' solum
Interfluve Relétively level irea between two An elevated, relatively 50-100 Moderate—

valleys or two stream{.channels,
of varying width and areal

level to slightly undu- cm
lating avea between

Clay loam to clay

ly to some-
what poorly

‘Drainage

z

1

Bench/f
terrace

Alluvial
“fan

available onlu during rainy sea-
son; subsurface water available

at some depth but very difficult.

to obtain because of high ten-
sion exhibited by the soil

Surface water often available
as ponded water; surbsurface

water moderately available

Few or no surface water chan-
nels; subsurface water not
available

Few small surface drains; sub-
surface water usﬁal%y available
at the margins of fans -

nah; cultivated area is
. predominantly.sugar cane

Ponded water accumu-
Iates after heavy
rain

None

Cultivated area is predo-
minantly paddy rice

Grass and savannah; rain-

extent; occurs,in all parts of two valleys or stream drained
Cagayan River basin but signifi- channels; elevation
cant in the plain, hill, and ranges from 30 to 100
mountain land systems; in river meters.
cut plain subsystem; not mapped
Drzinage Warrow but elongated depressed Drains of various widths 50-100 Clay loam to ¢lay Poorly
areas surrcunded by uplands in are found with eleva- cm drained ~
the river cut plain subsystems; tions lower than the
not mapped surrounding uplands
Bench/ Develops on the side of valleys Relatively flat or 50-100 Clay loam to clay DModerately
terrace the river cut plain subsystem; gently sloping surface cm well
not mapped bounded by a steeper as-— drained
cending slope on one
side and by a steeper
.descending slope on the
opposite side
Alluvial Develops where rapid streams Surface slopes smoothly 350 cm Silty clay loam Moderately
fan emerge from highlands onto low- from highland toward low- to clay ldam; - well
lands ir river-cut plain subsys— _land; also slopes later- presence of few drained
tem; not mapped ) ally forming a convex waterworn gravels
’ surface and stones on the
surface
Table 8 (continuation)
““Tandform Water availability e s Use .
units {surface and subsurface) Flood hazard Existing land use suitability
Interfluve No major streams; surface water "None Generally grass and savan-—

Most upland
field crops,
including

cotton

fed rice in cultivated

area

None except at mar-—
gins where rain wa-
ter may accumulate
briefly

of fans

Paddy rice,
farm ponds

-

_Paddy rice

Usuvally savannahj; cultiva- Tree crops
ted area is predominantly
sugarcane; few rice pad-
dies builf near margins

shorteoming of the wnderlying structure of the
During field studies and- air
photo interpretation, however, it was clear that
for most agriculturally important land, differen—
ces among land surface units within a landform

hierarchal

system.

ries - between units

uynit were. not major factors that affected land
use. Moreover, in comparison to locating bounda-—
in “higher categories,
boundaries between land surface units within a
landform unit were more difficult to locate, both

the
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Table 9. Predominant characteristics of landform units in the hill land system of the Cagayan River Basin.

subsurface water not available
Bench/ Surface water available from intermit-—

terrace tent streams; surbsurface water avail-
able from a few seepate poinbs

Interfiuve Water not avajilable

Valley Has minor but usually continuous strveam
floor flow; seasonally high ground water

" flooded tivated area

Soil
Landform . Depth of - - Texture Drainage
wnits Location/hectarage Topography colum
Peak Highest part of the hill Highest elevation in the ridge/ 50 ecm - Generally coarse Well
land system; not mapped summit land subsystem; has con-— textured exposed drained
cave on level surfaceg; has rock fragments
isolated, elongated, oval or gravelly or stony
circular clsoed contour lines ground surface
Bench/ Occurs on hiliside on the Relatively flat or gently slop- 50 cm Usually clay loam Moderately
terrace hillslope landsystem; not ing surface bounded by steeper intermixed with ‘well
mapped ascending slope on one side and gravel and stone drained
by a steeper descending slope in various stages - except in
on the opposite side of weathering the pud-
. an dled soil
on rice
paddies’
Interfluve Area between two stream Narrow, relatively steep area 50 cm Usually loam with Moderately
channels on the hiilslope between two stream chammels gravels, stones, well
land subsystems; not T and rock fragments drained
mapped on the surface
Valley Bottomland in the hill- Relatively flat, discontinucus 50-100 Silty clay loam to Somewhat
floor slope land subsystem, not small arvea cm clay loam over poeorly
mapped clay loam to clay drained
. subsoil’
Peak Intermittent, unbranched tributaries, Grass, savannah, and forest. Forest

A few small areas are utilized for Forest
paddy rice; uncultivated parts
usually grassed or forested -

Grass and savannah Forest

Period- Grass and shrub in uncultivated Paddy rice
jically portion; paddy rice in the cul- and other

field crops

in the field and on air photos. Because of the
uncertainty in locating the boundaries and the
limited improvement that separation of land

surface units dimparted to interpretation,” the
description and identification of land surface
units was de—emphasized for the study. Although an
interest was retained in the land surface unit,
mapping of classes in this category was considered
and important only for special studies.

Two factors may contribute to the greater diver—
sity of landform unifs recognized in the alluvial
land system. Tirst, numerous elementary land-
shaping processes are found in Ehe denudational-
aggradational complexes operating in the alluvial
land system. The denudational-aggradational com—
- plexes operating in the plain, hill, and mountain
land systems are simpler by virtue of containing
fewer elementary processes, mostly of a denuda—

tional type, although lithologies on which these
processes act are more diverse. Nevertheless, the

greater complexity of processes operating in the’
alluvial land system 1s reckoned to be a factor

causing more landform unit classes to appear in
the alluvial land system than in the other three.

Second, because of the agricultural importance of

the alluvial. land system, greater attention may
have been given subconsciously to establishing

differentiating criteria among landforms within
the alluvial area. Some of the landforms described
in the plain, hill, and mountain land systems may

be landform complexes that would likely be further
subdivided if the same degree of refinement were
applied to differentlating criteria.

Regardless of the relative contributions of these
two factors toward the numerie differences in
landform classes within the land systems, the pre-
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Table 10. Predominant characteristics of landform units in the mountain land system of the Cagayan River Basin.
Landfo 5 i
2nit:m Location/hectarage Topography Depth of Tei::ie Pratanue
solum
Plateau At elevation of more than 300 m on Level to gently sloping with 50-100 Silty clay Moderate-
the ridge/summit land subsystem of minor irregularities; has on Over loam to ly well
the mountain land system; occur on at least one side of an ab- slightly clay drained
the mountain areas of Nueva Visca- rupt descent to lower land- weathered
ya, Isabela, and Cagayan; not scapes igneous
mapped rock (ba-
salt, an-
dresite)
Peak At highest elevation on the ridge/ Steep slopes, regular, conti- 50 cm Loam Well
summit land subsystem; not mapped nuous ridges; becoming steep- Rock out- drained
er at upper margins crops are
common
Bench/ Many parts in the mountain side Relatively flat; narrow, 50 cm Clay loam Moderate-
terrace landsubsystem; not mapped bounded by steeper ascending over mode- ly well
slope on one side and by des- rately
cending slope on the opposite weathered
side volcanic
rocks
Talus Talus slope is an accumulation of Complex convex shape with No soil Unconsolid- Excessive-
slope/ soil, rock fragments boulders, gra- microrelief irregularities profile ated wate- ly well
land vels at the foot of a cliff or very brought about by accumulation rials
slump steep mountain side; the movement of boulders and rock fragments
is usually due to gravity aggra-
vated by water saturation during
rainy periods; land slumps occur at
any place on very steep mountain
sides; not mapped
Interfluve Relatively narrow area between two Straight sided with moderate 50 cm Loam over Well
stream tributaries flowing in the slopes; gently rounded crest weathered drained
same direction in a mountainside fragments
land subsystem; not mapped
Inter- Narrow, usually small areal extent, Basin shape, flat with con- 50-100 cm Sandy loam te Moderate-
montane depression surrounded by mountains; cave margin silty loam ly well
not mapped over clay loam
sandly clay
loam
Table 10 (continuation)
Landform Water availability Flood Existing land use Use
unit (Surface and subsurface) hazard stability
Plateau No major streams; mostly intermittent tri- None Paddy rice, upland field crops and Paddy rice if

tree crop in the cultivated areas;
grasses and savannah vegetation in
the uncultivated portion

irrigation wa-
ter is avail-
able, upland

butaries; streams incised deeply subsur-
face water virtually unavailable or if
any, in very localized aquifers

crops, tree
crops
Peak Unbranched tributaries; subsurface water None Forest Forest
unavailable
Bench/ Few intermittent streams; subsurface wa- None Paddy rice; grasses and savannah Forest
terrace ter generally not available except from

seepage

Continued on next page.
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Table 10, Continued.

Landform Water availability Flood Existing Dae
unit (surface and subsurface) hazard land use stability
Talus Surface drainage develops rapid flow None, but Usually very sparse or none Forest
slope/ serious
land erosion
slump and/or
mass
wasting
Interfluve Surface water available from the streams None Grasses, savannah vegetation, Forest
below; surbsurface water not available
Inter- Locally narrow stream channel; usually Period- Paddy rice in cultivated areas; Short-season
montane with waterflowing throughout the year; ically very sparse grass and shrub in upland crops;
subsurface water generally available flooded, uncultivated intermontane or forest
briefly

sent hierarchal system appeared adequate for use
in conjuction with rice~based cropping systems re-
search. The differentiating criteria separating
landform units should be reviewed, however, before
they are applied in research and planning activi-
ties for other land systems.

Aids to landform recognition

To assist agricultural scientists and technicians
with the recognition of landforms in the Cagayan
River Basin, photos and stereograms showing repre-
séntative landform units and their patterns of oc-
currence in land subsystems, are presented. These
alds to landform recognition are restricted, how-
ever, to land of current or potential agricultural
importance; landforms in the mountain land system
are excluded.

Alluvial land system. The stereogram in Figure &
shows several landforms in the alluvial plain and
alluvial-colluvial land subsystems. The river loop
has cut the boundary between the alluvial and hill
land systems. Components of a hillslope land sub-

Fig. 4. Stereogram showing selected
landform units in alluvial plain and
alluvial-colluvial land subsystems:
point bar deposits (1); sand bar (2);
three levels of recent river terrace
(3,4,5); convex and concave slopes of 5
second-level recent river terrace (6,7); .
lower and upper slopes of piedmont :
alluvial plain (8,9); and small portion * 8
of an alluvial plain landform unit (11). N
Bench/terrace landform units of a
hillslope land subsystem are visible
(12), and a highly eroded series of
small, steep interfluves and valley
floors (10) are found between the
bench/terrace and the piedmont
alluvial plain.

system are visible in the lower portion of the
stereogram.

Recent river terraces, a large recently deposited
sand bar, a small backswamp, and an alluvial ter-
race are visible in Figure 5. In Figure 6, a large
backswamp can be seen between a recent river ter-
race and the edge of a river—cut plain land sub=-
system.

First—, second—, and third-level recent river ter-
races are visible in Figure 7. The ground-level
photograph in Flgure 8 shows the coarse-textured
soll on a first-level terrace. At the time of pho-
tographing, the land had been plowed and harrowed
in preparation for planting maize. Light-colored
areas are evidence of sandy material deposited by
floodwater 2 months before the photo was taken.

An alluvial terrace, a point—bar deposit, and a
small river scar are shown in Figure 9. A closer
view of a larger river scar is shown in Figure 10.
Components of a hillslope land subsystem are wvisi-
ble in the background. Between the hills and the




Fig. 5. Various landform and land surface units are shown on this stereogram:
concave descending slope (1) of the first-level recent river terrace, concave slope (2),
convex slope (3), slight sloping (4), concave slope (5), and a level land (9) with little
microrelief on the second-level river terrace; a concave ascending slope (8) flanks level
land on the third-level river terrace (7), a small backswamp is found between the
second- and third-level river terraces (6); an alluvial terrace landform unit is found
above the third-level river terrace (11); a sand bar devecloped along the Cagayan River
is visible (10).

VRS A,

Fig. 6. Inner section of backswamp (1) still waterlogged while the outer
section (2) is shallow enough for rice cultivation; upland crops (mungbean,
maize, and tobacco) are grown on a second-level recent river terrace (3);
scattered tree and shrub vegetation cover the river-cut plain land sub-
system (4).

Fig. 7. First-, second-, and third-level recent river terraces.

Fig. 8. Recent river termace (first level) and newly formed small sand
bar next to the river. Light spots are surface sand deposits from an
October 1980 flood.

alluvial piain

Fig. 9. Alluvial terrace, river scar,
point bar deposit, and recent river
terrace landform units of alluvial
plain subsystem.

IRPS No. 65, August 1981
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Fig. 10. River scar landform unit in an alluvial land
subsystem (1); rice is grown in the shallower portions of
the river scar; a series of interfluves and valley floors (2)
of a hillslope land subsystem is visible at the top of the
photograph; a piedmont alluvial plain (3) appears below
the hillslope land subsystem, and recent river terraces (4)
are found between the piedmont alluvial plain and the
river scar.

river scar, strips of piedmont alluvial plains and
recent river terraces are visible.

Interhill miniplains and alluvial fans can be seen
among components of hillslope and river—cut plain
land subsystems in the stereogram of Figure 11.
Interhill miniplains may originate as valley bot-
toms in hillslope land subsystems or as drainage-
ways in river-cut plain land subsystems, and pass
through alluvial-colluvial land subsystems as in-
terhill miniplains. At lower elevations, they co-
alesce with large alluvial terraces in the allu-
vial plain land subsystem. Between either hill-
slope land subsystems or the river-cut plain land
subsystems and the alluvial-colluvial land sub-
system, the boundary separating interhill mini-
plains and valley bottom or drainageway landforms
becomes difficult to locate precisely. The conti-
nuum of the drainage system from a hill land-
system, through a plain land system to an alluvial
land system, is illustrated in Figure 12. In this
photo, the plain land system consists of a narrow
band between the alluvial land system and the hill
land system.

Fig. 11. Rice ficlds on an interhill miniplain (1) and sugarcane on
. an alluvial fan (2) landform unit of the alluvial-colluvial land sub-
Plain land system. The stereogram in Figure 1 3 system; a small section of a river-cut plain land subsystem with
shows a large drainageway and an interfluve in a sugarcane is visible (3); portions of a hill land system covered with

river=cut plain land subsystem bordering compo- savannah vegetation are also visible (4).

nents of a hillslope land subsystem.

Rice fields on several medium to small drainage-
ways are found among interfluves as seen in Figure
14, In Figure 15, a series of rice fields is seen
on a large drainageway.

Fig. 12. Three land systems are represented — alluvial, plain, and hill
land systems covered with wetland rice, sugarcane, and savannah
vegetation. As shown in this photograph, streams draining onto inter-
hill miniplains may originate in valley bottoms of the hill land system
and pass through drainageways of a plain land system before entering
the alluvial land system.




Hill land system. Ridges and summits, interfluves,
and valley floors are visible in the stereogram in
Figure 16. Examples of these landforms are also
visible in Figure 17. Two isolated peak landform
units are shown in Figure 18.

The stereogram in Figure 19 shows the complex
pattern of landforms at a boundary between a hill
land system and an alluvial land system. Only a
small portion of land in the hill land system has
been terraced for rice production. Alluvial-collu-
vial materials deposited as alluvial fans and
piedmont alluvial plains at the base of the hills
have been developed for crop production. The pied-
mont alluvial plain shown in Figure 20 has been
left in grass and shrub vegetation.

Cluster analysis

To obtain an exploratory but objective test of the
landform classification, alternative clustering
procedures were applied to soil profile data. Of
the alternative procedures compared, all except
the nearest-neighbor fusion applied to a simila-
rity matrix from standardized scores of 17 varia-
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Fig. 13. A swamp and rice fields (1,6) are found on a large
drainageway, sugarcane is found on a bench/terrace (3) and
grasslands are found on small interfluves (2) of a rivercut
plain land subsystem; valley floor (5) and a series of small
interfluves (4) are found on a hillslope land subsystem.

Fig. 15. Rice fields on small (lower left)
and large (center) drainageways of a
river-cut plain.

P

Fig. 16. Hill land system showing valley floor (1), interfluves (2), and peak
landform units (3).
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Fig. 17. Valley floor, interfluve, and peak landform units
in hill land system. Hills are eroded sedimentary deposits.

Fig. 20. Piedmont alluvial plain landform unit developed at the
foothills.

Fig. 18. Two isolated peak landform units of ridge/summit land
subsystem,

Fig. 19. Rice fields on alluvial plain landform unit (1,3) and on
concave slope of hillslope landform unit (2).

bles, yielded almost identical dendrograms. Even
the nearest-neighbor fusion method created similar
clusters provided that clusters were recognized at
several fusion levels. The nearest—neighbor method
exhibited chaining, which is a common characteris-
tic of this fusion procedure (Webster 1977, de
Gruijters 1978).

Because Ward's method applied to a similarity ma-
trix from 17 variables resulted in dendrograms
that were almost identical with those obtained
from 33 variables after principle component ana-
lysis as an intermediate step, the discussion in
the remainder of this section will concentrate on-
ly on the results from Ward's method applied to
the smaller set of variables. The dendrogram gene-—
rated by this analysis is shown in Figure 21,
Clusters below a similarity coefficient level of
2.5 show a clear tendency to place profiles into
clusters with soils from the same landform units.
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Fig. 21, Dendrogram of 26 soil profiles from Ward’s fusion method applied to
euchdean metne computed from standardized scores of 17 soil vatiables. Letiers A
through H arc discussed in the teat.

The 7 profiles below nodes A and B came from the
10 positioms originally classified as alluvial
terraces. Profiles 8 and 9, however, had characte-
risties that placed them below nede D in a cluster
containing profiles from interhill miniplains.
Both profiles 8 and 9 came from a large alluvial
terrace area, but were located at positions where
they were periodically influenced by flocdwater
from a small river draining land in hill and plain
land systems. Water from these floods may have de-
posited mwaterial with che-acteristics similar to
the colluvial and alluvia. material commonly depo-
sited on interhill miniplains. The remaining pro-
files below node D, and all profiles below node C,
were obtained from interhill miniplain landform
units.

{Profile 26 was found below node E in a cluster
with 3 profiles obtained from recent river terrace
landform units. Profile 26 was, however, near a
boundary between am alluvial terrace landform unit
and a recent river terrace, similar to the land
between positions B and 11 in Figure 5. Inspection
of the profile description and chemical and physi-
cal analyses showed that the prefile clearly had
soil characteristics commonly associated with re-
cent river terrace landform units. The mean values
of selected variables, as shown in Table 10, indi-
cate that the profiles in the recent river terrace
cluster (below node E) had fewer recognizable ho-
rizons and less clay, organic ecarbon, and total
nitrogen than profiles from alluvial terrace or
interhill miniplain landforms. Clay content, or-
ganic carbon, and total nitrogen as separated be-
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low node E, should be closely associated with the
physical properties (plastic limit, soil strength,
and matric suction) reported by Webster (1977) to
covary with land classes based on terrain fea-
tures. Among profiles from the alluvial .terrace
and interhill miniplain landforms, however, che-
mical variables, assoclated with the source or age
{or both) of material perhaps were apparent
factors differentiating the clusters.

From Table 8, it is apparent that among the pro-
files from alluvial terrace and interhill mini-
plain landform units, {clusters 4, B, C, D) the

values of many wvariables overlapped. This over-—
lapping is reflected in the pattern of fusiom. As

shown in Figure 21, nodes B. and C fused to form
node F, and nodes F and D fused to form node 6.

Node G contained all profiles from interhill mini-—
plain landform units and half of the profiles from
alluvial terrace landform units. Nede A fused with’
Node G at H. As expected, the profiles below E re~
mained separated uatil the last fusion.

The early fusion of profiles from the alluvial
terrace and interhill miniplain lardform units was
not surprising. Soils on these two landform units
have developed by similar processes. The almost
identical agricyltural use of these landform units
(one traditional rice crop tramsplanted in August—
September and harvested in Jamary-February) also
suggested that the soil properties would Be simi-
lar. The agricultural use of alluvial terrace and
interhill miniplain landform units contrasts with
the recent river terraces, which are regularly
flooded between August and November. Two dryland
crops are planted on the recent river terraces,
one from December to March and a second from April
to July. .

On the basis of the small set of profiles in this
analysis, a correspondence between soill characte-—
ristics and landform units was found, but as ex-
pected, profiles from alluvial terrace and inter—
hill miniplain landform units were more simllar to
each other than to soils from recent river terrace
landform units. T

CONCLUS TONS

Land is the dominant physical resource used in
agriculture, and soil and landscape chatacteris-
ties strongly influence the type and productivity
of erop production enterprises practiced on a gi-
ven tract of land., Knowledge of the nature and
suitability. of land for altermative use is impor—-
tant to cropping systems scientists working in
support of regional agricultural projects. A land
inventory can help scilentists ideatify and quanti-
fy land in different land classes and improve the
focus of cropping systems research projects. Fur-
thermore, by identifying land areas with features
similar to land on which research is being con-
ducted, a classification system can be used to de—
lineate target areas for crop production programs.

Our review of pedologic and geomorpholoegic litera-
ture before our field studies supported the notion
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that within an area wnder a single climatic re—
gime, parallel land~shaping and soil—-forming pro—
cesses result in a high correlation between the
patterns of landforms and soils found over a land-
scape. Because landforms are readily observable, a
land classification system in which terrain fea—
tures at several levels of complexity are recog-
nized and mapped can be used to inventory land xe-—
sources, The correlation between major geologic
features, lithologies, and geomorphic and pedolo—
gic processes has been used to formulate several
hierarchal land classificatiofi systems that have
been applied in various countries. At the high
categoriec levels of thesa systems, terrain fea—
tures are used to lsolate areas formed by similar
major geologic processes. At intermediate hierar-—
chal levels, terrain features are used to recog-—
nize areas that exhibit similarities in lithologic
features and complexes of agpradational-denudatio—
nal geomorphic processes. At lower categoric le-
vels, terrain features are used to identify land-
forms that are products of a single or a small set
of elementary geomorphic processes.

Most land classification systems have included 3
to 5 categories in their hierarchal structures.
For the Cagayan River Basin study, a system con—
taining 4 categories was formulated: land system,
land subsystem, landform unit, and land surface
unit. Four land systems were recognized: alluvial,
ple:iri__l_l_i_l_l, and mountain. Nine land subsystems
wefe defined and mapped. Thirty landform units
were recognized but because rice production is
concentrated on alluvial land, only landform units
within the alluvial land system were mapped. Ini—
tially, a total of 75 land surface units were
identified and defined but were neither described
in detail nor mapped. At the land surface level,
mapped areas became emall and boundaries between
mapping units were gradual and therefore difficult
to locate accurately.

A cluster analysis of soil profiles sampled from
alluvial terrace and interhill miniplain landform
units showed that at low levels of fusion, sepa—
rate clusters were maintained for profiles from
the same landform unit. From the pattern of fu-
sion, it was concluded that at least for a small

number of - soil profiles, the cluster analysis
supported the presence of a correlation between
landform units and soil properties.

Although the hierarchal system appeared to be a
satisfactory approach. to land elassification in
the Cagayan River Basin, procedures used to for-
mulate the hierarchal system and define the ter—
rain units within each category should be evalua-
ted in other regions. Additional studies are nead—
ed, in the Cagayan River Basin and elsewhere, to
determine the degree of correspondence between
landform units and soil characteristics, and the
correspondence between these soll properties and
ecrop adaptation.

Although air photos were used extensively to aid
in mapping, especially beyond the limits of the
initial study areaz, it was apparent that for areas
in the order of 200,000 to 300,000 ha, useful maps
could easily be obtained from a set of large-scale
topographic maps and systematic field visits.
Where possible, light. alreraft could be used to
increase mapping rate and accuracy. To determine
the feasibility of classifying landforms in a
200,000-ha tract without the aid of stereographic
coverage, a small comparative study should be con—
ducted. At the other end of the spectrum, where
landform classification of areas in excess of
1,000,000 ha is required, the possible contribu-
tion that computer processing of LANDSAT data can
make toward land classification and mapping should
be determined. By wvirtue of a high correlation
between terrain features and natural vegetative or
agroecological complexes, several computer proces—
sing methods may aid in the identification of ter-—
rain units within areas pre-stratified on the ba-
sis of land systems or land subsystems.

ACKNOWLEDGMENTS

The authors express gratitude to the Solana site
staff for their aid in the field work, to Tim Bene
for his help in the transect studies, and to
Lynn-Martinez—Mulimbayan for processing the clus—
ter analyses. . .

REFERENCES CITED

Arnmold, R., and Schargel R. 1978. Importance of
‘geographic soil wariability at scales of
about 1:25,000 - Venezuelan examples. In
Diversity of soils in the tropics. ASA Spec.
Publ. 34. Americen Society of Agronemy,
Madison, Wisconsin.

Beckett, P. H. T. 1978. Some fundamentals of soil
survey iIin Britain. J. Soil Water Conserv.
33:15-19.

Beinroth, F., K H., G. Uehara, and H. Ikawa. 1974,
Geomorphic relationships of Oxisols and

Ultisols, on Kawai, Hawaii. Soil Sci. Soc.
Am., Proc. 38:128-131.

Buol, S. W., F. D. Hole, and R. J. MeCracken.
1973, So0il genesis and classification. Iowa
State University Press, Ames, Lowa.

Bureau of Mines. 1966. A review and assessment of
0il exploration in the Philippines. Petroleum
Division, Bureau of Mines, Mamila.

Cochrane, T. T. 1980. The methodology of CIAT's
land resource study of Iropieal America. Tn



" Proceedings, sixth annual symposium, machine

processing of remotely sensed data and soil
information system and remote sensing and
scil survey. TARS, Purdue University, West
Lafayette, Indiana.

Conacher, A. J., and J. B. Dalrymple. 1977. The
nine unit land surface model: an approach to
pedogeonmorphlc research. Geoderma 18:1-154.

Corby, G. W. 1953l. Geology and oil possibilities
of the Philippines. Dep. Agric. Natural
Resour. Tech., Bull 21, Manila.

de Gruijter, J. J. 1977, Numerical classification
of soils and its application in survey. Cen—
ter for Agricultural Publishing and Documen—
tation, Wageningen.

Desaunette, J., R. 1977. Catalogue of landforms for
Indonesia: examples of a physiographic ap-
proach to land evaluation for agricultural
development. FAO — Soil Research Institute,
Department of Agriculture, Bogor, Indonesia.

FAD (Food and Agriculture Organization). 1976. A
framework for land evaluation. - Soils Bull.
32, Food and Agricultural Organization of the
United Nations, Rome.

FAO/LPT. 1976, Semi-detailed reconnaisance Iland
resources survey of the Cimanuk watershed
area {West Java). FA0 — Soil Research Insti-
tute, Department of Agriculture, Bogor, Indo-
nesia.

Flores, J. F., and V. F. Balagot. 1969. Climate of
the Philippines. In H. Arakawa, ed. World
survey of climatology. Vol. 8. Elsevier
Publishing Co., Amsterdam.

Huggett, R. J. 1975. Soil landscape systems: a
model of soil genesis. Geodexrma 13: 1-22,

Hunt, C. B. 1972. Geology of soils: their evolu-
tion, classification and uses. Freeman Pub-
lishing, San Francisco.

IRRI (International Rice Research Imstitute).
1977, Annual report for 1976. Los Banos,
Philippines. 418 p.

Johnson, W. M. 1980. Soil-related constraints,
soil properties, and soil taxonomy: a termi-
nology for exchange of scientific informa-
tion. Pages 41-53 1n International Rice Re~
search Institute and New York State College
of Agriculture and Life Sciences,” Cornell
University. Priorities for alleviating
soil-related constraints to food production
in the tropics. International Rice Ressarch
Institute, Los Banos, Laguna, Philip—
pines.

MacVicar, C. N., D. M. Scotney, T. E. Skinner, H.
S. Niehaus, and J. H. Loubser. 1974. A clas-—
sification of land (climate, terrain form,

IRPS No. 65, August 1981 27

-

soil) primarily for rainfed agriculture. S.
Afr. J. Agric. Ext. 3:21-24,

Malingreau, J. P. 1976. Cropping patterns and wa-
ter management in wetland rice: 4 case study
of image interpretation, Cimanuk watershed
area (West Java). FA0-Scil Research Insti-
tute, Department  of Agriculture, Bogor,
~Indeonesia.

Mokma, D. L., L. S. Robertscm, and A. E. Erickson.
1978, Soil management groups: an inventory
of soil physical properties. J. Soil Water
Conserv, 33:240-242,

Moorman, ‘F. R., and N. van Breemen. 1978.- Rice:
soll, water, land. International Rice Re-—
search Institute, Los Bafios, Philippines.

Nelson, D. 1980. A land classification of Nepal.
Land Water Newsl. 6:19-23,

0llier, C. D. 1977. Terrain classification - me—
thods, applications and principles. In J. R.
Hails, ed. Applied geomorphology. Elsevier
Scientifiec Publishing Co., Amsterdam.

Ruhe, R. V. 1969, Quaternary landscapes in Iowa.
Iowa State University Press, Ames,- Iowa. 255
Pe

USDA (United States Department of Agriculture)
Soil Survey Staff, 1975. Soil taxonomy. U.
5. Dep. Agric. Handb. 436. U. S. Govt.
Printcing 0ffice, Washington, D. C. 754 p.

Takaya, Y. 1971la. The. quaternary stratigraphy in
the northern basin of the Central Plain,
Thailand. Southeast Asian Stud. 9:398-407.

Takaya, Y. 1971b, Physiography of rice land in the
Chao Phraya Basin of Thailand. Southeast
Asian Stud. 9:375-397.

Takaya, Y. 1974. A physiographic classification of
rice land in the Mekong Delta. Southeast
Asian Stud. 12:135-142,

Takaya, Y. 1980. Agricultural landscape of the
Komering River of South Sumatra, In South
Sumatra: man and agriculture. Center for
Southeast Asian Studies, Kyoto University,
Kyote, Japan. :

Thomas, M. F. 1969, Geomorpholegy and land clas-
sification in tropical Africa. In M. T.
Thomas and 6. W. Whittington, eds. Environ-
ment and land use in Africa. Methuen and Co.,
London.

Way, D. 5. 1978. Terrain analysis: a gulde to site
selection using aerial photographic interpre-
tation. 2d ed. Dowden, Hutchinson and Ross,
Stroudsburg, Pennsylvania.

Webster, R. 1977, Quantitative and numerical me—
thods in soil classification and survey.



28 [RPS No. 65, August 1981

Oxford University Press, Oxford, United Young, A. 1969. Natural resource survey in Malawi:
Kingdom. some considerations of the regional method in
environmental description. In M. F. Thomas

and G. W. Whittiongton, eds. Enviromment and

Whyte, R, 0. 1976. Land and land appraisal. Dr. W.
tand use in Afrieca. Methuen and Co., London.

Junk be v., The Hague.

Wishart, D. 1975, CLUSTAN 1¢ user mamial. Computer
Centre, University College, London.



1

24

T T Ty

Tt

“The lnternatlonal Rlce !3 search Inst:tute =~'5

PO.Box 933, Manlla Phll pppes

(636

ssTRacT . ARD A
we  RANDD
COMMENTS:

Other papers in this series

FOR NUMBERS 1—20, TITLES ARE LISTED ON THE LAST PAGE OF NO 46 AND PREVIOUS ISSUES

No. 21 Sulfur nutrition of wetland nce
No.
No.
Nao.
No.
Na. 26 Ranfed lowland rice as a research prionty — an economists view

No

22 Land preparation and crop establishment for ranfed lowland nce
23 Genetic nterrelationshups of improved nce varnettes in Asia .
24 Barriers to efficient capital investment in Asian agnculture

25 Barrers to increased rice production in eastern India

27 Ruce leaf folder: mass rearing and a proposal for screening for varietal

resistance mn the greenhouse
No. 28 Measuning the economic benefits of new technologtes to small rice

farmers

No. 29 An analysis of the [abor-intensive contmuous nee production system at

IRRI
No. 30 Biological constraints to farmers’ rice yields in three Philippine provinces
Ne

No 32 Vamationrin varetal reaction to nce tungro disease® possible causes

31 Changes in rice harvesting systems 1n Central Luzon and Laguna

No 33 Determining supenior cropping patterns forsmali farms i a dryland rice
environment- test of a methodology

No 34 Evapotranspiration {rom rice fields

No 35 Genetic analysis of traits related to grain characteristics and quality i
two crosses of nce

No.36 Aliwalas to rice garden- a case study of the intensification of nce farming
in Camarmes Sur, Phulippines

No. 37 Denitrification loss of fertilizer nitrogen in paddy soils— its recogmition
and impact

No 38 Farmmechanization, employment, and income in Nepal_traditional and
mechanized farming 1n Bara District

No 39 Study on kresek (wilt} of the nce bactenal blight syndrome

No 40 Implicauton of the international rice blast nursery data to the gcnt:m:s ol
resistance

No 41 Weather and climate data for Phulippine nce research * ;g :
No 42 Theeffect of the new ricetechnology in family labor uulization in Lai';guna

v

[SSN 0115-3862

No 43 The contribution of varietal tolerance for problem soils to yield stability
1 rice

No 44 1R42 a rice type for small farmers of South and Southeast Asia

No 45 Germplasm bank information retrieval system

No 46 A methodology for determining insect control recornmendations

No 47 Biological nitrogen fixation by epiphyhc mucroorgansims 1n rice fields
No 48 Quality characteristics of tlled rice grown in different countnes

No 49 Recent developments in research on mirogen fertihizers for rice

No 50 Changes in commumty rnstitutions and mcome distnbution ina West
Java village

No. 51 The IRRI computerized mailing list system

No- 52 Dilferenual response of rice varieties to the brown planthopper in
imternational screening tests

No 53 Resistance of Japanese and IR R1 differential rice vaneties to pathotypes
of Xanthomonas oryzae \n the Phubppines and m Japan -

No 54 Ruce production 1n the Tarar of Kosi zone, Nepal

No. 55 Technological progress and income distribution in a rice vilage in West
Java

No.
No. 57 Improvement of native nces through induced mutation

No. 58 Impact of a speeial high-yielding-rice program in Burma
No.

56 Rice grain properties and resistance to storage insects: a review

59 Energy requirements for alternative rice production systems in the
tropics

. 60 An illustrated descrniption of a tradiuonal deepwater rice variety of
Bangladesh

.61 Reactions of differential varteties to the rice gall rmdge, Orseolia oryzae,
in Asta Report of an international collaborative research project

No.
No
No 64 Trends and strategies for rice wisect problems in tropical Asia

62 A soil moisture-based yicld model of wetland ranfed rice
63 Evaluation of double-cropped rainfed wetland nce



4 :
| ALLLVIAL LAND SYSTEM : |

- B
I Tttt 1

il e |

¥ v ;
! !
- - CLOSED
ALLUVIAL-MARINE ALLUVIAL PLAIN ALLUVIAL—COLLLMIAL ALTLMAL
- T
r~fﬁfiﬁﬁw--i e e i iialelints St e
i i i i
CENT e [FECT R
| SWAMP 1 ‘mm_ sw.wp‘ | “'-'*”""‘L | |0><EDW LAI<E| ‘ MATURAL LEVEE l |HNER SCAR [BMWAMF| | PONT 07 DEFEIT | Ternice | [ TEmmicE TEHHAA:E |INTERH\LL MINELA [ L HLLSLOPE | ALLUVAL Fan PIESMONT ALLLVIAL PLAN Rt
w 5 24 2 e 128 . ne 1E]
. y : !
. I PLAIN LAND SYSTEM ] | HILL LAND SYSTEM | i I
H
' N, e o oo o o e £ ot
- LIHD SUBSYSTEW T LA SUBSYSTEN i ] LanD SUBSTSTEN H
’ RIVER-CUT FLAIN | L HILLSLGPE | RIDGE / SUMMIT ‘ | MOUNTAINSIDE | Fo-rrmiw:ui
! ! i ) i i
PTTTTET T -____._--_’——-—'"_'____________‘ T T T T T T T T T T T T T T T T T T e e T T T e V___——'j——"___'l | — i 1
' LAMDFCSM URIT . } } LAMEFDRM U T H H 1 i LN\D FORM. UNIT H L 1
INTERFLUVE IDRAINMEWAY’ ’ BENCH./ TERRACE | LALLUV!AL FAN I | PEAK | BENCH/ TERRACE T INTERFLVE \LLEY FLOOR PEAK BENCH/TERRACE T Soee INTERFLUVE INTERMONTAAE|
w e P ai a2 = P @ . % @ s
; ; . - : : ] i
1 E W —
H } [ LAND, S2RFAS £ i H *
t FEEEE =
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