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Ahstract

Understanding the historical evolution of land use in humid tropical agroecosystems may assist in developing
more appropriate farming systems better able to sustain dense human populations, alleviate deforestation and
regencrate degraded land resources. We analyzed land use change over a 40 year period for a key acid upland
farming systems research site {8 kmXx 10 km) undergoing rapid transformation in Claveria, Mindanao, Philip-
pines. The landscape is dominated by small-scale cereal cropping on gently to steeply rolling volcanic Oxisols. The
six slope classes identified (ranging from 0--3% to more than 60%) each occupied between 9 and 19% of the study
area, Aerial photographs ( 1:15000) taken in 1949 and 1967, and a ground survey in 1988, were used to map land
use patterns at three points in time. Settlement by in-migration began early in the twentieth century. By 1949 9%
of the land was cultivated, but grassland (59%) and forest {14%]) were the dominant land uses. From 1949 to
1967 the cultivated area doubled to 20%, and the proportion of grassland decreased to less than 50% of the land.
The forested area remained unchanged. Subsequently, settlement by small-scale farmers accelerated. Between 1967
and 1988 the area cropped annually doubled again to 41%. Forest land declined drastically during this period to
195, while perennial cropland (mainly coffee) increased to 30%. Land use on the steeply sloping lands (more than
15%) was particularly affected during the 21 year period: 27% was converted to field crop production, and 43% to
perennial crops, More than 33% of the food crop area is now on steep slopes. The analysis of the historical evolu-
tion of land use may guide research priorities for developing sustainable technologies on sloping land based on
agroforestry,
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1. Introduction acid upland soils is estimated at 188 million ha,
or 39% of the region’s total land area (IRRI,
1986). More than 50% of this area is dominated
by soils of pH less than 5.0. The acid uplands vary
from 339% of total Iand area in Indonesia and the
Philippines, to as high as 66% in Laos (IRRI,

The uplands of southeast Asia are dominated
by strongly acidic soils and hillslope topography.
The geographic extent of the region’s strongly

¢ Corresponding author at: International Centre for Re- 1986): .
search in Agroforestry, Jalan Gunung Batu No. 5, P.O. Box R Until recen‘ﬂy the acid uplands were not sub-
161, Bogor 16001, Indonesia. jected to serious human setflement pressure.
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Currently, however, these ecosystems are
undergoing major transformation in all coun-
tries in the region due to a greatly accelerated in-
migration, and rapid natural population in-
crease, Settlement is dominated by small-scale
farm families that produce cereal crops, mainly
upland rice and maize, to meet subsistence food
needs. The soils typically exhibit rolling to steep
topography with high erosion potential, and
chemical properties typified by severe P defi-
ciency, Al toxicity, and low cation exchange ca-
pacity (IRRI, 1986). As large areas of these lands
are converted to short—fallow rotation systems,
or to permanent food crop culiivation, the pace
of ecosystem degradation has accelerated (Garr-
ity and Sajise, 1992).

A research location in Claveria, Misamis Ori-
ental, northern Mindanao, Philippines was se-
lected as representative of the general problem
complex of acid upland environments in the re-
gion (Magbanua and Garrity, 1990). It has been
the site of intensive work on sustainable upland
farming systems for strongly acidic soils since
1984 (IRRI, 1990). An interdisciplinary on-farm
research framework (Zandstra et al., 1981; Con-
way, 1986) was employed to address major tech-
nical constraints fo more productive upland rice-
based farming systems.

A major challenge to research and develop-
ment is the complex pattern of cultivation on
hilly landscapes. The use of steeply sloping land
for annual cereal cropping without soil conser-
vation practices was increasing rapidly. Erosion
rates are known to be excessive (Garrity et al.,
1993) and farmers are concerned about the con-
sequences (Fujisaka and Garrity, 1989). It was
evident that research and development must
provide specific technical options relevant to the
range of slopes and farmer circumstances. To fo-
cus research, greater understanding was needed
of the historical evolution of the current land use
patterns, and their relation to the land type, par-
ticularly slope. This information would indicate
rates of change in the ways that different types of
land were managed, and reveal insights as to fu-
ture trends. We aimed to document these rela-
tionships fo interpret Iand use change, and the

prospective evolution in future land use that may
be anticipated.

This paper presents a spatial and quantitative
analysis of the changes in land use over a 40 year
period in Claveria. The general objective of the
study was to test the utility of historical land use
analysis as a tool in farming systems research.
The specific objectives were 1o conduct a de-
tailed analysis of the land use in Claveria at three
specific dates, and relate changing land use pat-
terns to slope type.

2. The research sefting

The farming systems research site lies within
the southwestern portion of the municipality of
Claveria in Misamis Oriental Province, north-
ern Mindanao, Philippines (Fig. 1), covering the
major agriculfural zone of the municipality. The
landscape is derived from pyroclastic parent ma-
terials deposited by two volcanoes, Mt. Balato-
can and Mt. Mogabon, which are positioned 15-
20 km north and southeast of the town center,
respectively (Bureau of Mines, 1963).
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Fig. 1. The location of the Claveria research site.
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The site is a volcanic plateau ascending ab-
ruptly from sea level on the west to about 500 m
elevation in the east. Local topography is com-
plex, ranging from flat to steeply hilly, and from
broad smooth terrain to extremely dissected
landscapes (Bureau of Soils, 1985).

The soils are deep (more than 1 m) fine,
mixed, isohyperthermic Ultic Haplorthox. Rain-
fall is approximately 2000 mm year—! in the
study area, with a 7 month rainy season from
June to December {Magbanua and Garrity,
1990). On average rainfall exceeds 200 mm
month~! for 5-6 months per year. A serious
midseason drounght in August is common. An-
nual rainfall and length of the rainy season tend
to increase significantly with elevation.

Kenmore and Flinn {1987} gave a historical
account of the development of Claveria based on
anthropological research in the communities.
Edgerton (1982) discussed frontier society on
the Bukidnon plateau between 1870-1941. Du-
pasala (1986) analyzed the development of the
agricultural system from an ecological perspec-
tive, Mandac et al. (1986) surveyed the current
socio-economic profile of the farming popula-
tion. And an agroecosystems analysis of the area
was given in Magbanua and Garrity (1990).

The agroecosystems of Claveria were primar-
ily under dense tropical dipterocarp forest until
the carly twentieth century. Swidden agriculture
was practised on a very limited portion of the
land surface by the native Higa-onon people. In
a process that characterized most of the upland
ecosystems in the Philippine archipelago, loggers
harvested substantial portions of the old growth
timber in the early decades of the twentieth cen-
tury. Small-scale farmers, mainly from the Vi-
sayan islands, followed the logging operations
into the area. Logging roads facilitated perma-
nent settlements linked to the national economy.
The displaced Higa-onon populations were
forced to retreat upward onto the more remote
stopes of the mountains, massifs, settling at ele-
vations greater than 700-1000 m.

Swidden farming, and the regular occurrence
of extensive dry season fires, converted large
areas into grassland. Cattle ranchers gained con-
trol of extensive areas through leases distributed

by the Bureau of Lands. The ranchers completed
the permanent transformation of much of the
forest area into extensive fire climax grasslands
dominated by Imperata cylindrica.

The small-scale settlers cultivated upland rice
and maize in a grass fallow rotation system on
the limited areas of level or very gently sloping
lands, avoiding the steep slopes. Coffee, coco-
nuts, and perennial fruit trees were planted on
small areas during the 1950-1970 period. Settle-
ment accelerated greatly from the 1960s, in-
creasing the density of both farms and land use.
During the 1970s market tomatoes became an
imporiant component of the agricultural econ-
omy, shipped directly to urban centers {particu-
larly Manila). Cassava also became an impor-
tant commercial crop on the more acidic, infertile
lands.

Maize is presently the dominant crop, culti-
vated twice annually without crop rotation. Up-
land rice is commonly planted on the more
strongly acidic soils where maize is not well-
adapted. Until very recently use of inorganic fer-
tilizers was insignificant.

Farm sizes presently range from 0.25 hato 19.5
ha, averaging 3.0 ha (Mandac et al., 1986).
Ownership is common among larger farmers
{more than 3.2 ha). Tenancy or leaschold is
common among small farmers. There is intense
pressure for land. Clean cultivated fields, tilled
with animal power extend to the steepest slopes.
The amount of fallow land has been rapidly de-
creasing. Fallow rotation has yielded to perma-
nent field farming. Claveria is linked via two
roads to the main coastal highway, and to the
major entrepot of Cagayan de Oro City. One of
these roads is now paved.

3. Methods
3.1. Slope analysis

Conventional aerial photographs (scale 1:15
000), dated March—April 1967, were used to map
the slope classes of the study area. The segrega-
tion of standard slope classes was facilitated by
stereoscopic viewing (binocular vision) using
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photogrammetric techniques {( American Society
of Photogrammetry, 1975a,b). Estimation of the
slope between two points on the airphotos was
determined as the ratio of the vertical {or eleva-
tion) difference between the two points, and the
horizontal distance between the points, as mea-
sured directly on the airphoto. A stereometer was
used in conjunction with a mirror stereoscope to
determine the parallax (image displacement)
between the two points, using standard methods
{ American Society of Photogrammetry, 1975a).

A detailed slope interpretation was performed
on the photographs. The area of coverage was
limited to the barangays (villages) and sitios
{small villages) in which on-farm research activ-
ity was located. From the interpretations, a slope
map was constructed by manually plotting the
effective area of each photograph to minimize
radial distortion effects. The resulting slope map,
an 8 km X 10 km block, gave the distribuiion of
six slope classes. The slope map was digitized us-
ing the PC ARC/INFO Geographic Information
System (GIS), and the area in each slope class
was calculated. There were limited areas in the
study block for which aerial photos were un-
available. These accounted for the land areas la-
belled as “unclassified’ in the tables.

3.2, Land use mapping

Aerial photos were obtained for the study area
from the years 1949 and 1967. The images were
visually analyzed to discriminate major cate-
gories of land use: Forest, annual crops, peren-
nial crops, and grassland. This information was
mapped at a scale of 1:45 000. Aerial photos of
the area were not available for recent years.
Therefore, in 1988 a detailed ground survey was
conducted to map the current land use. The sur-
vey team used the land use and slope maps that
had been previously developed for 1967 as base
maps.

The three land use maps were digitized using
PC ARC/INFO, and the areas in each class de-
termined. Map overlay analysis was used to
quantify the change in land use between dates.
The land use map for 1949 covered an area 23%
smaller area than that in the 1967 and 1988 maps.

Consequently, the land use changes from 1949 to
the later years were slightly biased, because of any
difference that might have been present in the
land use mix of the area excluded in 1949 com-
pared to the whole coverage area.

4. Resulis and discussion
4.1. Distribution of slope classes

The complex nature of the land distribution by
slope class is evident in Fig. 1. Lands in all slope
classes were commonly observed at all eleva-
tions. Table 1 presents a breakdown of the hec-
tarage in each of the six slope classes. Of the 8569
ha analyzed, 9% (797 ha) was nearly level land
{0-3% slope). The level lands occurred only in
small plots, dispersed across the study area at el-
evations ranging from 400 m to more than 900
m (Fig. 2). They were not strongly associated
with any particular elevation band, but were low
in occurrence at the lower elevations (400-500
m). The diffuseness of level land was due to the
presence of abundant dissections in the land-
scape, such as creeks. Prime agricultural lands
with a low threat of soil erosion were a very im-
ited resource.

The other five slope classes, each occupied be-
tween 14 and 19% of the total area (Table 1).
The area of moderately steep (30-60%) slopes
was the most extensive (19%). Very steep areas

Table |
Land area distribution in different slope classes. Claveria,
Misamis Oriental, Philippines

Topographic Slope Area Percent
description range (ha)
(%)

Flat to very sloping 0-3 797 9
Gently sloping 3-8 1262 15
Sloping 8-15 1175 14
Moderately steep 15-30 1538 18
Steep 30-60 1647 19
Very steep Above 60 1119 13
Unclassified No data 1031 12
Total 8569 100
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Fig. 2, The distribution of land by slope class in the study area, Claveria, Misamis Oriental, Philippines.

{over 60% slopes), which included the numer-
ous escarpments along deeply incised ephemeral
creeks, accounted for 14%. These were most
common in the 600-800 m elevation band, but
were observed at all elevations. Although in gen-
eral the land tended to become steeper with ele-
vation, above 800 m there was a major area of
gently sloping land in the vicinity of the village
of Rizal (Fig. 2).

4.2, Land use changes

4.2.1. The agroecosystem in 1949

The 1949 photo analysis pictured the Claveria
agroecosystems as they emerged from the first
major period of settler influx, from the 1920s to
the end of the Second World War. Claveria was

then dominated by grassland (Fig. 3). Forests
still occupied 14% of the land area, mostly at el-
evations above 600 masl, predominantly on the
steep land units with least accessibilify and
greatest protection from fire.

Ranching was a major enferprise at the time.
Grass vegetation occupied 85% of the non-for-
ested land. The sward was natural range land
dominated by Imperata cylindrica, which cur-
rently still dominates the grassland community.

Cultivated land occupied one-tenth of the area
in 1949. It was concentrated in contiguous
patches in sites that subsequently developed into
the major villages of Hinaplanan, Plaridel, and
Patrocinio. On these lands, slopes were predom-
inantly less than 8%. Proximity to roads was an
obvious determinant of settlement pattern (Fig.
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LAND USE MAP, 1949
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Fig. 3. The distribution of land by land use class in 1949, Claveria, Misamis Oriental, Philippines.

3). Consequently, cultivated areas tended to be
located in grassland areas rather than forested
areas. This distribution suggests that swidden
cultivation was nearly absent within the forested
areas at the time, and did not contribute to fur-
ther forest reduction.

Perennial crops, if present, were difficult to
detect and delineate in the 1949 aerial photos due
to scale limitations (1:44 000). Consequently,
perennials were not mapped separately in the
interpretation. The only known area of perennial
culture during that time (detected from inter-
views with older residents) was 50 ha of abaca
(Musa sp.) in the Rizal-Panampawan vicinity.
This area was treated as an inclusion in the forest
mapping unit in Fig, 3.

4.2.2. The agroecosystems in 1967

The 18 year period between 1949 and 1967 was
marked by a steady influx of new settlers. The
immigration was spontaneous but government-
encouraged. Commercial logging of primary and
secondary forest ended in Claveria in the early
1960s (Kenmore and Flinn, 1987). There was
no substantial change in the forest cover between
1949 and 1967, as shown in Fig. 4. Timber har-
vesting shifted fo the higher elevations in the east,
outside the study area, near the villages of Luna,
Lanise, Mat-i. These areas had abundant virgin
forest resources at the time.

Between 1949 and 1967 the cultivated area
doubled from 767 ha to 1693 ha (Tables 2 and
3). Many new areas were opened for annual crop
production, particularly in the vicinity of the
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Fig. 4. The distribution of land by land use class in 1967, Claveria, Misamis Oriental, Philippines.

Claveria urban area, and the village of Rizal (Fig.
4). By 1967 over 20% of the study area was cul-
tivated. However, some cultivated areas in 1949
had reverted to grassland in the 1967 photo-
graphs. Shifting cultivation was still practised,
with substantial cultivated land having been
either abandoned or left fallow to regenerate soil
fertility. In peneral, there was a major expansion
of small clearings at the expense of both grass-
land and forest.

There was a 20% decrease in the grassland area
from 1949 to 1967. Most of the converted grass-
land was now in annual crop cultivation, but
some had reverted back to forest {(Table 4). The
most significant change from grassland to crop-
land occurred around the villages of Madaging,
Rizal, Panampawan, and Banban in the upper

elevations, and Patrocinio, Ane-1, Bangonban-
gon, Kalingagan and Gumaod in the lower ele-
vation areas (Fig. 4).

Perennial cropping had become a significant
land use by 1967, covering 4% of the land sur-
face (Table 3). Small coffee groves were ob-
served in numerous locations, the species having
been introduced some 15 years previously (Ken-
more and Flinn, 1987). The plantations ap-
peared as neatly spaced tree crops in fields adja-
cent to cultivated lands, occurring in most
villages and hamlets.

4.2.3. The agroecosystems in 1988

Change in the Iand use systems of Claveria ac-
celerated dramatically during the period 1967-
1988 (Fig. 5). Nearly all remnants of intact for-
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Table 2
The area distribution of major land uses in different slope classes. Claveria, Misamis Oriental, Philippines, 1949°
Slope class Land use Total
{% range)
Cultivated Grasslands Forests Unclassified ha %
ha %P ha % ha % ha %
0-3 146 {18) 464 {58) 65 (8) 122 {15) 797 {100)
3-8 188 {15) 720 57 195 {15) 159 {13) 1262 {100)
8-15 102 (9) 800 (68) 109 (9) 164 (14) 1175 {100)
15-30 122 (8) 1135 (74) 102 %)) 179 (12) 1538 (100)
30-60 96 {6) 871 {33) 317 {19) 363 {22) 1647 (100)
>60 64 {6) 482 (43) 273 21 300 27) 1119 {100)
Unclassitied 49 {6) 619 (60) 119 (12) 244 (24) 1031 {100)
Total 767 5091 1180 153t 8569
Percent 9) (59) (14) {18) (100)
2 The 1949 land use map coverage was 23% less than that of the 1967 and 1988 area analyzed (see Fig. 3).
b Percentages of area within a slope class. Percentages sum to 100 within each slope class (read horizontaily).
Table 3
‘The area distribution of major land uses in different slope classes. Claveria, Misamis Oriental, Philippines, 1967
Slope class Land use Total
{% range)
Cultivated Perennials Grasslands Forests Unclassified ha %
ha % ha % ha % ha % ha %
-3 401 (50} 80 {(10) 253 (32) 58 (7) 5 {1) 797  (100)
3-8 363 {45) 99 (8) 435 (34) 110 (9} 53 (4) 1262 (100)
8-15 333 (28) 51 1) 682 {58) 86 (7) 23 {2) 1175 (100)
15-30 154 {10) 12 {1} 1247 {81) {18 (8} 7 (U] 1538 {100}
30-60 154 ()] 30 2) 828 (50) 618 {38) 17 n 1647  {100)
>60 85 (8) 15 (1) 557 {50) 444 {40) i8 (2} 1119 (100)
Unclassified H [{1)] 52 (5) 167 (16) 34 {3) 777 {75} 1031 (100)
Total 1693 339 4169 1468 900 8569
Percent 20) 4) 49 (7 (11 (100)
Table 4
The area in each land use class in 1949 that was observed in the same or alternative land use class in 1967. Claveria, Misamis
Oriental, Philippines
1967 1949 Total
(ha)
Cultivated Perennials® Grassland Forest Unclassified
(ha) (ha) (ha) {ha) (ha)
Cultivated
annual crops 219t - 1015 231 228 1693
Perennial
crops 5t - 142 61 85 339
Grasslands 400 - 2699 228 842 4169
Forests 60 - 694 583 {31 1468
Unclassified 37 - 541 77 245 900
Total 767 - 5091 1180 1531 8569

® No land classified as perennial in 1949,
¥ Area of cultivated annual crop land in 1949 that remained in annual crops in 1967,
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Fig. 5. Distribution of 1and by land use class in 1988, Claveria, Misamis Oriental, Philippines.

est had disappeared by 1988, a 93% decrease
from the 1468 ha of forest in 1967 (Table 5).
Only 1% of the study area remained forested.
This included a steep, narrow escarpment in Pa-
trocinio in the southwest, and a few sites in the
highly dissected upper streamheads near Rizal in
the northeast (Fig. 5).

The area of annual cropland doubled between
1967 and 1988, reaching 41% of the total land
surface (Fig. 6). The scattered cultivated areas
of 1967 had coalesced into extensive contiguous
zones of tilled land. During the 40 year period
{1949-1988) the area under field crop cultiva-
tion had increased five-fold. This was predomi-
nantly at the expense of grassland (Table 6). An-
nual crops now grown in Claveria include maize,

upland rice, cassava and tomatoes. A few hec-
tares of lowland rice are produced on wetland
soils in the narrow drainageways between slopes.

Perennial crops, especially coffee, became an
important component of the agroecosystem dur-
ing the 1967—-1988 period. Their area increased
from 4 to 30% of the land surface (Fig. 6). Other
fruit-bearing trees, in addition to coffee, were co-
conuts, cashew, marang, jackfruit, and bananas.

There was a marked increase in the area de-
voted to coffee in the upper elevations, replacing
large areas of forest and grassland on the steeper
slopes. The variety Excelsa, which produces ber-
ries throughout the year, become commonly in-
tercropped in cultivated fields, planted at a much
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Table 5
The area distribution of major land uses in different slope classes. Claveria, Misamis Oriental, 1988
Slopeclass Land use Total
(% range)
Cultivated Perennials Grasslands Forests Unclassified ha %
ha % ha % ha % ha % ha %
0-3 575 {72} 197 (25) 21 {3) 2 {0) 2 {0) 797  (100)
3-8 940  (74) 256 (20) 58 5) 8 (1) - - 1262 (100)
8-15 799  (68) 167 (14) 207 (18) 2 0) - - H75  (160)
15-30 645 (42) 334 {22) 556 {36) 3 (0) - - 1538 (100)
30-60 338 (21) 890 (54) 385 (23) 32 (2) 2 (0) 1647 (100)
>60 198 (18) 631 (56) 238 (21) 51 s) 1 0y 1119 (100)
Unclassified 6 (1) 72 {(7) 80 (8) -~ {0) 8783 (85) 1031 (100)
Total 3501 2547 1545 98 878 8569
Percent (41) {30) (18) {1) (10) (100}
Revolution® (in 1986) the area became rela-
tively secure. Pending enactment of national land
o Aten (000 ha) reform legislation (in 1988) there was rapid set-
tlement, prompted by confidence among the mi-
& grants that the land would eventually be desig-
a4, nated as alienable, and distributed to
. ::":t:::: fands 4 homesteaders. At the time of the survey, a large
3 o Grocstaads B portion gf these rolling to steeply hilly grasslands
o} © Foroat were being opened to small-scale farms of up-
"____________,__,__,‘g:::&'\_\ - ) 1and rice, maize, and cassava.
" P gy Land frontier is now virtually closed. The only
el T~ significant areas that have not been densely set-
1340 1967 1988

Fig. 6. Comparative changes in the hectarage of the major
land uses analyzed at three different dates over 40 years.
Claveria, Misamis Oriental, Philippines.

wider spacing than when managed as a pure
stand.

The area of grassland in Claveria continued to
decline sharply during the 21 year period as the
proportion of cultivated land increased (Fig. 6).
It was now reduced to 18% in 1988. The last sub-
stantial area of contiguous grassland lies to the
northeast of the barangay of Hinaplanan, where
ranching had long been dominant.

During the early 1980s this zone was under the
influence of insurgents of the communist New
People’s Army. Subsequent to the ‘People Power

tled are on steeply sloping landscapes. Inter-
views with recent migrants indicated that many
of the families that have recently settled on farms
in Claveria had moved several times prior to
reaching this location (Fujisaka, 1989b; Fuji-
saka and Garrity, 1989). They indicated that they
had left their previous farms due to lack of land
or declining yields.

4.3. Land use changes by slope class

Trends in land use changes by slope class are
evident in comparisons among Tables 2, 3 and 4.
The level land (0-3% slope) was generally of the
highest soil fertility, as indicated by numerous on-
farm experiments. In 1949 most of this level land
was in grass {Table 2). By 1967 the majority of
the level land was cultivated {Table 3), and by



D.P. Garrity, P.C. Agustin / Agriculture, Ecosystems and Environment 53 (1995) 83-95 93

Table 6

The area in each land use class in 1949 that remained in the same or alternative land use classes in 1988. Claveria, Misamis

Oriental, Philippines

1988 1949 Total
{ha)
Cultivated Perennials® Grasslands Forests Unclassified
(ha) (ha) (ha) {ha) (ha)
Cultivated
annuval crops 381® - 2208 414 498 3501
Perennial
crops 211 - 1108 436 732 2547
Grasslands 122 - 1229 130 64 1545
Forests 5 - 21 72 - 98
Unclassified 48 - 525 68 237 878
Total 767 - 5091 1180 1531 8569

“No land classified as perennial in 1949.

bArea of cultivated annual crop land in 1949 that remained in annual crops in 1988.

1988 the proportion of cropland on 0-3% slopes
was 72% (Table 4). Nearly all the remainder was
in perennial crops.

On the steeply sloping lands, which include the
categories of 15-30%, 30-60%, and > 60%, there
was little change in the land use pattern between
1949 and 1967 (Tables 2 and 3). Significant
changes in land use between these dates occurred
on the more level lands, as cultivation intensi-
fied, and as perennials entered the system.

The land use pattern on the steeper lands was
altered dramatically between 1967 and 1988.
Twenty-seven percent of the steeper lands were
converted to annual cropping, and 43% was un-
der perennial crops. The use of steep lands for
permanent cropping of field crops indicated a se-
rious scarcity of good quality land.

The population of the Municipality of Clav-
eria {National Census and Statistics Office,
1980) increased from 14 282 in 1960 to 29 088
in 1980, The increased demand for farmland is
evident in that more than 33% of the area cur-
rently cultivated to food crops is now located on
slopes greater than 15%. Slopes in this range are
highly susceptible to accelerated soil erosion
{Garrity et al., 1993; Carson, 1989). Seven per-
cent of the cultivated land is on slopes greater
than 60%.

5. Implications
5.1. Agroecosystem sustainability

Farming systems evolve along alternative tra-
jectories, depending on the interaction of physi-
cal, biological, social, and economic conditions
{Ruthenburg, 1980). Predicting the utility of a
new agricultural technology in an agroecosystem
depends on accurate evaluation of future land use
trends. Much research and development is
wasted promoting inappropriate technical
changes in tropical small-scale farming due to
unrealistic judgements of these trends. Pingali et
al. {1987) demonstrated this in the case of agri-
cultural mechanization research and develop-
ment in Africa.

Immense change has taken place in Claveriain
the short span of 20 years from 1967 to 1988.
The trends indicate that in future the amount of
open grassland and fallow area will be further re-
duced, perhaps eliminated, following the pattern
of disappearance of the forested area during this
period. Farm size is decreasing, forcing most
smallholders without cash sources fo continually
intensify food cropping on slopes. However, the
historical analysis suggested a transition toward
perennial-based systems, as perennial crop hec-
tarage increased strongly during the previous two
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decades. There was much debate in the research
team as to whether the serious degradation in
land quality would be contained or reversed in
time to prevent much of Claveria’s farmland to
be ruined beyond productive use.

Direct observation over a short time frame
(1985-1990) challenged the premise of a per-
ennial-crop transition: New planting of coffee
had stopped, and many older coffee gardens were
removed. There were indications that perennial
crop hectarage was now on a decline, in response
to historically low commeodity prices.

Counteracting this situation is the emergence
of a new perennial opportunity: Small-holder
timber production with short-cycle tree species,
particularly Gmelina arborea (Garrity and Mer-
cado, 1994). This agroforestry system has be-
come popular due to rapidly rising timber prices
induced by the collapse of natural forest logging
in the late 1980s.

Nevertheless, many small-scale farmers with
inadequate land and capital to invest in agrofo-
restry or perennial crop production will be forced
to retain their limited land area in food crops.
They may be increasingly marginalized due io
soil erosion and declining vields. Research must
be accelerated to develop sustainable technolo-
gies for food crop production on acid, sloping
lands through contour hedgerow farming sys-
tems (Garrity et al., 1993).

5.2, Research methodology

Farming systems research methodology (Har-
rington et al., 1989; Zandstra et al., 1981) con-
ventionally includes a phase involving charac-
terization of the system and the diagnosis of the
critical limiting factors amenable to research so-
lutions. Agroecosystem Analysis (Conway,
1986) evolved as a conceptual framework and
toolkit to identify key directions for positive in-
tervention in complex systems. However, the de-
velopment of tools to effectively capture the rel-
evant evolutionary trends in farming systems
have been neglected.

Aerial photographs have been extensively em-
ployed as a foundation for land surface mapping
by most branches of the earth and agricultural

sciences since the 1930s {American Society of
Photogrammetry, 1975a,b). Fox (1990} dis-
cussed how aerial photos may be useful in facili-
tating interviews with farmers about land use
changes, Carson (1985 cited in Carson {(1989))
used them in village level planning in Nepal. We
found them useful for both static analysis of slope
classes in relation to land use at a single point in
time, as well as for the analysis of change across
historical periods.
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