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Introduction. This article reviews soil and crop production information from Bukidnon, Northern Mindanao, the Philippines.
It focuses on the parent materials involved in forming Bukidnon soils, clay forming minerals, soil classification, types and
location distribution, physico-chemical characteristics, soil potentialities and constraints, and the yields of the major crops.
Literature. The information discussed was gathered from on-line journals, a compilation of agricultural research reports
published in Northern Mindanao, published theses, government data and reports, and books. Bukidnon has existing soil
information that could be useful for assessing and monitoring soil fertility and in establishing a regional Land Information
System (LandIS). Soils in the Province are classified according to Soil Order, Great Group and soil type under the USDA
Soil Taxonomic Classification. Data on crop production yields are also available. Soil information is intended more for crop
fertilization planning at the broader scale. Studies on geomorphopedology and the interactions of elements within the soil are
scarce. The relationship between soil formation and its characteristics and plant responses is not discussed here.

Conclusion. The recommendations arising from this study are: (1) to conduct in-depth geomorphopedological studies in
marginal areas of undifferentiated soils, (2) to study the relationship between soil characteristics and crop responses including
nutrient assimilation by plants, focusing on phosphorus (P), and (3) to develop a generic protocol and establish a LandIS for
mountain areas that can be replicated in other areas in Mindanao, the Philippines.

Keywords. Soil morphology, soil classification, soil chemicophysical properties, mineralogy, crops, land information systems,
Philippines.

Sols et plantes cultivées dans les hautes terres du Bukidnon a Mindanao nord, Philippines (syntheése bibliographique).
Introduction. Cet article constitue une revue sur I’information existante quant a la géomorphopédologie et la production des
cultures du Bukidnon, Mindanao septentrional, Philippines. Celle-ci traite spécifiquement des matériaux parentaux impliqués
dans la formation des sols du Bukidnon, des minéraux argileux, de classification, type et distribution de sols, des caractéristiques
physiques et chimiques, des potentialités et contraintes de sol et des rendements des principales cultures conduites.
Littérature. Cette information a été rassemblée a partir de journaux en ligne, de la compilation de rapports de recherche
en Mindanao septentrional, de manuscrits de theses publiées, de données gouvernementales et de livres. Bukidnon dispose
d’information sur le sol qui peut étre utile pour évaluer et assurer le suivi de la fertilité des sols et établir un systeme régional
d’information sur les terres, les terrains (LandIS). Les sols de la province sont classés selon 1’ordre, les grands groupes et les
types de sol de la classification taxonomique américaine des sols (USDA Soil Taxonomy). Les données sur les rendements sont
disponibles. L’information sur les sols est davantage orientée vers la planification en fertilisation des sols a large échelle. Les
études de géomorphopédologie et sur les interactions entre éléments dans le sol sont rares. Les relations entre la formation des
sols et les caractéristiques de la réponse des plantes ne sont pas étudiées.

Conclusion. 11 est recommandé de (1) conduire des études géomorphopédologiques détaillées dans les aires marginales de
sols indifférenciés, (2) d’étudier la relation entre les caractéristiques des sols et la réponse des plantes incluant 1’assimilation
des nutriments par les plantes avec une attention particuliere pour le phosphore et (3) de développer un protocole générique
afin d’établir un LandIS pour les aires de montagne qui pourrait étre transposé a des aires similaires de Mindanao, Philippines.
Mots-clés. Morphologie du sol, classification des sols, propriété physicochimique du sol, minéralogie, plante de culture,
systeme d’information fonciere, Philippines.



Soils and crops of Bukidnon, the Philippines
1. INTRODUCTION

This review focuses on two topics: the importance of
agricultural lands in Bukidnon and the data available
for use in developing a LandIS for the Province. The
information presented was gathered from library on-line
journal collections on Andosols, geomorphology,
Philippine and Bukidnon geology, the soils and crops
of Bukidnon; a compilation of agricultural research
reports on highland soils, vegetables and other crops
in Bukidnon and Northern Mindanao; published theses
on agricultural development history, and the soils and
crops of Bukidnon; websites of Philippine government
agencies for regional and provincial agriculture,
economy and demography; Bukidnon provincial
government soil and agricultural reports; and books
on earth and soil science topics and on vegetables and
crops.

1.1. Significance of the review paper

The conversion of primary agricultural lands to other
uses and the increasing population in the highlands
have prompted the use of marginal lands for food
production. Marginal lands are characterized by their
remoteness from markets and population centers.
They have high transport costs, a lack of resources
and poorly defined property rights (Briones, 2011).
Marginal lands constitute the frontiers of Philippine
agricultural production (Raymundo et al., 1985).

The Philippine archipelago has 7,107 islands with
a land area of ~ 30M ha. Its economy has always been
deeply entrenched in agriculture and, since the Spanish
regime, Filipino farmers have raised food crops for self-
sufficiency and for export to the international market
(Merino, 1952). The country’s population census
revealed that in 2010 there were 93 .4 million Filipinos
living in the country (NSO, 2012a). Rapid changes
in the land requirements for food took place over the
last century. In 1910, the Philippines was sparsely
populated (28 persons-km?); by 2003 it had become a
densely populated country (273 persons-km?) (Kastner
et al., 2010). Within the span of 10 years — from 2000
(205 persons-km?) to 2010 (308 persons-km?) — the
country’s population density increased by 20.7%
(NSO, 2012b).

Bukidnon is the food basket of Northern Mindanao
and is the largest contributor to the regional agricultural
economy. In its early history of agriculture, the Province
had already been identified as suitable for the large
scale production of food for export (Lao, 1992). The
Provincial population rose from 30,974 in 1907 (Lao,
1985) to 1.3 million in 2010 (NSO, 2012a). As part of
the early government’s move to fast track agriculture
and to utilize Bukidnon’s timber resources, migrants
had been invited to cultivate the soil, prompting the
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original inhabitants to integrate themselves into the
mainstream. Those who were unable to adapt went
deeper into the forest, where they undertook shifting
cultivation (Lao, 1992). Shifting cultivation is practiced
in many parts of the Philippines, including Bukidnon,
but there is no estimate of its areal extent (Schmidt-
Vogt et al.,2009). Agricultural lands in the Province are
socially, economically and environmentally important,
not only for Bukidnon, but also for nearby provinces
and nationally. Upstream locations of significant
watersheds that feed into the water supply of Cagayan
de Oro City and adjacent provinces are located in
Bukidnon and activities in the highlands consequently
affect lowland environments.

Research on geomorphopedology can yield basic
information in creating a working knowledge of the
land and soil. Data are essential inputs to the building
of a LandIS (a “one-stop-shop” information system for
land and soil data) in order to facilitate better decision-
making on land use. However, less attention has been
given to this kind of study, because such an approach
does not yield tangible results that can directly
contribute to increased crop production. In order to
understand the nature of soil and its dynamics, it is
imperative to improve its sustainable use, to anticipate
degradation trends, to spot problematic areas and
to provide sound bases for land evaluation and land
conversion decisions. Input data for land use planning
and management can only be useful if these are based
on reliable measurements. The relationship between
plants and inherent soil fertility provides essential
information for developing effective strategies and
practices in crop production and management. A
LandIS therefore needs to be established in order for
stakeholders to easily access information.

1.2. Structure of the review paper

This review discusses the information currently

available for use in the development of a LandIS in the

Bukidnon highlands and identifies issues of concerns.

The sections of the paper are structured as follows:

— geography, topography and climate of Bukidnon,
relating to its geographical position, ecological zones
with respect to elevation, and the climatic conditions
of the Province;

— geological background and associated rocks, relating
to the geological formation, the Bukidnon geological
map and the parent rocks of Bukidnon soils;

— a discussion of Bukidnon soils, presenting their
mineralogical properties, the location and distri-
bution of soils in the Province, soil morphology, the
physical and chemical characteristics of soil, and the
potentialities and constraints of Bukidnon soils;

— an examination of the major crops produced in
Bukidnon, the background on the contribution made
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by the Province to the Northern Mindanao economy,
and the suitability of the crops to the soil environment;

— the significance of the use of a LandIS in reaching
scientifically based and therefore objective decisions
in land use planning and issues of concern;

— the conclusion summarizes the main findings of the
article. It presents the authors’ opinion on the
findings and also makes recommendations for areas
of future research to address the issues identified.

2. LITERATURE REVIEW

This section examines the literature describing the data
available for use in creating a LandIS for Bukidnon.
It also presents the authors’ view on the existing
information and highlights the issues of concern.

2.1. Geography, topography and climate of
Bukidnon

Bukidnon is one of the five provinces of Northern
Mindanao, with atotal land area of 8,294 km?, extending
geographically from 7°20°-8°40" to 24°30°-125°30°.
Figure 1 presents a map of Northern Mindanao,
showing the Province of Bukidnon. Bukidnon is a
landlocked province and is subdivided into three agro-
ecological zones (Holmer, 1997), which comprise:
— the mountainous zone of Mt. Kitanglad and
Mt. Kalatungan and the Central Cordillera of Eastern

Biotechnol. Agron. Soc. Environ. 2014 18(4), 544-557

Dejarme-Calalang G.M. & Colinet G.

Bukidnon at elevations from 1,200-2,950 m above
sea level,

— the high altitude volcanic plains, terraces and
footslopes  surrounding Mt. Kitanglad and
Mt. Kalatungan with elevations ranging from 600-
1,200 m,

— the low altitude volcanic plains, terraces and hills
with elevations < 600 m.

The Province is drained by three rivers and their
distributaries. From Mt. Kitanglad, the Cagayan and
Tagoloan Rivers and their tributaries are the main
streams draining the northern part. The eastern section
is drained by the Manupali River from Mt. Kalatungan.
The Maladugao and Muleta Rivers drain the south-
eastern part of the Province and eventually contribute
to the discharge into the Pulangi River.

Climate affects the rate of rock weathering and soil
formation (Grotzinger et al.,2007). The Philippines has
a tropical and maritime climate, which is classified into
four types (PAGASA-DOST, 2014). Type I has two
seasons, dry from November to April and wet during
the rest of the year. Type II has no dry season, but has a
very pronounced maximum rain period from December
to February. Type I1I has no pronounced maximum rain
period, but has a dry season lasting between only one
and three months. Type IV has rainfall that is more
or less evenly distributed throughout the year. Two
types of climate prevail in Bukidnon, Type III in the
northern part and Type IV in the south. The 30-year

Figure 1. Maps of Mindanao and Northern Mindanao Region, the Philippines inset —
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mean annual rainfall has been recorded at Malaybalay
Weather Station as 2,569 mm, with the wettest months
being from July to October (PAGASA-DOST, 2014).
The 1994-1996 annual rainfall data for the Manupali
Watershed at 1,500 m asl was 2,825 mm and during that
period, only one month had a level of rainfall < 100 mm
(Poudel etal.,2000). Temperature and relative humidity
vary with elevation. Mean annual temperature and
relative humidity have been recorded at <500 m asl
as 27 °C and 74%, respectively (CMU, 2012). Mean
annual temperature in areas with elevations > 500 m
asl have been recorded as 18-28 °C, with a relative
humidity of ~ 80% (Sustainable Watershed Ecosystems
Management Resource Center, 2013). The areas around
the volcanic slopes exhibit semi-temperate conditions,
which can support a broad range of highland tropical
crops (Sustainable Watershed Ecosystem Management
Resource Center, 2013).

2.2. Geological background and associated rocks

The Philippine archipelago is located within the circum-
Pacific seismic belt where plate tectonic movements
and lithospheric collisions are very active. The
archipelago is wedged between two converging plates:
the oceanic northwest-moving Philippine Sea Plate in
the east and the Sunda Block/Eurasian Plate in the west,
which resulted in the formation of the Philippine Fault
(Yu et al., 2013). According to Aurelio et al. (2012),
the archipelago is the outcome of a complex series
of geological events that involved continental rifting,
oceanic spreading, subduction, ophiolite obduction,
arc-continent collision, intra-arc basin formation
and strike-slip faulting. The archipelago became
subdivided into two tectono-stratigraphic blocks, the
Palawan-Mindoro Continental Block (PCB) and the
Philippine Mobile Belt (PMB).

Cretaceous ophiolites of the PMB strung along
the eastern Philippines, which include northern and
southern Mindanao and foraminiferal limestone that
represents the Paleocene, have been found in the
drill cores in the Agusan-Davao Basin (Aurelio et al.,
2012). Reef limestone formations, in association with
rocks of different ages are found in the high mountains
of the Philippines, including along the common border
of Bukidnon, Agusan, South Cotabato and Davao
Oriental in Mindanao (Raymundo et al., 1985). Young
andesitic to dacitic volcanism, mostly represented by
ash and lapilli and domes, are emplaced along the
Philippine Fault (Sajona et al., 1997). Subduction
related volcanism during the Pleistocene deposited
volcanic rocks (basalt, andesite and dacite) and related
pyroclastic products throughout the Philippines, except
for north-east Luzon (Aurelio et al., 2012). Central
Mindanao is an example of a young collision of two
island arcs, which are devoid of the old continental
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basement (Sajona et al., 2000). The Central Mindanao
Volcanic Field is characterized by numerous Pliocene-
Quaternary basaltic to andesitic strato-volcanoes and
minor parasitic dacite cones (Sajona et al., 2000).
The whole of Bukidnon is of volcanic origin, except
for the southern part, which consists of sedimentary
materials and limited alluvial plains along the rivers
(Mariano et al., 1955). Figure 2 shows the geological
map of Bukidnon. Analyses of rock samples from Mt.
Kalatungan have revealed that these are fresh calc-
alkaline basalt (Sajona et al., 1997). This means that the
rocks are under-saturated melanocrate, with abundant
olivine, labradorite, slightly calcic-augite and richer in
Na,O and K O than the tholeitic facies. Rock samples
from Mt. Kitanglad are moderately fresh shoshonitic
basalt (with Na, O and K O) and andesite (Sajona et al.,
1997). In northern Bukidnon, the low grassy hills east
of Malaybalay, are mainly metamorphic (schist) rocks
with cappings of limestone, which form the low hills in
the location (Mariano et al., 1955).

2.3. Bukidnon soils

The first soil resource inventory in the Philippines was
created in Batangas in 1903 by Clarence W. Dorsey
and focused on soils for abaca (Raymundo et al.,
1985). Much progress was made in the late 1920s,
when Dr. Robert Pendleton worked on the sugar lands
of Negros Island and simultaneously trained Filipino
students (Raymundo et al., 1985). The actual soil
inventory in the country began in the provinces in
1934, when the soil survey committee was created,
but progress was interrupted by the Second World
War (Carating et al., 2014). The soil series is the key
pedological unit for soil mapping (Mariano et al.,
1955).

Mineralogical properties. Soil is the residue of rock
weathering, and the parent materials, consolidated or
unconsolidated, influence soil formation (Grotzinger
et al., 2007). Knowing the associated rocks and
minerals is useful in identifying the degree of
weathering. The elements found in soils may be
verified by soil laboratory analysis. The Philippine
Archipelago is one of the regions in the Pacific Basin
where Andosols are found (Driessen et al., 2001).
Andosols represents a soil group that is recognized in
the World Reference Base (WRB). Andosols include
soils developed from volcanic ejecta or glass under
any climate, which occur in volcanic regions all over
the world and may also develop in other silicate-
rich materials under acid weathering in humid and
perhumid climates (FAO, 2006). Andosol is equivalent
to Andisol in the USDA Soil Taxonomic Classification
(Soil Survey Staff, 2010). Most Bukidnon soils are of
volcanic origin. However, Bacatio et al. (2005) noted
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Figure 2. Geological map of Bukidnon, the Philippines — Carte géologique de la Province du Bukidnon, Philippines

(Bukidnon Provincial Development Staff, 1985).

that in Mindanao, few studies have been conducted on
the physico-chemical and mineralogical properties,
genesis and classification of soils. Several studies on
soils derived from volcanic material have revealed
the presence of allophanes and imogolites (Poudel et
al., 1999; Bertrand et al., 2008; Kimsey et al., 2011;
Levard et al., 2012; Mileti et al., 2013). The minerals
identified in the Central Mindanao volcano field were
olivine, pyroxene, plagioclase and other phases,
such as titanomagnetite, hemo-ilmenite, amphibole
ranging from magnesio-hornblende to tschermakites
and apatite, which were observed in western and
eastern andesitic and dacitic rock outcrops (Sajona et
al., 2000). In a study of the soil in Intavas, Impasug-
ong, Bukidnon, which is situated at 1,200 m asl, the
primary minerals were found to be predominantly

opaque minerals (Bacatio et al., 2005). Hornblende
and heavy minerals and weathered particles composed
of mica, quartz and volcanic glass for light minerals
were found here, while for clay soils, gibbsite and
halloysite were detected (Bacatio et al., 2005). Clay
forming minerals identified in the soil of a volcanic
slope within the Manupali Watershed of Bukidnon
were halloysite, gibbsite, goethite, hematite and
cristobalite and the presence of allophanes and
imogolites was also observed in all the studied pedons
(Poudel et al., 1999). The presence of both goethite
and hematite indicates a state of mineral evolution in
an ecological situation.

Soil distribution location. The Soil Survey Report of
Bukidnon was published in 1955. Soils are grouped
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according to: (1) soil series, (2) soil type, (3) a
phase of a soil type, and according to (4) complex,
(5) miscellaneous undifferentiated soils from rough
broken lands and mountains (Mariano et al., 1955).
The USDA Soil Taxonomic Classification is used in
naming Philippine soils. The National Bureau of Soil
and Water Management has identified nine Soil Orders
in the country, namely: Inceptisols (39.9%), Ultisols
(26.6%), Alfisols (17.1%), Entisols (8.1%), Vertisols
(4.5%), Mollisols (3.3%), Andisols (0.23%), Oxisols
(0.2%) and some limited Histosols (PCARRD), 2006).
Figure 3 shows the soil map of Bukidnon Province.
Soil Orders/Great Groups and their distribution in
Bukidnon are presented in table 1.

Soil morphology. Volcanic mudflows or lahars from

Mt. Kitanglad and Mt. Kalatungan underlie the

greater part of the Bukidnon Plateau, and the rest of

the Province with other kinds of igneous materials

and a few local metamorphic rocks (Mariano et al.,

1955). The moderate weathering of mainly pyroclastic

materials produces soils with andic properties.

However, some soils develop these properties from

non-volcanic materials, including loess, argillite and

ferralitic weathering products (FAO, 2006). In order

for a soil to be defined as having andic properties, it

must meet the FAO (2006) diagnostic criteria:

— > 2% Alox + %5 Feox value,

— abulk density of < 0.90 kg-dm~,

— phosphate retention of > 85%,

— organic carbon < 25% by mass,

— it must meet the requirements of an albic horizon if
occurring under tephric materials.

Poudel et al. (1999) reported that, according to
the USDA Soil Taxonomic Classification, the soil
development gradient in the Manupali Watershed
ranged from Inceptisol in the mountains to Ultisol
and Oxisol at lower elevations. Moreover, the authors
identified the Soil Great Groups as Humitropept and
Hapludult in the mountains, Kandiudox in the upper
footslopes, Acrudox and Hapludox in the lower
footslopes and Acrudox and Kandiudox in the alluvial
terraces. Soil in Intavas, which is representative of
cultivated, highland marginal soil, has been classified
as fine clayey, acid, isothermic, gibbsittic, and as Oxic
Dystrudepts (Bacatio et al., 2005).

In the Bukidnon soil map, no soil is classified
under the Andisol Soil Order or Andosol Soil Group,
although many parent rocks come from volcanic
materials. Furthermore, the descriptions of these soils
do not present “andic” properties. Mineral weathering
can dramatically change soil mineralogy and chemistry
(Mileti et al., 2013). Poudel et al. (1999) stated that
during the weathering process, Andisols lose some
of their unique properties and change into other Soil
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Orders, including Inceptisols, Alfisols, Entisols,
Oxisols, Spodosols, Vertisols, Mollisols and Ultisols.
Therefore, because of weathering, soils in Bukidnon
may have lost their “andic” characteristics during this
process.

Andic properties can be retained if the soil is pro-
tected or undisturbed. Tsui et al. (2013) found that of
the 60 pedons they studied in YMS National Park in
Taiwan, 40 pedons were classified as Andisols. They
also discovered that these Andisols were generally
found at elevations > 700 m asl, with gentle or steep
slopes, possibly because a thick growth of plants
provided protection for soils. Raymundo et al. (1985)
stated that “In the Philippines, a good number of soils
have been previously classified as Andepts. Hydric
Dystrandepts (inclusion of the Tigaon series) are
found on the slopes of Mt. Isarog, the Hystrandepts at
around 800 m elevation in Mt. Makiling (unclassified)
area, and possibly Eutrandepts over the slopes of many
volcanic peaks. The Tagaytay, Taal and Tupi series in
Cotabato may be classified as Andisols”. Pedological
research in Bukidnon has made little progress; thus
information on soils with “andic” characteristics is
unavailable. In addition, the soils in some areas of
the country are unclassified, such as in Mt. Kitanglad
and Mt. Kalatungan, which are volcanic mountains.
None of the areas bordering the Agusan and Davao
Provinces, the Pantadon Range or Mt. Malambo has
been studied and there is therefore no soil information
available for these areas.

Soil physical characteristics. Mariano et al. (1955)
summarized the physical description of soils according
to the depth of soil horizons, color, texture, moisture,
stoniness, compactness, soil structure, consistency,
root penetration, presence of mottles, and external
and internal drainage. The physical characteristics of
Bukidnon soils differ significantly from this descrip-
tion because of their parent materials and topographi-
cal location. Poudel et al. (1999) described the soil in
the morphological unit in the Manupali Watershed as
follows: the surface horizons of all pedons were brown
to dark brown, with a fine to medium granular struc-
ture and a very friable to friable moist consistency.
Subsurface horizons were a brown to reddish color
with a weak to moderate sub-angular blocky structure.
They were friable to very friable with slightly sticky
and slightly plastic moist consistency. Water retention
was found to be high, which the authors attributed to
the presence of allophanes and allophane-like materi-
als (Poudel et al., 1999). The profile of Intavas soil
has very dark surface horizons that become lighter in
lower horizons with a fine loamy texture. Bacatio et al.
(2005) found that this soil had a consistency that was
slightly sticky and plastic with a bulk density ranging
from 0.85 to 1.18 g-cm™.
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Soil chemical properties. Earlier studies on the
chemical characteristics of Bukidnon soils were
conducted in conjunction with the Soil Survey toidentify
and classify soil types based on their morphological
and genetic characteristics, as they occur in the field
(Marfori et al., 1955). The soil chemical parameters
analyzed were: soil reaction (pH), soil organic
matter content (SOM), total nitrogen (N), available
phosphorus (P), available calcium (Ca), potassium (K),
magnesium (Mg), iron (Fe), and manganese (Mn). The
report also presented recommendations regarding the
addition of lime and fertilizer to soils.

Soil pH is the most indicative measurement of its
chemical properties in terms of ecological processes,
because of its influence on nutrient availability. Soil
pH values derived from recent studies are shown in
table 2. Busdi and St. Peter are located near the Central
Cordillera in Eastern Bukidnon. Sungco and Kibangay
are on the slopes of Kitanglad and Kalatungan. The
Manupali Watershed is located within Kitanglad at the
north-west boundary and Kalatungan in the south-west.
The Miarayon Region is on Mt. Kalatungan.

In Bukidnon, SOM content ranges from low to
high, depending on location. Soils at higher elevations
generally have a higher SOM content (Holmer, 1997).
The soil organic carbon (SOC) content of Intavas soil
is 4.3%, which irregularly decreases at depth (Bacatio
et al., 2005). Thirteen soil surface horizon samples
from the Manupali Watershed revealed that the total
carbon in mountain pedons ranged from 8.2-13.2%,
while at the lower elevations the levels ranged from
2.5-5.3% (Poudel et al., 1999). In their study of soils in
the Miarayon region, Tatoy et al. (2001) found that the
total SOC values were: in Lirongan, 9.3%, Miarayon,
17.2% and San Miguel 18.3%. Results of SOC analyses
from fields in these villages were derived from the
examination of four composite samples that were
taken from representative locations in each village.
Volcanic soils generally have higher SOM content

Table 2. The pH (in H,0) values of some locations in Bukidnon — Valeurs de

PpH eau pour quelques contextes de sol du Bukidnon.

Dejarme-Calalang G.M. & Colinet G.

levels of organic matter compared to non-volcanic
soils, which may tend to buffer excessive depletion of
SOC (Sandoval et al., 2007). The slow mineralization
of SOM in volcanic soils inhibits excessive release
of carbon (C) over time and therefore C is conserved
in the soil. Bukidnon is relatively cool, especially in
the mountainous areas, because of its high elevation.
Cool temperatures in the mountainous regions further
retards SOM mineralization, which makes its mineral
components available only slowly to plants.

Volcanic soils have an extremely high P retention
rate, so that 85-90% of inorganic P added to the soil
remains unavailable to crops (Mejias et al., 2013).
Unavailable forms of P according to PCARRD (2006)
are:

— apatite, an original source,

— Ca, Fe and Al phosphates, which are secondary
sources,

— organic combinations.

At a low pH (< 5.5) phosphate ions combine with
Fe and Al, and at a high pH (> 8.0) with Ca to form
compounds that are not readily available to plants
(Landon, 1984). Phosphorus deficiency commonly
occurs in lateritic red soils in about half of the upland
areas of the Philippines (PCARRD, 2006). In his study,
Holmer (1997) discovered that only 3% of the total
samples analyzed had available P > 25 mg-kg™'. Poudel
etal.(1999) found outthat Pretention by surface horizons
of mountain pedons ranged from 94-98%, while that of
other values ranged from 63-81%. For Intavas soils,
Bacatio et al. (2005) found that P retention ranged from
58-78%, with the plow layer having the highest values.
Tatoy et al. (2001) found that results of soil analyses
of composite samples taken from four representative
locations in each village in the Miarayon region
showed P concentrations of: Lirongan, 1.5, Miarayon,
247 and San Miguel, 11.9 mgkg'. The challenges
regarding levels of P availability in soil lie firstly, in the
regularity of the releases of the
nutrient and secondly, in how fast
P is replaced in the soil solution
and is able to become available

Location pH H,0 Source ]fjor clgo?z 1before ilt is sethJIe_stEreg
: y Fe complexes. Hig
Bzt eyl B0 CE0L 2D immobilization forces farmers
St. Peter, Malaybalay 5.5-6.0 CAO, 2010 to use significant amounts of
Intavas TDF, Impasugong 4.8-5.6, at plow layer 5.0 Bacatio et al., 2005 phosphate fertilizers in order

to obtain suitable yield targets

S , Lant. 55 Holmer, 1997 ..
1.1ngco " ormet (Mejiasetal.,2013).To counteract
Kibangay, Lantapan 5.6 Lapoot et al., 2010 this limitation, soil amelioration

Manupali Watershed, Lantapan  4.2-6.3, mean 5.4
Miarayon, Talakag 5.1

Lirongan, Talakag 49
San Miguel, Talakag 5.1

Poudel et al., 1999
Tatoy et al., 2001

Tatoy et al., 2001
Tatoy et al., 2001

to increase pH to a level sufficient
to dissociate the nutrient from
the Fe/Al complexes needs to be
undertaken. It should be noted
that in all the references gathered
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for the Province regarding soil research, only Poudel
et al. (1999) studied the association of aluminum (Al)
and Fe in terms of the P fixation capacity of soils in
Bukidnon.

Cation Exchange Capacity (CEC) is an overall
assessment of soil potentiality, which assesses the
soil’s possible response to fertilizers. It is a guide in
identifying the kind of clay minerals and the impact of
SOM in terms of both quantity and quality (Landon,
1984). Poudel et al. (1999) reported that CEC values
in the mountains ranged from 7.5-50.4 cmol-kg™, in
the upper footslopes, 5.0-21.7 cmolkg"' and for the
lower footslopes, 9.0-24.2 cmolkg'!. Lapoot et al.
(2010) reported a CEC value in Kibangay, Lantapan of
6.34 cmol-kg'.Intheir study, Bacatio et al. (2005) found
that Intavas soil had a CEC range of 7.4-17.3 cmol-
kg, with the highest value being in the topsoil. The
aforementioned values are useful references when
evaluating the potential fertility of Bukidnon highland
soils.

Soil potentialities and constraints. Based on the
information gathered in this review, we can conclude
that mountain soils in Bukidnon have potentialities,
such as a high SOM with optimal C/N ratios, high CEC
values, low bulk density and high water retention, but
with rapid drainage during rainfall. Low bulk density
results in high porosity, which is essential for the
expansion of plant root systems, enabling them to
extract more water and nutrients from the soil. A high
water retention capacity enables soils to hold more
water, which acts as a moisture reserve for plants during
periods of drought. Rapid drainage is also favorable for
plants sensitive to waterlogging.

The soil constraints in Bukidnon are a too low
bulk density, stoniness and rock outcrops, a low pH
and possible increasing risks of Al toxicity and high P
retention. Low bulk density soils can be associated with
a risk of soil erosion. After long periods of drought,
the splash effects of heavy rains can easily slake soil
aggregates and transport the debris, together with its
nutrients, from the surface. Soil erosion predominates
in areas presenting steep slopes with sparse vegetation.
In recent years, rapid land use changes in the upper
Manupali Watershed have caused the heavy siltation
of the Manupali River Irrigation System (Lantican
et al., 2003). Soils in these areas are shallow and are
unsuitable for cultivation and hence are used as pasture
lands for cattle.

When pH is low, certain metallic elements present
in soil will be mobilized. These can easily be taken
up by plants and some of these elements, such as Al,
can block root absorption sites. A soil pH of <5.5
indicates a possible risk of Al toxicity (Landon, 1984).
Phosphorus is classified as a major plant nutrient
and most farmers in Bukidnon spend money on P
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fertilizers for crop maintenance. Because soil derived
from volcanic material retains high amounts of P, its
nutrient dynamics need to be studied further in order to
ascertain its effective use in farming.

2.4. Major crops in Bukidnon

Bukidnon is the primary producer in Northern
Mindanao of maize/corn (Zea mays L.), rice (Oryza
sativa L..), sugarcane (Saccharum officinarum L.),
pineapple (Ananas comusus [L.] Merr.), banana (Musa
sapientum L.) and high value commercial vegetables:
carrots (Daucus carota L. var. sativus), potato (Solanum
tuberosum L..), cabbage (Brassica oleracea L. var.
capitata) and tomato (Lycopersicon esculentum Mill.
var. esculentum). Pineapple (A. comusus) and banana
(M. sapientum) are the two crops grown for export.
Rubber (Hevea brasiliensis [HBK] Miill.Arg.) is a
major industrial crop.

Table 3 shows production data for the major crops
of Bukidnon and Northern Mindanao. Rice (O. sativa)
is the main staple food in the country. With 88,975 ha
of production in the Province, the irrigated areas
occupy 78,891 ha, and the rain-fed areas 10,084 ha.
The Province’s contribution to the production of rice
in Northern Mindanao is 57.5%. The yellow maize
(Z. mays) yield is double that of the yield of the white
variety (Table 3), which makes yellow maize a more
attractive crop for farmers to plant. Because yellow
maize (Z. mays) has ahigheryield than the white variety,
there is a disproportionate areal extent of the yellow
compared with the white varieties in the Province.
The area planted with yellow maize is six times larger
than that for white maize (Table 3). The Province
produces the only sugarcane (S. officinarum) in the
region. The production of pineapple (A. comusus) and
bananas (M. sapientum) is managed by multinational
agro-industrial corporations. Much emphasis is placed
on the Cavendish banana because it is the only variety
grown for export. The regional production of rubber
(H. brasiliensis) is largely found in the Province.

Bukidnon is a producer of high value commercial
vegetables, which are largely grown on the slopes of
Mt. Kitanglad and Mt. Kalatungan in Lantapan and
Talakag and in Impasug-ong. Tomato (L. esculentum),
carrot (D. carota) and cabbage (B. oleracea) represent
77, 86, and 83%, respectively of the total regional
production. Bukidnon is the sole producer of potato
(S. tuberosum) in the region. The production data
show that the Province has higher average yields than
Northern Mindanao and there are some crops that are
only produced within the Province.

Table 4 shows the indicative soil requirements
of the major crops planted in the Province. Rice
(0. sativa) is found in alluvial plains in Bukidnon,
and most of the areas (89%) are served by irrigation
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Table 3. Major crops of Bukidnon compared to Northern Mindanao, the Philippines — Principales plantes cultivées au
Bukidnon et comparaison au sein de la Région Nord de Mindanao (2012).

Crop Area (ha) Yield (t-ha')
Bukidnon N. Mindanao Bukidnon N. Mindanao

Rice (Oryza sativa) 88,975 154,712 4.12 4.19
Corn (Zea mays), white 27,546 195,578 2.37 1.86
Corn (Zea mays), yellow 164,554 183,284 474 4.72
Sugarcane (Saccharum officinarum) 76,372 76,372 52.97 52.97
Pineapple (Ananas comusus) 21,000 21,530 60.90 60.17
Banana (Musa sapientum), total 20,373 51,433 56.74 3342
Banana (Musa sapientum), Cavendish 16,481 16,628 66.59 66.30
Rubber (Hevea brasiliensis) 6,639 6,851 1.58 1.58
Tomato (Lycopersicon esculentum) 1,985 2,728 19.51 18.36
Potato (Solanum tuberosum) 550 550 1191 1191
Carrot (Daucus carota) 104 137 10.72 9.50
Cabbage (Brassica oleracea) 371 494 13.67 12.33

Source: Bureau of Agricultural Statistics (2013).

Table 4. Soil requirements for major crops in Bukidnon — Exigences pédologiques des principales cultures du Bukidnon.

Crop Soil requirement pH Reference

Rice (Oryza sativa) Heavy soils 5.0-5.6 Landon et al., 1984

Maize/corn (Zea mays) Well drained, no waterlogging 5.0-7.0 Landon et al., 1984

Sugarcane (Saccharum officinarum) Deep, well aerated but relatively 4.5-8.5, optimum 6.5 Landon et al., 1984
tolerant to periodic flooding

Pineapple (Ananas comusus) Sandy loam with a low lime content  4.5-6.5 Landon et al., 1984

Banana (Musa sapientum) Deep well drained loam without 5.0-7.0 Landon et al., 1984
stagnant water

Rubber (Hevea brasiliensis) Deep, well aerated, permeable acid soils Landon et al., 1984

Cabbage (Brassica oleracea) Well drained, optimum 6.0-6.5 Landon et al., 1984

Potato (Solanum tuberosum) Well drained, aerated and porous 40-5.6 Landon et al., 1984
soils

Tomato (Lycopersicon esculentum)  Light loam, well drained without 50-7.0 Landon et al., 1984
water logging

Carrot (Daucus carota) Moist, well drained, loam, sandy 6.0 Rubatzky et al.,
loam 1999

systems, thus making the land suitable for the
production of this crop. Generally, soils in Bukidnon
possess the aforementioned characteristics required
by crops. The higher crop yields in the Province
compared to regional values can be attributed to these
environmental conditions. However, to date, no study
has identified the links between soil formation and
characteristics and crop yields.

2.5. The significance of a LandIS

In order to identify the best use of land, it is essential to
know what qualities the area has and what impacts on
the land and its environment a particular development
may bring. The classical land evaluation approach
is based on qualitative models, requiring only basic
structural knowledge of the specific landscape and the
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object of evaluation and thus must be rearranged if
the land use is changed (Manna et al., 2009). But land
evaluation has to focus not only on options for food but
also on ecological, environmental and social concerns,
as these are becoming increasingly important in the
planning process (Rossiter, 2008).

A LandIS represents the pooling of information
regarding the land, which is a prerequisite when
planning for land resource surveys, and which
leads to the physical evaluation of the land for its
suitability. If there is no information about critical
land quality, research must be initiated (FAO, 1989).
The Environmental Impact Statement System of the
Philippines classifies areas of primary agricultural
land as environmentally critical areas, which require
an environmental impact assessment whenever
development projects are proposed. Soil and land
information are inputs in identifying environmental
risks that can be associated with the development and
how these risks can be managed.

The soil survey of Bukidnon is the earliest
comprehensive document that presents provincial soil
information (Mariano et al., 1955). This report contains
the state of agriculture of the Province, soil survey
methods, soils and their morphology, productivity
ratings and information regarding physical land
evaluation, land use and soil management. It further
contains erosion surveys and information regarding
the soil chemical characteristics with fertilizer
requirements for provincial soils. In that report, and
even to date, there are areas that are still unmapped
(the mountainous areas). These are the frontiers of
agricultural production and are areas that are being
increasingly used for farming in the Province. Later
sources of information on soil fertility management
present useful data and information on Philippine soils
and soil fertility management strategies (PCARRD,
2006). However, this reference does not contain the
same information for all the provinces in the country.
The scale of information needs to be narrowed down to
field level in order for it to be a suitable source of advice
for farmers on soil fertility, potentiality, suitability and
constraints. As we have seen, soil research has already
been conducted and has yielded some useful results.
However, the scale of investigation, associated data
density and the integration of all types of information
needs to be considered in order to provide holistic
knowledge about the soil.

3. CONCLUSIONS

The information gathered in this paper presents the
background of Bukidnon’s geology and associated
rocks, soil morphology, physico-chemical properties,
potentiality and constraints and suitable crops.
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Naming of soils in the Philippines follows the USDA
Soil Taxonomic Classification and the pedological
unit used in mapping is the soil series. Rocks and
minerals in Bukidnon soils are associated with
volcanic parent materials. However, the soils are not
classified as Andosols/Andisols, nor do they have the
“andic” properties qualifier, although results of recent
pedological studies in the highlands have corroborated
that those soils are remnants of that particular Soil
Order/Great Group. Crop yields at the macro-level
indicate that Bukidnon has advantages in terms of
commercial agriculture compared with other provinces
in Northern Mindanao. Few geomorphopedological
studies have been carried out on Bukidnon soils.
Although the available information relates more to soil
fertility status, which is used in fertilization planning,
no detailed analysis is available on the dynamics and
interactions of nutrient elements within soils. Soils
in marginal lands are increasingly being used as crop
production areas in the Province. However, these
soils are still undifferentiated. Results of previous
soil research found that the low level of available P
represents a limitation in Bukidnon soils. Although
crop yield data suggest that Bukidnon soil is suitable
for certain crops, information needs to be gathered
at field level. Based on the findings of our literature
review we make the following recommendations:

— With increasing utilization of marginal lands
and undifferentiated soils, geomorphopedological
studies need to be conducted in order to obtain a
detailed analysis of soil evolution and the relationship
between its physico-chemical characteristics and
its environment. A more detailed examination of soil
properties is needed in order to identify the enabling
and disabling characteristics of the nutrients usable
for plants. Such information would provide useful
inputs in formulating strategies in managing soil
resources when land uses change.

— Although the characteristics of Bukidnon soils show
potentialities for crop production, there are cons-
traints that need to be addressed. It is recommended
to study soil characteristics and plant response in
order to identify crop suitability using yields at plot
level as indicators. This should also include rates of
nutrient assimilation by plants as a way of assessing
fertility levels and monitoring soil status. Because of
the volcanic origin of Bukidnon soils, P is
highlighted as a limiting nutrient. Since P is essential
for plant growth, farmers currently have no choice
but to invest in this agricultural input as a fertilizer.
It is recommended that the dynamics of P nutrients
in soils be studied in order to determine the optimal
quantity and timing of P fertilization.

— With the information that would be gathered as
a result of the aforementioned recommendations,
a LandIS with georeferenced data would need to be
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established and implemented in land use planning
and the management of highland soils. A generic
protocol would need to be developed for the
LandIS, which could then be replicated in other
marginal areas of Mindanao. The cost of developing
such an information resource may depend on the level
of detail required. In order to avoid the unnecessary
use of resources, site representativeness should be
an important consideration in choosing investigation
sites.
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