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Abstract 

 

Kapatagan watershed had once provided abounding natural resources to the 

community but is now degraded due to natural and anthropogenic activities. 

A rapid site assessment was conducted to determine soil quality of 

Kapatagan watershed. Seven representative barangays were selected as 

sampling sites. Moisture, texture, drainage, color and slope, pH, potassium, 

nitrogen and phosphorus content were the physicochemical properties of soil 

assessed. Results showed that most of these physicochemical qualities were 

within the standards while some were already at the borderline and few were 

outside the standard limit. Soil quality in Curvada was still good and suitable 

for plant growth. Phosphorus in soil of Mahayahay, Bel-is and Cathedral was 

already depleted. Mahayahay soil was slightly degraded as indicated further 

by the color and the surface pH value.  These results can be used to evaluate 

past practices to determine their impact to watershed soil quality and to 

formulate policy direction towards sustainability. However, further 

investigation on various chemical, physical, and biological properties is 

necessary to comprehensively evaluate the current status on soil quality of 

the area. 
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Introduction 

 

Watershed is an area of land where all of the water that falls in 

it ends up in the same place (Environmental Fact Sheet, 2006) known 

as drainage basin such as stream, lake, estuary, wetland, aquifer or 

other water basin (Department of Environmental Protection, 2013). It 

is a natural capital which sustains life and contributes significantly to 

the wealth and welfare of human societies (Wolflin et al., 2008). Air, 

water, soil, flora and fauna constituted this natural capital and the 

ecosystem services resulting from them (United Nations ‘Rio+20’ 

Earth Summit, 2012). These resources and the people within the 

watershed are all connected in a delicate balance (Natural Resources 

Conservation Center, 2013). Whenever soil, water, and the production 

systems in the rainfed agroecosystem are in harmony with the 

environment, sustainability of the production system can be achieved 

(Sahrawat et al., 2010). These require understanding of the watershed, 

and the system it resides and other factors that will affect its condition.  

 Soil is a complex component in watershed natural resources. It 

supports growth of food crops to feed the people. However, natural 

processes and anthropogenic activities alter soil quality through 

multifaceted phenomenon. Natural processes, which affect soil quality, 

include floods, bushfires or drought, while human activities include 

overgrazing, deforestation, and poor agricultural practices. The severe 

land degradation is attributed to the heavy concentration of the 

population in the highlands, coupled with unchanged agricultural 

technology, thus putting tremendous stress on the watershed natural 

resources, particularly soil fertility (Kumasi & Asenso-Okyere, 2011). 

The prevention of soil degradation and the preservation of soil quality 

at a desirable level are complex issues involving climatic, soil, plant, 

and social factors and their interactions (Mandal et al., 2011).  

 Soil quality is defined as the fitness of soil for soil use. At the 

agricultural standpoint, a high quality soil sustained productive growth 

of crops with minimal impact on the wider environment (Beare, 1997). 

This requires monitoring changes and determining trends, through 

indicators of soil quality in different agroecological zones which vary 

according to societal goals (Arshad & Martin, 2002). However, 

complexity of soil biological behaviors made the selection of soil 

quality indicators a potentially onerous task (Merrington, 2006). 
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Consequently, characterization of soil quality had focused primarily on 

physical and chemical properties due to availability of simple and 

standard methods.  

 Kapatagan watershed is found in the province of Lanao del 

Norte and is a part of Maranding watershed in addition to Lala, 

Salvador, Magsaysay, Sapad, Nunungan, Sultan Naga Dimaporo and 

Tangkal. It comprises the Kapatagan valley which is considered as the 

rice granary of the province, blessed with abundant water sources 

(Natural Resources, 2013). The Municipality of Kapatagan has a total 

land area of 25,048.41 hectares per certification issued by the Bureau 

of Land Management Services (LMS) of the Department of 

Environment and Natural Resources (DENR), Region XII dated 

September 7, 1998 (About Us Kapatagan, 2009). The land area is 

apportioned into agriculture 56.91%, open grassland/denuded forest 

21%, aquaculture (crabs, shrimps and freshwater fishes) 15.83% and 

the remaining 6.26% for other amenities. Catchments in the area drain 

into five large river systems, Maranding, Panoloon, Butadon, Kidalos 

and Balili which empty into the Panguil Bay through Lapinig outlet 

(About Us Kapatagan, 2009). Rice industry in the area chiefly utilizes 

the Maranding River through National Irrigation Authority for water 

supply. 

However, natural and anthropogenic activities degraded 

Kapatagan watershed resources. River overflow, especially during 

rainy seasons, caused floods resulting to destruction and even death to 

farm and land animals (About Us Kapatagan, 2009). It is one of the 12 

major watersheds critical to the effort to boost food production in 

Mindanao which is now less productive since they have been overly 

exploited and misused (Manual, 2011). This condition prompted the 

LGU Kapatagan, Lanao del Norte to conduct rapid site assessment in 

the area to establish baseline information prior to the formulation of 

intensive rehabilitation for sustainable environmental management. 

The action aligned with Republic Act 7160 section 447, otherwise 

known as the Local Government Code of 1991, whereby LGU- 

Kapatagan is empowered to protect the environment and impose 

appropriate penalties for acts which endanger the environment 

(Republic Act 7161, 1991). In the pursuit of environmental goal, this 

study aimed to determine soil quality to contribute in delineating the 

current condition of Kapatagan watershed. The result of the study can 
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be used to evaluate past practices to determine their impact on the 

watershed soil quality in the area and formulate policy direction 

towards sustainability. 

 

Materials and Methods 

 

 The study was conducted at Kapatagan, Lanao del Norte from 

the month of April to June 2013. Seven sampling areas were 

identified, namely: Malinas for cave; Mahayahay for upland 

agriculture; Bel-is for forest; Cathedral for riverine; Curvada for 

agriculture; Lapinig for residential area; and San Vicente for mixed 

agricultural area. The sampling areas were characterized with five 

physical properties such as moisture, texture, drainage, color and 

slope; and four chemical properties such as pH, potassium content, 

nitrogen and phosphorus. 

 

 
  

  

 

 Soil pH and moisture tester determined soil surface pH and 

moisture. To measure the pH value, the metallic electrode was inserted 

into the soil completely, while positioning the electrode as near crop 

                            -  representative study areas 

Figure 1.  Location map showing the sampling areas in Kapatagan, 

Lanao del Norte 
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root as possible. The white button of the tester was un-depressed and 

after one minute, the value at the corresponding pH scale was read. 

Similar procedure was done in determining the moisture, except that 

the white button was depressed and separate scale for moisture, 

ranging from 1 (dry) to 8 (wet), was read.  

 Soil composite sample was used in determining soil texture, 

macronutrients and composite pH. Composite soil sampling of Self 

and Soltanpour (2010) with few modifications was used in this study. 

Soil sampling was done using 10-inch Galvanized Steel Soil Sampler. 

Ten to fifteen cores, 0-8 inches depth excluding the surface litter, were 

collected in a zigzag pattern over identified sampling areas. The soil 

samples were air dried and sieved to < 2.0mm. About 1 pint of the soil 

sample was placed in a plastic bag for analysis.   

 The hydrometer method by Spriggs and Ray-Maitra (2007) and 

Kenkel (2003) were combined and used in this study. The method 

determined the soil texture using 0.2M Na3PO4 dispersing solution 

(Wintermyer & Kinter, 2004) instead of the commonly used sodium 

metaphosphate; a 1000-mL graduated cylinder and a hydrometer 

calibrated at 20
0
C. Specific gravity and temperature readings were 

obtained within the first two minutes and at the end of 24 hours. The 

data gathered for the first two minutes were used to calculate silt and 

clay in the suspension. The 24-hour data were used to calculate clay 

alone.  The amount of sand in soil was calculated by subtracting the 

amount of silt and clay (two-minute reading) from the total amount of 

soil subjected into the test. The amount of silt was determined by 

subtracting the amount of clay (24-hour reading) from the calculated 

silt and clay (two-minute reading).  Weights were used to calculate 

%sand, %silt and %clay which were subsequently used to determine 

soil class texture with the aid of soil texture triangle (Ritter, 2006). 

 The ability of soil to drain water was determined using the 

percolation rate. This test assumed that soil is already saturated with 

water as heavy rainfall frequently hit the area during the sampling 

period. Two feet deep holes were dug and filled with water. The initial 

height of water was measured. At the end of 30 min, the final height of 

water was determined. The data were used to calculate the percolation 

rate. The ability of soil to drain water is categorized into poor (water 

drains less than 1 inch/hr), well drain (water drains 1-6 inches/hr) and 

excessive (water drains more than 6 inches/hr) (Department of 
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Horticulture, 2013). Prior to the addition of water, the mottling 

characteristics of the soil were examined. The slopes of the sampling 

area were determined through ocular examination. 

 Soil Test Kit (STK) was used to determine the soil 

macronutrients. Previously air dried and sieved composite soil was 

used to measure nitrogen, phosphorus and potassium as well as 

composite soil pH value. 

 

Results and Discussion 

 

Table 1 shows the five physical properties of the seven 

sampling areas. Among the seven sampling areas, Malinas had the 

highest water content, with soil moisture of 7.6. The heavy rain and 

presence of canopy trees may have attributed to the wet soil in Malinas 

despite the higher sand proportion it contained which could have 

lessened the capacity to hold water (Ball, 2001). In the populated area 

of Lapinig, where soil was mostly covered with grass, moisture 

content was lesser than in Malinas. Hot and dry climate, bare surface 

and exposure to sunlight are factors that promote soil evaporation in 

the two areas (Lannan, 2009). Conversely, mottling with red and gray 

colors in Lapinig signified waterlogged. This result suggests that the 

area is already at a very low elevation whereby water saturates the soil 

from time to time. Furthermore, the area is very close to a pond and a 

river where water rises during high tide. Drainage and soil color 

determination in Malinas were cancelled due to some constraints in 

digging which were required for these two tests. Bel-is also possessed 

sandy loam soil and exhibited excessive drainage, which was 

supported by the homogeneous brown color of the soil. However, the 

high moisture content (5.2) was attributed to heavy vegetation (Wang, 

2013a) and distance from the water stream (Kostka, 1994) because the 

sampling area was heavily canopied with big trees and very close to 

waterfalls. The ability to drain water in Mahayahay ricefield with silty 

loam soil was poor. Silty loam soil is finer than sandy loam and when 

compacted prevents water from draining (Ball, 2001). The soil in this 

area was highly mottled with gray color which signified poor aeration 

where iron existed in reduced form. A rice paddy with silty loam soil 

and flat slope promoted saturation with water in the area. Cathedral, 

Curvada and San Vicente possess loam soil, the best soil quality, with 
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soil moisture ranging from 4.5 to 5.8. Loamy soil which consisted of 

evenly mixed sand, clay and silt, consequently drained well. The black 

color soil in Curvada indicated the presence of organic matter while 

brown and red colors signified good aeration where iron existed in 

oxidized form. 

 
Table 1. Physical properties of soil at Kapatagan, Lanao del Norte. 
 

Area Moisture 

Texture  

Drainage 

 

Color 

 

Slope 

 
% 

Sand 

% 

Clay 

% 

Silt 

Texture 

class 

Malinas 

(cave) 7.6 62.5 11.1 26.4 sandy loam NA NA steep 
         

Bel-is 

(forest) 5.2 59.3 14.2 26.6 sandy loam excessive 

homogeneous 

brown steep 
         

Mahayahay 

(ricefield-

upland) 

 

6.2 

 

 

24.6 

 

 

18.0 

 

 

57.4 

 

 

silt loam 

 

 

poor 

 

 

highly mottled 

with gray 

brown, reddish, 

yellow 

flat 

 
         

Cathedral 

(riverine) 
4.5 

 

30.9 

 

21.1 

 

48.0 

 

loam 

 

well drain 

 

mottled with 

brown, 

dark brown 

gently 

rolling 
         

Curvada 

(agricultural-

ricefield) 

5.5 

 

40.2 

 

24.3 

 

35.5 

 

loam 

 

well drain 

 

mottled with 

black, 

brown, red 

flat 

 
         

San Vicente 

(agricultural-

mixed) 

5.8 

 

45.6 

 

14.7 

 

39.8 

 

loam 

 

well drain 

 

homogeneous 

brown 

flat 

 
         

Lapinig 

(residential 

area) 

6.0 

 

54.2 

 

14.8 

 

31.0 

 

sandy loam 

 

excessive 

 

mottled with 

reddish, 

gray 

gently 

rolling 
              

NA – not applicable 

 

 The chemical properties determined in this study were the pH 

and the macronutrients which included potassium, nitrogen and 

phosphorus (Table 2). Two pH values were measured, the surface 

using the soil pH and moisture tester, and the composite using STK. 

Surface soils in all areas were acidic with pH values lower than the 

composite soil samples. Factors affecting the acidity of the surface soil 

include heavy rainfall, which causes leaching of nutrients; removal of 

alkaline products and other minerals from the farming system; adding 

nitrogen based fertilizers and the accumulation of organic matter 

(Roosebelt, 2011). Mahayahay had the lowest surface pH value due to 

the abundance of animal manure from the tethered carabaos in the 

area. The surface soil at one to two inch-depth acidifies faster than the 
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soil below it (Anderson et al., 2010). Consequently, the composite soil 

sample, which included soil up to eight inches deep, had higher pH 

value than the surface pH. The optimum pH for most plants is 5.5 to 

7.0. At this value, bacteria which release nitrogen from organic matter 

and fertilizers, operate best and abundantly provide nutrients to the 

plant. At pH below 5, aluminum in soil may become more toxic to 

plants. At extremely basic or acidic condition, clayey soil tends to 

become sticky and hard to cultivate (Perry, 2003). Soil pH in Lapinig 

was slightly basic which may be attributed to the household wastes in 

the area.  

 
Table 2. Chemical properties of the soil in Kapatagan, Lanao del Norte. 
 

Area 

pH  Nutrients 

surface composite potassium nitrogen phosphorus 

Malinas (cave) 6.5 6.8 
very 

sufficient 
low low 

Bel-is (forest) 5.5 5.8 
moderately 
sufficient 

low none 

Mahayahay 

(ricefield-upland) 
2.0 6.4 sufficient medium none 

Cathedral  (riverine) 5.3 5.8 
very 

sufficient 
low none 

Curvada 

(agricultural-

ricefield) 

5.0 5.8 
very 

sufficient 
low high 

San Vicente 

(agricultural-mixed) 
4.8 5.8 sufficient low high 

Lapinig  

(residential area) 
5.5 7.2 

moderately 

sufficient 
low high 

 

Plants use soil nutrients to grow and reproduce. Potassium is an 

essential nutrient that affects most of the biochemical and 

physiological processes that influence plant growth and metabolism. It 

also contributes to the survival of plants exposed to various biotic and 

abiotic stresses (Wang et al., 2013b). Nitrogen and phosphorus are 

both part of biomolecules in plants but are the most limited in natural 

conditions. Nitrate is the most common form of nitrogen but is easily 

leached and denitrified; while orthophosphate for phosphorus, has low 

mobility and readily reacts with Ca
+2

, Mg
+2

 and Al
+3

, forming 

precipitates (Costa et al., 2011).  
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All representative areas contained adequate concentration of 

potassium to support plant growth but varied nitrogen and phosphorus 

content. Curvada, San Vicente and Lapinig soils had enough 

phosphorus reserves but with low nitrogen content. These areas 

required nitrogen supplementation to support plant growth. Malinas 

had low nitrogen and phosphorus, thereby required supplementation of 

these two nutrients if utilized for crop production. Mahayahay had 

medium level of nitrogen and depleted phosphorus. Phosphorus 

supplement promotes plant productivity in the area. Bel-is and 

Cathedral had low nitrogen and depleted phosphorus. These areas 

require minimum supplementation of nitrogen and totally depend on 

phosphorus fertilizer for plants to be productive. However, application 

of nitrogen-based fertilizers requires moderation, because it lowers the 

pH value and makes the soil more acidic (Siavoshi et al., 2010)  

  

Conclusion and Recommendations  

 

 Soil in Kapatagan watershed showed varied qualities with 

respect to physical properties: moisture, soil texture class; drainage; 

mottling and slope; and chemical properties: pH and potassium, 

nitrogen phosphorus content. Most of these qualities are still within the 

standards while some are already at the borderline and few are outside 

the standard limit.  Despite the pressing need to address these issues, 

further investigation on soil quality is still necessary to evaluate 

current status of various chemical, physical, and biological properties. 

These properties interact in complex ways to promote land 

productivity. Conservation, remediation or mitigation requires 

comprehensive assessment of the previous practices, research on 

sustainable management and modelling/piloting technologies to re-

establish the wellness of the soil, each ecosystem and the community 

as a whole.  
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