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THE REDUCTION IN DEPTHS OF UPLAND SOILS IN  
SOUTHERN MINDANAO, THEIR CAUSES AND CONSEQUENCES 

 
Summary 
 
Responses on the condition of the uplands in Southern Mindanao and rates of soil loss given 
by Mr Ken Proud at the press conference in Davao City on October 5th 2004, were based on: 
 

− Field observations of rill erosion, mass movement and gullying, and on the build up 
of eroded soil behind cross-slope barriers such as leguminous hedgerows, natural 
vegetative strips (NVS), and Napier and lemon grass hedges. 

− Comparisons of soil depths in remnant forest patches or old, established plantations, 
with nearby cultivated, fallowed or abandoned land on similar slopes. 

− Estimates of soil erosion rates from other places in the Philippines. 
− Reports giving measurements of soil loss under corn and cassava on similar slopes 

and soils elsewhere in the humid tropics. 
 
Sheet wash and rill erosion account for the bulk of the sediment removed from a hillside each 
year. In some instances hedgerows and other cross-slope barriers have intercepted up to 100 
cm depth of eroded soil over an 18-month period. 
 
Comparisons between soil depths on cultivated or abandoned agricultural land and the 
relatively undisturbed soils with similar slopes in nearby remnant patches of secondary 
forest, or well-established fruit trees, indicate reductions of 25-166 cm on very steep slopes 
in the UDP area. In one instance, corn cultivation on very steep slopes (>50%) has reduced 
the soil depth by 53 cm over a five-year period (i.e. 10 cm per year). By comparison, 
continuous cultivation of corn on flat to gentle slopes (less than 3%) took 100 years to reduce 
soil depth by 37 cm in the USA. The massive soil losses over short periods of time in the 
uplands of Southern Mindanao show just how urgent it is to impose constraints and regulate 
use of land in the watersheds, if they are to have any realistic hope of perpetuating water 
supplies to maintain the higher productivity potential of the lowlands.  
 
Studies in the Philippines show that soil erosion rates increase dramatically with increase in 
slope. Erosion studies in Mindanao found soil losses to be 4-6 times greater on 44% slopes 
than on 20% slopes. Under similar conditions, corn grown on 35-55% slopes in Haiti caused 
soil losses of 402-483 t/ha/yr (equivalent to an annual reduction in soil depth of 3.7-4.4 cm).  
 
At the MBRLC, at Bansalan, Davao del Sur, soil erosion losses averaged 194 t/ha/yr over six 
years on control plots of 18% slope (with 340 t/ha lost over an 11 month period).  
 
On cultivated mountain slopes, the average erosion rate was 218.2 tonnes/ha/yr with kaingin 
lands having the highest soil loss of 508 tonnes/ha/yr (equivalent to an annual reduction in 
soil depth of between 3.20 to 4.82 cm, depending on soil type). One result of topsoil loss is 
lower crop yields. This can be as much as 100 kg/ha for every centimeter lost. Subsistence 
farmers compensate for this by expanding the area under cultivation, (e.g. by moving into 
remaining tracts of undisturbed forest), or by applying large amounts of inorganic fertilizer,. 
With limited resources many upland farmers will simply expand the area under cultivation, 
and increase the problems.  
 
Compared to corn, soil losses under cassava rise dramatically, with relatively gradual 
increases in slope: 1% slopes (3 t/ha/yr); 5% slope (87 t/ha/yr); 15% slope (221 t/ha/yr). In 
Southern Mindanao, where cassava is commonly grown on slopes in excess of 60%, soil 
losses will be massive, reducing the economic life of the land to a few years. 
 
Upland soils in the humid tropics are generally fragile, highly erodible and infertile. Previous 
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projects have classified the general land development suitability of much of the UDP project 
areas either as suitable for forest conservation areas or not suitable for upland crops or for 
orchard development.  
 
Despite this blanket assessment, the UDP has been able identify several areas within the 
uplands of Southern Mindanao, where permanent and diversified cropping systems can be 
undertaken profitably. However, this requires certain soil and water conservation 
interventions to be carefully laid out and maintained according to specified designs, and 
recommended cropping practices be strictly adhered to.  
 
The Project is introducing a number of low-cost, low risk, soil and water conservation 
measures, yield-increasing cropping strategies, and tree planting interventions in areas where 
slopes and soil depths are favourable. If followed correctly, these should promote a more 
sustainable agriculture, and improve farmers’ incomes. Where slopes are too long and too 
steep the best protection of the soil is to revert back to a multi-storey tree cover using direct 
seeding which is within the capabilities and budget of upland farmers. 
 
When asked for yield data, farmers find they can earn 2-10 times more by growing bananas 
compared with corn. This trend can be encouraged by the LGU maintaining the rural roads so 
dealers’ trucks and jeepneys can get to the settlements without difficulty.    
  
The objective is to persuade upland farmers to replace corn with fruit trees, which give better 
protection to the soil and reduce erosion. Eventually, the upland communities will be able to 
purchase staples such as corn and rice from the sale of fruits, copra, coffee, cacao, etc. as is 
already happening in parts of Davao del Sur (e.g. Santa Cruz), and in much of Davao del 
Norte. However, local staff and farmers must be trained to an acceptable level of competency 
essential for developing sound agricultural practices on these fragile landscapes. 
 
A UDP policy note on upland farming commented that inappropriate agricultural 
technologies in the upland areas of Southern Mindanao, while rapidly decreasing the 
productivity and soil fertility of upland farms, impacts lowland communities by causing 
floods which damage crops, infrastructure and fishing grounds. 
  
Poverty, subsistence needs, family expansion, and continuing migration to the uplands, 
means pressure to open up more forestland for farming is unavoidable, and cannot be 
ignored. Existing laws and regulations need to be amended to minimise further deterioration 
of the uplands watersheds.  
 
Two policy issues have been identified that need addressing:  
 

a) Certain areas in the barangays will be declared off-limits for certain types of 
agricultural use based on slopes and soil depth limitations in line with current 
laws. The status of these lands will be agreed by the communities, barangays, 
municipal governments and the DENR/NCIP, and ensured and enforced by a 
simple co-management MOA and scheme in which responsibilities of parties are 
detailed.  

 
b) The remaining area in the barangay will be allocated for different types of 

agricultural uses (e.g. short-, medium-, and long-term crops, based on UDP’s 
slope treatment-oriented practices (STOP) land capability classification), or for 
settlements etc by the LGU/DENR/NCIP. Barangay and municipal ordinances 
will be needed that specify the conditions to be fulfilled before eligible farmers 
can expand their farmland.  

 
Due to the dominance of steep slopes, and the infertile and fragile nature of upland soils, the 
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best option is to give priority to applying soil and water conservation measures to protect 
those limited areas with the highest potential for diversified agricultural production. These 
are land units such as hilltops, crests, ridges upper slopes and minor valleys, where slopes 
tend to be shorter and are less steep. The cultivation of erosive crops such as maize and 
cassava should be restricted to these areas, provided slope gradients have been reduced by 
appropriate soil and water conservation interventions, as specified in UDP’s Slope 
Treatment-Oriented Practices (STOP) land capability classification. 
 
When slopes being cultivated for annual crops are too steep, or the soils are too shallow to apply 
STOP interventions, the policy should be to pass the decision on land use to the DENR 
Secretary, who has the power to reclassify them as forest lands to form part of the forest 
reserves, even if such lands have already been declared as alienable and disposable.  
 
It is up to the DENR to decide if continued cultivation of very steep slopes is in the public 
interest, or whether the lands should be kept in a vegetative condition sufficient to prevent 
erosion and adverse effects on the lowlands and streams. If the activities of a few persons are 
endangering the livelihoods of many, he is empowered to take the necessary steps to 
expropriate, cancel effective titles, reject public land application or eject the occupants from the 
area. Unless adequate steps are taken to protect the few remaining perennial streams and 
springs, it may well be that a combination of loss of soil and water supplies that depopulates the 
uplands. 
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THE REDUCTION IN DEPTHS OF UPLAND SOILS IN  
SOUTHERN MINDANAO, THEIR CAUSES AND CONSEQUENCES 

 

1. Introduction 
 

At a press conference in Davao City on 5th October 2004, Co-Director Mr Dashiel Invisible, 
Resource Management Coordinator Mr Rogelio Abalus, and Upland Farming Systems/Soil 
and Water Conservation Consultant Mr Kenneth Proud, provided a briefing on the work of 
the Upland Development Programme (UDP). When asked his opinion on the condition in 
the uplands of Mindanao, Ken Proud responded that it was alarming, stating that from his 
field trips to numerous upland farms in six provinces he estimated that the soil profile was 
being reduced by 2-4 cm of soil annually, due to inappropriate farming practices (mainly 
growing corn and cassava) on very steep slopes. He compared this loss with the estimated 
one hundred years it takes to form one centimetre of soil. 
  

2. Evidence for the 2-4 cm loss of soil depth each year 
 

Evidence for the reduction in soil depths in upland soils in Southern Mindnanao, cited by 
Ken Proud, includes: 
 

− Field observations of rill erosion, headcutting, gullying, and on the build up of 
eroded soil behind cross-slope barriers such as leguminous hedgerows, natural 
vegetative strips (NVS), and Napier and lemon grass hedges. 

− Comparisons of soil depths in remnant forest patches or old, established plantations, 
with nearby cultivated, fallowed or abandoned land on similar slopes. 

− Soil erosion studies elsewhere in the Philippines. 
− Studies giving measurements of soil loss under corn and cassava on similar slopes 

and soils elsewhere in the humid tropics. 
 

2.1 Field observations on soil erosion in the uplands of Southern Mindanao 
 

Photo 1 shows severe rill erosion in crop of spring onions grown on a 55% slope. Some of the 
rills are several centimetres deep. Although weeding breaks up the rills, this scale of erosion 
will be repeated several times during each growing season, depending on the rainfall intensity. 
Heavy mulching, to imitate the leaf litter of the original forest, would protect the soil from 
raindrop impact and prevent detachment of soil particles from the main mass of soil. 

   

Rill erosion, by concentrating run-off in small channels, accounts for the bulk of sediment 
removed from a hillside. Rills even occur in areas where there is some kind of ground cover – 
particularly on sandy and sandy-loam soils – so they are not associated solely with bare soil.  

Photo 1.  Sheet wash and rilling are the main forms of erosion in the uplands 

 



 

 8 
 

Photo 2 shows the effect of mass movement of soil. This happens at the point down the 
slope where sheet flow of run-off reaches sufficient velocity to become turbulent, and cuts 
into the topsoil. Aided by gravity, large volumes of soil move down hill. Slopes with rapidly 
steepening convexity are most sensitive to this type of erosion (see Photo 3), and are best 
left under natural forest or multistory tree crops. Gully formation is the next step should 
run-off be concentrated at one location. 

 
Photo 2.   Mass movement on slopes with rapidly steepening convexity 
 

 
 
 
Photo 3.    Mass movement of soil - typical of slopes with rapidly steepening convexity 

 

 
 
 
Photo 4 illustrates that hedgerows are inappropriate soil and conservation measures on 
slopes >25% and with lengths greater than 30 metres. Hedgerows cannot prevent a build up 
in the volume and velocity of run-off. Gullying occurs when flows of run-off converge.  
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Photo 4.  Hedgerows cannot prevent a build up in volume and velocity of run-off on long slopes 
 

 
 
Photos 1, 5 and 6 show the build up of eroded soil intercepted by cross-slope barriers.  
 
Photo 1 shows the step effect below the grass barrier, as soil is loosened by cultivation and 
moves down slope, and the build up of soil behind the barrier as the eroded soil is 
intercepted and retained by the soil conservation measures.  
 
Photo 5 shows 60 cm depth of coarse sandy soil accumulated in just 12 months from 
hedgerows spaced at 4m intervals on a 45% slope. 

 
 
Photo 5. Build up of 60 cm coarse sandy soil after one year  

(Cross bar of A-frame is 105 cms) 
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Photo 6 is from a hedgerow on a slope of 70%, about 30 metres uphill from the location of 
Photo 4. Despite having several hedgerows above it, about 100 cm depth of material was 
retained in the 18 months since the hedgerow was planted. 
 

Photo 6. One-metre build up of sandy soil after 18 months    

.  
 

2.2 Comparisons of soil depths in relatively undisturbed areas with cultivated land 
 
Whereas gullying and mass soil movement have a dramatic visual impact, erosion processes 
such as sheet wash and rilling result in a gradual, almost invisible, reduction in the soil profile. 
 

Comparisons between soil depths on cultivated or abandoned agricultural land and the 
relatively undisturbed soils with similar slopes in nearby remnant patches of secondary 
forest, or well-established fruit trees, indicate reductions of 25-166 cm on very steep slopes 
in the UDP area. In one instance, corn cultivation on a 90% slope in the headwaters of a 
watershed, has reduced the soil depth by 53 cm in just five-years exposing a stone 
substratum (see Table 1). In the USA it took 100 years for continuous cultivation of corn on 
slopes less than 3% to reduce soil depth by 37 cm.  
 
Table 1. Comparison of soil depths between cultivated and undisturbed sites 
 

Cultivated, fallowed or 
abandoned land 

Forest or old 
established plantation

 

Soil Loss 
(Cultivated/cogon 
vs Tree-covered)   

 

Location 

Slope 
(%) 

Soil 
depth 
(cm) 

Slope 
(%) 

 

Soil 
depth 
(cm) 

Depth of soil lost 
(cm) 

Province/ Municpality/ 
Barangay 

50% 25 55% 51 26 cm D.Oriental/ Tarragona/Central 
25% 50 25% 75 25 cm D.Oriental/ Tarragona/Central 
45% 50 63% 89 39 cm D.Oriental/ Tarragona/Tubaon 
90% 32 75% 85 53 cm* D.Oriental/ Tarragona/Tubaon 
53% 22 80% 87 65 cm D.Oriental/ Tarragona/ Maganda 

55-70% 15 55-70% 40 25 cm D. Oriental/Mati/Sainz 
45-60% 40 60% 70 30 cm D Oriental/Lupon/Don Mariano 

Marcos 
35-45% 84 35-45% 250 166 cm+ S Cotabato/Tantangan/Poblacion 

60% 20 60% 60 40 cm Sarangani/Kiamba/Upo 
* Slope cultivated for only 5 years. Soil loss = 10 cm per year.  
+ Lahar soils  
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2.3 Importance of soil depth 
 
Soil stores the moisture needed for crop growth. The deeper the soil, the more moisture can 
be stored for plant growth. With a reduced depth of soil less moisture is available to sustain 
a crop during gaps between rainstorms. Shortages of moisture for just a few days during 
critical stages in the crop’s cycle (e.g. at flowering, or the blister stage in kernel formation 
of corn) can lead to a total crop failure. Already UDP staff have seen crops of corn grown 
on shallow soils (<25 cm) failing in the uplands because there was a five or six day period 
without rain during critical periods. 
 
Unlike annual crops, which only require soil moisture during the 3-4 months of the growing 
season, trees require moisture in the soil throughout the year. As soil profiles erode away 
and become shallower, their ability to store sufficient moisture for trees to survive dry spells 
of several weeks is diminished. It can take several years for a fruit tree that has experienced 
severe moisture stress to regain its former productivity. 
     
This illustrates just how urgent it is to impose constraints and regulate land use in the 
uplands to ensure sufficient depths of soil remain to support the growth of trees, and restore 
the infiltration capacity of watersheds.  
 
Interestingly, when farmers are asked to compare their yields of corn with a crop of 
bananas, they find that bananas give two to ten times the income of corn, with fewer inputs, 
especially labour. There now appears to be a willingness in some areas to move away from 
corn towards planting bananas and other fruit trees.  
 
Mismanagement and erosion of marginal upland soils with shallow rooting depths lead to 
permanent loss of soil fertility and decline in crop yields. The loss of a few centimetres of 
topsoil can reduce the productivity of good soils by 40% and of poor soils by over 60%1. 
 
These figures indicate that upland farming in Southern Mindanao may be approaching a 
point of no return. Right now, there is still enough depth of soil in most areas for farmers to 
move away from cultivating annual crops such as maize and root crops and plant fruit trees 
or cash crops such as cacao and coffee, but action is needed urgently to accelerate this 
change. 
 
2.4  Reports of soil loss in the Philippines 
 
The loss of a 1.0 cm depth in soil in a year is, on average, equivalent to 130 t/ha/yr. 400 
t/ha/yr is equivalent to 400/130 = 3.08 cm depth of soil (see Annex 1). Soil erosion rates on 
steep slopes in the tropics are very high. Estimates vary as the rate of erosion increases as 
slope steepness increases.  
 

- Studies of the effectiveness of SALT (Sloping Agricultural Land Technology) on 
18% slopes over six years recorded an average soil loss of 194.3 t/ha/year, with 
340 t/ha lost in an 11 month period, on control plots2. Elsewhere in the Philippines, 
soil losses in excess of 400 t/ha/year have been recorded3.  

 

                                                 
1 Chamberlain, J (1990). Understanding soil erosion and its control. Technical paper #72. In: Understanding Soil Erosion 
and Its Control ISBN: 0-86619-315-4. Volunteers in Technical Assistance. 1600 Wilson Boulevard, Suite 500, Arlington, 
Virginia 22209 USA 
2 Palmer, J. (1996). Sloping Agricultural Land Technology (SALT). Mindanao Baptist Rural Life Centre. 
3 Paningbatan, Eduardo P. (1989). "Soil Erosion Problem and Control in the Philippines."  In Soil and Water Conservation 
Measures and Agroforesty. Proceedings of the Training Workshop on Soil and Water Conservation Measures and 
Agroforestry, July 9 16, 1989, Philippine Council for Agriculture and Resources Research and Development, Los Baños, 
Laguna. 
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- PCARRD4 cites the results of several local studies on soil erosion. In cultivated 
mountain slopes, the average erosion rate was 218.2 tonnes/ha/yr, with kaingin 
lands having the highest soil loss of 508 tonnes/ha/yr, (i.e. a reduction in soil 
depth of between 3.20 to 4.82 cm, depending on texture). In all of the three 
major islands of the Philippines, the erosion rate was higher in the hilly lands. 

 
Other studies show that the steeper the slope, the more severe is the rate of soil loss. E.g.: 

- in Mindanao, soil losses were found to be 4-6 times greater on slopes of 44% 
than on 20% slopes5; while 

- in Zamboanga del Sur over 100 cm of soil has eroded away since WWII (i.e. a 
rate of 2 cm/ year), exposing a boulder/ stone substratum. Farmers have 
experienced an 80% decline in corn yield over 15 years6.  

 
Some UDP areas are dominated by slopes >60%, with maize planted on slopes of over 70% 
and cassava on slopes as steep as 85%. These slopes are much steeper than the areas studied 
in the PCARRD report, so the rates of erosion will be much higher. (For example, a study 
(about 1999) for a project the UDP consultant, Ken Proud worked on in Sumatra, Indonesia, 
estimated soil losses under maize on a 55% slope to be in excess of 700 t/ha/year).    
 
The 1991 PCARRD study noted: “Recent data on topsoil depth of some upland areas reveal 
a soil depth of less that 10 cm. At soil depletion rate of 0.75 cm/ha/yr, it will take only some 
13 years for the topsoil to be depleted. This makes it necessary for current resource users to 
be concerned with how the soil is being "mined" at present. If one takes a more optimistic 
stand and assumes a topsoil depth of 15-25 cm (a figure quoted by some respected soil 
scientists of the country), then it will take 20-33 years for this layer to be removed”.  
However, with soil losses of 2 to 4 cm a year on the very steep slopes in the UDP areas, 
then time to depletion is likely to be less than five years. 
  
The World Bank7 quotes rates of 300-400 t/ha/year from tilled kaingin plots, compared with 
6/ha/yr for undisturbed forest. Industrial tree plantations can be responsible for rates of up to 
360 t soil/ha/yr (Table 2 below). Erosion rates of 100 tons/ha/yr are estimated to remove the 
topsoil completely in about 20 years8, so soil losses of 400 t/ha/yr are likely to limit the future 
for crop production on steep slopes to 5 or 6 years.  
 
When the soil is too shallow to support crops will the cultivators have new locations to move 
to? Reduction in soil depth decreases the amount of water that can be stored in the catchments 
areas, to be released gradually over time and so maintain perennial stream flows. With reduced 
storage capacity in the soil the surplus water runs off with each storm. The results for the 
lowlands, where the agricultural land is most productive, are floods during heavy rains, 
damaging crops and infrastructure, and water shortages during dry periods – again affecting 
crop production and the quality of human life. 

 
Table 2. Rates of soil loss under different land uses (after World Bank 1989) 

 

Land use Soil loss 
(tons/ha/yr) 

Soil loss 
(cm depth) 

Undisturbed forest 6 Negligible 
Grassland (Philippines) Up to 200 Up to 1.54 
Tilled kaingin plots 300-400 2.31-3.10 
Industrial tree plantations Up to 360 2.77 

                                                 
4 Philippine Council for Agriculture and Resources Research and Development (1991). State of the Art: Soil and Water 
Conservation in the Philippine Upland Watersheds. PCARRD Headquarters, Los Baños, Laguna. 
5 Midmore, D (2001). Saving soil: Integrating erosion control in upland agricultural systems (Mindanao Island, 
Philippines). SANREM CRSP Research Brief 2001 No. 5. 
6 Sundquist, B (2003). The  Earth's  carrying  capacity -- some  literature  reviews. (Topsoil loss -- causes, effects, and 
implications: A global perspective. Chapter 4). Edition 5, December, 2003 
7 World Bank 1989 
8 Cook (1988). Quoted in Morgan, R P C (1979): Soil Erosion. Topics in Applied Geography, Longman 
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3 Soil losses from growing corn/maize and cassava in the humid tropics 
 

A useful website is http://home.alltel.net/bsundquist1/index.html,. It contains mainly a 
collection of five literature reviews done to understand the global magnitude of the 
degradation and loss of some key life-support systems9.  Some of this information is 
reproduced below. 
 
3.1 Soil losses under corn/maize 
 
The erosion rates caused by growing maize on very steep slopes from Haiti (Table 3) are 
very relevant to the Philippines. In May/June and August/September, 2004, heavy rains 
falling on severely deforested mountainous terrain in Haiti triggered massive mudslides, 
which devastated communities lower down the watersheds.  
 
In parts of Southern Mindanao the soil on very steep slopes, loosened by the cultivation for 
maize and cassava, is lying on the hill sides or piling up in small minor valleys and seasonal 
drainage lines. A prolonged period of rain over such areas could generate the same 
catastrophic mudflows as happened in Haiti.  
 

Table 3. Soil losses (t/ha/yr) from growing maize on steep slopes in Haiti 
 

Soil type, Slope and Crop Soil loss 
(tons/ha/yr)

Depth of soil lost 
(cm) 

typic silty clay, 35% slope, maize 402-483 3.65-4.39 
Silty clay loam, 70% slope,maize,beans 260 2.26 
typic loam, 55% slope, maize, beans 168-442 1.29-3.4 
typic soudy clay, 35% slope,maize,beans 74-184 0.70-1.75 
sandy clay rhodudent,60% slope, maize 370 3.22 
sandy clay loam,75% slope, sorghum 276 2.21 
sandy clay ustropent,55% slope, sorghum 384 3.25 

 
Soil erosion rates from slopes >20% in Jamaica are similar to the Philippines, i.e. more than 
400 t/ha/year (or over 3.10 cm depth of soil a year). 
 
Table 4 shows rates of erosion under continuous crops of maize on very gentle slopes in the 
USA. Note the almost doubling in the rate of loss as slopes increase from 3% to 8%, and 
from 8% to 16%.  In the Mindanao uplands, where much of the maize is grown on slopes of 
40-60%, soil losses can be over 4-6 times higher (see above).  
 

Table 4: Soil losses under continuous corn production in the USA  
 

Crop Soil loss 
tons/ha/yr) 

Soil loss 
(cm depth) 

Continuous corn (USA) 53.80 0.41 
Corn, continuous, 0.5-3% 

slope 
(lost 36.7cm in 100 years) 

46.00 0.35 

Continuous corn 
(8% slope; 8.2" runoff) 

115.00 0.88 

Continuous corn (WI) 
(16% slope) 

199.80 1.53 

 
 
 
 
                                                 
9 Sundquist, B (2003). The  Earth's  carrying  capacity -- some  literature  reviews. (Topsoil loss -- causes, effects, and 
implications: A global perspective. Chapter 5). Edition 5, December, 2003 
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3.2 Soil losses under Cassava 
 
Cassava is very demanding in its nutrient requirements. Continuous cropping on the same 
land rapidly depletes the soil of its plant food reserves. The cultivation of cassava in hilly or 
mountainous terrain is particularly damaging, as harvesting the tubers involves digging up 
large lumps of soil.  
 
Table 5 indicates the dramatic increase in soil losses under cassava from 3.0 t/ha/year on 
1% slopes, to 221 t/ha/year on 15% slopes.  
 

Table 5.  Soil losses under Cassava 
 

Crop Soil loss 
tons/ha/yr) 

Soil loss 
(cm depth) 

Cassava ( 1% slope) 3.0 0.02 
Cassava ( 5% slope) 87.0 0.67 
Cassava (15% slope) 221 1.70 

       Source: Sundquist (2003)10 
 
In the UDP areas cassava is commonly grown on slopes above 35%. In an extreme case 
(San Isidro, Sitio, Cabocan, Davao Oriental), commercial production of cassava for San 
Miguel Corporation is being attempted on 85% slopes. Since the soil is clay, harvesting the 
tubers will result in clods of soil rolling down hill as a result of gravity, as well as being 
washed down by run-off. Soil losses will be considerable and, with a current soil depth of 
only 50 cm, the farmers will be lucky if the economic life of the land lasts more than five 
years.  
 
4. Consequences of soil loss through accelerated erosion 
 
The accelerated loss of soil has several adverse impacts. For the upland farmer, it reduces 
soil fertility and crop yields (the loss of one centimetre can lower yields of corn by almost 
100 kg per hectare11). To make up for this shortfall in yield, the farmer has to either expand 
the area under cultivation by felling more forest to access fertile soil; or add large 
applications of inorganic fertiliser. With limited resources many upland farmers will simply 
expand the area under cultivation, and increase the problems.  
 
When natural forest covered most of the watersheds, much of the rainfall infiltrated into the 
soils, and the stored moisture was released gradually, maintaining the flow of streams and 
rivers through the year.  
 
The soil and water protection functions of the watersheds were lost when the forest was cut 
down. When the protective cover of leaf litter on the forest floor was burnt off, the fragile 
upland soils were exposed by cultivation to the direct impact of raindrops. Most of the 
rainfall, instead of infiltrating into the soil, now runs off the land scouring the soil, carrying 
it as sediment into streams. On steeper slopes, the run-off attains faster velocities, and the 
greater is the rate of soil erosion. Slope length and slope shape both affect the erodibility of 
the land – with long slopes and slopes with rapidly steepening convexity increasing the 
erosion hazard.  
 
In the lowlands, deposition of the sediment occurs when stream channels flatten out and 
broaden into rivers, and gradients become gentle. A river with a channel depth filled with 
eroded sediment from the uplands, is no longer able to carry the increased spate flows. For 

                                                 
10 Sundquist, B (2003). The  Earth's  carrying  capacity -- some  literature  reviews. (Topsoil loss -- causes, 
effects, and implications: A global perspective). Edition 5, December, 2003 
11 www.extension.iastate.edu/ agdm/wholefarm/html/c6-80.html 
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the lowland farmer, the surplus water spilling over the banks causes floods that inflict 
enormous damage to cropland, crops and infrastructure.  
 
The value of flood damage in the lowlands is often greatly disproportionate to the value of 
the corn and cassava grown in the uplands that caused the floods in the first place.   
 
However, as soil depths in the uplands get shallower and more forests are cleared to 
compensate for lower yields, the future for perennial streams and springs looks bleak. It 
may well be a combination of loss of both soil and water supplies that depopulates the 
uplands. 
  
5. Options for the Upland Farmer 
 
Whenever UDP staff asked upland farmers to compare their yields from growing corn, with 
bananas (provided there is a market), bananas are found produce 2-10 times more income 
than corn. This is true even when farmers claimed to get kg 5,000/ha/harvest from three 
harvests a year.  
 
Farmers are also surprised to discover that they are walking 13,300 m for each field 
operation such as planting or weeding per hectare of corn (with a spacing of 0.75 cm 
between rows of corn). With six field operations the farmer walks the equivalent of 80 km 
for each harvest! Bananas, on the other hand, require less labour, particularly weeding, and 
the grass cover between the stands protect the soil from erosion. 
    
Some farmers are now reducing the area under corn and replacing it with bananas and other 
fruit trees. This trend needs to be encouraged, and simple measures such as grading the 
roads will encourage traders to drive to upland settlements to purchase the bananas. 
 
The main point to be emphasised is that farmers currently have the option to switch to tree 
crops on most of their farm areas. Every season they delay, several centimetres depth of soil 
is lost and the potential for planting trees rapidly diminishes. 
 
POLICIES NEEDED TO PROMOTE SUSTAINABLE UPLAND FARMING 
 
Due to the fragile, infertile soils and rugged terrain of the uplands, the 1999 Planning 
Atlas for Region XI produced by JICA12, considered the general land development 
suitability of much of the UDP project areas either as forest conservation areas or not 
suitable for upland crops or for orchard development (see Annex 2).  
 
Despite this blanket assessment, the UDP has identified several areas within the uplands of 
Southern Mindanao, where permanent and diversified cropping systems can be undertaken 
profitably. However, this requires certain soil and water conservation interventions to be 
carefully laid out and maintained according to specified designs, and recommended 
cropping practices be strictly adopted and adhered to.  
 
These areas are mainly restricted to slopes below 55%, with loam and clay-textured soils 
over 100 cm deep. Within these areas the Project has identified, and is introducing, a 
number of low-cost, low risk, soil and water conservation measures, yield-increasing 
cropping strategies, and tree planting interventions. If followed correctly, these should 
promote a more sustainable agriculture, and improve farmers’ incomes.  
 
On slopes above 55% slope the best protection of the soil is to revert back to a multi-storey 
tree cover (e.g. fruit trees, bananas, coffee, cacao, etc) with a good grass ground cover. 
                                                 
12 Japan International Cooperation Agency (JICA), March 1999. Davao Integrated Development Project 
(DIDP), Planning Atlas. Pacific Consultants Internatonal. 
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Direct seeding in the hills, and grafting on scions, is within the capabilities and budget of 
upland farmers, and ensures a deeper penetrating root system than the fibrous roots found in 
nursery raised trees. As mentioned above, farmers who are aware of the higher incomes per 
unit area to be earned from fruit trees are to expand the area under tree crops by reducing 
the area under annual crops. 
  
The intended outcome is for upland communities to purchase staples such as corn and rice 
from the sale of fruits, copra, coffee, cacao, etc. as is already happening in parts of Davao 
del Sur (e.g. Santa Cruz), and in much of Davao del Norte. However, local staff and farmers 
must be trained to an acceptable level of competency essential for developing sound 
agricultural practices on these fragile landscapes. 
 
However, there are many areas where soil and water conservation interventions cannot be 
safely implemented without increasing the erosion hazard, due to the configuration of the 
land (slope length and shape), highly erodible lahar soils, or truncated soil profiles (see 
Photo 7).  
 

Photo 7. Very steep slopes in the fragile uplands with no future for crop production   
 

 
 
 
In a policy note on upland farming in Southern Mindanao titled: Here is the farm but where 
is the soil? UDP Co-Director Mr Wiebe van Rij observed that inappropriate agricultural 
technologies are being applied over extensive upland areas of Southern Mindanao. The 
resulting severe soil erosion has not only affected the upland farmers concerned, in terms of 
rapidly decreasing productivity and soil fertility of their farms, but also lowland 
communities. This includes damage to crops and infrastructure by flooding, as mentioned 
above, as well as destruction of fishing grounds along the coast. 
 
It also appears that due to various reasons such as poverty, subsistence needs, family 
expansion, and continuing migration to the uplands, the pressure to open up more forest 
land for farming is unavoidable, at least in the coming decade. It seems this reality cannot 
be ignored any more. To cater for this situation existing laws and regulations need to be 
amended in such a way that further deterioration of the uplands watersheds is minimised..  
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Two issues need to be addressed:  
 

a) Initiating a form of “social fencing”, in which the communities, barangays, 
municipal governments and the DENR/NCIP formally agree that, based on 
slopes and soil depth factors, certain areas in the barangays will be declared off-
limits for certain types of agricultural use (see Box 1). The agreed status of these 
lands will be ensured by a simple co-management MOA and scheme in which 
responsibilities of parties are detailed. Such a MOA and scheme would need full 
endorsement and resource allocation and strict enforcement by the stakeholders 
and linked to any UDP support for upland farming.  

 
Box 1 

Under The Sustainable Forest Management Act of 2002, the following 
(upland) areas, are needed for environmental protection and forestry 
purposes and shall not be classified as alienable and disposable lands, 
even if they are less than 18% in slope, nor be subject to logging, 
mining, quarrying and such other form of land use or resource 
extraction activities: 
− Areas less than two hundred fifty (250) hectares which are far from 

or not contiguous with any certified alienable and disposable lands; 
− Isolated patches of forest of at least five (5) hectares in area with 

rocky terrain or which protect a spring for communal use;  
− Ridge tops and plateaus regardless of size found within or 

surrounded wholly or partially by forestlands where headwaters 
emanate; 

− Twenty-meter wide strips of land from the edge of the normal high 
waterline of rivers and streams with channels of at least five (5) 
meters wide which are not yet classified as alienable and 
disposable; and  

− Areas considered environmentally critical because of their 
vulnerability to damage from landslides, volcanic eruptions. and 
other natural causes. 

 
 

b) Allocate the rest of the area in the barangay for different types of agricultural 
uses (e.g. short-, medium-, and long-term crops, based on UDP’s slope 
treatment-oriented practices (STOP) land capability classification), or for 
settlements etc by the LGU/DENR/NCIP. In respect of agricultural development 
for suitable areas, there should be barangay and municipal ordinances that 
specify the conditions to be fulfilled before eligible farmers can expand their 
farmland. For example, this would include submitting expansion plans and 
getting prior approval that the land is suitable for the proposed use, and the 
proposed soil protection measures are appropriate. The emphasis is to be on 
growing fruit tree crops. 

 
Although UDP would still severely discourage growing of non-tree crops on slopes above 
45%, it would allow some sort of DFS (Diversified Farming Systems) support to those 
farmers that really have no alternative farmland. Needless to say, extension staff should 
seriously validate those farmers in this respect before any support can be extended. Within 
this framework it may be necessary to modify the STOP policy in respect of farming on the 
steeper slopes.  
 
Due to the dominance of steep slopes, and the infertile and fragile nature of upland soils, the 
best option is to give priority to applying soil and water conservation measures to protect 
those limited areas with the highest potential for diversified agricultural production. These 
are the land units such as hilltops, crests, ridges upper slopes and minor valleys, where 
slopes tend to be shorter and are less steep. The cultivation of erosive crops such as maize 
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and cassava should be restricted to these areas, provided slope gradients have been reduced 
by appropriate soil and water conservation measures. 
Soil erosion is to be reduced by two approaches: the barrier approach and the cover 
approach.  

 
a) In the barrier approach, contour-planted hedgerows or strips of Napier or 

Vetiver grass act as permeable barriers slowing the rate of water flow so that soil 
particles are deposited and infiltration of water into the soil is increased13. The 
build-up of soil behind these cross-slope barriers can gradually lead to the 
formation of terraces. This process can be reduced to 4-5 years by contour 
ploughing with carabao.  

 
It is recommended that use be made of bayanihan and mobilise as many carabaos 
that are available for hire in the barangay for that purpose. Such bayanihan could be 
contracted out to the UBA and financed by UDP, barangay and municipal LGU. 
Strict supervision by technical experts would be necessary during the application of 
any of these technologies 

 
b) The cover approach, when combined with the barrier approach, involves 

mulching to cover the soil exposed by cultivation between barriers using 
hedgerow prunings or crop residues. 

 
When cross-slope barriers are not appropriate, the best cover (after natural forest) is 
a combination of tree cover with grass (but not cogon).  

 
When slopes are too steep or soils are too shallow to apply STOP interventions, or when there 
is no future for any form of cropping systems (see Photos 7 and 8), the policy should be to pass 
the decision on land use to the DENR. Where such lands have already been declared as 
alienable and disposable, the law allows the DENR Secretary to reclassify them as forest lands 
to form part of the forest reserves.  
 
It is up to the DENR to decide if continued cultivation of very steep slopes is in the public 
interest, or whether the lands should be kept in a vegetative condition sufficient to prevent 
erosion and adverse effects on the lowlands and streams. If the activities of a few persons are 
endangering the livelihoods of many, he is empowered to take the necessary steps to 
expropriate, cancel effective titles, reject public land application or eject the occupants from the 
area. The only potential for land in the condition shown in Photo 8 is as a threat to the lowlands  
 
Under the Forest Code, lands already covered by existing titles or approved public lands 
application, or which have actually been occupied "openly, continuously, adversely and 
publicly for a period of not less than thirty years as of the effectivity of the Forest Code of the 
Philippines", shall be kept in a vegetative condition sufficient to prevent erosion and adverse 
effects on the lowlands and streams, if not yet part of a well-established community, This 
needs to be enforced. 
 
However, when public interest so requires (e.g. if there is a risk of Haiti-type mudslides), the 
DENR Secretary can take the necessary steps “to expropriate, cancel effective titles, reject 
public land application or eject occupants thereof”. 
 
Finally, it should be emphasised that soil erosion is seen by the scientific community to be as 
big a threat to human welfare as global warming (see Annex 3). 
 
                                                 
13 SALT hedgerows are only effective on slopes below 25%, while terracing using Napier grass should be 
restricted to a distance of 10-15 m down from the hill top, to overcome the problem of having to divert and 
dispose of surplus run-off every few metres down the slope. 
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Photo 8.  Eco-terrorism! Precipitous slopes cleared for unsustainable arable agriculture 
 

 
 
 
================================================================== 
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ANNEX 1 
 

CALCULATING DEPTHS OF SOIL LOST PER HECTARE 
 

• The loss of 1.0 cm depth represents 100 m3 soil lost per hectare (see Box below).  
 

Box 1 
 
1.0 cm = 0.01 m 
 
1.0 ha = 100 m x 100 m 
 
Loss of 1.0 cm depth of soil = 0.01 x 100 x 100 = I00 m3/ha/yr 

 
• The weight of 1.0 m3 soil varies according to the soil texture, which affects the Bulk 

Density of the soil. The Bulk density is the weight14 of a given volume of soil 
including the pore spaces. An average value would be 1.3 g per cm3 (= 1.3 t/ m3). 
Coarse textured soils usually have a higher bulk density because they have less pore 
space than fine textured soils. (See Box 2).  

 
 

Box 2 
Texture Bulk 

Density 
% 

Porosity 
Sand 1.6 40 
Loam 1.2 55 
Clay 1.05 60 

 

                                                 
14 Bulk density (i.e. soil dry weight/soil volume) can be easily measured by gently pressing a small cylinder of 
known volume into the soil, and removing the core. The core is dried in oven to remove the water contained in 
the pore space then weighed.  
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ANNEX 2 
Land suitability issues 
 
The 1999 Planning Atlas for Region XI1, considers the general land development 
suitability of much of the UDP project areas either as forest conservation areas or not 
suitable for upland crops or for orchard development.  The JICA land capability 
classification maps of the Davao Gulf Provinces classify over 90% of the UDP-
covered barangay areas as not suitable for upland crops (Map 1); with about 50% of 
the UDP area considered unsuitable even for orchard crops (Map 2).  
 
From JICA’s assessment it would appear that sustainable agricultural development 
is not possible in the uplands of the Compostela Valley, Davao Oriental and Davao 
del Sur. JICA does not provide information on Sarangani and South Cotabato as 
these provinces are outside JICA’s study area.  
 
Map 1. Land capability of the Davao Gulf Provinces for Upland Crops according to JICA 

                                                 
1 Japan International Cooperation Agency (JICA), March 1999. Davao Integrated Development Project 
(DIDP), Planning Atlas. Pacific Consultants Internatonal. 
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Map 2. Land capability of the Davao Gulf Provinces for Upland Orchards according to JICA 
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ANNEX 3 

 
Soil erosion as big a problem as global warming, say 
scientists  
 
Tim Radford in Seattle learns how soil threatens humanity  
 
Saturday February 14, 2004 
The Guardian  
 
Erosion of topsoil - already a serious problem in Australia, China and parts of the US - 
threatens modern civilisation as surely as it menaced societies long since vanished, researchers 
warned yesterday.  
 
Jared Diamond, a physiologist at University of California Los Angeles and author of Guns, 
Germs and Steel, told the AAAS yesterday that Iraq, part of the Fertile Crescent in which 
agriculture started 10,000 years ago, was once the wealthiest, most innovative, most advanced 
country in the world. But today it was a "basket case", mainly because of "soil problems, 
salinisation, erosion, coupled with problems of deforestation".  
 
Although more than 99% of the world's food comes from the soil, experts estimate that each 
year more than 10m hectares (25m acres) of crop land are degraded or lost as rain and wind 
sweep away topsoil. An area big enough to feed Europe - 300m hectares, about 10 times the 
size of the UK - has been so severely degraded it cannot produce food, according to UN 
figures.  
 
In many places, soil is being lost far faster than it can be naturally regenerated.  
Attempts to irrigate arid lands have produced soils so salty that nothing will grow.  
One speaker, Ward Chesworth of the University of Guelph, Ontario, told the conference that 
farming had produced an "agricultural scar" on the planet that affected a third of all suitable 
soils.  
 
Societies in the past had collapsed or disappeared because of soil problems. Easter Island in the 
Pacific was a famous example, Prof Diamond said. Ninety per cent of the people died because 
of deforestation, erosion and soil depletion.  
 
"Society ended up in cannibalism, the government was overthrown and people began pulling 
down each other's statues, so that is pretty serious. In another example, Pitcairn and Henderson 
island in the south-east Pacific, everybody ended up dead. Another example was Mayan 
civilisation in the Yucatan peninsula of Mexico and Guatemala. Again, people survived but 
about 90% of the population was lost," he said.  
 
Other examples, he said, include Iceland, where about 50% of the soil ended up in the sea. 
Icelandic society survived only through a drastically lower standard of living.  
He said the media focused on fossil fuel problems, climate change, biodiversity, logging 
and forest fires, but not on the soil because it was less spectacular.  
 
"There are about a dozen major environmental problems, all of them sufficiently serious that if 
we solved 11 of them and didn't solve the 12th, whatever that 12th is, any could potentially do 
us in," he said. "Many of them have caused collapses of societies in the past, and soil problems 
are one of those dozen." 

 


