
























The first of these two parameters, the apparent 
maximum storage capacity, Se, was found to depend 
strongly on surface treatment, being an order of 
magnitude greater with a substantial mulch cover 
than for bare soil, when Se was the amount of water 
that could be stored in about 10 mm of soil. Greater 
experience in the use of this model might allow a 
realistic estimate of Se to be made in the absence of 
hydrological data. 

Table 3. Parameter values for predicting the effective 
runoff rate using rainfall characteristics at Goomboorian. 

Treatment P* b Po* ,:z 
(mm/hr) 

BBl (mulch) PeU 0.279 8.10 0.71 
PI 0.166 32.6 0.71 
P6 0.209 21.5 0.76 
PI5 0.284 14.7 0.80 
P3{J 0.436 10.9 0.81 

BB2 (conv) PeU 0.484 4.79 0.89 
PI 0.280 25.2 0.84 
P6 0.350 15.6 0.88 
PIS 0.456 10.0 0.90 
P3Q 0.670 6.23 0.79 

BB3 (bare) PeU 0.867 4.68 0.94 
p] 0.487 23.6 0.83 
P6 0.623 15.2 0.92 
PI5 0.806 8.65 0.89 
P3Q 1.17 5.69 0.80 

The second of the two parameters in the model for 
was the runoff coefficient for excess rainfall, Rc. 

For the Goomboorian site, Rc was a more stable 
parameter than Se (as shown in Table 2), but the 
adequate evaluation of Rc would seem to require 
some data for the particular climate/soil/management 
situation of interest. 

It has been demonstrated previously that it is 
possible to model effective runoff rate, Qeffi using 
peak rainfall rates based on 6 minute data, available 
for some rainfall stations in Australia at least. The 
model again has two parameters of which one, Po. 
was reasonably stable over treatments, and the 
second, b, varied somewhat with treatment in an 
expected direction (fable 3). 

The greater importance of than Qeff in soil loss 
prediction noted earlier indicates the importance of 
the runoff coefficient, Rc, in prediction. The amount 
of work involved in plot runoff measurement to yield 
Re may be no more than that involved in determining 
effective infiltration characteristics by replicated 
infiltromeler measurements, and Rc determined 
under natural rainfall is likely to be more relevant 
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and reliable than infiltration estimates, though the 
two are obviously related. 

A computer program, GNFIL+ (Ward and Rose 
1990), allows the calculation of infiltration rate from 
the measurement of rainfall and runoff rates, 
allowing the extension of this calculation to 
situations where runoff is not measured directly at 
the bottom of a plot, but is measured following 
collection in a contour bank or graded channel for 
example. Such experimentation also yields the runoff 
coefficient, Rc, under natural rainfall. 

Soil loss prediction using GUEST technology 

A previous section considered the hydrological data 
requirements for soil loss prediction. It follows from 
Equations (5) and (7) that the total soil loss from 
bare soil during a runoff event is: 

(8) 

The quantity k in (8) is defined in Equation (4). 
Determination of depositability <p and Manning's n 
was considered in Chapter 5, in which experience 
gained in ACIAR Project 9201 on the erodibility 
parameter!3 was also reported. The value of <p can be 
readily obtained by measurement on soil samples. 
Chapter 5 and published work by Misra and Rose 
(1995) and Ciesiolka et a!. (1995) illustrate the 
possibility of predicting the value of !3 from other 
parameters, including soil strength or strength­
related parameters. As use of the GUEST technology 
continues, the generality of the ability to estimate !3 
will continue to be tested. 

Thus it may be concludcd that significant progress 
has been made in AClAR Project 9201 in the ability 
to predict the quantities in Equation (8) determining 
the soil loss in any runoff event. However, the pre­
diction of LQ for an event, and its prediction in the 
longer term, based on available rainfall data, remain 
crucial to the long-term prediction of bare soil loss. 

Soil loss from a bare plot provides both a worst­
case scenario and a baseline to which losses with soil 
conserving treatments may be compared. As shown 
in Chapter 6, one major soil conserving method is 
covering some fraction (Cs) of the soil surface with 
contact cover. Results reported in Chapter 6 showed 
that the soil loss in the presence of such cover could 
be well described by 

M = '2'..qs = (k exp (-KCs) (9) 

where K is an experimentally determined parameter, 
with 5 < K < 15 defining a common range. Equations 
(8) and (9) assume that rilling does not occur, and 
when it does, some modification to the equations, as 
detailed in the GUEST manual, is required. Pre­
diction of the occurrence and characteristics of rill 



formation is currently limited, although rilling 
characteristics appear to be reasonably repeatable 
once observed. 

GEMS 

A simple computer program, GEMS (Griffith Ero­
sion Management System), developed originally by 
Misra and Rose (1992), has been devised with two 
objectives: 
• to facilitate comparison of existing management 

practices in terms of their effectiveness in 
reducing soil erosion; 

• to assist in the design of management systems that 
reduce soil loss to a nominated value. 
These two objectives are represented by two types 

of analyses, referred to as Type 1 and Type 2 respec­
tively, which assume simple planar plots and which 
are briefly outlined below. 

Type 1: System comparison 

Inputs to this program are the plot slope (5) and plot 
length (L), ~, the fractional soil contact cover Cs and 
the parameter K for treatments to be compared. The 
plot is then subject to a design storm, for which 
default values are provided. The expected soil loss 
from plots with the range of treatments considered is 
then calculated by the program using Equation (9), 
allowing a comparison to be made of the conser­
vation effectiveness of the treatments represented. 

Type 2: System design 

This type of analysis assists in the design of manage­
ment systems where surface contact cover is the con­
servation method, indicating a range of options 
whereby a nominated soil loss should not be 
exceeded. With similar inputs as for Type 1 analysis, 
Type 2 analysis yields compatible combinations of 
slope length and surface contact cover which meet 
the soil loss objective. 

Conclusion 

The GUEST technology has been codified and 
applied in a context of multi-country experimen­
tation spreading across ACIAR Projects 8551 and 
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9201. Key questions addressed were how to evaluate 
soil erodibility and the effectiveness of alternative 
conservation systems without requiring the long­
term acquisition of data implicit in the USLE 
approach. The experimental technology also gave 
data on rainfall and runoff at one minute time 
resolution. This fine-time resolution allowed the 
investigation of those surface hydrologic processes 
important to soil loss in a way that would not be 
possible with coarser time resolution. This investi­
gation has been pursued by the development and 
testing of models of runoff with a large body of data 
from the very different sites participating in the 
project. This model development and testing has 
focused on the prediction of the two runoff-related 
quantities required for the GUEST technology, 
namely the effective rate and total amount of runoff. 

Models for these two quantities have been based 
on the input of more generally available rainfall data, 
the model structures also involving parameters which 
were limited in number and which were related to 
identifiable physical characteristics of the soil or its 
surface management. Some consideration is given to 
the various levels of rainfall data available, though 
more could and should be done in this direction with 
daily data on rainfall totals being by far the most 
commonly available. However, the focus of con­
sideration has been on the prediction of runoff and 
soil loss over a longer time than the experimental 
period. Some of these data in the experimental 
period have been used to evaluate unknown para­
meters in the models, with other collected data being 
used to test the stability and effectiveness of these 
parameters, with encouraging results. Thus a 
methodology has been established which, given 
long-term climatic data (on rainfall and pan evapor­
ation in particular), can use long-term simulation to 
yield long-term estimates of runoff and soil loss. 
While not earried out (long-term data not being 
available at some sites), long-term simulations of 
course assume some stability or knowledge of 
change in factors such as soil erodibility, rainfall 
rates and amounts. While these assumptions may not 
be fully satisfied, the guidance given by such investi­
gations is likely to be of adequate accuracy in prac­
tice, given other uncertainties in soil conservation 
management. 



Chapter 9 

Long-term Effects of Land Management on Soil Erosion, 
Crop Yield and On-farm Economics in The Philippines 

R.A. Nelson, J.D. Dimes, D.M. Silburn, E.P. Paningbatan, Jr., R.A. Cramb 
and M.A. Mamicpic 

As seen in the framework provided in Figure 1, 
Chapter 1, land management research on sloping 
lands (where a major threat is loss of soil fertility and 
top-soil through soil erosion) must provide bio­
physical and economic information to allow land 
users and land use planners to make judgments on 
the viability of different farming practices. 

This project has measured and predicted soil and 
nutrient losses under a range of management 
systems. From these data, it is possible to use 
cropping systems simulation models and economic 
analysis to predict long-term effects of land manage­
ment on soil properties, yield and economic return. 
The Los Banos site in the Philippines (referred to as 
the Tranca site in subsequent sections) is ideal for 
this purpose because hydrology, soil erosion and 
crop yield data are available for a seven-year period, 
and the major crop grown, maize, has reliable crop 
growth models available, e.g., CERES-Maize. 

A special project was developed linking two 
existing ACIAR projects for this purpose. The 
project reported in the bulk of the publication (PN 
9201 Sustainable Cropping Systems in Tropical 
Steeplands) provided bio-physical data, and PN 9211 
(On-farm Socioeconomic Evaluation of Soil Con­
servation Practices for Marginal Uplands of South­
east Asia) provided expertise for socioeconomic 
analyses, while the cropping systems simulation 
capacity was developed in collaboration with the 
Agricultural Production Systems Research Unit, 
Toowoomba, Australia. 

The remainder of this chapter is a report on the 
outcomes of this special project. It focuses on the 
comparison of traditional farming practices with a 
particular agronomic soil conserving management 
system in which the crop of interest is intercropped 
between leguminous hedgerows planted on the 
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contour to form an alley-cropping system. The 
project provides a good example of the use of data 
from soil erosion research to predict long-term out­
comes. However, because it was carried out over the 
same period as PN 9201, some recent developmcnts 
in terms of hydrology and soil erosion modelling are 
not used in the cropping systems simulation 
modelling, e.g., curve number for daily runoff is 
used instead of event hydrology parameters, while 
GUESS (Rose 1985) was used for erosion modelling 
rather than the GUEST program used elsewhere in 
this publication. While more up-to-date algorithms 
may be readily incorporated into the Agricultural 
Production Systems Simulator (APSIM) modelling 
environment used in this exercise, it is quite likely 
that this would not alter the more general on-farm 
economic conclusions reached. 

This chapter is drawn from five working papers 
(Nelson et al. 1996a,b,c,d,e) and other publications 
(e.g., Nelson, 1996; Carberry et al. 1996; McCown et 
aJ. 1996). 

The Agricultuml Production Systems 
Simulator 

APSlM is a cropping systems software-modelling 
environment with a capacity to model a range of 
crops (McCown et al. 1996). In this section, the 
structure and function of a version of APSIM 
capable of modelling maize farming is described. 
Conceptual issues raised in this section concerning 
the application of APSIM to hedgerow intercropping 
have important implications for: 
• parameterisation of the model; 
• simulation of soil erosion and maize yields; and 
• economic viability of hedgerow intercropping 

relative to traditional open-field farming. 



For this application, version 0.1 of APSIM was 
configured to simulate erosion and maize yields from 
the hedgerow intercropping and open-field farming 
systems trialed at the Tranca research station, and 
used in the economic survey of maize farmers in 
Timugan. The simulations of hedgerow inter­
cropping therefore focused on maize production, 
with hedgerow prunings applied as mulch to the 
cropping alleys rather than removed from the field as 
livestock forage. Consideration of livestock pro­
duction would have required an alternative model 
structure and resulted in different outcomes to those 
presented in this analysis. 

A feature of APSIM is that the soil, rather than the 
crop, forms the central unit on which all the pro­
cesses described in the model operate (Figure 1). 
Management operations such as planting and tillage 
are entered using a manager module, referenced to 
Julian days or conditional upon cumulative rainfall 
or previous operations. APSIM is a point scale 
model driven by daily rainfall, radiation, and 
maximum and minimum temperature data. A 
modular software structure around a central 'engine' 
and standardised programming protocols were 
designed to enable rapid adaptation of the model to 
new applications (McCown et aJ. 1996). 

Maize 

Climate 

ENGINE 
Soil water 

Plant residue Nitrogen 

Figure 1. The structure of APSIM (adapted from McCown 
cl a!. 1995). 

APSIM's modules 

Water balance module 

The soil water balance module of APSIM was 
known as APSW AT in this version of APSIM, and 
has since been renamed SOIL W AT in release 
version 1.0. This module is based on the CERES­
Maize water balance model (Jones and Kiniry 1986) 
with improvements derived from the development of 
PERFECT (Littleboy et al. 1989) and CREAMS 
(Knisel 1980). Key differences between APSIM and 
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its precursors are outlined in Probert et aJ. (1996), 
and include: 

• surface residues and crop cover modify runoff 
response and reduce potential soil evaporation; 

• small rainfall events are lost as first stage evapor­
ation rather than by the slower process of second 
stage evaporation; and 

• there is greater flexibility for describing dif­
ferences in long-term soil drying due to soil 
texture and environmental effects. 

Some operational differences have resulted from 
combining PERFECT with AUSIM (McCown and 
Williams 1989). In particular, the PERFECT model 
assumed that excess infiltration was added to runoff 
whereas, in APSIM, excess water is assumed to flow 
through the soil profile and to be lost as deep 
drainage. This reflects a greater reliance on the 
CREAMS curve number approach to predict runoff 
in APSIM compared to PERFECT. 

A feature of CERES-Maize that has been included 
in APSIM is that potential evapotranspiration is esti­
mated from soil albedo, solar radiation and ambient 
air temperature using the Priestly-Taylor method 
(Jones and Kiniry 1986), a reliable method for esti­
mating potential evapotranspiration without daily 
pan evaporation data. 

Runoff in APSIM is determined from daily rain­
fall, antecedent soil water and cover conditions using 
the CREAMS curve number approach described in 
Littleboy et al. (1989). The curve number approach 
involves deriving an empirical relationship between 
runoff, rainfall and maximum potential infiltration 
for a soil during periods with known soil surface 
cover. 

Two significant modifications to the curve 
number approach described in Littleboy et al. (1989) 
were required for this application of APSIM. Cover 
data indicated that crop canopy had negligible effect 
on runoff and so its influence on curve number was 
removed from the model. In contrast, weed and 
hedgerow cover was found to have a significant 
effect on runoff. A surface cover factor was intro­
duced to the model so that ground cover data could 
be entered and tied to cultivation and weeding 
events. The cover factor only accounts for the sur­
face cover provided by weeds and hedgerows, and 
their water use was not simulated. However, an 
empirical adjustment for maize yields was estimated 
to account for the competitive interaction between 
hedgerows and maize crops. 

This version of APSIM also includes a facility to 
vary curve number at tillage events in order to 
capture the effect of changing surface roughness on 
runoff. 



APSIM simulates soil water processes in a 
sequence that begins with daily rainfall data. Daily 
rainfall is partitioned into runoff and infiltration 
using the curve number method. Water infiltrating 
the soil profile is redistributed as drainage commen­
surate with the storage capacity of each soil layer. If 
the amount of water infiltrating the surface layer 
exceeds the storage capacity of layers below, then 
this water is passed through the profile as deep 
drainage. 

Daily evaporation from the soil surface is simu­
lated from potential evapotranspiration modified for 
ground eover and crop canopy cover, and limited by 
the soil water content of the uppermost soil layer. 
Soil evaporation contributes to moisture gradients 
that drive unsaturated flow of water upward through 
the soil profile layer. Unsaturated flow can also 
redistribute water downwards through the soil profile 
if lower layers drain more rapidly than upper soil 
layers. 

The final process modelled each day is trans­
piration. Transpiration is a function of demand for 
water by a crop, limited by the amount of water 
available in each soil layer. Demand for water is 
determined in the maize module from the leaf area of 
the crop and the density of roots in each soil layer. 

Movement of nitrate within and out of the profile 
is simulated in the water balance modeL Nitrate 
moves with both drained and unsaturated flows of 
water assuming a uniform concentration of nitrate in 
each soil layer before and after each flow. 

Nitrogen module 

The nitrogen module in this version of APSIM was 
NITI, renamed SOILN in APSIM release version 
1.0. The nitrogen module in APSIM is derived from 
the nitrogen balance model in CERES-Maize (Jones 
and Kiniry 1986). Nitrogen was not considered in the 
PERFECT model. The origins and function of 
SOILN, the successor of NITI, have been described 
in detail by Probert et aJ. (1996). 

The principal difference between the nitrogen 
balance module of APSIM and those of the CERES 
models is that soil organic matter has been divided 
into three pools instead of one. A microbial biomass 
pool enables more realistic simulation of the flows of 
carbon into the biomass and stable pools of soil 
organic matter as fresh residues decompose (Dimes 
1996). An inert pool is included to minimise the 
mineralisation of organic nitrogen deep in the 
profile. 

Residue module 

The residue module of APSlM is based on com­
p<>nents of PERFECT, with modifications to surface 
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residue decomposition to maintain carbon and 
nitrogen balances in the plant/soil system. 

The residue module has been described in detail 
by Probert et al. (1996). The amount, type and 
nitrogen content of residue added from the maize 
module or following management operations such as 
weeding and pruning of hedgerows are inputs to the 
residue module. The decomposition of surface 
residues is governed by average daily temperature, a 
moisture factor sensitive to cumulative evapotrans­
piralion and the carbon 10 nitrogen ratio of the sur­
face soil layer. Tillage events specified by the user 
incorporate surface residues to a nominated depth, 
and adjust the amount of residue retained on the soil 
surface. Burning removes a nominated fraction of 
surface residues. Carbon and nitrogen from residue 
incorporated through tillage are added to the fresh 
organic matter pool of the nitrogen module. Carbon 
and nitrogen retained in the system as a result of 
microbial decomposition of surface residue are 
added to the biomass and humic pools in the topsoil. 

The residue module converts the daily balance of 
surface residue from dry matter mass to percentage 
surface cover which is used in the soil water and 
erosion modules for the prediction of runoff, soil 
water evaporation and erosion. 

Erosion module 

The erosion module in this version of APSIM is the 
same as the erosion module described in the 
PERFECT manual (LittJeboy et a!. 1989).1 Littleboy 
et al. (1989) included four methods of estimating 
erosion in the PERFECT model. For this application 
of APSIM, the Rose sediment concentration equation 
(Rose 1985) was used instead of a modified uni­
versal soil loss equation (MUSLE) or the Freebairn 
cover-concentration relationship. The WiIliams or 
Onstad-Foster MUSLEs could not be used because 
of a lack of rainfall erosivity or peak runoff data 
(Onstad and Foster 1975; Williams 1975). The Free­
bairn cover-concentration relationship is a derivation 
of the MUSLE approach that does not require pre­
diction of peak runoff rate. However, the Freebairn 
relationship is specifically designed for contour-bank 
farming systems on vertisols in southeast Queens­
land and was considered inappropriate for appli­
cation to the Philippine uplands. 

This version of APSIM uses the Rose equation 
(Rose 1985) to predict erosion (Figure 2). The Rose 
equation is an attempt to capture the process of 
erosion as a mathematical function of slope, runoff, 

1. The code was reengineered for APSIM by Peter Devoil 
and Mark Silbum. 
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Figure 2. APSIM's soil erosion module. 

cover, and the efficiency of entrainment of surface 
runoff. The efficiency of entrainment, A, is analo­
gous to the soil erodibility factor, K, in the MUSLE 
approach, and is derived empirically for each soil 
type. The derivation of the Ncover relationship for 
each soil type in the erosion module is similar to the 
derivation of the curve number/cover relationship in 
the water balance module. Rose (1985) derived a 
functional form for the relationship between (and 
cover. A facility to modify the parameters of the 
Rose equation with daily rainfall was introduced to 
simulate the potential for rills to breakthrough 
hedgerows during large rainfall events, as discussed 
in more detail below. 

Erosion reduces the amount of soil nitrogen and 
water available for plant uptake. An enrichment ratio 
is used to describe the preferential loss of nitrogen 
with fine organic sediments. The enrichment ratio for 
nitrogen declines as soil loss increases for a given 
runoff event. This approach to nitrogen lost in sedi­
ment is based on the CREAMS model (Knisel 1980). 

Reduction of the amount of nitrogen available for 
plant uptake is represented by moving the soil layers 
downwards through the soil profile. Each soil layer 
takes on the nutrient characteristics of the layer 
below in proportion to the depth increment gained 
from that layer. If a bedrock depth is not specified, 
each soil layer takes on the nutrient properties of the 
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one below until all layers have the nutrient properties 
of the lowest subsoil layer. If the accumulated loss of 
soil depth exceeds a given total soil depth, the 
nutrient content of the last soil layer diminishes 
(peter Devoil, unpublished programming notes). 

Loss of soil depth is calculated from the volume 
of soil loss and the bulk density of the uppermost soil 
layer. Soil loss reduces the depth of soil available to 
store water for plant uptake. Available soil water per 
unit of soil volume generally decreases with depth as 
bulk density increases. Soil water capacity is 
removed from the lowest soil layer first, assuming 
that there would be some amelioration of soil water­
holding capacity as successive soil layers are 
exposed by erosion. 

Daily rainfall is used to predict runoff and erosion 
in APSIM. This can lead to poor prediction of 
erosion on an event basis because rainfall intensity is 
not considered. Accurate predictions of long-term 
erosion can be achieved by parameterising the model 
to cumulative erosion over cropping seasons for 
which accurate cover data are available (Silbum and 
Loch 1992). 

Reductions in soil nitrogen and soil water due to 
erosion are returned each day to the nitrogen and 
water balance modules after the primary crop/soil 
interactions in those modules are complete. 



Maize module 

The maize module is the most complex module of 
this version of APSIM, but also the most referenced 
in the literature. The maize module is based on 
development and testing of the CERES-Maize model 
(Jones and Kiniry 1986) for application to the semi­
arid tropics (Carberry et a!. 1989) with the modifi­
cations described in Carberry and Abrecht (1991). 
Modification and development of the model to 
tropical conditions outside Australia has included 
applications in Kenya (Keating et al. 1992a, b). 

Potential growth of maize is determined by simu­
lating photosynthesis from daily solar radiation. 
Growth of the maize plant is partitioned into leaf, 
stem, cob, grain and roots depending on the stage of 
phenological development. Phenological develop­
ment and potential leaf area are controlled by daily 
maximum and minimum temperature. Potential 
growth determines the demand for nitrogen and 
water by maize under ideal conditions. Actual 
growth is determined from the ratio of available 
nitrogen and water in the soil profile relative to the 
amount of nitrogen and water demanded at potential 
growth levels. Nitrogen and water taken up by the 
maize module reduce daily stocks in the nitrogen and 
water modules. Erosion reduces the stocks of soil 
nitrogen and water that limit actual maize growth. 

The variety of maize, density and depth of sowing 
are specified by the user in the manager module. 
Sowing dates can be specified using Julian days or 
through more complex rules referencing cumulative 
rainfall and previous operations such as buming and 
tillage. 

Application of APSIM to hedgerow intercropping 

APSIM simulates a single point in a cropping field 
making the assumption that the processes taking 
place at that point are representative of those across 
the whole field. As soil is eroded, soil nitrogen and 
water-holding capacity are degraded uniformly 
across an entire field. This is a reasonable conceptual 
model of maize monocultures where spatial variation 
is limited to slight changes in soil characteristics and 
micro-relief. 

APSIM as a cropping systems software environ­
ment does have a capacity to simulate the mutual 
competitive interaction of intercrops (Carberry et al. 
1994). However, a module capable of simulating 
hedgerows as an intercrop had not been yet devel­
oped at the time this research was conducted. Con­
sequently, hedgerow intercropping was modelled by 
modifying an open-field version of APSIM to simu­
late the key agronomic effects of hedgerow inter­
cropping on maize yields. APSIM was parameterised 
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to simulate maize yields from a point in the centre of 
the cropping alleys, by parameterising the runoff and 
erosion modules to predict runoff and erosion from 
fields with hedgerows. The effect of adding 
hedgerow prunings was simulated by adding legume 
biomass from outside the plant-soil system at a rate 
measured from hedgerow intercropping trials. 

Average maize yields predicted by APSIM for a 
point in the centre of the cropping alleys were 
adjusted to reflect the intensity of hedgerow/crop 
competition using row by row crop data from 
research trials. Row by row yield data from trials of 
hedgerow intercropping in Claveria, Mindanao, 
suggested thaf overall yield decline from 
hedgerow/crop competition prior to terrace for­
mation was around 10% (ICRAF n.d.). On acid soils, 
data reported by Garrity et al. (1992) indicated an 
overall yield decline of 26% following terrace for­
mation on acid soils. 

ParameterisatioD of APSIM 

The APSIM model was parameterised using data 
from a comparative trial of open-field farming and 
hedgerow intercropping at Tranca, near Los Banos, 
Philippines (Figure 3)2. The research trial at Tranca 
has similar agronomic conditions to those of the 
nearby community of Timugan, and was used to 
define the farming operations for the economic 
analysis described below. This ensured that the 
model was parameterised to simulate maize yields 
consistent with the amount of labour and material 
inputs invested in farming. 

The trial of hedgerow intercropping at Tranca was 
established in 1988 in a collaborative research 
project funded by the Australian Centre for Inter­
national Agricultural Research (ACIAR)3. Tranca is 
typical of upland areas with moderately fertile soils 
of relatively high erodibility. At a latitude of 140 13' 
north and an altitude of 30 m, the climate at Tranca 
is humid tropical with an average annual rainfall of 
2060 mm (1959-1995). The soil is an alfisol, high in 
clay, with imperfect drainage and a pH of 5.5--6.0. 
The average slope gradient of the trial was 17%. 

Detailed descriptions of the experimental design 
and results of the trial at the Tranca research station 

2. Tranca is a small rural community rarely featured on 
maps or other official documents, and is sometimes spelled 
'Tranka'. 
3. Projects 8551 and 9201 of the Australian Centre for 
International Agricultural Research were conducted by the 
University of the Philippines, Los Banos, Griffith Uni­
versity and the Queensland Department of Primary 
Industries. 



f'igure 3. Location of the Tranca research trial, Los Banos. 

have been provided by Comia et al. (1994), Ciesolka 
et al. (1995) and Paningbatan et al. (1995). The trial 
was a replicated small plot experiment including 
traditional open-field maize farming without hedge­
rows, three variants of hedgerow intercropping with 
Desmanthus virgatus (desmanthus) hedgerows, and a 
plot maintained as bare soil without plant cover. 

A long fallow dominated by Imperata grass 
(Imperata cylindrica) and lantana (Lantana camara) 
preceded the trial, and a green manure crop of 
sesbania (Sesbania rostrata) was grown in 1988 
while sediment troughs and tipping buckets were 
installed. The cover crop of sesbania resulted in high 
levels of soil mineral nitrogen and carbon at the 
beginning of the experiment. 

The farming system trialed at Tranca was a 
maize-peanut rotation. Maize was planted at the 
beginning of the wet season in May followed by 
peanuts in the drier season towards the end of the 
calendar year. The fields were fall owed in the dry 
months of January to April. Maize was sown at a 
spacing of 75 cm between rows and 20 cm along 
each row. A local maize variety, Lagkitan, was sown 
in the wet seasons of 1989 to 1992 and received 
30 kg ha/crop of elemental nitrogen as urea at 
sowing. A hybrid variety, IPB193, was sown with 
60 kg ha/crop of elemental nitrogen in the wet 
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seasons of 1993 and 1994. Draught animal power 
was used for ploughing, harrowing and furrowing the 
fields before sowing each crop. All other farming 
operations, such as sowing, weeding and harvesting, 
were performed manually. 

Cropping and tillage operations in the open-field 
plots were performed up and down the slope, con­
sistent with a traditional practice in the uplands that 
has only recently begun to be replaced by farming 
across the slope. Hedgerow treatments 2 and 3 were 
tilled along the contour within the cropping alleys. 
Hedgerow treatment 4 combined hedgerow inter­
cropping with minimum tillage in the cropping 
alleys. 

The hedgerows of treatments 2-4 comprised 
double hedgerows of desmanthus one metre wide 
and spaced at six-metre intervals down the slope, so 
that the hedgerows occupied around 17% of field 
area. The hedgerows were pruned to a height of 50 
cm at the planting of each maize crop, and as 
required during each cropping season. Hedgerow 
prunings were removed from the field in treatment 2, 
to separate the effect of mulching from the effect of 
the hedgerows forming barriers to surface water 
runoff and erosion. For treatments 3 and 4, hedgerow 
prunings were evenly distributed across the eropping 
alleys. 

Daily climate data including rainfall, solar 
radiation, and maximum and minimum temperatures 
were available from a climate station three kilometres 
from Tranca.4 Daily rainfall was measured at the 
research trial from 1990 to 1993. Weekly measure­
ments of soil water were taken for the 0-20 cm and 
20-50 cm soil profile layers during the crop seasons 
of 1993 and 1994. Runoff and soil loss were 
measured using tipping buckets and sediment troughs 
from 1990 to 1994. Near-ground and crop canopy 
cover data were collected during the cropping 
seasons of 1990 and 1993. Annual biomass pro­
duction for maize crops and hedgerows was 
measured from 1989 to 1994. 

Methodology 

The various modules of APSIM described earlier 
require a large number of input parameters. To 
accurately simulate the effects of farming practices 
on crop yields, the various component processes of a 
cropping system need to be reliably predicted. 
Interaction between the various modules of APSIM 
requires a step-wise approach to deriving and testing 
model parameters. 

4. The climate data were provided by the International Rice 
Research Institute. 



The order in which parameters were derived or 
calibrated reflected their order of dependency within 
the model. Whenever possible, parameters for the 
model were determined from measured or standard 
values for this type of environment. Many of the 
model's parameters are state variables that were 
measured directly, such as slope and soil depth, or 
were derived from field measurements, such as bulk 
density and soil water-holding capacity. Other 
parameters, such as those controlling rates of soil 
carbon and nitrogen transformation, were derived 
from empirical research and modelling experience in 
tropical environments (Dimes 1996; Probert et al. 
1996). 

The remaining parameters were derived using 
stepwise calibration, where one or two parameters 
were calibrated against closely related measured 
data. Parameters derived by calibration included a 
soil water drainage coefficient, runoff curve number 
(CNII), surface cover, maize phenology and grain 
yield parameters. 

APSIM was parameterised to simulate open-field 
farming of a wet season maize crop using data from 
treatment 1 of the trial at Tranca. The model was 
parameterised to simulate hedgerow intercropping of 
a wet season maize crop based on hedgerow treat­
ment 3. Data from the bare plot, and hedgerow treat­
ments 2 and 4, were used to assist parameterisation 
of the model where appropriate. 

Soil water, evaporation and drainage 

A root depth of 100 cm was used for simulating 
water extraction by maize, represented by five soil 
layers in the model (Appendix 1). Layer thickness 
was specified to be consistent with measured soil 
water data in the 0-20 and 20-50 cm layers, and 
maximum root depth was based on knowledge of the 
soil profile. 

Parameters for soil water-holding capacity were 
derived from measured soil water content for the 
open-field treatment and hedgerow treatment 3 
during the 1993 and 1994 wet season maize crops. 
Estimates of soil water content at saturation (SAT) 
were based on measured soil water content following 
high rainfall. Total porosity was calculated from 
measured maximum soil water content using a 
particle density of 2.65. Drained upper limit (DUL) 
was derived from average soil water measurements 
three to five days after rainfall. The lower limit of 
plant extractable water (1115) was estimated from 
measured soil water content in relatively dry periods. 
Air dry (AD) soil water content was estimated from 
experience with similar soils. 
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To define soil water evaporation and drainage 
parameters, measured daily runoff data were entered 
into the model, partitioning daily rainfall into runoff 
and infiltration. Accurate partitioning of rainfall 
reduces the unknown variables determining soil 
water content to evapotranspiration and drainage. 
Ideally, soil water evaporation and drainage para­
meters are best derived using measured soil water 
from a bare plot without crops so that the influence 
of transpiration can be eliminated. While soil water 
and runoff data were available for a bare soil plot, its 
water-holding characteristics were different from 
those of the cropped plots due to greater cumulative 
soil erosion. It was therefore necessary to determine 
soil water and evaporation parameters using 
measured soil water content from the open-field 
treatment and hedgerow treatment 3. 

Accurate prediction of soil water evaporation and 
drainage under crops requires reasonable simulation 
of water uptake by maize crops and hedgerows. 
Phenological and grain yield parameters for maize 
were determined from the characteristics of the 
maize varieties sown in the research trial, and by 
calibration against measured yields. High rainfall 
during the 1993 wet season and the addition of 
nitrogen fertiliser enabled the phenological and 
growth parameters for maize to be calibrated 
independently of soil water and nitrogen constraints. 
With confidence in simulated transpiration, the 
unknown components of the soil water balance were 
reduced to soil evaporation and drainage. 

Coefficients for first and second stage evaporation 
were set at the typical values recommended for the 
CERES-Maize model in tropical environments 
(Jones and Kiniry 1986). Evaporative drying of soil 
deeper than the surface layer was included in the 
simulation of unsaturated flow between soil layers. 
Unsaturated flow is controlled by two parameters in 
the model, a diffusivity constant and a diffusivity 
slope, which were assigned values based on experi­
ence simulating water balance for tropical soils with 
similar water-holding capacity (probert et a1. 1996). 

The soil water drainage coefficient was calibrated 
to predict measured soil water content in the top two 
layers of the soil profile beneath open-field farming 
in the wet season of 1993. A limited quantity of con­
sistent soil water and rainfall data were available 
from the 1994 wet season maize crop to evaluate the 
prediction of soil water content. 

Residue 

An advantage of using measured runoff to para­
meterise soil water evaporation and drainage 
parameters is that surface cover does not have to be 
simulated, reducing the number of unknown 



variables. However, accurate prediction of runoff 
using APSIM requires accurate simulation of surface 
cover, because surface cover protects the soil from 
rainfall and overland water flows. Residue additions 
from weeding and hedgerow pruning were entered in 
the model. Other changes in surface cover, such as 
reductions from tillage and burning, were calibrated 
against measured changes in cover during the maize 
crops of 1990 and 1993. The potential rate of decom­
position for surface residue was derived from experi­
ence with similar types of residue in tropical 
environments (Dimes 1996). 

Runoff 

Using the best estimates of soil water parameters 
from above, the runoff component of the soil water 
module was calibrated by developing an empirical 
relationship between curve number (CNII) and soil 
surface cover. Curve number is a parameter that rep­
resents the runoff response for average antecedent 
soil moisture conditions from a particular soil type 
and surface roughness (Littleboy et al. 1989). The 
relationship between curve number and surface cover 
is defined by the curve number for bare soil and the 
maximum possible reduction in curve number due to 
cover. 

Runoff and cover data for the maize crops of 1990 
and 1993 were used to calibrate curve number/cover 
relationships for open-field farming and hedgerow 
intercropping. Data from all three hedgerow treat­
ments were used to calibrate runoff response over the 
greatest possible range of surface cover levels. The 
model was run with a series of fixed curve numbers 
(CNII not adjusted for cover) during periods with 
constant surface residue cover until measured runoff 
was accurately predicted. Linear regression was used 
to establish a relationship between curve number and 
surface cover for the open-field and hedgerow treat­
ments. Curve number was calibrated separately for 
periods following tillage when surface roughness 
altered runoff response. Validation was performed 
against measured runoff data from 1991 and 1992. 

Erosion 

Erosion in this version of APSIM is calculated from 
slope, runoff and surface cover using the Rose 
sediment concentration equation (Rose ] 985). The 
efficiency of entrainment for bare soil, 4."" and a 
coefficient of exponential decline in sediment con­
centration with cover, bz, were derived empirically. 
Measured runoff, soil loss and cover data from the 
1993 wet season were used to estimate values of 4are 

and b2 for open-field farming and hedgerow inter­
cropping. Data from hedgerow treatment two, were 
used to isolate the barrier effect of hedgerows on the 
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efficiency of entrainment from the effect of surface 
cover provided by hedgerow prunings. 

Rose (1985) fitted an equation relating Am.re and bz 
to event A and cover data. For this application, the 
value of 4are and bz in the equation were optimi8ed 
to minimise root mean square error in the prediction 
of daily soil 108S.5 Optimising 4are and bz to predict 
daily soil loss weights the parameters toward 
predicting larger soil Joss events, giving better pre­
dictions of cumulative soil loss. Erosion predictions 
were validated against cumulative soil loss for the 
1990 to 1992 maize crops. 

Parameters for nutrient enrichment were derived 
from measured soil and sediment nutrient data 
(Comia et al. 1994). An equation relating enrichment 
ratio to soil loss was fitted to data in a spreadsheet. 

Nitrogen 

Calibrating the nitrogen balance module of APSIM 
requires data on soil nitrogen levels through time. No 
experimental data were available for soil mineral 
nitrogen at Tranca. Parameters for the soil nitrogen 
module were derived by integrating measured soil 
organic matter levels with knowledge of the soil and 
previous experience in modelling legume and non­
legume cropping systems (Dimes 1996, Prober! et al. 
1996). Initial state variables for the nitrogen module 
were based on measured differences between soil 
organic carbon levels under the open-field treatment 
and hedgerow treatment three (Paningbatan 1995). 

Maize 

The maize module was parameterised to simulate the 
phenology and growth of two maize varieties a 
local variety, Lagkitan, and a hybrid variety, IPBI93. 
Maize yields were parameterised for the cropping 
area only, excluding the area that would be occupied 
by hedgerows. The number of thermal degree days 
from emergence to juvenile stage, and from flow­
ering to maturity, and photoperiod sensitivity were 
adjusted until the phenology of Lagkitan and IPB193 
were accurately simulated. The potential number of 
grains and rate of grain filling were calibrated 
against measured maize yields from the open-field 
treatment and hedgerow treatment three. 

5. RMSE is the root mean square error, the average 
absolute difference between predicted and observed values. 
The advantage of this statistic is that it is in the same units 

as the original data. RMSE = J<x ;1')2 where X and X 

are the predicted and measured values respectively, and N 
is the number of events in the sample. 
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Figure 4. Soil water content predicted using APSIM, 1993. 

Results 

Soil water, evaporation and drainage 

The parameters derived for soil water holding, 
evaporation and drainage produced accurate pre­
dictions of soil water content beneath the open-field 
farming treatment during the wet season of 1993 
(Figure 4). The parameters also produced accurate 
predictions of soil water content in the centre of the 
cropping alleys of hedgerow treatment three, despite 
no consideration of water use by the hedgerows. 
Water use by the hedgerows had little influence on 
measured soil water content during the 1993 wet 
season because high rainfall kept soil moisture above 
the drained upper limit. 

Runoff 

A relationship between curve number and surface 
cover was established using measured cover for the 
1990 and 1993 wet season maize crops. The avail­
able data from which to establish a relationship 
between curve number and surface cover were 
limited because there were few periods of constant 
cover. The available data suggest a strong relation­
ship between curve number and surface cover. The 
values derived for bare soil curve number were 93.1 
for open-field farming and 83.2 for hedgerow inter­
cropping. No cover data above 45% were available. 
APSIM allows an upper limit of surface cover to be 
set beyond which curve number ceases to decline, 
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and this was set at 60%. A large range in the 
response of curve number to surface cover reflects 
very low measured runoff from the hedgerow treat­
ments with mulch retained. A lower curve number 
for each level of cover beneath hedgerow inter­
cropping compared to open-field farming reflects a 
lower runoff response from daily rainfall. 

In 1992-93, the hedgerows of desmanthus 
senesced and were replaced. During the wet season 
maize crop following reestablishment of the hedge­
rows, runoff response from the hedgerow inter­
cropping treatments was similar to that from the open­
field treatment on days with rainfall exceeding 
40 mm. Accurate predictions of runoff following 
hedgerow replacement were obtained by setting the 
curve number parameters for hedgerow intercropping 
equal to those for open-field farming for days with 
rainfall greater than 40 mm. A capacity to modify 
curve number parameters with rainfall was added to 
the manager module. 

Measured runoff was low for both hedgerow inter­
cropping and open-field farming following tillage. 
The reduction in runoff caused by increased surface 
roughness was accurately predicted by reducing the 
bare soil curve number by 30 for 30 days following 
tillage. 

The curve number parameters derived above pro­
duced accurate predictions of cumulative runoff from 
both the open-field treatment and hedgerow treatment 
3 during the maize crops of 1990 and 1993 (Table 1). 



The accuracy of cumulative runoff predictions was 
influenced by using data from these years to derive 
soil water and curve number parameters. The soil 
water, surface residue and curve number parameters 
derived above accurately predicted measured runoff 
from the open-field treatment and hedgerow treat­
ment 3 during the 1991 and 1992 maize crops. As 
expected, prediction of daily runoff was imprecise 
because runoff was predicted from daily measure­
ments of the amount, but not the intensity, of rainfall. 

Table 1. Summary of APSIM's runoff predictions. 

Year Cumulative runoff Predicted! RMSE of 
(mm) Observed daily 

ratio runoff 
Measured Predicted 

Hedgerows 
1990* 23 34 1.50 5.6 
1991 101 112 1.11 7.2 
1992 17 20 1.15 2.2 
1993* 126 110 0.87 7.0 

Open field 
1990* 210 181 0.86 8.2 
1991 317 360 1.14 8.6 
1992 98 105 1.07 6.1 
1993* 319 343 1.07 6.9 

*Soil water parameters and curve numbers were derived 
using data from 1990 and 1993. 

Erosion 

The values derived for the parameters Abare and b2 
using measured soil loss, runoff and cover data from 
the open-field treatment during the 1993 maize crop 
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were 0.55 and 0.27 (Figure 5). For hedgerow treat­
ment 2, the values of Abare and b2 were 0.29 and 0.35. 
The values derived for Abare and bz accurately pre­
dicted daily soil loss from the open-field treatment, 
but were less precise for hedgerow treatment 2 
(Table 2). The lower precision (rZ) of soil loss pre­
dictions for hedgerow intercropping reflects the diffi­
culty of predicting very small soil loss events. 

Table 2. Predicted daily soil loss statistics. 

Daily soil loss Open-field Hedgerows (1'2) 
statistics 

Predicted (P) vs P = O.96M + 0.25 P = 0.67M + 0.37 
measured (M) 
,:;. 0.95 0.57 
Predicted! 
Observed ratio 1.0 1.0 
RMSE 1.9 1.2 

Hedgerows are a physical to water flow 
and promote the redeposition of sediments carried 
across the cropping alleys. The lower Aba"" for 
hedgerow intercropping indicated that hedgerows 
significantly reduced the efficiency of entrainment of 
surface water flows. The higher bz for hedgerow 
intercropping indicated that hedgerows enhanced the 
effectiveness of surface cover in protecting the soil 
surface from erosion. 

Surface cover beneath the maize crops had a 
strong influence on erosion. Soil loss was reduced to 
very low levels when surface cover exceeded 20% 
for open-field farming, and 10% in the cropping 
alleys of the hedgerow intercropping treatments. 
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• Surface cover is the near ground cover in the cropping alleys, and does not include the cover provided by the hedgerows. 

Figure S. Derivation of.4. .. and bz. 
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The values of Am", and bz derived for open-field 
farming produced accurate predictions of cumulative 
soil loss during the wet season maize crop of 1993 
(Table 3). Validating the model using measured soil 
loss data from open-field farming for 1990 to 1992 
also produced accurate predictions of cumulative soil 
loss. Accurate prediction of cumulative soil loss 
required accurate prediction of runoff and surface 
cover, adding confidence to the parameterisation of 
those components of APSIM. 

The values of Abare and b2 derived from hedgerow 
treatment 2 produced accurate predictions of 
cumulative soil loss from hedgerow treatment 3 for 
the years 1990 to 1992. From 1990 to 1992, the 
desmanthus hedgerows were vigorous and reduced 
soil loss to negligible levels which the model 
accurately predicted (Table 3). 

Table 3. Summary of APSlM's soil loss predictions. 

Year Cumulative soil loss Predicted/ RMSE of 
(t/ha) Observed daily soil 

--_.. ratio loss 
Measured Predicted 

Hedgerows 
1990 0 0.005 n.a.t n.a. 
1991 0 0.065 lI.a. n.a. 
1992 0 0.004 n.a. n.a. 
1993' 7.1 5.51 0.78 3.7 

... __ .. -
Open-field 
1990 79 74 0.93 6.1 
1991 111 128 1.15 4.2 
1992 13 19 1.46 1.9 
1993' 95 92 0.97 3.8 

• The efficiency of entrainment was calibrated against 
measured surface cover for 1993. 
t Could not be calculated because there was no measured 
soil Joss. 

The values of Abare and bz derived empirically 
using data from hedgerow treatment 2 under­
predicted cumulative soil loss when used in APS1M 
to simulate hedgerow treatment 3 during the wet 
season maize crop of 1993. In 1992-93, the 
desmanthus hedgerows senesced and were replaced, 
reducing their effectiveness in controlling soil 
erosion. Early in the cropping season when surface 
cover was low, some high rainfall events caused rills 
to break through the hedgerows, producing high 
runoff and soil loss. The reduced effectiveness of 
replanted hedgerows for controlling erosion was 
accurately modelled using values of 4.re and bz of 
0.55 and 0.2 for days on which rainfall exceeded 
40 mm (Table 3). As expected, the difficulty of 
accurately predicting runoff from daily rainfall 
resulted in imprecise predictions of daily soil loss. 
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Nitrogen 

The parameters derived for the nitrogen module 
reflect the moderate fertility of the soil at Tranca 
(Appendix 1). Initial levels of soil nitrate in APSIM 
for 1990 were set to levels consistent with high 
residual organic matter from a sesbania cover crop. 
For 1991 to 1993, initial soil nitrate levels were 
adjusted to reflect the quantity and nitrogen content 
of peanut residues added in the dry season. The bio­
mass of peanut stover varied with seasonal con­
ditions, averaging around 2 t/ha/yr from 1989 to 
1993, with an average nitrogen content of 2%. 
Nitrogen contributions via the root systems of legu­
minous hedgerows were included by specifying 
higher initial organic carbon and labile nitrogen 
pools in the soil (Appendix 1). The magnitudes of 
these adjustments were estimated subjectively, but 
drew upon past experience simulating legume-non­
legume systems in tropical environments (Probert et 
al. 1996). 

Contributions of nitrogen to maize crops via 
hedgerow prunings were included by specifying the 
date, amount and nitrogen content of biomass added 
following each hedgerow pruning. Residues from 
hedgerow pruning biomass were added from outside 
the plant-soil system being modelled. The 
desmanthus hedgerows were not pruned in the year 
of establishment, 1988. In the three years following 
establishment, 1989-1991, the biomass of hedgerow 
prunings varied with seasonal conditions from 2.5-
3.5 t/ha/yr. The hedgerows senesced during the fifth 
year following establishment (1992), and only pro­
duced 0.6-0.9 tiha/yr. Foliar analysis of Desmanthus 
revealed an average nitrogen content of around 
2.5%. In 1993, the hedgerows were partially 
replanted using a Tephrosia sp., and yielded 
negligible pruning biomass in that year. 

No soil nitrate data were available for testing 
nitrogen simulation and therefore no model testing 
results are presented. 

Maize 

The phenological parameters derived for the two 
maize varieties, Lagkitan and IPB193, accurately 
predicted the development of each variety through 
the juvenile and flowering stages to maturity 
(Appendix 1). APSIM accurately predicted 
fluctuation in maize yields associated with seasonal 
climatic variation, but overpredicted the magnitude 
of yields in 1991 and 1992 (Figure 6). Lower yields 
in 1991 have been attributed to restricted flowering 
because of ash falls during the eruption of Mt 
Pinatubo (Comia et al. 1994). Delays in funding 
reduccd the intensity of weeding and pest control in 
1992. 
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Figure 6. Maize yields predicted using APSIM compared with measured. 

Maize yields were sensitive to initial levels of soil 
nitrate at the start of each crop season. Adjusting soil 
nitrate levels at the start of the 1990, 1993 and 1994 
wet seasons to levels consistent with higher inputs 
from previous crops of sesbania (1990) and peanut 
(1993,1994) enabled APSIM to predict maize yields 
better in those years. Maize yields were less sensitive 
to changes in soil water parameters because high 
rainfall maintained soil moisture close to saturation. 

The yields predicted for hedgerow intercropping 
are reported on the basis of cropped area anI y 
(Figure 6). APSIM accurately predicted higher yields 
per unit of cropped area from hedgerow inter­
cropping compared to open-field farming. 

Discussion 
Applications of cropping systems models to humid 
tropical farming systems in developing countries are 
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rare. Most cropping systems models have been 
developed for temperate or semi-arid tropical 
environments, and the comprehensive data sets 
required to parameterise and test the models for 
humid tropical environments are rarely available in 
developing countries. The detail and scope of the 
data used in this study were unusual, allowing a 
range of system parameters controlling crop growth, 
soil water and erosion to be derived and tested. 

Modelling open-field farming 

APSIM was developed to model open-field farming 
systems in the semi-arid tropics. This application 
extended the model into a humid tropical environ­
ment where high rainfall maintained soil moisture 
content close to saturation. Parameterising the model 
for saturated soil conditions reduced confidence in 
the parameters defining the lower limits of soil 



water-holding capacity, reducing the reliability of the 
model for predicting dry season maize yields. 

Where multiple processes interact, there can be a 
range of parameter combinations that give equally 
accurate predictions of measured data. Parameteris­
ation of APSIM produced impressive agreement 
between predicted and measured data. Ideally, how­
ever, more measured data would be required to 
minimise the number of unknown variables and 
improve confidence in the predicted output. This was 
of particular concern for soil nitrogen dynamics, for 
which there were no measured data, because pre­
dicted maize yields were sensitive to soil nitrate 
levels. 

APSIM is likely to overpredict maize yields from 
open-field farming because it models the full 
potential response of maize crops to soil water and 
nitrogen levels which, in the field, would be moder­
ated by other constraints to plant growth. Constraints 
such as nutrients other than nitrogen, pests, diseases 
and environmental extremes were not considered. An 
element of management imprecision can be incor­
porated using planting and tillage rules based on 
cumulative rainfall, but these cannot capture the 
complex decision-making process of farmers. 

Modelling hedgerow intercropping 

The ability of this version of APSIM to simulate 
maize yields from hedgerow intercropping was dis­
cussed earlier. In the absence of an APSIM module 
capable of simulating hedgerows as an intercrop, an 
open-field model was parameterised to predict 
runoff, erosion and crop growth measured from a 
field with hedgerows. 

The relationship between runoff curve number 
and surface cover derived for hedgerow inter­
cropping indicated that hedgerows can greatly 
enhance the effectiveness of surface cover in 
reducing runoff, but may be less effective as physical 
barriers to runoff. Hedgerow stems reduced runoff 
curve number for bare soil by around 10, whereas 
high levels of surface cover from hedgerow prunings 
caused much greater reductions in runoff response 
compared to open-field farming. Although the 
barrier effect of hedgerows on runoff was small, 
hedgerows can significantly reduce the efficiency of 
entrainment of water flows by reducing their concen­
tration, leading to a reduction in the incidence of 
rills. The surface cover provided by hedgerow 
prunings protects the soil surface from erosive rain­
fall and water flows. 

Legume shrub hedgerows senesce and require 
replacement or infill replanting at varying intervals 
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depending on the hedgerow species and environ­
ment. Hedgerows that are newly replaced or repaired 
are less effective in controlling runoff and erosion. 
Under high intensity rainfall, concentrated water 
flows break through weak points in the hedgerows to 
form rills. Hedgerow failure in periods following 
replanting can be modelled using runoff and erosion 
parameters similar to those for open-field farming on 
days with high rainfall. 

As discussed earlier, this version of APSIM 
models the beneficial effects of hedgerow inter­
cropping on maize yields, but does not model the 
competitive hedgerow-crop interactions that are 
likely to reduce yields. Hedgerow prunings were 
added from outside the plant-soil system being 
simulated, and no account was taken of the water or 
nitrogen taken up by the hedgerows. Hedgerows 
were not explicitly modelled as an intercrop, and 
their interception of solar radiation was not con­
sidered. However, maize yields predicted by APSIM 
can be adjusted for hedgerow-crop competition, 
which can reduce maize yields by 10% to 25% 
depending on soil fertility and the degree of terrace 
formation induced by the hedgerows. 

Competition for soil water and nitrogen between 
the hedgerows and adjacent maize crops was not 
evident in the maize yields measured at Tranca. This 
was due to the fertility of the soil, high rainfall and 
the addition of nitrogen fertiliser. In drier conditions, 
with less fertile soils or lower nitrogen additions, 
hedgerow-crop competition could be expected to 
have a greater effect on maize yields. The potential 
effect of hedgerow-crop competition on maize yields 
for different soil types was discussed earlier. 

Erosion/crop productivity simulation with 
APSIM 

The version of APSIM described and parameterised 
above was used to simulate soil erosion and long­
term maize yields from traditional open-field 
farming and hedgerow intercropping. The farming 
systems simulated are the same as those on which 
the economic analysis was based, and the model was 
parameterised to data from nearby trials of hedgerow 
intercropping with similar agronomic conditions. 
Open-field farming is simulated with and without 
fallow years to reflect the most common maize 
farming practices in the Philippine uplands. Inter­
cropping of maize between shrub legume hedgerows 
is simulated to investigate the sustainability of the 
most commonly promoted form of hedgerow inter­
cropping in the Philippine uplands. In this form of 
hedgerow intercropping, hedgerow prunings are 
applied as mulch to the cropping alleys rather than 
fed to livestock. 



Methodology 

Two variants of open-field farming were simulated 
using APSIM: continuous and fallow (Table 4). In 
densely populated upland areas, most arable land has 
been under constant use to provide crops for sub­
sistence and sale. Simulating repeated cropping 
every year without fallow years is, in these cases, an 
accurate model of farmer circumstances. Continuous 
open-field farming also provides a useful comparison 
with hedgerow intercropping, which has usually 
been promoted without fallow years. 

In less populated communities, land has been 
relatively abundant and maize farmers have rotated 
cropping between two or three fields. The area 
cropped each year has been limited by the avail­
ability of farm family labour. For comparison with 
continuous cropping of a single hectare of land, it 
was assumed that farmers practising field rotation 
have two fields, each one hectare in size, and that the 
availability of labour permits one hectare to be 
cropped each year. Farmers were assumed to rotate 
the two fields alternately through two years of maize 
cropping and two years of fallow. The two years of 
fallow were assumed to be dominated by Imperata 
cylindrica (Imperata grass), and provide no direct 
economic returns to the farmer. The analysis of 
fallow farming is therefore based on two hectares of 
land, rather than the single hectare considered for the 
other farming methods. 

It was assumed that 1000 kg/ha of weed residues 
accumulated over each dry season fallow (January to 
April) with a nitrogen content of 10 kg/ha (1.0%). 
Prior to cultivation, 75% of weed residues were 
burnt. Cultivation was simulated in the model by 
incorporating 80% of the remaining surface residues 
to a depth of 20 cm. Cumulative rainfall of 30 mm 
over seven days was required to initiate cultivation, 
and cultivation was repeated after 21 days if 
cumulative rainfall was insufficient for sowing. 

A maize-maize crop rotation was simulated 
because maize has been the most widely planted crop 
in the Philippine uplands. Local varieties have domi-

nated the more expensive hybrid varieties in the 
small-holder maize farming systems of the uplands, 
and so a local variety of maize, Lagkitan, was simu­
lated. The first crop was planted at the beginning of 
the wet season in May and a second crop was planted 
in September or October provided there was suffi­
cient rainfall after harvesting of the wet season crop. 
Sowing took place between five and 21 days after 
tillage provided at least 30 mm of rainfall over seven 
days was received. Maize was sown at a spacing of 
20 cm along rows and 75 cm between rows to pro­
duce a density of 66 000 plants per hectare. Maize 
was harvested at maturity and the stubble from har­
vesting retained in the field. 

Biomass production of Imperata grass during the 
two-year fallow periods of fallow open-field farming 
was based on the estimates of Sajise (1980). Sajise 
reported above-ground dry matter production of 
Imperata in the Philippines averaging 4 t/ha/yr with 
an average nitrogen content of 0.94%. Assuming that 
annual burning prevents the accumulation of above­
ground biomass, fallows of Imperata grass were 
simulated by applying 4 t/ha of residue at the end of 
each fallow. High cover levels were specified during 
the two-year fallow periods. 

The cropping and tillage operations simulated for 
hedgerow intercropping were the same as those for 
open-field farming except that residues were incor­
porated rather than burnt at land preparation. Based 
on the lifecycJe of desmanthus in the Tranca trial, it 
was assumed that hedgerows senesced and required 
partial (50%) replacement every five years. As dis­
cussed earlier, the hedgerows were simulated to be 
less effective in controlling erosion in years of estab­
lishment, infill replanting and senescence. No fallow 
years were included in the hedgerow intercropping 
model, because the technology has usually been pro­
moted to upland farmers as a method of sustaining 
continuous cropping. 

The biomass of hedgerow prunings was assumed 
to vary with hedgerow vigour over a five year life­
cycle, based on pruning biomass measured at Tranca. 

Table 4. Description of the maize fanning methods simulated using APSIM, Tranca. 

Method of fanning 

Continuous open-field fanning (open-field) 

Fallow open-field farming (fallow) 

Hedgerow intercropping (hedgerows) 

Description 
----

Repeated annual cropping, without fallow years, of a maize-maize crop 
rotation in a field without hedgerows. 

Annual cropping of a maize-maize crop rotation in a field without hedge­
rows for two years, followed by two years during which the field was left 
to revert to shrubby grassland dominated by Imperata grass. 

Repeated annual cropping, without fallow years, of a maize-maize crop 
rotation in the alleys fonned by leguminous shrub hedgerows. 
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Hedgerows were assumed to produce no pruning 
biomass in years of establishment, infill replanting Of 

senescence. In years two to four, 3000 kg/ha/yr of 
prunings were added containing 75 kg of nitrogen 
per hectare (2.5%). 

Maize yields predicted by APSIM were reduced 
by 10% to reflect the effect of hedgerow--<:rop com­
petition on soils of moderate acidity, as discussed 
earlier. Maize yields from hedgerow intercropping 
are reported on a whole-area basis, including the 
field area occupied by the hedgerows. 

Thirty-six years of historical climate data 
(1959-94) were available to run APSIM.6 The three 
farming methods were simulated over 25 years 
(1959-83) to compare predicted soil loss, and the 
effect of soil loss on maize yields. Each simulation 
commenced with one metre of moderately fertile soil 
similar to the soil at Tranca prior to the research trial, 
when the land had been fallowed for some time. The 
simulations of continuous open-field farming and 
hedgerow intercropping were extended to 50 years to 
investigate the long-term effects of continuous 
cropping on maize production. A 50-year climate 
data set was generated by random resampIing of the 
36 years of historical climate data. 

The interaction of cyclical and seasonal climatic 
variation and soil quality on the distribution of 
expected maize yields was investigated by repeated 
simulations of the three farming methods with dif­
ferent starting years in the historical climate data set. 

6. The climate data were provided by tbe International 
Rice Researcb Institute, Los Banos, Pbilippines. 

12 

11 

10 

9 

8 

4 

3 

2 

Thirty-six years of climate data enabled each 
farming method to be simulated 12 times over 25 
years (Figure 7). The distribution of maize yields 
from repeated simulation indicates the risk of crop 
failure from the alternative farming methods. 

Results 

Maize yields 

Annual maize yields predicted from continuous 
open-field farming were initially high but declined 
dramatically in the first few years of cropping as 
erosion removed soil organic matter and reduced soil 
fertility (Figure 8). High maize yields from fallow 
open-field farming in the first four years of cropping 
reflect the high initial productivity of two separate 
maize fields. In the long term, predicted maize yields 
for fallow open-field farming declined to slightly 
higher levels than those predicted from continuous 
open-field farming. Hedgerow intercropping was 
predicted to sustain potential yields around initial 
levels, though actual yields were sensitive to 
seasonal climatic fluctuations. Yields from hedgerow 
intercropping were predicted to fall below those of 
open-field farming in years of drought, when soil 
water limited the response of maize crops to higher 
nitrogen levels (e.g., Year 12, Figure 8). Yields from 
hedgerow intercropping were initially lower than 
those from continuous and fallow open-field farming 
because of the cropping area occupied by hedgerows, 
and because maize yields were suppressed by 
hedgerow/crop competition for light, nutrients and 

04---------+-------~r_------_+--------~--------+_------~ 
1958 1964 1970 1976 1982 1988 1994 

Years of climate data 

Figure 7. SimuJations to derive a distribution of predicted maize yields. 
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Figure 8. Annual maize yields predicted using APSIM. 

water. After three or four years, yields from 
hedgerow intercropping were consistently greater 
than those from continuous and fallow open-field 
farming. 

Soil erosion 

APSIM predicted a soil depth decline of 540 mm 
over 25 years under continuous open-field farming, 
resulting from average soil loss of 190 t/ha/yr 
(Figure 9). Fallow open-field farming effectively 
spread declining soil depth over twice the cropping 
area, halving soil depth decline. The lower average 
rate of soil loss from fallow open-field farming is a 
composite of two rates: an average of 175 t/ha/yr in 
years of cropping, compared to very low predicted 
erosion in fallow years. The decline in soil depth pre­
dicted under hedgerow intercropping was negligible, 
with soil loss averaging 1 t/ha/yr. 

Erosion from open-field farming was predicted to 
be high because the soil surface cover was low 
during periods of high rainfall (Figure 10). Grass 
cover during fallow years reduced predicted erosion 
from fallow open-field farming, but erosion was high 
in cropping years because surface cover management 
was the same as continuous open-field farming. 

15 20 25 
Years 
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Hedgerows provide surface cover for the proportion 
of cropping area that they occupy, and hedgerow 
prunings provide surface cover for the cropping 
alleys. 

Soil water 

By reducing soil depth, erosion reduces the amount 
of water available for plant uptake. Predicted 
maximum annual plant extractable water declined 
significantly under continuous and fallow open-field 
farming, in similar proportion to the rate of soil 
depth decline. Maximum plant extractable water 
remained unchanged under hedgerow intercropping 
because of negligible soil loss. 

Soil nitrogen 

Erosion reduces the amount of nitrogen available for 
plant uptake. The maximum annual amount of soil 
nitrate available for plant uptake declined rapidly to 
low levels under continuous open-field farming as 
the topsoil was removed in the first few years of 
cropping. An average 95 kg/ha/yr of nitrogen 
removed in eroded sediments from continuous open­
field farming was significant relative to the 
30 kg/ha/crop added as urea. 
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Figure 9. Soil depth predicted using APSIM. 
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Figure 10. Average surface cover predicted using APSIM. 
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FIgure 11. Maize yields predicted using APSIM over 50 years. 

The simulated two-year Imperata fallows had a 
negligible effect on predicted maximum annual soil 
nitrate under fallow open-field farming, explaining 
why predicted maize yields were similar to those for 
continuous open-field farming. Most of the 40 kg/ha 
of nitrogen added with Imperata residue after each 
two-year fallow was lost by burning prior to land 
preparation for the wet season maize crop. Nitrogen 
lost in eroded sediments averaged 60 kg/ha/yr in all 
years, and 110 kg/ha/yr in years of maize cropping. 

Very low rates of soil loss under hedgerow inter­
cropping maintained predicted maximum annual soil 
nitrate around initial levels. Predicted loss of 
nitrogen in eroded sediments from hedgerow inter­
cropping was negligible over 25 years of simulation. 
Plant-available nitrate under hedgerow intercropping 
fluctuated in response to cyclical variation in crop 
uptake, pruning biomass and seasonal conditions for 
organic matter decomposition and fertiliser mineral­
isation. Soil nitrate levels under hedgerow inter­
cropping were sustained by the 75 kglha/yr of 
nitrogen added in hedgerow prunings during years 
two to four of each hedgerow Iifecycle. 

Extended simulations 

Predicted maize yields from continuous open-field 
farming using 50 years of randomly ordered climate 
data declined rapidly to low levels in the first few 
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years of cropping (Figure 11). After 30 years of 
cropping, predicted maize yields again feH rapidly as 
the soil eroded at an average rate of around 
220 kg/ha/yr until crop production was no longer 
possible. Low rates of soil loss predicted for 
hedgerow intercropping sustained predicted maize 
yields over 50 years, which varied with seasonal 
conditions. 

Distribution of maize yields 

The interquartile range from the distributions of pre­
dicted maize yields from the alternative farming 
methods are presented in Figure 12. The distribution 
of predicted maize yields from continuous open-field 
farming over 12 simuJations was narrowly dispersed 
during the first 15 years of cropping. Rapidly 
reducing profile depth and loss of soil nitrogen 
reduced predicted yield response to favourable 
seasonal conditions. After 15 years of cropping, the 
probability of crop failure was high because soil 
organic carbon levels were reduced to very low 
levels. The distribution of predicted maize yields 
predicted from fallow open-field farming was similar 
to that predicted from continuous open-field farming 
in the short to medium term. In the long term, how­
ever, fallowing reduced the probability of crop 
failure by conserving soil depth and maintaining soil 
carbon levels. 



The distribution of predicted maize yields from 
hedgerow intercropping was more widely dispersed 
than those from continuous and fallow open-field 
farming (Figure 12). Hedgerow intercropping 
reduced predicted soil loss, maintaining soil waler­
holding capacity and nitrate levels, and enabling pre­
dicted maize yields to respond to favourable seasonal 
conditions. Predicted maize yields from hedgerow 
intercropping can be low in years of unfavourable 
rainfall distribution. However, cycling of organic 
matter and nitrogen through hedgerow prunings 
reduced the probability of crop failure in the long 
term. The five-year I ifecycle imposed on hedgerow 
biomass production produced a five-year cycle in 
expected maize yields from hedgerow intercropping. 

Discussion 

Sustainability of maize production 

Continuous open-field maize farming in the 
Philippine uplands is unlikely 10 be sustainable in the 
long term. Intense rainfall can cause high rates of 
erosion when surface cover is low, even on moderate 
slope gradients. Although nutrient decline is 
important, an overriding concern is the potential to 
lose all arable soil from intensively cultivated maize 
fields after around 30 years of cropping. Vast areas 
of the uplands have been deforested and converted to 
sedentary agriculture in the last 30 or 40 years. 

Predicted erosion of 190 t/ha/yr for open-field 
farming of a maize-maize rotation was higher than 
the average 106 t/ha/yr measured from a maize­
peanut rotation at Tranca between 1990 and 1994. 
Although partly due to the difference in crop 
rotation, the greater erosion was also due to repeated 
tillage simulated in years when sowing was delayed 
by insufficient rainfall. A greater number of tillage 
events simulated by APSIM was more representative 
of traditional farmer pra<..iice than the strictly con­
trolled management of the research trial. Farmers in 
the Philippine uplands have favoured clean culti­
vation through repeated ploughing, and fields left 
bare by tillage are highly susceptible to erosion. The 
dramatic loss of soil depth predicted by APSIM 
under open-field farming is similar to that reported 
by Q'Sullivan (1985) for maize farmers in 
Mindanao, and other estimates reviewed in Nelson 
(1996). 

Fallow open-field farming has been a common 
practice of maize farmers in less populated areas of 
the uplands who have two or more parcels of land, 
although it has progressively given way to con­
tinuous cropping as popUlation growth has forced 
more intensive land use. The simulation results 
indicate that fallowing in Imperata grasslands for 
brief periods can prolong cropping by spreading soil 
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loss over a greater land area. However, Imperata 
grass is very low in nitrogen and has little potential 
to improve the fertility of soil during limited fallow 
periods of two or three years. This is consistent with 
an observed decline in productivity and increasing 
reliance on external inputs in shifting cultivation 
systems with reduced fallow periods. 
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Figure 12. Distribution of maize yields predicted using 
APSIM. 

Simulation with APSIM suggests that hedgerow 
intercropping has potential to sustain maize yields in 



the Philippine uplands by greatly reducing soil loss 
and contributing nitrogen to the cropping alleys. 
Hedgerow intercropping reduces erosion by main­
taining soil surface cover during periods of intense 
rainfall. By reducing soil loss, hedgerow inter­
cropping can maintain soil water-holding capacity 
and nitrate levels. As well as providing surface cover 
and reducing erosion, mulch from hedgerow 
prunings can contribute significant amounts of 
nitrogen and organic matter to the cropping alleys. 
This is consistent with the findings of the fields trials 
of hedgerow intercropping in the Philippines and 
elsewhere. 

Average soil loss from hedgerow intercropping of 
a maize-maize rotation predicted using APSIM was 
1 t/ha/yr, lower than the 6.4 t/ha/yr from the maize­
peanut rotation of the Tranca trial from 1990 to 
1994. However, this comparison needs to be inter­
preted with consideration of the lifecyc1e of the 
hedgerows in the research trial. The higher rate 
measured at Tranca included no measured erosion 
from 1990 to 1992,7.1 tlha in 1993 and 24.7 t/ha in 
1994. In 1993, the hedgerows senesced and were 
replaced, reducing their effectiveness in controlling 
erosion. In 1994, the replacement species failed, 
further reducing the effectiveness of the hedgerows 
in controlling erosion. The senescence of shrub 
legumes and associated failure of hedgerows in con­
trolling erosion are important characteristics of 
hedgerow intercropping. APSlM was therefore 
parameterised to simulate hedgerow failure in years 
of senescence and reestablishment, and predicted up 
to 5 tlha/yr of erosion in those years. The very low 
rates of erosion simulated from hedgerow inter­
cropping reduce the practical significance of the 
potential to overstate soil loss by assuming a con­
stant slope for the Rose equation. 

Distribution of maize yields 

The predicted distributions of maize yields suggest 
that the productivity of continuous open-field 
farming can be relatively stable in the medium term, 
after an initial rapid decline as fertile topsoil is lost. 
High rates of erosion reduce soil productivity, 
limiting the response of maize crops to favourable 
seasonal conditions. In the long term, low soil 
organic matter levels increase the probability of crop 
failure. Fallow open-field farming may be attractive 
to farmers with sufficient land because it reduces the 
probability of crop failure in the long term. The 
probability of crop failure may be as important as the 
expected value of maize yields to farmers operating 
on the margin of economic survival. 

Hedgerow intercropping may increase the 
variability of maize yields relative to open-field 
farming by conserving soil productivity and 
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maintaining a potential for maize crops to respond to 
favourable seasonal conditions. However, maize 
yields from hedgerow intercropping may not respond 
to high levels of nitrogen in years when soil water is 
limiting to plant growth. There may also be a 
cyclical component of the seasonal variation in 
maize yields from hedgerow intercropping associ­
ated with hedgerow biomass production over the 
lifecycle of the hedgerow species. 

Limitations of the analysis 

APSIM was parameterised using data from the wet 
season maize crops of the maize-peanut rotation 
planted in the trial at Tranca, and model parameters 
were not tested under dry season conditions. During 
the simulation exercise, APSIM predicted consistent 
failure of dry season maize crops when a hybrid 
maize variety was simulated as the wet season crop, 
because hybrid varieties were predicted to exhaust 
plant extractable soil water. A consistent failure of 
dry season maize crops may explain why only six of 
the nineteen farmers interviewed in Timugan regu­
larly planted dry season maize crops, three of them 
using local maize varieties in the wet season. For this 
analysis, a maize-maize rotation was simulated 
using a local variety, and predicted dry season yields 
were reasonable when compared to the yields 
reported by the farmers in Timugan. APSIM's pre­
dictions of dry season yields were reasonable when a 
local variety was simulated as the wet season crop, 
because local varieties mature over a shorter period 
and exhaust soil water reserves less frequently. 

Maize yields predicted using APSIM were 
sensitive to soil nitrogen levels because APSIM does 
not simulate constraints on plant growth such as 
nutrients other than nitrogen, pests, diseases, man­
agement limitations or environmental extremes. For 
example, farmers in the uplands rarely apply 
sufficient chemical inputs to effectively control pests 
and diseases. Environmental extremes, especially 
typhoons, regularly destroy maize crops in some 
parts of the Philippine uplands. The conditional rules 
within APSIM provide some degree of management 
variability in response to rainfall, but cannot capture 
the full complexity of farmer decision-making. 

For this application, APSIM was parameterised 
for moderately acid subsoils on which hedgerow/ 
crop competition was not strongly expressed in 
measured maize yields. A relatively small 
hedgerow-crop competition factor of 10% derived 
for this type of environment was therefore used to 
adjust maize yields from hedgerow intercropping. 
On less fertile soils, phosphorus and other mineral 
limitations may reduce the potential of hedgerow 
intercropping to sustain maize production (Garrity 
1993, Palm 1995). For example, on strongly acid 



soils, intense hedgerow-crop competition in the 
shallow topsoil may limit the cycling of phosphorus 
through hedgerow prunings below the level required 
to sustain continuous cropping (Garrity 1994). 

The predicted ability of hedgerow intercropping to 
reduce the risk of crop failure is partly due to the use 
of a constant hedgerow-crop competition factor to 
adjust predicted maize yields. A constant factor is 
likely to overstate competition in seasons favourable 
for plant growth, and understate competition in 
unfavourable seasons. In the field, the intensity of 
hedgerow-crop competition is likely to vary season­
ally with the abundance of soil water and nitrogen. In 
unfavourable seasons, hedgerow-crop competition 
for soil water and nutrients may result in crop failure 
that would not occur in open-fields. An important 
objective for future research is therefore to develop a 
capacily 10 model hedgerows explicitly as an 
intercrop. 

APSIM is a point scale model, simulating physical 
processes at the field level. An implicit assumption in 
the simulations reported in this chapter is that there is 
no water flowing onto the field from those above. An 
important limitation of hedgerow intercropping in the 
Philippine uplands has been a tendency for hedge­
rows to fail when there has been significant run-on of 
surface water from fields higher in the catchment 
(John Bee, pers. comm.7). Further investigation and 
refinement of hedgerow intercropping at the whole 
farm and catchment levels is required. 

Bioeconomic analysis or bedgerow intercropping 

Cost-benefit analysis was used to investigate the 
economic viability of hedgerow intercropping in 
areas of the uplands that are remote or relatively 
inaccessible from urban centres because of poor 
transport infrastructure. The retums from maize 
farming with and without hedgerows are derived 
from maize yields simulated using APSIM. The costs 
of maize farming were estimated using economic 
data from maize farmers in the communities of 
Timugan and Claveria, presented in Nelson et a!. 
(1996a). The economic returns to investments in 
hedgerow intercropping with shrub legumes relative 
to traditional open-field farming are analysed by 
comparing net present value over 25 years. The 
economic incentives to adopt hedgerow inter­
cropping revealed by the cost-benefit analysis are 
interpreted in terms of farmers' other decision 
criteria and socioeconomic constraints. In particular, 
the relative risk of the alternative farming methods is 
investigated by analysing the distribution of pre­
dicted net returns over 25 years. 

7. International Client Services, Queensland Department of 
Primary Industries, Brisbane. 
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Methodology 

Economic data 

The surveys of maize farmers in Timugan and 
Claveria, and the economic data obtained from them 
are described in Nelson et al. (1996a). Estimates of 
labour and material inputs from the Timugan survey 
were used because they were compatible with the 
agronomic conditions of the Tranca trials, for which 
APSIM was parameterised. Costs and prices reported 
by farmers in Claveria were used to analyse the 
economic viability of hedgerow intercropping under 
the economic conditions prevailing in relatively 
inaccessible ~pland areas. Vast areas of the uplands 
are relatively inaccessible from urban centres, 
restricting the marketing and employment oppor­
tunities available to farmers. The production of 
maize grain for subsistence and sale as animal feed 
dominates agriculture in these areas, and poor 
accessibility limits off-farm employment oppor­
tunities, significantly reducing the cost of labour. 

Farmers in Claveria sell their maize on-farm as 
grain at a moisture content of around 18% (Sayre 
1992). Maize yields predicted using APSIM were 
converted to 18% moisture content and valued using 
the real farm-gate price of white maize for Northem 
Mindanao (CRC 1987-88, 1992-93). Two maize 
price scenarios were used to assess the effect of 
relevant policy options on the economic viability of 
the alternative farming methods: removing trade pro­
tection from maize imports, and improving transport 
and marketing infrastructure. David (1996) demon­
strated that tariffs and restrictions on maize imports 
caused the warehouse price of maize in Manila to 
exceed the border price by an average of 76% 
between 1990 and 1994. The adjusted farm-gate 
price of maize per kilogram after removing trade 
protection, PF, is given by: 

, Pw 
PF = - CM 

1.76 
where Pw is the warehouse price of maize in Manila, 
and CM is marketing costs. 

Infrastructure improvements are often advocated 
as an effective means of improving the farm-gate 
price of maize (Say re 1992). The effect of improving 
transport and marketing infrastructure was investi­
gated by assuming improvements that halve mar­
keting costs between farm-gate and wholesale prices 
in Manila. 

The expected farm-gate price of maize was P5.50 
per kilogram in the wet season, and P5.90 per kilo­
gram in the dry season (CRC 1987-88, 1992-93). 
Sayre (1992) reported that marketing costs to Manila 
for maize originating in Bukidnon, a province 
adjacent to Misamis Oriental where Claveria is 
located, were Pl.60 per kilogram in 1992, equivalent 



to F1.80 per kilogram in 1994 prices. Using this 
marketing cost, removing trade protection from 
maize could reduce the expected farm-gate price of 
maize from F5.50 to F2.30 per kilogram in the wet 
season, and from P5.90 to F2.60 per kilogram in the 
dry season. Improvements in transport and marketing 
infrastructure that halved marketing costs could 
increase the expected farm-gate price of maize to 
J!6AO per kilogram in the wet season and J!6.85 per 
kilogram in the dry season. 

Many upland farmers do not own the land that 
they cultivate, and share cropping has been an 
important form of tenancy (Lara and Morales 1990). 
In some cases, tenants have been discouraged from 
implementing land improvements such as hedgerow 
intercropping to protect the ownership claims of 
absentee landlords. To investigate the implications of 
share-tenancy for the economic viability of 
hedgerow intercropping, it was assumed that land­
lords contribute 50% of the cost of external inputs 
for maize cropping including seed, fertiliser and 
animal power in exchange for 50% of each crop 
harvested. Share tenants were assumed to bear the 
manual labour costs of maize cropping and the full 
cost of hedgerow establishment. 

Two discount rates were used for this analysis 
based on the cost of capital reported by farmers in 
Claveria, and described in Nelson et a1. (1996a). A 
real discount rate of 25% was derived from the cost 
of interlinked credit from traders. A lower discount 
rate of 10% was used to reflect the potential of 
government-sponsored farmer cooperatives to reduce 
the cost of capital to upland farmers. 

Cost-benefit analysis 

The cost-benefit analysis was calculated in an Excel 
spreadsheet (Microsoft Corporation 1993). Related 
software, @Risk (Palisade Corporation 1995), was 
used to consider uncertainty associated with the 
quantity and cost of labour and material inputs, and 
the seasonal variability of maize yields predicted 
using APSIM. @Risk calculates probability distribu­
tions for output variables from repeated random sam­
pling of input variable distributions. Probability 
distributions for input variables were estimated using 
Bestfit (palisade Corporation 1994). 

Probability distributions for the amount of labour 
required for each farming operation were derived 
from labour estimates provided by Timugan farmers, 
a summary of which was presented in Nelson et al. 
(1996a). The median of farmers' estimates for the 
cost of urea fertiliser, labour and animal power were 
accepted as expected values, with probability distri­
butions estimated from published time series data 
(Intal and Power 1990, Balisacan 1993). Published 
time series data for Northern Mindanao from 1984 to 
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1992 were used to estimate a probability distribution 
for white-maize prices (CRC 1987-88, 1992-93). 
Probability distributions for wet season and dry 
season maize yields were derived by simulating eaeh 
farming method 12 times with different starting 
years of historical climate data, as described earlier. 

The annual net returns to land from maize farming 
were calculated by subtracting the annual cost of 
material inputs and labour, including draught animal 
power, from the gross farm-gate value of maize yields. 
Draught animal power represents the most important 
capital cost in upland farming systems, and was 
valued using market prices. The capital cost of hand 
tools is negligible and was not included in the anal ysis. 

The decision of farmers to adopt a new farming 
method may be heavily influenced by the possibility 
of negative returns in any year, even if expected net 
present value is positive. The probability of negative 
returns from the alternative farming methods was 
assessed by analysing the distribution of annual net 
retums predicted over 25 years. Each scenario of the 
cost-benefit analysis is presented graphically as the 
expected net present value from each farming 
method over 25 years. Graphing net present value 
over time reveals a range of planning horizons, and 
the influence of major assumptions on the ranking of 
the various farming methods. The resale value of 
land after 25 years was not considered. Discounting 
greatly reduces the significance of resale values over 
long periods of analysis. 

The distribution of net present value was used to 
indicate the risk associated with adopting each 
farming method, and to analyse sources of risk. 
Multivariate step-wise regression analysis was used 
to assess the sensitivity of net present value over 25 
years to the probability distributions entered for the 
input variables. Stochastic dominance analysis 
(Anderson et al. 1977) was applied to these distri­
butions to assess the preferred farming methods over 
5, 10 and 25-year planning horizons. First-degree 
stochastic dominance (FSD) assumes only that 
farmers prefer farming methods that produce higher 
net present value. FSD holds if the cumulative distri­
bution function (CDF) of net present value for one 
farming method is greater over all possible values 
than the CDF of net present value for an alternative 
method. This implies that the probability of net 
present value for the dominant farming method being 
lower than a given value is less for all values of net 
present value than it is for a dominated alternative. 
For second-degree stochastic dominance (SSD), 
farmers are assumed to prefer higher net present 
value and to be risk averse. SSD holds if the cumula­
tive area defined by the CDF of net present value for 
one farming method is greater than that of an alter­
native method for all values of net present value. 



Results 

Net returns 

Net returns predicted for open-field farming and 
hedgerow intercropping relate closely to simulated 
maize yields predicted using APSIM, described 
earlier. Expected net returns predicted from con­
tinuous open-field farming were initially high, but 
declined rapidly and became negative as erosion 
reduced predicted maize yields (Figure 13). 
Predicted net returns from fallow open-field farming 
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were high in the first four years of cropping because 
of high initial maize yields from two separate fields. 
In contrast to continuous open-field farming, fallow 
open-field farming sustained net returns around 
break-even point by spreading the impact of erosion 
over a larger cropping area. In the long term, pre­
dicted net returns from hedgerow intercropping were 
high because of reduced soil loss and sustained 
maize yields. In the short term, net returns from 
hedgerow intercropping were lower than those from 
continuous and fallow open-field farming because of 
establishment costs. A five-year cycle in net returns 
predicted from hedgerow intercropping reflected the 
cyclical nature of hedgerow biomass production and 
establ ishment costs. 

The risk of negative returns from the alternative 
farming methods was highlighted by the lower 
quartile of the distribution of net returns (Figure 13). 
The probability of negative returns predicted for con­
tinuous open-field farming exceeded 25% after three 
or four years of cropping, while fallow open-field 
farming deferred a similar probability of negative 
returns to around five or six years of cropping. The 
risk of negative returns from hedgerow intercropping 
was predicted to be less than 25% in the long term, 
except in years when hedgerow establishment 
coincided with poor seasonal conditions. 

Net present value 

A discount rate of 25% emphasised high returns 
from continuous open-field farming in the first few 
years of cropping, and reduced the present value of 
negative net returns caused by erosion-induced pro­
ductivity decline in the long term (Figure 14). Fallow 
open-field farming provided high returns from two 
separate fields in the first four years of cropping, and 
was predicted to provide high net present value to 
farmers with sufficient land in the long term. Sus­
tained returns from hedgerow intercropping pro­
duced high net present value in the long term, 
exceeding net present value from continuous open­
field farming after five years of cropping, and 
approaching net present value from fallow open-field 
farming after 20 years. In the short term, however, 
establishment and maintenance costs significantly 
reduced predicted net present value from hedgerow 
intercropping relative to the two types of open-field 
farming. 

With a discount rate of 10%, declining maize 
yields caused by high cumulative soil loss had a sig­
nificant impact on expected net present value from 
continuous open-field farming (Figure 15). However, 
farmers would require planning horizons of around 
20 years for the prospect of negative net present 
value from continuous open-field farming to affect 
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their current decision making. Net present value 
from fallow open-field farming was dominated by 
high returns in the first four years of cropping, with a 
slight decline in the long term as erosion reduced 
productivity. A low discount rate emphasised the 
high present value of sustained yields from 
hedgerow intercropping in the long term, producing 
higher net present value than continuous and fallow 
open-field farming after four and nine years of 
cropping, respectively. 

The lower prices that could result from removing 
trade protection from maize greatly reduced the 
present value of net returns from maize farming. 
Neither open-field farming nor hedgerow inter­
cropping were predicted to provide positive net 
returns over 25 years, which could motivate farmers 
to switch to alternative activities. In contrast, 
improvements in transport and marketing infra­
structure have little potential to alter the farm-gate 
price of maize. Halving marketing costs produced 
higher predicted net present value from each of the 
farming methods, but their ranking was unaltered 
from the analysis of Figure 14. 

Share tenancy was predicted to reduce the returns 
accruing to farmers from all three farming methods 
significantly (Figure 16). Share tenancy involves a 
disproportionate sharing of costs because landlords 
do not contribute to labour for maize cropping. 
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Hence the net present value from continuous open­
field farming was predicted to be negative for 
planning horizons longer than ten years because of 
erosion-induced productivity decline. For farmers 
with sufficient land, fallow open-field farming was 
predicted to be economically attractive because of 
sustained returns. Share tenancy was predicted to 
reduce the economic viability of hedgerow inter­
cropping relative to continuous and fallow open-field 
farming, because it was assumed that landlords do 
not contribute to establishment costs. Nevertheless, 
the net present value predicted from hedgerow inter­
cropping exceeded that from continuous open-field 
farming for planning horizons longer than seven 
years. 

Uncertainty and risk 

The uncertainty associated with the quantity and cost 
of labour and material inputs, and the seasonal 
variability of maize yields and prices, produced a 
distribution of net present value from the alternative 
farming methods. The spread of the distribution of 
net present value predicted from continuous open­
field farming was significant, but was less than the 
spread of the distribution predicted from fallow 
open-field farming because soil erosion limited the 
response of maize crops to favourable seasonal con­
ditions. The distribution of net present value 



Table 5. Sources of variability in net present value over 25 years predicted for an inaccessible community using APSIM. 

Open-field r Fallow r Hedgerows r 

1 Maize price (WS*) 0.72 Maize price (WS) 0.76 Maize price (WS) 0.79 
2 Maize yi~ld (WS, year 2) 0.28 Maize yield (WS, year 2) 0.29 Maize price (DS) 0.29 
3 Maize price (DS**) 0.27 Maize yield (WS, year 1) 0.27 Wage -0.23 
4 Wage -0.24 Maize price (DS) 0.24 Maize yield (WS, year 2) 0.17 

Maize yield (WS, year 1) 0.16 
Maize yield (WS, year 3) 0.14 
Maize yield (WS, year 5) 0.11 
Cost of urea fertiliser -0.10 
Maize yield (WS, year 4) 0.10 
Maize yield (DS, year 3) 0.10 

5 Maize yield (WS, year 1) 0.22 Wage -0.21 
6 Maize yield (DS, year 1) 0.15 Maize yield (DS, year 1) 0.20 
7 Cost of urea fertiliser -0.14 Maize yield (DS, year 2) 0.13 
8 Maize yield (WS, year 3) 0.13 Cost of urea fertiliser -0.12 
9 Labour for land preparation (WS) -0.12 

10 Labour for hand weeding (DS) -0.09 
Labour for land preparation (WS) -0.10 
Cost of animal power -0.08 

-------------------------------- ------------------------~ 
*Wet season. 
**Dry season. 
r is the Pearson correlation coefficient. 

predicted from fallow open-field farming reflected a 
response of maize yields to seasonal conditions and 
varying nitrogen mineralisation following fallow 
periods. The distribution of net present value pre­
dicted from hedgerow intercropping increased over 
time, because soil fertility and water-holding 
capacity were maintained, enabling maize to respond 
to favourable seasonal conditions. 

The input variables predicted to influence the dis­
tribution of net present value over 25 years were 
ranked according to the Pearson correlation 
coefficients from multivariate step-wise regression 
analysis, and the ten most significant input distri­
butions are listed in Table 5. Net present value was 
predicted to be most strongly influenced by the dis­
tribution of wet season maize prices. Other variables 
predicted to have a significant influence on net 
present value included the dry season maize price, 
maize yields in the first few years of cropping, and 
the cost of labour. 

The first degree stochastic dominance (FSD) rule 
was used to compare the probability distributions of 
net present value predicted for the alternative 
farming methods after 5, 10 and 25 years with a dis­
count rate of 25%, and after 25 years with a discount 
rate of 10%. With a discount rate of 25%, fallow 
open-field farming dominated both continuous open­
field farming and hedgerow intercropping after five 
years (Figure 17a). After 10 years, continuous open­
field farming was dominated by both fallow open­
field farming and hedgerow intercropping (Figure 
17b). The cumulative distribution functions of fallow 
open-field farming and hedgerow intercropping were 
pn:dicte~ to converge over 25 years (Figure 17c). 
WIth a dIscount rate of 10%, hedgerow intercropping 
dominated both continuous and fallow open-field 
farming after 25 years (Figure 17d). 
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Discussion 

Implications for adoption 

The economic incentives revealed in the cost-benefit 
analysis help to explain why farmers in relatively 
inaccessible areas of the Philippine uplands have 
preferred traditional open-field maize farming to 
hedgerow intercropping. Upland farmers have had 
limited planning horizons because of insecure land 
tenure, which has reduced their confidence in 
realising long-term economic returns from land 
improvements. Over planning horizons of less than 
five years, hedgerow intercropping is uneconomic 
relative to continuous and fallow open-field farming 
because sustained yields are not realised rapidly 
enough to compensate farmers for establishment 
costs. Over longer planning horizons, hedgerow 
intercropping provides higher economic returns than 
continuous open-field farming. However, high dis­
count rates reduce the economic attractiveness to 
farmers of hedgerow intercropping relative to fallow 
open-field farming. Similarly, share-tenancy arrange­
ments in which landlords do not contribute to estab­
lishment costs also reduce the economic viability of 
hedgerow intercropping relative to both continuous 
and fallow open-field farming. Hencc farmers with 
sufficient land to practise fallowing are unlikely to 
invest in hedgerows. The analysis of risk did not 
alter the ranking of alternatives based on expected 
net returns. 

Limitations of the analysis 

The analysis presented in this chapter may overstate 
the potential productivity and economic viability of 
hedgerow intercropping relative to open-field 
farming. This is due to the structure of the model and 
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FIgure 17a-d. Stochastic dominance analysis of net present value predicted for an inaccessible community using APSIM. 

because the moderately fertile and erodible soils of 
the Tranca trial provide a favourable scenario in 
which to simulate the benefits of hedgerow inter­
cropping for maize production. As discussed earlier, 
APSIM predicts the full potential response of maize 
crops to soil water and nitrogen levels without con­
sidering other constraints to plant growth. While 
other nutrients are unlikely to limit plant growth on 
moderately fertile soils such as those at Tranca, less 
fertile soils may induce intense hedgerow/crop com­
petition. On strongly acid soils, for example, 
hedgerow/crop competition may limit the cycling of 
phosphorus through hedgerow prunings below the 
level required to sustain continuous cropping 
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(Garrity 1994). In addition, the relatively high 
erodibility of the soils at Tranca under continuous 
open-field farming enhances the potential pro­
ductivity advantages of hedgerow intercropping. The 
effectiveness of hedgerows in reducing erosion may 
also be overstated because APSIM does not consider 
water flowing onto the field from those above. 
Hedgerows tend to fail when there is significant run­
on of surface water from fields higher in the catch­
ment (John Bee, pers. comm.B). 

8. International Client Services, Queensland Department of 
Primary Industries. 



The ability of hedgerow intercropping to reduce 
the risk of negative returns from maize farming is 
partly due to the use of a constant hedgerow/crop 
competition factor to adjust predicted maize yields 
using APSlM. In the field, the intensity of 
hedgerow/crop competition is likely to vary season­
ally with the abundance of soil water and nitrogen. 
Hedgerow/crop competition for soil water and 
nutrients in unfavourable seasons may result in crop 
failure that would not occur in open-fields, 
increasing the risk of negative returns from 
hedgerow intercropping. 

The results of the economic analysis indicate that 
hedgerow intercropping is not economically viable 
for farmers despite the favourable environment and 
the likelihood that APSIM overstates the long-term 
benefits of hedgerow intercropping for maize pro­
duction. If hedgerow intercropping was less effective 
than predicted using APSIM, predicted returns 
would be lower, reducing the net present value from 
hedgerow intercropping relative to continuous and 
fallow open-field farming in each scenario of the 
cost-benefit analysis. 

Conclusion 

APSIM is a point-scale cropping systems model 
simulating soil physical and crop growth processes 
on a daily time step. A feature of APSIM is that the 
soil, rather than the crop, forms the central unit on 
which all the processes described in the model 
operate. Management operations such as planting 
and tillage are entered using a manager module, 
referenced to Julian days or conditional upon cumu­
lative rainfall or previous operations. 

The purpose of assembling this version of APSIM 
was to compare the productivity of traditional open­
field farming relative to hedgerow intercropping of 
maize in the Philippine uplands. APSIM was para­
meterised to give acceptable predictions of maize 
yields and soil loss from open-field farming and 
hedgerow intercropping using data from a com­
parative trial at Tranca, near the community of 
Timugan. A large number of parameters were 
derived and tested for the components of a maize 
cropping system including soil water-holding 
capacity, surface water runoff, surface residues, and 
soil nitrogen. 
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Maize yields simulated using APSIM over 25 
years provide an insight into the sustainability of 
maize production from traditional open-field farming 
and hedgerow intercropping in the Philippine 
uplands. Low but stable maize yields from con­
tinuous open-field farming may provide little 
warning to farmers of an imminent collapse in soil 
productivity due to erosion. Fallow open-field 
farming has little potential to improve maize yields 
relative to continuous open-field farming, but may 
sustain low levels of production and reduce the prob­
ability of crop failure over long periods. Hedgerow 
intercropping has potential to sustain maize yields in 
the uplands by protecting the soil from erosion, and 
contributing organic matter and nitrogen to the 
cropping alleys. 

The capacity of the soil to support maize pro­
duction is only one aspect of sustainability. 
Hedgerow intercropping, for example, may have the 
potential to sustain maize yields by reducing soil 
loss, but only at the cost of higher labour inputs and 
reduced cropping area. The bioeconomic analysis 
presented in this chapter helps to explain why fallow 
open-field farming has been economically attractive 
to farmers in the relatively inaccessible upland areas, 
where land is relatively abundant. Fallow open-field 
farming can provide high returns to farmers with suf­
ficient land in the short term by spreading the impact 
of erosion over a larger cropping area. While the 
potential for hedgerow intercropping to sustain 
maize yields is significantly greater than for fallow 
open-field farming, returns from sustained yields are 
not realised rapidly enough to compensate farmers 
for establishment and maintenance costs. High dis­
count rates, insecure land tenure and share tenancy 
reduce the value to farmers of sustained economic 
returns from hedgerow intercropping in the long 
term. 

In contrast, farmers in densely populated com­
munities with restricted access to land may be forced 
to crop each field continuously without fallowing, 
resulting in rapid productivity decline due to erosion. 
On erodible soils, hedgerow intercropping may be an 
economically attractive means of sustaining con­
tinuous cropping in the long term, by reducing soil 
erosion and contributing nitrogen to the cropping 
alleys. However, secure land tenure is a prerequisite 
for farmers to be able to consider the potential long­
term benefits of hedgerow intercropping. 



Appendix 1: APSIM parameters 

Soil water parameters 

Depth of layer (mm) 
Water conlent at 15 bars (cm/cm). Lower limit of 

extractable water for maize 
Drained upper limit (cm/cm) 
Saturated water content (cm/cm) 
Air dry water content (cm/cm) 
Initial soil water content (cm/cm) 
Rate of saturated soil water drainage (%/day) 
Bulk density (g/cm3) 

Runoff, evaporation and drainage parameters 

Stage 1 soil evaporation (mm) 
Stage 2 soil evaporation (mm) 
Curve number (CNII) 
Maximum curve number reduction 
Maximum cover for curve number (%) 

Erosion parameters 

Slope gradient (%) 
Slope length (m) 
Profile depth (mm) 
Enrichment coefficient 'a' 
Enrichment coefficient 'b' 
Rose (1985) Aoo", 
Rose (1985) h? 

SoU nitrogen parameters 

Depth of layer (mm) 
Organic carbon (%) 
pH 
Soil ammonium (ppm) 
Soil nitrate (ppm) 

Hedgerows 
Open-field 

Initial fraction of soil carbon in the biomass pool 
Hedgerows 
Open-field 

2 

200 300 
0.30 0.44 

0.40 0.50 
0.54 0.62 
0.21 0.44 
0.32 0.42' 
0.70 0.70 
1.00 1.10 

Open-field 

6 
3.5 
93 
58 
60 

Open-field 

17.60 
12 

1000 
6 

0.17 
0.55 
0.30 

1 

200 
0.80 
5.86 
0.600 

10.0 
5.0 

0.06 
0.03 

Initial fraction of soil carbon that is not subject to mineralisation 0.45 
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Soil profile layer 

3 

150 
0.44 

0.50 
0.62 
0.44 
0.50 
0.70 
0.90 

4 

150 
0.44 

0.50 
0.62 
0.44 
0.50 
0.70 
0.90 

Hedgerows 

6 
3.5 
83 
61 
60 

Hedgerows 

16.12 
12 

1000 
6 

0.17 
0.29 
0.35 

Soil profile layer 

2 3 4 

300 150 150 
0.32 0.24 0.20 
6.00 6.20 6.20 
0.100 0.100 0.100 

2.0 1.0 0.5 
1.0 05 0.5 

0.015 0.01 0.01 
0.015 0.01 0.01 
0.52 0.62 0.74 

5 

200 
0.44 

0.50 
0.62 
0.44 
0.50 
0.70 
0.90 

5 

200 
0.13 
6.20 
0.100 

05 
0.5 

0.01 
0.01 
0.93 



Soil nitrogen parameter continued: 

Initial root residues (kg/ha) 
Root C:N ratio 
Soil C:N ratio 
Initial surface residues (kg/ha) 
Surface residue C:N ratio 
Temperature amplitude (0C) 
Mean annual temperature Cc) 
Potential decomposition rate (%/day) 

Maize parameters 

Timing to end of juvenile stage CCd) 
Photoperiod sensitivity (0 Cdlh) 
Grain filling period CCd) 
Potential grain number 
Potential grain growth (mg/kernel/dayl) 
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Open-field 

300 
35 
12 

200 
35 
3.7 

27.3 
0.05 

Lagkitan 

170 
41 

550 
610 
10.5 

Hedgerows 

300 
35 
12 

500 
35 
3.7 

27.3 
0.05 

IPB193 

270 
41 

983 
700 
12.0 



Chapter 10 

Conclusion 

C.W. Rose and K.J. Coughlan 

THIS ACIAR Technical Report documents what may 
become something of a watershed in terms of the 
field investigation of soil erosion and soil conser­
vation in biophysical terms. Prior to the commence­
ment of ACIAR Projects 8551 and 9201, soil erosion 
research was dominated by the concepts incorporated 
in the methodology of the Universal Soil Loss 
Equation-that water erosion is due to rainfall 
impact, the role of overland flow being simply to 
transport such eroded material (Rose 1993). With 
this concept, it follows logically that the rate charac­
teristic to measure is rainfall rate. 

The erosion methodology employed in the studies 
reviewed in this Report is based on concepts that 
recognise that overland flow itself, in addition to 
rainfall impact, is an erosion agent of particular 
potency in tropical steeplands. This methodology is 
described, and its application in ACIAR Project 8551 
reported, in the special issue of Soil Technology 
(1995). 

This new methodology puts emphasis on the 
measurement of another rate process, runoff rate, in 
addition to rainfall rate. While it has been shown to 
be quite feasible to measure runoff rate from exper­
imental plots, it is recognised that, in general, there 
are fewer data available on runoff rate than on rain­
fall rate. It is for this reason that the project gave 
some attention to understanding and modelling the 
connection between these two vital rate quantities. 

To develop and test model development, data are 
needed. The ACIAR projects PN 8551 and PN 9201 
have provided a large database in which both rainfall 
and runoff rates (as well as other factors) were meas­
ured. With the data logging and computer interpreta­
tion methodology employed, measurement of these 
rates was made on a 1 minute time scale. These data 
and their fine-time resolution allowed programs such 
as GUEST (Griffith University Erosion System 
Template) to be applied with measured input rates. 
Such data also allowed investigation of the effects of 
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data aggregation over longer time scales, which is 
adopted in some equipment types. 

However, in order to be applied more widely, pro­
grams such as GUEST need to be able to be provided 
not only with measured runoff rate data, but also 
with simulated runoff rate data, based on rainfall 
rate. As shown in Ciesiolka et al. (1995a), GUEST 
can also work effectively with a single theoretically­
based runoff rate for an erosion event. 

In WEPP 1995 (the Water Erosion Prediction 
Project of the USDA) rainfall events are stylised, and 
the Green-Ampt infiltration model used to compute 
an assumed steady maximum runoff rate. The Green­
Ampt infiltration model assumes a steep wetting 
front across which the rate of water movement, 
which determines the infiltration rate, is determined 
by the gradient in hydraulic potential, which is 
dominated by the capillary 'pull' at the wetting from 
(e.g., pages115-116 in Marshal! et aI. 1996). This 
infiltration equation predicts very little sensitivity to 
depth of ponded water (assumed spatially uniform), 
which implies very little sensitivity to rainfall rate. In 
contrast to this theoretical expectation, all data 
collected at all ACIAR sites to yield infiltration rate 
show a strong and dominant dependence on rainfall 
rate. 

Thus it is clear that the assumptions made in 
deriving the Green-Ampt equation are inadequate to 
explain data such as those from the ACIAR sites 
(though this conclusion is not unique to ACIAR site 
data); alternatively, or in addition, processes not con­
sidered in deriving the Green-Ampt equation may 
dominate the nature of infiltration rate variation. The 
infiltration model derived and applied in Chapter 4 
assumes that the dominant reason for change in infil­
tration rate is due to spatial variation in infiltration 
rate of a form that is sensitive to rainfall rate. A 
simple physical interpretation of this model is that 
the infiltration rate increases with rainfall rate up to a 
maximum value, when the entire plot is generating 



runoff, but the fraction of the surface generating 
runoff decreases as rainfall rate decreases, the infil­
tration rate of the remaining fraction being the rain­
fall rate. Thus the excess rainfall rate, the source of 
runoff, increases with rainfall rate, in the upper limit 
increasing at the same rate as rainfall rate. 

Since responsiveness of infiltration rate to rainfall 
rate appears to be a widespread characteristic of data 
from the tropics and semi-tropics, it would seem that 
the approach developed to modelling infiltration and 
runoff rates in this ACIAR project has a potential for 
widespread application. 

Looking toward broader application of this 
methodology, it is recognised that data, even on rain­
fall rate, are quite limited. How this methodology of 
soil erosion and its management might be applied in 
contexts with limited data availability is an ongoing 
research activity at Griffith University. 

With two exceptions, at all ACIAR sites unaccept­
ably high erosion losses from bare soil plots of over 
100 t/ha/y were measured. All better management 
practices investigated were agronomic rather than 
structural in type, their effectiveness in reducing soil 
loss being dominated by the degree to which the 
practice provided surface contact cover so close to 
the ground surface that it impeded overland flow. At 
the smaller plot scale of experimentation character­
istic of all sites except Kemaman, the degree of 
effectiveness of surface contact cover in reducing 
sediment concentration appears to be related to con­
tact cover fraction in a form (Figure 14, Chapter 6) 
similar to that which has been found elsewhere in 
Australia and overseas. Though the relative improve­
ment in soil loss reduction due to surface contact 
cover versus hedgerows cannot be unequivocably 
ascertained from the data collected, the reduction in 
soil loss due to hedgerows is greater than would be 
expected due to the accompanied reduction in runoff 
alone. 

The soil erodibility parameter ~ calculated using 
program GUEST varied depending on soil type, 
cultivation and time since last cultivation, the method 
of weed control (CUltivation vs chemical use), and 
probably on other factors. Such other factors are 
likely to include soil strength and the consolidation of 
soil through time. In the absence of rainfall, and with 
erosion due to overland flow-driven processes alone, 
the theoretical maximum value of ~ should be unity. 
Especially at lower slope plots (e.g., Goomboorian) p 
was found to be as high as 1.1 for intensively culti­
vated soil. The value of ~ fluctuated more in soils 
with clay texture (Los Banos and ViSCA) than for 
the loamy sand of Goomboorian, apparently due to 
soil weakening associated with weed control by culti­
vation at these two Philippine sites. For these two 
sites, the average value of p during the experimental 
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period was less than for the Goomboorian site, pre­
sumably due to soil type differences and the use of 
periodic cultivation for weed control, in contrast to 
the chemical control of weeds at Goomboorian and 
the consequent lack of soil surface disturbance. 

The link between soil erosion and nutrient loss is 
complicated by nutrient enrichment of eroded soil, 
most important for soils of lighter texture (e.g., 
Goomboorian and Khon Kaen sites). There is a 
simpler direct relation between soil and nutrient loss 
for clay soils and limited fertiliser application (e.g., 
Philippine sites). If soluble fertiliser applications are 
substantial, as was certainly the case for pineapple 
production at Goomboorian, and perhaps for cocoa at 
Kemaman, then nutrient loss in soluble form has also 
been shown to be an important source of loss. 

It is recognised that providing a physically based 
interpretation of soil and nutrient loss and its 
management is only the first link in a long chain of 
issues which are involved in the achievement of sus~ 
tainable crop production; each link in that chain is as 
important as any other, since even one weak link can 
inhibit achievement of this objective. This long chain 
clearly stretches from the biophysical to the socio­
economic, with governmental policies and activity 
also playing an important role. This Report on 
ACIAR Project 9201 focuses on the biophysical end 
of this chain, but the data from this project have been 
built on to provide an economic case study of alter­
native land management practices in the context of 
the Philippine uplands. 

Soil-conserving options investigated in this report 
were those thought to be technically effective, 
realistic in terms of adoption feasibility, socially 
acceptable by land users in the various regions of 
Asia and Australia, and economically justifiable. 
This judgment was made in conjunction with the 
collaborating scientists in the countries involved. 
The effectiveness of options was evaluated, not only 
in terms of soil and water loss, but also in terms of 
nutrient loss and in crop yield. At the time of project 
planning, a thorough assessment of the economic 
implications of alternative management options was 
not available. For that reason, it was planned to seek 
such ex-post assessment for at least one of the 
countries involved in Project 9201; the Philippines 
was chosen as that country, making USe of the rich 
data base, including economic factors, collected by 
Dr E. Paningbatan Jr at the Los Banos ACIAR site. 

Chapter 9 gives the outcome of collaboration 
between PN 9201 and staff with the necessary 
economic and crop modelling skills in PN 9211 in 
seeking to extend PN 9201 data to give the expected 
long-term effects of adopted land management 
options on soil erosion, crop yield, and on-farm 
economics. The results and implications of the 



cost-benefit analysis carried out depend crucially on 
the appropriate or adopted value of the discount rate, 
r, the rate at which farmers discount future income 
relative to present income. The economic con­
sequences of a wide range of values of r were inves­
tigated to cover the uncertainty in its value due to 
land tenure and other sodo-political factors. It was 
shown that under typical conditions for upland 
farmers in the Philippines, it was the high value of r 
that made uneconomic any system of land manage­
ment that increases the labour input required com­
pared to traditional alternatives. As shown in Chapter 
9, it was the labour input required in the establish­
ment of a hedgerow system that made it economi­
cally less attractive to poor farmers with no access to 
formal credit markets. Though not economically 
investigated in this study, soil-conserving systems 
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with less labour input required than for hedgerow 
systems were investigated in biophysical terms in 
Project PN 9201. These included the return of maize 
crop residue into contour cultivation (at the Los 
BafIos site), and trash-line cultivation (at the Nan 
site). An analysis of such soil-conserving systems 
with lower labour input would appear warranted 
using a simulation-based cost-benefit methodology 
similar to that reported in Chapter 9' for a hedgerow 
intercropping system. 

The case study based on data from the Los Banos 
site reported in Chapter 9 is an important contri­
bution to the Uterature which indicates that, in order 
to be widely adopted, a soil-covering land manage­
ment system must be economically attractive as well 
as meeting other requirements, including effective­
ness in biophysical terms. 
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