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A GEOGRAPHICAL MODEL OF SOIL NUTRIENT REGIMES 1 
 

Tejoyuwono Notohadiprawiro 

 

SUMMARY 

A soil nutrient regime is a general indication of the soil nutrient supplying capacity, 

and an important element for soil resource inventories. The soil nutrient regime model is to 

simulate the natural nutrient status of soils which is the result of the interactions of nutrient 

gains, retention and losses and the constraining effects of soil stresses on nutrient 

bioavailability. 

It is at the same time a geographical model as it was based on the principle of 

compensative relationships among the land components. These relationships were 

established using contingency matrices with rank entries. The computations were done by 

batch processing. Thus a value change was registered only if it involved a change in rank 

or quality class. 

The case of East Java is presented as an illustration. 

  Key words: Fertility Inventory Simulation 

 

Introduction 

A soil regime is a general indication of a soil condition which affects plant growth. 

Buringh (1979) has listed six main regimes: moisture, nutrient, biological, temperature, air, 

and mineral. These are soil qualities which together basically determine the total growing 

condition of plants. A regime is in fact an ecological imprint on the soil component of an 

ecosystem. In a certain aspect it is a product of the interrelationships of the soil with the 

other components of the ecosystem. As aspects are integrated within the system, soil 

regimes are closely interrelated and interdependent. 

A single soil property means nothing by itself. Its meaning is determined by its 

relative significance to the other soil properties, and by its compensative relationships with 

the other land characteristics. 

                                                            
1 Dalam: van der Heide, J., Nutrient Management for food Crop Production in Tropical Farming Systems. 

Institute for Soil Fertility. The Netherlands & Univ. Brawijaya, Malang, h 63-71. 1989 
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For example, we can only say about iron toxicity if the Ca and Mg contents are 

known. Whether the soil moisture supplying capacity of a sandy soil should be considered 

sufficient or deficient, depends on the rainfall characteristics and the topographic location. 

This paper deals solely with the soil nutrient regime. It depicts in a general way the 

quality of soils in terms of their natural nutrient supplying capacity. In this sense it 

combines Buringh’s nutrient and mineral regimes. 

 

A Geographical Model 

A geographical model is based on the land systems concept. A land system is a unit 

of a terrestrial area where all production variables are so interrelated as to form a specific 

land quality. The essential point in defining a land system is not the additive characteristics 

of the land parameters, but the systemic interactions those parameters are performing. 

Consequently, any input is seen as an intervention in the interactions, and not merely a 

cause of change in one property or more. 

Irrigation, for instance, is not just supplying water to the soil. It is an intervention in 

the moisture regime of the area. The whole hydrological cycle must be considered, as 

otherwise irrigation may lead to the disruption of the moisture regime with the grave 

consequences of waterlogging or salinization of the soil. A wetter moisture regime may 

increase the leaching potential of plant nutrients. Fertilizer application without due account 

for the nutrient cycles and bah..nces may easily lead to an overdose or deficiency of certain 

elements. 

Different from pure mathematical models, in which interactions are perceived by 

numerical relationships, geographical models work on the principle of compensative 

relationships. A compensation is positive when a capability surplus of one land component 

can alleviate a capability deficit of another land component. When the condition of a land 

component is apt to amplify the value decline of another land component, the 

compensation is negative or the relationship is anti-compensative. For example, the low 

water holding capacity of a sandy suil is positively compensated by a sufficient and well 

distributed rainfall. An erodible soil is negatively compensated by a steep slope and an 

erosive rainfall. Compensation has a space-time dimension as the magnitude of changes in 

the characteristics of the individual land components with place and time are non-parallel 

to each other. 
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Another significant difference between mathematical and geographical models is 

the registration of changes. Mathematical models register changes through tho continuous 

processing of regressions. Geographical models register changes through the batch 

processing of decision matrices. Thus a geographical model will register a change only if it 

involves a shift in value catagory, hence a quality transition. 

 

The Soil Nutrient Regime Model 

AN (available nutrients), ESV (effective soil volume), NR (nutrient reserves), and 

SFS (soil fertility stresses) are the four principal elements of the SNR (soil nutrient regime) 

model. There are three derivative elements, namely SF (soil fertility), SFa (actual soil 

fertility status), and SC (soil capability). One complementary element is LP (leaching 

potential). 

SF is produced by AN-ESV compensation, SFa by the negative compensation of 

SFS for SF, and the positive SFa-NR compensation produces SC. The end result of SNR is 

obtained by the negative compensation of LP for SC (figure 1). 

The leaching model LP has six principal elements, and four derivative elements. 

The principal elements are P (precipitation; rainfall), ETa (reference evapotranspiration), I 

(infiltration rate), R (runoff), SMHC (soil moisture holding capacity), and WP (water 

precolation rate). The four derivative elements are AWB (atmospheric water balance), WI 

(water intake rate), SMDA (soil moisture dynamic), and RP (soil moisture replenishing 

potential). 

AWB is calculated by subtracting ETo from P. WI is the balance between I and R. 

SMD is the result of thu two opposing forces of SMHC and WP. RP is determined by 

AWB as the capacity factor and WI as the conditioning factor. AWB is season dependent, 

so it was calculated for each season separately. Consequently, each season has its own RP. 

Since LP was derived from RP, its simulation was done by season. The seasonal pair of LP 

determines the yearly LP, which represents the potential intensity of leaching throughout 

the year (figure 1). 

 

Methods 

The soil and soil-related data for the systems simulation of the SNR model were 

derived from existing soil maps. As the generally available soil maps of Indonesia are on a 
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reconnaissance scale of 1:250,000 the soil data were estimated from the subgroup 

differentiae. AN and SFS were assessed on the basis of the general agricultural value of 

each subgroup. ESV was assessed by the general morphology of the subgroup. NR was 

interpreted from the description of the soil parent material of the corresponding subgroup. 

Whenever possible it was complemented by geological maps. The kind of soil parent 

material was also considered when assessing AN. The soil maps were prepared using the 

soil classification system developed by Dudal and Soepraptohardjo (1957). 

 
 SNR Model 

 
 AN       X ESV 
 
    
  SF       X SFS 

 
 

       SFa NR 
 
 

     SC LPy 
 
 

     SNR 
 
 

 LP Model 
 

 P  S ETo I R SMHC WP 
 
 

 AWB   WI 
     each season 

 
    RP SMD 

 
         each season 
   LP 

 
 

  LPw LPd 
 
 

  LPy 
 
 
 

Fig. 1. The SNR and LP models showing the LPy link. Marks between the model elements: 
X = multiplication, S = subtraction, without a mark means processing by decision 
matrix. See text for the letter symbols. 
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The approximated values were classified into a number of classes by scoring. The 

number of classes assigned to a certain variable was to indicate the importance of that 

variable relative to another one in a compensative relationship. This was done, as small 

changes in the more important variable may result in significant changes in a particular soil 

quality, while greater changes are required in the less important variable before it can 

produce changes of similar magnitude. 

NR SFa 
 1 2 3 4 5 

E P P P p p 
D P p p m m 
C P p m g G 
B p m g G G 
A m g G G G 

 

Fig. 2. The decision matrix NR x SFa to determine the five classes of SC: P = very poor, 
p= poor, m = medium, g = good, G = very good. 

 
 

LP SC 
1 2 3 4 5 6 7 

P P P P P P P P 
p p p P P P P P 
m m m m p p p P 
g g g g m m m p 
G G G G g g g m 

 
Fig. 3. The decision matrix LP x SC to determine the five classes of SNR: P = very poor,   

p = poor, m = medium, g = good, G = very good. 
 

AN was considered more important than ESV in determining the soil quality SF. 

Hence five classes were assigned to AN, increasing from 1 to 5, but only three to ESV, 

increasing from 1 to 3. The scores of SF were obtained by multiplying the score of AN by 

the corresponding score of ESV. Thus SF got scores ranging from 1 to 15. 

The scoring of SFS was proportional to normal soil conditions without any stress. 

SFS included toxicity, salinity, sodicity, extreme acidity, and oxygen deficiency. Four 

degrees of SFS were recognized, namely 0.3 (most impairing), 0.5, 0.7, and 1 (stressless).  
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To obtain SFa, SF was multiplied by SFS, producing the five classes of SFa: 

  <     3 : very low (E) 

4    -   6     : low (D) 

7    -  9     : medium (C) 

 10   -    12   : high (B) 

13  -    15 : very high (A) 

 

SC was determined by the matrix NR x SFa. It was grouped into five classes (figure 

2). The matrix LP x SC was used to determine SNR which has five classes also (figure 3). 

To run the LP model, a year is divided into periods because P and ETo are time 

dependent. A period is a time interval within which P and ETo behave in manner distinct 

from their behaviour in the other periods. In a monsoonal region like Indonesia, it is 

convenient to divide a year into one rainy and one dry season. The mean monthly rainfall 

in the rainy season is 100 mm or more, while in the dry season it is less than 100 mm. For 

general purposes in the case of Indonesia, each season can be assumed to last six months. 

ETo is the reference evapotranspiration of Penman. The balance between the season 

P and the season ETo is the season AWB. For the present study it would be sufficient to 

have three classes of AWB: 

1. > 0; there is a surplus of P over ETo 

2. = 0; P and ETo are balanced 

3. < 0; there is a deficit of P 

 

One may wish to subdive further class 1 and class 3 to give more detail on surplus and 

deficit. A greater detail will, present a better pic� ure of the carry over effect of one season 

to the next. 

The value of R (runoff) was derived from the local relief or slope. The five classes 

of R were: 

1. Stagnant to very slow; in depressions or on level to nearly level terrain, slopes 0 

- 3% 

2. Slow to moderate; on gently undulating to undulating terrain, slopes 3 - 8% 

3. Moderately rapid; on gently rolling to rolling terrain, slopes 8 - 16% 

4. Rapid; on hilly terrain, slopes 16 - 30% 

5. Very rapid; on steeply dissected to mountainous terrain, slopes > 30% 
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The infiltration rate I was derived from the soil texture. The four classes of I were: 

1. Very slow to slow, < 0.8 cm h-1; clays, silty clays 

2. Moderately slow, 0.8 - 2.0 cm h-1; sandy clays, silty clay barns, clay barns 

3. Moderate, 2.0 - 8.0 cm h-1; sandy clay barns, silts, silt barns, barns, sandy barns 

4. Rapid to very rapid, > 8.0 cm h-1; loamy sands, sands 

 

R I 
1 2 3 4 5 

1 1 4 4 3 3 
2 2 5 4 3 3 
3 6 5 5 4 4 
4 6 6 6 4 4 

 

Fig. 4. The decision matrix R x I to determine the six classes of WI: 1 = strongly impeded; 
surface retention maximum, 2 = impeded, 3 = minimum; runoff maximum, 4 = 
limited, 5 = normal, 6 = maximum. 

 
WI AWB 

1 2 3 4 5 6 
1 6 6 3 4 5 6 
2 2 2 1 1 2 2 
3 1 1 1 1 1 1 

 

Fig. 5. The decision matrix WI x AWB to determine the six classes of RP: 1 = deficit, 2 = 
marginal, 3 = very low, 4 = Low, 5 = normal, 6 = high. 

 

The magnitude of water intake WI was determined using the matrix R x I. It has six 

classes. See figure 4. The matrix AWB x WI determined the RP with six Classes. See 

figure 5. As there is an AWB for each season, RP was determined for each season 

separately also. 

SMD was defined as the capacity of the soil to retain water (SMHC) against the 

pulling force of gravity which causes water to percolate (WP). It was based on the 

combined action of soil texture, soil structure, and the effective depth of the soil. SMD was 

allocated in three classes: 

1. Impeded; permeability very slow (< 0.8 cm h-1), water retention high to very high; 

fine textured soils, massive to blocky structure, or soil effective depth less than 50 

cm 
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2. Normal; permeability moderately slow to moderate (0.8 - 8.0 cm h-1) water 

retention high to medium; medium textured soils, crumb to granular structure, soil 

effective depth around 100 cm 

3. Excessive; permeability rapid to very rapid (> 8.0 cm h-1), water retention low to 
very low; coarse textured soils, single grain to weak crumb structure, soil 
effective depth practically unlimited. 

 
Season RP SMD 

1 2 3 4 5 6 
1 N N N N n s 
2 N N n n s S 
3 N N n s S S 

 

Fig. 6. The decision matrix RP x SMD to determine the four classes of LP: N = no 
leaching, n = some leaching, s = moderate leaching, S = strong leaching. 

 
LPd LPw 

N n s S 
N NN - - - 
n nN nn - - 
s sN sn ss - 
S SN Sn Ss SS 

 

Fig. 7. The decision matrix LPd x LPw to determine the seven classes of LPy: NN = no 
leaching; leaching intensity 0, nN = some leaching in the wet season; leaching 
intensity 1, nn = some leaching throughout the year; leaching intensity 2, sN - SN = 
moderate to strong leaching in the wet season; leaching intensity 3, sn - Sn = 
moderate to strong leaching in the wet season, some leaching in the dry season; 
leaching intensity 4, ss = moderate leaching throughout the year; leaching intensity 
5, Ss - SS = strong leaching in the wet season, moderate to strong leaching in the 
dry season; leaching intensity 6. 

 

The intensity of LP was determined by the matrix RP x SMD. RP of a certain 

season produced the corresponding season LP. The LP was divided into four intensity 

classes. See figure 6. The wet and dry season LP were paired to obtain the yearly LP. The 

pairing was exercised using the matrix LPw x LPd (wet season x dry season). Seven 

classes were assigned to the yearly intensity LPy. See figure 7. As per definition LPd can 

never exceed LPw. At the most it may equal LPw. Therefore, the matrix contains boxes of 

non-existing pairs. 

The pairing to imply the leaching characteristic during a year was inspired by 

Mohr’s idea of water movement in the soil (Mohr, 1933). The product of the systems 
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simulation is a map showing the geographical distribution of SNR. The mapping was done 

by a grid referencing system to assign each 1 cm2 of the base map sheet a unique cell 

address. The values of the different elements of the model were recorded and stored for 

each grid cell. A digitized procedure for printer mapping was applied. 

For the systems simulation of East Java the scale of the base map was 1:250,000, so 

the field measure of one grid cell was 6.25 km2. This was the effective unit area of 

observation of soils, parent rock, and topography. The observation density of rainfall and 

evapotranspiration was much less due to the limited number of stations. 

In areas of uniform topography at comparable elevations, Thiessen polygons were 

used to extrapolate station data of rainfall and evapotranspiration to grid cells. Since in 

Indonesia orographic rainfall is common, the reasonable distance of extrapolation along 

altitude sequences was decided empirically. As the local variations of rainfall and 

evapotranspiration were not so great as to significantly affect the simulation of AWB, the 

procedure of station data extrapolation seemed adequate. Besides, in regions where the 

system units were large enough so that the percentage of grid cells covering border zones 

was small, the extrapolation error is expectedly small. The proportion of different 

conditions in border zone grid cells was visually estimated. The error can be kept small 

when sufficient terrain marks diagnostic of certain land systems are traceable on the base 

map. They may greatly help the proper setting of the boundaries of the mapping units, even 

with a limited number of observation points, provided that those points had been selected 

properly. 

 

Results and Discussion 

Figure 8 exhibits the SNR map of East Java. For suitability reasons the scale of the 

map was reduced. The model permits revised criteria to be put in easily. 

The SNR model, together with other models based on the land systems concept, 

provide the most logical basis for land resource inventories. Those models will produce 

pertinent baseline information upon which land development strategies can be defined, and 

imperatives for land use policies can be selected. 

Most efforts to develop a land information system had at the outset the abstraction, 

storage, and direct retrieval of data as the main concern. The actual prediction of 

performance and suitablity for use was considered a separate and distinct operation (Cline, 

1981; Ridgway and Jayasinghe, 1986). Putman (1981), however, was of the opinion that 
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masses of data are of little use without some means to manipulate them. Therefore, the 

Comprehensive Resource Inventory and Evaluation System (CRIES) has developed an 

Agriculture Resource Information System (ARIS) to store, retrieve, and manipulate 

mapped resource data. Cormack (1977) reported a manipulative extraction of area, point 

site, and profile data to generate information in a defined manner and the results were 

displayed in either map or tabulator form. Subroutines for data manipulation by correlation 

and regression relationships had been devised to facilitate the use of the National Soil 

Fertility Data Bank of Australia (Colwell, 1977). 

The main purpose of the SNR model is to generate a specific information by 

manipulating mapped resource data and point site data altogether. 
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