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ABSTRACT 

Ahnudévar district is located North-East Spain. It is characterized by Mediterranean 

climatic conditions with high variability over the year and between years. Land suitability of this 

selected land units in the area for maize and bar ley was quantified using a dynamic crop growth 

simulation model to describe the biophysical and water-constraint production potential. 

The model was calibrated for biophysical production potential using field data of 1996 for 

maize and of 1992-93 for barley. The model was applied to calculate production potentials for 

other years to examine the effects of the variable Mediterranean climatic conditions, and good 

results were obtained for all these years. Moreover, yield forecasting using this model resulted in 

less than 10 % error for both crops in the years under study. 

The biophysical production potential was used to identify the effects of diff erent sowing 

dates and amounts of seed. For maize, early sowing and a sowing density of 1 O to 20 kgha·1 gave 

the best results, whereas in the case of barley, late sowing and 200 kgha·1 gave the highest yield 

productions. 

The model of the water-limited production potential was used to evaluate the prospects for 

rainf ed farming and possible improvements in in-igation management. Rainf ed bar ley productions 

over the years produced less than 70 % of the biophysical production potential In the case of 

maize, irrigation is always required for satisfactory crop production. Rainf ed maize was only 

productive on Calcic Cambisols and Satine Cambisols, whereas shallow soils and Gleysols proved 

to be unsuitable. 

Irrigation management was studied by comparing alternative scenarios with diff erent water 

inputs and irrigation intervals. For maize, water inputs of 400 or 500 mm applied with irrigation 

intervals of 10-14 days gave the highest productions, with low hazards of salinization. Yields could 

be forecast at the moment of ear initiation with less than 10 % error. For barley, doses of at least 

200 mm, applied every 10-14 days, gave the best results, with almost no possibilities of 

salinization of soils, and a yield forecasting with less than 10 % error. For both land utilization 

types, the Calcic Cambisols and Saline Cambisols are "Highly Suitable", whereas shallow soils 

were classified as "Not Suitable", and Gleysols as "Marginally suitable" only in thc case of barley. 

Keywords: Land evaluation, crop growth modelling, yteld forecasting. 
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1. lntroduction

1. lntroduction

1.1. Outline of the Land Evaluation Methodology 

Land evaluation is the process of estimating the potential of land for determined 

land uses. Its essence is the comparison of relevant land-use requirements with the 

associated land qualities. The main product of land evaluation is a land classification that 

indicates the suitability ofvarious kinds ofland for specific land uses. 

Qualitative procedures to evaluate the suitability of the land have been used for a 

long time. They express suitability of land in qualitative terms. These methods are of little 

value in settled, developed countries, where the potential of land in terms of suitability is 

already known. The great disadvantage of these methods are that they are static and 

subjective: experts determine wbich land-use requirements are relevant to the functioning 

of a particular syste:m, the adequacy of the corresponding land qualities, and the overall 

land suitability. 

Dynamic modelling seems to offer an altemative to partly intuitive rating of 

tabulated single factors. By simulation of crop growth, physical and physiological 

relationsbips are established between plant, soil, water and climate. Growth and 

development of crops are computed at potential as well as at constrained situations. 

However, these results are not "realistic" until they have been checked with experimental 

or observed field data, or farmers information. 

0n the other hand, yield forecasting and prediction on regional or broader scales is 

increasingly becoming important. In recent years, crop growth simulation has become a 

potential tool for growth monitoring and yield estimation of agricultural crops. The reason 

why it is important to explore these new techniques for crop yield prediction is that they 

can be regionalized, and based on remotely sensed basic information whereas current yield 

forecasting methods suffer from a lack of consistency and are subjective in many cases. 



l. Introduction

The study area is located in the Central Ebro Valley, which, according to UNO 

(1977) is the most arid inland region of Europe. The variability of yield and production 

from year to year is high, which makes it difficult to forecast yields for better food security 

and planníng of rainfed farming. In contrast, inigated farming realizes a stable level of 

production over the years which accords with forecast yields. 

The aim ofthis thesis is to evaluate the land suitability in the Almudévar district for 

crop production under irrigated farming and to estímate yields by means of crop growth 

simulation. 

1.2. Outline of the case study 

1.2.1. Brief history of the study area 

The Almudévar district represents a traditional irrigation area in the Aragón 

regíon, in the North-East of Spain. Irrigation started in 1920. During the transformation 

from a semi-desert to an irrigated area, changes in topography, hydrology and vegetation 

as well as urban settlements, led to flooding and salt accumulation as consequences of the 

lack of an adequate drainage system. In 1940 there were almost 1000 ha of flooded soils. 

To remedythe problem, a drainage system was built. 

At present, the drainage system is completed and the irrigation system is working 

properly. Only in depressions waterlogging is still a limíting factor under certain scenarios. 

With regard to salinity, equilibrium has been established between the influx and discharge 

of salts and only few land units have still problems. 

1.2.2. Definition of the problem 

The study area comprises 3989 ha, ofwhich 410 ha are under rainfed farming and 

the rest under irrigated farming. The whole area resorts under the Irrigatíon Community of 

Almudévar. The total area is dívided into 2288 fields. Land owners have small holdings 

that are scattered all over the dístrict, which makes management as well as mechanization 

2 



l. Introduction

difficult. However, most relevant for this study is the fact that the small plot sizes and 

scattered distribution lead to high water losses because of difficult irrigation management. 

Surface irrigation is common in the study area; water is distributed upon request or 

"ador" (in predetermined doses). This irrigation management presents sorne problems: 1) 

the volumes of water to be supplied to the crops are higher on smaller plots, 2) very high 

irrigation inputs, 3) low number of irrigation applications, 4) irrigation intervals widely 

spaced, 5) delay in water delivery, and finally 6) low irrigation efficiencies in most of the 

area. To illustrate these points: water inputs in 1994 amounted to appro.ximately 17000 

m3ha-1 in the case of maize, applied every 12 days (i.e. 8 times), and to almost 9000 m3ha-

1 in the case of other cereals. The latter amount was applied in 3 applications with 20 days 

intervals in between. 

Note that fertilizers are applied under 'fertin-igation', which means that fertilizers 

are broadcast at the same time the farmers water the crops. Toe high irrigation doses and, 

as a consequence, high water losses lead to high losses of soluble minerals by leaching, as 

has been demonstrated for nitro gen (Quílez and Isidoro, 1997). 

Nowadays irrigation management is laid out to diminish water consumption, e.g. 

by promoting land reform and concentration of the fields of farmers to facilitate 

management and mechanization. 

3 
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2. Objectives

2. Objectives

The main objective of thls thesis is the evaluation of the suitability of the 

Almudévar district for selected land utilization types (maize and barley under irrigation) . 

The specifíc objectives ofthe study area are: 

- To evaluate, by crop growth modelling, the biophysical production potential of

the area. 

- To evaluate, by crop growth modelling, the water-limited production, that is

rainfed farming and the possible improvement by irrigation. 

- To evaluate, by crop growth modelling analysis, the possibilities of forecasting

biophysical and water-limited production potentials. 
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3. The study area

3. The study area

3.1. Location 

Toe study area comprises the Irrigation Community of Almudévar. It is located in 

the northern part of Aragón, North-East Spain. Toe area lies between the geographic 

coordinates of 40 to 45 N Latitude and around O degrees Longitude. Toe average 

elevation above sea level is 390 m; the ma:ximum elevation is close to 500 m. 

Toe area is triangular in shape, and measures 3350 ha. It is bordered by the 

Monegros channel in the North and by the Monegros cbannel , Q irrigation ditch and 

Violada channel in the South and by the Violada channel in the East and South. 

3. 2. Climate

Toe climate of the area is defmed as "Mediterranean with a Continental character". 

Temperature fluctuations over the year are strong and diurnal fluctuations can be 

considerable. 

Toe climatic data have been obtained from the Almudévar climatic station. 

Toe climatic characterization is based on Bensaci (1994) who examined 66 years 

of data (from 1929 to 1995). The annual average rainfall is 480 mm, being concentrated in 

autumn and spring. Toe driest season is summer. 

The annual average temperature is 12.8 ºC. Toe coldest month is January, with an 

average temperature of 4.1 ºC and an average minimum temperature of -0.8ºC. Toe 

warmest month is July, with an average temperature of 22.3 ºC, and an average ma:ximum 

temperature of 30.8 ºC. 

Night frost occurs from November and, in sorne years, until late spring (April and 

May). 

5 



3. The study area

1.1: Localion ofthe region of Aragón in Spain. 1.2: Location of Huesca provincc in Amgón 

1.3: Location ofthe study area in the province of Huesca 1.4:The study area 

1: The study area 
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3. The study area

Strong winds from the North to East contribute to shortage of water for crops in 

the study area. 

3.3. Geology 

Toe study area is geograpbically and geologically part of the Ebro Depression, 

notably of the Gallego river valley, wbich is a tributary of the Ebro river. Toe basin was 

filled with material coming from the Pyrenees. 

Two kinds of material stand out in the study area: tertiary and quaternary 

materials. 

Materials from the tertiary include: 

- Gypsiferous materials, with relatively bigh solubility, appearing as massive

rocks (South) or crystallized in nodules in stratilied marls of low permeability. These are 

found in the North and South ofthe area. 

- Calcaric banks in the Alcubierre formation and in the Almudévar basin,

consisting of fine layers of silty-clay marls that are almost horizontal, and forming plateaus 

if differential erosion is strong. These are located in the Center and in the South of the 

area. Their permeability is 'medium', and they are deeply drained. 

Quatemary materials include terraces, glacis and eones with materials of colluvial 

and alluvial origin. Alluvial deposits are present in the basin and are mainly clayey lime or 

calcaric gypsiferous gravel without any structure. Toe colluvial deposits are made up of 

polygenic gravels from the glacis and te1Taces. These deposits consist of lime, clays and 

gypsiferous lime and have a massive structure. 

3.4. Soils 

According to the parent material, ten main soil units have been defined, wbich can 

be aggregated to 3 groups: 

7 



3. The study area

1. Lithosols, which constitute 6.9 % of the area. Only 13.47% of all Lithosols are

under irrigation. These overlie substrates close to the surface, and are notorious for the:ir 

low water retention, difficult management and consequently low productivity. 

2. Regoso1s occur in less than 1 % of the area. They are soils with a low degree

of consolidation and of mixed composition. They are not considered for agricultural 

purposes. 

3. Cambisols constitute more than 92 % of the area. These soils are located over

the youngest glacis, and have a high content of gypsum. Their genetic history varíes with 

the proximity to water. Calcic Cambisols with a phreatic and saline phase areas are the 

poorest soils of the study area. 

3. 5. Vegetation

The natural vegetation is conditioned by the erratic precipitation and the great 

variability of the temperature over the year. The predominant vegetation type on alluvial 

deposits is pine trees planted when this area was colonized, 30 or 40 years ago. It is nota 

true natural vegetation because irrigation has changed the landscape and almost nothing of 

the natural vegetation is left. In dry areas over gypsiferous materials there are shrubs like 

Ononidetum tridentatae, with pine trees and Juniperus. 

3.6. Land Use 

Almost 90 % of the area is under :irrigation. The gypsiferous plateaus are devoted 

to rainfed farming, as their limited water retention constitutes a serious problem to 

agriculture. 

During 1994 and 1995, the main irrigated crops in the area were maize, alfalfa, 

barley, wheat, and sunflower. Maize occupies almost 45% of the total arable area, 

followed by alfalfa and cereals, that both cover approximately 20 % of the arable area. 

8 



3. The study area

3. 7 lrrigation and drainage in the study area

Irrigation water is supplied by the Sotonera reservorr that stores water ftom the 

Gallego and Cinca rivers. It is located to the North East of the area, and its water arrives 

at the study area through a system of channels that includes the Monegros channel and 

Violada channel. 

Toe quality of the rrrigation water 1s adequate for irrigation: its electrical 

conductivity ranges from 0.2 to 0.3 dsm-1•

High losses ofwater by seepage have been registered in recent years. These losses 

are dueto the high permeability ofthe soil's parent material as well as the high amounts of 

water applied to crops. In combination with the high application rates of fertilizers, this 

causes considerable loss of minerals and salinization of surface water and groundwater, 

augmented by the gypsiferous character of the deeper substrate where electrical 

conductivity oscillates between 0.6 and 3 dsm-1. However, not only the salinity itselfbut 

also other factors, among them rainfall, capillary rise and percolation influence the risk of 

salinization of the soils. 

Excessive irrigation m sorne areas and ineffective drainage lead to shallow 

groundwater, and at the same time to increased soil salinity and flooding. 

9 
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4. Methodology

4. Methodology

4.1. Evaluation Procedure 

4.1.1 Introduction 

Toe evaluation procedure follows the principles laid out in the FAO Framework 

for Land Evaluation (FAO, 1976). Toe land unit is the basic unit, and includes soil, 

vegetation, hydrology, landform, and climate. The suitability of an area refers to land use 

on a sustained basis. The procedures followed describe land units and their land qualities, 

matching the land use requirements with land qualities for each land use on each land unit. 

The evaluation is dynamic to <leal with the dynamic nature of both land qualities 

and land use requirements; a crop growth model is used in the evaluation procedure. The 

evaluation has been done for severa! consecutive years to study the effects of medium

term climatological variations. 

In addition, yield forecasting on the basis of crop growth simulation has been 

explored. 

In the first part of this chapter the land use will be described as well as the land 

units, the crop growth model used to match the land requirements with the land units, the 

yield forecasting methodology, the scenarios defined and finally the physical land 

suitability classification. In the second part the model will be described in sorne detail as 

well as the structure of the data files required for it. Finally, in the third part, assumptions 

made during the modelling will be presented. 

4.1.2. Land use 

Toe study area is mainly used to grow irrigated alfalfa and maize as well as rainfed 

barley and wheat. In this thesis maize and wheat will be the land uses under study. 
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Maize 

Maize is the major irrigated crop in the area. Toe sowing date is between the 1 st of 

May and the 15th of May, depending on the weather and particularly the rainfall before 

sowing (the moisture content of the soil at the moment of sowing). Sowing density is 

around 20 kgha-1. Toe minimum temperature required to germination is 6 to 8 ºC. 

Tillering takes place in the middle of July, sorne 75 days after germination, and 

harvesting occurs after the middle of September, in this study 150 days after sowing. 

Actual yields in the area are 10000 to 12000 kgha-1• Water requirements are between 700 

and 800mm. 

Barley 

Barley is one of the most important winter crops in the area. lt is sown between 

the end of autumn and early of winter, depending on the autumn rainfall and the soil 

moisture content. Sowing densities in the area are 150 to 200 kgha-1• Toe mmimum 

temperature required for germination is O ºC. Barley remains dormant during the winter 

and resumes growth and development in early spring. 

Tillering takes place approximately 150 days after sowing, and physiological 

maturity is reached 200 to 210 days after sowing, i.e. between June and July, depending 

on the weather. The average yield attained in the study area ranges from 6000 to 7000 

kgha-1 (irrigated farming). Water requirements are around 500 mm. 

4.1.3. Land Units 

Toe soil survey was carried out at a scale 1 :50000. The final soil map differentiates 

between 1 O soil mapping units on the basis of differences in parent material, textura! 

proftle, gravel content, presence of salts, drainage conditions, infiltration properties, soil 

depth and groundwater table depth. 

11 
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For practica! reasons these mappmg units were grouped according to land 

qualities, notably to oxygen availability in the root zone, drainability ( or risk of 

waterlogging under irrigation), watertable depth, workability (gravel content), actual soil 

salinity and risk of salinization by irrigation, and gypsum content. As a result, six land 

units were identified that are representative ofthe district. 

Appendix I presents criteria for describing land units, and Appendix II presents the 

land units according to selected land characteristics. 

4.1.4. Dynamic Modelling 

De Wit et al (1982) proposed a classification of crop production systems based on 

growth limiting factors. Based on these "production situations" crop growth simulation 

models have been developed, to quantify yield and production potentials in a dynamic 

way. Toe model presented in this thesis is an exarnple. 

PS123 is a crop growth simulation model that describes the possible production in 

a rigidly defined production situation, considering only one or few land qualities, and 

defined land use. Land qualities not considered are assumed not to constrain the 

performance of the system. 

Note that the production potential is calculated, which often differs from the actual 

production reached under actual farming conditions. 

The model considers crop production at two levels of abstraction: 

- PS 1 refers to the Biophysical Production PotentiaL It constitutes the highest level

in the hierarchy of production models. Under this situation, the crop has ample water and 

nutrients, and growth is determined only by land qualities that a farmer cannot modify, i.e., 

the availability of solar radiation and the temperature: Light is a driving variable and 

temperature is an extemal variable that can modify assimilation and growth rates. All other 

land qualities are supposed adequate for unconstrained crop production. 

12 
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- PS2 is the Water-limited Production Potential. Under this situation the

assumption of optimum water supply is waived and supply is matched against the 

consumptive water needs of the crops. It also considers the added constraint caused by 

salinity. At this level the key factors are the moisture content of the soil and the efficiency 

of water use by the crop. In the end, crop production is deterrnined by the crop 

characteristics, the amount of intercepted radiation, the temperature and the availability of 

water. 

4.1.5. Yield forecasting 

Yield forecasting attempts to estímate in advance what the yield of a certain crop 

will be at the end of the growing season. Crop growth modelling is increasingly applied for 

yield forecasting purposes. 

A particular land use system is described by one set of measured weather data, one 

set of experimentally derived crop parameters and one set of so:il and management 

parameters that are supposedly representative for the whole land unit. Using these input 

data, crop growth models are run iteratively to obtain quantitative indicators of crop 

growth, such as total above ground dry mass, weight of stomge organs, or final yield. Toe 

simulated yield potential at the end of the growing season can be used as a reference for 

yield prediction, because simulated crop growth indicators during the growing season, 

such as the maximum LAI attained, can be compared with actual values for the purpose of 

crop yield forecasting. Toe simulated yield/ crop growth indicators need to be regressed 

against actual values for a number of years to calibrate and verify the crop yield 

predictor/forecasting algorithm. 

Two methods ofyield forecasting have been considered: 

- The first one determines the yield potentials obtained comparing an average

weather data file with the weather data file of every one of the 5 years under study. The 

average weather data file is composed with the average values of the 5 years on file. 

13 
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Average weather data are substituted for actual values for the maxúnum number of days 

before harvesting that still permits to forecast yields with an accuracy ofmore than 90 %. 

- The second method considers the peak LAI values of simulated and actual crop

as indicators to forecast yield at harvesting time. Calculating the LAI and the yield attained 

under PSI conditions, and collecting the actual LAI value at the same moment in the crop 

cycle, the actual yield will be forecast with an accuracy depending on the difference 

between the actual weather conditions and the conditions assumed in the calculations of 

the (reference) PSI production potential. 

4.1.6. Scenarios analysed 

The scenarios chosen explore the suitability of selected land units for production of 

two crops. The biophysical production potential has been studied as well as possibilities of 

the crops in the study area under rainfed conditions and the possibilities to improve crop 

yield by irrigation. To define management packages that include irrigation, the water 

needed by the crops, the irrigation doses and the time intervals have been varied, as well as 

the starting date of irrigation. As irrigation in the area is on advance request, the water 

availability coefficient (cf (water)) will not be considered to determine the timing of 

applications but solely the starting date of irrigation and fixed irrigation intervals. 

Toe aim of the analysis of irrigation is to quantify crop response to water applied 

under different scenarios, and to improve management to obtain greater benefits from 

water applied to the crops. 

4.1.7. Physical land suitability classification 

Suitability classification has been done considering the land suitability orders, 

classes and subclasses proposed by F AO (197 6) in its Framework for Land Evaluation. 

This study relates the productions obtained to a reference yield leveI determined under 

PS1 conditions for the years under study. The land suitability classes (SI, S2, S3, N) 

express the suitability of land for the specified land use in terms of physical production. 

14 



)! 
·::--.r-·

·. J -: 
}.; . 

. ·j. 

:::·:::l:_;· 
.··1···___ :·:r- ·

· . . j·."· 

·· ¡ 
.·".} 

:{· : -k 
:. j-: 

4. Methodology

The final classification of each land evaluation unit is based on the average 

performance ofthe land-use system over the five years considered. 

Table 1 presents the Framework boundaries of the land suitability classes, 

suggested by F AO. 

Table 1: Bmmdaries and description ofthe land suitability classes 

Highly suitable 

Moderately suitable 60 - 80 % 

Marginally suitable 40 -60 % 

Not suitable <40% 

The limitations expressed as suffixes to the land suitability subclass codes, are 

moisture availability (m) and oxygen availability in the root zone (o) 

4.2. The PS123 Model 

The model was built by P.M. Driessen (1992) and describes crop growth and 

production under production situations 1 and 2, as de:fined earlier. This model is 

composed of a number of submodels each matching one land-use requirement against one 

land quality and translating the outcome of the matching into realized or lost production 

potential. The submodels are presented in a hierarchical way, which accounts for 

interactions between combinations of land-use requirement and land quality, even if they 

are analysed at different hierarchical levels. 

15 
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4.2.1. Production Simulation 

Toe model calculates the potential dry matter production of a crop for each day in 

the crop cycle, i.e. from emergence until maturity. This total dry matter produced is 

differentiated in dry matter ofleaves, roots, stems and storage organs. 

Toe model calculates the daily rates of assimilation, maintenance and growth 

respiration and water use as these condition the growth ofthe crop and it accounts for the 

different growth rates of different plant parts, at different moments in the crop cycle. 

Toe main processes determining crop production are presented hereafter. 

1. Assimilation

The fundamental process behind plant growth is assimilation, or reduction of 

atmospheric C02 to carbohydrates. Toe rate of C02 assimilation determines the possible 

dry matter production. Toe actual assimilation rate is o btained from the maximum rate o f 

assimilation of the crop at the prevailing canopy temperature (AMA.X), the 

photosynthetically active radiation at the top of the canopy (PAR), the light use efficiency 

at low light intensities (LUE), the day length (DAYLENGTH), the leaf area index (LAI) 

and the extinction coefficient for visible light (ke). 

2. Allocation of assimilates to the various plant organs

As assimilates are formed exclusively in photosynthetically active plant parts, they 

have to be allocated to the various plant organs. Toe rate at which leaves, roots, stems and 

storage organs receive assimilates for maintenance and growth is depending on the gross 

rate of assimilate production in the leaves (Fgass) and the momentary assimilate allocation 

fraction (fr(org)), as expressed in the folllowing equation: 

GAA (org) = Fgass * fr (org) 

16 
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Toe allocation of assimilates to the vanous p1ant organs is a function of 

phenological development. In the model, phenological development is expressed by the 

"relative development stage", with a value O at emergence and 1 at maturity. 

3. Maintenance respiration

Maintenance respiration provides the energy which plants need to resynthesize 

degrading proteins and keep transport processes going against ionic gradients. Maintenace 

needs vary with the temperature, which is accounted for by a temperature correction 

factor. 

Organ specific relative maintenance respiration rates (r(org)) allow to calculate the 

maintenance respiration losses incurred by living plant organs ata reference temperature: 

MRRref(org) = r(org) * s(org) 

where: 

MRR ref( org) is maintenance respiration rate of living plant part "org" at the 

reference temperature (kgha"1d-1) 

r( org) is organ-specific relative maintenance respiration rate (kgkg-1 d-1) 

s(org) is drymass ofliving plant part "org" (kgha-1) 

4. Growth respiration

Conversion of available assimilates (i.e. sugars) to structural plant matter requires 

energy that is obtained through "growth respiration": sorne of the available assimilates are 

burnt to provide elemental energy for conversion. These respiration losses are accounted 

for by multiplying the available assimilate quantities (NAA(org)) by organ specific 

efficiency coefficients (Ec( org)). 

DWI(org) = NAA(org)*Ec(org) 

17 
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Cumulative dry organ masses at the end of an interval are folllld by adding the 

increase in dry organ mass (DWI) to the organ mass present at the beginning of the 

interval: 

(new) S(org) = (old) S(org) + DWI(org) 

In the case of leaves, the model distinguishes between total dry leaf mass and living 

dry mass. This is needed because leaves have a limited life-span and sorne of the earlier 

formed leaves die before completion of the crop cycle. This is regulated by the heat 

requirement for full leaf development (Tleaf). Whenever a leaf reaches a heat sum that 

exceeds Tleaf, it dies. Moreover, only living leaf mass contnbutes to photosynthesis. 

5. A vailability of water in soil

Under production situation 2, the availability of water for uptake is calculated in a 

water budget that modifies the initial soil water content by accounting for all water flows 

through the upper and lower boundaries ofthe root zone, and all transpiration losses. 

The rooted surface is treated as one compartment; its upper boundary is the soil 

surface and its lower boundary is at an equivalent rooting depth that changes over the 

growing season. 

Water supply to the upper boundary of the rooting zone is composed of 

precipitation, effective irrigation and evaporation; the latter depends of the relative 

humidity of the air in the soil, the relative humidity of the atmosphere and selected 

geometrical characteristics ofthe crop canopy. 

Toe net rate of water flow through the lower boundary of the root zone is defined 

as a function of capillary rise and deep percolation, considering tbat there is no capillary 

rise ifthere is percolation, and vice-versa. 

18 
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Toe total amount of salts found in the rooting zone is determined by the salt in the 

original soil material, and subtracting any salt leached and adding any salt imported with 

irrigation, capillary rise and root growth. 

Toe total water stress experienced by the crop is determined jointly by the matric 

potential and the osmotic pressure that is generated by dissolved salts in the root zone. 

However, shortage of air in the soil also interferes with uptake of water for plants not 

equipped with air ducts in their roots, such as maize and barley, and causes similar 

symptoms as drought. 

6. Water use and plant production

Toe rate of water uptake by plants is (nearly) equal to the maximum rate of 

transpiration. Toe latter is found by matching the maximum rate of water uptake by roots 

and the maximum rate oftranspiration. 

When a crop senses moisture stress, the rate of transpiration is less than the 

theoretical maximum rate. Under these conditions, assimilation decreases proportionally to 

transpiration, as expressed by the ratio of actual over maximum rate oftranspiration. This 

ratio is the water uptake coefficient, cf (water). This factor represents the sufficiency of 

water availability, and has a value of 1 in production situation 1; it ranges between O and 1 

in production situation 2, whereby values lower than 1 indicate the relative insufficiency of 

water availability to the crop. 

To calculate the effect of water stress on assimilation, the model calculates the 

maximum rate of transpiration, identifies the momentary soil moisture potential and 

calculates the actual rate of transpiration by matching demand for water by the plant 

against supply ofwater by the soil. 
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4.2.2. Data files 

4.2.2.1. Weather data files 

The weather data files were built on the basis of weather data collected by the 

climatic station located in the study area. For the years 1992 and 1993, evapotranspiration 

had to be calculated using the Penman Monteith equation on the basis of evaporation, 

relative humidity of the air and wind speed. For 1994, 1995 and 1996 the 

evapotranspiration rate had already been calculated by the climatic station. 

Toe weather data files were made according to the format required by the model. 

The weather data files required under production situations 1 and 2, respectively, are 

presented in Appendix III, and the structure ofthese files is shown in Appendix IV. 

4.2.2.2. Soil data files 

Two data files were built that list texture-related soil physical characteristics. Other 

soil characteristics used to describe the land units are considered in the management 

specifications. Appendix III presents the soil data requirements under production situation 

2 and Appendix IV shows the structure ofthe soil data files. 

Toe original soil data obtained from the area included inftltration curves according 

to Kostiakov. This method does not consider sorptivity. Hence, default data from 

literature has been taken to feed the model. 

4.2.2.3. Crop data files 

For both crops under study crop files were built and tested against observed field 

data in the study area. In both cases the field experiments referred to the biophysical 

production potential, without any stress. 

During field experimentation, the parameters recorded included aerial dry matter 

production, dry leaves matter, dry stem matter and dry storage organ matter as well as 

phenology and development of LAI during the crop cycle. Note that most of the 

parameters required by the model could not be derived from experimental data, so they 
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were taken from literature and calibrated by running the model iteratively, and comparing 

the results obtained with realized field data. 

Toe crop data required under production situation 1 and production situation 2 are 

presented in Appendix III, as well as the structure of the crop file is shown in Appendix 

IV. 

4.3. Adapting PS123 

For the evaluation of the selected scenarios, system-specific sets of management 

data were defined. 

Toe <lay of germination and the amount of seed were used to calibrate the model in 

accordance with the agronomical operations in the area. Later, the values were changed, 

e.g. to obtain higher production potentials.

Seed mortality was not taken into account, in line with the aim of the thesis to 

consider the potentiality ofthe area without any limitation. 

In all scenarios an initial matric suction of 1000 hPa, an initial surface storage 

capacity of 1 cm and an actual storage of O cm were assumed, which agree with the 

agronomical characteristics of the area. In the case of Lithosols and Lithic Cambisols, an 

initial matric suction of 500 cm ( close to Field Capacity) was cho sen. 

Drainage depth was fixed at 200 cm. For Gleysols, the phreatic level is shallow and 

irrigation may raise it. In this case a groundwater table was set to a depth of 50 cm 

Irrigation management was designed in such a way that the total amount of 

irrigation was evenly distributed over all applications. Toe starting <lay of irrigation was 

chosen according to the calculated value of cf (water); applications were assumed to cease 

approximately 1 month before harvest. 

Referring to salinity, the salt content of irrigation water was set to the equivalent 

of 0.5 dSm-1• Toe electrical conductivity of soils was differentiated as a function of the 
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land units considered, and that of the groundwater depending on the salinity of the soils 

and scenarios analyzed. 

Toe maximum depth of the rooting system agreed with the soil depth criteria used 

to define the land evaluation units. 

22 



5. RESULTS AND DISCUSSION



5. Results and discussion

5. 1 Calibration

5. Results �md Discussion

Calibration of the model crop files was done with experimental data from a 

research station located at the same latitude and with the same climatic conditions as the 

study area. 

The maize file was calibrated with experimental data from 1996, and barley with 

data from 1992 and 1993. 

Calibration followed 3 steps: 

- Firstly, TSillv-1 and TO were cahbrated by comparing the lengths ofthe calculated

and observed growing periods. 

- Secondly, LAI development over time was calculated and compared with the

experimental LAT values. 

- Thirdly, the tabulated mass fractions of the gross assimilated production that

were allocated to plant organs as a function of relative development stage were adjusted 

by calcu1ating the mass fractions a11ocated to the same organs from experimental data. 

� 3 
2 

BARLEY 

50 70 90 110 130 150 170 
Julian days 

• observed --simulated 

5 

4 

3 3 

2 

MAIZE 

130 150 170 190 210 230 250 270 290 

Juliandays 

• observed --simulated 

Figure 2: Simulated and observed LAI devclopment data. for barley and maize. 

When reconstructing the mass fractions allocated to organs, the process was 

seriously hindered by the lack of data on root rnass; this forced the author to run the 
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model iteratively with adjusted crop data until ultimately the results generated were similar 

to the experimental data. 
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Figure 3: Simulated and observed organ masses ofmaize, for 1996. 

The results of the calibration of assimilate partitioning on the observed and 

generated values of LAI are shown in Figure 2. Figures 3 and 4 present observed and 

simulated organ masses of maize and barley respectively. It has been attempted to 

reconstruct observed field data, with attention for both yield and aerial biomass production 

at harvesting time, as well as the development of the LAI o ver the crop cycle. 
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Examining the graphs of tlle leaf mass fractions of both crops reveals that 

calibration of the model to experimental data gives good results (as is also shown by 

Figure 2) unt1J the maximum LAI value is reached after which experimental data do no 

longer follow the curve. This is caused by the fact that the simulated leaf mass represents 

only living leaves whereas the experimental data refer to both living and dead leaves. As a 

consequence, the experimentally determined leaf mass does not decrease when leaves die 

and remains increasing until the end of the crop cycle. 

Toe calculated partial dry matter masses of stems and storage organs and the total 

aerial biomass are generally in good agreement with observed values with sorne outliers 

that are blamed on odd data obtained in experimentalresearch. 
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Figure 4: Simulated and observed organ masses ofbarley, for 1992-93. 
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Table 2 summarizes the averaged simulated and observed masses of storage organs 

and aerial biomass for both crops over the years studied. 

Table 2: Comparison of observed and smrnlated production. 

·
.
·STORAGE
. 

i�r;h�-l)

··cROPS< simulated observed simulated 

15000 15053 24555 22010 

7605.3 7676 14557 13554 

Note that the values obtained for storage organs do not represent yield: for 

experimental data values as well as for those simulated, dry storage organs refer to dry 

grain plus husks. Actual yields have a moisture content of 10-12 % that must be added to 

the dry weight of the grain, and one must subtract the weight of the husks. An example: 

the realized experimental yield of maize grain was of 5167 kgha-1 whereas the storage 

organ dry weight was 15000 kgha-1; for the barley experimental data the yield amounted 

to 5493 kgha-1 and the dry mass of storage organs was 7605.3 kgha-1. In other words, 

harvested maize grain amounted to one tmrd of the dry storage organ weight. For barley 

this was roughly 70 per cent. By and now, to make work easier, the storage organ dry 

matter will be referred as the yield, although this reference had to be considered. 
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5.2. PS1 results 

Once the model was calibrated, calculated biophysical production potential for the 

selected crops was used to investigate the effoct of climatic variations between years 

considered in this study. Toe results are presented hereafter. 

5.2.1. Maize 

5.2.1.1. Biophysical production potential 

Table 3 shows the potential storage organ production and the potential total aerial 

biomass production calculated far the 5 years studied. The emergence day was the same as 

for the actual fields, i.e. 20th ofMay (Julian day 144). 

Table 3: Calculated biophysical yield (storage organs) and production (aerial biomass) potentíals and the 
length of thc crop cycle of maize. 

storag� orgahs 
(kgllit4) 

12411 

13835 

13959 

14392 

15053 

áeriál bfomass 

. (kgllll-
1)

19408 

21195 

20884 

21332 

22010 

harv�sftlaj ·. ·. ·. 
•.•••(.Jplfan ijay). 

280 

274 

257 

279 

286 

. . cropéytle 

.·• ··i•(cl�)'s)i.••.· • ·•·.• .. •·.·· 
146 

140 

123 

145 

152 

These results refer to scenarios that use management specifications as common by 

applied in the area, i.e. with a fixed sowing day and a sowing density of 25 kgha-1. As 

expected, the variable semi-arid climate conditions caused considerable differences in 

biophysical production potential as well as differences in length of the growing period 

between years. It was investigated wbich sowing day resulted in the bighest biophysical 

production potential in the area. See Figure 5. 
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Figure 5: Influence of sowing day and sowing density on maize production. Toe fust graph shows the 
effect of sowing date on storage organ production, at a sowing density of 25 kgha-• . Toe second graph 
presents storage organ production as a fimction of sowing density, at the best sowing day for every year. 
The third graph shows storage organ production as a function of the sowing density (lcgha- 1), far a :fixed
sowing day (folian day 120). 

Toe calculations with different sowmg dates suggest that the best results are 

obtained if emergence takes place between 20 April and 11 May (Julian days 11 O and 131, 

respectively). Depending on the weather conditions in the growing season, it might be 
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better to sow earlier or later. However, m general, early sowmg results in higher
production than late sowing.

Recommended sowing densities range between 10 and 30 kgha-1. In this study, the
highest dry mass productions were obtained with 1 O to 20 kgha-1 seed with the average
highest production at 12 kgha-1. Note however that, over the range from 10 to 20 kgha-1,
the variation in yield was very small, as is also apparent form the 3rd graph of Figure 5.

Note that mortality of seeds is not accounted for. This explains why sowing
densities found are less than in the field. As a consequence, the low sowing densities found
do not apply in practica} farming. There, the effects of weeds, pests, diseases, etc. can be
mitigated by choosing a somewhat higher sowing density than needed in an experimental

situation.

As a result ofthe foregoing, a fixed sowing date anda sowing density of 15 kgha-1 

was chosen for ali years under study, as well as a slightly earlier sowing date than chosen
by most farmers in the year 1996. Toe biophysical production potentials generated under
this package are presented in Table 4.

Table 4: Biophysical yield (S.O. production) and production (Total Dry Matter) potentials and length of 
the crop cycle calculated for maize, sowing on Julian day 120 anda sowing density of 15 kgha- 1• 

---_.-- /Yéarf----- -- __ s �.0/pr()<IÜ��ion

--- --_.--···- > (�g�:-i; \_·- -·-··-- -

14156 
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-_._¡993.- .- _-•_- -- __ -- 15511 

15415 

-- -·-·.199$ 15575 

15929 

24110 140 

26540 136 

25772 126 

26176 140 

27209 155 
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5. Resnlts and Discussion

Mutual shading of maize leaves influences production as a function of sowmg 

density. If densities are between 1 O and 30 kgha-1 the canopy is adequate to realize a good 

production, but if the density increases, mutual shading reduces canopy efficiency whereas 

maintenance needs increase; consequently crop yield is not improved in these situations. 

In summary, the biophysical production potentials of maize in the study area 

suggest that a germination date from 22nd of April until 10th of May, and a sowing 

density ranging from 10 kgha-1 to 20 kgha·1 gives the highest biophysical production 

potential, with an average of 15500 kgha- 1 to 16000 kgha·1 of dry storage organ 

production. 

5.2.1.2. Yield forecasting 

Tbe good news first: yield forecasting is possible 100 days before harvesting with 

an error less than 5 % for the 5 years studied. 

92 93 94 years 95 96 

aso SO forecast DTDM D TDM forecast 

Figure 6: Forecast (SO forecast) and calculated (SO) yield and production (TDM forecast and TDM, 

respectively) of maize; forecast was made 100 da.ys before ha.rvest. 

Substituting long term average weather data for real weather data allows to 

forecast the biophysical production potential. It is evident that forecast productions are 

best if only a short period before the end of the crop cycle is evaluated with average data 

and that the accuracy of the forecast is likely to decrease as the prediction is rnade earlier 

in the crop cycle. Figure 6 shows that forecast PS 1 production potentials in the scenarios 
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examined were less than 5 percent inaccurate even though the prediction was made 100 

da ys before harvest. 

5.2.2. Barley 

5.2.2.1. Biophysical production potential 

Table 5 presents the production potentials of aerial biomass and storage organs of 

winter barley sown at the end of autumn or early winter and harvested next year in June or 

July, depending on the climatic conditions. As winter crops grow in two calendar years, 

four results are obtained with 5 years of weather records. The crops germinated on the 

20th ofNovember (Julian day 323); the sowing density considered was 200 kgha-1•

Table S: Biophysical yield (storage organ) a.nd production (aerial biomass) potentials a.nd length uf the 
crop cycle, calculated for barley . 

... . Years .···· < stc,rág� qrg#n ... ·. ·····• aeriaJbiomass hai:v�stiñg daf . ·. · ri;op cycle 
. . . \(kgliii/J\.• •. \.. (kgh�-rx,· ... ·.. (inliá.[J;.y) ... •.··· i.(J.;�Ji

7676 13554 162 204 

7278 12911 152 194 

7491 13109 152 194 

6994 11408 158 200 

Note the differences in production potential and crop cycle length between years. 

This reflects the variability ofweather conditions. 

Under Mediterranean conditions, the sowing date is chosen as a function of 

autumn rainfall. In this study it is shown that later sowing is associated with a higher 

production potential. Late sowing of barley means a short period of vegetative growth, a 

thinner canopy and a lower production of assimilates. However, a late sowing results in 
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5. Rcsults and Discussion

the crop growing in warmer and longer days, which leads to a higher production potential 

than obtained with early sowing. Nevertheless, the rainfall in autumn and the risk of frost 

damage in winter time determine sowing conditions and explain the behavior of the 

farm.ers at the study area. 

Figure 7 presents production potentials calculated far different sowing dates and 

for different sowing densities. Toe higher the sowing density, the higher the LAT and as a 

consequence, the higher the production potential calculated. Note that the production 

increase is not constant: between densities of 100 kgha-1 and 200 kgha- 1 production can 

increase by sorne 1500 kgha-1. In the range from 200 to 300 kgha- 1 production increases in

the best years by about 1000 kgha-1. In practice, sowing densities of200 kgha-1 are chosen.
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7000 

6000 is 
�-

::J 
5000 

4000 

3000 

92 93 94 95 years 

[]303 11313 0323 0333 .343 0353 

10000 

íu 9000 
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.!2 6000 

5000� 
2 

4000 CL 

3000 

92 93 94 95 years 

a100 150 0200 0250 11300 

Figure 7: Influence of sowing day (graph at the top) and sowing density (graph at the bottom) on barley 
production. Toe :first graph present.s productions as a fimction of sowing date, ata sowing densiLy of 200 
kgha· 1

• Toe graph at the bottom presents the highest attainable productions as a function of sowing 
density, at the best sowing day appears to be around 19 November (Julian day 323). 
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5. Results and Discussion

5.2.2.2. Yield forecasting 

Yield and production forecasting can be reliably made until 70-75 days befare 

harvesting with an error less than 1 O %, as shown in Figure 8. 

j 12000 +------<

1 10000 +----1 

5 8000 -r----,= 

g 6000 

e -400) 
Q. 

2000 

o+-----

aso 

92 93 years 94 95 

• SO forecast DTOM D TDM forecast 

Figure 8: Forecast (SO forecast) and calculated (SO) yield and production (TDM forecast and TDM, 

respec...-tively) ofbarley; forecast was made 70 days before harvest. 

5.2.3. Reference production leveJs 

According to the class limits suggested in chapter 4 of this study, reference storage 

organ production levels for delineation of land unit suitability classes were calculated for 

maize and barley. 

TabJe 6: Reference potential yield produclion levels associated with difterent lantl suitability classt:s 
(systems wi:th maize and barJev). 

Suitability dasses Maize (kgha-1) BarJey (kgha"1)

Sl > 12000 > 6000

S2 9000-12000 4500-6000 

S3 6000-9000 3000-4500 

N <6000 < 3000 

33 



5. Rcsults and Discussion

5.3. PS2 results 

Tlris chapter discusses attainable productions for systems with rainfed maize or 

barley, as well as the irrigation requirements for these crops under the climatic conditions 

of the study area. Not only the precipitation sum during the growing period but also its 

distribution determine the efficiency of precipitation for production. 

Irrigation allows to reduce risks and to obtain an acceptably stable production. 

Irrigation will be applied from the first day that the water sufficiency coefficient, cf 

(water), becomes less than 1, and applications will be done until 1 month before 

harvesting. Whitin these rules, irrigation management will be considered for every crop 

and every scenario analysed. 

Note that the applications considered in the calculations refer to "effective 

irrigation". To determine the gross rate of water to be allocated, the efficiencies of 

distribution, field application and conveyance must be taken into account. 

5.3.1. Maize 

5.3.1.1. Rainfed farming possibilities 

Previous studies on maize in the area by Bensaci (1994) indicate that the water 

requirements of maize were around 725 mm in the year 1994 when rainfall during the 

growing period of maize amounted to sorne 200 mm. These results suggest that 

precipitation is insufficient to meet the water requirements of maize. Figure 9 confüms 

that rainfall during the growing period was less than the crop' s consumptive needs in all 

years under study. Irrigation is required for satisfactory crop production under this 

climate. 
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5. Results and Dismssion
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Figure 9:Precipitation versus consumptive water needs ofmaize (1992-1996). 
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Figure I O illustrates the water deficit in the area, by showing the production 

potential of maize without irrigation: Note that variability between years is extremely high 

irrespective of the land unit. In 1992 and 1996, rainfall during the growing season was 

higher tban in 1993 through 1995. Note further that the maximum value attained for 1992 

did not reach 8000 kgha-1, which represents only half the potential under production

situation 1, the biophysical production potential. Toe driest years were 1994 and 1995, 

when productions <lid not reach one ton per hectare. 
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Figure 10: Water-limited production potentials of rninfed maize. Legend numbers refers to the land units: 
1: Calcic Cambísol, EC=l.ldSm- 1

; 2: Calcic Cambisol, EC= 2.4 dSm- 1
; 3: Saline Cambisol, EC= 5 dSm- 1

; 

4: Gleysol, EC = 2.4 dsm-i. 

Toe results suggest that differences between land units are only small, even under 

constrained water avai1ability. Gleysols with their shallow water table permit bigher 

productions in sorne years, but serious waterlogging kills the crop in other years. In the 

case of Saline Cambisols, the water constraint is enhanced by the salts in these soils but 

did not seriously affect the crop's assimilatory capacity. Lower maintenance losses 

(reduced LAI) are likely to outweigh a reduction in assimilation rate. As a result we see a 

slight increase in yield and production despite the increased water stress. 

It is evident that rainfed production of maize is risky and frequently unrewarding; 

irrigation seems to be a precondition for satisfactory maize production in the study area. 
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5. Rcsults and Discussion

5.3.1.2. Irrigated farming 

Applications 

Figure 11 shows the production potentials calculated under severa! irrigation 

regimes. Applications of 400 and 500 mm are adequate to elimina.te the water constraint. 

If the year is dry, 500 mm will be required whereas 400 mm will be enough if it is wetter. 

In general, higher applications do not result in higher productions. 
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Figure 11: The effects of irrigation (sums irrigation intervals and applications) on the water-limited yield 
potential of maize in the study area. The nwnbers of the land units (LU) refer to: 1: Calcic Cambisol, 
EC=l.l dSm-1; 2: Calcic Cambisol, EC=2.4 dSm- 1

; 3: Saline Cambisol, EC=5dSm-'. 

Less than 300 mm of irrígation water are not sufficient except in 1992, when 

rainfall during the growth cycJes of both maize and barley was exceptionally high. 

Differences between land units become only apparent if small doses are applied 

with short (7-1 O days) irrigation intervals. It seems that irrigation intervals of 1 O days can 
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5. ResuJts and Discussion

still be adequately bridged by the soil's water storage capacity; 14 days intervals are still 

acceptable but interval lengths of 20 days are clearly too long and associated with 

depressed production potentials on all land units. 

Note that under irrigation, cropping was possible on only 3 of the 6 soils under 

study. Shallow soils, with depths of less than 60 cm, have insufficient rootable soil 

volume. In all scenarios the resulting shortage ofwater precluded maize to grow. 

In contrast, Gleysols suffered from waterlogging even if the lowest dose (300 mm) 

was applied. 
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Figure 12: Influence of applications and irrigation intervals on the water-limilcd yicld potential of maize. 
Toe numbers of the land nnits (LU) rcfer to: 1: Calcic ClUD.bisol, EC= 1.1 dSm- 1

; 2: Calcic Cambisol, 
EC=2.4 dsm· 1

; 3: Saline Cambisol, EC=Sdsm· 1
• 
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5. Results and Discussion

lrrigation intervals 

Figure 12 presents the effects of different applications and irrigation intervals on 

the water-limited yield potential of maize. Intervals of 1 O to 14 days are shown to be more 

effective than longer intervals. 

As longer time intervals between irrigations generally reduce production, it is 

assumed that the water storage capacity of these soils is not adequate to supply the water 

that crop needs during these longer intervals. 

When more water is applied, 1 O days intervals give the best results; if too much 

water is given per application, e.g. in scenarios with 20 day intervals, not ali water is 

available for uptake: it is probably lost by percolation or surface runoff. 

Irrigatíon water shortage on soils with high salt contents leads to lower 

production. Short time intervals between applications curb the increment of soil salinity 

because of a more uniform water content over the crop cycle and less capillary rise. In 

contrast, longer time intervals are associated with an increase of salinity in the rooting 

zone attributed to more intense capillary rise during long periods wíthout irrigation and 

possibly less percolation. 

Risk of salinization 

Toe risk of salinization is closely correlated with the irrigation regíme. Calculations 

of the change in soil electric conductivity befare and after irrigation suggest a negligible 

increase of the salt content of the rooted surface soils due to the low salt content of 

irrigation water and soils. The highest increment was calculated far saline soils: a 

maximum increase by 2 dSm-1 in 2 ofthe 5 years studied. 

However, irrigation management is not the only factor influencing salinization. 

Among other factors rainfall sum and distribution over the year have to be considered ts > ·.· 

determine the development of salt levels in soils. According to the study carried 
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Torres Limorte (1983), the area has reached an equilibrium between the influx and the 

discharge of salts, and the possibilities of salinization dueto irrigation are rather low. 
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Figure 13: Influence of irrigation on the rise in level of soil salinity m1der maize. Legend refers to the 

land mrits: 1: Calcic Cambisol, EC=l.ldSm-
1
; 2: Calcic Cambisol, EC= 2.4 dSm- 1

; 3: Saline Cambisol, 

EC=5 dSm- 1
• 

Yield forecasting 

Yield forecasting at the time of tillering of maize gave in general satisfactory 

results, as is presented in Appendix VI. Nevertheless, a few remarks must be made with 

regard to the scenarios analyzed. 

Ignoring the error margin of the model itself, differences can be observed between 

scenarios with different applications and irrigation intervals. Water inputs that are not 

enough to eliminate the water constraint (300 mm) predict yield potentials with more than 

1 O % error due to scarcity of water that curbs crop production to a value far less than 

potential production. Applications that meet the water requirements of maize do not 
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present problems ofprediction. Scenarios with time intervals of 7 or 10 days and even 14 

days are ali well predictable but in the case of longer intervals, e.g. 20 days, predicted 

results differ from simulation by around 20 %, and productions are less than attainable 

with other irrigation scenarios. 

1994 scenarios with low doses and short time intervals between applications 

(intervals of 7 days and doses of 300 mm) were less accurately predicted, evidently 

because real rainfall distribution deviated considerably from the average (quite even) 

distribution suggested by long-term average weather records; the low irrigation water 

inputs were insufficient to blank this out. 

5.3.1.3. Land suitability for maize 

Table 7 presents the physical suitability classification of the defined land units 

under the scenarios analyzed. Toe final classification is based on the average of the 5 years 

studied. In Appendix VII the definition of the strategies for land suitability classification 

are g1ven. 

The classification "Highly Suitable" is awarded to Calcic Cambisols and to Saline 

Cambisols. This classification applies with irrigation doses of 400 mm and more, and 

applications given every 1 O or 14 days. Irrigation at shorter intervals under these scenarios 

downgrade the classification to "Moderately Suitable". Scenarios with irrigation water 

inputs ofless than 400 mm result also in the suitability class "Moderately Suitable". 

Saline Cambisols do not present a constraint for maize production in the evaluated 

scenarios. It must be taken into account that the model only considers the reduction of 

soil-water availability by the osmotic potential, and ignores possible toxic effects and the 

action of salts on the nutrient uptake. These effects could impair the growth of maize, 

wbich is little tolerant to salinity. 
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5. Rcsults and Discussion

Gleysols are classified as "Not Suitable" for maize productíon on account of 
serious waterlogging. The same classification was given to shallow soils, but then, on the 
contrary, because of insufficient water storage capacity for maize production . 

Table 7: Physical Suitability classiñcation for maize of land eva1uation units in the 
study arca. Toe classiñcation refcrs to: Sl: Highly suitable; S2: Modcrately suitablc; 
S3: Marginally suitable; N: Not suitable. the suffixes express the following limitations: 

. t d fi . m: m01s ure stress; o: oxvgen e cit. 

11 LAND EVALUATION 

STRA TEGIES 11 1 

1 S2m 

11 S2m 

111 S2m 

IV S2m 

V S2m 

VI S1 

VII S1 

VIII S1 

IX S2m 

X S1 

XI S1 

XII S1 

XIII S2m 

XIV S2m 

XV S2m 

XVI S2m 

2 3 4 

S2m S2m No 

S2m S2m No 

S2m S2m No 

S2m S2m No 

S2m S2m No 

S1 S1 No 

S1 S1 No 

S1 S1 No 

S2m S2m No 

S1 S1 No 

S1 S1 No 

S1 S1 No 

S2m S2m No 

S2m S2m No 

S2m S2m No 

S2m S2m No 
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S. Rcsults and Discussion

5.3.2. Barley 

5.3.2.1. Rainfed farming 

In the study area, barley is irrigated in response to the lack of precipitation during 

the growing period. Figure 14 shows the imbalance between precipitation during the 

growing period of barley and the water requirements of the crop. Figure 15 presents the 

water-limited potentials ofrainfed barley. 
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Figure 14: Precipitation versus consumptive water needs ofbarley, 1992-1996. 
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Only in 1992 the amount and the distribution of the precipitation were adequate to 

almost realize the biophysical production potential; spring in particular was exceptionally 

rainy. In 1993 and 1994, precipitation in spring time was not enough to compensate 

evapotranspiration. In 1995, with a rainy winter, water stored in the soil allowed 

productions of 4000 kgha-1 on ali soils except for Gleysols, for which precipitation during 

this period caused groundwater leve] to raise to within rooting depth, killing the crop in 

the process. 
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Figure 15: Calculated water-limited production potentials of rainfed barley. Legend refers to the land 
units: 1: Calcic Cambiso1, EC=l.ldsm· 1

; 2: Calcic Cambisol, EC= 2.4 dSm-1; 3: Saline Cambisol, EC= 5 
dsm- 1

; 4: Gleysol, EC = 2.4 dSm- 1
• 

In summary, taking differences .in drainage system and management into account, 

all land units respond similarly to water stress; barley can be grown without :irrigation, but 

yield reductions of sorne 30 % relative to the amount reached under stress-free conditions 

must be expected. It is certainly worthwhile to exam.ine the need for irrigation a little 

further. 

Yield forecasting 

Yield forecast.ing from the moment of tillering gave poor results as is evident from 

Figure 16. Tbis is a consequence of the unpredictable weather conditions during the 

second half of the growth cycle of barley. Serious water stress depressed production to 

values well below the biophysical production potential. 
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Figure 16: Production forecasting ofrainfed barley (forecast at the moment of ear initiation). The legend 

refers to simulated production (sim) and production forecast (forec). Toe munbers correspond to the land 
units in study: 1: Calcic Cambisol, EC= l.ldSm- 1

; 2: Calcic Cambisol, EC= 2.4 dsm- 1
; 3: Saline 

Cambisol, EC= 5 ds- 1
; 4: Gleysol, EC = 2.4 dsm- 1• 

5.3.2.2. Irrigated farming 

In every scenario analyzed, the start of irrigation has been chosen after considering 

the number of applications and doses available. It will be discussed which scenarios realize 

the highest productions with a minimum number of applications, to reduce the costs of 

management. 

Toe results presented in Figure 1 7 refer to the 4 growing seasons that were studied 

in the case of barley. Precipitation during a particular growing season will intluence the 

effects of irrigation. However, even under the best scenarios tested, productions were still 

less than the biophysical production potential. 

In I 992, the amount of rain during the growing season was enough to sustain 

optimum crop growth, even without any irrigation. 
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Figure 17: Influencc of the frequency and amount of water application (cumulative irrigation (mm), 
indicated in the legend) on the water limited production potential ofbarley, on the land units (LU) under 
study. Toe munbers of the land llllits (LU) refer to: 1: Calcic Cambisol,EC= 1. 1 dsm-'; 2: Calcic Cambisol, 
EC=2.4 dSm-1; 3: Saline Cambisol, EC=SdSm- 1

; 4: Gleysol; 5: Lithic Cambisol; 6: Lithosol. 

Applications 

Far ali years considered in this study, the lowest water input needed for 

satisfactory production is 200 mm. The best results are achieved with 200 to 300 mm. If 

more water is applied, production decreases, probably as a consequence of the low 

hydraulic conductivity values of the soils under study (FAO, 1979). This may cause a 

shortage of air in the soil during the growing cycle which depresses uptake of water by the 

root systems. 

Toe response of different land units to the selected doses is evident when low 

doses are applied. For Gleysols, production under irrigation is only possible if the 

cumulative water input <loes not exceed 100 mm. Higher doses cause the phreatic level to 
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rise to within the root zone, which results in lack of oxygen and the death of the crop. 

Small doses improve production considerably on Gleysols but not on other land units. 
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urc 18: húluence of the quantities of water applied on the water -limited production potential of barley. 
The nurnbers of the land units (LU) refer to: 1: Calcic Cambisol, EC= l.l dsm·'; 2: Calcic Cambisol, 
EC=2.4 dsm·1; 3: Saline Cambisol, EC=5dsm·1; 4: Gleysol; 5: Lithic Cambisol; 6: Lithosol. 

Lithic Cambisols in the study area cannot be planted to barley, neither under 

rainfed farming nor under irrigation, due to the small rootable volume of these soils, which 

is insufficient to store enough water to meet the crop's water requirements. 

In the case ofLithosols with a sandy texture, irrigation inputs from 100 mm to 400 

mm are relatively well accepted in 1993 and 1994 provided that irrigation intervals are 

short (7 days). lt is generally true that the availability ofwater to crops is better if intervals 

between applications are short. Irrigation improves production, but the increase in 

production is less than 2 tons per hectare. If water is applied every 1 O days, only inputs 

lower than 300 mm are recommended. By and large, simulation results suggest that good 
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production is not to be expected on these soils under the scenarios analyzed. As a 

consequence, they are best classified as "Not Suitable" for grain crop production. 

Irrigation intervals 

Short time intervals between applications imply less water input per application 

than in the case of longer intervals. The highest production was achieved with a total 

water input of 200 mm. 

Inputs less than 100 mm give the best returns if applied with longer intervals 

between applications. This might be caused by less dense but more efficient foliage. If 

vegetative growth is not exuberant the costs of its maintenance are less, and a greater 

fraction of newly formed assimilates will be available for storage organ growth. 

Application intervals of 1 O or 14 days give the highest returns: total water inputs 

of 200 mm perform the same or better than larger amounts. 

Longer time intervals do not change much with the exception of shallow Lithosols 

where longer intervals between applications preclude crop growth because of serious 

water shortage between applications. 

Applications every 7 days have the same effect on the first 3 soils of this study. 

Intervals between applications that are longer than 1 O days gave the same results. 

On Lithosols, the only possibility of irrigation is to apply water every 7 or 1 O days. 

Longer intervals are associated with severe water stress between applications and such 

scenarios are unfit for barley production. 

In Gleysols, the best results are obtained if irrigation intervals are between 1 O and 

14 days. Shorter intervals give lower productions, presumably caused by temporary 

waterlo gging. 
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Risk of salinization 

The risk of salinization was found to be rather low for ali soils except Lithosols, in 

which electrical conductivity is shown to be influenced in different ways depending on the 

doses and the time intervals between applications. 
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Figure 19: Influence of the irrigation on the development of soil salinity of soils under barley. The 
numbers ofthe land units refer to: 1: Calcic Cambisol, EC=l.1 dSm- 1

; 2: Calcic Cambisol, EC=2.4 dSm-1; 
3: Saline Cambisol, EC=5dsm· 1

; 4: Gleysol; 5: Lithic Cambisol; 6: Llthosol. 

In general, short time intervals between applications curb or prevent an increase of 

the electrical conductivity of soils. If time intervals between applications are longer, the 

risk of salinization increases, reaching a maximum value of 1 dsm-1 in the case of Saline 

Cambisols that are irrigated every 20 days. However, as it was explained for maize, 
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5. Results and Discussion

salirnzation of soils <loes not only depends on irrigation rnanagernent but also on other 

factors such as rainfall and capillary rise over the year. As a consequence, and considering 

the results of previous studies, it is considered that these data indicate trends but are as 

such not enough to determine the risk of salinization of soils. 

Yield forecasting 

Yield forecasting at the time of tillering gave good results in all the cases except 

those where the biophysical production is not attained because of water shortage, e.g. in 

scenarios with total water inputs of only 100 mm. By and large, the rnodel predicts barley 

productions with less than 1 O % error provided that the crop is fully irrigated. Results are 

given in Appendix VI. 

5.3.2.3. Land suitability for barley 

Table 7 shows the physical suitability of the studied land units for the scenarios 

with barley. Appendix VII indicates the definition of strategies for the land suitability 

classification. 

Final classification is based on the averaged productions calculated for the 5 years 

on record. In sorne years, sorne land had a different production than calculated due to the 

variable weather, but in the end the final classification was the sarne. 

As in the case of maize, only Calcic and Saline Carnbisols can be classified as 

"Highly Suitable" for barley production with irrigation inputs higher than or equal to 200 

mm. Different time intervals under these applications, in contrast with maize, do not affect

land suitability, probablybecause ofthe lower water needs ofbarley. Lower doses result in 

a "Marginally Suitable" classification. 

Gleysols irrigated with 100 mm of water are classified as "Marginally Suitable" if 

irrigated every 7 days, and they become "Moderately Suitable" if irrigated with longer 

intervals between irrigations. If water inputs exceed 100 mm, Gleysols beco me "Not 

�uitable" for barley production. 
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Shallow soils are "Not Suitable" for barley production, neither rainfed nor 

irrigated. In sorne years, Lithosols permit low production, and reach a "Marginally 

Suitable" classification. Lithic Cambisols are completely unsuitable for barley production. 

Table 8: Physical suitability classifícation for barley of land evaluation units in the 
study arca. The classification rcfcrs to: S 1: Highly suitable; S2: Moderately suitable; 
S3: Marginally suitable; N: Not suitable. the suffixes express the following limitations: 
m: moisture stress; o: oxygen deficit. 

LAND 

STRATEGIES 1 

1 S3m 

11 S1 

111 S1 

IV S1 

V S1 

VI S3m 

VII S1 

VIII S1 

IX S1 

X S1 

XI S3m 

XII S1 

XIII S1 

XIV S1 

XV S1 

XVI S3m 

XVII S1 

XVIII S1 

XIX S1 

XX S1 

EVALUATION 

2 3 

S3m S3m 

S1 S1 

S1 S1 

S1 S1 

S1 S1 

S3m S3m 

S1 S1 

S1 S1 

S1 S1 

S1 S1 

S3m S3m 

S1 S1 

S1 S1 

S1 S1 

S1 S1 

S3m S3m 

S1 S1 

S1 S1 

S1 S1 

S1 S1 

1 A 

S3m 

No 

No 

No 

No 

S2o 

No 

No 

No 

No 

S2o 

No 

No 

No 

No 

S2o 

No 

No 

No 

No 
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Nm Nm 

Nm Nm 

Nm Nm 
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Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 

Nm Nm 
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6. Conclusions

6. Conclusions

First of ali, one must be aware that calibration of the model was done on basis 

of expernnental crop data of one year and the results obtained extrapolated to the 

other years examined. Note that for testing the model, further field expernnentation 

would have been needed. Also, crop growth parameters were obtained by running the 

model iteratively; they too should have been tested with expernnental data that were 

not available in the field data collected for the calibration. The soil data required by the 

model are very specific and rarely collected in the field in standard surveys, which 

interferes with the proper use ofthe model. However, sorne conclusions can be drawn. 

- The crop growth model PS 123 has generated good values of the biophysical

production potential along the years for both crops. Toe model predicts maize and 

barley productions with less than 1 O % error. 

- Early sowing ofmaize gives higher productions than late sowing. In contrast,

late sowing of barley tends to result in higher production than early sowing. 

- Sowing densities around 15 and 20 kgha-1 for maize and around 200 kgha-1

for barley are adequate. 

- Rainfed barley yield can not be accurately forecast because of shortage of

water late in the crop cycle. In the case of maize results show that irrigation seems to 

be a precondition for satisfactory maize production in the area. 

- Under irrigated farming, maize gives the best production with irrigation inputs

of at least 400 and sometnnes 500 mm, depending on the year; water must be applied 

every 10-14 days. Toe high suitability applies to more than 90 % ofthe area. Shallow 

soils and Gleysols are classified as "Not Suitable" for maize production. 

- Yield forecasting of maize gave good results if irrigation inputs are in excess

of 400 mm. lf water inputs are insufficient, the accuracy of yield forecasting is lower. 

These differences are more accentuated :in- maize than barley due to its high water 

requirements. 
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6. Conclusions

- Irrigated barley produces best with irrigation inputs of at least 200 mm, and

water applied every 10 or 14 days. Higher doses do not give better results. Land 

suitability is high for more than 90 % of the soils. Shallow soils are classified as "Not 

Suitable" for barley cropping, and Gleysols are "Marginally Suitable" if irrigated with 

less than 100 mm, and "Not Suitable" under higher doses. 

- Barley yield forecasts were accurate only if irrigation inputs were greater than

200 mm. If doses are less than that, yield forecasting is less accurate. 
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Appendix I: Criteria for defining the Land Units 

a) Texture (according ot the USDA texture classes)

- Clay loam

- Sand

b) Soil depth

e) Gravel content

d) Salinity

<2 

2-8

8 - 16 

> 16

e) Gypsum content

Appendixcs 

> 80

50 - 80 

<50 

Gypsum content is considered a limiting factor in a soil ifits content is higher than 25 %. 
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Appendix 11: Description of the 

chosen Land Units 

1: CALCIC CAMBISOL 

Geomorphological aspect: Glaci 
% Slope: 2 
Altitude: 390 m 
Drainage: Good 
Crops planted in this soil: Cereals 
Tcxture: 

0-25 cm: clay loam
25-60 cm: silty clayloam
60-85 cm: silty clay
Plus 85 cm: silty clay

% Gravels: 
0-25 cm:5
25-60 cm: 5
60-85 (,'lll: 15
Plus 85 cm: 80

Infiltration curve: Zu = 0.0120tº .45 

Total pore fraction: 0.5 
Electrical Conductivity: LI dSm- 1 

Gypsmn contcnt: < 25% 

2: CALCIC CAMBISOL 

Geomorphological aspect: Glaci 
% Slope: 2 
Altitude: 390 m 
Drainage: Good 
Crops planted in this soil: Cereals 
Texture: 

0-25 cm: clayloam
25-60 cm: silty clay loam
60-85 cm: silty clay
Plus 85 cm: silty clay

% Gravels: 
0-25 cm:5
25-60 cm: 5
60-85 (,'lll: 15
Plus 85 lID: 80

Inñltrati.on ClUVe: Zn = ü.012üt0
.4

5 

Total pore.fiaction: D.5

Elcctrical Conductivity: 2.4 asm- 1 

Gypsmn content: < 25% 

2 

3: SALINE CAMBJSOL 

Geommphological aspect: Cone 
% Slope: 4 
Altitude:375 m 
Drainage: Good 
Crops planted in this soil: Alfalfa 
Texture: 

0-50 cm: silty loam
50-7 5 cm: clayey silty
75-100 cm: silty clay

% Gravels: 
0-50cm: 10
50-75 cm: 5
75-100 cm: O

Infiltration curve: Zn = 0.0120tº .45 

Total pore fraction: 0.5 
Electrical Conductivity: 

0-30 cm:2.9 dsm-1 

30-60 cm: 4.9 dsm-1 

60-90 cm: 9 dSm 1 

Gypsmn contcnt: < 25 % 

4. GLEYSOL

Geomorphological aspect: Valley 
% Slope: l 
Altitude:460 m 
Drainage: Bad 
Grom1dwater table: 50 cm 
Crops plantcd in this soil: Pasturc 
Tcxhue: 

0-30 cm: loam
30-50 cm: loam
Plus 50 cm: overflooded

%Gravds: 
0-30 cm: 2
30-50 cm:2

Inñltration curve: Zu = O.Ol45tº ·35 

Total pore fraction: 0.5 
Electrical Conductivity: 

0-30 cm:2.4 dsm- 1 

30-50 cm: 2.4 dsm- 1 

Plus 50 cm: 3 dSm- 1 

Gypsmn contcnt: < 25 % 

Appendixcs 



5. LITHIC CAMBISOL

Geomorphological aspcct: Slope 
% Slopc: 5 
Altitude:390 m 
Drainage: Good 
Depth: 50 cm 
Crops planted in this soil: Cereal 
Tcxture: 

0-30 cm: clayey loam 
30-50 cm: claycy loam 
50-65 cm: calcite 
Plus 65 cm: marls 

% Gravels: 
0-50 cm: 10 
30-50 cm: O
50-65 cm: O
Plus 65 cm: O

Infíltration cmve: Zn = 0.0147tº .39 

Total pore fraction: 0.5 
Electrical Conducti.vity: 2.4 dSm-1 
Gypsum content: < 25% 

6. LITHOSOL

Geomorphological aspcct: Slope 
% Slope: 10 
Altitude:400 m 
Drainage: Good 
Depth: 50 cm 
Crops planted in tlris soil: Cereal 
Texture: 

0-20 cm: silty loam 
20-45 cm: silty clay loam 
45-50: silty clay 
Plus 50 cm: Gypsum rock 

% Gravcls: 
0-20 cm: 5 
20-45 cm: 10 
45-50: O 
Plus 50 cm: O 

Infiltration curve: Zn = 0.0I 47tº .39 

Total pore fraction: O. 5 
Elcctrical Conductivity: 2.4 dSm-1 
Gypsum -eontrnt: < 25%
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Appendix 111: Data requírements 

Data requirements for Production Situation 1: 

- To define the land unit, the following weather data are needed:

- Tmax: Daily maximum temperature (ºC)
- Tmm: Daily minimum temperature (ºC)
- SUNH: Number of sun hours per day (hr)
- RBA: Relative hurnidity of air (%)

- To define the land utilization types, crop data and management data are

requ-ired:

The crop data rnfer to: 

- Photosynthetic mechanism (C3/C4)
- TSUJvl: Toe heat requirement for full physiological development (°Cd)
= TO: The treshold temperature far physiological de-velopment (ºC)
- Tleaf: Heat sum for full development ofplant üssue ('C)
- Tiow: Minimum temperature tolerable by the crop (°C)
- SLAmax: Maximum specific leaf area (m2/k:g)
= SLi\rn.in: W.tirtlmum specific leaf area (m2/kg)
- Ke: Extinction coefficient for visible light
= .fr(or.g): i\1ass fraction vf grossxate o.f assi1uj]atc production by.a_field 

crop a11ocated to organ 'org' as a function ofRelative Deve1opment 
- r( org): Organ-specific relative maintenance respiration rate (kg/(kg*d))
- Ec(org): Efficiency of conversion for 'orga.n'

The 1nanagemcnt (lata ret¡Lrired are: 

- !\ J\y. l11i1an .,.,,11-nbe.,. ,,f'da" _,.,-f ner,.,,.,;,.,.,t1·0-'"' nr plant;n,,..L,l'_l-,._ • .,JY...1..11. _LI_L,U .. ..L.I. _J_ V..I. J V-'- 5 _J_,l___u__u_LiLI.- .1..1. V_l " .1...1.'L.ll..J,5 

- So,víng or p1anting ,lensity (kg/ha)

- Mortality of seeclJplanting rnaterial (0-1 ).

Data require&iienfs for Pruduct.ion Situa-tio:n 2: 

To describe the land unit under PS-2, the required data, additional to those used i.f1 

PS-1 anaiys-is, are: 

4 
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The additional weather data are: 

- PREC: Daily precipitation ( cm/d)
- Eo: Daily evaporation (crn/d)
- ETo: Daily evapotranspiration (cm/d)

The soil data needed are: 

- SMO: Total pore fraction ofthe soil material (cm3/cm3)
- GAM: Texture-specillc constant ( cm-2) 

- PSimax: Texture specific suction boundary {cm)
- KO: Saturated hydraulic conductivity ( cm/d)
- ALFA: Texture-specific geometry constant ( cm-2·

4*f
f 

1) 

- AK: Texture-specillc reference conductivity ( cm-1'
4
) 

- So: Reference of sorptivity
- Ktr: Hydraulic permeability oftransmission zone (cm/d)

To define the land utilization types, it is required to add the following information 

to the data used under PS-1 : 

The additional cmp data are: 

- RDSroot: Relative development stage at which root growth ceases
- RDm: Maximum rooting depth ( cm)
- RDint: Initial rooting depth ( cm)
- PSileaf: Critical leaf water head ( cm)

-TCM: Maximum turbulence coefficient

The management data are: 

- IE: Effective rate of irrigation ( cm/d)
- SSC: Surface storage capacity (cm)
- .PSiint: Initial matric suction (cm)
- SSint: Initial surface storage ( cm)
- Zint: Initial water table depth (cm), and ifit is fixed or variable
- ECe of saturated paste extract (mS/cm)
- ECw ofirrigation water (mS/cm)
- ECw of groundwater (mS/cm) 
- Time intervals of irrigation and doses
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Appendix N: Data files 

Toe data files are sequential ASCII files that can simply be made or altered with 

most editors. Toe files contain the following data sequences. 

ALL WEATHERFILES: 

line # 1: "SITELABEL$", LAT (degree), LON (degree), ELEVATION (m) 
line # 2-366: Julian DAY nr, Tmax (ºC), Tmin (°C), PREC (cm/d), RHA (0-1) 

Eo (cm/d}, SUNH (h/d}, ETo (cm/d) 
CROP.DAT: 
line # 1: "CROPLABEL$" 
line # 2: C3/C4, TO (ºC), Tleaf (°Cd), Tlow (°C) 
line # 3: 
line # 4: 
line # 5: 

RDSroot (0-1 ), RDm ( cm), RDint ( cm), PSileaf ( cm) 
Ec(leaf), Ec(root), Ec(stem), Ec(s.o.), MCY(N) (kg/kg) 
NRPTS 

line # 6: RDS O 1 2 3 NRPTS 
line # 7: fr(leaf) . 
line # 8: fr(root). 
line # 9: fr(stem). 
line #10: fr(s.o.) . 

Toe crop data generated in this study are: 
"MAIZE ( cv. füANITA)" 
"C4",9 .5,1450,900,-5,.75, 135,8, 17000 
18, 12,.55,l .15,.0225,.01,.01 POI ,O 
. 72,.72,.69 ,. 72,.01,.004,.0011,.0005 
8 
0,.075,.52,.6,. 7,. 75,. 8, 1 
.4,.37,.31,.08,0,0,0,0 
.35,.18,0,0,0,0,0,0 
.25,.45,.64,.08,0,0,0,0 
o,o,o,.92, 1,1, 1, 1 

"BARLEY ( cv. DOBLA)" 
"C3",2, l 500,850,-20,0.51, 125,7,16000 
30) 8,0.44, l .15,0.02,0.01,0.007,0.003,0
0.72,0. 72,0. 74,0.74,0.01,0.004,0.0011,0.0005
7
0,.2,.5,.55,0.6,0.65, 1
.38,.52,.2,0,0,0,0
.62,.48,0,0,0,0,0
0,0,.8,.45,0.35,0,0
0,0,0,.55,.65, 1, 1

6 
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SOILC.DAT: 
line #1: "S0ILLABEL$" 
line #2: SMO (cm3/cm3), GAM (cm-2)

line #3: PSimax (cm), KO (cmld), ALFA (cm-1), AK (cm-2·
4 d-1)

line #4: SO (cm/d0 ·5), Ktr (cm/d) 
line #5: dummy value 

Toe soil data generated in the study are: 

"Sand
rr 

0.5,0.1 
110,504,0.13 8,0.1 
50.16,317.52 
o 

"Clay loamtt

0.5,0.0058 
209,5.52,0.039,3 
4.7,3.4776 
o 

7 
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Appendix V: Precipitation versus consumptive water needs of maize and 
barley 

.... PRECIPITATION (mm/month) ETc (mm/month) 

6(17 

160.1 

15.4 

62.9 

77.5 

118 

494.6 

81 

119.35 

217.8 

238.92 

106.6 

24.9 

788.57 

·,::,::�� :J.;J PRECIPITATION (rnm/month) ETc (rnm/month) 

50.1 65.21 

41 152.67 

0.1 280.22 

16.6 244.64 

92.5 100.6 

81.1 20.9 

281.4 864.24 

PRECIPITATION (mm/month) ETc (mm/month) 

80 74.65 

7 176.65 

4 252.7 

5 238.5 

112 115 

61 20 

269 877.5 

PRECIPITATION (mm/month) ETc (mm/month) 

38 93.6 

8 155.19 

5 246.6 

23 238.04 

14 108.46 

3 28 

91 28 

• PRECIPITATION (mm/month) ETc 
mm/month 

53 52.65 

15 152.22 

58 211.14 

42 198 

17 94.71 

10 14.96 

195 723.68 

8 

. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. . .. .. . . .. .. .. .. .. .. . . .. , , , "" 

,•:¡: 'L''BARllE:Y:,:::::,.:,··•· 

PRECIPITATION (mrn/rnonth) ETc (mm/month) 

4.4 7.07 

45.3 7.75 

o 5.23 

11.4 44.4 

11.4 81.8 

81.4 159.48 

50.1 159.82 

41 87.24 

245 552.79 

PRECIPITATION (mm/month) ETc (mm/month) 

67 6.05 

17 12 

13 31.46 

31 59 

11 103.2 

8 118.8 

80 133.4 

7 70.8 

234 534.71 

PRECIPITATION (mm/month) ETc (mm/month) 

67 6.325 

17 12.15 

8 29.3 

11 38.48 

5 120.58 

44 187.56 

38 229.36 

8 88.68 

198 712.435 

f PRECIPITATION (mm/monlh) ETc (mm/month) 

29 8.6 

114 10.2 

154 18.27 

46 44.16 

21 104.67 

41 175.68 

53 215.66 

15 93.5 

473 670.74 

6 
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Appendix VI: Yíeld Forecasting 

l. Yield Forecasting in Production Situation 1

BARLEY YIELD FORECASTING 

PRODUCTION SITUATION 1 

Percentage of accuracy 
. > \J\f eather dl:lta filés '·· .... · .· . · ... ·. ·. ,· < 

·i 1992. ·.· .. 
1 1993·.' <1994 f995· .....

10'.'.j5CiM�befqrel'larvesting> ··· alm14592 alm14593 alm14594 alm14595 
$9 > ,.·· · >· < .. / 100% 100% 100% 100% 
TOtAL.'DR'(MATfER,.< < ·.'. > 100% 100% 100% 100% 
tJARVESt DAY ··, .• · '··. · ·· · 100% 101 % 100% 100% 

�¿s��á�Sb�fqfe.
,
h�'J'¡stin�:•· al7�:!92 alm13593 alm13594 al

���:
95 

100% 100% 
tt>tA�.DRYMAtr�R ·: . • i i; < 101 % 100% 100% 123% 
HARVEST QAY ·•· \. \ .. · · 100% 99% 101% 99% 
ªQ.;3sday$·befó'r�.�arv�.sting\ ,: alm12592 alm12595 alm12593 alm12594 
$<:;) .\·· · . ·•·< ' ',.· .•.. · ·. · . . i , > . · 103% 100% 100% 101% 
TQ'l"ALQRYNIA'rtEf(< . ·· > > 102% 101% 100% 101% 
lrJARV:la§i PAV / .... · . 100% 99% 100% 99% 
4p.;4�daySbefote hárve$tiñg> . a1m11 s92 a1m11 s9s alm11593 alm11594 
$Q/ '. ' · >< • 104% 101% 100% 103% 
TC>:tALOR.Y'.MATTER <, > · 102% 101 % 100% 102% 
HAR\/E$tJJAY.<. 

. .• < ; 99% 98% 101% 99% 
�o���:(jays ij�for�·harv�s{i¡ig / alm10592 alm10595 alm10593 alm10594 
StQRAGEORGAN < .· .. · .. . . · .. ··• 105% 102% 103% 105% 
TQTAL ORY. MATtER < . · . 103% 102% 102% 103% 
t·b\RVEStt>AY· . • . < .·•· > .··•·•·· 99% 98% 100% 99% 
6Q-�$i;1ay� befaré harvesting ... alm9592 alm9595 alm9593 alm9594 
$9 ·, .. , ·•··•

···•··
.·. < ' ··, ... · 

.·. > ... · ·.
·• . . ·. : •·.· •. ·.·.

·••• ... · .

$0 > )> •·· > · .. · < :.·· · .....• ••·· .. · . . ,.,
·.

so• ··· 
.
. 
· 
.. . < 

HARVESJQAY •· •. '

109% 
108% 
99% 

alm8592 
108% 
107% 
99% 

alm7592 
114% 
112% 
99% 

alm6592 
116% 
114% 
99% 

105% 
103% 
99% 

alm8593 
108% 
105% 
99% 

aJm7593 
108% 
106% 
99% 

alm6593 
109% 
107% 
99% 

9 

105% 102% 
104% 103% 
99% 98% 

alm8594 alm8595 
103% 104% 
102% 105% 
99% 98% 

alm7594 alm7595 
100% 104% 
99% 104% 
99% 98% 

alm6594 alm6595 
99% 103% 
97% 103% 
98% 97% 
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MAIZE YIELD FORECASTING 

PRODUCTION SITUATION 1 
Percentage ot accuracy 

so > ..•.....••
.•.•

.. ... / . ... >· ··· ..... ·.
TOTAl/PRYMATT�R.< · ·• . . ·. · .. .•

SO/ .. <·.•. <·· .. ·•<: ... · 
· .
. 

HARYESTOAY .. · · ... . · ·• ·.·. .  · ·. · ..· ·

.....
.. >. < vv�athe(data files ... · · .. 

199:t<. 
alm27592 

100% 
100% 
100% 

alm26592 
100% 
100% 
100% 

· ·. 1993 ·.
_.,-.·,. . . ·-. 

:
: 

alm27593 
100% 
100% 
100% 

alm26593 
101% 
101% 
99% 

· ... i·1�94
alm27594

100% 
100% 
100% 

alm26594 
100% 
100% 
100% 

Appendixes 

·. · · 
... . .- : . .  .· ·. < 

1995· .. ··. 1996> 
alm27595 alm27596 

100% 99% 
100% 99% 
100% 100% 

alm26595 alm26596 
99% 97% 
99% 97% 
101% 102% 

alm25592 alm25593 alm25594 alm25595 alm25596 
100% 102% 100% 99% 98% 
99% 101% 100% 100% 98% 
103% 100% 100% 100% 101% 

40�45délys before. M1Vestírig · alm24592 alm24593 alm24594 alm24595 alm24596 

STORAGÉ ORGAN .. ··· · ···.··· 
.··· . . .. ... .. . . . ..

. . 
· .. .  · • .·· . ... ........ .·. . .· 

103% 100% 100% 97% 
102% 100% 101% 98% 
100% 100% 99% 100% 

alm23592 alm23593 alm23594 alm23595 alm23596 
101% 176% 101% 99% 97% 
99% 103% 100% 100% 99% 
103% 100% 101% 99% 99% 

60�55days befqreharyesting . • alm22592 alm22593 alm22594 alm22595 alm22596 
so> :\ i . > .·.· .... .i 101% 104% 101% 99% 97% 
TPM · · · . · ···· .·. . · ..•. ..•. · . · 

. . · ·•· ·
. · . 100% 103% 100% 100% 99% 

HARVESJPAY < < 102% 100% 101% 99% 99% 

7Cl�75 days.·bef9re.··hátv;éstihg .... ··• alm21592 alm21593 alm21594 alm21595 alm21596 
SQ>. ..

............ .... ..... .. · .......... . ::.e ...
.
. ·.> -:·· 102% 106% 100% 98% 97% 

'.re>TJ\la: DR,Y MATJl;R· . .... 101% 
·
:
· 

· . 
... 

103% 99% 101% 101% 
HARVEST DAY . 

... ·.
· ...... .: ..... .. ..... 102% 100% 102% 97% 96% . 

·· .. . .  

ao�ssctays befare tjarvesting <. alm20592 alm20593 alm20594 alm20595 alm20596 
so••

·
···· .• ·.
·. . . 

.
·· . 105% 103% 98% 97% 96% . .  •· 

TóJAL;·ORY:MATJERi ... ·.·: 
·.·· . .· 103% 101% 98% 100% 100% 

r!ARVESTOAY .·· 103% 100% 102% 97% 95% 
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2. Yield forecasting in Production Situation 2

Toe number of the land units refer to: 1: Calcic Cambisol, EC=l .1 dsm-1; 2: Calcic 
Cambisol, EC= 2.4 dSní 1

; 3: Saline Cambisol, EC=5dSm-1; 4: Gleysol; 5: Lithic Cambisol, 
clay loam texture; 6: Lithosol, sand texture. 

MAIZE 

PROOUCTION SITUATION 2 

IRRIGATED FARMING 

YEARS 1996 ANO 1993 

% OF FORECASTING ACCURACY 

'P:Hfwtlti'.1rrl:�N$:ij'V:e&lWt!O'.J.f:t$Ji!Flt::.:·:·.···.
LAND UNITS 

1 2 3 

80% 82% 82% 

114% 83% 84% 

94% 54% 93% 

131% 131% 130% 

2 3 

84% 84% 84% 

90% 90% 90% 

95% 96% 96% 

95% 96% 96% 

1 2 3 

88% 88% 89% 

90% 90% 95% 

90% 90% 95% 

90% 90% 95% 

·•JrAl:-lQ!Tl�N�iE�R�'20:DA;í$n:s:,::·· 
LAND UNITS 

1 2 3 

80% 80% 81% 

80% 80% 81% 

80% 80% 81% 

80% 80% 81% 

11 
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The number ofthe land units refer to: 1: Calcic Cambisol, EC=1.l dsm-1; 2: Calcic 
Cambisol, EC= 2.4 dSm-1; 3: Saline Cambisol, EC=5dSm-1; 4: Gleysol; 5: Lithic Cambisol, 
clay loam texture; 6: Lithosol, sand texture. 

MAIZE 

PRODUCTION SITUATION 2 

IRRIGATED FARMING 
YEARS 1994 AND 1995 
% OF FORECASTING ACCURACY 
iéfi?t;Ji'.$WIQN§!t¡l¡N!J;JSI'if:ff:ffl�l\':(:§U' ;: ". .. . 

LAND UNITS 
1 2 3 

79% 
102% 

98% 
120% 

LAND UNITS 
1 

91% 
97% 

102% 
102% 

90% 
92% 
92% 
92% 

80% 
101% 

68% 
150% 

2 
91% 

115% 
103% 
103% 

2 

90% 
93% 
93% 
93% 

81% 
83% 
97% 

119% 

3 
91% 
98% 

103% 
103% 

3 

91% 
94% 
94% 
94% 

��R�lll�lttl�N$Jf$�'.'�R'n'igiip�y,§ii:l s:' , .. ····· ···· 

LANDUNITS 
1 2 3 

98% 87% 88% 
98% 87% 88% 
98% 87% 88% 
98% 87% 88% 
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Toe number ofthe land units refer to: 1: Calcic Cambisol, EC=l.1 dSni\ 2: Calcic 
Cambisol, EC= 2.4 dsm-1; 3: Saline Cambiso4 EC=5dSm1 ; 4: Gleysol; 5: Litbic Cambisol, 
clay loam texture; 6: Lithosol, sand texture. 

MAIZE 

PROOUCTION SITUATION 2 

IRRIGATED FARMING 

YEAR 1992 

% OF FORECASTING ACCURACY 

..• ,a:m;m1;1mI(fN�i�\ll;fl:Wij(iP1*Y:$E:f,j ::: ::t:./''

LAND UNITS 

1 2 3 

76% 77% 76% 

107% 93% 93% 

105% 60% 104% 

100% 100% 99% 

LAND UNITS 

1 2 3 

76% 76% 75% 

94% 94% 93% 

99% 100% 99% 

99% 100% 99% 

1 2 3 

71% 70% 70% 

76% 75% 75% 

76% 75% 75% 

76% 75% 75% 

,., ...... , .. , .... . " ...... , ....•. , .. . ,·i!±·· ·(X¡···.·. , ... ,.e,· ., .. "'' ,.,, , .•. ,.,,.,. "*iRWl��m1�,$:l;N/ip�rt�Q··�:t:�:r:r,u:.,,. ··· ··· ··
LANDUNJTS 

102% 91% 92% 
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The number o f the land units refer to: 1 : Calcic Cambisol, EC= 1.1 dsm-1; 2: Calcic 
Cambisol, EC= 2.4 dsm-1; 3: Satine Cambisol, EC=SdSm-1; 4: Gleysol; 5: Lithic Cambisol, 
clay loam texture; 6: Lithosol, sand texture. 

BARLEY 

PROOUCTION SITUATION 2 

IRRIGATED FARMING 

YEAR 1993 

% OF FORECASTING ACCURACY 

LAND UNITS 

1 2 3 4 5 6 

69% 69% 69% 81% 

97% 99% 98% 74% 

100% 97% 97% 80% 

89% 89% 89% 48% 

89% 89% 89% 

1 2 3 4 5 6 

70% 70% 70% 82% 56% 

100% 100% 100% 83% 81% 

98% 98% 98% 59% 

98% 98% 98% 

98% 98% 98% 

1 2 3 4 5 6 

80% 80% 80% 87% 

100% 100% 100% 

100% 100% 100% 

100% 100% 100% 

100% 100% 100% 

.LAND UNITS 

1 2 3 4 5 6 

79% 79% 80% 86% 

97% 100% 98% 

100% 100% 98% 

100% 100% 98% 

100% 100% 98% 
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Toe number ofthe land units refer to: 1: Calcic Cambisol, 
Cambisol, EC= 2.4 dsm-1; 3: Saline Cambisol, EC=Sdsm-1; 4: •. T' ... "'"" .... ,·:�··:.:+"J.L.1:1.l\V
clay loam texture; 6: Lithosol, sand texture. 

BARLEY 

PRODUCTION SITUATION 2 

IRRIGATED FARMING 

YEAR 1994 

% OF FORECASTING ACCURACY

LAND UNlTS 

1 2 3 4 

78% 78% 78% 86% 

100% 100% 100% 

99% 99% 99% 

92% 92% 92% 

92% 92% 92% 

1 2 3 4 

100% 77% 77% 84% 

100% 101% 100% 

100% 100% 100% 

100% 100% 100% 

100% 100% 100% 

1 2 3 4 

76% 85% 85% 85% 

101% 101% 100% 

101% 101% 101% 

101% 101% 101% 

101% 101% 101% 

LAND UNITS 

1 2 3 4 

87% 86% 86% 89% 

97% 97% 96% 

100% 99% 99% 

100% 99% 99% 

100% 99% 99% 
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The number of the land units refer to: 1 : Calcic ..., ... _..,," 
Cambisol, EC= 2.4 dsm-1; 3: Saline Cambisol,
clay loam texture; 6: Lithosol, sand texture. 

BARLEY 

PRODUCTION SITUATION 2 

IRRIGATED FARMING 

YEAR 1995 

% OF FORECASTING ACCURACY 

LAND UNITS 

1 2 3 

99% 98% 97% 

96% 96% 96% 

96% 96% 95% 

96% 96% 95% 

96% 96% 95% 

LAND UNITS 

1 2 3 

99% 98% 97% 

99% 98% 97% 

99% 98% 97% 

99% 98% 97% 

99% 98% 97% 

LAND UNITS 

1 2 3 

104% 104% 105% 

104% 104% 105% 

104% 104% 105% 

104% 104% 105% 

104% 104% 105% 

2 3 

102% 98% 97% 

102% 98% 97% 

102% 98% 97% 

102% 98% 97% 

102% 98% 97% 
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Appendix VII: Definition of strategies for /and suitJjj 
·:·-.:_:·.::·: _

.
.
.
, __ ::,_:: .. /.\ 

1. Strategies for classification of land suitability for maize:\/

EVERY7DAYS 

EVERY7DAYS 

EVERY7DAYS 

EVERY 10DAYS 

EVERY 10 DAYS 

EVERY 10 DAYS 

EVERY 10DAYS 

EVERY 14DAYS 

EVERY 14 DAYS 

EVERY 14 DAYS 

EVERY14DAYS 

EVERY 20 DAYS 

EVERY 20 DAYS 

EVERY 20 DAYS 

EVERY 20 DAYS 

EVERY7DAYS 

EVERY7DAYS 

EVERY7DAYS 

EVERY 10 DAYS 

EVERY 10 DAYS 

EVERY 10DAYS 

EVERY 10DAYS 

EVERY 10 DAYS 

EVERY14DAYS 

EVERY14DAYS 

EVERY 14 DAYS 

EVERY 14 DAYS 

EVERY 14 DAYS 

EVERY 20 DAYS 

EVERY20DAYS 

EVERY 20 DAYS 

EVERY 20 DAYS 

EVERY 20 DAYS 
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