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Preface 

Simulation and Systems Analysis (SSA) are useful tools in agricultural research, develop­
ment, and extension. These tools are now being used by research collaborators of the S ARP 
(Simulation and Systems Analysis for Rice Production) Project in several Asian national 
agricultural research centers. Near the end of the third phase of SARP, a 'SARP Applica­
tions Workshop' was organized from April 18 to May 6, 1994, at the International Rice 
Research Institute (IRRI) at Los Banos, the Philippines. At this workshop, emphasis was 
put on the application of SSA tools by introducing the so-called 'Application Programs' 
Under the Agro-ecosystems research theme of SARP, two Application Programs were for­
mulated: 'Agro-ecological Zonation and Characterization', and 'Crop Rotation Optimization' 
(in total, six Application Programs were formulated). This book introduces these two Ap­
plication Programs (Bouman & Lansigan, Lansigan & Bouman) and documents the relevant 
presentations given at the workshop. Five papers are presented under 'Agro-ecological 
Zonation and Characterization', and nine papers under 'Crop Rotation Optimization'. The 
number of papers on zonation is comparatively small because most research results on this 
topic were already presented at the International Workshop on Agro-ecological Zonation of 
Rice at Hangzhou, China (published as SARP Research Proceedings by Bouman et al., 
1993). The papers included here address diverse topics such as rainfall mapping (Jeyaraman 
et al.), Geographic Information System (Pascual & Cablayan), soil data base investigation 
(Kalra et al.) and economic risk analysis (Pandey). Under 'Crop Rotation Optimization', 
four papers deal specifically with the modelling of rice-wheat cropping (Singh & Timsina, 
Timsina et al., Pandey, Sattar). Two papers deal with other specific crop rotations: rice-
peanut in the Philippines (Orno & Lansigan), and barley-interplanted corn-rice in Zhejiang, 
China (Yang Jingping). The last two papers investigate more general crop rotations and in­
clude an economic analysis of the whole farming system (Pan Jun, Labios et al.). 

The SARP Applications Workshop also see the overlap and transfer of coordinatorship 
of the Theme Agro-ecosystems from B.A.M. Bouman of AB-DLO (Wageningen, The 
Netherlands) to F.P. Lansigan of UPLB (Los Banos, Philippines) during the last two years 
of the SARP project. This volume also demonstrates the working research collaboration 
between the advanced research institutions (IRRI, AB-DLO and TPE-WAU) and the partic­
ipating national agricultural research centers (NARCs) in Asia. 

We would like to acknowledge the assistance provided by many colleagues and friends 
in the preparation of this book. Mrs Say Calubiran-Badrina (IRRI) helped in reproducing 
good quality figures. 

Los Banos, Wageningen The Editors 
December 1994 
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The Application Program 

'Agro-ecological Zonation and Characterization' 

B.A.M. Bouman1 and F.P. Lansigan2-3 

^LO-Research Institute for Agrobiology, 2University of the Philippines at Los Banos 

and Soil Fertility, P.O. Box 14, international Rice Research Institute, 
6700 AA Wageningen, The Netherlands Los Banos, Laguna, Philippines 

Introduction 

The Application Program 'Agro-ecological Zonation and Characterization' is part of the 
SARP-III research theme 'Agro-ecosystems'. The term 'characterization' means the quan­
tification of e.g. potential yield level, climatic yield variation, yield risk, irrigation water 
needs and growth duration. The term 'zonation' means that this characterization is done on 
regional to (supra-)national scales. Another way to describe this Application Program is that 
it entails the application of Simulation and Systems Analysis (SSA) tools in the extrapola­
tion of experimental research on field-level to other spatial and/or temporal domains. 

Ideas and methods of using SSA tools in agro-ecological zonation were coordinated at 
three workshops: 
1. SARP Research Planning Workshop, 19 - 21 March, 1992, at IRRI, Los Banos, the 

Philippines. 
2. International Workshop on Agro-ecological Zonation of Rice, 14 - 17 April 1993, 

Hangzhou, China. 
3. SARP Applications Workshop, 18 April - 6 May 1994, at IRRI, Los Banos, the 

Philippines. 

The SARP Research Planning Workshop, 1992 

At this workshop, agro-ecological zonation was identified as the main topic of the research 
theme 'Agro-ecosystems' of SARP-III. The line was set to use crop growth simulation 
modelling in mapping crop yields (potential, water-limited) on regional scales as function of 
environmental characteristics, i.e. weather, soil and management practices. Emphasis was 
put on applied research. The output of the simulation models was to be used for optimizing 
timing of the crop, crop selection, analysis of temporal variation due to weather, and risk 
analysis for inputs. 

From the discussions, it was concluded that uncertainty and spatial variation in input pa­
rameters are important aspects in the application of crop growth models on regional scales. 
So far in most zonation studies, some representative parameter values are estimated for each 
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land unit under consideration that is considered homogeneous in weather, soil and manage­
ment practices. These single representative parameter values are then used in the simulation 
model to produce single, representative yield simulations. Thus, the simulated output does 
not take into account any uncertainty or spatial variation that might be present in the input 
data. It was decided at the Planning Meeting that this problem needed to be addressed in 
SARP-III. Another problem identified for further study was that of data scarcity. Most 
SARP teams mentioned the lack of input data, especially weather and soil, as a major con­
straint in applying crop growth models for zonation. Thirdly, the combined use of crop 
modelling and Geographic Information Systems (GIS) in data base management and map­
ping of simulation results (and of primary data) was mentioned. It was decided that the 
SARP project would look for possibilities to provide the teams with a simple GIS package 
plus training. 

At this Planning Workshop, SARP teams presented zonation case-study proposals and 
work plans for the period 1992-1995 (ten Berge et al., 1994a). SARP staff would focus on 
the three main issues raised above: uncertainty and spatial variation, data scarcity, and GIS. 

The Agro-ecology Workshop, 1993 

In April 1993, the Agro-ecology Institute of the Zhejiang Agricultural University in 
Hangzhou, Zhejiang, China, hosted the International Workshop on Agro-ecological 
Zonation of Rice. SARP teams presented results of zonation studies in which crop growth 
models were used to quantify yield potentials on regional scales and to optimize rice-based 
cropping systems. Some teams presented results by graphs and tables, some teams by man­
ually drawn maps, and some teams by using GIS. The first progress made on the special 
research issues formulated at the Research Planning Workshop in 1992 was presented and 
discussed. A method based on Monte Carlo simulation was presented to deal with uncer­
tainty and spatial variation in input data. This method can also be used in case of soil and 
management input data scarcity, and to guide the set-up of cost- and time-efficient mea­
surement strategies. A new soil water balance model, LOWBAL, was presented for puddled 
rice soils, especially designed to be used for zonation studies (Bouman, 1993). LOWBAL 
has a low soil data input requirement that agrees with the scarcity of soil information on 
regional scales. The Interactive Meteorological data Simulation Program (IMSP) was pre­
sented to alleviate weather data scarcity. The link between crop modelling and GIS was ad­
dressed by a number of researchers that used similar concepts of integrating the two 
techniques. Generally, GIS was used as a sophisticated means to store and manipulate data 
that are required as input by the crop growth models. Data were extracted from GIS per 
'mapping unit', the crop model was run, and the simulation results were returned to the GIS 
for mapping. The same data manipulation can be done manually, though it is more cumber­
some. Unfortunately, it had to be concluded at this Workshop that the provision of a simple 
GIS package to all SARP teams fell outside the scope of the SARP-III project. However, 
SARP teams that had access to GIS of their own could be supported by IRRI. 



The results of the work presented at this Workshop, and of other SARP work done on the 
topic of Agro-ecology of rice, were published as SARP Research Proceedings (Bouman et 
al., 1993). 

The SARP Applications Workshop, 1994 

The first week of this workshop was dedicated to updating of all SARP team members with 
newly developed models and tools. Especially relevant for the Zonation Application 
Program were the SARP Shell, the program RIGAUS (Random Input Generator for the 
Analysis of Uncertainty in Simulation), IMSP (Interactive Meteorological data Simulation 
Program), and the rice growth models ORYZA1 and ORYZA_W. Exercises were made to 
get familiar with these new tools. A general procedure to use crop growth modelling in 
zonation studies was presented and adopted as Common Framework (see below: a 
Common Framework for Zonation). An introduction was given to methods of linking crop 
growth simulation results (on regional scale) with tools of economic (risk) analysis. 

In the second week, short zonation case-studies were performed by 'country' groups 
using the developed Common Framework: Bangladesh, China, India and the Philippines. 
The emphasis of these case-studies was to quantify the effect of uncertainty and spatial 
variation in model input parameters on simulation results (yield probability distribution; risk 
analysis). The results of the case-studies were compared and discussed among the country 
groups. Based on the new experiences and insights gained, new team workplans and case-
study proposals were developed and old ones updated. The link of simulation results with 
economic analysis was picked-up as new topic for the next two years. 

The third week was spent on further exercises with the new tools and models and on 
preliminary work on team case-studies. The results of this Workshop (case-study results, 
team workplans, AP program plan) were plenary reported. 

A Common Framework for Zonation 

Figure 1 is explained as follows. Any regional study is characterized by some overall objec­
tives, e.g. 'optimizing rice cropping systems'. From this overall objective(s), one or more 
'specific' zonation objectives can be formulated that can be addressed with SSA tools, e.g. 
the quantification of potential yield level, of yield gap, or of irrigation water needs. Based 
on these specific objective(s), a suitable crop growth model and appropriate tools can be 
selected. For example, the 'quantification of potential yield level and irrigation water needs' 
requires a crop growth model for irrigated situations with a water balance component, i.e. 
ORYZA_W. The choice of the crop growth model puts requirements on the input data that 
should be available. In the example of ORYZA_W, soil data should be available for the 
water balance model, next to weather, crop and management data. When no soil data are 
available, either these data should be collected, or another model should be selected that 
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Figure 1. Diagram of the Common Framework for the use of SSA tools in agro-ecological 
zonation. 

can be run with the data that are available. In the first option (data collection), simple 
sensitivity analysis with the model can help to select the type of parameters and the accuracy 
with which they need to be collected to satisfy the specific objectives of the zonation study. 
The second option, when there is no possibility to collect new data, will usually mean that 
part of the specific objectives can not be satisfied. For instance, when no soil data are 
available, the model ORYZA1 for potential production (but without water balance) has to be 
used instead of ORYZA_W, which means that the 'potential yield levels' can be quantified 
but not the 'irrigation water needs'. When a suitable model has been selected, and input data 
gathered, simulation runs can be made and output produced in the form of graphs, tables 
and maps. With the program RIGAUS (see below), the effect of uncertainty or spatial 
variation in input parameter values (soil, management) on simulated output can be 
quantified. Simulation output then takes the shape of probability distributions that can be 
used for risk analysis. The produced output has to be compared with the specific objectives 
of the study. When these objectives are met, the results can be used to satisfy part of the 
overall objectives of the case-study. When the specific objectives are not met, e.g. the accu­
racy of the simulation results does not satisfy pre-set accuracy levels, two possibilities exist. 
First, it can be concluded that additional data acquisition needs to take place (e.g. to enhance 
the simulation accuracy, or to be able to use a more suitable model). Second, it may be 
concluded that none of the available models and tools are satisfactory and that additional 
model development needs to be done. 



Stepwise, the Common Framework consists of the following activities: 

1. Define the overall objectives of the zonation study. 
2. Derive the specific objectives to tackle with SSA tools. 
3. Select an appropriate model based on the specific objectives and on the available (or 

collected) input data; compilation of input data (use IMSP or SIMMETEO to generate 
additional weather data if necessary, e.g. 25 years). 

4. Run the model using all years of available weather data; the input data are single parame­
ter values that are representative for each of the basic land-units of the zonation study; 
the simulated output quantifies the effect of variation in weather. 

5. Select the best, an average and the worst year (in terms of e.g. yield) and perform 
Monte Carlo simulation for each of these three years: estimate probability distributions 
for the soil and management input parameters (instead of single representative values); 
use RIG AUS to generate a large number of rerun sets (about 100); run the model. The 
output is a probability distribution that quantifies the uncertainty and/or spatial variation 
in the input parameter values. If necessary, repeat this procedure for some more years. 

6. Summarize the outputs of steps 4 and 5 in the form of maps, graphs and tables; analyse 
the output (e.g. risk-analysis). The output of step 5 is especially useful to explore and 
optimize management options under different environmental conditions (soil, weather). 

7. Compare the output with the specific objectives stated in step 2. Decide whether the re­
sults are satisfactory or whether the simulations need to be repeated with additional input 
data or with improved models. 

Step 4 is carried out for each identified land-unit of the zonation study. Step 5 can be limited 
to a small number of land-units that are representative for different agro-ecological zones in 
the study area. When the area of the zonation study is relatively small and all land-units fall 
in comparable agro-ecological zones, step 5 may even be limited to only one land-unit. 

The models currently available in S ARP for zonation of rice are: 

• ORYZA1 for potential production (Kropff et al., 1994). Input data requirements are 
weather data (daily values of minimum and maximum temperature and of solar radia­
tion), crop data and management data. 

• ORYZA_W for irrigated and rainfed lowland and for rainfed upland (ORYZA_W de­
scription, 1994). For lowland (puddled soil), the above-ground crop growth model is 
linked with the soil water balance LOWBAL; for upland, with SAHEL. Input data re­
quirements are weather data (daily values of minimum and maximum temperature and of 
solar radiation, wind speed, vapour pressure and rainfall), crop data, management data 
and soil data. 

• ORYZA_0 for nitrogen-limited production (ten Berge et al., 1994b). Input data re­
quirements are weather data (daily values of minimum and maximum temperature and of 
solar radiation), crop data, management data and soil data [crop, management and soil 
data are less extensive than for ORYZA1 and ORYZA_W]. 



The following tools are available: 

• SARP-Shell (Riethoven, 1994). This Shell is a user-friendly menu system that facili­
tates model selection, model running, input data handling, and output manipulation and 
presentation (tables, graphics, simple statistics). 

• RIGAUS (Random Input Generator for the Analysis of Uncertainty in Simulation; 
Bouman & Jansen, 1993). This program enables the user to study the effects of uncer­
tainty and/or spatial variation in input parameter values on simulated model output. For 
each model parameter, a statistical probability distribution can be chosen instead of a 
single value. A model rerun set is generated that can be used for Monte Carlo analysis. 
The output of this Monte Carlo simulation is a probability distribution of the simulated 
variables, e.g. yield, that quantifies the effect of uncertainty and/or spatial variation in 
the input parameter values. RIGAUS and Monte Carlo simulation are options under the 
SARP-Shell. 

• IMSP (Interactive Meteorological data Simulation Program; Lansigan & Casumpang, 
1993), a user-friendly and enhanced version of the weather generator software 
SIMMETEO (Simulation of Meteorological Variables) by Geng et al. (1988). This 
weather generator is also menu driven, but not yet an option under the SARP Shell. 

Input data need partly be collected for each case-study separately, and have partly been col­
lected during the course of the SARP project. Weather data need to be collected for each 
environment separately. To use the data in the simulation models, they should be put in the 
WEATHER format (van Kraalingen et al., 1990). Currently at IRRI, a large weather data 
base is stored in the CLICOM system and conversion software is available to convert the 
data in the correct format. Soil data should also be collected for each area specifically. When 
no actual field measurements can be carried out, parameter values may be estimated from in­
formation on soil maps. For the soil data for the SAHEL water balance (upland), empirical 
relations have been derived between some model input parameters and soil texture classes 
(derived from Dutch soil types). For 18 soil texture classes, ranging from coarse sand to 
silty clay, standard input data sets are available (Bouman et al., 1994). For the water bal­
ance LOWBAL, no data base is yet available. Management parameters have to be estimated 
from expert-knowledge, or may be obtained by field-inquiries. Crop data have been col­
lected for a number of rice varieties from field-experiments by various SARP teams in the 
'Potential Production' and 'Crop and Soil Management' research themes. 

Workplan 1994-1995 

At the SARP Applications Workshop, nearly all SARP teams proposed a case-study on 
agro-ecological zonation of rice or of another crop of rice-based cropping systems. The em­
phasis is on the application of the developed software. The Common Framework as 
described above will be used as main methodology. A new topic that will be pursued by a 
number of teams is the link between the simulation output of zonation studies and economic 



Table 1. Summary of planned S ARP activities in the 'Agro-ecological zonation and charac­
terization' Application Program, 1994 - 1995. For description of the acronyms see the 
introductory pages of this volume (participating organizations in SARP). 

1. Comparative analysis of Agro-ecological Zones 
Lead teams: TNRRI, CRRI, CNRRI, ZAU, BRRI, UPLB, PhilRice, BORIF, SURIF 

2. Yield gap analysis and evaluation of yield potential and yield variation 
Lead teams: TNRRI, TNAU-WTC, CRRI, UPLB, PhilRice, BRRI, ZAU 

3. Linking simulation results with economic analysis tools 
Lead teams: TNAU-WTC, IARI, CNRRI, ZAU, UPLB, PhilRice 

(risk) analysis. Table 1 summarizes the major planned activities in agro-ecological zonation 
of the SARP teams. SARP staff will support team case-studies where necessary, and per­
form own case-studies for further methodology development (namely the link with eco­
nomic analysis tools). Further software development will take place, e.g. improvement of 
ORYZA_W, incorporating IMSP/SIMMETEO under the SARP Shell, economic analysis 
tools. Moreover, links will be made between the SARP simulation software and interna­
tional standardized data base structures, such as DSSAT. 

The output aimed for by the end of SARP-III (December 1995) is: 
Software of SSA tools in agro-ecological zonation of rice, i.e. zonation-dedicated rice 
growth models (ORYZA series), weather data generator (IMSP), RIG AUS, zonation-
dedicated SARP-Shell options, interfaces with international standardized data bases. 
Manual on 'Crop growth modelling in agro-ecological zonation of rice' (SARP 
Research Proceedings). 
Description of ORYZA_W (together with Crop and Soil Management theme; SARP 
Research Proceedings). 
Methodologies to link simulation output on regional scales with economic analyses tools 
(Manual; case-study descriptions). 
Finished case-studies (SARP teams, SARP staff); reports, scientific papers. 
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Rainfall mapping and cropping strategy in dry farming tract of 
Tiruchirapalli District, Tamil Nadu, India 

S. Jeyaraman1, T.M. Thiyagarajan1, F.P. Lansigan2-3 and T.B. Ranganathan1 

1 Tamil Nadu Rice Research Institute, 2University of the Philippines at Los Banos, 
Aduthurai - 612 101, international Rice Research Institute, 
Tamil, Nadu, India Los Banos, Laguna, Philippines 

Abstract 
Monthly rainfall data of 21 locations in Tiruchirapalli district, Tamil Nadu, 
India of the period 1961 - 1974 were used to stratify the district into so-called 
'rainfall zones'. These rainfall zones and current cropping systems in the dis­
trict are discussed. New crops and cropping patterns are proposed for the dry 
farming tracts, based on soil type, rainfall zone and cropping systems research. 

Introduction 

Tiruchirapalli is one of the 22 districts of the state of Tamil Nadu, India, located between 
10° 15' N and 11° 39' N latitudes and 77° 32' E and 79° 45' E longitudes. The 'dry farming 
tract' constitutes nearly 69% of the total area of 1.113 million hectares, and occurs in almost 
all of the 10 taluks (administrative divisions) of the district, namely: Karur, Manaparai, 
Kulithalai, Musiri, Thuraiyur, Tiruchi, Lalgudi, Udaiyarpalayam, Ariyalur and Perambalur 
(Figure 1). 

The major soil groups found in Tiruchirapalli are light textured red soils (70%), heavy 
textured black soils (23%), and medium textured alluvial soils (7%). Saline and alkaline 
(sodic) soils occur in about 4000 hectares in a few pockets (Ramu et al., 1988). The red 
soils mainly occur in Karur, Kulithalai, Udaiyarpalayam, Manaparai, Ariyalur and Musiri 
taluks, and the black soils in Perambalur, Ariyalur, Thuraiyur, Lalgudi and Musiri taluks. 
These red and black soils occur predominantly in dry farming tracts. The black soils are 
more productive than the red soils. Black soils have a capacity to store as much as 300 mm 
water in one meter depth, whereas light textured red soils can only store 100 - 150 mm 
water (Singh & Reddy, 1988). Alluvial soils are found in Tiruchi, Lalgudi, Ariyalur, 
Kulithalai, Musiri and Karur taluks adjoining the Cauvery river. 

Tiruchirapalli district receives rainfall mainly from the Northeast monsoon (NEM), and 
to a lesser extent from the Southwest monsoon (SWM). The mean annual rainfall for the 
district is 842 mm and ranges between 650 - 1022 mm (Ramu et al., 1988). The normal 
onset of the SWM is during the second fortnight of June, and withdrawal is at the end of 
September. The onset of the NEM is during the first week of October, and withdrawal is 
during the last week of November. Rainfall from the SWM (June - September) averages 
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Figure 1. Location map of Tiruchirapalli district with its 10 taluks, Tamil Nadu, India. 

273 mm, and that from the NEM (October - December) 395 mm. Average rainfall during 
winter (January - February) is 41 mm, and during summer (March - May), 134 mm. The 
weekly rainfall distribution suggests that a possible growing season for this district is from 
July to December. The effective cropping season in Karur, Manaparai, Kulithalai, Musiri, 
Thuraiyur taluks ranges from the first fortnight of September to the first fortnight of 
December, whereas it ranges from the second fortnight of August to the first fortnight of 
December in the other taluks of the district (Jeyaraman et al., 1987). 

Rainfall zone mapping will be helpful in identifying the potentials and constraints for 
crop production in rainfed areas. The objective of this paper is to determine the rainfall 
zones of Tiruchirapalli district and to find the suitability of these zones for rainfed cropping 
systems. 

Material and methods 

Historical records of monthly rainfall from 1961 - 1974 for 21 locations in Tiruchirapalli 
district were collected from the Department of Statistics, Government of Tamil Nadu, 
Madras. These data were used to draw maps of monthly and annual rainfall zones using the 
Geographic Information System (GIS) facilities at IRRI (International Rice Research 
Institute). A GIS permits the digital storage, processing and display of geo-referenced data. 
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Digital maps can be stored and displayed that give thematic information such as soil, land-
use, or rainfall maps (Rajan, 1991). 

Suitable crops for the different rainfall zones of the district were determined from pub­
lished information on cropping systems. For example, Oldeman & Frère (1982) found that 
the water requirements for dryland crops (e.g. rainfed rice) are satisfied when the monthly 
precipitation is at least 92 mm. These values are comparable to the definition of a dry month 
(less than 100 mm) as proposed by IRRI (1974) and Oldeman (1980). Values of 75 mm 
cumulative rainfall correspond to the approximate amount of rainfall necessary for emer­
gence and early growth of rainfed rice (Oldeman & Frère, 1982). Monthly precipitation 
should be at least 200 mm for three consecutive months to allow cultivation of rainfed rice. 
A wet period of five to six months is considered sufficient to grow two crops of rice, pro­
vided that the first crop is sown directly prior to the onset of the wet period (Oldeman & 
Frère, 1982). If the dry season lasts for four to six months, a fallow period is unavoidable 
but two crops in sequence are possible. A dry season of seven to nine months, or a growing 
period of three to five months, allows the cultivation of only one crop. If the dry period 
lasts more than nine consecutive months, the area is not suitable for growing crops without 
an additional source of water (Oldeman & Frère, 1982). 

Results and discussion 

Rainfall zones 
The mean monthly and annual rainfall of the 21 locations in Tiruchirapalli are presented in 
Table 1. 

The monthly rainfall data show that January to July are dry months with rainfall less 
than 92 mm. The monthly and annual rainfall maps show distinct rainfall zones in 
Tiruchirapalli district. In July, the taluks of Udaiyarpalayam, Lalgudi, Tiruchirapalli and 
part of Thuraiyur and Manaparai receive, on the average, more than 70 mm rainfall. In 
August, the taluks of Ariyalur, Udaiyarpalayam, and part (Marungapuri) of Manaparai re­
ceive more than 100 mm of monthly rainfall. During September to November, all taluks 
receive at least 100 mm rainfall per month. In December, only Tiruchirapalli, Lalgudi, 
Ariyalur, and Udaiyarpalayam receive rainfall of more than 100 mm while the other taluks 
receive 48 - 90 mm. Based on the historical annual rainfall pattern, the whole district may be 
divided into three rainfall zones (Table 2). 

According to Oldeman & Frère (1982), Tiruchirapalli district has been further classified 
into three divisions based on the distribution of wet and dry months (Table 3). 

Cropping systems in dry farming regions 

Diversity in crops and cropping systems helps to overcome the risks involved in dry farm­
ing under erratic climatic conditions and with incidence of pests and diseases. It also can 
help to effectively utilize the available resources. 
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Table 1. Average monthly and annual rainfall (1961 - 1974) in mm at different locations in 
Tiruchirapalli district, Tamil Nadu. 

Location 

Tiruchirapalli 
Lalgudi 
Pullambadi 
Musiri 
Thathaiyangarpettai 
Thuraiyur 
Uppiliyapuram 
Perambalur 
Chettikulam 
Ariyalur 
Thirumanur 
Jeyankondacholapuram 
Karur 
Aravakurichi 
Kulithalai 
Kadavur 
Panchappatti 
Palaviduthi 
Manaparai 
Marungapuri 
Udaiyarpalayam 

Jan 

21 
20 
18 
13 
9 
9 

20 
24 
20 
17 
23 
23 
11 
13 
12 
14 
15 
17 
20 
19 
23 

Feb 

23 
22 
20 
13 
13 
16 
24 
22 
17 
19 
18 
21 
11 
15 
17 
18 
13 
16 
20 
12 
24 

Mar 

11 
18 
20 
13 
14 
13 
19 
19 
16 
22 
10 
11 
15 
10 
27 

8 
7 
8 

10 
17 
14 

Apr 

18 
33 
24 
29 
33 
28 
35 
34 
21 
20 
32 
19 
32 
27 
28 
34 
21 
21 
30 
41 
20 

May 

52 
65 
38 
53 
35 
45 
54 
49 
31 
62 
43 
64 
55 
36 
53 
47 
41 
25 
52 
66 
64 

June 

21 
37 
29 
30 
17 
37 
35 
37 
24 
53 
38 
40 
20 
10 
32 
19 
24 
30 
46 
54 
35 

July 

78 
73 
69 
50 
45 
71 
53 
62 
43 
52 
63 
61 
50 
39 
61 
29 
31 
26 
58 
77 
99 

Aug 

80 
80 
74 
62 
68 
88 
85 
85 
66 

141 
62 

129 
52 
40 
61 
47 
52 
52 
73 

101 
118 

Sept 

177 
198 
163 
141 
110 
166 
162 
170 
168 
174 
148 
131 
151 
125 
156 
113 
133 
160 
174 
168 
162 

Oct 

206 
165 
192 
202 
174 
229 
157 
206 
183 
169 
203 
216 
158 
187 
186 
148 
170 
139 
159 
228 
152 

Nov 

160 
177 
170 
129 
113 
127 
112. 
107 
102 
167 
152 
176 
115 
124 
123 
119 
104 
107 
124 
134 
186 

Dec 

110 
119 
114 
75 
78 
73 
78 
79 
70 

120 
107 
124 
56 
62 
67 
54 
55 
49 
80 
89 

126 

Annual 

957 
1006 
930 
808 
708 
901 
836 
893 
761 
956 
898 

1016 
725 
688 
823 
650 
667 
648 
850 

1006 
1023 

Table 2. Division of the taluks of Tiruchirapalli district into rainfall zones based on average 
annual rainfall. 

Zone 

I 

II 

III 

Rainfall (mm) Taluks in the district 

> 900 Udaiyarpalayam, Ariyalur, Lalgudi, Marungapuri, 
part of Manaparai 

700 - 900 Perambalur, Tiruchirapalli, 
Thuraiyur, part of Kulithalai, Musiri 

< 700 Part of Kulithalai, Musiri, and Kara 

Existing Cropping Systems 
Mixed cropping of sorghum, pearl millet and groundnut with pulses like red gram, cowpea, 
green gram, black gram and field lab-lab is practiced in the red soil areas. Besides rainfed 
rice, little millet (samai), foxtail millet (tenai), and horse gram are grown as single crop in 
some pockets. In black soil areas, mixed cropping of cotton, sorghum and pearl millet with 
minor millets, coriander and pulses is practiced. Single crops of cotton, chillies, coriander 
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Table 3. Division of taluks of Tiruchirapalli district based on wet and dry months. 

Number of Number of Taluks in the district 

wet months dry months 
(>100 mm ( <100 mm 
rainfall) rainfall) 

5 7 Udaiyarpalayam, Ariyalur 

4 8 Tiruchirapalli, Lalgudi, Marungapuri, part of Manaparai 

3 9 Kulithalai, Manaparai, Karur, Musiri, Thuraiyur, Perambalur 

and horse gram are found in some areas. The traditional long duration sorghum varieties 
Makkatti, Thalaivirichan and Chencholam are still grown under rainfed conditions. In 
Udaiyarpalayam and Ariyalur taluks, rainfed rice is grown using the local varieties Kalayan 
Samba and Kattasamba (Anon., 1988; Jeyaraman et al., 1987). Double cropping of pulses 
or sesame followed by coriander or horse gram, and pulses followed by sunflower is also 
practiced (Anon., 1988). 

Proposed Crops and Cropping Systems 
Improved drought-tolerant crops and varieties can be grown instead of the traditional ones 
for better utilization of the available resources, particularly rainfall and stored soil moisture. 
For instance, pearl millet is more drought tolerant than sorghum, and sunflower is more 
water-use efficient than groundnut and pigeon pea (Venkateswaralu, 1990). Water melon 
can also be grown in black soil areas under rainfed conditions. 

The rainfall pattern, soil depth and soil type together determine the moisture availability 
period, and thereby the choice of crops and cropping systems. In shallow and medium deep 
red soils, only single cropping is possible. Single cropping can be taken up in areas with 
600 mm rainfall during the rainy season where the average length of the growing season 
does not exceed 20 weeks, and with 100 mm water holding capacity of the soil 
(Venkateswaralu, 1990). Inter cropping is generally suitable in regions with annual rainfall 
ranging between 625 - 800 mm on soils with a water holding capacity of 150 - 200 mm 
(Venkateswaralu, 1985). Inter cropping in drylands avoids the difficulty of having to estab­
lish a second crop after the first crop as in sequential cropping. Therefore, where there are 
risks associated with establishing a second crop, intercropping is usually a good alternative, 
and is certainly much more stable in terms of production. Double cropping is possible in ar­
eas that receive more than 800 mm of rainfall with a soil moisture storage capacity of more 
than 250 mm (Venkateswaralu, 1990). The amount of pre-monsoon rainfall determines the 
possibility for double cropping on deep red and black soils. The success of a sequential 
cropping system depends on the duration of the first crop. Chillies or pulses followed by 
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Table 4. Cropping pattern in drylands based on rainfall distribution as suggested by Singh 
& Reddy (1988). WHC = water holding capacity. 

Zone 

I 

II 

III 

IV 

Annual 
rainfall 
(mm) 

350-600 

600-750 

750-900 

>900 

Effective 
growing 
season 
(months) 

<4.6 

4.6-7.0 

>7.0 

>7.0 

WHC of 
soil 
(mm) 

100 

200 

250 

250-300 

Cropping pattern 

Single or mixed cropping of pearl 
millet and pulses 
Intercropping of sorghum, pearl 
millet, castor or groundnut with 
pigeon pea 
Double cropping with monitoring 
sorghum-coriander/horsegram 
Double cropping assured groundnut 
-sorghum ; cotton - blackgram/ 
foxtail millet 
Sorghum-cowpea/clusterbean 

coriander or sunflower is one such popular crop sequence in dryland areas. Singh & Reddy 
(1988) suggested the following cropping patterns for drylands based on rainfall distribution 
(Table 4). 

Here, a new dryland cropping pattern is proposed for Tiruchirapalli district, based on 
the suggestions in Table 4, to optimally benefit from rainfall received during the Southwest 
and Northeast monsoons as well as from residual moisture available at the end of the 
monsoons (Table 5). In general, sowing can be done during July - August for better 
utilization of the available rainfall. With normal (average) rainfall during July - August, 
intercropping of sorghum or pearl millet with pulses, or single cropping of sesame, can be 
practiced in both red and black soil areas. Groundnut plus red gram combinations can be 
grown in red soils. Intercropping of cotton with pulses, or single cropping of chillies, 
rainfed rice or watermelon can be practiced in black soil regions. On these soils, the broad-
bed cum furrow method can be adopted for growing two rows of sorghum, pearl millet or 
cotton with one row of cowpea or black gram. In double cropping areas, the first crop can 
be grown up to July - August, while the second crop can be grown in October - November. 
Alternative cropping patterns can be adopted to utilize rainfall received during August to 
November as well as the residual moisture available up to December. The suggested crops 
and new cropping systems in Table 5 may be effectively practiced to improve the socio­
economic conditions of the farmers in Tiruchirapalli district. 
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Table 5. Proposed dryland cropping pattern for Tiruchirapalli district. WHC = water 

holding capacity. 

Zone Annual WHC of Soils Cropping pattern 
rainfall (mm) soil (mm) 

Area in Taluks 

Lalgudi 
>900 200-300 Black soil Single cropping of 

Rainfed rice, Finger millet, 
Vegetables, Sesamum. 
Intercropping of 
Cotton + Blackgram 
Sorghum + cowpea/Lab lab 
Double cropping of 
Pulses/ Chillies - Coriander 
Sunflower - Coriander 

100-200 Red soil Intercropping of Udaiyarplayam 
Laterite soil Groundnut + Redgram/ Lab lab Ariyalur 

Sorghum/pearl millet + Redgram 

100 Hilly areas Grasses + fodder trees Marungapuri 
(area of Manaparai) 

200-300 Black soil Intercropping of 
Sorghum + Pulses 

700-900 Cotton + Blackgram 
Groundnut + Sunflower 
Single cropping of Chillies, 
Sunflower Coriander, 
Sesamum, Sorghum 

Perambalur 
Tiruchirapalli 
Thuraiyur 

100-200 Red soil Intercropping of Musiri 
Laterite soil Groundnut + redgram Thuraiyur 

Sorghum/Pearl millet + Kulithalai 
redgram/cowpea/lab lab Tiruchirapalli 

100 Hilly areas Grasses + fodder trees Thuraiyur 

m <700 100-200 Red soil Single or mixed cropping of Karur, Musiri 
Sorghum/Pearl millet + Manaparai 
redgram/cowpea/lab lab Kulithalai 

100 Hilly areas Grasses + fodder trees Kadavurarea 
of Manaparai 
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Abstract 
This paper presents a computerized methodology to identify areas suitable for 
irrigated diversified crops under the service area of an irrigation system. The 
methodology uses techniques developed for Geographical Information Systems 
(GIS) for the digital capture of spatially related data (maps). The developed 
methodology called Computer Aided Mapping Program (CAMP) was devel­
oped for the ADB funded project Irrigation Management for Crop Diversifica­
tion (TA 859 PHI). CAMP has the capability to superimpose line maps with 
thematic maps, and to derive new thematic maps by overlaying existing maps. 
It can be used for efficient storage, retrieval, output analysis and editing of 
maps. In a case-study for the Allah River Irrigation Project-1 (ARIP-1) on 
Mindanao, Philippines, CAMP was successfully used to identify areas with 
different suitabilities to irrigated diversified crop land. CAMP could be linked 
with crop simulation models to conduct agro-ecological analyses of rice-based 
cropping systems. 

Introduction 

Most irrigation systems in the Philippines and in Southeast Asia are run-of-the-river type. 
Such systems consist of dams to raise water in rivers or creeks for diversion to the canal 
network. These systems were mostly designed to serve irrigated lowland rice. In the wet 
season, these irrigation systems have reliable water supply for the entire service area for 
lowland rice planting. In the dry season, water is limited and only a part of the system, 
mostly lowland rice, can be served. Cultivation of upland crops, that use less water than 
lowland rice, could increase the irrigated area in the dry season. Recently, plans to include 
irrigation of diversified crops were considered in the construction of irrigation systems in 
the Philippines. Therefore, a methodology is needed to identify areas that are suitable for 
upland crops. Identifying potentially suitable areas for diversified cropping using computers 
is relatively new in irrigation systems design and management. Gines & Kaida (1982) have 
developed a methodology which is macro in scope for classifying land suitability in relation 
to its potential for multiple cropping system in some areas in Central Luzon. 
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Computer Aided Mapping Program (CAMP) 

Computer software designed to handle spatial data is called a Geographical Information 
System (GIS). It is concerned with the digital capture of spatially related data and their link­
ages relative to one another (Tomlin, 1980). Specifically, GIS deals with the query, analy­
sis, reporting and output of these data (Archibald, 1986). A GIS is a set of computer 
programs which provides encoding, storage, analysis and output of spatially related infor­
mation (Figure 1). Maps on soil types, land use, topography, and other spatial and physical 
data are inputs to the GIS. Using these map inputs and a set of classification rules, the suit­
ability of areas to upland crops can be determined. The outputs of a GIS are then maps 
showing the suitability of different areas in the irrigation system for diversified crops. There 
are two kind of maps in a GIS: graphics or line maps, and thematic maps. A graphics map 
consists of lines representing for instance roads, rivers or creeks. In a thematic map, areas 
that are enclosed by polygons are (colour-)coded to represent certain themes, e.g. soil 
types, land suitability class. 

CAMP (Computer Aided Mapping Program) is a menu-driven GIS package developed 
and written in BASIC. First, relevant source line-maps need to be digitized to serve as input 
in the computer. Source maps may be contour maps, soil maps or maps showing the hy­
drology of the area (rivers, creeks, canals, drains). The maps are divided into grids of 1.0 
mm width. This is easily done by re-drawing the source map on an appropriate sized cross-
section paper. After source maps have been entered, sub-programs enable the user to con­
vert these line maps into thematic maps (rasterization). The thematic maps are then overlaid 
to produce interactions of different map attributes. Output of CAMP are new line or thematic 
maps, showing e.g. a suitability classification of the area for upland crop. The resolution 

Figure 1. Conceptual framework of 
spatially related information 'layers' in a 
Geographic Information System. Source: 
Cablayan & Pascual, 1989. 
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(lowest measurable distance between lines) of output line maps is 0.1 mm, and that of out­
put thematic maps 1.0 mm. The output map of CAMP has a maximum dimension of 34 x 
25 cm. The scale of the output maps can be determined from the scale of the source maps. 
The input medium is the key board and the output medium is a Roland DG DXY 880A 
Plotter (equivalent to the Hewlett Packard series 3000 Plotter). The microcomputer should 
be an IBM PC-AT or equivalent. 

Allah River case study on Mindanao 

The Allah River Irrigation Project-1 (ARIP-1) of the Philippine National Irrigation 
Administration involved the construction of two diversion dams across the Allah River to 
provide irrigation water to 18812 ha of rice and corn lands in the provinces of South 
Cotabato and Sultan Kudarat in Mindanao. The dams became fully operational in 1990. The 
whole service area can be supplied with sufficient irrigation water for rice in the wet season, 
but in the dry season, there is only sufficient water for about one-third of the area. The 
irrigated area in the dry season may be increased through the introduction of diversified 
(upland) crops. In this paper, land use suitability for diversified crops in the dry season is 
considered for the ARIP Dam No. 1 area. CAMP was used to digitize source maps (soil 
type, topography and pre-project land-use) and to overlay these maps to arrive at a suitabil­
ity map for diversified crops. 

Pre-project land use 
The ARIP Dam No. 1 area had four general land use classes before the project for diversi­
fied crops started (Figure 2). Residential areas comprised 101 ha, coconut areas 145 ha, 
corn areas 3948 ha and rice areas 4376 ha. Regardless of soil type, areas planted to corn 

0 1 2 3 
Kilometers 

Figure 2. Pre-project 
land use map of the 
Allah River Irrigation 
Project-1 (ARIP-1). 
Source: Cablayan & 
Pascual, 1989. 
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Figure 3. 'Intermediate' land suitability classification map for irrigated Rice Land (RL) and 
non-irrigated Diversified Crop Land (DCL). Allah River Irrigation Project-1 (ARIP-1). 
Source: Cablayan & Pascual, 1989. 

and coconut were characterized as having good drainage, whereas areas planted to rice had 
good to poor drainage. 

'Intermediate' land use suitability 
Based on the (digitized) soil and topography maps an 'intermediate' land suitability map 
was obtained for rice land (RL) and for non-irrigated diversified crop land (DCL) (Figure 
3). Each of these two land use types was classified as highly, moderately, and marginally 
suitable (Table 1). 

Non-irrigated Diversified Crop Lands (DCL) Marginally suitable DCLs were found near the 
banks of the Allah River. They had very light textured soil (sandy loam) with slopes of 0 -
2%. With adequate irrigation, they can become highly suitable DCLs during the dry season, 
and moderately suitable RLs during the wet season. Moderately suitable DCLs had sandy 
clay loam soil with slopes of 0 - 1%. With sufficient irrigation, they can become highly 
suitable DCLs during the dry season and highly suitable RLs during the wet season. Highly 
suitable DCLs had a clay loam soil with slopes of 0 - 1 % , and will have the same suitability 
classification under irrigated conditions. 

Rice Lands (RL) Marginally suitable RLs had clay to clay loam soil and were either low-
lying, flat lands near drainage waterways, or had very steep slopes which need to be leveled 
before they can be planted to (lowland) rice. Moderately suitable RLs had clay loam to 
sandy clay loam soil, and were relatively flat lands with poor to good drainage and high 
water tables during the wet season. Highly suitable RLs had clay to clay loam soil with 
good drainage. 
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Table 1. 'Intermediate' land use suitability classification in the area of Allah River Irrigation 
Project Dam No. 1. 

Land use Type Area (ha) 

Ricelands (RL) 5300 
Highly suitable ricelands 1080 
Moderately suitable ricelands 3980 
Marginally suitable ricelands 240 

Diversified croplands (DCL) 3260 
Highly suitable ricelands 40 
Moderately suitable ricelands 1470 
Marginally suitable ricelands 1750 

Total Service Area 8560* 

"Includes areas occupied by roads, irrigation canals and creeks. 

Land use suitability for irrigated Diversified Crop Land in the dry season 

The final suitability map for irrigated Diversified Crop Land was obtained by combining the 
pre-project land use map, Figure 2, with the (intermediate) suitability map derived from soil 
and topography, Figure 3 (Figure 4). Existing corn and coconut areas were classified as 
highly suitable for irrigated crop diversification in the dry season, regardless of soil type. 
Highly suitable rice land were well drained and were classified as moderately suitable. 
Marginally and moderately suitable rice lands had good to poor drainage, and were classi­
fied as marginally suitable. Areas classified as (non-irrigated) diversified crop land were 
also classified as highly suitable, regardless of pre-project land use. 

The total area classified as highly suitable for irrigated crop diversification in the dry 
season was 5274 ha, that as moderately suitable 587 ha, and that as marginally suitable 
2601 ha. For a more accurate classification, drainage characteristics should be well defined 
and used in the classification procedure. 

Linking CAMP and crop simulation modelling 

Regional application of models requires a means to extend point-information over wider 
geographic areas and to combine data sets from different disciplines. Combining GIS and 
crop growth simulation modelling offers possibilities for the interpretation of extensive data 
sets derived from various disciplines to answer questions at the regional level (Wopereis, 
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O Highly suitable 
EISI Moderately suitable 
GD Marginally suitable 
SB Residential areas 

Figure 4. Land suitability classification map for irrigated Diversified Crop Land in the dry 
season. Allah River Irrigation Project-1 (ARIP-1). Source: Cablayan & Pascual, 1989. 

1993). It can help in the extrapolation of research results and in the identification of research 
priorities. Crop growth models need to be tested at carefully selected key sites. These key 
sites should represent the full range of situations for water-limited, nitrogen-limited and 
pest/diseases-limited production. Testing implies improvement of the models and often a 
better specification of the data input (Wopereis, 1993). 

The main pre-requisites for linking a GIS such as CAMP and crop simulation models 
include the following: 
1. A set of spatial databases of soil, weather, and land use attributes, and a relational 

database management system, 
2. Crop growth models such as MACROS (Penning de Vries et al, 1989) or POLYCROP 

(Garcia, 1993), 
3. A facility that allows the production of thematic maps from the model simulation results, 
4. A strategy evaluation system that uses the crop models and soil and weather database for 

extrapolations and predictions, 
5. A friendly, menu-driven interface designed to facilitate the interaction of users with the 

combined systems. 

Conclusions and recommendations 

CAMP was successfully used to identify areas with different suitabilities to diversified crop 
land in the case study conducted. It can produce thematic maps overlaid with line features, 
like roads, canals and creeks for easier identification of canal networks serving the different 
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areas. CAMP output can be readily used by irrigation managers for planning. There are 
other uses of CAMP. It could be used to store maps for future references. Storage of maps 
in computer files provides easy access, retrieval, and addition of new features and output. 
With efficient file management, maps could be protected from deterioration. 

To improve CAMP, a digitizer should be included with the hardware set-up. A program to 
use the digitizer as the input medium should then be developed. Additional programs for 
contour line drawing and three-dimensional analysis should also be added to the CAMP. 
Three-dimensional analysis will be useful in identifying location of canals and other irriga­
tion structures and the computation of earthwork volumes for cost estimation. Linking 
CAMP with crop growth simulation models will provide an innovative expansion of the 
system for future research into the development of rice-based cropping systems. 
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Abstract 
Characterization of moisture retention and transmission behaviour on the basis 
of soil texture (i.e. proportion of sand, silt and clay) was carried out using a 
database of 250 measurements that cover major agroclimatic zones and soils of 
India. Soil moisture retained at 33 kPa (field capacity) and at 1500 kPa 
(permanent wilting point) was linearly related with total silt and clay (SiC) 
content. A linear regression accounted for 87% of the variation in both cases. 
Total available water, i.e. the amount of water between field capacity and per­
manent wilting point, showed a hyperbolic trend with SiC content. The mois­
ture retention characteristics (pF curve) of various soil types could be differen­
tiated on the basis of soil texture class. The coefficients A and B of the equation 
h = B»0A that describes the relationship between soil moisture suction h and 
soil moisture content O (pF curve), showed a dependency on the SiC content of 
the soil. Saturated hydraulic conductivity, Ks, decreased sharply from about 90 
mm h_1 to 10 mm h_1 as the SiC content increased from 10 to 30%. With SiC 
contents higher than 30%, Ks slowly declined to values of about 1 mm h_1 at 
nearly 100% SiC content. A power function between Ks and SiC content 
accounted for about 80% of the variation. 

Introduction 

Soil moisture retention and transmission properties are necessary for many soil water related 
investigations such as water conservation, irrigation scheduling, drainage, solute migration, 
plant water stress and crop growth modelling. Methods of determining soil moisture charac­
teristics are tedious, time consuming and expensive. In general, data regarding these charac­
teristics for practical applications are not readily available. However, textural classes of 
major soils are already known, can be easily determined and are known to be related to soil 
moisture characteristics (Gupta & Larson, 1979; Rawls & Brakensiek, 1982). Work has 
been initiated at the Indian Agric. Res. Inst. (IARI), New Delhi, to characterize Indian soils 
with regard to moisture retention and transmission behaviour, as well as to estimate these 
parameters from soil texture. In this paper, results are reported of a preliminary attempt to 
relate soil moisture retention and transmission properties to texture classes of Indian soils. 
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Material and methods 

The data used in this study were collected from 250 soil profiles in different agroclimatic 
zones of India by researchers of the Indian Council for Agricultural Research (ICAR) coor­
dinated research groups, ICAR Institutes and State Universities (Ali et al., 1966; 
Velayutham & Raj, 1971; Talati et al., 1975; Gupta et al., 1983; Gupta et al., 1984; 
Bharambe et al., 1990; Datta et al., 1990; Rudra et al. 1991; Gupta, 1992). This database 
holds, among others, information on soil texture (% sand, silt and clay), bulk density, Ks, 
and moisture retention characteristics at soil water suction values of 0, 10, 33, 100, 300, 
500, 1000 and 1500 kPa. Some statistics of the data set (range, mean, standard deviation) 
are given in Table 1. 

Results and discussion 

Moisture retention at 33 kPa 
The following relationship was derived between gravimetric soil moisture content at 33 kPa 
(FC) and percentage sand, silt and clay: 

Moisture content at FC (%) = 0.17 sand(%) + 0.51 silt(%) + 0.56 clay(%) - 13.17 (1) 

Eqn 1 accounted for 87% of the variation. The regression coefficients for silt and clay were 
similar, suggesting equal importance of these fractions in determining the moisture content 
at FC. The coefficient for sand was about 3 - 3.5 times smaller than that for silt and clay. 

Table 1. Number of samples, and ranges, mean of values and standard deviation of hydro-
physical measurements of soils in different agroclimatic zones of India. CEC = cation 
exchange capacity; Ks = saturated hydraulic conductivity. 

Parameter 

Sand (%) 
Silt (%) 
Clay (%) 
Organic Carbon (%) 
Bulk density (mg irr3) 
CEC (meq 100 g"1 soil) 
Ks(mmh- ' ) 
Moisture content 
at field capacity (g g"1) 159 3.8-46.0 23.62 10.80 
Moisture content 
at wilting point (g g"1) 159 1.1-89.4 11.11 9.05 
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Number of 
samples 

240 
240 
240 
114 
240 
95 

180 

Range 

3.2 - 92.7 
1.0-71.0 
2.5 - 79.8 

0.01 - 3.58 
1.0 - 1.75 

0.32 - 64.5 
0.1 - 123.2 

Mean 

47.66 
21.80 
30.72 
0.61 
1.43 

18.08 
23.70 

Standard 
deviation 

23.81 
11.94 
18.09 
0.573 
0.16 

17.09 
28.64 


