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DISCLAIMER

The Board of Regents of the State of Florida, the State of Florida, the University of Florida,
the Institute of Food and Agricultural Sciences, the Florida Agricultural Experiment Station,
and the Florida Cooperative Extension Service, hereinafter coliectively referred to as "UF-
IFAS,"” will not be liable under any circumstances for direct or indirect damages incurred
by any individual or entity due to this software or use thereof, including damages resulting
from loss of data, lost profits, loss of use, interruption of business, indirect, special,
incidental or consequential damages, even if advised of the possibility of such damage. This
limitation of liability will apply regardless of the form of action, whether in contract or tort,
including negligence.

UF-IFAS does not provide warranties of any kind, express or implied, including but not
limited to any warranty of merchantability or fitness for a particular purpose of use, or
warranty against copyright or patent infringement.

The entire risk as to the quality and performance of the program is with you. Should the
program prove defective, you assume the entire cost of all necessary servicing, repair, or
correction,

The mention of a tradename is solely for illustrative purposes. UF-IFAS does not hereby
endorse any tradename, warrant that a tradename is registered, or approve a tradename to
the exclusion of other tradenames. UF-IFAS does not give, nor does it imply, permission
or license for the use of any tradename.

IF USER DOES NOT AGREE WITH THE TERMS OF THIS LIMITATION OF
LIABILITY, USER SHOULD CEASE USING THIS SOFTWARE IMMEDIATELY AND
RETURN IT TO UF-IFAS. OTHERWISE, USER AGREES BY THE USE OF THIS
SOFTWARE THAT USER IS IN AGREEMENT WITH THE TERMS OF THIS
LIMITATION OF LIABILITY.
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Chapter 1
INTRODUCTION

BEANGRO Version 1.01 is a process-oriented computer model which simulates vegetative
growth, reproductive development and yield of common bean (Phaseolus vulgaris 1..). The
model has been developed under the auspices of the IBSNAT® (International Benchmark
Sites Network for Agrotechnology Transfer) Project. BEANGRO was developed at the
University of Florida by an interdisciplinary research team of crop physiologists and
agricultural engineers of the Departments of Agronomy and Agricultural Engineering.
During the initial phase of this project a close collaboration was established with the Bean
Program of the Centro Internacional de Agricultura Tropical {(CIAT) in Cali, Colombia.

The purpose of this guide is to provide users with information on how to implement and
operate the model on their own microcomputers. Please contact the authors for any
questions related to the operation of the model, modification and adaptation for your
application, or any other problems or questions you might have.

General

The present version was developed by making numerous changes to earlier versions of the
grain legume models SOYGRO and PNUTGRO (Hoogenboom et al., 1986). The original
version of the soybean model SOYGRO was developed from 1980 to 1983 and published
by Wilkerson et al. (1983a). That version was coupled to a soil water balance model
developed by Jones and Smajstrla (1980) and documented as SOYGRO V4.2 (Wilkerson
et al. 1983b). This model was tested for two cultivars (Bragg and Cobb) grown in Florida
on sandy soils and under various irrigation regimes. It was subsequently used to study the
economic risks of irrigation management in Florida (Swaney et al. 1983; Boggess et al, 1983;
and Boggess and Amerling 1983). The soybean model SOYGRO also served as the crop
component in an integrated pest management model called SICM (Soybean Integrated Crop
Management model, Wilkerson et al., 1983b, Mishoe et al., 1984, Jones et al., 1986).

In 1983, a cooperative effort between the UF team and the IBSNAT Project was initiated.
A major goal of this work was to make models more robust for use in other regions of the
world where soils and climate differed from those in Florida. The first step in this process
was to adapt a more general soil water mode! developed by Ritchie (1985), which included
an evapotranspiration model developed by Priestley and Taylor (1972). In addition, a
preliminary phenology model developed by J. W. Mishoe (unpublished) which predicts
development of vegetative and reproductive stages of soybean in areas with diverse

! IBSNAT is a program of the Agency of International Development, implemented by
the University of Hawaii under the Cooperative Agreement No. AID/DAN-4054-A-00-7081-
00.
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photoperiods and temperatures was included in the model. A new version, SOYGRO V5.0,
was documented and released (Wilkerson et al,, 1985).

DSSAT

Over time, problems were discovered in applying SOYGRO V5.0 to diverse environments
and we recognized the need to make a number of important changes in the model to
improve its performance over a range of seils and environments. Concurrently the IBSNAT
project had defined standard input and output formats for climate and soil in an attempt to
make all the models in this project more useful with minimal incompatibilities. Thus, the
soybean model was revised to fit this standard format. This standardization allowed the
various crop models to be integrated into an overall Decision Support System for
Agrotechnology Transfer (DSSAT) (IBSNAT, 1989; Jones, 1986; Jones et al, 1990b).
Several other important changes were made in the model to improve its performance over
a range of soils and environments.

The first version of the legume models which were adapted to fit within the general
IBSNAT structure were SOYGRO Version 5.4 and PNUTGRO Version 1.00 (Boote et al.,
1987; Jones et al,, 1988). The Version 5.4 of SOYGRO (Jones et al., 1988) included the
many improvements and enhancements. The coefficients for the phenology model were re-
solved using the night temperature effects of Parker and Borthwick (1939) (Jones et al.,
1991). More genetic coefficients were developed for a range of cultivars, Cohorts of
flowers, pods, and seeds were now maintained through reproductive growth. Also
improvements were made in several other submodels including those for soil water and
photosynthesis. SOYGRO Version 541 and PNUTGRO Version 1.01 were created to
correct some errors in the soil water balance that were found in earlier versions (Boote et
al.,, 1988; Jones et al,, 1988). At the same time other corrections were made in the two sets
of source code. SOYGRO Version 5.42 and PNUTGRO Version 1.02 were developed to
fit within the Decision Support System for Agrotechnology Transfer of the IBSNAT Project
(Boote et al,, 1989a; Jones et al,, 1989). A new graphics feature was added to allow the user
to graph simulated and measured soil water content data in the same graph, similar to the
crop data graphics option. In addition as part of the DSSAT, long term simulations could
be made for management and strategy analysis (IBSNAT, 1989).

BEANGRO has been under development since 1986, parallel to the development and
enhancement of the other two legume simulation models as described earlier. Although
results have been reported at meetings and conferences, the first version of the model had
not been made available for release to the general public (Hoogenboom et al., 1986; 1988b;
1989, 1990d). BEANGRO Version 1.01 is a modification of BEANGRO Version 1.00
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(Hoogenboom et al, 1990f) and includes improvements with respect to temperature
responses of the model and some other minor corrections,

The dry bean model includes many recent improvements which have not yet been
incorporated in the released versions of SOYGRO (Version 5.42) and PNUTGRO (Version
1.02). Photosynthesis is now predicted on an hourly basis. Geometrical light interception
is calculated for the both sunlit and shaded leaves in the canopy and for the bare soil
between the rows. Based on this light interception and single leaf photosynthesis traits, total
canopy photosynthesis is calculated and integrated over sunlit and shaded leaf area (Boote
et al., 1990). As a result the geometry of the canopy is estimated, including the height and
width of the row and the leaf angle distribution. BEANGRO also has an option in the
sensitivity analysis section to modify the weather inputs to simulate the effects of global
climate change on potential bean production. Maximum and minimum temperature, solar
radiation, precipitation, and daylength can be modified. BEANGRO also responds to
changes in ambient CO, concentration, affecting both photosynthesis and transpiration.

The model includes an option for sensitivity analysis which permits the user to interactively
modify the variables which define the genetic coefficients. This option can be used to
calibrate the model for new cultivars or to simulate growth and development of hypothetical
lines for breeding applications. The user can also select an alternate crop parameter file
to test alternate plant response to temperature or other environtmental variables. Finally
the user can modify a parameter which simulates the effect of poor soil fertility or other
environmental conditions which in general reduce biomass production,

The output section of the model creates several files not yet available in the other grain
legume models. One output file contains values related to the canopy photosynthesis, light
interception and canopy geometry of the model. Some simple values related to nitrogen
concentrations of leaves, stems, pods, and seeds are presented in the nitrogen output file.
Both the nitrogen and photosynthesis values can be plotted with the graphics routines of the
model which can be used to compare simulated and measured data. Finally two files
contain summary information with respect to weather conditions during specific development
periods during the growing season. These two files are written in a format which includes
delimiters so that these files can be imported into LOTUS for further statistical analysis and
graphics display.

Some details of carlier versions of BEANGRO have been described in several publications
(Hoogenboom et al,, 1988a, 1989, 1990c; Jones et al,, 1990a). Further documentation is
currently being developed; please contact the first author, ie. Gerrit Hoogenboom?, to
request additional information about the current status of the documentation.

2 Current address: Gerrit Hoogenboom, Department of Biological and Agricultural

Engineering, The University of Georgia, Georgia Station, Griffin, GA 30223-1797, USA;
Phone: 404-228-7216; FAX: 404-228-7270; Email: GHOOGEN @ GRIFFIN.UGA.EDU.
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Plans for future improvements of the models include: adding capabilities to simulate
nitrogen uptake, fixation, and mobilization (Hoogenboom et al., 1990b); expansion and
improvement of the evaporation and transpiration simulation similar to the hedge row and
canopy photosynthesis modifications (Pickering et al., 1990); potential effects of diseases and
insects; a modification of water flow, infiliration, and a perched water table; expansion of
the root growth and water uptake; new generic input and output file structures; and
simulation of phosphorus both in the soil and plant. A "generic” grain legume model, which
can simulate grain legumes besides dry bean, peanut, and soybean is under development
(Hoogenboom et al.,, 1990c).

The other two legume crop growth simulation models which are available and have been
incorporated in DSSAT are for peanut (Arachis hypogea L.), PNUTGRO Version 1.02,
(Boote et al., 1989a) and for soybean (Glycine max [L.] Mer.), SOYGRO Version 5.42,
(Jones et al., 1989). Within the IBSNAT Project simulation models have been developed
for corn {Zea mays L.), CERES-Maize Version 2.10 (Ritchie et al, 1989}, and wheat
(Triticum aestivum L.), CERES-Wheat Version 2.1 (Godwin et al., 1989). Crop models for
sorghum, rice, millet, barley, and potato have been developed but have not been finalized
and released yet. Please contact the IBSNAT® Project for further information about those
models and their availability.

3 IBSNAT Project, Department of Agronomy and Soil Science, College of Tropical
Agriculture and Human Resources, University of Hawaii, 2500 Dole Street, Krauss Hall 22,

Honolulu, Hawaii 96822,
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Chapter 2
MODEL DESCRIPTION

BEANGRO V1.01 predicts dry matter growth, leaf area index (LLAI, crop development, and
final yield of common bean depending on daily weather data (precipitation, solar radiation,
photoperiod, maximum and minimum air temperatures), soil profile characteristics, and crop
management conditions. Soil parameters describe the ability of the soil profile to store
water and to supply water to plant roots based on processes of runoff, percolation, and
redistribution of water in a one-dimensional profile. Thus, soil characteristics and weather
data are required inputs. The model also is sensitive to cultivar choice, planting date, row
and plant spacings, and irrigation management options.

This version of BEANGRO was designed as a research tool. Users can input soil, weather,
and management data as well as measured crop growth data from experiments or from
farmers’ fields for testing or validating the model for specific conditions. Experiments can .
be simulated with the model and compared in tabular and graphical forms with measured
data. Scientists can easily conduct sensitivity analyses by interactively running the model
with different combinations of soils, weather, cultivar and management factors. And finally,
nsers can conduct risk analysis studies by simulating many cropping seasons over time and
space by varying weather and soil inputs.

Pests are not included in the current model, although efforts with cooperators are underway
to evaluate effects of insect damage on plants and pods. Alse there are other factors,
particularly various plant nutrients, that are not included in the present version of the
model. Results from the model, therefore, should be viewed as potential yields under the
specified regimes of weather, soil, and crop management condition. There could be other
factors, such as pests, diseases, or poor fertility, which might be limiting to growth and
development and further reduce yields.
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Chapter 3
SYSTEM REQUIREMENTS

BEANGRO V1.01 was developed using IBM-AT (8 MHz), AST-386 (20MHz) and Everex
Step-386 (33MHz) microcomputers; PC-DOS 3.3 and MS-DOS 3.31; Microsoft* Fortran
Version 4.1 and Version 5.0, and Microsoft Quick Basic Version 4.0 and version 4.5. The
model runs faster on machines with a 80386 or better CPU and a math coprocessor, a clock
speed of 33 MHz or faster, and with all input and output files and executable code located
on a hard-disk drivee. BEANGRO will also run on a basic two-floppy disk drive
microcomputer with a minimum memory requirement of 256K. However, this setup has
some limitations and will result in long execution times.

Both the Fortran and Basic section of the BEANGRO model require DOS version 2.0 or
higher. To display graphical results, your PC must have a graphics adapter (IBM Color
Graphics Adapter [CGA] or Enhanced Graphics Adapter [EGA] or equivalent) and a color
or monochrome graphics monitor with either 2 CGA or EGA screen resolution. The
graphics section of the model will not operate with a Hercules graphics card.

On a two-floppy disk system, you are limited by the amount of storage space on your
diskettes. You must allow room on your drive B: (Data Disk) for the output files created
by the model and a work file for graphics display, which is approximately half the size of the
OUT2.BN file. The size of the files depends upon the number of runs and the total number
of simulated days in the output files. The number of days per run file can be reduced if you
ask for less frequent output in option no. 2, "Select Simulation Output Options,” after you
have selected your experiment and treatment case study. Use a maximum of five runs per
session if you have a two-floppy system and write the results to an output file every two days
(default output frequency). If you exceed the amount of space available on the diskette, the
graphics program will give you an crror "NOT ENOUGH SPACE FOR RANDOM WORK
FILE'

A very basic microcomputer with 256K memory and two fioppy drives has enough room on
the floppy diskette for approximately 5 runs per session. If you run out of diskspace, the
system will come to a halt during execution of the model or in the graphics portion while
reading the output files generated by the model. If the system aborts because the computer
ran out of diskspace you must reboot your system and rerun the model.

The BEANGRO model will run on all IBM PC's, XT's, AT's, P§/1's and PS/2's and true
compatibles. Unfortunately we do not have unlimited access to hardware. We have
successfully run BEANGRO on the on various microcomputers that meet the minimum
requirements described above. In a benchmark comparison, the fastest run was made on
a PC Brand 386 (33 MHz) with a math coprocessor and took 13 seconds. The slowest run

4 Microsoft Corporation, 10700 Northup Way, Bellevue, WA 980(4.
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was made on an IBM PC (4 Mhz) without a math coprocessor and took about 35 minutes.
The run time of BEANGRO Version 1.01 was increased about 75 % over that of SOYGRO
Version 5.42 primarily because of the hourly photosynthesis calculations.
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Chapter 4
GETTING STARTED

BEANGRO V1.01 is supplied on four floppy diskettes: 1) Program, 2) Data, 3) Graphics,
and 4) Source Code diskettes. A directory of each of these diskettes is contained in Tables
7. 8, 9, and 10, respectively (Appendix A). Before proceeding further, insert the diskettes,
one by one, into drive A: and obtain a directory. If all the directories match the ones in
Table 7-10, you may proceed. If there are differences, such as missing files, please contact
the suppliers of the model before continning,

A back-up copy of each diskette should be made before trying to run BEANGRO. All
diskettes are supplied to you with write-protect tabs so that the model will not run with the
disks you received. This will protect your original copies in case your execution copies are
lost or damaged in some way. Please label your copied diskettes the same as the original
ones. If you plan to run BEANGRO from the diskettes, then the Program (No. 1) and
Graphics (No. 3) diskettes must contain the system file COMMAND.COM. If you run
BEANGRO from your hard-disk, then you will not have to create these system diskettes.
The step-by-step procedure for installing BEANGRO to run on diskettes and on hard-disk
systems are given in Chapters 5 and 6, respectively.

When your microcomputer is booted (first turned on or when DOS is loaded) a file called
CONFIG.SYS is used to establish the characteristics of the computer, To run BEANGRO,
you must create the file CONFIG.SYS (or edit it if it is already on your disk). This is an
essential file and BEANGRO will NOT run unless it is on your system disk (floppy or hard-
disk). Please follow the instructions in Chapter 5 or Chapter 6, depending on your
hardware, to create this file,
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Chapter 5
RUNNING BEANGRO ON A TWO-DISKETTE SYSTEM

Installation

To ran BEANGRO on a two-diskette system, you must format two of the four diskettes with
the /S option, that is they must be formatted as system diskettes. Then, copy
COMMAND.COM, ANSLSYS, and GRAPHICS.COM from your DOS diskette to each of
these two diskettes (No, 1 and 3). In addition, you must edit the CONFIG.8YS file and add
the following three statements:

DEVICE = ANSLSYS
FILES = 25
BREAK = ON

You need a total of 4 blank diskettes. The following list describes the step-by-step
procedure for creating your diskettes to ran BEANGRO.

1. Imsert your DOS system diskette (Version 2.0 or higher) into drive A:
Turn on the power to start the system.
2. Insert a blank diskette into drive B:

3. Enter:

4. Remove the DOS system diskette from drive A:
5. Insert the distribution BEANGRO Program diskette (No. 1) into drive A:
6. Enter:

The computer should terminate with "3 files copied.”

7. Use your editor to create the file CONFIG.SYS described above and save it to your
B: diskette.
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10,
1L

12.

13.
14,
15.

16.
17.
18,
19.

21.

B

You now have your Program disk ready, and your computer will boot on this drive.
Remove the diskettes from both drives.

Label the new diskette from drive B: "1. PROGRAM BEANGRO V1.01."
Insert the DOS system diskette into drive A: again,
Insert a blank diskette into drive B:

Enter:

A

nse to “F (Y/N)7

Remove the DOS diskette from drive A:
Insert the Graphics BEANGRO diskette (No. 3) into drive A:

Enter:

The computer should terminate with "19 files copied.”

Remove diskettes from both drives.

Label the diskette from drive B: "3. GRAPHICS BEANGRO V101"
Insert DOS diskette into drive A:

Enter:

Remove the system diskette from A:

Insert the BEANGRO Data diskette (No. 2) into A: and a blank diskette into drive
B:. Press any key to make the copy.

Remove both diskettes and label the one from drive B: “2. Data BEANGRO V1.01."
Enter ¥ in response to the prompt, "Do you want to make another copy?”’

Insert the Source Code diskette (No. 4) into A: and a blank diskette into drive B:.
Press any key to make the copy.
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25. ‘This will create a backup of the Source Code diskette. Note that this diskette is not
required for running the model. It is required only if programming changes are to
be made.

26, Remove the diskettes and label the one from drive B: as "4. SOURCE CODE,
BEANGRO V1.0L"

Execution
To run BEANGRO on your two-diskette system use the following steps:

1. Insert Program diskette (No. 1) into drive A: and the Data diskette (No. 2) into drive

B:
2.
3

printed using the
4. Enter:

to start the BEANGRO program.,

5. After the simulation is finished you will be prompted to replace the Program disk
(No. 1) with the Graphics disk (No. 3) to run the graphics section of the model.

Press any key to continue,

You will be prompted to select items from screen menus to simulate growth and yield of a
bean crop. An example run is included later in this User's Guide (Chapter 9).
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Chapter 6
RUNNING BEANGRO ON A HARD-DISK SYSTEM

Instaliation
Start the system. If the system power 1soff, turn on the power. When the system is

on, press and hold the X¢iHS .
then release them all to re-boot the systcm.

Create or edit the file CONFIG.SYS in the root directory, by entering:
DEVICE = ANSLSYS
FILES = 25
BREAK = ON

Save the new or modified file CONFIG.SYS.

Create a subdirectory by entering:

Copy BEANGRO Program, Data, and Graphics diskettes (No. 1, 2, and 3) into the
subdirectory using the following steps:

a. Insert BEANGRO program diskette (No. 1) into drive A:

b. Enter:

The computer should terminate with "3 files copied.”

BEANGRO can be installed on any partitioned harddrive and is not restricted to
operation on Drive C: only.

¢. Remove BEANGRO Program diskette from drive A:

d. Insert BEANGRO Data diskette (No.2) into drive A:
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or any other drive or directory where you want to run the model.

The computer should terminate with "50 files copied.”
f. Remove Data diskette from drive A:
g. Insert Graphics diskette (No. 3) into drive A:

h. Enter:

or any other drive or directory where you want to run the model.
The computer should terminate with "19 files copied.”

i. Remove the Graphics diskette

The following section is optional.
j. Insert Source Code diskette (No. 4) into drive A:

k. Enter:

or any other drive or directory where you want to run the model.
The computer should terminate with "60 files copied.”

1. Remove the Source Code diskette
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Execution
After installing the model in subdirectory BEANGRO, you are ready to run the model by
simply entering BEANGROQO. Thereafter, whenever you start the computer to run the
model, use the following steps:

1. Turn on the computer.

2. Entern:
3. Enter:
4. Enter:

You will be prompted to select items from screen menus to simulate growth and yield of a
bean crop. An example run is included later in this User's Guide in Chapter 9. Note that
the command to start the model from the hard-disk is different from that used on the
floppy-diskette system. Also note that you may wish to copy the source code from diskette
No. 4 into the BEANGRO subdirectory on your hard-disk. However, you need to do this
only if you want to make programming changes in the FORTRAN code. Example programs
are included for compiling and linking the source code.
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Chapter 7
SYSTEM SETUP FOR BEANGRO GRAPHICS

The BEANGRO graphics program is designed to allow users to plot simulated and observed
data so they can visually evalnate the ability of the model to mimic experimental results.
Users can select crop variables (such as leaf area index, seed weight, etc.), weather/soil
variables, crop nitrogen variables, or photosynthesis data. When more than one BEANGRO
simulation is performed in 2 session, the user can also select the run number for graphical
analysis. For example, users could choose to plot seed weight for two different simulations,
irrigated and rainfed. Or users could select to view leaf weight, seed weight, and total
canopy weights for a single run. Up to six variables at one time per graphics display can be
selected for viewing, from various run and variable combinations. There is a restriction,
however. Because the graph has only one vertical axis, users should not select variables of
different scales for viewing on the same graph (i.e, LAI aad se::é waighi in kg/ha) Afr,er

When BEANGRO graphics are run for the first time, the system will prompt you for the
system setup with the following questions: “

1) Type drive and path of graphics program
If you are on a two-disk drive system enter: B!

Ifymz are on a hard-disk drive system enter: §
and directory where you instalied BEANGRO.

2) Which data drive contains the selected data?
If you are on a two disk drive system enter: 8

If you are on a hard-disk drive system enter: £ or the appropriate drive where you
installed BEANGRO.

3) The following section describes how to set your monitor type and graphics-
adapter card.
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NOTE: The graphics section of BEANGRO V1.01 will not work on a system with a
HERCULES graphics card”.

Graphics Options Available

{1} - CGA-LOW - 320 x 200 pixels, 3 color graph

[2] - CGA-HIGH - 640 x 200 pixels, monochrome graph (HERCULES NOT
AVAILABLE)

[3] - EGA-LOW - 640 x 200 pixels, 6 color graph, requires EGA

[4] - EGA-MED - 640 x 350 pixels, 3 color graph, requires EGA

[5] - EGA-HIGH - 640 x 350 pixels, 6 color graph, requires EGA & 128 video
memory

Enter graphics option ?

Enter the Graphics Option appropriate to your setup and preferences. The greater
the number of pixels, the higher the resolution on the screen (CGA is Color
Graphics Adapter or regular color graphics; EGA is Enhanced Graphics Adapter or
higher resolution graphics). If you enter the wrong option for your graphics setup,
the program will abort. You can reset your graphics definitions by deleting file
"SETUP.FLE" and in some cases also file "SELPGM.DAT" from either the graphics
disk (No. 3) or your hard-disk {see next section).

4) Would you like to save disk drive and graphics option for future runs ? Y/N

If you answer ¥ to this prompt, you will not be asked the system setup guestions
again and a file, "SETUP.FLE,” will be created. If you answer & the system will
repeat the system setup question each time the graphics option is run. To change
the system setup after you have answered § to the setup question, delete the file
"SETUP.FLE." In certain cases you also might have to delete the file
"SELPGM.DAT" from either the graphics disk (No. 3} or your hard-disk.

5 Currently there are utilities available which can emulate CGA graphics for a Hercules
monochrome graphics card. One of these utilities, SIMCGA, can be obtained from the
authors, although we do not guarantee that it will work for all Hercules or Hercules
compatible cards.
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Chapter 8
PROBLEMS

Many types of microcomputers currently are available on the market. We have been
unable, therefore, to test the simulation model BEANGRO V1.01 on all possible systems.
If the model does not work after you have created your floppies or hard-disk files, please
check the instructions given in Chapters 5, 6, and 7. A check list of four possible problems
follows.

1. The original disks will not run on your system because they do not include the
required system files,

2. Either your "Program Disk" or "Graphics Disk” does not have a COMMAND.COM
file.

3. Insufficient CPU memory (not diskspace) is available. Make sure that you have at
least 256K of memory available, e.g. with the DOS command CHKDSK, and that you
do not have any resident programs which use additional memory.

4. Files were inadvertently erased or copied with errors. Go through the copying
process once more to check that you followed all the instructions correctly.

If problems persist and your system is "IBM compatible,” please inform the aunthors about
your problems. Make a copy of your error message and clearly describe what type of system
yout have: brand name, model type, amount of memory, video display, graphics card, printer,
type and version of operating systemn and other information which can help determine the
reason for your problems.

If the model executes, but aborts during the real-time running process, reboot the system
and start again. If the same error occurs, try to choose a different experiment and treatment
for the next run. If the model continues to abort, please make a screen dump of the error
message, follow the instructions in No. 5§ above and contact the authors of the model.

If the model operates correctly, but the graphics section does not work, check if you have
a graphics board in your system. To be able to plot the results to the screen, a color
graphics or monochrome (not HERCULES) graphics board is needed. Follow the
instructions given in No. § above if the problem continues and contact the authors,
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Specific Errors

In summary, possible errors which could occur are:

L
2,

10

11.

12,

Wrong operating system.,

Your machine is not a true "IBM compatible” microcomputer.
Not enough memory to execute the model section of BEANGRO.
No CONFIG.SYS file defined in your system.

Not enough disk space on either your floppy disk or your hard-disk to run the
model.

Not enough memory to execute the graphics section of BEANGRO.
No graphics card present in your microcomputer.
You have a Hercules graphics card.

You used the wrong setup when you first defined your system in the graphics section
of the model (see previous instructions).

3 is the command to run the
command to run the model

You used the wrong batch file to run the model:
model for a floppy disk system and ¥
on a hard-disk system.

Your program disk is not placed in disk drive A: and your data disk is not placed
in disk drive B:,

Some files are missing on your disks; in this case check your original copies or
request another set of original copies from the authors.
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Chapter 9
EXAMPLE RUN

An example run is provided below to demonstrate the model's operation and to provide
users with data to compare with their results. There are various types of output from the
maodel. The screen output is shown in the example below. Also, output data files are
created on the floppy- or hard-disk to store screen output (OUT1.BN), simulated plant
variables (OUT2.BN), weather and soil variables (OUT3.BN), plant nitrogen variables
(OUT4.BN), photosynthesis and light interception variables (OUTP.BN), end of season
summary results such as yield and season length, for each season simulated (OUT5.BN), and
summary biomass, developmental and environmental variables (OUTS.BN and OUTY.BN).
The last section in this report contains documentation on IBSNAT crop model input
(Appendix B and C) and output files (Appendix D), including descriptions of files
OUT1.BN, OUT2.BN, OUT3.BN, OUT4.BN, OUTP.BN, and OUTS.BN (Appendix F).
Files OUTS5.BN, OUT8.BN, QUT9.BN, and OUTP.BN were created after IBSNAT .
Technical Report 5 (IBSNAT, 19902) was published, and therefore are not described in that
report. In addition, some new variables were added to OUT2.BN and OUT3.BN to allow
graphical display of more variables (Appendix E and F).

Before proceeding, users should follow the instructions given in this example run to confirm
that their outputs are the same as those reported for the example. The example run was
made by selecting from the "Case Study Experiments,” the first experiment (1986 CIAT) and
the first treatment in that experiment. Remember to enter GRAPHICS before running
BEANGRO so that graphs which are displayed on the screen can be printed to your printer.

Simulation Model
To run the model on a floppy-diskette system, type BGRO (see Chapter 5 for detailed

mtallataen instructions and placcment of disks in the dnves) To run the model on a
REANGIRU) (see Chapter 6 for detailed installation instructions).

The following is an example of the output as it appears on the screen during the simmlation
and the different selections you can make as a user. The outputs of this example run are
also shown in Appendix F and in the OUT?2.BN files on the distribution diskette.
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BEANGRO V1.01

Gerrit Hoogenboom, J.4. White, J.W. Jones, and K.J. Boote

Dept. of Biologicel snd Agricultural Engineering, The University of
Georgia, Griffin, Georgia & University of Florida, Gainesville, Florida,
in cooperation with Bean Physiclogy Program, TIAT, Cali, Colombisa.

BEANGRO s a provess oriented computer model, which simulates
vegetative growth, reprocuctive development, snd yield of common besn
{Phaseclus vulgaris L.}, The BEANGRO model was sdapted from the wodel
SOYGRO 5.42, which suas originaily developed at the University of Floride
to study irrigation and pest management decigions. Sowe minor modifi-
cations in the code were made ard parameters in the crop snd cultivar
apecific input files were charged, baged on sxperimental and [iterature
dats. BEANGRD was cevelopment for use in the International Benchmerk
Sites Natwork for Agrotechnology Transfer {IBSNAT) Froject and hes
input and output data structuces, which are compatibia with the Decision
Support System (DSSAT) of IBSNAT. Users can simulete specific
experiments by sither changing cuitivar, soil, weather, Or management
conditions, and compare simsiated results with experimental data.

IN8Y, SITE EXPY,

CASE STURY EXPERIMENTS ib 1t N0 YEARR
Th 3 CULTIVARS, 2 ROW WIDTHS, 2 DENSITIES CC ] 29 1B
2)  ICTA-OSTUA,RABIA DE GATO,TURBO-111;198% 16 Q03 1989
3) & CULTIVARS, IRR. & RONIRRIGATED UF GA g1 wss
4) 2 CULTIVARS, 5 IRRIGATION TREATMENTS uF GA g1 1986

1] <xxx CASE STIOY SELECTED
«-~« NEW SELECTION?

Type: § and press §

ST, SITE EXPY.

NO. 3 CULTIVARS, 2 ROW WIDTHS, 2 DENSITIES 1D (=] RO YEAR
1) Porrillo 8in., 0.3 m row by 15 pl/a e PA 2% 1986
2) Porrillo Sin. 0.3 w row by 30 pl/m2 {+1ed PA 2% 1986
33 porrilie 8in. 0.6 m row by 15 pl/m2 1 PA 2 1986
4y porrilio 8in. 0.6 m row by 30 pl/s2 e PA 29 1986
5) BAY 477 0.3 m row by 15 pl/m2 L PA 29 1985
&3 BAT 477 0.3 m row by 30 pl/m2 € PA 29 1986
7) BAY 477 0.6 m ros by 15 pl/m2 174 PA 29 1986
8) BAY 477 4.4 » row by 30 pl/m2 e PA 29 1985
9) BAT 881 0.3 m row by 15 pl/m2 cc PA 29 1986

10) BAT 881 0.3 m row by 30 pl/m2 cc PR 29 1984

113 BAT 881 0.6 m rom by 15 pl/m2 £ PR 29 1986

123 BAT 881 0.6 m rou by 30 pl/m2 cc PA 29 1986

1} «wwe TREATMENT SELECTEC
wenn §EW SELECTION?
b T e e SR R S
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Type: § and press Falfs

WHAT WOULD YOU LIKE YO PO 7

0) RUN SIMULATEON.

1) SELECY SENSITIVITY ANALYSIS OPTIONS.
23 SELECT SIMULATION QUTPUT OPTIONS.

<zza CHGILE? < DEFAULY = (0 »

Type: B and press |

<=xx RUN 1 IDEWTIFIER 7

(Use a 5 character string for CGA display and a maximum of 14
characters for all other displays).

IMPUT SUBIMARY RUR N0, 1 SIMULATION BEGINS : NG 27

INST_ID: CC SITE_1D: PA EXPT_NO: 29 YEAR: 1986 TRT NO: 1
EXPERIMENT : 3 CULTIVARS, 2 ROM WIDTHS, 2 DENSITIES
TREATMENT : Porrille Sin., 0.3 m row by 15 pl/a2
WEATHER SEY : CIAT, PALMIRA, COLOMBIA 1984

VARIETY t Porritle $intetico  PHOYOPERIOD GRP : 3§ TEMPERATURE &P : 1
IRRIGAYION = ACCORDING TO THE FIELD SCHEDULE

PLANTING DAYE: SEP 26 PLANTS/MZ2: 15.00 RON SPACING: .300m PLANT SPACING: .222m

SOIL PROFILE DATA Silty Clay tome{fine-siity,mixed, isohyperth. Aguic Hapludoll)
SOIL ALBEDC : .09 Uz11.0 SWCtei: .40 CURVE NO.: 84.0 PHEAC3:1.00
DEPTH-m L B SAT EXTR  INIT ROOT SWOM
00- 05 204 3400 0302 136 L0 1000 LOOG
L5 .15 204 L340 392 136 30 1,000 000
A5 L2 209 A5 390 136 K5 T30 .DDO
-8 35 209 S5 390 136 L3450 L5000 .00
35 50 Jtes ~335 3% 137 335 350 .00C
-50" -55 ;tﬁ -323 .m - 1” nm »m -
A5~ B0 185 323 %5 .13 3% L1500 000
B0- .99 201 328 408 (127 328 .00 OO0
-”“ 1-22 n‘m -325 ."10 012? »m 'm &m
1.22- 1.37 159 288 309 129 288 000 000
1-3?‘ 1»” -110 ua‘z sm a132 um om mw
1.59- 1.84 .047 JAFF U351 L1300 177 000 000
1.84- 2.09¢ .050 93  A100 143 193 000 000

S mm 313.6 593.2 H24.2 2W.5 5952
Preas < ENTER > key to continue

Press Efiféf or
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RUM oMo, 1 SIMGLATION QUTPUT
L. PA 1986 Porrilic 1986

WATER BALANCE COMPOMENTS DROUGKT
OATE CROP GROWTH BIOMASS LAl ¥- ES EP ET  RAIN IRRIG  STRESS
AGE STAGE KG/HA STAGE mm mm  mm -m - PRGIO TURGOR

30 & EMERGENCE 1. 02 W0 & L. &9 92, 30. .
30 4 EMO JUVEN. 1. 02 .0 69. O, &9, 92. 30. .000 .000
6 10 FLOMER IND 24. .05 .9 95. 0. 9. 1. 30. .

7 T UNIFOLIDL. 28, .07 1.0 9%. 0. 99. 137. 30, .

3 38 FLOMERING 1918, 4.07 8.3 155, 4&2. 196. 27, 0. .000 .031
& 4% FIRST POD 2778, $.32 9.7 157. 58, 216. 3. M. 000 .000
ROV 15 50 FULL POD 4187, 5.99 11.8 160. 85, 245. 327. 30, 000 .000
MOV 16 51 FIRSY SEED 4436, 6.08 12,1 161. B9, 250, 327. 3. .000 .000
NOV 16 51 END MSMODE 4436, 4.08 12.1 161. 89, 250, X7. 30, .000 .000
NOV 21 54 BMO POD 5442, 5.60 12.1 162, 107. 270, 329, 35, 000 000
NOV 26 &1 EMD LEAF 6343, 4.88 12.1 165, 125, 290. 355, 55. .000 .000
NOV 30 &5 PHYS. WAY 6920, 4.30 12.1 166. 136, 302. 388, 55. .000 .00
BEC € 74 MARV, MAT 4037, .28 12.1 184, 154, 338. 375, 55. .000 .00¢
DEC 2 &7 PHYS. MAT 7145, 4.01 11.4 169, 442, 310, 348. 5%, .000 .q00
BEC % 76 HARV. MAT &334, .47 11.4 181, 156, 357, 375, 55, 000 000

Press < EXTER » key to continume

€C PA 1986 Porrillo 1984

mmmmmmmmmmmmmmmmm

FLOMERING DATE 307 307

FIRST PO n2 g

FULL POD 319 D

PHYSIOL. MATURITY 334 3

BOD YLD (XG/MA) #617.00 4225.00
SEED YLD (KG/MA) 3368.00 328,00
SHELLING PERCENTAGE 76.2% 78.77
WY. PER SEED (G) 198 Ji88
SEED NUMBER (SEED/MZ} 1699.00 768,00
SEEDS/POD 5.0 5.89
RAXINOM LA 6.10 &4
BIOMASS (KG/HA) AT RS &8037.00 6231.00
BTALK (KG/HA) AT RS 1532.00 1502.00
HARVEST INDEX 558 B.x

{Seed YLD and BI on DRYMEIGHT BASISE
Press < ENTER > key to continue
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B e e
trrigation Sumesry

2 IRRIGATION APPLICATIONS & 1.08 EFFICIENCY.

CROP AGE 0 355
ANOLNT ,m 30, 25,

DRY BEAN YIELD : 3367.8 KG/HA [ 3006.0 LES/ACRE ]

MORE SIMULATIONS 7
Y OR N ? DEFAULT = ¥Y¥] xxd

Type: ¥ and press §

$top - Program terminated.

Graphics Displ

When you are running BEANGRO on a floppy-diskette system you will now have to replace
the Program disk (No. 1) with the Graphics disk (No. 3). On a hard-disk system the
program will immediately proceed with the graphics section of the model.

Type Drive and peth of graphice program 7

B: if you are using a floppy-drive system, or enter the drive and path, eg.
MEIRL), if you are using a hard-disk system, and press § T

Which date drive conteing the selectsd data?

Yype $: if you are using a floppy drive system, or ez:ter the drive name, e.g., £ if you are
using a hard-disk system, and press | .
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Groaphics Options Available
11 - CGA-LOW - 320 x 200 pixels, 3 color graph
[21 - COA-HIGH - &0 x 200 pixels, monochrome graph (HERCULES NOT AVAILABLE)
[3} « EGA-LON - &0 x 200 pixels, 6 color graph, requires EGA
[4] -~ EGA-NED - &40 x 350 pixels, I color graph, requires EGA
(53 - EGA-HIGH - 64D x 350 pixels, & color graph, requires EGA

L 128k video mesory

Enter graphics option 7

Type: § or any other number which represents your system and press B

RO

Would you Like to gave disk drive and graphics option for future runs?

you want to save your setup on your floppy- or hard-disk system (or N) and press

SELECT GRAPH TYPE

1. Crop varisbles

2. weather wxd soil varisbles
3. Nitrogen varisbise

&. Harvest varisbles

5. Sraphical dispisy of plant
6. Photosymthesis variables
0. Exit graph

Option (0,1,2,3,4,5 or 637

Type: ¥ and press §

e e .
READING DATA ... PLEASE WAITI

FILE RUN POINTS DOY
B: 1 b . ¥
Do you sent to plot field sample data points {Y/N)?

Type: ¥ (for this example) and press §
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VARIABLES AVAILABLE FOR GRAPHING ARE: RUNE AVAILABLE FOR SELECTION ARE:
. Vegetative Growth Stage 1. Porrilis 1986
2. tesf Area Index
3, Number of Pods #/w2
4. Stem Dry Weight (kosha)
5. Sead Diry Meight {kp/ha)
&. Leaf Dry deight {kg/ha)
7. Canopy Dry weight (kg/ha)
B, Pod Dry Weight (kg/ha)
¥. Shetl Dry Veight (kg/ha)
10. koot Dry Weight (kg/ha)
11. Humber of Seeds #/m2
1Z2. Harvest Index (Seeci/Top)
13. Sheliing X {Seed/Pocd™100)
14. Specific Leaf Ares (cmi/g)
15. Seed Size (mg/seocd;
use PAGE UP or PAGE DOWN to see more SELECTIONS |INNNETNE
96. Nitrogen X in Cancpy
17. Relative Drought Stress Indicator
18. Root Leryth Derwity Level 1 em/emd
19. Root Length Density Level 2 ca/camd
20. Root Length Density Level 3 cm/call
21. Root Length Demsity Level & cw/ond
22. Root Lergth Density Lavel 5 cw/ond
23. Root Length Derwmity Level & owend
2, Root Length Denuity Level 7 ca/emd
25. Root Length Dermity Level & cw/cad

You mey plot 1 to 6 Lines with any combination of varisbles snd run#
fiow mery iines do you want to plot ?

Type: & (for this example) and press
LINEF 1 : ENTER VARIABLE®, RUME
LINEF 2 : ENTER VARIABLER,RUMN
LINEF 3 : ENTER VARIABLER,RONE
LINE# & : ENTER VARIABLES, RUNE

Bo you want to chenge X-axis, Y-axis or graphics display (Y/§)?

Type: ¥ (for this example). This option allows you to change type of graphics display, scale
of the X-axis and Y-axis and to switch between Day of the Year and Days After Planting
for the X-axis.

An example of a BEANGRO output graph is displayed in Figure 1, if_ycu would hke a
hard copy of the graph and have a printer available, press the = . :
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Figure 1. An Example of BEANGRO Graphics. Stem Weight, Seed Weight, Leaf
Weight, and Canopy Weight as a Function of Day of the Year or Date.

8 « does not work in Enhanced Graphxcs Mode. In this case, chaﬂge the type ef
graphlcs display and select aption 2, CGA-HIGH, by responding with ¥ to the prompt :"Do
you want to change the X-axis, Y-axis or graphics display” after selecting the variables (see
previous page). For certain laserprinters a special driver is required to make hard copies

of your screen display,

Kore Graph Y/NY

E dr R B

Type: ¥ (for this example) and press ¥

__e-"i-_sié-’i O f %x:va‘ iug
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SELECT GRAPH TYPE

1.
2.
3.
4.
5.
6.
0.

Crop variables

Weather and soil varisbles
Nitrogen varisbles

Harvest varisbles
Graphical display of plant
Photosynthesis variasbles
Exit graph

option (0,1,2,3,4 or 5)?

Type: § (to exit the graphics program) and press
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Chapter 10
SENSITIVITY ANALYSIS

Besides running case study experiments or your own field experiments, there is also an option
on the display to run sensitivity analysis studies with the model. After you have selected a
particular experiment and treatment case study, enter option § when the computer prompts
with:

WHAT NOULD YOU LIKE TO DO 7
03 RUN SIMULATION,

13 SELECT SENSITIVITY ANALYSIS OPTIONS.
23 SELECT SIMULATION OUTPUT OPTIONS.

CHOICE? [ DEFALT = 01 ===

The model will inform you that any time you change a particular parameter in the sensitivity
analysis section, the model predictions will not correspond to the measured field data.

PANAGEMENT / SENSITIVITY AMALYSIS.

Following options are initialiy assigred values sccording
1o the case stixly and treatment selected, With these
default values you will be able to validate the simulation
results. You change the defautt values to evasluate siter
nate menagesenit strategies or meke taclical decisions.
1f you choose not to charge any of the current selections,

press ENTER in resporee to questions.

NOTE: THIS MESSAGE WILL NOT BE REPEATED

Do you went to continue to displey field measured dots
in the output table for comperison between simuiated
arvd] measured data 7

¥ OR N T [DEFAALT = ®Y%]  wue>

The following options can currently be changed in the management or sensitivity analysis
section of the model :

1. Cultivar

The cultivars currently available are listed in
Table 2 and Table 20,
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2. Simulation date :

3. Planting density :

4. Irrigation management :

a. start of soil water balance simulation (no crop
development and growth is simulated).
b. planting date.

a. row spacing
b. plant spacing
¢. row orientation (row orientation)

a. rainfed

b. field or treatment schedule

c. stage specific autoirrigation as defined by the user
depending on specified extractable soil water for a
certain depth.

d. no water stress (soil water balance not simulated).

5. Soil series, type, or location:

The soil profiles currently defined in the model
are listed in Table 14.

6. Weather for a certain site and year:

7. Weather modification:

a. year
b. site
The weather data currently available are listed in
Table 12,

Each variable can be specified as either a relative or
fixed change of the current value or set to a fixed value.
a. Carbon dioxide

b. Daylength

¢. Photosynthetic Active Radiation

d. Precipitation

e. Solar Radiation

f. Maximum air temperature

g. Minimum air temperature

8. Photosynthesis / soil fertility

BEANGRO Version 1.01 - page 34

a. Growth reduction factor. This variable is used to
reduce photosynthesis and biomass growth in the model.
It accounts a growth reduction due to a poor soil fertility
or due to a pest or disease which is present during the
entire experiment

b. Switch for photosynthesis submodel {daily or hourly).
The model bas two options to calculate photosynthesis.
The defaults calculates photosynthesis on an hourly level



through detailed light interception and canopy
photosynthesis procedures. The second option only
calculates photosynthesis once daily and is much simpler
in approach.

9. Crop parameter selection
The current ¢rop parameter file is listed in Table

21. The definitions of the crop parameters are
given in Table 38.

10. Cultivar specific parameters
a. Select a different cultivar specific parameter file for

calibration,
b. Interactively modify the cultivar specific parameters.

More detailed examples of sensitivity analysis runs with the model BEANGRO V1.01 and
the other crop models have been presented in various publications (Boote et al. 1989b;
Jones et al.,, 1991; Hoogenboom et al., 1988a).

The user can also modify the frequency at which variables are being stored in the output
files and the types of files which are being saved. In general the more data are being stored,
the slower the program will operate. The options are specified under "Select Simulation

Output Options.”
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Chapter 11
PROCEDURES TO ADD NEW EXPERIMENTS FOR SIMULATION

There are two ways that input data files can be created for running BEANGRO V1.01. The
files can be created manually using a file editor on the PC, or they can be created directly
from the IBSNAT minimum data set after the experimental data have been entered on the
forms supplied with IBSNAT Technical Report 1, 2™ edition (IBSNAT, 1986a),or 3" edition
(IBSNAT, 1988). Programs have been developed to enter the data into DSSAT Data Base
Management System (DBMS) and retrieve the data into the proper IBSNAT file format
(IBSNAT, 1986b, 1990a). All these programs are part of DSSAT (IBSNAT, 1989). Contact
IBSNAT directly te order a copy of DSSAT or the software for minimum data set entry and
data retrieval for the crop simulation models. The formats for all input and output files .
(FILE1 through FILE9 and FILEA, FILEB, and FILEC) are docnmented in Technical
Report 5 (IBSNAT, 1986c, 1990a). IBSNAT has also defined standards on field and
laboratory techniques for collecting minimum data sets (IBSNAT, 1990b).

In creating each of the files indicated below, refer to IBSNAT Technical Report 5
Documentation for IBSNAT Crop Model Input & output Files, Version 1.1 (IBSNAT,
1990a) for the formats. The new files must use these formats or they will not work

correctly.

1. Add a 3-line entry to file BNEXP.DIR to indicate to BEANGRO that a new
experiment is available for simulation (See Table 11 where an example is

highlighted).

2. If the experiment was performed during a new weather year or at a new site, create
a new weather data file (ie., CCPA0112.W86, see Table 13) and add one entry to
file WTH.DIR to indicate its availability (See Table 12 where an example of a new
entry is highlighted). Verify that weather data are available for the whole range of
days for which you want to run your simulation because the model requires daily
weather data. The model checks for missing and negative data entries (solar
radiation and rainfall only) and will give the user a warning if the data do not match
the required input formats.

3. [If you want to use a soil type not found in the model's data base, add a new set of
data to file SPROFILE.BN2 (Table 14). If the data for the soil at the experiment
site is already in SPROFILEBN2, then there is no need to add the soil again.
Every soil should have a unique number in the file. IBSNAT has developed a
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special soil data entry program to generate the parameters required for a particular
soil type and this program is part of the DSSAT system (IBSNAT, 1989). The soil
series name is needed to identify the particular soil profile you are defining and the
soil family or soil taxonomy name, which currently only accept the American soil
taxonomy convention, is used to calculate some of the input parameters, Minimum
characteristics needed are : percentage sand, silt, clay, organic carbon, stoniness or
rocks; and wet bulk density for each horizon. The pH value, percentage aluminum
saturation, and nitrate and ammonia concentration are needed for future soil fertility
aspects of the model. Some of these data can be obtained from the Soil
Conservation Service (SCS) database in Lincoln, Nebraska (contact the authors of
the model or IBSNAT to check if your particular soil type is available), your local
or state SCS representative, or your local soil physics laboratory, The SMSS Project
of SCS has collected soil profile information for many international sites, mainly in
the lesser developed countries. This international soil database is currently
distributed with DSSAT. :

4, Create file .BN4 with initial soil nitrogen balance parameters, including
weight of organic residue of previous crop, depth of surface residue incorporation,
C:N ratio of surface residue, and dry weight of root residue (Table 15). Currently
the BEANGRO model does not simulate the soil nitrogen balance, but this will be
included in future versions.

5. Createfile .BNS with initial soil water conditions, initial NO; and NH, data
for each treatment (Table 16). Note, if a sensitivity analysis is nun and soil type is
changed during simulation, the initial condition values will need to come from the
soil profile data, not from FILE 5, The number of soil layers and their thicknesses
must be exactly the same as those in the soil data file SPROFILE.BN2, for that soil;
otherwise the model will abort and will give you an error message.

6. Create file JBN6 with all irrigation events for each treatment, including
date and amount of irrigation for each irrigation event (Table 17). The last entry
for each treatment is -1 for Day of Year and -1.0 for irrigation amount.

7. Create file BN7 with al! fertilizer application events for each treatment,
mckxdmg fertilizer application date, type and amount of fertilizer and depth of
incorporations (Table 18). The last entry for each treatment is -1 for Day of Year
and -1.0 for the other variables. Currently the BEANGRO model does not respond
to fertilizer applications, but this will be included in future versions.

8. Create file JBN8 with a 2-line entry for management variables for each
treatment. If there are 5 treatments, then there are 10 lines in this file. The file
name designated by should have 8 characters and be named according
to Technical Report 5 (IBSNAT, 1990a), i.e., CCPA8629.BNS is FILE 8 for institute
CC (CIAT), site PA (Palmira, Colombia), year 86, and experiment 29 (Table 19).
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10.

11.

Currently defined institute id's are given in the DSSAT User's Guide (IBSNAT,
1989).

If there is a new cultivar, determine genetic coefficient data and input into
GENETICS.BN9 (Table 20). In diskette No. 2, the GENETICS.BNY data file
contains coefficients for many cultivars, ranging in adaptation from the tropics to
temperate latitudes and climates. If you have a cultivar that is not included in the
list, you should select a similar one from the current list defined in
GENETICS.BNY. These cultivars are also presented in Table 2. The photoperiod
response number is based on the photoperiod sensitivity and response as defined by
CIAT. Both the photoperiod response and temperature response parameters are
an indication of the adaptation of a cultivar to a certain environment. Lower
photoperiod numbered cultivars are less sensitive to photoperiod, with 0 being
almost insensitive. The highest photoperiod numbered cultivars are most sensitive
to photoperiod, with 8 being the most sensitive, A detailed procedure to determine
genetic coefficients for a new cultivar is described in Chapter 12.

For field comparisons, put treatment final yield data (averages) in file

BNA, 2 lines per treatment (Table 22). The following field measured
variables are defined in file BNA : seed dry yield (kg/ha), weight per seed
(g/seed), number of seeds per m (#/m’) number of seeds per pod (#/pod),
maximum LAI measured during the growing season (m jm’) total above ground
biomass at harvest (kg/ha), stem dry weight at harvest (kg/ha’, flowering date (Day
of Year), physiological maturity date (Day of Year), first pod date (Day of Year),
full pod date (Day of Year), and pod dry yield (shells and seeds, kg/ha). Follow the
format of the example shown in Table 22 to enter the data.

For graphical time-series analysis of simulated and measured crop gmwth and
biomass data, put seasonal! replicated growth and other measurements in file
BNB. An example of this file is on the data disk, No. 2, in file
CCPAS629.BNB (Table 23) The order and the type of variables for file
.BNB are given in the GLABEL.DAT file (Table 27). The first line
defines the ID codes for ::asntute, site, expenmant number, year, and treatment,
The explanation of these codes is given in Technical Report 5 (IBSNAT, 199())
The second line of each treatment defines which growth variables are present in the
file. The numbers used in file .BNB should correspond to the numbers of
the variables as defined in file GLABEL.DAT (Table 27). The first number on this
second line defines the total number of field measured variables defined in file
.BNB, excluding the first column which is the Day of Year. This variable
is fixed, while the other variables can vary dependent upon the type of data
collected during the growth-analysis experiment. The following lines contain the
experimental data, starting with the Day of Year in the first column. Always keep
at least two spaces between each column and align the data below the first input
line. After you have entered all experimental data for a particular treatment, enter
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a §t on the next line. Repeat the same setup for the other treatments of your
experiment. More information is given in Technical Report § (IBSNAT, 1950a).

12, For graphical time-series analysis of simulated and measured soil water content,
evapo-transpiration, and weather data, put seasonal replicated measured data in file
. .BNC. An example of this file is on the data disk, No. 2, in file
CCPAS8629.BNC (Table 24). No soil water content data were taken during the 1986
bean experiment, and therefore no measured field data are shown as an example in
this file. The format for the data is identical as described for file .BNB.
The order and the type of variables for file _ .BNC are given in the
GLABEL2.DAT file (Table 28). The first line defines the ID codes for institute,
site, experiment number, year, and treatment. The explanation of these codes is
given in Technical Report 5 (IBSNAT, }99&1). The second line of each treatment
defines which growth variables are present in the file. The numbers used in file
.BNC should correspond to the numbers of the variables as defined in file
GLABEI2.DAT (Table 28). The first number on this second line defines the total
number of field measured variables defined in file BNC, excluding the first
column which is the Day of the Year. This variable is fixed, while the other
variables can vary dependent upon the type of data collected during the growth
analysis experiment. The following lines contain the observed data, starting with the
Day of Year in the first column. Always keep at least two spaces between each
column and align the data below the first input line. After you have entered alt
measured data for a particular treatment, enter a 7§ on the next line. Repeat the
same setup for the other treatments of your experiment. Because of memory
limitations, the graphics program can only handle a maximum of 50 dates per
treatment.

13. For graphical time-series analysis of simulated and measured plant nitrogen
concentrations, put seasonal replicated measured data in file .BND. An
example of this file is on the data disk, No. 2, in file UFGAS8601.BND (Table 25).
No plant nitrogen data were taken during this 1986 bean experiment, and therefore
no data are presented in this table. The order and the type of variables for file

________.BND are given in the GLABEL3.DAT file (Table 29). The first number
on this second line defines the total number of field measured variables defined in
file  .BND, excluding the first column which is the Day of Year. This
variable is fixed, while the other variables can vary dependent upon the type of data
collected during the growth analysis experiment. The following lines contain the
observed data, starting with the Day of Year in the first column. Always keep at
least two spaces between each column and align the data below the first input line.

After you have entered all measured data for a particular treatment, enter 2 51 on
the next line. Repeat the same setup for the other treatments of your expenment.
Because of memory limitations, the graphics program can only handle a maximum
of 50 dates per treatment.
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14. For graphical time-series analysis of simulated and measured light interception,
canopy architecture, and photosynthesis data, put seasonal replicated measured data
in file JBNP. An example of this file is on the data disk, No. 2, in file
UFGAS8601.BNP (Table 26). The order and the type of variables for file

JBNP are given in the GLABELP.DAT file (Table 30). The first number
on this second line defines the total number of field measured variables defined in
file .BNP, excluding the first column which is the Day of Year. This
variable is fixed, while the other variables can vary dependent upon the type of data
collected during the growth analysis experiment. The following lines contain the
observed data, starting with the Day of Year in the first column. Always keep at
least two spaces between each column and align the data below the first input line.

After you have entered all measured data for a particular treatment, enter a =% on
the next line. Repeat the same setup for the other treatments of your experiment.
Because of memory limitations, the graphics program can only handle a maximum
of 50 dates per treatment. :

15. Crop-specific parameters are defined in file CROPPARM.BNO (Table 21). The
values of these parameters have been derived from the literature or carefully
calibrated and, therefore, should not be changed. The definitions of the variables
in CROPPARM.BN( are given in Table 38,

After the files have been created properly, you can run BEANGRO for your experiment.
The experiment, treatments, weather, soil, and cultivars will appear as choices in selecting
simulation conditions for running both the case studies and the sensitivity-analysis section.

Sometimes the simulation model will be unable to predict your field-measured data and the
graphics representation will show a poor fit to the data points. This might be caused by
using a different cultivar which is not defined in file GENETICS.BNY, a soil type which is
not defined in file SPROFILE.BN2, an experiment or set of treatments which cannot be
simulated by the model because the options, i.e. fertility effects, are not available, or various
other reasons. In most cases you can calibrate the model to your experimental data and
carefully change a few parameters one at a time to properly fit your data. A detailed
explanation of this calibration process is given in Chapter 12.

If you are trying to simulate two treatments which differ in fertility or soil pH or other
aspects to which the model is not presently sensitive, you may wish to consider FORTRAN
code changes to make the model sensitive to the desired feature. If you successfully make
and validate such coding changes, we would appreciate receiving copies to review and
consider for possible inclusion in future model versions.
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Chapter 12
ESTIMATING GENETIC COEFFICIENTS FOR A NEW DRY BEAN VARIETY

Information on differences among bean genotypes are input to the model through file
GENETICS.BNY (Table 18). These coefficients allow a single bean crop growth model to
predict differences in development, growth, and yield among cultivars when planted in the
same environment. The genetic coefficients can be divided into those that relate to
development, to vegetative growth, and to reproductive growth. Definitions of the
coefficients are provided in Table 1, and values of the coefficients are given for thirteen
cultivars in Table 2. (Hereafter the word "cultivar” will be used, it being understood that
the material being calibrated might also be a bred line or land race).

Each cultivar is described in the GENETICS.BNY file by seven lines of coefficients, As
shown in Table 2, many of these coefficients are reasonably constant among the cultivars
whereas others vary considerably (particularly those related to season length and yield
components). One of the major questions asked by new users of the BEANGRO model is
how to estimate these coefficients for a new cultivar, The following is a set of procedures
to guide users of the model in estimating these genetic coefficients relative to experimental
data collected on bean growth, phenology, and yield under field conditions.

Ideally, the experimental conditions for estimating genetic coefficients should be those
allowing optimal growth, i.e., no water, nutrient, or pest stresses. Also, the set of data
should include several planting dates or locations so that the data will include information
or response under different daylengths, temperatures, and solar radiation levels. Currently,
there are no genetic coefficients in the mode! that relate to differences among cultivars to
responses to pest or nutrient stresses. When the experiment has encountered pest, nutrient,
or water stresses, the procedures outlined below can still be used to estimate the
coefficients, but the uncertainty in their values increases considerably.

The measurements that are needed to estimate the genetic coefficients are described in
IBSNAT Technical Report No. 1 (IBSNAT, 1988, 1990b) and are referred to as the
Minimum Data Set. Daily weather data are required. Soil properties are required, so the
model can simulate the daily availability and distribution of water in the soil. Data on
vegetative and reproductive growth and development are also needed. Data requirements
are summarized in Table 3.

Gengeral Procedures

Once experimental data are available, one can use a trial and error approach to estimate
the approximate values of genetic coefficients for a genotype that is not described in the
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Table 1. Description of the Genetic Coefficients that Need to Be Estimated for a New

FVRGRP
TVETEN
LSOVAR

CLDVAR

THYAR

FHTHRS

SHYAR
SOVAR
SHPDVAR
PCOVAR

FLWMAX

SOPRO
TRIFOL
SIZELF

SLAVAR
LFRAX

KERUIT

DETVEG

CNMO8
THRESH

Cultivar.

Photoperiod response according to CIAT evaluations under 18 h artificially extended photoperiod.

Temperature resporse class

Threshold daylength for variety I, above which accumuistion of the daylength scaumolator proceeds at
saxismm rate.

Threshold daylength for varisty |, below which scoumuistion of the deylength accumulator proceeds at
minisum rate.

Phatoperfod sensitivity defined as maximum reduction in developmental rate at day lengths greater than
CLDVAR

Threshold shich must be crossed by either the nipht time scoumslator or the phymiologicsl day
scoamlator in order for phenoidgicsl event | to eccur:

Emergence {¥V-0)

First full leaf (unifoliate) v-%
End of juvenile phase

Flowering induced (RD)

First flower appearance (k1)

Firgt pod sppearsnce (R3 = NPOOO)
First full pod (R4 = NR3)

First full-sized seed appesrscce (R5)
Erel of pod adkfition stops (NDSET)
Physiological maturity (R7)

Harvest maturity (R8),

End of sain stem {vegetative) growth
13 = End of teaf exparsion (MDLEAE)

Maximum growth rate of an individusl pod of variety I, If tempersture is optimel, mg/(zhsii®day).
Haximam growth rate of an individusl seed of variety I, if tewperature is optimsl, wg/{seed%day).

E-N. NN, T AT e
N AR ERNN

o
L ]
L ]

Namber of seeds per pod,
Raximaw rate of pod sddition for variety I, rui:eridwinz.
Haximm rate of flower addition for variety 1, mamber/day/n’.

Fraction of seed weight vhich is protein.
Number of trifoliclates per physiological day for veriety ! {maximm rate of V-stage forsetion).

The size of a normal wpper node leaf of variety I used to normelize ares per plant using ratio of
SIZELF/SIZREF, /leaf,

Specific Leaf sren (SLA} for mew lesves during pesk vegetative prowth for cultivar I, mzlu.

Haximm isef photogynthetic rate in saturated Light, wg €O, a2yl

Reproductive partitioning coefficient determining meximum fraction of deily availsble photosynthesis
svailable for sead and ghell growth.

A switch swhich allows either indetersinate (0) or determinate {1} ieaf ares sxpermion (lesf
thickening).

Fraction of available vegetative protein pool which is mobilized per physiological day for variety 1.

Maximmn threshing percent aliowed, seed weight in any given age class of fruits is not allowed to
excesdt this percentage of ghell & swed weight,

BEANGRO Version 1.01 - page 44



Table 2. Sample Genetic Coefficients for Drybean Genotypes Adapted to Different Environments.
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genetics file (GENETICS.BN9). The general sequence of steps in applying this method is
as follows:

1. Select initial genetic coefficient values for the genotype in question. Do this by first
identifying in Table 2, a genotype similar to the genotype in question. Then, based on
that genotype's coefficients and other available information, such as relative earliness or
lateness, seed size, or photoperiod response, develop a list of "best guesses" for the new
cultivar. To facilitate this exercise, blank columns are provided in Table 4, so that it
may be used as a work sheet.

2. Create a new genotype entry into the GENETICS.BNY file, entering the name of the
genotype in question, and the selected initial coefficient values. You may use any file

Table 3. Summary of Minimum Data Requirements for Estimating the Genetic and
Cultivar-specific Coefficients.

A. Weather

Daily Air Temperature; Maximm and Minimm, °C

1.
2. Daily Rainfall, mw/day
3. Daily Solar Radistion, Wi/(w¢ day)

B. Management Dats

(a) planting date

(b} row specing, m

{c} plant population, plll2

(d) cultivar name (and maturity group, if known).

-
.

Dates of:

(a) first true Lleaf, V-1

(b 50X of plants with flower, anywhere on plant

(c) 50% of plants with pods just starting to expend, > 1.0 cm in length, anywhere on plant.

(d) 50X of plants with last leaf expanded

(e 50X of plants at physiological msturity (R-7, similar to soybean as defined by Fehr et al.
(1971)).

2. Growth Analysis Data (at four or more dates in the season)

{a) total dry weight, glnz
(b}  leaf biomass, a/w’
{c) seed biomass, g/

() number of podsl-z

(e) leaf area index (LAI).

3. Ffinal Harvest Data

(a)  rwmber of pods/m®

{b) mmber of seedsllz

{c) sbove ground dry weight, glliz

d} pod weight, g/m (or seed weight, or both).
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Table 4. Worksheet for Calibration of New Cultivars. See Table 2 for Coefficients of Additional Cultivars. Mean and Range
of Genetic Coefficients are Shown for Certain Variables and Cultivars as an Example.

o CRTIVARS

PORRILLO RABIA H
YARIETY SINTET., DE GATO TSABELLA i
Photopertod resporme (CIAT) 03 03 0N
Temperature response 0t 1] o
Threshold, shortest photoperiod 12.17 1.7 12.17
Threshold, longest photoperiod 18.00 18.00 18.00
Photoperiod sensitivity 0.20 0.30 2.00 0.0 - 0.45
PHTHRS(1} - Emergence 3.50 3.50 3.50 3.50
PHTHRS(Z) - W1 5.00 5.00 .00 5.00
PHTHRS(3) - End juvenile ph. 0.0 B.0 0.0 0.00
PHTHRS(4) Flower initiation 5.00 5.00 5.00 5.00
PHTHRS(S5) - Flowering 7.0 20.0 21.0 18.0 - 30.0
PHTHRS(6) - First pod 04.0 04,0 02,5 2.0~ 9.0
PHTHRS(YY ~ First full pod 11.00 10.00 4.00 $.0 - 5.0
PUTBRS(B) - Seed gromth start 12.0 12.0 9.0 7.5 - 15.0
PHTHRS(9) - End pod ackiition 17.00 25.00 15,00 10.8 - 24.0
PHTHRS{10) - Phys. maturity 26,00 30.00 3200 25.0 - 40.0
PHTHRS($1) - Harv. meturity 2.00 8.00 .00 9.00
PHTHRSC 12} ~ End BS growth 12.0 60.0 00.0 0.0 - 13,0
PHTHRS(13} - Endd Leaf exparmion 22.0 05.0 £2.0 05.0 - 280
SHVAR - Shell growth rate 4%.00 50.00 48.0 20,0 - 0.0
SOVAR - Seed growth rate 20.0 2.0 19.0 15.0 - 30.0
SOPOYR - Seeds/pod 5. 5. 2.% 3.0 - 5.5
PODVAR - Pod appesrsnce rate 3.0 35.0 24.0 15.0 - 35.0
FLWMAR ~ Flower appear. rate &6.0 0.0 &0 3.4 - 70.0
SOPRD - Seed protein contant 0.230 0.230 0.2%5 0.20 - 0.25
TRIFGL - MS leaf sppear. rate 0.400 €.400 9.400 9.400
SIZELF ~ Index of leaf size 133.0 133.0 133.0 133
SLAVAR - index of SLA 295.00 295.00 295.00 Zn - 310
LFMAX  « Leaf photosyn. rate 1 .20 1.20 1.8 0.9 - 1.0
XFRY « Reprod, partitioning coef.] 1.00 1.00 1.0 1.0
DETVER - Deter,/indet, switch 1.0 1.0 1.0 1.0
CNMOB - Nitrogen remobilfization §8.040 0.050 0.050 6.03 - 0.06
THRESH - Threshing percentage 78.0 8.0 1.0 72.0 - 82.0
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editor, being careful to save it as an ASCII file. Avoid using tab keys or alternatively,
save the file using a NOTABS option.

3. Run the model for one location/treatment combination for which data are available.

4. Examine and pote the goodness of fit between the predicted and measured variable, and
decrease (or increase) the coefficient as described below, until the fit to observed data
is satisfactory.

5. If more treatments/location combinations are available, note the values estimated for
the first treatment/location combination, and then repeat (steps 3 and 4) for all other
combinations. When all runs are complete, compute mean values for the genetic
coefficients and enter these into the genetic coefficient file,

Phenology of common bean is affected both by temperature and photoperiod. Most
evidence suggests that there are cultivar differences in response to both factors (Laing et
al.,, 1983; White and Laing, 1989), and these differences are thought to be related to the
different gene pools recognized for common bean (Singh, 1989).

BEANGRO predicts phenology based on the concept of developmental rates which
determine progress over time toward growth stages, which can be considered as critical
developmental events. An event is considered to have occurred when the amount of
developmental progress is equal to a previously specified threshold for that event.

In the absence of information on the underlying physiological processes controlling events
such as flower initiation or onset of seed growth, the definition of units of developmental
progress become arbitrary. One might try to define the developmental units in terms of celi
mumbers, concentration of a growth regulator, or other variable, but a particularly
convenient approach is to use units of physiological time. This is because the threshold
number of Developmental Units (DU) can be conceptualized as the minimum number of
days or amount of time which must elapse before an event occurs, assuming a
developmental rate of 1 DU per unit of time. The basic time clock of BEANGRO is in
days, so rates in the model are given in DU per day. Algebraically this approach is
equivalent to accumulation of photothermal time, but we find that the underlying concepts
are more accurately represented by using the concept of rates of accumulation of
developmental units.

In predicting cultivar differences in phenology, the critical parameters are the thresholds
which determine whether a developmental process has reached completion and the
sensitivity of the developmental process to environmental factors, usually temperature and
photoperiod. The thresholds, parameters PHTHRS(1...13), are specified directly from the
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file GENETICS.BN9 (Table 18). Responses to environmental factors are calculated by

assuming that the realized developmental rate for growth stage i (R) is a multiplicative

function of the maximum developmental rate (M;) and modifier fu.nctwns representing
temperature (1;) and photoperiod (F),

R =M*T,

The modifiers vary from 0 to 1, and the shape of the modifier functions is varied by
changing parameters in GENETICS.BN9,

The basic temperature modifier assumes a trapezoidal response (Figure 2), and is evaluated
on an hourly basis. These values are converted to the relative modifier 7, for a 24 h period.
Differences in temperature responses among cultivars are poorly nﬁéarsmd, s0 only two
sets of responses are provided. These are selected by a switch, IVRTEM, which determines
which set of response functions are used for a cultivar. For IVRTEM = 1, the responses
represent those of a cultivar of Mesoamerican or Brazilian origin that is broadly adapted,
and grows well in warmer bean production environments. The responses for IVRTEM =
1 are shown in Figure 2. For IVRTEM = 2, the responses are for highland adapted
cultivars, which differ primarily from the previous group in being inhibited by temperatures
over 20°C. K there is future evidence for additional temperature responses, higher values
of the IVRTEM could be used providing that the responses are correctly specified in the
file CROPPARM.BNU.

The photoperiod modxﬁet, Py, is varied as a function of daylength (Figure 3). P, is equa! to
1.0 when daylength is below CSDVAR, the threshold daylength below which there is no
effect of photoperiod. For daylengths above CSDVAR, P, decreases linearly unless the
daylength exceeds CLDVAR, the threshold daylength which sets a limit above which the
photoperiod inhibition proceeds at it's maximum effect. This maximum level is set by
THVAR (righthand axis on Figure 3). To date, no cultivar differences in CSDVAR or
CLDVAR have been used in GENETICS.BN9, It is suggested that all cultivar differences
in photoperiod response be accounted for by varying THVAR. An exact relation between
THVAR and the CIAT scale from 1 to 8 for photoperiod response (White and Laing, 1989)
has not been developed. Any cultivar which is known to have a day-neutral response (CIAT
score of 1) should be assigned a THVAR of 0, while any cultivar which is known to be
extremely sensitive to yhomned (CIAT score of 8) should be assigned a THVAR of 1,
The CIAT photoperiod score is included for reference in the file GENETICS.BN9, but is
not used for any computations in the model. If it is unknown, a value of 0 may be specified.

To assign a bean cultivar appropriate genetic coefficients for BEANGRO Version 1.01, a
key is provided for classifying cultivars in relation to the 12 cultivar whose coefficients
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Figure 2. Temperature Modifier for Vegetative Development and Reproductive
Development for Mesoamerican cultivars.

appear in the file GENETICS.BNY. The classification parailels the concepts of gene pools
and races developed by S. Singh, P. Gepts, and D. Debouck in rmm years. Growth habits
are defined following the CIAT system where:

determinate bush

erect, indeterminate bush

prostrate, usually heavily branched, indeterminate bush
climbers

tnH 4

<BERET

BEANGRO has not been used to model climbing beans yet, so no cultivars are suggested
for growth habit IV. Blank spaces for other types as well.

If information is not available on photoperiod response, the user may consult White and

Laing (1989). CIAT maintains a database of photoperiod response, and will evaluate
cultivars upon request. Research is currently underway between the University of Florida
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Figure 3. Photoperiod Modifier for Reproductive Development.

and CIAT, which should lead to clarification of relations between various genetic
coefficients and seed size. Table 5 gives an overview of the current cultivars defined in
BEANGRO and there associated grain types and growth habits. Names in parenthese
indicate grain classes or well known cultivars; names written in bold face indicate cultivars
calibrated in the file GENETICS.BN9 of BEANGRO Version 1.01.

Table 4 gives phenological thresholds (THVAR's) for three typical dry bean cultivars:
Porrillo Sintetico, a small, black seeded line commonly grown in Central America; Rabia
de Gato, an early maturing line from Guatemala; and Isabella, a large seed kidney bean.
Table 4 provides estimates of the ranges of genetic coefficients which may be possible.

In calibrating the various coefficients for phenology, the user should first attempt to fit time
to flowering by varying PHTHRS(S), the number of developmental units between flower
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Table 5. Diagnostic Key for Assigment of Genetic Coefficients to Bean Cultivars.

Lowland to mid-elevation adapted

Growth habit Type 1 Seafarer
Indeterminate habits
Type II
Day-neutral photoperiod response C-20, BAT 881
Moderately photoperiod sensitive Porrillo Sintetico
Type I
Early-maturing Cuarentena
Rabia de Gato
Normal maturity
Day-neutral photoperiod
response Carioca
BAT 477
Moderately photoperiod sensitive -
Type IV -
Highland dgiefu(bm pintos, flor de mayos, great northerns)
Grown in the U.S.A./Europe
Early-maturing -
Normal-maturity -
Grown in Mexican highlands or similar environments
Type IV -
Andean grain types

Lowland to mid-elevation adapted (U.S.A./European cultivars)
Type I/1I (red kidney, sugars,large whites) ‘
Early maturing Isabella

Normal maturity Manitou
Type LI -
Highland adapted (large reds, red mottles...)
Type 1/ :
Early maturing -
Normal maturing ICA Linea 24
Type I -
Type IV -
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initiation and first flower appearance. If different planting dates or locations are used, and
the fitted and observed data show large discrepancies, then THVAR needs to adjusted to
increase or decrease the sensitivity to photoperiod. Because actual flower initiation is very
difficult to observe under field conditions a fixed number of § developmental units is used
between the end of the juvenile phase and flower initiation (PHTHRS(4)). We recommend
that users do not modify PHTHRS(4). During the first step of the calibration process an
initial number for PHTHRS(5) can be selected from the values shown in Table 4.
PHTHRS(S) can subsequently be adjusted in the sensitivity analysis section of the model
until measured and observed flowering dates are similar. At the same time THVAR
(sensitivity to photoperiod) can be modified if PHTHRS(S) exceeds the specified limits in
Table 4.

Probably the most important coefficient is PHTHRS(10), because this determines the time
from beginning flower (R1} to physiological maturity (R7). It is important because it sets
the length of the reproductive period, and is a primary determinant of the seed filling
period. Thus, it has a major impact on yield potential. In some cases it is difficult to
predict harvest maturity of common bean because of the different standards and definitions
used by various groups. In some cases beans also show regrowth during maturity which
should not significantly affect final yield. Remember, before you simulate for other general
situations, you should set the PHTHRS(10) to give you the normal expected maturity date
for your selected cultivar. The values for PHTHRS(10) for some of the cultivars in the
GENETICS.BN9 file are preliminary estimates, and may require adjustments for new
locations.

If during the calibration to fit physiological maturity PHTHRS(10) reaches very small or
very high values, it might indicate that the photoperiod sensitivity is set at the wrong value.
In that case the photoperiod sensitivity should be adjusted and the process of fitting
flowering and physiological maturity should be repeated. We recommend that you either
increase or decrease THVAR slowly, while keeping both CSDVAR and CLDVAR constant.

For calibration of other thresholds versus field-observed phenological stages, follow the
sequence of steps given in Table 6. The most critical one's to predict correctly are those
determining onset of pod growth (R3) and onset of seed growth (R5). PHTHRS(6) controls
the number of developmental units between start of flowering and beginning pod set.
Furthermore, if one has field observed data, PHTHRS(6) can also be calibrated from the
measured number of pods as a function of time. If the timing of the measured and
simulated number of pods is different, especially the initial points, PHTHRS(6) requires an
adjustment. Similarly PHTHRS(8) controls the number of developmental units between
start of flowering and beginning of seed growth and determines the timing of the seed
growth curve. Again seed growth data as a function of time can be used to adjust
PHTHRS(8).
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Table 6. Calibrating Important Genetic Coefficients by Comparison to Observed
Phenological Date, Vegetative Traits, and Reproductive Traits.

OBSERVED VARIABLE COEFFICIENT STANDARD RANCES
Eherology & Develooment
(developmental units +)
Date of first flower (R1) THVAR 4.20 0.0-0.45
Date of first flower (RY) PHTHRS{S} 2.0 18.0-30.C
Date of beginning pod (R3) PHTHRS(S) 4.0 2.9-9.0
Dote of full-sized pod (R4} PHYHRS(T) $1.0 5.0-15.0
Bate of begin seed swell (R5) PHTHRS(B) 12.8 7.5-15.0
physiol. or harvest saturity PHTHRSLT0) 2.0 25.0-40.0
Time of Last meinstem node $ PHTHRS{12) 12.0 0.0-13.0
Time of iast {eaf expension £ PHTHRS{ 133 2.0 5.0-28.0
Reproductive Growth
N0, Seeds / No. Pods SOPDVR 5.2 3.0-5.%
at tins!l harvest sample
Seed WE. * 100 7 Pod Wt. THRESH 73.0 72.0-82.0
(Sheliing %, final harvest)
bry Meigh? per Seed vg. Time or SHVAR 45.0 20.0-60.0
ot final harvest sawple § &
SDVAR 2.0 15.0-30.0
No. of pods/e® vs. Time { PODVAR 33.0 15.0-35.0
Shell we., az-g ve. Tieme SHVAR {see above) {see above)
Sood Wt., g/* vs. Time SOVAR, PHFACS , LFMAX (see sbove) {ase shove)
Shelling X vs. Time SOVAR , SKVAR , SDPDVR , THRESH(see sbove) {see above)
Harvest Index, Pod Wr. & XFRY 1.0 1.0
Veg, W, va Time #
Yegetative Growth

Vstage vs. Time TRIFOL 0.400 G400
LAL ve. Time, pricr to V8 SI2ELF 1535.¢ 133.0
StA vg. Time SLAVAR % Z720-310
Rote of Veg. Prot. Nobilization OB 0.04 G.0%-0.06
G.K. Acoum. Rate (Linear Phase)

Genotypic Differences in LFRax 1.00 0.9-1.¢

Soti{ Fertility Effects PRFACE & - 0.5-%.0

on DM, Accum. Rate

4+ Developmente! unita are suivalent to actusl days if tempersture anet photoperiod are optimm for 24 hours
per day.

T For climbing besns these values should be set greater than PHTNRS(10). Although many common besrs cultivars
are indeterminate, thare is & point in the tife cycie vhere rate of et appearance ¢lows down drametically
arxd the apical mainstes sborts.

§  LMGSH and SHVAR together control the size of the pod shich in turn sllows 8 given size of seed to Fill the
cavity. LNGSH is at predsent u variable in CROPPARM.BNC. 1f SOVAR Is concurrently too low, seed size and
the shelling percentage will not resch the desired value before the sesson ercis. [EF SDVAR is too great,
the shelling percentage and pod growth curve will resch » maxioum (platesu) too early before harvest.

§ Count onty thoss pads which have seeds actively growing inside them. [f you count every smell and "gtallec™
pod, your pod rumber will be tuize as great as sisulated.

# XFRT shoutd only be set at & value smaller than 1.00 for climbing beans or indeterminate besns which show
a very strong vegetstive growth during maturity. In both cases the switch DETVEG should be set to 0.

$  The PHFACS coefficient s defined in the soil profile charecterization file SPROFILE.BNZ.
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The variable PHTHRS(9) determines the number of developmental units until the last pod
has been set and added, is normally defined as a fraction (0.66) of PHTHRS(10), i.c.

physiological maturity.

Variation in parameters affecting vegetative growth is usually less important than for
phenology coefficients. These vegetative growth coefficients should be adjusted only if
adjustments to phenology and pod growth coefficients are insufficient to describe genotypic
differences in growth and yield. TRIFOL can be varied until the V.stage vs. time is
predicted, and SIZELF can be varied within certain limits to fit leaf area vs. time during
early vegetative growth until V-8 stage occurs.

If data on LAI and leaf mass were collected, then you can compute the specific leaf area
(SLA), and may wish to vary the SLAVAR to give a closer fit 10 SLA during peak
vegetative growth. The CNMOB coefficient should be set to 0.04. This value can be
changed if you have data on % N in leaf tissue vs. time.

The termination of the main stem apex can be observed from either field data or
interpolation of the vegetative growth stages and can be used to set PHTHRS(12), i.e. end
of main stem (vegetative) growth, PHTHRS(13) is the end of leaf expansion., Again this
variable is very difficult to observe under field conditions, but can determined from the LA
curves. In the model the decrease in LAI caused by a relatively high leaf senescence rate
and the termination of leaf growth is very sensitive to the value selected for PHTHRS(13).

Reproductive Growth Coeffici

These cocfficients are important in defining the ability of the cultivar to develop a seed and
pod load and in determining seed filling period duration and in determining final seed size,
shelling %, and harvest index at final harvestt The coefficients SHVAR, SDVAR,
SDFDVR, PODVAR, XFRT, and THRESH are among those influencing reproductive
growth, :

Seeds per pod (SDPDVR) and shelling percentage (THRESH) can be computed directly
using harvest maturity data, provided no stress occurred, whereas the other coefficients
(PODVAR, SHVAR, and SDVAR) are varied to fit pod numbers, shell weight, and seed
weight versus time curves, respectively. If pod numbers versus time are too low, then
PODVAR is increased until the rate of pod addition matches observed data, and vice versa.
FLWMAX i.e. flower appearance rate, is normally set double the value of PODVAR,

Following the calibration of PODVAR simulated shell and seed weight are compared with

observed data. If simulated shell weight is too low, then SHVAR is increased until observed
and simulated shell weight agree and vice versa. In this case SDVAR should be increased
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if simulated seed weight is lower than observed seed weight or if simulated single seed size
is lower than observed single seed size. Changes in either SHVAR or SDVAR will affect
both simulated shell and seed growth because of the carbohydrate supply/demand
relationships in the model. One may have to adjust these coefficients iteratively until both
shell and seed weights match observed data. Unlike in soybean, there are no set ratio's of
SDVAR to SHVAR because of the differences in seed size and number of seeds per pod
among common bean cultivars.

Another valuable aid to setting SHVAR and SDVAR is to compare simulated seed size
(mg/seed) and shelling percentage to observed weight per seed and observed shelling
percentage. If the slope of simulated seed size is too low increase SDVAR. K the slope
of simulated seed size is too great and shelling percentage maximizes too soon, then reduce
SDVAR. [IF the slope of seed size is correct but seed size and shelling percentage reach
a plateau and seeds fail to achieve final seed size, then increase SHVAR. In this case the
seed size is limited by the pod cavity. :

The other coefficients should simply be copied from another cdltivar, which assumes that
these really vary only slightly among cultivars.

In some cases, we have found the simulated top growth is significantly greater than observed
top dry weight during the linear phase of crop growth (mid-season, full canopy, but prior to
the middle of seed fill). This may occur even without water stress conditions. Under these
sitnations, we have concluded that factors of soil fertility, pH, and soil-borne pests such as
nematodes, maybe causing reductions in photosynthesis or changes in partitioning, or both.
In the soil profile defined for the site, you will find a coefficient (PHFAC3) that can be
adjusted to increase or reduce the crop growth rate during the linear phase to fit the
observed early season biomass accumulation prior to mid-seedfill. Make changes to
PHFACQC3 only after estimating the other genetic coefficients, because life cycle length and
pod growth traits have an impact on the rate of dry matter accumulation. For Florida soils
we have used a PHFAC3 of .84, but for soybean we have observed values up to 1.0 for
Iowa and Illinois soils which presumably are more fertile and have few pests. For peanuts
grown on infertile soils in India, we have found PHFAC3 values as low as 0.60 to 0.70.
(Note: Values of 1.00 for PHFAC3 in the soil profile file SPROFILE.BN2 are merely
default values given by the DSSAT soil retrieval program.) Users should begin with
PHFAC3 set at 1.00 and subsequently calibrate their own PHFACS3 in the range 0.50 to 1.00
to match the slope of crop dry weight accumulation. If you have drought stress, do not vary
PHFACS3 because drought will override any effects. Even for well-watered experiments, you
should run subsequent experiments to verify the stability of the selected value for PHFAC3
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in a second year or time of year. (Current efforts are being made to include soil nutrient
effects explicitly in our GRO models as well as effects of certain nematodes.)

In rare situations where you have two cultivars growing in the same field environment, and
one has a steeper slope of dry matter accumulation (not caused by stand or fertility
differences), you may wish to vary the LFMAX among the cultivars to best fit the slope of
total crop dry matter accumulation. Use cautiop in varying LFMAX; always change the
PHFACS first if you have singlé cultivar experiments or the cultivars are not grown in the
same field in the same growing season.

The LFMAX coefficient serves several functions. First LFMAX allows one to simulate
differences in biomass accumulation among bean genotypes as described above. Secondly,
it allows one to consider meaningful leaf level inputs Iﬁm the model. We measured values
of light-saturated leaf photosynthesis close to 1.00 mg m™ s for the bean cultivars in the
1986 Gainesville studies. Use of LFMAX = 1.00 gives appraximately the correct magnitude
of biomass accumulation. Lastly, a LFMAX coefficient was necessary to allow us to
simulate bean, soybean, and peanut grown on the same soils (with the same PHFAC3 =
0.84). Peanut has a crop growth rate (CGR) about 40 % greater than that of soybean and
bean and has a higher LFMAX. Published literature indicates that peanut has higher light-
saturated leaf photosynthesis.
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Chapter 13
MODEL APPLICATIONS

Although this is the first official release version of BEANGRO, the model is already being
used in several projects. In Guatemala, a US. ALD. project has been initiated in
collaboration with the Instituto de Ciencia y Tecnologia Agricolas (ICTA) to study bean
farming systems in Jutiapa, a region in Southeastern Guatemala. This study involves the
calibration and validation of BEANGRO and two other IBSNAT models, CERES-Maize
and CERES-Sorghum, and the construction of models of representative farming systems
(Hoogenboom and Thornton, 1990; Hoogenboom et al., 1990a; Thornton and Hoogenboom,
1990).

The University of Florida, in collaboration with the University of Puerto Rico, is developing
a user-oriented regional agricultural planning, information, and decision support system
named AEGIS Agricultural and Environmental Geographic Information System (Lal et al.,
1990). BEANGRO will be used in this project to predict potential bean production in
Puerto Rico.

In USDA Project W-150 entitled "Genetic Improvement of Beans (Phaseolus vulgaris L.) for
Yield, Pest Resistance and Food Value," an International Dry Bean Modeling Nursery is
being established at several sites in Canada, U.S.A. and Central and South America. The
objective is to grow the same cultivars at all locations and to study the potential of using
BEANGRO as 2 breeding tool to help better understand the Genotype * Environment
interaction (Hoogenboom et al.,, 1990e).

The model can also be used to study the potential impact of global climate change on
agricultural production. Previous investigations with SOYGRO have shown that there is
great potential for using crop models in this area (Boote et al., 1989b; Curry et al,
1990a,1990b).

Collaboration currently also exists with Centro Agronomico Tropical de Investigacion y
Ensenanza (CATIE) in Costa Rica and bean researchers in Brazil and Rwanda,

Users are also encouraged to contact IBSNAT and to subscribe to Agrotechnology Transfer,
in which many articles are published related to IBSNAT and the crop models, see for
instance a recent article on general applications of BEANGRO (White and Hoogenboom,
1991).

We hope that our existing network of bean researchers and BEANGRO users will expand
as a result of the release of BEANGRO Version 1.01. Please contact Dr. Hoogenboom at
the University of Georgia or Dr. White at CIAT if you are interested in sharing your results
and experience. We look forward to receiving any comments about BEANGRO.
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pendix A
DIRECTORY LISTING OF DISTRIBUTION DISKETTES

Program Disk
Table 7. Directory of BEANGRO V1.01 disk 1: "Program Disk.”

BEANGRO BAT 13 10-01-91  1:01e
BGRO BAY 68 10-01-91  1:01»
GRO EXE 165970 10-01-91  1:01»
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Table 8. Directory of BEANGRO V1.01 disk 2: "Data Disk.”

BNENP  DIR
Wre DIk
SPROFILE BNZ2
CROPPARM NG
GEMETICS BNY
CCPADT12 WB6
CCPADT12 W87
LOPABS2Y BNS
CCPARSSS BANO
CLPABE29 BNY

5
FEEEEEEE

895 14-01-91
540 10-01-01
3040 10-01-91
5188 10-01-91
7325 16-01-%1
13576 10-01-%1
1357 10-01-91
5365 109-01-9
&5 10-01-9
&74 10-01-9
1561 19-01-91
1129 10-01-91
35053 16-01-#1
829 10-01-91
£2% 10-01-91
13576 10-01-91
8132 10-01-9
111 10-01-91
786 10-01-9
78 10-01-99
174 10-01-91
391 160191
264 16-01-91
4067 10-01-91
o136 10-01-91
15151 10-01-91
20516 10-01-9
2665 10-01-9
2% 16-0%-91
1041 10-07-9
53 16-01-91
8597 16-0%-91
nst w-m-9
37 w-n-9
1361 10-01-91
%1 10-01-N
14206 19-01-N
691 10-01-91
691 10-01-91
1515 10-01-N
1916 10-01-91
145 10-01-%1
A4E8 10-01-P1
7590 10-01-91
9380 10-01-91
2061 10-01-91
515 10-01-9¢1
477 10-01-M
468 10-01-M
&550 10-01-91
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Data Disk

1:0%n
1:01a
1:01a
1:01a
%:0%a
1:0%a
{:01s
1:01a
1:01s
1:018
1:0%a
1:04a
1:01a
1:01a
1:01a
1:01a
1:0%n
1:0%a
1:01a
1:0%a
1:01a
1:01a
1:01a
1:01a
1:01a
1:01»
1:012
1:0%
1:0%a
1:0%a
1:01a
1:01a
1:01a
1:a
1:01a
1:01a
1:831a
1:0%s
1:01a
1:01a
1:01a
1:01a
3:01a
1:01n
$:01s
1:01a
1:01a
1:01a
1:01a
1:01a




Graphics Disk

Table 9. Directory of BEANGRO V1.01 disk 3: "Graphics Disk."

BEANGRO
BGRO
BRURAS
GLABEL
GLABELZ
GLABELS
GLABEL4
GLABELP
GRAPH
GRPH
HYGRF
L

LL8
MAIK

L

3
REWPLY
RLE
soyv2

BAT
BAT
EXE
DAY
BAT
DAT
DAY
DAT
BAT
EXE
EXE
LEY
LEV
EXE
PLT
PLY
EXE
LEY
pLY

13 10-01-91

&8 10-01-N
T7&40 10-01-91
1032 16-01-91
1626 10-01-91
142 16-01-91
498 10-01-91
587 10-01-91
27 16-01-91
52310 10-01-91
146510 10-01-91
o009 10-01-91
157 10-01-91
11764 10-01-91
A07 39-01-M
00 10-51-N
yirz 0o-m-9
1040 10-11-A1
3732 10-01-H

1:01a
1:01a
1:01a
1:01a
1:01a
1:01a
1:01a
1:0a
1:01a
1:0a
1:81a
1:01a
1:0a
1:01a
1:01s
1:01s
1:01s
1:0%a
1:01a
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Source Code

GROOBJ 383 10-01-91  1:01a
COMPILE BAT 31 10-01-91 1:01s
GEOLINK  BAY 62 10-01-91  1:01a

CANOPG  FOR 1971 15-01-91  1:0%a
CANOPY  FOR 1235 10-01-91  1:0%a
LLEAR FOR 15% 19-01-91  1:01s
CONGRG DAY 7242 10-01-91  1:0%e
COMIG DAY 2896 10-01-91  1:0%s

LOMS0T DAY 1228 10-01-91  1:0%a
EYRYIO  FOR 2977 16-01-91  1:01a
FRACD FOR 1007 10-01-91  1:01a
FREEZE FOR 1254 10-01-91  1:01a

GPHEN FOR a0z 10-01-91 1:0a
6RO FOR 7768 10-05-9%  4:0%a
GROM FOR 26é4 16-01-91 1:01a
GROMI FOR 855 10-01-91 1:01a
HEDGE FOR B3B7 16-01-91  1:01e
HRAD FOR 3186 16-01-91  3:01a
HTEWP FOR 194 10-01-91  1:01a
1DCROP  FOR 1624 13-01-91  1:01a
{1OWTH FOR 2198 10-01-91 1:01a
INPHEN  FOR 5545 10-01-91 1:01a
INSOIL  FOR 4315 10-01-9%  1:01a

INTRO FOR 303 10-01-91  1:01a
INVAR FOR 8035 10-01-91  1:01a
IPCROP  FOR 5490 10-01-91  1:01a

1PEXP FOR 867 10-01-91  1:01a
IPFERT FOR 1820 10-01-91  1:01s
IPFRER FOR &&71 10-01-91  1:01a
IPSENS FOR 12333 10-01-91  t:01e
IPSOIL KR 875 10-01-91  1:00a
IPIRT FOR 172 50-01-9t  1:01s
IPVAR FOR 3824 10-01-91  1:01a

IPITH FOR 5355 10-01-91  1:01e
IRRIG FoR 3135 10-01-91  1:01a
JRELIAN  FOR U W-01-91  1:01a
LFCHAR  FOR 9042 10-01-91  1:01s
MAILUJ FOR 504 10-01-91  1:Da
OPELHO  FOR 4539 10-01-91  1:01a
OFHARY  FOR 14479 10-01-91  1:01a
OPHEAD  FOR 1733 10-01-91  1:01s

OPSEAS  FOR 10893 10-01-91  1:01a
OPYTH FOR 4253 10-01-91  1:07a
PHOTIN  FOR 820 19-01-91  1:01a
PROTO FOR 5472 10-01-91  1:01e
PHOTOD  FOR 3270 10-01-91  1:01s

PHOTOL  FOR %1 10-01-91  1:01a
PLANT FOR 172 16-01-91 1:01s
PODS FOR 20467 10-01-91 101
ROQTS FOR 1286 10-M1-91  1:0%a
SERES FOR 3490 10-01-91  1:01a
SOLCON  FOR 930 16-0%-91  1:D1a
SUMRIS FOR 1881 16-01-91  1:0%a
TABEX FOR 382 16-01~91  1:01a

VEGGR FOR Y8 10-01-91  1:Cla
VERIFY FOR 2288 10-01-%1  1:0%a
WATBAL  FOR 14953 10-01-91  1:0%a

$EATHER FOR 1254 10-01-91  1:0%s
NTHMDI  FOR 8228 10-01-91  1:0%s
WTHNOG  FOR 3572 10-01-91 1:0%a
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Table 11. File "BNEXP.DIR."

COPABS29 3 CULTIVARS, 2 ROM WIDTHS, 2 DENSITIES  CCPAQYIZ.UBG SPROFILE.BNZ
COPABS2D, Bl4 CCPABGZO.BRS CLPABS2T.ENS COPABG2R. BMY CLPASSGDY BNB GENETICS.ENG
CCPASS2Q, BNA CCPABS2Y.BNE CUTT.BN DUTZ.BN OUTS.BN OUTL.BN DUTS.BN

IGRUBYOS ICTA-OSTUA,RABIA DE GATO, TURBO-111; 1989 1GQUOADO.VES SPROFILE.BNZ
1GAUBSO03,.5M4 1GOUBDOS.BNS 15QUBDIS.BHS 1GOUBYO0L. BT 1GRUBPOS . BNE GENETICS.BND
160UBP03 . BNA TGOUSYCZ.BNB OUTT.BN DUYTZ.BH OUTE. BN CUTL.BN OUTS.BN

UFGABS01 & CULTIVARS, IRR. & NONIRRIGATED UFGAD112.WB5 SPROFILE.BN2
UFGABSO1,BN& UFGABS01.BNS UFGABS0Y.BNS LIFGABSOY.BNT UFGABSDY.BNS GENETICS.BN9
UFGABSO1.BNA UFGABS01.6NB OUT1.BN DUTZ.BN QUTE.BX OUT4.BN QUTS.BN

UFGABGOT 2 CILTIVARS, 5 IRRIGATION TREATWENTS UFRADTIZ.UB6 SPROFILE.3N2
UFGABSOT . BNG UFGABGDT.BNS UFGABSOY.BHG UFGANGOT.WNT UFGANGDY.BNE CENETICS.DN9
DEGABSDT . BNA UFGABATT.DNE DUTT BN OUTZ N QUTI.BR OUTA. Bt OUTS.n
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Table 12. File "WTH.DIR."

CCPA CIAT, PALMIRA, COLOMBIA
COPA CIAT, PALMIRA, COLOMBIA
EBGO CNPAF, GOIANIA, URAZIL
160U QUEZADA, GUATEMALA

UBKA KAJONDI FARM, WURUNDI
UFGA GAINESVILLE, FLORIDA, USA
UFGA GAINESVILLE, FLORIDA, USA
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01-01-86 12-31-86 CCPADYIZ.WB6
01-01-87 12-31-87 COPAUYIZ. VBT
01-01-87 12-31-87 EBGOO112.W87
04-01-89 09-30-89 1GOU0LDY.WEY
05-01-86 12-31-86 UBKADSDB.WBS
01-01-85 12-31-85 UFGADT112.VBS
01-01-85 12-31-85 UFGATTIZ.W86




Table 13. File "CCPA1012.W86" (Data for only the first 50 days are shown).

XLAT, XLONG, PARFAC, PARDAT

00001uooonu00790700300000“00000000000000399903600

uun08uuounnou290‘002000ausun0010000000000‘71501100

m-lsoszsoozsoss60205502‘2938255530050‘55203‘55500808

iy - oA S YT R P R R R P R R R P R g e gl

Wooo8520082080005305005‘007-‘6676000501202‘000500015

VR RARERAREnAAnAdRdgNF 35 4R R4 RENR SR EnRNERRNNS

vwwmwwwwomwmwmommmwmww SREBIARINRABSRIZARRARAIRAZLSS

S N N e e R S Y P e LR A O L PP

grNmenoroo NN ot R RINRANARRRRANRANRANRARIIVIILINGS
"883333838333383582438333323383838383833838883883838

A o W K K KK K W o o ok o o W A el Akl A C o W o o o o o oo oo

RRARARRARAARARRRARRAAARARAARRARARARARAAAAARRARARARES
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Table 14. File "SPROFILE.BN2.

01 DEEP SILYY CLAY
A1 6.00 30 85,00 6.9 13.% 1.0 1.328-03 325 6.67 .04 1.00

m., JH13 680 760 L6800 1000 1.35 1.74 2.5 3.3 45 .00
15. 813 679 759 679 BI9 136 .66 2.4 3.2 6.5 .00
5. 5% W67% L7599 607 1.36 1.45 2.2 3.0 6.5 0
15. 514 679 T 6T% 607 1.36 1.45 2.2 3.0 65 .00
. 516 677 5T LATT 368 1.37 1.09 2.0 2.6 6.5 .00
3. 519 A7 7SS W67 202 138 65 1.7 2.2 6.5 .00
3a, 52 6T U756 676 111 138 29 1.4 1.8 6.5 .0
36, 522 673 783 673 061 LB 9 11 13 65 .0
36, 522 673 U5 AT 033 L 01 8 .9 &5 .00
-1. .00 .00 00 0 0 b 0 08 6 .0 .00

02 FEDIUM SILTY CLAY
41 4.00 L0 B7.00 5.9 13,9 1.0 13203 325 667 .04 1.00

10, L513 680 750 .6B0 1,000 1,35 4.7 2.5 3.3 6.5 .00
%, 513 .67 .73 679 B9 1.36 1.66 2.4 3.2 65 .00
15, 51 619 TSe W69 807 136 145 2.2 3.0 65 .00
15, 516 677 U57  L&77  AG7 1,37 1.12 2.0 2.7 6.5 .00
15. 516 W&IT TST 677 407 137 112 2.0 2.7 65 W
6. 51 8% 756 4TE AT 13T .73 18 23 65 DD
;. 520 &7 U756 W67 1356 132 3T 15 1.9 45 .M
3. .00 00 00 00 00 00 06 0 0 0 .00

o3 SHALLOMW SILYY (LAY
211 6.00 L0 83900 4.9 13.9 1.0 1L32E-03  32.5 447 .04 1.00
;. L3913 680 780 480 t1.000 1,35 V.74 &5 3.3 4.5 .00
10, 513 479 .75 479 819 136 1.66 2.4 3.2 635 .00
10, 51 679 .75 BT 807 1.36 145 2.2 3.0 465 .
10. 516 &IT VST AT AT 136 1,16 2.1 2.7 65 .00
15, 516 677 ST AT AP 136 116 2.1 2.7 65 .0
1. .06 R 00 .00 .00 06 00 0O 0 .0 .00

04 DEEP SILT LOAM
J2 0 6.00 A0 T7.00 6.9 13.9 1.0 1.326-03 93.1 6.67 .04 1.00
16, 66 262 342 282 1000 1.37 1.36 2.5 33 45 ¢
15, 106 282 362 282 .BYW 13T LM 2.4 3.2 6.5 .OD
15. 107 282 362 282  JAO7 W37 .97 2.2 3.0 6.5 .00

15. 97 262 3@ L252  607 137 .97 2.2 3.0 65 .00
3. 98 28 38 28 388 1.3 T2 2.0 2.4 45 .00
30, 18 260 360 260 202 138 43 1.7 2.2 65 .00
3. M 259 L3 L9 1M 1.3 20 1.4 1.8 &5 00
30, .1tz 258 U358 .25 061 139 .06 1LY 1.3 6.5 .00
30, .12 258 358 258 033 1.3y 01 .8 .9 45 .00
. .00 00 .00 00 .00 00 .00 .0 0 .0 .00
L] MEDIUM SILT LOAN
A2 600 L0 79,00 6.9 13.9 1.0 1.326-03 93.1 6.67 .04 1.00
0. 106 262 362 .262 1.000 1.37 1.16 2.5 3.3 4.5 .00
15, L1060 L2862 362 282 BT 1.37 110 2.4 3.2 6.5 .00
15. 07 262 362 262 60T 137 .97 2.2 3.0 65 .00
15, 08 261 361 261 407 1,38 .75 2.0 2.7 6.5 .00
H, W8 261 L3M1 241 407 138 75 2.0 2.7 65 .00
30. W10 280 380 260 L247 138 49 1.8 2.3 45 0
3. 1M 25 L35, 2% 35 1.3 L4k 1.5 1.9 65 0D
1. .00 L0 00 .00 .00 00 06 0 0 0 00
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Table 14 Continued. File "SPROFILE.BN2."

o e e sttt

0é
A2
10.
10.
10.
10.

15.

-1.

.13
10.

.07

.087

SHALLOM SILT LOAM

.20 31.00 6.9 13.9 1.0 1.32-03
262 32 @2 1.000 137 118
L2528 362 282 819 L3 1Y
262 J36E ke 807 LEY W7
L2561 361 281 9 1L 7T
261 U381 261 9 138 LT
00 00 .00 04 00 .00
DEEF SANDY LDAM
S0 68.00 6.5 3.9 1.0 1.32¢-03
L2030 20 1.000 .61 N0
L2000 320 220 819 141 .66
220 320 220 807 1.617 5B
220 320 220 807 1.1 .58
219 319 219 M6 1.4 A3
L1 318 218 .22 t.e2 .26
L1 AWM 218 111 1 12
L1 38 218 06 &2 e
L7 3T L 03 e ;i
.00 .00 A0 .00 .08 .0
MEDIUN SANDY LOAM
L0 .00 6.9 13.9 1.0 1.326-03
L2200 320 220 1,000 1.4 MO
220 320 .Z20 819 1.1 L&
220 320 220 607 .61 58
L2190 N L2199 A7 .41 A4S
L1931 219 407 181 45
L2919 3% MY A 1.e
L18 312 .18 135 142 15
00 00 L0 00 00 .00
SHALLOW SANDY LUAN
40 7400 6.5 139 1.0 1.326-03
220 520 .220 1.000 1.8 .TO
L20 L3220 220 .19 1.4 .66
22 320 220 807 1.6 .S58
L1900 319 219 M9 161 LS
L1 318 L2190 LM 181 A6
.00 .00 00 .00 00 .00
DEEP SAND
40 £5.00 6.9 13.91.0 1.32-03
LA07 0 L267 L07 1.000 1.66 29
07 267 L1007 B9 1,66 28
02 26T 107 607 1.66 2%
L0T 267 107 607 186 2%
J07 267 07 B8 1.6 18
L0 266 L1060 202 1.6 M
06 266 L1060 111 166 W05
LA06 288 106 061 1,46 DY
106 266 W06 033 &6 .00
00 00 .00 -0 40 .00

3 8.67
3.3 65
3.2 4.5
3.0 &S5
2.7 4.5
2.7 6.5
L0 0

3 6.67

*
.

-
"

%09\0‘?@0‘0‘9‘
LR R R R R RV R AN ]

wh o ok N BN NN
»
LR RN R U R

*
]

*
.

*
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.
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*
13
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»
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¥
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Table 14 Continued. File "SPROFILE.BN2."

.00

g

.00

8

.04 1.00
.00
.00
.00

hannmnnnno

L.} s 9 a & @
6666666
32077390
MR N -
NIETNOoCOoOQNO
v e (]
CEANNNN -

LELELTLE

112.0 6.67

mw““uuuﬁm

o
YO O I b I i
r8e3ISETS8
o e S S-S
R .

M

T
00000%%&

O v v
- L] . [] [] a - [ []

a

€ AR wn

525998588
[ * A » . L] . .

Mm

WOWWWWWMMM
(DR ol o ok Rk o
mnnRRh R e

NN od
SRR
1S gesaseacos
o
w » L L] . " - -
1dmﬁﬁﬁﬁmm4
=

SHALLOW SAND

12

8 e LF LF
- “ls g222833wen22vnne,, 5882888288
mmmmmmmmmowuwuwwwmm ...@MTTﬁuna"o.mmm.........m
- m - 2
mammnincidmmueoegaes-aeeaaaegaicaaaaagggaeclidegcgeaacaeas
7-6.5666 k?‘ﬁSSﬂ&éﬂvC“ . .Z..?
‘wsznvl?otéooooooooi‘mooooooooo3.&0000000000-16-0000000000
6&1-\“’“,“-%6 .---mz.----mé----..-M.b--.---
AP AL LLLEL PELLLLLLL LI NELEELLELE LI MALLLLIL AL
—ONNNNN - o - [ -
- £ - b=
3nuuwwwrsanwumuanwwmmmwmuaoWamwmmmwmmmomumwwwmmwwmo
ﬂ.v Y -.Wm’mq‘.lcioooocm211°ooooo-.m.m &« & & & @& 4 & » @ -m. " 8 a4 B o* " o" "o
3333358 8asenynna3 ams34998,3 888888885 Hasssssass,
- - -0 Lol R R R o R =
8533327 88558888088% mwwmmﬂanmmmmmmmmmmNMM$zmmmmmm
22280 212ERRTE{-EAAIREAD, ommmmmmmmMJWJMMMMMMMMMJ
L) 8200000000.‘2 ._rz a
333%%%9 2274793998 1208400001 jsTARATNA04. 1200000000
a — ]
A B PHEEE LT ETE DR EECT EL IR T ET LIRS S E T
mmmmmmmwwmmz zammmwmmmmmmmmommmmmmmmmwmommmmmmmmmmmo
:ﬁ_ .m.sooo nmu-----mw-.-.-.-c.-mw.--.-.-n-
ﬁmmmmmmmmmmmmmmmmmmammmnmnmmmmmmawmmmnnmmmsmmmnmnmnm
- - - -lm

BEANGRO Version 1.01 - page 76
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e et
Losm (F-tommy silic,thermic Typ Paleudults)

17 tuincy, FL COrangsburg Sandy
13 2.00 00,27 84.00 21.0 20.9 1.0 1L.3Z2E-03 &5
S, 25 198 294 198 1.000 .49 .73 .0
0. 25 198 2% L1988 BT .49 1.3 .8
10. 125 198 2% 198 BTe 1.49 1,73 .2
0w, 117 226 33 22 3% 1.4 WD D
09. 117 226 323 .22% 351 1.4 WD D
0. L1338 250 332 &S00 310 14e A& L0
1. .13 .50 332 &0 M0 1.4 20 0
38, 167 281 3N 281 302 1,57 4 L0
43, 182 291 3% 291 0T 159 16 W8
30, .62 .27z 320 2m O3 1Y % L0
28, 154 L28% 39 268 006 1,58 03 .0
1. .0 .0 M R .0 .6 0 .0

65.87 C.04 0.95
SO0 .8 00
£ .0 0
L0 .00
0 .6 .00
0 .0 .00
0 .0 00
I | S ]
0 .0 .00
40 0 0
b0 0 0
4 0 .00
W BN S

18 Maphattan,XS Haynie (Cosrse-silty, wixed calzarecus mesic Typ Udifluvent)

0.1 5.00 0.60 &0.00 2.0 32.0 1.0 1.32:-03 85.0 é&6.47 0.04 1.00

15. 6,672 0.22% 0.275 0.22% 1.000 1.15 061 0 0 & OO
5. 0.07 0.240 0.200 0.230 0.700 1,16 0.5Y 0 0 ¢ .00
30. 0,040 0.154 0.19% 0.15% 0.200 1.21 0.5 .0 .0 .0 .00
30, 0.632 0.09% 0.%41 0,091 0,050 1.2%3 0.29 3 W0 0 .06
30. 5.032 0.087 0,137 0.087 0.03¢ 131 0.2¢4 .0 0 0 .
30, 0.0%2 0.087 0.137 0.087 0.0% 1.31 020 .0 .0 .0 .00
30. 0.032 0.087 0.137 0087 0.0%0 1.3t 0,20 .0 .0 & .00
-1. .0 O .0 <D .0 R 0 L B 0 0

19 Swift, CAN  Mood Mountain Loam (Orthic Brows Chernciem)

0,12 8,00 050 60.00 2.2 36.2 1.0 1.32E-03 .7 6.67 0.04 1.00
5. 0.09% 0.230 0.250 0.230 4,000 0,00 1.6 .0 .0 0 W
10, 0.09% 0.230 0.250 0.230 0.800 0.00 1.0 & .0 0 .00
15. 0.112 0.25¢ G.260 0.250 0.700 O.00 0.8 .0 .0 .0 .
15. 0.086 0.220 0.230 0.220 0.%6 o000 0.1 & .0 .0 .00
15. 0.103 0,220 0.230 0.220 0.250 G.00 059 .0 .0 .6 .00
15. 0,103 0.220 0.230 0.220 0.150 .00 0.9 .0 0 & .00
15. 0.102 0,250 o0.220 0.250 O.0B0 0.00 0.0 0 .0 & 00
30. 0.%02 0.25¢ 0.220 6.2%0 0.050 0.0 03¢ .0 .0 .0 .00
30. 0.%02 0.25¢ 0,220 0.250 0.050 0.0 0.9 .0 0 0 0O
-t. .0 0 .0 M: .8 .0 K 4 0 0 .0

20 Rothassted Rothamated
0.% 4.00 0.50 460.00 14.0 27.0 1.0 1.326-03 VI8 &.57 0.0 1.00
10. 6.110 0.280 0.330 0.280 1,000 1.10 1% .0 .0 .0 .00
15. 0.15¢ 0.320 0.420 0.320 0.900 1.20 .00 .0 .0 .0 .00
20. 0.220 0370 0,420 0,370 0.700 1.25 0.8 .0 .0 & .00
20. 0,220 0.370 0©.420 0.370 0,500 1.25 0.26 .9 .0 .0 .00
30. 0.220 937 0,420 0370 0,200 1.25 .8 0 0 0 0O
35, 0.220 0370 0420 0.37¢ ©.100 1.2% 0.20 .0 0 O .0G
30. 0220 037 0.420 0370 O.050 1.2 0.20 .0 .0 .0 .00
1. LD 0 .0 0 0 L 6 0 0 0 LD

21 Aleppo, SYR Tel Hadys (Palexerollic Chromoxerert; high ANC)

0.14 6.00 0.50 72,00 16.4 11.5 1.0 1.32-03 43.5 6.47 0.04 1,00
10. G.2%0 0.340 0G,357 0.340 1.000 1,30 0.5 .0 .0 .0 .00
15. 6.210 €.35¢ 0.367 0.350 0.700 1.32 950 .0 .0 .40 .00
25. 0.230 0.360 0.380 0.360 0.500 1.30 0.% .0 .0 .B .00
25, 0,260 D.38C 0.400 0.380 0.150 1.30 G40 0 .0 .0 .00
25. 0.270 0.390 0.410 0.3% 0.040 1.30 0.3 .0 .0 .0 .00
25. 0,300 0,330 0.4D0 0380 0.020 1.30 0.3 .0 .0 0 .00
2%. 0.5%0 0.37% 0.3%0 0375 0.010 1.30 03¢ .0 .0 0 00
30. ©.300 G.37% 0.3%¢ ¢.375 O0.020 1.30 030 0 0 0 .00
20. 0300 0375 O.3%0 0375 0001 130 036 .0 0 .8 .00
1. .0 D 0 -0 0" .0 0 0 .6 .8 .0
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Table 14 Continued. File "SPROFILE.BN2."

22 Aleppo, SYR Tel Hadya (Palexercllic Chromaerert; low AWC)

0.% 6.00 .50 72.00 6.4 11,5 1.0 1.326-05 &3.5 &.87 0.04 1.90
10. 0.210 0.280 0.357 0.280 1.000 1.30 0.5 .0 .0 .0 .00
15, 0.210 0.280 0,367 0.280 .70 1,30 050 0 O .0 .00
25, 0,230 0.290 0.380 0.290 0.500 1.30 050 .0 0 .0 .00
25. 0.240 0,350 0.400 0.350 0.¥50 1.30 0.4 06 .0 .0 .00
25. 0.270 0.350 0.410 0.350 0.04C 1.30 €35 8 .0 0 .00
25. 0300 9.350 0,400 0.350 0.020 1.30 03¢ 6 .0 .0 00
5. 0.300 0.350 0.39¢ 0.350 o.0%0 1.30 3 .0 .0 .0 .00
30. 0.300 0.356 0.390 0.35¢ o.020 430 030 .0 0 0 OO
Zn, 0.300 0350 0.39%¢ 0.3% .01 .30 0.3 0 W0 0 W
1. .0 0 <8 0 -0 .G .0 L4 0 0 .0

2% Florence, SC Norfolk Losmy Ssnd
0.4 5.00 6.60 &5.00 16.8 20,0 1.0 1.326-03 88,2 &6.67 0.0 1,06
6. 0075 0.210 0.250 0.2%C 1000 1,55 0.3 0 0 0 00
0. 0.078 0.210 0.250 G.2%0 1.000 1.5 36 £ .0 .6 .00
21, 0100 0.240 0.29C CG.240 0800 1.8 017 0 .0 .0 .00
30. 0.210 0.310 6.350 0G50 0,400 1.5 0.1 & 6 .6 .00
3. 0,210 0.320 0.360 0.320 0100 1.5% oM & ¢ 0 .00
25. 0.180 0.28¢ 0.320 0.280 @100 1.48 0.V 6 .6 .0 .00
25. 6,180 0.280 0,320 0.280 0.100 1.7 O.O1 0 0 .0 .00
1. .B 0 00 L0 .0 .0 O H 6 0 L
24 Mariarna, FL Norfolk Sardy Loss (F~losmy silic, thermic Typ Paleudults)
18 6,00 10 77.00 2000 30,0 1.0 1.32E-03 90.9 6.67 0.04 084
5. D61 165 U312 %S 100D 138 1,29 0 0 5.5 .0
5. W06 145 L3112 LIS 1000 1.3 L2 .0 D 55 0
0. 050 (141 302 1t LTS 142 A7 0 0 55 .00
18, 056 (165 270 L1858 A48 1,52 2B .0 .0 5.5 0@
20. L1988 306 359 U304 30D 142 5 0 0 5.7 0
21, L8 L304 U359 304 300 148 25 0 LD
%, L197 .35 335 U305 100 1.4 32 0 O
17, W7 X 335 305 10 166 12 .0 L0
7. 186 292 332 .Mz W0 1.6 D6 L0 L0
8. .84 292 332 .22 W0 1.5 D& .0 .0
26, 2w .3 339 .38 020 .67 05 0 0
28, .22r 335 U350 335 000 1.66 .06 .0 LD
a8, 227 335 350 335 000 .66 06 .0 .0 4.
1. 000 000 . 000 000 00 00 0 0 0 0D
25 Raleigh, NC Norfolk Sancdy Clay Loss (F-L,silic, therm, Typ. Paleudilts)
000.4 03.00 00.23 60.0 16.8 20.0 1.0 1.32-03 106.9 6.67 0.04 U.95

b

*

b U
WD D CD LD b
"

*

.

g

500042 06,169 0,392 0168 1,006 06 . 0 .0 0 .00
0.0 0.042 0.56% 035 0.16% 1,006 00 .00 .0 .6 .0 .00
0.0 0.042 0.169 0.392 0.9 Y W .00 .6 0 0 .00
08.0 0.044 0,177 0.358 0177 390 00 W .6 .0 .0 .00
3.0 .05 0.165 0.396 0.165 200 .00 OB .6 .6 0 .00
B.00.180 0.297 0377 .20 o ¢ D0 .0 .82 .0 00
%.0 0,150 0.291 0377 0.2 v O ¢ 0 G L0 00
30,0 0,150 0.291 0377 0.1 07 0 0 0 0 D DO
30.0 0.130 0.290 0377 o291 ¢ 00 .06 6 .0 .0 .00
-1.86 .B 8 .0 .0 .0 .0 .0 < SN RN : B+

26 Castans, 10 Ide Silt Loam

000,12 04,00 00,30 £0.00 12.0 32.0 1.0 1.32E-03 B9.4 4.67 0.04 1.00

5. 135 290 485 .2%0 100D 00 B0 0 0 0 K
0. 135 290 435 .290 1000 OO0 00 W0 O O 00
15, .135 .20 485 .20 A5 00 00 0 D 0 .00
5. .6 228 5164 228 138 00 00 0 0 0 00
15, LiD6 228 514 228 138 .00 00 0 0 .8 DO
3. .05 .25 517 .2564 .18 00 00 0 0 O .00
o0, L35 20 507 290 350 .00 00 0 0 O .00
. 108 283 505 .283% .23 .00 W00 0 .0 0 .00
W, .08 .291 542 .21 .0 .00 00 0 0 0 .00
1. Q@ R R .0 .0 0 0 IR+ IR ) BN ¢ B
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B e e

27 sumetra, IND Sitiung ¢ no subsoil scidity, Ultisol

0.14 %5.00 0.60 65,00 22.6 7.01.0 1.32-03 32.5 &6.87 0.04 1.00
S, 328 LAA8 LSS0 L4LB 1,000 V.00 2,27 £ 0 0 .00
10 LSS 472 550 A2 1LOD0 1,00 227 0 0 5 00
15, 377 497 550 497 0750 1.5 .10 &6 0 .0 .00
20, MO 682 520 482 0,330 1,47 1.4 6 0 L0 DO
20, MY O AYZ 520 492 D156 1,22 0% & 0 .0 DD
30, 328 LAT6  A9C 476 0100 1,22 0.3 0 .0 D 00
30, 328 A8 490 ,“8 g.001 V.97 G.2r B 6 O 0
-5, .0 0 R .9 0 il PR - N SN : B

28 Sumatra, IND Sitiug ¢ Wii ncidity, Uitisol )

0% S.00 060 80.00 22.0 7.01.0 1.326-03 333 6.67 0.04 1,00
5, V328 448 550 L44R 1,000 1,00 2.7 £ 0 .0 .00
10 L3353 472 550 LA7Z O.BDO 100 227 & W0 G OO
18, 377 A9Y 580 49T 0.100 1.05 1.8 0 0 & OO
20. L340 482 520 LAB2 0.0V 1,37 .41 D b B 0
20. JMM9 492 520 AW 0000 1,22 0% & 0 0 .00
0. 328 476 AV LA76 0000 1.22 036 8 0 0 0
3., 328 4B AP0 448 0,000 1.7 UL.ZY & 6 0 D0
*-1 « W0 8 R 0 " -8 .0 K T B : B :

29 Hyderabad, 1N Patencheru (Alfisol Udic Rhodustslf)
000,44 03,00 0.50 #0.0 30.0 £.01.0 133& 0% 7.1 ééé? g.a& ;éae

5.0 0.060 0.20¢ ©0.430 0.200 1.000 i B < . "
12.0 0,060 0.200 043¢ 0.200 1.0 0 .0 .0 0 0 .00
08.0 0,060 0,200 0.430 0200 0515 .0 0 £ L 0 W
15.0 0.076 D.192 0430 0,192 0488 . 00 0 .0 .0 .00
15.0 0.124 0.220 0430 0.220 2400 0 00 U 4L 0 @
15.0 0.%40 0.220 0430 0.220 0.286 OO0 00 0 0 .0 .00
15.0 0,150 0.200 0.430 0.200 D172 .00 .00 .0 .0 .0 .00
15.0 0140 0. 200 0430 ©0.200 0,07 00 00 0 @6 0 OO
15.0 0.160 0.200 0430 0200 0.057 .00 .0 0O .0 J.‘i 00
1.0 0.000 0000 0000 0,000 0.000 .0 0 R+ &

30 Palmira OORISIlLLY Clay Lowm(Fine-ailty,mixed, isohyperth. xq.ﬁc %&lﬁﬁclt)
0.09 11,02 0.40 B4.00 2.0 0.0 1.0 1.32-003 74.7 &4.67 0.04 1.00

5 0.206 DO 0392 0,340 1,000 1.45 249 9.0 -9.0 4.9 0.0
10 0206 030 0392 0.0 1,000 145 2.19 9.0 9.0 69 0.0
10 0.209 WS 0,390 0345 D750 1.45 1.2t -0 -9.0 7.2 OO0
W 0.200 0.3 0.3% 035 0500 145 121 %0 -90 .2 00
1 G198 0335 059 0,335 0550 1.49 0.5 -9.0 9.0 8.0 00
1% 6,185 0323 0.39% 0.323 0.200 1.58 0.20 -9.0 -9.0 8.2 0.0
15 018 0.383 0.395 0.3 0150 1.%8 0.20 9.0 -%.0 8.2 00
19 0.201 0.328 0.408 0,328 0.100 1.5¢ 0.10 -%.0 -9.0 &1 0.0
& 4.8 035 04N 0328 0080 1.5 0.9 %000 8.2 0.0
15 0.159 .28 0399 0288 (. 1.5 0,09 -9.0 -9.0 83 0.0
&2 0118 0.342 AR 0242 .00 1.2 0.70 -9.0 -9.0 B3 0.0
& 067 0177 0331 077 0.000 1.5¢ 0.08 -5.0 9.0 8.0 0.0
&5 0050 0193 G410 0193 0,000 145 0.12 -9.0 -5.0 8.5 0.0
-1 0.000 0.00¢ 0.000 G.000 0.000 000 0.00 0.0 0.0 G.0 0.0
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Table 15. File "IGQUS8903.BN4."

1GAUB903 1 600 15 ™ 60
1GaU8903 2 600 15 75 60
1GQUBS03 3 600 15 4] 60
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01 CCPABG29

Table 16. File "CCPA8629.BN5 (Only the first two treatments are shown)."
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Table 17. File "CCPA8629.BN6 (only the first five treatments are shown)."

01 CCPABGZY
269 30.00
B B0

- ~1.00

02 COPABL29
26% 30.00
324 /00

-1 -1.00

0% COPABLRD
269 36.00
32 25.00

«f -1.00

0% CCPABG2?
260 30.00
32 5.0

-1 -1.00

05 CCPABGZY
269 30,00
3z B.00

-4 ~1.00
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Table 18. File "CCPA8629.BN7".,

D1 COPABG2Y
20 15.0 4.0 99
-1 -1.00 -1.0 -1

02 CCPABS2Y

249 15.0 4.0 W9
-3 -1.0 ~1.0 -

03 CoPASS29

%% 15.0 4.0 W
3 1.0 -1.0 -1

04 COPABSRY

2% 15.0 40 W
-1 -1.0 -1.0 <%

05 CCPABAZY

2% 15.0 4.0 W
-1 -1.8 -1.0 -1

06 CCPABS2S

250 15.0 4.0 W
1 +1.0 «1.0 -1

OF COPABA2S

269 15.0 4.0
-1 -1.0 -1.0

08 CCPABGZY

29 075 L0 W
«1 ~1.0 -1.0 -1

99 CCPABGZY

269 0.5 4.0 99
“1 -1.0 1.0 -9

16 CLPABSGRY

259 07.5 4.0 w
-3 =10 -1.0 -3

31 CCPABG2Y

29 07.5 4.0 W
<1 «1.0 -1.0 41

12 CCPABA2Y
259 07.5 4.0 W
-1 +%.8 1.0 -1

%
-1
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CCPABS29 01 Porrillo Sin.

239 240 15.00 ©.300

CEPARSZY 02 Porrillo Sin.

235 249 30.00 0.300

CLPARA2Y O3 Porrille Sin.

259 269 15.00 0.600

CEPAAS2Y 04 Porrille Sin.

235 229 30.00 0.800
COPABERY 05 BAT 477
239 260 15.00 0.300
CCPABG2D 06 BAT 477
239 260 30.00 0.300
CCPABSZS (7 BAT 477
239 269 15.00 0.5600
CCPABA2Y 0B BAT 477
239 269 30.00 0.600
CCPABS29 09 BAT 881
239 269 15.00 0.300
CCPABGRS 10 BAT 881
239 6% 3.0 0.300
CLPABG2S 11 BAT 881
239 269 15.00 0.600
CLPABGZY 12 BAT 881
a9 260 .0 0.800

0.3 m row by 15 pliw
1.00 00,30
0.3 m row by 30 pl/imd
1.00 00,30
0.6 m row by 15 pl/md

2.00 200
2.00 2 00

2.00 200 1,00 0030
0.4 = row by 30 pi/m2
2.0 200 1.00 0030
0.3 = row by 15 pl/m2
e.00 200 1.00 00,30
0.3 m row by 30 pl/ad
2.06 2900 1.00 0030
0.6 wm row by 15 pl/m2
2.00 200 1,00 06,30
.6 m row by 30 plind
2.00 200 1.00 00,30
0.3 m rouw by 15 pl/m2
2.00 200 4.00 00.3%0
0.3 m row by 30 pi/m2
2.00 200  1.00 0.30
0.6 m row by 15 pl/e2
2.00 200 1,00 00.30
0.4 = row by 30 pi/ed
Z.00 208  1.00 00.30
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Appendix C
CULTIVAR AND CROP COEFFICIENT FILES

01 Porrillo Sintetico 03 01 VARIEYY 1,PHOT. P 3, TEMP 1
12.17 18,00 0,20 CSDVAR, CLDVAR, THVAR
3.50 05.00 0.0 53.00 Z7.0 D4.0 11.00 12.0 17.00 PHTHRS{J),J=1 9
26.00 09.00 12.0 22.0 PHTHRS(J), J=10,13
45.00 20.0 3.2 SHVAR, SDVAR , SDPDVR
3.0 66.0 0.2%0 PODVAR , FLUWRAX , SOPRO
0.400 133.0 295.00 1,20 TRIFON, S1ZELF, SLAVAR L FMAX
1.00 1.0 0.040 V8.0 XFRT ,DETVEG, CNMOB, THRESH
02 BAT 477 01 ot VARIETY 2,PHOT. ¥ 1,7EMP 1
2.17 18,00 0.00 CSOVAR ,CLDVAR, THVAR
3.50 05.00 0.0 5.00 25.0 G3.0 10.00 11,0 15.00 PHYHRS(J),d=1.9
26,00 10,00 10,0 22.¢ PHTHRS(J ), 3=10, 13
45,00 20.0 .2 SHVAR, SDVAR, SDPOVR
30.0 50.0 0.230 PODVAE, FLWMAX , SDPRO
0.400 133.0 295.00 1.20 TRIFA ,SIZELF, SLAVAR  LFMAX
1.00 1.0 6.040 78.0 XFRT DETVEG, CHMOB, THRESH
03 Seafarer o1 01 VARIETY 3, PHOT. P 1,TENP 1
12.17 15.00 0.00 CSOVAR, CLDVAR, THVAR
3,50 05.00 0.0 5.00 21,0 03.0 11.00 12.0 22,00 PHTHRS(J}, =1, 9
32,00 09.00 07.0 15.0 PHTHRS(J), J=10,13
3s5.00 $7.0 .0 SHYAR, SDVAR , SDPOVR
18.0 35.0 0.2%0 POGVAR, FLWMAX , SBPRO
0.400 133.0 295.00 1.00 TRIFOL ,STZELF , SLAVAR, LFMA
1.00 1.0 0.040 78.0 XFRT DETVEG, CNHOB, THRESH
86 C-20 oo VARIETY 4,PHOT. P 1, TEME 1
12.17 18.06 ©.00 CSOVAR, CLDVAR , THVAR
3.50 05.00 ©.0 5.00 28.0 03.0 11.00 12.0 25.00 PHYRRS(J), =19
35.00 09.00 07.0 20.0 PHTHRS(4), Ix10,13
30.00 17.0 5.0 SHVAR , SDVAR, SDPDVR
15.0 30.0 0.230 PODVAR , FLWMAX , SUFRD
0.400 133.0 295.06 1.00 TRIFK. , STZELF, SLAVAR  LFHAX
1.00 1.0 0.050 7.0 XFRT _DETVEG,CNMOB , THRESE
05 BAT 831 ot o VARIETY 5,PHOT. P 1, TENP 1
2.17 13.00 0.00 CSOVAR , CLDVAR , THVAR
3.50 05.00 0.0 5.00 268.0 03.0 11.00 12,0 15.00 PHTHRS(J), 41,9
26.00 09.00 10.0 22.0 PHTHRS{J}, J=10,13
27.00 16.0 5.0 SHVAR, SOVAR, SDPOVE
n.0 4.580.230 PCOVAR , FLUMAX , SDPRO
D.400 133.0 295.00 1.20 TRIFOL, SIZELF, SLAVAR, L FMAX
1.00 1.0 0.040 82.0 XFRY DETVEG, CNMOB, THRESH
G HTA-Ostua o1 o VARIETY &, PHOT, GRP 1
2.17 .00 0.D0 CSOVAR, CLOVAR, THVAR
2.50 D5.00 0.0 5.00 25.0 03.0 10.00 12.0 19.00 PHTHRS(J),J=1,9
30.00 09.00 00.0 22.0 PHTHRSCU), J»10,13
28.00 0Y5.0 5.4 SHVAR, SOVAR , SOPDVR
30.0 &0.0 0.230 PCDVAR , FLYMAX , SDPRO
6,400 133.0 295.00 1.20 TRIFOL,STZELF  SLAVAR, LFMAX
1.00 1.0 0,050 78.0 XFRY ,OETVEG, CNNOB , THRESH
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Table 20 Continued. File "GENETICS.BNY.”

07 &ebin de Gato 63 01 VARIETY 7, PHOT. GRP 3
12.17 18.00 0.30 CSDVAR, CLDVAR, THVAR
3.50 05.00 0.0 5.00 20.0 04.0 10.00 12.0 25.00 PNTHRS(J),J=1,9
30,00 08.00 00.0 05.0 PHTHRS(JS, J=10, 13
50.00 020.0 5.4 SHVAR, SOVAR,, SDPDVR
35.0 70.0 0,230 PODVAR , FLUMAX, SOPRO
0.400 133.0 295.00 1.20 TRIFOL, SIZELF, SLAVAR, LFMAX
1.00 1.0 0.050 78.0 XFRT,DETVEG, CNROR, THRESH
08 Turbe 111 an YARIETY 8, PHOT, GRP 3
2.17 18.00 0.35 CSOVAR, CLOVAR, THVAR
3.50 05.00 0.0 5.00 28.0 03.0 09.00 12.0 19.00 PHTRRS{J),d=1,9
30.00 09.00 00,0 05.0 PHTHRS(JY, d=10, 13
21.00 018.0 5.4 SHVAR , SOVAR , SDPOVR
20.0 40.0 0.230 PODVAR , FLUMAX , SDPRO
0.400 133.0 295.00 1.20 TRIFOL,STZELF, SLAVAR , LFMAX
1.00 1.0 0,050 78.0 XFRT,DETVEG, EMMOB , THRESH
0¥ Cuarentens 01 01 VARIETY ©,PHOT, P1, TENP 1
12.17 18.00 0.00 CSOVAR, CLDVAR, THVAR
3.50 05.00 0.0 5,00 23,0 03.0 12.00 13.0 17.00 PHTHRSCJ),J=1,9
27.00 09.00 09.0 22.0 PHTHRS(J), J=10, 13
40.00 30.0 3.2 SHVAR, SDVAR, SDPOVER
40.0 B0 0,230 . PODVAR, ELUMAX, SDPRO
0.400 1330 295.00 1.20 TRIFOL, SIZELF, SLAVAR, LFRAX
1.00 1.0 0.040 78.D XFRT,DETVEG, CNWOB , THRESH
10 Carioce o1 01 VARIETY 10,PROT. P 1,YEMP 1
12.17 18.00 0.00 CSDVAR, CLDVAR, THVAR
3.50 05.00 0.0 5.00 25.0 04.0 11.00 12.0 17,00 PHTHRS(J),d=1,9
31.00 05.00 12.0 22.0 PHTHRS(J3, J=10, 1%
30.00 15.0 4.0 SHVAR, SDVAR , SOPDVR
3.0 460 0.230 PODVAR, FLWMAX, SDFRD
0.400 133.0 295,00 1.20 TRIFOL,STZELF , SLAVAR , L FMAX
1.00 1.0 0.040 7R.0 XFRT ,DETVEG, CHMOB , THRESH
11 Isabeila o1 01 VARIETY 11,PHOT. P 1,TEMP 1
12.17 18,00 0.00 CSDVAR, CLDVAR , THVAR
3.50 05.00 0.0 5.00 21.0 02.5 08.0C 09.0 15.00 PHYHRS(J},d=1,9
32.00 09.00 00.0 22.0 PHTHRSCJ), J=10, 13
A8.00 W0 25 SHVAR , SOVAR , SDPOVER
2.0 60,0 0.235 PODVAR , FLUMAX , SOPRO
0.400 133.0 295.00 1.00 TRIFOL, SIZELF, SLAVAR , LFMAX
1.00 3.6 0.050 72.0 XFRT ,DETVEG, CNMOB, THRESH
12 Mani tou o1 0 VARIETY 12,PROT. P 1,TENP 1
12,17 18,00 0,00 CSDVAR, CLDVAR, THVAR
3.50 05.00 0.0 5.00 24.0 07,0 13.00 14.0 12.00 PHTHRS(J),J=1,9
38.00 09,00 06.0 15.0 PHTRRS(J),J=10,13
50.00 20.0 2.5 SHVAR, SDVAR , SDPDVR
25.0 50.0 0,235 POCVAR, FLWMAX, SDBRO
0.400 133.0 295.00 1,00 TRIFOL, STZELF, SLAVAR, LEMAX
1.00 1.0 0.050 72.0 XFRT ,DETVEG, CNMOB , THRESH
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Table 20 Continuved. File "GENETICS.BN9."

13 1CA Linen 24 08 01 VARIETY 13,PHOT. P 8,7EW 2
12,17 18.00 0.43 CSDVAR, CLDVAR, TRVAR
3,50 04.00 0.0 5.00 28.0 03.0 06.00 08.0 12.00 PRTERS(J),J=1,9
29.00 0%.00 0.0 25.0 PHYHRSC]), J=10, 13
56.00 19.0 .2 SHVAR , SDVAR , SOPDVR
20.0 40,0 0.235 PORVAR , FLWMAX , SDPRO
0.400 135.0 310.00 1.00 TRIFOL,SIZELF ,SLAVAR L FMAX
1.0¢ 1.5 0.050 7.0 XFRT, DETVEG, CHmOB, THRESH
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330 COZBAS

48.27 40.30 1.67 -0.0173 PARMAX , PHTMAX, PHFAC1, PHFAC2

~1.599 5.449 -2.B498 6 & CHIT1,CNIT2, CNETS, NPHOTC, NLMAXT

0.0 0.0 5.0 0.0 21.0 1.0 31.D 1.0 45.0 0.0 50.0 6.0 XPHOTC,YPHOTD

0.0 0.0 8.0 0.0 30.0 1.0 35.0 1.0 &8.0 0.0 £0.0 0.0 XLMAXT,YLMAXT

1.50 1,77 30 PHPT,PHPT2, NLITE

0.0 0.0 0.1 0.12¢3 0.2 0.1917 0.3 0.2564 0.4 0.3183 0.5 0.3773

0.6 0.4336 0.7 0.4870 0.8 0.5376 0.9 0.5855 1.0 0.6305 1.7 0.6728

1.2 0.7122 1.3 0.7488 1.4 0.7825 1.5 0.8137 1.6 0.8415 3.8 0.88%9

2.0 0,9267 2.2 0.9523 2.4 0.9667 2.6 0.9717 2.8 0,9785 3.0 0.9537

3.5 0.9918 4.0 0.9959 4.5 0.997% 5.0 0.998V 7.5 1.0000 8.0 1.0000

0.054% 0.20 ©. £FF SCV KDIF

0.43000 0.35000 §.22000 LEANGD

3.56-04 0.0040 RES30C,R30C2

1.50 1.32 1.28  1.16 1.5Z  AGRLF,AGRSTM,AGRRT,AGRSDZ, AGRSH

L35 640 030 020 .040 .035 SOPROS, PCARSD , PLIPSD, PLIGSD , POASD , PKINSD
2.478 2478 RHO3C, RNNAC

1.262 3.106 2.174 .929 .05 1.13 RCHZ20,RLIP,RLIG,ROA,RMIN

0.58 ALPHBR

0.210 0.970 0.12¢ 0.050 PROLF1 ,PROLEF ,PROSTI, PROSTF

0,100 0.300 0.200 0.080 PRORTY ,PRORTF ,PROSHI , PROSHF

3.00 0.25 0.1 SENRTE , SENRTZ, SENDAY

6.0 6.0 5.0 0.0 08.0 0.25 30.0 0.50 NSTAGE, SENPOR

3.0 0.1 5.0 0.3 10.0 0.80 30.0 0.80 XSENMX, SENMAX

0.60 0.30 FRSTHF, FRLFF

1.00 0.00 ATOP, STROON

7 NVEPT

0.0 .35 1.8 .55 4.0 .60 6.5 D.55 8.5 0.45 9.5 .40 12,0 0.30 30. .30 XLEAF,YLEAF
0.0 .15 1.8 .25 4.0 .30 £.5 0.35 8.5 0.45 9.5 .50 12.0 0.60 30. .60 XSTEM,YSTEM
240. 300. 133.0 FINREF , SLAREF , SIZREF

0.3 0900, 250.0 -0.0350 O0.50  CONGR1,SLAMAX,SLAMIN,SLAPAR, THICKN

1.0 VSSINK

0.0 0. 0.04 33, 1.83 93. 2.8 197. 4.3 500, 6.8 1000. 9.6 1500, XVGROW,YVREF
25.0 09000 0.025 0.1 .05 RTDEPL, RFACT,RYSEN,RLDSM, RTSDF

0.0 2.50 3.0 2.50 6.0 1.56 30.0 1.00 XRTFAL,YRIFAC

0.90 1.0 0,900 19 0.0 SETMAX, SRMAX, RFLUAB, LNGSH, SKTHIC

5.00 20.00 1.00 CONSO1, CONSDZ, CONSD3

0,450 0.30 WINEY PORPT

2,22 -5.00 FREEZ1,FREEZ2

01.50 RAKEP
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Table 21 Continuved, File "CROPPARM.BNO."
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Appendix D
FIELD MEASURED DATA FILES

Table 22 File "CCPA8629.BNA."

CCPABA29 01 3328, 0.1882 1768. 5.89 6.61 6231, 1502. 307 341
006 000 4225. 00.00
CCPABS29 02 4204, D0.1917 2193. 5.59 7.18 T7809. 1957. 306 340
000 Q00 5400. 00.00
CCPABS29 03 2786. 0.1987 1402. 5.10 6.15 54B7. 1474, 306 340
000 000 3559. 00.00
CCPABA2? O4 3692, 0.1770 2086. 6.24 6.72 T326. 1881. 305 342
000 00 4747. 00.00
CCPABS29 05 2667. 0.2015 1324, 5.29 7.99 5537. 1327. 304 342
000 000 3373. 00.00
CCPABS29 06 3676. 0.1867 1969, 5.54 6.72 7T299. 1783. 304 343
000 D00 4591. 00.00
CCPABG29 07 3548. 0.1930 1838, 5.27 6.64 7113. 1588. 305 342
000 000 4570. 00.00
CCPABG2? 08 3896. 0.2097 1858. 4.75 6.70 7701. 1747, 304 34é
000 000 4979. 00.00
CCPABS2? 09 3083, 0.1900 1623. 4.40 5.6 6181, 1661, 308 343
000 000 3797. 00.00
CCPABGR2? 10 3323, 0.1760 1888. 5.05 7.44 6568. 1843. 308 344
000 000 4097. 00.00
CCPABS29 11 3467. 0.2037 1702, 4.50 5.47 6407, 1562. 308 342
000 D00 419%. 00.00
CCPABS2Y 12 3260. 0.1812 1799, 4.72 6.17 &6306. 1643. 307 343
000 000 4013, 00.00
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B -
Table 23 File "CCPA8629.BNB." (Only the first two treatments are shown),
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Table 23 Continued. File "CCPA8629.BNB."
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INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1

SITE_ID:
SITE_10:
SITE_ID:
SITE_ID:
SITE_ID:
SITE_ID:
SITE_ID:
SITE_ID:
SITE_ID:
SITE_ID:
SITE_ID:

SITE_ID:

PA
PA
Ph
PA
P&
PA
PA
PA

PA

PA
PA
PR
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1984
1984
1986

988
1988
1986
1986
1984
1988
1964
1986
1984

TRT_MG:
TRY_NO:
TRT_MO:
IRT_NO:
TRY_NO:
TRT_NO:
TRY_NO:
TRT MO
TRT NG
TRY_NG:
TRY_NO:
TRY MG

LA B - T .o T . B

-
" S



INST_ID
-1

INST_ID
-1

INST_ID
-1

INST_to
-1

INST_1D
-1

INST_ID :

-1
INST_ID
-1
INST_ID
-1
INST_ID
-1
INST_ID
-1

SITE_ID:
SITE_1D:
SITE_ID:
SITE_iD:
$ITE_1D:
SITE_ID:
SITE_ID:
SITE_ID:
SITE_ID:
S1TE_ID:

fF g 8 e ERE R ERSE

EXPT_NO:
EXPT_NG:
EXPT_NO:
EXPT_NO:
EXPT_NO:
EXPT_NO:
EXPT_NO:
ENPT_NO:
EXPT_NC:
EXPT_NO:

01
61
|
0
o1
o1
o
o1
01
111

: 1986

: 19886

r 1986
: 1986
: 1986
: 1985
: 1984
: 1986
s 1986

LI L T T R R

-
o
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INST_ID :UF SITE_ID: GA EXPT_NO: Of

INBT_[D :UF SITE ID: GA EXPT_NO: 01 YEAR : 19856 TRY WO: 6

3916 1

093, 0.04 ©0.044

098. 0.09 0.055

105. 0.27 0.0M

112. 0.52 0.089

119, 1.43 0.158

126. 2.62 0.359

133, 4,00 0.682

140, 4.56 0.928

147, 4.93 1.021

154, 4.65 0,953

161. 1.93 0.821

168, 1.25 0,977

-1

INsT_1p

-1

INST_10

-1

INST_ID

-1

INST_1D

19

093. 0.04

098. 0.10

105. 0.2

112. 0.3

119, 0.6

126. 0.59

133. 0.56

140, 0.64

14?. 0.82

54, 0.8%

181, 0.7

168, 1.9

-1

38104

093. 0.0 0.048
0P8, .10 0.080
105. 0.27 0.07%
12, 0.63 0.098
19, 151 0.7
126. 3.06 0.365
133, 5.21 0.7M0
140, 3,90 0.644
7. 4.05 0.732
154, 3.2 0.1
161, 2.09 0.775
158, 1.9 0.78%
N

= & & 4 ¥ ¥ K ¥ =

L]

-

sUF SITE_ID:2 GA
sUF SITE_[D: @A
:UF  SITE ID: GA
:UF SITE 1D0: GA

L I R T R R I S ]

EXPT_NO:
EXPT_NO:
EXPT_NO:
EXPT_NO:
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Appendix E
GRAPHICS LABEL FILES

1. Yepetative Growth Stage

V- STAGE

2. Lest Area Index

LAT

3. Number of Fode #/02

POO N-M2

4. Stewm Dry Veight (kg/ha)

STEN-kg/ha

5. Seed Dry Weight (kg/ha)

SEED-kg/ha

6. Leaf Dry Weight (kg/ha)

LEAF-kg/ha

7. Coropyy Bry Weipht (kg/ha)

CANORY WT

8. Pod Dry Weight (kg/ha)

PO~ kg/ha

9. Shell Dry Veight (kg/ha)

SHELL ~kgsha

0.Root Dry Weight (kg/ha)

ROOT-kg/ha

. Nowber of Seeds #/82

SEED no-me

12.Harvest Index (Seed/Top)

BARVESTY IMD

13.8helling X (Seed/Pocd™100)
SHELLING-X

th.5pecific Leaf Ares (Cm2/Q)

SLA omZig

15.50ed Size {mg/seed)

SEED 52-mg

16 Mitropen % in Canopy

NETROGEN-X .

17.Relative Drought Stress Indicator
TURFAL

18.Canopy Neight (m)

CAN HT-m

19.Canopy Width (w)

CAN WOTH-m

20.Root Length Density Lover 1 ca/ced
Root LD LY

21.Rv0t Lergth Deneity Layer 2 cwiomd
Root LD 12

22800t Length Demgity Leyer 3 om/tad
Root LD L3

25800t Length Deneity Layer 4 cm/oms
Root LD L4

28 Koot Length Density Layer 5 cw/ond
Root LD LS

25.Ro0t Length Density Laver & caviend
koot L0 L&
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Table 28 File "GLABEL2.DAT."

1. Avg. Transpiration {ms)

TRANSP .

2. Avg. Sail & Plant Evaporation ()
EVAP - mm

3. Avg. Por. Evapotranspiration (sm)
PaT ET-am

4. Soler Radiation (MJ)

RAD - MJ

&. boylength (h)

DAYL ~ h

&, Maximm Air Temperature (C}
MXT-C

7. Ninimm Air Yemperature (C}

MINT - €

8. Rainfall {wm)

RAIN ~ o

9. Irvigation ¢(mm)

INRIC ~ mw

0. %o ff (am)

RUNOFF -

11.0rainepe (o)

DRAIN -

12 Soil Evaporation {wm)

EVAP - wm

13 Transpiration ()

TRANSP -

th Evapo-Transpiration (mm)

ET-mm

15.Extractable Soil Mater (mm)

PESM - mm

15.50i1 Water Content Layer 1 csd/om3
SWC L1

17.50il Uster Content Layer 2 cm3/fom3
SWe L2

18.50il Uster Content iayer 3 cmi/scm3
SuC L3

19.5011 Weter Content Layer & cml/cmd
SWC 14

20.50i1 Mater Content Layer S cmi/cad
sdC L5

21.80i1 Uater Content Layer & cw¥/ca3
S LS

Z22.85011 Mater Content Layer 7 cad/ced
SWC LY

23.50il uater Content Layer B cw3/ced
NG LB

24,5011 wster Content Layer ¢ cm3/emd
SC LY

25.5011 uater Content Leyer 10 cm3/cad
S L10
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Table 29 File "GLABEL3.DAT."

Ol Mitropen X in Leaves
LEAF-XN

Q2. Mitrogen X in Stems

STER-IN

oS .Nitropen X in Roots

ROOT- X

O&.Nitrogen X in Shells
SHELL-XN

. hitrogen X in Seeds

SEED-XN
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Table 30 File "GLABELP.DAT"

1. Daily Phot. Synth, Active Rad.(E}
PAR - Efd

2. Phot. Synth. Act. Rad. at 12.00
FAR - rvo0n

1. Fraction Diffuse Red. ot 12.00
FROIF «rwoons

4. Light Interception at 12.00
INTERC-X

5. Gross Deily Cean. Photosynthesis
PGLAN-gLOZ

8. Did Grogs Daily Can. Photogynthesis
PGOLD~gC02

7. Canopy Photosynthesis at 12.00
PG1Z-mgln2

8. Mex. Lesf Photosynthetic Rate
LEMX-mglu

2. Leaf Ares Index

LA}

10, Coropy Height (m)

CAN HT-m

1. Conopy Width (m)

CAN WITH-m .
1Z.0itrogen X in Canopy
NITROGEN-%X

13.Relative Drought Stress Indicator
SWFAT

14, Vegetative Growth Stage
V-STAGE
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15478

T -1 =1 -1 -1 1 -1-1-1-1-11111
2. Sowing-fFlowering Duration

3. Sowing-Maturity Durstion

4. Total N-loss, kg/hs

5. Nitrogen stress in vegetative stage
&. Nitrogen stress in reproductive stage
7. Total Witrogen uptake,kg/hs

8. Nusber of irripations

9. Cumuistive Irrigation-mm

10 Water stress in vegatative stage

11 Water stress in reproductive stage
12 Total Evepo-transpiration-mm

13 Total Rainfall,wm

14 Yotai Biomass,t/ha

15 Grain Yield,t/ha

16 Pod yield,t/he
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Table 32 File "OUT1.BN"

BEANGRO V1.0%

RETTETTERRTR:
INPUT SUMMARY RN NO. 1 SIMULATION BEGINS & AUG 27
INST_ID: ©C SITE_ID: PA EXPT_NO: 29 YEAR: 1986 TRT_NO: 1
EXPERIMENT : % CULTIVARS, Z ROV WIDTHS, 2 DENSITIES
TREATMENT ¢ porritle Sin, 0.3 = rom by 15 pl/m2

MWEATHER SET ; CIAT, PALMIRA, COLOMEIA 1986
VARIETY : Porrillo Sintetico PHOTOPERIOD GRP ¢ 3 TEMPERATURE GRF : 1
IRRIGATION : ACCORDING TO TBE FIELD SCHEDULE
PLANTING DATE: SEP 26 PLANTS/N2: 15.00 ROW SPACING: .300m PLANT SPACING: .222m

SOIL PROFILE DATA Silty Clay Losm{Fine-silty,mixed, isohyperth.Aquic Napiudoil)
SOIL ALBEDG : .09 U:11.0 SWCON: .40 CURVE NO.: 84.0 PHFAC3:1.00

DEPTH-m LL DUL  SAT EXTR INIT  ROOY
D0- .05 206 .30 392 136 340 9.
L% 15 204 B0 M2 136 %0 1.000  L0DD

3

LA5- L2 209 L5 W0 136 VS TS0 000
€S L35 28 345 390 136 S S0
.35- .80 198 S35 30 137 33 350 .
50- 63 185 S5 .35 138 323 L2
A5 .80 185 323 39 138 323 150
8- 99 2m 328 408 127 328 100
S0 1,22 198 325 LA 127 U325 080
1.22- 1.37 .15% 288 399 129 288 OO0
1.37- 1.5¢ .10 242 402 132 242 000
1.59- 1.8 047 177 351 A3 177 L000
1.84- 2.09 .05C 1930 L4100 183 193 000

B N L

SUM e 313.6 5932 826.2 M5 5932
RUN 80, 1 SIMULATION OUTPUT

"

2332888388

. %

CC PA 1986 Porriilo 1984

WATER BALANCE COMPONENTS DROUGHT
DATE CROF GROWTH BIOMASS LAl V- ES EP ET  RAIN IRRIG STRESS
AGE STAGE KG/HA STAGE s wm wm s s PHOTO TURGOR

0 SOMING 0. .00 .0 5. 0. St W, 30,

& EMERGENCE 19. .62 .0 6. 0. &5. 92. 30

AEND JUVER, 11, .2 .0 &. 0. M. 92, 3.

10 FLOMER IND 24, .05 .9 95. 0. 95, 12+ 36.
TT UNIFOLIOL. 28, .07 1.0 99. 0. 99. 137. 30
I8 FLOMERING 1918, 4.07 B.3 155, 42, 96, 276. 30,
43 FIRST POD 2778. 5.32 9.7 157. 5B. 216,
50 FULL POD 4987, S5.99 11.8 160. B85, 245. 327. 30
. 6.08 12,1 161, 89. 250. 327, 30,
. 5.08 12.1 141, &v. 250, 327. 30.

56 END POO 5442, 5.60 12.1 152, 107. 270, 329. 55,
61 END LEAF 4383, 4.88 12.1 165, 125. 290. 155. 55,
£5 PHYS. MAT 6920, 4.30 12.1 166, 136. 302. 8. 55,
. <28 2.1 184, 154, 338, 315, 85,

RESFEEEEER844%
BN R R owno BB
§
58383888833588
g
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Table 32 Continued. File "OUTI1.BN."

RUN NO. 1
CC PA 1986 Porritio 1986
PREDICTED MEASURED

FLOMERING DATE wr 07
FIRST POD 312 o
FULL POD 19 0
PRYSIOL. MATURITY 3% 341
POD YLD (KG/HA} 441700 4225.00
SEED YLD (KG/HA) 348,00 3328.00
SHELLING PERCENTAGE 76.24 .77
WT. PER SEED (8) 98 .88
SEED WUMBER (SEED/M2  1699.00 1768.00
SEEDS/POD 5.20 5.89
MAX I LAI 6.10 6.61
BIOMASS (KG/WA) AT B8  &037.00 6231.00
STALK (KG/HAY AT RE 1532.00 1502.00
HARVEST INDEX .558 .534

fSeext YLD andi HI on DRYMEIGHT BASIS)

Irrigation Suwery

2 IRRIGATION APPLICATIONS & 1.00 EFFICIENCY.

CROP AGE o 5
ANOUNT .o 30, 25,

DRY BEAN YIELD : 3X3567.8 KG/HA { 3006.0 LBS/ACRE )
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Table 33 File "OUT2.BN."

T g e

BEANGRO v1.01

RN 1 porriilio 1985

INST ID: ©C SITE_ID: PA EXPT _NO: 20 YEAR: 1986 TRT_MO: 1

EXPERIMENT : 3 CULTIVARS, 2 ROW WIDTES, 2 DENSITIES

TREATMENT : Porrillo Sin. 0.3 m row by 15 pi/e2

WEATHER SET : CIAT, PALMIRA, COLOMBIA 1966

SOH. YYPE : Silty Clay Losm{Fine-silty, mixed, ischyperth.Acuic Hapludol!)

VARIETY Parritio Sintetico PHOTOPERIOD GROUP ¢ 3

IRRIGATION ACCORDING TO THE FIELD SCHEDILE

UL VST- LAl PODS STEM SEED LEAF  CAND- POD  SHELE =
BAY AGE NG v ¥t N7 1) wr 4T =
269 .00 .00 .0 .0 .0 o0 0 ) .0 =»
i e .0 R ) 0 L0 N 0 L =
272 .00 .00 ;) ) ) .0 M 0 0 =
&% 16 o2 ;) 3.5 0 B.B 12.6 <0 0 =
b4 ST SN « .0 4.7 .8 11.0 15.7 .0 0 =
27 .73 .6k o 6.3 B 14.5 2.8 i 1 0 =
280 1.03  .OT7 .8 Aé A 19.7 28.% . £ =
282 1.5 .10 b 11.9 .0 27.0 388 £ £ =
284 2,07 .15 .0 17.4 0 W 5.3 1 S
286 2.64 .22 D 25.9 0 59.3 8.2 N L =
a8 318 .34 D . .0 85.3 1258.2 0 0 =
290 3.72 49 .0 &1.7 O 130,60 192.3 .0 0 =
202 42T .73 0 3.2 00 1925 28,7 D 0 =
2% 4,80 1.05 L0 140.3 L0 280.7 4211 .0 0 =
29 5.28 1.32 A0 19%.8 0 31T 5T D .0 =
&8 5,84 1,83 L 0 203 .0 507.2 1815 .0 0 =
300 6.3% 2.40 L 3824 . 8503 1327 B 0 =
302 6.9 2.92 O 487 B TEE3 12%1.0 .0 I
306 7.50 3.44 A0 6308 0 9195 15593 -8 0 =
306 7.99 3.78 B0 754 0 o187.2 11me.é N 0 o=
308 8.57 4.3% O 9484 L 1152.8 2104.3 .0 0 =
30 913 4.89 0 1152.0 0 13064.3 2456.3 0 0 =
32 o712 5.32  32AO1348.2 L0 I 4 NS -8 0 =
34 10.30 5.4 7.9 1555.8 0 1561.2 576 3.6 8.5 =
316 10.92 5.9 1541 1H1.8 L 18819 3539.4 129.8 129.B =
316 1150 5.88  230.4 19175 O OI7R5.8 WIwL.o 2758 275.8 =»
320 12.10 6.08 2909 2095.8 0 1870.7 4436.1 9.6 4856 =
322 12,10 6.00 380.6 2148.2 91.1 1870.1 4832.3 8139 T22.8 =
324 12.10 S5.74 4303 2170.0 301,56 18131 5263.0 12799 978,44 =
226 12,10 5.45 A29.4 N9 8304 17219 56290 VT NMIRLT =
328 12.10 5.7 423,71 1038 10045 15308 S908.7 2264.1 11685 =»
330 12,10 4.88 3923 2070.7 1630.7 1530.7 &3S3.1 2M82.T 11220 =
332 12,10 4.39 X267 2087.6 1997.9 14485 45B4.3 3096.1 1100.2 =
335 12,10 A 30 326.7 2004.5 2467.9 13574 H20.1 3558.2 10903 =
334 12,10 236 3267 1BW.8 29143 74A5.0 65564 39967 10BO0.A =
338 12,10 1.28  326.7 1205.7 3209.7 A08.7 438%.4 4280.2 W05 =
340 12,10 47  326.7 1641.5 3344.7  212.9 S£260.9 AAD6.5 1061.8 =
42 12,10 37 34,7 ¥Sn.Y 336%1.0  116.8 6M02.4 445 10535 =»
343 92,10 .28 3267 1532.5 3367.8 87.6 B03T.2 A1T.2 10493 =
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Table 33 Continned. File "OUT2.BN."

ROOT  SEED MARVEST SHELL SLA  SEED NIT MATER CANHT CANWM x>
) N I X SIZE % STRESS >

0 0 000 .0 0 0 .60 100 00 .00 >

.0 .0 000 A 0 0 .06 1.00 00 .00 =

9 .0 000 0 -0 00 . 100 06 00 o>
1é.2 .0 000 0 2491 0 3.3 .00 05 .03 >
.2 L0 000 .0 2785 0 3.3 1.0 .06 0% =
17.0 .0 000 £ 304.5 0 3.36 1.00 07 .04 =
20.3 £ 000 .0 333.8 0 3,35 1.00 .08 .05 »p
£5.3 2 .000 0 35848 O 336 1.0 9 08 =y
26.9 L .00 0 3737 0033 10 e 08 >
2.0 0 .00C D 376.0 .6 336 1.060 .9 .10 L
37.6 0 .00C A 3997 .0 3.3 100 .12 .12 g
53.5 -0 .000 0 3.9 0 338 B9 L% 18 -
58.6 .0 .000 L 380.1% .0 3.3 @« 6 W -
3.9 0 .00 0 3053 D 3.3 % .19 .23 =
158.9 0 .00 .8 349.0 0 3% o 21 =
181.1 0 000 0 3505 0 336 .00 .25 30 -
208.3 -0 .000 .0 363.8 0 3.3 1.0 30 30 =>
23.5 4 .000 £ 3815 L L% e B X y
&re.3 £ 000 0 3% {0033 1.0 41 30 >
9.9 -0 .000 0 3% 0 33 1.0 46 .30 >
33.0 0 000 0 3819 -0 33 100 51 .30 »»
kY£R .0 000 0 317 0 23 106 58 30 =»
A05.4 0 .00C I Y -0 3% 100 W& 30 >
w390 A 000 L0 3595 .0 3.3 100 2 .3 =
465.7 .0 .000 b 381 0 3.3 1.0 80 30 >
AB4.6 O 000 0 336.8 0 3.3 1.00 .87 3¢ il
500.8 154.9 .000 L0 385.3 0 3.3 100 .95 30 =»
495.0 502,71 .0t 11.2 3208 182 L3S 100 TG .30 =
487.5 8416 057 236 B6.8 35.8 329 1.0 1Or 30 =
#2.3 11819 112 35.6 X348 533 L2 100 1.7 MO =
4518 1512.7 182 48.3 3168 2.4 312 1.0 L7 % ]
435,64 1672.8 2% 59.2 3168 975 X2 1.0 107 .0 =
420.7 159%.0 .33 &5 368 N6 291 .06 107 B -
406.3 1699.0 357 &34 368 1453 2. 100 1.7 .30 =
391.7 1699.0 4453 TR0 3168 1.7 2.60 1.00 t.07 .30 ¥
3rr.e 169%.0 502 5.0 Mé.B 1889 2.30 1.0 107 .30 =
352.8 1499.0 534 75.9 X688 196.9 1.7V 1.0 1.07 3¢ ">
345.7 16990 551 T6.1 M6 W 112 1.0 107 30 -
337.2 199.0 358 75.2 342 198.2 .12 1.0 107 30 haid
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Table 32 Continued. File "OUT2.BN."

ROOT LENGTH DENSITY

L1 L2 13 L LS L
.04 .04 .04 .00 .00 .00
.04 .04 .04 .00 .00 .00
04 .04 .04 .00 .00 .00
.04 .04 .04 .00 .00 .00
.04 .05 .04 .00 .00 .00
.06 .06 .05 .01 .00 .00
.05 .07 .06 .01 .00 .00

.88 .57 .39 .21
91 59 4 22
93 .60 .42 .22
S0 59 M L2
39 .2
84 .55 .38 .20
.81 .53 .37 .20
79 .51 .35 .19

J5 .48 .33 .18
32 .17
90 .68 .4k 31 .16
.16
B85 .64 .42 .29 .16

e )
. s s

- e ol b ol b ol b

BsRBRRBREY
LEIE PR LR
2
g

e
o
.
&

Bad
.}
&
&
§
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Table 34 File "OUT3.BN."

BEANGRO V1.0

.} I Porrille 1986
INST_ID: ©C SITE_ID: PA EXPT_NO: 29 YEAR: 1586 TRT NO: 1

EXPERINENT : 3 WU’IVMS, Z RN WIDTHS, 2 DENSITIES

TREATMERT : Porrillo Sin. G.3 m row by 15 plomd

WEATHER SET : CIAY, PALRIRA, COLOMBIA 1986

SOIL TYPE H s%lty Clay Loam{Fine-siity mixed, isohyperth Mraie Hapludol | )

VARIETY : porritlo Sintetico PROTOPERIOD GROUP :

IRRIGATION : ACLORDING TO THE FIELD SCHEDULE

ML ==cmeeevumes DAILY o=mecccvvwmems  cocsuumsswecesnnns PERIOD wumesessscusmmnnns =

DAY EP ET EQD SR PHOTOP MAX MIN RAIN IRRIG RUNOFF DRAIN e cep CET =>
0

2% .0 5.4 5.4 19.80 12,08 31.5 17.7 20.8 . 2.1 L 0 5.4 0 5.4 =
240 .0 5.8 6.0 22,00 12.08 31.0 18.2 20.8 L0 2.4 .4 1.2 80 11,2 »
22 .0 1.1 5.1 18,90 12.07 30.0 19.5 214 L0 24 9.9 3 A0 1.3 =
264 0 .7 3,2 14.5012.06 28.8 9.2 21.2 L0 21 115 10 L0 e o=
246 .0 5.1 5.1 1890 12.06 2.5 1.7 52.9 L0 4.2 NS5 224 4 224 =
48 0 4.4 5.9 22,9 12.05 30.8 155 53.9 00 &2 17,9 313 O 33 e
25 0 .8 5.7 21.00 12.04 31.5 185 539 b 42 9 3.1 0 331 =
252 .80 .6 5.6 20.30 12.04 32.7 18.4 53.9 A 42 .0 XN D 3Kk e
254 .0 .5 3.5 12.80 12,03 295 2.0 5@ O 42 20 355 O 3.5 o
25 .0 .5 5.4 19,50 12.03 31.5 19.8 539 L 42 A0 365 0 3.5 =
258 .0 4 S5.720.MM12.02 31.6 W.2 359 L0 42 2.0 3.4 00 3746 =
260 .0 .4 5.3 19.30 12,01 30.9 W.0¢ 539 L4 42 %0 X2 0 382 =
262 .0 .4 5.520.00 12,07 32.1 18.9 53.9 B 42 XD WD 40 390 =
264 0 4 5.7 21.00 12,00 30.5 9.1 540 B 4.2 2.0 39.8 D0 39.8 =
266 0 3 A.TI7T.60 9P 28.9 20.0 54.2 £ 42 260 4.7 0 407 =
268 .0 4 4315407199 28,6 8.2 59.0 A0 42 2.0 450 O 45,0 =
2N .0 4.2 4.216.20 11.98 27.4 171 702 300 9.0 %0 555 00 55,5 =
272 .0 B2 3.2 1230 11.97 255 WA .9 MO0 9.8 24.8 6 A A
%0 6.1 622250 197 3.0 205 WO 300 9.8 358 7.0 L 75.0 =
276 .1 6.1 6.1 23.00 11.9% 294 185 Wr.8 3.0 9.8 4&2.5 8.5 1 B3.E6 »
278 .2 4.6 6,2 23.00 11,95 30.7 1.6 12,0 3.6 9.8 43.2 9.4 . 907 =
AL L1 42 421590 11.95 28.3 1.9 1367 30.0 9.8 442 9B 3 9h o
W2 .1 2.2 2.2 8.9 1M B9 140 1594 0.0 121 454 WSS T 06,2 =
264 .2 3.0 3.0 11.80 11.93 25.0 19.4 162.1 I0.0 121 &7.0 112.8 1.0 113.8 =
286 .4 3.3 451740 11.93 281 185 165.6 0.0 12,1 490 1198 1.9 1215 =
488 3 2.8 2.B 11,20 11.92 26,0 18.8 164.0 30.0 12.1 517 12%.4 2.6 127.0 =
290 1.1 3.7 5.2 20.90 11.92 301 19.0 172.3 X0 12,1 60.7 1285 46 133 o
292 1.4 3.3 4.5 17.80 11.91 28.1 19.7 171 30.0 12.1 &5.5 131 6.7 139.8 =
29 1.7 A4 A4 1800 11.90 28,7 18.0 182.7 30.0 121 G487 13T.B D& W4 =
295 2.8 4.0 5.0 20.20 11.90 30.0 20.5 1.7 3.0 12,1 67.9 W0E W4 1549 o
208 2.4 4.6 4.6 1930 1180 28.0 17.8 219.6 30.0 13.3 67.9 14&.7 1B.4 163.2 =
300 2.6 A3 4.3 1860 11.89 28.1 18,2 220.8 30.0 1133 679 WIe 23.0 170.9 =
32 1.4 2.0 2.0 9.00 11.88 25,1 8.2 223.9 X.0 133 67.9 1501 7.4 1775 =
304 3.7 4.9 4.9 21.40 11,88 28.8 18.0 242.7 30.0 13,3 4&7.9 152.6 343 1869 =
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Table 33 Continued. File "OUT3.BN.”
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Table 34 Continved. File "OUT3.BN."

e S e PP - PO

TOTAL SGIL WATER CONTENT W/DEPTH

PEEW Sl SWZ  SW3 O BNL SU5 SuE SWT S8 59 SWYD
2R.%  .2T6 M5 37 A1z 368 338 (329 . 326 (288
280.7 .176 (347 381 361 355 (332 (27 U330 36 288
2764.3  .150 .330 .35%0 353 344 330 327 330 327 .288
271.3  L147 J320 A4S M9 3% 32T U326 . 327 290
2943 282 36 A2 3R .36 3T O30 . 829
280.1 .57 337 .35 340 LBA9 L334 330 U332 U327 .20

g

q¥

273.2  W¥ 325 3aB 350 B0 327 W305 330 Y .0
2708 (1AT LB 346 34T 337 U325 U325 U330 37 290
200.7 145 X100 341 U346 V337 U325 325 330 Jm2v .29
268.8 %4 305 338 M5 337 325 3% (330 327 .20
267.9 144 301 335 343 U337 .35 .32 3 (27 .29
257.0 143 297 333 342 336 325 325 330 327 .90
266.3 142 293 331 34t U336 A 35 3M 327 290
265.5 142 .29 329 (340 335 (325 325 330 327 .20
264,9 L1462 288 327 .3 3% .3 L3 330 W7 .20
255.4 165 .28% 325 338 .3 U325 .35 330 327 .90
2,9 219 .37 367 370 361 L33 (338 334 329 292
302.8 .253 (4B U347 L3V0 .361 (358 .51 %k 3B 97
287.6 207 330 (352 UB57 34B JBeY 340 33 .332 .295
2815 .26 330 344 350 341 X O.3I3 AN 330 2w
277.8 .18 319 (342 U347 U338 320 (330 335 330 295
292.8 .99 .3& 372 .36 (31 32 L3¢ 333 330 295
305.3 .29% 4P 34T J3M0 J3A1 E59 JMS JM2 333 098
298.8 229 330 352 341 352 348 350 347 338 303
2924 188 317 343 351 B4 U39 B4 U3k6 39 307
28r.y 9 308 (338 a6 33% 332 U337 342 338 308
276.0 (180 295 329 (M2 336 326 329 335 332 2%
2n.3 252 2mé 3 .33 333 LIS 326 33 3 2%
266.9 T 276 3t 33 330 AR 326 330 328 29
257.4 170 264 206 320 324 .32 (326 330 (328 .O%0
m#a ‘326 Im 3% .m Om Qstg ﬁm “m ‘m ‘M
are.3  .295 330 348 BAP 32% 318 U325 (330 328 2w
27%.86 310 315 335 .30 326 316 324 V330 N8 .29
285.5 338 360 .361 (M8 (326 316 323 U330 .38 290
301.0 322 360 384 J3EF 36k 3B X3 O3B 3 200
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Table 34 Continued. File "OUT3.BN."

3193 LN U381 3 387 365
2B7.4 311 322 .33 M5 A0
201, L35 361 366 367 352
286.8 329 334 344 349 3W

2764 324 34 327 336 3%

267.0 290 293 311 325 3
7.9 262 .20 293 312 L3N
251.9 L2683 260 278 .30 306
287.2 354 360 328 28R 296
209.2 . 356 362 353 297 .20
21 330 343 L3449 353 LM

268.4 301 317 332 L339 36
£Th.6 338 348 (340 341 329
268.8 .329 .32¢ .331 332 .32
&60.3 285 L30T LY 3&3 315
256.5 296 .2 307 315 09
269.5 223 .22 300 311 306
245.8 (W92 27 296 .07 304
1.3 4t L2 . L3046 300
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Table 35 File "OUT4.BN.”

BEANGRD V1.0t

RN 1 porrillo 1986

INST_iD: CC SITE_ID: PA EXPT _NO: 29 YEAR: 1986 TRT_NO: 1
EXPERINENT : 3 CULTWARS, 2 ROW WIDTHS, 2 DENSITIES
TREATMENT s Porrillo $in, 0.3 m row bv 15 plim2

WEATHER SET s CIAT, PALMIRA, COLOMEIA 1986

SOIL TYPE : Silty Clay Loam(Fine-silty mixed, imrth.&q.ﬂc Hapludoil}
YARIETY : Porrillo Sintstico PHCTOPERIOD GROLP :

IRRIGATION : ACOORDING YO THE FIELD SCMEDULE

JUL  LEAF STEM ROOT SHELL SEED
DAY W W X oW
00 00 06 0 D0
&m .00 00 00 00 D0
272 .00 00 0 00 00

§

2t 336 1.92 .0 .0 .00
276 3.36 1.92 1.0 .00 .00
218 3.36 1.92 .80 .00 .00
2 3,36 1.92 1.0 .00 .00
282 3.36 1.92 1.&0 .00 .00
25 3.36 L2 180 00 00
286 3.3 1.92 L& @ .00
28 3.3 192 1.6 0 .0
X0 3.3 1.92 1.0 00 .
2% 336 .92 160 0 0
2% 3.3 1.92 1.60 .00 .00
29 3.36 1.92 1.60 .00 .00
28 3.3 1.%w 160 00 00
00 3.36 1.92 1.60 .00 .00
302 3.36 1.92 1.0 .06 .90
3046 3.3 1.92 1.0 .06 .00
306 3.36 1.2 .60 .00 .00
08 3.36 1.92 1.0 .00 OO
310 3.36 1.2 1.0 .00 .00
12 3.3 1.2 160 00 00
34 336 152 160 320 00
316 3.3 1.92 1.40 3 .00
38 3.36 1.2 1.40 320 .00
320 3.3 1.92 1.60 320 .00
322 3.32 1.88 1.60 3,15 3.68
324 3,25 1.81 1.60 3,06 3.88
326 3.16 1.7% 1.60. 2.97 3.8
328 3.07 1.86 1.60 2.87 3.68
330 2.97 1.58 1.60 2,75 3.58
332 2.85 1.50 1.680 2,683 3.6
I 2.7 1.42 160 2.5t 388
336 2.47 1.33 1.60 2,38 3.88
338 2.08 1.23 1.60 2.25 3.48
30 1.40 1.12 1.60 1,87 3.88
2 1,12 1.2 .60 LTS 368
M3 1,12 .97 1.60 1,70 3.88
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Table 3¢ File "OUT5.BN."

FLO MAT TLOSS NSV NSR TOnup NKIR IRRww WSV WSR CET CRAIN =
GN: 38 & 0, .D0 .00 & 2z S55. .00 .00 338. 375 =

BiOM YIELD POYLD PLTPOP NWF N-ky TITLE =
6.04 3.37 4.42 15.00 C ¢, Porrille 1986 >

RUN IN SI YEAR EX TR IR CULTIVAR WEATHER FILE SQIL TYPE ROMSP =
10 PA 1986 29 ¢ 2 Parritio COPADIIZ.WES Palmira (N3N 300 =»

N-LAT STENM SDSZ SDND SDPOD SHX  HI SIM PLY
6.10 1.53 .20 1699. 5.20 76, .56 23% 269
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Table 37 File "OUTF.BN."

BEANGRC ¥1.01

RN 1 porritloc 1985
INST_ID: €€ SITE_ID: PA EXPT_NO: 29 YEAR: 1984 TRY _NG: 4

EXPERIMENT : 3 ﬁ.ILTWARS z oM WIDTRS, 2 DENSITIES

TREATMENT : Porrille sim 0.3 mrow by 15 pl/m2

WEATHER SET : CIAT, PALMIRA, TOLOMBIA 1985

S0IL TYPE 2 Sitty Clay Loss{Fine-ailty,mixed, fsdiyptrtha\mic Hapliddally

VARIETY : Porrillo Sintetico PHOTOPERIOD GRIXF

IRRIGATION : ACCORDING TO THE FIELD SCHEDULE

JuL PAR  PAR+12 FROIF INTCT  PHOTG  PGOLD PE-12 LFMAX LA CANNT CANWH  HIT SWFAC V-STAGE
DAY E/day ME/s gCo2/d gt02/d  wgll2/s ] = %

269 45,78 .00 .00G 0 000 000 06 00 G .00 .00 00 100 .00

2 RN 00 000 -0 000 A0 00 00 ¢ 00 0 00 100 .0

T2 24.38 L0 000 -0 000 00 00 00 0 .00 00 W00 1,00 .0
274 #4460 2070.37 421 1.1 .361 LB97 W02 115 .02 .05 .03 336 100 L6
2¥6 45.59 21IT.53 402 LS L2 1222 L 1% D3 W08 LB6 336 100 LA
278 &5.59 218,67 400 2.2 1078 1707 06 1.96 D4 D7 .4 336 100 .73
280 31.57 1465.43 662 3.8 1.37F 2.183 .05 1.0 07 .08 .05 3.36 1.00 1.03
282 17.44 B20.T1 A77 6.2 1.4BC 2,150 .06 & .10 .09 .06 336 1.00 1.55
284 23.3¢ 108870 .80 B2 2.452 3.&r 0 9% L1509 0B 336 1.00 2.07
286 34.4% 1606.21 .602 10.7 4359 6830 .17 1.0 .22 .11 10 3% 1.00 2.64
288 22.20 1034.42 .81 18,1 5.487 &858 .22 1.2 34 .12 .12 3.36 1.00 3.18
290 39.84 1857.37 499 224 10346 12,360 3% LW 49 W .16 3% L0 3.7
292 35.28 1645.67 .583 33.7 14.430 15.958 .56 1.0 .73 .16 .19 336 1.00 4.27
2% 35.68 1664.99 574 4B.1 20.893 211,570 &8 1.2 105 .12 .23 336 1.00 4.50
296 40.04 185042 .4B9 5B.4 2B.659 28.541 1.13 1,46 132 .21 26 3.36 1.00 5.8
298 38.25 1786.99 .521 68.5 33.716 33.7%% 1.35 1.09 1.3 .25 .30 .36 1.00 5.84
300 36,87 1723.00 546 79.2 40.707 40.107 1.60 1.10 2.4 .30 .30 3.36 1.00 6.3%
302 17.54 83:.10 BV 87.0 30.%6 2.0 1.3 % 292 3% .30 3.36 1.00 6.9%
306 4A2.42 198422 435 V0.0 52.612 50768 2.26 1.12 .44 41 30 336 1,00 T7.50
306 41.52 1957.29 444 9201 54340 51823 235 1.1 BL7E 46 30 3% 1.00 7.9
308 37.06 1735.42 533 .6 55.775 50.752 247 113 439 .51 .30 3.3 1.00 8.57
310 41.82 1958.9€ 439 96.3 S8t 53.236 2.8 1.15 4.8% .58 .30 3.36 1.00 9.13
32 3488 1634.71 572 97.3 S8.04% S0.4ATD 2.42 1,13 532 M .30 3.36 1.00 9.2
34 3745 1756.16 519 97.9 61.12¢ 52.490 2.75 1.13 5.61 . 30 3.36 1.00 10.30
316 32.31 1515,16 418 8.3 57545 49.766 2.841 147 S 80 30 3% 1.00 1042
318 &&.79 210156 370 98.3 64.815 55.945 280 1.15 5.88 .87 .30 3.3 1.00 11.50
320 30.05 1832.55 482 945 64,161 54793 279 1,16 408 .95 30 EL% 1.00 12.%0
322 .99 W44 94 98,8 48.056 4157t 2.20 1.02 600 1.03 .30 535 1.00 12.10
326 3647 STI2.TY 529 984 82,759 5RBOB 2.73 1.6 S5.% 107 .30 3.29 1.00 12.10
326 31.51 1480.52 625 98.2 S8.181 50.387 2.57 1.4 5.45 .07 .30 3.2 1.00 12.00
328 36.87 1732.44 517 9T.7 61.970 53.959 2.68 1.1 5.17 .07 .30 3.1z 1.00 12.%0
330 40.24 1891.50 448 971 62,224 55.192 2.66 1.15 4.88 1,07 .30 3.02 1.00 12.10
332 30.52 1635.15 641 96.7 54.410 4B.25¢ 2.43 1.06 4.59 1.07 .30 2.9 1.00 12.10
336 25.17 118381 (T8 S5.1 A6.098 41.80B 2.15 1.07 4.30 1.07 .30 2.78 1.00 12.10
336 30.92 1454.45 .631 905 44,240 4A2.642 2.07 1.10 2.36 1.07 .30 2.60 1.00 12.1G
338 40,43 1902.35 .4¥7 TR.1 30224 30.212 1.50 116 1.28 1.07 .30 2.%0 1.00 12.14
M0 29.73 1399.03 603 529 10.564 10544 &3 1N 67 1.07 .30 1.7 1.00 12.10
342 33.6¢ 1585.82 572 3.7 000 000 A8 1.1% 37 107 .30 1.12 1,00 12,10
343 35.28 1660.56 .539 28.% 000 000 .37 116 .28 1.07 .30 1,12 1.00 t2.%0
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Table 38. Crop-Specific Coefficients "Definitions.”

Lo e —— - —
AGRLF Units of glucose required to produce one unit of leaf tissue.
AGRRY Units of glucose required to produce one unit of root tissue.

AGRSDZ  Units of glucose required to produce one unit of seed when protein is svailsble through
mining.

AGRSH Units of glucose required to produce ane unit of shell.
AGRSTM  Units of glucose reqguired to produce ®ome tnit of gtem,

ALPHBR  Weight of seed which can be made from one gram of protein, if the protein is used to supply
onergy arxl carbon skeletons as well as protein for the seed, g/g.

ATOP Maximm fraction change in pertitioning from top growth to roots if severe water stress
OCCUrs .

CNITY Y-intercept of the squation which relates the reduction in gross photogynthate (PG} to average
canopy nitrogen content,

TNIT2 Linesr coefficient of the equation which relates the rechection in gross photosynthate (PS)
to aversge canopy nitrogen content,

CNITS Quadratic coefficient of the egmtion which relates the rediction in gross photesynthate {PG)
to average canopy nitrogen content,

CORHAS  Base lipe COp concentration in air,

CONGR1  Proportion of the total difference between maxisum allowsble *ieaf mass per unit Leaf ares
5L} snd current SLW which the canopy can add in one day (0.3).

CONSDY  Y-intercept of the guadratic exgustion shich relates the reduction in the seximm seed and
shell growth rates to daily aversge temperature.

OONSDZ  Linear coefficient of the quadratic equation which relstes the reduction in the meximm seed
st sheil grosith rates to daily average tempersture.

CONSD3  Guadratic coefficient of the squetion shich relates the reduction in the maximm seed and
shell growth rates to daily sverage tesperasture.

PEVRT Relative response of vegetative and reproductive development to tempersture.
EFF Photogynthetic Light use efficliency, mol CO,/mol PAR.

FINREF  Specific Lesf ares (SLA) of leaves of standard drybean cultjvar when plants emerge -- values
for other cultivars are calculated in subroutine VARTY, 9.

FREEZT  Tempersture below which plant is damegec by freezing, leaves are killed, C.
FREEZZ  Temperature below which aii growth stope, plants are killed, T,

FRLFF Eraction of daily incresse in vepetstive weight which goes to lLeaves after the day on which
the maximum rumber of V-stages occurs (NDLEAF).

BEANGRO Version 1,01 - page 116



Table 38 Continued. Crop-Specific Coefficients "Definitions."

FRSTHF
KDIF
LFANGD

LNGSH

NLITE

NPGSLW

NPHOTO
NPRIOR
NSLATM

NTYACC

NXFTEM

NXYTEM

PCARSD

PHFAC1

Fraction of daily dry weight incresse in vegetative plant parts which goes to stems after the day on
swhich the maximm number of V-stages occurs (NOLEAF).

Extinction coefficient for diffuse Light.

Lea¥ angle distribution.

Number of physiological days an individual shell grows, physiological days.

Number of points on temperature response curve for vegetative and reproductive development.
Nusber of temperature response curves.

Number of points in the curve for response of canopy height and width to daylength.

Number of points in the curve for response of canopy height and width to radiation.

Number of points in the curve for response of canopy height and width to temperature.

Number of points in the curve for response of canopy height and width to water stress (turgor).
Number of entries in table relating light interception to normalized leaf ares index (LAI).

Number of points in the curve for relative reduction of photosynthesis as a function of specific leaf
weight.

Number of points in the curve for relative reduction of photosynthesis as a function of temperature.
speference” stage number for the forthcoming stage.
MNumber of points in the curve for effect of temperature on specific leaf area.

Number of paired values in array which describes the effect of the ratio of soil root water supply to
transpirative demand, on the relative rate of pegging (pod addition) (PNUTGRO only).

Type of modifiers affecting developmental rate for a given stage during vegetative and reproductive
development (physiological time).

1 - Tesperature - Vegetative Growth

- Temperature - Reproductive Deveiopment until Flowering

- Photoperiod and Temperature - Reproductive Development until Flowering

= Photoperiod and Temperature - R1 - RS & Temperature RS - R7

- Temperature - Reproductive Development between Flowering and Physiological Maturity

= None

VN

Number of points in the curve for canopy height a3 a function of V-satge.

Number of points in the curve for vegetative partitioning as a function of v-satge.

Number of points in the curve for canopy width as & function of V-stage.

Number of paired values in srray describing temperature effect on partitioning to fruits (XFRUIT).
Number of points in the curve for temperature effect on pod addition (YTEMPD = f(XTEWPD)).

Value of PAR above which there is no further incresse in photosynthesis, moles/n’.

Fraction of carbohydrate in seed.

Linear coefficient of equation relating maximm gross photosynthate (PG) per meter square to PAR.
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Table 38 Continued. Crop-Specific Coefficients "Definitions.”

PHFAC2

PHPTY
PHPTZ

PHRTRAX

PLIGSD
PLIPED
PMINSD

PORPY
PROLFF

PROLFI
PRORTF

PRORY!
PROSHF

PROSKL
PROSTF

PROSTI
#3002

RCH20

REPDVAL
REPOVAZ

REPDVE!Y
REPDVEZ

RESIOC

RFACY

RFLYAB

Susdratic coefficient of egmtion relating maximm gross photosynthate (PG) per meter square to
photesynthetically active radiation (PAR).

The Leaf area index (LAI) at which 63 X of light is intercepted if plants sre evenly spaced,

Intercept of squation relating ratic of intrarow epecing to interrow specing to (eaf ares index (LAD)
required to intercept 83 X of light.

Maximam amount of CRa0 which can  be produced per wt it photosyntheticalily sctive radiation (PAR) is
sbove the value of PAR sbove which there is no further ircrease in photosynthesis (PARNAY} and sll
other factors are optimel, g/{w“*day).

Fraction of Lignin in seed.

Fraction of lipid in seed.

Fraction of minerals in seed.
Fraction of organic acids in seed.
Retio of petiole to totel leaf weight.

Proportion of protein in lesves st the erxd of the sesson, after all possible protein has been
trarsiocated to seeds.

Proportion of protein in leaves during tissue growth.

Proportion of protein in roots at the end of the sesson, sfter sll possible protein hes been
transioested to seeds,

Proportion of protein in roots during tissue growth.

Proportion of protein in shells at the end of the sesson, after all possible protein has been
trangliocated to seeds.

Proportion of protein in shelis during tissue growth.

Proportion of protein in stems at the encd of the geason, after all possible protein has been
trangloceted to gesds,

Proportion of protein in stems during tissue growth.

Grame CH;0 used per grem CTHoO fixed for protein turnover costs in mmintenance respiration during 1
hour st 30 °C.

Energy cost to build 1 g of carbohydrate tissue.

See REPDVAZ
Tempersture recponge curve for reproductive development (V1 to R1) for tesperature group IVRTEN 1 or

-

See REPDVAZ .
Temperature response curve for reproductive development (R1 to R7) for temperature group IVRTER 1 or

-

Grams CH)O used per gram top dry weight in meintenance respiration during 1 hour at 30 °C.

Root length per unit root weight, cm/g.

Relative flower abortion rate.
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Table 38 Continned. Crop-Specific Coefficients "Definitions.”

RLDSH

RLIG
RLIP
™miN
RNHAC

RTDEP1
RYSOF

RYSEN

RWEP1

SENDAY

SENMAX

SENPOR

SENRTZ

SENRTE

SHTHIC

SIZREF

SLAMAX

SLAMIN

SLAPAR

xiny root Length density in & given layer, below which drought-induced senesscence is not silowed,
W *

Energy cost to build 1 g of lignin in tissue.

Energy cost to build 1 g of lipids in tissue,

Erergy cogt to build 1 g of minerals in tissue,

Energy cost to buitd 1 g of protein in tissue using ammonium as substrate.
Energy cost to build 1 g of protein in tissue using nitrate as substrate.
Energy cost to build 1 g of organic acids in tiesue.

Depth of roots on day of plant emergence, om.

Maximm Fraction of root length senssced in a given layer per physiological day when wster content in
& given layer falls below 25 X of extractable sail water, fraction per physisiogical dey.

Eraction of existing roct length which cen be senesced per physislogiosl day, fraction per
physiologicel dey,

If ratio of total potential daily root weter upteake from the soil-plant system (TRMU) to actual
trarspiration (EP1) reduces below this value, Leaf expsnsion is reduced.

Seattering coefficient for radiation,
Reference value for protein concentration in cplculatina SOPRD.

Naximm fraction of exigting leaf weight which can be senesced on day N as & function of severe water
stress 4 deys earlier,

naximm proportion of total lea? weight as » function of V-stape (XSENMX{I)) which can be seresced due
to water stress.

The proportion of Leaf weight grown which will have been senesced by a given V-gtage (XSTAGE{I)) if
no water strese has occurred prior to this Vestege (XSTAGECI)) -- normal vegetstive senescence does
not oooue iF prior weter stress has already reduced lea? weipht by more then this smoont.

Foctor by swhich tesf weight is multiplied to deterwmine senescence each day after physiological
maturity (NR7}.

Fattor by which protein mined from lesves each day is multiplied to determine genescence.

Threshhold for the ratio cf'miy of CH,0 svaiisbie for growth of s cohort of podualis to cohort
demond for CHaO. If this retio exceeds SETMAX, then seeds are set in all pods of the cobort and none
af thes are sborted.

fote of secondary shell growth {(thickening) after the rapid expsnsion phase C(LRGSH) until the pod
mtures, rate ss o fraction of *the maximm growth rate of sn individual pod for variety | {SHVAR{])).

The size of a normal upper node leaf (ncdies 8 - 10) of standard cultivar, o 7lenf.

The maximum specific leaf area (S1A) for new laaves when p urgler Low {nesrly zerc) radiation but
optimum water and temperaturs for the starderd cultiver, 74

The minimm specific leaf arsa (SLA) for pew leaves when _grown under infinitely high radistion,
optimm water snd tesperature for the stendard cultiver, £G-

Effect of radiation on SLA.
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Table 38 Continued. Crop-Specific Coefficients "Definitions.”

SLAREF

STRCOM

THIC
TURSEN

TURSLA
TURTHE

VEGDV1
VEGDVZ

VSSINK

WINEW
X FRWAX

YabL

XHUPAR
XHWTEM
XNTUR

XPGSLY
XPHOTO

XRTFAL

XSLATH

XSTAGE

XSWFAC

Specific Leaf ares (SLA) for new Leaves during peak vegetative growth for e standard cultivar, ce?/g.

Reiative individual seed growth rate,

Coefficient describing the decresse in rate of phenological development as = function of soil water
deficit.

Rate of secorciary teaf thickening.

Cormtant which describes the exponentisl shape of shift in pertitioning to fruits versus the ratic of
s0il-root water supply te sctual plant trerspirative demsnd., (Not used in BEANGRO).

Effect of water stress on specific leef area.

Ratio of water supply/trangpirative demsnd st which the maximusm incresse in partitioning to fruits
{XFRMAXY occurs. (Not used fn BEANGRQ).

See VEGDVZ.
Temperature response curve for vegetative development for temperature group IVRTEM 1 or 2.

Vegetstive stage bayond which sink-limited lLeaf ares expension can no longer Limit photosynthesis or
leaf area growth.

Veight of one plant at time of emergence, g.

Maximum increase in pertitiening to fruits induced undler water stress, assuming no problem in pod
setting, (ot used in BEANGRO).

Dayiength coordinates (X-axis) for effect of deylength on cancpy height and width.
Radistion coordinates (X-axis) for effect of radistion on canopy height snd width.
Temperature coordirmtes (X-axis) for sffect of temperature on canopy hefght and width,
Nater stress coordinates (X-axis) for effect of water stress on canopy height and width,
V-stage st which pertitioning to leaves §g YLEAF(I).

thange In photosynthesiz as a function of spacific leaf weight.

Tempersture at which tempersture factor for reducing photesynthesis is YPHOTO(I), “C.

V-etage at which rate of increase in root depth per physiologicel day is YRYFACCI) -- constent rate
throughout the season MNOW.

V-gtage st which maximes fraction of cumiiative leaf growth wulnersble to loss due to water stress is
SENMAX(L).

Eactors that recuce specific leaf area (SLA) 83 » furction of temperature.

y-stage by which SEWPOR(I) fraction of cumulative lesf growth will have been senesced if no water
stress occurred.

V-stage at which partitioning to stems is YSTEM(I).

Array of values describing the ratio of sof L-root water supply to tromspirstive demend, st which the
rate of pod addition iz reduced by » given proportion (YSWFAC). (Mot used in BEANGRO).

e et e e e S
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Table 38 Continued. Crop-Specific Coefficients "Definitions."

YNFTEM

Array of tempersture values which describes the effect of temperature on the relative rate of pod
addition (YTENPD = 0 TO 1), °C.

V-stage by which maximum Leaf area growth per plant since emergence is YVGROW(I).
Effect of V-stege on canopy height.
Effect of V-stage on cenopy width.

Array of temperature values in table lookup describing effect of temperature on partitioning to pods
(YXFTEN = 0 TO 1), °C.

Daylength coordinates (Y-axis) for effect of daylength on canopy height and width.
Radiation coordinates (Y-axis) for effect of radiation on canopy height and width.
Temperature coordinates (Y-axis) for effect of temperature on canopy height and width.
Water stress coordinates (Y-axis) for effect of water stress on canopy height and width.
Partitioning fraction to teaves at V-stage XLEAF(I).

Effect of specific leaf weight on photosynthesis (Y-coordinate of XPGSLW).

Factor by which photosynthesis is reduced if temperature is XPHOTG(I), between O and 1.
Rate of increase in root depth per degree day at V-stage XRTFAC(I).

Temperatures corresponding to XSLATM.

Partitioning factor for stem grosth at V-stage XSTEM(1).

Array describing the relative (0 to 1) rate of pod addition (pegging) which occurs at a given ratio
of sofl-root water supply to transpirative demand (XSWFAC). (Not used in BEANGRO).

The relative rate of pod addition (0 to 1) as temperature (XTEMPD) varies.

Maximum leaf area grown per plant by standard cultivar by V-stage XVGROW(I), cm®/plant.

Reference value for meximm Leaf area grown per plant by V-stage XVGROW(1), c-zlplant.
Y-coordinete for cenopy height as a function of V-stage.

Y-coordinate for canopy width ss a function of V-stage. .

array describing the relative partitioning to pods (0 to 1 effect on KFRUIT.) a8 temperature increeses,
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Subroutines

Table 39. Subroutines used in BEANGRO Version 1.01.

CANOPG Hourly canopy photosynthesis

CANOPY Computes canopy height and width

CLEAR Clears screen {video display)

ETRTID Stomatal compensation with high CO,

FRACD Computes fraction diffuse radiation

FREEZE Determines damage from freezing

GPHEN Phenology

GRO Main calling program of BEANGRO

GROW Carbon balance rate and state varisbles
GROW! Initialize plent variables at V1

HEDGE Hourly light interception

HRAD Hourly radiation

HTEMP Hourly tesperature

IDCROP Selects parameter file

IDWTH Selects weather file

INPHEN Initialize varietal traits and phenology
INSOIL Initialize soil profile

INTRO Displays introductory penei

INVAR Select variety parameters

IPCROP Reads crop parameter file

1PEXP Select case study experiment & trestment
1PFERT Select "soil fertitity® options PGFACS
IPFREQ Select output frequency

IPSENS Sensitivity snalysis

IPSOIL Select and initialize soil profile

IPTRT Controls initialization subroutines

IPVAR Input cultivar description

IPWTH Input westher on a dafly basis

IRRIG Controls irrigation

JULIAN Convert calendar day (DD-MM-YY) to julian day
LFCHAR Traits for single Leaf photosynthesis
NAILUYS Julian dey to calendar day

OPECHO Echo input to screen

OPHARY Output finel harvest dats to screen

OPHEAD Output headers for output files

OPSEAS Output time series for C, W0, N

OPNTR Generates weather summeary output

PHOTIN Response of light interception to row and plent spacing
PHOTO Main photosynthesis calling routine

PHROTOD Integrating loop, diurnal photosynthesis
PHOTOL Hourly single leaf photosynthesis

PLANT Controls growth and development subroutines
PODS Pod and seed C & N accumulation

ROOTS Depth of rooting

SENES Senescence as & function of age, N, and water stress
SOLCON Solar constant

SUNRIS Time of sunrise & sunset

TABEX Lookup function for Linear interpolations
VEGGR Vegetative growth and partitioning

VERIFY Verifies input from keyboard

WATBAL Water baiance - evapotranspiration

WEATHER Compute hourly weather from daily means
WTHMDI Sensitivity snalysis modifying weather files
WTHNOD Compute modified temeprature, CO,, precipitation
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