CHAPTER 3

CROPGRO- Soybean M ODEL

3.1 History of CROPGRO- Soybean model

Crop modds are avalable for dmost al economicdly important crops and
one many occasons they have been successfully used in research. In the future,
modds may be usgful for improving the efficency of agriculturd sysems and could
be a tool for farers trying to improve the profitability of ther farms (Jacobson et al.,
1995). Soybean crop models have been avalable since the 1980s when the origina
verson of SOYGRO V.4.2. (Wilkerson et al., 1983) was released. Subsequently, the
modd was improved (SOYGRO V5.0) with the incorporation of the Richie (1985)
water balance and a preliminary phenology modd (Wilkerson et al., 1985). In order to
improve the code and be compatible with the standard input and outputs for mats of
the IBSNAT project (IBSNAT, 1989), SOYGRO V5.4 was released (Jones et al.,
1987) and tow years later the modd the mode was further modified as Verson 5.42
(Jones et al., 1989) for release with the verson 2.1. of the DSSAT (IBSNAT, 1989).
The next mgor improvement of the soybean modd was the incluson of soil N
balance, N uptake features and an N3 fixation sub-model. This verson was released
under the name CROPGRO, a generic modd to smulate three-grain legumes crops.
Soybean (Glycine max L.), common bean (Phaseolus vulgaris L.), and peanut
(Arachis hypogaea L.) Boote et al. (1998) described the most recent CROPGRO
verson released in December 1996 (CROPGRO V3.1.). The structure of the soybean
modd included in the DSSAT program is very flexible, so the adaptation of the mode
to a new climdic area is less time consuming than the design of a new modd. During
the last few years, skepticiam has been dowly changing into widely accepted view
that crop model are highly useful tools for scientist with DSSAT package (IBSNAT,
1989).
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CROPGRO-soybean modd (Hoogenboom et al., 1994; Boote et al., 1998)
embedded in the Decison Support Systems for Agro-technology Transfer (DSSAT)
(Tsuji et al., 1994) is a process - oriented dynamic and generic crop Smulation moded,
having options such as smulating yied for cropping Seeson; crop carbon baance,
crop and soil N baance, and soil water balance (Tsuji, 1998), operates on the daily
time sep, and smulates crop growth and development of four legumes (soybean,
peanut, common bean, chickpea) based accounting for the effects of the westher
variadles and the main limiting factors as water and nitrogen.

It was found that CROPGRO-soybean modd has many current and potentia
uses for answering question in research, crop management, and policy. Models can
asg in synthess of research understanding about the interactions of genetics,
physiology, and environment, integration across disciplines, and organizetion of data
It can assst in preseason and in-season management decisons on cultural practices,
fertilization, irrigation, and pedicide use Crop modds can assig policy makers by
predicting soil eroson, leaching of agri-chemicds, effect of dimeatic change, and
large areayidd forecast (Boot et al., 1996).

3.2 Inputs and outputs of CROPGRO - soybean model

Smilar to other crop models, the CROPGRO - soybean modd have the

following processesin the Table 3.
In detail, the CROPGRO - soybean modd requires the following inputs:

i. Daly weether date a leest for the duration of the growing season. This
indudes solar radiation; maximum and minimum  ar temperatures and
precipitation.

ii.  Soil initid conditions and properties which indude drainage and run off
coefficients, evgporation ad radiation reflection  coefficients, rooting
preference factors, soil water content, nitrogen and organic matter details at
svead depth layers, and information on the initid and saturated soil water
content.
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Management practices such as varieties, plant density, sowing depth, planting
depth, irrigation (date of gpplication and amount), and nitrogen fertilization
(date of application and amount).

Latitude information of the production area This information s required in
order caculating day length during the cropping season.

Genetic coefficients, the CROPGRO -SOYBEAN modd requires variety specific
coefficients that account for genotypes differs in their response to
environmentd factors. There are 15 genetic coefficients for soybean.

Table 3.1 Genera process diagrams for CROPGRO- soybean modd.

INPUTS PROCESS OUTPUT
Controllable inputs *  Pant growth = Granyidd
*  Vaiety seeds * Phasic * Yidd components
=  Pant pacing development = Aboveground
= Date of sowing = Morphologica biomass
= Date and amount of development = Date of phasic
irrigation water = Developmentd
= Date and amount of change
N fertilizer
»  Typesof fertilizer
=  Gendic coefficients
= Typesof resdue

Non-contrallable inputs

Dally weether data
Day length

Soil propertiesand
initid conditions

Source: Tauji et al., 1994.
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3.3 Features of CROPGRO-Soybean model

The CROPGRO - Soybean modd takes account into the following:

Phenological prediction or duration of each Stages as affected by
environmenta conditions and genotype features

Biomass expansion and partitioning

Root, stem, pod addition

Effect of <ol wae deficit and nitrogen deficiency on the
photosynthes's partitioning in the plant system.

3.4 CROPGRO soybean simulation

Then scientists from severd inditutions have been developing and testing the
models of various crops, and the results are being widely used in modern agriculture
in crop management with several gpproaches such as cereds, legume, root crops and
others crop modd, in which, include CROPGRO for soybean crop. These models can
dmulate based on different management information such as planting date, plant
dengty, irrigation, but it dso has some limitations such as it can not smulate very
well on nitrogen management (Tsuji et al., 1994).

Ove the time, CROPGRO soybean has improved ability of phenology
prediction based on new-optimized coefficients, and a more flexible approach that
dlow crop development during various growth phases to be differentidly sengtive to
temperature, photoperiod, water deficit, and N stress and improved graphic and
sengtivity analysis. Sendtivity of growth processes and seed yield to climatic factors
i.e. temperature, CO», irradiance, and water supply, and culturd management eg.
planting date and row spacing (Boote et al., 1998) could be anayzed easly in the
modd. And the CROPGRO soybean modd (Hoogenboom et al., 1994) was used to
dmulate yied for cropping season. The CROPGRO soybean model is process -
oriented and smulates crop carbon baance, crop and soil N balance, and soil water
balance. Measured weather and soil data, and actua management practice data were
used as inputs to mode. Weather data required by the modd, including daily

incoming solar radiaion, maximum and minimum ar temperaure and precipitation,
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were collected of dte by an automeatic weather station. The weather was assumed to
be congant over the fidd, dthough some spatia variation in precipitetion might have
occurred. Management practices (crop vaiety, planting date, planting depth and
chemica applications) were congtant over the field (Wilkerson et al., 1998).

Soybean growth and yield modeds require good predictions of vegetative and
reproductive development dtages, as a function of specific environment variables.
This is a badc requidte for crop growth modes (Egli and Bruening, 1992). Hodges
and French (1985) described a soybean phenology mode that computes daily
development rate as a product of three variables. water sress, photoperiod and
temperature. Moddl includes seven phases, encompassng sowing to maturity, and
include a juvenile phase to account for the period of time following emergence when
plants are assumed not to respond to photoperiod. Wilkerson et al (1983) developed a
phenology modd for integration into SOYGRO (a growth and yidd modd for
soybean) that have some features smilar to the Hodges and French (1985). In detall,
plant growth models may be the only way to integrate over many processes that plant
physologists may sudy in isolation in therr laboratories. When conddered in the
holigic picture of crop growth, some previous highly sudied processes, such as
angle-leef photosynthess or N, - fixaion effidency, assume a lesser levd of
importance (Boot et al., 1996). More mechanistic leaf photosynthess and stomata
conductance response to CO, as well as an hourly energy baance option gppeared in
CROPGRO mode released in 1994 (Boote and Pickering, 1994; Pickering et al.,
1995) compared the more mechanigtic, photosynthesis -energy balance approach, to
SOYGRO which has empirical adaptation of photosynthess and evapotranspiration
(ET) to CO, and temperature. Season long effects predicted yield, biomass, and ET
show little relative difference between two modds, except where water dress and

irrigation demand were computed.

Smulation in CROPGRO soybean modd aso includes leaf level, hedgerow,
canopy photosynthesis based on a sunlit and shaded leaf approach, with hourly time-
dep, and use dgorithm of Spitters et al. (1986) for computing fraction diffuse and
fraction direct sunlight. Smple and comprehensive modeing approaches were used to
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compare dally canopy assmilation responses to temperature (Pickering et al., 1995).
Daly assmilation versus temperaiure for the mechanistic leaf hedgerow canopy
photosynthess mogtly confirmed the smple function a midrange temperature,
dthough mechanisic modd predicted higher daly assmilation in quite wam
temperatures. Controlled  environment chamber studies confirmed that  canopy
assmilation remans high a quite temperature (Pan et al., 1994). Mathematic
equations were applied in the modd with dataset recorded from an experiment, for
soybean, improved phonological parameter vaues were derived from fied data set.
Griimm et al., (1993, 1994) used smplex optimization agorithm to solve for base
temperatiure, optimum temperaure, criticd minimum and maximum day length and
cumulative threshold durations, based on extensve data avalable on time to
flowering, beginning seed, and physcd maturity of any soybean cultivars grown over
wide range of climatic Stes

The modd assumes complete control of growth limiting factors such as weeds,
pedt, diseases and other management variables. Some options of CROPGRO -
Soybean modd showed as follows:

Development processes cal culations

Carbon baance processes include lesf area expandon, pod addition, seed
addition, shell growth rate, seed growth rate, nodule growth rate, senescence, and the
mode caculated carbohydrate mobilization. And crop development in CROPGRO
soybean used a flexible approach, alowed he use of difference equations shapes for
each function as well as different cardind temperatures. The species file for each crop
defines those equation shgpes and cardind temperatures (base temperature, first
optimum, second optimum, and maximum temperaiure. It adso defines the thirteen
phases (Tsuji, 1994).

The model amulates the growth stages for soybean according to the stages
defined origindly based on the descriptions of stages for soybean (Fehr and Caviness,
1977). Only the stages with variables name identified are explicitly induded in the
modd. In vegetative period, there are 4 stages: VE, V1, V2, V(n) and in reproductive
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period, there are ten stages namely R00, RO, R1, R2, R3, R4, R5, R6, R7, R8, R9,
R10, detall of the stages are shown in the Table 3.3.

Table3.2 Development stages of soybean.

Stage Stage description

Vegetative

VE Firg day with 50 percent of plants with some pat visble a soil
surface
Firs day with 50 percent of plants with completdy unrolled lesf at
unifoliate node.

V1 Firs day with 50 percent of plants with completdy unrolled lesf at
first node above the unifoliate node.

V2 Firg day with 50 percent of plants with 2 leaves above the
unifoliate on the main gem.

V(n) Frg day with 50 percent of plants with n leaves above the
unifoliate on the main gem.
Day on which last main ssem node formed.
Day when leaf expansion ceased (often on branches).

Reproductive

ROO Day when juvenile phase ends and plants firs become sengtive to
photoperiod.

RO Day when floral induction occurs.

R1 Day when 50 percent of plants have a least one flower a any
node on the plant.

R2 Day when 50 percent of plants have one peg a any node (for
peanut only)

R3 Day when 50 percent of plants have a least one pod formed (at

least 0.5 cm in length) and ready to grow
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(Cont’d)
Stage Stage description

R4 Day when 50 percent of plants have at least onefilly expanded pod.

R5 Day when 50 percent of plants have pods with seeds beginning to
grow.

R6 Day when 50 percent of plants have a least one pod containing a full-
Sized green seed.

R7 Day when 50 percent of plants have a least one pod that yelowing,
physologicd maturity.

R8 Day when 50 percent of plants have a least 95 percent of pods

brown, harvest maturity.

Source: Fehr and Caviness, 1977
Photosynthesis and evapotranspiration cal culations

Currently it can caculate hourly vaues of canopy photosynthess usng a
hedgerow right interception modd and leaf-level photosynthess parameters. The
modd adso has severd evapotranspiration (ET) options that may be sdected,
including the Priegt- Tailor and the FAO —Penman methods (Boote et al., 1994).

Growth and maintenance respiration

Growth and maintenance respiration requires gpproximate estimates of tissues
compostion in Sx types of compound: protein, lipid, lignin, carbonhydrate-cdlulose,
organic acid, and mineras for soybean by Wilkerson et al. (1983) and Jones et al.
(1989). The modd caculates compostion for new tissues prior to computing growth
converdon efficiencies for each day’s growth. Composition vaues are entered in the
gpecies file, except that protein concentration of newly —syntheszed vegetative tissue
depends on N baance/deficit (Boote et al., 1994).
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Carbon balance and assimilate partitioning algorithm

The approach for C balance in CROPGRO is modified from SOYGRO v5.42,
PNUTGRO V1.02, and BEANGRO 1.0. The modd is essentidly a source — driven
model except under three circumstances. (i) during early V sage development,
potentid leaf area expanson and dnk drength can be limiting, thus reducing growth
and photosynthess; (i) when severe N deficit limits growth of vegetative or seed
components, then carbohydrates accumulate in vegetative tissue; and (iii) after a full
seed load has been added and if the crop is past a critica seed addition period, then it
is possible for reproductive snk strength to be limiting (Boote et al., 1994).

Nitrogen uptake, balance, and fixation with respect to carbon balance

A nitrogen fixation component has been incorporated into CROPGRO. When
N uptake is deficient (less than N demand) for growth of new tissues, carbohydrate
can be used for N,- fixation to the extent of the nodules mass and the species —defined
nodule specific activities (Boote et al., 1994).

Mobilization of nitrogen and carbohydrate, senescence, and maturity

In CROPGRO, carbon hydrates accumulate in leaf and stem tissues under
sved dtuations N defidency that limits growth, insufficient snk during early sink,
limted growth &fter a full seed load is set. Senescence of lesf and petioles is
dependent on protein mobilization and is enhanced by drought stress (Boote et al.,
1994).
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