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Forword

This monograph describes the state of the POTATO crop growth model at the
end of 1982. Work on this project began in late spring of 1977 as a result of a
cooperative agreement among the Agricultural Research Service (ARS, USDA),
the University of Idaho (U], with funds provided by the Idaho Potato Growers
Association), and the University of California (UC) to develop an operational
potato growth model. Marvin Jensen (ARS) supplied the impetus for initiation
of the project and helped with coordinating the work. Gale Kleinkopf (UI)
provided many physiological and agronomic guidelines for the model and took
primary responsibility for providing field data for verification and validation of
the model. Many of those data came from Dana Dawes (UI) who did his thesis
work under the supervision of Dr Kleinkopf. Model development and con-
struction were the responsibilities of E. Ng and R.S. Loomis (UC, Davis).

The original project, which extended over a 21-month period, began in early
summer 1977 with meetings to fully define the objectives, assumptions and scope
of the model. It was agreed that the work would centre on the ‘Russet Burbank’
cultivar. The gathering, organization, and assimilation of relevant information
from the scientific literature took considerable time since the excellent reference,
The Potato Crop, edited by P.M. Harris (1978) had not yet been published.

At various times during the development and programming of the model, po-
tato researchers from other institutions provided considerable help. Meetings
were held in fall 1977 with Brent McCown and C.B. Tanner of the University of
Wisconsin, Madison, U.S.A., and in spring 1978 F.L. Milthorpe (Macquarie
University, Australia) reviewed the structure and assumptions of the preliminary
model, and provided us with information on the modelling efforts of Shu Fukai.
(University of Queensland, Australia).

By summer 1978 a working version of the model was ready for review by all
participants in the cooperative agreement. Field data from Dawes and
Kleinkopf for an Aberdeen, Idaho, field experiment were available that fall for
use in model verification. The model was sufficiently developed and tested to be
described in a presentation at meetings of the American Society of Agronomy.

A version of the model, verified with Aberdeen data, was released to the Uni-
versity of Idaho in spring 1979. K. Steinhorst (Univ. of Idaho, Moscow, U.S.A.)
adapted that version to their computer system, streamlined parts of the program
and began sensitivity analyses with their version of the model. At Davis, a similar
version was adapted for operation on a PDP 11 computer by S. Adams. More
recently, H.H. van Laar (Agricultural University, Wageningen) has developed
the Davis version further than that reported here by adding soil moisture and
plant nitrogen submodels.



Work on another version of the model was continued by Edward Ng. Two ma-
jor shortcomings of the model were recognized and corrected. First, the original
approach of simulating all stems of a ‘hill’ as being part of a single ‘super’ plant
was abandoned. More realistic comparisons with the field situation were
achieved by simulating individual mainstems. Second, the original model did
‘not cover the effect of tubers on photosynthesis. That shortcoming was alleviated
by implementing a feedback mechanism of tuber growth on photosynthesis.
That new version of the model, verified using the Aberdeen data-set and vali-
dated using a data-set from Kimberly, Idaho, is described in this monograph.

We should also like to acknowledge the advice and aid of F.W.T. Penning de
Vries (Wageningen), James Wright (USDA, Idaho), and Herman Timm, Lynn
Morino, Kathy Barnes, Delia Barnes, Marilee Dykstra, Marcia Cary and Pedro
Pinto of Davis. As expected of a project of this size, many people deserve credit
for their help. However, they must be denied any share of responsibility for
shortcomings in the work.



1 Introduction

Computer simulation of crop growth has emerged as a valuable tool for en-
hancing our understanding of crop ecology and physiology (Loomis et al., 1979;
Penning de Vries & van Laar, 1982). Useful models to explain community-level
crop behavior have been developed for several crops, including corn (de Wit et
al., 1978), soybean (Curry et al., 1975), sugarbeet (Fick et al., 1975), cotton (Dun-
can, 1972), alfalfa (Holt et al., 1975) and annual grasses (van Keulen, 1981). Our
objectives for developing a simulation model for potato have been shared by
those efforts and, like them, our work has roots in the pioneering work of
Brouwer & de Wit (1969). In particular we sought a tool for the study of: 1) the
integrative crop physiology of potato; 2) climate-crop interactions; 3) genotype
evaluations; 4) and, eventually, management strategies. Those tasks would be
difficult (or impossible) and expensive to achieve using only experimental ap-
proaches.

Those objectives necessitated certain model attributes and guided our ap-
proach to model development. The potato model was planned to be explanatory
in nature and to have a high degree of physiological and morphological detail.
Our model system is structured hierarchically, i.e. community-, whole-plant-
and organ-level variables and processes are included, and interlevel feedback
control is an important aspect of the organization. The state-variable/rate-varia-
ble approach was adopted to facilitate the organization of a large number of
variables and to allow for a variable time-step in the simulation. The step is set at
one hour to aid in the interpretation of diurnal behaviour.

The model simulates the growth and development of all the major organs.
However, the operational basis of the model is a single plant that originates as a
mainstem from one bud of a seed piece or mother tuber. Plant density is repre-
sented by the number of mainstems per square metre. Normally several main-
stems develop from each seed piece. The model assumes that those mainstems
do not compete for mother tuber resources. Furthermore, it is assumed that all
mainstems develop into plants that are identical in the community. This ap-
proach circumvents the concept of a ‘hill’ as the group of mainstems that develop
from the same seed piece. |

Other important assumptions were made to limit the scope of the model. We
developed the model for situations where the crop is free of insect pests and dis-
eases and where soil moisture and minerals are adequate. These are areas for
future work in model development.



2 Modelling approach

Our approach to building the potato crop growth model can be delineated into
seven general steps
I. The objectives and future uses of the model were enumerated.

2. The system was limited to manageable boundaries, by making simplifying as-
sumptions. The form of the model and amount of detail were partially dictated
by the objectives and assumptions.

3. Data collection, evaluation, and analysis coincided with the actual formation
of the model. These steps were heavily influenced by the experience and judg-
ment of the authors.

4. The correctness of the coding of the model and its behaviour were then ver-
ified. For this, the model was adjusted using a relatively complete set of field
data to check the accuracy of its output in a defined situation. This involved
changes in certain parameters and functions, which, in some cases, was also nec-
essary to compensate for incomplete or fragmentary input data.

5. The model was further tested with a second independent data set. Again, com-
parison of model output with field observation served as a measure of the cor-
rectness of the model.

6. Sensitivity analyses were conducted with the model to detect important pa-
rameters or relationships for further research, to enlarge experience, and to de-
termine the stability of the model.

7. Given the experience and confidence obtained from verification, validation
and sensitivity analysis, the model has since been used to help answer some ques-
tions raised by the original objectives.

Our experience with model construction was not quite as straightforward as
this outline. In particular, there was a good deal of retrogression and looping in
Steps 2, 3 and 4. Also, some of the objectives were partially met before Step 7.
The actual process of model formulation and sensitivity analysis, for example,
provided useful insights into the integrative physiology of the potato crop, which
was one of our objectives.

The results of Steps 1 and 2 of our scheme have already been outlined in the
Introduction. The results of Step 3, model formulation, are given in this chapter
and Chapters 3 to 8. The model described here includes the adjustments made
during verification (Step 4), for which a data set from Aberdeen, Idaho, was used
(Dawes, 1979). Detailed simulation results with the model are given in Chapter
9. Step 5, model validation, was accomplished with an independent data set from
Kimberly, Idaho (Dawes, 1979). Those results are described in Chapter 10. The
results of sensitivity analyses (Step 6) are given in Chapter 11 and Appendix C.
Finally, in Chapter 12, simulation results are presented to illustrate the applica-
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Figure 1. Computer program overview of the POTATO model. This diagram illus-
trates the temporal relationship of the subroutines, which are enclosed in rectangles.

tion of the model towards the objectives given in the Introduction.
2.1 Computer program overview

An overview of the computer program for the model is given in Figure 1, brief
descriptions of each of the subroutines listed there are given in Table I, and fur-
ther explanation is given in subsequent sections. The program overview illus-
trates the hierarchical structure and state/rate-variable approach adopted and
the temporal organization of program execution. The crucial portion of the
model is executed each hour of each day in a simulation run. Community-level
concerns of canopy climate, plant-water status, and photosynthesis are modelled
in the subroutines CLMATE, PLWAT and PHOTOS, respectively. Respiration
and carbohydrate reserves! are modelled on a whole-plant basis in subroutine
RPRES. Organ-level concerns are contained in subroutines MSTEM, MSLEAF,
BRANGR, BRLFGR and TUBER, which simulate the initiation, growth, and
development of each mainstem internode and leaf, branch stem internode and
leaf, and tuber, respectively. FIBRTG is the subroutine responsible for simulat-
ing fibrous roots; contrary to the other organ-level subroutines, the fibrous roots,
because of their great number, are simulated en masse. All of those subroutines,
except CLMATE, produce as their primary output rates of change of the state
variables with respect to time. State variables include the carbohydrate reserve
status of the plant, the water content of the plant and the number, age, dry
weight and physical dimensions (e.g. area of a leaf or length of fibrous root) of
each organ. Each hour, the rates of change are combined into a set of differential
equations that are solved simultaneously using a numerical procedure in sub-
routine DEQSOL. .

In summary, then, the cyclical sequence of calculations for each hour of each
day of the simulated season proceeds as follows. First, the canopy and soil cli-
mate are defined from input data. From that and the information included in, or

1. The terms ‘reserves’ and ‘assimilates’ are intended to be equivalent in the context of the
model.
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