GUIDED READING: Understanding and Modeling of Agricultural Systems  001.2.2067 -2
credits

Lecturer: Jhonathan Ephrath

The student will read, present and discuss with the lecturer, research papers dealing with the
subjects mentioned below. The student will be guided as to possible papers to choose so that
a comprehensive picture is built of how plants synthesis and regulate metabolites and what
techniques are used for this topic.

Component Weight
Presentations 80%
Class discussions 20%
Total: 100%

Course Description:

During the first 4 classes, Students will learn concepts involved in developing models of the
soil-plant-atmosphere system with a focus primarily on plant growth and

development. Course will provide an in-depth survey on different approaches used in
explanatory crop models to simulate crop gas exchange (photosynthesis and transpiration),
organ expansion rates, carbon allocation, and crop phenology. The course will include 4
lectures of the teacher of the course and 9 lectures of the student according to reading
assignments.

Course Objectives:

To give to the students the ability to understand the concepts of using models that describe
agricultural activities (irrigation, fertilization) together with physiological processes taking
place in plants.

The course does not deal with programing and the participants do not need to have any
experience in computer science.

Course Structure:
i) Why do we need models for agriculture - Introduction

Student -examples of computerized decision support as used in irrigation
management, yield-gap analyses, and geospatial food security
ii) Modeling theory / Systems analysis

Student -Models as abstraction of reality; Descriptor variables and system behavior;
Conceptual overview of model building / testing / validation
iii) The soil-plant-atmosphere system

Student -Basic concepts involving soil physics, plant physiology, and meteorology;
Plant as the central component of the system
iv) Crop modeling overview

Lecture (Teacher) -Why are more complicated models needed?

V) Crop growth 1: Radiation Use Efficiency (RUE) — reading and student

assignment
Student -concept of LAI, light extinction through the canopy, leaf angles

Vi Photosynthesis, transpiration, and energy balances —




reading and student assignment:

i) Student - Crop growth and Photosynthesis

ii) Stomatal conductance and water use
Student -Overview of transpiration, stomatal conductance, water use efficiency

iii) Coupling energy balance to gas exchange
Lecture (Teacher) -Concepts involved in scaling up from leaf-level to canopy

Viii Phenoloqgy, organ growth, and carbon demand. reading and student assignment

i) Plant Development versus Phenology

Student -Difference between modeling particular developmental stages versus
predicting progression among developmental stages; lIdentification of developmental stages
for particular crops; Correlations with temperature

Lecture (Teacher): Thermal time. Students will be given data for spreadsheet and

asked to construct thermal time model. In-class assignment will include study of sensitivity
analyses of development response using their thermal time model in which different growing
seasons (with different temperatures) are provided.

iX Plant Stresses
i) Nitrogen stress

Student -When does a plant experience nitrogen stress?; how is nitrogen demand
quantified? what is nitrogen used for?
ii) Water stress

Student -When does a plant experience water stress; how to quantify water
demand?; what happens to the plant when water stressed?; Discuss impacts on leaf
expansion, stomatal conductance, root: shoot ratios
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Godwin and Singh. 1998. Nitrogen balance and crop response to nitrogen in upland and
lowland cropping systems. In: (Tsuji et al eds) Understanding Options for Agricultural
Production. Kluwer Academic Publishers, Great Brittain, ppg 55-78

Timlin, Kouznetsov, Fleisher, Kim, and Reddy. 2009. Simulation of nitrogen demand and
uptake in potato using a carbon-assimilation approach. In: Ma et al eds. Plant Nitrogen
Uptake for Systems Modeling, pp. 219-244.

N stress

J. Vos. 1995. Nitrogen and the growth of potato crops. In: (Haverkort and MacKerron, eds).
Potato Ecology and Modelling of Crops under Conditions Limiting Growth. Kluwer Academic
Publishers, the Netherlands, 115-128.

Biotic stress

Teng, P.S., W.D. Batchelor, H.O. Pinnschmidt, and G.G. Wilkerson. 1998. Simulation of pest
effects on crops using coupled pest-crop models: the potatential for decision support. In:
(Tsuji et al eds) Understanding Options for Agricultural Production. Kluwer Academic
Publishers, Great Brittain, ppg 221-266.

Climate change
Boote, K.J., J.W. Jones, J.W. White, S. Asseng, and J.l. Lizaso. 2013. Putting mechanisms
into crop production models. Plant, Cell & Env. 36: 1658-1672

Fleisher, D.H., D. Timlin, K.R. Reddy, V.R. Reddy, Y. Yang, and S-H Kim. 2011. Effects of
CO2 and Temperature on Crops: Lessons from SPAR Growth Chambers. In: (Hillel and
Rosenzweig, eds) Handbook of Climate Change and AgroEcosystems: Impacts, Adaptation,
and Mitigation. Imperial College Press. London. Pp. 55-86.

Kimball. B. 2011. Lessons from FACE: CO2 Effects and Interactions with Water, Nitrogen
and Temperature. In: (Hillel and Rosenzweig, eds) Handbook of Climate Change and
AgroEcosystems: Impacts, Adaptation, and Mitigation. Imperial College Press. London. Pp.
87 — 108.



	GUIDED READING: Understanding and Modeling of Agricultural Systems     001.2.2067

