Photosynthesis — Environment Photosynthesis and Environment
Species Variability

Species Variability and Application EPI Concept
across Species

The learning objectives of this lecture are:

* Species variability in photosynthesis and its response
to environmental conditions.
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Department of Plant and Soil Sciences
* Can we use environmental productivity index (EPI)

concept across species?

*  What do we need to apply EPI concept universally
across species and regions?

Photosynthetic Carbon Fixation

Models of Photosynthesis

Of the 250,000 higher plant species:
C3 photosynthetic model 222,000 (89%)
C4 photosynthetic model 8,000 (3.2%)
Crassulacean Acid Metabolic

(CAM) photosynthetic model 20,000 (8%)

Can we apply EPI concept across species and
and across environments?

Photosynthetic Carbon Fixation — C3 Plants Photosynthetic Carbon Fixation — C4 Plants




Photosynthetic Carbon Fixation — C4 Plants Photosynthetic Carbon Fixation — CAM Plants

Photosynthesis - Variability Among Species
Response to Leaf Nitrogen
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~ Photosynthesis and Leaf Nitrogen Nitrogen and Plant Growth
Species variability and temperature




Photosynthesis - Seasonal Trends

Response to Nitrogen and Carbon Dioxide - Canopy-level
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Response to Temperature and
Carbon Dioxide
Variation among Species
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Photosynthesis and environment

Photosynthesis and Temperature

Response to Temperature — Species Variation Species Variability
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Flgure 5 Predicted rates of gross canopy COp uptake integrated over a diurnal course for
arange of canopy temperatures. The simulation is for a leaf area index af three assuming a
spherical distribution of foliar elements, on Julian day 190 and with clear sky cﬂndllir‘sns
(atmespheric transmitance = 0.75) at a latide of 52°N. Equations and |)ar‘:unetcr from
Long (1991) and Humphries and Leng (1995}, Details of the modifications made to simulate
the €, canopy are given in the text.

otosynthesis and Temperature Photosynthesis and Temperature
Species Variability Species variability — CAM Crops

Temperature, °C




Species variability

Crop responses to Solar Radiation
Species Variability

Fllfﬂl and Solar Radiation

Species variability Photosynthesis and Thus Dry Matter Production

Am — Amaranthus

Co — Cotton
Cu — Cucumber
Pe — Pepper

Ro —Rose

To - Tomato

Light adaptation Sun and Shade adaptation




otosyntnesis an adiation
Species variability and Degree of UV-B stress

o

Crop responses to UV-B Radiation
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Photosynthesis - UV-B Indices
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Species variability and Degree of stress

Crop responses to Water Stress
Species Variability




- Photosynthesis and Water Deficits Photosynthesis - Environment
Soybean-Diurnal trends - Response to degree of water stress Response to Drought - Light Response Curves
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Photosynthesis - Environment
Response to Water Deficits - Photosynthetic Rates
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Photosynthesis and multiple abiotic
stresses
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Crop responses to multiple abiotic
stresses
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Multiple Abiotic Factors




Environmental r0u01V1y Index oncep

and Species Variability and Applicability
What do we need:

We need species-specific potential photosynthesis at
maximum solar radiation levels.

Then, we need species-specific functional algorithms for
various environmental factor effects on photosynthesis
(EPTI’s for various environmental stress factors).

Need physical inputs such as solar and UV-B radiation, &
daily values of light interception
status
and leaf water potential values as
affected by precipitation and irrigation
are also needed.

nvironmental Productivity Index Concep
and Species Variability and Applicability

» Then, one can apply environmental productivity

index concept across species and environments.

EPI also allows one to interpret and to understand
stresses in the field situations.

If we know the factor that is limiting most at any
point of time during the growing season, then we can
make appropriate management decisions to correct
that limitation.




