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potato net primary productivity
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 Convert Thornley’s instantaneous canopy photosynthesi S
model into a dynamic net primary productivity calculat or for
the potato crop, using remotely sensed data
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Where:

lo: Incident radiation at the top of the canopy
K: extinction coefficient

L: leaf area index
m: light transmittance coefficient of the leaf



For an spherical angular distribution, with leaves randomly
distributed within the canopy volume, the extinction coefficient K
can be estimated as (Goudriann 1977 y 1982):

1

k=
2 sin(@)

Where:

q: represents the sun zenithal angle.
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Where:

lo: Incident radiation at the top of the canopy
K: extinction coefficient

L: leaf area index
m: light transmittance coefficient of the leaf
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NDVI vs LAI

data

simulated

LAI = 0.2067 = exp(2.963 = NDVI)

R?=0.8973



Light profile at the top of the canopy

1(L)=1,e™"
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Where:

lo: Incident radiation at the top of the canopy
K: extinction coefficient

L: ieaf area index
m: light transmittance coefficient of the leaf



u transmitted PAR

Cl A
m=—" 0.1
ClL A

Where:
CL_A: relative chlorophyll A concentration.
Cl_Amax: maximum chlorophyll A relative concentration.
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Reflectance spectra and its first derivative:
Solanum tuberosum spp. andigena
(Puma Maki)
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Reflectance spectra and its first derivative:
Solanum tuberosum spp. tuberosum
(Purranca)
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Correlation between the first derivative of
reflectance w.r.t wavelength and Chlorophyll
concentration. S. spp. tuberosum (Purranca)

First derivative estimated as:

Where: DR; =
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Leaf photosynthetic rate was modeled through a rectangular
hyperbola :

2 —
XP - I:)Leaf (al Leaf + I:)max) + al Leaf I:)max - O

Leaf

(al Leaf + Pmax) - J(al Leaf + I:)max)z - 4)(3' Leaf I:)max
PIeaf = 2X

Where:

e Photosynthetic efficiency (kg CO,/JPAR)
P... : light saturated maximum photosynthesis (kg CO,m=s?)
g - Steepest slope of the curve Py, VS |,
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Estimating Pmax for shaded leaves :

I:)max(l—) - I:)maxoe_ <
Where:

Pmaxo: IS the maximum photosynthesis for leaves fully exposed to
the sun at the top of the canopy

Exposed and shaded leaves are represented by :

L sun :%(1' e-kL) Lopna =L - %(1' e-kL)




Where:
Ino:direct PAR

Igirro: diffuse PAR
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Experimental setting to measure diffuse PAR:
FieldSpec VNIR spectroradiometer with the
sensor shaded by a black polyethylene band
coated with a soot sheet.

Extraterrestrial and incident PAR irradiance during a
clear and sunny day (2/10/07) (latitude - 12°4’35")



( 0
¢ )

Irradiance at the top
of the atmosphere (Wm)

Irradiance at the top of the atmosphere contrasted with PAR throughout a Julian
year and hour of the day
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Year ( O'ay) e day (nour)
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I, = Is(1.000110 + 0.034221Cos(I") + 0.001280Sn(T") + 0.000719Cos(2T)
+0.0000775in(2T))(seno(®) cos(8) + cos (B)cos (§)cos (w))
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Clear sky Overcast sky Partially clouded sky
Slope 0.6376 £ 0.1437 0.7507 £ 0.1405 0.5016 £ 0.1411
Y intercept 2.040 £ 19.21 1271 +£17.44 44.29 + 15.07
X intercept -3.199 -16.93 -88.30
R? 0.7665 0.8263 0.6779

Significance
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Canopy photosynthesis (P .,,) Kg CO2 m2s-1

I:)Canopy = I:)Leaf (Sur)dLSun + F)Sha(ShadQd LSha

Canopy Canopy

Canopy photosynthesis for exposed and shaded leaves

Incident irradiance (I ,;)( JPAR m2s)
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Maintenance respiration is dependent on temperature and
defined as:

B =M (T-Ty)/10

L o e o (3]

Growth respiration is considered as temperature independent

and proportional to GPP (P_4,p,)

R P
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NPP (g C m?)

NPP=P
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Theoretical accumulative DM
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The model described provides an efficient low-cost m ethod

to estimate net primary productivity (NPP) in C-3 plan  ts such
as potato.

The model includes analytical solutions for estimati ng initial
parameters that are difficult to estimate without spec lalized

expensive equipments and requires only standard
computing power.

Non-destructive active and passive remote sensing
alternatives to estimate important biophysical paramet ers
required by the model, such as chlorophyll A concentra tion,
LAI, and diffuse PAR were developed and successfull vy
tested.
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