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Los modelizadores del clima necesitan el conocimiento de la fotosintesis
poque esta contibuye a restar CO2 de la atmosfera

La  actividad humana genera cada vez mas de CO2, 
el mayor responsable del efecto invernadero
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Cycle Global du carbone

Photosyntesis
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ABSORBED

La fluorescencia solo proviene de 
la clorofila_a

BALANCE ENERGETICO DE UNA HOJA VERDE

La fluorescencia es < 2 % de 
la radiation absorbida
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- Son medidas de rendimiento
- Son medidas de contacto
- NO son medidas a nivel de la cubierta vegetal

Para eso hicimos LEDFLEX
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LedFlex
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LEDFLEX source of light

4  Blue LEDs in series
3 Amperes / LED
5 µs pulse duration
100 Hz  modulation frequency
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DETECCIÓN (obra de Maurice Bergher)

Doble circuito electrónico continuo (reflectividad) e impulsional (pulsos 
de fluorescencia) desarrollado en el laboratorio por Maurice Bergher
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The NI 6210  board has 8 channels with which we measure:

- Fs  (stationary fluorescence) 
- Reflectance of the target 
- Tled
- Tdetector
- Tair
- PAR

every  1.5 second
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CIP, Lima, Perú
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Aplicación de LedFlex
la detección del estrés hidrico
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ARVEJAS

Measurements on a small 
canopy of peas.

In red the Fs signal divided 
by the value during night. 
In black the Photosynthetic 
Active Radiation (PAR) in 
µMoles photons/m2/s

Top: Sunny-day of the well-
watered canopy

Bottom: Same plants after 
several days withholding 
watering. 

Observe the huge decrease 
at noon (≈14:00 local time) 
well below the level during 
the night
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CAMPAÑA DE BARRAX (ALBACETE – ESPAÑA)

OBJECTIVOS: 

• Detectar a nivel de campo el estrés hídrico con LedFlex

• Comparar medidas de temperatura con la fluorescencia

• Comparar la fluorescencia Activa con la medidas PASIVA
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Campaña de BARRAX  (Albacete – España)
Julio 2017
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FESTUCA
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Termometro
infrarojo
APOGEE

LEDFLEX

Termometro infrarojo y LEDFLEX en la parcela estresada
Se ajustaron los campos de vision a un valor similar (diam 0.8m)
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Termometro infrarojo en la zona control
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Ciclo diurno de la fluorescencia : STRESS

F0

Fmin
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Ciclo diurno de la fluorescencia : Recuperación

F0

Fmin

Fo

Fmin
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(Tref-Tstress)
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Fluorescencia con luz solar

MOYA, I et al. (1999) An instrument for the  measurement of sunlight  excited
plant fluorescence. In Proceedings of the XIth International Congress on Photosynthesis
(ed. G. Garab), Kluwer Academic Publishers, Dordrecht .  Vol V, pp 4265-4370.

MOYA, I. et al. (2004). A new instrument for passive remote sensing:
1. Measurements of sunlight induced chlorophyll fluorescence.

Remote Sens. Environ. 91: pp 186-197 
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R = (c-d)/(a-b)

F = d - R b

The Fraunhofer Line Discrimination Method

in the atmospheric O2 absorption bands

a

b

lo

Solar irradiance

li

F = fluorescence

c

d

li

Target Radiance (vegetation)

lo

R(l) and F(l) are supposed to be constant between lo and li
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O2-B
O2-A

Two absorption bands of the atmospheric oxygen are well situated 
to monitor the Chl fluorescence emission spectrum 
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MOYA, I et al. (1999) An instrument for the  measurement
of sunlight  excited plant fluorescence. In Proceedings
of the XIth International Congress on Photosynthesis
(ed. G. Garab), Kluwer Academic Publishers, 
Dordrecht .  Vol V, pp 4265-4370.

MOYA, I. et al. (2004). A new instrument for passive 
remote sensing: 1. Measurements of sunlight induced
chlorophyll fluorescence.
Remote Sens. Environ. 91: pp 186-197 
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ESA : Europeen Space Agency
FLEX : Fluorescence EXplorer
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AIRFLEX SENSOR

electronics' Box

DLR - CESSNA Grand Caravan
Oberpfaffenhofen
(Munich - Germany)

Digital 

video-camera

Navigation System
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Wired Sensor (naked)

mechanical 
shutter

III Foro Internacional en Cambio Climático: “Impacto en la 
agricultura del Perú” INIA-MINAGRI



III Foro Internacional en Cambio Climático: “Impacto en la 
agricultura del Perú” INIA-MINAGRI



III Foro Internacional en Cambio Climático: “Impacto en la 
agricultura del Perú” INIA-MINAGRI



3 dias de vuelo a las ≈9h y las 14h (mediodia solar) 
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CONCLUSIONES

• Hemos realizado un sistema analitico, simple, barato y de 
alta resolución que cualquier laboratorio puede duplicar. 

• Permite el seguimiento continuo del ciclo diario de la 
fluorescencia.

• Detectamos con alta sensibilidad el estres hidrico reversible 
del campo de festuca.

• Las medidas pasivas confirman qualitativamente los
resultados acivos
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gracias por su atención
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Sin esperar FLEX, otros ya detectan
la fluorescencia de la clorofila desde el espacio
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First observations of global and seasonal terrestrial
chlorophyll fluorescence from space
J. Joiner, Y. Yoshida, A. P. Vasilkov, Y. Yoshida, L. A. Corp, and 
E. M. Middleton
Biogeosciences, 8, 637–651, 2011

Thermal And Near-infrared Sensor for carbon Observation
– Fourier Transform Spectrometer (TANSO-FTS)
on the Japanese Greenhouse gases Observing SATellite (GOSAT)

GOSAT was launched on 23 January 2009 into a sun-synchronous orbit 
with a descending node equatorial crossing time near 13:00 LT. 
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Extraction of fluorescence from reflectance 
is like determining the weight of a tie ...

... limited accuracy ! 
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O2-A Band : 757.31 & 760.5 nm - FWHM =1 nm

0.5 nO2-B Band : 685.61 & 687.19 nm - FWHM = 0.5 nm

694.1 FWHM 5.8 & 770.36 nm - FWHM = 2.25 nm

AIRFLEX specifications :

Field of View : 34 mradianes (2°) 

Footprint : 20 m at 600 m of altitude

Useful Pupil Diameter : 19 mm

Detection : PIN Si photodiode (f 2.54 mm)

Integration time: 20 ms or 200 ms

Samples / s :  12 or 2.2

Interferential Fiters
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