
www.avantesusa.com  |  www.avantes.com

Avantes BV  
Oude Apeldoornseweg 28
7333 NS  Apeldoorn
The Netherlands
Tel. +31 313 670 170

Avantes USA
500 S. Arthur Ave., Unit 500
Louisville, CO 80027
Tel. +1 (303)-410-8668
info@avantesusa.com

APPLICATION NOTE:  
SPECTROSCOPY PLAYS A KEY ROLE IN 

THE FUTURE OF SMART AGRICULTURE

Introduction

Agriculture of the future will be shaped by the forces of 

climate change and population growth as well as tech-

nological advances and many other factors. In the end, 

however, this means that the farms of the future will need 

to produce more with less, and often in ever-worsening 

conditions. The advances that will make the farming of the 

future possible, are in development today.
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Plant Physiology Research
Plant physiology, how plants grow, deve-

lop, and reproduce, affects production 

yield and quality in numerous ways. 

Light is possibly the most important 

environmental factor that affects plant 

physiology. Plants produce diverse res-

ponses to the quantity, quality, direction, 

and duration of light cues in their envi-

ronment. They produce hormones and 

other secondary metabolites that affect 

production yield, food quality, and taste.

Understanding plant responses to light 

cues is essential for successful indoor 

cultivation. Researchers from Denmark, 

Bulgaria, and Belgium have been study-

ing the effects of differing light conditi-

ons on plant physiology. Plants possess 

photoreceptors that sense ultraviolet-B, 

ultraviolet-A, red and blue light. These 

photoreceptors are capable of sensing 

the intensity, quality, direction, and dura-

tion of light.

Red v. Blue Light
The photosynthetic photon flux density 

(PPFD) represents the number of pho-

tons used for photosynthesis within the 

400-700 wavelength range of photo-

synthetically active radiation (PAR). Red 

and blue light are effectively absorbed 

close to the surface and are the most 

important wavelengths for photosyn-

thesis. Chlorophyll, the primary plant 

pigment responsible for photosynthesis, 

absorbs both blue (420-450 nm) and red 

(600-7100 nm) light. Chlorophyll type-a 

has absorption peaks at 430 nm in the 

blue range and 665 nm in the red, while 

chlorophyll-b demonstrates absorption 

peaks at 453 nm (blue) and 642 nm (red). 

Light absorption in chlorophyll dips to its 

lowest at 550 nm. (Ouzounis 2019)

Because it has a higher frequency and 

therefore shorter wavelength, blue light 

contains more energy than red light. 

Photosynthesis, however, is dependent 

on the total number of photons absor-

bed, not the energy content of the indi-

vidual photons. In the case of blue light, 

the additional energy is lost as heat. This 

effect is evident in the lower efficiency in 

the blue range. (Ouzounis 2019)

Different species of plants respond dif-

ferently to red and blue light, and even 

different varieties of the same species 

might thrive best in differing light condi-

tions. Seedling plants sold in containers 

are frequently grown in crowded condi-

tions with insufficient light and typically 

have elongated hypocotyl, the stem 

found below the seed leaves and directly 
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above the roots, due to poor light quality. 

This results in plants that are unnaturally 

tall with thin foliage and low fresh weight 

yield. This elongated characteristic is 

particularly pronounced in herbs and 

spice plants. Dill plants in particular, dis-

play very high elongation, fewer leaves 

and smaller leaf area due to light quality 

during the germination phase.

Researchers at the Poznan University of 

Life Sciences, in Poznan Poland studied 

varying doses of blue light between 

10-15% with a constant proportion of red 

light and the effect on dill plants. They 

found that in general, dill plants treated 

with red light were taller overall and 

displayed elongated internodes whereas 

the plants treated with blue light had 

shorter internodes and produced relati-

vely high herb yields. The plant response 

to blue light, however is very sensitive 

and depends not only on the proportion 

of blue or red light, but also the growth 

stage of the plant. (Frąszczak 2016)

The elongation of the hypocotyl stem 

structure was most suppressed under 

high doses of blue light during the very 

first weeks of germination, with the shor-

test hypocotyl length displayed by plants 

grown under 50% blue light. At later 

stages of growth, however, lower doses 

of blue light might be sufficient to sup-

press elongation, while providing bene-

fits to net photosynthetic rate where the 

highest values were found in plants that 

were treated with blue light under 30%. 

(Frąszczak 2016)

Other plant species demonstrate opti-

mal growth under different conditions. 

For Cherry tomatoes, for example, a 1:1 

ratio of red to blue light was found to be 

effective, whereas a red to blue ratio of 

0.9:0.1 may be a better ratio for some let-

tuce, spinach, and radish. While blue light 

suppressed stem elongation in dill plants 

and lettuce, Eggplants grown under blue 

light display longer stems than plants 

grown under any other color. Light may 

modify the expression of non-food com-

mercial plants as well. Increasing the 

proportion of blue light to roses and 

chrysanthemums resulted in lower flower 

heights. (Frąszczak 2016)

Ultraviolet Radiation
Due to depletion of the ozone layer, 

ultraviolet-B radiation (280-315 nm) 

has an increasingly negative impact on 

Earth’s living organisms, and other than 

extremely high altitudes, ultraviolet-

C radiation is absorbed in the upper 

atmosphere and rarely reaches the Earth’s 

surface, except that that may no longer 

be true. Scientists recorded direct solar 

UV-C radiation reaching the ground in 

Madrid in 1997. (Katerova 2009)

Researchers at the Bulgarian Academy of 

Sciences studied the effect of UV-B and 

UV-C exposure on three important plant 

hormones that regulate response to 

environmental stress, Abscisic acid (ABA), 

indole-3-acetic acid (IAA), and 1-amino-

cyclopropane-a-carboxylic acid (ACC). 

These phytohormones are involved in 

regulating developmental processes such 

as plant growth and lateral root initia-

tion in response to environmental cues. 

(Katerova 2009)

Spectral Properties of Artificial Light
Greenhouse plants typically supply plants 

with 16-20 hours of artificial light per day 

at intensity ranges of 100-200 μmol*m-2*  

s-1. For years in indoor plant cultivation, 

the High-pressure Sodium (HPS) bulb has 

been the industry standard due to their 

high efficiency (1.9 μmol*m-2*W-1) at 

turning electricity into photosynthetically 

active radiation. But light from HPS lamps 

is still suboptimal, producing light mostly 

in the yellow and orange ranges with 

some red light between 550- 650 nm. 

Only about 5% of the light produced by 

HPS bulbs is in the blue range, and there 

is no way to modify their spectral output.

Light Emitting Diodes (LEDs) provide 

light within a narrow spectrum ranging 

from ultraviolet to near-infrared allo-

wing manipulation of the light spectrum 

to trigger physiological changes with 

potential benefits to plant growth. The 

light distribution properties for LEDs 

are comparable or better than their HPS 
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counterparts, making them a fully sca-

lable substitute. LEDs increasingly have 

comparable quantum efficiency to HPS 

lamps, and in the cases of some new 

Dutch and Danish manufactured fixtu-

res (2.2-2.4 μmol* M-2*W-1), may even 

exceed the capability of HPS lamps. 

LEDs are also solid state, durable light 

sources that offer superior bulb life, 

reaching up to 100,000 hours compared 

to the average HPS lifespan of 10,000-

20,000 hours. (Ouzounis 2019)

Avantes has been a pioneer in the 

implementation of spectroscopy 

within greenhouse environments. 

Spectrometers from Avantes have been 

used to optimize LED light mixtures as 

well as automatically adjust shading 

system within greenhouses to regulate 

the daily light integral (DLI) which is 

the total amount of light received by a 

plant in a 24-hour period.

Plant Health Monitoring and Quality Assessment
One of the more common areas of inte-

rest in Smart Agriculture is achieving 

a non-invasive means of measuring 

plant health and quality. Spectroscopic 

diffuse reflection is ideally suited to 

this application as it requires limited 

hardware and can be performed at 

very high speeds (e.g. 600 spectra 

per second). A notable example of 

this technique can be seen in image 

1 below which depicts a sensor head 

mounted on the top of a tractor which 

is pulling a fertilizer implement. This 

system which was developed and is 

commercialized by Yara AG simultane-

ously measures the solar illumination 

and correlates this with reflection data 

from the crops. The reflected light from 

the crops provides rich information 

about the chlorophyll content allowing 

for the derivation of a health score 

which in turn regulates the fertilizer 

application level in real time and then 

maps this to GPS coordinates for future 

monitoring. This system provides an 

excellent example of the potential of 

SMART agriculture to better utilize 

resources to improve agricultural yields. 

Crop quality is another important area 

of agricultural production where spec-

troscopic techniques have been suc-

cessfully implemented. Researchers at 

the Polytechnic University of Valencia, 

Spain, are using Avantes instruments 

in developing a mango quality index 

for prediction modeling and the deve-

lopment of a robotic gripper capable 

of simultaneous tactile and NIR spec-

troscopy measurements to determine 

mango quality and ripeness. (Cortes 

2017)

This non-destructive 

method of assessing 

fruit quality is based 

on biochemical and 

physical properties 

of mango samples. 

Mangoes are typi-

cally not ready for consumption at the 

time of maturity, requiring a period for 

ripening during which many important 

chemical and physical changes take 

place within the fruit. Diffuse reflec-

tance spectroscopy was used with a 

fiber optic probe in direct contact with 

the mango skin to measure changes 

in soluble solids, ascorbic acid, water 

content, and skin color. An Avantes 

multichannel spectroscopy system 

was used in the development of this 

quality index. The AvaSpec-ULS2048-

USB2 Starline spectrometer covered the 

visible range from 600-100 nm and an 

AvaSpec-NIR256-1.7 NIRLine spectro-

meter covered 900-1750 nm.

Spectroscopy for Light 

Characterization

Spectrometers and spectroradiometers 

are essential tools for the characteri-

zation of natural and artificial light in 

agriculture. While sometimes confused 

with a sensor, these devices provide 

robust information about the quality 

and quantity of light which is received, 

absorbed, or transmitted by plants. A 

sensor, conversely, is typically limited to 

measuring a narrow band of light wave-

lengths received in aggregate. Given 

the importance of the composition of 

light wavelengths 

received by plants, 

spectrometers are 

valuable tools for 

characterizing this 

composition. 

Avantes AvaSpec 

instruments are 

robust and optimized 

for the challenges of 

field spectroscopy. 

Within the UV/VIS 



www.avantesusa.com  |  www.avantes.com

References

• Cortés, Victoria, Carlos Blanes, José Blasco, Coral Ortíz, Nuria 

Aleixos, Martín Mellado, Sergio Cubero, and Pau Talens. “Integration 

of Simultaneous Tactile Sensing and Visible and Near-infrared 

Reflectance Spectroscopy in a Robot Gripper for Mango Quality 

Assessment.” Biosystems Engineering 162 (10 2017): 112-23. 

doi:10.1016/j.biosystemseng.2017.08.005.

• Cortés, V., C. Ortiz, N. Aleixos, J. Blasco, S. Cubero, and P. Talens. “A 

New Internal Quality Index for Mango and Its Prediction by External 

Visible and Near-infrared Reflection Spectroscopy.” Postharvest 

Biology and Technology 118 (08 2016): 148-58. doi:10.1016/j.posthar-

vbio.2016.04.011.

• Frąszczak, Barbara. “The Effect of Different Doses of Blue Light on the 

Biometric Traits and Photosynthesis of Dill Plants.” Notulae Botanicae 

Horti Agrobotanici Cluj-Napoca 44, no. 1 (06, 2016). doi:10.15835/

nbha.44.1.10212.

• Katerova, Z., S. Ivanov, E. Prinsen, H. Van Onckelen, V. Alexieva, and 

A. Azmi. “Low Doses of Ultraviolet-B or Ultraviolet-C Radiation Affect 

Phytohormones in Young Pea Plants.” Biologia Plantarum 53, no. 2 (06 

2009): 365-68. doi:10.1007/s10535-009-0068-1.

• Ouzounis, Theoharis, Eva Rosenqvist, and Carl-Otto Ottosen. 

“Spectral Effects of Artificial Light on Plant Physiology and Secondary 

Metabolism: A Review.” HortScience 50, no. 8 (08 2015): 1128-135. 

doi:10.21273/hortsci.50.8.1128.

range two of the more common candi-

date instruments used in this application 

are the AvaSpec-ULS2048CL-EVO and 

the AvaSpec-Mini2048CL which are opti-

mal candidates for field use due to their 

robust yet compact designs, high speed 

data acquisition and thermal stability. For 

near infrared applications the AvaSpec-

NIR256/512-1.7-EVO and AvaSpec-

NIR256/512-1.7-HSC-EVO are the go to 

instrument for grain and sileage analysis 

in the field.  

For more information about Avantes instruments for agricultural applications, please contact a sales engi-

neer at infousa@avantes.com.


