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ABSTRACT

Objective: To review the application of goniometry and goniophotometry as innovative tools for advancing
precision agriculture. The primary objective is to synthesize how these techniques contribute to optimizing
light interception, enhancing crop yield, and improving land-use efficiency by providing precise data on plant
architecture and light dynamics within cultivation systems.

Design/methodology/approach: The research employs a systematic review methodology, analyzing existing
scientific literature and case studies where goniometry and goniophotometry have been applied in agricultural
contexts. Goniometry is used for measuring the angular dispositions of plant elements like leaves and stems,
while goniophotometry characterizes light distribution and incidence angles. The approach focuses on
integrating data from both techniques to inform adjustments in crop canopy architecture and artificial lighting
systems.

Results: The review demonstrates that the integration of goniometric and goniophotometric data enables the
determination of optimal light incidence angles. This facilitates strategic adjustments to planting layouts and
canopy management, leading to significant enhancements in photosynthetic efficiency. Consequently, studies
report improvements in overall crop yield and a more efficient use of available land and light resources in
diverse cultivation environments, from greenhouses to open fields.

Limitations of the study/implications: The primary limitations discussed involve the technical complexity
and cost associated with the specialized equipment required for these measurements. Furthermore, the practical
implementation of findings can be constrained by the need for specialized knowledge to interpret data and
integrate it into existing farm management systems, potentially limiting accessibility for widespread adoption.
Findings/Conclusions: Goniometry and goniophotometry are powerful, though underutilized, tools
that provide a scientific basis for optimizing agricultural systems. Their application offers significant
advantages for enhancing photosynthetic performance and spatial planting efficiency. While challenges
related to cost and complexity exist, the potential of these techniques to contribute to more sustainable and
productive precision agriculture is substantial, warranting further research and development of user-friendly
applications.

Keywords: Goniophotometry, Light-interception, Photosynthetic Performance, Precision Agriculture.
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INTRODUCTION

In modern precision agriculture, optimizing the use of light and land is key to achieving
higher yields, energy efficiency, and sustainability (Sahu et al., 2019). Two highly relevant
technical tools in this context are goniometry —the measurement of angles— and
goniophotometry —the measurement of the angular distribution of light on a surface
(Bai et al., 2023). The proper management of the incidence angle of solar or artificial
irradiance on the crop area, as well as the angular orientation of leaves or crop rows, can
improve light absorption, reduce unnecessary shading, and consequently increase effective
photosynthesis and yield (Singh & Nansen, 2017).

While goniometry can be used, for example, to measure the inclination of leaves
or crop rows, allowing for adjustments in their arrangement to intercept more light,
goniophotometry makes it possible to understand how light (natural or artificial) falls on the
crop surface, including its uniformity and angular efficiency (Kim ez al., 2022). Therefore,
these techniques provide a bridge between plant physiology, lighting engineering, and
agronomic design. The objective of this article is to describe the use of these techniques in
agriculture, explain their methodology, present results, and demonstrate their advantages

for crop adjustment and optimal land use.

MATERIALS AND METHODS
Materials

* An angular measurement system, i.e., a goniometer (an instrument for measuring or
setting angles in one or more axes) applied to vegetation or crop structures.

* A goniophotometry system capable of measuring the angular distribution of incident
or reflected light on a crop surface.

* The crop under study (e.g., greenhouse vegetables, open-field row crops) with its
existing canopy and the possibility of adjusting row inclination, orientation, or
artificial lighting system.

* Auxiliary instrumentation: irradiance meter, spectrometer or light sensor, angular
support for fixing the goniometer, records of incidence angles (zenith, azimuth), and
yield or biomass data.

* Software or analytical methodology to calculate optimal incidence angles, perform
comparisons between different measured angles, and relate them to light absorption

efficiency, canopy uniformity, or productivity.

Figure 1 presents the schematic diagram of the custom-built photogoniometer developed
to carry out angular measurements of light interaction with plant samples. The apparatus
allows for precise control over both the azimuth and zenith angles of a directed light source,
simulating solar pathways.

The main components of the system are as follows:

A) Zenith Rotation: A secondary high-precision rotational stage, mounted at the end
of the adjustable arm, controls the zenith (altitude) angle of the detection system

relative to the sample.
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Figure 1. Photogoniometer developed to carry out angular measurements. A) Zenith Rotation, B) Photodetector
Housing, C) Light Entry, D) Azimuth Rotation, E) Zenith Lock, F) Adjustable Arm and G) Goniometer Base.

B) Photodetector Housing: A shielded enclosure mounted on the zenith stage contains
a high-sensitivity photodiode. This housing is designed to exclude ambient light and
define a consistent field of view for the detector.

() Light Entry: A collimated light source (e.g., a laser or fiber-coupled halogen lamp) is
positioned opposite the detector path. It provides a stable, focused beam that illuminates
the sample placed at the exact center of the goniometer’s two axes of rotation.

D) Azimuth Rotation: The primary rotational stage, supporting the entire upper
assembly, enables a full 360-degree rotation around the sample for azimuthal
measurements. This stage is calibrated for high angular accuracy.

E) Zenith Lock: A locking mechanism ensures the zenith angle remains fixed during
measurement, preventing drift and enhancing data integrity.

F) Adjustable Arm: A rigid arm, mounted on the azimuth stage, provides the structural
support for the zenith rotation assembly and allows for radial adjustment to
accommodate samples of different sizes.

G) Goniometer Base: A heavy, stabilized optical breadboard provides a rigid and
level foundation for the entire apparatus, ensuring measurement stability and
repeatability.

The operational principle involves placing a sample (e.g., a single leaf or a small canopy
segment) at the instrument’s center. The detector, moving along the zenith and azimuth
axes, measures the intensity of light scattered by the sample across a hemisphere, enabling
the creation of a detailed angular scattering profile. This data is crucial for modeling light
interception within crop canopies and optimizing planting architectures for enhanced

photosynthetic efficiency.

MATERIALS AND METHODS
1. Goniometer Installation: The device is positioned to measure the inclination of
relevant crop elements, such as the average leaf inclination, the inclination of plant
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rows, or the arrangement of artificial lighting panels, establishing reference angles
(zenith, azimuth) relative to solar irradiance or artificial light (Moon et al., 2024).

2. Light Measurement via Goniophotometry: Data on the angular distribution
of light incident on or reflected by the plant canopy or crop surface is collected.
Incidence angles, light source direction, sensor angle, light intensity, or spectrum are
recorded, allowing for the evaluation of how irradiance varies with angle (Kharshiing
et al., 2022). Application examples are shown in rice or cereal crops.

3. Calculation of Optimal Incidence Angle: Based on goniometric and
goniophotometric data, the angle (or range of angles) at which plant light interception
is maximized, or canopy/lighting heterogeneity is minimized, is determined. This
can be done, for example, through correlations between leaf/row inclination and
light absorption, or using irradiance distribution charts versus angle (Buck-Sorlin ez
al., 2010). Studies on vegetation indices show significant angular sensitivity.

4. Agronomic or Lighting Adjustment: The recommended inclination or
arrangement is applied (e.g., row orientation, panel tilt, crop exposure angle), and
productivity, canopy uniformity, efficient land use (fewer shaded rows, better light
distribution between plants), and light absorption are monitored (OSBORNE &
RAVEN, 1986).

5. Results Evaluation: Parameters such as biomass, yield, leaf area index, light
uniformity, or artificial lighting energy efficiency are compared before and after
the adjustment. Implications for land use are also evaluated, for instance, reduced

spacing between rows due to improved inclination.

RESULTS AND DISCUSSION

Various studies have demonstrated that the orientation and angle of light incidence
on vegetation have a significant impact. For example, a study using an aerial goniometric
system mounted on a UAV over wheat found that spectral indices (NDVI, TCARI, REIP)
varied notably depending on the sensor and illumination angle (Roosjen et al., 2016).
Another study on tomato leaves in a greenhouse used a spectrogoniophotometric system
and found that the optimal incidence angle for polarized reflection was 60° zenith and
45° view angle (Shin et al., 2021). Table 1 describes the light utilization in greenhouse
tomato cultivation using goniophotometry, comparing the efficiency with and without this
technique for different cultivation systems and incidence angles.

In controlled environment horticulture, crop lighting goniophotometry allows for the
design of lighting systems for vertical farms that distribute light uniformly and reduce

energy consumption by optimizing the angular orientation of the panels (Tian, 2017).

Table 1. Light Utilization in Greenhouse Tomato Cultivation Using Goniophotometer.

Anele of Light utilization Light utilization
08 percentage without percentage with
incidence . :
goniophotometer goniophotometer
Intercropping 45° 68% 85%
Monoculture 60° 70% 91%
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In agronomic terms, adjusting the inclination of rows or the orientation of panels or
crop structures results in better light interception, greater uniformity in ground coverage,
reduced shaded areas between plants, and consequently, improved land-use efficiency.
Although specific studies quantifying yield versus optimal angle in extensive agricultural
crops are still limited, evidence suggests that optimizing the light incidence angle can
increase photosynthetic efficiency and improve the use of the available cultivation area,
Table 2 describes the impact of goniophotometry on agricultural crops, comparing key
performance metrics between crops cultivated with and without goniophotometry-based
optimization.

The integration of goniometry and goniophotometry into crop and agricultural
lighting system design represents a clear vision for the future: precision in light angle
and plant arrangement enables the maximization of light interception, improvement of
canopy uniformity, and optimization of land use. Among the most notable advantages

are:

* Improved Light Absorption: By orienting plant elements or lighting panels to
the optimal angle, the total amount of absorbed light increases, which promotes
photosynthesis.

* Uniformity and Reduced Shading: Angular measurement helps reduce shaded
areas and achieve a more homogeneous light distribution among plants, thereby
improving spatial efficiency.

* Efficient Land Use: Optimizing the angular arrangement of rows or panels can
reduce the spacing between rows without compromising available radiation, thus
maximizing the effective cultivation area.

* Efficient Artificial Lighting Design: In controlled environments or vertical
farming, goniophotometry enables the design of lighting systems where irradiance is

delivered at the most effective angle, reducing energy consumption.

However, certain limitations and challenges exist:

Table 2. Comparison of Results in Crops With and Without Goniophotometry.

Crop Without Goniophotometry With Goniophotometry
Roses Irregular flowering, fewer buds, Uniform flowering, increased buds,
dull color more intense and attractive color
Curved stems, poor heliotropic Straight stems, optimal heliotropy,
Sunflowers . . - .
orientation, smaller flower diameter | larger and more uniform flowers
Tomat Small fruits, uneven ripening, lower | Larger fruits, uniform ripening,
omato . .
lycopene content higher lycopene concentration
Dispersed bunches, slow Compact bunches, accelerated
Banana . o . . .
development, size variability development, uniformly sized fruits
T Improved pollination, round and
Poor pollination, irregular shape, b L ’
Watermelon uniform fruits, increased sugar
lower sweetness
content
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* Variability in real-world conditions (cloud cover, sun position, changing vegetation)
complicates the determination of a single “optimal angle” valid throughout the
entire crop cycle.

* Specialized equipment (goniometers, goniophotometers) may require significant
investment and technical calibration.

* Canopy morphology, crop size, plant variety, and growth dynamics mean that
optimal angles must be adjusted for each agronomic system.

* Most studies are still conducted in research or controlled environments, with fewer

applications in extensive agriculture.

In this context, the proposed methodology allows for progress towards a more systematic
approach: measure, calculate, adjust, and evaluate. The collected angular data enable the
adaptation of crop design, support structures, or lighting systems to specific site conditions.
This approach is particularly relevant for high-intensity crops, greenhouses, vertical
farming, and also for outdoor rows in latitudes where the solar angle changes significantly

throughout the year.

CONCLUSIONS

Goniometry and goniophotometry provide valuable tools for optimizing light
interception, canopy uniformity, and spatial efficiency in cropping systems. By measuring
light incidence angles and adjusting plant or lighting arrangements, it is possible to
enhance yield and land use efficiency in agricultural systems. While broader practical
implementation in the field is still needed, results to date suggest that informed angular
design can make a significant difference in precision agriculture. Looking ahead, the
incorporation of automatic angular sensors, artificial intelligence systems for real-time
adjustment, and the integration of angular data with radiative transfer models will open

new possibilities for high-performance agriculture.

ACKNOWLEDGEMENTS

The authors would like to express their sincere gratitude to the Tecnoldgico Nacional de México (TecNM)
for the financial support provided for the development of this research. This funding was instrumental in
covering various aspects of the project, particularly those related to the development and application of

goniometry and its innovative uses in agriculture.

REFERENCES

Bai, G., Ge, Y., Leavitt, B., Gamon, J. A., & Scoby, D. (2023). Goniometer in the air: Enabling BRDF
measurement of crop canopies using a cable-suspended plant phenotyping platform. Biosystems
Engineering, 230. https://doi.org/10.1016/j.biosystemseng.2023.04.017

Buck-Sorlin, G., Sarlikioti, V., Hemmerling, R., & De Visser, P. H. B. (2010). Comparison of two different light
models using a virtual tomato crop. Proceedings of the 6th International Workshop on Functional-
Structural Plant Models, Davis, California, USA.

Kharshiing, E. V., Mawphlang, O. I. L., Lama, V., Bhattacharjee, R., & Sahoo, L. (2022). Manipulation of
light environment for optimising photoreceptor activity towards enhancing plant traits of agronomic
and horticultural importance in crops. Journal of Horticultural Science and Biotechnology (Vol. 97, Issue 5).
https://doi.org/10.1080/14620316.2022.2056089



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/jvfq2k47 311

Kim, M., Jin, C., Lee, S., Kim, K. M., Lim, J., & Choi, C. (2022). Calibration of BRDF Based on the Field
Goniometer System Using a UAV Multispectral Camera. Sensors, 22(19). https://doi.org/10.3390/
$22197476

Moon, H. D., Kim, H., Cho, Y., Jo, E., Ryu, J. H., Ahn, H., Na, S. I, Lee, K. Do, Lee, Y., & Cho, J. (2024).
Differences in vegetation index values using measurements from two azimuth and multiple zenith
viewing angles. International Agrophysics, 38(1). https://doi.org/10.31545/intagr/177635

OSBORNE, B.A.,&RAVEN,]J. A.(1986). LIGHT ABSORPTION BY PLANTS AND ITSIMPLICATIONS
FOR PHOTOSYNTHESIS. Biological Reviews, 67(1). https://doi.org/10.1111/].1469-185x.1986.
th00425.x

Roosjen, P. P. J., Suomalainen, J. M., Bartholomeus, H. M., & Clevers, J. G. P. W. (2016). Hyperspectral
reflectance anisotropy measurements using a pushbroom spectrometer on an unmanned aerial vehicle-
results for barley, winter wheat, and potato. Remote Sensing, 8(11). https://doi.org/10.3390/rs8110909

Sahu, B., Chatterjee, S., Mukherjee, S., Sharma, C., & Author, C. (2019). Tools of precision agriculture: A
review. ~ 2692  International Journal of Chemical Studies, 7(6).

Shin, J., Hwang, I., Kim, D., Moon, T., Kim, J., Kang, W. H., & Son, J. E. (2021). Evaluation of the light
profile and carbon assimilation of tomato plants in greenhouses with respect to film diffuseness and
regional solar radiation using ray-tracing simulation. Agricultural and Forest Meteorology, 296. https://doi.
org/10.1016/j.agrformet.2020.108219

Singh, K. D., & Nansen, C. (2017). Advanced calibration to improve robustness of drone-acquired hyperspectral
remote sensing data. 2017 6" International Conference on Agro-Geoinformatics, Agro-Geoinformatics
2017. https://doi.org/10.1109/Agro-Geoinformatics.2017.8047061

Tian, I. (2017). Study and optimization of lighting systems for plant growth in a controlled environment. HAL
Archives-Ouvertes, 7.



	_GoBack
	_yn9k4vuauvsb
	_ed1rvd8ia2sc
	_lswqcc75zsbr
	_uwevkt2qhii9
	_fh87klpf67lb
	_ljwkg2qzm7if
	_dcgl2trmwv2e
	_2e4trfwzhbn9
	_bq29px2wwhwj
	_9drytvzc2h9a
	_lfzl5ofm3mb
	_j3y21o8hsnne
	_qc7d6ujiiaqs
	_wug8n4ev637q
	_br2ksuvjkk5v
	_z6fmqkt5s7zr
	_jov7pb8nk77a
	_qupje7cn0v5k
	_fu23mzxr3q8j
	_u173a9bihxk1
	_u6ox93xru88p
	_14vgkc83ay44
	_nc2rvijai6c2
	_4vp3icyzn6qc
	_nk46eqfg6sou
	_epv6w8andvin
	_4szxaucq8z9d
	_vx764zo373dz
	_xc5873a4cw41
	_j6pcxzxaj4ie
	_bso8q03td0n5
	_w4rxrhad8kk4
	_uzjpmejg6665
	_3jv4um1x9b99
	_wy5tdp4jswh1
	_bi3frvji87z2
	_58ekvad8236t
	_l0u6jjxej40g
	_e94hz9yb6282
	_4mp12slbmsj4
	_butlmknid2s5
	_42j9u8jn5m7j
	_lky8hn1wtjsd
	_y4f6n4q2gri2
	_w1x3my7q3dhv
	_1214ushdkhmd
	_l6f7j5up0k76
	_ud4jc78xuns7
	_88x2kf2x47ka
	_5cyo33e3wim
	_sof6d66d1zv6
	_c1aqie2oyc51
	_rt2gfqbovxwg
	_rw29p47872rj
	_tntqdgpz9dwy
	_q1m09iyapncf
	_8wjsi74gthcf
	_czdaoxleihtd
	_58fxpfc9rr3q
	_rt2gfqbovxwg
	_Hlk210399005
	_Hlk210399024
	_Hlk210398994
	_Hlk210744955
	_Hlk210385673
	_Hlk210720293
	_Hlk210747248
	_Hlk210397308
	_Hlk210398962
	_Hlk210752417
	_Hlk210745701
	_Hlk208298836
	_Hlk211925326
	_Hlk211926139
	_Hlk211001966
	_Hlk211928524
	_Hlk211002048
	_Hlk211002063
	_Hlk211002095
	_Hlk211002315
	_Hlk211002323
	_Hlk211525215
	_Hlk210833615
	_Hlk210839683
	_Hlk211925822
	_Hlk210983570
	_Hlk210834758
	_Hlk210840719
	_Hlk210985073
	_Hlk210915268
	_Hlk211002655
	_Hlk211237760
	_Hlk206761175
	_Hlk211422347
	_Hlk211412883
	_Hlk211237803
	_Hlk211237776
	_Hlk208556963
	_Hlk209685263
	_Hlk210147111
	_Hlk211807952
	_Hlk211809155
	_Hlk211809169
	_Hlk211812980
	_Hlk211816525
	_Hlk211816802
	_Hlk210130656
	_Hlk211457019
	_Hlk211371212
	_Hlk212583707
	_Hlk212550401
	_Hlk213396395
	_Hlk208556963
	_Ref12617844
	_Ref12667490
	_Hlk214449322
	_Hlk213396395
	_Hlk214041989
	_Hlk208556963
	_Hlk213887684
	_Hlk214018036
	_Hlk213892252
	_Hlk213888023
	_Hlk213973825
	_Hlk213868469
	_Hlk213888160
	_Hlk213875272
	_Hlk213893147
	_Hlk213875415
	_Hlk213893507
	_Hlk213974040
	_Hlk212462728
	_Hlk213875615
	_Hlk213884250
	_Hlk213887499
	_Hlk213884570
	_Hlk213971916
	_Hlk213885105
	_Hlk213887665
	_Hlk213891466
	_Hlk212393600
	_Hlk214018345
	_Hlk214018296
	_Hlk214828430
	_Hlk214828960
	_Hlk214831594
	_Hlk214831561
	_Hlk214831512
	_Hlk214832475
	_Hlk214831359
	_Hlk211978113

