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ABSTRACT

Avocado is a traditional fruit in the diet of Ecuadorians and requires proper management to ensure its production.
The implementation of new technological alternatives, such as the use of spectroscopy indices, allows obtaining data that,
when correlated, will optimize crop management. This research validated the use of plant indices based on the red band
and near infrared with foliar nitrogen content. The following plant indices were used: normalized difference vegetation
index (NDVI) and transformed vegetation index (TVI) from two orthomosaics obtained from images capturing red band
and near infrared in avocado plantations. Regressions and correlations were performed between the vegetation indices
and the results of the foliar analysis of nitrogen content, generating R? values of 0.93 for NDVI and 0.95 for TVI. Plant

index values can be used to estimate plant vigor based on foliar nitrogen content.
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typical dishes of the world cuisine and is generally
1. Introduction consumed fresh. In Ecuador, the main avocado pro-
ducing areas are Carchi, Imbabura, Pichincha, Tun-

Avocado (Persea americana Mill.) is a tradi- gurahua, Azuay and Loja (Viera et al., 2016). Ac-

tional fruit in the diet of Ecuadorians, its delicate fla- cording to agricultural statistics data for 2018 and

vor becomes the perfect complement to accompany 2019, about 6, 164 and 7, 125 ha of avocado were

ARTICLE INFO
Received: May 7, 2022 | Accepted: June 14, 2022 | Available online: July 3, 2022

CITATION

Barahona AMG, Arroyo WFV, Cruz DFC et al. Application of plant indices (red band and near infrared) in avocado plantations. Advanced Mod-
ern Agriculture 2022; 3(2):10 pages.

COPYRIGHT
Copyright © 2022 by author(s) and Asia Pacific Academy of Science Pte. Ltd. This is an Open Access article distributed under the terms of the

Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), permitting distribution and reproduction in any medium,
provided the original work is cited.



Application of plant indices (ved band and near infrared) in avocado plantations

cultivated, respectively, with an average production
of2.9 and 3.7 t ha—1, respectively (Instituto Nacional
de Estadistica y Censos [INEC] 2018; 2019). Unfor-
tunately, the increase in the number of trees does not
guarantee a proportional increase in production; in
the case of avocado, it is due to the lack of imple-
mentation of adequate agronomic management (fer-
tilization, irrigation, phytosanitary controls and cul-
tural work) and the implementation of new
technological alternatives that allow a significant in-
crease in production (Viera et al., 2016).

Traditional agriculture is vulnerable to different
climatic phenomena and to the occurrence of pests,
which are increasingly harmful and resilient to tradi-
tional agrochemicals. The use of new technologies in
agriculture is aimed at improving production and re-
ducing costs (Berrio Meneses et al., 2018).

The evaluation of some physiological charac-
teristics that reflect the health, nutritional and water
status of plants requires sophisticated instruments
that allow establishing a systematic measurement to
analyze the changes or variations of plants in re-
sponse to certain stimuli such as the addition of nu-
trients or some other factor that limits or promotes
their development. Currently, there are several spec-
troscopy indices that are used in the evaluation of
the behavior of some crops (Lopez-Aguilar et al.,
2016) and they can be related to important elements
for plant nutrition, being nitrogen one of the most
relevant for avocado crop development (Gaona et al.,
2020; Viera et al., 2021).

For the use of these indices, access to orthopho-
tos using traditional multispectral sensors has been
an obstacle, given the acquisition costs, information
and number of bands generated by this equipment.
However, the application of a modified camera for
only red-band and near-infrared detection reduces
the cost, since it uses bands reflected by the plant sur-
face; this technology allows monitoring of sowings,
nutritional diagnosis and yield prediction in several
crops (Zheng et al., 2018).

The use of unmanned aerial vehicles, equipped

with multispectral cameras, makes it possible to ob-
tain information of an entire plantation with a very
precise resolution, allowing the calculation of indi-
ces in order to integrate information on different
plant aspects (Vilanova de la Torre et al., 2018).

The processing of images with information per
pixel to obtain plant indices is mostly provided by
licensed software (Martinez and Mendoza Espafia,
2014); therefore, this research made use of free soft-
ware (QGis 2.18, Agisoft Photo Scan and
DroneDeploy) for the elaboration and punctual ma-
trix processing of images with different plant indices:
Normalized Difference Vegetation Index (NDVI)
and Transformed Vegetation Index (TVI), obtaining
a tool to know the state of vigor of fruit species crops.
Therefore, the objective of this study was to validate
a method to obtain avocado vegetation indices based
on the red band and near infrared and correlate them
with a scale of visual vigor and foliar nitrogen con-
tent.

2. Materials and methods

2.1. Location of the experimental site

The avocado plantation (4.673 m2) is located at
the Tumbaco experimental farm of the National In-
stitute of Agricultural Research [INIAP], within the
province of Pichincha, canton Quito, coordinates:
0°12'54.19" south, 78°24'48.484" west; 0°12'54.19"
south, 78°24'36.543" west, with an annual precipita-
tion of 900 mm, relative humidity 75%, average an-
nual temperature of 18 °C, soil order Andisol, sandy
loam texture, slope from 2 to 5%, undulating relief.

2.2. Field image collection

Images were taken using DroneDeploy soft-
ware, designing the route to be followed by the drone
(Inspire 1 model, GLONASS + GPS system) over
the plantations under study. In addition, the height at
which the drone was raised (70 m) was programmed,
and the route to be followed by the drone was used
for two flights, the first with the RGB camera
(Zenmuse X3) and the second with the red detection
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and near infrared camera (Zenmuse X3 DJI). The
photograph obtained with the RGB camera allowed
the visualization of the lot and this was placed over
the red and infrared photograph to recognize the con-
trol trees. The flights were carried out at midday
(12:00m) in order to avoid shadows generated by the
trees that could affect the data.

2.3. Orthomosaic classification (RGB, red
and near infrared detection)

Before starting the classification of the images
taken in the field, it was decided to generate a file
containing all the images captured by the drone; this
was done with Agisoft Photo Scan software, whose
program used the coordinates that each image con-
tains to generate a single file.

* Image calibration: Agisoft Photo Scan
software generated information from the
red (RED) and near infrared (NIR) bands,
information that was uploaded into the
QGis program to perform light calibration
using the QGis add-on, called MAPIR,
which reduces the error in the image pro-
duced by the effect of solar radiation that
distorts the information of each pixel and
generates loss of true information (Figure

1.

N

A

Figure 1. Light calibration in the QGis program

TVI = fﬁ5159~+05 [1]
NIR+RED

¢ Calculation of the Transformed Vegeta-
tion Index (TVI): It was calculated using
the equation [1].

2.4. Sample calculation

The avocado plot consisted of a total population
of 68 trees, information that was used to determine
the sample size using equation [2].

z** p(L-p)
2
Sample size = € 2
1. [ pd-p) )
e’N

Where, N is the population size, z is the confi-
dence level, p is the probability of success, and e is
the margin of error. The confidence level used was
95%, with a margin of error of 10%, obtaining a sam-
ple of 39 trees.

2.5. Control trees

In the trees defined as controls, plant indices
(NDVI and TVI) were measured to determine their
state of vigor. In addition, leaf samples were taken
from these trees to determine their nitrogen content
and to corroborate the values of the indices with the
nitrogen content by means of a regression, in order
to establish the reliability of the indices. For the se-
lection of the control trees, categories (large, inter-
mediate and small) were established based on the di-
ameter of the tree crown. The equatorial diameter
was measured from the north to the south end of the
tree crown. Trees with a crown smaller than 2 m were
considered as small crown, between 2 and 4 m as in-
termediate crown, and larger than 4 m as large crown.
This variable was chosen for categorization because
leaf area is directly related to the results of the spec-
tral images. In addition, the height of the plant (m)
from ground level to the tip of the crown and the di-
ameter of the stem (m) at a height of 1.2 m from the
ground were measured in the control trees.

2.6. Calculation of individual statistics in each
tree

Once the orthomosaic of red and near infra-
red bands was given a classification for each index
applied, we proceeded to establish the value of the
indexes for each control tree, for which a Shape file
was generated in the QGis program, with which the
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crowns of the control trees were traced. This process
was carried out so that the Shape file acts as a mask
layer on the orthomosaic, creating a table of contents
that only obtains information from a specific area of
the layer classified with the applied indexes, gener-
ating an average per pixel of the canopies of the con-
trol trees.

2.7. Sampling for foliar analysis

For leaf analysis, leaves were selected from
those at the average height of the canopy and those
distributed around the entire canopy, taking approxi-
mately 100 g of leaves per tree. The leaves sampled
were mature and were taken with petiole and
leaf blade, from branches without fruit. Leaf samples
were collected in paper bags with the respective
identification, stored in airtight containers and previ-
ously dried with absorbent paper (Campos Le6n and
Calderon Zaragoza, 2015), and then sent to the IN-
IAP Soil and Water laboratory, where they were pro-
cessed to determine total nitrogen using the Kjeldahl
method.

2.8. Statistical relationship between results of
plant indices and foliar nitrogen analysis

The evaluation of the selected trees was carried
out by comparing the nitrogen content data with their
respective plant index value, for which a regression
analysis was performed between the index values for
each control tree with its respective nitrogen concen-
tration, which allowed determining the level of vigor
in the plantation.

3. Results and discussion

3.1. Image registration

As a result of image registration, 188 photo-
graphs were obtained for each orthomosaic (Figure
2). Each individual photograph has 40, 000 reference
points in order to accurately generate each mosaic. A
total of 376 photographs were recorded for the two
orthomosaics used (red and near infrared and RGB),
which were calibrated for interpretation.

XS,

Figure 2. A. Flight plan programmed by DroneDeploy. B. Calibrated image (right). Scale 1:2500
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Figure 3. NDVI generated for the evaluated avocado plot. Scale 1:500

3.2. NDVI for avocado trees

As a result of the equation, a gray-scale NDVI
layer was obtained for all the plots, which was as-
signed a different color range to easily identify the
indices generated, with values greater than 0.1 for the
NDVI index representing the plant material
(Meneses Tovar, 2012; Piscoya Pérez, 2019). NDVI
values ranging from —0.65 to 0.26 were obtained
(Figure 3); it should be mentioned that the images
were recorded in the dry season generating low
NDVI values and that the negative values were due

to the fact that there were dead (dry) trees in the plot
due to root wilt attack, but they had not been re-
moved from the field. Studies by Escobar Pardo
(2015) and Crusiol et al. (2017), in studies conducted
on banana (Musa AAA Simmonds) and soybean
(Glycine max), respectively, determined that NDVI
tends to vary according to the phenological stage in
which the crop is found. If the plant is in a productive
phase, NDVI values will decrease, since the concen-
tration of nutrients is directed from the leaves to the
fruit.

N
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Figure 4. TVI generated for the avocado plot. Scale 1:500

Table 1. Classification of avocado control trees based on tree crown diameter

Code* Crown diameter  Plant height  Shaft diameter Code* Crown diameter Plant height (m) Shaft diameter
(m) (m) (m) (m) (m)
CGl1 4,82 3,47 1,06 Clo 3,21 4,06 0, 90
CG2 5,17 2,98 1,30 C17 3,52 3,37 1,50
CG3 5,14 2,57 0, 80 CI8 3,93 3,04 0, 89
CG4 4,31 4,09 0,99 CI9 3,17 3,81 1,04
CGs5 4,14 3,48 1,58 CI10 3,61 3,42 1,30
CG6 5,07 3,07 1,10 CIl1 3,17 4,30 1,36
CG7 4,17 2,52 1,01 CI12 3,19 3,69 1,11
CG8 4,21 4,56 1,49 CI13 3,17 2,81 1,11
CG9 5,17 3,94 1,21 CP1 2,62 4,83 1,54
CG10 4,19 3,81 1,05 CP2 2,96 3,72 0, 87
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CG11 5,17 3,18 1,12
CG12 4, 81 3,59 1,24
GC13 4,01 3,68 1,26
CG14 4,10 2,7 0,70
CG15 4,24 3,93 1,15
CIl 3,17 2,46 0, 87
CI2 3,67 3,17 1,48
CI3 3,71 4,51 1,47
Cl4 3,89 3,81 1,35
CI5 3,89 3,72 0,71

CP3 2,69 3,26 1,30
CP4 2,47 3,12 0,95
CP5 2,86 3,05 0,99
CP6 2,72 3,96 1,06
CP7 2,91 4,37 0,95
CP8 2,62 3,19 1,25
CP9 2,04 3,62 1,16
CP10 2,43 3,89 0,71
CP11 2,71 3,41 0,95

* Categories: CG = large, CI = intermediate, CP = small.

3.3. TVI for avocado trees

As a result of the TVI equation, the gray scale
layer was obtained, where a different color range was
assigned to identify more easily the generated in-
dexes. TVI values do not usually differ from NDVI
values; in the case of TVI, a factor of 0.5 was in-
cluded, which generates positive values for the indi-
ces obtained. Values greater than 0.6 reflect vegeta-
tion and as long as this value is close to 1 it represents
plant material with higher chlorophyll accumulation
(Juzga Solanilla, 2016). The TVI index identified the
presence of chlorophyll in the canopy of avocado
trees which obtained values from 0.01 to 0.95 (Fig-
ure 4). Pat Lopez (2015) determined that the values
of plant indexes allow having an estimate of the cur-
rent state of vigor of the crop, including graphically.
In the study it was observed that the plants had good
vigor.

3.4. Results of control trees

A foliar analysis was performed on the avocado
control trees, for which 39 trees were selected (Fig-
ure 5), which were distributed in the previously es-
tablished categories. The control trees were catego-
rized based on crown diameter, and plant height and
stem diameter were measured (Table 1). There was
no correlation between tree crown with plant height
(-0.20) and stem diameter (0.08).

Table 2 shows the values obtained for NDVI,
TVI and foliar nitrogen content of the control trees.
For the avocado crop, nitrogen content values were
found between 1.21 to 2.46%, which is similar to that

expressed by Méndez-Garcia et al. (2008) and
Sotelo-Nava et al. (2017), who mention that the nor-
mal foliar nitrogen content in this crop is between
values of 1.60 to 2.80%, which would indicate that
the trees are in a state of intermediate vigor. The val-
ues of the plant indexes allow establishing produc-
tivity trends because they make it possible to esti-
mate, by means of reflectance, the state of vigor of
the plant, which is directly related to the nutrient con-
tent of the plant, specifically with the element nitro-
gen (Zenteno Cruz et al., 2017).

. AGUACATE

Figure 5. Distribution in the avocado control tree plots. Scale
1:500

3.5. Regression between NDVI values and re-
sults of foliar analysis

A regression was generated between NDVI val-
ues and the nitrogen content of the avocado crop
(Figure 6), showing an R? value of 0.93. Sanjerehei
(2014) obtained similar R? values (0.97) in vegeta-
tion in a similar study with spectral images. In addi-
tion, studies conducted on durum wheat (Triticum
turgidum L. var. durum) confirm the relationship be-
tween NDVI values and foliar analysis, as they also
obtained high R? values (0.87 to 0.94) (Cabrera-Bos
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Figure 6. NDVI index contrasted with foliar nitrogen content
Table 2. Values of applied rates and nitrogen content in avocado
Code* Nitrogen (%) NDVI TVI Code* Nitrogen (%) NDVI TVI
CGl1 2,19 0,13 0,31 CI6 1,42 -0,11 0,61
CG2 1,66 0,01 0,71 CI7 2,17 0,11 0,79
CG3 2,18 0,12 0,31 CI8 1,34 -0,14 0,59
CG4 1,98 0,07 0,78 CI9 2,06 0,11 0,79
CGS5 1,80 0,05 0,74 CI10 1,50 -0,03 0,67
CG6 1,82 0,07 0,76 CIl1 1,79 0,05 0,75
CG7 1,87 0,07 0,75 CII12 1,52 0,02 0,68
CG8 1,62 0,01 0,77 CI13 2,02 0,11 0,78
CG9 1,89 0,07 0,78 CP1 1,31 0,14 0,60
CGI10 1,72 0,03 0,73 CP2 1,49 -0,07 0,65
CGll1 1,60 -0,01 0,70 CP3 1,36 -0,13 0,59
CGI2 2,33 0,14 0,31 CP4 2,02 0,09 0,77
GCI13 2,23 0,13 0,32 CP5 1,70 0,02 0,72
CGl4 1,21 -0,15 0,51 CP6 2,25 0,14 0,82
CGl5 2,46 0,16 0,82 CP7 1,77 0,04 0,79
CIl 1,49 -0,05 0,65 CP8 2,24 0,13 0,30
CI2 1,43 —-0,07 0,64 CP9 1,40 0,12 0,60
C13 2,01 0,09 0,76 CP10 1,67 0,02 0,71
Cl4 1,62 0,01 0,71 CP11 1,55 -0,01 0,69
CI5 1,42 -0,09 0,62

* Categories: CG = large, CI = intermediate, CP = small.

quet et al., 2011; Vian et al., 2018). Similarly, it oc-
curred in studies conducted in maize (Zea mays)
where R? values of 0.90 were obtained (Maresma et
al., 2016). On the other hand, the study conducted by
Hashemi et al. (2013) generated R> values of
0.45, being lower than the values obtained in this
study.

The NDVI values generated can be used to es-
timate variations in the nitrogen content of avocado
trees, which would allow determining the vigor of
the plant, which, when it decreases, could be due to

a nutritional deficiency or phytosanitary problems.
According to Escobar Pardo (2015) and Casassa
Bastres (2019), in studies conducted on banana
(Musa AAA Simmonds) and forage maize (Zea mays)
determined that the interaction between nitrogen
content and plant NDVI value produced R? values of
0.72 and 0.90, respectively, indicating that these two
parameters correlate very well; However, they also
indicate that these R* values tend to vary according
to the phenological stage in which the crops are
found, with the correlation being higher in a vegeta-
tive stage and lower in a productive stage of the plant.
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Figure 7. TVI index contrasted with foliar nitrogen content

The increase in NDVI due to increased biomass
accumulation is due to increased N, availability,
which results in increased nitrogen content in the
leaves. The greater the accumulation of photosyn-
thetically active biomass, the higher the reflectance
of near-infrared radiation and the lower the reflec-
tance of red radiation, resulting in an increase in
NDVI (Smith et al., 2017).

Studies by Ramos Garcia (2015) indicate that
the reflectance of the red and infrared wavelengths
in the plant depend on factors such as: leaf size, ni-
trogen content, light absorption; however, nitrogen is
the element most related to the reflectance of the red
and near infrared bands, where it indicates that if the
plant is in a state of higher nitrogen accumulation,
the reflectance of the red and near infrared bands
will be lower, generating indexes with higher values.

3.6. Regression between TVI values and re-
sults of foliar analysis

Aregression was generated between TVI values
and the nitrogen content of the avocado crop (Fig-
ure 7), obtaining an R* value of 0.95. Studies on
corn by Hunt et al. (2013) obtained R? values (0.64)
lower than those of this study. The TVI does not
reach an upper limit, which reduces the effects of as-
ymptotic biomass saturation and makes it better for
estimating high biomass; in addition, this index is
less effective in differentiation at low biomass due to

the decreased sensitivity of the index (Prabhakara et
al., 2015). Studies conducted in coffee (Coffea ara-
bica) indicate that the physiological state of the crop
is a factor to take into account when determining the
nitrogen content and thus its values in plant indices.
This is because when the plant is in a productive
stage, where the fruits tend to extract more nitrogen
from it, and tends to reduce the nitrogen content in
the leaves, which results in a lower nitrogen content
and thus the reflectance of the red and near infrared
waves increases, generating lower values in plant in-
dices, unlike when the plant is in a vegetative growth
stage where the accumulation of nitrogen in the
leaves is greater causing lower reflectance (Rendon
Saenz and Sadehian Khalajabadi, 2018).

Pat Lopez (2015) determined regression val-
ues between nitrogen content and plant index values
in avocado, establishing R* values of 0.65, a lower
value than that obtained in this study. Our results
would indicate that a valuation can be established
with the use of plant indices, given that they express
a state of vigor similar to those expressed by the re-
sults of nitrogen content in the plant.

4. Conclusion

There was no correlation between the reference
variable (tree crown diameter) and the avocado tree
plant growth variables (plant height and stem diam-
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eter). The correlation between plant indices and ni-
trogen content obtained an acceptable R* value, so
the equations obtained in this research could be used
to estimate the content of this element in fruit tree
plantations established in areas close to the study

zone.

References

1.

Berrio Meneses, V., Alzate Veldsquez, D. F., Ramoén
Valencia, J. A., and Ramoén Valencia, J. L. (2018).
Optimization system of planning techniques in pre-
cision agriculture using drones. Revista Espacios,
39(45), 18. https://www.revis-
taespacios.com/al8v39n45/18394518 html
Cabrera-Bosquet, L., Molero, G., Stellacci, A., Bort,
J., Nogués, S., and Araus, J. (2011). NDVI as a po-
tential tool for predicting biomass, plant nitrogen
content and growth in wheat genotypes subjected to
different water and nitrogen conditions. Cereal Re-
search  Communications, 39(1), 147-159.
https://doi.org/10.1556/ crc.39.2011.1.15.

Campos Leoén, M. B., and Calderén Zaragoza, E. M.
(2015). Foliar analysis for nutritional diagnosis of
avocado plantations. Sampling. Junta de Andalucia.
Institute for Agricultural and Fisheries Research and
Training. https://www.juntadeandalucia.es/agricul-
turaypesca/ifapa/servifapa/registro-servi-
fapa/173568a2—-8844—49a7-a873-da0f7139fbe0.
Casassa Bastres, D. A. 2019. Relationship between
NDVI and nitrogen content in a forage maize crop in
the Valdivia agroecosystem. Universidad Austral de
Chile. http://cybertesis.uach.cl/tesis/uach/2019/
fac335r/doc/fac335r.pdf.

Crusiol, L. G. T., Carvalho, J. F. C., Sibaldelli, R. N.
R., Neiverth, W., Do Rio, A., Ferreira, L. C.,
Procopio, S. O., Mertz-Henning, L. M., Nepo-
muceno, A. L., Neumaier, N., and Farias, J. R. B.
(2017). NDVI variation according to the time of
measurement, sampling size, positioning of sensor
and water regime in different soybean cultivars. Pre-
cision Agriculture, 18(4), 470-490.
https://doi.org/10.1007/s11119-016-9465-6.
Escobar Pardo, O. (2015). Spectral responses to ni-
trogen and potassium fertilization in banana crop
(Musa AAA Simmonds), case Municipality Zona
Bananera. National University of Colombia.
https://repositorio.unal.edu.co/handle/unal/56137
Gaona, P., Vasquez, L., Viera, W., Morales, C., Viteri,
P., Sotomayor, A., Medina, L., Mejia, P., and
Cartagena, Y. (2020). Effect of two levels of nitrogen
and potassium applied by fertigation on growth var-
iables and macro- and micronutrient concentrations
in avocado (Persea americana Mill.) Var. Hass.
Revista Cientifica Ecuatoriana, 7(2), 41-48.
https://doi.org/10.36331/revista. v7i2.114

Hashemi, S. A., Fallah Chai, M. M., and Bayat, S.

10.

11.

12.

13.

14.

15.

16.

(2013). An analysis of vegetation indices in relation
to tree species diversity using by satellite data in the
northern forests of Iran. Arabian Journal of Geosci-
ences, 6(9), 3363-3369.
https://doi.org/10.1007/s12517-012-0576-8

Hunt, E. R., Doraiswamy, P. C., McMurtrey, J. E.,
Daughtry, C. S. T., Perry, E. M., and Akhmedov, B.
(2013). A visible band index for remote sensing leaf
chlorophyll content at the canopy scale. International
Journal of Applied Earth Observation and Geoinfor-
mation, 21, 103-112.
https://doi.org/10.1016/j.jag.2012.07.020.

National Institute of Statistics and Census [INEC]
(2018). Encuesta de superficie y produccion
agropecuaria continua—2018 [Survey of area and
continuous agricultural production—2018].
https://www.ecuadorencifras.gob.ec/encuesta-de-
superficie-y-produccion-agropecuaria-continua—
2018/.

National Institute of Statistics and Census [INEC]
(2019). Encuesta de superficie y produccion
agropecuaria continua—2019.
https://www.ecuadorencifras.gob.ec/encuesta-de-
superficie-y-produccion-agropecuaria-continua—
2019/

Juzga Solanilla, M. (2016). Comparison of vegeta-
tion indices in La Conejera hill in the city of Bogota.
Universidad Militar Nueva Granada. http://hdl.han-
dle.net/10654/15663

Lopez-Aguilar, H. A., Garcia-Pérez, J. L.,
Barrientos-Juarez, E., Goémez, J. A., and Pérez-
Hernandez, A. (2016). Non-destructive method to
assess plant vigor in nursery-grown forest species. In
International agronomy system. Durango. http://ci-
mav.repositorioinstitucional.mx/jspui/han-
dle/1004/1765

Maresma, A., Ariza, M., Martinez, E., Lloveras, J.,
and Martinez-Casasasnovas, J. A. (2016). Analysis
of vegetation indices to determine nitrogen applica-
tion and yield prediction in maize (Zea mays L.)
from a Standard UAV Service. Remote Sensing,
8(12), 973.  https://doi.org/10.3390/rs8120973.
https://doi.org/10.3390/rs8120973

Martinez, J. M., and Mendoza Espaiia, M. C. (2014).
Balance and perspectives of the use of remote sens-
ing for the study of water resources in the TDPS sys-
tem. In M. Pouilly, X. Lazzaro, D. Point, and M.
Aguirre (eds.), Knowledge baseline on hydrological
and hydrobiological resources in the TDPS system
with focus on the Lake Titicaca basin (pp. 81-95).
IUCN and IRD. http://www.documenta-
tion.ird.fr/hor/fdi:010062841

Méndez-Garcia, T., Palacios-Mayorga, S., and
Rodriguez-Dominguez, L. (2008). Soil, foliar and
water quality analysis for avocado cultivation. Terra
Latinoamericana, 26(1), 75-84. https://www.terrala-
tinoamericana.org.mx/index.php/terra/arti-
cle/view/1375. https://www.terralatinoameri-
cana.org.mx/index.php/terra/article/view/1375



Application of plant indices (ved band and near infrared) in avocado plantations

17.

18.

19.

20.

21.

22.

23.

24.

25.

Meneses Tovar, C. L. (2012). The normalized differ-
ential vegetation index as an indicator of forest deg-
radation. Unasylva: International journal of forestry
and  forest industries,  62(238), 39-46.
https://www.fao.org/3/12560s/i12560s07.pdf

Pat Lopez, E. R. (2015). Nutritional levels, color and
spectral reflectance of tree leaves in avocado (Persea
americana) orchards in Michoacan. University of
Quintana  Roo.  http://risisbi.  uqroo.mx/han-
dle/20.500.12249/371.

Piscoya Pérez, L. R. (2019). Normalized difference
vegetation index (NDVI) in the district of Puquina,
Moquegua. Universidad Nacional Tecnologica de
Lima Sur.
http://repositorio.untels.edu.pe/jspui/hand-
1e/123456789/144.

Prabhakara, K., Hively, W. D., and McCarty, G. W.
(2015). Evaluating the relationship between biomass,
percent groundcover and remote sensing indices
across six winter cover crop fields in Maryland,
United States. International Journal of Applied Earth
Observation and Geoinformation, 39, 88-102.
https://doi. org/10.1016/j.jag.2015.03.002.

Ramos Garcia, C. A. (2015). Method to estimate ni-
trogen content in corn (Zea mays L.) crops based on
spectrometry. Case study: Puerto Gaitan, Meta. Na-
tional University of Colombia. https://reposito-
rio.unal.edu.co/handle/unal/56151

Rendon Saenz, J., and Sadehian Khalajabadi, S.
(2018). Application of spectral indices to identify ni-
trogen fertilization needs in coffee. Cenicafé,
69(1), 7-15. https://biblioteca.cenicafe.org/han-
dle/10778/1088

Sanjerehei, M. (2014). Assessment of spectral vege-
tation indices for estimating vegetation cover in arid
and semiarid shrublands. Range Management and
Agroforestry, 35(1), 91-100. https://www.indian-
journals. com/ijor.aspx?target=ijor:rma&vol-
ume=35&issue=1&article=015.

Smith, H. L., McAusland, L., & Murchie, E. H.
(2017). Don't ignore the green light: exploring di-
verse roles in plant processes. Journal of Experi-
mental Botany, 68(9), 2099-2110.
https://doi.org/10.1093/jxb/erx098

Sotelo-Nava, H., Hernandez-Castro, E., Villegas-
Torres, O. G., Nava, A. D., Sabino-Lopez, J. E.,
Chino-Cantor, A., Cruz Lagunas, B., and Alvarez
Vargas, D. (2017). Nutritional diagnosis of "Hass"

10

26.

27.

28.

29.

30.

31.

avocado (Persea americana Mill.) soil fertility and
water quality, in Tepoztlan, Morelos. International
Journal of Environmental & Agriculture Research,
3(1), 152—159. https://ijjoear.com/issue-detail/issue-
January—2017

Vian, A. L., Bredemeier, C., Turra, M. A., Giordano,
C.P.S., Fochesatto, E., Silva, J. A., and Drum, M. A.
(2018). Nitrogen management in wheat based on the
normalized difference vegetation index (NDVI). Ru-
ral Science, 48(9), €20170743.
https://doi.org/10.1590/0103-8478cr20170743.
https://doi.org/10.1590/0103-8478cr20170743
Viera, A., Sotomayor, A., and Viera, W. (2016). Po-
tential of avocado (Persea americana Mill) cultiva-
tion in Ecuador as a marketing alternative in the local
and international market. UPSE Scientific and Tech-
nological Journal, 3(3), 1-9.
https://doi.org/10.26423/rctu.v3i3.192.
https://doi.org/10.26423/rctu.v3i3.192

Viera, W., Cartagena, Y., Toaquiza, J., Gaona, P,
Viteri, P., Sotomayor, A., and Medina, L. (2021). Re-
sponse of 'Hass' avocado under different nitrogen
and potassium fertilizer regimes in subtropical Ecua-
dor. Acta  Horticulturae, 1327, 175-180.
https://doi.org/10.17660/ActaHortic.2021.1327.23
Vilanova de la Torre, M. M., Pérez, R., Cancela, J. J.,
Fandifo, M., Teijeiro, M. T., Rey, B. J., Miras-
Avalos, J., Pan, D., and Gonzalez, X. P. (2018). Use
of multispectral imaging for the determination of ar-
omatic quality of cv. Mencia. In Actas de Horticul-
tura. III National Symposium on Horticultural Engi-
neering, I Iberian Symposium of the SECH (pp. 171-
175). Spanish Society of Horticultural Sciences,
Communications 78. http://hdl.han-
dle.net/10261/175104

Zenteno Cruz, G. A., Palacios Vélez, E., Tijerina
Chavez, L., and Flores Magdaleno, H. (2017). Ap-
plication of remote sensing technologies for yield es-
timation in sugarcane. Revista Mexicana de Ciencias
Agricolas, 8(7), 1575-1586.
https://doi.org/10.29312/remexca.v8i7.513.

Zheng, H., Cheng, T., Li, D., Zhou, X., Yao, X., Tian,
Y., Cao, W., and Zhu, Y. (2018). Evaluation of RGB,
color-infrared and multispectral images acquired
from unmanned aerial systems for the estimation of
nitrogen accumulation in rice. Remote Sensing,
10(6), 824. https://doi.org/10.3390/rs10060824.



