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The application of remote sensing in scientific research and operational
fields is on the rise. In the past decade, the use of unmanned aerial
vehicles (UAVSs) for remote sensing has reached a significant stage.
This technology's diverse applications have opened new opportunities
for precision and intelligent agriculture. One of the key issues in
advanced agriculture is measuring and monitoring tree biological
stresses, such as water stress, nutritional stress, and pest and disease
stress. By addressing these stresses, orcharders can reduce damage,
predict yields, and manage production more effectively. As a result,
UAV remote sensing systems are increasingly replacing traditional
methods of risk assessment for biological stresses in orchards. Given
the global nature of research in this field, there is a need to summarize
findings, identify challenges, and provide technical recommendations
regarding the application of the technology. This study represents the
first comprehensive review of research on UAV monitoring of
biological stresses in orchard trees, extracted from reliable citation
databases. The results of the survey of active countries in this field,
types of trees, parameters, platforms, sensors, data analysis methods,
technical recommendations, advantages, and limitations were also
analyzed. Additionally, it provides technical recommendations, along
with detailing the advantages and limitations of UAV monitoring. The
findings of this study can serve as a valuable guide for managers,
researchers, and experts in the field.
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Fig. 1. Typical stick force with respect to velocity.
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Table 1. Monitoring biotic stresses in orchard trees using UAVS: Global and Iranian perspectives

Biotic/abiotic Analysis P Tree/crop Authors
stress type method Main findings Camera type UAV type species Country and year
Improved irrigation
L management through . UAV .
Water stress Satzgls t|S(;SaI high-spatial-resolution Hyl:ﬁgl;qeglt ral; (configuration Olive Spain Bzeorgé e[tzgl].,
Y thermal remote sensing not specified)
imagery.
Demonstrated the Zarco-
Statistical potential of this Hyperspectral, o . . Tejada et
Water stress analysis technology for stress thermal Fixed-wing Citrus Spain al., 2012
detection. [24]
SVM outperformed
Statistical other methods for
analysis; classifying different
machine disease classes; healthy . .
Huanglongbing learning and infected trees Multirotor Garcia-Ruiz
(HLB) disease (support showed distinct Multispectral (hexacopter) Citrus USA etal, 2013
: [25]
vector reflectance at 710 nm;
machine, detection accuracy
SVM) ranged from 67% to
85%.
Improved irrigation Citrus:
Statistical management through _ . almond: . Gonzalez-
Water stress : high-spatial-resolution Thermal Fixed-wing ] Spain Dugo et al.,
analysis - apricot;
thermal remote sensing 2013 [19]
- peach
imagery.
A strong relationship
was found between
calibrated imagery and Gomez-
Statistical ground-based Multirotor Candon et
Water stress analysis measurements; the Thermal (octocopter) Apple France al., 2016
method could assess [26]
water stress at the
individual-tree level.
Statistical Machine-learning
- analysis; methods outperformed . Xuefeng et
Nutr_|ent stress machine statistical methods for Multispectral Multirotor Citrus China al., 2016
(nitrogen) - . (octocopter)
learning nutrient-stress [27]
(SVM) detection.
Increasing the number
. of samples was Albetis et
dl:c:?geez(?sa:::e S;ﬁgls tg?' necessary to improve Multispectral Fixed-wing Grapevine France al., 2017
Y stress-estimation [28]
accuracy.
Demonstrated the
Statistical capability of the Multirotor . . Egeaetal.,
Water stress analysis method to detect water Thermal (quadcopter) Olive Spain 2017 [29]
stress.
Demonstrated the
Statistical capability of the Multirotor Peach; . Park et al.,
Water stress analysis method to detect water Thermal (hexacopter) nectarine Australia 2017 [30]
stress.
Demonstrated the
Statistical capability of the . Multirotor Zhao et al.,
Water stress analysis method to detect water Multispectral (quadcopter) Almond USA 2017 [31]
stress.
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An estimation accuracy Ampatzidis
Disease stress Statistical of approximately 82% - Multirotor .
(root rot) analysis was achieved using the Multispectral (quadcopter) Citrus USA et a{§221017
SVM method. =
. Demonstrated the
Huanglongbing Mach_lne capability of the - Multirotor . Dadras
. learning Multispectral Citrus Iran Javan et al.,
(HLB) disease method to detect HLB (hexacopter)
(SVM) - 2019 [18]
disease.
Machine High stress-estimation
. - accuracy was reported; . Pourazar et
Huanglongbing learning radiometric correction Multispectral Multirotor Citrus Iran al., 2019
(HLB) disease (random ) P (hexacopter) .
did not affect the [33]
forest) -
quality of the results.
The red band was
. - effective for detecting
Nutrient stress | Statistical nutrient stress; Multispectral Fixed-wing Citrus Brazil Oscoetal,
(nitrogen) analysis . 2019 [34]
detection accuracy
exceeded 87%.
Reducing tree-shadow
Nutrient stress 'I\ggfr:]ilr? ; ezfsfet;?:r? L(i(l::lrgr(':oye Hyperspectral; Vanbrabant
(chlorophyll d 9 dom f )I/d ypl sp I, Fixed-wing Apple; pear | Belgium | etal., 2020
status) (random random forest cou multispectra [35]
forest) discriminate among ==
different stress levels.
Fire blight 'I\ggrc:i':e Detection accuracy Multispectral Multirotor Pear Iran Bagheri,
disease (SVM? exceeded 95%. P (quadcopter) 2020 [36]
ll\ggf:ilr?e Disease-detection Multirotor Kerkech et
Mildew disease 9 accuracy exceeded Multispectral Grapevine France al., 2020
(degp 92% (quadcopter) [37]
learning) ) o
An accuracy exceeding
Huanglongbing Statistical 97% was reported using . Multirotor . . Lanetal.,
(HLB) disease analysis an artificial neural Multispectral (quadcopter) Citrus China 2020 [38]
network (ANN).
Aerial multispectral
imaging was reported to Peach (as
detect disease in pear Fixed-wing; rovided; Schoofs et
Fire blight Statistical trees; wavelengths of Hyperspectral; multiroto?’ P verify ' Belgium al. 2020
disease analysis 611 and 741 nm were visible : g .
. e (octocopter) against [39]
identified for source)
distinguishing diseased
trees.
A stress-estimation
model with accuracy
i 0,
Fusarium wilt Statistical exceedmg.BOA)Iw as Multi I Multirotor B Chi Yeetal,
disease analysis ~ reported; results ultispectra (quadcopter) anana ina 2020 [40]
improved when spatial
resolution was finer
than 2 m.
Xylella Statistical cl:;egg)ci)lr}%t/r?)tfegetr?sl Multirotor Castrignano
fastidiosa : - - Multispectral Olive Italy etal., 2021
. analysis multispectral imagery (quadcopter)
disease . [41]
to detect the disease.
UAVs were described
Machine as a rapid, cost-
learning effective approach to Multirotor Gautam et
Water stress (ANN; water-stress estimation; Multispectral Grapevine | Australia al., 2021
. (hexacopter)
random random forest achieved [42]
forest) accuracy exceeding

67%.
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Aerial multispectral
imaging combined with
Machine Al-based processing
. learning was identified as an . Multirotor . Costa et al.,
Nutrient stress (deep effective approach to Multispectral (quadcopter) Citrus USA 2022 [43]
learning) nutrient-stress
detection; reported
accuracy was 87%.
Machine
Disease stress learning A disease-stress Pereira et
(SVM; estimation approach - Multirotor .
(nemayode random based on random forest Multispectral (quadcopter) Coffee Brazil al., 2022
detection) : [44]
forest; was reported.
ANN)
Machine Multispectral imaging
learning was rer;ortebdI toh T " |
Fire blight : estimate fire blight; . ultirotor . iaoetal.,
disease r(zfn\élc\)/lﬁ random forest achieved Multispectral (quadcopter) Apple China 2022 [45]
forest) higher accuracy (94%)
than SVM.
The method could
Machine distinguish trees in
Basal stem rot learning densely planted stands Visible- o . . Kentetal.,
disease (deep and detect disease spectrum Fixed-wing Oil palm Indonesia 2023 [46]
learning) symptoms at early
stages.
. -, Miraki et
Stress type not Random Overall stress-detection Visible- Multirotor Citrus Iran al., 2022
specified forest accuracy was 69%. spectrum [21]
Pest-detection accuracy
was 96%; accuracy Hadipour
. . Deep decreased by 13 Visible- . . .
Pest infestation learning percentage points as spectrum Multirotor Citrus Iran Rzotl)<2r12| e[z]l.,
UAV flight speed
increased.
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Table 2. A Review of research on UAV-based monitoring of biotic stresses in orchard trees in Iran and Worldwide.

Tree Camera Analysis -
Stress Type Species UAV Type Type Method Overall Findings
Olive (2); Unmanned - Improved irrigation management through the
citrus (2)Z aerial vehicle use of high-spatial-resolution thermal remote
' P - sensing imagery (2)
almond 1); fixed- Statistical - . .
(2); peach (W)ing @) Thermal (6); methods - Feasibility of stress d_etect_lon using UAV-
Water stress: [19], (2); apricot | multirotor (5): | multispectral ); ) Establ?sahsrenisteg?:g%gr:n%ae(f;[ionshi
[24], [26], [30], [29], (2); octocopter (2); Modern : ) 9 P
: : between calibrated imagery and ground-based
[31], [42] nectarine (2), hyperspectral machine data (1)
(1);(f)r?ple hexz(ag;) pter @ Iea(T)mg - Effectiveness of the method in detecting water
s ! stress (4)
grapevine quadcopter -Introduction of the method as a cost-effective and
1) )
rapid approach for estimating water stress (1)
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Statistical
methods - Better performance of machine learning methods
3); than statistical methods in detecting nutritional
. . Fixed-wing . classical stress (3)
- . - e ; multirotor ; machine - Suitability of the method for monitoring tree
Nutritional stress Cplltsrti?:tg?g 3 I Multg;ectral hi Suitability of th hod f itori
- . (2): octocopter ! learning health
(27], [34-35], [43] (1()1,)’ ngl(el) (1), quadcopter hyper(slp)ectral 2); - Achievement of a detection accuracy of more
P 1) modern than 87% (2)
machine - Potential to improve detection accuracy by
learning reducing tree shadows
@
- Need to increase the number of samples to
improve stress estimation accuracy
- Effectiveness of the method in detecting disease-
) Statistical related stress (5)
Citrus (6); methods - Radiometric correction does not affect the
grapevine ) ) ): quality of the results
) (2); pear Fixed-wing Multispectral | classical - Achievement of disease detection accuracy
Disease-related stress: (1); apple (3); multirotor (12): visible- machine ranging from 80% to 97% (3)
[18], [22], [25], [28], (1); peach (13): specirum @); leaming | - Better results when the spatial resolution is finer
(32-33], [36-41], [44- | (1); banana | quadcopter (9), | o cooctral (5): than 2 m
46] (1); olive | hexacopter (3), ) modern - Higher accuracy using the random forest method
(1); coffee | octocopter (1) machine than the support vector machine (SVM) method
(2); paim learning . 2 .
(1) (6) - Capability to detect symptoms during the early
stages of disease
- Pest detection accuracy of 96%
- A 13% reduction in accuracy as UAV flight
speed increases
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monitoring of biotic stresses in orchards across different
continents.
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