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Transformative Role of Remote Sensing in Advancing Horticulture:

Optimizing Sustainability, Efficiency and Resilience

Abstract

The field of horticulture, vital for addressing global challenges like food security and
sustainable agriculture, has been revolutionized by remote sensing technology. This
comprehensive review explores the transformative impact of remote sensing on horticulture,
emphasizing its role in optimizing resource utilization, promoting environmental sustainability,
and mitigating the effects of climate change. Remote sensing, encompassing a range of sensors,
satellites, and data analysis techniques, enables the collection of critical information from a
distance, providing insights into crop health, soil conditions, water availability, and more.
Precision agriculture, including the use of GPS and GIS, is integrated with remote sensing to
enhance agricultural efficiency while minimizing environmental impacts. Site-Specific Crop
Management (SSCM) is highlighted as a key component of precision agriculture, enabled by
geospatial technologies, including remote sensing. It discusses how remote sensing systems, with
their multispectral and multi-temporal capabilities, support various horticultural applications
such as crop yield estimation, abiotic and biotic stress management, crop classification, canopy
measurement, crop area estimation, and even crop insurance validation. The use of Geographic
Information Systems (GIS) and the Global Positioning System (GPS) in tandem with remote

sensing is explored in the context of spatial analysis, mapping, and precise navigation.
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Introduction

Remote sensing has ushered in a new era of precision and efficiency in the field of
horticulture, fundamentally altering the way we perceive, analyze, and manage crop systems and
their surrounding environments. Horticulture, the art and science of cultivating fruits, vegetables,

ornamental plants, and high-value crops, holds paramount importance in addressing global



challenges such as food security, nutritional diversity, and sustainable agriculture. However, the
practice of horticulture is confronted with an intricate web of challenges, including the
optimization of resource utilization, the promotion of environmental sustainability, and the
mitigation of climate change impacts. In this context, remote sensing technology has emerged as
an indispensable tool for horticulturalists, farmers, and researchers [1,2]. Remote sensing
encompasses a diverse array of sensors, satellite platforms, and sophisticated data analysis
techniques that enable the collection and interpretation of crucial information from a distance [3].
These tools provide a unique vantage point, allowing us to acquire critical insights into crop
health, soil conditions, water availability, pest infestations, and various other factors that
influence horticultural outcomes [4]. Armed with this information, stakeholders can make data-
driven decisions that not only boost crop yields but also foster sustainable practices, conserving
resources and contributing to global food security [5,6]. Precision agriculture, also known as
precision farming, encompasses a range of technological components, including the Global
Positioning System (GPS), Geographic Information Systems (GIS), and remote sensing. This
integrated system aims to enhance the overall efficiency of agricultural production while
simultaneously mitigating the adverse environmental impacts associated with excessive chemical
use [7,8,9]. Site-Specific Crop Management (SSCM) serves as a valuable instrument in
achieving precision agriculture. It encompasses various elements such as spatial referencing,
monitoring crops and weather conditions, mapping attributes, employing decision support
systems, and implementing targeted actions based on differentials [10,11]. Conducting Site-
Specific Crop Management (SSCM) requires the utilization of geospatial technologies, which
consist of four distinct tools. Among these tools, remote sensing holds a crucial role, alongside
geographic information systems (GIS), global positioning systems (GPS), and information
technology or data management [12,13,14,11]. The implementation of Site-Specific Crop
Management (SSCM) in horticultural crops such as fruits and nuts has the potential to
significantly enhance productivity while optimizing the efficient utilization of resources [15,11].
Unlocking Insights from Afar: Remote Sensing

Remote sensing is the scientific practice of acquiring information regarding objects or
regions remotely, often utilizing aircraft or satellites (NOAA). It involves the detection and
observation of physical attributes of a specific area by gauging the radiation reflected and

emitted from that area, all from a considerable distance. In the realm of Remote Sensing



Systems, there are four fundamental elements employed to collect and document data about a
location remotely. These elements encompass the energy source, the pathway of transmission,
the designated target, and the satellite-based sensor [16,11,17,18]. Precision agriculture benefits
significantly from this technology, as it can readily provide field parameter data. Typically, we
observe sunlight's reflection, which encompasses ultraviolet wavelengths, visible light (including
Red, Green, and Blue), and infrared rays. Information regarding the earth's surface and various
specific objects is derived from the reflection, dispersion, or refraction of light. When the objects
are exposed to the electromagnetic spectrum (comprising the Visible, Near-Infrared, Short-Wave
Infrared, and microwave regions), they react differently. This differentiation allows for the
identification of soil, vegetation, water bodies, and other elements found on the earth's surface
[19,3,18]. Remote sensing systems offer precise databases on the spectral characteristics of crops
and their surrounding environment, including soil and atmospheric conditions. This is made
possible due to their regular, comprehensive, multispectral, and multi-temporal coverage of
specific areas. These systems find diverse applications, such as crop inventory, assessment of
crop health and condition, forecasts of crop production, evaluation of fruit quality, measurement
of parameters like leaf area index and crown cover, monitoring the growth and well-being of
horticultural crops, assessing damage from droughts and floods, as well as overseeing and
managing rangelands and irrigated lands [20,21,22]. The mapping of orchards and spatial
assessment through geospatial technology can offer supplementary insights for effective
implementation of site-specific crop management (SSCM). This includes the identification of
orchard boundaries and utilizing spatial analysis to enhance decision-making processes. It aids in
determining fruit yields, accurately quantifying and scheduling fertilizer and irrigation
requirements, as well as optimizing the application of pesticides for pest and disease control. All
of these applications have the potential to boost net returns and optimize resource utilization in
orchard management [23,15,22].
GIS Technology: Mapping and Spatial Analysis

A Geographic Information System (GIS) is a pivotal system comprising a meticulously
organized ensemble of computer hardware, software, geographic data, and personnel. Its primary
purpose is to efficiently acquire, store, update, manipulate, analyze, and present various forms of
geographically referenced information [8]. The domain of GIS encompasses both data

management and modeling, thereby facilitating a transition from conventional mapping to spatial



reasoning. Within GIS, there exists a foundational base map that encompasses vital geospatial
details such as topographical features, soil classifications, nutrient levels, soil moisture content,
pH levels, fertility status, and maps indicating weed and pest intensities. Furthermore, GIS has
the capacity to seamlessly integrate diverse datasets and interface with other decision support
tools. This integration allows for the utilization of these maps and information in the application
of recommended rates of nutrients or pesticides, contributing to informed agricultural practices
[18].
Global Positioning System (GPS): A Precision Navigation Technology

GPS, or the Global Positioning System, comprises a network of satellites perpetually
transmitting coded data, enabling the precise identification of Earth-based locations by
measuring the distance from these satellites. It involves determining positions through digital
satellite data [24]. GPS technology serves as a highly accurate positioning system for
implementing variable rate technology in the field. The evolution of these diverse positioning
systems represents a significant technological leap that has transformed the concept of precision
agriculture into a tangible reality. It enables the precise control of input application, pinpointing
the exact location of agricultural equipment with near-inch accuracy, thereby facilitating the
tailored prescription of fertilizers and pesticides based on soil characteristics. In GPS, all
positional data is efficiently stored and disseminated through a singular system housed within a
central vehicle, often a tractor, streamlining various tasks [25,18]. The primary advantage of this
centralized system lies in its ability to calculate position data in alignment with specific
applications and deliver them directly to the relevant point of use [26,18].
Utilization of Remote Sensing in Horticulture

India stands out as a nation that effectively harnesses the combination of space
technology and ground-based observations to routinely produce updated statistics on crop
production, contributing significantly to the promotion of sustainable agricultural practices. The
inaugural application of remote sensing technology in India can be traced back to the coconut
wilting experiment conducted in 1970 [27,11]. Since that time, Indian researchers have made
substantial contributions to the advancement of digital image processing and the creation of
proprietary software solutions. These applications have spanned a wide array of fields, including
the development of horticulture, the estimation of crop acreage and production, the

implementation of precision farming, the analysis of cropping systems, the management of



agricultural water resources, the assessment and monitoring of drought conditions, watershed
development, mapping of soil resources, forecasting potential fishing zones, studying the impact
of climate on agriculture, and many more [28,29,30]. Some of the applications are listed below:
Remote sensing for Crop Yield Estimation

While remote sensing has been employed to estimate yields for numerous annual crops,
there has been relatively scant research conducted regarding yield estimation for fruit trees and
vegetables [31,32,33,22]. Remote sensing methodologies have the potential to furnish growers
with precise assessments of final crop yields, enabling them to discern variations in yield with a
high degree of accuracy across fields or orchards. The growing adoption of harvester-mounted
yield monitors has facilitated the collection of comprehensive yield data from fields, and remote
sensing imagery enhances the accuracy of data evaluation. Presently, commercial yield monitors
are in the developmental stages for only a limited number of crops, such as citrus, pistachio, and
tomato crops [22].
Remote sensing for abiotic stress management

Remote sensing is a potent method for observing, identifying, and quantifying how plants
react to various stresses, such as temperature fluctuations, drought conditions, flooding, salinity
issues, mineral toxicity, or infections. It's important to note that a single stress factor can have a
cascading impact on a multitude of physiological processes. For instance, drought not only
triggers the closure of stomata but also diminishes the rate of photosynthesis, stunts growth,
causes wilting of leaves, and may result in the loss of essential pigments like chlorophyll. All of
these reactions can be utilized as indicators for diagnosing plant stress [22,11]. In recent times,
notable focus has been directed towards advancing multi-sensor imaging techniques for
facilitating stress identification and surveillance. These methodologies encompass a spectrum of
approaches, including the basic fusion of thermal and reflectance sensors, the integration of
sensors measuring visible reflectance and fluorescence [34], as well as the amalgamation of
fluorescence, reflectance, and thermal imaging sensors [35,36,37]. A relatively recent
development in India is the establishment of the Mahalanobis National Crop Forecast Centre
(MNCFC) under the purview of the Department of Agriculture & Cooperation within the
Ministry of Agriculture. This marks the formal institutionalization of remote sensing applications

in India. The institute plays a pivotal role in implementing two major programs of the Indian



Space Research Organization (ISRO), namely crop forecasting and drought assessment, in
addition to other initiatives aimed at evaluating agricultural activities [38,11].
Remote sensing for Biotic Stress Management

In the horticultural industry, production losses and subsequent economic setbacks
primarily result from pest infestations and diseases. Remote sensing has demonstrated its
efficacy as a valuable tool for the early detection of diseases and the identification and
management of pests and nematodes. This is achieved by detecting alterations in plant pigments,
recognizing the damage caused by pests through leaf skeletonization, and pinpointing susceptible
plant areas [22,11]. For instance, an airborne multispectral digital imaging system was developed
to assess crop canopy reflectance and density under varying degrees of phylloxera stress. In
another study, the seasonal progression of the southern root knot nematode and soilborne fungi
complex in kenaf was monitored through multi-temporal NIR videography [39]. Similarly, when
citrus canker lesions appeared on citrus leaves, there were observable changes in the spectral
reflectance of leaves within the wavelength range of 600-700nm [40]. In 1999, Hahn devised a
prediction model for mango anthracnose and late blight disease in tomatoes using NIR (Near
Infra-Red) bands. Remote sensing (RS) proves to be a faster and more cost-effective means of
mapping weeds compared to traditional ground survey techniques. RS is particularly well-suited
for mapping extensive geographical areas. Weeds with distinct biological features that can be
easily differentiated from the surrounding vegetation are ideal candidates for mapping using
lower spectral resolution imagery. On the other hand, weeds that closely resemble the spectral
characteristics of the surrounding vegetation require higher spectral resolution imagery for
accurate mapping [22]. Tang et al., (1999) [41] introduced a real-time selective herbicide
application technique, employing a texture-based weed classification method that utilizes Gabor
wavelets and neural networks.
Remote Sensing for Crop Classification

Remote sensing data can effectively distinguish major physiognomic vegetation types,
including forests, woodlands, scrublands, grasslands, and mixed vegetation, as they capture and
record the distinctive spectral traits of these types of vegetation cover. In the case of horticultural
crops, which consist of bushes, shrubs, or trees with green foliage, their spectral signatures
closely resemble those of other healthy vegetation. For instance, in Kerala, India, coconut

plantations often coexist with various other fruit crops such as jackfruit, mango, bael, and



banana. Researchers found that multispectral photography proved valuable in clearly
distinguishing each of these species from one another based on their unique color patterns [42].
An unsupervised clustering technique for image segmentation is another method that can be used
to differentiate fruit and nut trees from forest vegetation that may have similar spectral
characteristics, particularly in regions with unexpected land cover [15,22,11].
Remote Sensing for Crop Canopy Measurement

Canopy volume holds significant importance in the precise management of horticultural
crops, playing a pivotal role in the accurate application of fertilizers, irrigation, chemical
treatments, and health assessment. Additionally, it correlates directly with crop yield in the case
of tree crops [43,44]. For horticultural crops, understanding their growth stage, size, and water
requirements is particularly crucial, as many of these crops thrive in water-limited environments
and rely on irrigation. The rapid determination of mineral nutrition levels in fruit trees is
imperative for precise orchard fertilization management. In this regard, a multispectral imaging
system was developed for measuring the leaf nitrogen content of fruit trees [45]. Although
remote sensing techniques have been employed for years to estimate canopy cover in major
crops, there has been a noticeable gap in the coverage of horticultural crops [46]. Recent
findings, however, have demonstrated that remotely sensed Normalized Difference Vegetation
Index (NDVI) is correlated with canopy cover in major horticultural crops across commercial

fields with varying planting configurations and stages of maturity [46].
Remote Sensing for Crop Area Estimation

Horticultural crops often experience significant fluctuations in both production and
consumption, resulting in a highly volatile market and price structure. This unpredictability
underscores the critical need for reliable statistics regarding the area and production of
horticultural products, essential for effective market planning and the export of these produce.
Remote sensing plays a pivotal role in assessing the supply scenario. For instance, when it comes
to crops like potatoes, which are grown in extensive contiguous fields, remote sensing can
estimate their area and production with an accuracy exceeding 90% [47]. However, estimating
the area under mango orchards, particularly those with trees older than five years, is relatively
straightforward using remote sensing. In contrast, for younger mango trees, the process is more

complex due to spectral signature overlaps [22]. Similarly, mulberry exhibits spectral signatures



early in the season that closely resemble those of other vegetable crops. However, as the season

progresses, there is a noticeable distinction in these signatures [47,11].
Remote Sensing for Crop Insurance

The effects of global warming and climate change have made the climate increasingly
erratic and destructive. In such uncertain conditions, crop insurance serves as a crucial safeguard
for farmers who may suffer crop losses due to abrupt weather changes. However, it's important
to acknowledge that instances of insurance fraud do exist. To counteract this issue, insurance
companies can employ satellite images, specifically the red and infrared bands, in conjunction
with the Normalized Difference Vegetation Index (NDVI). This approach allows them to
validate seeded crops and identify potential instances of fraud [11].

Remote Sensing for Crop Health Monitoring

Remote sensing proves to be a valuable tool for assessing crop conditions through the use
of the Normalized Difference Vegetation Index (NDVI). Near-infrared radiation is employed to
detect healthy vegetation in horticulture. Healthy vegetation has the characteristic of reflecting
green light while absorbing red and blue light. NDVI is sensitive to changes in green biomass,
chlorophyll levels, and canopy water stress. This system is straightforward to implement and
particularly effective in predicting soil properties, especially when the vegetation is not densely
packed, and soil areas are visible within the vegetation. The standard formula for calculating

NDVI is expressed as follows:
NDVI = (NIR - RED) / (NIR + RED),

Where NIR and RED represent spectral reflectance measurements in the near-infrared and red or
visible regions, respectively. This vegetation index exhibits a very strong correlation with
vegetation parameters, as it captures radiation absorbed by photosynthetically active vegetation,
contributing to its reliability [48,49,50]. Furthermore, hyperspectral reflectance data obtained
from canopy reflectance can provide highly precise information for estimating crop production,

as indicated by research [51,52].

Conclusion



In conclusion, remote sensing technology has ushered in a transformative era in
horticulture, offering unparalleled precision and efficiency in managing crop systems and their
surrounding environments. Horticulture, vital for addressing global challenges like food security,
nutrition, and sustainable agriculture, faces a complex web of challenges. These challenges
include optimizing resource use, promoting environmental sustainability, and mitigating the
impacts of climate change. Remote sensing has emerged as an indispensable tool for
horticulturalists, farmers, and researchers, offering valuable insights into crop health, soil
conditions, water availability, pest infestations, and more. Remote sensing encompasses an array
of sensors, satellite platforms, and advanced data analysis techniques, enabling the collection and
interpretation of critical information from a distance. This technology empowers stakeholders to
make data-driven decisions that boost crop yields, conserve resources, and contribute to global
food security. Precision agriculture, integrating tools like GPS, GIS, and remote sensing,
enhances agricultural efficiency while mitigating environmental harm. Site-Specific Crop
Management (SSCM) is a vital component of precision agriculture, involving spatial referencing,

crop and weather monitoring, attribute mapping, decision support systems, and targeted actions.

Remote sensing plays a pivotal role in SSCM, alongside GIS, GPS, and information
technology. Its applications in horticulture span crop yield estimation, abiotic and biotic stress
management, crop classification, canopy measurement, area estimation, crop insurance fraud
detection, and crop health monitoring. Overall, remote sensing's role in horticulture is not only
transformative but also essential in addressing the multifaceted challenges of modern agriculture.
By harnessing the power of remote sensing, horticulturalists and farmers can cultivate healthier

crops, conserve resources, and contribute to a more sustainable and food-secure future.

References:

1. Laliberte AS, Rango A, Havstad KM, Paris JF, Beck RF, McNeely R and Gonzalez AL.
Object-oriented image analysis for mapping shrub encroachment from 1937 to 2003 in southern
New Mexico. Remote Sensing of Environment. 2004; 93: 198-210.

2. Carlson TN and Ripley DA. On the relation between NDVI, fractional vegetation cover, and
leaf area index. Remote Sensing of Environment.1997; 62(3): 241-252.



3. Singh M, Karada MK, Rai RK, Pratap D, Agnihotri D, Singh AK and Singh BK. A Review on
Remote Sensing as a Tool for Irrigation Monitoring and Management. International Journal of
Environment and Climate Change. 2023; 13(6): 203-211.

4. Thenkabail PS, Smith RB and De Pauw E. Hyperspectral vegetation indices and their
relationships with agricultural crop characteristics. Remote Sensing of Environment. 2000;
71(2): 158-182.

5. Bannari A, Morin D, and Bonn F. A review of vegetation indices. Remote sensing reviews.
1995; 13(1): 95-120.

6. Coppin P and Bauer ME. Change detection in forest ecosystems with remote sensing digital

imagery. Remote Sensing of Environment.1996; 13(1): 207-234.

7. Thenkabail PS, Smith RB and Pauw ED. Evaluation of narrowband and broadband vegetation
indices for determining optimal hyperspectral wavebands for agricultural crop characterization.
Photogrammetric Engineering and Remote Sensing.2002; 68(6): 607-621.

8. Karada MS, Bajpai R, Singh M, Singh AK, Agnihotri D and Singh BK. A Review on
Advances in Agriculture and Agroforestry with GPS and GIS. International Journal of Plant and
Soil Science. 2023; 35(6): 150-160.

9. Kogan FN. Global drought watch from space. Bulletin of the American Meteorological
Society.1997; 78(4): 621-636.

10. Panda SS, Hoogenboom G and Paz JO. Remote sensing and geospatial technological
applications for site-specific management of fruit and nut crops: a review. Remote Sensing.
2010; 2(8): 1973-1997.

11. Deb D, Singh AK and Kumar S. Remote sensing techniques in horticulture. In: Hi-Tech
Horticulture Volume 7: Advance Techniques (ed. S. Tyagi). New Delhi: New India Publishing
Agency. 2017; 39-48.

12. Li T, Feng Y and Li X. Predicting crop growth under different cropping and fertilizer
management practices. Agricultural and Forest Meteorology. 2009; 149: 985-998.



13. Lobell DB, Ortiz-Monasterio JI, Asner GP, Naylor RL and Falcon WP. Combining field
surveys, remote sensing, and regression trees to understand yield variations in an irrigated wheat
landscape. Agronomy Journal. 2005; 97: 241-249.

14. Magri, A. Soil test, aerial image and yield data as inputs for site-specific fertility and

hybrid management under maize. Precision. Agriculture.2005; 6: 87-110.

15. Panda SS and Hoogenboom GJP. Distinguishing blueberry bushes from mixed vegetation
land-use using high resolution satellite imagery and geospatial techniques. Computers and
Electronics in Agriculture. 2009; 67 (1-2): 51-59.

16. Singh JP, Deb D and Chaurasia RS. Use of Geo-spatial technology as an evolving technology
of 21st century for natural resource management in different region of India In Emerging Techno
-logy of 21st Century, New India Publishing Agency. 2014; pp. 449-479.

17. Plant RE. Site specific management: the application of information technology to crop
production. Computers and Electronics in Agriculture. 2001; 30: 9-29.

18. Das U, Pathak P, Meena MK and Mallikarjun N. Precision Farming a Promising Technology
in Horticulture: A Review. International journal of pure and applied bioscience. 2018; 6 (1):
1596-1606.

19. De beurs K and Townsend P. Estimating the effect of gypsy moth defoliation using MODIS.
Remote Sensing of Environment. 2008; 112: 3983-3990.

20. Min M, Ehsani R and Salyani M. Dynamic accuracy of GPS receivers in citrus orchards.
Applied Engineering in Agriculture. 2008a; 24 (6): 861-868.

21. Mondal P and Basu M. Adoption of PA technologies in India and some developing countries:
scope, present status and strategies. Progress in Natural Science. 2009; 19: 659-666.

22. Ushaa K and Singh B. Potential applications of remote sensing in horticulture-A review.
Scientia Horticulturae. 2013; 153:71-83.

23. Ray SS, Dutta S, Kundu N and Panigrahy S. A GIS and remote sensing-based approach for
siting cold storage infrastructure for horticultural crops: A case study for potato crop in
Bardhaman district, West Bengal, India. Journal of the Indian Society of Remote Sensing. 2000;
28: 171-178.

24. Singh KK and Sharma A. Remote sensing and its important role in horticulture. Agriallis-

science for agriculture and allied sector: A monthly e-newsletter. 2020; 2(9): 19-23.



25. Mondal P and Tewari VK. Present status of Precision Farming: A Review. International
Journal of Agricultural Research. 2007; 1(2): 1-10.

26. Speckmann H. Providing measured position data for agricultural machinery. Computers and
Electronics in Agriculture. 2000; 25: 87-106.

27. Pinter Jr, Paul J, Hatfield, Jerry L, Schepers, James S, Barnes Edward M, Moran M, Susan,
Daughtry, Craig ST, Upchurch and Dan R. Remote Sensing for Crop Management.
Photogrammetric Engineering and Remote Sensing. 2003; (18): 647-664.

28. Navalgund RR and Ray SS. (2000). Geomatics in natural resources management. In
Proceedings of Geomatics-2000. 21-22 January, 2000, Pune, pp. NR1-NR14.

29. Panigrahy S and Ray SS. Remote Sensing. In: Environment and Agriculture. (Eds. K.
L.Chadha and M. S. Swaminathan). Malhotra Publishing House, New Delhi. 2006; pp. 361-375.
30. Navalgund RR, Jayaraman V and Roy PS. Remote sensing applications: An overview.
Current Science. 2007; 93(12): 1747-1766.

31. Maja JM and Ehsani R. Development of a yield monitoring system for citrus mechanical
harvesting machines. Precision agriculture. 2010; 11(5): 475-487.

32. Mann KK, Schumann AW, and Obreza TA. Delineating productivity zones in a citrus grove
using citrus production, tree growth and temporally stable soil data. Precision agriculture. 2011;
12; 457-472.

33. Ehsani R and Karimi D. Yield monitors for specialty crops. Advanced engineering systems
for specialty crops: a review of precision agriculture for water, chemical, nutrient application,
and yield monitoring. Landbauforschung Vélkenrode. 2010; 340: 31-34.

34. Lenk S, Chaerle L, Pfundel EE, Langsdorf G, Hagenbeek D, Lichtenthaler HK, Van Der
Straeten D and Buschmann C. Multispectral fluorescence and reflectance imaging at the leaf
level and its possible applications. Journal of Experimental Botany. 2007; 58: 807-814.

35. Chaerle L, Hagenbeek D, Vanrobaeys X, Van Der Straeten D. Jones and Schofield early
detection of nutrient and biotic stress in Phaseolus vulgaris. International Journal of Remote
Sensing. 2007a; 28: 3479-3492.

36. Chaerle K, Leinonen I, Jones HG and Van Der Straeten D. Monitoring and screening plant
populations with combined thermal and chlorophyll fluorescence imaging. Journal of
Experimental Botany. 2007b; 58: 773-784.



37. Jones HG and Schofield P. Thermal and other remote sensing of plant stress. General and
Applied Plant Physiology. 2008;34: 19-32.

38. Ray SS, Neetu SM and Gupta S. Use of remote sensing in crop forecasting and assessment of
impact of natural disasters: operational approaches in India. Crop monitoring for improved food
security. 2014; 111-121.

39. Cook CG, Escobar DE, Everitt JH, Cavazos |, Robinson AF and Davis MR. Utilizing
airborne video imagery in kenaf management and production. Industrial Crops and Products
1999; 9:205-210.

40. Borengasser M, Gottwald TR, and Riley T. Spectral reflectance of citrus canker. In:
Proceedings of the Florida State Horticultural Society. 2001; 114:77-79.

41. Tang L, Tian LF, Steward BL and Reid JF. Texture based weed classification using gabor
wavelets andneuralnetworks for realtime selectiveherbicide applications. In: ASAE/CSAE-
SCGR Annual International Meeting, Toronto, Canada. 1999; Paper No. 993036.

42. Dakshinamurti C, Krishnamurthy B, Summanwar AS, Shanta P and Pisharoty PR. Remote
sensing for coconut wilt. In: Proceedings of International Symposium on Remote Sensing of
Environment. 1971; 1: 25-29.

43. Smart RE, Dick JK, Gravett IM and Fisher BM. Canopy management to improve grape yield
and wine quality-principles and practices. The South African Journal of Enology and Viticulture.
1990; 11 (1): 3-17.

44. Schumann AW. Using precision agriculture technology for precise placement and variable
rate fertilizer application. nutrient bmps: keeping water and nutrients in the root zone of Florida’s
horticultural crops. UF/IFAS, Apopka, FL, 2008; 13.

45. Hai QY and Gang Lv. Determination of pear leaf nitrogen content based on multi-spectral
imaging technology and multivariate calibration. Key Engineering Materials. 2011; 467-469.

46. Thomas JT, Lee F and Johnson JG. Remote sensing of canopy cover in horticultural crops.
Journal of Horticultural Science. 2008; 43(2): 333-337.



47. Nageswara Rao, PP, Ravishankar HM and Uday KN. Production estimation of horticultural
crops using irs-1d liss-iii data. Journal of the Indian Society of Remote Sensing. 2004; 32:393-
398.

48. Hao F, Zhang X, Ouyang W, Skidmore AK and Toxopeus AG. Vegetation NDVI Linked to
Temperature and Precipitation in the Upper Catchments of Yellow River. Environmental
Modeling and Assessment. 2011; 17: 389-398.

49. Jensen JR. Remote Sensing of the Environment: An Earth Resource Perspective. Prentice-
Hall, NJ. 2000.

50. Tucker CJ and Sellers PJ. Satellite remote sensing of primary production. International
Journal of Remote Sensing. 1986; 7: 1395-1411.

51. Deb D, Singh JP, Rai SK. Usefulness of in-situ hyperspectral data to develop prediction
model of dual-purpose Sorghum (Sorghum bicolor (L.) Moench) grown under semi-arid
condition of India, Range Management and Agroforestry, 2014; 35(1):43-50.

52. Kumawat RK, Tiwari G, Ramakrishnan RS, Bhayal D, Debnath S, Thakur S and Bhayal L.
Remote Sensing Related Tools and their Spectral Indices Applications for Crop Management in
Precision Agriculture. International Journal of Environment and Climate Change. 2023; 13(1):
171-188.



