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Crop Health Monitoring Through Remote
Sensing: A Review

ABSTRACT

Agriculture is basis of livelihood for a major portion of world population. It provides food to
humans. With the increasing population and climate change there is need to enhance
production to fulfil the demand of growing population. Remote sensing technology has
potential to predict nutrient requirement by providing various information related to plant and
soil in quantitative terms thereby increasing productivity. It plays important role in monitoring
crop health, crop growth and development, nutrient management, pest and disease
management, water managementand weed management. Evaluation of crop canopy provide
various information regarding agronomic parameters. The dataobtained from remote sensing
provides a better alternative for natural management than traditional methods and this kind
of management enhances efficiency of various resources by avoiding their overuse.By using
this technology, we can improve traditional methods of agriculture and bring out changes in
the field of agriculture. This paper reviews remote sensing technology for crop health
monitoring, highlighting its importance with new ideas for agriculture.
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1. INTRODUCTION

Remote sensing is a technology that enables to acquire information about any object without
coming into direct contact with the object under study[l]. Its application is transforming
management and planning in the field of agriculture. With the introduction of new
technologies, it seems a very bright future to move farm management to a next level of
production and productivity. Agriculture production can be enhanced by proper use of major
agricultural resources like water, fertilizer and pesticides, as when and where required.
Fertilizer is one of the major resources that can affect crop health, thereby reducing yield
and quality. Improper use of fertilizer leads to imbalance between organic content and
nutrients in the crop. Hence, it is important to precisely apply nutrient to enhance the fertilizer
use efficiency and reduce the loss from the farming system. This can be achieved by
monitoring crop growth and development. Monitoring agricultural crop production during the
growing season and estimating the potential crop yields are both important for the
assessment of seasonal production [2]. Unfavourable climatic condition and growing
conditions may result in variation of crop productivity. It was observed that effect of climatic
variability on cropland productivity variation based on remote sensing observations in the
Canadian Prairies was better than in-situ data [3]. Remote sensing helps to timely monitor
these conditions and provide a model of crop with precision. The monitoring of crop health
follows seasonal patterns in relation to biological life cycle of the crop. This technology




enables to collect data timely with precision without destructive sampling of the crop.
Remote sensing uses various sensors for recording data. These sensors sense the
electromagnetic radiations. These sensors are available in two forms: passive sensors and
active sensors. Passive sensors record the radiations that is reflected by the object or
emitted from the earth surface. On other hand, active sensors (e.g., LIDAR, RADAR) are
those which emits their own electromagnetic radiation [4]. In agricultural remote sensing,
most of the sensors are designed to record a specific portion of the electromagnetic
radiation. Interaction between the electromagnetic spectrum with any of the material can be
used for the qualitative and quantitative analyses of various materials [5]. Remote sensing
using space-borne sensors are tools for taking repetitive and synoptic observations. These
data can be used for various assessment and management of field [4]. This technology has
importance for the efficient utilization of available resources and to take appropriate
measures to lower the appropriate loss caused by the climatic variation or any other stress
factor. This paper reviews remote sensing and its application for crop health monitoring, its
utility and future perspective in the field of agriculture.
1. Crop health monitoring

Remote sensing is a tool for monitoring crop growth and development, nutrient deficiency,
diseases, moisture stress,water management and weed management. It can be used to
track the growth of crop at different time intervals. Timely information about crop can help to
identify the problem by various vegetative factors. It is important to understand crop
production response to agronomic management and environmental stress [6]. Vegetative
indices like Normalized difference vegetative index (NDVI) measures the greenness over the
time. It has been observed that NDVI is highly correlated with crop growth and health, and
can be used for monitoring crop condition [7]. The crop condition can be monitored by (i)
instantaneous monitoring method in which NDVI values of cropland is compared with those
of the same period in the previous year and (ii) the crop growth process monitoring method
that forms the crop growing profiles with time series NDVI images and assesses the crop
condition by comparing inter-annual crop growth profile [8]. Leaf area index (LAI) and crop
biomass are two crucial pointers of crop health and development [8]. Remote sensing data
on these pointers can assist to obtain significant information on site specific properties (e.g.,
soils, topography), management (e.g., water, nutrients and other inputs), and various stress
factors (e.g., diseases, weeds, water, and nutrient stress) [10]. The data obtained used to
estimate LAl and biomass for various crops. Several studies showed that LAl and biomass
were highly correlated with several Optical Spectral Vagetation Index (OSVIs) and Radar
Polarimetric Parameters (RPPs) [11], the LAI can be assessed from both hyperspectral and
the 3D canopy models [12], the Red Edge Position (REP) extracted from ground
hyperspectral reflectance can accurately estimate the kinnow mandarin LAI and Chlorophyll
content and this can be effectively used to assess crop health status in a wide range for real-
time nutrition management in the orchard [13]. Crop health monitoring and quantifying crop
stress due to biotic and abiotic stress can be done by using various indices for mapping and
monitoring drought. Certain factors like evapotranspiration, soil moisture and vegetation
conditions can be used to assess and monitor drought characteristics [14]. The indices for
soil moisture status in rooting zone are given in table 1.

Table 1. Various indices for soil moisture status in rooting zone

S. no. Drought indices Reference
1 PDSI (Palmer Drought Severity Index) [15,16]
2 Drought Severity Index (DSI) [17]
3 Evapotranspiration Deficit Index (ETDI) [18]
4 Standardized Precipitation and Evaporation | [19]
Index (SPEI)




From remote sensing, several drought indices can be obtained viz., Normalized Difference
Water Index [20], Crop Water Stress Index [21], Water Deficit Index [22]. It can provide a
good estimate of evaporative fraction, the ratio of ET and available radiant energy, with the
AVHRR and MODIS data [23].

Table 2. Some vegetative indices used in agriculture:

Index Application References
Normalized difference | Biomass, breeding, | [24,25,26,27,28,29,30]
vegetative (NDVI) phenotyping, yield, disease,

nitrogen management, soil
moisture, water stress.

Green NDVI (GNDVI) Water  stress,  biomass, | [31,9,32,33,34,35]
diseases

Red edge normalized | Yield, irrigation management, | [36,37,38,39,40]
difference vegetation index | N-status/application,

(RENDVI) diseases
Soil adjusted vegetation | Yield, biomass, diseases, N- | [41,9,34,42,43,44]
index (SAVI) concentration and uptake,

water stress
Ratio vegetative index Crop yield, biomass [45,9]
Normalized pigment | Water stress [46]
chlorophyll ratio  index
(NCPI)
Chlorophyll absorption ratio | Chlorophyll content [47]
index (CARI)
Chlorophyll vegetation | Crop vyield, biomass, N- | [48,49,37]
index (CVI) uptake, soil moisture, water

stress
Water balance index Irrigation scheduling [50]
Normalized difference water | Vegetation water content [49]

content (NDWI)

Normalized water index | Soil moisture and crop yield [29]
(NWI)

These indices can be used to assess the crop health and stress condition; hence these data
can be used to analyse the quality of the crop.
2. Nutrient management

For proper growth and development of crop, sufficient amount of nutrients is required at right
stage. Nutrient deficiency like in case of nitrogen, it reduces leaf chlorophyll content that
results in low light absorption. Nutrient requirement of crop plant can be estimated by
studying leaf optic properties such as fluorescence, reflectance and transmittance.
Chlorophyll fluorescence gives quick and precise information related to stress based on the
fluorescence emission pattern of leaves, tissues and even the whole plant [52]. This
emission is captured when part of light energy absorbed by chlorophyll for photosynthesis is
re-emitted when excited with UV- a near 340- 360 nm or blue-green light [53]. The
fluorescence emission at different level of plant stress was successfully detected and
imaged on different crops for deficiency of nitrogen and zinc on maize (Zea mays), as well
as heat and water stress on Zalea (Rhododendron sp.) [54]. It was observed found that
green chlorophyll index based on NIR (800 nm) and green (550 nm) wavelength were
strongly related to Chlorophyll Concentration Index (CCIl) as a measure of chlorophyll
content [55]. Plant dry matter accumulation and grain yield were observed to be pointedly
influenced by the absorption of Photosynthetically Active Radiation. It was positively related
to yield production at tillering and panicle initiation stage [56]. Thermography is also used for




nutrient deficiency. It can visualize stomatal movement without presence of an illuminizing
source [57]. A high temperature for under fertilized barley (Hordeum vulgare L.) than well
fertilized barley with nitrogen as reference nutrient was observed [58]. Reflectance in the red
and near infrared region of the electromagnetic spectrum for estimating the nitrogen
requirement of the crop using early season estimates of nitrogen uptake and potential yield
have been developed [59]. It was observed that correlation of NDVI inflection point with
Nitrogen content were found positive at maximum tillering stage followed by flowering stage,
milky stage and least in tillering initiation. The results provide nitrogen estimation through
hyperspectral instrument easily with less time consuming[60]. The NDVI increase with
increasing leaf greenness and green leaf area, and can be used as a guide for in season
nitrogen application [59]. [61] suggested that soil moisture, vegetation and soil crusts can
contribute to the conservation of soil total nitrogen.
3. Water management

Application of remote sensing for water management helps for precise application of
irrigation water, estimation of soil moisture availability, water requirement at different growth
stages and in mitigating water stress and hence, achieving optimum crop growth and yield.
Remote sensing data can help to detect variation in the field and to apply variable irrigation
with commonly used irrigation systems. This can help to overcome water stress resulting
from extremely wet and dry condition, also to get maximum uniform yield in all the parts of
the field while reducing water and nutrient losses [62,63]. Spectral reflectance in the visible
region was observed higher in water stressed condition than the non-stressed condition.
Vegetation indices like NDVI, RVI (Ratio Vegetation Index), PVI (Perpendicular Vegetative
Index) and GI (Green Index) were found lower for stressed and higher for non-stressed crop
[64]. [65] developed a high-resolution soil moisture soil temperature service that can be used
for real time decision support system in precision agriculture. Thus, this technology plays
major role in efficient use of water and it can be further enhanced by the development of
hyperspectral sensors.
4. Weed management

Remote sensing is an efficient way for mapping weed patches in crop for site specific weed
management [66]. Remote sensing with precision agriculture helps for better weed
management practices [64]. Spectral signature helps to identify and differentiate between
weed and crop plant related to their phenological and morphological attributes that are
different from the crop [67]. [68] observed that radiance ratio and NDVI values were
maximum in solid stand and minimum in solid weed plots. It was also found that pure stand
can be easily distinguished from pure weed stand of R. spinosus after 30 DAS. [69] noted
that pure wheat can be distinguished from pure population of Malva neglecta after 30 DAS
and remain distinguished upto 120 DAS and different levels of weed population can be
differentiated amongst themselves after 60 DAS. Remote sensing technology thus can be
used to identify weeds of different species and their infestation in field crops. Weed
prescription maps can be prepared with Geographical Information system (GIS), on the
basis of which farmers can be recommended for preventive control measures for weed
control.
5. Disease and pest infestation

Remote sensing is a tool for disease and pest identification, spectral reflectance for
chlorosis, yellowing of leaves and foliage reduction can be used for making correlation and
interpretation [70]. Hyperspectral remote sensing technology is helpful in rapid assessment
of physico-chemical response of crops to biotic stress like disease infestation without
destructive sampling [1]. [71] found remote sensing as an effective and inexpensive method
for pest and disease affected plant in oat and concluded that the difference can be evaluated
by canopy characteristics and spectral references. [72] worked on different types of
vegetation indices on Landsat imagery before and after defoliation for differentiating between



healthy and unhealthy vegetation cover. It monitors the disease efficiently in the early stages
of disease development, when it is difficult to distinguish the symptoms with field monitoring.
Various techniques using RGB, multi-spectral, hyperspectral, thermal, and fluorescence
imaging have been used to identify diseases in a wide range of crops [73]. Specific disease
indices will amend disease detection, identification and monitoring in precision agriculture
applications [74]. Spectral disease indices have possibility to improve disease detection,
identification and monitoring in precision agriculture applications [75]. Diseases can cause
considerable loss of crop production and thus their detection at the beginning and its spatial
extent can help to contain the disease spread and lower production losses [67].
6. Conclusion

On the basis of findings of different research workers, it can be concluded that remote
sensing can improve crop assessment and crop monitoring which can help in crop growth,
site specific nutrient management, water management, weed management and monitoring
pest and disease. This technology collects real time data with accurate position that leads to
an effective analysis of data. Thus, we can identify different problems and solutions. Farmers
can easily apply the solutions for the identified problems. Further, there is need to develop
more accurate and new methodologies to crop health monitoring, disease detection under
diverse climatic condition and field condition. Hence, vegetative indices and remote sensing
technology plays an important role in agriculture specially in the improvement of economy
through crop health monitoring.

REFERENCES

1. Kudu R, Dutta D, Nanda MK and Chakrabarty A. Near Real Time Monitoring of
Potato Late Blight Disease Severity using Field Based Hyperspectral Observation.
Smart Agric. Technol.2021; 1: 100019.

2. Doraswamy PC, Moulin S, Cook PW and Stern A. Crop Yield Assessment from
Remote Sensing. PE & RS.2003. 69: 665-674.

3. DongT, Liu J, Shang J, Quain B, Huffman T, Zhang Y, Champagne C and Daneshfar
B. Assessing the impact of Climate Variability on Cropland Productivity in the
Canadian Prairies Using Time Series MODIS FAPAR. Remote Sens. 2016; 8(4).281.

4. Navalgund RR, Jayaraman and Roy PS. Remote Sensing Applications: An
Overview. Current Science.2007; 93: 12.

5. Omania E, Bae E, Park E, Kim MS, Baek I,Kabenge | and Cho BK. Remote sensing
in field crop Monitoring: A comprehensive review of sensor Systems, Data Analyses
and Recent Advances. Remote Sens.2023; 15,
354.http://doi.org/10.3390/rs15020254.

6. PengY, Dai YL, Fang S, Gong Y, Wu X, Zhu R and Liu K. Remote prediction of yield
based on LAI estimation in oilseed rape under different planting methods and
nitrogen fertilizer applications. Agric. For. Meteorol.2019; 271 :116- 125.

7. Badhwar GD. Crop emergence date determination from spectral data. Photogram.
Eng. And Remote Sensing.1980; 46: 369-377.

8. Meng JH and Wu BF. Study on the crop condition monitoring methods with remote
sensing. Intl. Archives Photogram, Remote sensing, and Spatial Info. Sci. (Beijing,
China).2008; 37 (part B8): 945-950.

9. Zhou L, Chen N, Chen Z and Xing C. ROSCC: An efficient remote sensing
observation-sharing method based on cloud computing for soil moisture mapping in
precision agriculture. IEEE J. Sel. Top Appl. Earth Obs. Remote Sensing.2016;
5588-5598.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Compos |, Gonzalez-Gomez L,Villodre J, Calera M, Campoy J, Jimenez N, Plaza C,
Sanchez-Prieto S andCarlera A. Mapping within-field variability in wheat yield and
biomass using remote sensing vegetation indices. Precis. Agric.2019; 20: 214-236.
Jin X, Yang G, Xu X, Yang H, Feng H, Li Z, Shen J, Lan Y and Zhao C. Combined
multi-temporal optical and radar parameters for estimating LAl and biomass in winter
wheat using HJ and RADARSAR-2 data. Remote sens.2015; 7: 13251-13272.
Kalisperakis I, Stentoumis Ch, Grammatikopoulos andKarantzalos. Leaf area index
estimation in vineyard from UAV hyperspectral data, 2 D image Mosaics and 3 D
canopy surface models. The International Archives of the photogrammetry, Remote
Sensing and Spatial Information Sciences, Vol. XL-1/W4,2015. International
Conference on Unmanned Aerial Vehicles in Geomatics, 30 Aug-20 Sep 2015,
Toronto, Canada.

Ali A and Imran MM. Evaluating the potential of red edge position (REP) of
hyperspectral remote sensing data for real time estimation LAl & chlorophyll content
of Kinnow Mandarin (Citrus reticulata) fruit orchard. Sci. Hortic. Amst. 2020; 267:
109326.

Su B and Dong X. Drought monitoring and assessment using Remote sensing.
Remote Sensing of Hydrological Extremes, Springer Remote Sensing/
Photogrammery.2017; DOI 10.101007/978-3-319-43744-6_8.

Palmer WC. Meteorological drought, Research paper 45. US Department of
Commerce, Weather Bureau, Wahinghton, DC.1965.

Palmer WC. Keeping track of crop moisture conditions, nationwide: the new crop
moisture index. Weatherwise.1968; 21(4): 156-161.

Su Z, Yacob A, He Y, Boogard H, Wen J, Gao B, Roerink G and Van Diepen K.
Assessing relative soil moisture with remote sensing data: theory and experimental
validation. Phys. Chem. Earth.2003; 28(1-3)89-101.

Narasimhan B and Srinivasan R. Development and evaluation of soil moisture deficit
index (SMDI) and Evapotranspiration Deficit Index (ETDI) for agricultural drought
monitoring. Agricultural and Forest Meteorology.2005; 133(2005) 69-88.
Vitente-Serrano SM, BeguerA S and Lopez-Moreno JI. A multiscalar drought index
sensitive to global warming: The standardized precipitation evaporation index. J.
Climate. 2010; 23: 1696-1718.

Rouse JW, Haas RH, Schell JA and Deering DW. Monitoring vegetation systems in
the great plains with ERTS. Third ERTS Symposium, NASA.1973; 351(1): 309-317.
Jackson RD, Idso SB, Reginato RJ and Pinter PJ. Canopy temperature as a crop
water stress indicator. Water Resources Research.1981; 17: 1133-1138.

Moran MS, Clarke TR, Inoue Y and Vidal A. Estimating crop water deficit using the
relation between surface-air temperature and vegetation index. Remote Sens.
Environ.1994; 61(3): 319-246.

Batra N, Islam S Venturi V, Bisht G and Jiang L. Estimation and comparison of
evapotranspiration from MODIS and AVHRR sensors for clear sky days over the
southern Great Plains. Remote Sens. Environ. 2006; 103: 1-15.

Schaefer MT and Lamb DW. A combination of plant NDVI LIDAR measurements
improve the estimation of pasture biomass in tall fescue (Festuca arundinacea var.
Fletcher). Remote Sens.2016; 8: 109.

Duan T, Chapman SC, Guo Y and Zheng B. Dynamic monitoring of NDVI in wheat
agronomy and breeding trials using an unmanned aerial vehicle. Field crops Res.
2017; 210: 71-80.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hassan MA, Yang M, Rasheed A, Yang G, Renolds M, Xia X, Xiao Y and He Z. A
rapid monitoring of NDVI across the wheat growth cycle for grain yield prediction
using a multispectral UAV platform. Plant Sci. 2019; 282: 95-103.

Yuan L, Pu R, Zhang J and Yang H. Using high spatial resolution satellite imagery
for mapping powdery mildew at a reginal scale. Precis. Agric.2016; 17: 332-348.
Amaral LR, Molin JP, Portz G, Finazzi FB andCortinov L. Comparison of crop
canopy reflectance sensors used to identify sugarcane biomass and nitrogen status.
Precis Agric. 2015; 16:15-28.

Ihuoma SO and Madramootoo CA. Sensitivity of spectral vegetation indices for
monitoring water stress in tomato plants. Comput. Electron. Agric. 2019;163:
104860.

Ballester C, Zarco-Tejada PJ, Nicolas E, Alarcon JJ, Fereres E, Intrigliolo DS and
Gonzalez-Dugo VJPA. Evaluating the performance of xanthophyll, chlorophyll and
structure-sensitive spectral indices to detect water stress in five fruit tree species.
Precis. Agric. 2018; 19: 178-193.

Zhou J, Khot LR, Boydston RA, Miklas PN and Porter L. Low altititude remote
sensing Technologies for crop stress monitoring: A case study on spatial and
temporal monitoring of irrigated pinto bean. Precis. Agric. 2018; 19: 555-569.

Cao Q, Miao Y, Shen J, Yu W, Yuan F, Cheng S, Huang S, Wang H, Yang W and Liu
F. Improving in-season estimation of rice yield potential and responsiveness to top
dressing nitrogen application with crop circle active crop canopy sensor. Precis.
Agric. 2016; 17: 136-154.

Lukas V, Novac J, Neudret L,Svobodova |, Rodriguez-Moreno F, Edrees M and Kren
J. The combination UAV survey and landsat imagery for monitoring of crop vigor in
precision Agriculture. In The International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Science, Proceedings of the 2016 XXIII ISPRS
Congress, Prague, Czech Republic, 12-19 July 2016. Available online:
http://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLI-B8/953/2016/.
Khan MS, Semwal M, Sharma A and Verma RK. An Artificial neural network model
for estimating Mentha Biomass Yield using Landsat 8 OLI. Precis. Agric.2020; 21:
18-33.

Pourazar H, Samadzadegan F and Javan FD. Aerial Multispectral imagery for plant
disease detection: Radiometric calibration necessity assessment. Eur. J. Remote
Sens.2019; 52: 17-31.

De Lara A, Longchamps L and Khosla R. Soil water content and high-resolution
imagery for precision irrigation: Maize Yield. Agron J.2019; 9:174.
Martinez-Casasnovas JA, Uribeetxebarria A, Escola A and Arno J. Santinel-2
vegetation indices and apparent electrical conductivity to predict barley (Hordeum
vulgare L.) yield. In precision Agriculture; Wageningen Academic Publishers:
Wageningen, The Netherlands.2019; pp 415-421.

Siegfried J, Longchamps L and Khosla R. Multisectoral satellite imagery to quantify
in-field soil moisture variability. J. Soil Water Conserve. 2019; 74:33-40.

Shaver TM, Kruger GR and Rudnick DR. Crop canopy sensor orientation for late
season nitrogen determination in corn. J. Plant Nutri. 2017; 40: 2217-2223.
DadrasJavan F, Samadzadegan F, Pourazar SHS and Fazeli H. UAV-based
multispectral imagery for fast citrus greening detection. J. Plant Dis. Protect.2019;
126: 307-318.

Venancio LP, Mantovani EC, Do Amaral CH, Neale CMU, Goncalves 1Z, Filgueirans
R, Compos |. Forecasting corn yield at the farm level in the Brazil based on the



http://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLI-B8/953/2016/

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

FAO-66 approach and soil-Adjusted vegetation index (SAVI). Agric-water Manag.
2019; 225: 105779.

Phadikar S and Goswami J. Vegetation indices based segmentation for automatic
classification of brown spot and blast diseases of rice. In Proceedings of the 3"
International Conference on recent Advances in information technology (RAIT),
Dhanbad, India, 3 March 2016; pp. 284-289.

Lu J, Miao Y, Huang Y, Shi W, Hu X, Wang X and Wan J. Evaluating an unmanned
Areial Vehicle-based Remote Sensing System for Estimation of Rice Nitrogen
status. In Proceedings of the Forth International Conference on Agro-Geoinformatics
(Agro-geoinformatics), Istanbul, Turkey, 20 July 2015; pp 198-203.

Marino S, Cocozza C, Tognetti R and Alvino A. Use of proximal sensing and
vegetation indexes to detect the inefficient spatial allocation of drip irrigation in a
spot area of tomato field crop. Precise. Agric.2015; 16:613-629.

Ranjan R, Chandel AK, Khot LR, Bahlol HY, Zhou J, Boydston RA and Miklas PN.
Irrigated pinto bean crop stress and yield assessment using ground based low
altitude remote sensing technology. Inf. Process. Agric. 2019; 6: 502-514.

Klem K, Zahora J, Zemek F, Trunda P, Tuma | Novotna K, Hodanova P, Rapantova
b, Hanus J andVavrikova J, et al. Interactive effects of water deficit and nitrogen
nutrition on winter wheat. Remote sensing methods for their detection. Agric. Water
Manag.2018; 210: 171-184.

Liu P, Shi R and Gao W. 2018. Estimating leaf chlorophyll contents by combining
multiple spectral indices with an artificial neural network. Earth Sci. Inf. 2018. 11:
147-156.

Meng J, Xu J and You X. Optimizing soybean harvest date using HJ-1 satellite
imagery. Precis. Agric. 2015; 16: 164-179.

Shang J, Liu J, Ma B, Zaho T, Jiao X, Geng X, Huffman T, Kovacs JM and Walters
D. Mapping Spatial variability of crop growth conditions using rapid eye data in
Northern Ontario, Canada. Remote sens. Environ. 2015; 168: 113-125.

Rapaport T, Hochberg U, Cochavi A, Karnieli SC and Roberts P. The potential of the
spectral ‘water balance index’ (WABI) for crop irrigation scheduling. New Phyto.
2017; 216: 741-757.

Gao Y, Walker JP, Allahmoradi M, Moneris A, Ryu D and Jakson TJ. Optical sensing
of vegetation water content: A synthesis study. IEEE J. STARS. 2015; 8: 1456-1464.
Ac A, Malenovsky Z, Olejnickova J, Galle A, Rascher U and Mohammen G. Meta-
analysis assessing potential of steady-state chlorophyll fluorescence for remote
sensing detection of plant water, temperature and nitrogen stress. Remote Sens.
Environ.2015; 168: 420-436.

Maxwell K, and Johason GN. Chlorophyll fluorescence-A practical guide. J. EXxp.
Bot.2000; 51: 659-668.

Lang M, Litchtenthaler, Sowinskia M Heisel and Miehe JA. 1996. Fluroscence
imaging of water and temperature stress in plant leaves. J, Plant Physiol., 34: 2114-
2126.

Kumari M, Patel NR, Raj R, Saha SK and Dadhwal VK. 2012. Parametric estimation
of net photosynthesis in rice from in-situ spectral reflectance measurements. Current
Science. 103: No. 1.

Dutta SK, Fangzauv, Jena S, Nath R, Mazumder and Chakraborty PK. Absorption of
photosynthetically active radiation (PAR) and its effect on yield and dry matter
production of rice at different dates of transplanting. Journal of Crop and weed.2011;
7 (2): 138-142.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Vadivambal R and Jayas DS. Applications of thermal imaging in agriculture and food
industry- A review. Food Bioprocess Technol.2011; 4: 186-199.

Tilling AK, Oleary GJ, Ferwerda, Jones SD, Jones GJ, D Rodriguez and Belford R.
Remote sensing of nitrogen and water stress in wheat. Field crops Research.2007;
104: 77-85.

Kumar V, Naresh RK, Kumar S, Kumar S, Kumar A, Gupta RK, RS Rathore, Singh
SP, Dwivedi A, Tyagi S and Mahajan NC. Efficient nutrient management practices for
sustaining soil health and improving Rice-Wheat Productivity: A review. Journal of
Pharmacognosy and Phytochemistry. 2017; 7 (1): 585-597.

Shivagnam S, Duraisami VP, and Jagadeeswaran R. Effect of nitrogen on nitrogen
content, pigment, growth and spectral reflectance of rice. Trends in Biosciences
2015; 8(8): 0974-8, 2126-2132.

Xu Yimming, Smith SE, Grunwaid S, Elrahman AA Wani SP and Nair VD. Estimating
total nitrogen in small holder farm setting using remote sensing spectral indices and
regression kriging. Catena 2018; 163: 111-122.
http://doi.org/10.1016/J.catena.2017.12.011.

Evans RG, LaRue J, Stone KC and King BA. Adoption of site-specific variable rate
sprinkler irrigation Management systems. Irrig. Sci. 2013; 31: 871-887.

McDowell RW. Does variable rate irrigation decrease nutrient leaching losses from
grazed dairy farming? Soil Use Manag.2017; 33: 530-537.

Shanmugapriya P, Rathika S, Ramesh T and Janki P. Applications of remote sensing
in agriculture — A Review. Int. J. Curr. Microbiol. App. Sci.2019; 8 (01): 2270-2283.
Das KC, Singh J and Hazra J. Development of a high resolution soil moisture for
precision Agriculture in India. A proceedings of 14™ International Conference on
Precision Agriculture. Le Central Sheraton, Montreal, Canada.2018.

Wiess M, Jacob F andDuveillerc G. Remote sensing for agriculture applications: A
meta-review. Remote Sens. Environ.2020; 236: 111402.

Sishodhia R P, Ray RL and Singh SK. Applications of remote sensing in precision
agriculture: A Review. Remote Sens.2020; 12, 3136

Kaur R, Jaidka M and Kingra PK. Study of optimum time span for distinguishing
Rumex spinosus in wheat crop through spectral reflectance charactistics. Proc. Natl.
Acad. Sci., India, Sect. B Biol. Sci.2013.

Kaur R andJaidka M. Spectral reflectance characteristics to distinguish Malva
neglecta in wheat (Triticum aestivum). Indian Journal of Agricultural Science. 2014;
84(10): 1243-1249.

Franklin S. Remote Sensing for sustainable Forest Management Lewis publisher,
Boca Raton Florida.2001; p. 407.

Riedell WE, Osborne SL and Heseler LS. Insect pest and disease detection using
remote sensing techniques. Proceedings of 7" International Conference on
Precision Agriculture. Minneapolis MN USA. 2004.

William D, Stauffer M and Leung K. A forester’s look at the application of image
manipulation techniguesto Landsat data. In Symposium on Remote Sensing for
Vagetation Damage Assessment, February 14-16. Washington, The Society, Falls
Church, VA. 1979; pp 221-29.

Mahelin AK. Plant disease detection by imaging sensor-parallel and specific
demands for precision agriculture and plant phenotyping. Plant Dis. 2016; 100: 241-
251.



74. Mahlein AK, Rumpf T, Welke P, Dehne HW, Plumer L, Steiner U andOerke EC.
Development of spectral indices for detecting and identifying plant diseases. Remote
Sens. Environ.2013; 128:21-30.

75. AL-Saddik H, Simon J andCointault F. Development of spectral disease indices for
‘Flavescence Doree’ grapevine disease identification. Sensors. 2017; 17; 2772.



