
© 2021

1. Introduction

Biotic stress in plants is caused by living organisms, specifically 
fungi, nematodes, insects, arachnids, viruses, bacteria, and 
weeds. It causes a significant deviation from the optimal 
conditions for plant growth. In agriculture, biotic stress is a 
substantial cause of pre- and postharvest losses, which can 
reduce production capacity significantly. Oerke and Dehne 
(2004), estimated a 14% loss of world food production by 
diseases, insects, and weeds.
The identification of the stress and their symptoms on time 
is very crucial. Assessment of loss by pest and disease of 
crop plants is being traditionally done by a visual approach, 
i.e., relying upon the human eye and brain to assess their 
incidence. The problem with the traditional approach is 
that they are often time-consuming, labour-intensive, and 
sometimes erroneous. The recent advances in remote 
sensing technologies offer ample scope for exploiting these 
technologies towards developing an alternate means that can 
enhance or supplement the traditional approaches. Besides, 
precise knowledge is also needed to apply the right amounts 
of agricultural chemicals to the affected areas at the right 
time, thereby increasing the economic and environmental 
benefits (Datt et al., 2006).
The use of remote sensing for crop disease monitoring 
and assessment started a long time ago. During 1920’s, 
aerial photography was used in detecting cotton root rot. 
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The remote sensing technique has been used for diverse applications in agriculture. 
An array of continuous narrow wavebands in the hyperspectral remote sensing 
provide an understanding of the subtle changes in biochemical and biophysical 
attributes of crops and their different physiological processes. Hyperspectral 
remote sensing has also been used in discrimination of crops and their cultivars, 
assessing abiotic and biotic stresses, quantitative estimation of crop nutrient status 
and soil health. Knowledge of biotic and abiotic conditions over large areas bears 
the potential to reduce agricultural losses in terms of productivity. Therefore, 
this article aims to present an overview of the quantification of different biotic 
and abiotic stress by remote sensing techniques and focuses on future directions 
for researchers.
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Taubenhaus et al. (1929) and Colwell (1956) first reported the 
use of infrared photographs in determining the prevalence 
of certain cereal crop diseases. Toler et al. (1981) used aerial 
colour infrared photography to detect root rot of cotton and 
wheat stem rust. The airborne cameras used in these studies 
to record the reflected electromagnetic energy were analogue 
films covering broad spectral bands. Since then, remote 
sensing technology has changed significantly.
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Figure 1: Illustration of the principle of remote sensing
The Satellite-based imaging sensors, equipped with improved 
spatial, spectral, and radiometric resolutions, offer enhanced 
capabilities over those of previous systems. Plant pathogens 
and pests can induce physiological stresses and physical 
changes in plants, such as chlorosis or yellowing (reduction in 
plant pigment), necrosis (damage of cells), abnormal growth, 
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wilting, stunting, leaf curling, etc. (Nutter and Litterell, 1996). 
These infestations change the reflectance properties of plants. 
The reflectance of healthy green vegetation is relatively low 
due to strong absorption by pigments such as chlorophyll 
in plant leaves in the visible region of the electromagnetic 
spectrum. The crop under the attack of pests and disease 
results in loss of leaf pigments thereby changes in the 
reflectance characteristics of plant leaves. Vigier et al. (2004) 
found that reflectance in the red wavelengths (675–685 nm) 
contributed the most in the detection of sclerotinia stem 

rot infection in soybeans. At about 700-1300 nm [the near-
infrared portion (NIR)], the reflection of healthy vegetation is 
significantly high. The overall reflectance in the NIR region is 
expected to be lower from the damaged/ infected leaves due 
to the cell collapse. Ausmus and Hilty (1972) studied the maize 
dwarf mosaic virus using the NIR region of electromagnetic 
radiation and concluded that these wavelengths are useful 
in the characterization of crop disease. How can we use 
the different parts of the electromagnetic radiation in crop 
research is presented in Table 1.

Table 1: Crop canopy state variables accessible from remote sensing observations in various spectral domains
Biophysical variables Visible and

near Infrared
Near and short wave 

infrared
Thermal 
infrared

Active waves
(radar)

Passive
waves

Canopy structure
Leaf area (LAI) +++ +++ + ++ +
Cover fraction ++++ ++++ ++ ++ +
fAPAR (fraction of absorbed PAR) ++++ ++ ++ ++ +
Leaf orientation ++ ++ + + +
Dimensions/height + + + + +
Canopy water content ++ ++ ++
Leaf
Water content +++ + +
Temperature ++++ +
Chlorophyll content ++++ +
The number of ‘+’ indicates the potential accuracy with which the variable can be estimated. Adopted From Baret et al. (2006).

Kumar et al. (2013) also reported that the aphid infestation 
was negatively correlated with NDVI whereas positively 
correlated with Aphid index. The spectral properties of 
vegetation are dominated by water absorption bands. Less 
water on leaves and canopies will increase the reflectance. 
Dutta et al. (2008) developed a model for mapping spatially 
distributed zones of aphid pest (Liphaphis erisimi) at a regional 
level.

2. Identification of Pest and Disease by Vegetation Index

Developing the vegetation indices are a common method in 
which reflectance data transformed into indices are used to 
detect pests and diseases. Hence, many spectral vegetation 
indices have been proposed that exhibit high correlations with 
the ecological variables collected under different environment 
condition. Spectral vegetation indices have the ability to 
decreases the noise or disturbing factors with reflectance and 
characteristics of the target objects. The most widely used and 
best known indices are developed that combine near-infrared 
(NIR) and red light in their construction. Examples of these 
type of indices are the Normalized Difference Vegetation Index 
(NDVI) = (NIR − RED) / (NIR + RED) developed by Rousel et al. 
(1973) and Simple Ratio (SR) = NIR / RED proposed by Jordan 
(1969). Many other indices have been designed (Table 2) using 

different or rearranged wavebands to diagnose the changes 
in plant phenology and physiology.
3. Differentiating Stress Induced by Greenbugs and Russian 
Wheat Aphids using Remote Sensing
The spectral vegetation indices were used for detecting 
Russian wheat aphid greenbug stresses by Riedell and 
Blackmer (1999) and Yang et al. (2005). A greenhouse study 
by Riedell and Blackmer (1999) found that leaf reflectance 
in the 625-635 nm and the 680-695 nm range were good 
indicator of chlorophyll loss; moreover, the normalized total 
pigment to chlorophyll a ratio index (NPCI = [R680 – R430) / 
(R680 + R430)] in which R680 and R430 are the reflectance 
values from band centres at 680 nm and 430 nm, respectively) 
also indicated loss of chlorophyll and leaf senescence caused 
by greenbug and Russian wheat aphid feeding on a wheat 
leaf. A multispectral study by using hand-held radiometer to 
predict greenbug densities in a greenhouse was done by Nino 
(2002). This study revealed that the correlation coefficients (r) 
between greenbug density and vegetation indices varied from 
weak (r = 0.31) to very strong (r = 0.98). A recent greenhouse 
study by Yang et al. (2005) examined the feasibility of a hand-
held radiometer to detect greenbug damage in wheat. In their 
study, the band centred at 694 nm and the vegetation indices 
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Table 2: Vegetation index and indicator stress
Index Name Formula Association with Relevant Plant 

Pigment
Reference
Example

Normalized Difference
Vegetation Index (NDVI) NDVI_705 = 

(R750-R705)
(R750-R705)

NDVI is a very typical index. 
Po s i t i ve  va l u e s  s u g ge st 
vegetated areas.

Tucker et al. 
(1979)

Photochemical Reflectance
Index (PRI) PRI = 

(R570-R531)
(R570-R531)

PRI index is a function of 
t h e  r e f l e c t a n c e  r e l a t e d 
to xanthophyll activity. If 
xanthophyll activity is high, 
the light use efficiency is low, 
that indicates possible stress.

Penuelas et al. 
(1995); Trotter et 
al. (2002)

Anthocyanin Reflectance
Index (ARI)

ARI = -
1 1( (( (R550 R700

ARI index is useful to estimate 
the stack of anthocyanin in 
aged and stressed leaves

Gitelson et al. 
(2001)

The Structure Insensitive
Pigment Index (SIPI)

SIPI = (R900-R445)
(R900-R690)

The SIPI index is the ratio of 
carotenoids to chlorophyll. It is 
very practically useful when the 
leaf area index is inconsistent.

Blackburn 
(1998)

Modified Chlorophyll
Absorption Integral (mCAI)

mCAI= (R545-R752)
2(752-545)-(∑545-752(1.159R))

The mCAI is sensitive to the 
chlorophyll content.

Laudien (2005)

Zarco-Tejada Miller (ZTM)
ZTM =

R750
R710

ZTM is a Red edge index highly 
correlated to chlorophyll 
content. 

Zarco-Tejada 
et al. (2001); 
Underwood et 
al. (2003)

The ratio of the Transformed 
Chlorophyll Absorption in 
Ref l e c ta n c e  I n d ex  a n d 
Optimized Soil-Adjusted 
Vegetation Index
(TCARI/OSAVI)

TCARI=3((R700-R670)-0.2(R700-R550)
(R700/R670))

(1+0.16) (R900-R670)
(R900+R670+0.16)

OSAVI =

It is resistant to variations 
in Leaf Area Index (LAI) and 
sensitive to chlorophyll content 
variations and its underlying 
soil background effect.

Haboudane et al. 
(2002)

computed using bands centered at 694 and 800 nm were more 
sensitive to greenbug damage in wheat crop. Further study is 
required to validate this study in the field condition.

4. Rice Sheath Blight Detection using Multispectral Remote 
Sensing

Among various applications of remote sensing in rice crop, 
most studies were focused on field area mapping and 
production estimation. Hyperspectral remote sensing is 
being used to study rice canopies for the estimation of 
plant growth by Shibayama et al. (1993). He investigated 
canopy water deficit in rice crop using a high-resolution field 
spectroradiometer, further Shibayama and Akiyama (1989) 
examined rice canopy spectra with relation to Leaf Area 
Index (LAI) and above ground biomass in the visible, near-
infrared and mid-infrared regions. Estimation of chlorophyll 
content in rice canopies and above ground net production was 
examined by Hong et al. (1997). When plants were infected 
with pathogens, their stress is expressed in reduced growth, 

change in canopy structure, and morphology of leaves. This is 
due to internal damage in the chlorophyll pigments and tissue 
structure for photosynthesis and metabolism. Consequently, 
the diseased plants will have different spectral features from 
healthy plants. Remote sensing discriminates this spectral 
difference to identify the diseased plants or patches in the 
field (Zhang et al. 2003).

Despite this potential ability, examinations of rice disease with 
remote sensing technology are not many up to present. One 
example in this aspect was the research of Yamamoto et al. 
(1995), who reported that infrared thermal image can detect 
the occurrence of rice blast disease. Blast and sheath blight 
are the two most important rice diseases that impact rice 
farming in the world (Ou, 1985). The diseased plants behave 
differently in spectral reflectance and thermal emission from 
healthy ones. Zhang et al. (2003) emphasized the possibility 
of remote sensing technology to identify the diseased plants 
through quantitative analysis of their spectral differences.
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5. Early Detection of Douglas-Fir Beetle Infestation with 
Sub-Canopy Resolution Hyperspectral Imagery
In the Western United States, British Columbia, and Mexico, 
douglas-fir beetle is considered as a deadly pest for forests 
that adversely affect the physiology and growth of trees by 
often killing them (Schmitz and Gibson, 1996; Thompson et 
al., 1996). These beetles normally attack and kill small groups 
of trees, but during outbreaks, attacks on tree groups as large 
as 100 or more are very common, especially in the dense 
forest. Early evidence of infestaion is indicated by entry holes 
in the tree trunk. After many weeks, they showing symptoms 
like chlorosis by turning yellow, then sorrel, and then finally 
reddish-brown, after that leaves began to fall from infested 
trees the year following attacks resulting in changes in leaf 
physiology and photosynthetic efficiency that affect the 
reflectance response of vegetation (Sampson et al., 1998). 
Therefore, the shape of the reflectance spectra and variables 
in width, depth, skewness, and symmetry of absorption 
features can be measured and can be to detect canopy 
stresses. In healthy, green vegetation, the edge is sharp and 
steep, but as the vegetation becomes stressed or senescence 
starts, the width of the absorption band decreases, and the 
red edge shifts towards shorter wavelengths (Clark et al., 
1995). He also reported that red edge shifts have also been 
related to stress in crops that were sprayed with defoliant 
or water-deprived. Along with red edge, other indices were 
used to estimate physiologic responses in vegetation, such as 
the Physiological Reflectance Index (PRI), which is calculated 
in the visible wavelengths which are highly correlated to 
xanthophylls pigment content. This pigment is involved in 
the part of the CO2 assimilation process in vegetation and is 
a measure of photosynthetic efficiency. Substitution of other 
reflectance bands in the PRI calculation has resulted in better 
correlation with photosynthetic efficiency in pine (Held and 
Jupp, 1999). While these previous studies have shown that 
tree stress is detectable spectrally, most have been based on 
laboratory spectra.

6. Conclusion

The characterizing biotic stress using hand-held multispectral 
radiometry is being done since long. The emergence of 
hyperspectral radiometry makes it possible to have more 
detailed information and a better understanding of the crop 
stress induced by insect pests and diseases. It is also possible 
to differentiate between biotic and abiotic stresses with 
reasonable accuracy using hyperspectral radiometry. The 
reflectance data generated through ground-based remote 
sensing provides a piece of vital information to understand 
spectral interactions between pests damage on the host 
plants. This information also enable the interpretation of 
remote sensing data obtained from hand held remote sensing 
as well as from a satellite. We access data from large spatial 
studies, but it has certain limitation like temporal and spatial 
resolution, and more importantly, availability of cloud-free 

data. Though the application of RS for biotic stress has been 
done in quite a large, but it is yet to find wide usage in many 
of the developing countries. One of the main reasons could 
be the high cost involved, availability of suitable sensors and 
technical operation.
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