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Hyperspectral radiometry is a technique widely employed for assessing crop condition
in ground based and satellite remote sensing. Field experiments were conducted to
detect and estimate damage caused by aphids from 30 to 70 days after sowing using
spectroradiometer (GER1500) from which canopy reflectance was recorded and
vegetation indices (VIs) were worked out. The reflectance values decreased in near
infrared (770-860nm) while increased in visible region [Blue (450-520nm), green
(520-590nm) and red (620-680nm)] in damaged plants compared to undamaged. The
difference in reflectance curve of damaged plants is due to destruction of spongy
tissues. As the crop increases in age, the mean vegetative indices were saturated with
the pest damage. From sensitive analysis and linear correlation intensity analysis, it
was revealed that wavelength of 758nm (NIR band) and Ratio vegetative index (RVI)
were found to be more sensitive to aphid damage. Linear regression analyses between
damage and vegetation indices with R2 ranged from 0.90 to 0.92 revealed that all
except Green Red vegetative index were very strongly related. Linear regression
equations were plotted to establish the relationship between pest damage and
vegetation indices. It helps in providing relative information about pest damage by
substituting the predicted indices, in the equation by using instrument. It also provides
the Vegetative index values without remote sensing measurements by determining
percent leaf damage collected from a field. Thus, detection and estimation of damage
caused by cotton aphids is possible using hyperspectral radiometry.
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INTRODUCTION
Remote sensing is the technique of deriving information about
objects on the surface of the earth without physically coming into
contact with them (De Jong and Van de Meer, 2006). Hyper
spectral remote sensing is a technique that utilizes sensors
operating in hundreds of narrow contiguous spectral bands, which
offers potential to improve the assessment of crop diseases and
pests. Relationship between spectral characteristics and symptoms
of infestations must be adequately investigated based on ground
studies, to develop remote sensing algorithms and management
schemes which play an effective role in crop pest management
(Yang et al., 2007). The utility of hyper spectral data to diagnose
pests and diseases can improve detection speed and provide
opportunity for non-destructive sampling (Apan et al., 2005).
Moreover, with the launch of new hyper spectral remote sensing
satellites by India, the focus of current research has shifted to
making maximum use of the new technology to the benefit of
Indian farming community.

MATERIALS AND METHODS
Field experiments were conducted for detecting and estimating
damage caused by aphids in cotton using hyper spectral radiometer
at TNAU, Coimbatore. The damage was studied in winter irrigated
variety Surabi with observations taken from 30 to 70 days after
sowing at different intervals when incidence of pest was noticed.

Pest population and damage

Aphid population was counted from 10 leaves (4 top leaves, 3
middle leaves and 3 bottom leaves) in each of the tagged plants
(replications) of both the treatments following methodology
provided in Annual Report of AICCIP 2012-13 with slight
modifications. Ten random plants with various pest damage levels
were selected from damaged plot and percent infestation was
determined using the following formula

Percent damage = (Number of damaged leaves / Total number of
leaves) × 100

The naturally occurring pest infestation was studied in two plots.
The plants were marked undamaged (by protecting them from
insect damage by periodical spray of suitable insecticides) and
damaged (by taking up no plant protection measures in the plot
marked damaged). However, all the plots were kept disease free
by monitoring and spraying fungicide/ bactericide carefully
whenever necessary.

Spectral Reflectance

Percent spectral reflectance was recorded from 30 to 70 days after
sowing using the field portable Spectroradiometer (model: GER
1500). The canopy spectral data was collected by pointing the
instrument at a distance of 30cm above the cotton canopy on clear
sunny days between 10AM and 1PM IST. The instrument was
optimized, calibrated initially and for every five minutes onwards
to adapt to the changing atmospheric conditions as mentioned by
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Luther and Carroll (1999) and Abdel-Rahman et al., (2010). The
512 values of percent spectral reflectance of approximately 1.5nm
bandwidth from 276.86 to 1093.5nm were obtained. The spectral
reflectance in blue (450-520 nm), green (520-590 nm), red (620-
680 nm) and NIR (770-860 nm) regions of electromagnetic
spectrum were recorded. The wavelength ranges used in our
experiments for green, red and NIR were taken to match the
bands in the LISS III, LISS IV (Linear Imaging Self Scanning
Sensor) and AWiFS (Advanced Wide Field Sensor) of latest
Indian remote sensing satellites namely Resourcesat 1 and 2. The
blue band was taken to match with LANDSAT 7 Enhanced
Thematic Mapper Plus (ETM+) sensor spectral bands. From the
reflectance values of visible and NIR bands, different vegetative
indices were calculated.

Vegetative indices

Linear regression analyses that revealed high relationships (R2
ranged from 0.90 to 0.92) between aphid damage and spectral
vegetation indices and found that all indices except GRVI were
strongly related. Linear regression equations were plotted to
establish the relationship between pest damage and vegetation
indices. These equations were as follows:

For estimating aphid damage based on spectral indices for 50
DAS in crop of variety Surabi, the following linear regression
equations were developed.

Per cent leaf damage aphid = 200.4 -18.7 x RVI
Per cent leaf damage aphid = 893.4 -1076.9 x NDVI

It helps in providing relative information about pest damage by
substituting the predicted indices, in the equation by using
instrument. It also provides the Vegetative index values without
remote sensing measurements by determining percent leaf
damage collected from a field. Mirik et al (2006) performed
linear regression analyses that revealed high relationships (R2
ranged from 0.62 to 0.85) between green bug density and
spectral vegetation indices and found that Damage Sensitive
Spectral Index (DSSI), SR and NDVI were strongly related.

Band Sensitivity

Sensitivity, at a given wavelength or band was computed by using
the following formula (Carter, 1993).

Band Sensitivity = [(RINF – RCTRL) / RCTRL] 100

Where, RINF and RCTRL were canopy reflectance of infested and
control plants respectively.

The variation in light intensity between observations caused
shifting of sensitivity curve along y-axis. In order to correct
this, a corrected sensitivity was worked out as below. The
reflectance in the wavelength range 350-370 nm was found to
have no affect due to pest damage, based on preliminary
observations. Hence, the average of sensitivity values between
350-370nm was taken as zero. This was taken as correction
factor and was applied to sensitivity values at other
wavelengths by adding or subtracting. The corrected sensitivity
values have been reported as the sensitivity values.

Correlation intensity

Pearson correlation coefficient (r) between the aphid infestation
and the reflectance at each 1.5nm wavelength was calculated
from the pooled data and correlation intensity curves were
plotted to assess the relationship between them. The spectral

bands with high absolute correlation coefficient values at
different peaks along the spectral domain were considered as
sensitive bands for relating reflectance spectra to pest
infestation while those with small absolute correlation
coefficients are considered unrelated to the pest damage
(Malthus and Madeira, 1993; Yang et al., 2007; Jones et al.,
2010; Prabhakar et al., 2011). These correlation values were
plotted as a graph against the wavelengths to get the linear
correlation intensity analysis graph as suggested by (Leudeling
et al., (2009). Similar to the band sensitivity analysis, this study
will help to locate wavelengths most sensitive to pest damage.

Sensitivity of Vegetative indices

Sensitivity for given vegetation index was calculated by using
the following formula,
Vegetative Index Sensitivity = [(VIINF – VICTRL) / VICTRL]

100 Similarly, VIINF and VICTRL were vegetation index of
infested plants and control plants. Sensitivity analyses were
performed for the data obtained from field studies.

Estimation of damage

The correlation between vegetation indices namely NDVI,
GRVI, RVI and the percent damage was worked out by
selecting ten plants of varying levels of pest infestation. The
percent damage and the corresponding vegetation indices were
worked out for each plant, which were used in working out the
Pearson correlation coefficient (r) and coefficient of
determination (R2) of vegetative indices. The test of
significance of the correlation coefficient was done as
suggested by Rangaswamy (1995). A Linear Regression
equation of the percent damage on each of the vegetation
indices was fit based on the varying levels of pest infestation.

RESULTS AND DISCUSSION
Population of aphids and per cent damage

DAS on 30, the mean population of aphids in ten leaves per
plant was 309.0 in unprotected plots.  Later, there was a
gradual decrease in aphid population. The pest population
caused proportionate damage to the crop. In undamaged plants,
the aphids population was in negligible levels throughout the period
of observations from 30 to 70 DAS. The damaged per cent in ten
randomly selected damaged plants was calculated.

Spectral reflectance

The per cent reflectance curve of damaged plants varied from that of the
healthy plants. The reflectance curve showed increase in blue, green and
red regions and a decrease in NIR region in damaged plants compared to
undamaged plants.

Sensitivity of spectral bands to damage

Even though the aphid population found more or less same on all
days of observation, the aphid damage was found more on 50 days
after sowing comparatively. So, on   the sensitivity of blue, green,
red and NIR band were 4.0, 5.6, 8.2 and -11.4 percent respectively
on 50 days after sowing, indicating NIR band to be more sensitive
to the aphid damage. Moreover, in correlation intensity curve, for
studying the correlation between the reflectance and aphid
damage, two peaks of positive correlation values were found in the
red region at 651 and 689 nm (r=0.29) and most negative
correlation (r=-0.54) in NIR band at 758nm wavelength. Hence,
these three wavelengths (651,689 and 758nm) can be used for
detecting the damage caused by cotton aphids. Yang et al. (2005)
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to detect stress in wheat caused by green bug infestation showed
that the band centered at 694 nm was identified as most sensitive
to damage.

# Mean of 3 plants, DAS - Days after sowing, Figures in parentheses are square root
(x+0.5) transformed values. In a column, values followed by a common lower case
alphabet are not significantly different by LSD (p=0.05), in a row, values followed by a
common upper case alphabet are not significantly different by LSD (p=0.05)

Vegetative indices in aphids damaged plants

The mean NDVI value of all three days of observation in the aphids
damaged plants (0.788) was comparatively lower than undamaged plants
(0.826). The mean RVI value in damaged plants (8.5) was relatively lesser
compared to undamaged plants (10.49). The mean GRVI value recorded
in damaged plants was 0.203 and that of undamaged plants was 0.202.
Similar values were recorded on different days of observation viz., 30, 50
and 70 DAS.

With increase in age of crop, indices value in both damaged and
undamaged plots were saturated. However, in the damaged plants, they
were relatively lesser than undamaged plants showing their usefulness of
these indices in pest detection. The GRVI did not show much difference

among pest damage levels or days of observation indicating that it was not
useful to detect aphid damage. However, Chen et al., 2010 found model of
(R589-R648)/ (R589+R648) had the best estimation precision to the
severity levels of leaves infested by cotton aphid.

Sensitivity of vegetation indices to aphids’ damage
The sensitivity of indices RVI, NDVI and GRVI to aphid damage were -
23.4, -6.1 and -1.2 respectively on 30 DAS. Similar sensitivity values were
observed on other days of observation. Thus, RVI was found to be very
sensitive to aphid damage than others. GRVI cannot be used as the
sensitivity to aphid damage as it has very low.

Estimation of aphids’ damage based on vegetation indices

Linear regression analyses that revealed high relationships (R2 ranged

Table 5 Vegetative indices and their relationship
(Surabi, Winter Irrigated, 2012, 50 DAS)

RVI NDVI GRVI
Corelation coefficient -0.952 -0.959 -0.255

Coefficient of
Determination

0.907* 0.920* 0.065

Slope(b) -18.7 -1076.9 -
Intercept(a) 200.4 893.4 -

* Significant at p=0.05

Table 4 Sensitivity of different reflectance indices to
Aphid damage

Per cent  Sensitivity to aphids damage*
Reflectance indices 30 DAS 50 DAS 70 DAS

RVI -23.4 -16.2 -17.8
NDVI -6.1 -3.6 -4.0
GRVI -1.2 -5.4 9.0
DSVI -28.3 -22.6 -18.4

*Calculated from mean of three plants in each in damaged and
Undamaged

Table 1 Population of aphids

Treatments Population of aphids / 10 leaves#
30 DAS 50 DAS 70 DAS Mean

T1 Undamaged
(protected) plants

18.0(2.99)a 17.0(2.91)a 14.0(2.64)a 16.3(2.85)a

T2 Damaged
(unprotected) plants

309.0(12.43)b
264.7(11.50)

b
251.7(11.22)b 275.1(11.72)b

Period Mean 163.5(7.71)A 140.8(7.21)B 132.8(6.93)C

CD 0.05 Treatment 0.22
CD 0.05 Period 0.25
CD 0.05 T X P 0.35

Table 2 Sensitivity of different reflectance bands to
aphids damage

Reflectance bands 30 DAS 50 DAS 70 DAS
Blue (450- 520 nm) 5.8 4.0 12.9

Green (520 – 590 nm) 16.3 5.6 16.1
Red (620 – 680 nm) 16.8 8 .2 11.6
NIR (770-860 nm) -11.3 -11.4 -11.5

*Calculated from mean of three plants in each in damaged and undamaged

Table 3 Vegetative indices values of aphids infested
cotton plants

Treatments
30 DAS 50 DAS 70 DAS Mean

NDVI  Values #
T1  Undamaged plants 0.817a 0.827a 0.833a 0.826a

T2  Damaged plants 0.766b 0.797b 0.800b 0.788b

Period Mean 0.792B 0.812A 0.817A

CD 0.05 Treatment 0.010
CD 0.05 Period 0.013
CD 0.05 T X P 0.018

RVI values#

T1 Undamaged plants 9.91a 10.58a 10.99a 10.49a

T2  Damaged plants 7.59b 8.86b 9.04b 8.5b

Period Mean 8.75B 9.72A 10.01A 8.75B

CD 0.05 Treatment 0.48
CD 0.05 Period 0.59
CD 0.05 T X P 0.83

GRVI values#

T1  Undamaged plants 0.203a 0.210a 0.192a 0.202a

T2  Damaged plants 0.200a 0.199a 0.210a 0.203a

Period Mean 0.201a 0.204a 0.201a

CD 0.05 Treatment 0.017
CD 0.05 Period 0.020
CD 0.05 T X P 0.029
# Mean of 3 plants, DAS - Days after sowing. In a column, values followed

by a common lower case alphabet are not significantly different by LSD (p=0.05),
in a row, values followed by a common upper case alphabet are not significantly

different by LSD (p=0.05)

Fig.1 Spectral reflectance curves and Sensitivity curves of aphid
damaged and undamaged cotton plants

Fig. 2 Correlation of reflectance in different wavelengths to per cent
leaf damage by aphids in cotton plants (Surabi, Winter Irrigated, 2012,

50 DAS)
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from 0.90 to 0.92) between aphid damage and spectral vegetation
indices and found that all indices except GRVI were strongly related.
Regression equations were developed for estimating aphids’ damage
from all these indices. Mirik et al (2006) performed linear regression
analyses that revealed high relationships (R2 ranged from 0.62 to 0.85)
between green bug density and spectral vegetation indices and found
that Damage Sensitive Spectral Index (DSSI), SR and NDVI were
strongly related.
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Fig. 3 Relationship between different vegetative indices and per cent
damage caused by aphids in cotton plants. (Surabi, Winter Irrigated,

2012)

Table 6 Sensitivity of different reflectance indices to
aphid damage

Per cent  Sensitivity to aphids damage*
Reflectance indices 30 DAS 50 DAS 70 DAS

RVI -23.4 -16.2 -17.8
NDVI -6.1 -3.6 -4.0
GRVI -1.2 -5.4 9.0
DSVI -28.3 -22.6 -18.4

*Calculated from mean of three plants in each in damaged and undamaged

Table 7 Vegetative indices and their relationship with per cent leaf
damage caused by aphids.  (Surabi, Winter Irrigated, 2012, 50

DAS)
Plant
no.

Pest pop/10
leaves

Per cent
damage RVI NDVI GRVI DSVI

1 325 39.2 8.54 0.790 0.199 9.09
2 18 2.7 10.68 0.829 0.216 11.04
3 292 35.8 8.98 0.800 0.224 9.22
4 278 35.1 9.07 0.801 0.173 9.68
5 105 13.2 9.75 0.814 0.191 10.25
6 15 2.6 10.22 0.822 0.220 10.83
7 173 21.1 9.60 0.811 0.211 10.16
8 21 3.0 10.84 0.831 0.193 11.24
9 94 11.3 9.75 0.814 0.214 10.48
10 229 28.1 9.29 0.806 0.206 9.82

r -0.952 -0.959 -0.255 -0.971
r2 0.907* 0.920* 0.065 0.943

Slope(b) -18.7 -1076.9 - -19.2
Intercept(a) 200.4 893.4 - 215.1

* Significant at p=0.05


