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Abstract Estimation of chlorophyll content often involves destructive analysis and
lengthy procedures. Several sensors systems have been developed that measure and
monitor plant health status; however, most of these methods are destructive or they
involve posh devices.We intended for a cost-effective and noninvasivemethod for the
estimation of chlorophyll content of tulsi (Ocimum tenuiflorum) leaves. The proposed
sensor system works for diffused transmittance method using VIS–NIR sources kept
in the near target area of different conditions of the leaves. Leaves can be sensed
under different sensing conditions and their outcome is analyzed. The transmittance
values obtained are measured using a detector. Based on the transmittance values,
Simple Ratio Vegetation Index (SRVI) is computed and the result is correlated to
the chlorophyll content of the leaves. Also, the proposed sensor system has been
compared with three different standard laboratory methods and the results obtained
are satisfactory. The performance of the proposed sensor system is statistically ana-
lyzed using indicators such as RMSE and R2. The RMSE obtained is 0.004 and R2 is
found to be greater than 0.9 in almost all the cases. The proposed methodology aims
to produce a nondestructive, reliable, convenient, and cost-effective way of estimat-
ing chlorophyll content of leaves and thereby aid the agri-tech industry. Further, this
work has the potential of providing information for use in remote sensing and energy
balance studies.
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1 Introduction

Generally, chlorophyll is a green pigment comprising of tetrapyrrole ring and a
central magnesium ion. It is found mostly in plants and algae. A long hydrophobic
phytol chain is present in the structure of chlorophyll [1]. Chlorophyll is the most
important pigment and is necessary for the conversion of light energy to the stored
chemical energy. Chlorophyll absorbs light generally in the red (650–700 nm) and the
blue-violet (400–500 nm) regions of the visible spectrum. Green region (~550 nm) is
reflected giving chlorophyll its specific color. Chlorophyll aids the body in a unique
and distinctive way by detoxifying harmful toxins and fights infection from the body
[2]. Two important chlorophyll present are chlorophyll a and b, where chlorophyll a
holds a green-blue color, and chlorophyll b holds a green-yellow color [3]. In tumor
therapy, chlorophyll or chlorophyll results can be employed such as a photodynamic
agent [4]. It can also be further studied, amended, and produced in disciplines like
chemistry and physics for different uses comprising of electronic, photophysics,
optoelectronic, and electrochemistry [5]. By the color of leaf, one can specify the
proportion and amount of chlorophyll in leaves, which are related to the health status
of the particular plant based on different conditions. Hence, chlorophyll content
can be used as a key to detecting nutrient status. Various kinds of color chart and
chlorophyll meters have been developed to estimate leaf color or chlorophyll content
which are helpful in agro-industry but may lead to certain limitations [6]. Spectral
signature characteristics are closely related to leaf chlorophyll content and depend
on the interaction that occurs when light emits plant tissue, where some of the signals
will be absorbed, transmitted, and reflected from the leaf surface [7]. Readings from
the chlorophyll meter are basically a measure of the greenness of leaf and in general
shows the linear relationship with extractable chlorophyll concentrations for a wide
variety of crops. However, environmental conditions may affect the relationship
between plant species [8]. The usability of Soil Plant Analysis Development (SPAD)
meter transforms the indices to interpretable data. Before the readings are measured
for a particular species, calibration is required as the sensor changes the signal into
indices that could cause variation [9]. However, spectral signatures are useful in
sensing plant stress only if one single factor is involved. It may be challenging when
different stress factors affect a plant at the same time. This is due to the fact that
some stressors may affect the physiology of the plant species in a similar way, as
in the case of nutrient deficiency and varies in pigment, moisture, and canopy of
plant species [10]. In paper [11–14], estimation of chlorophyll content was mostly
performed by chlorophyll meters and digital cameras using reflectancemeasurement,
in different types of leaves. Extraction and different types of vegetative indices were
also obtained with the measurement data. Different techniques were employed but
show the nonlinear relationship with the chlorophyll content.

In this paper, optical properties for detection,monitoring, and estimationof chloro-
phyll content are considered. In a nutshell, the transmittance measurement has been
currently employed in designing of the sensor system. The system uses transmittance
measurement in such a way that the light transmitted by the sample, i.e., based on
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different conditions of leaves, is collected by the detector and gives the correlate
output voltage. Several VIS–IR sources were used. But further, it was preceded with
IR and red sources, because it gives a better correlation with the chlorophyll content.
So, we intended to produce a simple cost-effective sensor system for detection and
monitoring of factor(s) related to plant health status.

2 Materials and Methods

2.1 Single-Leaf Method

Leaveswere collected fromdifferent conditions of tulsi (Ocimum tenuiflorum) leaves.
Transmittance measurement was performed. Several experiments were carried out
and the transmittance readings were obtained for different conditions of tulsi (Oci-
mum tenuiflorum) leaves. Analysis of the experiments was performed in a dark room
at room temperature. The two sources red (650 nm) and IR (930 nm) were used
during the experiment. So, for transmittance response, it was converted into Simple
Ratio Vegetative Index (SRVI) and statistical analysis was carried out.

2.2 Spectrophotometer Method

Leaves of tulsi (Ocimum tenuiflorum) plant under different conditions, i.e., healthy,
early stress, slightly stress, and fully stress, were collected. Separate sample solutions
were prepared and the absorbance and transmittance values were obtained using a
spectrophotometer. The values obtained were converted into Chlorophyll Concentra-
tion Index (CCI) and chlorophyll concentration for the validation of further analysis.

2.3 Design of the System

Generally, the design of the sensor system shows the use of devices like LEDs
for measuring chlorophyll content. The properties of diffuse transmittance were
used in order to check the transmitted light from the samples. The system consists
of the sensing part which has two sources—IR (930 nm) and red (650 nm)—and
detector along with the sample to be examined. It has a control unit for estimating
and monitoring the chlorophyll of leaves based on different conditions, and finally
display unit, where the result will be displayed based on the decision. Figure 1 shows
the block diagram and Fig. 2 shows the flowchart of the proposed methodology.
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Fig. 1 Block diagram of the proposed sensor system

Fig. 2 Flowchart for the proposed methodology

3 Results and Discussion

Greens are highly useful for themaintenance of health and prevention of diseases and
also considered important sources of protective food [2]. To study this, we considered
an important parameter known as Simple Ratio Vegetation Index (SRVI) which
measures the greenness of leaf.

Figure 3 shows the comparison done for SRVI obtained for different conditions of
tulsi leaves. Several experiments were carried out to analyze the relation of red and
infrared wavelengths to the chlorophyll content. Different conditions, i.e., healthy,
early stress, slightly stress, and fully stress of tulsi (Ocimum tenuiflorum) leaves,
were used for estimating the chlorophyll content and it was observed that SRVI
value varies for different conditions of tulsi (Ocimum tenuiflorum) leaves.

Simple Ratio Vegetation Index (SRVI) is a simple indicator employed to check
the greenness of a target area. It is given by
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Fig. 3 SRVI for different conditions of tulsi (Ocimum tenuiflorum) leaves

SRVI � Transmitted or reflected light from the leaf in IR region

Transmitted or reflected light from the leaf in Red region

3.1 Comparison of SRVI for Different Methods

Comparing reported data collected from tulsi (Ocimum tenuiflorum) plant from dif-
ferent conditions, i.e., healthy, early stress, slightly stress, and fully stress, different
methods were employed, i.e., SRVI of single-leaf method, SRVI from the Spec-
trophotometric method (SPH), chlorophyll concentration (Theoretical), and Chloro-
phyll Concentration Index (CCI) based on spectrophotometric method. These four
methods showed the strong relationship andwere correlatedwith different conditions
of the plant (Fig. 4).

In CCI of tulsi (Ocimum tenuiflorum) leaves, the values correlated linearly to
SRVI with R2 of 0.90. The chlorophyll concentration affects the plants of various
species including the photosynthetic rate. So from several analyses obtained, the
concentration relates well with SRVI.

The SRVI (SPH) was also linearly correlated with SRVI and has an R2 of 0.96.
These further confirm the need of developing a definite relationship from the obtained
results. Higher R2 obtained furthermore check the strength of the sensor system for
use in other plant species (Fig. 5).

In Fig. 6, the chlorophyll concentration (SPH) was linearly correlated with SRVI
and has an R2 of 0.94. Table 1 also shows the performance of the proposed sensor
system when compared with different methods, i.e., Spectrophotometer, Theoretical
chlorophyll concentration, and Chlorophyll Concentration Index (CCI). The error
performance was best observed in spectrophotometer for the different conditions of
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Fig. 4 Relationship between SRVI of single-leaf method with Chlorophyll Concentration Index
(CCI)

Fig. 5 Relationship between SRVI of single-leaf method with SRVI (SPH)

tulsi (Ocimum tenuiflorum) plant obtaining R2 value of 0.997 and RMSE value of
0.004.
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Fig. 6 Relationship between SRVI of single-leaf method with chlorophyll concentration (theoret-
ical)

Table 1 Performance analysis of different methods

Conditions of
leaves

SRVI of
proposed sensor
system

SRVI of spec-
trophotometer

SSE SST R2 RMSE

Healthy 2.99 3 0.0122 4.0074 0.99 0.045

Early stress 1.4 l.5 0.0001 0.008 0.99 0.004

Slightly stress 0.877 0.9 0.012 4.0074 0.99 0.0447

Fully stress 0.2 0.1 0.012 4.0074 0.99 0.0447

SRVI of
theoretical
chlorophyll
concentration

Healthy 3.89 4 0.05 1.479 0.94 0.0912

Early stress 12 1.3 0.0025 0.003 0.96 0.02

Slightly stress 0.78 0.37 0.002 0.008 0.97 0.0183

Fully stress 0.288 0.3 0.002 0.008 0.97 0.0183

SRVI of
chlorophyll
concentration
index (CCI)

Healthy 1.887 2 0.025 1.479 0.98 0.0645

Early stress 1.25 1.267 0.001 0.005 0.98 0.0129

Slightly stress 0.49 0.5 0.018 0.007 0.94 0.0547

Fully stress 0.373 0.4 0.018 0.007 0.94 0.0547
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4 Conclusion

A simple method based on VIS–NIR LED for estimation of chlorophyll con-
tent/nitrogen content in tulsi (Ocimum tenuiflorum) leaves has been reported. Esti-
mation of chlorophyll content of leaves has been employed from the red and IR
wavelength region. An indicator called SRVI was calculated for the different con-
ditions of tulsi (Ocimum tenuiflorum) leaves. The SRVI value varies based on the
status of the leaves. The SRVI is greater than 1 for high chlorophyll content indicat-
ing healthy leaf and less than 1 for leaves having low chlorophyll content. Different
standard laboratory methods were also performed and compared to validate the per-
formance of the proposed sensor system and it showed satisfactory results. RMSE
and R2 were also obtained for healthy, early stress, slightly stress, and fully stress
leaves. The success rate from the proposed sensor system was found to be 93%.
Further studies will continue with estimation of nitrogen content in different types
of leaves. Also, other features of the leaves can be explored and evaluated for their
improved representation of nitrogen content in leaves. All different plant species have
different concentrations of chlorophyll. So for a specific plant, the content also varies
due to different regions. Based on different conditions of the leaves, the content of
the chlorophyll may differ.
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