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ARTICLE INFO ABSTRACT

Chlorophyll is the most prominent and important pigment in plants. The amount of
chlorophyll can be determined in plants through routine destructive methods. The non-
destructive chlorophyll meter are now becoming valuable tool to the researchers and forest
managers, being portable and save time and resources, as compared to the traditional
methods of pigment extraction.
The objective of this study was to evaluate portable chlorophyll content meter (CCM–200,
Opti-Science) for chlorophyll estimation (non-destructive) in selected C3 (Catharanthus
roseus (L) G. Don), C4 (Andropogon citratus DC) and CAM (Bryophyllum bipinnatum
(Lam) Oken)) plants through correlations between chlorophyll content index (CCI) values
and chlorophyll extracted by the routine methods. The chlorophyll concentration in C3
plants was found to be more than the C4 plants, followed by the CAM plants in destructive
and non–destructive method of chlorophyll estimation. Significant correlations were
observed between CCI and extracted chlorophyll. The data is indicative of the fact that the
Chlorophyll Concentration Meter, CCM–200 is an effective tool for estimating relative
chlorophyll content in the selected plant species.

INTRODUCTION
Chlorophyll is the most prominent and important pigment in
plants. This is normally confined in the thylakoids of the
chloroplast (Taiz and Zeiger, 1998) and is responsible for their
photosynthetic efficiency and their growth and adaptability to
the environmental conditions (Goncalves, 2008). The rate of
photosynthesis is influenced by two types of factors: external
factors including the light, temperature and carbon dioxide;
and internal factors which include chlorophyll (Emerson,
1929). Traditionally, the chlorophyll content in plants is
determined through Arnon’s method (Arnon, 1949) and
DMSO (Dimethyl amine sulphonyl oxime) methods. In these
methods the pigments are extracted in organic solvents and
their absorbance values are determined through
spectrophotometer. The optical density values are converted
into concentrations. These chemical methods are destructive,
painstaking and time consuming process. These days, non-
destructive methods of chlorophyll estimation have been
developed in terms of the devices like CCM-200 (Opti-
Science). The non-destructive chlorophyll meter are becoming
valuable tool to the researchers and forest managers, being
portable and save time and resources, as compared to the
traditional methods of pigment extraction (Goncalves, 2008).
The CCM-200 uses calibrated light emitting diodes and
receptors to calculate the chlorophyll content index which is
the ratio of percent transmission at 931 to 653 nm through a
leaf sample (Biber, 2007; Ghasemi et al, 2011). The CCM
have been used to assess the CCI of the crops like corn, wheat,
cotton, rice. Significant correlations have been reported for

CCI and total chlorophyll in sugar maple, grapes (Steele et al,
2008), Asian pear (Ghasemi et al, 2011), Citrus sps (Jifon,
2005), tropical woody species from Amazonian forest
(Goncalves et al, 2008), Juncus roemerianus, Spartina
alterniflora, Rhizophora mangle (Biber, 2007) and golden
delicious apple (Rutkowski, 2008). The chlorophyll content
meter has for the first time been used to compare and correlate
the chlorophyll content of different plants with varying
photosynthetic pathways C3 (Catharanthus roseus (L) G.
Don), C4 (Andropogon citratus DC) and CAM (Bryophyllum
bipinnatum (Lam) Oken).

The objective of this study was to evaluate the ability of the
portable chlorophyll meter (CCM–200, Opti-Science) to
estimate chlorophyll content in leaves of selected C3 , C4 and
CAM plants. The correlations were established between CCI
values and chlorophyll estimation by the destructive methods
(Arnon’s and DMSO method).

MATERIALS AND METHOD
Determination of the leaf plastochron index

The saplings of Catharanthus roseus (L) G. Don, Andropogon
citratus DC and Bryophyllum bipinnatum (Lam) Oken were
planted in pots under field conditions in the Botanical garden.
Once established, the leaf plastochron index (LPI) was
calculated (Dickson and Larson, 1981; Erickson and
Michelini, 1957).
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Determination of chlorophyll

Based on the LPI, fully mature leaf was used for chlorophyll
quantification by Arnon’s and DMSO method (Jifon et al,
2005) and CCM-200.

Determination of the chlorophyll content index

The unitless chlorophyll content index (CCI) value was
determined for the mature leaf with a portable Apogee Opti-
Sciences Chlorophyll Concentration Meter (CCM) 200
(Fig:V). In each of the plants the CCI was measured at three
different points: the tip, the middle portion and the base of the
leaf. The mean value for the CCI was then calculated.

RESULT AND DISCUSSION
The plastochron index of all the selected plants was
determined indicating the growth of the plants and leaf
plastochron index (LPI) was calculated (Dickson and Larson,
1981; Erickson and Michelini, 1957). The chlorophyll of only
those mature leaves was determined using the Arnon’s and
DMSO method and CCM-200. The concentration of
chlorophyll extracted from the five replicates of each plant
using Arnon’s method ranged from 0.29 to 0.455 mg/cm2 in
Catharanthus roseus (L) G. Don with a mean of 0.373 ±
0.061; from 0.094 to 0.188 mg/cm2 in Andropogon citratus
DC with a mean of 0.14 ± 0.044 and from 0.035 to 0.052
mg/cm2 in Bryophyllum bipinnatum (Lam) Oken with a mean
of 0.043 ± 0.006 (Table-1).

The concentration of chlorophyll extracted using DMSO
method ranged from 0.33 to 0.443 mg/cm2 in Catharanthus
roseus (L) G. Don with a mean of 0.38 ± 0.048; from 0.1 to
0.13 mg/cm2 in Andropogon citratus DC with a mean of 0.12
± 0.01 and from 0.0345 to 0.0498 mg/cm2 in Bryophyllum
bipinnatum (Lam) Oken with a mean of 0.0426 ± 0.0064
(Table-I).

The values of the chlorophyll content index (CCI) measured
with portable CCM-200 ranged from 30.4 to 42.6 in
Catharanthus roseus (L) G. Don with a mean of 34.42 ± 4.71;
from 12.3 to 18.1 in Andropogon citratus DC with a mean of
14.82 ± 2.39 and from 10 to 11 in Bryophyllum bipinnatum
(Lam) Oken with a mean of 10.48 ± 0.41 (Table-I). The
chlorophyll concentration as determined by the Arnon’s
method and DMSO method and the portable CCM-200 in the
C3 plant was found to be more than the C4 plants followed by
the CAM plants (Fig-IV). This justifies the fact that the C3

plants have more chlorophyll concentration than the C4 and
CAM plants.

The chlorophyll concentration in Catharanthus roseus (L) G.
Don was found in the range of 1.6 mg/gm to 1.9 mg/gm
(Rathore and Jasrai 2013, Karthikeyan et al .,2009, Cartmill et
al .,2008, Pandey et al .,2007); in Andropogon citratus DC
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Figure IV Comparison of the total chlorophyll concentration of the plants as
estimated by Arnon’s method, DMSO method and hand held CCM-200

Table 1 Total chlorophyll content in selected plants by different methods

Method

Catharanthus roseus
(L) G. Don.
Chlorophyll

concentration mean
± SD

Andropogon citratus
DC. Chlorophyll

concentration mean
± SD

Bryophyllum
bipinnatum (Lam)
Oken. Chlorophyll

concentration mean ±
SD

Arnon’s method
(mg/cm2)

0.373 ±0.061 0.14 ± 0.044 0.043 ± 0.006

DMSO method
(mg/cm2)

0.38 ± 0.048 0.12 ± 0.01 0.0426± 0.0064

CCM-200
(CCI)

34.42 ± 4.71 14.82 ± 2.39 10.48 ± 0.41

Figure 1 A and I B showing linear regression of Chlorophyll Concentration
Meter reading vs. total chlorophyll by Arnon’s method and Chlorophyll
Concentration Meter reading vs. total chlorophyll by DMSO method in
Catharanthus roseus (L) G. Don respectively

Figure II A and II B showing linear regression of Chlorophyll concentration
Meter reading vs. total chlorophyll by Arnon’s method and Chlorophyll
concentration Meter reading vs. total chlorophyll by DMSO method in
Andropogon citratus DC respectively

Figure III A and III B showing linear regression of Chlorophyll
concentration Meter reading vs. total chlorophyll by Arnon’s method and
Chlorophyll concentration Meter reading vs. total chlorophyll by DMSO
method in Bryophyllum bipinnatum (Lam) Oken respectively.
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Figure V A Portable Apogee Opti-Sciences Chlorophyll Concentration Meter
(CCM) 200

between 1.5 to 3.296 mg/gm (Rathore and Jasrai 2013,
Karthikeyan et al. ,2009, Kassem et al .,2006) and in
Bryophyllum bipinnatum (Lam) Oken 0.8 mg/gm (Rathore and
Jasrai 2013, Laszlo et al .,2007).

The relationship between chlorophyll concentrations extracted
using Arnon’s method and the portable chlorophyll meter
(CCM-200) and DMSO method and the readings using the
portable chlorophyll meter (CCM-200) were significantly
linear. The linear correlation for Catharanthus roseus (L) G.
Don was R2= 0.765 and R2 = 0.653 for Arnon’s vs CCM
reading (Fig-I A) and DMSO vs CCM reading (Fig-I B)
respectively; for Andropogon citratus DC R2 = 0.947 and R2 =
0.755 for Arnon’s vs CCM reading (Fig-II A) and DMSO vs
CCM reading (Fig-II B) respectively; for Bryophyllum
bipinnatum (Lam) Oken R2 = 0.802 and R2 = 0.987 for
Arnon’s vs CCM reading (Fig-III A) and DMSO vs CCM
reading (Fig-III B) respectively.

CONCLUSION
The positive linear correlations observed between the readings
from the portable chlorophyll meter and the concentrations of
chlorophyll suggests that the portable chlorophyll meter
(CCM-200) is an effective tool for fast, convenient, eco-
friendly and non-destructive estimation of relative chlorophyll
in the selected plant species. Leaf age and physiological state
of plant are important factor in determining the chlorophyll
content as they impact the CCI readings from CCM-200, for
this very reason the leaf plastochron index (LPI) was
determined prior to taking the CCI readings. CCM-200 will
surely be helpful in the climate change studies by conducting
on field and laboratory experiments so as to monitor the effect
of changing climate in terms of temperature, water and carbon
dioxide variability on the chlorophyll content of plants and
hence, the impact that it would have on their yielding capacity.
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