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Abstract

Ornamental potted indoor plants provide environment friendly, self-regulating and cost-effective
solutions to ameliorating indoor air pollution. The present study aimed to measure Air Pollution
Tolerance Index (APTI) of 15 commonly used indoor ornamental plant species. APTI was measured from
the foliar portion of plants using their 04 biochemical parameters like chlorophyll (total), pH, relative
water content, and ascorbic acid. It was found that among all plant species, Dracaena deremensis (APTI
13.03) and Ficus benjamina (APTI 12.19) appeared as tolerant; eight species (Spathiphyllum wallisii,
Epipremnum aureum, Philodendron bipinnatifidum, Dieffenbachia seguine, Sansevieria trifasciata,
Hedera helix, Chrysanthemum indicum, Ficus elastica) were moderately tolerant with APTI values
ranging from 11.40 to 10.70. The Chlorophytum comosum (APTI 10.32) was intermediately tolerant and
four were sensitive (Rhapis excels APTI 8.58, Chamadorea seifrizii APTI 8.47, Dypsis lutescens APTI
7.47, Gerbera jamesonii APTI 6.76) towards air pollution. A positive and high correlation was obtained
between APTI and RWC (R?= 0.742), and APTI and Ascorbic acid (R* = 0.615). The present study
thus helped in knowing the pollution tolerance abilities of widely used indoor potted ornamental plants.
It was also revealed that the evaluation of the plant tolerance index could be useful for the screening
of appropriate indoor plant species for pollution abatement.
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Introduction

In recent years, the deterioration of indoor air quality
due to air pollution has become a major health issue
globally. Nowadays, people usually spend about 90%
of their time inside their buildings, where they have a
chance to get exposed to varieties of indoor pollutants
released by various appliances and decor [1]. In several
studies conducted on indoor and outdoor air qualities,
higher concentration of air pollutants was observed
in indoor air as compared to outdoor [2]. Inadequate
ventilation due to congestion in the offices and home
buildings lead to an easy accumulation of indoor air
pollutants to dangerous levels [3]. Such accumulation
of indoor air pollution also contributes significantly
to a detrimental impact on human health that causes
chronic disease such as sick building syndrome
[4]. Household air pollution is a type of Indoor Air
Pollution (IAP) creating environmental risks causing
approximately 4.3 million deaths per annum globally
(5). As per Global Burden of Disease report, in 2017,
1.6 million people prematurely died as a consequence
of IAP, of which India alone accounted for 28%
of such deaths, which is highest among developing
countries. Ironically, in a country like India, the Air
pollution act which was formulated in 1981 and later
revised in 2009 (www.envfor.nic.in/legis/air/airl.html)
deals with outdoor air pollution and doesn’t have
mention of indoor air pollution [6].

Table 1. Details of indoor plants used for APTI assessment.

It is well acknowledged that plants provide most
promising and natural way of cleansing the indoor
atmosphere [7]. Plants play a critical role in retaining
and regulating the ecological balance, especially
the leaves have ample region for impinging, absorbing
and gathering the air pollutants, thus reducing the level
of pollutants [8, 9]. Numerous species of herbs, shrubs
and trees have been reported to improve indoor air
quality by absorbing particulate and gaseous pollutants
[10]. A variety of ornamental potted plants are also
capable of absorbing volatile organic compounds (VOCs)
present in the indoor air [11]. Decorating workplaces
or homes with suitable plants will reduce the degree
of distress caused by indoors air contaminators [12].
Responses of vegetation to air pollution are evaluated
by the Air Pollution Tolerance Index (APTI) which
indicates the potential of plants to fight air pollution
[13-15]. APTI is derived from 01 physiological (relative
water content) and 03 biochemical parameters such as
total chlorophyll, ascorbic acid, pH [16, 17].

It is thus evident that the outdoor air pollution
receives more attention as compared to indoor
air pollution, when it comes to its control, though
high concentrations of pollutants are also observed
in the indoor air. Also, several studies have been
reported for deriving APTI values of tree species
and studies on APTI for indoor plants are negligible.
Therefore, this study was conducted on 15 preferred
indoor plants (Table 1) to know their ability potential

S.No. Common Name Scientific Name Family Photograph
1 Weeping fig Ficus benjamina L. Moraceae
2 Snake plant Sansevieria trifasciata Prain Asparagaceae
3 Spider plant Chlorophytum comosum (Thunb.) Jacques Asparagaceae
4 Areca palm Dypsis lutescens (H.Wendl.) Beentje & J.Dransf Arecaceae




Analyzing Preferred Indoor Ornamental Potted...

2021

Table 1. Continued.

5 Warneck Dracaena Dracaena deremensis Engl. Arecaceae
6 Chinese evergreen Dieffenbachia seguine(Jacq.) Schott Araceae

7 Golden pathos Epipremnum aureum (Linden & André) G.S.Bunting Araceae

8 Peace lily Spathiphyllum wallisiiRegel Araceae

9 Chrysanthemum Chrysanthemum indicum L. Compositae
10 Gerbera Gerbera jamesonii Bolus ex Hook.f. Compositae
11 English ivy Hedera helix L. Araliaceae
12 Philodendron Philodeudron bipinmatiidum Araceae
13 Raphis palm Rhapis excelsa (Thunb.) Henry Arecaceae
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Table 1. Continued.

14 Bamboo palm

Chamaedorea seifriziiBurret

Arecaceae

15 Rubber plant

Ficus elastica Roxb. Ex Hornem.

Moraceae

to tolerate indoor pollution. Poor indoor air quality
problem can be combated by planting tolerant indoor
plant species having high APTI value. The study thus
aimed to determine the sensitivity/tolerance of above
indoor plants towards air pollution by deriving their
APTI values.

Material and Methods
This study was conducted at CSIR-Institute

of Himalayan Bioresource Technology, Palampur,
Himachal Pradesh, India. It is located at 1395 m a.s.l.

76°00°E 77°00E 78°00"E 79°00°E
1 1 L 1

Study Area

34°0°0°N
1

33°0°0°N
1

Lahul & Spiti

32°00°N
1
T
32°0°0°N

31°00°N
1

0 0.005 0.01

0.02 Km

* CSIR-Institute of Himalayan Bioresource ‘lechnology, Palampur,
Himachal Pradesh

T T
76°00"E 77°00"E

T T
78°00°E 79°00"E

Fig. 1. Study area map.
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in foothills of Indian north-western Himalaya extending
from latitude 32° 06'N to longitude 76° 34'E (Fig. 1).

Fully grown indoor ornamental potted plants of 15
species (Table 1) were selected from the recommended
list of State Pollution Control Board, Government
of Himachal Pradesh, India (https:/hppcb.nic.in)
under Pollution Abating Plants Abhiyan (PAPA).
These plants require less maintenance, suitable for
indoor environment and have well-documented role in
pollutants eradication [18].

Biochemical parameters were estimated using
healthy and matured leaves plucked from top of
the shoots from 03 plants for estimating the average
(Fig. 2). Total Chlorophyll (T Chl) was estimated in
the laboratory using lgm fresh leaves crushed with
80% acetone and its spectrophotometer absorbance at
645 nm and 663 nm following Arnon’s equation [19].
The leaf extract pH was estimated using a pH meter
from 5 g of fresh leaves homogenized in 20 ml double
distilled water. This mixture was filtered and pH was
determined after calibrating pH meter with pH 4,
pH 9 and pH 7 buffer solutions. Relative Water Content
(%) was estimated using turgid and dry weight of 5 g
chopped leaf samples [20]. The ‘2, 6 Dichlorophenol-
Indophenol Visual Titration method” was used for
calculating Ascorbic Acid (AA) [21]. APTI was
calculated [22, 23] using values of the above parameters
with the help of following formula:

[A(T + P) + R]
10 0

APTI =

where, A = ascorbic acid (mg/g), T = total chlorophyll
(mg/g), P = leaf extract pH, R= relative water content
(%)

The above obtained APTI values were categorised
into 04 classes of tolerance level as follows as suggested
by [24] and [25]:

1. Tolerant (T or grade I): APTI>average (APTI+SD).
2. Moderately tolerant (MT or grade II): average
APTI<APTI< average (APTI+SD).
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Fig. 2. Estimation of biochemical parameters.

3. Intermediate (I or grade III): average APTI-

SD<APTI< average APTL
4. Sensitive (S): APTI<average (APTI-SD).

For calculating ranges of APTI values for each
plant, mean APTIs and its standard deviation were
derived separately. The APTI calculation requires
estimation of ascorbic acid, total chlorophyll, leaf
extract pH, and relative water content. It is based
on above four parameters and thus details on other
physiochemical parameters and trace matters are
not required. It does not measure pollutant removal
efficiency but indicates the sensitivity and tolerance of
plants towards the air contaminators. The description
of indoor pollutants, such as aromatic (benzene,
toluene), halogenated hydrocarbon trichloroethylene
xylene, ozone, formaldehyde, ammonia, eradicated by
the above mentioned selected plants species are
described in Table 3.

Results and Discussion

Plants are constantly exposed to the environment
and they are forced to consume, collect and integrate
pollutants that affect their foliar surfaces [26].
They thus display noticeable changes depending on
their level of sensitivities [27]. The analyzed values
for the above four biochemical parameters along with
the derived APTI values and grading have been
presented in Table 2.

Ascorbic Acid (AA)

Foliar ascorbic acid is generally accepted as
a good biomonitoring agent [28]. AA is a strong
reluctant that stimulates several physiological and
defensive mechanisms [29] and defends plants from
the deleterious effects of air pollutants [30]. It plays

Table 2. Mean values of biochemical parameters (£S.E) with tolerance index of leaf samples.

Plant Name TC (mg/g) RWC (%) pH AA (mg/g) APTI Grades
Dypsis lutescens 1.28+0.10 51.44+0.20 5.83+£0.10 3.27+0.07 7.47 S
Philodendron bipinnatifidum 2.76+0.19 67.96+0.77 6.25+0.03 4.96+0.16 11.27 MT
Sansevieria trifasciata 1.96+0.01 68.01+£0.38 5.51+0.38 5.84+0.05 11.17 MT
Rhapis excelsa 0.94+0.03 53.37+0.27 5.61+£0.17 4.95+0.03 8.58 S
Chamaedorea seifrizii 2.22+0.09 56.36+0.82 5.83+0.13 3.5340.21 8.47
Ficus benjamina 1.64+0.11 70.53+0.55 7.31+0.05 5.74+0.13 12.19 T
Ficus elastica 1.18+0.18 73.7+0.44 6.48+0.09 4.34+0.12 10.7 MT
Chlorophytum comosum 1.46+0.13 73.45+0.12 5.9+0.04 4.03+0.07 10.32 I
Epipremnum aureum 0.57+0.13 71.18+0.41 6.60+0.09 5.91+0.04 11.34 MT
Gerbera jamesonii 1.95+0.15 44.96+0.19 5.80%0.07 2.93+0.04 6.76 S
Spathiphyllum wallisii 1.66+0.04 68.94+0.19 6.3+0.07 5.65+0.04 11.4 MT
Dieffenbachia seguine 1.25+0.09 80.35+0.23 6.1+0.02 4.32+0.24 11.21 MT
Chrysanthemum indicum 1.14+0.01 81.52+0.08 6.2+0.03 3.55+0.06 10.76 MT
Hedera helix 2.88+0.02 63.23+0.29 6.41+0.03 4.94+0.15 10.92 MT
Dracaena deremensis 1.96+0.31 80.76+0.57 6.43+0.03 5.90+0.04 13.03 T

TC-total chlorophyll; RWC- relative water content; AA- ascorbic acid

S- Sensitive; MT- Moderately tolerant; I- Intermediate; T- Tolerant
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Table 3. Selected indoor plants and pollutants eradicated by them (Chauhan et al., 2015).

S.No Plant Benzene Ozone anzoél(l;ileerle 152}1;1; ;el ];rtih(}:/}lllzreo Ammonia (Ii}rlsgz
1 D. lutescens x x v v x x x
2 H. helix v x v 4 x v v
3 C. comosum x v v v x x v
4 E. pinnatum v x v v x x x
5 S. wallisii x x v v x x x
6 F. benjamina x x v v x x v
7 S. trifasciata v v 4 v v x x
8 D. deremensis v x x v v x x
9 C. indicum v x v v v v x
10 G. jamesonii v x x v v x x
11 R. excelsa x x v v x v x
12 F elastica x x x v x x x
13 P, bipinnatifidum x x x v x x v
14 C. seifrizii x x v v x x x
15 D. seguine x x v x x x v

a pivotal role in photosynthesis (fixation of carbon
dioxide), cell wall stability and division of cells [31,
32]. Adequate AA promotes protective properties and
pollutant degradation in plants [33]. AA was given
the highest priority as a multiplication factor because
its reducing power was directly proportionate to its
concentration. In the present study highest ascorbic
acid was recorded in Dracaena deremensis (5.90+0.04)
and the lowest was in Gerbera jamesonii (2.93+0.04).
In stressful environments, increased levels of AA
defend chloroplast against the aggregation of H,O,, O,
and OH produced by SO, [19].

Total Chlorophyll (TC)

TC (mg/g) is widely used as an index of
photosynthesis development, production, and biomass
competitive features [34]. It evaluates the effect of air
pollutants on photosynthesis levels in plant leaves [35].
The chlorophyll concentration varies from species to
species. In the subsequent analysis, it has been observed
that TC ranged between 0.57+0.13 mg/g (Epipremnum
aureum) to 2.88+0.02 mg/g (Hedera helix). Higher
chlorophyll content might favor the plants to better
tolerate pollution.

Leaf Extract pH

PH-dependency is largely due to photosynthetic
capacity. Plant photosynthetic effectiveness is reduced
at low pH [36]. Thus, pH and TC were added together
and then multiplied with AA content in the APTI

formula [37]. The mean value of leaf extract pH
ranged from 7.31+0.05 (Ficus benjamina) to 5.51+0.38
(Sansevieria trifasciata) Low leaf extract pH is
associated with air pollution susceptibility [38, 39].

Relative Water Content (RWC)

RWC is the total value of leaf water in relation
to its fully turgid state. A large amount of water
ensures that the physiological equilibrium of the
plant is maintained under stresse conditions such as
air pollution [40]. The RWC is generally associated
with the cell’s protoplasmic permeability [41]
and the decrease of the RWC limits the transpiration
level of leaves. Thus the plants are unable to transfer
minerals from the roots to the leaves where biosynthesis
takes place, resulting in senescence of leaves [42].
RWC was lowest in Gerbera jamesonii (44.96+0.19)
and it was highest in Chrysanthemum indicum
(81.52+0.08).

Air Pollution Tolerance Index (APTI)
and Gradation of APTIs

APTI values play a major role in determining
the vulnerability and resistivity of plants towards air
pollutants [43]. According to the gradation of APTI,
the plants were classified into 4 categories such as
Tolerant (T), Moderately Tolerant (MT), Intermediate
(I), and Sensitive (S). Overall mean APTI recorded
was 10.37£1.76 and out of 15 plant species, only 2
species Dracaena deremensis (APTI 13.03) and Ficus
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Fig. 3. Linear regression of APTI with different biochemical parameters.

benjamina (APTI 12.19) were found as tolerant.
These results are in harmony with EL Sadek et al
(2015). Agarwal (2017) also found Ficus benjamina as
tolerant species for indoor air pollution. The resulted
indicator (sensitive) species were Raphis excelsa (APTI
8.58), Chamaedorea seifrizii (APTI 8.47), Dypsis
lutescens (APTI 7.47) and Gerbera jamesonii (APTI
6.76). The 08 species were observed as moderately
tolerant namely  Spathiphyllum — wallisii  (APTI
11.4), Epipremnum aureum (APTI 11.34), Philodendron
bipinnatifidum (APTI 11.27), Dieffenbachia
segulne (APTI 11.21), Sansevieria trifasciata (APTI
11.17), Hedera helix (APTI 10.92), Chrysanthemum
indicum (APTI 10.76), and Ficus elastica (APTI 10.7).
One plant Chlorophytum comosum (APTI 10.32) was
identified as intermediately tolerant.

Planting indoor plants would definitely help
in up-gradation of indoor air quality. The ability
of selected plants to eradicate 07 common indoor
pollutants has been depicted in the Table 3. Among
the screened plants Sansevieria trifasciata, Hedera
helix and Chrysanthemum indicum can eradicate
five pollutants followed by Chlorophytum comosum
(four pollutants). Ficus elastica has the least tendency
to eradicate only one pollutant. Among seven
pollutants formaldehyde was reduced by generally
all the studied plants and ozone was reduced by two
plants. Hedera helix can also effectively remove
aromatic (benzene and toluene), aliphatic (octane)
and halogenated (trichloroethylene) hydrocarbons
[11]. Hedera helix has the highest benzene removal
efficiency (90%) followed by Spathiphyllum wallisii
(80%). The Chlorophytum comosum can remove up to
86% of formaldehyde [44].
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Statistical Analysis

Fig. 3 shows the linear regression graph of
APTI along with 4 Dbiochemical parameters.
A positive and high correlation were obtained
between APTI and relative water content (R?= 0.742),
and APTI and Ascorbic acid (R?= 0.615). A weak
and positive correlation were seen between APTI
and total chlorophyll (R*> = 0.027), and APTI and
leaf extract pH (R?= 0.389). The high APTI values
is indicative of high pollution tolerance and for
such cases relative water content and Ascorbic acid
are reported to be higher in comparison to total
chlorophyll and pH [45]. Also, high ascorbic acid content
in leaf increases to combat the stressed conditions.
This highlights the significance of biochemical
factors that essentially determine the resilience of
plant species. It was found that each physiological
and biochemical parameter plays a major part
in the calculation of the tolerance level of plants as
all these parameters showed positive correlations
with APTI.

Conclusion

Indoor air pollution is a serious environmental
concern, which is given lesser emphasis as compared
to outdoor air pollution thus, requiring scientific
interventions for its management. The negative
consequences of indoor air pollution require proper
legislation and increased research work. The use of
pollution abatement indoor potted plants is one of
such remedies, which has the competency to absorb
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indoor air pollutants. Estimation of APTI for such
plants provides a reliable method for selection of
indoor plants, which can be used as mitigator and
bioindicator of indoor air pollutions. This work helped
in the estimation of pollution tolerance capability of
widely used indoor potted ornamental plants. In our
study, Dracaena deremensis appeared as the most
tolerant species and Gerbera jamesonii has lowest
APTI. Plant species vary in their tolerance levels
and no discernible trend recorded in APTI values
with the RWC, ascorbic acid, chlorophyll content
and pH of leaf extracts. Though the RWC, ascorbic
acid, chlorophyll content and pH of leaf extract showed
associations with APTI indicating each physiological
and biochemical parameter plays an important role
in evaluating the rates of the vulnerability of the plant
species due to pollution. Thus, the implementation
of potted plants is a promising and better technique
in the field of indoor air pollution control.
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