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ABSTRACT

Intherecent years, Abakaliki M etropoliswitnessed increasein urbanization
and industrialization, which lead to increase in air pollution resulting from
dusts, smokes and domestic wastes. The roads are adorned with plants that
are used in landscaping. It is therefore necessary to find out the role of
these plants in mitigating pollution. This study was carried out to assess
theair pollution tolerance indices of four plant speciesthat are widespread
in Abakaliki Metropolis with the goal of determining their suitability for
urban plantation and development. The leaves of the four plant species
were collected at three different sites. Standard methods were adopted for
ascorbic acid, pH, chlorophyll and relative water content analysis of these
plants. The values were used to compute the air pollution tolerance index
(APTI) of each plant species as well as the assessment of its tolerance and
sengitivity. In the present study, APTI values of |essthan 16 were recorded
for Gmelina aborea (8.87) in site 3 and Terminalia catappa (6.22) in site 2
and (8.98) in site 3, thus they can be used as indicators of air pollution in
these sites. Mangifera indica and Carica papaya had APTI values ranging
from 89.6 — 98.1 and 91.1 — 106.67 respectively in the studied sites, thusit
can be deduced that these plants are tolerant to air pollution.
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INTRODUCTION

Plantsare central for ascertaining, preserving and
maintaining theecol ogica baance of theecosystem by
taking part in the cycling of nutrient and gases.
Escorbedo et. al. (2008) reported that plants provide
massive leaf areasfor impact, concentration and build
up of air pollutionwhich will invariably bring about re-
duction of pollutionleve intheair environment. Plants

physioecological activitiesaregrestly affected by air
pollutionf2"5313, Plantsbiomonitoringisan important
tool for theevauation of air pollution. Plant response
towardsair pollution can bemonitored usngAir Pollu-
tion Tolerancelndex (APTI). Severd scholarshavein-
vestigated theusefulness of evaluating air pollutiontol-
eranceindex for the determination aswell assensitive-
nessof plant gpecies?021, Experimentshavereveded
that air pollution impacted negatively onAscorbic acid
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content™, leaf extract and pH*¥ and Rel ative water
content of plantg?. APTI isaconditional plant trait
that conveysitsintrins c capability to confront stress
originating from pollution. Mashitaand Pise (2001) de-
scribed APTI value between 30 — 100 in species as
tolerant; 17 — 29 asoccasionally tolerant; 1 - 16 are
considered sensitive, whilevaueslessthan 1 arehighly
sengitive. Studieson Air Pollution Tolerance Index of
some plantsin urban areas of Bhopal carried out by
Tiwari et. al. (1993) reved ed that plants having higher
APTI vduesaremoretolerant to ar pollution than those
havinglower values. Abakdiki Metropolisintherecent
years haswitnessed increasein urbanization. It isex-
pected that air pollutantswill beontheincrease. The
roads are adorned with plantsthat are used as orna-
ments. It istherefore necessary to find out therol e of
these plantsin mitigating pollution. According to Palit
et. al. (2013) species having lower APTI value may
act ashioindicator of ar pollution. Thisstudy isaimed
a determiningtheair pollution tolerance va ues of four
tree speciesthat arewidespread at Abakaiki M etropo-
liswith thegoa of ascertaining the plant speciesthat
will besuitablefor urban plantation and devel opment.

MATERIALSAND METHODS

Thestudy was carried out withinAbakdiki townin
Ebonyi State, Nigeria. Abakaliki hasaland massof 51
km?. Thearealieson latitude 6°22°26"N and longitude
8°6’6"E of the Greenwich meridian. Theaverage at-
mospheric temperatureis 32-35°CH2,

Inthisstudy, themetropoliswasdividedintothree
steshaving different anthropogenic atmosphericinflu-
ence. Quarry dust pollution, industrial activitiesand
heavy traffichighwayscontributedtoar pollutionin Site
1, 2 and 3 respectively of Abakaliki Metropolis. Ma
ture of leaves of Mangiferaindica, Gmeina aborea,
Carica papaya and Terminalia catappa were
sampled during thedry season from thethree sitesin
Abakdiki Metropalis. Theleavesfrom dl thesiteswere
collectedin polyethylene bags and transported to the
laboratory. Theleaves collected from plantsineach site
were washed thoroughly with distilled water and fil-
tered; and thefiltrate used for the study. Threerepli-
catesfor each plant and sitewere collected and used
for the study. Estimation of pH of thefiltrate wasdone
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according to Singh and Rao (1983). Leaf relativewa:
ter content (RWC), ascorbic acid content (AA) (mg/
g), total chlorophyll content (TChl) (mg/g) weredeter-
mined according to the methods adopted by Begum
and Harikrishna (2010). TheAir Pollution Tolerance
Index wascd culated by using thefollowing formula®.
Air Pollution ToleranceIndex=[A (T+P) + R] /10
Where A= Ascorbic acid (mg/g dry wt.), T= Totd
Chlorophyll (mg/gdrywt.), P=pH of |eaf extract and
R=Relativewater content of |eaf tissue (%).

Based ontheAir Pollution Tolerance Index vaues,
theplantswill be grouped using themethod of Kayani
and Singaracharya (1995) asfollows

AIR POLLUTION

TOLERANCE INDEX Value Response
30 to100 Tolerant
17t0 29 Intermediate
1t016 Sensitive
<1 Very sensitive

RESULTSAND DISCUSSION

Thevalues of the analyses carried out on thefour
plant speciesin three selected sitesof Abakaliki Me-
tropolisareasshownin TABLE 1.

pH

Theresultsrevealed that pH of the (leaf) filtrate
from the studied plantsareacidic in nature except for
Gmelinaaboreainsitel and 3(TABLE 1). Thena
ture of the pH of the (leaf) filtratesin the sitesis an
indication of gaseousnature of air pollutantsespecialy
SO, and NO,. These pollutantsdiffuseand form acid
radicalsin leaf matricesby reacting with cellular water
thus affecting the chlorophyll molecules?*. pH aidsin
physiologica reactionscaused by sressinplants. Change
inpH stimulates stomatal sengitivity, thusleaveswith
low pH are more vulnerableto pollution whilethose
having neutral pH aretolerant®”, Site 3 recorded the
highest leaf extract pH (8.14) in Gmelinaaborea, while
Carica papaya had theleast pH (4.16) insite 1. Rao
1977 and Scholz & Rech (1997) reported that in the
presence of an acidic pollutant, theleaf pH islowered
whichleadsto greater declinein plant speciessengtive.
Agrawd (1986) argued that plantswith higher (Ieef fil-
trate) pH areendowed with tolerance against pollution.

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 9(3) 2014

U.N.Uka and K.S.Chukwuka 97

——==Jurrent Research Papser

TABLE 1: Biochemical composition of theleaf samplescollected fromfour plantsspeciesin Abakaliki M etropalis

Site Plant species
Biochemical parameters Mangiferaindica Gmelinaaborea  Caricapapaya Terminalia catappa
pH 5.75 7.18 4.16 5.48
1 RWC (%) 92.70 6.90 84.39 411
Tchl.(mg/g) 25.97 30.65 7.09 0.28
AA (mg/g) 1.06 8.86 5.96 2.46
pH 6.85 6.91 6.83 5.44
5 RWC (%) 83.90 6.80 90.43 5.48
Tchl.(mg/g) 30.65 23.03 17.56 0.64
AA (mg/g) 1.52 5.65 6.66 1.22
pH 6.07 8.14 6.79 5.03
3 RWC (%) 85.51 6.90 83.43 8.47
Tchl.(mg/g) 35.77 7.77 24.03 0.19
AA (mg/g) 3.01 1.24 7.47 0.98

RWC = Relative Water Content, Tchl. = Total Chlorophyll Content and AA = Ascorbic Acid.

Relativewater content

Dedio (1975) reported that therel ativewater con-
tentinaplant body helpsinmaintainingitsphysiologicd
balance under stress conditions such asexposureto air
pollution when transpiration ratesare high. Reduction
inleaf evapotranspiration rateduetoair pollution re-
tard thegrowth of these plants, and consequently the
tugor pressurethat pullswater up fromtherootstothe
leavesareaffected. Thusthe plantsdo not trand ocate
water and or mineraseffectively fromtheroot toleaves
where biosynthesis occursto cool theleaves?.

Relative water content varied between 4.11%to
92.7%instel, 5.48%1t083.9%insite2whileinsite
3 it was within 6.9% to 85.51%. Mangifera indica
recorded the highest rel ativewater contentinsite1 and
site3 (TABLE 1), while Carica papayarecorded the
highest value of Relativewater contentin Site 2. The
least Relative water content was recorded by
Terminalia catappa (TABLE 1). Plantswithrelatively
high water content are highly resistant to pollution®.
Based on this, Mangiferaindica and Carica papaya
arehighly resstant toair pollutionin thisstudy.

Total chlorophyll content

Thechlorophyll content of plantisanindication of its
photosynthetic vigour aswdl| asitsgrowth and devel op-
ment of biomass®. According to Katiyar and Dubey,
2001, chlorophyll content in plantsvariesfrom species
to species, and a so depends on age of |eaf, and pollu-
tionlevel dongsdewith other bioticand abioticfactors.
Pantshavingchlorophyil content between4mg/gto 16mg/
garecaegorized asintermediatetol erant plant species™.

Theanaysesof total chlorophyll content of four plant
speciesstudiedareasshownin TABLE 1. Thetotd chlo-
rophyll content of Mangiferaindicainthesites1, 2and
3ae25.98mg/g, 30.65mg/gand 35.77mg/g respectively.
It showed anincrease of 8.25% at Site 2 andincrease of
15.85% at Site 3. Gmelina aborea had tota chlorophyll
content of 30.65mg/g, 23.03mg/gand 7.7mg/g at sites
1, 2 and 3 respectively. Therewasamarked reduction
of 14.20%at Ste2 and 59.63% at Ste 3. Thetotd chlo-
rophyll content of Caricapapayainstesl,2and 3are
7.09mg/g, 17.56mg/g and 24.03mg/g respectively. It
showed 42.48% increaseat Ste2 and 54.43% at Site 3.
Terminalia catappa had atotal chlorophyll content of
0.28mg/g,0.64mg/g and 0.19mg/g at sites 1, 2 and 3
respectively. Therewas marked increase by 39.13% at
ste2and 19.15%insite 3. Thehigher levelsof chloro-
phyll content inleavesof Mangiferaindicaa ste2 and
3 when compared to site 1, Gmelina aboreain site 1
and 2when compared to 3, Caricapapayainste2and
3when compared to site 1 and Terminalia catappa at
siteland 2when comparedto site 3isan indication of
lower air pollution stress. Thelowest total chlorophyll
contentintheleavesof four studied plant speciesingte 1
and 3when comparedto site2 isanindication of higher
arpollutionstress.

Ascorbicacid

Ascorbic acid playsarolein cell wall synthesis,
defence, and cell division (Conklin, 2001). Theincrease
in ascorbic acid might act as strong reductant for de-
fencemechaniam againg automohbilepol lutantsand plays
important rolesin photosynthetic carbon fixation!.
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Kédler and Schwager (1977) reportsthat Ascorbic acid
inducestheresistance of plantsto unfavourable envi-
ronment conditionsincluding air pollution. Insite 1 of
thisstudy, ascorbic acid content ranged from 1.06mg/g
to 8.86mg/g, with Gmelina aborea having the highest
valueand Mangiferaindicatheleast value. Indl the
four plant speciesstudied in site 2, ascorbic acid ranged
from 1.22mg/gto 6.66mg/g with Carica papaya hav-
ing the highest ascorbic acid content while Terminalia
catappa hasthelowest content. The highest ascorbic
acid content of 7.47mg/g was recorded in site 3 for
Carica papaya with Terminalia catappa having the
lowest content of 0.98mg/g. Chaudhary and Rao
(1977) and Varshney & Varshney (1984) opined that
higher ascorbic acid content in plant isan indication of
itstoleranceagaing sulphur dioxide. Tripathi and Gautam
(2007) reported increasein the concentration of ascor-
bic acidintheleavesof Mangiferaindica near road-
sidesdueto enhanced pollution [oads.

Air pollution toleranceindex (APTI)

Theevauated air pollution toleranceindicesfor the
studied plantsat sites 1, 2 and 3 werein the range of
19.2 — 96.06, 6.22 —106.67 and 8.98 — 106.45 re-
spectively (TABLE 2). TheAPTI of Mangiferaindica
at sites 1, 2 and 3 are 96.06, 89.6 and 98.1 respec-
tively, while Caricapapayahad APTI of 91.1instel,
106.67 inste2and 106.45in site 3. Thisimpliesthat
these plant specieshad the ability to copewith the dif-
ficulty of air pollution. Gmelina aboreahad APTI val-
ues of 40.43, 23.72 and 8.87 in sites 1, 2 and 3 re-
spectively. It wasoccasiondly tolerant toair pollution
in site 2 and sensitivein site 3. Terminalia catappa
had intermediatetolerancein site 1, but sensitiveto air
pollutioninsites2 and 3 (TABLE 2). TheAPTI class-
fication of studied plantsinAbakaliki Metropolisisas
showninTABLE 3.

TABLE 2 : RelativeAir Pollution Tolerance Index for the
plant speciesat selected sitesin Abakaliki M etropolis

Air Pollution Tolerance

Plant species Index values of studied plants
Sitel Site 2 Site 3
Mangiferaindica 96.06 89.6 98.1
Gmelina aborea 40.43 23.72 8.87
Carica papaya 91.1 106.67 106.45
Terminalia catappa 19.2 6.22 8.98
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TABLE 3: Clasdsfication of Air Pollution Tolerancel ndex for
theplant speciesstudied in Abakaliki M etropolis

Classification of Studied Plants

Plant species
Sitel Site 2 Site 3
Mangifera indica Tolerant Tolerant Tolerant
Gmelina aborea Tolerant Intermediate Sensitive
Carica papaya Tolerant Tolerant Tolerant
Terminalia catappa Intermediate Sensitive Sensitive

The correlation between air pollutiontolerancein-
dex and biochemica parameters:. ascorbic acid, total
chlorophyll, leaf pH and relative water content and
among themsalveswerecarried out. Thereexist aposi-
tive correlation between air pollution tolerance index
and thebiochemica parametersinmost Sites(TABLES
4,5and 6). Ingtel, therewasasignificant correlation
between air pollution toleranceindex and RWC, while
it correlated negatively with pH and ascorbic acid
(TABLES4,5and 6). Insite 2, air pollution tolerance
index was significantly correlated with rel ative water
content and showed apositive correlationwith pH, to-
tal chlorophyll and ascorbicacid (TABLEDS). Insite3,
ar pollutiontoleranceindex wassgnificantly correlated
with reativewater content but did not show any signifi-
cant relation with total chlorophyll and ascorbic acid.
However, therewasanegative correl ation between air
pollutiontoleranceindex and pH (TABLE 6).

TABLE 4: Corrdation of Air Pollution Tolerancelndex and
Biochemical parameter of leaf samplesfromsite 1.

pH RWC  Tchl AA APTI
pH 1
RwWC  -0.589 1
Tchl 0.725 0.099 1
AA 0344  -0.374 0315 1
APTI -0.395 0.951* 0344 -0.115 1

* Correlation significant at 0.05 level

TABLE5: Corrdation of Air Pollution Tolerancelndex and
Biochemical parameter sof leaf samplesfrom site2.

pH RWC Tchl AA APTI
pH 1
RWC 546 1
Tchl .909 .540 1
AA .609 .185 225 1
APTI .649 .987* .589 333 1

* Correlation significant at 0.05 level
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TABLE 6: Corrdation of Air Pollution Tolerancelndex and
Biochemical parameters of leaf samples from site 3.

pH RWC Tchl AA APTI
pH 1
RwWC -.087 1
Tchl .056 937 1
AA 116 .782 .568 1
APTI -.168 .991** 883 824 1

** Correlation significant at 0.01 level

In conclusion, it can be deduced from theresults
that Gmdlinaaboreaisabioindicator of air pollutionin
site3, while Terminalia catappaisfor al thesites.
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