
EF FECT OF AUTO EX HAUST EMIS SION ON THE GROWTH, MOR -

PHOL OGY AND BIO CHEM I CAL CHAR AC TER IS TICS OF MARI GOLD

GROWN IN DIF FER ENT SITES OF LUCKNOW

Nidhi Prakash* and Mohammad Yunus

Deptt. of En vi ron men tal Sci ence, Babasaheb BhimraoAmbedkar Uni ver sity, Lucknow (U.P.)

*E-mail: nidhiprakash0107@gmail.com

AB STRACT: The pres ent study was planned to eval u ate the ef fect of auto-ex hausts on a very

com mon or na men tal plant i.e. Af ri can mari gold (Tagetes erecta) plants which also pos sess
ar o matic & me dic i nal prop er ties and nat u ral source of an ti ox i dants. The plant is also
rec om mended for grow ing with rose for its allelopathic na ture. The area un der mari gold
cul ti va tion is in creas ing ev ery year due to its in creas ing de mand through out the world. To as sess
the ef fect of auto-ex haust on mari gold plants trans fer ex per i ment study was con ducted. Three
sites (Road stretches) within the mu nic i pal pre mises of Lucknow city were iden ti fied based on
sur vey of sites and the avail able data on air pol lu tion loads, which dif fer with each other very
sig nif i cantly in terms of the num ber of ve hi cles (source of pol lu tion) ply ing there.  A com par i son of 

con tents of photosynthetic pig ments, pro tein, proline and cysteine among Tagetes erecta  plants
kept at three dif fer ent sites very expilicitly in di cates the bear ing of auto ex haust ef fect on them.
Marked al ter ation in bio-chem i cal char ac ter is tics of plant was ob served in plants grown at highly
polluted site as compared to plant grown at less polluted site. 

Keywords: Tagetes erecta, en vi ron men tal stress, bio chem i cal changes, mor pho log i cal  changes.

Un sus tain able in dus trial and ur ban
de vel op ment es pe cially dur ing the re cent past has
re sulted de te ri o ra tion in soil, wa ter and air qual ity
(Shafiq et al., 34). Air Pol lu tion has been iden ti fied
as one of the most se ri ous prob lem of a
lo cal/con fined area to a scale of global. Air
pol lu tion caused huge losses to crop pro duc tiv ity
and its qual ity by af fect ing plants growth and yield
(Rajput and Agrawal, 28). Air pol lut ants may
in duce a wide range of vis i ble symp toms, which
has been used in biomonitoring and as an early
warning to minimize the loss.

Many stud ies on the ef fects of air pol lut ants
sourced by au to mo biles on mor phol ogy,
phys i ol ogy and bio chem is try of plants have been
car ried out (Ahmed et al., 2; Kozial and Whately,
22; Joshi and Swami, 17; Raina and Agarwal, 30;
Rajput and Agrawal, 29;  Salgere and Nath, 31;
Treshow, 39; and Tripathi and Gautam, 38) in the
dif fer ent parts of the world.

Gas eous air pol lut ants and sus pended
particulates (SPM) cause se ri ous dam ages on
phys i ol ogy of plants (Anda, 3; Ashenden and

Wil liams, 5; Mejstrik, 27). Of all plant parts, leaf
bears max i mum brunt to air pol lut ants and other
fac tors (Lalman and Singh, 24). Mari gold (Tagetes
erecta) is an im por tant or na men tal flow er ing and 
me dic i nal & ar o matic plant of In dia. The area un der 
mari gold cul ti va tion is in creas ing year to year due
to its en hanced de mand, par tic u larly for its oil
through out the world.  In rec og ni tion of the
in creas ing cul ti va tion of this plant for its me dic i nal
and ar o matic val ues, it was felt im por tant to study
the ef fect of auto ex haust emis sions on re sponse of
bio-chem i cal char ac ter is tics of Tagetes erecta.  
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Fig. 1: Map of Lucknow city showing study sites. 
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Study area

The Lucknow city, in the cen tral plain of the

In dian sub con ti nent, is sit u ated be tween 26052’N
lat i tude and 80056’E lon gi tude, 120 m above the
sea level. It is the cap i tal of Uttar Pradesh, one of
the larg est and highly pop u lous states of In dia
(Verma and Singh, 40). The city is spread over an
area of 79 km2 and has a pop u la tion of more than 2
mil lion. Lucknow has dis tinct trop i cal cli mate with
a marked mon soonal ef fect. The tem per a ture of the
city ranges from a min i mum of 50C in win ter to a
max i mum of 47 0C in sum mer with the mean
av er age rel a tive hu mid ity 60% and the average
rainfall 1,406.8 mm.  

An ex ten sive sur vey of Lucknow city was
made to se lect the sites (road stretches), which must 
dif fer con spic u ously on num bers and type of
ve hi cles ply ing there. Three dif fer ent sites were
iden ti fied for Trans fer Ex per i men tal study, which
are shown in (Fig 1). 

·BBA,Uni ver sity Cam pus (Site I–se lected as
con trol or un pol luted site). The uni ver sity Cam pus
is in an area of 250 acres, which is not open for
thor ough passes and has not de vel oped the
con nect ing roads. The ex pected pol lu tion lev els
were neg li gi ble, much be low the thresh old val ues
(al most a healthy environment).

· SGPGIMS, Lucknow-Raebarelli High -

way (Site II-heavy traf fic load).

· Trans port Nagar Road, near Amausi in -

dus trial area, Lucknow-Kanpur High way

(Site III) 

Air qual ity mon i tor ing

Air quality monitoring was carried out twice a
week during peak traffic hours using a portable
high volume sampler for Suspended Particulate
Matter and an attachment device (impingers) with
sampler was used for monitoring gaseous
pollutants. Using different absorbants:
pararosaniline for SO2, Sodium hydroxide

arsenates for NO2 and potassium iodide for O3, the
three major auto exhaust pollutants were measured.
The methods of measurement of various pollutants
and sampling period are given in Table 1.

De sign of trans fer ex per i ment

Seed lings of cer ti fied va ri ety of mari gold were 
ob tained from CIMAP, Lucknow. Two seed lings
were planted in earthen pots hav ing di am e ter 24 cm 
filled with gar den soil and or ganic ma nure (3:1).
Af ter 15 days on the ap pear ance of  new leaves (a
sign of plants es tab lish ment), plants were thinned
by re mov ing one and al low ing one plant per pot and 
were trans ferred to se lected sites for the trans fer
ex per i men tal study. At each site fifteen pots were
kept. 

Plant anal y sis

Growth parameters, viz., plant canopy, plant
height, number of leaves per plant, leaf area were
measured at 45 days, 90 days and 135 days.
Pigment contents were assayed following the
method of Arnon (4). Protein contents, cysteine,
proline and malondialdehyde were determined
following the method of Lowry et al. (25),
Gaitonde (11), Bates et al. (6) and Heath and
Packer (12), respectively. For each analysis three
replicates were used on random basis.

RESULTS AND DISCUSSION

Ambient air quality monitoring showed
significant spatial variations of the pollutants in
suburban area of the city. Transport Nagar (site III)
was highly charged with pollutants coming out of
vehicles emission, followed by SGPGI (site II)
crossing, while BBA university campus (site I)
showed very low levels of pollution. It was
observed that the concentrations of all the
pollutants were maximum during day time between
10 to 11 am and 4 to 5 pm due to various urban
activities at peak traffic hours.

The am bi ent con cen tra tion of these pol lut ants
showed a di rect re la tion with the traf fic den sity at
all the sites. As shown in Ta ble 3 at site III, the
ve hi cle ply ing were more as com pare to site I, while 
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site II had also high den sity of traf fic but less than
site III.

The con cen tra tion of SO2 was high est at site
III, which is sit u ated near an in dus trial area hav ing
small-scale in dus tries and some road in ter sec tions
also, showed higher SO2 con cen tra tion than other
two sites. Trans port agen cies are also lo cated in this 
area. NO2 and O3 con cen tra tion was found
max i mum at site II.  SPM and RSPM level was
alarm ingly very high above thresh old lev els at site

II and III as com pared to site I. Changes in
mor pho log i cal char ac ter is tics, pig ment con cen tra -
tions, pro tein, proline, cysteine and MDA
con cen tra tions of mari gold plants kept at dif fer ent
sites re flect vary ing lev els of am bi ent air pol lu tion
ex pe ri enced at different sites in suburban area
around the city.

Plants leaves are the primary receptors for
both gaseous and particulate pollutants of the
atmosphere. Hence, they have to bear burnt of

Ta ble 1: Air Qual ity Monitoring (Parametres and Meth od ol ogy).

Parameters Time weighted average Methods of measurement 

Particulate Matter 8 hours twice a week Gravimetric 

Sulphur dioxide (SO2) 8 hours twice a week West and Gaeke (41)

Nitrogen dioxide(NO2) 8 hours twice a week Jacob and Hochhesier (15)

Ozone (O3) 2 hours twice a week Byers and Saltzman (7)

Ta ble 2: Con cen tra tion of pol lut ants (µg m3) at se lected sites dur ing Sep tem ber 2009 to Feb 2010.

Sites Concentration of pollutants (µg m3)

SO2 NO2 O3
SPM RSPM

Site I 8.92± 2.86 4.34 ± 0.32 12.21 ±  1.17 142.71± 11.10 56.92 ± 1.99

Site II 24.92± 3.50 54.88 ± 2.34 31.67 ±  2.82 328.33± 21.83 204.7± 3.50

Site III 32.53± 7.32 46.24 ± 3.17 29.86±  7.44 402.29± 27.37 267.58± 18.33

*Values are mean ± SD of three replicates.

Ta ble 3: Traf fic den sity at the se lected sites dur ing 9 to 11 a.m. and 3 to 5 p.m. dur ing study pe riod.

Sites and days Types of vehicles (Nos.)

Trucks +
Tractors  

and Trollys

Buses
(Petrol)

Four wheelers 
(petrol +

diesel)

Two-
wheelers

Three wheelers

 (Auto + Tempo)

(CNG + Petrol)

Site I 01 1 52 87 02

Site II 126 76 437 1227 315

Site III (after 45 days) 426 81 589 1503 426

Site I 01 1 43 90 02

Site II 138 84 580 1615 278

Site III (after 90 days) 488 84 624 1308 451

Site I 01 1 46 76 04

Site II 143 89 527 1636 278

Site III (after 135 days) 509 91 616 1514 396

*Values are mean (n=4)



constant exposure to phytotoxic pollutants. Before
these pollutants enter the leaf tissues, they interact
with foliar surface and changes its configuration
which seen as visible injuries and effect on growth
(Verma and Singh, 40).

Plant height showed sig nif i cant re duc tions at
sites II and III, whereas num ber of leaves re duced

sig nif i cantly at site III as com pared to site I (Fig.
2a).  The plant ex pe ri enced re duc tion of 8 to 11 %
at site 3 and 5 to 8 % at site II as com pared to site I.
At both the sites II and III the plant showed a
sig nif i cant de cline in the leaf num ber and leaf area.
The leaf area and num ber of leaves show ing
re duc tion of 5% and 8 % and 17 % and 12% at site
II and III, re spec tively (Fig.2a). This de cline in the
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Fig. 2a : Number of leaves and plant height of T. erecta growing at different selected sites.

Fig. 2b : Leaf area and canopy of T. erecta growing at different selected sites.
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num ber of leaves may be due to the de crease in leaf
pro duc tion rate in re sponse to the in creas ing
pol lu tion load. These re sults are in agree ment with
the find ings of Ashenden and Wil liams (5) who
have re ported sig nif i cant re duc tions in leaf
num bers as re sult of SO2 and NO2 pol lu tion.
Salgare and Thorat (32) also ob served a re duc tion

in the leaf area of Phaseolus vulgaris after exposure 
to vehicular pollution.

Pollutants can cause leaf injury, decrease
concentration of photosynthetic pigments,
premature senescence and reduce growth and yield
of the plants species. Tiwari et al. (37) recorded
reduction of leaf area and petiole length under

Fig. 3a : Chlorophyll a and b content of T. erecta at all the selected sites. 

Fig. 3b : Total chlorophyll and carotenoid content of T. erecta at all the selected sites. 



pollution condition. Jahan and Iqbal (16) reported
significant reduction in different leaf variables in
the polluted environment in comparison with clean
atmosphere. In their study on Platanus cerrifolia
showed significant reduction in length and area and 
also number of leaflets and length of petiole.

Ve hic u lar pol lu tion stress leads to stomatal
clo sure, which re duces CO2 avail abil ity in leaves
and in hib its car bon fix a tion. Net photosynthetic
rate is a com monly used in di ca tor of im pact of
in creased air pol lut ants on tree growth (Woo et al.,
43). Plants that are con stantly ex posed to
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Fig. 3c : Protein and cystein content of T. erecta at all the selected sites. 

Fig. 3d : Proline and malondaldehyde content of T. erecta at all the selected sites.
    *Dif fer ent su per scripts on bars showed sig nif i cant (P < 0.05). 



300 Prakash and Yunus

en vi ron men tal pol lut ants ab sorb, ac cu mu late and
in te grate these pol lut ants into their sys tems. It was
re ported that de pend ing on sen si tiv ity level, plants
show vis i ble changes which would in clude
al ter ation in the bio chem i cal pro cesses or
ac cu mu la tion of certain metabolites (Agbaire and
Esiefarienrhe, 1).

 Ox ides of ni tro gen and sul phur, ozone as well
as par tic u late mat ter, when ab sorbed by leaves may
cause a re duc tion in the con cen tra tion of
photosynthetic pig ments viz., chlo ro phyll and
ca rot en oids, which di rectly af fect to the plant
pro duc tiv ity (Joshi and Swami, 19).

The photosynthetic pig ments are the most
im por tant to be dam aged by ve hic u lar pol lu tion.
Chlo ro phyll con tent could be a use ful in di ca tor for
the eval u a tion of in jury in duced by pol lut ants
(Knudson et al., 21).  In pres ent study it was no ticed 
that the chlo ro phyll con tent of the plants was
re duced at the pol luted sites. The high value of
chlo ro phyll  ‘a’ and chlo ro phyll ‘b’ both were
de creased at site III fol lowed by site II as com pared
to site I, which is less pol luted. It was no ticed that
chlo ro phyll a con tent de creased by 8 to 22% as
com pared to site III with site I (Fig. 3a) dur ing
dif fer ent in ter vals of days. Chlo ro phyll ‘b’ also
showed the same pat tern of re duc tion, i.e. 9 to 13%
(Fig. 3b).

Chlo ro phyll is said to be an in dex of
pro duc tiv ity, hence any al ter ation in chlo ro phyll
con cen tra tion may change the mor pho log i cal,
phys i o log i cal and bio chem i cal be hav iour of the
plant.  Air pol lu tion-in duced deg ra da tion in photo-
synthetic pig ments was also ob served by a num ber
of work ers (Singh et al., 35; Verma and Singh, 40). 

The shad ing ef fects due to de po si tion of
sus pended par tic u late mat ter on the leaf sur face
might be re spon si ble for this de crease in the
con cen tra tion of chlo ro phyll in pol luted area. It
might clog the stomata thus in ter fer ing with the
gas eous ex change, which leads to in crease in leaf
tem per a ture which may con se quently re tard
chlo ro phyll syn the sis. Dusted or en crusted leaf

sur face is re spon si ble for re duced pho to syn the sis
and thereby caus ing re duc tion in chlo ro phyll
con tent. High amount of gas eous SO2 causes
de struc tion of chlo ro phyll (Seyyednejad et al., 33).
Re duc tion in chlo ro phyll con tent un der air
pol lu tion has also been re corded by Tripathi and
Gautam (38), Joshi and Swami (17) and  Joshi et
al.(18).

Carotenoids, which act as antioxidant and also 
protect chlorophyll from photooxidation, were also
calculated and it was observed that carotenoid
content, like other photosynthetic pigments,
decreased with increasing pollution load in the
surroundings.  A decline of 8 to 14% was recorded
(Fig. 3b). Losses in carotenoid pigments caused by
various pollutants are in similar to Young et al.
(44), Williams and Banerjee (42) and Verma and
Singh (40).

With re spect to site I a de cline in the fo liar
pro tein con tent was also ob served at the pol luted
sites. Max i mum con cen tra tion of pro tein were
re corded at site I dur ing study pe riod as com pare to
other two sites which showed a de crease of 38 to 62 
% at site III and 32 to 55% at site II (Fig. 3c).
Kumar and Dubey (23) have also con cluded that
pol lut ants com ing out of auto-ex haust may cause
in hib i tory ef fect on protein synthesis. 

In re la tion to the above pa ram e ters, a
sig nif i cant in crease was no ticed in fo liar cysteine
con tent of plant at the high pol luted sites as
com pared to low pol luted site (Fig.3c). Cysteine
con tent was low est at site with in crease of 60 to
66% at site III and 30 to 43 % at site II. Tausz et al.
(36) and Verma and Singh (40) have also ob served
the sim i lar trend of in creased cysteine con tent in
plants ex posed to air pol lut ants. Cysteine works as
a buff er ing agent of SO2 in the plant cell un der the
air pollution stress.

Proline is a uni ver sal osmolytic ac cu mu lated
in re sponse to sev eral stress and may have a role in
plant de fense re ac tions (Khattab, 20). Ob vi ously
proline has main role in pro tec tion in dif fer ent
kinds of stress. Ac cu mu la tion of proline in plants is



a phys i o log i cal re sponse to os motic stress
(Seyyednejad et al., 33). Sig nif i cant in crease in
con tent of proline has been cal cu lated at the high
pol luted sites as com pared to low pol luted sites.
Proline con tent showed an in crease of 6 to 11% at
sites II and III as compare to site I (Fig. 3d).

En hanced lev els of Malondialdehyde was
re corded at the pol luted sites (site II and III) as
com pare to site I (Fig. 3d). Gas eous pol lut ants and
par tic u late mat ter in en vi ron ment chem i cally re act
with the dou ble bonds of un sat u rated fatty ac ids
(Hippeli and Elstner, 13; Cross et al.,10) and thus
pos sess ing the po ten tial to ox i dize the un sat u rated
lipids. Canas et al. (9) re ported pos i tive cor re la tion
be tween traf fic den sity and MDA con tent.
Calatayud et al. (8) and  Iglesisa et al. (14) also
re ported sig nif i cant in crease in lipid peroxidation
in var i ous plants under exposure to different air
pollutants.

Con clu sion

The re sults in di cate that plants grow ing in
pol luted ur ban en vi ron ments are likely to
ex pe ri ence sig nif i cant changes in phys i o log i cal
char ac ter is tics, pig ment con cen tra tions as well as
po ten tially det ri men tal changes in leaf mor phol ogy
char ac ter is tics and growth. Im pacts on plant

phys i ol ogy, bio chem is try, phenology and growth
dem on strated that traf fic-de rived pol lu tion is
re spon si ble for stress in ur ban en vi ron ments, with
im por tant im pli ca tions for plant per for mance and
the health and sustainability of ur ban eco sys tems.
The study clearly showed that ur ban air pol lu tion
was un fa vour ably af fect ing the sub ur ban am bi ent
air. How ever, de spite these changes, mari gold was
thriv ing well at the pol luted en vi ron ment.
There fore, this plant may be used as mit i ga tor of

pol lut ants of the automobile exhaust.
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