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ABSTRACT

The present study reveals the degree of antioxidasponse stimulated in Cymbopogon martinii as sulteof
combined effect of herbicide (2, 4-Dichlorophenaggtic acid) and air pollution (auto exhaust). Timdigenously
developed varieties of Cymbopogon martinii, nanifighna and PRC-1, commonly grown in Lucknow were
selected as the target plant. Two sites, 1: BBAlmas, as control site (less polluted) and 2: NESkanderbagh
crossing (one of the highly polluted site of Luckrmty were selected for the transfer experimemtst Results of
the study very vividly revealed that the herbicdd-D enhanced the generation of antioxidant gsigmificantly in
Cymbopogon martinii and works in synergies thecefié auto exhaust pollution.
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INTRODUCTION

Being rooted to soil, plants are handicapped ang tieceive the brunt of the exposure around thent bay
pollutant/contaminant, disaster (natural or antbggmic) or any other activity which is deleterioi$e level of
auto exhaust air pollutants are on the rise througlthe world, in developed, developing and everurwler-
developed countries, albeit their rate of incrediffer. In India, the level of auto exhaust air Iptdnts has increased
alarmingly in the past three decades and at préseonstitutes around 65% of the total air polhitaof the lower
troposphere or within trans boundary layer, whiobampasses the life on this planet.

Air pollutants cause injury to vegetation and rezlacop yields [37, 38, 45]. Studies by several aggeers vividly
indicate the impact of automobile exhaust on radasiegetation either in the form of visible (morfuyical
changes, which are actually the manifestations hainges that are occurring at biochemical and plogizal
levels) or invisible effects [2, 12, 29, 33, 52jedides air pollutants to which plants are contislpexposed in
today’'s urban environment, they under many circamsts receive the brunt of inclemency of other
pollutants/contaminants also, like herbicides, tise of which has become an integral part of preskyt
agricultural/horticultural practice.

Albeit studies on response of herbicides and diutamts have been carried out, which indicate ttebicide and
air pollutants do stimulate a series of responsisiwthe plant [1, 14, 21, 22, 23, 37]. Our studyexplicitly

targeted to understand the joint effect of autoaei pollutants and a herbicide (sodium salt ¢f-B) in the two
strains ofCymbopogon martinthrough Transfer Experiment Method.
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EXPERIMENTAL SECTION

Study site

Lucknow, the capital city of Uttar Pradesh, Indiddcated between 26.%0 and 80.5€E along the banks of River
Gomti. Around 12, 09,74%ehicles had been registered by RTO (Road Trangpoganisation), Lucknow till
March, 2011 for this city. For our Transfer Expegim study, two sites were selected on the badiseohumber of
auto-mobile vehicles plying there; Sitel: contrite,sthe campus of Babasaheb Bhimrao Ambedkar Wsitye
located about 1.5 km off Raebareli Road (very lownber of auto-mobiles, 410.13%and Site 2: the highly
polluted site, the campus of CSIR-NBRI at Sikuhagh crossing, one of the busiest crossings okhow (a very
large number of auto-mobiles, 6632.6%.h

Air pollution monitoring

Air pollutants (SPM, RSPM, SCand NQ) at both the selected sites were measured usiigh@tomous high
volume sampler (Envirotech make-APM 460). SPM ai®PR were measured by sucking air through a whatman
glass fiber filter paper of 45um pore size. SPM wesasured by weighing the amount of dust collectest the
filter paper for 6 h and RSPM was measured by wegthe dust collected at the bottom of the voé&xhe high
volume sampler. SO and NQ were measured by West and Gaeke [36] and Jacobslacttheiser [30] method,
respectively.

Ozone concentration of ambient air was monitoredubing an ozone analyser (2B Technologies 106 The
values of the oxides of nitrogen, sulphur and ozeerepresented in microgram per meter cube.

Soil assay

Garden soil from Babasaheb Bhimrao University, lnmk was used for this study. Soil pH was measusiogua
pH meter (CAT No. CL-54). The conductivity was measl in ds rit using a Toshnival (TCM 15) conductivity
meter by following the same method. Total orgamidoon was measured by following the method of Wglked
Black [3] using ferrous ammonium sulphate (0.5 W)titrant. Available nitrogen was estimated usingiteogen
analyser and HCI as titrant. The metals were estichaising an atomic absorption spectrophotometarigv
AA240FS). The available phosphorus was measureltmwing the method of Olsen and Sommers [43] gsin
UVKON Spectrophotometer.

Experimental set -up

Seeds of two varieties @ymbopgon martiniTrishna and PRC-1 were obtained from CIMAP- a CB#Roratory
at Lucknow. Seeds were grown in earthen pots offillatl with garden soil and cow dung manure. Equainbers
of saplings (5 in each pot) were allowed to growkép a rough check on the nutrient availabilityanteto be
almost the same. After 30 days when the saplingre Wuite established, one set of pots (30) wasedlat Site 2
while the other set was allowed to grow at Sital4fe days (1November to 15December, 2011).

Both the sets of plants were exposed to the amhagals of air pollutants, which differed signifitdy at Site 1 and
2. Three concentrations of herbicide (2,4 D sodsait) — 30 mgt, 100 mgf* and 300 mgt were sprayed on plants
when they were 8-10" of height. Thus, five sprayireptments viz. T1(treatment 1) -no spraying, ff@atment 2)-
spraying with distilled water, T3(treatment 3)-30mgf 2,4-D sodium salt, T4 (treatment 4) -100mgfl 2,4-D
sodium salt and T5 (treatment 5)-300mg/| of 2,4edism salt were undertaken. The volume of herbkicdrayed
on each plant was based on the count of leaveaanpmant. The volume of herbicide was kept santbeasumber
of leaves on plant to ensure that almost 1ml obicate reached each leaf. After 48 hours of spemvés were
sampled, washed in distilled water and analyseadapus stress parameters.

Biochemical assay

Equal number of leaves was sampled randomly frdrthalsides of each plant for each pot. Leave &snpere
harvested in triplicate and weighed separatelyvesasampled from each plant were sealed in labgidgthene
bags and kept in a container that filled with l@ynitrogen and brought to lab for further analysis.

Non protein thiol was estimated using Ellman’s [h3%thod. Total flavonoid was determined as permighod
described by Chanet al. [8]. Total phenolic content was estimated by udimg method of Mc Donalédt al. [42].
Super oxide dismutase (SOD) was analysed by usiagdalios [18] method.

Statistical analysis

Mathematical values of all the assays were reptedeas the mean of three replicates with theirdgtedhdeviation.
Interrelationship between the means of vehiclesnglyt each site and stress indicators was dedusied rank
correlation method. Two way ANOVA (Analysis of Vance) was performed to find the significance in the
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differences between values at the two Sites atig#ficance level. T- Test at 5% significance lewals performed
to find out the significance in differences betwéba values in the five treatments. The valueshefvarious air
pollutants have been averaged out of the totalegatibtained over a 6 hour period in every season.

RESULTS

Air pollution monitoring

The level of various air pollutants at the two sitee tabulated in table 1. It was clear that ¢vell of pollutants in
the ambient air at site 2 was remarkably highen thite 1. The gaseous pollutants i.e, S0, and ozone were
found within permissible limit over a six hour padifor both selected site (Site 1 and 2). Howetlee, SPM
(738.79 + 8.5 ug i) was recorded beyond the permissible limit (200mifor residential areas) set by the Central
Pollution Control Board (CPCB) [9]. Similarly, RSP{@97.89 + 4.5 pg i) was also found beyond the permissible
limit of CPCB (100 pg i for residential areas).

Soil characterization
The pH of amended soil was found alkaline (8.24@80) and electrical conductivity was 154.64 +380uS crit.
The metal content of the amended soil was recardéte range of 1.73 - 18.29 ug gs shown in table 2.

Changein morphological characteristics of plant

The fresh weight of plants (Table 3) was recordeximum (9.88 + 0.82g per plantlet) in Trishna viyriat the
control site. This value showed a sequential dseré@m T1 to T5 and reached as low as 6.28 + §.B4T5 per
plantlet for the same variety. Similarly, in PRGhE fresh weight of plants was maximum (9.18+0.6dgplantlet)
in T1 which decreased sequentially in the lateattrents and was minimum (5.21 + 0.25g) per plamtlets.
Similar decreasing trend upon exposure to 2, 4 plamt fresh weight was recorded for Site 2. Maximfresh
weights for Trishna and PRC-1 varieties at Site e¢emecorded as 8.41 + 0.31 and 8.10 = 0.27 g leertlgt,
respectively whereas least weights were 4.74 + argB4.10 + 0.20 for these varieties. A decreasp4d37% and
11.76% in fresh weight of Trishna and PRC-1 vaeigtrespectively were recorded at the pollutedi gteSite 2 in
comparison to the control Site i.e. Site 1. Sintylain T3, T4 and T5 the plant fresh weight furttecreased by
19.5%, 21.83% and 24.52%, respectively for Trishnd by 13.85%, 16.07% and 21.3%, respectively iCRR
These values were statistically significant (p ead8.7331E-06 for differences between treatment§72E-05 for
differences between sites in Trishna variety andlpe=5.8634E-08 for differences between treatméh&5E-07
for differences between sites in PRC-1 variety).

The biomass of plants in T1 of Trishna variety & 3 was 5.35+0.39 g per plantlet which decreasethe
subsequent treatments. In T5 it was as low as 8.224g per plantlet. The decrease in biomass imT®mparison
to T1 was 39.81% and 60.71% for Trishna and PRCidt@s at the Site. At Site 2, the biomass wa240408 g
per plantlet in Trishna variety in T1. It decreassd52.71% and 74.02% T5 in comparison to T1 in Trishna and
PRC-1 varieties respectively. In comparison to $jtthe biomass of plants of Trishna variety desedeby 17.38%,
15.07%, 23.51% , 28.45% and 35.09% in T1, T2,TEBand T5, respectively at the Site 2. From thé&sgirfgs, it
was evident that the fresh weight and dry weighdrflass) of plants witness a gradual decrease withaease in
the concentration of herbicide sprayed. This demesas more conspicuous at the polluted site (8dwdagh
crossing). The dry weight of PRC-1 variety exhibitesharper decrease as compared to Trishna vatibtth sites
i.e. the control and polluted site. The differengediomass were found to be statistically sigwifit between the
treatments as well as between the two sites(p »alu@4E-05 for differences between treatments, lpera3.12E-
05 for differences between sites in Trishna vgrastd p value=8.92E-05 for differences betweentitneats, p
value=0.000473 for differences between sites).

Unlike the fresh weight and biomass the total asiitent recorded a significant increase from T1 %oif both
Trishna and PRC-1 varieties at both the sites peral0.00020249 for differences between treatmentgalue
=0.01629571 for differences beween sites for Taskariety and p value=0.02349471 for differencesvben
treatments and p value=0.02600636 for differenetwéen sites for PRC-1 variety). The total ash@oinof plants
from the polluted site was greater that those tsiegefrom the control site. The total ash conténBite 2 was
recorded 0.005, 0.003, 0.010, 0.014 and 0.016 ddiw weight) higher than Sitel for T1, T2, T3, TAdaT5,
respectively. This increase was found to be siediy significant.

A similar trend was observed in the water soluldle and acid soluble ash and both of these parasnigienease

with an increase in the concentration of 2, 4-Diswdsalt sprayed. Here also the values at Siter2 Wwigher than
those at Site 1.

339



M. Yunuset al J. Chem. Pharm. Res., 2013, 5(5):337-344

Biochemical changesin plant

There was an increase in the level of total flavdrmntent, total phenolics, non-protein thiol @@D from T1 to
T5. The level of these secondary metabolites (Taplgas higher at the polluted site as compardtdaontrol site
for both the varieties.

The total flavonoid content in T1 in Trishna vayiett Site 1 was 126.42+1.05 mg gw. This value increased
sequentially from T1 to T5 and rose t0177.21+1.12ghdw in T5. Similarly, the total flavonoid contemtse from
228.15+0.74 mg §dw in T1 to 283.93+4.46 in T5 in PRC-1 at SitéThe total flavonoid content was found 59.28,
57.34, 42.11, 53.79 and 55.59% higher at Site 2omspared to Site 1 for treatments T1, T2, T3, Td &85,
respectively for Trishna variety. In case of PRQ@dlriety, it was recorded as 212.06, 214.06, 1801%%,.43,
180.96%higher at Site 2 in T1, T2, T3, T4 andT5 respedyivie comparison to Site 1.

The total phenolic content was recorded 174.86%, 72P%6, 139.18%, 129.81% and 132.15% higher inrreats
T1, T2, T3, T4 and T5 of Trishna variety at Siten2comparison to Site 1. Similarly it was 89.1398.&%,
118.56%, 111.52% and 116.88% higher in treatmebidZ, T3, T4 and T5 of PRC-1 variety at Site 2ntiSite 1.

Similarly, the foliar SOD content recorded an irmge upon exposure to 2, 4-D at both the sites. dilitgvels of
SOD were recorded at Site 2 in comparison to SifEhkre was 69.95% increase in the SOD contentdsatir 1
(no spraying) at the control Site and T1 (no sprayiat the polluted Site in Trishna. This differenmas 86.43%
PRC-1 between the two sites.

The non-protein thiol content was recorded mininmfiBv+0.07 mg ¢ fw(fresh weight) in Trishna variety in T1 at
Site 1. This increased upon exposure to herbiaiderase to 8.08+0.58 mg'dw in T5. In case of PRC-1, the non-
protein thiol content increased from 4.93+0.05 rigfwg in T1 t07.15+0.59 mg §fw in T5. Similar observations
were made at Site 2. Here, the non-protein thioteat increased from 9.05 + 0.75 mgfg in T1 t015.68+0.96 mg
g*fw in T5 in Trishna variety and from 6.70 + 0.75 gigfw in T1 to 11.64+0.49 mg {fw in T5 in PRC-1 variety.

Thus there was a positive correlation (0.96, 0@0tétal flavonoid content, 0.79,0.89 for phenatmntent, 0.97,

0.98 for non-protein thiol and 0.99, 0.99 for SOsiées 1 and 2 respectively for Trishna variety 8r98,0.86 for

total flavonoid content, 0.93, 0.99 for phenolimtant, 0.89, 0.96 for non-protein thiol and 0.9880for SOD at

sites 1 and 2 respectively for PRC-1 variety) betwée concentration of 2,4-D sodium salt used sewbndary
metabolites produced within the plant. Also, intbtite varieties at Sites 1 and 2 for each dos¢&réatments 1,2,3,4
and 5 the values were found to be significantlfedént from each other for all the four secondamtaholites

assayed.

DISCUSSION

The effect of both toxicants i.e. air pollutantsldrerbicide was reflected upon the growth parameiéthe plants.
A decrease in the fresh weight and biomass of plavith an increasing concentration of 2, 4-D instktudy
represented a detrimental effect of the herbicit¢he two varieties. There was a negative coriadbetween the
concentration of 2,4-D sprayed and the growth patars (Tablel). The herbicide 2,4D has earlier deand to
cause a decrease in biomass in grasses [11]. peshdecrease of biomass and fresh weight of seleetaeties at
the polluted site in this study showed that aidyg@n further aggravated the problem. This carebglained by the
fact that air pollution stress led to stomatal ates which reduced CQavailability in leaves and inhibited carbon
fixation. Besides, air pollutants like $@re known to decrease the pH of the cell sap hgatti the destruction of
the photosynthetic pigments [34, 41, 4Thus, a reduction in photosynthetic pigments andiglaclosure of
stomata lead to reduced rate of carbohydrate faomdtence lower biomass of the plants at the padlusite.
Reduction in biomass of plants of the poaceae fathie to S@ NO,and Q in laboratory conditions has earlier
been reported by Ashenden al. [49]. The reduction in above ground biomass duerttan air pollution in the
ambient environment has also been reported by Riié%], Agrawalet al. [24], Tiwari et al. [44] and Rai and
Agrawal [38].

Trag [5] reported an increase in the level ofltath content izadirachta indicaandDalbergia sissoalue to air
pollution as in present study the total ash corbastbeen found to increase at Site 2 the polkitedn Trishna and
PRC-1 varieties ofCymbopogon martinii The positive correlation between ash content emacentration of
herbicide may be due the sodium content in the itiedd Sodium salts have been found to increase the
accumulation of acid soluble ash and water solablein plantSSuaeda fruticog&.) andSpartina paten$l7, 26].

The increase in acid soluble ash and the watebkohsh due to the spraying of 2, 4 D togethereiased the total
ash content in both the species. Thus there wascagase in the inorganic content in plants dutihnéoeffect of air
pollution and 2,4-D Sodium salt.
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The statistically significant differences betwebn tecorded values at the two sites indicatesthigaimpact on the
parameters was actually due to differences betwaaehient air pollution levels between sites and just a
coincidence.

Flavonoids and phenolic compounds are producedd pell in response to injury or stress [7, 25|, 2\ccording

to Yu [47], SQ is metabolized in the plant cells to HSO and Q (superoxide radical) are generated in this
process. @is a reactive oxygen species known to cause liprdxidation in the cell membranes. The productibn o
reactive oxygen species upon exposure to 2, 4-pemn plants has been reported by Pazmeinal. [10].This is
combated by the production of flavonoids. Inductidroxidative stress upon exposure to air pollufiolfowed by

an increase in foliar flavonoid content has begomned by Mir [4] inCatharanthus roseuss. andOscimum santum
L. Nikolova and Ivancheva [31] have reported améase in total flavonoids iArtemisia vulgarisL. andVeronica
chamaedryd.. in response to air pollution stress. Similar efvations were made by Loponehal [16-17] in
Betula pubescerend white birch leaves.

Kumar and Kumar [19] in their experiments witlosctoc muscorursuggested that phenols could act as protectants
for the organisms under oxidative stress or droaghtlitions. An increase in the accumulation phiermmpounds
upon exposure to 2,4-Dwas reported by Kuragal. [20] in three different cyanobacterial speciefAnabaena
fertilissima Raq Aulosira fertilissimaGhose andNVestiellopsis prolificalanet, as in this study an increase in this
metabolite is recorded upon exposure to 2,4-D.rsngase in the production of phenolic compoundsggosure

to vehicular air pollution at Site 2 was also refsat. Similar rise in phenolic compounds in has mumented by
Mir [4] in Catharanthus roseuls. andOscimum santurh. and by Kanouret al [27] in Phaseolus vulgari.cv. It
was also observed that the concentration of phermaimpounds increased cumulatively with an incraaste
concentration of herbicide at Site 2. Thus it waislent that herbicide 2, 4-D led an increase inghenolic content

in Cymbopogon martiniand the effect is further aggravated in the presef auto exhaust pollutioAn increase in
the production of flavonoids and total phenolic gomnds in the leaves in this study described aeswng
mechanism adopted l&yymbopogon martiniio the damage done to them by automobile exhanst®, 4-D.

SOD is a very important enzymatic antioxidant pitl by the cell during oxidative damage. It catdyshe
dismutation of highly reactive superoxide,(Qproduced in the cell through incomplete reductidoxygen to less
reactive hydrogen peroxide {8,). This radical is produced in the photosynthetigamisms at low concentration of
CG, and high concentration of,OThe production of SOD during oxidative stress asbility to combat the same
has been well documented by Kresgeal. [32]. A significant increase in the foliar SOD cent was observed in
T3, T4 and T5 upon exposure to herbicides in bbth \arieties at both the Sites. This may be relatethe
resistance posed lifymbopogon martiniio the oxidative stress caused by herbicide 2, #H# foliar SOD content
increased further at Site 2 upon exposure to dlufan in each treatment in comparison to SitéAf.increase in
the foliar SOD content due to air pollution hasliearbeen reported by Mir [4Catharanthus roseu&. and
Oscimum santumh and Dixonet al. [14] in sugar beet. An increase in the super oxiteenutase activity in the
leaves upon exposure to 2,4D and auto exhaust elbribé cellular antioxidant response against thautative
stress generated by vehicular exhausts and hegbicid

Non-protein thiols refer to a group of low moleaweeight compounds produced by the cell to mitigatalative
stress [6, 35]. This is the second line of defeamb@pted by the cell. It scavenges the hydrogeoxms formed in
the cell due to the interaction of SOD angl. @n increase in the concentration of non-protainltwith increase in
the concentration of herbicidal spray indicatesnailar defensive response of the plant to combanaige by the
toxicants. Similar response was reported in thedsafC. aerientinumagainst oxidative stress induced by sodium
chloride treatment. Treatment Gf arientinumplants with sodium chloride led to the productadreactive oxygen
species i.e. ® and HO,There was a sequential increase in non-proteirl toatent with increase in sodium
chloride toxicity. This increase was suggestedeqaért of the antioxidant defence mechanism addpyetie plant
[28]. Oxidative stress induced by heavy metals tkdmium inZea mayf poaceae family have been reported to
increase the accumulation of glutathione; a noneimahiol [40].Similar response was reported by@et al [50-

51] in roots ofArabis paniculatawvhere an increase in cadmium accumulation indlogsrwas found to be positively
correlated to cysteine and glutathione.

A high foliar content of all these compounds i.tavénoids, phenolic compounds, super oxide dissauta
(enzymatic antioxidant) and non protein-thiol(noregmatic antioxidants) in the plants upon expogore,4-D
indicates a certain scavenging mechanism adoptatebplants in response to 2,4-D sodium salt.ds whserved
that each treatment induced a significant changiarfoliar content of these secondary metaboiitesomparison
to the previous treatment (Table 4). This indicatteat each treatment was capable of significanfflgciing the
physiology of the plants belonging to both Tristared PRC-1 varieties. The concentration of thesealnadites
further increased at Site 2 where the ambient ais wharged with pollutants from auto exhaust. Mdhicair
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pollution has earlier been found to induce bioclmichanges inErythrina orientalis [48], Abelmoschus
esculentus, Celosia cristata, Coleus blumei, Cyasisoetragonolobus, Gomphrena globosa, Impatierdsanaina,
Ocimum sanctum, Phaseolus vulgaris, Solanum met@ngadZinnia elegang2].

Table 1: Chemical propertiesof garden soil used in the study

pH 8.24+0.089
Electrical Conductivity (uS cif) 154.64+20.39
Available nitrogen (%) 0.0336+0.0095
Available phosphorous (%) 0.00814+2.3
Total organic carbon (%) 0.448+0.7
Metals(png/gm)
Sodium 18.29+2.48
Copper 2.740.2
Iron 9.62+0.143
Manganese 11.1+0.085
Zinc 1.73+0.2

Table2: Average concentration of air pollutantsat the control and polluted site during the study period

Pollutants (in pg/m) Site 1 Site 2 CPCB standards 24hrs(in (#y/in
SO 11.82+0.14 | 38.95+0.57 80.00
NO, 13.1+0.21 | 55.39+9.64 80.00
SPM 200.65+3.62] 738.798.5 200.00
RSPM 106.56+2.10|  397.89+4.5 100.00
Ozone 50.87+3.45| 64.75+3.7p 100.00(1hr)
Table3: Changesin plant parametersof Trishnaand PRC-1 varieties of Cymbopogon martinii in various treatments at the two sites
Treatments Fresh weight Dry weight Total ash ) Water soluble ash Acid insoluble ash
(gm/plantlet) (gm/plantlet) (gm/gm d w of plant material) (gm/gm total ash) (gm/gm total ash)
Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 te 3i Site 1 Site 2
Trishna T1 | 9.88+0.82 | 8.41+0.31 [ 5.35+0.17 | 4.42+0.14 | 0.080+0.001 | 0.85x0.002 | 0.436+0.004 | 0.469+0.018 [ 0.68+0.01 0.73+0.015
Trishna T2 | 10.04+0.76] 8.86+0.54 | 5.64+0.14 | 4.79+0.53 | 0.078+0.001 | 0.082+0.002 | 0.39+0.018 | 0.424+0.015 | 0.647+0.025 | 0.715+0.015
Trishna T3 | 7.69+0.48 | 6.19+0.33 | 4.21+0.10 [ 3.22+0.11 | 0.108+0.0005 | 0.118+0.008 | 0.452+0.003 | 0.49+0.020 0.71+0.02 | 0.767+0.021
Trishna T4 | 6.96+0.72 | 5.44+0.18 | 3.55#0.14 | 2.54#0.35 | 0.130£0.001 | 0.144+0.008 | 0.475#0.002 | 0.517+0.025 | 0.74+0.01 | 0.806%0.035
Trishna T5 | 6.28+0.34 | 4.74+0.33 | 3.22+40.09 | 2.09+0.11 | 0.138+0.001 | 0.1533+0.004 | 0.487+0.008 | 0.534+0.025 | 0.763+0.025 | 0.843+0.035
PRC-1T1 | 9.18+0.64 | 8.10+0.27 | 4.81+0.09 | 3.81x0.30 | 0.082+0.0009 | 0.0856+0.001 | 0.463+0.02 | 0.484+0.010 | 0.67+0.020 | 0.713%0.025
PRC-1T2 | 9.81+0.67 | 8.82+0.79 | 5.13+0.06 | 4.05+0.50 | 0.079+0.0014 | 0.0843+0.002 | 0.459+0.005 | 0.479+0.011 | 0.643+0.035 | 0.693+0.015
PRC-1T3 | 7.58+0.72 | 6.53+0.96 | 3.98+0.12 | 2.89+0.18 | 0.090+0.0004 | 0.096+0.001 | 0.483+0.012 | 0.51+0.040 | 0.713+0.004 | 0.76+0.010
PRC-1T4 | 6.72+0.18 | 5.64+0.54 | 2.56+0.32 | 1.89+0.32 | 0.091+0.0005 | 0.1012+0.006 | 0.51+0.02 | 0.540+0.010 [ 0.75+0.02 0.81+0.020
PRC-1T5 | 5.21+0.75 | 4.10+0.20 | 1.89+0.08 | 1.14#0.14 | 0.094+0.005 | 0.113+0.015 | 0.534+0.005 | 0.567+0.025 | 0.777+0.012 | 0.843+0.031
Table4: Changesin theleve of antioxidant compoundsin Trishna and PRC-1 varieties of Cymbopogon martinii in various treatments at
thetwo sites
Total flavonoid content Total phenolic content Non protein thiol Super oxide dismutase
Treatments (ug/gmd. W.) (ug/gmd. W.) (umole/gm f. W.) ((Lg/gm protein)
Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 te 3i
Trishna T1 | 126.42+1.05] 201.36+1.85 | 127.63+1.49 | 350.81+2.39 | 5.34+0.07 | 9.05+0.78 | 4.06+0.06 | 8.00+0.17
Trishna T2 | 121.22+¢1.21[ 190.73+1.3 | 121.83+1.12 | 340.78+3.38 | 5.29+0.08 | 8.03+0.083 | 3.51+0.3% [ 7.27+0.4%
Trishna T3 | 157.88+1.07| 224.36+1.89 | 161.69+1.20 | 386.73+3.07 | 6.21+0.5% | 10.03+0.02 | 5.37+0.2% | 9.31+0.65
Trishna T4 | 167.44+0.57[ 257.51+10.9% | 177.78+1.03 | 408.56+7.98 | 7.09+0.0f | 12.28+0.9% | 6.03+0.28 | 10.70+0.26
Trishna T5 | 177.21+1.f2| 275.73x9.18 | 180.66+2.28 | 419.42+5.72 | 8.08+0.58 | 15.68+0.96 | 7.15+0.24 | 13.17+0.64
PRC-1T1 | 228.15+0.74] 711.96+1.56 | 121.37+0.66 | 229.36+1.56 | 4.93+0.05 | 6.70+0.78 | 3.83x0.14 | 7.48+0.43
PRC-1T2 | 223.29+1.88] 701.28+0.68 | 116.69+5.72 | 220.08+2.31 | 4.29+0.28 | 6.06+0.42 | 3.08+0.08 | 6.85+0.34
PRC-1T3 | 262.08+0.55] 736.29+1.87 | 161.28+2.19 | 352.49+1.09 | 5.18+0.07 | 7.50+0.49 | 4.66+0.13 | 9.03+0.1%
PRC-1T4 | 271.88+2.39] 781.46+2.0% | 173.18+2.76 | 366.32+1.22 | 6.49+0.48 | 9.61+0.40 | 5.49+0.28 | 10.51+0.30
PRC-1T5 | 283.93+4.46] 797.73+10.4% | 181.15+3.4% | 392.88+1.03 | 7.15+0.59 | 11.64+0.48 | 6.58+0.37 | 12.47+0.75
CONCLUSION

Given its medicinal importanc@ymbopogon martiniis largely cultivated in Southeast Asia. This stuepresents a
clear evidence of significant reduction in biomasdts varieties Trishna and PRC-1 due to use obib&e. This
problem is further exaggerated upon exposure to amhaust, a ubiquitous menace. The cumulative énpt
herbicide (2,4-D sodium salt) and air pollutionysdaan important role to significantly enhance thedpiction of
secondary metabolites i.e. flavonoids, phenolic poamds, SOD and non-protein thiols which are diyaeatolved
in various physiological process and growth of ptent and are indicators of a plant’s resistaneeatds abiotic

stress.
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