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ABSTRACT

The present study examines the responses of growtiative stress and antioxidant enzymes in two
Azolla species (Azolla pinnata and Azolla microf)ylexposed to pretilachlor, a herbicide
commonly used in rice field and enhanced ultrawBlgUV-B) radiation. Both species of Azolla
were exposed to different concentration of pretilac (5, 10 and 20 pg m) and enhanced UV-B
(UV-B: ambient + 2.2 kJ fA day' and UV-B: ambient + 4.4 kJ rh day') alone and in
combination. The dry mass, superoxide radical faroma lipid peroxidation, enzymatic antioxidants
i.e. superoxide dismutase (SOD), catalase (CAT) guodiacol peroxidase (POD), and non-
enzymatic antioxidant proline were investigated arngretilachlor and UV-B stress. Pretilachlor
and UV-B stress caused negative impact on growthotdi the species in dose dependent manner.
The damaging effect was further enhanced by cortibmaf both the stresses that was due to
generation of superoxide radical and lipid peroxida (MDA). Both the stresses alone and together
also caused the increase in activity of SOD, CAd@ ROD, and proline accumulation. Compared to
individual effect of pretilachlor and UV-B, the siltaneous exposure resulted in a strong inhibition
of growth and excessive accumulation of ROS, tlyeredusing severe oxidative damage as
evidenced by increased content of MDA, despitecas®d level of antioxidants. The overall results
showed that pretilachlor and enhanced UV-B adversdfected growth in both species and their
combined doses further deteriorated the growth.uResalso showed that A. microphylla is
comparatively less affected by pretilachlor andamted UV-B radiation than A. pinnata. The study
also suggested that A. microphylla may used to gaywnass cultivation for medicine production
and also as biofertilizer.
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INTRODUCTION

Recent researches have shown that global stratos@mone has significantly decreased during
the last decade. Man-made chemicals such as chiorotarbons, invented in the 1930s, are the
main culprits for the depletion of stratospheriome layer [1]. This leads to increase in UV-B
radiation (280-315 nm) in the biosphere. The ebacagnetic radiation emitted from the sun in
the ultraviolet (UV) range (200—400 nm) constitudéeut 7% of the total radiation. As it passes
through the atmosphere, the total flux transmittegreatly reduced and the composition of UV
radiation is modified [2]. Owing to its high enerdite impact of UV-B on metabolic processes
of plants can be very harmful [3,4,5]. UV-B canued damage to DNA, proteins, membrane,
and photosynthetic apparatus [6]. To keep this d@ma a minimum, plants induce enzymatic
and non-enzymatic antioxidative defense systemshgalwith other morphological and
anatomical changes.

The increasing use of pesticides in agriculture alels investigation to examine the effect of
pesticides on the nontarget soil micro-organismsl gtants including nitrogen fixing
cyanobacteria and their symbionts. Pesticides (tidds, fungicides and insecticides) adversely
affect all aspects of primary and secondary meisimoin crops and animals when applied in
agricultural field [7]. There have been severablss which show worst effect of the pesticides
on growth and photosynthesis [5,8]. Besides thestipides also enhanced the generation of
active oxygen species [9]. However, pesticides eedugeneration of active oxygen species was
found in association with simultaneous inductionaatioxidant system in plants [9], bacteria
[10] and animals [11]. The effect of pesticides nieeyaggravated when they combined with
other stress like UV-B [12].

UV-B and pesticide are photosynthetic inhibitor8,8l] interfere with photosynthetic electron
transport and produce active oxygen species [12livA oxygen species includes O, HO,
and OH etc. These radicals are produced at various sftelectron transport of chloroplasts and
mitochondria and in various cellular organelle< ligeroxisomes, endoplasmic reticulum and
glyoxysomes [14], which can react with lipids, mios, pigments, and nucleic acids; causing
membrane damage, and inactivation of enzymes dach@bn of DNA activity, thus affecting
cell viability [15,16]. To cope with such damagdl€éave been naturally equipped with an
efficient antioxidant system which consists of enagic and non-enzymatic antioxidants [17].
The antioxidant system of plants comprises sevenalymes: superoxide dismutase (SOD),
catalase (CAT), guaiacol peroxidase (POD), glutetdi reductase (GR), glutathione-S-
transferase (GST) and ascorbate peroxidase (APXY 9] and play a crucial role to protect
plant from oxidative damage, and it is believedt ttiheir activities and amount determine the
degree of tolerance in plant.

Under natural environmental condition multiple st@ are likely to exist and one stress can
modify the effect other stress, some time they oayse more severe damage to plants and other
non-selective organisms. In recent years, studige indicated that stresses such as temperature,
pesticides, metals, trophospherig @d CQ have altered the growth and development of
microorganisms and higher plants up to certainrextg18].
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Azolla is a heterosporus, free floating, fast growingragien fixing aquatic fern and is
widespread in fresh water habitat of India, Sri kaanJapan, China and Philippindgollais a
suitably called as green gold [20] because it isnemically important as an animal feed,
medicine [21], hydrogen fuel, biogas producer, weéahtroller as well as a biofertilizer.
Although, numbers of studies have been carriedregarding physiological and biochemical
effects of UV-B and pesticide individually on cydramteria, algae and higher plants and
animals, however, their interactive effects ard poorly known. The major contribution of
Azollais in nitrogen economy in paddy field, and itsstwity towards pesticide and UV-B has
created interest to study the responsénflla under these stresses. As far as our knowledge
goes, no report is available regarding the chamgegrowth and antioxidant metabolism of
Azolla when the two stresses are simultaneously impoBeerefore, an attempt was made to
investigate the effect of pretilachlor and enhand®dB radiation, singly and in combination on
growth and antioxidant metabolismAtolla pinnata and Azolla microphylla

EXPERIMENTAL SECTION

Plant material and Growth conditions

Two species ofAzolla viz. Azolla pinnatavar. imbricata andAzolla microphyllahave been
selected for present studd. pinnatawas procured from the pond of the Botany Departrnoént
university of Allahabad, and thé&. microphylla was collected fromNational Centre for
Conservation and Utilization of Blue Green Alga&RI, New Delhi and cultured in Roxburg
garden, Department of Botany, University of Allabdb The plants were surfacgerilized
quickly with a solution of mercuric chloride (0.1f4r 30 s) followed by dipping the plants into a
large volume of sterile distilled water. Washingtb& Azolla with sterile distilled water was
repeated several times. Fronds were thansferred into plastic trays (32x25x6 montaining
combined-N free Espianase and Watanabe mediumT22]pH of the medium was adjusted to
7.2. Plastic trays were placed in the Roxburg gard@epartment of Botany, University of
Allahabad, during the experimental period, averagamum and maximum temperature ranged
from 16.7 to 36.8C, and relative humidity 55 to 71%. Photosynthetitive radiation (PAR)
ranged between 800 -1000 pmol photohsh.

Pesticide and UV-B treatments

Pesticide, pretilachlor [2-chlord;26-diethyl-N-(2-propoxyethyl) acetanilide] 50% EC was
selected for the treatments. This is widely usatibigle to control grasses, sedges, broad leaved
weeds likeEchinochloaspp.Cyperus irig Cyperus difformisFimbristylis milliaceae Ludwigia
parviflora, Pannicum repenstc. in rice fields. Its various concentrationsld, 20, 25, 30, 35,
40, 50 and 100 ug Ml in nutrient medium was prepared for screeningegrpent and finally 5,
10 and 20 pg ril of pretilachlor were selected. Similarly, out ddrious doses of UV-B
enhanced UV-B radiation was provided artificially bV-B lamps (Q-Panel Co, UV-B-313
flourescent lamps, OH, USA), hanging above andgradijzular to the pot rows on an adjustable
frame. Enhanced UV-B was provided daily from 9:35(h after the beginning of the
photoperiod) to 15:30 hr. The radiation was filterthrough 0.127 mm cellulose acetate
(Johnston Industrial Plastics, Toronto, Canadajtoove all incident UV-C (< 280 nm). The
UV-B irradiance at the top of the pots under thmpa was measured with the help of power
meter (Spectra physics, USA Model 407, A-2). Eaninge was also receiving ambient level of
UV-B (8.6 kJ n¥ day"). For treatment fronds were exposed to two leeélsnhanced UV-B
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radiation, the low (UV-B ambient + 2.2 kJ fhday") and high (UV-B: ambient + 4.4 kJ ih
day?) biologically effective UV-B (UV-Bg), simulating 6 and 12% depletion, respectively in
stratospheric ozone at Allahabad (25° 28' N lad{l&lL° 54' E longitude). There were negligible
differences between temperature, relative humiditd PAR under enhanced UV-B exposed
plants and other treatments.

Estimation of dry mass

The total plant dry mass from each set of treatetiumtreated samples was recorded. Dry mass
was estimated by single pan electronic balancet@ebn CA 223, India) after oven drying of the
plant material for 48 h at 9.

Determination of superoxide radical

Superoxide radical (SOR;,0) was measured by the method of Elstner and H¢2BElvith
some modification as described by Jiang and Zh&4g, [monitoring nitrite formation from
hydroxylamine in the presence of,’O, in supernatant obtained from treated and uetteat
fronds. The required amount (200 mg)Axolla fronds was homogenized with 2 ml of 65 mM
potassium phosphate buffer (pH 7.8) and centrifuge@PR-30 (Remi, India) at 10,000 g at 4
°C for 10 min. The reaction mixture containing 65 rpbtassium phosphate buffer (pH 7.8), 10
mM hydroxylamine hydrochloride and supernatant wasibated at 25C for 20 min. After
incubation for required time, 17 mM sulfanilamidada7 mM o—naphthylethylene diamine
dihydrochloride were added to the incubation migtufhe components were mixed and
separated into two layers using same volume ohgliether to eliminate the interference caused
by the pigments. The absorbance of pink coloredtsol was recorded at 530 nm.

Measurement of lipid peroxidation

Oxidative damage to lipids was estimated by meagutie content of malondialdehyde (MDA)
in fronds of each test sample prepared in 10 %)(tkichloroacetic acid containing 0.65 % (w/v)
2-thiobarbituric acid (TBA) and heated at 95 for 25 min as described by Heath and Packer
[25]. MDA content was calculated by correcting émmpounds other than MDA which absorb
at 532 nm by subtracting the absorbance at 600framr@action mixture incubated without TBA
from an identical solution containing TBA. The ambwf MDA was calculated by using
extinction coefficient 155 mMcm™.

Estimation of Superoxide dismutase activity

Superoxide dismutase (SOD; EC 1.15.hg&fivity was assayed by monitoring the inhibitidn o
photochemical reduction of nitro blue tetrazoliuMiB{) according to the method of
Giannopolitis and Ries [26]. For extraction of SOfgsh Azolla fronds (100 mg) were
homogenized under ice cold condition with 100 mMTRBphosphate buffer (pH 7.8). The
homogenate was centrifuged at 10,000 g for 15 i °€ and the supernatant obtained was
used for enzyme assay. The reaction was performadatal volume of 3 ml containing 1.3 uM
riboflavin, 13 mM L-methionine, 0.05 M N@GOs (pH 10.2), 63 uM NBT and 0.1 ml of enzyme
extract. The reaction mixture in similar test tubess irradiated with visible light (250 pmol
photons rif s%) for 15 min at 25 °C. The initial rate of reactias measured by the difference in
absorbance at 560 nm, in the presence and absteg&act was proportional to the amount of
enzyme. One unit of the enzyme activity was defiaedhe amount of enzyme which is required
to 50 % inhibition in the reduction of NBT.
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Determination of catalase activity

Catalase (CAT; EC 1.11.1.6) activity was determimeterms of decrease in absorbance due to
decomposition of kD, at 240 nm using an extinction coefficient of 3™ cm™* [27]. Two

ml reaction mixture contained 50 mM potassium phasp buffer (pH 7.0) containing 1 mM
EDTA, 10 mM HO, and enzyme extract. One unit of enzyme activigeBned as 1 nmol D,
decomposed mih

Estimation of Guaiacol peroxidase activity

Guaiacol peroxidase (POD, EC 1.11.1.9) activityr@ated and untreated fronds of both species
was determined according to Zhang [2&{zolla fronds (200 mg) of both species were
homogenized in 2 ml 50 mM phosphate buffer (pH &g homogenate was centrifuged at
10,000 g for 10 min at %&C and the supernatant was used as the crude erextnaet. Guaiacol
peroxidase activity was measured with guaiacohasstibstrate in a total volume of 3 ml. The
reaction mixture consisted of 50 mM potassium phagp buffer (pH 6.1), 1 % guaiacol, 0.4 %
H,O, and enzyme extract. Increase in the absorbancteoduedation of guaiacol (E = 25.5 mM

L em™t) was measured at 470 nm. Enzyme activity was ktkiin terms of Unit g fresh mass.
One unit of enzyme activity is the amount of 1 nigadiacol oxidized in one min.

Estimation of Proline

Proline content in treated and untreated frondsegtismated according to the method of Bates et
al [29]. FreshAzolla fronds (100 mg) were crushed in 3 % (w/v) aquesuifosalicylic acid,
centrifuged at 10,000 g for 10 min and then mixeth\8 % (w/v) glacial acetic acid and acid
ninhydrin. Samples were heated for 1 h in a wa#gh lat 95 °C, cooled and extracted with 4 ml
toluene by vortexing for 1 min with a test tube arixThe toluene layer was then separated with
the help of a pipette and the absorbance was tea20anm using toluene as blank. The amount
of proline in sample was obtained by comparing wttmdard curve.

Statistical analysis

Duncan’s new multiple range test (P<0.05) was Ueedlata statistics of each treatment and
lower case letters a, b, c, d, and e indicatedsstatl significance. The results presented are the
means of three independent experiments.

RESULTS AND DISCUSSION

Present study deals with the effect of two stregsetilachlor (5, 10 and 20 pg Mland UV-B
(UV-B; and UV-B) alone and in combination, on growth, oxidativeess and antioxidants in
two AzollaspeciesAzolla microphyllsaandAzolla pinnatd. Dry mass of bottAzollaspecies was
observed after 96 h of experiment. Dry mass deeteasdose dependent manner of pretilachlor
and UV-B exposure (Fig.1). IA. microphyllapretilachlorat5, 10 and 20 pg rildecreased dry
mass by 10, 14 and 20%, while in caséopinnatait declined by 17, 24 and 33%, respectively
over the values of respective controls (Fig.1). iR&idn in growth may be attributed to
inhibition in normal cell division, as reported lrarley plant under pretilachlor treatment [30].
However, toxic effect was considerably highe®dinpinnatathan A. microphylla.The exposure
of UV-B; and UV-B alone caused a reduction in dry mass of 8.8% arfd 8 A. microphylla,
whereas 12.9% and 22.5% An pinnata respectively Pretilachlor and UV-B in combination,
declined growth more intensively than their indivédl treatments indicating an interaction of
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UV-B and pretilachlor. The overall growth reductioould be due to arrest of key physiological
and biochemical processes such as photosynthedas r{dt shown). For survival and protection,
plants have evolved complex mechanism to adapnsigairess conditions. These mechanisms
may be developmental, morphological, physiologaral biochemical. The differential response
of growth of both species towards pretilachlor &h\dB could be due to genotypic differences.
The reduction in growth due to genotypic differente pesticide, salinity and UV-B has been
reported in earlier studies [31, 32]. Further, ohexin growth of both species by the combined
treatment of UV-B and UV-B, with pretilachlor was probably due to more seveiffects of
these stresses on cell membrane, photosyntheticoraem and enzymes involved in various
metabolic processes. The results clearly show Ahaticrophyllawas less affected thaA.
pinnata
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Fig. 1 Effect of pretilachlor and enhanced levelsfdJV-B radiation, singly and in combination, on dry mass ofAzolla
microphylla (a) and Azolla pinnata (b). Data are means + standard error of three indepndent experiments.
Bars followed by different letters show significdifference at P<0.05 significance level accordtndduncan’s multiple range test.
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Fig. 2 Effect of pretilachlor and enhanced levelsfdJV-B radiation, singly and in combination, on lexel of MDA content
and superoxide radical ofAzolla microphylla (a) and Azolla pinnata (b). Data are means * standard error of three
independent experiments.

Bars followed by different letters show significdifference at P<0.05 significance level accordtodduncan’s multiple range test.

Further, deleterious effect of pretilachlor and B\Wen Azolla species were also correlated with
oxidative stress. Level of SOR {O) increased following pretilachlor treatment, vahizas
further increased in combination of UV-B stresseTicrease in SOR content was an indicative
of oxidative stress. Results depicted in Fig. 2Zndestrated the increased SOR content in both
species ofAzolladue to both stresseghe level of SOR increased by 27, 87 and 134% &05
and 20 pug mt pretilachlor treatment imA. microphylla, while similar concentrations of
pretilachlor increased SOR by 36, 108 and 162%.ipinnata respectively over the values of
control samples. Further stimulation in SOR levabwoticed, when pretilachlor concentrations
were combined with UV-B and UV-B. Similar trend was noticed iA. pinnatabut SOR
content was appreciably higher than microphylla Production and accumulation of SOR in
fronds exposed to pesticide and UV-B, alone antbmbination was probably because of strong

980



Sheo Mohan Prasactt al J. Chem. Pharm. Res., 2011, 3(4):974-985

inhibition of photosynthetic electron transportieities (data not shown) and also reported by
Dai et al. [33].
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Fig. 3 Effect of pretilachlor and enhanced levelsfdJV-B radiation, singly and in combination, on sugroxide dismutase
and catalase activities ofAzolla microphylla (a) and Azolla pinnata (b). Data are means + standard error of three
independent experiments.

Bars followed by different letters show significdifference at P<0.05 significance level accordindduncan’s multiple range test.

The stimulation of active oxygen species productiocaused increased MDA content
(malondialdehyde) in plant tissue. MDA is a decosipon product of polyunsaturated fatty
acids, has been utilized very often as a suitaldendrker for lipid peroxidation, which is an
effect of oxidative damage [34]. During the stresaditions, the polyunsaturated fatty acids of
the membrane are peroxidized due to the formatfoactive oxygen species [35]. Membrane
lipid peroxidation of twoAzollaspecies was assessed by measuring MDA conteni ™)

in fronds. Fig. 2 shows that the MDA content waprapiably higher irA. pinnatathat indicated

a higher degree of lipid peroxidation under pretlar and UV-B stress. Pretilachlor and UV-B,
singly and in combination increased the MDA contantfronds of both species @&zollg
thereby indicating enhanced lipid peroxidation.
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The MDA content was increased by about 47, 67 &@®4dlinA. pinnataand 19, 55 and 98% in
A. microphyllaover the control of both species at 5, 10 and @@nji* pretilachlor, respectively.
After exposure to UV-Bwith 5, 10 and 20 pg mlof pretilachlor the content of MDA was
increased by89, 226 and 306% iA. pinnatawhereas it was increased by 102, 126 and 176% in
A. microphylla respectively. Low level of MDA content may be ookthe reasons for the
observed tolerance @&. microphyllaexposed to pretilachlor concentrations and UV-@ation.
Increased level of MDA content due to pesticiden@thoate), singly and in combination with
UV-B has been reported by Mishra et al. [5]. Whies level of AOS formed exceeds the ability
of the antioxidant system which is equipped in tdato cope with their damage to cellular
components, the oxidative stress occurs. The clsaoigthree antioxidant enzymes SOD, CAT
and POD activity in pretilachlor and UV-B treatesbrids are shown in Figs. 3 and 4. In
organisms and higher plants, an oxidative strekadsvn to increase SOD activity [36]. SOD is
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one of the most important antioxidant enzymes amdegnt in all oxygen-metabolizing cells [37].
In our study, SOD activity in both species was fbim be stimulated by pretilachlor and UV-B
stress, causing dismutation o£’O in to HO, [38]. After 96 h of experiment both species
exhibited an increase in SOD activity, howevenvés more marked i. microphylla In A.
pinnatg SOD activity was increased in concentration ddpah manner of pretilachlor, but
decreased significantly at 10 and 20 pg‘mthen combined with UV-Band 5, 10 and 20 pg
ml™ pretilachlor with UV-B. In A. microphylla significant increase in this enzyme activity was
found when fronds subjected to combined doses\viB; and UV-B, with pretilachlor. SOD
activity increased quickly il. microphyllaat 20 pg nif of pretilachlor + UV-B treatment and
reached the maximum 71.12 U (g FMjfter 96 h of experiment.

A similar increasing trend in CAT activity was alund in both species. CAT enzyme is also a
scavenger of kD, produced in the cellular system and its activitgreased in both the species
due to pretilachlor and UV-B stress. StimulationrGAT activity has been reported in plants in
earlier study [39]. But a decreasing trend in CACTivdty but still higher than the values of
control was observed ix. microphylla when pretilachlor at 20 pg thlwas combined with UV-
B: and UV-B doses. Foyer et al [40] reported that CAT is nastable enzyme and it is
susceptible to photoinhibition and degradationgdsorease in its activity at higher concentration
of stress was observed. CAT activity increased ewykin A. microphyllaand reached the
maximum 640 U (g FMJ at 20 pg mif of pretilachlor, however, iA. pinnata it was maximum

at 20 pg mf + UV-B; i.e. 446 U (g FM} (Fig. 3). The changing trend of POD activity was
identical basically with SOD activity (Fig. 4). Aeation of antioxidant enzymes SOD, CAT and
POD by UV-B has been also observedAirabidopsis thalianeby Rao et al. [41]. There were
significant differences in enzymatic activities OCAT and POD) in both species Afolla
under stress condition. It has been earlier redattat the variations in antioxidant levels can
serve as a signal for the modulation of AOS scawengnechanisms and AOS signal
transduction [42].

Both species oAzolla showed significant increase in proline contentesponse to pretilachlor
and UV-B treatment as shown in Fig. 4 Anmicrophyllafronds exposed to 5, 10 and 20 pg'ml
of pretilachlor the content of proline was raiseshi 9.09 pg (g FMj up to 12.7, 15.8 and 19.9
1g (g FM)! respectively, whereas . pinnatait increased from 6.8 pg (g FMup to 8.86,
10.6 and 13.4 pg (g FM)respectively. Exposure of UViBand UV-B alone also increased
proline content as it was raised up to 11.4, 181(gt FM)* and 8.1, 10.1 pg (g FM)in A.
microphylla and A. pinnata respectively. Proline content was further inceeaen combined
treatment of pretilachlor and UV-B. Data preseniedrig. 4 showed that accumulation of
proline content was more iA. microphyllathan A. pinnataunder control as well as treated
condition Similarly, increase in proline accumulation undér-B stress has also been reported
in Azolla pinnataand Azolla filiculoidesby Masood et al [35], although the mechanism of
accumulation of proline in plant or plant parts es@d to stress is still unknown. It is suspected
that due to decrease in the activity of the respiyaelectron transport system [43] leads to the
accumulation of NADH and H Proline accumulation might be an adaptive mecmanior
reducing the level of accumulated NADH, and the&liagiis used for synthesizing each molecule
of proline from glutamic acid. Enhanced level oblpre may have also conferred the capacity to
detoxify active oxygen species efficiently iA. microphylla as compared tAA. pinnata.
Hyperaccumulation of proline in plants is linkedthwvidetoxification against stress induced
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oxidative stress [44]. These results pointed oat the difference in the degree of oxidative
stress (levels of MDA and SOR) Arolla under stress condition was regulated by the cgpaci
of antioxidant system and thus it may be the reaise of the differential sensitivity of both
species towards stress. When we compared the growitlative stress and antioxidant level
betweerA. microphyllaandA. pinnata the more antioxidant activities were observedddition

to the less MDA formation in Amicrophyllg which might be the probable reason for increasing
stress tolerance as reported by earlier worker851

CONCLUSION

We conclude that althougA. microphylla showed reduction in growth but quite good in
resisting the stress caused by pretilachlor andBJW A. microphylla the levels of proline, and
SOD, CAT and POD activities greatly enhanced tlsstance capability towards pretilachlor
and enhanced UV-B stress. On the basis of thesétgds microphyllahas been ranked as the
more tolerant species than pinnata so it can be used as biofertilizer and also feditine
purpose even under unavoidable stress conditions.
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