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ABSTRACT

A pot experiment was conducted in tomato to study the biochemical changes, the protective enzyme activities and
disease resistance against the tomato wilt pathogen Fusarium oxysporum f. sp. lycopersici. Two dominant species of
Arbuscular Mycorhizal (AM) fungi Glomus fasciculatum and Acaul ospora laevis were isolated, mass multiplied and
used for further studies. Tomato plants were grown in plastic pots filled with sterile soils and inoculated with AM
fungi G. fasciculatum and A. laevis. There were six treatments along with the control. The effect of the interaction
between the AM fungi and pathogen Fusarium oxysporum f. sp. lycopersici on tomato plants were monitored
regularly. The morphological and biochemical modifications were observed in mycorrhizal, pathogen infected and
mycorrhizal plants infected with pathogen and the results were compared with the control plants. Mycorrhizal
colonization significantly increased the mineral nutrient concentration, chlorophyll, protein, amino acids, starch,
sugars and phenolic content. Among the AMF, A. laevis proved to be the more effective strain compared to
G. fasciculatum.
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INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) are obligate syionts that predominate in the roots and soilsgoicaltural
crop plants. The interaction between the AM fungi ather soil organisms are complex; they may béitory or
stimulatory. The AM fungi have been shown to proenpiant growth mainly by enhancing nutrient acdigs[1].
Mycorrhizal fungi vary in their effect with host drenvironment and a specific species has to becribes!
according to host, soil type, location and pathog&rbuscular mycorrhizae is involved in the mosivensal
intimate and important symbiosis[dDifferent mechanisms have been shown to play @ iroplant protection by
AM fungi namely: (i) enhancement of plant nutritjgii) competition with the pathogen for resoureesl space,
(i) plant morphological changes and barrier fotioia, (iv) changes in biochemical compounds relatétth plant
response, (v) alleviation of physical stresses, (@)dchanges in antagonist and/ or deleteriougobie populations
in the mycorrhizosphere[3]Tomato is an important crop which is cultivatediely throughout the world and it is
grown under a wide range of production systems Htigh in vitamins and is therefore used in saladsked as a
vegetable or made into tomato paste and tomat@sdomato consumption has been associated witleased risk
of breast canceand might be strongly protective against neurodegiive diseases[4,5,8Jomato plants are
affected by several diseases, including Fusariulncauised byrusarium oxysporumf. sp.lycopersici (Sacc.), a soil
borne pathogen. This is a destructive disease rétim worldwide[7]. It causes vascular wilt in tomand even
resistant varieties may be affectefihe disease starts out as yellowing and droopimgre side of the plant. Leaf
wilting, plant stunting, browning of the vasculgstem, leaf death, and lack of fruit production e#so occur[8]

62
Pelagia Research Library



S. Manila and R. Nelson Asian J. Plant Sci. Res., 2014, 4(1):62-68

MATERIALS AND METHODS

Soil

The experimental soil was sandy loam. It was aat@d at 129 C for 2h to eliminate naturally occurring
endophytes. The same protocol was repeated twicemsecutive days and then mixed with sterile sartte ratio
of 2:1(v:v).

Mycorrhizal inoculums

The Arbuscular fungusGlomus fasciculatum and Acaulospora laevis isolated as described earlier [9] were
maintained on onionA{lium cepa L.) to prepare pot cultures. The spores of thevab®V fungi were inoculated
into sand —soil mixture in polythene bags and wgrewn under controlled conditions. Two months after
inoculation, the fibrous onion root were collectati mycorrhizal infection was assessed by modifiedring and
staining technique[10]. Then the roots were chopf@8mm in length) and mixed with steam sterilizzthd and
loam soil. This mixture of soil, chlamydosporesi aegmented ,colonized roots was air- dried, padkgaastic
bags, stored at’@ and used whenever required.

Maintenance of Fusarium oxysporum f. sp.lycopersici (Sacc.)

Fusarium oxysporum f. sp.Lycopersici (Sacc.) was obtained from Dr. S. Beena, ProfeBathology Department,
College of Horticulture, Thrissur, Kerala and therbcultured in synthetic nutrient agar which alldveporulation
of Fusarium.

Tomato Seeds
Seed of tomato variety Mukthi were obtained fronrdd& Agricultural University, Kerala.

Experimental condition

Tomato {ycopersicon esculentum Mill .) seeds were surface sterilized in 70% ethanad? fmin followed by 2min in
0.6% mercuric chloride, rinsed three times in edistilled water, then sown in plastic pots (13dmameter)
containing potting mix and vermiculate (2:1).Twoeke after germination the seedlings were transpthtd 13cm
diameter plastic pots. Each pot contained 1g of campizal inoculum(500 spores per 1 g soil) of eitis.
fasciculatum or A. laevis. Inoculum was distributed in one layer, 5¢cm, beltw soil surface. The seedlings were
placed 2.5cm above the mycorrhizal inoculum. Norconshizal pots with one gram of non mycorrhizahion
roots served as control. Seedlings were waterdu distilled water and fertilized with 50ml/week b®%Hoaglands
nutrient solution[11] without phosphorous beginn8@pays after planting. One month after transphgnthe plants
were inoculated with a conidial suspensioria$arium oxysporum f. sp.lycopersici (25ml/pot), poured on the soil
surface.

There were a total of six treatments which weréoHews; Glomus fasciculatum(GF), G. fasciculatun+ pathogen
(GF+P), Acaulospora laevis (AL), A. laevis + Pathogen(AL+P), Control(C) and Control+ Path@e-P), All
pots(5replicates per treatment) were grown undatrelbed conditions .After inoculating with pathagéhe plants
were covered with polythene bag in order to mamtaimidity and to prevent contamination from otkeurces.
Eight weeks after transplanting, four plants freath treatments were harvested, washed and wederufether
experiments.

Experimental Assays

Biochemical parameters like total sugars[12], réayisugars and non-reducing sugars[13], proteijsgtdrch[15]
aminoacids[16] peroxidase[17]and phenolic content[18jvere determined in the root and leaf tissues.. The
Phosphorus content was determined calorimetridafi}vandomolybdate method[1@nd total nitrogen was also
determined[2Q] Total chlorophyll and carotenoid contents of theaves were estimated according to
Lichtenthaler[21]

Extraction of free amino acids was performed bgtfiromogenizing leaves and roots with blender i &hanol;
the solution, treated with chloroform and concdettaunder vacuum. The residue was dissolved withigpacid
and then absorbed on a Dowex 50 X 80, 100-200 nmidsh.fraction was eluted with 4 N NBH, dried under
vacuum, esterified, and then acylated with heptafibutyric anhydride.
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Amino acid composition was determined using a Ckrloa “Fractovap 2200’ gas chromatograph equippitd av
flame ionization detector. The column (2 mm X 2was packed with 3 % SE 30 on Chromosorb HP 80-1€€hm
Oven temperature was maintained at 100 °C for 6anthprogrammed up to 260 °C at 2 °C/min.

Statistical analysis
Mean and standard deviation values were calculaimmbrding to standard procedure using Windows Excel
software.

RESULTS

AM fungal inoculation significantly affected the enall growth, nutrient content and disease seveoityhe tomato
plant. In this study the use of AM fungi had andfigant effect on total sugar content of tomatanlcompared to
control and pathogen infected plant. The maximuorgase in total sugar content was obtained whenwsxs
infested withAcaulospora laevis. The least result was observed in plants infeeti#ld pathogen only (Table -1).
Mycorrhizal plants showed a considerable increasdadth reducing and non reducing sugar contentnwhe
compared to non -mycorrhizal, control and pathogleme infected plants. The ratio of reducing sugesis more
than that of non reducing ones. ApplicatiorAchulospora laevis showed a better result (Table -1).

AM fungi increased the chlorophyll a, b and caroidrcontent of all treated plants as compared tdgrobplant and
pathogen aloneAcaulospora laevis stimulated the maximum production of chlorophytidacarotenoid in tomato
plant (Table-1). With regard to nitrogen and phlwspus content, all the AMF inoculated plants haphifcant
increase than uninoculated control plants. Amorgyitiolates tested, AL inoculated plants had higlositent of
both phosphorus and nitrogen. Uninoculated pathedftted plant showed the least content. A siniiland was
also observed in phenol content (Table -1). Indmraof soil with GF and AL alone enhanced the eitcontent
in tomato plant. AL showed the maximum result (Eatl).

When compared to un-inoculated control, peroxidasiity was higher in root and leaves of AM incatigld plants,
as well as in the AM+P plants. AL showed the maximactivity (Fig. 1). The use of AM fungi had a sifizant
effect on aminoacid content of tomato plant comgate control and pathogen infected plant. The maxm
increase in aminoacid content was observed whdneai infested withAcaulospora laevis. The least result was
observed in plants infected with pathogen only.réhgas about three fold increase in the conteirgihine and a
two fold increase in proline and lysine contentrdots of AL+pathogen inoculated plants especiallfthie roots.
Phenylalanine and serine level was also high isghmants (Fig. 2).

Table -1. Effect of different Arbuscular mycorrhizal fungi on P uptake and changes in sugars, starchmino acids, protein and
phenols as a result of AM infection & Tomato wiltpathogen infection

Control G_Iomus Acaulogpora Control + GF + AF +

fasciculatum lavels Pathogen Pathogen Pathogen
VAM colonization (% 0 40.2 +0.5 74.2 £1. 0 46.1 +1. 700 +1.1
Phosphorous content (mg/g dry wi 0.19 +.0p0.34 +0.002|] 0.60 +.003 | 0.11+0.005 0.39 + 0.005 0.51 +.003
Nitrogen (mg/plant) 2.1 +0.17( 4.30 +0.18| 7.7 +0.15 0.9 +0.17 3.8 +0.17 7.1 +0.17
Total Sugar (%) 3.5 £0.18] 6.59+0.17 9.5 +0.08 25 +0.1 6.2 +0.09 8.6 +0.07
Reducing sugar (%) 22 +0.28 4.15 +0.19( 6.4 +0.25 1.7 +0.28 4.3+0.13 5.9 +0.25
Non-reducing sugar (%) 1.3 +0.04 244 +0.06| 3.1 £0.10 0.8 +0.02 19 +0.12 2.7 £0.10
Starch (%) 1.6 +0.04| 1.94 +0.03 2.9 +0.04 1.1+0.03 1.8 +0.05 2.4 +0.09
Phenolgmg g™ dry wt) 9.4 +1.4 | 11.22 +1.23| 18.6 +1.8 123 +2.1 123 +2.1 18.6 +1.8
Carotenoidgmg g™ f wt) 5.13 +0.14| 5.59+0.14 | 6.41 +0.12 4.56+ 0.09 5.02+ 0.07 5.93+0.13
Chlorophylla(mg g f wt) 0.57+0.002 0.6£+0.00z 0.9¢ +0.00¢8 0.4% +0.00: 0.5&+0.00z 0.92 +0.00:
Chlorophyll K(mg g™ f wt) 0.431+0.00. [ 0.521+0.00. | 0.772 +0.00 | 0.380 +0.00 0.464+0.00: 0.893 +0.00
Protein(mg g™ dry wt) 2.51+0.03 | 3.53 +0.02| 4.8 +0.02 1.6 £0.04 3.6 £0.04 4.8 +£0.02
Total free amino acidsrig g™ dry wt) 112 +1.2 | 2242 £1.82| 425 +2.0 19.2 +2.2 28.4 £2.5 56.5 +£2.0

Note: Each figure represents the mean of five replicates.
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Fig. 1. Peroxidase activity in Roots and Shoots asresult of AM infection & Tomato wilt pathogen infection
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Fig. 2. Content of Aminoacids in Roots (A) and shds (B) as a result of AM infection & Tomato wilt pahogen infection
DISCUSSION

It was obvious from the present study that thegratton of AMF has a significant effect éiusarium oxysporum f.

sp. lycopersici population in tomato rhizosphere. Inoculation hwieM fungi not only improved the growth,
chlorophyll content, B P level but also reduced the incidence of wiiedise. However there was difference in the
growth promoting efficiency of the different AM fgn Acaulospora laevis was found to be more efficient thé&h
fasciculatum in increasing the total biomass production ancealie resistance. This is in accordance with the
previous reports that symbiotic effectiveness ddpemn the interaction between mycorrhizal plantconshizal
fungus and soil characteristics. The results obthindicated that in AL inoculated plants the lesEbiochemicals
and macronutrients were high. It may be due toeiased photosynthetic rates in mycorrhizal plaras tthe non
mycorrhizal ong22, 23] It supports the previous reports, that increggeatosynthetic rate is directly correlated
with the amount of chlorophyll content in the mytozal plants as reported by Gemetal., [24]; Neelima Rattet

al., [25]. The amount of chlorophyll was high in the AM funigioculated plant than the control. AM fungi
inoculation in the present study resulted in sigaifit increase in both ,Nand P content of tomato plant. Increased
nitrogen content in mycorrhizal plants might be daehe increased nitrate reductase activity insegaence of
improved P- nutrition provided by AM symbiosis asgygested by Oliveet al., [26]. The AM fungi inoculated
tomato plant had higher phosphate content tharoeolated plant. The phosphorus with in the sdiken up via a
phosphate transporter located in the extra-ratligahae of this fungus[27Results of the present study reveals that
there was marked increase in starch and ratio nfreducing sugars to reducing sugars of AM fungiirated
tomato plant as compared to uninoculated contiakrease in aminoacid contents was observed i @@ leaves

of AM fungi inoculated tomato plant. Content of mige and proline was considerably high. These aatids are
known to play an important role in providing rearste to the mycorrhizated plant against pathogEmes.proline
content has been reported to get increased intaasisultivars, which indicates its disease rasisttapability in
host plants. Other authors have suggested thatt¢ob@sistance to infection byhielaviopsis basicola may be
caused by changes in the free aminoacid contemtyobrrhizal root. In particular, the inhibition ohlamydospore
formation byT. basicola has been attributed to the high content of argiimmycorrhizal roots[28]The protein
content was high in AM fungi inoculated tomato pl#man uninoculated control. Increased levels otgin in the
inoculated plants could be attributed to either pinesence of fungal proteins or post infectionahglation of
protein synthesis in the host plant[29].

The obtained results demonstrate that AM colorraked to significant increase in the phenolic eantof tomato
plant than uninoculatd control. Many plant phenaampounds are known to be antimicrobial becausee@sed
phenol synthesis of the plants brings about areas® in phenyl propanes, which are lignin precarsie increase
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in total phenols in AM fungi inoculated plant coute due to the general triggering of aromatic hitisgsis[30]
Accumulation of lignin and phenolic compounds hasrbcorrelated with disease resistance in a nuofhglant-
pathogen interactions. These include whHeaatarium graminearum and cucumbePRythium aphanider matum[31].
Significant increase in peroxidase activity wasndun AM fungi infected plants than uninoculatechtrol. The
increased peroxidase activity by AM fungi may be do AM inoculation which also resulted in incredsetivity
of phenol oxidase enzyme. This increased phenalase activity might be responsible for increasednplic
contents in the plants. Peroxidase and phenalasgi are important enzyme of the defence mechafigtants
against pathogens. Both these enzymes are invatvdte oxidation of phenolic components into quasnwhich
are toxic to the pathogen [32].

From the present study it is concluded that AM oaation increased plant growth and resistanceusafum wilt
infection in tomato plants. Among the AM fungi tedtAcaulospora laevis was more effective in controlling the
tomato Fusarium wilpathogen.
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