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ABSTRACT

The fungi showed variation in their growth and development when grown on various nutrient media. This study
examines the growth and devel opments of seven different fungi in define media. The fungi growth was obtained by
daily measurement of fresh and dry weights with changes in pH. Two fungi Fusarium sp. and Antrodia sitchensis
having slow growth rate in compare to rest of the five and preferred neutral to dlightly alkaline condition for their
growth. Rest of the five, Aspergillus niger, Curvularia intermedia and three of Macrophomina phaseolina isolates
(a, b, ¢) were found to grow better in dightly acidic condition. Initial pH of the medium changed considerably
during the growth of the fungi. The role of pH change in the growth and development of the fungi is discussed.
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INTRODUCTION

Fungi form a large and heterogeneous eukaryotiamrof living organisms characterized by their laok
photosynthetic pigment and their chitinous celllf&]. Fungal kingdom contains more than 1.5 milligpecies, but
only around 100,000 have so far been describedh, ygtast, mold, and mushroom being the most famifle8].
Although the majority of fungal species are sapyopd, a number of them are parasitics, in ordeotaplete their
biological cycle, animals or plants, with around@® of them causing disease in plants, the mgjbstonging to
the Ascomycetes and Basidiomycetes [4, 5].

Fungal physiology refers to the nutrition, metadwlj growth, reproduction and death of fungal cdlisalso

generally relates to interaction of fungi with thbiotic and abiotic environment, including cellul@sponses to
stress. The physiology of fungal cells impacts dicgntly on the environment, industry and humaaltie Fungal

metabolism is also responsible for detoxificatidmanic pollutants and for bioremediation of hgawetals in the
environment [6]. The production of many economicathportant industrial commodities relies on exfdtion of

fungal metabolism and these include such diverselymts as whole foods, food additives, fermentecttages,
pharmaceuticals [7], pigments [8], Alkaloids [9]iotwels [10], industrial antibiotics, enzymes [1Mitamins,

organic and fatty acids [12, 13] and sterols [14].

The fungus showed variation in growth rate whemgren various nutrient media. In the present stanlyattempt
was made to evaluate seven fungi isolated fronewifft infected host for their growth and develophierdefine
media.Aspergillus niger, Fusarium sp., Antrodia sitchensis, Curvularia intermedia and three representative isolates
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of Macrophomina phaseolina (a-Castor, b-Mango, c-Ros&plated from different infected host were usedhiis
study.

MATERIALS AND METHODS

Isolation of Pathogens

Infected plant materials were taken and put undening tap water for 1-2 h in jar. Then it was wexhvith 0.1%
HgCl, for 10 min for surface sterilization. The samplasmvashed with sterilized distilled water 3 to mes for
removal of HgCJ; with the help of pre-sterilized scalpel and fgeenfected part of plant material was cut. The
cutting part was inoculated on Potato Dextrose AB&A) plate in aseptic condition and incubate@&t2 °C for
24-48 h for growth of pathogens. After their adegugrowth, isolation for pure culture was carried. ¢®ure culture
of pathogen(s) was incubated at 28+2 °C for sews.dThen with the help of (1cm diameter) borerghlndisc
were transfer on other PDA plate for radial growdtobtain the same growth pattern. Further thie puiture was
preserved for experimentation.

Culture preservation and maintenance

All the cultures were preserved on Potato Dextidgar (PDA) slant at 4° C as well as in Distilledteraat room
temperature. When needed they were grown on PDt& pla28+2 °C for seven days and the growing hypvere
used for experimentation.

Preparation of Inoculums

First the fungi were revived from old culture on/plates incubated for seven days at 28 + 2°C. Wigmthe cup
borer (1cm diameter) disc was cut from the perighezgion of the plate and transfer to anotherepfat radial
growth. Seven days old culture was further usedefgrerimentation a disc (1cm diameter) of funggitiae was
used as inoculum.

Media and culture condition

A define media Murashige and Skoog (MS) (1962) [@8h 2% sucrose supplement was prepared and 5ff it
filled in each of the 250 ml conical flask. The rizedvas autoclaved for 15 min and allowed to cookdom
temperature. The initial pH of the medium was 5®.@1. The inoculum was added to each flask anditaiaed in
a stationary condition at 28 + 2°C for their grovethd development. For growth analysis fresh wedlyitweight
and pH were measured with +SD, at every 24 h iatenFor each experimental data, three replicagze taken.

RESULTS AND DISCUSSION

Predictive microbiology studies the behavior of miorganisms under different physico-chemical cbods such
as temperature, water activity, pH. It can help ittentification of critical points of production drdistribution
process and optimization of production and distidruchains [16]. Predictive modeling has been msiteely used
mainly to predict bacterial growth as a functionesivironmental factors such as temperature, pHaatigity of
water [17-19]. However, model development of fungralwth has not received the same level of attardmthat of
bacterial growth [20, 21]. A few studies concernfaggal growth have dealt with the predictive maaglapproach
[22-25].

In this experiment, seven different fungal isolatese studied for growth in the terms of fresh dndweights. The
growth patterns of these fungi are divided intchgiphae initiation phase or lag phase (ii) rapiogh of mycelia or
log phase and (iii) declined phase (Fig. 1-7). Femwen different fungi studied in this experimexgumulation of
fresh weight inAspergillus niger showed lag phase up to 24 h, the log phase frof224 and declined thereafter.
Accumulation in dry weight showed increasing treapdto 72 h and stabilized in later phase (Fig. Mgximum
fresh weight (2.32 + 0.30 g) and dry weight (27.820mg) accumulation was recorded at 72 h. Fromriitial 5.6
pH, it falls to 2.3 on the second day (48 h), gediguit was decreased and observed 1.6 at sevetlild8 h) (Fig.
1b). A. niger is known for its strong acidification of cultureedia [26-28]. In this study, it is also recordedttpH
falls drastically from 48 h onwards in casefohiger. Besides drastic changes in pH, the accumulafie@econdary
metabolites was also considered being responsiblté inhibition of fungal growth [29, 30Q. niger is known to
contaminate dough, processed food, canned foodakery products [31]. This fungus is one of the tmesistant
fungi and can grow even in low temperature and-b2b [32].
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Fig. 1a Changes in fresh weight and dry weight oA. niger with age maturation.
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Fig. 1b Changes in pH inA. niger during growth period.
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Fig. 2a Changes in fresh weight and dry weight dfusarium sp. with age maturation.
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Fig. 2b Changes in pH inFusarium sp. during growth period.
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Fig. 3a Changes in fresh weight and dry weight oA. sitchensis with age maturation.
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Fig. 3b Changes in pH inA. sitchensis during growth period.
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Fig. 4a Changes in fresh weight and dry weight df1. phaseolina (a) with age maturation.
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Fig. 4b Changes in pH inM. phaseolina (a) during growth period.
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Fig. 5a Changes in fresh weight and dry weight d¥1. phaseolina (b) with age maturation.
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Fig. 5b Changes in pH inM. phaseolina (b) during growth period.
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Fig. 6a Changes in fresh weight and dry weight df.intermedia with age maturation.
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Fig. 6b Changes in pH inC. intermedia during growth period.
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Fig. 7a Changes in fresh weight and dry weight dfl. phaseolina (c) with age maturation.
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Fig. 7b Changes in pH inM. phaseolina (c) during growth period.
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On the other hand, growth rate Bfisarium sp. and Antrodia sitchensis was found slower amongst the all fungi
studied (Fig. 2a, 3a). Both the fungi showed lagsghup to 96 h, the log phase was observed fromd@fvards up

to 288 h inFusarium sp. and in case of\. sitchensis it was noted from 120-216 h and started declitiregeafter.
Maximum fresh weight in the log phase was measase#l.98 + 0.04 g and 2.00 £+ 0.01 grwusarium sp. and A.
sitchensis, respectively. The pH of the medium in both thdates was gradually increased ranging from 5.8-8.5
(Fig. 2b, 3b). Dry weight was also gradually in@ead inFusarium sp. (2-266 mg) andA. sitchensis (1-214 mg).
Overall duration of growth and development was &éigte. double (14 days) as compared to other fstugiied.

Variations in the different isolates Bfisarium sp., was recordeth vitro against different cultural and physiological
parameters [33, 34]. Agarwal and Sarbhoy [35] regmbracidic pH favoring growth of alFusarium sp., F.
oxysporum and F. solani and grew best at pH 4.5 and 6.0 whilegraminearum andF. equiseti at pH 3.5 and 6.5,
respectively. Farkya et al. [36] observed maximumwgh and sporulation of. solani at 5.5 pH. Supported by
Gupta and co-worker [37], pH significantly diffetertes the mycelia growth and maximum growth waerded at
pH 5.5, but this was in contrast to our findingg thaximum growth was reported in alkaline pH (8.8%(. Their
growth was slow in initial stage but as pH becoreetral they grow well from 135 h onwards (Fig. 2a).

In this experimentMacrophomina phaseolina were isolated from three different host plantéacrophomina
phaseolina (a) (isolated from Castor) showed lag phase @48 h followed by log phase up to 120 h then dedli
gradually (Fig. 4a). Maximum fresh weight was retam 4.5 + 0.1 g at 120 h. However, a gradual iregeéan dry
weight (1-181 mg) was recorded though out the gnopdriod. The changes in pH ranged from 5.9-7.9. (#b).
Somewhat similar pattern of growth was also obskmélacrophomina phaseolina (b) isolated from the other host
(Mango), lag phase was parallelib phaseolina (a) and in comparison to that log phase was uggth @Fig. 5a).
Maximum fresh weight was recorded 3.49 + 0.5 gofe#td by decline and the dry weight was continuously
increased (1-155 mg) till maturation. The pH of meidcreased up to 96 h from 6.1-6.4 after thatds steady at
6.1(Fig. 5b). On the other handlacrophomina phaseolina (c) (isolated from rose) showed lag phase saméeas t
above isolates up till 48 h subsequently followgddyg phase up to 168 h then declined (Fig. 7ag frfaximum
fresh weight was measured 2.87 + 0.2 g. The pH falR.8 at 72 h then slowly turns to neutral & b97.1+0.01).
The changes in dry weight measured from 1-274 mghis the three isolates of same specMacfophomina
phaseolina) showed slight variation in their growth. In cafeM. phaseolina (a, c¢) thepH turns to neutral at the end
of growth phases. But in all the isolateMf phaseolina it was observed that it grew best in pH range 684(Big.
4b, 5b, 7b).

In support to this finding, Uppal et al. [38] refed variation in growth oM. phaseolina that can tolerate wide
range of pH, while the optimum range lies betweEn3p4 and 6.4. The growth ®f. phaseolina (causal agent of
root rot of mulberry) maximum at pH 7.0 but showedrked difference with pH change [39].

Curvularia intermedia showed lag phase of two days (48 h) followed hy pinase, gradually increased in fresh
weight up to 144 h (Fig. 6a) and declined thereafiéaximum fresh weight was recorded 2.67 + 0.2nd dry
weight ranged from 2-207 mg. The pH was increasewh 16.5-8.3 at end of growth (Fig. 6b). In this pdhge the
optimal pH obtained herein study agrees with Sehel. [40] who reporte@. pallescens grow well at pH 6.0.

Growth may be profoundly affected by a number ofgitel factors like temperature, pH, light, aematipressure
etc The pH range (between minimum and maximum valussyreater in fungi than it is in bacteria. Most
microorganisms grow best around neutrality (pH-@jl @n the other hand fungi, generally prefer slightidic
conditions for their growth [41], but some spedagor neutral to slightly alkaline conditions [4Rresent study
revealed that in this define media among the séwegi, five (A. niger, C. intermedia andM. phaseolina (a,b,c))
were grew well in slightly acidic condition and thgrowth was completed all most in 189 h. In caeemaining
two, Fusarium sp. andA. sitchensis, the growth period was double in compared to the gthe fungi; they grow
well in neutral to slightly alkaline condition. Qne basis of this study it can be concluded thatianand pH have a
great impact on growth of fungi.

The metabolic versatility of fungi is exploited the fermentation industry, to make antibiotics atfter high value
substances of interest to medicine, agriculture twedchemical industry, to produce enzymes andatoycout
specific steps in chemical processes. This study hedp to the fermentation industries in producta@fnvarious
metabolites by understanding growth and developmgfungi, in define media.
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