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ABSTRACT

Root anatomy of Lithocarpus urceolaris seedlingscitated with Scleroderma spp. at different dengitghading
net was studied in greenhouse and in laboratoryrteolaris seedlings were inoculated with S. sinagense, S.
columnare and S. citrinum at different of shadimg {55 %, 65 % and 75 %) where the fungi weréaisd from
indigenous Fagaceae grown at Botanical Garden ofladas University. The roots were studied for angitml
structures of mantle and Hartig net, percentageabmycorrhizal colonization and morphology of satfected.
The results showed that the roots of L. urceoladsld associate with all ectomycorrhizal fungi &estThe roots
inoculated with S. columnare and S. citrinum un@®r% shades while S. sinnamariense in all condisbading
density (55%, 65% and 75%) could give the bestlt®swith 60% colonization and catagorized as “good”
colonization. L. urceolaris seedlings without shatthe colonization by the three ectomycorhizal@é®derma spp
was around 30 %, and catagorized as “medium”. Innaculated seedling, no formation of ectomycorrhizas
observed. The structure of root anatomy of seeslimpculated with S. sinnamariense, S. columnaré 8n
citrinum showed that the seedling inoculated witlt@umnare using 65% of shade, some of its mafdlesed of
three layers with the thickness of mantle 300 umo Tayers of mantles were found under 55 % shadk wi
inoculant S. sinnamariense and S. columnare witimtla thickness 200 pum and 75% shade, with ino¢tuan
sinnamariense mantle thickness was 150 p and $ommed one layer of mantle (single layer). Ectonngidaa
formed had the same morpholocical characters,greducing monopodial branches and the color of atef of
seedling roots colonized by mycorrhiza was whitsabee there was mysellia which covered roots.

Keyword : Sclerodermapp,Lithocarpus urceolarisgolonization, mantle, Hartig net.

INTRODUCTION

Mycorrhiza is a mutualistic association structuetween fungi (mykes) and root (rhiza) of plantsm8iosis
between mycorrhiza with its host could be clasdifigo three groups based on growth structure aachanism of
infection on host root system, i.e. Ectomycorrhilglycorrhiza Arbuskula Fungi (MAF) and Ectendomytiza.
Ectomycorrhiza fungi can only infect woody plantsldts presence is needed very much for the sureivéorest
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trees. According to Brundrett al. (1996), ectomycorrhiza fungi has more perfect spamp and roots are
surrounded by mantle formed and Hartig net(1).

Most of the fungi forming ectomycorrhiza, are Bésinycetes such &clerodermasp, Laccaria sp, Amanitasp,
Pisolithus tinctorius, Boletusp, Telephorasp, Russulasp, Suillussp (1; 2).Sclerodermaorms ectomycorrhizal
associations with a wide range of woody plantsluiog members of the Pinaceae, Myrtaceae, Fagaceae
Mimosaceae, Dipterocarpaceae and Cistaceae (Joe beneficial isolates can vigorously competén wiher
ectomycorrhizal fungi in field (3; 55cleroderma columnarie one species of fungi that form ectomycorrhizat t
can associate with conifer and woody plants (6)tuNdly, Scleroderma sinnamariensgould associate with
Gnetum gnemo(8).

Contribution of ectoycorrhizal fungi in their ason with plants among other things increasing alsorption of
nutrition (7; 8) and water (9), increasing resis&to drought (10), and disease (11), and asdi@itor of forest
soil productivity (12). On the other hand, ectomyh&al fungi obtain carbon from host plants. Aatiog to
Alexander and Selosse (2009), studies about myizarrim tropical forests are still limited(13)Lithocarpus
urceolarisis one of dominant Fagaceae tropical forest in lamd areas in West Sumatera. Fagaceae has a high
diameter growth rate and physically has a hard w{bg) and economically important (15). Alamsgthal.,(2015)
stated that the seedslafurceolaristakes a long time to germinate. One of ways tedpg the growth of seedlings
after germination is inoculating them with ectomibizal fungi. Alamsjahet al. (2015) selected ectomycorrhizal
fungi indigenous at Botanical Garden of Andalas védrsity (BG-AU), and resulted in three best spedies
increasing the growth df. urceolarisseedlings, i.e.Scleroderma sinnamariense, S. columnang S. Citrinum
(16).

One of environmental factors which very much aeitte success of association of ectomycorrhizadjifwith
their hosts is light intensity. So, it is very intnt to study further about the effect of lighteinsity. This research
objective was to study the response lof urceolaris seedlings inoculated with ectomycorrhizal fungi,
S.sinnamariense, S. columnaaad S. citrinum indigenous to BG-AU at different density of shaden root
anatomical structure i.e. the presence of manite Hartig net, percentage of ectomycorrhizal caation and
morphology of roots infected.

MATERIALSAND METHODS

Toolsand Material

Materials used in this study are the seeds of pleagaceae (Lithocarpus urceolaris), containeruspraltisol soil,
sand, inoculant Scleroderma sinnamariense, colm@arand S. citrinum, polybags, media Modified Meli
Norkrans (MMN), antibiotics, alcohol, distilled veatsterile, spritus, HgCI2, tissue paper, filtepga label paper,
cotton, Alcian blue, FAA, safranin, xylol, paraffishade/paranet.

The tools used are shears, scissors, cameraspnstgti rulers, calipers, loup, tweezers, needle/nesglle
inoculation, Petri cup, test tubes, beakers, beakr bar, Erlenmeyer, lights spritus, pipette attles films,
autoclave, glass slide, cover glass, cork borendhsprayer, a dissecting microscope, a photo-nioms
microtome, oven.

Isolate Culture

Isolate used wer&cleroderma sinnamariense, S. columnare S. citrinumexplored from Botanical Garden of
Andalas University (BG-AU). Isolation and isolatelture of S.sinnamariense, S. columnaedS. citrinumwere
done using media Modified Melin NorkraiMN) that had been given antibiotic. Mycelia pragd on media was
used as materials of trials. All the process wasetig propagation was done aseptically.

Mediafor Seedlings

Media used for growing seedlings lofurceolariswas mixture of ultisol soil with sand with ratioll(volume). Soil
and sand were screened from coral and stone. fhieemedia were sterilized using autoclave for 3Qutds with
1,5 atm pressure, and temperature 120°C. Stedtiiaxwere then put in poly bags.
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Effect of shade and inoculation of Scleroderma spp. on percentage of ectomycorrhizal colonization and
Anatomy of root of L. urceolaris

Seeds of.. urceolaristhat had germinated were selected based on thed growth and then were planted in sterile
media provided in poly bags. At the same time imarouof ectomycorrhiza fungs. sinnamariense, S. columnare
and S. citrinumwere placed near roots of seedlings and for cbtitere was no inoculation of three species of
fungi. The seedlings were then placed in diffret¢nsity of shades, 55%, 65%, 75% and no shadéndptihe first
two days the seedlings were not watered to avoghimg inoculum.

Seedlings care

Seedlings were taken care by watering and weeddaloiVatering was done every two days using harreysp.
Weeds growing around seedlings were pulled oute®asion was done until ten months after inocutatié three
species oScleroderma

Parameter s measured

Root morphology of L. urceolaris seedlings

After 10 months, seedlings were separated fromtipigmmedia. Roots were washed in a container aoedawater
and they were kept intact. Morphological charactarectomycorrhiza (pattern of branches, colomaintle) on
roots that had been clean were observed using loop

Microscopic observation of Scleroderma spp.

Isolates ofSclerodermaspp. which associated with rootslofurceolarisseedlings were observed under microscope
to determine the presence of clamp conection omytselia which is one of characters of ectomycaatfungi in
Class of Basidiomycetes.

Anatomical Structure of roots colonized by ectomycorrhiza

To determine anatomical characters of root colahizg ectomycorrhiza, the parameters measured weretwe of
mantle, Hartig net and rhizomorph. Roots that hadlsosis was marked by the presence of mantle ph&yf
ectomycorrhizal fungiSclerodermaspp. which covered roots and the presence of HagigFor root anatomical
observation the process of making preserved prepavas done using paraffin methode (Sass, 1958hwh
covered the process of fixation, dehydration, fieaa, cutting and staining.

Per centage of ectomycorrhizal colonization
Roots that had been cleaned were observed. Pageeof roots colonized by mycorrhiza was determibgd
comparing root mass colonized by mycorrhiza witnttital mass of roots.

RESULTSAND DISCUSSION

Effects of Shade and I noculation of Ectomycorrhizal Fungi on Percentage Ectomycorrhizal colonization

Table 1 showed that ectomycorrhizal fungi, sinnamarienses. columnareandS. citrinumindigenous Botanical
Garden of Andalas University (BG-AU) could colonizeots of L. urceolaris seedlings. Colonisation of
ectomycorrhiza was not formed on seedlings thaewet inoculated with three species®€leroderma

Table 1. Percentage of roots of L. urceolaris seedlings colonized by differ ent species of ectomycorrhizafungi indigenous of BG-AU at
different density of shade (ten months after inoculation)

Percentage of ectomycorrhizal colonization (%)
Shade - - — -
S. sinnamariense S. columnare S. citrinurhlo mycorrhiza
No shade 30 30 30 0
55 % 60 50 50 0
65 % 60 60 60 0
75 % 6C 50 50 0

Effects of Shade and I noculation of Ectomycorrhizal Fungi on M antle thickness and the penetration depth of
Hartig Net

Observation on anatomical structure of roots lof urceolaris seedlings inoculated with S. sinnamariense, S.
columnareandsS. citrinumshowed the formation of fungi mantle out sidelther of epidermal cells and Hartig net
in space among cortex cells (Table 2 and Fig. )AOn roots of L. urceolaris seedlings which were not
inoculated with the three species of fungi, maatld Hartig net were not formed.
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Table 2. Mantlethickness (M) and penetration depth of Hartig net (HN) at different density of shade and inoculation of ectomycorrhrizal
fungi Scleroderma spp. indigenous of BG-AU (ten months after inoculation)

Shade S. sinnamariensg S. columnarsg S. citrinun] No mycorrhiza
M) | HNQ) | M@E) | HN@)| M) | HN (W)
No shad 80 40 5C 25 1C 1C 0
55 % 200 40 200 50 100 40 0
65 % 150 50 300 - 100 50 0
75 % 150 100 100 50 100 25 0

Root Morphology of L. urceolaris seedlings

Macroscopically it was shown that on roots of inéecseedlings there was hypha covering roots. Batomhiza
formed had the same morphological characters, gindu monopodial branches and the surface of rogltsnized
with ectomycorrhiza had mostly white color (FigG)-

M icroscopic observation of Scleroderma spp.
Microscopic observation on hypha of three specieSaterodermabn roots ofL. urceolaris showed the presence of
clamp connection (Fig. 1-H).
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Figure 1. A-F. Cross section of L urceolarisrootsinfected by ectomycorrhiza fungi (ten monthsafter inoculation); G. Infected root; H.
Hypha of fungi (arrow shows clamp connection); M =Mantel, HN =HartigNet, CC = Cell Cortex, HE= External Hypha

Shading-net and the inoculation 8f sinnamarienseS. columnareand S. citrinumisolated from BG-AU to
seedling ofL.urceolarisshowed the difference effect on anatomical formh e presence of mantle and Hartig net,
while none was found on seedlings in conditiorhaiiit shade and no inoculants. Result showed tHzB%t 65%
and 75% shading net and inoculatingrceolariswith S. sinnamarienseand 65 % shade with inoculation wih
columnareand S. citrinum gave the best results with the same percentageolohization, i.e. 60 % which
catagorized as “good” colonization. Giving 65 %adé and inoculating witB. columnareandS. citrinumshowed
the same colonization i.e. 50 % which was alsagmized as “good” colonization. Unshaded condjtibe three
species of fungi produced 30% colonization catagarias “medium” colonization. The shade of 65% mig#use
optimum light intensity and temperature compareatteer density of shades (55 % and 75 %). The tiomdof
environment would decrease evapotranspirations@tbat it could protect seedlings from drying antl water was
available in planting media. This indicated thabdulation ofS. sinnamariense, S. columnaredS. citrinumcould
increase percentage of ectomycorrhizal infectionraots of L. urceolaris seedlings.Hight percentage of root
colonized by ectomycorrhiza fungi indicated thamn$ would absorb more nutrition and water (17)aret al,
(1992) classified percentage of colonization intarfcatagories: 75-100% (very good), 50-74% (gp@d}49%
(medium) and 1-24% (bad)(18).

Compatibility of species of ectomycorrhrizal fungiassociate with their hosts would have an effecpercentage
of ectomycorrhizal colonization. This case reldteshe rate of sporal sprouting of ectomycorrhilzadgi(8). The
more quickly the spores sprout the higher the pdigi of spores to colonize roots (19). Mycelium & very
dynamic part and functions in forming symbiosisheTrate of growth and development of mycelium anploots
would determine the percentage of colonisationumgf (20), because 80% of biomass of ectomycorrhingi is
exstra radical mycelium (21). According to Jeffreesd Dodd (1991), level of plant dependent on egtanrhizal
fungi besides determined by the plant its sel§ @lso determined by the fungi isolate(22).

Structure of roots underwent changes by the irdaadf ectomycorrhizal fung6. sinnamariens&. columnarend

S. citrinum After inoculation the mantle was formed and myoel penetration to cortex tissue was deeper, then
Hartig net was formed between cortex cells. Analyfi root anatomy showed that the mantle formedowits of
seedlings given shade, some consist of three lay#hsmantle thickness 300 p and this was foundseadlings
under 65% shade with inoculai®. columnargTable 2, Fig. 1-C ). Some consist of two layevbere the layer of
young mantle attached to roots and old layer d@eslcoutward and this was obtained on seedling ub8&r of
shade with inocular. sinnamariensandS. columnargTable 2, Fig. 1-B), mantle thickness is 200 p levhvith
75% of shade and inoculaBt sinnamarienséig. 1-D) the thickness of mantle is 150 p. Marftirmed looked
thick and attached evenly around root. Some alsuodd single layer (Fig. 1:A,E,F).

Table 2 and Fig 1, shows that mantle thickness éormere ranged from 10 — 300 p and Hartig’s neewanged
from 10 — 100 p. According to Supriyargo al. (1994), the mantle thickness usually varied from-2000 p, and
mostly found was 30 — 40 u(23). The estimate drighteof mantle was 25-40% from the total weightted whole
organ of fungi. The component functions as devigesélection and storing. The result also showatiritots of L.
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urceolarisseedlings inoculated with three specieSderodermavith shade, the thickness of mantle formed ranged
from 100 — 300 u. This indicated that there wasa@ng symbiosis betwee. sinnamariense, S. columnamedsS.
citrinum indigenous of BG-AU with roots ofL. urceolarisseedlings The thicker the mantle formed the more
mycelium colonizing roots df. urceolarisseedlings and its penetration was deeper bechasewas compatibility
between ectomycorrhizal fungi and seedlings. Ta&ult was supported by higher percentage of ectorrizal
colonization compared to the one without inoculaid the three species @cleroderma

Mantle is an outer structure of ectomycorrhiza twtsists of hypha covering surface of roots andomsequency
there is no direct contact between roots and rizesp Mantle might consist of one or two layerdigbha which
function as pseudoparenchyme. Mantle is formed yph&a and rhizomorph. Hartig net is arranged by hypha
complex labirintik branches system. The structurewg in spaces intercell cortex toward root centpetill
endoderm or other tissue near root centre thabeas differentiatedBased on the result of research of Supriyanto
(1999), the presence of mantle and Hartig tissueooh system explained the compatibility statusmMeein plants
and ectomycorrhiza fungi(24).

Morphological observation indicated that ectomybiza had developed in roots df.urceolarisinoculated withS.
sinnamariensg S. columnareand S. citrinum. In roots infected there was hypha coating rootsseédling.
Ectomycorrhiza formed in root of. urceolariswhich associated with three speciesSoferoderméiad the same
morphological characters, producing monopodial tihas and root surface bf urceolarisseedling colonized by
mycorrhiza showed mostly white color. Mycelium of@nycorrhizal fungi coated roots and showed wbitier.

In Fig.1-G, it was shown that giving 65% shade aratulation withS. columnarecaused ectomycorrhiza colony
formation on roots ol. urceolaris seedling. On further stage, root infection wouldism the fruitbody ofS.
columnareto form in the surface of planting media. Theitrady found inL. urceolarisseedling colonized by
mycorrhiza, had the same characters Bitlcolumnarénoculated to seedling.

The way to determine level of success in forming aeveloping ectomycorrhiza in a seedling basedhen
presence or absence of ectomycorrhiza on root. Boe® certain fungi have variation in their alilib form

ectomycorrhiza. Sufficient light intensity is nedder the root to be able to accumulate carbohgdi@t the growth
of fungi symbiont. Suhardi (1995) stated that theréase of light intensity could cause room antteaiperature
increase, and indirectly could affect developmenéaomycorrhiza(25). According to Yasman (199%)p tuch

light was not good because it would cause thewgaimer, while too little light could reduce the roen of root
with ectomycorrhiza because of less carbohydratelygred from photosynthesis(26). Moore-Landecker72]19
stated that light affected growth rate of funginthesis capasity, and reproductive structure. Sigadi an effective
way to reduce light intensity and temperature smitld increase humidity(27). The increase of pfamtosynthesis
rate would increase karbohydrate content so thHattion of mycorrhizal fungi would also increasen €arly stage
of inoculation, generally most of photosynthesi®duction is used to support the formation of myeizal

association.

CONCLUSION

The results demonstrate that L. urceolaris coukb@ate with more than one ectomycorrhizal fung, with
Scleroderma sinnamariense, S.columnare and Suitrilnoculation of5. sinnamariensen roots of L. urceolaris
seedlings under 55 %, 65 % and 75 % shade andftGacolumnarendS. citrinumunder 65 % shade gave the
best result with 60% colonization which categorizsdgood colonization. Anatomical structures ofdfeg roots
inoculated withS. sinnamariense, S.columnardS. citrinumshowed the presence of mantle which cover roots
and Hartig net consisted of hypha between cortéls.c8éome mantles formed could consist of threedaywith
thickness 300 p and these were obtained from iaat@. columnareunder 65% shade, two multy series layers
were obtained from inoculan& sinnamariensandS. columnareinder 55% shade with thickness of mantles 200
i, and under 75 % shade with inocul&nt sinnamariensthe thickness of mantle 150 p. Some only formedisi
layer.
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