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PROD CTION AND BIOACTIVITY DETECTION OF
 

Gm BERELLIC ACID BY Gibberella fujikuroi GS
 

Received 27 . \ 1.2000 Niliifer ctuxxcm * 

Abstract 
In th is study, Gibberella fujikuroi (;5 fungus str ain was gro wn in C zapek Do. 

bro th medium. The yield of gibberellic acid was 650 mg! I . Then, the bioassay of gibbere llic 
acid (G 3) produced by Gibberella f ujikuroi G5 was carried o ut for detection of bioacti vity . 
For thi s purpose, rice seed ling. test was applied . After the incubat ion period of 18 days, the 
GA.3 iso lated from the culture media was applied to the dwarf rice vari ety supplied from 
To kyo Unive ity, f aculty of Agriculture. 111e shoot elongation increased depending on the 
dose of GA3 , proving the bioact ivity of GA 3 obtained by Gibberella fujikuroi G5 . 

Key w ords : Gibberella fuj ikuroi, gibbe rellic acid , bioactivity , dwarf rice see d ling. 

Intro duc tion 

Gibbcrellins arc importan t plan t grow th regulators obtained from plants and 

mic roorgan isms. They are wid ely used in agricu lture, nur ser ies, greenhouses, vi ticultu re etc. 

Th e bioactivity of these sub stances plays an importa nt rol e in agr icultura l are a. 

The production of plan t growth prom oters such as gibberell ic ac id rep resen ts a 

priori ty for the enhancement of agricultu ra l cul tur es and thus, by extension, for the food 

indu stry. Th is is of part icular impo rtance in develop ing co untries. 

* Hacettcpc University , Faculty of Scien ce, Department of Biology, 0653 2 Beytepe An kara, 
TU RK EY 
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The gibberellins are a large family of di terpene acid s. They have bee n found to 

elicit a variety of responses in higher plants includ ing sho ot elongation, sex expr essio n, fruit 

growth and seed germination ( 1,2). Of the many existing gibb erellins and the most widel y 

known is g ibbere llic acid. As gibbere llic acid (GA3) is an important gro wth promo ter in 

plants, world wide demand for th is substance is steadil y increasing . This growth reg ulator is 

used to obtain a varie ty of economic benefits. Thus , the bioac tiv ity of gi bberellic acid is 

qu ite important fo r find ing application in the fiel ds ment ioned above. 

Amon g the var ious bioassays for gibberellins (GAs), the micro-drop method 

using GA deficient mu tants of dwarf rice is one of the most usefu l because of the simple 

manipulations invo lved and the high degree of sensitiv ity of the assay . This meth od is based 

upon the elongation response of the second leaf shea th of rice plants to GA3 (3,4) . 

There is no report in the literature on detection of bioact ivity of gibberellic acid 

obtained from Gibberel la fuj ikuroi G5 funga l strain .In the prese nt stud y, we r ' port the effect 

of gibberellic ac id produced by Gibberella fuj ikuroi G5 on the dwarf rice variet y and 

detection of its bioactivity. 

Materials And Methods 

Microorganism 

The fungus strain Gibberella fujikuroi G5 used in this study was obtained from 

Faculty of Agri culture, An kara, Turkey. Cultures were maintained on pot ato dextrose aga r 

slants and subcultured every month, then trans ferred to sto rage at 4 0C . 

Media and culture conditions 

Czapek- Dox liquid med ium was used as a base growth med ium (5) . Th e pH of 

the above media was adj ust d to 5.5 followed by steri lization at 120 0C for 15 min . 

Growt h and gibberellic acid prod uct ion were carried out in 250 ml Erlenmeyer flasks 

containing 100 ml of the medium, follo wed by incubation at 30 0C for 18 days in the dark 

in a rotary shaker ( 150 rev min - I) . 
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Gibberellic acid extraction and quant ification 

Samples of filte red culture med ium were acidified to pH 25 with 0.1 N HCI and 

were then extracted three times with ethy l acetate. The organic pha se was treated with 

activated charcoal to adsorb pigments and subseq uently filtered (6). 

The samples were concentrated to dryne ss and redissolved in methanol. The 

samples were applied to precoated thin layer chromat ography sheets ( silica gel 60 F 254 , 

Merck) and eluted with the mixture. of the organ ic phase of the solvent system : benzene: 

butanol : acetic acid (30: 15:5, v/v/v) . Th e gibberellin spots were revealed with a uni versal 

reagent ( 5 % sulfuric ac id in ethanol ) and were visua lized in an ultraviolet light chamber at 

365 nm. Good separation of Gibberellin GA3 ( gibberellic acid) and GA7 was ob tained. 

These plates, with an interna l standard (GA3 from Sigma chemicals) were read in a sca nning 

densitometer ana lyzer appara tus to quanti fy the gibbere llic acid concentra tion. 

Dwarf rice assay 

Th e dwarf rice (Oryza sa liva L. cv. Tan -ginbozu) micro-drop method was used 

to assay bioactivity. Tan- ginbozu was kindl y supplied by Prof. Noburo Murofush i; 

University of To kyo, Facu lty of Agr iculture.Japan See ds of the dwarf rice cultivars were 

sterilized with Benlate ( 0 .1 %, Du Pont , Del. ,U.S.A ) soaked and germinated in sterili zed 

water for 3 days at 30 0C . The coleoptils were 0.5 mm in length . After the inc uba tion per iod 

of Gibberella fujikuroi G5 for 18 days, the GA3 isolated from the culture media was 

applied to the dwarf rice variety by micro drop method. Aut henti c GA3 was dissolved in 50 

% ( 1'/'1 ) aqueous acetone. Various co ncentrations of test so lution was app lied with a 

mierosyringe to the region between the coleoptil c and the first I af of a . edling . The length 

of seco nd leaf sheath was measur ed seven days after applicati on (7,8). 

Statist ical analysis 

The correlation between amount of gibberellic ac id (ug) and length of second leaf 

sheath (mm) was determined according to Pearson' s correl ation test (9). 

Results and Discussion 

The early descripti ons of GA induced elon gation, especially those associated 

with genetic dwarfi sm. Some researchers presented evidence that gibb crellins are acti ve in the 

contro l of shoo t elongation in Zea mays L. This idea is now supported by similar studies 

using single gene mutants of several oth er species e.g. Oryza saliva L. ( 10-12 ). 
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As can be seen in Fig I, the length of the second leaf sheath or the con trol group 

has been estimated as 15 mm, consequently gibberellic acid has positive effec t on seed ling 

and the length of second leaf sheath increasing in direct proportion with the GA3 

concentration . All data were the means of three separate replicates. 
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Figure I . Length of second leaf sheath at various concentrations of GA3 obtained from 

Gibberella f ujikuroi G5 culture media . Average value s from three cultures are 

reported for each parameter. 

A statistical analys is was carr ied out to determine the relation between the two 

variables . For this purpose, Pearson Multiplication of Moments Correlation test was applied. 

Correlat ion coe fficient etwccn the two variabl es was determined as r = 0.71 6. Since the 

correlation was found s ignificant, it was proved that the relation between the amount of GA3 

and the length of second leaf sheath was valid. In studies for determini ng the biol ogical 

ac tivitics of gibbe rellins (GA s), diverge nt physiological effects of these hormone groups were 

utilized. The method used must be practical and specific for gibberellin s Th is method is the 

only method sensitive to GA3 which is among the gibberellin types. GA3 can be bioassayed 
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ill the range of from 0.05 microgram up to 100 micrograms ( 13-15). 

In this study, GA3 isol ated Gibberella fuj ikuroi G5 culture media was prepared 

varying between the range of 0.\ to 100 micrograms and applied to the dwarf seeds . Fi gure I 

sho ws the effect of gibberellic acid obtained from Gibberella fujikuroi G5 culture media 

on elongation of second leaf sheath ofTan ginbozu, Gibberellic acid (GA3) has sign ificantly 

increased elon gatio n which co rrelates with previous results (8 , 16). 

It is poss ible that the bioacti vc compound may be sub stituted for various 

hormonal signals, both in the breaking of dormancy mechanisms and in the st im ulation of 

elongation and gro wth. Res ults have show n that increa sing amount of gibberellic acid effe cts 

the length of the second leaf sheath positivel y. As shown in fi gure I , while the length of 

second leaf sheath has been estim ated as 15 mm in contro l group, th is va lue has been 

determined as 60 mm lor the sample treated with 100 mg GA3 . As reported prev iou sly, 

gibbere llins applied exogenously achieve the stem gro wth not by repa iring the mutant gene 

but increasi ng the endogenous g ibberellin qu antity ob served at low levels in dwarf plants to a 

higher level capable of performing physiological effect ( 17. 18) Gibberellic acid isolated 

from Gibberella fujikuroi G5 strain culture medium has pro ved to have a positive effe ct on 

seedling showing significant bioactivity . Th is property provides a grea t ad vantage in the 

util ization of this hormone with agricultural and horti cultura l purp oses. The positi ve effect 

of this gibberell ic acid on elongation and de velopment may also have important commerc ial 

implications . T hus, this research is a promisin g study for future aspec ts. 
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ORNITHOLOGICAL OBSERVATIO S OF SEYFE LAKE, 

K.IR~EHIR 

Zaf r AYA~ 1 and Salih Levcnt TURAN2 

Received 5. 12.2000 

Abstract 

Ornithological observations were made between February 1998- 1999 in the Scyfe 
Lake and its vicinity. two times in each season. The aim of this stud is to find out bird 
species, their populat ions and bio-ecological importance of the Scyfe Lake . As a 
consequences of th observation: 107 bird species were reco rded and listed in the area. 
Among the recorded bird species, 66 spec ies arc nonpasserine, 4 1 are passerine and 5S 
species breed in the area. Tree bird pccies (Anse l' albifrons, Aythyl1 nyroca and Falco 
naumannii) are in the "vulnarable" and 1 bird spc ics (Circus macrorus} is in "lower risk" 
categories acco rding to European Red List. Also they are 48 of "strickly protected f auna 
species " and 53 of "protected f auna species " accord ing to Bern Con vention, 

Key Words: Ornithofauna, Scyfe Lake, Krrsehir, Turkey. 

Introduction 

Scyfe Lake is located in the pit of a tectonic or igin in the north-cast of the province 

I Hace ttcpe Uni.vcrsiry, Faculty of iciencc Biology Depart ment, 06532 Beytepe Ankara. Turkey 
Haccttcpc University., Faculty of Education, Scie nce Section Depart, 06532 Bcytepc Ankara. Tu rkey 
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of Kirsehir in Cenrtal Anatolia (Figure 1.coord inates: 38° I8'N , 34° 23'E). The nearby village 

of Seyfc has lent its name to the lake.The Lake and a 10 700 hectare (ha) surrounding area 

were declared a Site for the PI' scrvation of Nature on 1970. The lake is also a first degree 

nature site. A 10 700 ha area has b ccn included in Ramsar List since 1995 

Administravely, its falls within the boundaries of the district of Mucur in the Kirsehir 

Pro'-'\tlc.e. As it is in enclosed basin, the Lake has no out-flows that for reason its water is 

sally. The Lake is fed by the springs coming from the villages of Scyfe and Badrlh , surface 

springs, surface flows within its own drainage area and precipitation. Discharg ing is by way 

of evaporation. 

Seyfe Lake is a shallow brakish lake. The water level falls considerably in summer and most 

of the Lake turns into salty marshes. because the area receives very litlle percip itation. The 

brooks feeding the Lake largely dry up in summer time due to higly level of evaporation. The 

area of the Lake varies between I 500 ha and 7 000 ha depending on the water level. The 

avarege area is 3400 ha and the maximum water depth is aproximately 2 m. There are 

extensive pastures and fields around the Lake. 

The Lake is bourdered by arable fields in the south and west, while in the north and north-eas t 

extensive steppe reaches the Lakes 's edge. East of Krzildagyeniyapan are I 500 ha of brakish 

freshwater marshes which provide feeding and breeding habitat for waterbirds. Another 

important feature of Seyfe Lake arc dozen island. The largest island is 1 km long and several 

metres high, some islands are covered with scrub and grasses, other are barren ( I, 2 and 3) 

Material and Methods 

Bird observations were made between f ebruary I998-Fcbruary 1999 in the Lake and its 

surroundings. Observations were carr ied out at different points and line transects by the 

vehicle and/or walking. Each points were visited two times in each season. Binoe ulers 

(Pentax, 16 x 24, Tasco 7 x 50), monoculer teleskop (Minolta 20-60 x 80, and Vista-Sf) 20-50 

x 80) and mechanical numerator were used during the observations and count ing (2). 

Generally, the species have been identified after their recording in field using some 

ornithological quide books. While carriying out the obsevations in order to find out the 

species and population density, I / 25 000 maps were used (4). For the systemati cal 

categorization of bird species, it was followed that proposed by Kiziroglu, 1989 (5). 
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Results and Discussion 

A list of the birds species and related numbers of observed at Scyfe Lak e dur ing the 

observation period are given in Ta ble 1. As con sequ ences o f the observation s, 108 bird 

species have been record ed in study area where they ha ve been inte nsively usin g the area for 

feeding, settling, wintering and breedin g. Among these species 66 are non passerine birds, "1 
species arc passerine bird s. And 55 of I07 bird spec ies are breed ing in this area exactly whi ch 

can be determined from nest and juvenil obse rvation s, courts h ip, displaying and agitated 

behaviour from adults indicating presence of nests or youngs 

Several omitolog ical obse rvatio ns and midwinter waterfowl eencus wer e don e by various 

researcher and associations in the area. According to previous researches and counts, this area 

qualifies for its breedin g population of greater flamingos, littl e eg ret, red-cres ted pochard , 

avocet, spur-wigned plover, mediterranean gull, black headed gull, se lender billed gull, gull­

billed tern and little tern . (2, 6) . 

According to previously observations and researches, 187 bird species (inc lud ing songb irds) 

have been observed at the Lake and its surroundings. This area is one of the most important 

feeding, breed ing and wintering area for birds not only in T urkey hut also in the Europe. The 

existance of the biggest co lonies o f waterb irds (especially flamingos) wer e recorded and is 

stop-over area for hundreds of thou sand of ducks in Autumn. In spring. birds of various 

species. especially waterbirds, breed on the island in the west of the Lake. In add ition, the 

area an importan t gathered ground for storks and crane s in the Au tumn. (1 ,2,6). 

As a result of th is study, it is remarkable that white front ed goose (Anser albifronsi, 

ferrugino us duck (Aythya nyroca), little kestrel (Falco naummann i) are evaluated as 

a'V ulnarable (VU)" species ; whil e pallied harrier (Circus macrorus i is evalu ated as a "Lover 

Risk: Near Threatened" spec ies acc ordi ng to European Red Lis t (7) . Accord ing to Bern 

Convention (8), 48 of "S tricktly Protected Fauna Species" . Some of these spe cies observed at 

the research area are especially sign ificant. The existanc e of b iggest colonies were recorded 

flamingos tPhonicopterus ruber - I 573 indi vud ials on July 1998), wh ite fronted goose (Anser 

albifrons > J0 000 in number on November J998 and February J998). 

Seyfe Lake was declared a SiT in 1989 (23 585 hal , a Nature Reserve in 1990 ( 10 700 hal and 

a Ramsar Site in 1994 (10 700 hal. Currentl y ost (State Hydrolic W orks) is eng aged in the 

planning and imp lement ation of the "Seyfe Lake Ecolog ical Conservation Project" . T his 

project principall y aim to redu ce the lake to its original size by diverting the flow fro m the 

drainage channe ls into the Kalaycik Stream (north-east of the area) whi ch subs equently drains 

into the Kizrhrmak River. In o rde r to achieve this 35 km of channel will be dug . As a result, 
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15 792 ha north and east of the lake will be rec laimed for agriculture, including the 8 000 ha 

previously lost (9). Most of the breed ing islands and all braki sh and freshwater mars h in the 

east can be disappear as a result o f the DSt project. Ab out the eco-omitologica l risks 

associated with the nst project are ' 0 great that it should be halted immediately and a through 

enviro nmental imp act assess ment carried out (2). 

Acknowledgements 

We thank to the Ministry of Environment and ENCON Environ mental Con sulting Ltd-An kara 
for financial and techni cal supportings. 

References 

I. Erdem, O. Turkey ' s B ird Paradise . Republic of Turkey, Ministry of Env iro nment , Ge nera l 
D irectorate o f Environmental Protecti on. Green Series. 100-1 02 p. 199 5. 

2. Magnin, G. and Yarar, M. Import ant Bird Areas, Dogal Hayan Koruma Dernegi, istanbul , 
Turkey. ISBN : 975.96081.7.0 . 1997. 

3. 'I. C.	 Cevre Bakanhgi , Cev re Koruma Gn .Md . Hassas Eko sisternler ve Korunan Alan lar 
Dairesi Bsk, Uluslararasi Onemi Olan Sulaka lanlarm Biyolojik ve Eko loj ik 
Yonden Arastm lrnas i - Alt Proj e II, Sonu c Ra poru. Edt :. ENCON Cevre 
Damsm an hk Ltd . Sti . Ankara, Aralik 1999 . 

4. Biby, C. J.. Burges, N.D. and Hill, D.A. Bir d Cen cus Techniques. Academic Pres s. London 
17, OX, 1991. 

5. Kiziroglu, i. Tiirk iye Ku slan, Orma n Genet Mud urlugl! Yaymlan , Gaz i Ankara, (989. 
6. Husband, C. and Kas parek, 1'.1., Seyfe Golu. Birds of Tu rkey. II. Max Kasp arek, Verlag, 

. Heidelberg, German y.1984 . . 
7.	 WCMC, Report Re ult o f Red List Country Enquiry for Tur key, (E uro pean Red List 

Ca tegories), 1999 . 
8.	 Bem Con vention . Council of Europea, Conve ntion on the Co nserva tion of Euro pean 

Wild life and Natural Ilab itats, Appendices to the Con venti on , Strasburg, 5 
March, 1998. 

9. DSi Report. Mucur-Sey fe Bas in, Ecological Cons ervat ion Project, Feasibility Report. State 
.Hydrolie Works, XII . Reg ion al Directorate, Kayseri. 1990 . 



11 

Figure 1. Study area; (,,-......I) : p ermanent lake area, (- -): maximum lake area, 
(-·-i : main roads, (::::;::) : main drainage canal, 

(ff+). suggested drainage canal. 
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Summary 
In this study, effects of di fferent temperatures treated during hoth germination and storage 

period on " in vitro"pollen germination in Bryonia alba were invest igated . Result s indicated 
that the optimal incubation temperature for in vitro pollen germination was 25 degre es C and 
depending upon storage temperatu re in deep-freeze, germination ratio was eith er highe r or 
lower than optimum ratio. As regards pollen grains stored under norm al roo m co nditions , 
germination ratio decreased signi fica nt ly. \ hen the same poll en grains were stored aga in at 
different temperatures in deep-freeze, thei r germinatio n ratio elevated again to optimum or 
decr eased very much . 

Key Wor ds: Temperature, pollen germination, Bryon ia 

Introduction 

Seve ral stud ies n in vitro po llen germination have been don e in many of plant 

species so far. In many of these studies, effects of different physical and che mical factors on 

pollen germination were invest igate d. Especia lly on plants whose pollen germination ratio 

whic h is low, interesting treatments for increasing production have been perform ed (l). In 

these stud ies, it is logica lly sugges ted that one of the most important physical param eter s 

• University of Thrace, Faculty of Sciences and Arts , Dept. of Biology, Edirne, 
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which is success fully treated is temp eratu re, as po llen tube elongation is enti rely related with 

temperature (2,3). Furthermore, acco rding to some authors, heat treatments were more 

effec tive than grow regulators in overc oming self incompatibi lity and yield ed h igher ratio 

viable seeds (4). Especially in pollen viability studi es, it is claimed that the temperature have 

undoub tedly an import ant role in germination process and storage peri od (3). In oth er word:.. 

both viability and fert ilisation ability of pollen grains stored under co ld storage condition s 

increased signi ficantly (5,6). From literatures, on ly palynological charac teris tics of Bryonia 

alba L have b 'Xli ;" vestigated (po llen garins, radially symmetrical isopo lar, 3-4 

zonocolporate, sphaero idal '::[ oblate -sphero idal, Amb serniangular, rnicrorcticulate exine, and 

circular pores) (7) . Howe ver ne ither in vit ro pol lengermination and temp erat ure nor storage 

conditions for pollen grains of th is species has no t been known ye t. Moreover in a recent 

studies, it was revealed tha t the temperatu re responses of pollen germ ination were not a lway: 

congruent and var ied betw een species, populations and often bet ween morphs ( I) . In author ' s 

opinion, in different species, investigations o f pollen germ ination are requ ired with regard to 

reach to striking results.. Th e aim of th is work i:, ther efore to investigate: effects of tempe rature 

on both " in viira" po llen germination and dur ing storage poll en longevi ty in Bry onia alba L.. 

Materials and Methods 

Anthers used in treatment s were colle cted from Bryonia alba L. plants in 

Gullapoglu Campus of Univers ity of Thrace. In order to tin d the most idea l basal growth 

medi um and conditions with related to germination, pretreatments have been done. So the 

basal growth m dium consi ted of 10% sucro se, 0,1 % Boric acid, 0,6 % CaNOl and distilled 

water and , it was detected that pollen germination occurred in darkness, at 25 dcgr es C, and 

relat ive humidity 48% (this means no rmal room cond itions). In this work. effec ts of 

temperature factor dur ing both germina tion and storage on pollen germination have been 

tested. During treatmen " all germination ratios obtained were co mpa red with the control , 

whose ratio is those of anthers fresh ly collected from nature. 

In treatments concerning "effects of germination temperature", three drops of liquid 

medium were placed on the slide. Fresh anthers of B.alba were dissected in the medium with 

the aid of needles under binocular micro scope and then the slide with pollen was placed in 

petri dishes with a piece of moist pape r towel. The assay dishes were put in incubator at 25 

degrees C. After 2 hours, medium was stained briefl y with anili ne Blu e 1';.10 (8) . From the 

s\ide average ,()OO poll ens were counted under Prior light microscop e and germina tion rat io 

was calculated by percentage. The temperatures tested were 10, 15, 20, 25 (Co ntro l). 30, 35 

degrees C. For eve ry test, separa te anth ers (po llens) were used , Consequ entl y. 6 test. have 

been done and almos t totall y 6000 pollen grains were counted. Germinatio n ratios of control 
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and the test groups were compared using stati stical anal ysis (9) and all values were 

demonstrated in table . 

In investi gat ions related to storage temperature, the methods used wer e modified. by 

Johansson and Stephenson ' s procedure ( 10). So , som e of anthers were placed in petri dishes 

with a piece of moist o f pape r towel and then sto red in deep-freeze (air-dry); the remaining 

ones wen: kept in incubator regul ated at 25 degrees C and under 48 % relat ive humidity 

(norma l room cond itions ). During investi gations which were done in deep-freeze, seven 

different test temperatures (-15 ,-25 ,-35,-45 ,-55 ,-65,-75 degrees C) were sel ected and for each 

temperature. different petri dishes and anthers wer e used. Anthers were stored in deep-freeze 

tor one month. In the end of this storage period these wer e put in humidity chamber (48'Yo) for 

one day. Afterwards germination experiments were do ne as described above and , in the same 

way germination ratios were calculated. Con sequently seve n treatments were done and almost 

totally 7000 poll en grains were counted. All ger mination ratios were compared statisticall y 

with that of the control. 

Con sidering anthers were kept under norm al room conditions, totally three 

germination experiments were done in the end of respectively seco nd, fourth and sixth mo nths 

of storage peri ods. After germination rati o decreased to minimum level, the same pollen 

grains were stored again at seven different test temp erature in deep-freeze (II) and 

subsequent process for ge rmination exp er iments and germination ratios were sim ilarly 

performed, as described above. 

Results 

A. Effects of te mp eratu r e a pplied du r ing germination on " in vi t r o" pollen ge r m ination 

Th e highest germination ratio (35 .6) were observed in treatm ents at 25 degrees C. As 

regards in all other treatments , it is detected that germinat ion ratios were lower (Table I ). 

Comp aring data of control and all tests in term s of statistic anal ysis, it is shown that all "t" 

values were s igni ficant, as shown in Table I . 

Table I : Ger mination ratio s observed at d ifferent temperatures
 
during germination and statisti cal va lues '
 

Temperature 

(aC) 

Germination 

ratio (%) 

t values I 

P( O,0 5) 

10 14.6 -9.13 < 

15 14.26 -9.56 < 

20 12.86 -10.4 < 

25 (Contro l) 35.6 ---­

3D 29 .3 -2 .8 < 

35 36.2 -3 .75 < 

* t values, <: significant; >, not significa~t . 



20 

B. Effects of storage temperature on " in vitro " pollen germination. 

Effects of storage temperature applied in deep-freeze on "in vit ro" pollen 

germinati on 

The germ ination ratios of pollen grains stored at - 25, -35, -45 and -75 degrees C are 

approximately equ al to or higher than tha t of control. Especially pollen grains stored at -25 

and -35 degrees C have significantly higher germi nation ratios; as regards ant: stored at - 15, 

-55, -65 degrees C of which germina tion ratios is also statistically lower, as was shown in 

Table2. 

2.	 Effect of storage temperature on "in vitr o" ger mination of pollen gra ins stored 

firstly und er nor mal room conditions and then in deep -freeze. 

The pollen grains stored under norm al room conditions whose germination ra tio 

decreased sign ificantly, particularly in the end of sixth months (Table 3). 

Ta ble 2: Effects of diffe rent storage temperatures appl ied in deep-freeze 
on the germinatio n ratio and sta tistical values* 

Storage 

Temperature (0C) 

Germ inatio n 

Rat io (%) 

T values / 

PCO,OS) 

Control 35 ,60 --­
- 15 11.81 -12.5 < 

-25 46.50 0,32 < 

5.5 <-35 52.4 7 

-45 38 .75 1.07 1 > 

-55 22 .24 -6.086 < 

-65 24,27 -4 .858 < 

-75 33 ,30 -1. 0 16 > 

* t values, <: Significant ; >, not Signi fican t 

Table 3:	 Pollens stored under normal room condi tions, of which germination 
ratios in the end of differe nt periods and statistical values* 

Sto rage temperature 

(25°C) / time 

Gcnn . 

ratio (%) 

t va lues / 

P(O,05) 

Control 35.6 -­-- ­

25°C / 2110 Month 34 .2 -0.689 > 

25°C / 4th Month 22 8 -0.50 1 > 

25°C / 6th Mon th 15.4 -8.86 < 

* t va lues, <: signific ant; >, not significant 
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When the same pollen grains were stored at -45 degrees C, their germin ation ratio 

were higher even than that of the control. In the remaining ones stored at other temperatures, 

germination ratios increased relatively (-55 and - 75 degrees C) or not (-25 degrees C) (Table 

4). On the other hand, germination ratios of the pollen grains stored at - 15 and - 35 degrees C 

decreased reasonably. Comparing germination ratios of control and these test groups, only t 

value of test at -45 degrees C is not significant. whereas all other ones are significant (Table 

4). 

Table 4 : Changes in germination ratios of pollens stored firstly under normal room 
conditions depending upon storage temperature in deep -freeze and 
statistical values" 

Storage 

Temperature (0C) 

Germination 

Ratio ('Yo) 

t values / 

P (O,05) 

Control 35.6 ---­

- 15 9.65 -10.88 < 

-25 17.19 -8.189 < 

-35 9.75 -11.818 < 

-45 40.47 1.408 > 

-55 28.83 -2.86 < 

-65 16.00 -8.289 < 

-75 25.7 1 -3.367 < 

'" t values, < : significant; >, not significant 

Discussion 

According to the present results. it was proved uatistically that temperatures applied 

during germination affected certainly pollen germination. Therefore it was observ d that the 

optimal incubation temperature for in vitro pollen germination was 25 degrees C and 

germination decreased significantly at all other higher or lower temperatures. From literatures, 

similar results were claimed by other researchers (12- 13). In the light of the present and recent 

results. it is fairly clear that the most convenient temperatures for in vitro pollen germination 

were 20-25 degrees C and, in general at higher temperatures germination decreased sharply 

(13-15). 

In view of storage temperature, it was shown that temperatures applied affected also 

pollen germination. Germination of pollen grains stored constantly at - 25 and - 35 degrees C 

increased clearly. When all the remaining temperatures were tested, germination ratios were 

either approximately as that of the control one or decreased. These results obtained were 
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eith er appro ximately as tha t of the control one or decreased . These results ob tained were 

similar to the following studies reported, In one of these studies, it was suggested that when 

Hydrangea L. polle n gra ins were stored at - 20 deg rees C of which over 36% were 

ger minated ( 16). Furthermore, in anoth er study, the author demonstrated that cold storage 

maintained gcrminabiliry at about 50% for up to 12 months at -20 degrees C (17) . In contrast, 

as noted in the present results, as long as pollen gra ins stored under normal room cond itions 

germination abil ity decreased continuously. In the end of 6 month s of the stor age period, 

germ ination ratio of so-ca lled polle n grains was lower as half of those fresh anth ers. When the 

same pollen grains were stored in deep-freeze, depending on storage temp erature striking 

changes were occurred in their germin ation rat ios. Especially in treatment s at - 45 deg rees C 

germination ratio was higher even than that of the control. These results were supported by 

works of Inagaki et al. ( I I) . According to these auth ors, pollen grain dried to 6 % water 

content showed normal germination frequency the freezing process at - 196 and -80 degrees . 

for 5-6 month s. Co nsequently both present result s and recent explanations support the idea 

that the principal effect of cold storage was tu impair pollen viab ility and, pollen grains stored 

at room tempe rature 10 t viab ility ( 10, 18). 

Bu itink et all., in their own work, explained storage temperature and germination 

relations (19). According to these authors, sto rage stability is very important, since molecular 

mobility was found to be in ersely correlated with storage stability. With decreasing water 

content, the molecular mob ility reached a min imum, and increased aga in at very low water 

content. Minimum mobility and maximum storage stability occurred at a similar water 

content. This corr elat ion suggest that storage stabi lity might be at least parti ally cont rolled by 

molecular mob ility. Furthermore they mentioned that consistent with changes in isoth erms 

with temperature and critical hum idity for storage, optimum water contents increase d with 

decreasing temperature (20). In the light of these explanations, it is not astonishing that po llen 

grains of which germinability dec reased relati vely if stored at critical temperature in deep­

freeze, they reached to optimum viability agai n, as show n in this study. 

In a s imilar study, researchers tested six di fferent constant temperatures from -5 to . 

45 degrees C to quanti fy the effec t of air-dry storage environment on pollen longevity, as in 

the present work (2 \). As a result, their finding s suggested that there is a negative logar ithmi c 

relat ion between longevity and pollen moistu re content (% wet bas is) and a curvilinear 

semilogar ithmic relat ion between longev ity and temperature. Considering tables in th is work, 

the present findings also appear to be paralleled by the results of these studies. Con sequen tly, 

very low or extre me storage temp eratures are always not suitable; in contras t, sometimes they 

affected negat ively po llen germinability, In addition an import ant result is that the 

germination ratios of pollen grains stored constantly in deep-freeze and, pollen grai ns stored 

firstly under room cond itions and then in deep-free ze arc reasonabl y different. To illustrate 

this, although polle n grains stored constantly at -35 degrees C of which germination ratio is 

highest, that of the other group is lowest . So, with changes in storage temp eratures response 



of the latter group to germination is much variable than the former one. Therefore, it was 

detected that storage conditions arc critical factors for pollen gerrninability. 

In the light of these explanations and the present results, the temp rature factor 

plays an important role in gcnnin ation process (3,22). furthermore, impairment of pollen and 

anther development and timing of pollination by elevated temperature will be an important 

contributing factor to decrease fruit set in all crops and wild plants with global warming and 

meteorological variables (23-25). In addition it was proved that at least some of the effects of 

high temperature had a genetic basis (10). Therefore the relations between pollen and 

temperature is also very important for losses in yearly agricultural production. From 

literatures, only in Cucurbita pepo L. belonging to Cucurbitaceae family, such a work have 

been done, but not yet in Bry onia alba L. of the same family (10). l Iowever it is possible to 

make different studies and reach striking reoults, since the pollens are easily obtained and 

germinated, also because of suitable storage conditions (temperature and humidity). 

Furthermore as was noted by Lyakh et al., such an approach may also be successfully applied 

in plant breeding (5). In further studies, the relations between temperature and pollen 

germination will he investigated with some biochemical treatments. 
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Abstract 

Three fungus (Pleura/us sajur-caju , Phanerochaete chrysosporium, Poliporus 
versicolor) were tested for their abi lity to bleach softwood kraft pul p under aerobic, agitated 
conditions. Among these white-rot fungus Poliporus versicolor decreased the kappa number 
from 38.55 to 19.42 and increased brightness from 28 to 32.7 in 15-day treatment. 

Key Words: White-ro t fungi . Biobleaching, Softwood kraft pulp 

1. Introduction 

Paper consumption pe r person is one of the development level criterios of a country. 

Paper consump tion level has been increasi ng due to moderni zation and paper demand in 

printing and cleaning industry in Turkey . Production of high quality white paper has been 

produc ing by using chemical bleach ing process which require the usc of large amount of 

chemicals like ch lorine. Waste of paper plants include large amount of lignin asc treated by 

chlorine is dispose to the envi ronment (J ,2). Main part of organic materials in bleach ing 

liquor has weight of high molecu lar structure. The structure of these compo unds arc fenolic 

compounds in type of guaiac ol and catechol which arc dangerous for the envi ronment (3) . 

• Bu cahsma Aysun Ergcnc ' nin doktora tezinin bir bolurnudur, 
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The use of chlorine in the paper plants has increased due to the demand in high quality white 

paper. In the same time the sensitivity of the Turkish society to environmental issues has 

also increase d.. This environmental sensitivity is suggesting the use of less chemicals in 

paper and pulp plants. Although paper and pulp industry invested significant amount of 

technology, energy and money in reducing the negative effects of chemical waste the effects 

of paper plants to the environment is still debatable issue. 

2. Mater ials and Methods 

A- Microorga nisms 

Pleurotus saj ur-caj u (Weisdranwcg 4, 3300 Braunschwcing, Federal Republic of 

Germany), Phanerochae te chrysospo rium ME 446 (US.Dept. of Agriculture Forest Products 

Lab.. Madison, Wisconsin 53705,U.S.A.) and Poliporus versicolo r (lnonu University, Dept of 

Biology, Malatya, Turkey) were used in this study. The fungi were maintained on malt 

dextrose agar (Difco l.aboratori s) slants;4-6). 

B- Pulps 

Softwood kraft pulp, produced from pine and spruce, was obtained from SEKA-Dalaman pulp 

mills. The pulp wa. manufactured by various conventional or e 'tended cooking methods. 

c- Media and cultivation 

Mycelia were grown by inoculating 108 ( I ml) conidia in 250 mL Erlenmeyer flasks 

containing 50 ml mycological broth (% 1 soytone, %4 D-glucose and % 0.5 cellulose pulp) 

inoculated flasks were incubated (or 5 days at 30 °C with shaking at 100 rpm. After 

incubation the biomass transferred to second step medium. This medium prepared in 250 ml 

Erlenmeyer flasks containing 100 ml mycological broth (% 0.2 soytone, 0/04 Dvglucose) and 

I: I : 2 em 3 polyurethane: foam for immobilization. inoculated flasks were incubated for 5 

days at 30°C with shaking at 100 rpm. Immobilize fungi on the polyurethane foam inoculated 

in the 250 ml Erlenmeyer flasks containing 10 ml mycological broth and % 2 unbleached 

cellulose pulp after five days. Inoculated llasks were incubated for 20 days at 30 ° with 

shaking at 100 rpm (7) 

D- Kappa, Viscosity and Br ightness Assays 

Kappa number was determined by Micro Kappa Number Mcthodt l ). Viscosity was 

determined TAPPI Official Test Method T 230 and brightness was measured at 457 nm with 

an Eireho instrument (8,9). 
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3. Results and Discussion 

Unbleached cellulose kraft pulp was inoculated with three different fungi (Po!' vers icolor, PI 

sajur-c aju , 1'. chrysosporium ) and incubated at 30 C for 20 days. During an initial five-day 

treatment with Pol. versicolor, the kappa number of pulp decreased 10.29 point. from 38.'55 to 

28.26. During the subsequent IS-day treatment kappa number decreased an additional 8,84 

point as seen in fig. l 
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f igure I. Daily changes of kappa brightness and viscosity of cellulose kraft pulp which 

incubated with Pol. versicolor after alkaline extraction. 

Table I. The effect of three fungal strains on brightness, kappa and viscosity in unbleached 

softwood kraft pulp. 

Control Poliporus Phanerochaete Pleurotus 
(pulp only) versicolor chrvsosporium sajor-caju 

Before l% alkaline extraction 
Brightness. 
% 150 28 30 30.6 3 1 
Kappa number 38.55 29.99 30.3 28.6 
Viseosity,rnPaS IS 12.4 13.2 12.4 

After 1% alkaline extraction 
rlrightness, 
% ISO 30.3 32 7 32.3 33 
Kappa number 37.34 19.42 21.97 1506 
Viseosity,mPaS 12.6 7.75 7-35 5.75 

Sampl s of unbleached softwood kraft pulp at 2% consistency were first sterilized, second 

inoculated with eaeh of the three different fungi and than incubated for 15 days with constant 

agitation. The resulting mixtures of pulp and fungi were homogenized and tested for kappa., 

viscosity and brightness (Table 1). The Poliporus versicolor -treated pulp showed increase in 
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brightness. The increased brightness with Poliporus versicolor was aco mpanied by a 

decrease in kappa number. Pulp-fungus contact can efficientl y remove and deco lorize lignin 

from kraft pulp (10). However, the viscosity of the pulp decreased appr eciably, indicating that 

cellulose attack had also occurr ed. 'Iran and Cham bers reported ( 11) that P. chry sosporium 

can redu ce the kappa number of kraft pulp when combined with alkaline extraction . 

Extraction of the pulps with 1% NaOl1 following fungal treatm ent gave increased bright ness 

and kappa number for all fungi . The pulp treated with Pl. saj or-caj u showed a s lighly 

decreased kappa number after alkaline extrac tion. 

Tab le 2. Effec t of glucose concentration the bleaching of pu lp by 15 day
 

treatm ent with Poliporus versicolor
 

0 10 30 50 

Glucose conc., mM (no glucose) 

Brightness, % ISO 29. 1 44 40.7 43.4
 

Kappa 26 .8 23 .35 18.6 16.6
 

Different conc en trations of glucose were added to the mediu m. After 15 days treatment, a 

significant decrease in kappa numbe r was found at highe r gluco se conc entrations (Tab le 2). 

Tab le 3. Effect of various buffer (0 . IMjou the bleaching of pulp by 15 day treatmen t with 

Poliporu s versicolor 

Control Dim ethyl- Citrate Acetate 

(unbufferrcd) succ inate 

Brig htness, % ISO 29.1 45 .9 30.2 31 

Kapp a . 26 8 14.88 15 .55 22 .79 

Final pH, after 4.6 4.8 5.2 5. 1 
bleaching 

Var ious buffers at 4.8 and 0. 1 M were added to the pulp in place of water. Dirneth ylsuccinate 

buffered pulps W~ brighter than the unbuffered control afte r 15-day (Ta ble 3). The rate and 

extent of kraft pulp bleaching with Polip orus versico lor depend on glucose concentration. 

Glucose addi tion affects the extent of bleach ing . 
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4. Conclusions 

This results show that there is some potential for bleaching EKA- Dalarnan soft wood kraft 

pulp with fungi as a biological process. Combined with conventional chemical bleaching, . 

biobleaching methods can cause less chlorine consumption and also less treat to the 

environment. This study also may bring chlorine free bleaching for papers. 
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Abstr act 
In this study, the effects of gibberellic add (GA}) which was added to the 

mushroom compost and casing soil were determined on vegetative development, on fruiting 
initiation and the yie ld of Agaricus bisp orus (Lange) Sing.. Addition of GAl on both casing 
and unattended compost soil resu lted in a stimulant increase on the initiation of basidiocarps. 
GAl caused to increase the number of basidiocarps and the quantity of harvested product 
significantly when added to the compost, casing soil and during basidiocarp stage. 

Key Words: Gibberellic acid, Agaricus bisporus fructificat ions. 

1.lntroduction: 

Development of the commercial mushroom Agaricus bisporus (Lange) Sing. 

industry, large-scale production and consumption have been taken into consideration for the 
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last seve ral decade . 1uch work has centred on the best strategy of fruiting like wise the 

economic viab ility of cu ltivation syst ms, type of production technology, microbial and 

biochemical processes for compost, breeding programmes in addition to pests and diseases of 

Agaricus bisporus. Despite thc high commercial value of the mushroom crop, fundamental 

studies of the physiol ogy and biochemistry of the mushroom are still at an early stage 

compared with the other crops ( I ). The effects of growth regulators from eed ling to 

reproductive stage have been studied widely in higher plants; but the information about their 

effect on Agaricus. is meagre and scanty (2) . Effect of gibberell in on the mushroom field was 

detected by Aleksandrov (3) . In his prel iminary work, author reported that GAl has increased 

the effect on growth and yield of mushroom. Gibberellins were also tested for their effect on 

growth of l.entinus edodes (4-7), Pholiota destruens (2 ,8) and Calvatia gigante a (9). Growth 

promoting substances, in general promo te the growth and increase the yield in mushr oom 

( 10). Kaur and Lakhanpa l (6) who reported that gibberellic acid (20-40 ppm ) was the best 

growth regulator for myceli al growth of Lentinus edodes. The effect of growth regul ators on 

sporophore initials of Lentinus edodes growing on oak logs was reported by Shukla (7 ) who 

showed that treatment with 5 ppm Indol-J vasetic acid (IAA) gave the high est yield of 

331.6 glJog, as compared to J26.3 glio g for the control. Similarly 5 ppm Indol butyric acid 

(IBA) appl ication also resulted in the best sporophore formati on (41.3 sporophores/ log. as 

compared to 12.0 sporophorcs/ log for the control. The effect of GA ) on the growth of 

Lentinus edodes sporophores was reported al 0 by Tan and Chang (5) .'1"hey ha ve shown that 

with GA" superior mycelial development was obtained co mpared to thc control gro up. Han et 

al. (4) repo rted that immersion of fu ll-grown bags of Lentin us edodes in 5 ppm IAA and 

10 ppm GA) have ind icated to produce the highest number of fruit bodies. Chen-Hs ioh (10 ) 

also studied the effec t of growth promoting ubstanccs on fru it body development and found 

that growth-promoting substances promote the growth and increase the yield o f mus hroom. 

This paper reports the effect s of gibberellic ac id at a concentration of 20 ppm applied to the 

compost ,casing soil and fructification of Agaricus bisporus . 

2.Material and Methods 

A-Fungal Strain: A tested commercial strain of Agariclls bisporus var . U I was se lected in 

the spawn laboratory of inelli Mushro om Crop. in istanbul-Turkey. For preparation of spawn 

wheat grains were used , during spawning the age of the main culture was 5 day s and then they 

were stored +4 "C. 

B-Cultural Conditions Pasteuriscd , cool ed synthetic compost that consi st of wheat straw, 

chicken manure , urea and gyp sum was obtained from commercial grower and used as a 

substrate in which the fungus spawned. Compost was prepared by the method (II) wh ich is 

widely used in Central Anatolia and formul ated as 1.9 % N, 68-70 % moisture content and 

pH=7 .2. For spawn-running, I kg of spawned compost was placed in each clear plastic bag 

(l5cm 0) . The plastic bags prepared in this way were kept in a growth room from spawning 

to casing. The growing cond itions were maintained at 24-25 °C, 90-95 % relative humidity 
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and	 dark. At the 16'h days of vegetat ive growth. witho ut ventilation, 3 repl icates ea ch 

containing 10 bags. from heal thy full y spawn were prep ared fo r co ntro l and for each 

treatmen t. Then the bags we re op en ed and 2.5 cm th ick pasteurised casi ng so il was sprea d on 

the	 spa wn ino cu lated compost. A fter su rround ing of the casing soi l with myce lium . the 

temperature of the growth room was lo wered to 16 °C an d full ventilatio n was su pp lied until 

basidiocarp fo rmation.Contro l of the conditions in the gro wth room was mad e by means of a 

single computer-based system. Throughout the developmental stage ; contro l of air, compo st 

temperature, relati ve humid ity and CO 2 level were performed und er ind irec t ligh t. Initiatio n of 

the basidio carp s began 7- 10 days after casin g. The mature basid iocarps of the sam e size 

(5cm 0 ) were co llec ted at the same ti me . A fter the harvest mush rooms we re trim med 

following normal com mercial prac tices. Fresh we ight yie lds (g) were det erm ined for ea ch 

gro up . 

C- GAl Application: G ibbe rel lic acid (GA3) at concentration of 20 ppm wasapplied as pray 

and the applicat ion for var ious gro ups was sho wn in Tab le 1. 

Table I. GA, application for ario us exp eri mental gro ups of Agaricus bisp orus. 

Groups C omp ost" C as ing Soil Basidiocar ps ** 

A + + + + .,. 

B + + + 

C + ­

D (control group) 

+	 = numbers ofG A] app licati ons 

= no applica tion 

~ Th e interval bet ween the appli cati ons of UA J was J days 

** -= T he interval between the appl icat ions of GAl was 7 days 

D- Statistica l analysis : In thc statistical analysis the var iance an alysis were made and the 

data were calculated as least signi ficant differen ces (LS D) 5%. The mean and the standa rd 

deviation of the quant ity and the num bers of fruc tifications were estimated in the growth 

peri od. 

3.Resu lts : In the gro ups of A,13 an d C all containi ng G Al in the compost, a rapi d mycelial 

dev elop ment was observed compa ring to the control group (D) . Similar ly, in the gro ups of A 

and B, havin g GAl both in compost and casi ng soil more mycelial de nsity was observed 

comparin g to the control group. In the gro up of A wh ich contains GAJ in compost, casing soil 

and basidiocarps, a certain improvement was found in the quantity of tot a] production and the 

number of mature fructification in co mpariso n to co ntrol gro up (D). The results related to 

GA3 appli cation were summarised in Table 2. 
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Table 2. The e ffec ts of GA] sprayed at different develop men tal stag es. 

~ applications Results 

a- In com post Rapid mycel de velopment 

b-In compost and casing soil Density in rnyccl colonisat ion 

c- In compost, cas ing so il and basidiocarps Earl y development, rap id growth, 

rich product 

The qua ntity of total prod uct and the number of fructificat ion s during the harvest were shown' 

in Fig . 1 and f ig. 2. 
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Fig. I show. that total quantity of products are 1250 g, 948 g, 694 g and 607 g in the groups 

ofA ,S.C and D (control) respectively. It is clearly seen that the maximum product is obtained 

in the group of A in which GA) applied to the compost, casing soil and as well as at the 

basidiocarp stage. On the contrary. the least product is obtained in the control group which 

had no GA) treatment. 
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Figure 2. The number of fructifications in survey groups 

Pig. 2 also shows the number of total fructification throughout the growth period. The 

maximum number of fructification is obtained in the group of A. In the experimental groups 

the max. number offructifications were found as 102, 73, 57 and 49 for group A, B. C and D 

respectively. In the groups of B and C although the numbers of fructifications were lower than 

the group A but were still higher than the control group .During the growth period, the yield 

in GA] treated groups (A,B,C) were harvested in 5 flushes whereas in control group the 

mushroom collection was completed only in 4 flushes. The interval between the flushes were 

7 days. R suits of the product quantity and the number of fructification of each flush period 

were shown in Table 3. 



36 

Ta ble 3, The mushroom quantity in each tlu sh and the number of fructification of survey 

groups 

Quantity (g) 

Groups 1.l1ush'" 2./l llsh " 3 . /lush" 4./lush " 5.f1ush* Total .... 

A 137,6=0 ,57 534.5±1.00 394.9;/-.1.00 142.3:::1.00 40.2±1,00 1250.4 ±1.00 

8 112,4± 1.00 7 .5d.52 307,3±1.00 131.3±0,57 206±0.57 947,8± 1.52 

C 82,6± 1.00 298 .3±0,57 215.4±0.57 90.2±1.00 8.3±0 .57 693.6.1: 1.00 

D (cont) 64 ,9± 1.00 272.8±1.00 188.2± 1.00 81.h O,57 OOO±O.OO 607,3±1.00 . 

LSD'" (5% ) =0.31 

LSD**(5% ) =2.39 

Number of fructificat ions (unit) 

Grou ps l .flush" 2./l ush * 3. /l ush* 4.ll ush '" 5.llush w Total"'''' 

A 2 1.3±0,57 40,1± 1.00 28.6±0 ,57 8.6±0 ,57 32±057 102.41-1.00 

8 10, ±O,57 29 ,2±0,57 25,3± 1.00 6,9±1.00 2.3±0 ,57 72.7± 1.00 

C 7.4±0.57 24.3±0,57 20.4±0.57 5.3±0.5 1.0±0.57 57.4± 1.00 

D (cont) 5.6±0.57 22.2±1.00 16,7± 1.I 5 3,6±0.57 O.OO±O.OO 49.4± 1.00 

LSD " (5%) = 1.63 

LSD"'''' (5%) =2.27 

4.Discussion : In this study, the effect of gibberellic acid app lied at different growth stages 

to the cultivated mushro om (Agarlclls bisp orus i development was investigated . These e ffects 

can be summarised as ea rly development, acc elerating fructification development and 

increasing the number of fruc tifications. Th e number of fructi fications increased up to 20 I %, 

149 % and 116 % in the groups of A,S.C respectively in comparison to the control group. '111e 

quantity of product is also increased up to 206 %, 156 % and 114 % in the groups of A,S.C as 

compared to the control group which had no GA J treatm en t. 

Gibberell ins may have a role in the growth of a Agaricus bisp orus sporophores was suggested 

by Alcksandrov (3) who showed that the yield was incr eased to 236 % and 374 % by 

applications of G J to sporophores at 5 and 10 ppm concentrations respectively. Our data are 

somewhat supported by Aleksandrov, alt hough the perc entage of increase in our result s are 

lower than his results. Th is may well be due to the concentration effec t. 

The positive effect of various hormones on mushroom growth and developme nt has attract ed 

the attention of several investigators. 

All these result s mentioned above, support directly o r indirectly our results obtained with 

AgariclIs bisporus . 
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Abst ract 

We studied the antibacterial effect of L-ascorbate (L-AsA) / Cu(lI) on Gram 
negative bacteria, S typhimurium and E. Coli. Mechanism of antiviral effect of L-AsA / 
Cu(lI) was also established. Eff ect of different concentrations of AsA+CuCI2 on growth of E. 
coli and Suyphimurium were investigated. It was found that inhibitory concentration for these 
bacteria was 8 mM AsA -]- 100 J.LM CuC12. 

Key words : S typhimurium, E. coli, Oxidation products of L-AsA : Cell wall: Cell mcmbran 

Int ro d uct ion 
Antiviral (1-5 ) and antitumoral (6) effects of L-AsA has been established. In this 

study we investigated the antibacterial effect of I sACu(II). It has been shown that various 

and effective oxidation produc ts ofAsA occured in the presence of Cu(lI) (7) 

These oxidation products including free radicals cause breaks in proteins and 

nucleic acids (8,9) . AsAJCu caused damage on bacterial cell membrane and cell wall. 

Therefore E coli and Sthphimurium were applied to Aqueus Two-Phase System as a whole 

cell , to determine the changes occured in bacterial cell wall. 
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Mater ials and Methods 

A- Chemicals, Organisms and Culture Conditions 

AsA (Merck) was dissolved in distilled water and sterilized by passing milipore 

filter. CuCI2 (Merck) stock so lution was autoclaved at 121°C for 120 minutes. 

Ecoli (ATCC 25822) was supplied from Hacettepe Univ . Medical School, Dept. of 

Microbiology and S. typhim urium (Kauff Orij . 209 , 18.2.1971) was supplied from Institute of 

Hifzisihha (Ankara, Turke y) . Bacterial strains were grown on Nutrient Agar plates. The y were 

stored at 4°C and passaged monthly. 

Nurtien t Broth (NB) was used for overnigt culture. It was auto clave d at 121°C for 120 

minutes. Bacterial growth foll owed by spectrophotornetrically at 400 nm. 

Overnight culture was prepared by growing bacterial cells in NB at 37°C by shaking 

100 rpm. and 8 mM .A"sA + 100JlM CuCl2 were added in the growt h med ia (NB) to show 

vthcir antibacterial effects. 

B- Preparat ion of Bacter ia l Membranes 

Osmotically sensitive cells (spheroplast) were repared. Spheroplasting of cell s by 

Lysozyme-EDTA ( 10, J I) was performed as follows. Cells were harv ested at late logari tmic 

growt h phase (2900xg, 10min, 4c C) and washed once in 10 ml of Tris-I ICL buffer containing 

20% (w/v) sucrose, pH 8,0 warm ed to 37°e. A freshl y prepared so lution of 60 ug/rn l. of 

lysozyme in 100 mM EDTA was then dilut ed 10 fold into the suspension of cells at 37°C. 

The extend of spheroplasting as a function of timc was followed by phase-contrast 

mi roscopy and by monit oring susceptibility to cel ~1 lysis as indicated by absorbance at 400 

nm. for 1:30 dilutions of cell suspensions into distilled water. After 10 min . of incub ation at 

n oc, less than 5% of ceels were rods.After an additional 10 min. of incub ation the 

spheroplasting was j udg 'd complete. Sphcroplassts were centrifugated (2900xg, 10min.). 

Cold 10 mM Tris-HCI, ImM EDTA were added on cell pellet and vortexed . Thi s 

suspension was added slowly in a 4 fold distilled water inorder to lyse the spheroplast. After 

lysis, stirred magnetically at 0-2°C for 10 min, and rnicrofuged (2400xg, 0-2°C, 10 min .). 

Supernatant centrifuged at 50.000xg for 2 hours to get membr anes. 

The bacterial membranes stored in 30mM Tris-I ICI buffer at -20°e. 

C-Aqueous Two-Phase Systems 

1- Preparation of Polimer Solutions 

PEG 8000 and Dextran T-500 were obtained from Sigma. Stock solutions were 

prepared as Albertsson's (12). Stock soluti ons of PEG 8000 40% (WfW ) and Dextran '1'-500 

20% (WfW) were prepared and sterilized at llOcC [or 15 minute s seperately from the growth 

media. These stock solutions of polymers stored three weeks mostly at 4c C (12). 
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2- Preparation of Aq ueous Two-Phase System 

5% Dextran T-500 and 4% PEG 8000 were mixed and sett led at 25°C for I hour for 

phase seperation ( 13).
 

3- Applying Cells to Aq ueous T wo P hase Sy. tern
 

S. typhimurium and E. coli grew in NB till stationary phase and were added 

to Aqueous Two-Phase Systems as a control. Bacteria l cells grew in 8 mM AsA+ 

100 ~ IM CuC12 containing media till stationary phase and were also added to 

Aqueous Two-Phase System. After adding the bacterial cells to this system, phase 

system was mixed and settled at 25°C for few hours in order to part itioning of cells . 

4- SDS-PAGE 

Me mbran es isoletcd from E.coli and S typhimurium (control and gro wn on 

AsA+CuCI2 media) were applied on SD ."-PAGE 10% to show the changes occured in 

membrane pro teins (10.14, 15). 60~_d membrane sample was put in each well, Samples we re 

boiled for 3 minutes before put on the gel. Runing buffer \....as composed of Tris-Gli sin pl I 

8.0 .Electroph ores is were run at 220 V for 2 hour s. Silver sta ining method was use d to stain 

protein bands on the gel (16.17). 

Resul ts an d Discu ssion 

Var ious concentrations of AsA( 1-10 mM) and Cu Cl1 (50-100/!M) were tried to find 

subtoxic con centration that affect bacteria! growth. The effective concentrations determined 

as 8 mM AsA+IOO llM CuClz for E. coli and S. typhimurium (Fi] ure I, Figu re 2) . 

Viable cell counts were also made (Ta ble I, Ta ble 2). 
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Table I. Viable cell counts of S typhimurium (x I05) 

(Values are the average of three experiment s) 

Hours Control 1001lM CuCI2+ 8 mM AsA 

1 76 12 
2 21 18 
4 5351 29 
6 5995 102 
8 9048 462 
10 14269 474 
12 14280 494 

f igure2. . • ~ QI[YC ore: ~i (Coo.l1Ol) 

lQ 

\ _6 o:owih CIIn'e orE. col/l11 ~ pteSellGeof 

. TOO 11M cue!, + 8 mMAlA . 

. .~ (vat W::s the avemge oflhro: eXpcrlments) .".:r. • 

Tabl Viable CI: I counts of e coli (xIO' ) 

alucs an: the average of three experiments) 

Hours Contro l IOOllM Cu ' 12 + 8 mM AsA 

1 
2 
4 
6 
8 
10 
12 

51 
154 

5459 
6944 
9754 

13.491 
20.076 

10 
20 
30 

137 
171 2 
1800 
2 100 
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It was reported that bacteria! cells partit ioned at diffe rent phases uf Aq ueous Two­

Phas System depending on the structure o f cell \Valls( 18). 

We app lied S typhimurtum and Ecoli ce lls on Aqucus Two-P hase System 

composed of 4% PEG ROODand 5%Dextran T-500. 

We found that control cells grown in NB part itioned at PEG phase and cell s grown 

in N N Cu (II) media took place at Dextran phase (Figure 3). 

Bacterial membranes were isolat ed by Lysozymc -EDTA Method to show the effects 

orAsAlCu(lI) on membr anes. The membranes were applied on SDS -P AGE (slab gel) to 

observe the changes on membran e proteins (10 ,14), Silver Staining Method was used . \Ve 

found that some of the soluble protein band s lost in bacter ial memb ranes iso lated from 

bacteria grown in AsAfCu (II) conta ining media (Figure 4) . 

~p... ", 
~~ 

... 
t ·' s.~.. JtO'MI io 
x. . ." 

; .: 'A.sA +CaCh~~unl . . . '. ~ 

fi p c4 . Gd pnill lc oC OJC:llnne~ oo 10!\S1l$- PA@ SC\. 
_ I. _ pulCin, . 

80vin IaWll allxrmio(MW 68,flOO).l.ip»c (MW )4 ,000) 
2.$. o","_..,;... (C_) 
3. s ~..i _ (M0<IimlwithMA + cuC~ ) 
4, IoWkcrprocdIlI . 

Bovin ....., aIbutnla (I.rN 68 . 000~ Lip.>e (MW54.COO) 
S-E. coli (e...trol) . " , '.•
 
6./f coil (Moli um YoIIhAlA + eveb)
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We investigated the antibacterial effect of AsN Cu (II) in this study. It has been 

known that various and effective oxidation products of AsA occur in presence of Cu(II) (19). 

Therefore we chose CuCI2 in our study. 

The subtoxic concentration that affect growth of E.coli and S. tyhphimurium were 

established as 8 mM AsA+ 100 !!M CuC I2. It has been known that oxidation products of 

CuClz cause breaks in proteins and nucleic acids (8,9). They also leads lipid peroxidation (20­

22). We showed the changes caused by oxidation products of AsA on the cell wall in 

Aqueous Two-Phase System as a whole cell. Control cells having intactlipopolysaccharide 

layer partitioned in PEG phase. The cells grown in AsA+CuCI2 medium took place in Dextran 

phase 

Lipid peroxidation caused by oxidation products of AsA damaged 

lipopolysaccharide layer of the cell wall of the bacteria grown in AsA+ CuCh containing 

media. We isolated membranes from control cells and the cells grown in A sA~ CuCl2 media. 

These membranes were applied on SOS-PAGE to show the changes on membrane protein . 

That some of the soluble membrane pr reins were lost. It was reported that 

AsNCu(ll) cause breaks in protein structure (8,9). So, the loss of some protein bands can be 

attributed to this effect of AsA/Cu (II) .It can be concluded that AsA/Cu(lI) showed its 

antibacterial effect by cau ing damage in hacterial membranes and cell wall. 
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Abst ract : 
In th is resear ch. structural changes growing naturally at di fferent altitudes in Orchis 

anatolica Boiss. and Cyclamen hederifo lium Aiton. in West Anatol ia have been studied. 
Resul ts showed that the paranchymat ic cell wall s of stem and leaves of both Orch is anat olica 
Boiss, and ( velamen hederifolum Aiton. in the hi gh altitude sam ples are th icker, the 
osm iophilic gran ulles in the chloroplasts of the stem cort ex cells arc more in number and 
there arc small vacuoles in stroma. The endoplasmic reticulum membranes in the stem and 
leaves cells of Orchis' s arc generally in the form of circles w ithin one ano ther in the high 
alti tude sam ples whereas they exist as small fibrous substances in the samples growing at 
lower altitudes. The mitochondria o f the latt er samples in Orchis and Cyclamen arc rou nded 
in the mesophyll cells whereas in the former samples they're bigger and fibrous in structure. 

Key Words: Orchis anatolica, Cyclamen hederifolium, Ultrast ructure. 

Introduction 

Our country has a great weal th o f plan ts of economical value. However, these plant 

spec ies are about to vanish because these are uncont roll abl y co llected from na ture for 

I This study is a part of the Ph. D. thesis (Proj ect no : 90 Fen 014) .
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local consumption or export (SEZiK 1967, 1984, CEYLAN 1976, GOK<;:EOGLU and 

SUKATAR 1985,1986, KIRYAMAN 1988, EKiM et aI.l989). 

Orchis tubers contain starch (%8-30), sugars (glycose, fructose), nitrogenous 

compounds and glycomanous mucilage. The substance from Orchis tubers is called salep and 

it is used widely in pharmaceutical sector. Salep tubers have been used as an aphrodi siac in 

ancicnt tirnes, especially as a power source to stop the infant and as food resently..These have 

also been used as balancer in icc-cream production, in central Anatolia (SEZIK 1967, 1984). 

SaJeptubers are taken from wild plants from the ancient times till today (SEZi K 1984). 

yclamen tubers have emetic, and stimulating effects and contain fats, gum, organic 

acids and saponyn - type glycozites and these tuhers are very much liked and preferred by 

pigs as a food. In addition, it is stated that the tobacco producers use the boiled essence of 

these tubers against earth worms (BAYTOr 1984). 

The saponozyte, obtained from ( velamen tubers, is called syclamine and it 

decreases the collesterol level in blood, having anti-tumoral and anti-microbial effects 

(TANKER and TANKER 1985). The same researchers have reported that these saponozytes 

in the tubers have diuretically and anticxudatively effective, and also useful for preventing the 

ringing of ear. 

It is a wcllknown fact that plants generally grow up and continue to develope under 

available ecological conditi ns. Charges in the ceological conditions resu lt in the changing, 

hreaking and even the termination of the vegetative phase of the plant species. Altitudinal 

variations in Turkiyc play an import nt role in the zonation of various vegetation types 

vertically. These variations together with exposure and the degree of inclination result in 

various conditions at even short distances, as well as various formations. Moisture loving 

plant groups inhabit deep valleys and slopes, where the cracking degree and inclination 

increase. Exposure has important effects on the distribution of plants. With an increase in 

altitude. leaf, relative moisture decreases, on the contrary, precipitation , vaporisation and 

radiation rates increase. In addition wind becomes stranger. daily temperature differentiations 

increas , besides, vegetation period and termal pedogenesis shortens(KO<;:MAN 1989). 

In an experiment carried out on Betula pu bescens L. at various altitudes, it has been 

reported that at higher places, length of stem is inhibited (SULKfNOJA et a1.1987). During 

studies on the structural adaptation of Trifolium L. genus at dilTer nt alpine zones of Central 

Caucasia, it has been observed that, out of 34 speck s of Trifolium L; which are widespread 

in Caucasian flora; only 7 species can survive in the alpine and subalp ine: zones, 6 species can 

grow up to 800-1000 m from the sea level in the Precaucasian zone, and 5 species can survive 

.in every part of the mountain (. IKOLAEVSKAYA 1992). 

CORRIAS et al. (1991) have reported in Orchis longicornu Poiret , that, these 

species can adapt to local differences and survive in habitats between 0- I500 m altitude. 

Growth habits of small tubers of 'yclamen hederifolium Aiton. under different light and 

moisture conditions have been investigated and it has been found that the best tuber growth 
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occurs in wet sites with a little sha dow, and tubers are bigger than their original s ize 

(GOK( EOGLU and SUKAT R 1985). 

Morph ological and pharmaceutical studies on C. hederifolium have been carried out 

by TANKER ( 1965) and regional studies on the anatomical feature s at generic level have also 

been done (TANKER and TORKOZ 1984, BEYAZOGL U 1988). 

Morphological and anatomical differentiations seem to be a result of different 

eco logical conditions. Simi lar observations can also be expected ultrastructurally. For 

instanc e, the chang s due to lack of water and heat stress in the ch loroplast structure on two 

different variat ions of Zea mays L., have been followed and it is reported that alter 7 days of 

so il-dryin g, the chloroplast membranes on 13 days-old seedlings get destroyed due to an 

effect of heat at 45°C ; the chloro plast structure also changes and the thyllakoid format gets 

swelled, in addition, amou nt of the osmiophilic globules in the ch loro plasts increases 

(RIST IC et al, 1992). 

In a similar study , it has been stated that heat causes morph ological changes in 

mitochondria and In anothe r paper, physiological changes occuring in the bean plant left in 

ozone for a long per iod have been examined, and it has been seen that there has been 

fragmentation in the chloro plast memb rane and tonoplast effected by the ozone, and a lso the 

weight of leaves de lined. In additi on, ozone red uced the photosyn thetic capaci ty ' we ll 

(SANDERS et al. l 992). 

The s imilarities and differences between some species of Cala magrostis Adanson. 

genus have been examined under scanning electron microscope and light micro cope, the ir 

relations with the environmental factors have been investigated . Results have revealed that 

there are differences in the number of vascular bundl es, in the dispersion of scleranchyma 

cells. gathering of s ilicium in papil las, thornlike hair, the numb er of stomata and their 

distri bution, and in the length of hairs. A correlation betwee n morph ologica l, anatomical and 

ultrastructural features amon gst the species and the environmental factor s has been put forth 

(ESCALONA 1991) . 

In this study, our aim is to put forth ultrastructural changes in Orchis anatolica and 

Cyclamen hederifolium such as light , heat, wind and so il whieh are of great economical 

importance for Turkiyc. 

MAT ERIA L AND M ETHOD 

Orchis anatolica Boiss.and Cyclamen heder ifolium Aiton . distributed in west 

Anatolia has been chosen as a subject at our study. The plant samples were collected from the 

area between the lowlands to the highest peaks uf the Mount N if-Kcmalpasa izmir ( 1506 m) 

and the Mo unt Spil-Manisa (\ 514 m). 

f or ultrastru ctural observations, 5 mm pieces taken from stem and leaves of the 

samples were put in the 25% Glutaraldehyde and Cacodylate buffer (PH:-7.2), then they were 

blocked according to Mill on ig ( 196 1). Thin cross-section s taken from the blocks by OmU ~ 
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sittle marc ultratornc wen: stained with urany lacetatc and leadc itratc (REY NOL DS 196 3. 

VEN AB LE 196 5). The grids were ana lyzed under Jeol 100 CX II elec tron microsco pe. 

Mi crograph ics o f wen; taken. 

RESULTS 

Th e structura l characteristics of the stem and I aves o f Orchis and e ye/am n from 

high and lowland areas were s tudied comperatively using micrograp hs . Orchis stem cross­

sections re vealed that the cell s have a lot of cytop lasm and organe ll . in the lowland samp les 

are rich (Figu • I ) 

J . 

-- \~. , 

. ~ . 

F igure t . Transve rse section o f ste rn cortex ce ll o r o .anato lica (850 m) X I 150 

C W= Cel l wall, YT= Cytopl asm. CHL= Chloroplast. M= Miro chondriurn, 

ER= Endop lasmi Ret icu lum. V= Va cuo]. 
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In the high altitude samples, the cell content is less intense than the lowland samples 

(Figure 2). 

.-..:: . 

o,fJ ;f~ 

Figure 2. Tran svcrse section of stem cor tex cell or 0 .anatolica ( t3 lO rn) X I \ 500 . 

C:W:.. Cell wall, C YT= Cyto plasm. ER~ Endo plasmic Ret icul um. 

o clear d ifference has be n observed in the cells of C hcderifotium' s low and high 

alt itude sample (Figures 3,4). 

Figure J . Transverse section o f stem co rtex cell oiChederifoliurn (JOO m) X t 1500 . 

CWo-: Ce ll wall, CHL= Chloro plast. GER'= Gran ular End oplasmic Ret iculum. 
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Figure 4, Transverse section of stem cortex cell of C.lrederif olium (1020 m) X 11500, 

CW= Cell wall, CYf= Cytoplasm, ClIL= Chloroplast, M= M itoc hondrium, 

A comparison of the structural characteri stic high and lowland samples shows that 

in the micrograp hs of Orchis stem cros s-sections, the cell wall is thicker in the high land 

samples (Figures 5,6) and although not that clear, it's the same in the highland samples of 

Cyclamen (Figures 3,4) 

figures 5. The appearance of ce ll wall and chloroplast structure in the cross- section of 

Oianatol ica stem (850 m) X 19090 

r nr= r oll ...~ " rVT= rvt"nl~~m r,HI = Chloroolast , M= Mitochondrium. 
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Fi ure G. The appearance of ce ll wa ll in the cross-sect ion o f O allalolica Bo iss. ( 13 10 rn) X 

15180.
 

Cw. =Cell wall, PCYT= Peripher ic cytoplasm.
 

When thc structure of ch loroplast amongs t til ' cyt plasmic organe lles is exarnin d, 

I~ ' observ .d that in the hig] land samples of Orchi.. th r are more osmioph ilic granulles in 

the stro ma, besides there are small vacuoles hich don't ex ist in th lowlan arnp les (Figu res 

~ 
ch loropl ast stru ture in the cross-sections of Oanatolica stem 

( 1 10 m) X 29900. 

CW = Cell wall, Y T~ yto plasrn, ClIL= Ch loroplast, OR =- Granal lamelles , IL= Intergranal 

larnellcs 

o = Osmioph ilic granullcs, V= Vacuole 
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In the lowland samples of Cyclamen, it as been obs rve that thyllakoid formation 

localized in a certain region of stroma (Fig.S), however there' s no such structural di ffe renc 

in the highland samples (Fig. 4) 

Figurt' 8. The appe arance of chl orop las t s truc ture in the stem cross-s ecti on of C'hederifi lium 

(300 m) X 23000 . 

•I I L~ Chloroplast, GR= Granal larnellcs, IL= Intergranal la elles, M= 

Mitochondrium ,
 

GER= Granular . doplasrnic ret iculum, = . lroma.
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When cndoplasruic reticulum membranes are examined, it is seen that these 

organell s are fiberous in suucrure without granull s (Figure 9) in the lowland samples, 

"re generally in the form of circles in the highland samples (Figures 2, (2). ,. 

f igure 9. The appearance of Endoplasmic Reticulum membranes in the cross-section of 

Ounatoiica stem (850 m) X 23000 . 

CW=> Cell wall, CYT= Cytoplasm. tvI ~ Mitochoudriurn, ER= Endoplasmic 

Reti ulurn, V<= Vacuo]. 

lhe crosssection of Cyclamen ' s lowland samples show that endoplasmic reticulum 

membranes are generally granular, resembling small purses in shape (Figure Sl. whereas 

Figure 10. The. appearance of Endoplasmic Reticulum membranes in the stem era ss-section 

of C hederifolium Aiton. 

( 1020 01) X 46000. CW= Cell wall. C r"" Cytoplasm. ER= Endoplasmic 

reticulum. 



56
 

The micro raphs taken from the leaf cross-sections, depict thai Orr-his rnesophyll 

cells have a peripheric cytoplasm (Figure I I ) and also in the ighland samples they have a 

similar sh p (Figure (2). 

. 
< , 

,. 

.r­
'. ' 

.' 

;: 

'f 

CHR 

Figure ll. rcneral appearance of the leaf cross-section of U anQtolicu .(850 rn) X 19090. 

CW= Cell wall, CYT= Cytoplasm, CIIL= Chloroplast, 1 = Mitochondrium, I '=c­

U Ie . CHR= Chrornarine. 
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Figure 12. Transverse section of the Icafo f Oana lo/lca.( 1310 m) X 11 500. 

CW= C -II wall, 'YT= ytoplasm, CHL= Chloroplast, M= Mitochondrium, ER= 

Endoplasmic reticulum. 

In the lowland samples of Cyclamen leaves, it was observed that cytoplasm is 

peripheric along the cell wall and chloroplasts are arranged in parallellity to the cell wall 

(Figure 13) 

"W= Cell wall. CYT= Cyt oplasm, CHI..= Chloroplast, ER= Endoplasmic 

reticulum. 
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Figure [4, Transverse section of the leaf of Cheden folium Aito!\,(1020 m) X 19090 

CW= Cell wall. CYT= Cytoplasm, CHL= Chloroplast, M= Mitochondriurn, N= 

Nucleus, Cf-l R= Chrornatine 

In the leaf cross-sections of both materials the c '11wall arc thic er in the highland 

samples tFigures 15, 16, I7,18). 

;igure 15, The appearance of 'ell wall in the leaf cross-section of Oianatolica Boiss,(850 m) 

" 19090. 

CW= Cell wall, CYT= Cytoplasm. CHL= Chloroplast, M= Mitochondriurn, ER·­

Endoplasmic reticulum. 
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Figure 16. Th e appear ance of cel l wall and mitochondria in the Ie f cross-section of 

O'anatolica Boiss.t 1310rn) X ! 1500. 

CW= Cell wall, C YT" Cyto plasm, Cl lL= Chloro plast, M= Mito chondriurn, ER 

Endoplasmic reticu lum. 

Figure !7. The appearance of cell wall in the leaf cross- icction of C hederifolium Ait on .(300 

m) X 23000. 

CW" Cell wal l. CYT= Cytoplasm, CHL= Chloro plast, ER= Endoplasmic 

r ticulum, GR= lrana l lamcllcs. 
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Figure 18. The appearance of cell wall and thyllakoid structures in the I 'af cross-s ction of 

Chedertfoiium Aiton.( 1020 m ) 

X 15180. C\V= _t:ll wall, Cl.'T- Cytoplasm, OIL " Chloroplast, M= Mitochondrium, 

ER=Endoplasrnic reticulum. OR= Granal larnelles. 
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When the chloroplast structure in the cross-seen ns was analyzed, no distinct 

differences were seen in osmiophilic granulles between the high and lowland samples o f 

Orchis. there wen: no acuole inside th hloropla:ts (Figures 15. 16). 

Then: was not any differences in osmiophilic granulles in the Cy lamen samples 

either However. it was observed thai in both high and lowland samples thyllakoid siru tures 

show a radial arrangement (Eigurc IfU 'J). 

Figure 19. The appearance or til Ilakoid structures in the leaf ross-section of C hederifolium 

iton.(300 m) X 15 1RO 

CW= ell wall, CYT= Cytoplasm. CHL= Chlor plast, R- Grana! larnelle . M= 

Mitochondrium, 

ER= Endoplasmic reticulum. 
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This radial arrangement in thyltakoid structures is seen more in the lowland samples 

(Figure 19), hut a neat thyltakoid arrangement which never existed in the lowland materials 

was observed at the same time with the ones that carry out a radial arrangement in the 

highland (Figure 20). 

Figure 20. The appearance of neat thyllakoid formation in the leaf cross-section of 

..hederifolium.i I020 m) X 23000. 

CW= Celt wall, CYT= Cyotplasrn, CHL= Chloroplast, GR= GranaI larnellcs, IL= 

lntergranal lamelies. 
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Endoplasmic reticulum membranes. just like stem an: as fiberous structures without 

granulles in tlle lowland samples of rchis (Figure 21) but in the form of circles in the 

highland samples (Figure 22). 
CW • 

O unQ/olica.(850 m) X 19090.
 

C - Cell wall, CYT= Cytoplasm, ER= End plasmic reticulum, M=
 

CHR= Chromatine.
 

..: ... . .r: 

'... 
Figure 22. The appearance of Endoplasmic reticulum membranes in the leaf cross-section of 

Oianatolica Boiss.(131 0 m) 

X 11500. CW= Cell wall, CYT= ytoplasm, ER= Endoplasmic reticulum. CHI.= 

Chloroplas 

M= Mitochondrium. 
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' 0 clear differen es were noticed in the endoplasmic reticulum membranes between 

the low and highland samples of C. hederlfolium (f igures 18,19). Mitochondria in the 

lowland sample are generally round (Figure lS) whereas in some of the highl nd samples 

there arc big and tibcrous ones as well as round ones present (f igure 16). 

Ihe mitochondria lie inside the cytoplasm in the lowland samples of Cyclamen 

(Figures 19.23), and are clearly elliptic and fiberous in the highland samples (Figure 24). 

Figure 23. I he appearance of mitochondria in the leaf cross-section of C.hederifolium 

Aiton.(300 m) X 19090. 

' W= Cell wall, CYT= Cytoplasm, ER= Endoplasmic reticulum, CHL ' 

hloroplast, M= Mitochondrium, 

1 ' - Nu lens, C! IR= Chrornatine. 
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Aiton.(I020 m) X 23000. 

CW= Cell wall, CYT= Cytoplasm, ER= Endoplasmic reticulum, CHL= 

Chloroplast, M= Mitochondrium. 

In the low and highland samples of both materials, nucleus is in the typical granular 


form and chromatine material is intense at some parts. No difference is noticed in this 


(Figures 25,26, 14,27), 


~~ 
Figure 25, The appearance of nucleus in the leaf cross-section of Oanatolica 

X 7590. 

CW= Cell wall, CYT= Cytoplasm, CHL= Chloroplast, M= Mitochondrium, N= 

Nucleus, 
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Figure 26. The appearance of nucleus in the leaf cross-section of o.anatolica Boiss.( 1310 m) 

X 19090. 

CW= Cell waH, CYT= Cytoplasm, CHL= Chloroplast, M= Mitochondrium, N= 

Nucleus, CHR= Chromatine 

Figure 27. The appearance of nucleus in the leaf cross-section of Chederifolium Aiton.(300 

m) X 23000. 

CW= Cell Wall, CYT"" Cytoplasm, M'" Mitochondrium, N= Nucleus, ER= 

Endoplasmic Reticulum, 

NP= Nucleus pore, NO= Nucleolus. 
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DISCUSSION 

It's well-known fact that different species react differently against different 

environmental factors. Changes in local environmental factors play an important role in the 

distribution of species together with the climate and soil properties. What determine the 

existence of plant and animal populations in a certain geographic site, the environmental 

factors and other plant and animal populations existing there (RICKLEFS 1973). 

With change of altitude, many environmental factors also change. For instance, with 

an increase in Lhe altitude, the amount of precipitation, vaporisation and radiation increase, 

the effect of wind, daily temperature variations, cloudliness and atmospheric moisture 

increases too. However as against these heat, relative moisture content or water vapour 

decrease and vegetation and pedogenesis periods shorten with an increase in altitude 

(KO<;:MAN'1989), 

In our study, we tried to determine the ultrastructural changes in Orchis anaiolica and 

Cyclamen hederi/olium which are of great importance to our Country's economy, in relation 

to the ecological factors like light, heat, wind and soil properties that change according to the 

altitude. 

Although each of these factors changes with the altitude and affects plant life 

separately, the main permanent differentiations in morphological and anatomical structure 

occurs as a result of an interaction of these factors with each other (OZTORK et aJ. 1989). 

According to BJORKMAN (1980) the plants have the light potential necessary for 

assimilation at a low leve! and they get harmed under strong light. 

The micrographs from the stem and leaf cross-sections of Orchis and Cyclamen 

showed that the cell walls of the highland samples life thicker in general (Figures 3, 4, 5, 6, 

IS, 16, 17, 18). JAFFE (1981) states that strength increases in plants with the development of 

thick-walled cells, this goes in accordance with our results. Similarly, a radial increase occurs 

in the bean plants when exposed to wind at 4.5 mls strength. This radial broadening is in 

linear relation with the decline of distance between the nodiums (HUNT and JAFFE 1980) 

The increase in the thickening of cell walls in the highland samples of our plants may be 

explained by increase in the strength of wind at these sites. 

The chloroplast structure in the cytoplasmic organelles in stem cross-sections shows 

more osmiophilic granulles in the Orchis's highland samples, besides there are tiny vacuoles 

in stroma which don't exist in the lowland samples (Figures 5,7). RISTlC et aL( 1992) 

reported that the peristromium around chloroplast is ruined, thyllakoid structure swells, and 

too many lipid bodies occur when 45°C heat shock is applied to 13 days old seedlings of two 

different lines of com after 7 days of soil drying Total amount of lipids in Origanum 

maJorana increased when soil moisture decreased (RHIZOPOULOU et aI.1991). When an 

increase in the soil moisture occurs with the effect of wind in highland areas, an increase of 

osmiophilic granulies in chloroplasts highland samples can be justified. 
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Thyllakoid structure is localized in certain regions of stroma (Figure 8), no such 

structural difference is observed in the highland samples (Figure 4), 

According to RISTIC et aL(l992), soil drying and heat cause swelling of the 

chloroplasts and thyllakoid system and disruption in peristromium. The Cyclamens chosen as 

experimental material generally grow at oak edges, that is on shad habitats, but the sample we 

gathered from the lowland is the one that was able to grow up away from the oaks, in the 

agora. In this aspect, moving from the point of soil drying and great heat together with strong 

light, such a degeneration in thyllakoid system agrees with the findings of RISTIC and 

BJORKMAN. The presence of olive plantations on the sites of our lowland samples increases 

the possibility of an occurance of pesticide application. It's probable when the application of 

pesticide is considered there is such a degenerative effect, because it was reported in one of 

the studies of MOSTKOVSKA et al.(l991) that degeneration in the chloroplast thyllakoid 

system took places after 4-9 hours application of I, lO phenantrolin,which is a photodynamic 

herbiside. 

The chloroplasts in the leavesof our samples showed no important difference. 

It was observed that endoplasmic reticulum membranes in the stem and leaf cells of 

Orchis were as circles within each other in the highland samples (Figures 2, 12). Whereas 

they're as small fiberous structures and non granular in the lowland samples (Figure 9). We 

'think that this can be due to a correlation between non granular endoplasmic reticulum 

membranes with an increase in the amount of lipid when soil moisture declines. 

No typical difference was noticed about the endoplasmic reticulum membranes in 

Cyclamen leaves. 

It was observed that mitochondria are as small and circular structures in the leaf 

cross-sections of lowland samples in both Cyclamen and Orchis (Figures 15,19,23), however, 

ones in one of the highland ~ples are bigger and fiberous in shape (Figure 16, 24). In a 

study performed by CiRELi (1967), it has been observed that mitochondria are seen as small 

granulles in warm climates and as fiberous structures under cool conditions. Heat and gamma 

radiation to lead to morphological and functional metabolic changes in the neWly-growing 

mitochondria (WANG and LIV 1989). There are distinctive differences between heat and 

other factors in both high and lowlands, it's thus natural to observe some differences in 

mitochondria which act as energy stores in the cell. Still we believe that the problem can be 

better explained with the studies done on the cellular organelles in detail. 
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