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ABSTRACT

In this study, the aim is to present ccological, anatomical, morphological and pollen and
seed germination characteristics of Reseda lutea L. (Resedaceae) distributed in West

Anatolia,

Resedua lutea is distributed widely in Turkey, as well as throughout the temperature
zones of the world. It is a cosmopolitan species occurring 0-2300 m altitude in Turkey. It

prefers open and sunny. It also occurs as a ruderal plant in Turkey.

In Turkey, the best colour of yellow for hand-woven carpets and kilims, as a source of
dyeing substances is produced from R. lutea and R. luteola. This shows the economical
importance of R. lutea in Turkey. In addition to this, its preference by honey bees in the
apiculture, as a dry and fresh food source for farm animals, arc other economical
characteristics of this specics. It is also used in the struggle against crosion which done to
its roots which can go to deeper parts of soil according to soil structure and is one of the
basic environmental problems in Turkey. This study was matcrialised on R. lutea because

of the above mentioned cconomical characteristics.

According to the results of this study: The chemical and physical analysis of soil and
plant samples, collected from 54 diffcrent localitics in West Anatolia, showed that the plant
prefers, gencrally sandy loam and sandy clay loam soils, with a light alkalinc and medium
alkaline pll. It also grows on non-saline, highly calcareous soils, poor potassium and
phosphorus, and varying in nitrogen content. Soil and plant analysis results were evaluated
statistically The morphological, anatomical, pollen and seed germination characteristics of
the plant were examined. The results obtained were compared and discussed in the light of

results published in different studics.



OZET

Bu g¢aligmada, Bati Anadolu'da yayilig gisteren Reseda lutea L. (Resedaceae)nin
ekolojik, anotomik, morfolojik ve tohum g¢imlenme &zelliklerinin ortaya konmasi

amaglanmstir.

Diinyada ithman bolgelerde yayihsg gosteren R. lutea, Tirkiye'de yaygin olarak dagilis
gostermektedir. Kozmopolit bir tiir olarak bilinen bitkiye, 0-2300 m. aras1 yiikseklikler
arasinda rastlamimaktadir. Isig1 bol alan ve golgelik olmayan alanlan tercih etmektedir.

Aynica, Turkiye'de ruderal bitki olarak da gorillmektedir.

Turkiyc'de hali ve kilim dokumaciliginda R. luteola ile birlikte en iyi san renk R.
lutea'dan elde edilmektedir. Bunun yam sira, balcilikta anlér tarafindan tercih edilmesi;
bilyiikbas ve kiigiikbag hayvancilikta, yas ve kuru besin kaynagi olmasi; kiklerinin topragin
yapisina bagh olarak oldukga derinlerc incbilmesi nedeniyle temel gevre sorunlardan biri
olan erozyonla miicadelede kullanilabilccek bir zellie sahip olmasi, bitkinin ekonomik

acidan OGnemini ortaya kbymaktadlr. Yukarida bahsedilen ekonomik &zelliklerinden dolay1

R. lutea tizerinde bu galigma gergeklestirilmistir.

Bu galigmanin sonuglarina gére: Bati Anadolu'dan tespit edilen 54 farkl lokaliteden
toplanan toprak ve bitki drnckleri kimyasal ve fiziksel analiziere tabi tutulmuglardir.
Toprak analiz sonuglarina gore; bitki, tekstiir agisindan genellikle kumlu tinli ve kumlu
killi; pti bakiminda hafif alkali ve orta alkali topraklan tercih cttigi {cspit saptanmigtir.
Yine bitkinin tuzluluk - etkisinin olmadifr; ¢ok kiregli, potasyum ve fosfor bakimdan
yetersiz, azot bakmmindan her tiirlii toprakta yetisebildigi gorilmilstir. Ayrica toprak ve
bitki analiz sonuglan, istatistikscl olarak degerlendirilerek, sonuglar karsihikli olarak

arastnilmugtir. Saptanan iligkilerin istatistikse! yorumlart yapilmistir. Bunun yani sira



morfolojik, anatomik ve polen dzcllikleri ile beraber ¢imlenme fizyolojisi de incelenerek,

tespit edilen dzellikler ilgili literatiir kaynaklari ile kargilagtirilarak tartigilmigtir.
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Chapter One
INTRODUCTION

1. Introduction

To describe a living species one should know its habitat and biological
characteristics. In another word, autecological structure of the species should be known.
The studics on the plant ccology of Turkey has increased remarkably. Although the
studics on the autecology were rare before, these studies have increased from day to day.
But, when the number of studices is still insufficient floristic richness of Turkey is taken

into consideration.

No local or gencral studies were recorded on Reseda lutea L. (Resedaceae) which is
very widespread in Turkey. As such, R. lutea specimens, previously collected from 54
different localities in West Anatolia were investigated in terms of ecology, morphology,

anatomy, pollen and sced germination characteristics.

Reseda is derivec from the Latin “sedera”, 1o be calm, to calm or recede. The species

name, lutea, almost certainly refers to the yellow colour of the flowers (Heap et al.
1995).

Reseda lutea was described by C. Linnaeus, for the first time, from Southern Europe
in 1873.

- The family, Resedaceae, consists of six genera and of these, only the genus Reseda is
distributed i Turkey. This genus includes nearly sixty species all over the world. In
Turkey, the genus includes fificen specics, one subspecies and seven varieties. Of these

taxa, six (2 species and 4 varicties) are endemic to Turkey (Davis, 1965; Davis ef al.



1988; Ozhatay et al. 1995). The list of taxa distributed in Turkey is as follows: Reseda
alba L., R. armena Boiss. var. armena (Endemic), R. armena Boiss. var. scabridula
Abdallah & De Witt (Endemic), R. balansaue Miiller (Endemic), R. phyteuma L., R.
orientulis (Miiller) Boiss., R. odorata L., R. inodora Reichb, var. anatolica Boiss., R.
lutea L. var. lutea, R. lutea L. var. nutans Boiss., R. microcarpa Milller, R. stenostachya
Boiss., R. tomentosa Boiss. var. tomentosa (Endemic), R. tomentosa Boiss. var. glabrata
Abdallah and De Witt (Endemic), R. germanicopolitana Hub-Mor., R. luteola L., R.
saadae Abdallah and De Witt (Endemic), R. aucheri Boiss. subsp. rotundifolia (Kotschy
ex Miill.-Arg.) Rech. fil.

Davis (1965), states the presence of two varictics of R. lutea var. lutea and var.
nutans Boiss. in Turkey. On the other hand, Abdallah and De Witt (1978) mentioned the

presence of two subspccics, /utea and neglecta (Muell.) Arg.

It is reported that, R. lutea has been uscd as scatrizane, diuretic, sedative and
sudorific (Bonnier, 1934).

Reseda lutea and R. luteolua have great cconomical value in carpet and kilim industry
and they arc used as the natural dye source in Turkey (Tapan, 1983; Eyilboglu et al.

1983; Segmen er al. 1986; Ugur, 1988; Anonymous, 1991; Oztiirk and Ozgelik, 1991;
Mert et al. 1993).

The natural dyeing is very closcly related with the plants, growing in the vicinity
" depending upon the geographical and climatic features. The colour differences of hand-
woven carpets and kilims bascd on the colour features of the dyeing plants and the
plants growing nearby (Arh, 1982). Baslar (1996) in his study on Rubia tinctorum L.

and Chrozophora tinctoria (L.) Rafin. states that the colour features of the plants change

with respect to habitat they grow.

The dycing substances occur gencrally from the flower, young shoot, bark, leaf, fruit,

underground stem, fruit pip and root (Arh, 1982).



There are three basic colours are extracted from the plant. These are red, biue and
yellow. Other colours are obtained by adding a different plant or/and mordant. The
yellow colour is principally obtained from R. lutea and R. luteola in Turkey

(Anonymous, 1991).

Inspite of a statement that the best colour is obtained from the whole plant of R. lutea
(Tapan, 1983; Eyiiboglu er «l. 1983; Segmen ef al. 1986), collected before fruiting
period, it is reported that better productivity can be provided from flowers and young
shoots of R. futea (Ugur, 1988; Anonymous, 1991; Oztiirk and Ozgelik, 1991). Dry or

fresh plant material can be used for the extraction of the dye.

With the addition of mordants different colours such as yellow, lemon yellow, moss
green, light green, greenish yellow, light brown can be obtained from R. lutea (Tapan,

1983; Ugur, 1988; Anonymous, 1991; Oztiirk and Ozgelik, 1991).

The existence of approximately 150-200 dycing plants in Turkey constitute a source
of richness for the natural dycing (Mcrt ef al. 1992). Mairat (1948), for instance, reports

from England that only 93 plant species arc used in natural dyeing..

On the other hand, R futea can be used 10 prevent crosion becausc of its rapid
growing roots which can rcach 80-100 ¢m depth or ecven 400 c¢m in certain loose soils

(Bruns and Jochimscn, 1989; Jochimsen and Janzen, 1991; Heap et al. 1995).

According to a study carried out in Poland, thirty plant species were recorded for the
improvement of apiculture in this country (Jablonski ef al. 1992). R. lutea and R. (uleola
L., arc among these others being (Centaurea scabiosa L., C..rhenana Bor., Circium
oleraceum (L) Scop., Solidugo canadensis L., S. serotina Ait., Scrophularia nodosa L.
and S. alata Giilib.). The rescarchers recommend the use of ten species in unfertile soils

to increase the nectar secretion. These plants, therefore could be cultivated for this aim.



In Australia and Iran, the cattle breeders have been using R. Jutea as a dried food
source in winter time and fresh in spring and summer for grazing (Moghaddgm, 1977,
Heap et al. 1995).

Reseda lutea has cvaluated as a harmful weed in the carrot and potato fields in
England and Scotland (Forbes and Mathews, 1985) and crop fields in United States,
Iran, Australia and Poland (Bailey and Wicks, 1995; Abdallah and De Witt, 1978). It
can increase through sceds casily. This specics could be reproduced vegetatively from
the pieces of root. The agricultural equipment used for the ploughing of cultivated fields
breaks roots into p{eces and thus plant reproduces vegetatively. Sometimes, this

phenomenon causes a loss of 35 % in the crop ficlds (Heap e al. 1987).

The struggle with this plant is difficult duc to its long roots which are able to go into
the soil very deeply and vegetatively. The chemicals are applied against R. /utea, which
has a wide range and accepted as ficld weed. It is reported that Metsulfuron {2-[[[[(4-
methoxy-6-methyl-1,3,5-triazinyl) amino] carbonyl] amino] sulfonyl] benzoic acid},
which is a kind of herbicide, has givcnia successful result against R. lutea. (Harris et al.
1995). It is stated that the combination of Metsulfuron and 24-D [(2,4-
dichlorophenoxy) acetic acid] is more successful than a combination of the Dicamba
(3,6-dichloro-2-metoxybenzoic  acid), glyphosate [N-(phophonomethyl) glycine],
picloram (4-amino-3,5,6-trichloro-2-pyridinccarboxylic acid) and 2,4-D (Harris et al.
1995). Heap ef al. (1995) mentioned that, Metsulfuron-methyl, Chlorosulfuron and
. Trialsulfuron can be successfully used against the R. lutea, but Metsulfuron-methyl is
most economic one. Furthermore, it is reported that the following chemical herbicides
are being used against R. /utea: Chlorimuron-cthyl, Tribenuron-methyl, Thifensulfuron,
Dicamba/bromoxynil/ MCPA, Diflufenican, Clopyralid, Mecoprop/dicamba,
Imazethapyr, Fluroxypyr and Picloram/MCPA, Glyphosate, and Picloram/2,4-D (Harris

et al. 1995). Moreover, the use of Alloy and Glean herbicides have been reported by
Heap et al. (1987).

Bailey and Wicks (1995) have worked on the pathogens and insects of R. lutea.



Resedu lutea presents a potential threat to cucurbit crops in Australia and Iran
because it is a potential host for water-melon mosaic virus (Amiri and Ebrahim-Nesbat,
1977; Heap et al. 1995). Water-melon mosaic virus occurs in South Australia as an
economically damaging pest of several cucurbit crops and is spread by aphids (Heap ef
 al. 1995).

Pemberton and Irwing (1990) have carried out studies on 47 species belonging to 13
familics distributed naturally in United States and they investigated the elaiosomes and

myrmecochary featurces in the sceds of R. lutea.

Since R. lutea fruits and seeds lack hooks, barbs, spines and adhesive exudes which

might otherwise aid in external transport by animals, they have low potential for

epizoochory (Heap et al. 1995).

Gibbs (1974) recorded the existence of raffinose (carbohydrate), cyanogenic
glycosides, glcobarbari from mustard-oil glucodes, gliconaturtiin m- carboxyphenyl-/-

ananine, lcucoanthocyanins in the sceds and myrosin cell in R. lutea.

Ferlay e al. (1993) reported the existence of lipids in the seeds and they claim,

lineolcnic acid covers 60 % more place from the fatty acids.
The ch;omosome number was recorded as 2n= 48 by Eigsti (1936) and Hegi (1958).

In addition to above-mentioned studies, Bolle (1936), Abdallah (1967) and Pearce
(1982) carried out studics on Resedaceae family and R. ilutea; Salisbury (1961),
Silvertown (1981), and Shimida and Ellner (1983) on the biology and ecology of R.
lutea; Ozer and Hasimoglu (1977) on the sced germination of R. /utea; and Wichman

(1990), Davis el al. (1993) and Heap (1994) carried out studies on the biology and

control of the species.



From economical viewpoint; R. lutea is being used

as the natural source of dyeing in kilims and carpets industry;

as the grazing matcrial and stock feeding source in the cattle breeding;

in apiculture due to its high ncctar sceretion;

as the primary succession plant against the crosion struggle.

As against the above mentioned uscful benefits this plant is harmful for the fields as a

weed.

In this study, our aim was to study the soil and plant characteristics, the anatomy,
morphology, sced germination features and pollen characteristics of the species in order
to determine the autecological features of R. lutea which shows a wide range in Turkey

and is of cconomical importance.



Chapter Two
MATERIAL AND METHOD

2. Material and Method
2.1 Localities

The specimens of R. lutea collected from 54 different localities in West Anatolia were
identified taxonomically with the help of "Flora of Turkey and the East Aegean Islands"
(Davis, 1965) and "The Biology of Australian Weeds" (Heap et al. 1995).

All the specimens of R. lutea are deposited in the herbarium of Biology Dept., Faculty of
Education, Dokuz Eylul University by Dogan code. In addition to the plant samples, soil

samples were also taken from the same localitics.

The samplcs arca numbers of Reseda lutea in West Anatolia, the grid-square numbers
according to Davis (1965), localitics, altitudes, the code of herbarium records, and collecting

dates are given in Table 1 and Figure 1.
2.2. Distribution

The distribution of R. lutea in the world, was recorded from different references and has
been presentcd on a map. The distribution of the plant in Turkey has been given according to
the grid-square system of Davis (1965), following all rccords from personal or official

collections.

€C. YOKSEKGGRETiM KURILU
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Table 2.1 Localities from where soil and plant samples of R. lutea were collected in West

Anatolia.

Canakkale

1. Al Ecebat, between Algitepe-Eceabat, 1.5 km to Eceabat, near the field, 50 m,
24.06.1997, Dogan 239.

2. Al Eceabat, near Yahyagavus Monument, wheat ficld, 60 m, 24.06.1997, Dogan 240.

3. Bl Ayvacik, Nusratls village, near the main road, 300 m, 23.06.1997, Dogan 241.

4. Al Lapseki, 5 km to Sevketiye, 40 m, 25.06.1997, Dogan 242.

5. Al Canakkale, 10 km to the city centre, field border, 30 m, 24.06.1997, Dogan 243.

Balikesir

6. Bl Ayvalik, city exit, side of Edremit-Can road, 22.06.1997, Dogan 244.

7. B2 Bigadig, 5 km to the city centre, ficld border, 350 m, 29.06.1997, Dogan 245.
8. B2 Bigadig, Cags village, in the village, 170 m, 29.06.1997, Dogan 246.

9. B1 Balikesir, entrance to the city centre, road side, 80 m, 28.06.1997, Dogan 247.
10. B1 Savagtepe, Sogucak village, near the field, 400 m, 28.06.1997, Dogan 248.
11. A2 Bandirma, city entrance, road side, 130 m, 27.06.1997, Dogan 249.

12. A1 Gonen, Tastepe village, road side, 70 m, 26.06.1997, Dogan 250.

Manisa

13. B1 Spil mountain, Atalam environs, 1200 m, 04.06.1997, Dogan 251.

14. B1 Sabuncubeli slope, 470 m, 04.06.1997, Dogan 252,

15. B1 Centre, Dilseker quarter, the basc of the wall, 25 m, 04.06.1997, Dogan 253.

16. B1 Akhisar, 20 km to Akhisar, ncar lzmir-Istanbul main road, 50 m, 04.06.1997, Dogan
254,

17. B2 Akhisar, 20 km to Gérdes, near the ficld, 720 m, 04.06.1997, Dogan 255.

18. B2 Gordes, Softalar quarter, road side, 800 m, 05.06.1997, Dogan 256.

19. B2 Demirci, upper part of Klavuzlar village, 760 m, 05.06.1997, Dogan 257.



20. B2 Kula, city entrance, near Usak-Izmir main road, 560 m, 06.06.1997, Dogan 258.
21. B2 Sangdl, ncar Sarigdl-Buldan road, 225 m, 06.06.1997, Dogan 259.

lzmir

22. Bl Dikili, entrance to Salihler, ncar izmir-Canakkale road, in the field, 50 m,
17.06.1997, Dogan 260.

23. B2 Bergama, 5 km to Bergama, descent of Kozak plain, 50 m, 17.06.1997, BDogan 261.

24. B1 Gumildtr, Yenikdy exit, road sid‘é, 50 m, 19.06.1997, Dogan 262.

25. C1 Selguk, city exit, towards Belevi, road side, S0 m, 19.06.1997, Dogan 263.

26. B1 Bornova cxit, Manisa road, ncar MTA houses, 200 m, 20.06.1997, Dogan 264.’;";»

27. B1 Seferihisar, Akkum, 50 m to sea side, 25 m, 19.06.1997, Dogan 265.

28. B1 Urla, Cegmealtl, ncar the pine forest, 25 m, 20.06.1997, Dogan 266.

29. B1 Karaburun, Mordogan, city centre, near the ficld, 50 m, 20.06.1997, Dogan 267.

30. E1 Cesme, Boyalik environs, 50 m, 20.06.1997, Dogan 268.

31. B1 Konak, near Sirinyer old aqueduct, in the park, 60 m, 20.06.1997, Dogan 269.

32. B1 Aliaga, city centre, 40 m, 21.06.1997, Dogan 270.

Aydin,
33.C2 quadasi, entrance of Kadinlar Plajl, 50 m, 31.05.1997, Dogan 271.
34. C2 Soke, 8 km to Sdke, in the field, 260 m, 31.05.1997, Dogan 272.
35. C2 Ortaklar, city exit, towards lzmir, near the ficld, 50 m, 03.06.1997, Dogan 273.
36. C2 Didim, Akbiik cross-roads, near the road, 150 m, 31.05.1997, Dogan 274.

Denizli
37. B2 Giiney, 19 km to Gilney, near Sarigdl-Gilney road, 750 m, 07.06.1997, Dogan 275.

38. B2 Giincy, between Giiney-Cal, near Cal road, 800 m, 07.06.1997, Dogan 276,
39. B2 Cal, in Kabalar village, 830 m, 07.06.1997, Dogan 277.

40. C2 Denizli, between Denizli-Cal, Gilzelpinar, near the field, 1200 m, 08.06.1997,
Dogan 278.

41. C2 Denizli, city centre, towards Tavas, 520 m, 08.06.1997, Dogan 279.
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42. C2 Honaz Mountain, upper part of Kocapmnar village, near the field, 1500 m,
09.06.1997, Dogan 280.

43. C2 Tavas, near Denizli-Tavas road, 1150 m, 09.06.1997, Dogan 281.
44, B2 Cal, cntrance of Denizler town, 875 m, 10.06.1997, Dogan 282.
45. B2 Civril, in Yamanlar village, 850 m, 10.06.1997, Dogan 283.

46. C2 Baklan, in Hadim village, 850 m, .06.1997, Dogan 284.

47. C2 Pamukkale, ncar the south gate of Pamukkale (Hierapolis), 340 m, 11.06.1997,
Dogan 285.

Mugla
48. C2 Milas, exit of Ovabat village, 500 m, 01.06.1997, Dogan 286.

‘49, C2 Yatagan, near Stratonikeia cross-roads, in the fallow ficld, 550 m, 01.06.1997,
Dogan 287.

50. C2 Ula, Kizilagag environs, road side, 700 m, 02.06.1997, Dogan 288.

51. C2 Mugla, city exit, upper part of Science-Art Faculty, near the new water store, 700 m,
02.06.1997, Dogan 289.

Kiitahya

52. B2 Saphane, city exit, towards Gediz, 750 m, 12.06.1997, Dogan 290.
53. B2 Gediz, Abideler village exit, towards Gediz, 625 m, 12.06.1997, Dogan 291

Usak

54. B2 Usak, 20 km to city centre, Gediz-Usak road side, near the field, 575 m, 11.06.1997,
Dogan 292.
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Figure 2.1 Map showing the collection localities of R. lutea from West Anatolia.
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!
The localities in our study arca are listed in "Material and Methods" so these were not

repeated in "Results", where only numbers are cited.
2. 3. Morphology

The plants samples collected from different localities from West Anatolia were determined
according to Davis (1965) and Hcap ef al. (1995). Nccessary parts of the plant were drawn. 40
different plant samples, collected from 54 different localitics, were used for the biometric
measurements. Mean, staﬁdard deviation of the measurements, standard error values of the

mean were calculated by statistical packet program in the computer. Later, these values were

presented as a table.

2.4. Pollen Structure

The pollens of R. lutea were left in glycerine-gelatine with safranine which was prepared
according to Brown (1960) and Aytug (1§67). From these pollen preparates were prepared.
Average 30 pollen measurcments were taken from pollen preparations from different localities.
These were examined under light microscope and their photographs taken by
microphotography. Pollen measurements were taken by micrometric ocular. Pollen type,
ornamentation type and P/E ratio results were recorded according to Erdtman (1966), Moore
et al. (1991) and Punt and Mark (1995). Statistical evaluations were donc by computer

statistics packet programme and results are presented in the table.

2.5. Anatomy

Plant materials of R. lutea, collected from different localities, were fixed in 70 % alcohol
and then the anatomical sections of root, stem and leaf taken. After staining with ‘sartur’

reactive and ‘Milon’s reagent’, photographs were taken with the help of an optic microscope.
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2.6. Germination

The seeds which had completed stratification were used in the germination. These were
sterilised with 5 % sodium hypochloride to prevent fungal attack during the experiment. After
sterilisation, the seeds were washed by distilled water three times and put for germination in
sterilised petri dishes, containing double filter papers. Incubator was used for germination with
a 7 W fluorescence lamp is used for illumination in refrigerated oven. Petri dishes were kept
40 cm away from the light source. In dark room, 25 W of green lamp was uscd counting the
germinated sceds. Petri dishes were placed 30 cm away from the light source to count the
seeds in dark. At the end of the cleventh day, the germination had finished completely.
Although dishes were left up to twenty first day just in casc germination could happen later, no
changes were scen in germination. The experiments were duplicated with 100 seeds per petri

dish. Sceds were left for germination after following treatments:
2.6.1 LEffects of Temperature on Germination

The germination rate was followed at 10, 15, 20, 25, 30, 35 , 40 and 45° C, in continuous
dark and light.

2.6.2 Effects of Light on Germination

Seeds were left in continuous dark and 6, 12, 18 and 24 hours continuous light at 25° C,

(the optimum germination temperature) to study the light effects.
2.6.3 Germination of Seeds in the Soil

The seeds were lefl at 10, 30, 50 and 100 mm depths from the surface in 500 ml glass jars,
filled with garden 'soils. Seceds were kept in the middle and on the border of jars. The
germination was observed at cach depth. 100 secds were kept in each jar at each depth. The

germination was recorded when the first leaf appeared on the soil surface. The study was
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followed for four weeks.
2.7 Soil Analysis

Soil samples were coliccted from localities mentioned above during June-July, 1997. The
soil samples were collected, after cleaning the litter on the soil, put into polyethylene bags and
brought immediately to the laboratory. They were left under laboratory conditions to get air
dried. The completely dried up soils samples were ground, passed through a 2 mm sieve and

subjected to analysis.

Textural classification, pH, total soluble salts, and calcium carbonate contents in soils were
determined by the methods outlined in detail in Oztiirk et al. (1997). The total nitrogen
analysis was dctermined according to Bremner (1965) by Kjeldahl method. The phosphorus
was determined according to Bingham (1949). The potassium was determined acording to
Chapman and Pratt (1961). Phosphorus and potassium were recorded from "Spectrum 2000

Spectrophotometer” and "Jenwaw Flame photometer" respectively.

Soil structure was discussed according to Bouyoucos (1955), pH according to Jackson
(1958), CaCO; according to Scheffer and Schactschabel (1956), total salt according to

Anonymous (1951), nitrogen according to Loue (1968), phosphorus according to Bingham
(1949) and potassium according to Pizer (1967).

2.8. Plant Analysis

Samples of the plants were collected from 54 different localitics in the flowering and
fruiting periods during May-June, 1997. These were dried at 80° C in the air blown oven for

24 hours ground with blender and prepared for analysis.

Two differcnt methods were used for plant analysis. At first all parts (root, stem, leaf and

flower) of plant samples, collected from different 54 localities, were subjected to analysis.
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Secondly, the analysis were done to ascertain the elements in different organs of plant. The
analysis of root, stem, leaf and flowers of plant samples, collected from 1, 5, 6, 10, 13, 21, 24,

28, 36 and 47 numbered, totally 10 localitics, were done separately.

The total nitrogen analysis was determined according to Bremner (1965) using Kjeldahl
method. The phosphorus analysis was followed according to Lott ef al. (1956) and read from
"Spectrum 2000 spectrophotometer”. The potassium and calcium was read from "Jenway

Flame photometer" directly according to Kacar (1962).

At the end of plant analysis, nitrogen and potassium results were discussed according to

Kacar (1972), phosphorus according to Johnson and Ulrich (1959) and calcium according to
Chapman (1967).

2.9 Statistical Evaluation of the Soil and Plant Analysis Results

Plant analysis results (nitrogen, phosphorus, potassium and calcium) and soil analysis
results (pll, total soluble salts, calcium carbonate, total nitrogen, phosphorus and potassium)
were subjected to an analysis via statistical packages. The results were cvaluated by using
multiple stepwisc regression” analysis. The results obtained were interpreted according to

Daniel and Terrell (1995), Ikiz ef al. (1996) and Mc Clave ef al. (1998).
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Chapter Three
RESULTS

3. Results

3.1 Distribution

3.1.1 Distribution in the World

South, West and Central Europe extending upto Finland, Norway, Sweden (Davis, 1965);
England (Hegi, 1958; Abdallah and De Witt, 1978); Mediterranean basin, Asia minor (Harris
et al. 1995; - Heap et al. 1995); Southwest Asia (Bonnier, 1934; Tutin, 1964; Bailey, 1947);
Iran (Davis, 1965); formei' Soviet Union, Afghanistan (Harris et al. 1995), Chile, United
States (Harris ef al. 1995), Australia, New Zcaland, South and North Africa (Bonnier, 1934;
Tutin, 1964; Bailey, 1947) (Figure 3.1).

3.1.2 Distribution in Turkey

Localities established during study in West Anatolia and other field observations together
with grid-square are given below: Al: Canakkale, centre (5); Eceabat (1); Eceabat (2);
Lapscki (4); Balikesir, Gonen (12). A2: Balikesir, Bandirma (11). A7: Giimishane, Torul
(25.07.1997, Dogan 293). Bl: Ganakkale, Ayvacik (3); Balikesir, centre (9); Ayvalik (6);
Savagtepe (10); Manisa (15); Spil mountain 13); Sabuncubeli (14); Akhisar (16); lzmir,
Dikili, (22); Bergama (23); Gumiildir (24); Bornova (26); Scferihisar (27); Urla (28);
Karaburun (29); Cesme (30); Konak (31); Aliaga (32). B2: Balikesir, Bigadi¢ (7); Bigadig (8);
Manisa, Akhisar (17); Gordes (18); Demirci (19); Kula (20); Sangdl (21), Denizli, Giiney
(37); Giiney (38); Cal (39); Cal (44); Civril (45); Kitahya, Saphane (52); Gediz (53); Usak
(54). B5: Nevsehir, Urgiip (12.08.1997, Dogan 294). C1; {zmir, Sclguk (25); Aydin, Kusadas:
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(33); Soke (34); Ortaklar (35); Didim (36); Mugla, Milas (48). C2: Denizli, centre (41);
Giizelpinar (40); Honaz mountain (42); Tavas (43); Baklan (46); Pamukkale (47); Mugla,
centre (51); Yatagan (49); Ula (50). C4: igel, Mut, Silifke (06.04.1998, Dogan 295); Antalya,
Alanya (12.04.1998, Dogan 301). C5: Adana, highway (08.04.1998, Dogan 297), Adana exit
(08.04.1998, Dogan 298); lgel, Tarsus (07.04.1998, Dogan 296); Hatay, Samandaf
(11.04.1998, Dogan 300) C6: Gaziantep, Nizip (09.04.1998, Dogan 299).

Records according to Davis (1965): Al: Takirdag, Marmara Eregilisi. A2: Istanbul,
Makrikdy; Kocaeli, lzmit. A2/3: Bilecik, centre. A3: Sakarya, Gevye. A4: Karabiik,
Safranbolu. AS: Amasya, centre. A6: Samsun, centre, A7: Trabzon, centre. A8: Coruh, Artvin
to Ardanuc. A9: Kars, Aras valley. B1: {zmir, Bornova. B2: Kiitahya, Gediz to Usak. B3:
Konya, Aksehir. B4: Ankara, Tuz lake. B6: Kahramanmarag, Nurhak mountain. B7: Erzincan,
Kesis mountain. B8: Erzurum, mountains between Ilica and Tercan. B9: Bitlis, Adilcevaz.
C2: Afyon, Denizli to Cardak. C3: Isparta, Siitgiiler to Daribiikii. C4: Konya, Konya to Sille.
CS5: Igel, Tarsus. C6: Adana, Seyhan, lHaruniye. C8: Siirt, centre. C9: Hakkari, Zab C10:
Hakkari, Cilo mountain.

Records from Ege University Herbarium Centre (EGE): Al: Canakkale, Truva; Gokgeada.
A3: Adapazan. AS5: Corum, Bogazkale A7: Trabzon, Magka A9: Kars, Digor. Bl. izmir,
Bornova; Cesme-lhca; Dikili-Bademli; Urla; Balgova; Manisa, Kirkagag; Spil mountain-
Baspinar; Soma; Balikesir, Edremit-Zeytinalan; Canakkale, Bozcaada. B2: Usak, centre;
Denizli, Civril-Isikli. B3: Eskischir, Cificler. BS; Nevsehir, Géreme. B6: Sivas, Zara. C2:
Denizli, Tavas; Antalya, Elmali;. C3: Isparta, Egridir;. C4: Konya, centre.

Records given in studies and some personal herbaria: Al: Ganakkale, Gelibolu (Turril,
1958); Eceabat (personal herbarium 1. Uysal 602, 29.06.1995); Edirne, Encz (Kireg and Yarc,
1999). AS: Yozgat, Cekerek (llarslan, 1994). A6: Samsun, Bafra (Kutbay ef al. 1995); Tokat-
Sivas (Civelek, 1992). A7: Sivas, Sugehri-Kelkit valley (Yildiz, 1996). A9: Kars (Ocakverdi,
1986). B1: lzmir, Cesme-Alunkum (Gork et al. (1989); Karaburun-Akdag (Bekat and
Se¢men, 1982); Yamanlar mountain (Gemici and Segmen, 1983), Kemalpasa-Nif mountain
(Segmen, 1980). B2: Usak, Murat mountain (Cirpici, 1989). B7: Malatya, Celikhan-Surgu
(Yildiz and Aktoklu, 1996). BS: Erzurum, Dumlu mountain (Bchget and Tatli, 1989). B9:
Van, Van castle (personal herbarium, I. Ozgelik, 1985); C2: Aydin, Nazilli-Karincah
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mountain (Celik and Segmen, 1996); Decnizli, Honaz mountain (Tuzlaci, 1977); Acigdl
(Kesercioglu and Serin, 1996). C4: Konya, Beysehir (Kigikadik, 1989); Konya, Ermenek-
Kazanc: (Siimbil and Erik, 1987); Karaman, Tagcli plateau (Simbiil and Erik, 1988).

3.2 Ecology

It is distributed along the roadsides, railways, embankments, damps, ncar harbour, field
borders, ditches, waste places, fields, walls, rocky slopes, open stony hillsides, cultivated and

disturbed ground and gravel piles.

This spccics is seen widely in our study arca as a ruderal plant. Plant samples were

collected from 25 m to 1500 m altitudes in West Anatolia.

3.3 Morphology

Reseda lutea is a perennial or rarely annual herb; with stems erect or ascending, usually
diffusely branched, glabrous 25 to 130 cm tall (Table 3.1, 3.2, Figure 3.2, 3.3, 3.4). Leaves
usually arc dark green; narrow, trifid or pinnatifid; segments clongate. Basal leaves
sometimes are cntire, 34.55 to 178.05 mm long x broad; caulinc leaves 19.80 to 84.05 mm
tall. Bracts usually caducous. Flowers zygomorphic and arranged in racemes. Sepals 5-6, free,
persistent and becoming twisted in fruit, 2.8-3.5 x 0.6-0.9 mm. Petals 6, free, yellow coloured,
3.55-4.00 x 2.20-2.50 mm; the limbs trilobed, and with the lateral lobes lunulate, entire,
crenulate and occasionally more deeply divided into irregular segments; the midlobes shorter,
entire, narrowly linear. Stamens 13-24, inscrted on a dorsally enlarged disc, their lengths are
2.40-4.50 mm, anther length is 1.20-1.50 mm. Filaments caducous, very long before fruit is
ripe, 2.30-3.70 mm. Ovary 3, supcrior, unilocular, usually open at the apex, 2.00-3.30 mm.,
ovules numerous. Plecentation parictal, capsules 4.00-15.00 x 2.00-5.40 mm, erect, rarely
lowermost stem capsules pendulous when fully ripe, opening more widely at maturity;
capsule nerves scabrous, cylindrical, sometimes ovate or even subglobose or triquetrous,
glabrous, with three very short tecth. Pedicel 2.2-4.4 mm (in flowers), more or less twice the
fruit. Sceds 1.40-1.80 x 1.05-1.25 mm, reniform or suborbicular, without endosperm; each
capsule with 4-27 seeds, shiny, yellow to black, slightly smooth, mature seeds remain in

capsules until dispersed by physical disturbance. Flowering period is from April to late
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September.

3.4 Anatomy

3.4.1 Root

When the anatomical structure of the cross section taken from R. lutea's root was examined
(Fig. 3.5); there is a lignified eksodermis layer which is seen in pieces in some parts, on the
outer side. Epidermis cells are not seen clearly. Paranchymatic cortex shows a squeezed
structure in a narrow area. Vascular arca constitutes a wide area. The phloem tissue occupies a
very little place and cannot be distinguished. The xylem tissue extends until pith and occupies
a very wide area. Epidermis and pericycle are not clear and cannot be distinguished. In cortex
and pith zones of root, myrosin (myrosin, the specific enzyme catalysing the hydrolysis of all

isothiocyanate glycosides has been found in all plants containing this substrate) is present in
secretory cells (Figure 3.6).

3.4.2 Stem

" When the cross section taken from R. lutea’s stem was examined (Figure 3.7, 3.8, 3.9);
there is a thick cuticle layer and an epidermis which is formed by small cells which have thick
membranes. There are secretory hairs on the epidermis layer. Just under epidermis, cortex
layer takes places, which is constituted by cells that do not have a homogenous appearance.
The cells of cortex tissue contain sccrctory (myrosin) cells in a big amount. The cells of
phloem tissue, squcezed between cortex tissue and xylem tissuc, occupy a very little arca.
Xylem tissue has the shape of a correct circle and occupies a wide area. There are lots of

myrosin cells among the cells close to pith, as in cortex zone (Figure 3.7, 3.8).



Table 3.1 Biometric measurement of R. /utea (measurement numbers:

plant height mean of 54 samples, others mean of 40 samples).

Min. Max. | Mean | S.D.* | S.E**
Plant height (above ground parts) 25 130 82.82 | 25.353 | 3.585
(cm) '
Basal leaves (mm) 3455 | 178.05 | 74.97 | 36.792 | 6.953
Cauline leaves (mm) 19.80 84.05 | 42.65 | 16.211 | 2.629
Sepal length (mm) 2.80 3.50 2.76 | 0.346 0.081
Sepal width (mm) 0.60 0.90 0.73 | 0.084 | 0.020
Petal length (mm) 3.55 4.00 3.57 | 0.298 0.054
Pctal width (mm) 2.20 2.50 2.19 | 0.142 0.031
Stigma length (mm) 2.00 3.30 291 | 0.376 0.094
Stamen length (mm) 2.40 4.50 3.46 | 0.634 0.184
Stamen number of a flower 13 24 17.30 | 2.398 0.379
Filament length (mm) 230 | 370 | 292 | 0306 | 0.055
Anther length (mm) ‘l 20 1.50 | 1.43 | 0.099 0.026
Pedicel length of the flower (mm) | 2:20 440 | 345 | 0441 | 0.068
Pedicel length of the fruit (mm) 4.40 755 | 6.14 | 0.780- | 0.123
-Capsule length (mm) 4.00 15.0 898 | 3.135 0.522
Cépsul§ width (mm) - 2.00 | 540 | 3.86 | 0.762 | 0.122
Scéd‘iength’ (mm) 1.40 1.80 l..58 0.103 0.018
Seed width (mm) 1L0s | 125 | 11s 0.060 | 0.010
Sced number in a capsule 4 27 l3.;)l ‘8.423 1.339

* 8.D.: Standard Deviation, ** S.E.: Standard Error
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Table 3.2 Measurement results of plant height in 1zmir and Denizli.

fzmir Denizli

Loc. | Altitude | Plant Loc. | Altitude | Plant

(m) height (m) height

(cm) (cm)
22 50 103 37 750 50
23 150 86 38 800 80
24 50 116 39 830 75
25 50 106 40 1200 60
26 200 106 41 520 82
27 25 102 42 1500 50
28 25 107 43 1150 67
29 | 50 86 44 | 875 81
30 50 103 45 | 850 35
31 60 86 46 850 60
32 40 130 47 340 50
Mean 68 103 Mecan| 801 62
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Figure 3.2 Floral parts of R. lutea a) Flower, B) Pistil, C) Capsule, D) Sced,
E) Back petal.
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Figure 3.5 A cross section of the root of R. lutea (3.2 x 6.3). Ek-Eksodermis,
C-Cortex, P-Phloem, X-Xylemi.

Figure 3.6 A cross section of the central part of root of R. Jutea (40 x 6.3).
M-Myrosin cells.
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Figure 3.7 General appearance from the cross scction of the stem of R. lutea (3.2x6.3).
Cu-Cuticle, E-Epidermis, C-Cortex, P-Phloem, X-Xylem, M-Myrosin cell,
Pi-Pith space.

C-Cortex, P-Phloem, X-Xylem, M-Myrosin cell.
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4 b 4

Figure 3.9 A cross section of the stem (10 x 6.3). Cu-Cuticle, H-Hair,
E-Epidermis, C-Cortex.

3.4.3 Leafl

Cross scction of R. [utea’s leaf shows that (Fig. 3.10), there is a cuticle layer, which is
thick on upper and lower surfaces of the leaf. Under the cuticle lies epidermal layer formed of
one lined, large cells. The upper and lower walls of epidermal cells are thickened. The leaf
shows an cquifacial structure with palisade parenchyma on the upper and lower surfaces of
the lcaf and spongy parenchyma cells of lying between these. While the spongy parenchyma
cells occupy a little place, the palisade parenchyma occupics a wider place. Stomata are
ranunculaceous (anomocytic) type. Stomata arc present on both the surfaces of leaf
(amphistomatic type)(Fig. 3.11, 3.12). Stomata show mesophytic characters in the cross
section of leaf (Figure 3.13), cpidermis and stoma cells being on the same level. Again,
myrosin cells are present in mesophyi tissue of leaf, as scen in the anatomical sections of root

and stem. But crystal structures are not visible.
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Figure 3.10 A cross section of the leaf of R. lutea (10 x 6.3). Cu-Cuticle, E-Epidermis,
Pp-Palisade parenchyma, Sp-Spongy parenchyma

Figure 3.11 Upper epidermis with stomata in the transverse scction of the leaf of R. lutea
(10 x 6.3). E-Epidermis, S-Stoma.
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Figure 3.12 Lower epidermis with stomata in the transverse section of the
leaf of R. lutea (10 x 6.3). E-Epidermis, S-Stoma.

Figure 3.13 A cross scection of the leaf of R. lutea (40 x 6.3).
Cu-Cuticle, S-Stoma, Mc-Mesophyll.

T.C. YUKSEKOGKE T 1M KUKULY.
DOKUMANTASYON
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3.5 Germination

3.5.1 Germination at Different Temperatures.

The germination rates of R. /utea sceds at different temperatures are given Table 3.3 and
Figure 3.14. Germination was followed at 10, 15, 20, 25, 30, 35 and 40° C for 21 days to find
the optimum temperature in continuous dark and continuous light. At the end of 21 days no
germination occurred below 10 and above 40° C. Germination rates obtained are 17 % at 10°
C,39%at 15°C, 58 % at 20° C, 87 % at 25° C, 69 % at 30° C, 45 % at 35° C and 28 % at 40°

C. According to these result, optimum germination rate of R. Jutea sceds is 87 % at 25° C.

Table 3.3 Germination of R. lutea at different temperatures.

Germination (%)
Temperature | Continuous [ Continuous
Gl ey dark light
10 17 4
15 39 7
20 58 10
25 87 42
30 69 25
35 45 21
40 28 16




3

[ Continious dark
B Continious light

Germination (%)

10 15 20 25 30 35 40

Temperature ( C)

Figure 3.14 Germination rates of R. /utea seeds at different temperatures.

3.5.2. Germination at Different Illumination Periods

Germination rates of R. futea in continuous dark, 6 hours of light, 12 hours of light, 18
hours of light and 24 hour of light (continuous light) at optimum temperature was
followed. Germination in continuous dark was 87 %, 76 % under 6 hours of light, 67 %
under 12 hours of light, 52 % under 18 hours of light and 42 % in continuous light.
Germination occurs under all light periods (Table 3.4). The highest rate of germination (87

%) is seen in continuous dark and germination rates decrease, when the light periods last

longer (Figure 3.15).

Germination at all temperatures starts on the second day, reaches the highest level on
third and fourth days and decreases slowly after fifth day. Germination stops at the end of

eleventh day, although experiments where continued until the twenty-first day (Table 3.4).



Table 3.4 Germination rates of R. lufea seeds at different photoperiods at 25° C.

Days
Mlumination | 1 | 2 | 3 | 4|56 |7 |8 |9 10 |11| 21 | Germination
(Hours) (%)
0 Odil 2. KAz Ji 28l 5 [ X 0] 2] i 0 | 0 87
6 o3 [ a5 23] 2 1P e o 1 0 0 76
12 02 1237 28 || ] 3 [ @l 0| 2 0 0 0 67
18 o Jiegi 2 adillely 320 BN 1 0 0 52
24 0 o | 18|16 5, Loy 0 il 0 1 0 42

Germination (%)

Illumination (Hour)

Figure 3.15 Germination rates under different illumination periods at 25° C.
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3.5.3 Germination at Different Depths in Soil.

This experiment lasted four weeks. Planting was done at 10, 30, 50 and 100 mm depths,
in the middle and along the border glass jars (Table 3.5, Figure 3.16, 3.17). The reason of
using jars instead of flowerpots is to ascertain the germination ability of seeds in light, in
soil. 30 % of seeds at 10 mm and in the middle and 23 % of seeds at 10 mm and along the
border of jars have germinated. At 30 mm 18 % of seeds in the middle and 1 % along the
border germinated. At 50 and 100 mm, no germination occurred. It is clearly seen that
germination and seedling appearance decreases while depth increases. Besides this a

negative effect of light on germination is ascertained.

Table 3.5 Germination results of R. futea at different depths in soil.

Centre | Border
10 mm 36 23
30 mm 18 1
50 mm 0 0
100 mm 0 0

B Ce:m re
: Border 1

Germination (%)

Depth (mm)

Figure 3.16 Seed germination results of R. /utea under various depths in soils.
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Figure 3.17 Seed germination at different depths in soil.

3.6 Pollen

Pollens of R. lutea arc tricolporate (Figure 3.18 A, B). The rate of PE is 1.23
(subspheroidal) and ornamentation is reticulate (Table 3.6).

Table 3.6 Pollen specifications of R. lutea.

Min | Max. | Mean | S.D. | S.E.

P () 1555 | oetliNog s JaiieiiNG 65

E(p) 165712255 19.0 | 1.96 | 0.40

P/E (p) 0.91 1.31 1.23 | 0.09 | 0.01

P: Polar axis, E. Equatorial axis

3.7 Physical Analysis of the Soils

Physical analysis results of R. Jurea soil are shown in Table 3.7. According to these results:
at 54 localities of R. lutea, the soil structure is like this: 44.4 % sandy loam, 27.75 % sandy
clay loam, 9.25 % clayey loam, 9.25 % loamy, 5.55 % loamy sand, 1.85 % clay and 1.85 %

silty loam. It is ascertained that the pHl of soils changes between 7.17 and 8.3, 5.55 % of the
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soil are neutral, 64.75 % slightly alkalinc and 29.60 % are moderately alkaline. Percent of

dissolved salts varics between 0.030 and 0.050 %. CaCOj content lies between 0.408- 40.800
% (Table 3.7).

Figure 3.18 Pollens of R. lutea A: Polar axis appearance (40 x 6.3), B: Equatorial
axis appearance (40 x 6.3).




Table 3.7 Physical analysis of the soils of R. lutea.

Loc. Sand Clay Silt Structure pH Salinity CaCO;
) () (%) (%) (%)
1 58.16 23.84 18  Sandy-clayey-loam 7.70 0.03 7.749
2 62.16 17.84 20 Sandy-loam 7.96 0.03 14.68
3 60.16 21.84 18 Sandy-claycy-loam 7.96 0.03 8.970
4 52.16 27.84 20 Sandy-clayey-loam 7.65 0.03 2.450
5 44.16 29.84 26 Sandy-claycy-loam 8.00 0.03 27.33
6 74.16 17.84 8  Sandy-loam 7.75 0.03 9.790
7 52.16 27.84 20 Sandy-clayey-loam 1.57 0.03 17.950
8 64.16 21.84 14  Sandy-clayey-loam 7.79 0.03 31.820
9 62.16 19.84 18  Sandy-loam 7.64 0.03 14.680
10 28.16 17.84 51  Silty-loam 7.70 0.03 40.800
11 72.16 13.84 14 Sandy-loam 8.02 0.03 24.470
12 72.16 17.84 10 Sandy-loam 7.39 0.03 0.816
13 66.16 17.84 16 Sandy-loam 7.88 0.03 11.420
14 86.16 984 . 4 Loamy-sand 8.30 0.03 15.500
15 62.16 1784 20 Sandy-loam 7.54 0.03 36.710
16 70.16 1384 16 Sandy-loam 7.84 0.03 11.420
17 72.16 21.84 6 Sandy-claycy-loam 7.65 0.03 0.408
18 36.16 37.84 26 Claycy-loam 7.64 0.05 34.260
19 68.16 1984 12  Sandy-loam 7.89 0.03 33.450
20 78.16  9.84 12 Sandy-loam 7.79 0.03 0.816
21 78.16  7.84 14 Loamy-sand 7.81 0.03 3.260
22 64.16 25.84 10 Sandy-claycy-loam 7.89 0.03 40.800
23 81.44  8.56 10 Loamy-sand 7.17 0.03 0.816
24 4144 3256 26  Sandy-clayey-loam 7.50 0.03 1.220
25 7144  8.56 20  Sandy-loam 7.44 0.03 29.780
26 4544 3456 20  Sandy-claycy-loam 7.72 0.03 23.660
27 41.44 3056 28 Clayey-loam 1.71 0.03 2.860
28 5544 1856 26  Sandy-loam 7.92 0.03 35.080
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29 6144 2256 16  Sandy-clayey-loam 7.68 0.03 40.800
30 53.44 2456 22  Sandy-claycy-loam 7.17 0.03 11.420
31 5544 18,56 26  Sandy-loam 7.75 0.03 7.750
32 6144 1856 20  Sandy-loam 8.10 0.03 22.840
33 3744 2856 34 Loamy 1.72 0.03 40.800
34 4744 2256 30 Loamy 7.70 0.03 16.310
35 5944 1656 24  Sandy-loam 7.82 0.03 25.290
36 49.44 1856 32 Loamy 7.19 0.03 2.450
37 4544 2256 32 Loamy 7.95 0.03 40.800
38 3144 3856 30 Claycy-loam 7.50 0.03 40.800
39 6144 1456 24 Sandy-loam 7.95 0.03 34.260
40 5744 18.56 24  Sandy-loam 7.82 0.03 5.710
41 4344 2456 32 Loamy 7.88 0.03 30.590
42 57.44  24.56 18  Sandy-claycy-loam 7.65 0.03 40.800
43 5144 18.56 30  Sandy-loam 7.76 0.03 1.630
44 51.44 2856 20  Sandy-claycy-loam 7.46 0.05 17.560
45 4744 3056 22  Sandy-clayey-loam  8.06 0.03 16.320
46 61.80 1856 20 Sandy-loam 8.05 0.03 36.710
47 67.80 14.56 18 Sandy-loam 7.96 0.03 36.710
48 69.80 12.56 18 Sandy-loam 8.06 0.03 15.500
49 2380 3256 44 Clayey-loam 71.75 0.03 40.800
50 31.80 2856 40 Claycy-loam 7.56 0.03 1.220
51 69.80 1456 16 Sandy-loam 7.79 0.03 2.450
52 71.80 1456 14  Sandy-loam 8.10 0.03 6.530
53 53.80 18.56 28 Sandy-loam 8.06 0.03 8.970
54 27.80 4256 30 Clay 8.02 0.03 35.890
Min 7.17 0.030 0.408
Max 8.30 0.050  40.800
Mecan 1.776 0.031 19.701
S.D. 0.226  0.0049 14.569
S.E. 0.031 0.0007  1.983
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3.8 Chemical Analysis of the Soils

The chemical analysis results of 54 soils of R. Jutea are given in table below. According to
Table 3.8, total nitrogen contents varics between 0.028 and 0.644 %, phosphorus between
0.00002-0.00060 %, and potassium between 0.080 and 0.780 %.

3.9 Chemical Analysis of the Plants

The samples of R. /utea plants were collected during May and June, during the flowering
period between April and September from 54 different localitics in West Anatolia. These
were subjected to chemical analysis as a whole plant (root, stem, lcaf, and flower and fruit).
At the end of these chemical analysis the following results were obtained. Nitrogen content in
plants lics between 1.246-3 %, phosphorus between 0.054-0.340 %, potassium varics from 2-
7 % and calcium from 0.520 to 1.790 % (Table 3.9).

3.10 Chemical Analysis of Root, Stem, Leaves and Flowers

The root, stem, leaf and flowers of plant samples from 10 sites were collected and

subjected to analysis scparatcly (Table 3.10).

At the end of the chemical analysis, the following results were obtained. Nitrogen changes
between 1.358-1.778 % in roots, 0.930-2.030 % in stems, 2.003-3.290 % in leaves and 2.534-
3.276 % in flowers; phosphorus changes between 0.016-0.038 % in roots, 0.022-0.049 % in
stems, 0.040-0.062 % in leaves and 0.080-0.146 in flowers; potassium changes between 1.2-
3.3 % in roots, 2.3-3.9 % in stcms, 2.3-3.8 % in lcaves and 2.1-4.4 % in flowers; and calcium

changes between 0.40-1 % in roots, 0.78-1.13 % in stems, 0.99-1.59 % in leaves and 0.60-
1.86 in flowers (Table 3.10).



Table 3.8 Chemical analysis of the soils of R. lufea.

Loc. N (%) P (%) K (%)
1 0.070 0.00036 0.053
2 0.077 0.00007 0.019
3 0.098 0.00007 0.013
4 0.126 0.00011 0.028
5 0.070 0.00004 0.020
6 0.049 0.00004 0.019
7 0.161 0.00050 0.074
8 0.084 0.00007 0.064
9 0.077 0.00030 0.041
10 0.133 0.00013 0.018
11 0.028 0.00002 0.008
12 0.091 0.00040 0.030
13 0.091 0.00011 0.023

14 0.028 0.00002 0.020
15 0.154 0.00025 0.046
16 0.126 0.00023 0.072
17 0.042 0.00015 0.025
18 0.049 0.00010 0.025
19 0.084 0.00007 0.050
20 0.070 0.00025 0.062
21 0.070 0.00036 0.047
22 0.056 0.00004 0.047

23 0.105 0.00046 0.029
24 0.070 0.00002 0.025
25 0.168 0.00060 0.039
26 0.266 0.00011 0.072
27 0.336 0.00020 0.068
28 0.119 0.00013 0.047
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29 0.049 0.00002 0.044
30 0.126 0.00004 0.076
31 0.119 0.00043 0.060
32 0.035 0.00002 0.032
33 0.098 0.00004 0.039
34 0.133 0.00010 0.034
35 0.273 0.00010 0.025
36 0.644 0.00016 0.072
37 0.042 0.00002 0.029
38 0.056 0.00002 0.031
39 0.140 0.00025 0.051
40 0.063 0.00011 0.050
41 0.119 0.00004 0.027
42 0.133 0.00002 0.031
43 0.161 0.00046 0.078
44 0.090 0.00012 0.060
45 0.056 0.00004 0.024
46 0.063 0.00002 0.025
47 0.042 0.00002 0.010
48 0.056 0.00013 0.021
49 0.084 0.00004 0.010
50 0.329 0.00011 0.030
51 0.245 0.00016 0.039
52 0.105 0.00004 0.033
53 0.105 0.00010 0.026
54 0.070 0.00002 0.029
Min 0.028 0.00002 0.0080
Max 0.644 0.00060 0.0780
Mean 0.117 0.00025 0.0383
S.D. 0.1009 0.00015 0.0191
S.E. 0.0137 0.00002 0.0026
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Table 3.9 Chemical analysis of the plant samples.

Loc. N®%) P®%) K@) Ca(%)
1 2.240  0.086 7.0 0.97
2 3234 0156 27 1.48
3 2814 0080 4.6 0.62
4 2310 0216 43 0.89
5 2.030  0.188 2.9 1.40
6 1.806  0.130 4.2 0.94
7 2002  0.146 6.5 1.10
8 2926  0.090 3.7 1.25
9 2898 0074 3.6 1.20
10 2842 0254 6.7 1.56
11 1.946  0.120 4.7 1.26
12 1.652  0.088 2.7 0.79
13 3318 0188 46 1.20
14 2072 009 4.7 0.97
15 2576 0.080 42 0.52
16 2282 0106 4.1 1.06
17 259 0180 3.6 1.40
18 2506 0162 38 1.02
19 1708 0078 26 0.97
20  2.08 0202 3.8 1.33
21 2702 0.124 2.1 0.94
22 2394 0120 4 1.10
23 3164 0340 4.5 1.24
24 2758  0.130 4.4 1.59
25 2450  0.118 45 0.96
26 2.842  0.108 3.7 1.79
27 1.694 0166 3.5 0.78
28 2702 0.056 5.6 1.01
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29 2.170 0.108 3.1 1.24

30 2.324 0.162 4.0 1.69
31 2.114 0.202 23 1.39
32 1.806 0.146 38 1.11
33 1.750 0.070 2.8 1.21
34 2.086 0.108 3.5 0.83
35 2.422 0.066 2.0 1.10
36 2.632 0.054 4.5 1.46
37 3.024 0.140 4.1 0.88
38 2.730 0.226 4.4 1.67
39 2.800 0.134 2.9 1.16
40 1.820 0.216 4.8 1.62
41 2.814 0.202 33 1.26
42 2.324 0.144 3.1 1.38
43 1.246 0.194 3.8 1.37
44 2.436 0.078 34 0.78
45 2.086 0.102 2.6 0.99
46 2.800 0.140 3.2 0.69
47 2.618 0.188 3.2 1.42
48 2.086 0.216 3.8 1.24
49 3.080 0.113 4.0 1.56
50 2.352 0.216 2.7 1.26
51 2.758 0.170 33 1.36
52 1.974 0.146 3.5 1.01
53 2.674 0.144 4.0 1.16
54 2.226 0.248 53 1.21
Min 1.246 0.054 2 0.52
Max. 3.318 0.340 7 1.79

Mean 24018 0.1446 3.8519 1.1740
S.D. 0.4577 0.0587 1.0570  0.2838
S.E. 0.0623  0.0080 0.1438  0.0386




‘Table 3.10 Statistical evaluation of chemical analysis results of root, stem, lcaves and
flowers of R. lutea.

Min. Max. Mecan S.D. S.E.
N (%) root 1.358 1.778 1.5428 | 0.1887 | 0.0844
N (%) stem 0.930 2.030 1.4012 | 0.4203 | 0.1880
N (%) leaf 2.003 3.290 | 2.5678 | 0.5308 | 0.2374
N (%) flower 2.534 3.276 2.961 0.3687 | 0.1844
P (%) root 0.016 0.038 0.0272 | 0.0097 | 0.0043
P (%) stem 0.022 0.049 | 0.0336 | 0.0111 | 0.0049
P (%) leaf 0.040 0.062 0.0502 { 0.0097 | 0.0043
P (%) flower 0.080 0.146 0.0975 | 0.0323 | 0.0162
K (%) root 1.2 33 2.00 0.7842 | 0.3507
K (%) stem 2.3 3.9 3.34 0.7436 | 0.3326
K (%) leaf 23 3.8 3.04 0.5550 | 0.2481
K (%) flower 2.1 4.4 3.00 1.0033 | 0.5017
Ca (%) root 0.40 1.00 0.6960 | 0.2133 | 0.0964
Ca (%) stem 0.78 1.13 0.8720 0.1458 | 0.0652
Ca (%) leaf 0.99 1.59 1.3880 | 0.2421 | 0.1083
Ca (%) flower 0.60 1.86 1.1625 | 0.5207 | 0.2603




44

3.11 Statistical Evaluation of the Soil and Plant Analysis

In the results of soil and plant analysis, relationships between pH, salt, calcium carbonate,
nitrogen, phosphorus and potassium valucs of soil and nitrogen, phosphorus, potassium and
calcium values of plant were examined by regression analysis. According to multiple stepwise
analysis negative relationships were found between
¢ plant nitrogen and soil potassium (Table 3.11),

e plant phosphorus and interaction between soil calcium carbonate and soil potassium (Table

3.12) and

¢ plant potassium and interaction between soil pH and soil phosphorus (Table 3.13).

Table 3.11 Double logarithmic regression model (Dependent variable: plant nitrogen,
independent variable: soil potassium).

Plant nitrogen
Constant 0.561460
(0.171775)
Soil Potassium -0.087103
(0.049982)
P 0.08
Significant F 0.08
R? 0.05
R 0.23
Standard Error 0.19779

The value in parcnthesis shows the standard error of estimator.
P: Probability value for estimator

Sig. F: Probability value for F

R2: Determination coefficient

R: Correlation coefTicient
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Table 3.12 Doublec logarithmic regression model (Dependent variable: plant phosphorus,
independent variable: soil calcium carbonate and soil potassium interaction).

Plant

phosphorus
Constant -2.109678
(0.066942)
Soil  CaCOQj -0.100237
and potassium (0.041894)
P 0.02
Significant F 0.02
R? 0.09
R 0.31
Standard Error 0.39841

Table 3.13 Double logarithmic regression model (Dependent variable: plant potassium,

independent variable: soil pH and phosphorus interaction).

_ Plant
potassium
Constant -0.159948
(0.160318)
Soil pH -0.040491
and phosphorus (0.021933)
P 0.07
Significant I 0.07
R 0.06
R 0.24
Standard Error 0.025414

£C YOKSEROCRETIM KURY
YRS GRS
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Chapter Four

DISCUSSION AND CONCLUSION

4.Discussion and Conclusion

To know the characteristics a plant, is nccessary to determine the properties and
structure of its habitats, particularly the soil. It is possible through an autecological study.
Thc physical and chemical analysis of soils and plant samples of Reseda lutea, collected
from 54 sample areas in West Anatolia, were thus carried out in detail. In addition to this,
morphology, anatomy, sccd germination and pollen characteristics were investigated.

These were compared the studics done in other countries on this plant.

The morphological obscrvations and biometric measurements were made on the plants
of R. lutea, collected from West Anatolia, were compared with the results of Bonnier
(1934), Hegi (1958), Butcher (1961), Tutin ef al. (1964), Davis (1965), Pearce (1982), and
Harris ef al. (1995). Results showed that there is a great similarity with these of above

workers. However, they differ as follows:

Plant length, which usually changes with the habitat, is reported as 20-70 cm by
Bonnier (1934), 30-60 cm by Hegi (1958), 30 cm by Butcher (1961), 70 cm by Davis
(1965), 20-80 cm by Pearce (1982) and 30-70 cm by Harris ef al. (1995). It was found that
length in our 54 plant saumples changes between 25-130 cm (Table 3.1). The average plant
length is 103 cm at an average altitude of 68 m in 11 localities in izmir, the same values in
11 localities in Denizli are 62 cm and 801 m respectively (Table 3.2). In Table 3.2, it is
seen that the average plant length in the samples from Izmir is higher than 54 plants
average length of 82.82 cm. This is inverscly proportional with the altitude. Again in
Denizli, plant length is less than the average length of 54 plants which too is inversely

proportional with altitude. The altitude starts from 750 m in 13, 37, 38, 39, 40, 42, 43, 44,
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45, 46 and 52 numbered localitics. It is scen that plant lengths are lower in these localities,
in another word, it is lower (59.54 cm) than average length 54 plants (82.82 cm). It is seen
that plant length starts decreasing after 750 m and gocs down when altitude increases. In
our plant samples collected from high altitudes, the length decreases, as seen in the results.
The reason for this decreasc is reported to be higher radiation and air currents. In our case
ecological factors mentionecd above arc not effectual in these arcas, instead longer

vegetative periods due to the effects of ccological factors, cause the lengthening of these

plants.

Although Harris ef «l. (1995) has informed the petal length as 5 mm on an average

basis, in our 40 plant samples petal length was 3.57 mm on average (Table 3.1). The valuc

reported by Harris et al. (1995) is thus quite higher than ours.

The number of anthers in R. lutea flowers are reported as 20 on an average basis by
Bonnier (1934), 15-25 by Harris ef al. (1995) and 14-18 by Heap ef al. (1995), but it was

obscrved to be around 17.30 in our arca (Table 3.1). Thus the anther numbers of our

flowers arc lower as compared to Bonnier (1934), but with those of others.

Although Tutin ef al. (1964), have reported the capsule width as 4.5-5.5 mm. It was

seen that these numbers vary between 2.00-5.40 mm in our samples, and the fruit capsule

width of R. lutea is narrower in material (Table 3.1).

The biometric measurements, donc on R /utea sceds, by Davis (1965) report an average
seed length of 2 mm or more, but our measurements lie around 1.58 mm on average (Table

3.1). Again Butcher (1961) has found the sced width as 1.4 mm on an average basis, which

1.15 mm on average in our samples.

The differences in the biometric measurements of R. Jutea. can be cxplained as follows:
Other workers have used a less number of samples. The differences in geographic areas
studied by other rescarchers as well as the differences in soil and edaphic conditions of
these areas add to these. Ecological differences can cause differences in the morphological
features of a plant (Oztiirk and Segmen, 1996). Although Davis (1965) has separated R.
lutea into two varieties as var. lutea and var. nutans and Abdallah and De Witt (1978) have

separated this specics into two subspecics as subsp. Jutea and subsp. neglecta, but we have
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dealt with the species here.

Except the morphological features mentioned above, our measurements and observation
on the morphology of R. lutea show a big resemblance with those Davis (1965) (Table
3.1).

Resedu lutea grows in different habitats in our research area (Table 2.1). It occurs
widely throughout the temperature zones of the world (Fig. 3.1), but prefers calcareous.
and sandy soils. It usually covers fallow ficlds, ficld borders, wall sides, old buildings, road
sides as well as cultivated arcas. These results show a parallelism with those of Davis
(1965) and Hcap et al. (1995).

In our study arca, R. lutea shows a distribution between 25-1500 m altitudes (Table
2.1). But Davis (1965) has rcported that the plant can go up to 2000 m altitudes from sea
level, and Moghaddam (1977) has réporlcd the plant is seen between 300-1900 m in Iran.
Ozgelik and Oztiirk (1991) have informed that the plant can grow up to 2300 m in Turkey.
Moghaddam (1977) has informed the plant shows a good growth between -25 and 50° C
under a yearly precipitation varying between 100 mm and 400 mm. But in Turkey, the
plant grows up to 2300 m in East Anatolia where winter temperatures decrease below -25°
C. This shows that the plant can live at lower temperatures and at higher altitudes than
reported by Moghaddam (1977). Bolle (1936) and Abdallah (1967) have stated that the
plant has some xeric features like deep and wide root system and tracheids on leaf margins,

which possess water storage cells. These features give a clue about our plant that it can
adapt itsclf to drought casily.

Resedu lutea clearly needs light to grow and develop. When the sample arcas and
habitats, it grows, are examined, it is obscrved that the plant usually prefers open areas,
where vegetation is sparsc and clevation is low. The plant roots can reach meters of depths
below the soil and spread out; thus giving it an adaptation character against high
temperature and drought. This depicts that R. lutea is a heliophytic plant. Heap ef al.
(1995) has reported that the plant roots can reach a depth of 4 m of soil. Moghaddam
(1977), Bruns and Jochimsen (1989) and Jochimsen and Janzen (1991) have thus
concluded that this plant is onc among those which can hold the soil in the struggle against

erosion in mining arcas and spoiled banks. Our findings too coincide with those of above
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workers in this connection.

Reseda lutea is not found in purc cox.nmunilics in West Anatolia. It mostly grows in
small groups or as individuals. But, it is reported that it forms communities in carrot and
potato ficlds in England and Scotland (Forbes and Mathews, 1985), mostly in crop fields in
Hungary, USA and Australia (Abdallah and De Witt, 1978; Heap ef al. 1995, and Harris et
al. 1995). It is reported that it causces a loss of product in these arcas. Heap ef al. (1995)
and Harris et al. (1995) have determined that herbicide arc used against this plant in the
mentioned arcas to prevent the loss of product. But in Turkey, this plant is not found in big

groups or communitics, no loss of product in cultivated arcas is possible.

The distributional pattern discussed above clearly shows that R. lutea's ecological

amplitude is very wide. It is good as a cosmopolite species.

When secds germination of R. lutea under laboratory conditions is examined, it shows
that sceds can germinatc between 10 and 40° C. But the highest germination is 87 %
obtained at 25° C (Table 3.3). Heap (1994) has reported that this plant can germinate
between 10-35° C under dark conditions, but the maximum germination is 85 % at 25° C
under laboratory conditions. In our findings it is ascertained the maximum germination is
87 % at 25° C, but it can germinate between 10-40° under dark conditions. Our findings
show a parallelism with those of Heap (1994). Heap (1994) has studied 6 years old R. lutea
seeds in laboratory. He found the same germination rate, but the seeds over 11 years old do
not show any germination under laboratory conditions. In our studies 1 and 2 years old

seeds were used. Our germination results and those of 1 Icap (1994) show a good similarity.

In germination studics, the effect of light showed that seeds can germinate under all
light conditions from continuous dark till continuous light (Table 3.4). The lowest
germination occurs in continuous light (42 %), germination increases parallel to increase of
darkness. The highest germination 87 % is scen in continuous dark. These results agree

with those of Heap (1994) and Heap et al. (1995).

When the germination results are examined on daily basis, it is scen that the highest
germination is on the third and forth days. The germination decreases from the fifth day,

finishes at the and of the cleventh day (Table 3.4). In another study, following rates of
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germination were obtained, 40 % at the end of the seventh day, 73 % at the end of the
fourteenth day. The rest of ungerminated seeds (25 %) arc thought to be, 2 % did not
germinate although live (Anonymous, 1973). In our results, these rates are 83 % at the end
of the seventh day, 87 % at the end of the fourtecenth day. The germination is completed to

a large extend in the first week.

In a study donc in South Australia, it is reported that R. Jutea seeds, can stay live under

soil for at lcast 4 ycars. These seeds show a germination of 33-63 % (Hcap, 1994).

Bolle (1936) and Abdallah (1967) report similar findings on the seeds of Resedaceae
members, pointing out that these seceds do not stay alive for more than 4 years. It is
reported that, 93 % of R. luteola sceds can germinate at the end of the first or second year

(Dorp-Peterson, 1924). It shows that thesc results too are close to the germination results of
R. lutea.

Moghaddam (1977) has reported that R. lutea grows even in areas where temperatures
decrease upto -25° C in Iran. The germination studies on the pre-treated sceds; for seven
days at 5° C; showed a higher rate of germination than those treated for seven days at 20°
C (Heap et al. 1995). Heap et al. (1995) point out that R. lutea seeds can alive at low
temperatures and under cold conditions. This results in an increase in their germination

rates. This depicts that secds nced a vernalisation treatment for better germination

Seeds germinate at an optimum depth, according to light requirement. Under some
depths, sceds can not germinate because they can not get light. But seeds germinate easily
if close to the soil surface, because of cnough light. Every species has an optimum
germination depth, changing according to conditions (Weaver and Clements, 1938).
Oztiirk er al. (1984) has reported that, sced germination rates show differences in relation
to planting on the surface and at the border of a glass jar and planting from surface to
deeper parts. The sceds of Myrtus communis 1.. (Ozttrk, 1979), Inula viscosa (L) Aiton
(Pirdal, 1980) and Asphedolus aestivus Brot. (Pirdal, 1986); which show a parallel
distribution with our species, show optimum germination under 10 mm, Briza (Ozdemir et
al. 1984) and Bromus (Tiird(i ef al. 1984) show better germination on the surface and under
10 mm. R. lutea seed germinate well under 10 mm depth (36 %). But, the germination

decreases while depth increases. It was observed that the optimum germination and
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seedling appearance is scen in the middle as well as along the border of glass jars (Table
3.5). This shows that R. lutea sceds do not need light for germination, as under studies on
the effects of light. R. lutea sceds germinate more under dark conditions (Table 3.5). Heap
(1994) has reported R. lutea seeds can germinate even upto 80 mm depth, but the
maximum germination is scen between 5-10 mm. Our results show a parallelism with those
of Oztiirk (1979), Pirdal (1980), Ozdemir ef al. (1984), Tirdii et al. (1984), Pirdal (1986)
and Heap (1994).

No detailed study on the anatomy of R. Jufea has been done. There is only a general
reference made by Metcalfe and Chalk (1957) and Fahn (1967) which deals with
Resedaceae family and some Resedu specics. Bonnicr (1934), Metcalfe and Chalk (1957),
Gibbs (1974) and Jorgensen (1995) rcport that the existence of myrosin cells is

characteristic of Rescdaceaea family, like Caricaceae, Caparaceae and Brassicaceae.

In anatomical sections of R. Jutea, myrosin cells were seen in root cortex and pith, in
stem cortex, pith and lcal mecsophyl tissuc. These results coincide with the results
regarding the existence of myrosin cells in Resedaceae members as stated, by Bonaier

(1934), Mectcalfe and Chalk (1957), Fahn (1967), Gibbs (1974) and Jorgenscn (1995).

The equifacial characteristics of leaf has not been mentioned by Metcalfe and Chalk
(1957). They report that palisade and spongy parenchymas cannot be separated from: each
clcarly other in mesophyl tissue. Our anatomical studics on the root, stem, and leaf showed

parallelity with those of Mctcalfe and Chalk (1957) on family level.

Reseda lutea pollens investigated by us clearly depict that pollen type, P/E ratio and

ornamentation is same as given by Hegi (1958), Erdtman (1966), Moore er al. (1991) and
Punt and Mark (1995).

Physical analysis of soils taken from 54 different localities of R. lutea show that soil
structure according to Bouyoucos (1955) is claycy-loam, loamy-sand, clay and silty-loam.
But R. lutea basically prefers sandy-loam and sandy-clayey-loam soils (Table 3.7). Heap et
al. (1995) has stated that R. lutea grows a wide range of soils from very light alkaline

sandy Malice soils 1o red-brown clayey loam soils in South Australia. ‘This supports our
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results.

The pH of soils supporting R. /utea in West Anatolia changes from 7.17-8.3 and these
soils are neutral, lightly alkaline and moderatcly alkaline (Table 3.7), stressing physical
analysis that our plant usually prefers light alkaline, and besides moderate alkaline soils.
Heap (1994) has informed this plant largely prefers alkaline soils South Australia. OQur

results show resemblances with those of Heap (1994).

The soluble salt content in the soils was found to vary between 0.030 % and 0.050 %
(Table 3.7). None of these soils have effect of salinity according to the classification given
for salinity (Anonymous, 1951). R. lutea appcars to be a glycophyt. These has not been
reported by Heap (1994), Heap et al. (1995) and Harris et al. (1995), who are authorities

on this specics.

It is ascertained that CaCOj3 contents of soils changes between 0.408 % and 40.800 %
(Table 3.7). According to Scheffer and Schachtschabel (1956) our results point out that
20.35 % are poor, 3.70 % medium, 12.95 % rich and 62.90 % very rich in CaCOs. It can
be clearly secn that this plant prefers gencrally very rich calcarcous soils, but can keep on
living on poor and medium calcarcous soils as well. Abdallah and De Witt (1978) have
stated that R. lutea shows a distribution mostly on calcareous and to some extent on non-
calcareous; Clapham er al. (1962) and Grubb (1976) stress that it is distributed on
especially calcareous arcas. The results of Abdallah and De Witt (1978), Clapham et al.
(1962) and Grubb (1976) support our findings.

Chemical analysis of R. lutea soils shows that, the total nitrogen content changes
between 0.028-0.644 % (Table 3.8). These soils are according to Loue (1968) can be
classified as; 16.65 % poor, 40.70 % medium, 12.95 % sufficient and 18.50 % very rich in

nitrogen. The plant accordingly does not show any preference to nitrogen content.

When the results on soil phosphorus are examined values vary between 0.00002-
0.00060 % (Table 3.8). According to Bingham (1949)'s classification for phosphorus

contents of soils, it is ascertained that all the soils at 54 different sample areas are poor in

phosphorus.
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The potassium content of soils changes between 0.080 % and 0.780 % (Table 3.8). All

these soils arc under the limit of deficiency according to potassium classification of Pizer
(1967).

Plant samiples of R. lutea collected from 54 localitics in West Anatolia showed that their
nitrogen contents change between 1.246 % and 3.318 %. It is reported that total nitrogen
contents change between 0.2- 6.0 % on dry weight basis (Kacar, 1972). Nitrogen content of
our plants lics between these values (Table 3.9). Harris ef al. (1995) and Pavis er al. (1993)
have reported that this plant contains nitrate at a high level. It is ascertained that R. lurtea is
very delicious for farm animals and the level of nitrate is between 2.5-3.1 % from the first
leaves upto the first flowering. Although this nitrate level is high, it does not cause any
injuries or deaths te farm animals (Davis e al. 1993). The nitrate level obtained by us
varies between 1.246-3.318 %, which is ncar to the results of Davis ef al. (1993) and Harris

et al. (1995). Again in our area, no negative effects of this high nitrate level on farm

animals have been reported.

The phosphorus in our plants changes between 0.054-0.340 % (Table 3.9). The
phosphorus in planis changes between 0.01-1.0 % on dry weight basis according to

Johnson and Ulrich (1959). The phosphorus analysis results of R. /utea samples are within
the values given by Johnson and Ulrich (1959).

The potassium content in R. lutea plant samples changes between 2-7 % (Table 3.9).
According to Kacar (1972), the potassium contents of plants vary between 0.2-11 %, so

potassium analysis results of our plant arc between the limits given by Kacar (1972).

~ The calcium amounts of our plant material change between 0.520 % and 1.790 % (Table

3.9). Chapman (1967) has stated that the level of lack of calcium is around 0.93 % for

plants. It is ascertained that 4.86 % of R. lutea plant samples arc under this level, but 95.14
% arc over this level.

A chemical zmulysig of different parts of R. lutea reveals that, nitrogen changes between
1.358-1.778 % inA ret, 0.‘)30-2.030 % in stem, 2.003-3.290 % in lcaf and 2.534-3.276 % in
flower; phosphorus changes between 0.016-0.038 % in root, 0.022-0.049 % in stem, 0.040-
0.062 % in leaf and 0.080-0.146 % in flower; potassium changes between 1.2-3.3 % in
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root, 2.3-3.9 % in stem, 2.3-3.8 % in lcaf and 2.1-4.4 % in flower; and calcium content
changes between 0.40-1 % in root, 0.78-1.13 % in stem, 0.99-1.59 % in leaf and 0.60-1.86
% in flower (Table 3.10).

A comparison of nitrogen, phosphorus, potassium and calcium contents of root, stem,
leaf and flower the at end of the chemical‘analysis of plant samples collected in May-June
term; which is the reproductive period (April-September) of the plant; verifies that:
nitrogen is highest in flower (mcan 2.961 %), and the lcast in root (mean 1.5458 %), same
is the case with phosphorus being highest in flower (mean 0.0975 %), least in root (mean
0.0272 %). Potassium mostly accumulates in the stem (3.34 %), and is low in the root
(mean 2.00 %). Calcium mostly accumulates in the leaf (mean 1.3880 %) and the least is in
the root again. Statistical evaluations reveal a least accumulation of nitrogen, phosphorus,
potassium and calcium amounts in root, highest accumulation of nitrogen and phosphorus
in flower, potassium in stem and calcium in leaf (Table 3.10). The minerals taken from the
soil are accumulated in plant, during the reproductive period. We conclude that during this
period, ion transportation is more, so minerals are more in above-ground parts of the plant.
In Pirdal (1986)’s study on Asphedolus aestivus L. distributes in West Anatolia, the results
on the nitrogen, phosphorus and potassium contents of root and rhizome are lower than

aboveground part of the plant. These support our results.

Chemical analysis data on root, stem, leaf and flower of R. lutea are between the limits
of chemical analysis results of a whole plant. It is seen that the contents of nitrogen,
phosphorus, potassium and calcium of root, stem, leaf and flower are between the values
reported by Kacar (1972) on nitrogen and potassium, Johnson and Ulrich (1959) on
phosphorus. But some results are lower than the values reported by Chapman (1967) like
those on calcium (Table 3.10). According to mean values it is seen that root and stem are

under the given values, but leaf and flower are over the limits given by Chapman (1967).

Statistical analysis of the results of physical and chemical analysis of plants and soils on
multiple stepwise basis shows that each of the plant elements such as nitrogen, phosphorus,
potassium and calcium is accepted as dependent variable and such characteristics of soils
as pH, total soluble salfs, calcium carbonate, total nitrogen, phosphorus, potassium and
interactions between these arc independent variables. Beside the individual effects of soil

characteristics on plant elements, interactions between soil characteristics that represent
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joint impacts were also considered. Regression modcls are of double log forms. The
coefficient of R-squared is implying that what percent the independent variables can
explain the changes in dependent variable and R is correlation cocfficicnt that states the

direction and degree of the relationship among the dependent and independents variables.

Both cstimator's and F's significant valuc (P) is the probability value that analyst can
decide if the estimator or the modecl is statistically significant. If a variable's estimator is
statistically significant then it is accepted that the variable has an effect on dependent
variable. The regression models in this study was of double log form, any significant
estimator is clasticity cocfficient which is the percentage change in dependent variable by
the percentage change in independent variable (Danicl and Terrell, 1995; ikiz er al. 1996;
Mc Clave ef al. 1998).

Under the light of statistical analysis, the following significant rclationships were
determined: plant nitrogen and soil potassium (R%: 0.05, R: 0.24 and P:0.08) (Table 3.1 1);
plant phosphorus and interaction between soil calcium carbonate and soil potassium
(R%:0.09, R: 0.31 and P: 0.02) (Table 3.12); plant potassium and interaction between soil
pH and soil phosphorus (R% 0.06, R:0.24 and P: 0.07) (Table 3.13). Correlation
coefficients, R, of the regression models show that therc exists a weak and negative
relationship. However, significant values of Fs (P) for the regression models are sufficient
to assume that the models are able to be used statistically (Daniel and Terrell, 1995; Ikiz et
al. 1996; Mc Clave et al. 1998). |

Taking low R and R? values into consideration, Baglar and Mert (1999) also found low
values for Rubia tintorum and Chrosophora tinctoria in the same area, it is possible to say
that lack of factors affecting soil productivity and insufficient utilisation of soil minerals by

plants prevents the expected relationship between plant and soil.

From day to day, synthetic products have covered all walks of our lifc. But recently
human beings have started to return to nature. Although natural products are more
expensive economically; they are preferred by human beings more. It is known that the
best colour of yellow is produced from R. Jutea and R. luteola, for hand-woven carpets and
kilims as a source of dyeing substances. Besides, its preference by honey bees in the

apiculture, being dry and fresh food source for farm animals, increase cconomical value of
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R. lutea. In addition, because of its roots can go to decper parts of soil based on the soil
structure, it can be uscd in the struggle against erosion which is onc of the basic

environmental problems of Turkey now. This stresses another economical importance of R.

lutea,

This autecological study was carried out on R. lutea, because of its economical uses
mentioned above. We believe that this regional based study done in West Anatolia, will be

helpful to future studies on the better cvaluation of R. lutea.
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