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Abstract: The aim of this study was to determine the autecological characteristics of Reseda lutea L. (Resedaceae) distributed in
Western Anatolia. The chemical and physical analysis was carried out on soil and plant samples collected from 54 different localities
in Western Anatolia. The results show that the plant generally prefers sandy-loam and sandy-clayey-loam textural soils, with a slightly
alkaline or medium alkaline pH. They prefer non-saline, calcareous soils which are poor in potassium and phosphorus, but the
nitrogen content of the soils was found to vary greatly. The soil and plant analysis results were evaluated statistically and correlations
were established.
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Bat1 Anadolu’da Yayilis Gésteren Reseda lutea L.’nin (Resedaceae)
Otekolajisi Uzerine Bir Calisma

Ozet: Bu calismada, Bati Anadolu'da yayilis gosteren Reseda lutea L. (Resedaceae)nin otekolojik 6zelliklerinin arastiriimast
amaclanmistir. Bati Anadolu'dan tesbit edilen 54 farkli lokaliteden toplanan toprak ve bitki érnekleri kimyasal ve fiziksel analizlere
tabi tutulmuglardir. Toprak analiz sonuglarina gére; bitki, tekstir agisindan genellikle kumlu tinli ve kumlu Killi; pH bakiminda hafif
alkali ve orta alkali topraklari tercih ettigi tesbit saptanmigstir. Yine bitkinin tuzluluk etkisinin olmadigi; ¢ok kirecli, potasyum ve fosfor
bakimdan yetersiz, azot bakimindan her turl toprakta yetisebildigi gorilmistr. Ayrica toprak ve bitki analiz sonuglari istatistiksel

olarak degerlendirilmistir

Anahtar Sozcukler: Reseaa lutea, Autekoloji, Yayilis, Toprak-bitki iliskileri

Introduction

For an understanding of the biological characteristics
of a species, it is important to have knowledge of its
habitats. The number of studies on the ecology of plants
in Turkey has increased remarkably. However the
number of studies is still insufficient when the floristic
richness of Turkey is taken into consideration (Dogan,
1998).

No ecological studies have been done on Reseda lutea
L. (Resedaceae), a widespread species in Turkey.

Reseda Iutea has great economical value in the
Turkish carpet and kilim industry, where it is used as a
natural dye source together with R. luteola (Eytboglu et
al.,, 1983; Ugur, 1988; Anonymous, 1991). The yellow

colour in dyes is principally obtained from R. lutea and R.
luteola in Turkey (Anonymous, 1991). In spite of the fact
that the best colour is obtained from the whole plant of
R. lutea, collected before fruiting period (Eyuboglu et al.,
1983; Ugur, 1988), it has been reported that better
colour can be obtained from the flowers and young
shoots of R. lutea (Ugur, 1988; Anonymous, 1991;
Oztirk and Ozcelik, 1991). Dry or fresh plant material
can be used for extraction of the dye.

According to one study carried out in Poland, thirty
plant species have been used there for the improvement
of apiculture (Jablonski et al., 1992). R. lutea is one of
these, together with R. luteola L., Centaurea scabiosa L.,
C. rhenana Bor., Circium oleraceum (L.) Scop., Solidago
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canadensis L., S. serotina Ait., Scrophularia nodosa L. and
S. alata Gillib. The researchers recommended the use of
these species on unfertile soils so as to increase nectar
secretion.

In Australia and Iran, cattle breeders have been using
R. lutea for grazing, as a dry food source in winter time
and as a fresh food source in spring and summer
(Moghaddam, 1977; Heap et al., 1995).

It has been reported that R. lutea is a harmful weed
in carrot and potato fields in England and Scotland
(Forbes and Mathews, 1985) and in crop fields in the
United States, Iran, Australia and Poland (Bailey and
Wicks, 1995; Abdallah and De Witt, 1978). It spreads
easily through seeds, but can be reproduced vegetatively
as well from pieces of root. The agricultural equipment
used for the ploughing of cultivated fields breaks its roots
into pieces and thus the plant spreads vegetatively. The
weedy nature of this species sometimes causes a loss of
35% in crop fields (Heap et al., 1987).

The struggle to control this plant is especially difficult
due to the fact that its long roots penetrate deep into the
soil. The chemical combinations used against the weedy
nature of R. lutea are numerous, but Metsulfuron has
been found to produce successful results (Harris et al.,
1995). According to Heap et al. (1995) Metsulfuron-
methyl, Chlorosulfuron and Trialsulfuron can be
successfully used against R. [utea, but Metsulfuron-
methyl is the most economical of these. The following
chemical herbicides are also used against R. [utea:
Combinations of Metsulfuron and 2,4-D, and
combinations of Dicamba, Glyphosate, Picloram and 2,4-
D, Chlorimuron-ethyl, Tribenuron-methyl,
Thifensulfuron, Dicamba/Bromoxynil/MCPA, Diflufenican,
Clopyralid, Mecoprop/Dicamba, Imazethapyr, Fluroxypyr,
Picloram/MCPA, Glyphosate, Picloram/2,4-D, Alloy and
Glean (Heap et al, 1987; Harris et al.,1995).

Reseda Iutea presents a potential threat to cucurbit
crops in Australia and Iran because it is a potential host
for watermelon mosaic virus (Heap et al., 1995; Amiri
and Ebrahim-Nesbat, 1977). Watermelon mosaic virus
occurs in South Australia as an economically damaging
pest of several cucurbit crops and spreads through aphids
(Heap et al., 1995). The pathogens and insects of R. lutea
have been dealt with in detail by Bailey and Wicks (1995).
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Pemberton and Irwing (1990) carried out studies on
47 species from 13 families distributed naturally in the
United States and they investigated the elaiosomes and
myrmecochory features in the seeds of R. lutea.

Gibbs (1974) recorded the existence of raffinose
(carbohydrate), cyanogenic glycosides, glycobarbari from
mustard-oil glucodes, gliconaturtiin m- carboxyphenyl-I-
ananine, and leucoanthocyanins in the seeds and myrosin
cells in R. lutea. Ferlay et al. (1993) reported the
existence of lipids in the seeds and claimed that linolenic
acid accounts for 60% of its fatty acid content.

This plant is also used to prevent erosion because of
its fast growing roots which reach a depth of 80-100 c¢m
or even 400 cm in very loose soils (Heap et al., 1995;
Bruns and Jochimsen, 1989; Jochimsen and Janzen
1991). R. lutea has been used as a scatrizane, diuretic,
sedative and sudorific (Bonnier, 1934). Mcintryre et al.
(1988) reported that the roots of this plant have diuretic
and diarrheal properties.

The present study was undertaken in view of the
economical potential of R. lutea as a natural source of dye
in the kilim and carpet industry, as grazing material and
a stock feeding source in cattle breeding, as a means of
obtaining high nectar secretion in apiculture, and as the
primary successional plant in the struggle against erosion
and weedy nature, as outlined above.

For this purpose, R. lutea specimens collected from
54 different localities in Western Anatolia were
investigated with regard to their autecological
characteristics.

Material and Methods

The specimens of R. lutea were collected from 54
different localities in Western Anatolia and identified with
the help of "Flora of Turkey and the East Aegean Islands”
(Davis, 1965). All the specimens of R. [utea were
deposited in the herbarium of the Biology Dept., Faculty
of Education, Dokuz Eylul University under the code of
Dogan. In addition to the plant samples, soil samples were
also taken from the same localities. The sample area
numbers of R. [utea in Western Anatolia, the grid-square
numbers according to Davis (1965), and the localities,
altitudes, the code of the herbarium records and
collection dates are given in Table 1 and Figure 1.
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Table 1. Localities of Reseda lutea in Western Anatolia, where the soil and plant samples were collected.
Canakkale
1. A1 Ecebat, between Algitepe and Eceabat, 1.5 km to Eceabat, field border, 50 m, 24.06.1997, Dogan 239.
2. A1 Eceabat, near Yahyacavus Monument, wheat field, 60 m, 24.06.1997, Dogan 240.
3. B1 Ayvacik, Nusratli Village, near the main road, 300 m, 23.06.1997, Dogan 241.
4. A1 Lapseki, 5 km to Sevketiye, 40 m, 25.06.1997, Dogan 242.
5. A1 Canakkale, 10 km from the city centre, field border, 30 m, 24.06.1997, Dogan 243.
Balikesir
6. B1 Ayvalk, city exit, side of Edremit-Can road, 22.06.1997, Dogan 244.
7. B2 Bigadic, 5 km from the city centre, field border, 350 m, 29.06.1997, Dogan 245.
8. B2 Bigadic, Cagis Village, 170 m, 29.06.1997, Dogan 246.
9. B1 Balikesir, entrance to the city centre, roadside, 80 m, 28.06.1997, Dogan 247.
10. B1 Savastepe, Sogucak Village, field border, 400 m, 28.06.1997, Dogan 248.
11. A2 Bandirma, city entrance, roadside, 130 m, 27.06.1997, Dogan 249.
12. A1 Gonen, Tastepe Village, roadside, 70 m, 26.06.1997, Dogan 250.
Manisa
13. B1 Spil Mountain, around Atalani, 1200 m, 04.06.1997, Dogan 251.
14. B1 Sabuncubeli slope, 470 m, 04.06.1997, Dogan 252.
15. B1 Centre, Dilseker locality, base of a wall, 25 m, 04.06.1997, Dogan 253.
16. B1 Akhisar, 20 km from Akhisar, on the izmir-istanbul main road, 50 m, 04.06.1997, Dogan 254.
17. B2 Akhisar, 20 km from Goérdes, field border, 720 m, 04.06.1997, Dogan 255.
18. B2 Gordes, Softalar locality, 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, on the Usak-izmir main road, 560 m, 06.06.1997, Dogan 258.
21. B2 Sarigél, near Sarigdl-Buldan road, 225 m, 06.06.1997, Dogan 259.
1zmir
22. B1 Dikili, entrance to Salihler, near izmir-Canakkale road, in the field, 50 m, 17.06.1997, Dogan 260.
23. B2 Bergama, 5 km to Bergama, descent to Kozak plain, 50 m, 17.06.1997, Dogan 261.
24. B1 Gumduldir, Yenikdy exit, road side, 50 m, 19.06.1997, Dogan 262.
25. C1 Selguk, city exit, towards Belevi, road side, 50 m, 19.06.1997, Dogan 263.
26. B1 Bornova exit, Manisa road, near MTA building, 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, Cesmealti, near the pine forest, 25 m, 20.06.1997, Dogan 266.
29. B1 Karaburun, Mordogan, city centre, field border, 50 m, 20.06.1997, Dogan 267.
30. B1 Cesme, around Boyalik, 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 Kusadasl, entrance to Kadinlar Plaji, 50 m, 31.05.1997, Dogan 271.
34. C2 Soke, 8 km to Soke, in the field, 260 m, 31.05.1997, Dogan 272.
35. C2 OrtaKlar, city exit, towards izmir, field border, 50 m, 03.06.1997, Dogan 273.
36. C2 Didim, Akbuk cross-roads, roadside, 150 m, 31.05.1997, Dogan 274.
Denizli
37. B2 Giney, 19 km to Giney, near Sarigdl-Giney road, 750 m, 07.06.1997, Dogan 275.
38. B2 Giiney, between Guney and 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, Gizelpinar, field border, 1200 m, 08.06.1997, Dogan 278.
41. C2 Denizli, city centre, towards Tavas, 520 m, 08.06.1997, Dogan 279.
42. C2 Honaz Mountain, upper part of Kocapinar 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, entrance to 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, near 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 field, 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 tank, 700 m, 02.06.1997, Dogan 289.
Kitahya
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 1. Map showing the collection sites of

R. lutea from Western Anatolia.

The soil samples were collected from the localities
given in Table 1 during the period June-July 1997. The
litter on the surface of the soil was removed, and the soil
samples were collected from a depth of 15-20 cm, put
into polyethylene bags and brought immediately to the
laboratory. They were left under laboratory conditions
for air-drying. The dried samples were ground, passed
through a 2-mm sieve and subjected to analysis. The
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textural classification, pH, total soluble salts, and calcium
carbonate contents in the soils were determined by the
methods outlined in detail by Oztiirk et al. (1997). Total
nitrogen was determined according to Bremner (1965)
by the Kjeldahl method, phosphorus was determined
according to Bingham (1949), and potassium was
determined according to Pratt (1965). Phosphorus and
potassium were read from a Spectrum 2000



Spectrophotometer and a Jenway Flame photometer
respectively. The results for the soil structure were
evaluated according to Bouyoucos (1955), with the pH
according to Jackson (1958), CaCO3 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).

The plant samples were collected from 54 different
localities in the flowering and fruiting periods during of
June-July, 1997. They were dried at 80° C in an air-
blown oven for 24 hours, ground with a blender and
subjected to analysis separately in two sets. In the first set
all the various parts (root, stem, leaf and flower) of the
plants were analysed, whereas in the second set the root,
stem, leaf and flowers of plant samples from 10 localities,
i.e., localities 1, 5, 6, 10, 13, 21, 24, 28, 36 and 47
were analyzed. Total nitrogen in the plants was
determined according to Bremner (1965) using the
Kjeldahl method, phosphorus was evaluated according to
Lott et al. (1956) and read from a Spectrum 2000
spectrophotometer. The potassium and calcium values in
the samples were read directly from a Jenway Flame
photometer according to Kacar (1972). The nitrogen and
potassium results were interpreted according to Kacar
(1972), with the interpretation of phosphorus levels
according to Johnson and Ulrich (1959) and calcium
levels according to Chapman (1967).

The plant analysis results (nitrogen, phosphorus,
potassium and calcium) and soil analysis results (pH, total
soluble salts, calcium carbonate, total nitrogen,
phosphorus and potassium) were subjected to statistical
analysis using a multiple stepwise regression analysis. The
results were interpreted according to Daniel and Terrell
(1995), ikiz et al. (1996) and McClave et al. (1998).

Results and Discussion
Geographical Distribution

Reseda lutea is widely distributed throughout the
various temperature zones of the world. The areas of
distribution in the world are as follows: South, Western
and Central Europe extending up to Finland, Norway,
Sweden (Davis, 1965); England (Abdallah and De Witt,
1965; Abdallah, 1967); the Mediterranean basin, Asia
Minor (Heap et al., 1995; Harris et al., 1995); Southwest
Asia (Bonnier, 1934; Tutin et al., 1964; Bailey, 1947);
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Iran (Davis, 1965); and the former Soviet Union,
Afghanistan, Chile, the United States (Harris et al.,
1995), Australia, New Zealand, South and North Africa
(Bonnier, 1934; Tutin et al., 1964; Bailey, 1947).

It is also widely distributed in Turkey. The localities
recorded by Davis (1965) and during our field studies are
as follows: Al: Canakkale (Centre [5]; Eceabat [1];
Eceabat [2]; Lapseki [4]); Balikesir (Goénen [12]);
Takirdag (Marmara Ereglisi (Davis, 1965)). A2: Balikesir
(Bandirma [11]); Istanbul (Makrikdy (Davis, 1965));
Kocaeli (Izmit (Davis, 1965)). A2/3: Bilecik (Centre
(Davis, 1965)). A3: Sakarya (Gevye (Davis, 1965)). A4:
Karabik (Safranbolu (Davis, 1965)). A5: Amasya (Centre
(Davis, 1965)). A6: Samsun (Centre (Davis, 1965)). A7:
Trabzon (Centre (Davis, 1965)); GUmishane (Torul
(25.07.1997, Dogan 293)). A8: Artvin (Coruh (Davis,
1965)). A9: Kars (Aras valley (Davis, 1965)). Bi:
Canakkale (Ayvacik [3]); Balikesir (Centre [9]; Ayvalik
[6]; Savastepe [10]); Manisa (Centre [15]; Spil Mountain
[13]; Sabuncubeli [14]; Akhisar [16]); Izmir (Dikili [22];
Bergama [23]; GUmduldir [24]; Bornova [26]; Bornova
(Davis, 1965); Seferihisar [27]; Urla [28]; Karaburun
[29]; Cesme [30]; Konak [31]; Aliaga [32]). B2: Balikesir
(Bigadic¢ [7]; Bigadic [8]); Manisa (Akhisar [17]; Gordes
[18]; Demirci [19]; Kula [20]; Sarigdl [21]), Denizli
(Guney [37]; Guney [38]; Cal [39]; Cal [44]; Civril [45]);
Kutahya (Saphane [52]; Gediz [53]; Gediz to Usak (Davis,
1965)); Usak [54]. B3: Konya (Aksehir (Davis, 1965)).
B4: Ankara (Tuz lake (Davis, 1965)). B5: Nevsehir
(Urgiip (12.08.1997, Dogan 294)). B6: Kahramanmaras
(Nurhak Mountain (Davis, 1965)). B7: Erzincan (Kesis
mountain (Davis, 1965)). B8: Erzurum (mountains
between Ilica and Tercan (Davis, 1965)). B9: Bitlis
(Adilcevaz (Davis, 1965)). C1: Izmir (Selcuk [25]); Aydin
(Kusadas! [33]; Soke [34]; Ortaklar [35]; Didim [36]);
Mugla (Milas [48]). C2: Denizli (Centre [41]; Guzelpinar
[40]; Honaz Mountain [42]; Tavas [43]; Baklan [46];
Pamukkale [47]); Mugla (Centre [51]; Yatagan [49]; Ula
[50]); Afyon (Denizli to Cardak (Davis, 1965)). C3:
Isparta (Siitgiiler to Daribiiki (Davis, 1965)). C4: Icel
(Mut-Silitke (06.04.1998, Dogan 295)); Antalya (Alanya
(12.04.1998, Dogan 301)); Konya (Konya to Sille (Davis,
1965)). C5: Adana (highway (08.04.1998, Dogan 297);
Adana exit (08.04.1998, Dogan 298)); icel (Tarsus
(07.04.1998, Dogan 296); Tarsus (Davis, 1965)); Hatay
(Samandag (11.04.1998, Dogan 300)). C6: Gaziantep
(Nizip (09.04.1998, Dogan 299)); Adana (Seyhan-
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Haruniye (Davis, 1965)). C8: Siirt (Centre (Davis,
1965)). CO: Hakkari (Zab (Davis, 1965)). C10: HakkKari
(Cilo Mountain (Davis, 1965)). The geographical
distribution given above clearly shows that the ecological
amplitude of R. lutea, as a cosmopolite species, is very
wide.

Ecological Distribution

Reseda lutea occurs at roadsides, and in fallow fields,
field borders, ditches, waste places, old buildings, walls,
rocky slopes, open stony hillsides, fields, cultivated and
disturbed ground in Western Anatolia. This plant was
observed as being mainly a ruderal species in our study
area. These results are in agreement with the results of
Davis (1965) and Heap et al. (1995).

In terms of altitude, it occurs from 25 m to 1500 m
in Western Anatolia according to our field observations
(Table 1). However, Davis (1965) reported that the plant
can grow at up to 2000 m, and Moghaddam (1977)
reported that this plant can grow at 300-1900 m in Iran.
Ozgelik and Oztiirk (1991) stated that the plant can grow
at up to 2300 m in Turkey. According to Moghaddam
(1977), R. lutea grows well between -25 and 50° C,
under a yearly precipitation varying from 100 to 400
mm. In Turkey, the plant grows at up to 2300 m in
Eastern Anatolia. This shows that the plant can live at
higher altitudes than those reported by Moghaddam
(1977). Bolle (1936) and Abdallah (1967) stated that the
plant has some xeric features such as a deep and wide
root system and tracheids on the leaf margins, which
contain water-storage cells. These features suggest that
this plant can adapt to drought easily.

Reseda lutea is adapted to light conditions. This is
clear from the sample areas and the habitats it occupies,
which are open and have sparse vegetation. This shows
that R. lutea is a heliophytic plant. The roots go very deep
into the soil and spread out; thus giving it a chance to
draw water from deeper sources, thus avoiding drought.
Heap et al. (1995) reported that the plant roots can
reach a depth of 4 m of soil, but we observed 2-m-deep
roots in loose soils. Moghaddam (1977), Bruns and
Jochimsen (1989) and Jochimsen and Janzen (1991)
reported that this plant is one of the best soil binders and
can be used in the prevention of erosion, in mined areas
and along spoiled banks. In this respect, our observations
were in accordance with those of the authors named
above.
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Reseda lutea is not found in pure communities in
Western Anatolia. It grows mainly in small groups or
individually. However, it has been found to form
communities in carrot and potato fields in England and
Scotland (1985), and in crop fields in Hungary, the U.S.A.
and Australia (Heap et al., 1995; Abdallah and De Witt,
1978; Heap et al., 1987), where it results in crop loss.
No such behaviour has yet been observed or reported
from cultivated areas in Turkey, with the exception that
Ozgokee et al. (1999) encountered it growing as a weed
in some wheat fields.

Physical Analysis of the Soils

The physical analysis of the soils taken from 54
different localities of R. lutea revealed that 44.4% of the
soils were sandy-loam; 27.75%, sandy-clayey-loam;
9.25%, clayey-loam; 9.25%, loamy; 5.55%, loamy-sand;
1.85%, clay; and 1.85% were silty-loam in texture
(Bouyoucos, 1955). This suggests that the plant generally
prefers sandy-loam and sandy-clayey-loam soils (Table 2).
Heap et al. (1995) stated that R. lutea grows on a wide
range of soils from sandy Mallee soils to red-brown clayey
loam soils in South Australia and that this is very similar
to our results. The pH of soils supporting R. lutea in
Western Anatolia varies from 7.17 to 8.3: 5.55% of the
soils were found to be neutral, 64.75% were slightly
alkaline and 29.60% were moderately alkaline in nature
(Table 2), indicating that this plant usually prefers slightly
alkaline to moderately alkaline soils. Heap (1994) and
Heap et al. (1995) reported that this plant largely prefers
slightly alkaline soils in South Australia. Our results thus
concur with those of Heap (1994) and Heap et al.
(1995). The soluble salt content in the soils was found to
vary from 0.030% to 0.050% (Table 2). None of these
soils exhibited a salinity effect according to the
classification given for salinity (Anonymous, 1951). R.
lutea appears to be a glycophyte, but this was not
reported by Heap (1994), Heap et al. (1995) or Harris et
al. (1995), who investigated this species botanically in
detail. In the present study, it was determined that the
CaCO; content of the soils varied from 0.408% to
40.800% (Table 2). These results showed that 20.35%
of the soils were poor in CaCO;, while 3.70% were
medium, 12.95% were rich and 62.90% were very rich
in CaCO5 (Scheffer and Schactschabel, 1956). It can be
seen that this plant generally prefers calcareous soils, but
can live on poor and medium calcareous soils as well.
Abdallah and De Witt (1978) stated that R. lutea is



Loc. Sand Clay Silt Structure pH Salinity ~ CaCOz Table 2.
(%) (%) (%) (%) (%)
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-clayey-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-clayey-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 7.57 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 9.84 4 Loamy-sand 8.30 0.03 15.500
15 62.16 17.84 20 Sandy-loam 7.54 0.03 36.710
16 70.16 13.84 16 Sandy-loam 7.84 0.03 11.420
17 72.16 21.84 6 Sandy-clayey-loam 7.65 0.03 0.408
18 36.16 37.84 26 Clayey-loam 7.64 0.05 34.260
19 68.16 19.84 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-clayey-loam 7.89 0.03 40.800
23 81.44 8.56 10 Loamy-sand 717 0.03 0.816
24 41.44 32.56 26 Sandy-clayey-loam 7.50 0.03 1.220
25 71.44 8.56 20 Sandy-loam 7.44 0.03 29.780
26 45.44 34.56 20 Sandy-clayey-loam 7.72 0.03 23.660
27 41.44 30.56 28 Clayey-loam 7.71 0.03 2.860
28 55.44 18.56 26 Sandy-loam 7.92 0.03 35.080
29 61.44 22.56 16 Sandy-clayey-loam 7.68 0.03 40.800
30 53.44 24.56 22 Sandy-clayey-loam 7.77 0.03 11.420
31 55.44 18.56 26 Sandy-loam 7.75 0.03 7.750
32 61.44 18.56 20 Sandy-loam 8.10 0.03 22.840
33 37.44 28.56 34 Loamy 7.72 0.03 40.800
34 47.44 22.56 30 Loamy 7.70 0.03 16.310
35 59.44 16.56 24 Sandy-loam 7.82 0.03 25.290
36 49.44 18.56 32 Loamy 7.19 0.03 2.450
37 45.44 22.56 32 Loamy 7.95 0.03 40.800
38 31.44 38.56 30 Clayey-loam 7.50 0.03 40.800
39 61.44 14.56 24 Sandy-loam 7.95 0.03 34.260
40 57.44 18.56 24 Sandy-loam 7.82 0.03 5.710
41 43.44 24.56 32 Loamy 7.88 0.03 30.590
42 57.44 24.56 18 Sandy-clayey-loam 7.65 0.03 40.800
43 51.44 18.56 30 Sandy-loam 7.76 0.03 1.630
44 51.44 28.56 20 Sandy-clayey-loam 7.46 0.05 17.560
45 47.44 30.56 22 Sandy-clayey-loam 8.06 0.03 16.320
46 61.80 18.56 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 23.80 32.56 44 Clayey-loam 7.75 0.03 40.800
50 31.80 28.56 40 Clayey-loam 7.56 0.03 1.220
51 69.80 14.56 16 Sandy-loam 7.79 0.03 2.450
52 71.80 14.56 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 42.56 30 Clay 8.02 0.03 35.890
Min 717 0.030 0.408
Max. 8.30 0.050  40.800
Mean 7.776  0.031 19.701
S.D. 0.226  0.0049 14.569
S.E. 0.031 0.0007 1.983
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Physical analysis of the soils of

Reseda lutea.
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distributed mostly on calcareous and to some extent on Table 3. Chemical analysis of the soils of Reseda lutea.

non-calcareous. Clapham et al. (1962) and Grubb (1976)

e o Loc. N (%) P (%) K (%)
stated that it is distributed especially in calcareous areas.
The results of Abdallah and De Witt (1978), Clapham et ; 8-8;0 8-88836 8-8?3
o 077 .00007 .
al. (1962) and Grubb (1976) thus support our findings. 3 0.098 0.00007 0013
Chemical Analysis of the Soils g 8-5?3 8-8882):1 8-822
Chemical analysis of the R. lutea soils showed that the 6 0.049 0.00004 0.019
total nitrogen content varied from 0.028 to 0.644% ; 8'(1)2; 8'88838 8‘8(733
(Table 3). These soils can be classified as follows: 9 0.077 0.00030 0.041
16.65%, poor; 40.70%, medium; 12.95%, sufficient; 10 0.133 0.00013 0.018
and 18.509%, very rich in nitrogen (Loue, 1968). The }; 8'83? 8'888% 8'8%
plant thus seems to show no preference as to nitrogen 13 0.091 0.00011 0.023
content. When the results for soil phosphorus are 14 0.028 0.00002 0.020
examined, it can be seen that the values varied from 12 8'122 8’88822 8'8‘712
0.00002 to 0.00060% (Table 3) Bingham's 17 0:042 0:00015 0:025
classification (1949) for phosphorus content in soils 18 0.049 0.00010 0.025
reveals that the soils of all 54 different localities were ;g 8'8% 8'888% 8‘822
poor in phosphorus. The potassium content of the soils 21 0.070 0.00036 0.047
varied from 0.080% to 0.780% (Table 3). All the soils 22 0.056 0.00004 0.047
were below the limit of deficiency according to the ;2 8-(1338 8'88832 88;2
potassium classification of Pizer (1967). 25 0.168 0.00060 0.039
; . 26 0.266 0.00011 0.072
Chemical Analysis of the Plants >7 0.336 0.00020 0.068
The plant samples of R. lutea collected from 54 28 0.119 0.00013 0.047
localities in Western Anatolia showed that the nitrogen gg 8'?22 8‘88882 8‘8;12
contents varied from 1.246% to 3.318%. It has been 31 0.119 0.00043 0.060
reported that total nitrogen content varied from 0.2 to 32 0.035 0.00002 0.032
6.0% on a dry-weight basis (1972). The nitrogen content 2431 8‘?2? 8'888%‘ 8'833
of this plants lies between these values (Table 4). Harris 35 0.273 0.00010 0.025
et al. (1995) and Davis et al. (1993) reported that this 36 0.644 0.00016 0.072
plant contains nitrate at a high level. It has been gg 8'8;12 8’88882 8’82?
determined that R. [utea is a very desirable food for farm 39 0.140 0.00025 0.051
animals, and the level of nitrate is 2.5-3.1% from the 4? 8-??3 8-8882}1 8-820
) ) . o 4 _ .00004 .027
first l(.aave.s up fco the first flowering. Although thils.nltrate w2 0133 0.00002 0.031
level is high, it has not been found to cause injury or 43 0.161 0.00046 0.078
death in farm animals (Davis et al., 1993). The nitrate 44 0.090 0.00012 0.060
L o 45 0.056 0.00004 0.024
level obtained in thg prgsept .study varied in the rangg of 46 0.063 0.00002 0.025
1.246-3.318%, which is similar to the results of Davis et 47 0.042 0.00002 0.010
al. (1993) and Harris et al. (1995). Again, in our area, no 48 0.056 0.00013 0.021
. s . : 49 0.084 0.00004 0.010
negative effects of this high nitrate level on farm animals 50 0329 0.00011 0.030
were observed. The phosphorus percentage in these plant 51 0.245 0.00016 0.039
samples varied from 0.054 to 0.340% (Table 4). These 52 0.105 0.00004 0.033
values lie within the limits of Johnson and Ulrich (1959), 55’3 8'(1)33 8'8888? 8'828
0.01-1.0% on a dry-weight basis. The potassium content ' ' '
in the R. lutea plant samples varied from 2 to 7% (Table Min 0.028 0.00002 0.0080
: : Max. 0.644 0.00060 0.0780
4). According to Kacar (1972), the potassium content; of Mezn 0117 0.00025 0.0383
plants vary from 0.2 to 11%, so the results of potassium S.D. 0.1009 0.00015 0.0191
analysis in these samples lie within the limits given by S.E. 0.0137 0.00002 0.0026
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Table 4. Chemical analysis of the plant samples.

Loc. N (%) P (%) K (%) Ca (%)
1 2.240 0.086 7.0 0.97
2 3.234 0.156 2.7 1.48
3 2.814 0.080 4.6 0.62
4 2.310 0.216 4.3 0.89
5 2.030 0.188 2.9 1.40
6 1.806 0.130 4.2 0.94
7 2.002 0.146 6.5 1.10
8 2.926 0.090 3.7 1.25
9 2.898 0.074 3.6 1.20

10 2.842 0.254 6.7 1.56

11 1.946 0.120 4.7 1.26

12 1.652 0.088 2.7 0.79

13 3.318 0.188 4.6 1.20

14 2.072 0.090 4.7 0.97

15 2.576 0.080 4.2 0.52

16 2.282 0.106 41 1.06

17 2.590 0.180 3.6 1.40

18 2.506 0.162 3.8 1.02

19 1.708 0.078 2.6 0.97

20 2.086 0.202 3.8 1.33

21 2.702 0.124 2.1 0.94

22 2.394 0.120 4.1 1.10

23 3.164 0.340 4.5 1.24

24 2.758 0.130 4.4 1.59

25 2.450 0.118 4.5 0.96

26 2.842 0.108 3.7 1.79

27 1.694 0.166 3.5 0.78

28 2.702 0.056 5.6 1.01

29 2.170 0.108 3.1 1.24

30 2.324 0.162 4.0 1.69

31 2.114 0.202 2.3 1.39

32 1.806 0.146 3.8 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 41 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 3.3 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 3.3 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 5.3 1.21

Min 1.246 0.054 2 0.52

Max. 3.318 0.340 7 1.79

Mean 2.4018 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
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Kacar (1972). The calcium values in our plant materials
were found to vary from 0.520% to 1.790% (Table 4).
Chapman (1967) stated that the level of calcium
deficiency in plants is around 0.93% . was observed that
4.86% of the R. lutea plant samples were below this
level, but 95.14% were above it.

The root, stem, leaf and flowers of plant samples
from 10 sites were collected and subjected to separate
analysis (Table 5). The following results were obtained
from the chemical analysis. Nitrogen varied in the ranges
of 1.358-1.778% in the roots, 0.930-2.030% in the
stems, 2.003-3.290% in the leaves and 2.534-3.276%
in the flowers; phosphorus varied within the ranges of
0.016-0.038% in the roots, 0.022-0.049% in the
stems, 0.040-0.062% in the leaves and 0.080-0.146 in
the flowers; potassium varied in the ranges of 1.2-3.3%
in the roots, 2.3-3.9% in the stems, 2.3-3.8% in the
leaves and 2.1-4.4% in the flowers; and calcium varied in
the ranges of 0.40-1% in the roots, 0.78-1.13% in the
stems, 0.99-1.59% in the leaves and 0.60-1.86 in the
flowers.

The data from the chemical analysis of the root, stem,
leaf and flower of R. lutea are within the limits of the
chemical analysis results of the whole plant. It can be seen
that the nitrogen, phosphorus, potassium and calcium
contents of the root, stem, leaf and flower are all within
the range of values reported by Kacar (1972) for
nitrogen and potassium, Johnson and Ulrich (1959) for
phosphorus. However, some of the results are lower than
the values reported by Chapman (1967) for calcium
(Table 5). In terms of the mean values, it can be seen that
root and stem are below the given values, whereas leaf
and flower are above the limits given by Chapman
(1967).

A comparison of the nitrogen, phosphorus, potassium
and calcium contents of the root, stem, leaf and flower of
the plant samples collected during the reproductive
period (April-September) in June-July verifies that: the
nitrogen content is highest in the flower (mean 2.961%),
and lowest in the root (mean 1.5458%), as is the case
with phosphorus content, which is highest in the flower
(mean 0.0975%) and lowest in the root (mean
0.0272%). Potassium accumulates mostly in the stem
(3.34%), and is at a low level in the root (mean 2.00%).
Calcium accumulates mostly in the leaf (mean 1.3880%),
while the lowest level is again in the root. Statistical
evaluations revealed that the lowest accumulations of
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nitrogen, phosphorus, potassium and calcium are in the
root, while the highest accumulations of nitrogen and
phosphorus are in the flower, the highest accumulation of
potassium is in the stem and the highest accumulation of
calcium is in the leaf (Table 5). The minerals taken from
the soil are accumulated in the plant during the
reproductive period. We concluded that during this
period, ion transportation is faster, so there is a higher
level of minerals in the above-ground parts of the plant.
The levels of nutritional elements in plants vary between
different plant species and between different organs of a
plant species (Kacar, 1977; Kacar and Katkat, 1998).
Kacar and Katkat (1998) reported that the amount of
minerals in the root region of a plant species is smaller
than the amount of minerals present in the above-ground
part of the species. According to Kovanci (1985), the
amount of nitrogen and phosphorus is smaller in the
roots of the plants. Similarly, Kacar (1977) and Fink
(1991) reported that the amount of calcium is smaller in
the roots of the plants. In Pirdal’s study (1989) on
Asphedolus aestivus L. distributed in Western Anatolia,
the results for the nitrogen, phosphorus and potassium
contents of the root and rhizome are lower than for the
above-ground parts of the plant. Kacar (1977), Pirdal
(1989) and Kacar and Katkat's results (1998) were in
agreement with our results.

Statistical Evaluation of the Soil and Plant Analysis
Results

Statistical analysis of the results of the physical and
chemical analyses of the plants and soils on a multiple-
stepwise basis showed that the plant elements nitrogen,
phosphorus, potassium and calcium are dependent
variables, and such characteristics of the soils as pH, total
soluble salts, calcium carbonate, total nitrogen,
phosphorus, potassium and the interactions between
these are independent variables. In addition to the
individual effects of the soil characteristics on the plant
elements, the interactions between soil characteristics
that represent joint impacts were also considered. The
regression models in this study were double logarithmic
in form, and any significant estimator is an elasticity
coefficient, which is the percentage change in a dependent
variable by the percentage change in an independent
variable (Daniel and Terrell, 1995; Ikiz et al., 1996;
McClave et al., 1998).

Through statistical analysis, significant relationships
were determined between the following parameters:
plant nitrogen and soil potassium (R2: 0.05, R: 0.24);
plant phosphorus and the interaction between soil calcium
carbonate and soil potassium (R2:0.09, R:0.31); and

Table 5. Statistical evaluation of chemical

Min. Max. Mean S.E. the analysis results of the root,

stem, leaves and flowers of Reseda

N (%) root 1.358 1.778 1.5428 0.1887 0.0844 Jutea.

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 2.3 38 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




plant potassium and the interaction between soil pH and
soil phosphorus (R2: 0.06, R:0.24) (Table 6). Correlation
coefficients, R, of the regression models show that there
exists a weak and negative relationship in the factors
referred to here (Daniel and Terrell, 1995; ikiz et al.,
1996; Mc Clave et al., 1998). When the low R and R2
values are examined - Baslar and Mert (1999) also found
low values for Rubia tinctorum and Chrosophora tinctoria
in the same area - it is possible to state that a lack of

Y. DOGAN

development of the expected relationship between plant
and soil.

These studies on R. /lutea should prove helpful in
future studies and a better understanding of R. lutea.
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Table 6. Double-logarithmic  regression
Dependent variable
models.
Plant
Plant nitrogen Plant phosphorus potassium
Constant 0.561460 -2.109678 -0.159948
(0.171775) (0.066942) (0.160318)
Soil potassium -0.087103* Soil CaCO3 -0.100237* Soil pH and -0.040491*
(0.049982) and potassium (0.041894) phosphorus (0.021933)
interaction interaction
Significant F 0.08 0.02 0.07
R* 0.05 0.09 0.06
R 0.23 0.31 0.24
Standard Error 0.19779 0.39841 0.025414

*Significant for a= 0.1, Sig. F: Probability value for F, R?: Determination coefficient,

R: Correlation coefficient. The value in parenthesis shows the standard error of estimator.
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