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ABSTRACT

In this study, the effects of lead (PbCl,) one of the significant environmental
pollutant, on seed germination, root growth and mitotic divisions of the root tip
cells of lentil (Lens culinaris Medik.) were investigated. Different concentrations
(0.125, 0.250, 0.500 and 1.000 mM Pb*?) of lead were applied. It was observed
that there are no significant differences in the germination of seeds that exposed to
low lead concentrations. On the other hand, at higher concentrations of lead
inhibited germination. In addition, root growth was inhibited according to the
control group at all concentrations. In parallel to the increase of the lead
concentrations cell division was decreased, several mitotic anomalies such as c-
mitosis, lagging chromosomes, multipolar anaphases and Chromosome bridges
were increased.
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OZET

Bu calismada, 6nemli ¢evre kirleticilerinden biri olan kursun (PbCl,)’un
mercimek (Lens culinaris Medik) tohumlarimin ¢imlenmesi, kok biiyiimesi ve kok
ucu hiicrelerinin mitoz boliinmeleri {izerine etkileri aragtirilmigtir. Denemelerde
Pb*?"un farkli konsantrasyonlar1 (0.125, 0.250, 0.500 ve 1.000 mM) kullanilmustir.
Diisiik Pb™" konsantrasyonlar1 ile muamele edilen tohumlarin c¢imlenmesinde
kontrole gore belirgin bir farkin olmadigi, ancak yiliksek konsantrasyonlarda
¢imlenmenin azaldig1 goézlenmistir. Ayrica uygulanan tiim konsantrasyonlarda,
kok biiylimesi kontrole gore engellenmistir. Kursunun konsantrasyon artigina
paralel olarak, hiicre boliinmesinin azaldi§i, c-mitoz, kalgin kromozom, multipolar
anafaz ve koprii gibi ¢esitli mitotik anormalliklerin arttig1 tespit edilmistir.

Anahtar Kelimeler: Kursun, Lens culinaris, ¢imlenme, mitoz, agir metal

1. GIRiS

Kursun (Pb™), biitiin diinyada dogal kaynaklar iginde
cesitli formlar halinde bulunan ve giiniimiizde en genis
capli ve diizenli olarak agiga ¢ikan agir metallerden biridir
(1). Pek ¢ok calisma gostermektedir ki 6nemli miktarda
kursun genellikle toprakta bulunmaktadir. Motorlu
tasitlarin egzoz gazlari, maden ocaklari, metal isleyen
tesisler, endiistriyel faaliyetler, kursun ile kirlenmis atik
sular, sanayi atiklar1 ve tarimda giibreleme gibi pek ¢ok
etmen toprak ve bitkilerin maruz kaldigi kursun
kirlenmesinin baslica sebepleridir (2, 3).

Bitkiler agisindan kursun tehlikesi 1923 yilinda
otomobil yakitina kursuntetractilen eklenmesinden beri
devam etmektedir. O giinden bu giine kursun en tehlikeli
ve en yaygin ¢evresel agir metal haline gelmistir. Egzoz

1. INTRODUCTION

Lead exists in many forms in natural sources
throughout the world, and is now one of the most widely
and evenly distributed heavy metals (1). Numerous studies
show that significant amounts of lead are often found in
soil. Danger of lead for plants continue when tetracthylen
lead were added to automobile fuel in years 1923. Lead
emitted by exhaust gases cause to increasing of lead
accumulation in the soil near roadside (2-5). Soil and
Plants can be contaminated by lead from car exhaust dust
and gases from various industrial sources, wastewaters
polluted by lead, fertilizer, industrial wastes (6, 7).

Lead has not been shown to be essential in plant
metabolism, although it occurs naturally in all plants (2).
Plants take the limited amount of lead from soil and
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gazlart ile sacilan kursun ve bilesikleri otoyol
yakinlarindaki topraklarda kursun konsantrasyonunun
artmasina neden olmaktadir (4-7).

Her ne kadar kursun bitkilerde dogal olarak bulunsa da
bitki metabolizmasi i¢in gerekli bir element degildir (4).
Bitkilerde asir1  kursun alinimi  gesitli  fizyolojik
mekanizmalarla engellenmektedir (8), fakat yinede bitkiler
topraktan belirli miktarlarda kurgsunu almakta ve g¢esitli
dokularinda depolayabilmektedirler (9-11).

ekilen ve
tipine gore

Agir metallerin  Dbitkilere olan etkisi,
yetigtirilen  bitki tiirlerine ve toprak
degismektedir (12).

Pek ¢ok rapor gostermektedir ki kursun (Pb*?)’a maruz
kalan bitkilerde; tohum g¢imlenmesinde, kdk ve govde
uzamasinda azalma (13-15), klorofil biyosentezinde
inhibisyon (16-19), kloroz (20, 21), fotosentez miktarinda
azalma (22) bir ¢ok enzimde indiiksiyon veya inhibisyon
(23, 24), hiicre yapisinda bozulma, kromozom lezyonlari
ve boliinme anomalileri (25-30), ¢ekirdekcik zehirlenmesi
(14) gibi olumsuzluklar goriilmektedir. Sonu¢ olarak
kursunun bu olumsuz etkileri bitkilerde bozulmalara ve
ekosistemde tahribatlara yol agmaktadir (31-32).

Agir metallerin bitkiler lizerindeki etkileri son yillarda
bir ¢ok aragtirma projesine konu olmustur. Bu tip
caligmalarda agir metalin ¢evredeki birikim orani ve
bitkinin tiirli 6nemlidir. Bitkilerin ortamdaki elementlere
secici davrandigl, agir metal esik doz degerinin bitki
tirine ve agwr metal c¢esidine gore degistigi iyi
bilinmektedir.  Ozellikle bitkilerin  ¢evresel  stres
faktorlerine farkli adaptif mekanizmalar gelistirmesi, bu
tip ¢alismalarin ¢ok sayida farkli tiir tizerinde yapilmasini
gerekli kilmaktadir. Biz de bu g¢alismada, g¢evreyi ¢ok
genis c¢aplt ve diizenli olarak kirleten agir metal
katyonlarindan kursunun, yaptigimiz detayli literatiir
taramalarinda calisilmadiginm tespit ettigimiz yeni bir tiir
(Lens culinaris Medik) lin tohum ¢imlenmesi, kok geligimi
ve kok ucu hiicrelerinin mitoz bdliinmeleri iizerindeki
etkilerini belirlemeye ¢aligtik.

2. MATERYAL VE METOD

Bu caligmada bir kiiltiir bitkisi olan mercimek (Lens
culinaris Medik.) tohumlari, agir metal olarak da kursun
(Pb"™)’un klor tuzu (PbCly) kullanilmustir. Mercimek
tohumlar1 Elazig il Tarm Miidiirliigii’'nden, agir metal
tuzu (PbCly) ise Sigma firmasindan temin edilmistir.
Cozeltilerin tamami bidestile su (pH=6.3) kullanilarak
hazirlanmugtir.

Mercimek tohumlari deney grubu i¢in hazirlanan farkli
(0.125, 0.250, 0.500 ve 1.000 mM) konsantrasyonlardaki
Pb"", kontrol grubu ise musluk suyu igerisinde 23-24 °C
de karanlik ortamda 24 saat bekletildi. Bu siire sonunda
sisme ortamindan alinan tohumlardan, 11 cm’ lik petriler
icerisindeki musluk suyu ile islatilan ¢ift kath filtre
kagitlarinin {izerine her bir petriye 30’ ar adet ekildi. Bu
sekilde ekimi yapilan petriler; 23-24 °C’deki etiive
yerlestirildi. Her 24 saatte bir tohumlarin ¢imlenme
oranlan radikula belirimi esasina gore 72 saat siiresince
tespit edildi. Ayrica siire sonunda her bir gruptaki
tohumlarin kok uzunluklari da 6lgiilerek kaydedildi.

G.U. J. Sci., 18(1):17-25 (2005)/ Yasar KIRAN*, Ahmet SAHIN

accumulate in their tissue (8-10). However, excess lead
content interferes with various physiological processes in
plants (11).

The effect on plants of heavy metals change according
to grown plant species and soil type (12). In response to
lead exposure plants shows anomalies such, as seed
germination, root and stem elongation (13-15), inhibition
of chlorphyl biosyntesis (16-19), chlorose (20, 21),
decrease of photosynthesis (22), induction or inhibition of
enzymes (23, 24), to break in cell structure, chromosome
lesion or division anomalies (25-30), nuclear poison (14).
Consequently, negative effects of lead cause to the
destruction plants and ecosystem (31, 33).

The effects on plants of heavy metals are topic of many
research projects in recent years. Species of plant and
accumulation ratio of heavy metal in environment are
important in such works. It is known that, plants are
selective to elements in surrounding and minimum dose
value of heavy metal varies according to heavy metals and
plant species. These kind studies are necessary to apply
different species, because plants adapt different
mechanisms against surrounding stress factors.

In this study, we determined the effects of lead on seed
germination, root growth and mitotic division of root tips
of lentil (Lens culinaris) which has not been studied up to
now.

2. MATERIAL AND METHOD

In this study, lentil (Lens culinaris Medik) seeds were
obtained from Agriculture Directorate of Elazig City.
Lead solutions were prepared from PbCl, (Sigma) by
using of double distilled water (pH 6.7). The experiment
was conducted in a temperature adjustable plant growth
cabinet.

Lentil seeds were soaked in 150 ml lead solution of
0.0625, 0.125, 0.250, 0.500 and 1.00 mM concentrations
and kept in plant growth cabinet for 24h at 23-24 °C in
dark. Only double distilled water was used for control
group. Then 30 of swollen lentil seed for each Pb solution
were planted in 11 mm diameter petri dishes double layer
filter paper. Two replicates were made for each
concentration. Planted petri dishes were filled with 9 ml of
lead solution containing different lead concentrations.
Control groups were filled with only distilled water. They
were covered and kept into plant growth cabinet for 72h in
dark. Petri dishes were checked and added with 1 ml of Pb
solutions for a period of 24h. At the same time, the
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72 saat sonra her bir gruba ait kok uclari kesilerek; 24 saat
asetikasit:alkol (1:3) igerisinde bekletilerek fiksasyon
islemi gergeklestirildi. Daha sonra kok uglari, 60 °C’de 1
N HCI ile etiivde 17 dakika hidroliz edildi ve Feulgen
reaktifi ile 1 saat boyandi. 15 dakika musluk suyunda
bekletilen kok uclarinin u¢ kismindaki koyu boyanan 1-2
mm’lik biiyiime meristemleri kesildi ve % 45°lik asetik-
asit ortaminda ezme preparatlari yapildi (34).

Sonuglar  ortalamanin  standart hatas1t  alinarak
degerlendirildi. Biitiin Istatitiki analizler bilgisayarda
SPSS 10.0 Windows programi kullanilarak yapildi. Veriler
coklu karsilagtirma testi (multiple comparisoms, LSD) ile
p<0.01 6nem seviyesinde karsilastirildr..

3. TARTISMA VE SONUC

Farkl1 konsantrasyonlardaki kursun (Pb™") ¢ézeltileriyle
muamele edilen ve edilmeyen mercimek tohumlarmnin
¢imlenme oranlari radikula belirimi esasina gore tespit
edilmis ve sonuglar tablo 1’de, ayrica 72 saat sonra
6l¢iilen kok uzunluklart da sekil 1° de verilmistir.

Tablo 1’in incelenmesinden anlagilacagi gibi Pb" " un
0.125 ve 0.250 mM’lik konsantrasyonlari tohumlarin
cimlenmelerini etkilememistir. Fakat 0.500 mM’lik
konsantrasyon ~ %2.5 oraninda, 1.000 mM’lik
konsantrasyon ise %10 oraninda tohum ¢imlenmesini
azaltmistir. Sekil 1’in incelenmesi sonucunda da Pb"™"
konsantrasyonu artigina paralel olarak kok uzunlugunda
biiytimenin 6nemli derecede engellendigi goriilmektedir.

germination ratios of seeds were also determined by
radicula formation bases. At the end of 72h, the root
lengths of the germinated seeds were measured with a
milimetric ruler.

The root tips of germinated seeds were cut and kept
into paradichlorobenzene for 4h. Then they were fixed in
acetic acid-alcohol (1:3) for 24h and were transferred in
70 % alcohol and stored in the fridge.

For mitotic preparation, root tips were removed from
alcohol and washed with tap water and hydrolised with 1
N HCI, at 60 °C for 17 min. Then it was dyed with
Feulgen reactive for 1h (34). After that the root tips were
kept in tap water for 15 min. Finally the last parts of root
tips which dyed very densely were cut and their crushing
preparates in 45 % acetic acid were made.

The results are expressed as means + standard error.
All statistical analyses were performed using SPSS 10.0
computer program (SPSS Inc.). The data were compared
with LSD multiple comparison test using a significant
level of p<0.01

3. RESULT AND DISCUSSION

Root of the germinated lentil’s lengths was measured
after 72 h. The germination percentages of seeds were
determined by radicula formation bases of lentil seeds
exposed and none exposed to different concentrations of
lead (Pb"") and results and root lengths are given in Table
1 and figure 1 respectively. This table shows that seed
germination wasn’t inhibited with Pb concentration (0.125
and 0.250 mM). However, 0.500 and 1.000 mM
concentrations of lead caused 2.5 % and 10 % decrease of
seed germination (P>0.01) respectively. Figure 1 show
that root growth inhibited by increase of Pb™
concentration.

Table 1. The effects of lead (Pb™")’on the germination of lentil seeds
Cizelge 1. Kursun (Pb™")’ un mercimek tohumlar1 ¢cimlenmesi iizerine etkileri

Germination %/

Treatment/ Cimlenme %

Uygulama 24h 48h 72h
PbCl, 0.125 mM 92.5t1.4 97.5+1.2 97.5£1.0
PbCl, 0.250 mM 87.5£1.7 97.5£1.0 97.5+1.4
PbCl, 0.500 mM 85.0£1.0 95.0£1.2 95.0£1.0
PbCl, 1.000 mM 80.0£1.0 85.0+1.2 87.5£1.2
Control 92.5£2.2 97.5£2.0 97.5+1.8

19



20

G.U. J. Sci., 18(1):17-25 (2005)/ Yasar KIRAN*, Ahmet SAHIN

2,5 4
21
T
_ 1
8
2 1,5 1 T
o T
0 T
= 14 +
g T+
o~
0,5 1
0
S = = = =
g g g g g
5 ) (=] (] (=
N Ue) [ (=
© — o I S
S s s =

Figurel. Root length of lentil seedlings exposed to lead measured after 72 h
Sekil 1. Kursuna maruz birakilan mercimek fidelerinin 72 saat sonra dlgiilen kok uzunlugu.

Mitotik indeks hiicre bolinme frekansini yansitir ve
kok gelisim oranini belirlemede 6nemli bir parametre
olarak kullanilir (35). Tablo 2’den de goriilecegi gibi Pb™"
konsantrasyonu artigina bagli olarak mitotik indeks
azalmis dolayisiyla bu azalmaya paralel olarak kok
uzamasi da olumsuz olarak etkilenmistir.

Mitotik gozlemler sonucunda Lens culinaris’ in kontrol
grubuna ait kok ucu hiicreleri ile kursuna maruz birakilan
kok ucu hiicrelerinde meydana gelen anormallikler sekil 2°
de verilmistir. 0.125 mM’lik Pb*" ile 24 saat muamele
edilen kok uglarinda sayilan 500 hiicrenin %’de 26.2’sinde
boliinme goriildii. Bu konsantrasyondaki anormallikler ve
bunlarin fazlara dagilimi; metafaz’da 8 hiicrede c-mitoz, 3
hiicrede ayr1 kalmis kromozom, anafaz’da 2 hiicrede
multipolar anafaz, 5 hiicrede koprii seklindedir (Tablo 2).
0.250 mM’hk Pb"" ile 24 saat muamele edilen kok
uclarinda sayilan 500 hiicrenin %’de 23.4’{inde bdliinme
goriildii. Bu konsantrasyondaki anormallikler ve bunlarin
fazlara dagilimi; profaz’da 3 hiicrede mikronukleus,
metafaz’ da 7 hiicrede c-mitoz, 5 hiicrede ayr1 kalmig
kromozom, anafaz’ da 1 hiicrede multipolar anafaz, 3
hiicrede koprii seklindedir (Tablo 2). 0.500 mM’ lik Pb*™"
ile 24 saat muamele edilen kok uglarinda sayilan 500
hiicrenin  %’de 21.6’sinda  bolinme goriildi. Bu
konsantrasyondaki anormallikler ve bunlarin fazlara
dagilimi; profaz’ da 2 hiicrede mikronukleus, metafaz’ da
6 hiicrede c-mitoz, 8 hiicrede ayr1 kalmis kromozom,
anafaz’ da 2 hiicrede multipolar anafaz, 4 hiicrede koprii
seklindedir (Tablo 2). 1.000 mM’ lik Pb"" ile 24 saat
muamele edilen kdk uclarinda sayilan 500 hiicrenin %’de
59’unda  bolinme gorildi. Bu konsantrasyondaki
anormallikler ve bunlarin fazlara dagilimi; profaz’ da 7
hiicrede mikronukleus, metafaz’ da 11 hiicrede c-mitoz, 10
hiicrede ayr1 kalmig kromozom, anafaz’ da 3 hiicrede
multipolar anafaz, 5 hiicrede koprii seklindedir (Tablo 2).
Kontrol grubunda sayilan 500 hiicrenin %’de 31.8’inde
boliinme goriildii. Bu grubtaki anormallikler ve bunlarin
fazlara dagilimi; anafaz’ da 1 hiicrede multipolar anafaz, 1
hiicrede koprii seklindedir (Tablo 2).

Mitotic index is reflects to cell division frequency and
used to determine the root growth ratio as significant
parameter (35). Table 2 shows that mitotic index was
decreased with inrease of lead concentration and also root
growth was effected negatively. Anomalies in root tips
exposed to lead and control group were shown in figure 2.
Division was seen in 26.2% of 500 cells belong to root
tips applied with Pb™" (0.125 mM) for 24 h. Distribution of
the abnormalities at phases in this concentration were
showed that there were c-mitosis in 8 cells, lagging
chromosome in 3 cells, multipolar anaphase in 2 cells and
bridge in 5 cells (Table 2). Division was seen in 23.4 % of
500 cells belong to root tips applied with Pb"™ (0.250 mM)
for 24 h. Distribution at phases of abnormalities in this
concentration were showed that there were micronucleus
in 3 cells of prophase, c-mitosis in 7 cells of metaphase,
lagging chromosome in 5 cells, multipolar anaphase in 1
cell and bridge in 3 cells (Table 2). Division was seen in
21.6 % of 500 cells belong to root tips applied with Pb*™"
(0.500 mM) for 24 h. Distribution at phases of
abnormalities in this concentration were showed that there
were micronucleus in 2 cells of prophase, c- mitosis in 6
cells of metaphase, lagging chromosome in 8 cells,
multipolar anaphase in 2 cells and bridge in 4 cells (Table
2). Division was seen in 59 % of 500 cells belong to root
tips applied with Pb"" (1.000 mM) for 24 h. Distribution at
phases of abnormalities in this concentration were showed
that there were micronucleus in 7 cells of prophase, c-
mitosis in 11 cells of metaphase, lagging chromosome in
10 cells, multipolar anaphase in 3 cells and bridge in 5
cells (Table 2). Division was seen in 31.8 % of 500 cells
belong to control group. Distribution at phases of
abnormalities in this group was showed that there were
multipolar anaphase in 1 cells and bridge in 1 cell (Table
2).
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Table 2. The mitotic effects of lead (PbCl,) on the root tips of lentil
Cizelge 2. Kursun (PbCl,)’ un mercimek kok ucu hiicrelerindeki mitotik etkileri

Normal Anormalous dividing cells /
Number | Mitotic | dividing Anormal boliinen hiicre say1st
of cells/ | Index/ cells in/
Treatment/ . Laggard
Uygulama Sayilan | Mitotik N_O{mal Micro- chromosome | Multipolar | Anaphase
toplam index boliinen | yyclens/ - in metaphase/ | anaphase Bridge/
hiicre (%) hii - mitosis/ .
ucre Mikro cmito Metafazda Multipolar Anafaz
(%) nukleus g ayri kalmig anafaz koprii
kromozom
0.125 mM
PbCl, 500 26.2 113 - 8 3 2 5
0.250 mM
PbCl, 500 234 98 3 7 5 1 3
0.500 mM
PbCl, 500 21.6 86 2 6 8 2 4
1.000 mM
PbCl, 500 19.0 59 7 11 10 3 5
Control 500 31.8 157 - - - 1 1

Diisiik konsantrasyonlarda Pb"" ile muamele edilen
tohumlarin ¢imlenmesinde kontrole gore belirgin bir fark
olmadigim, fakat yiiksek Pb"" konsantrasyonlarda
tohumlarin ¢imlenmesinin engellendigi Lupinus luteus
(36), Sesamum indicum (29), Sinapis alba (32), Oryaz
sativa L. (37), Lens esculenta (38), Raphanus sativus ve
Lactuca sativa (33) bitkileriyle yapilan c¢alismalarda
gdzlenmistir. 10.000 mg dm~ Pb*" konsantrasyonunun
Phaseolis vulgaris, Pisum sativum ve Brassica napus var.
Zerowy tohumlarinda ¢imlenmeyi Onemli oranda
engelledigi ve bu konsantrasyonun Pisum sativum’ da
¢imlenmeyi tiimiiyle durdurdugu (39) rapor edilmistir.
Pb"’un tohum cimlenmesi icin belirlenen bu engelleyici
etkileri ayni zamanda polen ¢imlenmesi ve polen tiipil
icinde tespit edilmistir. Bu etki 6rnegin; Quercus cerris,
Picea abies, Pinus nigra (40) ve Malus sylvestris (41)
polenlerinde gozlenmistir.Kursun bitki gelisimi igin
gerekli bir element degildir, fakat baz1 bitkilerde 6rnegin
Brassica juncea’da kursunun 10 M ve 10 M gibi diisiik
konsantrasyonlarinin kok biiytimesini tesvik ettigi, ancak
ayni konsantrasyonlarin Z. mays ve Allium cepa’da kdk
gelisimini engelledigi tespit edilmistir (42, 43). Godbald
ve Kettner Pb'" soliisyonlar1 ile muamele edilen Picea
abies fidelerinin primer, sekonder ve {iglinclil kok
gelismelerinde bir azalma oldugunu ve en fazla yan
koklerin etkilendigini (44),

Obvious differentiation was not shown in germination
of seeds applied by low concentrations of lead. On the
other hand, there are reports on the inhibitory effect of
lead on the germination of seeds of the following species:
Lupinus luteus (36), Sesamum indicum (21), Sinapis alba
(24), Oryza sativa L. (37), Lens esculenta (38), Raphanus
sativus and Lactuca sativa (33).

There are reports on the inhibitory effect of lead
concentrations (10.000 mg dm™ Pb"*) on the germination
of seeds of Phaseolis vulgaris, Pisum sativum and
Brassica napus var. zerowy (39). Inhibiting effects of lead
for seed germination were observed pollen germination
and also pollen tube elongation. For example; this effect
was observed on pollens of Quercus cerris, Picea abies,
Pinus nigra (40) and Malus sylvestris (41).

Lead has not been shown to be essential for plants.
However, low concentrations of lead (10* M and 107 M)
cause to root growth of Brassica juncea while root growth
of Z. mays and Allium cepa were inhibited (42, 43).

Godbald ve Kettner, reported to decrease primery,
secondary and tertiary root growth of Picea abies
seedlings applied with Pb"™" solutions (44).

Xiong reported that root growth of Brassica pekinensis
seedlings applied with 125 ,250, 500 and 1000 pg/mL’’
concentrations of Pb(NO®), decreased 53.11%, 85.65%,
87.61% and 90.08%" according to control respectively.
Additionally, Seed germination wasn’t effected from 125
pg/mL™" concentrations but 250 pg/mL™", 500 pg/mL™"' and
1000 pg/mL™!

21
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Figure 2. Mitotic abnormalities caused of various concentration of lead (PbCl,) (Magnefication 10 um)

Sekil 2. Kursunun ¢esitli konsantrasyonlarinin neden oldugu mitotik anormallikler(Mikroskop Biiyiitmesi 10 um)
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Xiong Pb(NOs), 125, 250, 500 ve 1000 pg/mL”
'¢ozeltileriyle muamele ettigi Brassica pekinensis Rupr.
fidelerinin kok gelisimlerinde kontrole gore sirasiyla;
%53.11, %85.65, %87.61 ve %90.08’ lik bir azalmanin

oldugunu, tohum ¢imlenmesinin ise 125 pg/mL’
konsantrasyondan etkilenmedigini fakat 250 pg/mL™" lik
konsantrasyonun %34.33, 500 ng/mL " lik
konsantrasyonun ~ %43.33  ve 1000  pg/mL " lik

konsantrasyonun ise %56.67 oraninda engelledigini
bildirmislerdir (45). PbCl,” nin farkli konsantrasyonlartyla
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 5.5, 6.0, 6.5, 7.0,
7.5 ve 8.0 mM) muamele edilen Triticum aestivum L. ve
Cucumis sativus L. cv. tohumlarinin ¢imlenmelerinde,
kok, koleoptil ve hipokotil biiylimelerinde konsantrasyon
artigina bagl olarak belirgin bir azalmanin oldugu rapor
edilmistir  (46). Kursunun bitkilerin ~ meristematik
hiicrelerdeki  mitoz  bolinme  frekansin1  azaltip,
kromozomal anormalliklere neden oldugu bilinmektedir
(14, 47, 48, 49, 50). Pb(NO3)’m  farkh
konsantrasyonlarmin (102 M~ 107 M) Zea mays ve
Allium cepa’da kok uzamasini engelledigi, mitotik indeksi
ve normal bdliinen hiicre sayisim azalttifi, c-mitoz’a,
kromatitlerde koprii’ye ve kromozomlarda yapismalara
neden oldugu (14,51), ayrica Pb™”un 10° M ve 10° M
gibi yiliksek konsantrasyonlarinda Zmays kok ucu
hiicrelerindeki ¢ekirdek muhtevasinin sitoplazma igerisine
dagildig1 rapor edilmistir (14).

Bu caligmadan elde edilen bulgular mercimek
bitkisinde, kursun stresine kok bilylimesinin ¢imlenmeye
gore daha duyarli oldugunu gostermektedir. Mercimegin
kursun kirliligine toleransli bir bitki olmadigmi ortaya
koymaktadir. Calisilmig diger bitki tiirlerinde oldugu gibi
kursunun 6nemli bir tarim bitkisi olan mercimekte de
tohum ¢imlenmesi ve kok biiyiimesini engelledigi, mitotik
indeksi azalttig1 ve c¢esitli mitotik anormalliklere sebep
oldugu goriilmektedir.
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