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Abstract
Callus initiated from internodes of Iraqi Cynodon dactylon.L were used as a source for explants. Internodes were sterilized
under aseptic conditions and cultured in media MS supplemented with different combinations of 2, 4-D at concentrations of
(0, 1.0, 2.0, 3.0, 4.0 mg/l) and Kinetin (0, 0.5, 0.75 , 1.0 mg/l). The maximum % of callus induction occurred when 2 mg/l of 2, 4-
D was interacted with 1.0 mg/l of Kin achieving 93.33%. The interaction between hormones treatments showed that the
highest callus fresh weight was recorded at 2 mg/l 2, 4- D and 0.5 mg/l kin reached 673.00 mg. While callus fresh weight
decreased and reached 316.13 at 3 mg/l 2, 4-D and 1.5 mg/l kin when both 2, 4-D and kin concentrations were increased. For
screening and selection for heavy metal tolerance, Pb, Cd and Ni were used at different concentrations (75,100,150 ppm), (100,
150, 200 ppm) and (600, 800, 1000 ppm) respectively. The results revealed that, the interaction between Pb concentration, Pb
uptake and fresh weight were negative that mean when the lead concentration increase the fresh weight is decrease, while the
Pb uptake is increase. Regarding to the effect of Nickel on callus relative fresh weight (RFW), Results displayed highest value
of relative fresh weight was recorded at 600 ppm Ni concentration, reached (573 mg/Fw), then FW values were decreased with
increasing Nickel concentrations and reached (482 and 320 mg/Fw) at the concentration (800 and 1000 ppm) respectively.
Concerning to the effect of Cadmium Calli RFW values were very low at the high Cd concentration Cd (200 ppm) reached
(352mg/FW), while RFW at (100 ppm) was high, reached (809mg/FW).
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Introduction
Soils normally contain low levels of heavy metals.

Excessive levels can be hazardous to man, animals and
plants. The term heavy metal, however, is often broadly
applied to include other potentially hazardous elements.
The most important heavy metals involved in soil
contamination are arsenic (As), cadmium (Cd), chromium
(Cr), nickel (Ni), and selenium (Se) (Tucker et al., 2005).
Phytoremediation is one of the promising methods for
reclamation of soils contaminated with toxic metals by
using hyper accumulator plants (Ghosh and Singh, 2005;
Lazaro et al., 2006). More than 400 plant species
belonging to 45 plant families have been identified and
reported from temperate to tropical regions with the ability
to tolerate and hyper accumulate trace elements (Baker
and Brooks, 1989). Plant tissue culture and molecular
genetics have opened new avenues in plant improvement.
Screening and selection at the plant cell level has

established plant clones with increased tolerance or
resistance in plants to various environmental stresses like
salt, heat, cold, drought, disease, insects, heavy metals
and herbicides (Tal, 1983). Cell lines tolerant to elevated
levels of salt in the medium have been selected in Brassica
juncea (Jain., 1991). Cell lines resistant to elevated
concentrations of aluminum have been selected in
Nicotiana plumbaginifolia (Meredith., 1988). The
Cynodon genus comprises of nine species and 10 varieties
and contains grasses of economic importance for livestock
herbage, turf and soil stabilization (Assefa et al., 1999).
Cynodon dactylon (L.) Pers. is the most conspicuous
and successful member of the genus and is ubiquitous
through the tropics and subtropics (Harlan and de Wet,
1969; Assefa et al., 1999). Recent studies have shown
that Cynodon dactylon has the ability to pull heavy metals
from the soil and reclamation it (Madejó et al.,2010;
Soleimani et al.,2009).The aim of this study was to
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evaluated the effect of heavy metals on some growth
parameters in Cynodon dactylon plant cultivated In Vitro.

Materials and Methods
The work was carried out in the plant tissue culture

Lab., Institute of Genetic engineering and Biotechnology.,
Baghdad University, during the period 15/11/2017 -
15\1\2019.
Plant materials

Cynodon dactylon plantlets were obtained from the
gardens of Institute of Genetic engineering and
Biotechnology, Baghdad University, Iraq.
Sterilization of explants and media preparation

Iraqi C. dactylons Stolons containing a node with
axillary buds and 10mm of the internodes above and below
the node, (about 1.0 cm in length) were used as a source
for explants, sterilized with 1 % (v/v) sodium hypochlorite
containing a few drops of Tween 20, followed by washing
with sterilized distilled water (D. D. Water) three times.
All the steps of sterilization were carried out under aseptic
conditions using laminar Air flow cabinet. Explants were
transferred into sterilized Petri dishes having sterile filter
papers to remove excess of water. Murashige and Skoog
(MS) basal salts medium (Murashige and Skoog, 1962)
fortified with Inositol, Glycine, Pyrodoxine- HCl, Nicotinc
acid, Thiamine- HCl and sucrose at concentration of 100,
2,0.5, 0.5, 0.1,3000 mg/l respectively and growth
regulators at different concentrations.
Callus induction

The surface sterilized explants were cut into small
segments, about 1cm, and Planting into callus induction
medium, supplemented with different combinations of
various concentrations of 2, 4-D (0, 1.0, 2.0, 3.0, 4.0 mg/
l) and Kinetin (0, 0.5, 0.75 , 1.0 mg/l). Cultures were
incubated at 25 C in the dark. After six weeks of
incubation, callus induction frequency (%) was calculated
using the following formula. Callus induction frequency
(%) = No. of explants produced callus/total No. of
cultured explants × 100.
Maintenance of callus cultures

Small pieces of calli weighting 200 mg each were
transferred into MS medium supplemented with (1.0, 2.0,
3.0 mg/l) 2, 4-D and combined with (0.0, 0.5, 1.0, 1.5)
mg/l Kin. Vigorous growing portions of calli were
transferred while necrotic or brown calli were discarded
before subculture on a fresh medium. Callus fresh weight
was measured after six weeks of subculture under aseptic
conditions.
Screening and selection for heavy metal tolerance

Stock solutions (1000 ppm) of the metals Pb, Cd, Ni
were used to prepare different concentrations of these
metals as follows (75,100,150 ppm), (100, 150, 200 ppm)
and (600, 800, 1000 ppm) respectively, then add to the
maintenance medium (MS supplemented with 2mg/l 2,4-
D and 1.0 mg/l kin. Fresh weights were calculated after
six weeks and the selected concentration of the heavy
metals were determined. Relative fresh weight of the
embryogenic calli was calculated at different stress levels
according to the following formula (Daud et al., 2014).
Statistical Analysis

All experiments were performed in Completely
Randomized Design (C.R.D) and each treatment was
replicated trice time. Analysis of variance were compared
using GenStat software (12ed ).Means were compared at
Least Significant Differences (L.S.D) at F Probability
0.05.

Results and Discussion
Callus induction

Effect of 2,4-D and Kin on callus induction
An experiment was carried out to induce callus on

nodal segment explants. After two weeks of culturing on
MS medium, callus induction was observed at the nodal
then covering the entire explants surface after four
weeks. The resulted callus appeared watery texture. The
percentage of callus induction was also assessed (table1).
Addition of Kin increased the % of callus induction at
the concentration 1.0 and 0.75 mg/l significantly recording
48.67 and 45.33% compared with 0.0 mg/l Kin (20%).
However, All 2,4-D concentrations (1, 2, 3 mg/l) led to a
significant increase in the % of callus induction which
gave 40.83, 70 and 43.33 % while the control treatment
(0.0 mg/l) recorded 16.67 %, and the high concentration
of 2,4-D (4 mg/l) led to reduce in the % of callus induction
which gave 17.5 %. The maximum % of callus induction
occurred when 2 mg/l of 2, 4-D was interacted with 1.0
mg/l of Kin achieving 93.33%. Our results are agree with
Ramgareeb (2004) who referred to the importance of 2,
4-D for callus induction in C. dactylon and showed that
a further increase in 2, 4-D concentration resulted in
decreased callus proliferation. Also our results are agree
with Rashid et al. (2009), who stated that the addition of
2 mg/L of 2, 4-D was the most effective for callus
induction where 97.18% callus induction was recorded
in Triticum aestivum cv. tatara. Furthermore, The
maximum % of callus induction occurred when 2 mg/l of
2, 4-D was interacted with 0.75 mg/l of Kin achieving
93.33%. Similar results were found by Bano et al., (2005)
who reported that good callus of rice (Oryza sativa cv.
Swat-II) resulted on MS medium supplemented with 2,4-
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D and kin. Parco (2007) reported that maximum % of
callus induction in C. dactylon (Brazos cultivar) was
achieved with 3 mg/L 2, 4-D, 1 mg/l Kin and 3mg/l ABA
which yielded compact yellowish callus.
Maintenance of callus cultures

For maintenance, increasing and improving callus
Quantity, calli obtained from induction stage were

Table 1: Effect of 2,4-D and Kin and their interaction on the %
callus induction, after inoculating explants on MS
medium for six weeks.

2,4 D Kin (mg/l) Mean
(mg/l)

0.0 0.5 0.75 1.0
0.0 0 23.33 16.67 26.67 16.67
1 26.67 36.67 46.67 53.33 40.83
2 33.33 73.33 80 93.33 70
3 23.33 36.67 60 53.33 43.33
4 16.67 13.33 23.33 16.67 17.5

Mean 20 36.67 45.33 48.67
 LSD: 2,4-D= 6.026 Kin= 5.390 , 2,4-D*Kin= 12.051 (P<0.05)

transferred to other MS medium supplemented with
different concentrations of plant growth regulators (Table
2). Mean of callus fresh weight recorded 234.47 mg at
0.0 mg/l kin and 507.86 at 0.5 mg/l then reduced at 1 mg/
l and 1.5 mg/l 438.73 and 408.93 mg respectively.

Highest callus fresh weight at 2 mg/l 2, 4-D reached
494.53 mg compared to concentrations 1 mg/l and 3 mg/
l recorded 390.45 and 307.51 mg respectively. The
interaction between hormones treatments showed that
the highest callus fresh weight was recorded at 2 mg/l 2,
4- D and 0.5 mg/l kin reached 673.00 mg. While callus
fresh weight decreased and reached 316.13 at 3 mg/l 2,
4-D and 1.5 mg/l kin when both 2,4-D and kin
concentrations were increased.
Effect of Lead, Cadmium, Nickel on callus relative
fresh weight (RFW)

It’s clear from Fig. (1), there is an increase in
accumulations of lead in callus of C. dactylon reached
60% (150 ppm) as a compared with (75 ppm) in all three
replicates, the figure also show a decrease in fresh weight
with increase lead media concentration (75, 100 and 150
ppm) reached (796, 605 and 426 mg/Fw) respectively.
Also the interaction between Pb concentration , Pb uptake
and fresh weight were negative that mean when the lead
concentration increase the fresh weight is decrease, while
the Pb uptake is increase. The results are in line with
Taghizadeh (2015) who reported that 100 mg/L of Pb
treatment gave acceptable growth for the callus of C.
dactylon. Krishania and Agarwal (2012). show that lead

Table 2: Effect of 2,4-D and kinetin and their interaction on
mean callus fresh weight (mg) after inoculating callus
pieces on solid MS medium for 6 weeks. Initial weight
was 200mg.

2,4 D Kin (mg/l) Mean
(mg/l)

0 0.5 1 1.5
1 234.47 493.57 449.33 384.43 390.45
2 234.47 673.00 544.43 526.23 494.53
3 234.47 357.00 322.43 316.13 307.51

Mean 234.47 507.86 438.73 408.93 ........
 LSD: 2,4-D= 35.944, Kin= 41.505 , 2,4-D*Kin= 71.889 (P<0.05)

concentration above 100 m were toxic for callus induction
in Eleusine coracana. While Nawrot (2017) reported
that lead at concentration (20 mg/L) has the most toxic
effects on the tissue of Abies nordmanniana.

Also the results are in line with Taghizadeh (2015).
Who reported that 100 mg/L of Pb treatment gave
acceptable growth for the callus of C. dactylon and
Krishania and Agarwal (2012) who Showed that lead

Fig. 1: The interaction between lead concentration , Pb uptake
and callus fresh weight under Pb stress after four
weeks.

concentration above 100 m were toxic for callus induction
in Eleusine coracana. Pb deposits occupy a significant
part of vacuoles and, in extreme cases, fill it almost
entirely. Lead causes disturbances in cellular metabolism,
which is manifested in the form of intensive vacuolization

Concentric endoplasmic reticulum, lobed nucleus and
numerous multivesicular bodies present in the cell (Wozny
and Przybyl, 2004).

Concerning to the effect of Cadmium on callus
relative fresh weight (RFW) in the current study, Calli
RFW values were very low at the high Cd concentration
Cd (200 ppm) reached (352mg/FW), while RFW at Cd
concentration of (100 ppm) was high, reached (809mg/
FW). As shown in fig. 2, increasing cadmium



concentration resulted in decreasing relative fresh weight.
Moreover, data analysis showed that there are significant
differences in callus fresh weight. The interaction
between three properties (fresh weight, Cd concentration,
Cd uptake) were negative that mean when the Cadmium
concentration is an increase the fresh weight is decrease,
while the Cd uptake is increase.

Results is in line with Israr et al., (2006) who reported
that callus grew well up at (50 M) Cd concentration
while the growth was significantly inhibited at a

Fig. 2: The interaction between Cadmium concentration, Cd
uptake and callus fresh weight under Cd stress after
four weeks.

concentration of (100M) Cd. While Fornazier et al.
(2002) reported that low concentration of CdCl2 (0.1
mM) caused a significant increase in callus growth,
whereas concentrations (0.5 and 1.0 mM) inhibited
growth of callus culture in Saccharum officinarum callus
cultures. Moreover, Namjooyan et al. (2012) showed that
the growth of calli was comparable to that of the control
at lower concentrations of Cd (25 and 50 M Cd), while
the higher concentrations (75 and 100 M Cd) reduced
callus growth in Carthamus tinctorius. However,
Shekhawat et al., (2010) showed a reduction in the fresh
growth with the increasing concentration of Cd in calli of
Brassica. Similar results were reported by Sobkowiak
and Deckert (2003) in soybean (Glycine max) cultures.
The increasing in callus fresh weight at low cadmium
concentrations could be explained by competition between
Zn or Fe and Cd for the same cellular binding sites since
there is similarity in structural, geochemical, and
environmental properties and can functionally substitute
for Zn in plant cells. High concentrations of Cd result in
toxicity represented by various functional-based alterations
in plants such as growth retardation, changes in root
morphology, root and leaf anatomy, and damages to cell

structures as well as disturbance in water balance, mineral
nutrition, photosynthesis, and plant development (Prasad,
1995).

Regarding to the effect of Nickel on callus relative
fresh weight (RFW), Results displayed in figures 2 and
3.8 indicate that the highest value of relative fresh weight
was recorded at 600 ppm Ni concentration, reached (573
mg/Fw), then FW values were decreased with increasing
Nickel concentrations and reached (482 and 320 mg/Fw)
at the concentration (800 and 1000 ppm) respectively
with increasing in Ni uptake. The interaction between
three properties (fresh weight, Nickel concentration, Ni
uptake) were negative that mean when the Ni
concentration is an increase the fresh weight is decrease,
while the Nickel uptake is increase. That was similar of
Pb and Cd behavior in C. dactylon plant tissue. Rout et
al., (1998) reported that callus fresh weight was increase
at the lower concentrations of Ni (0.1301-5 mg.dm-3),
but the few callus was grew on at higher concentrations
of nickel (2.0-2.5 mg.dm-3) and other calli did not exhibit
any growth. Krishania and Agarwal (2012). Show that
Ni concentration above 100 m were toxic for callus
induction in Eleusine coracana . Seregin and
Kozhevnikowa (2006). reported that low Ni
concentrations have promotional effect on plant growth
and development. High concentrations of Ni may
contribute to the deficiency of nutrients or the divalent
cations that can compete with Ni. Nickel stress has been
shown to cause a substantial decrease in all macro- and
micronutrients. higher Ni levels decreased the
concentrations of Ca, Mn, and Fe in achenes and N, K,
Zn, Mn, and Cu decreased consistently with increasing
level of Ni (Ahmad et al., 2011).

Conclusions
In general, the results in our research show first steps

 1000 600 

Fig. 3: The interaction between Nickel concentration, Ni uptake
and callus fresh weight under Ni stress after four weeks.
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for micropropagation of Cynodon grass and there adopted
for heavy metals stresses. Recently, Phytoremedators
are new strategy for arid and semiarid area are needed
and therefore, further studies for plant regenerations from
stressed callus of Cynodon dactylon grasses and
improving soils problems by field performance for
phytoremediation.

References
Ahmad, M.S., M. Ashraf and M. Hussain (2011). Phytotoxic

effects of nickel on yield and concentration of macro- and
micro-nutrients in sunflower (Helianthus annuus L.)
achenes. J. Hazard Mater., 185: 1295-1303.

Al.Abdullah, H., E.S. Abdel Gaffer and M.K. Mutasim (2012).
Establishment of an efficient callus induction and plant
regeneration system in some wheat (Triticum aestivum L.)
cultivars grown in sudan. African Journal of
Biotechnology, 11(16): 3793-3799.

ALmayahi, A.M. (2014). Effect of copper sulfate and cobalt
chloride on growth of the In Vitro culture tissue for data
palm (Phoenix Dactylifera L.) CV. Ashgar. American
Journal of Agricultural and Biological Sciences, 9(1): 6-
18.

Assefa, S., C.M. Taliaferro, M.P. Anderson, B.G. Reyes and
R.M. Edwards (1999). Diversity among Cynodon
accessions and taxa based on DNA amplification
fingerprinting. Genome, 42: 465-474.

Baker, A.J.M. and R.R. Brooks (1989). Terrestrial higher plants
which hyperaccumulate metallic. J. of Integ. Plant Biol.,
47: 1025-1035.

Bano, S., M. Jabeen, F. Rahim and I. Ilahi (2005). Callus induction
and regeneration in seed explants of rice (Oryza sativa cv.
Swat-II). Pak. J. Bot., 37(3): 829-836.

Bansode, R.P., V.S. Kothekar and N.B. Pandhure (2013). Callus
Induction from Various Explants of Dolichandrone falcate.
A Rare Med. Plant Sci. Sec. J. of Biotech., 2(1): 10-15.

Barras, F. and M. Fontecave (2011). Cobalt stress in Escherichia
coliand Salmonella enterica: molecular bases for toxicity
and resistance. Metallomics, 3: 1130-1134.

Daud, M.K., M. Lei,  N. Ullah,  A.K. Muhammad,  D. Farah, R.
Irum,  B. Aliya and S. Zhu (2014). In Vitro cadmium-induced
alterations in growth and oxidative metabolism of upland
cotton (Gossypium hirsutum L.). Scientific World Journal,
Volume 2014, Article ID 309409.

Fornazier, R.F., R.R. Ferreira and G.J.G. Pereira (2002). Cadmium
stress in sugar cane callus cultures: effect on antioxidant
enzymes, Plant Cell. Tiss. and Org. Cult., 71(2): 125-131.

Ghosh, M. and S.P. Singh (2005). A review on phytoremediation
of heavy metals and utilization of its byproduct. Appl.
Eco. and Environ. Res., 3:1-18.

Harlan, I.R. and I.M.J. De Wet (1969). Sources of variation in
Cynodon dactylon (L). Pers.Crop Science, 9: 774-778.

Ibrahim, K.M. and A.Y. Shaimaa (2009). In vivo and In Vitro
studies on heavy metal tolerance in Sesbania grandiflora
L. Biotechnology Research Center, 3(2).

Illahi, I., S. Bano, M. Jabeen and F. Rahim (2005).
Micropropagation of rice (oryza sativa L. CV SWAT II)
through somatic embryogenesis. Pak. J. Bot., 37(2):237-
242.

Israr, M., S.V. Sahi and J. Jain (2006). Cadmium accumulation
and antioxidative responses in the Sesbania drummondii
callus. Archives of Environmental Contamination and
Toxicology, 50:121-127.

Jain, S., H.S. Nainawatee, R.K. Jain and J.B. Chowdhury (1991).
Proline status of genetically stable salt-tolerant Brassica
juncea L. somaclones and their parent Prakash. Plant Cell
Rep., 9: 684 687.

Krishania, S. and A. Kalpana (2012). Effects of heavy metals on
Eleusine coracana (L.) Gaertn. Research in plant Biology,
2(4): 43-54.

Lazaro, D.J., P.S. Kiddb, C.M. Marty and T. neza (2006). A
phytogeochemical study of the Tra´s-os Montes region
(NE Portugal): possible species for plant-based soil
remediation technologies. Sci. of the Total Environ., 354:
265-277.

Maksymiec (2007). Signaling responses in plants to heavy metal
stress. Acta. Physiol. Plant, 29:177-187.

Meredith, C.P., A.J. Conner and T.M. Schettini (1988). The use
of cell selection to obtain novel plant genotypes resistant
to mineral stresses. Iowa St. J. of Res., 62: 523-535.

Morrissey, J., I.R. Baxter, J. Lee, L. Li, B. Lahner, N. Grotz, J.
Kaplan, D.E. Salt and M.L. Guerinot (2009). The ferroportin
metal efflux proteins function in iron and
cobalthomeostasis in Arabidopsis. Plant Cell, 21: 3326-
3338.

Namjooyan, S., K. Ramezanali, B. Franceous, N. Shahrokh and
P. Hamed (2012). The effect of cadmium on growth and
antioxidant responses in the safflower (Carthamus
tinctorius L.) callus.Tubitak, 36:145-152.

Nawrot, A. (2017). Response of the callus cells of fir Abies
nordmanniana to In Vitro heavy metal stress. Folia
Forestalia Polonica, 59(1): 25-33.

Palit, S., A. Sharma and G. Talukder (1994). Effects of cobalt on
plants. Botanical Rev., 60: 149-181.

Parco, A.S. (2007). Bermudagrass tissue culture and genetic
transformation through Agrobacterium and particle
bombardment methods. Ph.D. thesis, College of the
Oklahoma state.

Prasad, M.N. (1995). Cadmium toxicity and tolerance in vascular
plants. Environ. and Experim. Bot., 35(4): 525-545.

Ramgareeb, S.(2004). Investigations into aluminium toxicity and
resistance in Cynodon dactylon using In Vitro techniques.
Ph.D. thesis, School of Life and Environmental Sciences,
Univ. of KwaZulu, Natal, Durban.

Rashid, U., A. Shaukat, M.A. Ghulam, A. Najma and M.M.

Heavy metals on some growth parameters in Callus of Iraqi Cynodon dactylon L. plant cultivated In Vitro 3815



Shahid (2009). Establishment of an efficient callus induction
and plant regeneration system in Pakistani wheat (Triticum
aestivum) cultivars. Electro. J. of Biotechnol., 12(3):1.

Rout, G.R., S. Sanghamitra and D. Premananda (1998). In Vitro
selection and characterization of Ni-tolerant callus lines
of (Setaria italica L.). Acta Physiologiae Plantarum,
20(3): 269-275.

Seregin, I.V. and A.D. Kozhevnikowa (2006). Physiological role
of nickel and its toxic effects on higher plants. Russ. J.
Plant Physiol., 53: 257-277.

Shah, A.H., S.H. Shah, H. Ahmad and Z.H. Swat (2003). In Vitro
callus induction, its proliferation and regeneration in seed
explants of wheat (Triticum aestivum L.) var. Lu-26s. pak.
J. Bot., 35(2): 209-217.

Shekhawat, G.S., K. Verma, S. Jana, K. Singh, P. Teotia and A.
Prasad (2010). In Vitro biochemical evaluation of cadmium
tolerance mechanism in callus and seedlings of Brassica
juncea. Prot., 239(1-4): 31-38.

Skoog, F. and C.O. Miller (1957). Chemical regulation of growth
and organ formation in plant tissues cultured In Vitro.
Symp. Soc. Exp. Biol., 11:118-131.

Sobkowiak, R. and J. Deckert (2003). Cadmium-induced changes
in growth and cell cycle gene expression in suspension-
culture cells of soybean. Plant Physiol. and Biochem.,
41(8): 767-772.

Soleimani, M., M.A. Hajabbasi, M. Afyuni, A.H. Charkhabi
and H. Shariatmadari (2009). Bioaccumulation of nickel
and lead by Bermuda grass (Cynodon dactylon) and Tall
Fescue (Festuca arundinacea) from two contaminated soils.
Caspian Journal of Environment Science, 7: 59-70.

Taghizadeh, M., M. Kafi and M.R. Fattahi (2015). Breeding by
In Vitro culture to improve tolerance and accumulation of
lead in Cynodon dactilon L. J. Agr. Sci. Tech., 17: 1851-
1860.

Taiz, L. and E. Zeiger (1998). Plant Physiology. 2nd Edition.
Massachusetts: Sinauer Assotiates, Inc. 792.

Tal, M. (1983). Selection for stress tolerance. In handbook of
Plant Cell Culture: Techniques for Propagation and
breeding, vol.1. Evans, D.A.; sharp, W.R.; Ammirato, P.V.
and Yamada, Y. (eds.). Macmillan Publishing Company,
New York,461-488.

Truta, E., M.Z. Magdalena, C. Rosu1, Z. Olteanu, C. Mihai and
D. Gherghel (2011). Cytogenetic effect induced by 2,4-D
and kinetin in radish and common bean root meristems.
Rom. Agric. Res., 28: 207-215.

Tucker, M.R., D.H. Hardy and C.E. Stokes (2005). Heavy metals
in North Carolina soils: occurrence and significance.
Raleigh (NC): North Carolina Department of Agriculture
and Consumer Services, Agronomic Division. 2.

WoŸny, A. and K. Przyby³ (2004). Komórki roœlinne warunkach
stresu. Tom II. Komórki In Vitro(Plant cells under stress
conditions. Volume II. Cells). Adam Mickiewicz University,
72–91.

WoŸny, A. and K. Przyby³ (2004). Komórki roœlinne w
warunkach stresu. Tom II. Komórki In Vitro. Adam
Mickiewicz University, 72-91.

Yasmin, S., A.K. Imtiaz, K. Abdullah, S. Nighat, S.N. Ghulam
and A.A. Mohammad (2009). In Vitro plant regeneration
in bread wheat (Triticum Aestivum L.). Pak. J. Bot., 41(6):
2869-2876.

3816 Ahmed N. Abdulhameed and Ali A. AlSalihi


