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Abstract: In this study, the use of Rosmarinus officinalis was investigated to clear soil contaminated with Cd.
The soil sample for pot experiment is taken from the old municipal waste storage in Mardin. The pot experiment
conducted in the greenhouse. Increasing dose of Cd (0-5-10-20 mg kg™! as 3CdSO4.7H,0 form) and 0.005 mM
citric acid applied to the soil and all pots were incubated for 30 days. The fertilizer (200 mg N kg!) applied
before seedling and then plant seedlings transferred to the pots. The plants were grown for 45 days in the
greenhouse. After harvest Cd, N, P, K, Mn, Fe, Cu, and Zn concentrations of plant samples were determined in
ICP-MS. The highest Cd content (8.31 pg plant™') was obtained in 20 mg Cd kg™ treatments. The result of the
experiment was shown that the Rosmarinus officinalis was not suitable for pyhtoextraction of Cd-contaminated
soils.
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Biberiye (Rosmarinus Officinalis) Bitkisinin Fitoremediasyon Amach Kullanim Potansiyeli

Ozet: Bu ¢alismada, Cd ile kontamine olmus topragi temizlemek igin Rosmarinus officinalis bitkisinin kullanim
potansiyeli aragtirtlmistir. Toprak deneyi i¢in toprak drnegi Mardin'deki eski belediye atik depolama alanindan
almmustir. Denemeler serada saksida kontrollii kosullarda yapilmistir. Artan dozlarda Cd (0-5-10-20 mg kg™! Cd,
3CdS04.7H>0 formunda) ve 0.005 mM sitrik asit uygulanan tiim saksilar 30 giin boyunca inkiibe edilmistir.
Cimlenmeden 6nce giibre (200 mg N kg™!') uygulanmis ve daha sonra fideler saksilara aktarilmustir. Bitkiler,
serada 45 gilin boyunca yetistirilmistir. Hasattan sonra bitki 6rneklerinin Cd, N, P, K, Mn, Fe, Cu ve Zn
konsantrasyonlar: ICP-MS'de belirlenmistir. En yiiksek Cd igerigi (8.31 pg bitki™!) sitrik asitli ortamda 20 mg
Cd kg! uygulamalarindan elde edilmistir. Denenenin sonucu, Rosmarinus officinalis bitkisinin Cd ile kirlenmis
topraklarin fitoekstraksiyonu i¢in uygun olmadigini géstermistir.

Anahtar kelimeler: Rosmarinus officinalis, fitoremediasyon, kadmiyum, kirlenmis toprak, dekontaminasyon
Introduction

Heavy metals, especially cadmium, are widely being considered as responsible for soil pollution, soil infertility
and decreased crop production. Due to high cost of traditional engineering methods (Glass 2000), in order to
remediate the soils that are already being polluted by heavy metals, recent studies are offering new methods such
as phytoremediation (Shi and Cai 2009), that are more friendly to the environment and less costly. The
phytoremediation terminology was firstly introduced in 1991 (Etim 2012) and can be defined as the usage of
plants to remove toxic metal ions from the soil as a biological cleaning method and it is reliable, environmentally
friendly and a long-term technology to clean contaminated soils (Blaylock 2000). In our country, studies on
removal of organic and inorganic pollutants from the soil are very limited. Compared to other already developed
countries, our country is still having a lot to achieve in order to prevent soil pollution. On the other hand, there
are only few studies reporting the pollution level of the soil. It takes a lot of investment and time to get rid of the
polluters from soil, which is the biggest limitation of such works (Cift¢i 2016). Soil pollution can occur by
various factors originated from both nature or human influence. Domestic, industrial and agricultural activities
are the most soil polluting factors (Tiirkoglu 2006). Aim of this study is to determine the ability of rosemary
plant to accumulate cadmium (Cd) using flowerpots in order to be able to use the soil after refining from
contaminants as well as assessing the growth and phytoremediation potential of the rosemary plant while it is
absorbing the Cd within the contaminated soil.



Kilig et al., 2018, YYU TAR BIL DERG (YYU J AGR SCI) 28 (6zel say1): 1-6

Material and Methods
Materials

Rosemary (Rosmarinus officinalis) plant was used as plant material in the study. As a Needle-tipped, small-
leafed plant that belongs to Lamiaceae family. The aromatic plant, which is about 1-2 m in length, has a strong
aroma such as Camphor or Eucalyptus odour, which does not foliage its leaves in winter (Coban and Patir 2010).
The rosemary plant used in the research was rooted for 3 months with the steel picking method and then the pot
planting was done. The rosemaries used in the experiment were prepared in the greenhouse of Mardin
Metropolitan Municipality Nursery and Green Areas Branch Directorate. The soil material for the pot experiment
was taken from the old wild garbage landfill located in the Artuklu county, Mardin province, at a depth of 0-30
cm as reported by Jackson (1967). Test soil taken from a depth of 0-30 cm was passed through a 4 mm sieve
after being dried and filled with a pot. The physical and chemical properties of the experimental soil taken from
the solid waste landfill are given in Table 1.

Table 1. Some physical and chemical properties of test soil

Soil Properties Value References

Structure Loam (Bouyoucos, 1951)

pH 7.60 (Kacar, 1995)

Salt (%) 0.025 (Soil Survey Staff, 1951)
CaCOs (%) 33.1 (Loeppert and Suarez, 1996)
Organic substance (%) 1.94 (Kacar, 1995)

Organic Carbon (%) 1.13 (Kacar, 1995)

Total N (%) 0.10 (Bremner, 1965)

Auvailable P (mg kg™! P,Os) 4.12 (Olsen, 1954)

Available K (mg kg! K,0) 30.9 (Sommers and Lindsay, 1979)
Extractable Cd with DTPA (mg kg™) 3.02 (Sommers and Lindsay, 1979)
Extractable Fe with DTPA (mg kg™!) 34.7 (Sommers and Lindsay, 1979)
Extractable Cu with DTPA (mg kg™) 33.1 (Sommers and Lindsay, 1979)
Extractable Mn with DTPA (mg kg™") 17.7 (Sommers and Lindsay, 1979)
Extractable Zn with DTPA (mg kg™!) 97.1 (Sommers and Lindsay, 1979)

The Cd dose to be applied at the trial was determined by considering the averages and upper limits reported by
(Lindsay 1979). In order to obtain a homogeneous distribution in the soil, 0.005 mM citric acid (CcHsO7) was
given in the form of Cd (0-5-10-20 mg kg™') 3CdS04.7H,0 at increasing doses prior to planting. Planting was
successfully carried out covering the 60-65% of the soil capacity and they were left to be incubated under
controlled conditions for a month.

Amount of the chlorophyll was determined according to the method reported by Wellburn (1994). 0.5¢g of fresh
leaf was homogenized with 80% acetone and then centrifuged at 4°C and 10.000 rpm for ten minutes. After that,
chlorophyll-a, chlorophyll-b and total carotenoid levels were determined using a spectrophotometer by the
wavelengths of 663.2 nm, 646.8 nm and 470 nm respectively.

As a result of the experiment, the plants that are being already grown for 45 days were harvested about 1 cm
from the soil surface and the green parts (leaf and stem) were selected and washed with pure water, dried until
reaching a constant weight at 65°C in the drying cabinet. The plant's dry weights were noted and then plants
were milled in a grinding mill for plant analysis. Test results were evaluated as whole plant.

The total element concentrations (Cd, P, K, Fe, Mn, Cu and Zn) which will be evaluated after were determined
by ICP-MS by dissolving the seeded plant samples in microwave (MarsXpress CEM) using nitric acid (HNO3).

Data obtained as a result of the experiment were grouped by using Duncan test according to Bek (1986) using
SPSS 22.0 statistical analysis program.

Results

It is observed that cadmium applications are statistically insignificant (p<0.01) in terms of dry weight of plants,
chlorophyll-a, chlorophyll-b and carotenoid amounts are not statistically significant (N.I.).



Table 2. The effect of different Cd applications on citric acid and citric acid-free environments on the mass of
Rosmarinus officinalis (g), dry mass (g), chlorophyll-a (ug g'!), chlorophyll-b (ug g!) and carotenoid (ug g™).

Dose  Dry Mass Chlorophyll-a Chlorophyll-b Carotenoid
Cdo 1.63a 257 a 150a 240D
.. . Cds 1.54 ba 24.8 a 13.2a -1.53 ba
() Citrie Acid 4 1 51¢h 2564 124a -1.26 ba
Cdyo 1.44 dc 262 a 10.6 a -0.77 ba
Cdo 1.41 ed 273 a 13.5a -1.58 ba
. . Cds 1.36 ed 25.8a 10.5a -0.80 ba
() Citric Acid g 133% 272a 10.6 2 -0.73 ba
Cdyo 1.25f 26.8 a 7.11 a 0.10 a
F 19.3%* 1.54 NI 1.43NL 1.59NL

(**): p<0.01 statistically significant within error bounds
(N.L): not statistically significant

The dry masses of citric acid with different doses of Cd were between 1.25-1.63 g plant! and the highest amount
with 1.63 g plant™! were observed in the group of Cdo, which is a citric acid-free application, and the dry masses
exhibited a decrease with respect to the Cd doses as compared to the control group (Table 2). Kalinbacak et al.
(2012) found that the plants cultivated in the pots with addition of 0, 5, 15, 30 and 45 mg Cd kg™! to soil were
negatively affected by Cd toxicity and decreased dry mass in wheat as Cd amount increased. Daghan et al. (2012)
reported that when transgenic tobacco plants were used to treat soil contaminated with Cd (0, 0.2, 0.4, 0.6, and
1.6 mg Cd kg'!) with phytoextraction, growing and dry mass of plant will be reduced with increased dose of Cd.

It was determined that the highest value (27.3) on the application of citric acid with various cadmium doses
varied between 24.8-27.3 for chlorophyll-a in the Cdy group with citric acid application and the highest value
(15.0) with various cadmium doses varied between 7.11-15.0 for chlorophyll-b in the Cdy group with citric acid-
free application (Table 2).

Eren and Mert (2017) reported that chlorophyll amounts in the leaves of Inula helenium, Physalis angulata and
Verbascum thapsus plants were reduced compared to control plants in the soil which Cd had been applied at
increasing doses (0-5-10-20 and 40 mg Cd kg™"). Amirjani (2012) reported that wheat was adversely affected in
general and decreased the amount of chlorophyll (chlorophyll-a, b and a + b) in studies of increased Cd doses on
wheat plant effects. Zengin and Kirbag (2007) reported that decreasing the chlorophyll-a, chlorophyll-b, total
pigment I and IT amounts of Cd (0, 0.05, 0.06 and 0.08 mM Cd) applied bean seedling compared to the control
groups with investigating the effects of Cd, Cu, Hg and Pb on the pigment amounts of bean seedling.

It is stated by Zengin and Munzuroglu (2005) that heavy metals led to the formation of free radicals, leading to
the oxidative destruction of lipids of the tilacoid membrane, thereby increasing the degradation of chlorophyll
and inhibiting its synthesis. It was also found that cadmium applications were important at the level of p<0.01 in
terms of N%, P% and K% in Rosmarinus officinalis plant (Table 3).

Table 3. Effects of N%, P% and K% on rosemary plants with different Cd applications in citric acid and citric
acid-free environments.

Dose % N % P % K
Cdo 221a 0.19¢ 4.02d
.. Cds 2192 0.25 ed 6.80 ¢
() Citric Acid - 1.97 cb 0.30 dc 745 ¢
Cdao 1.90 ¢ 0.30 dc 744 ¢
Cdo 2.09 ba 0.41 ba 8.42 cb
. Cds 1.91 ¢ 0.25 ed 10.1 ba
() Citric Acid - - 1.98 cb 0.43 a 6.77 ¢
Cdao 1.84 ¢ 0.35 cb 112a
F 9.74%% 16.6%* 19.5%%

(**): p<0.01 statistically significant within error bounds

The effect of citlric acid application on the amount of N by different Cd applications was highest with 2.21% N
in the Cdy group in which citric acid-free treatment, was highest with 0.43% P in the Cd,o group in which citric
acid treatment, and was highest with 11.2% K in the Cdy group in which citric acid treatment was applied (Table
3).
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Gouia et al. (2000) reported that the activity of nitrate reductase and nitrite reductase, enzymes of N metabolism,
decreased nitrate assimilation of plants under Cd stress. Daghan et al. (2013) noted a significant reduction in N,
P and K concentrations of green parts of plants with increasing doses (0, 5 and 10 mg Cd L) of cadmium.
Cieéko et al. (2004) stated that using different doses of Cd (0, 10, 20, 30, and 40 mg Cd kg™!) led to a decrease
in the K concentration of the corn plant for 10 and 20 mg Cd kg™ applications compared with the control plant
that increased in 30 and 40 mg Cd kg'! usages, a decrease in the K concentration in the hay section of oat plant
compared to the control group and a decrease in the K concentration of the bean plant was for 0, 20 and 40 mg
Cd kg! applications compared with the control plant increased in 30 mg Cd kg! usage. As can be seen on Table
4, application of cadmium is statistically significant (p<0.01) in terms of the amounts of Mn, Fe, Cu and Zn in
the plants.

Table 4. Effects of different Cd applications on the amount of Mn, Fe, Cu and Zn in rosemary plants in citric
acid and citric acid-free environments.

D Mn Fe Cu Zn
0S¢
(mg kg™)
Cdo 7.09d 224 ¢ 4.86 ¢ 17.7d
.. Cds 13.4b 439a 6.13 b 218¢
() Citric Acid 11.7 cb 344 ¢ 483 ¢ 16.8 ed
Cdao 1822 390 b 719a 287 a
Cdo 165a 408 ba 6.16 b 242 cb
o .. Cds 113 ¢cb 375 cb 3.70d 109
() Citric Acid 103 ¢ 287d 6.39 b 252b
Cdao 12.5 ¢b 397 ba 4.80 ¢ 13.9 fe
F 22.7%% 33.0%% 35.1%* 41.1%%

(**): p<0.01 statistically significant within error bounds

It was determined that the effect of citric acid usage on the amount of Mn in different Cd applications was the
highest in the control Cdy group with 16.5 mg Mn kg'! and usage on the amount of Fe in different Cd applications
was the highest as 439 mg Fe kg™! for the Cds group, which is the one has citric acid-free application (Table 4).

Hernandez et al. (1998) reported that 10 and 50 uM Cd applied plants showed a decrease in concentrations of
Mn and Fe in plant roots and shoots according to their concentrations in the control group of their studies with
pea plants. It was determined that the amount of Cu was increased to 7.19 mg Cu kg™' and the effect on Zn
amount was highest as 28.7 mg Zn kg! for Cdy group which has citric acid-free application with the effect of
citric acid application with increasing usage of Cd (Table 4). Wu et al. (2004) reported that the concentration of
Fe, Cu and Zn in the suprasellar area of the plant decreased with the application of Cd (1 and 10 mM Cd) on the
cotton plant. Cadmium applications seem to be statistically significant at p<0.01 in terms of Cd concentration
and Cd content in plants (Table 5).

Table 5. Effects of cadmium applications on the concentration of Cd in plants and the amount of Cd content in
plants

Dose Cd Cd
(mg kg™) (ng plant™)
Cdo 058 ¢ 0.95d
. Cds 2.02d 301
() Citric Acid - 499b 752a
Cdbo 532D 7622
Cdo 1.05 ¢ 149d
L Cds 334¢ 4.56b
() Citric Acid - ; 5.83 ba 773 a
Cdbo 6.63a 831a
F R7.0% 63.0%

(**): p<0.01 statistically significant within error bounds

In Table 5, influences of the difference Cd and citric acid applications on the Cd concentration were
demonstrated. They were changed in the range of 0.58-6.63 mg Cd kg!. Highest value was determined as 6.63
mg Cd kg™! for Cdy group which was treated with citric acid application. On the other hand, lowest value was
obtained as 0.58 mg Cd kg™ by Cdy control group, which has citric acid-free application.



The effect of increasing Cd during citric acid application, on the amount of Cd was measured 0.95-8.31 ug plant’
!, while the highest amount was in the Cd»y group with citric acid application, resulted with 8.31 pg plant™. On
the contrary, the lowest value was determined as 0.95 pg plant™! for the Cdy group, which had citric acid
application (Table 5).

Jiang et al. (2003) reported that different applications of Cd-containing soil at different doses reduced the
accumulation of Cd in the roots of the mustard plant but increased it in the part above the soil, and for some
applications, especially EDTA, it has reduced the amount of Cd deposition at the roots. This phenomenon has
been explained by the fact that the movement of Cd from the root of the plant was increasingly facilitated to the
parts above the soil.

Zhang et al. (2014), investigated the application of different ratios of Cd (15,30,60,100 mg Cd kg™') to two
different grass plants and reported high amount of Cd accumulation within the roots and green parts of the plants.

Conclusion and Suggestions

The most pronounced response of plants to heavy metals in increasing doses was observed as reduction in the
amount of biomass they produce. Additionally, the biomass was found to be decreased for the plant pots treated
with citric acid application compared to ones which have citric acid-free application. In terms of body mass and
dry mass, among the rosemary plant that is being treated with cadmium and citric acid application along with
the Cdao application, the lowest dry mass was measured as 1.25 g plant™.

Chlorophyll levels during the increased doses of Cd applications were found to be decreasing compared to the
control groups in few applications such as citric acid, Cd (except for chlorophyll-a in Cd application without
citric acid) and Cd without citric acid. It has been also found that the concentration for the Cd, and citric acid
applications of cadmium was 5.32 and 6.63 mg Cd kg!, respectively. Additionally, for the plants which were
treated with Cdao applications were found to possess 7.62 pg Cd plant™! content while the other pots that are
treated by citric acid including 8.31 pug Cd of plant'.

As a conclusion, it has been observed that the increased Cd content had a bad influence on the chlorophyll and
biomass amount which were resulted with a diminished in terms of growth rate for rosemary plant. It has been
also concluded that the heavy metal application has different effects on the intake of macro and micro nutrients
of plants depending on types of the elements. Therefore, rosemary plants have no potential to be used in
phytoremediation treatment of Cd-contaminated soils. Future studies are required to examine extended period of
time and also reveal the accumulation of Cd within the roots.

The results obtained with citric acid application were also determined by this study and indicating that the
rosemary plant was more abundant in soil with heavy metal (Cd) pollution. Since the rosemary plant used in the
study is also used as a spice, the metal content of the rosemary plant, especially for the ones growing in dirty
soil, should not be consumed as spice. Additionally, since the rosemary plant can be used as medical aromatic
plant or as a spice, it’s oil also needs to be controlled in order to determine any kind of possible toxic metal
content.

Acknowledgements

This research was supported by the Mersin University Scientific Research Project (MEU BAP) Unit with 2017-
2-TP2-2605 project.

References

Amirjani MR (2012). Effects of cadmium on wheat growth and some physiological factors. International Journal
of Forest, Soil and Erosion. 2(1): 50-58.

Bek Y (1986). Arastirma ve Deneme Metotlar1. Cukurova Univ. Ziraat Fakiiltesi, Ders Notu,Yayin No:92, Adana

Blaylock MJ (2000). Phytoextraction of metals. Phytoremediation of toxic metals. Using plants to clean up the
environment. 53-70.

Bouyoucos GJ (1951). A recalibration of the hydrometer method for making mechanical analysis of soils,
Agronomy journal. 43(9): 434-438.

Bremner JM (1965). Total nitrogen. Methods of soil analysis: Part 2. Chemical and microbiological properties,
lowa State University, Ames. 1149-1178.



Kilig et al., 2018, YYU TAR BIL DERG (YYU J AGR SCI) 28 (6zel say1): 1-6

Cie¢ko Z, Kalembasa S, Wyszkowski M, Rolka E (2004). Effect of soil contamination by cadmium on potassium
uptake by plants. Polish Journal of Environmental Studies. 13(3): 333-337.

Ciftei A (2016). Coklu metal (kadmiyum, kursun ve ¢inko) ile kirlenmis bir topragin aritiminda yabani hint yag:
(Ricinus communis) ve aspir (Carthamus tinctorius) bitkilerinin fitoremediasyon kapasitesinin
arastirilmasi, Yiiksek lisans tezi, Mersin Universitesi Fen Bilimleri Enstitiisii, Mersin.

Coban OE, Patir B (2010). Antioksidan etkili baz1 bitki ve baharatlarin gidalarda kullanimi1. Gida Teknolojileri
Elektronik Dergisi. 5(2): 7-19.

Daghan H, Kéleli N, Uygur V, Arslan M, Onder D, Goksun V, Agca N (2012) Kadmiyum ile kirlenmis
topraklarin fitoektraksiyonla aritiminda transgenik tiitiin bitkisinin kullaniminin arastirilmasi. Toprak
ve Su Dergisi. 1: s.1-6.

Daghan H, Uygur V, Koéleli N, Arslan M, Eren A (2013). The effect of heavy metal treatments on uptake of
nitrogen, phosphorus and potassium in transgenic and non-transgenic tobacco plants. Tarim Bilimleri
Dergisi. 19: 129-139.

Eren A, Mert M (2017). Agir metal (Ni, Cd ve Cu) Uygulamalarinin Andiz Otu, Fener Otu ve Sigirkuyrugu
Bitkilerinin Biiyiime ve Gelismesi Uzerine Etkisi. Tiirkiye Tarimsal Arastirma Dergisi. 4(1): 50-58.

Etim EE (2012). Phytoremediation and 1ts mechanisms. A Review International Journal of Environment and
Bioenergy. 2(3): 120-136.

Glass DJ (2000). Economic potential of phytoremediation. Phytoremediation of Toxic Metal. 15-31.

Gouia H, Ghorbal MH, Meyer C (2000). Effects of cadmium on activity of nitrate reductase and on other
enzymes of the nitrate assimilation pathway in bean. Plant Physiology and Bioche., 38(7): 629-638.

Hernandez LE, Lozano-Rodriguez E, Garate A, Carpena-Ruiz R (1998). Influence of cadmium on the uptake,
tissue accumulation and subcellular distribution of manganese in pea seedlings. Plant Science. 132(2):
139-151.

Jackson ML (1967). Soil chemical analysis. Prentice Hall, Bombay.

Jiang XJ, Luo YM, Zhao QG, Baker AJM, Christic P, Wong MH (2003). Soil Cd availability to Indian mustard
and environmental risk following EDTA addition to Cd-contaminated soil. Chemosphere. 50(6): 813-
818.

Kacar B (1995). Bitki ve topragin kimyasal analizleri: III. Toprak Analizleri, AU Ziraat Fak. Egitim, Arastirma
ve Gelistirme Vakfi Yayinlari, No:3, Ankara.

Kalinbacak K, Yurdakul i, Gedikoglu I (2012). Bugdayda kadmiyumun toksiklik sinirinin belirlenmesi ve bazi
ekstraksiyon yontemlerinin kargilagtirtlmasi. Toprak Su Dergisi. 1(1): 28-37

Lindsay WL (1979). Chemical equilibria in soils. Wiley and Sons, N.Y., p.449.

Loeppert RH, Suarez DL (1996). Carbonate and gypsum. U.S. Department of Agriculture, Agricultural Research
Service, University of Nebraska, Lincoln.

Olsen SR (1954). Estimation of available phosphorus in soils by extraction with sodium bicarbonate. United
States Department of Agriculture, Washington.

Shi G, Cai Q (2009). Cadmium tolerance and accumulation in eight potential energy crops. Biotechnology
Advances. 27(5): 555-561.

Soil Survey Staff, Soil Survey Manual (1951). USDA Agriculture Handbook No. 18, Soil Conservation Service,
Department of Agriculture, Washington. D.C. U.S.

Sommers LE, Lindsay WL (1979). Effect of pH and redox on predicted heavy metal-chelate equilibria in soils.
Soil Science Society of America Journal. 43(1): 39-47.

Tiirkoglu B (2006). Toprak kirlenmesi ve kirlenmis topraklarin 1slahi, Yiiksek lisans tezi, Cukurova Universitesi
Fen bilimleri Enstitiisii Ziraat Fakiiltesi Toprak Anabilim Dali, Adana.

Wellburn AR (1994). The spectral determination of chlorophylls a and b, as well as total carotenoids, using
various solvents with spectrophotometers of different resolution. J. of Plant Phy., 144(3):307-313

Wu H, Wu F, Zhang G, Bachir DM (2004). Effect of cadmium on uptake and translocation of three
microelements in cotton. Journal of Plant Nutrition. 27(11): 2019-2032.

Zengin FK, Kirbag S (2007). Effects of copper on chlorophyll, proline, protein and abscisic acid level of
sunflower (Helianthus annuus L.) seedlings. Journal of Environmental Biology. 28(3): 561.

Zengin F K, Munzuroglu O (2005). Effects of some heavy metals on content of chlorophyll, proline and some
antioxidant chemicals in bean (Phaseolus vulgaris L.) seedlings. Acta Biologica Cracoviensia Series
Botanica. 47(2): 157-164.

Zhang X, Gao B, Xia H (2014). Effect of cadmium on growth, photosynthesis, mineral nutrition and metal
accumulation of bana grass and vetiver grass. Ecotoxicology and Evironmental Safety. 106: 102-108.





