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Abstract: The effect of arbuscular mycorrhizal (AM) fungus on growth and photosynthetic pigments in
medicinally important Coriandrum sativum with different levels of Cadmium (Cd) was investigated. Plants
inoculated with and without AM fungi were grown in soil with 0, 50 and 100 Cd mg kg  soil. The plants1

inoculated with AM fungi showed better growth and less toxic symptoms. Photosynthetic pigments were
significantly higher in AM-inoculated plants. Plant inoculated with AM fungus showed significant increase
in fresh weight, dry weight, root and shoot length at all levels of Cd concentration, as compared with the
control. Tolerance index of Coriandrum sativum was increased in the presence of AM fungi over their control.
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INTRODUCTION (phyto-stabilization). The result of mycorrhizal

Cadmium (Cd) is a highly toxic metallic pollutant that on the plant-fungus-HM combination and is influence [8]
does not have any metabolic use. It is a widespread trace by soil conditions. The significance of AM fungi in soil
element  pollutant with  a  long  biological  half  life   [1]. remediation has lately been recognized [8]. 
Its level has increased enormously in recent time in the Coriander (Coriandrum sativum L.) is an annual herb
natural and agricultural environment mainly through the belonging to the Apiaceae (Umbelliferae) family and
industrial activity, combustion of fossil fuels, municipal indigenous to the Mediterranean basin areas and the Near
effluents and application of pesticides and phosphatic East [9]. This plant is widely distributed and mainly
fertilizers to the agricultural soil [2]. Cadmium is taken up cultivated for its seeds which are used for different
by the root and translocated to different plant parts [3]. purposes such as food, drugs, cosmetics, phytotherapy
Moreover, soil loaded with excess cadmium concentration and perfumery. Coriander fresh green leaves, commonly
inhibits seed germination, development of plant enzymes known as cilantro or Chinese parsley [10], are widely
level, root growth [4]. Toxicity of cadmium also leads to featured in the cuisines of China, Mexico, South America,
water stress [5] and restricted uptake of essential India and Southeast Asia. The aim of the present work
nutrients [6]. These induced changes lead to inhibition of was to evaluate, how AM fungi modified the effect of
growth and induce plant death [7]. cadmium induced stress on growth and photosynthetic

Arbuscular mycorrhizal (AM) fungi occur in the soil pigments of (Coriandrum sativum L.).
of most ecosystems, including polluted soils. By
acquiring phosphate, micronutrients and water and MATERIALS AND METHODS
delivering a proportion to their hosts they enhance the
nutritional state of their hosts. Similarly, heavy metals Seeds  of (Coriandrum  sativum L.) kindly provide
(HMs) are taken up via the fungal hyphae and can be by  Indian  Agricultural  Research Institute, New Delhi.
transported to the plant. Thus, in some cases mycorrhizal The healthy seeds were surface sterilized with 0.01%
plants can show enhanced HM uptake and root-to-shoot mercuric chloride solution (HgCl ) followed by repeated
transport phyto-extraction while in other cases AM fungi washing with deionized water. Seeds free from visible
contribute  to  HM  immobilization   within   the  soil defects  a nd  uniform  size were sown in circular earthen

colonization on clean-up of contaminated soils depends
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pots (23-cm diameter) filled with a mixture of farmyard Data for various growth indices were subjected to
manure in 3:1 ratio making a total of 4.0 kg soil pot . analysis of variance using SPSS software version 10.01

Appropriate amount that is 0, 326.16, 652.28, mg CdCl  was Duncan's multiple range test (DMRT) at the 0.05 level of2

mixed thoroughly with 4.0 kg soil to achieve 0, 50, 100 mg probability was used to evaluate the difference among
Cd kg  of soil, respectively. In Experiment where treatment means. 1

application of AM fungi was done at the rate of 2 gm per
plant (applied as layering on soil surface) one day before RESULTS
sowing. One pot of seedlings was left without inoculation
as control. The plants were irrigated with tap water as and The effect of different cadmium concentrations on
when required. The plants were collected from each growth and photosynthetic pigments in coriander was
replication for sampling on 45  day after sowing (DAS) for studied. Cd stress showed negative effect on growth andth

the estimation of growth and photosynthetic pigments. photosynthetic pigments in non-inoculated mycorrhizal
All the measurements were carried out and the results (NIM) than mycorrhizal (MI) inoculated plants. MI plants
were expressed in the average of the five replication. showed better growth under cadmium stress as compared

Estimation of Photosynthetic Pigments: Concentrations coriander showed an increase in the tolerance of plants
of chlorophyll and carotenoid were determined using the towards cadmium toxicity.
method of Hiscox and Israelstem [12]. Photosynthetic The effect of Cd on root length and stem height is
pigments were extracted using dimethyl sulphoxide presented  in   (Figure   1-2).   100   mg  kg   of Cd
(DMSO) and the absorbance of the extract was read at showed maximum reduction in root length (42.61%) in
645, 663 nm for chlorophyll and 480, 510 for carotenoids. non-mychorhizal (NM) plants, while in mycorrhizal plants
Chlorophyll a, chlorophyll b, total chlorophyll and was 29.91%. Similarly, stem height  declined  by  36.64%
carotenoid concentrations (mg g ) were calculated using (at 100 mg Cd kg soil) in non-mychorrhizal plants, while1

the equations given by Arnon [13]. 30.69% in mycorrhizal plants. Toxicity was found at all

Where,
A = Absorbance at specific wavelength
V = Final volume of chlorophyll extract in 80%

acetone
W = Fresh mass of leaf tissue, used for extraction
d = Distance travelled by the light path

to NM plants. This confers that mycorrhizal symbiosis in

1

1

level of Cd being maximum at 100 mg kg  but declined in1

mycorrhizal plants (Figure 1&2). Plant fresh and dry
weights showed a decreasing trend with increasing level
of Cd concentration, but at all concentration of Cd the
biomass of the mychorrhizal inoculated plants were higher
than non-mycorrhizal inoculated plants. (Figures 3 & 4).
However, the differences were not significant (P < 0.05) at
0 and 50 mg kg  of Cd. NM plants showed 42.61%1

reduction while in M ones it was only 29.91% at 100 mg
Cd kg of soil. The plant dry weight decreased about1

55.50% in the NMI plants and 42.17% in the MI ones at
the highest Cd concentration in soil.

The increase in cadmium stress reduced the amount
of chlorophyll and carotenoid contents. The
concentration of chlorophyll a, chlorophyll b and total
chlorophyll in mycorrhizal plants were found maximum at
0 mg Cd kg  of soil. The concentration of 50 Cd mg kg1 1

proved to be less toxic as compared to 100 mg kg  of that1

decreases chl a, b and total chlorophyll to about 22.24%,
16.90% and 29.46% of the control, respectively (Figures 5,
6&7). Mycorrhizal inoculation and Cd treatment also had
significantt effect on leaf carotenoid concentration which
was higher in MI than in NMI. At 100 mg kg  Cd1

concentration the carotenoid showed maximum decline of
1.087% in non-mycorrhizal plants while mycorrhizal plants
showed increased level of carotenoid as compared to
control.
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Fig. 1: Effect of mycorrhizal inocuolation and cadmium Fig. 4: Effect of mycorrhizal inocuolation and cadmium
concentrations in soil on chlorophyll b concentrations in soil on chlorophyll b
concentrations in  leaves of coriander plant. concentrations in  leaves of coriander plant.
Histograms with same letter are not significantly Histograms with same letter are not significantly
different at 5% probability level according to different at 5% probability level according to
DMRT. DMRT.

Fig. 2: Effect of mycorrhizal inocuolation and cadmium Fig. 5: Effect of mycorrhizal inocuolation and cadmium
concentrations in soil on chlorophyll b concentrations in soil on chlorophyll a
concentrations in  leaves of coriander plant. concentrations in  leaves of coriander plant.
Histograms with same letter are not significantly Histograms with same letter are not significantly
different at 5% probability level according to different at 5% probability level according to
DMRT. DMRT.

Fig. 3: Effect of mycorrhizal inocuolation and cadmium Fig. 6: Effect of mycorrhizal inocuolation and cadmium
concentrations in soil on chlorophyll b concentrations in soil on chlorophyll b
concentrations in  leaves of coriander plant. concentrations in  leaves of coriander plant.
Histograms with same letter are not significantly Histograms with same letter are not significantly
different at 5% probability level according to different at 5% probability level according to
DMRT. DMRT.

The root length, shoot length and total chlorophyll treatment, especially in plant without Cd. The chlorophyll
content similarly decreased with increasing Cd content  was  positively  correlated  with  the root length
concentration and reached  the  peak  with  mycorrhizal (r = 0.913) and shoot length (r = 0.847) (Figures 9 & 10).2 2
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Fig. 7: Effect of mycorrhizal inocuolation and cadmium
concentrations in soil on total  chlorophyll Fig. 9: Relationships between total chlorphyll content
concentrations in  leaves of coriander plant. content and shoot length in coriander treated with
Histograms with same letter are not significantly 0,50 100 mg kg  of cadmium and subsequently
different at 5% probability level according to grown under mycorrhizal innoculation.Error bars
DMRT. reprent ± SE.

Fig. 8: Effect of mycorrhizal inocuolation and cadmium
concentrations in soil on total chlorophyll (c) Fig. 10: Relationships  between  total   chlorphyll content
concentrations in  leaves of coriander plant. content and root length in coriander treated with
Histograms with same letter are not significantly 0,50 100 mg kg  of cadmium and subsequently
different at 5% probability level according to grown under mycorrhizal innoculation. Error bars
DMRT. reprent ± SE.

1

1

DISCUSSION higher  photosynthesis  rate  [20].  In  comparison  with

These results corroborate with the findings of [14,15]. photosynthetic efficiency of its host Thus, it is concluded
Biosynthesis of chlorophyll is impeded by Cd. Heavy that the cadmium stress influences the amount of
metals such as Cd , Pb and Ni replace the central Mg chlorophyll in leaves [21]. 2+ 2+ 2+ 2+

of chlorophyll in plants [16]. Such substitution is expected MI roots have been known to absorb phosphorus
to prevent light harvesting and cause impairment of faster than NMI plants [22]. Mycorrhiza provides a
photosynthesis. Mycorrhiza, by improving uptake of Mg balanced environment to the plant by supplying nutrients
can support a higher chlorophyll concentration [15] and and  adsorbing  heavy  metals.  This  buffer-effect  [23]
subsequently lead to a higher production of may alleviate some of the physiological alterations
photosynthate [17] and biomass. induced by heavy metal stress conditions. The significant

Arbuscular mycorrhizal symbiosis increased the rate interaction between Cd treatments and AM colonization
of photosynthesis and so as to increase the rates of supports this theory. It seems that AM plays an important
photosynthetic storage and export at the same time [18]. role in  the  restoration  of cadmium-contaminated soils.
It has been proved that the amount of chlorophyll in It protects the plants from heavy metals and that this
mycorrhizal inoculated plants was higher than non effect can be partially due to improvement of P status of
mycorrhizal inoculated plants [18, 19] and higher the plant and dilution effect due  to  improved  biomass
concentration  of   chlorophyll   is   associated  with and   partially   due  to immobilization of Cd in the roots.

non-mycorrhizal plants one species of Glomus increased
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The introduction of Mycorrhizae into soil produces the 10. Potter, T.L., 1996. Essential oil composition of
growth  substances  which  lead to increased length and cilantro, Journal of Agriculture, Food and Chemestry,
mass of plant and to increased yield [24]. The mychorhiza 44: 1824-1826.
reduced the toxic effect of Cd, therefore reduction of 11. Hiscox,  J.D., G.F.   Israelstem,   1979.   A    method
growth in coriander was less in MI plant as compared to for  extraction  of  chlorophyll  from leaf tissue
NMI plants. Thus it is concluded that AM fungi is without  maceration.  Canadian  Journal  of  Botany,
beneficial for the attenuation Cd and AM symbiosis could 57: 1332-1334.
be a new approach for increasing Cd tolerance in 12. Arnon, D.I., 1949. copper enzymes in isolated
medicinally important plants. chloroplasts, polyphenoxidase in beta vulgaris. Plant
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