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Abstract

Iron is an essential micronutrient which plays a vital role
in the growth of plants but if supplied in excess quantity,
it causes toxicity which is detrimental for plant survival.
Jatropha curcas being non edible and hardy crop was
explored for its potential to tolerate higher concentrations
of iron for pytoremediation of iron contaminated soil. A

The results show that different concentrations of Fe
(1000, 2000 and 3000 mg/kg Fe) taken in the present
study had adversely affected the growth and physiology
of Jatropha seedlings but to fully understand the
response of Jatropha to different Fe concentrations a
study on the biochemical and molecular level is

pot experiment was conducted where the seedlings of J. required.

curcas were treated with different concentrations of Fe
(1000, 2000 & 3000 mg/kg) supplied as FeSO,4.5H,0 to
assess its growth and physiological response. There was
significant decline in growth parameters viz. root length,
plant height, fresh and dry weight of stem and root at
higher Fe concentrations as compared to the control. The
relative water content of the leaf also decreased
significantly, whereas, the electrolytic conductivity
increased significantly at higher concentration of Fe.
There was no significant change in chlorophyll content.
The carotenoid content showed a significant increase up
to 2000 mg/kg Fe treatment and then decreased by 1.5
folds at 3000 mg/kg Fe treatment.

Keywords: Jatropha curcas, micronutrient, Fe
concentrations, growth parameters, toxicity,
phytoremediation.

*Correspondence

Preeti Badoni

Defence Institute of Bio-Energy Research (DIBER),
Goraparao, PO Arjunpur, Haldwani-263139,
Uttarakhand, India

Email: preetigairolal385@gmail.com

Introduction

Metallic element with a high specific gravity (typically five times higher than water) is called as a heavy metal. It
includes lead (Pb), cadmium (Cd), cobalt (Co), arsenic (As), silver (Hg), Iron (Fe), Manganese (Mn), Molybdenum
(Mo), Copper (Cu), Nickel (Ni), Zinc (Zn), chromium (Cr) etc [1]. Some of the heavy metals like Fe, Cu and Zn are
essential for plants and animals and are often called as micronutrients [2, 3]. The excess uptake of these
micronutrients results in toxic effects [4, 5, 6]. Environmental pollution due to heavy metals has become one of the
most dangerous pollution these days. The major problem with heavy metals contamination in soils is that, unlike
organic pollutants, they cannot be bio-degraded and therefore remains in the environment for a longer time. Though
iron is naturally present in the soil but, the major source of contamination to toxic level is attributed to anthropogenic
origin. When taken in excessive quantities, Fe is potentially toxic as it promotes the formation of oxygen based
radicals which are able to damage vital cellular constituents [1].

Different plants absorb metals from soil and water to varied extent and accumulate in different tissues [7]. Iron
(Fe) is the first rare element recognized as necessary for both plants and animals and it plays an important role in
different biochemical and physiological processes [8]. Plant responses to metals are dose dependent. For essential
metals like Fe, these responses cover the phases from deficiency -to sufficiency -to toxicity. Iron is involved in plant
metabolism so it is a critical element for plant life, even though only 50-100 pg/g dry matter of it is present in plants
[9]. Iron toxicity in plants occurs by high Fe*" uptake and translocation by plant tops [10]. Excessive amount of Fe in
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plants may cause disturbances in cellular metabolism by inhibiting the activities of several enzymes [11]. When
accumulated in high levels, Fe generates hydroxyl radicals by participating in Fenton reaction [12]. Iron toxicity is
accompanied with reduction of plant photosynthesis, increase in oxidative stress and ascorbate peroxidase activity
resulting in loss of yield [13].

Jatropha curcas L, a hardy perennial shrub belonging to the Euphorbiaceae family, of Latin American origin is
widespread throughout the tropical regions of the world. Jatropha is a plant that can grow almost anywhere, even on
soft, rocky, gravelly, sandy, calcareous, saline and sloping soils. It has low fertility and moisture demand. Jatropha is
a non-edible shrub. Many studies show that Jatropha has a marked ability to tolerate a variety of abiotic stresses
including heavy metal tolerance. These factors make Jatropha an ideal candidate for phytoremediation of metal
contaminated soil. Keeping these points in view, the present study was conducted to evaluate the growth and
physiological response of Jatropha curcas to different concentrations of Fe in soil in order to determine the limit up
to which it can tolerate Fe in the soil and can survive in that soil.

Materials and Methods
Plant material and copper concentrations

Healthy and mature seeds of Jatropha curcas strain DARL-2 (Accession no. 569095) identified by DIBER (DRDO)
Field Station at Pithoragarh, Uttarakhand, were used in the present study. The seeds were soaked overnight in 0.1%
(w/v) Bavistin, washed several times under running tap water before sterilizing it with 70% (v/v) ethanol followed by
three washes of sterile water. After sterilization the seeds were germinated on moist filter papers in petridishes. After
germination (radical protrudence), seedlings of uniform age and size were transplanted into pots filled with equal
amount of autoclaved mixture of sand and soil (1:1) in each pots. Ferrous sulphate (FeSO,.5H,0) solution was added
in the pots to obtain the final Fe*? concentrations of 1000, 2000 and 3000 mg/kg soil. In control no external Fe was
supplied. Each treatment comprised of five pots with three seedlings each. Watering of both control and treated pots
were done at regular intervals in such a manner that the saturation point of soil filled in pots was established to avoid
leaching and water stagnation.

Observations recorded

After an exposure period of 120 days growth parameters like plant height, root length, total number of leaves, fresh
and dry weight of root and stem were recorded for plants in each treatment.

Physiological parameters
Electrolytic conductivity (EC)/Leaf membrane damage (MD)

For measuring EC, EC meter (WTW, Germany) was used. Leaf pieces (~1.0 cm?) were taken and washed with
distilled water then they were dipped in 20 ml sterilized distilled water and incubated for 24 hrs with intermittent
shaking. EC; was recorded at the end of incubation. EC, was recorded after autoclaving at 121°C for 20 min. MD was
calculated using the formula [14]:

MD (%) = (EC,/ EC,) X 100
Relative water content (RWC)

For determining RWC, second leaf from three independent plants per treatment was taken and the fresh weight (FW)
was recorded immediately. After 24 hrs of saturation with deionized water the turgid weight (TW) was recorded. Dry
weight (DW) was determined after drying the leaves for 48 hrs in the hot air oven at 70 ‘C. The RWC was calculated
as:

RWC (%) = [(FW-DW)/ (TW-DW)] X100
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Total chlorophyll and carotenoid content

For determining total chlorophyll and carotenoid content, 100 mg leaf sample was ground in acetone (80% v/v) with a
pre-chilled mortar and pestle. After homogenization, the mixture was filtered and the volume was adjusted to 10 ml
with the cold acetone. The absorbance of the extract was recorded at 645, 663, and 470 nm using a spectrophotometer
(UV-Vis Dual Beam, Labomed.inc) and the pigment content were calculated [15].

Statistical analysis

For analysis of variance (ANOVA), Cropstat for Windows (7.2.2007.2 module), developed by the Biometrics unit,
IRRI, Philippines was used. Experiments were laid out in Completely Randomized Design (CRD). The treatment
means (n=3) were compared by least significant difference (LSD) test (p<0.05).

Results

No visual symptoms of deformity in morphology like stunted growth, bending of stem, leaf curling or puckered leaf
were observed in the plants treated with different concentrations of Fe. There was no significant change in the
opening of cotyledons (Figure 1) and emergence of true leaf (Figure 2) up to 2000 mg/kg Fe as compared to the
control but at 3000 mg/kg Fe, these parameters declined significantly. As compared to the control a significant
decrease was observed in the growth parameters viz. root length, shoot length, fresh and dry weight of stem & fresh
and dry weight of root (Table 1) with increasing concentration of Fe. The root length did not change significantly up
to 2000 mg/kg Fe as compared to the control but at 3000 mg/kg Fe, a significant decrease was observed in the root
length. The plant height declined significantly at different concentrations of Fe as compared to the control (Table 1).
At 3000 mg/kg Fe, the plant height decreased by 2.5 folds as compared to the control. The fresh and dry weight of
stem and root also decreased significantly at different concentrations of Fe. At 3000 mg/kg Fe, fresh weight of stem
decreased by 4.5 folds and the dry weight of stem decreased by 5.4 folds as compared to the control (Table 1). As
compared to the control, the fresh and dry weight of root decreased by 2.8 folds and 2.0 folds respectively at 3000
mg/kg Fe (Table 1).
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Figure 1 Effect of different concentrations of Fe on opening of cotyledons. Different letters indicate significant
differences at p < 0.05, as determined using Least Significant Difference (LSD) test. Error bars indicate SE of three
treatment means

In the present study, no significant difference was observed in the RWC at 1000 mg/kg Fe, but at higher
concentrations (>1000 mg/kg Fe) significant decrease in the RWC was observed as compared to the control (Figure
3). Also, a significantly higher electrolytic conductivity was observed at different Fe concentrations as compared to
the control (Figure 4). At 3000 mg/kg Fe, the electrolytic conductivity of leaf tissue leachates was 1.2 folds as
compared to the control (Figure 4). The total chlorophyll content did not change significantly at different Fe
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concentrations as compared to the control. However, the carotenoid content increased up to 2000 mg/kg Fe and then
significantly decreased at 3000 mg/kg Fe treatment (Table 2).
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Figure 2 Effect of different concentrations of Fe on emergence of leaf. Different letters indicate significant differences
at p <0.05, as determined using Least Significant Difference (LSD) test. Error bars indicate SE of three treatment
means

Table 1 Effect of different concentrations of Fe on growth parameters of J. curcas.

FeSO,.5H,O0 Root Plant Total Stem fresh ~ Stem dry Root fresh  Root dry

(mg/kg soil)  length height leaves  weight(g) weight(g) weight(g) weight (g)
(cm) (cm)

Control 8.17° 16.60° 5.0 4.70° 1.21° 0.51° 0.13°

1000 8.20° 12.27° 5.0 2.75° 0.53" 0.32° 0.07°

2000 8.23" 8.53" 5.0 1.75° 0.36° 0.31° 0.07°

3000 7.30° 6.73° 5.0 1.04° 0.23° 0.18° 0.06°

SE 0.21 0.33 0.0 0.10 0.07 0.02 0.00

LSD (5%) 0.72 1.16 0.0 0.36 0.23 0.06 0.01

*The values marked with different letters are significantly different from each other at p < 0.05, as determined using
Least Significant Difference (LSD) test.
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Figure 3 Effect of different concentrations of Fe on relative water content of leaf. Different letters indicate significant

differences at p < 0.05, as determined using Least Significant Difference (LSD) test. Error bars indicate SE of three
treatment means
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Figure 4 Effect of different concentrations of Fe on electrical conductivity of leaf. Different letters indicate

significant differences at p < 0.05, as determined using Least Significant Difference (LSD) test. Error bars indicate SE
of three treatment means

Table 2 Effect of different concentrations of Fe on photosynthetic pigments of J. curcas.
FeSO,4.5H,0 (mg/kg soil)  Chl (a + b) (mg/gFW)  Carotenoids (mg/gFW)

Control 32.75° 1158.44°
1000 34.69° 1269.26°
2000 34.57° 1243.93°
3000 34.53° 77413
SE 1.00 16.15
LSD 3.45 55.87

*The values marked with different letters are significantly different from each
other at p < 0.05, as determined using Least Significant Difference (LSD) test.

Discussion

Iron in soil can occur either in the divalent ferrous ion (Fe*?) or trivalent ferric ion (Fe*®) states but plants can absorb
only the ferrous ion (Fe*?) and this is the reason that in most of the Fe metal toxicity studies, the Fe is added as a salt
solution (FeSQ,) to the growth medium so that the results may conservatively represent effects of Fe in its most bio-
available form, and not those that have undergone geochemical processes, valence changes, sorption/desorption and
other processes that are expected in an environmental soil matrix [16]. Symptoms of Fe toxicity are expressed
differently in different plants. For example, in flax excess Fe causes dark green foliage and stunted root and shoot
growth [17], in rice excess Fe causes brown spots on the lower leaves [18]. Iron toxicity in tobacco produces brittle,
tender, dark brown to purple leaves with poor burning qualities and flavor [19, 20] while in navy bean; it is associated
with zinc deficiency producing black spots on the leaves [21]. In the present study the absence of any morphological
toxicity at higher concentrations of Fe indicates the tolerance of Jatropha curcas to these concentrations of Fe in soil.

The concentrations of Fe taken in the present study (1000, 2000 & 3000 mg/kg) were decided on the basis of
previous work (results not shown) done with lower concentrations (upto 750 mg/kg Fe) in which no difference in
terms growth was observed in the plants as compared to the control and the plants at 750 mg/kg Fe were as good as
the control plants in terms of the growth parameters. So, it was decided to study the response of the plant towards
higher concentrations of Fe.

Examination of the results of the present study showed that as compared to the control at all the concentrations of
Fe the various growth parameters were significantly declined except the number of leaves. Many researchers also
have reported Fe toxicity as a problem in plants, particularly in rice [22, 23]. However, the threshold of toxicity due to
Fe varies in different plants. In an aquatic reed species (Phragmites australis), Fe above a total concentration of 1
mg/I causes growth inhibition [24] whereas the effective concentration of Fe for duckweed (Lemna minor) is 3.7 mg/I.
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Relative water content (RWC) is the appropriate measure of plant water status in terms of the physiological
consequence of cellular water deficit. RWC is a major factor which determines the ability of a plant to tolerate any
stress. The present study indicates no significant change in RWC of the plants at 1000 mg/kg Fe as compared to the
control plants which signifies that Jatropha can osmotically adjust to this concentration of Fe in soil and can maintain
its turgor. Being a redox active metal Fe participates in the redox reaction in cells and results in the formation of O*~
and subsequently in H,O, and ‘OH production via the Haber-Weiss and Fenton reactions [25]. The increased
electrolytic conductivity at different concentrations of Fe as compared to the control indicates that membrane damage
has occurred. Our result is supported by the work of [13], who also found that Fe toxicity causes damage to the
membranes due to lipid oxidation in Hydrilla. Heavy metals cause membrane damage through various mechanisms,
including the oxidation of and cross-linking with protein thiols, inhibition of key membrane protein such as H*-
ATPase, or causing changes in the composition and fluidity of membrane lipids [26]. In order to assess the impact of
environmental stress in plants, chlorophyll content is often measured. Changes in pigment content are linked to visual
symptoms of plant illness and photosynthetic productivity [27]. Fe has the ability to lose or gain electrons and
because of this property it works as a co factor for enzymes involved in a wide variety of oxidation-reduction
reactions like photosynthesis, respiration, hormone synthesis, DNA synthesis, etc [1]. Results of the present study
showed an increase in the total chlorophyll and carotenoid content with increasing concentration of Fe, though the
increase was not significant. Similar types of results were obtained in pea plants where excess concentration of Fe
caused upto 28% increase in the pigment concentrations.

Previous study suggest that Jatopha curcas has a high potential to tolerate and accumulate a high concentration of
heavy metals including Fe and it can be a good option for phytoremediation of multi metal contaminated sites [28].
Growth of different strains of Jatopha curcas on iron rich wasteland soil suggested that the clone BTP-N can
effectively grow in Fe rich wasteland site exhibiting vigorous growth and is able to remove the excessive iron from
soil [29].

Conclusion

The results of the present study indicates that 1000 mg/kg Fe in soil has no negative effect on root length, total
number of leaves, RWC and total chlorophyll content but the fresh and dry weight of root and stem was significantly
declined. Moreover, the absence of any visual toxic symptoms in Jatropha seedlings up to 3000 mg/kg Fe may
warrant its deployment in iron contaminated soil where edible plants cannot be grown. Though no visual symptoms
were observed but it may affect flowering and fruiting at maturity stage. Its phytoremediation use can be justified as it
is a non-edible crop and can accumulate higher concentrations of iron. The role of enzymatic and non-enzymatic
antioxidant defence mechanisms of Jatropha plant towards Fe toxicity will form a part of our future study.
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