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Role of organic acids in sunflower tolerance to heavy metals

N.E. SABER, AM. ABDEL-MONEIM and 8.Y, BARAKAT
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Abstract

Lixposure of fHefivathus ammuns L. scedlings to AL Cd* or Zn”' resulted in a
marked decrease of fresh and dry masses of the shoots and the roots. The increase of
ALY Cd? oor Zn” uptake was accompanied by a significant decrease ol nitrate,
phosphorus and K uptake. There was a significant increase of malic and citric acid
contents in the shoots and roots of heavy melal-treated seedlings whereas the change
m fumaric acid was nsignificant. Al" and Zn®" alone stimulated excretion of malic
and citric acids 1o the rhizosphere. Addition of high concentrations of malic or citric
acid alleviate to some extent the inhibitory effeet of AI' and Zn®" on plant growth.
Additional kev words: aluminium, cadmium, citric acid, lwmaric acid, Helianthus annuns, malic
acid, zine,

Introduction

Physiological and biochemical processes such as photosynthesis, respiration and
enzyme activity may be alTected by external heavy metal concentrations. Concerning
the effect on nutrients uptake, A" has been shown to reduce the influx of N, K, P,
Mg and Ca (Fageria and Carvalho 1982, Pettersson and Strid 1989). Bhandal and
Kaur (1992) and Asp er al. (1994) reported that Cd” stress reduced K' and Ny
uptake as well as their translocation from roots to shoots in wheat and hirch
seedlings. The development of resistance strategies of plants to heavy metal stresses
induce production of complexing agents to avoid and tolerate the phytotoxicity ol
these ions. The synthesis of phytochelatins and accumulation of organic acids in the
shoots and roots of plants are participating in detoxification of excess heavy metals
(Harmens er af. 1993, Salt and Rauser 1995, Ma ef al. 1997). Delhaize e/ ai. (1993)
suggested that excretion of organic acids from (he roots in the rhizosphere has been
implicated in heavy metal avoidance or tolerance mechanism.

The aim of this study is to identify how plant growth, and the rate of uptake of
NO, . K and P by sunflower planis are affected hy exposire of the plants to different
concentrations of Al'', Cd*' or Zn"", as wel! as the defence mechanisms involved in
the detoxification of these heavy metals.
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Materials and methods

Sunflower (Heliantius anavus 1., cv. Miak) seeds were surface sterilized by soaking
for 2 - 5 min in 70 % ethanol and then soaked in distilled waler with aeration. After
24 h, the seeds were translered to plastic pots filled with purified quartz sand. Each
pot contained 20 germinating seeds. The pots were placed in the laboratory under
natural light. Temperature varied {rom 20 - 24 °C during the day and 15 - 19 °C
during night. The pots were irrigated with distilled water to keep water retaining
capacity of the sand at 85 %. After 7 d, homogenous scedlings were taken carefully,
washed from adhering sand and transfered to 250 em’ bottles containing, 1/4 strength
[Hoagland solution alone (control) or supplemented with 5 or 20 g m™ of AI', Cd*" or
/n?'" as chlorides. The solutions were initially adjusted 1o ptl 4.0 with 0.15 M H(CI
and maintained at this pll by daily titration with 0.2 M NaOH. The bottles were
placed in a growth chamber {day/night temperature 22 +2/17 + 2 °C, 16-h photo-
period, irradiance of 980 pmol m? 57! furnished by a bank of cool 40 W fluorescent
tubes).

The fresh and dry masses of the shoots and roots of the secdlings were
determined. Estimation ol nitrate was carried out according to the method of Johnson
and Ulrich (1950). The mixed acid digestion method of Allen ¢ af. (1974) was used
in preparing the samples for the determination of heavy metals, Cadmium and zine
were cstimated using the atomic absorption spectrophotometer (Perkin Dhmer 238¢),
Norwalk. USA). Aluminium was estimated by the method of Tawtik (1968) which
depends on complexation of Al'" with NaEDTA, then back titration of excess EDTA
by zinc sulphate using xylenol orange as indicator. Potassium was estimated using a
clinical flame photometer #/0C (Corning Science Products, Corning, UK) and total
phosphorus was estimated by the molybdenum method of Steward and Grinshaw
(1974). Malic, lumaric and citric acids in the external nutrient solution and plant
tissues were assayed using the enzymatic method described by Delhaize er af. (1993).
The data of experiments were statistically analyzed using the least significant
ditference (LLSD) as described by Steel and L'errie (1980).

Results and discussion

Exposure of sunflower seedlings to Al”', Cd*' or Zn®' inhibits severely the fresh and
dry masses of shoot and root, particularly at higher concentrations of A’ and Cd™
(Fig. 1. AP, Cd*', and Zn*' reduced plant water content (Kastori ef af. 1992) and
consequently lowered fresh mass. Furthermore, the reduce of dry matter may be
rclated to inhibition of photosynthesis (Greger and Orgen 1991).

The increased uptake of A", Cd*' and 7Zn®' (Fig. 2) was accompanied by a
significant decrease of the uptake of NOy', K' and P and their concentrations in the
shoots (Tables 1,2). Similar observations were reported with several plant species
including rice (Fageria and Carvalho 1982), wheat (Pettersson and Strid 1989,
Bhandal and Kaur 1992) and Betula pendula (Asp ef af. 1994). The decrease in
uplake and translocation of P by sunflower plants in response to Al*', Cd*' and Zn**
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may be duc to interaction with PO,” in/on the roots (Jarvis ef af. 1976), whercas
disturbance of plasma membrane integrity (Nichol er a/. 1993, Ishikawa ef af. 1996)
may result in blecking the specific channels for NO3y™ and K', hence decreased the
uptake of both ions. Furthermore, inhibition of respiration (Strickland and Chaney
1979, Collier ef af. 1993) may result in a decrease of the energy required for the
active absorption of NOy, P and K.
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Fig. 1. Changes in the fresh and dry masses of the shoots and roots of sunflower seedlings grown in
nutrient solution alone (control) or supplemented with S or 20 g i or AL Cd T, or 7o Means of

four replicates £ S

A" and 70’ stimulated the exeretion of malic and citrie acids, whereas the amount
of fumaric acid released in the rhizosphere was lower compared 1o that of untreated
plants. On the other hand. only little amounts of malic. citric and fumaric acids were
excreted from Cd?'-treated seedlings (FFig. 3}, Miyasaka e7 </ (1091) and Pellet o al.
(1996) reported that excretion of citric and malic acids from snapbeans and wheal
roots has been implicated as tolerance mechanism. Therefore, if organic acids have a
rolein heavy metal tolerance, they should be able to chelate these metals in solutjons
and render them nonphytotoxic. The results in Fig. 4 demanstrated that adding higher
concentrations of malic or citric acid 1o the nutrient solution of sunflower plants
containing 20 g m™ of A" or Zn*' resulted in an increase of resh muass, which was
restored to the control level. A decrease of Al and Zn?' taken up by the scedlings
was also noted (Table 4). These results indicate that excretion of malic and citric acid
by sunflower roots may be a tolerance mechanism for ALY and Zn®'. However.
fumaric acid seems to be a poor chelator for AI' and Zn®'. In addition it is unlikely
that exeretion of malic, citric and fumaric acids contribute to Cd®' tolerance of
sunfiower plants under the prevailing experimental conditions.
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Tahle 4. Iiffeet of dilferent concentrations of malic and citric acid on uptake of A, Cd™ or Zn’ by
sunilower seedlings. Ten-day-old secdlings were transferred to nutrient solutions supplemented with
20em YA, Cd L or an') or nutrient solutions that contained 50, 200 or 400 mM malic or citric
acid for 10 d. Means of four replicates (¥¥* - highly significant dilferences from control).

Treatment Uptake {pg seedling™)
ALY ca® Zn®!
Control 16.96 14.09 36.02
S0 mM malic acid 1640 13,53 52,07
200 mM malic acid 11.74%* 13.45 30.20**
300 mM malic acid 10.75%* 13.69 28.58%*
1.8 at 3% 144 372 5.33
1.SDat 1% 426 3.89 7.33
50 mM citric acid 16.58 13,99 51.73
200 mM citric acid 10.15%% 13.60 39,18+
H0D mM citric acid 8.79** 13.59 38.39%*
1.8 at 5% 3.59 2,19 6.15
ISy at 1% 6.60 3.20 10.7%
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Fig. 2. Uptake of A", Cd™', or Zn™" by sunflower seedlings grown in nutrient solution alone
{control) or supplemented with 5 or 20 g m™ of A", Cd™, or Zn”". Means of four replicates + S.E.

Fig. 3. Lxeretion ol malic, eitric and fumaric acids by sunﬂnwcr QLL(I]HI&?S sccdlmgq grown in
nutrient solution alone (control) or supplemented with 5 or 20 g m™ of A", Cd®', or 70
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A significant increase of malic and citric acid contents was recorded in the shoots and
roots of sunflower scedlings exposed to ALY . Cd>' and Zn*', whereas the change in
fumaric acid content was insignificant (Table 3). These results are in agreement with
the results obtained by Mathys (1977), Suhayda and Tlaug (1986), Kortz e al. (1989)
and Harmens ¢f «f. (1993), and denoting that malic and citric acids may play a
prominent role in the mechanism of heavy metal tolerance in sunflower. One can
propose {rom the above mentioned results that tolerance mechanisms in sunflower
include: firstly. exclusion (external) tolerance through excretion of organic acids in
the rhizosphere reducing the uptake of these heavy metals and hence their deleterious
elteets on plant growth and secondly, internal tolerance via chelation of these heavy
metals with organic in the cytoplasm, preventing their inhibitory effects on metabolic
activities of the cells and incrcasing the rate of diffusion of these chelates to vacuole
resulling in their accumulation,
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Fig. 4. Eltect of addition ol malic and citric acids on the fresh mass ol sunllower seedlings.
Ten-day-old scedlings were transferred 1o the nutrient solution contained 20 g m? ol A, Cd™ L or
/Zn" alone or supplemented with 30, 200, or 400 mM malic or citric acid for further 10 d. The

control consisted of seedlings grown in nutrient solution alone.
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