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Effect of organic acid on Cd toxicity
in tomato and bean growth
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Abstract — A Hoagland's 1 nutrient solution culture to chserve the effect of 0, 50 and 10¢ umol/L oxalate acid
on 0 to 10 mg/L Cd toxicity for tomato and € to 8 mg/L for bean and their accumulation in plants were stud-
ied. There was an almost linear relationship between Cd in roots and shoots of tomato and bean vs. Cd in the
nutrient sclution. Tomato roots accumulated abour 15 times Cd than the plants’ shoots and bean roots 4
times. Root and shoot Cd accumulation vary greatly between plant species. Results also suggest organic acid in
the soluticn ean complex Cd, detoxifying the solution. Complexed Cd can be absorbed by roots and transport-
ed to shoot and appears to be less toxic. Cd toxicity was reduced, though not completely in the tomato shoots
when oxalic acid was added to sclutions containing 2. 5 mg/L and 5 mg/L Cd. Cadmium contenc in the shoots
siill increased. At 2 and 4 mg/L Cd levels, with 25 pmol/L and 50 pmol/L oxalic acid addition in nutrient so
lution, bean shaot growth was not inhibited, but root growth was reduced. Cd content in both bean root and
shoot alse decreased.
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1 Introduction

Cadmium is one of environmental priority pollutants because of its toxicity » persistence and
bicaccumulation in trace amounts. Since the 1970s there has been great interest in the behavior
and the ultimate fate of Cd introduced into soil from anthropogenic sources. Not all forms of Cd
has the same biological availability and toxicity in the soil. Cd activity is influenced by soil solu-
tion composition, soil Ex, soil pH, soil type and density of charge and organic matter content
(John, 1972; Gadde, 1974; Gardiner, 1974; Forbes, 19763 Farrah, 1977; Street, 1977;
Soon, 1981; Laxen, 1985). The water - soluble and ion - exchangeable forms readily come into
soil solution. They are thought to be the most mobile and bioavailable forms to plants and for this
reason Cd in the soil solution has been most extensively researched. Some studies have identified
a significant Cd component associated with colloidal and particulate phases, possibly as a result of
adsorption. This adsorption is an important process in minimizing Cd taxic potential (Laxen,
1983). "

Previgus studies have shown that plant growth is reduced or rctarded by higher available Cd
content. Kabata - Penbadias (Kabata, 1992) reported that the phytotoxicity of Cd, beyond in-

terfering with normal metabolism of some micro nutrients, shows inhibitory effects on photosyn-
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thesis, disturbs transpiration and CQ, fixation, and alters the permeability of cell membranes,
Mckenney and Vrisacker (Mckenney, 1985) found that Cd is an effective and specific inhibitor
of the biological reduction of NO,™ to N().

Hue et al. (Hue, 1986) examined whether the presence of organic acid in soil solution af-
fected Al phytotoxicity, using short - term, split - root experiments with cotton taproots. The
root growth in Al solutions containing no organic acid decreased exponentially, but elongated in
Al solutions with the presence of organic acid. This indicates that some Al in the solution was
complexed by short - chained aliphatic di - and tricarboxylic acids.

In general, there are wide variations in both concentrations and kinds of organic acids in soil
solutions of different sails. Organic acids are products of microbial activity (Bruckert. 1970b),
which is greater in forest litter than in cultivated soils. Bruckert (Bruckert, 1470a) reported that
a water extract of an Ao horizon covered with pine litter contained 86. 7 pumol/L oxalic, 13.5
pmol/L citric, 39."3 umol/L malic, 9. 9 pmol/L malonic, 23, 3 pmol/L acetic acid, and approxi-
mately 60 pmol/1.. of succinic +lactic acid. Organic acids existing in scil solution may reduce Cd
and other trace metals toxicity, but there is currently little supporting data.

‘The objectives of this study were to determine (1) the Cd toxicity to plant root and shoot
growth, with varying nutrient solution Cd concentration, and (ii) the effects of presence of or-

ganic acid in solution on plant root and shoot gtowth, and Cd accumulation.

2 Materials and methods

2.1 Experimental piants )

Greenhouse - grown tomato and green bean seedlings were used as experimental plants.
Tomato seedlings of equal height were purchased from a supermarket. Root was washed to re-
move soil particles and then was cut to 6. 0 em. Green bean seeds were planted in polyethylene
pots. After four weeks when plants were selected that had a height of 16 cm and root length of
4.5 cm, they were transplented to culture solutions. The shoot height and root length of plants
were measured alter two weeks ol growth in culture solution for tomato plants and three weeks
for bean plants.

2.2 Nutrient solution and treatment
All plants were grown in Hoagland's # 1 nutrient solution (Hoagland and D. I. Arnon,

1850). Table 1 shows the compositions and pH of this sclution. One liter nutrient solution was

Table 1 Nutrient solution 1

Sclution, Nutrient solution, Chemicals Contents,
1 mol/1. ml/L mg/L.
KHPO, 1 B(H3BO3) 0.5
KN, 5 Mn (MnCl:4H,0Y 0.5
Ca(NO3), 5 Zn(ZnS0,7H,0) 0. 05
Mg30, 2 Cu(CuS0,5H0) 0. 02
Mo (H,MoO,H,OY 0. 01

Fe(FeS(,7H:O) 0.3
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added to each polyethylene contamer. One end of tubing was connected with air tap and the an-
other end put into the nutrient solution to supply fresh air during plants growth. Distilled water
was added to keep culture sclution near one liter because of some sclution absorbed and transpired
by plants.

A Cd standard solution of 1000 mg/L. was made with CdCl; and used for adjusting Cd con-
centrations. Oxalic acid was used as a complexing agent (Bruckert, 197Ca,b). The experimental

design for tomato and green bean plants is given in Table 2.

Table 2 Treatment design for tomate and bean

Treatment Tomato Green bean
NS* Cd.mg/L.  OA**,pmol/L NS~ Cd, mg/L OA** ,umol/L

1 NS NS

2 NS 2.5 NS 2.0

3 NS 5.0 NS 4.0

4 NS 10 NS 8.0

c NS 2.5 50 NS 2.0 25
€ NS 5.0 50 NS 1.0 25
7 NS 10 50 NS 8.0 25
§ NS 2.5 100 NS 2.0 50
o N§ 5.0 100 NS 4.0 50
10 N3 10 1¢0 NS 8.0 50

* NS; nutrient solution ** 0A: oxalic acid

Each treatment was replicated three times and the data were compared using ANOVA (SY-
STAT, 1990). The regration analysis was done by PROC REG in SAS program.

After measuring roat length and shoot height, the roots were washed with deionized water,
Then the roots and shoots were separated , oven dried (70°C), weighed and ground. The ground
root and shoot samples were digested by HNO,- H,0,- HCI (EPA 3050 method) and Cd was de-
termined by ICAP (Thermo Jarrel Ash ICAP 61E, Thermo Jarrel Ash, Franklin, MAJ.

3  Results and discussion

Cad

.1 Growth reduction of plant and absorption by plant
.1.1 Tomato

Elevated Cd concentrations in the nutrient solution from 0 to 10 mg/L.. tomato root and

[#%

shoot growth were reduced significantly. With Cd concentration increased, the dry weights of
the various parts of tomato, the root length and shoot height are given in Tables 3 and 4. The
results pointed that with Cd ccncentration increased, biomass decreased a 363459, 4% com-
pared to no Cd addition. The toxicity of Cd was higher on shoot (36. 9% —62, 7% reduction in
weight) than on root (36.1% —51. 7%). The root length decreased from 28 ¢m to 16 cm and
the shoot height decreased from 23 em to 15 cm. Roots were shorter and finer at 5 and 10 mg/
L Cd. Roots were swollen and growth retarded. Plant became brown in 10 mg/1 ppm of Cd lev-
el, and the tomato leaf was chlorotic with brown spots. At Cd concentration above 5 1‘1“1g/L in

nutrient solution, the tomato plants were still alive, but growth decreased dramatically.
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Table 3 Effect of organic acid on Cd toxicity in tomata growth

Treatment Roots Sheots Whole plant
Dry weitht, % Dry weight, % Dry weight, %
reduction reduction reduction
g in weight g in weight g in weight,
1 1. 36€0. 23) 0.0 3.2200.27) 0.0 4. 38 .0
4 0, 87¢(0. 1) 36.1 2.0300. 22> 36. 5 2. 00 36.7
3 0. 82¢0, 20)* 35.7 1. 57(¢, 20)" 51.1 2. 39 47.7
4 0. 66<0. 10)* 51.7 1. 2000, 17)° 62.7 1. 86 59.4
5 1. 31(0, 19 s 2.4500.28) 23.8 3.76 17. %
6 0.94¢0. 2D 30,6 1.98(. 13)° 38.5 2.92 36.1
7 0. 80{0. 08" 41.2 1. 330 14)° 58. 6 £.03 52.0
8 1.25(0.27) 6.7 2. 4B(0. 262 22, 8 375 18.1
9 0. 88¢0, 13)° 35.5 1.9506. 20 39.3 2. 83 38.2
10 0. 76(0. 12)* 43. 8 1.52¢C, 17 52.8 2. 28 50,2
a . P£0.05 b: P<00. 01

Table 4 The effect of organic acid on Cd toxieity in tomatoe root and shoot growth

Oxalic acid, Cd., mg/L Cd. mg/L
pmol/L 0 2.5 5.0 10 0 2.5 5.0 10
Shoot height (SDJ, cm Root length (8D). cm
0 23(1.3)1  18¢1.7)  16€0.6>* 15(2.2)° 28(1.6) 23C1. 03 16.7¢1.5)*  16(1.7)
50 17¢0.6)*  17(1.2> 17¢2.»°* 29€1.0)  23(1.6) 16¢2. b
100 18.5(2. 5 170 17¢1.5)° 30(1.8) 18.7(0.8)° 1801.7)*
a: P<0.05 b: P<0.01

Cd is non - essential to plant growth. but is effectively absorbed by both root and leaf sys-
tems (Kabata, 1992). This study found the same result (Fig. 1). There is an almost linear cor-
relation between Cd content in root and shoot vs. Cd concentration in the nutrient solution. As
Cd concentration increased from 0 to 10 mg/1., Cd in the tomato root increased from 4 to 3850
mg/kg . sheot accumulation increased from 1. 5 to 280 mg/kg. This indicates that a great pro-
portion of the Cd in the nutrient solution was accumulated by root tissues. About 15 times more

Cd was accumulated by tomato root than by the shoot.

50[]0] Bean root
_ 5000 Tomnato foot \ y=—309, 80+562. 66
g“34000 y=184. 60+ 416, 832 521 R2=0.963
24 R2=0.952 =2 000
£ <3000 83
22 i 2000
.E_c; 2000 S,; y=—>55.920+4127. 61z
28 4% R?=0.978
B o000 y =34. 500-+27. 571z g 10004
3 RE=0. 893M 8 Bean  shoot

0 2 4 3 8 10 12 0 3 y 3 T To
Cd cone. in growth solution, mg/L

Fig. 1 The correlation between Cd in growth solution and ruots and shoots of (womets and bean
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3.1.2 . Green bean

The green bean plant showed more sensitivity to Cd than the tomato plant. Also there was
2 linear correlation between Cd in root and shoot vs. Cd in the nutrient solution (Fig.1). When
Cd concentration increased from 2 to 8 mg/L in nutrient solution, there was a 35. 5% —83.3%
reduction in weight (Table 5). The root and shoot growth were reduced significantly, and the
plants nearly died in 4 and 8 mg/L of Cd solution (Table 6). Cd absorption by bean roots was
similar to the tomato plant, but bean shoot accumulated more Cd than tomato shoots. At Cd §
mg/L, beans accumulated 1011 pg/g in shoots, however tomato shoots accumulated just 281

ug/g at 10 mg/L. This could explain why bean almost die at 4 and 8 mg/L Cd.

Table 5 Effect of organic acid on Cd toxicity in bean growth

Treztment ’ Rooets Shoots Whole plant
Dry weitht, % Dry weight, % Dry weight, %
reduction reduction reduction
g in weight g in weight g in weight
1 0. 42¢0.02) 0. ¢ 1.15¢0. 08> . ¢ 1.57 0. ¢
2 . 16(0. 01)" 61.1 0. 85(0. 05)* 26.1 1.01 35.5
3 0. 03(0. 004)° 92.9 0, 45(0. 04)® 60. 8 0. 48 69. 4
4 0. 02(0, 003)b 95. 2 0.24(0. 02)? 73.9 0.26 83.3
5 0. 32(0.01) 23.8 1.18¢0. 09) —0.9 1. 48 5.7
6 0. 26€0. 008} 48.0 0. 83(0. 06} 27.9 1. 0% 30.8
7 0. 02(0. 002)® 95.2 0.25(0.03)® 73.3 0. 27 82.8
8 0. 3000.03) 28.8 1.17¢0. 09} —1.4 1. 47 6.6
9 0. 17¢0. 02)° 59.5 0.79¢0, 06)* 31.3 0.96 38.9
10 0. 0240. 003)b 95. 6 0.25(0, 03)b 78.3 0. 27 83.0
a ; P<0.05 b, P=0. 01

Table & The effect of organic acid on Cd toxicity in bean rool and shoot growth

Oxalic acid, Cd, mg/L Cd. mg/L
umal/T, 0 2.0 4.0 8.6 o} 2.0 1.0 8.0
Sheot height (8D), cm Root length (3D}, cm
o 30(2.0)  26(0.6)* 15(1.0)" 12.3(1.5)% 23(1.9> 15 7(L5)* 4. 7(0,6)° 5 0(1.0¥
25 30¢1.0> 28.5(1.2) 16(1.0)% 17.3¢2.0) 15.3(3,5) 5.0(1. 5"
50 35(2.3)  25(3.0) 18.3(2. 1)t 19¢1.6> 16.2(3.2) 5.0(0. Db
a; P<0.05 b: P<C0.01

3.2 The effect of organic acid in tomato and bean growth

When oxalic acid was present as complexer in Cd solutions, tomato and bean plants grew
much better than with no addition of organic acid.
32,1 Tomate

In the 2, 5 mg/1. of Cd - nutrient solution, tomato root weight and length was 0. 87 g and
23 cm, respectively, However, when 50 and 100 pmol/L oxzlic acid was added, the weights of
root and root length were not significantly different than in solution with no Cd (Tables 3 and
4). At the same Cd level, tomato shoot heights were 16 et (Cd?, 17 em (Cd+50umol/L oxalic
acid) and 18. 5 em (Cd~+100pmol/L oxalic acid, Table 4). No significant difference was found
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in shoot height between oxalic acid addition and no addition. However, the reduction of shoot
weight was significantly decreased from 36. 9% to 23. 8% and 22. 84 when oxalic acid was
added. This indicates that oxalic acid reduced Cd toxicity for root and shoot growth,

At 5 mg/L Cd in nutrient solution, the addition of 50 pmol/L oxalic acid resuited in root
length increases from 16. 7 cm to 23 cm , shoot height were no different to the only Cd level, and
the reduction of whole weight decreased from 47. 7% to 36. 1%. The addition of 100 pmol/L
oxalic acid resulted in slightly increases in root length and shoot height from only Cd level. But
the reduction of whole weight decreased from 47. 7% to 38.1%. At 10 mg/L, the addition of
50 and 100 pmol/L oxalic acid did not reduce Cd root toxicity and slightly deercased Cd shoot
toxicity. The presence of 50 and 100 pmol/L. oxalic acid at less than 5 mg/L Cd in nutrient solu-
tion may have an effective detoxifying action for rcot and shoot growth. At higher Cd level, the
detoxifying effect diminished or disappeared, and Cd toxic predominated. Using regression ap-
proach to two factor analysis of analysis variance in this study (Y: root dry weight. or shoot dry

weight or whole plant dry weight, X,: Cd concentration, and X,: oxalic acid concentration).

Y =4+ blxl, + bzxz + b3X1X2 + bd.Xlz f b5X12

.

The b, represents an interaction effect, it is —0. 000316, — 0. 00002641 and - 0. 000233
for dry weight of tomato root, shoot and whole plant, respectively. The negative value of 6,
pointed that addition of oxalic acid reduced Cd toxicity to tomato growth.

Fig. 2 show the relationship between-Cd in growth solution and in tomato root and shoot.
They indicate the addition of 50 and 100 pmol/L oxalic acid complexed some Cd and reduced the
amount of Cd accumulated in the root at all Cd concentration below 10 mg/l.. However,
presence of 50 and 100 wmol/L oxalic acid did not reduce tomato shoot Cd accumnulation. In fact,
it is even higher in solutions containing oxalic acid. This may indicate that soluble Cd complexes,
for example oxalic - Cd still can be absorbed by tomato roots, quickly transported to shoot and ac-

cumulated. However this larger molecule has a lower toxicity than uncomplexed Cd.

1.NS+Cd .
8007 2 ng+Cd-+50umol/L oxalic acid 2
3. NS+CC1+100umol/L oxalic acid

e =
<o <
S =
n

[
=
<

1000

Cd cone- in tomato 100l s HE/8
a8
o
L]

Cd cong. in tomate shoot, ug/g

0 2 4 é 8 10 0 2 1 8 B 10
Cd cone- in growth soltion, mg/L

Fig. 2 The relationship berween Cd in growth sciution end roots and shocts of tomato and in the presence of oxalic acid

3.2.2 Green bean

The presence of 25 and 50 pmol/L oxalic acid in the Cd contaminated nutrient solution sig-
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nificantly detoxified solutions, and improved root and shoot growth in 2 and 4 mg/L Cd levels
(Table 5 and 6). At 2 mg/L Cd, the reduction of whole weight, the root length and the shoaot
height were 33. 5%, 15. 7em and 26 cm (only Cd) 4 5.7, 17. 3 cm and 30 cm {25 pmol/L
oxalic acid) » and 6. 6%, 19 cm and 35 em (50 umol/L oxalic acid), respectively. At 4 ppm lev-
el, they were 69.4%, 4.7 em and 15 cm (only Cd), 33.8%, 15. 3 cm and 28. 5 cm (25 prmol/
L oxalic acid ) and 51.8%, 16. 3 cm and 25 cm (50 pmol/L oxalic acid), respectively. At 8
ppm of Cd, the addition of oxalic acid did not reduce the Cd toxicity. The root length and shoot
height were almost the same as that of pretreatment, and the bean plants nearly died. The re-
gression analysis for dry weight of bean root, shoot and whole plant using function of Y =14+
bX, + 6,X, + 56X, X, + 5,X 2+ bX,* shows that byis —0. 000356, —0. 001208 and — 0.
001564. These value indicated that Cd toxicity was retarded by adding oxalic acid.

The presence of 25 and 50 pmol/L oxalic acid inhibited Cd absorption by bean root and
transport to shoot. The Cd content in root and shoot were lower in solutions with oxalic acid
than without oxalic acid solutions (Fig. 3}, Cd - complexes were not absorbed by bean root, thus
Cd accumulation was reduced in plant tissues. Soluble species of Cd are always easily available to

plants, but which Cd species can be absorbed depends on plant species.

1200
3 1. NS+Ca
“gsoool ‘31000} 5. NS+Cd-+25umol/L 0. A.
3 g = 3, NS+CAd-+50umal/L O.A. 1
§ 4000 3 50

4
§3000] 1 3 _§ 0
R
¢ 2000 o 400]
g 1 3 ]
81000‘ § 200‘
0 3 | 3 2 0 2 4 6 8

Cd cone. in growth solution, mg/L

Fig.3 The relationship between Cd in growth solution and roots and shoots of bean and in the presence of cxalic acid

4 Conclusions

Cd addition reduced or blocked root and shoot growth, thus decreasing the dry weight of
plants. Higher Cd concentrations, result in higher plant toxicity. There was a nearly linear rela-
tionship between Cd in roots and shoots vs. Cd in the nutrient solution.

Roots accumulated more Cd than the shoots. Root and shoot Cd uptake varied greatly be-
tween plant species. Tomato roots accumulated more Cd than beans; bean shoots accumulated
more Cd than tomatoes comparing both plant.

Organic acid in the nutrient solution can complex Cd, detoxifying the solution. However,
Cd toxicity still occurs at high Cd concentrations. In contaminated soils, organic acid in the soil
solution may reduce Cd toxicity.

Complexed Cd can be absorbed by root and transported to shoot though it appears to be less
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toxicity complexed Cd abscrption depends on plant species,
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