Available online: www.notulaebotanicae.ro

[EVAP)]

AcademicPres

Print ISSN 0255-965X; Electronic 1842-4309

Notulae Botanicae Horti

Not Bot Horti Agrobo, 2019, 47(4):1394-1399. DOI:10.15835/nbha47411755 Agrobotanici Cluj-Napoca

Original Article

Cadmium Effects on Hyssop (Hyssopus officinalis 1..) Morphology and Cd
Uptake in Relation to Substrate Acidity/Alkalinity

Anastasia AKOUMIANAKI-IOANNIDOU!, Despoina KAPAMA?,
Aggelina MPANTOUNA?, Nicholas K. MOUSTAKAS*

LAgricultural University of Athens, School of Plant Sciences, Department of Crop Science, Laboratory of Floriculture and Landscape Architecture,
Iera Odos 75, 11855 Athens, Greece; akouwman@auna.gr
2Agricultural University of Athens, School of Environment and Agricultural Engineering, Department of Natural Resources Development and
Agricultural Engineering, Laboratory of Soil Science and Agricultural Chemistry, Ieva Odos 75, 118 55, Athens,
Greece; despoina.kapama@gmail.com; Aggelina.mpantouna@yahoo.com; nmoustakas@auna.gr.(*corresponding author)

Abstract

Hyssop (Hyssopus officinalis), is a herb with a wide range of use in food preparation and herbal medicine. It is a perennial
shrub through which pollutants such as Cd may enter the human food chain Therefore, the aim of this research was to
examine the extent to which Cd added to the growth substrate is accumulated by hyssop plants and whether Cd affects the
plant’s morphology. Hyssop plants were grown in pots containing a uniform mixture of either moderately acidic or slightly
alkaline substrate consisting of peat and perlite (1:1 v/v) to which Cd (CdSO4*8/3H,0) was added (0-control, 1, 2 and 5 mg
Cd L") during the course of growth. No symptoms of toxicity or nutrient deficiency as well as no differences in plant height
were attributed to Cd application irrespective of the growth stage or substrate. Cadmium uptake by aerial organs (shoots) and
underground organs (roots) of hyssop increased with Cd application and was higher in the moderately acidic than in the
slightly alkaline soil environment. Hyssop is a Cd accumulator and accumulation occurred mainly in the roots in the acidic
substrate. Measurement of extractable Cd by diethylene triamine penta acetic acid - triethanol amine (DTPA-TEA) could be

used to predict Cd uptake by hyssop plants.
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Introduction

Cadmium (Cd) is a widespread pollutant and Cd soil
pollution has increased during the 20th century due to
mining, atmospheric deposition during zinc smelting,
combustion of fossil fuels and disposal of wastes such as
cadmium-containing plastic containers and batteries
(Alloway and Steinnes, 1999). Phosphate fertilizers are
considered to be the most common cause of cadmium
contamination in agricultural soils and Cd concentrations
in fertilizers range from 2 to 156 mg kg" (Tiller, 1989).
Cadmium accumulates in the surface soil creating a long-
term problem due to its long half-life, which ranges from 15
to 1100 years (Oliver, 1997). Due to its high mo%ility in the

lant-soil system and low degree of attraction to soil
colloids, Cd can easily enter the food chain, with adverse
effects on human health (Alloway, 1995). For example,

cadmium has been linked to bone diseases, lung edema, liver

damage, anemia and hypertension (Staessen ez al., 1999;
WHO, 1996). The World Health Organization ( WHO)
has established a provisional toleraﬁle weekly intake
(PTWI) for cadmium of 7 pg/kg of body weight, which
corresponds to a daily tolerable intake level of 70 ug of
cadmium for an average 70-kg man and 60 pg of cadmium
per day for an average 60-kg woman. The uptake and
accumulation of cadmium in plants varies widely among
species, varieties, and tissues (Oliver, 1997) and is influenced
by soil factors such as soil cadmium content, pH, salinity,
organic matter and the concentration of iron (Fe),
manganese (Mn), calcium (Ca), zinc (Zn) and chlorine (CI)
(McBride, 2002). Hyssop (Hyssopus officinalis), a perennial,
aromatic shrub of the Lamiaceae family, native to southern
Europe, the Middle East and temperate regions of Asia, is
widely used in pharmacy and cooking. Hyssop has a woody
basal stem, from which upright shoots arise and grow to a
heiiht of 40-70 cm. The leaves are narrow, serrated, shiny,
dark green and aromatic, up to 2.5 ¢m long, The flowers,
which are aromatic, tubular purple-blue, red or white with
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protruding stamens, form in dense oblong inflorescences
from mid- to late- summer (late May to September) and the
seeds ripen from August to October. Hyssop leaves and
shoots are used as a fresh, aromatic condiment to flavor
soups, salads etc. while its flowers may be added to salads.
Extracted essence is used to flavor foods and beverages
(Bown, 1995; Grieve, 1984). In herbal or traditional
medicine hyssop is recommended for the treatment of
coughs, colds, and asthma. In particular, the leaves and
inflorescence tops are antiseptic, expectorant, and
vasodilatory, while leaf extracts possess antimicrobial
properties and may be used for the treatment of bronchitis
and respiratory infections (Chevallier, 1996). Nowadays,
hyssop is considered an undervalued herb often used as a
home remedy, especially as a stomach expectorant and tonic.
Since Cd may enter the human food chain through
medicinal plants, it is important to determine the potential
toxicity and health risk. Therefore, the aim of this research
was to examine the morphological characteristics and Cd
content of hyssop plants grown in a moderately acidic or

slightly alkaline substrate to which Cd was added.

Materials and Methods

Experimental conduction and design

Pot experiments were conducted under greenhouse
conditions at the Agricultural University of Athens over
two periods of approximately three months each. The
plants were grown in pots filled with a uniform mixture of
peat and perlite (1:1 v/v). Two types of peat were employed:
one moderately acidic and one slightly alkaline. The
electrical conductivity of both forms of peat was 10 mS cm™,
and the organic matter and moisture content were 90% and
50-65% by weight, respectively. The petlite particles were 1
to 5 mm in diameter (Perloflor; ISOCON S.A., Athens,
Greece). The pH of the moderately acidic substrate was 5.6
and that of the slightly alkaline substrate was 7.4. Pots were
arranged in a completely randomized block design within
two groups (moderately acid substrate and slightly alkaline
substrate) with four Cd treatments (0-control, 1, 2 and 5
mg Cd L") and six replications per treatment. Cadmium
was applied as CdSO4*8/3H,O. The 1% experiment for
both substrates started on February 22" and ended on May
29" 2018; the second experiment began on 201 of
November 2018 and ended on 17 of April 2019. The
treatments, replications per treatment and the cultivation
techniques were the same in both study periods. 1%
experiment: On March 16 (two months old seedlings), Cd
application began with the addition of 20 ml of each
treatment to each pot at the concentrations indicated above
and ended on April 20™. The total amount applied per pot
throughout the cultivation was 260 ml, corresponding to
0.26 mg Cd for level 1 mgL", 0.52 mg Cd for the level 2 mg
L', and 1.3 mg Cd for the level 5 mg L. 2nd experiment: On
December 187 (five months old seedlings), Cd application
began with the addition of 20 ml of each treatment to each
pot at the concentrations indicated above and ended on
March 9*. The total amount applied per pot was the same
as that for the 1% experiment. Throughout the experiments,
the frequency and duration of irrigation varied according to
the prevailing weather conditions. Pots were irrigated in
such a way as to maintain the moisture at a soil matrix
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potential of -100 cm. This matrix potential ensured the
maintenance of moisture in the substrate without the
occurrence of leaching, Fertilization was performed three
times in both experiments; using a commercial fertilizer
(Nutrileaf-60) with 2 mg N, 2 mg P,Os, and 2 mg K>O for
each pot (the content of Cd in the fertilizer was negligible).

Plant analysis

The plants were carefully removed from the pots and
separated into the aerial organs (shoots) and underground
organs (roots). The dry weight of both plant parts from each
pot was measured after drying to a constant weight in an
oven at 60 °C. Dried samples were ground in a stainless steel
Wiley mill and passed through a 150 um plastic sieve to
ensure uniformity. 0.5 g of dried samples smaller than 150
pm in diameter was ashed at 550 °C for 4 hours. Upon
completion of combustion the residue was dissolved in 5 ml
of 6N HCL. The suspension was filtered into 100 ml
volumetric flasks and made up to volume with deionized
water. Cd was determined by flame atomic absorption
spectrophotometry at 213.9 nm, using an air-acetylene
flame (Baker and Amacher, 1982). Cd uptake by shoots and
roots of hyssop was calculated by multiplying the dry weight
of shoots and roots by the corresponding Cd concentration
and expressed as mg Cd per plant and pot. The sum of
shoot and root uptake corresponded to the plant Cd
uptake.

Substrate analysis

Samples of air-dried substrate taken from each pot at the
end of each experiment were passed through a 500 pm
plastic sieve and analysed for extractable Cd using the
diethylene triamine penta acetic acid — triethanol amine

(DTPA-TEA) method (Lindsay and Norvell, 1978).

Statistical analysis

The influence of Cd treatments on Cd uptake by hyssop
and the concentrations of Cd extracted by DTPA- TEA
from the substrate were evaluated by analysis of variance
(ANOVA), using STATISTICA (StatSoft, 2008). Where a
significant difference was found, Duncan’s Multiple Range
Test at the 5% level of probability was used to compare
individual treatment means.

Results and Discussion

No symptoms of toxicity or nutrient deficiency over the
application range of 0 - 5 mg Cd kg'1 were detected in plants
grown ecither in moderately acidic or slightly alkaline
substrate in either experimental period. Similarly, no
differences in plant hei%ﬂ were attributed to Cd
application irrespective of the growth stage or substrate in
either experimental period.

I¢ experimental period

In the moderately acidic substrate, Cd concentration in
shoots and roots of hyssop, increased at Cd doses higher
than 2 and 1 mg L", respectively. Root dry weight increased
at Cd doses greater than 2 mg L. Shoot dry weight also
tended to increase with Cd dose. Consequently, total Cd
uptake by hyssop plants increased with Cd dose (Table 1).
The relationships between Cd applied and Cd uptake by
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the different plant parts are illustrated in Fig. 1. In slightly
alkaline substrate, Cd concentration in shoots and roots, as
well as shoot dry welght increased with Cd doses greater
than 1,2 and 1 mg L", respectively. Consequently, total Cd
uptake by hyssop lants here too increased with increasin
Cd dose (Table 1). The relationships between Cd applie
and Cd upta.ke by the different plant parts are illustrated in
Fig. 2. Shoot, root and total Cd uptake by hyssop plants
grown in the moderately acidic substrate was higher than
that of plants grown in the slightly alkaline substrate (Table
3), possibly due to the higher bioavailability of Cd in an acid
soil environment. Soil pH is the most important factor
affecting Cd bioavailability (hence its uptake by plants),
which increases linearly with decreasing pH (Kirkham,
2006; Kim ez 4., 2009).

2" experimental period

In moderately acid substrate, Cd concentration in
hyssop shoots and roots increased with Cd doses higher
than 2 and 1 mg L, respectively. Shoot and root dry weight
also increased with Cd dose. Therefore, total Cd uptake by
hyssop plants increased with increasing Cd doses (Table 2).
The relationships between Cd applied and Cd uptake by
the different plant parts are illustrated in Fig, 3. In slightly
alkaline substrate, Cd concentration in shoots and roots,
and root dry welght increased with Cd doses greater than 1,
2and 1 mgL", respectively. Shoot dry weight also tended to
increase with Cd doses. Hence total Cd uptake by hyssop
plants increased with increasing Cd doses (Table 2). The
relationships between Cd applied and Cd uptake by the
different plant parts are illustrated in Fig. 4. In both
experimental periods shoot, root and total Cd uptake by
hyssop plants increased with increasing Cd application.
These results are in accordance with the effects of Cd
concentration on the leaves of lettuce, radish, cucumber
(Moustakas ez al., 2001), endive and rocket (Akoumianakis
et. al.,2008).

In control treatments during the 1* experimental period,
Cd concentration in shoots and roots was 11.5 and 14.33 g
g', respectively for plants grown in moderately acid
substrate (Table 1), and 10.83 and 16.32 ug g, respectively
for plants grown in slightly alkaline substrate "Table 2). Also
in control treatments during the nd experimental period,
the Cd concentration in shoots and roots was 4.0 and 4.0 pg
g', respectively for plants grown in moderately acid
substrate (Table 4), and 2.8 and 2.0 ug g, respectively for
plants grown in slightly alkaline substrate (Table 5). These
values are much higher than those for Cd extracted by
DTPA - TEA (Tables 1, 2, 4, 5). These findings in both
experimental periods are particularly noteworthy since they
indicate significant accumulation of Cd by hyssop
independent of pH. Akoumianakis ez 4/. (2008), Bingham
(1983) and Davis (1984) classified rocket, endive, lettuce,
s;1>inach, turnip grass, celery and cabbage as Cd accumulator
plants

No differences in Cd uptake by shoots of hyssop grown
either in moderately acid or slightly alkaline substrate were
detected in either experimental period (Table 2, 4).
However, differences were observed in Cd uptake by roots
of hyssop grown in moderately acidic substrate compared to
those in a slightly alkaline substrate. These findings in both
experimental periods indicate that Cd in the acid soil
environment accumulated mainly in the roots.

The amount of Cd in the substrate that was extractable
by DTPA-TEA correlated with that in the shoots and roots,
and therefore total Cd, independently of the experimental
period, indicating that this extractant could be used
effectively to pre§1ct Cd uptake in hyssop grown in this
substrate (Table 5). The relamonshlp between Cd applied
and extractant Cd by DTPA-TEA is shown in Figs. 1, 2.
Moustakas ef /. (2001) and Akoumianakis ez a/. (2008)
reported that DTPA-TEA could also be used to predict Cd
uptake by lettuce, radish, cucumber, endive and rocket
plants grown in aslightly alkaline substrate.

Table 1. 1 experiment period - moderately acid substrate - effect of Cd on shoot dry weight (SDW), Cd concentration in shoots (Cd-SDW), root
dry weight (RDW), Cd concentration in roots (Cd-roots), Cd uptake by shoots (SUpt), Cd uptake by roots (RUpt), and total Cd uptake (TUpt) by
plants of hyssop cultivated in a moderately acid substrate, during the I** experimental period

Cd SDW RDW Cd-SDW Cd-RDW SUpt RUpt TUpt Cd soil
added . . S
i (g plant™) (vgg' DW) (vg g’ soil)

0 1.86a 226a 11.5 1433 a 21.03a 31l.14a 52.16a 0.03a
1 2.26ab 1982 14.17 25.08 b 3121b 48.15ab 79.35b 0.1b
2 252 ab 2.71 ab 14.33 2528b 34.39b 68.32b 102.71 ¢ 022c¢
S 2.88b 336¢ 14.67 34,67 ¢ 41.64 ¢ 116.1 ¢ 157.74d 0.58d

F= 3.19 4.78 27.42 14.04 25.19 33.28 950.8

Column means followed by the same letter are not significantly different according to Duncan’s multiple range test at p<0.05; column means without letters indicate no

significance by Duncan’s test at p<0.05.

Table 2. Ist experiment period - Slightly alkaline substrate - Effect of Cd on shoot dry weight (SDW), Cd concentration in shoots (Cd-SDW), root
dry weight (RDW), Cd concentration in roots (Cd-roots), Cd uptake by shoots (SUpt), Cd uptake by roots (RUpt), and total Cd uptake (TUpt) by
plants of hyssop cultivated in a slightly alkaline substrate, during the Ist experimental period

Cd added SDW RDW Cd-SDW Cd-RDW SUpt RUpt TUpt Cd soil
mlL’ (g plant™) (vgg' DW) (vg g soil)
0 1.65a 1.56 10.83a 1622a 17.76 a 25.07a 42.83a 0.02a
1 1.77 ab 1.59 14.67 b 25.06 b 25.85b 39.4ab 6525b 0.09b
2 2.02b 1.88 17.33 ¢ 2847 ¢ 34.84 ¢ 50.6b 85.44 ¢ 0.17 ¢
5 1.93ab 223 18 ¢ 3333¢ 3443 ¢ 7459 ¢ 109.02d 0.38d
Ifi= 2.89 13.02 13.95 17.69 15.14 3455 756.1

Column means followed by the same letter are not significantly different according to Duncan’s multiple range test at p<0.05; column means without letters indicate no

significance by Duncan’s test at p<0.05.
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Table 3. Comparison cffects of Cd on shoot dry weight (SDW), Cd concentration in shoots (Cd-SDW), root dry weight (RDW), Cd concentration
in roots (Cd-roots), Cd uptake by shoots (SUpt), Cd uptake by roots (RUpt), and total Cd uptake (TUpt) in relation to the acidity or alkalinity
substrate, during the 1** experiment period

Cd added SDW RDW Cd-SDW Cd-RDW SUpt RUpt TUpt Cd soil

; Acidicy ] ] (ugg'
mgL (g planc”) (ugg' DW) soil)

0 acid 1.86a 226a 11.50a 1433a 21.03a 31.14a 52.16a 0.03a

alkaline 1.65a 1.56 b 10.83a 1622a 1776 a 2507 b 4283b 0.02a

1 acid 226a 198a 1417 a 25.08a 3121a 48.15a 79.35a 0.10a

alkaline 1.77a 159a 14.67a 25.06a 25.85a 3940 a 6525a 0.09a

) acid 252a 271a 1433a 2528a 3439a 68.32a 10271 a 0.22a

alkaline 202a 1.88a 17.33a 2847a 34.84a 50.60 a 85.44a 0.17b

acid 2.88a 3.36a 14.67a 3467 a 41.64a 116.10a 157.74a 0.58a

5 alkaline 193b 223b 18.00 b 3333a 3443 a 7459 b 109.02 b 0.38b

Means in acid and alkaline acidity in cach Cd treatment followed by the same letter are not significandly different according to Duncan’s multiple range test at p<0.05.

Table 4. 2nd experiment period - Moderately acid substrate - effect of Cd on shoot dry weight (SDW), Cd concentration in shoots (Cd-SDW), root
dry weight (RDW), Cd concentration in roots (Cd-roots), Cd uptake by shoots (SUpt), Cd uptake by roots (RUpt), and total Cd uptake (TUpt) of

hyssop plants cultivated in moderately acidic substrate, during the 2nd experiment period

Cd SDW RDW Cd-SDW Cd-RDW SUpt RUpt TUpt Cd soil
added ) . a
L (gplant™) (ugg' DW) (ugg" soil)

0 7.00 722 4.00a 4.00b 27.99 a 28.88 b 56.87 b 0.12a
1 7.13 7.88 4.40 ab 10.80 a 31.12ab 84.85a 11597 a 0.30b
2 6.58 728 5.60 be 12.00 a 36.86b 87.87 a 124.73a 0.50 ¢
5 6.87 7.94 6.80 ¢ 14.40 ¢ 46.20 ¢ 115.18 ¢ 161.38 ¢ 098d
[i= 10.03 53.42 13.75 23.04 30b.1 185.4

Column means followed by the same letter are not significantly different according to Duncan’s multiple range test at p<0.05; column means without letters indicate no

significance by Duncan’s test at p<0.05.

Table 5. 2™ experiment period - Slighdly alkaline substrate - Effect of Cd on shoot dry weight (SDW), Cd concentration in shoots (Cd-SDW), root
dry weight (RDW), Cd concentration in roots (Cd-roots), Cd uptake by shoots (SUpt), Cd uptake by roots (RUpt), and total Cd uptake (TUpt) of

hyssop plants cultivated in slightly alkaline substrate, during the 2™ experiment period

Cd added SDW RDW Cd-SDW Cd-RDW SUpt RUpt TUpt Cd soil
mlL! (gplant”) (vgg' DW) (ug g soil)
0 7.38 7.05b 2.80b 2.00a 20.61 b 14.10a 3470a 0.11a
1 6.99 9.05a 520a 2.00a 35.61a 18.11a 53.72a 022b
2 7.27 9.12a 5.60 a 6.00b 4098 a 55.75b 96.72b 0.32¢
5 7.28 8.67a 640a 8.60c¢ 46.75a 75.24b 122.00b 0.33¢
F= 4.88 8.0 23.84 824 15.32 21.33 45.7

Column means followed by the same letter are not significamly different according to Duncan’s multiple range test at p<0.05; column means without letters indicate no

significance by Duncan’s test at p<0.05.

Table 6. Comparison effects of Cd on shoot dry weight (SDW), Cd concentration in shoots (Cd-SDW), root dry weight (RDW), Cd concentration
in roots (Cd-roots), Cd uptake by shoots (SUpt), Cd uptake by roots (RUpt), and total Cd uptake (TUpt) of hyssop plants grown in an acidic and in

an alkaline substrate, during the 2™ experiment period

Cd added L SDW RDW Cd-SDW Cd-RDW SUpt RUpt TUpt Cd soil
L Acidity T rSS Tooll
mg (gplant’) (ugg' DW) (ug g soil)

0 acid 7.00 a 722a 4.00a 4.00a 27.99a 28.88a 56.87 a 0.12a
alkaline 7.38a 7.05a 2.80a 2.00b 20.61a 1410 b 3470 b 0.11a

1 acid 713a 7.88a 4402 10.80 a 31.12a 84.85a 11597 a 0.30a
alkaline 6.99a 9.05a 520a 2.00b 35.61a 18.11b 53.72b 022b

2 acid 6.58a 7.28a 5.60a 12.00 a 36.86a 87.87a 124.73a 0.50 a
alkaline 7.27 a 9.12b 5.60 a 6.00b 40.98a 55.75a 96.72 a 0.32b

5 acid 6.87a 7.94a 6.80a 14.40 a 46.20a 115.18a 161.38 a 0.98a
alkaline 728a 8.67a 6.40a 8.60b 46.75a 75.24b 122.00 b 0.33b

Means in acid and alkaline acidity in cach Cd treatment followed by the same letter are not significandly different according to Duncan’s multiple range test at p<0.05.
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Table 7. Correlations between DTPA ~TEA extractable Cd with Cd uptake by shoots (SUpt), Cd uptake by roots (RUpt), and total Cd uptake
(TUpr) by plants of hyssop cultivated in moderately acidic substrate and in slightly alkaline substrate in both experimental periods

1" experimental period

Moderately acid substrate

SUpt Rupt Tupt
Cd-soil 0.734" 0.937 0.948
Slightly acid substrac
SUpt RUpt TUpt
Cd-soil 0.683 0.822 0.879
2 experimental periode
% P!
Moderately acid substrate
SUpt Rupr Tupt
Cd-soil 0.657 0.804 0.819
Slightly acid substrae
SUpt Rupr Tupt
Cd-soil 0.746 0.800 0.861
*All correlations are significant at p <0.050
1* experimental period T 150 T 1* experimental period T 0.50
200 Moderately acid substrate o Slightly alkaline substrate
g B o g SUpt = 22.23 +2.9%x; 1 = 0.46, p< 0.05 _
2 SUpt =247 +3.7 T 0:59, 5= 0:001 ] os0 & 2 1501 RUpt=283+9.6%x, = 0.68, p< 0.001 L o400 3
= RUpt =267 + 17.5%x, r* = 0.864, p< 0.001 .80 F " 505 4 12.58%x, 12— 0.78, p< 0.001 40 3
o 160+ TUpt=51.4+212% 2 = 0.90, p< 0.001 "o % )
2 Cd-extracted = 0.01 +0.11%x, 1> = 0.98, p< 0.001 w 2 S
e 2 s Z
g = 2 1 4 =
i 120 3 ,2’ 90 B 0.30 :
= = 2
s 2 3 51
S <9 =
@ = z &
E £ g £
5 380 3 5 L 020 2
- < = «
z = = =
g g E g
-
< 40 ] < s <
£ = E L 010 &
3 a2 )
= ~
3 5]
0 -
0 1 t } } t 0.00
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Cd added (mg L™)
S supt(L), B RUt(L), - TUpt(L), * Cd_soil (R)

Fig. 1. The relationship between the Cd applied to the
moderately acid substrate and the Cd uptake by shoots (SUpt)
and roots (RUpt) and the total plant uptake (TUpt) during
the 1* experiment period as well as the relationship between
extractable Cd by DTPA-TEA and the amount of Cd added to
substrate

200 = 2" experimental period - 045
Moderately acid substrate
_ SUp = 28.21 + 3.67*x, r* = 0.72, p< 0.001
3 RUpt = 52.76 + 13.8*x, 1* = 0.606, p< 0.001 _
B 160 4 TUpt=180.97 + 17.48%x, > = 0.70, p< 0.001 Loss 3
s Cd_soil = 0.17 + 0.04%x, 1 = 0.59, p< 0.001 -y
g LY
= .--go030 ¥
=]
% 120 4 It
S
= + 025 o
Y H
= 4020 &
2 804 g
'S <
2 <+ 015 &
F] D
<
3
0l Fo10 &
= o 2
© o 4 005
0 } + } t t 0.00
0 1 2 3 4 5 6

Cd_added (mgL™)
8. SUpt (L), B RUpt (L), "© TUpt (L), * Cd soil (R)

Fig. 3. The relationship between the Cd applied to the
moderately acid substrate and the Cd uptake by shoots (SUpt)
and roots (RUpt) and the total plant uptake (TUpt) during
the 27 experiment period as well as the relationship between
extractable Cd by DTPA-TEA and the amount of Cd added to

substrate

Cd added (mg L)
o0 SUpt (L), B RUpt (L), & TUpt(L), * Cd_soil (R)

Fig. 2. The relationship between the Cd applied to the slightly
alkaline substrates and the Cd uptake by shoots (SUpt) and
roots (RUpt) and the total plant uptake (TUpt) during the 1*
experiment period as well as the relationship between
extractable Cd by DTPA-TEA and the amount of Cd added to
substrate

160 1 T 120

2" experimental period
Slightley alkaline substrate

140 4 SUpt = 26.93 + 4.53%x, 1> = 0.462, p< 0.05
RUpt = 15.17 + 12.82*x, 1* = 0.646, p< 0.001
TUpt = 42.09 + 17.34*x, 2 = 0.71, p< 0.001

120 +
Cd_soil = 0.13 + 0.17%x, 12 = 0.969, p< 0.001

- 0.90

z
: —
—‘bl ~;
o0 —l:
2 a
: %
2 100 4 =
=
= 5]
s E
& 80 - 060 £
= =
= £
= ”
2 60 <
= =
5 &
% 40 - 030 £
=
E a
=
= 204
o
0 + + + + + 0.00
0 1 2 3 4 5 6

Cd added (mg L)
e SUpt (L), "B, RUpt (L), “¢.. TUpt (L), e Cd_soil (R)
Fig. 4. The relationship between the Cd applied to the slightly
alkaline substrates and the Cd uptake by shoots (SUpt) and
roots (RUpt) and the total plant uptake (TUpt) during the 2
experiment period as well as the relationship between
extractable Cd by DTPA-TEA and the amount of Cd added to

substrate
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Conclusions

Hyssop plants did not exhibit symptoms of toxicity by
Cd application up to 5 mg Cd L. Hyssop plant height was
not affected by Cd. Cadmium uptake by aerial organs
(shoots) and underground organs (roots) of hyssop
increased with Cd application. Cd uptake by hyssop is
higher in moderately acid than in slightly alkaline substrate.

In moderately acid substrate Cd accumulates mainly in
the roots. Cd extraction by DTPA-TEA could be used to
predict Cd uptake by hyssop.

Acknowledgements

The authors would like to thank H. Passam for his
valuable help in the preparation of this manuscript.

Conflict of Interest

The authors declare that there are no conflicts of
interest related to this article.

References

Akoumianakis KA, Passam HC, Barouchas PE, Moustakas NK (2008).
Effect of cadmium on yield and cadmium concentration in the edible
tissue of endive (Cichorium endivia L) and rocket (Eruca sativa Mill).
International Journal of Food Agriculture and Environment 6(3-
4£):201-209.

Alloway BJ (1995). Cadmium. In: Alloway BJ (Ed.). Heavy metals in soils.
Blackie Academic and Professional, Glasgow pp 121-151.

Alloway BJ, Steinnes E (1999). Anthropogenic additions of cadmium to
soils. In: McLaughlin MJ, Sing BR (Eds). Cadmium in soils and plants.
Kluwer, Boston, Dordrecht pp 97-123.

Baker DE, Amacher MC (1982). Nickel, copper, zinc and cadmium. In:
Methods of soil analysis. Page AL, Miller RH, Keeney DR (Eds). Part 2.
American Society of Agronomy, Madison W1 pp 323-334.

Bingham FT, Strong JE, Sposito G (1983). Influence of chloride salinity on
cadmium uptake by Swiss chard. Soil Science 135:160-165.

1399

Bown D (1995). Encyclopedia of herbs and their uses. Dorling Kindersley,
London pp 141-142.

Chevallier A (1996). The encyclopedia of medicinal plants. Dorling
Kindersley, London.

Davis RD (1984). Cadmium - a complex environmental problem. Part 2,
Cadmium in sludges used as fertilizer. Experientia40:17-234.

Grieve (1984). A modern herbal. Penguin, Middleburg pp 426.

Kim KR, Owens G, Naidu R (2009). Heavy metal distribution,
bioaccessibility and phytoavailability in long-term contaminated soils
from Lake Macquarie, Australia. Soil Research 47(2):166-176.

Kirkham MB (2006). Cadmium in plants on polluted soils: Effect of soil
factors, hyperaccumulation and amendments. Geoderma 137:19-32.

Linsday WL, Norvell WA (1978). Development of a DTPA soil test for
zing, iron, manganese and copper. Soil Science Society of America
Journal 31:421-428.

McBride M (2002). Cadmium uptake by crops estimated from soil total Cd
and pH. Soil Science 16:62-67.

Moustakas NK, Akoumianakis KA, Pasam HC (2001). Cadmium
accumulation and its effect on yield of lettuce, radish, and cucumber.
Communications in Soil Science and Plant Analysis 32:1793-1802.

Oliver MA (1997). Soil and human health: a review. European Journal of
Soil Science 48:573-592.

Sarwar N, Malhi SS, Zia MH, Naeem A, Bibi S, Farid G (2010). Role of
mineral nutrition in minimizing cadmium accumulation by plants.
Journal of the Science of Food and Agriculture 90(6):925-937.

Staessen JA, Roels HA, Emelianov D, Kuznetsova T, Thijs L, Vangronsveld
J, Fagard R (1999). Environmental exposure to cadmium, forearm bone
density and risk of fractures: prospective population study Lancet
353:1140-1144.

STATISTICA (2008). StatSoft, Inc. Tulsa, OK, USA.

Tiller KG (1989). Heavy metals in soils and their environmental significance.
Advancesin Soil Science 9:113-142.

WHO (1996). Trace elements in human nutrition. World Health
Organization, Geneva.



