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Abstract

Six vegetable crop species were investigated: lettuce, spinach, radish, carrot, red beet and onion. Each

species was represented by two cultivars. The vegetables were cultivated in pots on substrates containing 0,

250 or 500 mg-kg'd. m. of lead. Increasing lead doses caused a decrease in sucrose content in edible plant

parts accompanied by an increase in starch content in comparison with vegetables cultivated on compara-

tive substrate. No constant tendency of changes in glucose and fructose levels in the studied plant tissues

were registered under the influence of cumulated lead. In the case of root vegetables and onion, in which

sucrose is the dominating soluble sugar (approximately 80% of total soluble sugars), a weakening of sweet

taste may be expected if the plants are cultivated in conditions of lead pollution.
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Introduction

Lead (Pb), which is widely spread throughout the en-
vironment, reveals relatively high reactivity and strongly
affects many physiological processes. It is considered the
most phytotoxic among heavy metals [1]. Research on
lead’s effects on the structure of photosynthetic apparatus
and the course of photosynthesis point to numerous dis-
turbances caused by this metal interference [2]. Changes
in many products of photosynthesis, particularly carbohy-
drates, are observed in tissues under the influence of lead.
Changes in total soluble sugars in tissues of plants grown
in environments polluted with this metal cannot be deter-
mined unanimously. A decrease in their level was detected
in Chlorella vulgaris colonies [4] and Salvinia natans [5],
in rice plants [6], lemon grass [7], safflower [8] and in soy-
bean verrucas [9]. An increase in total sugars in similar con-
ditions was also observed in tomato plants [10], in carrot

*e-mail: mgaweda@bratek.ogr.ar.krakow.pl

roots [11], in seedlings of rice [12] and sesame [13] and in
Lemma gibba cultures [14]. Results of the author’s earlier
papers [16, 17] also allow us to assume that total change
in soluble sugars in plants occurring under the influence of
absorbed lead is difficult to predict because of the fact that
the term “soluble sugars” comprises mainly various mono
and disaccharides occurring in different amounts in cell
sap. The destructive effect of lead was also proved in the
case of polysaccharide biosynthesis. A negative influence
of this metal on starch metabolism in germinating pea seeds
was discussed by Vikas et al. [18]. Changes in the course of
structural carbohydrate synthesis were also revealed, such
as inhibition of cellulose synthesis and activation of hemi-
cellulose in wheat seedlings cumulating lead [19].
Research results obtained so far have shown that car-
bohydrate metabolism is impaired by heavy metals in var-
ious ways. These changes may, to a considerable extent,
be a result of the inactivation of enzymes participating in
their synthesis or hydrolysis. It is a known fact that heavy
metals change activity of invertase and amylases [20, 18].
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Enzymes contained in their active centres SH functional
groups of cysteine should be particularly prone to lead
effect, because this group reveals a strong affinity to lead.
An example of such an enzyme is B-amylase.

The work presents results of research on changes in
the content of the most commonly occurring soluble sug-
ars: glucose, fructose and sucrose in selected vegetables
grown on substrates containing lead. Changes of starch
content, i.e. the most common reserve sugar, were also
discussed.

Experimental Procedures

This pot experiment was established in 2002 and 2003
in the last decade of April on the Experimental Farm of
the Faculty of Horticulture, Agricultural University of
Krakow. Six species of popular vegetables were investi-
gated, each of which was represented by two cultivars.
These included: lettuce (Lactuca sativa L.), Sonata and
Marysienka cvs., spinach (Spinacia oleracea 1L.) Matador
and Asta F, cvs., radish (Raphanus sativus L. subvar. ra-
dicula Pers.) Saxa and Carmen cvs., red beet (Beta vul-
garis L.), Egipski and Glob F cvs., carrot (Daucus carota
L.), Kamila F  and Kalina F, cvs., onion (4/lium cepa L.
var. cepa Helm), Rawska and Efekt cvs. The substrate
consisted of crushed high peat and washed river sand.
Both components were characterized by low concentra-
tions of lead (10 mg-kg' d.m.), below the upper limit of
natural background of this metal registered in Polish soils
as 18 mg-kg! d.m. Macroelements: 250 mg N, 250 mg K,
100 mg P and 60 mg Mg per a kilogram of dry mass were
supplied into the substrates as pure reagent salts. Microel-

ements were added using the microelement part of a multi
component MIS-4 fertilizer in the amount recommended
by the producer. The acidity of such a prepared substra-
tum was lowered to pH 6.5 using chalk. Mitscherlich pots,
5 dm® in volume were filled with the substrate and simul-
taneously lead was added as lead acetate solution. Each
cultivar was cultivated on three substrates with different
levels of lead pollution: 0, 250 and 500 mg Pb-kg'd.m., 8
pots per substrate. The pots were placed in the hotbed and
seeds of spinach, radish, red beets and carrot were sown
into them and 4-week-old seedlings of lettuce and onion
were planted. The plants were watered with distilled wa-
ter within 70% of capillary water capacity. After the ap-
pearance of the first pair of leaves, eight equal plants were
left per pot. Lettuce was an exception, as it was planted
three pieces per pot. The vegetables were gathered at their
harvest maturity, thoroughly washed in running water and
then 25 plants from each object were selected for analyses
(lettuce sample was 15 heads). Edible plant parts, which
in individual species were leaves, roots or bulbs, were
analyzed.

The content of glucose, fructose and sucrose was de-
termined by the ferrocyanide method [21]. Starch was as-
sessed by colorimeter using iodine solution in potassium
iodide [22]. Total lead concentrations in all the crop species
were essayed by atomic absorption [23] by Varian Spec-
trAA-20 spectrophotometer in the acetylene-air flame after
material incineration at 450°C and solving the remains in
10% nitric acid. The results were elaborated statistically by
ANOVA in the completely randomized design using t-Stu-
dent test at the significance level 0.05. Because of repeating
tendencies in individual years and to simplify the presenta-
tion results, two-year means were given in the Tables.

Table 1. Lead content in edible parts of vegetables cultivated on substrate with diversified Pb level (mg-kg' f. m.).

Pb dose
(mg'kg'd. m. Lettuce Spinach Radish Onion Red Beet Carrot
substrate)

Sonata AstaF, Carmen Efekt Glob F, Kalina F,

0 0.33a* 0.59a 0.57a 0.55a 1.05a 0.84a

250 1.05¢ 1.70c 1.34b 0.83bc 3.30c 3.70b

500 1.30d 2.24d 2.19¢ 0.94bc 4.58d 6.07d
Marysienka Matador Saxa Rawska Egipski Kamila F,

0 0.86b 1.26b 0.57a 0.44a 2.88b 0.71a

250 1.43e 2.32d 1.81bc 0.68ab 5.77¢ 3.33b

500 1.63f 3.37e 3.36d 1.10c 6.75f 5.08¢c

Mean for species

0 0.59a 0.92a 0.57a 0.50a 1.96a 0.78a

250 1.24b 2.01b 1.57b 0.76b 4.53b 3.51b

500 1.47¢c 2.80c 2.78¢ 1.02¢ 5.66¢ 5.57¢c

* Values marked with the same letter within the same species and means for species do not differ significantly.
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Results

Increased lead doses in the substrate caused an in-
crease in its concentrations in all tested vegetable species
(Table 1). Mean Pb content in lettuce leaves cultivated
on the comparative substrate was 0.59 mg-kg'! f.m. Un-
der the influence of 250 mg Pb-kg'd.m. dose it grew by
ca. 110%, while in effect of applied 500 mg Pb-kg'd.m.
by ca. 149% of the initial content. The selected lettuce
cultivars differed with their lead cumulation, Sonata cv.
accumulated on average by 32% less than Marysienka
cv. Mean lead content in spinach leaves gathered from
the substratum receiving 0 mg Pb-kg' d.m. was 0.92 mg
Pb-kg! f.m. and increased by ca. 118% and ca. 204% af-
ter the application of subsequent lead doses. Asta F| and
Matador differed significantly with respect to Pb cumu-
lation, the first accumulated by 35% more lead than the
other one. In radish roots from the substrate free of lead
about 0.57 mg of this metal was assessed per 1 kg f.m.
Supply of subsequent Pb doses to the substrate resulted
in its elevated concentrations in radish by ca.175% and
by ca. 388% in comparison with the control material.
Lead content in Carmen roots was by 29% lower than this
metal amount detected in Saxa roots. Onion growing on
substrate unpolluted by lead contained on average 0.50
mg Pb-kg?! f.m. When a dose of 250 mg Pb-kg! d.m. was
supplied, this metal concentration in onion increased by
ca. 52% and by 104% when the dose was doubled. No
differentiation in lead cumulation between cultivars was
registered for Efekt and Rawska cultivars. In red beetroots
cultivated on comparative substrate on average 1.96 mg
Pb-kg! f.m. was assessed. A supplement of 250 and 500
mg lead-kg! d.m. resulted in the increase in its root con-

centrations by about 131 and 189% in comparison with
beetroots from the substrate free of lead. Glob F, beet-
roots cumulated by 42% less lead than beetroots Egipski
cv. Mean Pb concentration of 0.78 mg-kg™' f.m. was noted
in carrot roots harvested from the control substrate. After
adding subsequent doses of lead to the substrate the level
of this element in carrot raised by ca. 350% and 614% in
comparison with the roots from substrate with zero dose.
Kamila F, carrot had by 14% less Pb than Kalina F, cul-
tivar.

Changes in glucose concentrations in the edible parts
of vegetables cultivated on substrates with increasing
lead contents are presented in Table 2. The level of this
sugar declined on average for species in lettuce leaves, ra-
dish roots and beetroots respectively by 12.5%, 9.5% and
40.0% — after increasing lead content in the substrate from
0 to 500 mg Pb-kg' d.m. At the same time in the same
conditions glucose concentration increased subsequently
by 11.8%, 7.1% and 20.3% in spinach leaves, onion and
carrot roots. Within the respective species only an analy-
sis of both red beet cultivars and both carrot cultivars re-
vealed the same tendencies of changes in the content of
discussed components under the influence of cumulated
lead. Changes of glucose levels registered for the other
species are resultants for the tested cultivars.

Fructose concentrations in vegetables grown on sub-
strates with diversified Pb content were given in Table 3.
After increasing Pb content in the substrate from 0 to
500 mg-kg! d.m. mean content of this sugar grew in let-
tuce leaves by 5.2%, in onion by 8.4% and in beetroots by
36.9%, whereas it decreased by 19.5% in spinach leaves
and by 17.0% in carrot roots, but did not change signifi-
cantly in radish roots. Fructose content in tissues of culti-

Table 2. Glucose content in edible parts of vegetables cultivated on substrate with diversified Pb level (mgkg! f. m.).

Pb dose
(mg'kg! d. m. Lettuce Spinach Radish Onion Red Beet Carrot
substrate)
Sonata AstaF, Carmen Efekt Glob F, Kalina F,
0 37.07 c* 9.60 a 1233 ¢ 1333 ¢ 1147 ¢ 1393 a
250 33.20b 1047 a 10.47b 12.27d 10.87 ¢ 1553 b
500 29.47 a 12.87b 9.83b 12.70 b 8.73b 1737 ¢
Marysienka Matador Saxa Rawska Egipski Kamila F
0 3793 ¢ 15.80 ¢ 7.67 a 590a 8.60 b 14.10 a
250 35.80¢ 15.83 ¢ 797 a 6.53b 547 a 1543 b
500 36.20 ¢ 1553 ¢ 8.27a 7.90 ¢ 490a 16.37 be
Mean for species
0 37.50b 12.70 a 10.00 b 9.62a 10.03 ¢ 14.02 a
250 3450 a 13.15a 922a 9.40a 8.17b 1548 b
500 3283 a 1420 b 9.05a 10.30b 6.82a 16.87 ¢

* Values marked with the same letter within the same species and means for species do not differ significantly
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vars from the same species was changing diversely under
the influence of accumulated lead and the same tendency
for changes was noticed only for spinach.

Changes of sucrose contents in the edible parts of veg-
etables cultivated on the substrate with increasing lead
doses were presented in Table 4. Mean content of this sug-
ar calculated for a species was decreasing with increas-
ing substrate lead concentrations. It decreased under the
influence of 250 mg-kg!d.m. and then 500 mg-kg'd.m.
in spinach leaves by 12.6% and 26.8%, in radish roots
by 23.0% and 36.8%, in onion by 8.5% (because of the
higher dose), in beetroots by 9.4% and 15.6% and in car-
rot roots by 27.9% and 45.1%. Only in lettuce was no di-
versification in sucrose concentration registered in plants
under the influence of growing Pb doses. The analysis of
individual cultivars revealed a decline in sucrose level in
effect of accumulated lead and only in three cases were no
significant changes of its content noted.

Table 5 shows starch content in vegetables cultivated
on the substrates with increasing lead doses. Its mean con-
tent was increasing with growing Pb dose in the substrate.
A supplement of 250 mg lead'kg! d.m. and then 500
mg-kg! d.m. caused an increase in starch concentrations
in lettuce leaves by 11.0% and 14.0%, in spinach leaves
by 6.9% and 16.2%, in radish roots both doses on average
by 9.2%, in onion respectively by 10.8% and 45.9%, in
beetroots both doses on average by 9.9%,in carrot roots
by 19.4% and by 48.2%. Changes in starch concentrations
in tissues of individual cultivars also revealed a growing
character except of this component content in Saxa radish
roots and in Rawska onions, where no statistically signifi-
cant differences were assessed.

Discussion of Results

Analyses conducted on two monosaccharides: glu-
cose and fructose in six vegetable species cumulating
lead did not produce results which would allow for
drawing general conclusions concerning the direction
of changes of this sugars contents under the influence
of lead. Even in the case of species in which the same
organ is an edible art (lettuce and spinach, beetroots
and carrots) no uniform tendency could be found. Re-
ports of similar investigations that can be found in lit-
erature are also diversified. For example an increase in
glucose level was observed in pea seedlings growing
on a substrate containing lead [24], whereas in birch
leaves and spruce and pine needles subjected to lead
dust emission a decline was registered in this carbohy-
drate content [25].

Formulating conclusions common for the whole
research material was possible for sucrose and starch.
Subsequent doses of Pb 250 and 500 mg-kg' d.m. sup-
plied to the substrate caused a decrease in sucrose in the
tissues of investigated vegetables even by 45% (carrot,
a dose of 500 mg Pb-kg' d.m.). The work by Poskuta et
al. [24] quoted above reports that an increase in Pb con-
centration in the medium from 0 to 800 mg-dm? caused
a decline in sucrose concentrations in pea plants by ap-
proximately 40%. Similar observations were reported by
Selim [11].

In the discussed experiment the maximum 46% in-
crease in starch concentration in vegetable organs under
the influence of diversified lead doses was obtained in
onions at a higher Pb dose. The other authors [14, 15]

Table 3. Fructose content in edible parts of vegetables cultivated on substrate with diversified Pb levels (mg-kg' f. m.).

Pb dose
(mg'kg! d. m. Lettuce Spinach Radish Onion Red Beet Carrot
substrate)
Sonata AstaF, Carmen Efekt Glob F, Kalina F,
0 72.80 a* 24.03d 1450 ¢ 11.67 ¢ 3.80a 8.60d
250 7213 a 22.57¢ 14.03 be 12.07 ¢ 423a 593b
500 78.270b 1820 a 13.73b 10.43 b 3.87a 4.67a
Marysienka Matador Saxa Rawska Egipski Kamila F,
0 69.63 a 20.83b 1290 a 8.53a 383a 7.83 ¢
250 70.27 a 1893 a 13.97 be 8.90 a 5.63b 797 ¢
500 71.60 a 17.90 a 14.10 be 1147 ¢ 6.60 ¢ 897d
Mean for species
0 7122 a 2243 ¢ 1370 a 10.10 a 3.82a 8.22b
250 7120 a 20.75b 14.00 a 10.48 ab 493b 6.96 a
500 7493 b 18.05a 1392 a 10.95b 523b 6.82a

* Values marked with the same letter within the same species and means for species do not differ significantly
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Table 4. Sucrose content in edible parts of vegetables cultivated on substrate with diversified Pb levels (mg-kg' f. m.).

Pb dose
(mg'kg!'d. m. Lettuce Spinach Radish Onion Red Beet Carrot
substrate)

Sonata Asta F| Carmen Efekt Glob F, Kalina F,

0 16.87 a* 11.70 ab 22.23d 63.00 a 53.80¢ 5333e

250 1743 a 11.37 ab 1857 ¢ 62.50 a 52.90 be 46.87d

500 17.00 a 11.93 ab 16.63 b 6293 a 51.63b 3223 ¢
Marysienka Matador Saxa Rawska Egipski Kamila F|

0 2833 ¢ 16.53 ¢ 2993 ¢ 74.47 ¢ 61.30d 4793 d

250 27.17b 12.73 b 16.97b 72.33Db 51430 26.170b

500 27.20b 873 a 1253 a 62.90 a 4553 a 2340 a

Mean for species

0 22.60 a 14.12b 23.08 ¢ 68.73b 57.55¢ 50.63 ¢

250 22.30a 12.0 ab 17.77b 67.420b 52.17b 36.52b

500 22.10a 1033 a 14.58 a 6292 a 48.58 a 27.82a

* Values marked with the same letter within the same species and means for species do not differ significantly
Table 5. Starch content in edible parts of vegetables cultivated on substrate with diversified Pb levels (mg-kg! f. m.).
Pb dose
(mg'kg' d. m. Lettuce Spinach Radish Onion Red Beet Carrot
substrate)

Sonata AstaF, Carmen Efekt Glob F, Kalina F,

0 185.73 ¢* 113.93 a 56.93 ¢ 58270 58.27¢ 92.40b

250 212.13 ¢ 128.40 b 62.87d 6587 ¢ 65.87d 117.07 ¢

500 21593 e 148 40d 66.53 ¢ 104.27d 66.40 d 137.07 ¢
Marysienka Matador Saxa Rawska Egipski Kamila F

0 167.00 a 139.47 ¢ 35.67 ab 48.40 a 50.53 a 84.27 a

250 179.27b 142.40 ¢ 38.00b 52.33 ab 52.77b 93.87b
500 194.40d 146.00 d 34.80a 5137a 54.13b 124.67 d

Mean for species

0 176.37 a 126.70 a 46.30 a 53.33a 5440 a 88.33a
250 195.70 b 13540 50.43b 59.10b 59.32b 10547 b
500 202.67 ¢ 14720 ¢ 50.67b 7782 ¢ 60.27b 130.87 ¢

* Values marked with the same letter within the same species and means for species do not differ significantly

reported a decrease in starch content in tissues of plants
grown on substrates containing lead. However, Bals-
berg-Pahlson [25] reported that starch content in leaves
and needles of trees within the lead emission elevated
by between 25 and 70% in comparison with trees from
outside the emission.

The experiment conducted demonstrated that the bio-
logical value of vegetables cultivated in conditions of

lead pollution is significantly affected by changes of the
studied carbohydrates: glucose, fructose, sucrose and
starch concentrations. In the case of root crops where su-
crose is the dominating sugar (constituting approximate-
ly 80% of the analyzed sugars in beetroots and onion)
a weakening of their characteristic sweet taste may be
expected, whereas the same effect may not be observed
in leaf vegetables.
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