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INTRODUCTION

Vegetables are vital for the human diet and, in
particular, cabbage it is cultivated for its nutritional
properties. "Cabbage head" it is a huge bud that
encloses most of the leaves of the plant. It has lower
temperature requirements, biological threshold can’t
be between 5-6°C, the optimum temperature of
vegetation is 15-18°C. It also resists at negative
temperatures [2, 5, 17].

In addition, besides the ability to absorb the
essential nutrients, plants are able to absorb and
accumulate heavy metals (HM) [6, 12]. The presence
of excess HM is a global problem that threatens plant
health, of the fauna and the people to. HM
contamination of agricultural soils is the result of
urbanization and industrialization.  Prolonged
application of fertilizers and pesticides resulted in the
accumulation of HM in both soil and vegetables [1,
12, 16] .

Cadmium (Cd) and Copper (Cu) are chemical
elements that occur naturally in the soil. Yet the
toxicity of these HM in culture plants produce effects
that not only reduce growth, but also deteriorate the
quality of food [4, 6, 8-10, 13]. Cd is one of most
toxic HM's. Occurs naturally in soils and plants
however, the concentration depends on the bedrock
of the soil. Exceedances of acceptable limits in soil
and plants are mainly due to anthropogenic activity.
The main sources of Cd in the environment are due
to industrial processes and phosphate fertilizers used
in agriculture [1, 9, 13]. Although the benefits of Cu
is recognized in small quantities for normal plant
activity. This element is toxic in high concentrations.
Also Cu is a micronutrient involved in
photosynthesis and breathing and in the culture
medium can lead to a decrease in the content of
photosynthetic pigments [10, 12, 16].

Chlorophyll is a green pigment, essential in
the process of photosynthesis, through this process
the transformation of light energy into chemical
energy take place and it meets in all the green plants.
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It is mainly related to the use and evaluation of the
quality and freshness of a vegetable [1, 13-15].

MATERIAL AND METHODS

The experiment was conducted in two
laboratories Biotechnology - In Vitro Cultures and
Plant Physiology from Vegetable Research and
Development Station Bacau. In the experiment, it
was used a single genotype cabbage (Brassica
oleracea variety Silviana) certificate by the Research
Station. The seeds were put to germinate in pots with
peat. All test units benefited from stable laboratory
conditions, so that we can evaluate the response of
plants to studied HM stress (Cd and Cu).
Experimental variants analyzed in this study are
represented by different concentrations of Cu and Cd
encoded as follows: V; = 20 mg Cu, V, = 100 mg
Cu, V5 =250 mg Cu, V, =500 mg Cu, Vs = control -
distilled water, Vg= 1 mg Cd, V;=3 mg Cd, Vg =5
mg Cd, Vg = 10 mg Cd and Vo = 500 mg Cu + 10
mg Cd. Values of Cd and Cu solutions have been set
in Order no. 756/3 November 1997 with regard to
traces of chemical elements in the soil (Table 1).

Test conditions for all variants, including the
control sample (CRT) were: temperature between 20-
25°C, photoperiod of 14 hours light-10 hours dark
and the humidity was moderate. After 23 days after
placing cabbage seeds in contact with the treated soil
the analysis of photosynthetic pigments from the
leaves of the seedlings were carried out.

Evaluation of pigments was carried out after
the protocol of Lichtenthaler (1987) [11].

100 mg of fresh plant material it was milled in
acetone 80% (v/v). The sample was centrifuged at
3530 rpm, 10 min., with Universal 320 R centrifuge.
After collecting the supernatant the absorbance was
read at 470, 647 and 663 nm at Boeco Germany S20
spectrophotometer. The results were recorded and the
concentrations of chlorophyll a (Chl a), b (Chl b) and
carotenoids (Car) were calculated according to the
following equations and expressed in pg/mL fresh
weight



Table 1. Reference values for traces of chemical elements in soil (mg / kg dry matter)

Trace elements Alert threshold / Types of use Intervention thresholds / Types of use
Normal value
(Heavy metals) — - - - -
sensitive Less sensitive sensitive sensitive Less sensitive
Copper (Cu) 20 100 250 200 500
Cadmium (Cd) 1 3 5 5 10

Chli.a =12,25« Abs 663 nm — 2,79 = 4bs 647 nm
Chi.b = 21,50 « Abs 647 nm — 5,10 = Abs 663 nm

Total Chl.= 7,15 + Abs 663 nm — 18,71 = Abs 647 nm

1000 « Abs 470 nm — 1,82 =« Chl.a — 85,02 = Chl.b

Car.=

RESULTS AND DISCUSSIONS

Chl a, Chl b and Car they were determined
from the fresh leaves of the cabbage seedling after 23
days from placing the seeds in contact with the
treated soil. However, plants sprouting on variants
V3, V4 and V10 died a few days after sunrise. This
demonstrated that a concentration equal to or greater
than 250 mg/kg of soil is toxic to the studied cabbage
genotype. Recent papers claim that Cu and Cd
interfere in the physiological processes of plants,
including in the photosynthesis process [3, 10, 16].

Mainly the amount of Chl a is higher in the
leaves of plants than the amount of Chl b [14, 15].
However, in this study there was a very small
difference between the amount of Ch/ a and Chl b in
all analyzed variants. There are no significant
differences either in plants grown on soil
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contaminated with Cu (V,-V,) compared to plants
grown on soil variants contaminated with Cd (Ve-
V). Comparing the results in figure 1, the difference
to the degree of Chl a and Chl b in leaves of cabbage
seedlings studied under stress conditions and CRT
(Vs) they're very small.

Green color of leaves is a general index related
to the use and evaluation of the quality and freshness
of a plant. And this index is associated with the total
content of chlorophyll [1, 7, 13]. After the calculation
of total chlorophyll, we can observe, from figure 2,
that the greatest amount of chlorophyll it is in the
leaves of cabbage seedlings on Variant Two (V, =
100 mg Cu), 9.3246 pg/mL, followed by variant
eight (Vg = 5 mg Cd) with a total chlorophyll content
of 8.7483 pg/mL and variant nine (Vo = 10 mg Cd)
with 8.6104 pg/mL. CRT (Vs) has a total chlorophyll
content of 8.5939 pg/mL.

Chlorophyll a (Chl a), b (Chl b)

V1

v2

V5 V6

B Chl a pg/mL
® Chl b pg/mL

v7 Ve va

Fig. 1. The amount of Chl a and Chl b in the cabbage seedlings leaves of Brassica oleracea L. variety Silviana
after day 23 from the beginning of the experiment
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In figure 3 a small amount of Car pigments
are registered in variant two (V2 = 100 mg Cu) only
0.2284 pg/mL, which is normal because the same
variant has the highest chlorophyll content. The
highest values of carotenoids pigments are recorded
in the variants treated with standard Cd solution (V,
Vg, Vo) and they're overtaking 0.4000 pg/mL, the

highest value being recorded in variant seven (V; =3
mg Cd) with 0.4885 pg/mL.

The coefficient of variation for photosynthetic
pigments is represented in Figure 4. A large
dispersion is recorded in Car pigments in all studied
variants, however, it does not exceed 0.45%. The
highest variability is recorded in CRT (Vs) for both
Car pigments and for Chl a, Chl b.

Total Chl pg/mL

—#—Total Chl pg/mL

Fig. 2. Total amount of chlorophyll in the leaves of cabbage seedlings Brassica oleracea L. variety Silviana
after day 23 from the beginning of the experiment

Car (ug/mL)

0,7
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Fig. 3. Total content of carotenoids in the leaves of cabbage seedlings Brassica oleracea L. variety Silviana after
day 23 from the beginning of the experiment
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Fig. 4. Coefficient of variation for Chl a, Chl b and Car



CONCLUSIONS

Toxicology study in vegetables to HM
exposure and humans health, by consuming
contaminated vegetables, it is a serious concern to
researchers, especially in recent years. Considering
the effects of studied HM (Cu and Cd) on
photosynthetic pigments in the leaves of cabbage
seedling (Brassica oleracea L. variety Silviana),
analyzes performed after day 23, showed that there
are no big differences between Chl a and Chl b in
none of the studied variants. The largest amount of
total chlorophyll is in the plants on variant two (V, =
100 mg Cu) and the greatest amount of carotenoids
pigments is recorded on variant seven (V; = 3 mg
Cd). The coefficient of variation for the analyzed
photosynthetic pigments does not exceed 0.45%.

ABSTRACT

Vegetables are essential in human diet and the
presence of HM in excess it is a global issue that
threaten plant health, wildlife and people [4]. This
study was conducted under the protocol OECD 208.
And values of Cd and Cu solutions were established
in Order no. 756/3 November 1997 with regard to
traces of chemical elements in the soil. Chlorophyll
pigments evaluation was performed following the
protocol of Lichtenthaler (1987) [11]. After data
analysis the difference observed between the amount
of Chl a and Chl b was very small in all the variants
studied.

The largest amount of total chlorophyll and
the small amount of carotenoids it was determined
variant tow (V, = 100 mg Cu). And coefficient of
variation for photosynthetic pigments is not greater
than 0.45%.
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