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ABSTRACT

The present research was conducted in order to evaluate the effects of different amounts of cadmium (Cd) and lead
(Pb) on the morpho- physiological and biochemical aspects of sweet basil. Pre-treatments of the soil with different
concentrations of Cd and Pb was applied two months before starting the experiment in the greenhouse, and then seeds
were sown in pots containing contaminated soil, under greenhouse conditions. The results showed that application of
cadmium and lead have led to significant changes in morphological traits and reduction in physiological and quality
traits including number of lateral shoots, flowering intensities and stem diameter. By increasing concentrations of Cd
from 0 to 20 mg. kg™ soils, the amount of basil cadmium from 0.71 to 3.6 mg. gDW and with increasing
concentrations of Pb from 0 to 400mg. kg™ soil, the amount of basil Pb from 0.93 to 4.95 mg. g DWwas increased.
Different levels of both heavy metals have resulted in significant reduction of SPAD value (22.95 to 13.982 as well as
in the amount of chlorophyll a (0.755 to 0.333 mg. g* FW) chlorophyll b (0.330 to 0.125 mg. g* FW) and
carotenoids (0.228 to 0.095 mg.g™ FW) and photosystem 11 in chloroplasts (0.834 to 0.422) decreased compared to
control plants. According to the increase of Cd and Pb in the plants is harmful and associated with the serious human
health, therefore preventing culturing vegetable crops in the heavy metal contaminated soils should be considered.

Keywords: Cadmium, carotenoids, contaminated soils, chlorophyll, lead, photosystem I, stress.
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Table 1. Results of soil analysis of control treatment

Soil EC (ds.m'l) pH 0.C (%) P (mg/kg) K (%) N (%) Cd (mg/kg) Pb (mg/kg)
Content 3.280 7.69 0.683 75 199 0.072 0.49 0.97
OBy (s 0550 Dlao il jlg a5 Y Jgar
Table 2. Analysis of variance of sweet basil characteristics
Traits Model
DF (Treat) DF (Error) Mean square Mean error CV (%)

Plant height 6 21 481" 3.22 6.62
Sub stems length 6 21 5.06° 1.5 28.82
Flowering stem length 6 21 8.95° 2.83 20.63
Internodes’ length 6 21 737" 7.28 48.49
Leaf length 6 21 045~ 0.11 15.16
Leaf width 6 21 0.14~ 0.02 14.50
Length/width leaf Ratio 6 21 0.01"™ 0.008 4.68
Petiole length 6 21 9.08 ™ 3.79 21.15
Collar diameter 6 21 0317 0.79 17.06
Stem diameter 6 21 0.25"° 0.08 21.16
Corolla Length 6 21 12.24 "~ 1.22 12.41
Calyx Length 6 21 0.82 ns 0.52 13.13
Calyx diameter 6 21 0.23 ns 0.24 21.89
Inflorescence distance cycle 6 21 32357 7.30 19.35
Root length 6 21 511° 191 12.43
Root diameter 6 21 0.02 0.003 9.05
Shoot fresh weight 6 21 409.13 " 84.42 18.14
Shoot dry weight 6 21 21537 3.25 17.68
Root fresh weight 6 21 14.19 2.79 20.39
Root dry weight 6 21 1.002 0.38 30.29
SPAD value 6 21 42.23" 157 7.89
Leaf area Index 6 21 2468.8" 430.29 10.87
RWC 6 21 7327 0.66 0.9

Chlorophyll a 6 21 0.09 0.005 16.94
Chlorophyll b 6 21 0.02 ns 0.008 36.29
Carotenoids content 6 21 0.01° 0.003 33.26
Fluorescence maximal ( FM) 6 21 12.24 1.22 12.41
Fluorescence minimum(FO) 6 21 0.02 ns 0.01 35.91
Fluorescence variable (FV) 6 21 0.0002 ns 0.0001 14.27
FV/IFM 6 21 0.07 " 0.001 7.43
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*,** ns: Significantly differences at 5 and 1% of probability levels and Non- significant, respectively.

1. SPAD (Soil Plant Analysis Development)
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Table 3. Means comparisons of elements absorbed by sweet basil and soil cd and Pb concentrations (mg/kg)

Treatments Control Cd5 Cd 10 Cd 20 Pb 100 Pb 200 Pb 400
Leaf N (%) 3.73° 3.67° 3.83° 3.96° 419° 4.39° 4.47°
Leaf K (%) 1.75° 1.85° 1.95% 2.03° 1.09° 2.20° 233"
Leaf Mg (%) 0.8° 1.88° 1.87° 1.04° 1.13° 1.24% 1.19%
Leaf Fe (mg kg™) 371.71° 448.11° 460.68° 47151° 490.24° 489.42° 353.73"
Leaf Zn (mg kg™) 43.88° 42.57% 39.92° 40.07° 31.10° 28.03° 27.09°
Root Fe (mgkg™) 50.58° 61.64° 61.51% 61.16% 72.16° 58.66" 47.38°

W5l gyl gime Dgla ws ) ) mhw o)l SLS, Bg e a5 ole (Sl sy o 0

In each row means with the same letters are not significant at probability1% level.

Cd 5 (Cadmium 5), Cd 10 (Cadmium 10), Cd 20 (Cadmium 20), Pb100 (Lead 100), Pb200 (Lead 200), Pb100 (Lead 400) All units, mg. kg'1 soil.
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Figure 1. The amount of Cd and Pb of soil, leaf and root of sweet basil in Cd and Pb treatments (mg/kg).
Cd'5 (Cadmium 5), Cd 10 (Cadmium 10), Cd 20 (Cadmium 20), Pb100 (Lead 100), Pb200 (Lead 200), Pb100 (Lead 400). All units,
mg. kg™ soil.
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Figure 2. Analyses of Cd and Pb in cultivated and uncultivated soil with sweet basil at the end of the experiment
Cd 5 (Cadmium 5), Cd 10 (Cadmium 10), Cd 20 (Cadmium 20), Pb100 (Lead 100), Pb200 (Lead 200), Pb100 (Lead 400). All units,
mg. kg™ soil.
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Table 4. Means comparisons of morpho-physiological traits of sweet basil under cd and Pb concentrations (mg/kg)

R Characteristics Unit Control Cd5 Cd 10 Cd 20 Pb 100 Pb 200 Pb 400
1 Plant Height cm 27.07® 25.98" 27.20® 28417 26.18® 28.75° 26.27®
2 Sub Stems Length cm 2.14° 3.84" 5® 418%® 4.48% 427%® 579°
3 Flowering Stem Length cm 498° 9.60°% 873% 8.93° 8.65% 8.33° 7.92°
4 Internodes’ Length cm 593 % 3.82° 421%® 559 ® 7.90° 5.24%® 6.24%®
5  Leaf Length cm 2.35% 1.73° 1.84° 250 ® 2.01% 243%® 2557
6  Leaf Width cm 1.30° 0.88° 0.95° 1.29°2 1.00? 1.26° 130
7 Length/ Width Leaf Ratio - 1.80° 1.98° 1.94° 1.942 2.02° 1.93® 1.962
8  Petiole Length mm 9.64% 7.34° 7.49° 10.98° 8.28%® 9.56 ® 10.91°
9 Collar Diameter mm 1.21° 1.37"% 1.58 ®° 1.972 177%® 1.79° 1.89°2
10  Stem Diameter mm 091° 1.09° 1.38 % 1542 147%® 142°%® 1612
11 Corolla Length mm 6.94° 8.79"° 8.67 " 11.60° 8.64" 11.14° 11.17°
12 Calyx Length mm 484° 5.66 5.80 % 6.06° 5952 6.00° 521°
13 Calyx Diameter mm 1.87° 2.08® 2.38% 2.28% 2.61° 215%® 236
14 Inflorescence Distance mm 9.50° 10.74" 15.382 16.92° 15.02° 16.46° 13.73®
15  Root Length cm 10.09° 10.79° 10.17° 11.42% 10.55® 11.44% 13.37°
16  Root Diameter mm 053° 054" 058 0.62° 0.60 % 0.60 0.75°
17 Shoot Fresh Weight ar 72.75° 51.37° 44.00° 43.25° 48.00° 47.62° 47.55°
18  Dry Weight Shoot ar 15.2°2 9.50 % 7.90° 10.77° 8.92° 10.35% 9.07"%
19  Root Fresh Weight ar 11.12° 10.12® 7.72"b 7.05 8.22"% 7.62 552¢
20 Root Dry Weight ar 3.02° 2.25% 2.05° 1.97° 1.90° 1.80° 1.40°
21 SPAD Value - 22.95° 15,12 15.21°° 14.35° 16.25° 13.99°¢ 13.38°¢
22 Leaf Area Index cm? 211.252 198.0° 191.25° 195.50° 203.75° 202.5° 201°
23 RWC % 92722 90.17° 90.10° 89.47 " 89.85° 89.65° 88.27°
24 Chlorophyll a mgg* 0.755° 0518° 0.328° 0.333¢ 0.450 " 0.388 « 0.357
25  Chlorophyll b mgg* 0.330° 0.332° 0214 0.125° 0.2662 0.248® 0.260®
26  Carotenoids Content mgg* 0.228° 0.193® 0.153 ¢ 0.113" 0.2262 0.16™° 0.095°¢
27 FM - 0.122° 0.155 "¢ 0.190® 0.1972 0.170®° 0.145% 0.161*°
28 FO - 0.022° 0.022° 0.100® 0.112%® 0.2572 0.065® 0.075%®
29 FV - 0.102° 0.082° 0.090® 0.082® 0.092%® 0.077° 0.082°
30 FV/IFM - 0.834° 0541° 0472 0.422° 0.545° 0.537° 0511

Wl e b gl gire Dgldl oy Ve o i le GLSy By > 4T ola Sl (s, o 0

In each row means with the same letters are not significant at 1%probability level.

Cd 5 (Cadmium 5), Cd 10 (Cadmium 10), Cd 20 (Cadmium 20), Pb100 (Lead 100), Pb200 (Lead 200), Pb100 (Lead 400). All units, mg. kg’1 soil.
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