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Study on the concentrations of As, Pb and Hg heavy metals in organs and

tissues of Newhall navel orange trees under soil stress of As ,Pb and Hg
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Abstract: Pot culture experiment was carried out to study heavy metal (HM )uptake from the soil contaminated with As,Pb
and Hg and HM accumulation in organs and tissues of the plant. Calcareous purple soil was employed for pot culture by young
Newhall navel orange (Citrus sinensis Osb.) on trifoliate orange (Poncirus trifoliate Raf.) rootstock In the beginning, different
HM was applied into the soil and made the additional HM concentrations in the soil as follows: As (30,60 and 120 mg-kg™),
Pb (500,1 000 and 2 000 mg-kg™),Hg (1.0, 2.0 and 4.0 mg-kg™), As+ Pb + Hg (40 mg-kg'As+500 mg kg™ Pb+1.5 mg-
kg™,and 80 mg-kg™ As+1 000 mg-kg™ Pb+3.0 mg-kg™ Hg) .The potted soil of the control was not applied any additional
HM,but it had natural base concentrations of As,Pb and Hg about 7.10,24.19 and 0.16 mg kg™ ,respectively. In spring
2004 ,one—year—old Newhall navel orange trees were planted in pots. During 3—year pot culture ,the concentrations of As,Pb
and Hg in potted soils were stably kept at about 30% to 86% ,46% to 64% ,and 84% to 118% of their original additional con-
centrations, respectively. Results showed that 2 years after potted culture , the accumulated concentration of As and Hg in or-
gans and tissues of plant had the same characteristics: roots> leaves > sticks >peel>pulp ,and that of Pb was roots >sticks>
leaves>peel>pulp. For the highest—stress groups, the highest As,Pb and Hg concentrations accumulated in roots were 7.2,
773.6 and 0.50 mg-kg™, respectively. However,the HM concentration accumulated in fruit peel and pulp was low. The high-
est As,Pb and Hg concentrations in fruit peel were only 0.15, 0.06 and 0.006 mg -kg™,respectively; and that in fruit pulp
were only 0.06,0.05 and 0.004 mg kg™, respectively. The highest HM concentrations in orange fruit in this experiment were
much lower than the maximum residue limits of China National Green Food Standard. As+ Pb+Hg treatment did not show an-
tagonistic or synergistic effects on heavy metal accumulation in plant organs or tissues.
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Table 1 The concentration of heavy metals in leaves and fruits of Newhall naval orange trees under heavy metal stress in soil

Soil/mg-kg™ Leaf/mg-kg™ Fruit/mg kg™
Type of HM Treatment 2005 2006 2006 2006
2003 2006 2005 2006 Whole fruit Fruit peel Fruit pulp Whole fruit
As Ck 7.08 e 691e 0.08d 0.06 e 0.016 0.043 b 0.006 d 0.017 b
Asl 17.62d 1627d 1.25¢cd 1.23d 0.086 0.148 a 0.045 abc 0.076 a
As2 31.68 ¢ 28.72¢ 2.04b 231b - 0.128 ab 0.060 ab 0.080 a
As3 41.37b 3548b 290a 2.87 a - 0.075 ab 0.042 be 0.052 a
Mix1 33.70 be 3425b 097d 1.14d 0.042 0.098 ab 0.028 ¢ 0.049 a
Mix2 66.59 a 64.44a 1.71be 1.71 ¢ 0.062 0.079 ab 0.062 a 0.067 a
Pb Ck 2477 d 2429d 3.89¢ 3.95¢ 0.022 0.042 ab 0.036 ab 0.038 a
Pbl 310.77 ¢ 22777¢ 543b 473 ¢ 0.037 0.048 ab 0.020 b 0.029 b
Pb2 779.91 b 645.44b 642b 6.37hb 0.047 0.054 ab 0.033 ab 0.040 a
Pb3 1454.40a 1098.63a 9.28a 9.19a 0.043 0.032 ¢ 0.050 a 0.045 a
Mix1 285.26 ¢ 238.50c 4.56¢ 529bec  0.035 0.039 ¢ 0.038 ab 0.037 a
Mix2 765.20 b 630.38b  5.50b 452¢ 0.045 0.061 a 0.034 b 0.042 a
Hg Ck 0.18 e 0.14e 022h 0.13d 0.002 0.001 e 0.001 d 0.001d
Hgl 1.15¢ 1.18¢ 021bhb 0.16 d 0.005 0.003 d 0.003 b 0.003 ¢
Hg2 1.78 ¢ 1.89¢ 024 ab 021 ¢ - 0.005 b 0.003 b 0.004 b
Hg3 4.20a 421a 03la 031a - 0.006 a 0.004 a 0.005 a
Mix1 146 ¢ 126 ¢ 0.24 ab 0.19 ed 0.005 0.003 d 0.002 ¢ 0.002d
Mix2 326hb 3.10b 0.25ab 025hb 0.005 0.004 ¢ 0.003 b 0.003 ¢
( )o

Note: The different letters means significant different , The same below.
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Table 2 The concentration of heavy metals in organs and tissues of Newhall naval orange
trees under heavy metal stress in soil mg-kg™
Type of HM Treatment Fine roots Taproots Rough branch Rough branch Lateral branch Lateral branch Twig
xylem phloem xylem phloem
As CK 0.25¢ 0.04 ¢ 0.03 d 0.13 ¢ 0.06 b 0.07 d 0.08 ¢
Asl 5.26a 0.19b 0.10 a 0.35 ab 0.06 b 0.20b 0.17 be
As2 713 a 0.21b 0.08 ab 0.36 a 0.21 a 023 a 030 a
As3 7.16 a 0.46 a 0.07 b 0.26 b 025a 0.24 a 041a
Mix1 2.79b 0.19b 0.04 cd 0.35 ab 0.09 b 0.17 ¢ 0.23 ab
Mix2 330b 0.20b 0.06 be 0.32 ab 0.08 b 0.17 be 0.27 ab
Pb CK 15.10 e 2.72d 145¢ 18.76 d 1.32d 1842 e 7.54 cd
Pbl 310.84 ¢ 21.54 ¢ 8.60 b 2740 ¢ 6.60 ¢ 25.74 ¢ 4.32d
Ph2 523.29b 43.51b 10.83 b 33.69 b 12.13b 30.78 b 19.30 b
Pb3 773.55a 68.61 a 23.63 a 4787 a 2275 a 48.37 a 3422 a
Mix1 258.52 ed 1947 ¢ 427 ¢ 33.04b 6.90 ¢ 22.35 ed 10.44 ¢
Mix2 187.10d 23.83 ¢ 8.13 b 32.33b 822 ¢ 21.95d 12.59 ¢
Hg CK 0.05b 0.07 e 0.06 ab 0.02 ¢ 0.02 ¢ 0.02 b 0.02 ¢
Hgl 0.32a 0.21c 0.08 a 0.03 b 0.04 a 0.04 a 0.02 ¢
Hg2 0.50 a 0.44 b 0.06 ab 0.07 a 0.02¢ 0.04 a 0.03 ab
Hg3 042 a 0.88 a 0.04 b 0.04 b 0.03 b 0.04 a 0.03 ab
Mix1 0.30 a 0.15d 0.04 b 0.05 ab 0.03 b 0.04 a 0.03 ab
Mix2 0.29 a 0.20 cd 0.06 ab 0.05 ab 0.02¢ 0.02b 0.04 a
; pH  CaCo, ,
[14]
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