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Effects of Hydroxyapatite on Growth and Quality of Potato (Solanum tuberosum

L.) in Cd Polluted Soil
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Abstract: A pot experiment was conducted in a glasshouse to study effects of hydroxyapatite amending Cd polluted soil on growth and
quality of potato (Solanum tuberosum L.). In the experiment 3 levels of Cd pollution (0 5 and 10 mgekg™') and 6 levels of
hydroxyapatite application (0 4 8 10 16 and 30 g*kg ') in soil were prepared to plant 2 potato varieties (Zhongshusanhao and
Daxiyang in Chinese system). The results showed that Cd pollution in soil resulted in decrease in yield per plant of potato; for
example in the soils with 5 and 10 mgekg™" of Cd the yield per plant decreased 24% 31% and 41% 45%  respectively. Applying
hydroxyapatite to Cd pollution could greatly increase yield per plant of potato. Compared to the soil without hydroxyapatite 10 or 30
g*kg ™' hydroxyapatite added to the soil with 5 or 10 mg*kg ™' of Cd increased 17% 39% or 45% 58% in yield per plant. Due to
hydroxyapatite amending Cd polluted soil chlorophyll contents in leaves and superoxide dismutase (SOD) activities in tubers enhanced
and malondialdehyde (MDA) contents in tubers declined apparently. Meanwhile quality of potato tubers was obviously improved
such as increase in vitamin C contents starch contents and protein contents in potato tubers. With hydroxyapatite applying from 0 to
30 g*kg™' Cd contents in potato tubers deceased from 0. 87-0.95 mgekg ™' 10 0. 13-0.21 mg=kg™' by 78% 85% in the soils with 5
mgekg ™' of Cd and from 1.864.93 mg-kg ' to 0.52-0.65 mgekg™' by 66% 72% in the soils with 10 mgekg™' of Cd. The
experiment indicated that the mechanism of hydroxyapatite alleviating soil Cd toxicity main included rising soil pH values reducing
effective Cd contents in soil and Ca from hydroxyapatite blocking soil Cd moving to potato. However ability of hydroxyapatite
alleviating soil Cd toxicity was limited and excessive hydroxyapatite to soil exhibited stress effects on growth and quality of potato. In
the Cd polluted soils with proper hydroxyapatite growth and quality of Zhongshusanhao were better than those of Daxiyang indicating
different responses of various potato varieties to environment amelioration.
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Table 1  Physical and chemical properties of the tested soil

" CEC Cd Cd
P femolekg ™" /gekg™' /mgekg™' /mgekg'
4.76 5.87 22.13 0.53 0. 06
(son) . (MDA)
" SOD MDA
(
). .
C N N C
9 12
G250 "
Cd B
60°C
HNO,: HCIO, =51
(AA-646 ) Cd
Excel
2
2.1 Cd
2 Cd
5 mgekg™' Cd 3
30.9%  23.6%
18.9% 22.6% ; 10 mg'kg” Cd
3 44. 8%
41.3% 32. 1% 45.9% .
3
3
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10 4 gokg™! (

39.0% 16.7%);
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Table 2 Growth indexes of Solanum tuberosum L. plants in Cd polluted soils treated with various application of hydroxyapatite

0(Cd) =0 mgekg ™' w(Cd) =5 mgekg ™' w(Cd) =10 mgekg ™'
/g kg ™! /g /em /g /em /g /em
0 76.2 £2.5° 30.2 +£1.2% 52.6 +1.3¢ 24.5+0.7° 42.1£1.2° 20.5+0.7°
4 77.3 1.5 32.9 £1.8% 59.4£0.7¢ 42.5£2.0° 48.9 £0.8" 33.3£2.1"
3 8 75.9 £2.2% 34.0£1.9° 67.3 £0.9¢ 38.4 1.3 54.4£1.2° 36.9 £1.5°
10 74.2 £1.6™ 31.3 +0.9" 73.2 1. 1° 37.6 +2.4" 61.2+1.1" 33.1+1.4"
16 72.7+1.3° 30.5 £0.7°% 70.6 +0. 6" 35.7 £2.2 65.4+1.1° 27.3+1.0°
30 67.5+0.9° 28.4+0.9° 68.4 +1.0¢ 33.6+1.21 66.3 +1.0" 23.8 +1.5¢
0 80.0+3.1° 30.5£1.6" 61.1+1.3" 23.6+0.5" 47.0£1. 8 16.5+0.5°
4 82.2 £1.0° 32.0 £1.4" 63.9 = 1. 4¢ 37.9 £2.7° 50.9 £0.6° 28.3 +1.5"
8 79.8 £0.5° 32.7 £2.6" 67.2 +0.9" 37.8 +0.6" 56.0 +1.4¢ 33.3+1.1°
10 76.4 =1.2° 31.3+0.8% 71.3+0.7" 32.7 +0.3" 59.3+0.8° 29.5+0.9"
16 74.8 +1.6" 30.3+0.7% 70.3 £0.9* 29.2 +3.4¢ 64.4+1.0" 27.6 £0.8%
30 71.2 £0.8° 29.5+1.0" 67.3+1.0" 25.9 1.5 68.2+0.7" 26.4+1.1°
1) + (n=3); Cd 0.05
2.2 Cd 1(c)
Cd 0.5. 10 mgekg™" 3
MDA 3.65. 4.76+ 5.35 nmol*mg ™'
1(a) MDA 3.25. 4.56. 5.09 nmol*mg ™' 2
MDA Cd
3 19% ~21%
15% ~34% . Cd 2 Cd 2
3 MDA 24% ~26% .
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3 Cd . SOD
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5 mgekg™' Cd
Cd
14
Cd 2.3 Cd
Cd C
. AY
l(b) 15
SOD . 3 E 0 -
17
SOD H,0,
Cd 2 SOD . C
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3  SOD 21 Uemg ™' 2(a) 2 C
SOD 19 Uemg . 2
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Effects of hydroxyapatite application on trends of chlorophyll contents in leaves
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Fig.3  Effects of hydroxyapatite application on trends of Cd contents in tubers of Solanum tuberosum L. plants in Cd polluted soil
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Table 3  Relations between chlorophyll contents in leaves and physiological and biochemical indexes or quality indexes of Solanum tuberosum L. plants

w( Cd) =5 mgrkg ™" w( Cd) =10 mgekg ™'

y =ax + b R? y =ax + b R?
SOD - (%) y = 26.1x-56.3 0.966 " * y =28.0x - 77.6 0.966 " *

MDA - (%) y = -1.58x + 11.1 0.952* " y = -1.39x + 10.9 0.801"

3 C - (x) y= -136x +350 0. 005 y = 16.3x - 40.5 0.452
- (%) y = 11.2x - 21.1 0.395 y = 17.5x - 40.3 0.941* "
- (%) y = 0.991 x + 0.859 0.319 y = 1.21x - 1.84 0.933* "

SOD - (x) y =18.2x - 21.2 0.709" y = 15.4x - 21.4 0.727"

MDA - (x) y = —1.04x + 8.30 0.581 y = -0.923x + 8.02 0. 560
C (- (x) y =157x - 18.1 0.835" y = 12.5x - 14.1 0.850 " *

- (%) y =21.7x - 54.9 0.979* * y = 15.4x - 21.4 0.727"
- (%) y = 0.002 x + 4.21 1E-06 y = 0.840 x + 0.0894 0.871" "

1) = = 0.01 * 0.05 ;n=6 R}, =0.841 R} ;s =0.658
Cd
4
Cd
Q) Cd pH
Cd Ca Cd
N N Cd
C Cd Cd

)
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