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Table 1. The yield and fertlhzer application rates (kg/ha) of vegetable

Kind of vegetables Location Yield N P,05 K,0
kg/ha

252 11 25,573 83 94

460 6 22,833 236 255

219 3 6,533 67 87

1,002 6 37,500 329 787

Potato 9 18,633 352 312 531
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Table 2. Samples of different levels of heavy metals in soils of vegetable garden

Element Class 1(VL) 2(L) 3(M) 4(H) 5(VH)  Highest content
Soil layer A:B A:B A:B A:B A:B** (ppm) Plot
Cd ppm <0.05 0.05-0.4 0.4-10 > 10
a* 0:0 28:29 7:6 0:0 (Shifu  1.3)
b 5:7 23:20 7:8 0:0 (Shotou 0.58)
Cu ppm <1 1-11 12-20 21-100 > 100
a 2:2 31:32 2:1 0:0 0:0 (Shifu 13)
b 2:3 30:27 2:5 1:0 0:0 (Lukan  23)
Cr ppm <0.1 0.1-10 11-16 > 16
a 0:3 35:32 0:0 0:0 (Houli 1.4)
b 24:17 11:18 0:0 0:0 (Lukan 2.5)
Ni ppm <2 2-10 11-100 > 100
a 1:1 32:33 2:1 0:0 (Shifu 24)
b 7:12 27:22 1:1 0:0 (Houli 14)
Pb ppm <1 1-15 16-120 > 120
a 0:0 34:35 1:0 0:0 (Shukan 16)
b 2:5 33:30 0:0 0:0 (Shukan  9)
Zn ppm <1.6 1.6-10 11-25 26-80 >80
a 2:2 20:25 2:0 11:8 0:0 (Houli 36)
b 1:2 22:20 12:13 0:0 0:0 (Shifu 24)

1. * Sampling stage: a. After harvesting.  b. Before planting.

2. ** Soil layer: A. Top soil (0~15 cm). B. Sub soil (16~30 cm).

3. Determined by 0.1 M HCIl abstract solution.

4. Contents of element class using from Environmental Protection Administration, Executive Yuan.
5. VL: Very low, L: Low, M: Medium, H: High, VH: Very high.



14 B G B 5 A S 0]

REGEXEIIEELETFIOES

T SR A TR 'Jbllﬁgﬁij‘ VEE TS AE? Pk R %ﬁi(Cd)r[ g [7?"‘/ 0.48%0.69
ppm?‘&;{ﬁﬁ %IHHIﬁE'[ A E R 3&1’%&0.117&'0.21 ppmis IEEFj‘j’HIﬁE'm\E %fﬁj‘ Il
V12,0 8. 78 @ BEIR.Y7.3%9.7 ppm Lo Fjj’Hl 5 B AR o F'(Cr) TR T W
21 0.8%0.9 ppm{ﬁﬁ = Enadll A,Eh Ay [ o %l(Nl) =t ﬁyﬁp 8.0 7.7 ppmﬁﬁ
T 5.7%6.7 ppmr Vo Hgf ﬁi%n\&ﬁﬁ?[ﬁﬂ " & (Pb)ﬂi J % i il 7 8.0% 12.7 ppm ﬁﬁ
Fﬁ?fﬁl[ﬁiﬂ/4.8iﬁf—*92 ppm-® Vo SR ﬁi%n\& il o %(Zn)ﬁi% FITEATR D 165 24 ppmifi
ﬁfj BRI R 127223 ppm W Do gl A[E'l Al (Fe =) o
E S f‘ﬁ‘fj—%iwﬂ‘ q\&;lf,%‘-’j’j‘fdﬁgl

Table 3. Average contents of heavy metals in soils of vegetable gardens

Cd Cu Cr Ni Pb Zn
a* b a b a b a b a b a b
ppm

Cabbage 021 0.11 39 5.7 06 ND 29 3.6 7.2 5.9 12 10
Cauliflower 024 0.19 87 120 0.9 0.8 3.8 4.7 8.7 6.3 24 16
Green pea 024 026 9.7 7.3 0.9 0.2 7.7 80 127 8.0 23 12
Bitter gourd 0.69 048 2.2 6.3 0.6 0.4 6.7 5.7 33 4.3 8
Potato 024 0.17 44 7.1 0.8 0.6 1.9 2.6 9.2 4.8 16 8

Element

* Soil sampling: a. After harvest b. Before planting.
ND: Not Detectable
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Table 4. Average contents of heavy metals in leaves of vegetables

Element Cabbage Cauliflower  Greenpea  Bitter gourd Potato Mean
ppm
Cd 24 1.2 0.8 1.9 6.9 2.6
Cu 7.1 14.0 14.0 31.7 14.6 16.3
Cr 2.9 2.8 3.0 0.8 2.8 2.5
Ni 24.0 20.0 20.0 9.3 20.0 18.7
Pb 7.5 6.2 7.0 12.0 5.7 7.7

Zn 81.0 47.0 52.0 53.0 199.0 89.2
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Table 5. Contents of heavy metals in dlfferent soil texture of vegetable gardens (ppm)

Soil Cd Cu Cr Ni Pb Zn
Soil texture Location

a** b a b a b a b a b a b

layer
Sandy clay loam A* 021 014 5 8 080 048 3 3 8 6 15 10
1I8B 020 0.12 5 7 0.63 050 4 3 5 12 9
Clay loam A 023 022 8 8 066 022 5 5 10 7 20 14
6B 024 0.19 7 7 0.67 013 4 4 10 6 16 10
Clay A 075 048 2 7 062 046 8 6 4 5 9 9
5B 0.83 045 3 6 064 078 11 3 4 4 8 7
Sandy clay A 026 028 4 5 064 020 2 3 8 4 16 11
5B 028 027 4 5 056 072 2 2 g8 3 11 8
Sandy loam A 028 ND 3 4 050 ND 2 4 7 4 7 6
1B 0.12 ND 7 4 070 ND 3 4 12 5 9 6

* Soil layer: A. Top soil (0~15 cm), B. Sub soil (16~30 cm).
** Sampling stage: a. After harvest, b. Before planting.
ND: Not Detectable.

?EB%EF‘%HEHE;J& ZETEBSERE
(ESRACFS FRRARN] > B RAGH B 19224 ke/hadd (X0 S0 I5 9275 ke/halh]
by ) Tirgglﬂjl 065 kg/hafﬁﬁ' » By NIy I3, 9|3Ft[ | o géﬁgrjj—n JEI T FlElEﬁmz kg/hafd (% > J\lt,;s;ﬁg

77 kg/ha®e %+ FEFRAO3T6 ke/hafidfly o 4@%9&4.9@5 fl o [ E] R EV966 ke/hath
i 4\%105 kg/ha&[ o EFI848 ke/hafit fly 0 3 «wﬁ/s.uﬁm 200 kg/ha 5ty » 7
39,000 ke/ha's| -+ + iy I 1 171} 910,060 kg/hath it [ « 5P Bi S5 &I P [FPE 5678 1 A

T~ 12 A1 S - SR 8 -1 S
RS o



16 B G B 5 A S 0]

+EREE Ciadiie e f‘:ié B PR~ T A FENEI]10.49 % 0.45 ppmg?ﬂéf}%ﬁﬁ 045K
0.46 ppm1E ﬁr:s‘zﬁ L@(ﬁﬁbﬁﬁ' Vo AV 0.19%0.16 ppm ¥ T [}J‘VO.187S"0.15 ppmﬁ o 4
ﬁi}ﬁ@ j%%# erF B ‘}}U%‘ [/07*10ppmf E“ﬁ jﬁiﬁq Iglb[[uj I/ ,TJr]aE N
0.4 ppmiit [ o -+ HET 19 3 B 4 FEAR VT ppm‘vllf%?ﬁy 10 ppm % fet -
‘ﬁwI*V’twdvzbzpmMﬁﬁAji§$ﬁ+aﬁéw Wﬁﬁx4fvm¢n4mmﬁﬁ'~ﬁgwrw,
ﬂ—&[F[ V3K 4 ppmis (& o + HEEET £ Hr Ldﬁﬁ”ﬁﬁ IJ 118K 13 ppmﬁﬁﬁ F’[Elﬁ’ﬂ/ » &
Eﬁf % 427 ppmtEl ﬁﬁ > ik F|57y3 ppm# [ o FHEFER - T*]QFI E %‘H fﬂj’ﬂ "'ﬂ .
o o %%J%‘T FEIT 5 %‘%’uMJ%gﬁﬁ’_Lgﬁﬁﬁi

BERH 40 ﬁiwﬁ%ﬁd)

Table 6. Fertilizer apphcatlon rates and contents of heavy metals in soils of different location (ppm)

- \

Location Yield Fertilizer Cd Cu Cr Ni Pb Zn
(kg/ha)  (N:P,05:K,0) a** b a a b a b a b a b
Tazuen 40,200 275 77 105 A*0.19005 4 5 05 ND 3 3 7 6 6
B 0.16 0.03 4 03 ND 3 3 9 6 7 6
Lukan 21,872 324 180 110 A 024015 9 10 1.0 07 4 5 8 6 27 11
B 02200 8 10 08 07 4 5 8 6 13 10
Shifo 20,972 497 162 344 A 045031 8 10 08 07 10 7 11 8 20 18
B 048033 9 10 0.7 06 11 4 10 2 26 13
Shoto 39,000 1065 376 848 A 045049 3 5 04 02 3 5 3 4 5 8
B 046045 3 4 04 06 4 4 4 2
Houli 10,060 224 62 66 A 033026 5 8 08 06 2 4 9 6 24 13
B 030024 4 4 08 07 2 4 8 6 22 11
Shukan 19,340 300 298 375 A 0.180.13 4 6 05 05 2 1 9 4 11 6
B 015013 4 5 07 07 2 1 9 4 7 6
Taichung 20,200 389 318 616 A 025011 4 6 06 ND 4 4 7 6 13 11
B 022012 4 5 05 02 4 2 6 3 7 6

* Soil layer: A. Top soil (0~15 cm), B. Sub soil (16~30 cm).
**Sampling stage: a. After harvest, b. Before planting.
ND: Not Detectable.
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Table 7. Correlation analysis for contents of heavy metal in the soil and leaf of vegetable as affected by
fertilizer application

a .Content of heavy metal in the soil on the harvesting stage Soil
Fertilizer Cd
N 0.59%*
K 0.44**
b.Content of heavy metal in the leaf on the growing stage Leaf
Fertilizer Cd Cu Ni
N 0.58%*
P 0.39*
K 0.36* 0.53%* 0.58%*
c.Yield of vegetable on the fertilizer application Yield
Fertilizer P K Yield
N 0.58%* 0.75%* 0.50%*
P 0.70%*
n=35.

* Significant at the 5% level. ** Significant at the 1% level.
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Table 8. The levels of soil fertility in vegetable garden

Item/Class 1(VL) 2(L) 3(M) 4(H) 5(VH)
A**:B A:B A:B A:B A:B
pH =45 4.6-5.5 5.6-6.5 6.6-7.5 >7.5
a* 7:3 8:7 4:8 8:7 8:10
b 0:0 13:5 6:10 8:8 8:12
OM% =1.0 1.1-2.0 2.1-3.0 3.1-4.0 >4.0
a 1:1 15:20 10:7 6:3 3:4
b 2:4 15:19 13:6 2:3 3:3
Pppm =10 11-35 36-70 71-140 > 140
a 6:6 4:7 10:9 6:8 9:5
b 4:5 15:18 7:4 3:4 6:4
Kppm =16 17-67 68-133 134-267 >267
a 0:0 7:10 8:15 16:9 4:0
b 0:0 17:20 14:14 3:1 1:0
Cappm =570 571-1,142 1,143-2,285 2,286-4,570 >4,570
a 0:1 15:14 12:13 5:4 3:3
b 0:0 7:8 20:17 3:7 5:3
Mgppm =48 49-97 98-195 196-390 >390
a 0:0 2:0 15:18 18:17 0:0
b 0:0 1:1 11:12 21:19 2:3

* Sampling stage: a. After harvest  b. Before planting.
** Soil layer: A. Top soil (0~15 cm) B. Sub soil (16~30 cm).
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The Concentration of Heavy Metals in Soils as
Affected by Chemical Fertilizer Application’

Chin-Tang Wang, Hong-Tang Chen and Fuei-Jen Lay”

ABSTRACT

The purpose of this study was to survey the heavy metal contents of soils as
affected by continuous application of chemical fertilizers. The data were collected from
35 plots of vegetable garden of central Taiwan in 1990. The results showed that the
contents of soil heavy metals such as Cd and Ni were higher before planting than after
harvest. The contents of Pb and Zn increased in soils when vegetables were harvested,
and that of Cr in soils increased from low level to medium. The results from the analysis
of vegetable leaf in maturity stage showed that amounts of fertilizers applied to soils
was correlated with the contents of heavy metal in plant tissues. For instance, the over
use of nitrogen fertilizer leads to an increase in the contents of Cd in leaf. In addition,
increasing application of phosphate and potassium fertilizer enhances Cd content in
plant leaf. As a matter of fact, the trend of increasing heavy metal contents in the soils
of vegetable gardens has been found lately. Based on the results of this survey, it was
suggested that farmers have to concern the contents of heavy metals in the edible part of
vegetables which may be harmful for human health. The contents of heavy metals in

fertilizers also need to be further certified.

Key words: multiple cropping, fertilization, heavy metals.
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