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Table 1 Nutrient contents and heavy metals contents in tested organic fertilizers

0, - ~ N . . .
SR e Hmﬁﬁ/ % N/ P,0,/ KO/ Cr/ Cu/ Zn/ As/ Cd/ Hg/ Pb/
H Organic (mg/ (mg/ (mg/ (mg/ (mg/ (mg/ (mg/  (mg/ (mg/ (mg/

Test crop Treatment
matter kg) kg) kg) kg) kg) kg) kg) kg) kg) kg)
e OF1 5.5 48.99 3.19 1.05 112 1090 978 2728 085 028 022 1396
Vegetables OF2 6.8 53.08 1.18 341 093 1035 3311 12892 1035 0.13  0.61  26.12
M OF1 6.1 48.77 1.52 122 282 3031 17.09 5312 861 045 012  21.25
Majia pomelo OF?2 5.8 45.65 1.34 141 263 2196 9.72 84.93 1.67 060 006  9.81
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Table 2 Pure nutrient content in fertilization of two season vegetables and Majia pomelo kg/667 m?
() CK CF OF1 OF2
Test crop N PO, KO N P,0, KO N P,0. KO N P,0. KO
/N3 Cabbage 0 0 0 12 6 6 12 3.9 4.2 12 34.7 9.5
# h Radish 0 0 0 12 4.8 8 0.5 12 3.9 12 34.7 9.5
FHHL Pepper 0 0 0 12 6 6 12 3.9 4.2 12 34.7 9.5
I Al Majia pomelo 0 0 0 20.9 20.9 20.9 20.9 16.5 38.5 20.9 21.45 40.7
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Table 3 Effects of different types of fertilizers on growth of vegetables
G VEY) Test crop 18 #5 Indicators CK CF OF1 OF2

BT /cm Plant height 16.27-0.49b 20.4040.62a 22.0040.95a 22.19+0.56a

YNEES it Fr 84 Leaf number 8.67+0.38b 11.78+0.29a 12.11£0.40a 11.08+0.47a

Cabbage I HJELB /em Blade thickness 0.5540.01b 0.6040.01a 0.6340.17a 0.64+0.23a

T FL/cm? Leaf area 39.594-0.44¢ 58.404-0.78b 61.4440.24a 61.614-0.64a

LN H4%/mm Transverse diameter 2.40+0.23b 3.40+0.20a 3.35+0.24a 3.94+0.25a
Radish 4% /mm Longitudinal diameter 11.9740.60b 15.94+0.74a 15.9040.18a 16.56+0.20a
AL /g Fruit quality 14.28+0.72d 21.62+2.27b 18.14+1.15¢ 25.77+1.54a

Ijiﬁr 4K /em Fruit long 17.1743.29a 17.204+1.77a 17.90+1.06a 20.73+0.49a
HJH % /cm Fruit shoulder breadth 2.2040.36bc 2.937+0.38a 2.17+0.25¢ 2.77+0.31abc

1 < [7]— 2 A AS [) B 8 i ] FLAT b 2 25 5 (P<<0.05) . TR Note: Data marked with different letters in the same column is signifi-

cantly different from each other(P<Z0.05). The same as below.
R4 FEHEAELERT D RN SMERRBF I
Table 4 Effects of different types of fertilizers on external
quality of Majia pomelo

o
Mm CK CF OF1 OF2
Indicators
PR B kg 1.55+ 1.73+ 1.83+ 1.81+
Fruit quality 0.04c 0.03b 0.02a 0.01a
7S
fﬁ/mm o 7263 18647E 18603 183.93+
ransvers 1~
erse 1.90b 1.57a 2.23a 1.47a
ameter
Y1z
L”MOL /lm;n | 17280+ 1878t 19238 19163+
ongrtucing 2.27b 1.54a 1.89a 1.01a
diameter
it
RIBA 1.00+ 101+ 1.03+ 104+
Fruit shape
. 0.02a 0.0la 0.01a 0.01a
index
] [ 8.31+ 8.03+ 8.38+ 8.37+
¥/ Y% TSS 0.21a 0.19h 0.31a 0.27a
TEERR/ Y% 0.59+ 0.68+ 0.62+ 0.61+0
TA 0.07a 0.04a 0.06a .03a
I L 14.60+ 11.86+ 13.70+ 13.72+
TSS/TA 1.84a 0.552 0.87a 0.56a
Y& C
fi/?o/) 47.94+ 4991+ 51.67+ 50.53+
me/ Ve 2.70a 1.45a 1.77a 1.61a
Ve
Hi/ % 53.554 56.164 57.62+ 56.44+
Juice yield 2.13a 3.68a 3.01a 1.01a
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Table 5 Effects of different types of fertilizers on physical and chemical properties of soil
o fhgw A L/ A/ AR/ BC/
Test crop Treatment (mg/kg) (mg/ke) (mg(kg) pH (pS/cm)
Alkali-N Olsen-P Avail-K

CK 78.544-1.25b 27.38+2.44b 123.106.50b 5.044-0.02a 215.6542.37a
YNEE= CF 87.82+1.52a 34.83+1.20a 153.10-+8.41ab 4.85+0.03b 212.60+3.61a
Cabbage OF1 87.27+2.77a 34.2841.32a 151.60--15.98ab 5.0740.03a 225.60-10.61a
OF2 85.91+1.89a 35.45+2.45a 157.10+3.61a 5.1540.07a 207.1049.01a
CK 77.0240.92¢ 25.9440.82¢ 120.16-£4.35¢ 5.0740.03a 215.67+8.29a
L CF 87.87+0.95ab 35.6940.44b 157.65-£2.96ab 4.84+0.04b 209.50411.21a
Radish OF1 84.96+0.92b 32.5841.30b 146.18-£2.31b 5.06--0.03a 220.57-+7.03a
OF2 88.66+1.06a 54.1041.05a 169.64-5.69 5.104-0.02a 228.634-8.30a
CK 70.0940.16¢ 24.8140.92d 85.334-0.58¢ 4.80+0.02¢ 215.634-4.13a
AR CF 123.20-+4.85a 40.12+0.60c 179.67-20.58b 4.3140.01d 208.6046.13a
Pepper OF1 126.9349.01a 80.94+2.84a 219.1044.36a 5.2040.01b 224.30+8.04a
OF2 93.3341.62b 76.0344.09b 222.10+7.55a 6.6740.03a 226.4544.17a
CK 97.094-0.72b 33.04+1.27a 194.60-210.04b 4.46+0.02b 250.52412.77a
Eh A CF 102.27-40.94a 34.494+1.51a 202.60+4.77ab 4.4740.02b 255.53+2.91a
Majia pomelo OF1 104.18--1.19a 35.5941.76a 222.10+10.15a 4.56+0.01a 261.1743.49a
OF2 103.91--0.82a 34.5542.15a 225.104-3.04a 4.5140.01b 255.154-4.22a

*6 AEERLENERESERE(TE )TN
Table 6 Effects of different types of fertilizers on heavy metals contents (DW ) of vegetables

WIS W P ca/ Cr/ As/ H/ Cu/ In/

Testcrop  Part ment (pg/kg) (pg/kg) (ng/kg) (pg/kg) (pg/kg) (pg/kg) (mg/kg)
CK 40.074+0.43a  10.9740.38a 12.66+1.62a  5.704+0.49a 1.4240.02a 118.18+-3.46a 1.084-0.05a
UNEES zﬁig CF 41.73+0.83a  10.8940.23a 12.474+0.72a  5.73+0.47a 1.3840.06a 114.42+4.47a 1.0740.08a
Cabbage part OF1 44.274+3.85a  11.41+0.72a 14.124+2.78a  599+0.41a 1.4640.13a 123.89+3.33a 1.09+0.06a
OF2 44.65+3.07a  12.05+0.56a 14.76+1.87a  5.844+0.43a 1.3940.09a 125.07+5.26a 1.14+0.03a
CK 84.524+2.96a  12.70+£1.09a 257.01+27.58a 27.22+2.41a 2.95+0.48a  341.24+11.59a  4.40+0.11a
AN Zdiiﬁ CF 83.65+5.43a  12.56+0.83a 255.30+13.23a 28.07+0.29a 3.31+0.47a  341.83+18.76a  4.42+0.18a
Radish part OF1 92.324+4.10a  14.71+1.08a 273.63+13.09a 31.85+3.28a 3.48+0.40a  359.754+20.8la  4.39+0.27a
OF2 92.78+4.08a  14.72+0.83a  272.23+8.28a 33.14+3.55a 2.83+0.3la  367.33+13.10a  4.44+0.13a
CK 35.07£0.97¢ 4.51+0.73a 24.99+2.92c  6.54+0.21d KK ND 42.4043.75d 3.06+0.44c
B ﬁ?%ﬁ CF 45.44+1.37a 3.35+0.31b 31.66+3.61bc  7.14+.68bed  AAGH ND 50.17+3.29¢ 3.504-0.09bc
Pepper Es::e OF1 28.6740.32d  2.5540.34bc  39.00+10.42ab  7.9940.65b  AKAEH ND 57.69+2.67a 4.7940.34a
OF2  38.47+0.78bc  2.67-0.13bd 48.95+5.31a  10.61+0.74a KAl ND 51.57+1.62bc 4.9440.59a
CK 156.5840.89d  9.36+2.41b 46.74+8.14a  28.5742.22a 3.93+0.11b 1555.89+164.85¢ 3.36+0.09b
A CF 162.124+0.47¢  11.42+1.24ab 44.81+11.24a 30.77+2.26a 4.59+0.58ab 1617.28+15.06bc  3.5240.14b
N Pulp OF1  205.02+0.38a 14.93+1.08ab  61.8946.60a 41.0449.94a 6.5941.29a 1944.824+75.41ab 4.4240.05a
?/:;Zm OF2  196.92+0.44b 16.88+1.70a  69.21+30.43a 34.8845.80a 4.92+0.38ab 2047.814+5.39a  4.204-0.23a
pomelo CK 159.26+0.22c  9.5242.55a 40.18+16.17a  30.3340.38a 3.9940.01b  936.53422.56¢c  2.4140.10a
T CF 158.5340.22¢  10.544-2.90a  39.99420.02a 28.6943.98a 4.344+0.18b  1030.84+8.06b  2.4040.12a
Skin OF1  203.93+0.41a 12.89+4.46a 50.86+9.89a  34.93+1.76a 5.23+0.19a 1264.57+6.79a  3.07+0.31a
OF2  194.99+0.13b 10.03+£2.74a  42.13+£11.69a 34.644+2.95a 5.164-0.16a 1295.144+4.49a  3.054-0.43a
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Fig.3 Effects of different types of fertilizers on heavy metals contents of vegetable soil

AN A2 30— B o A LA P8 702 A AR L 5 B it
TENEHT E AR 2 3 LTS VR = AL
it S AP AT HLAE Z AR 2500~5000 fLAE &, 7
IR AT, U DR S U B PR B T

i
BB B e £ LR
FEFRIBAE ) 7= bk A8 - EEALPAR A U 2

%

JETR A HLHE RS AR 2 A AL 2 2 i Al 2R 7™ — Fif
ARG R AE T5 2, AH el TR LA B, A HILAE

(A HUIE R A IE U0 EE Bl i 7526 1, A4
(977 ek S2REAIRE ™ o > A LAE 58 4 s 43 B AR Ak



194 LRI I NI <3 4

o942 %

R7T AEABELENSRMERELEEERESENZIT

Table 7 Effects of different types of fertilizers on heavy metals contents of soil

AbE Pb/ Cd/ Cr/ As/ Hg/ Cu/ 7n/
Treatment (mg/kg) (pg/kg) (mg/kg) (mg/kg) (ng/kg) (mg/kg) (mg/kg)
CK 36.73+1.27a 170.36413.38a 65.34+0.54a 9.91+1.12b 67.04+1.00a 26.23+1.38a 92.57+2.18a
CF 36.61+1.46a 171.61415.72a 65.18+1.47a 11.1540.19ab 66.14+1.14a 26.80+0.39a 93.19+1.64a
OF1 38.08+1.36a 191.04424.91a 67.44+0.74a 12.3440.24a 67.85+2.68a 27.7940.69a 95.414+1.79a
OF2 37.53+0.61a 179.5546.75a 67.88+1.17a 11.7540.33ab 68.72+5.01a 28.81+0.20a 96.78+2.52a
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Evaluating risk of heavy metals in fruits, vegetables and soils under
continuous application of organic fertilizers in field

GE Zan', YANG Wei', WANG Yuhang', TAN Qiling', TTIAN Youguo®, HU Chengxiao', SUN Xuecheng'

1.College of Resources and Environment , Huazhong Agricultural University/ Hubei Provincial
Engineering Laboratory for New-Type Fertilizers, Wuhan 430070, China;
2.The National Agricultural Technology Extension Service Center, Beijing 100125, China

Abstract The field plot experiments were conducted to apply organic fertilizer to vegetables including
cabbage, radish, pepper for three consecutive seasons and citrus (Majia pomelo) for many years to com-
pare the effects of applying organic fertilizer instead of chemical fertilizer on the yield, quality of fruits and
vegetables and the content of heavy metals in soil. Using no fertilization (CK) and fertilizer application
(CF) as the control, two organic fertilizer treatments with equal nitrogen fertilizer application including
OF1, OF2 were set up. The results showed that both OF1 and OF2 treatments ensured that the yield of
vegetables in the first two seasons and Majia pomelo do not decrease, and significantly increase the con-
tents of soluble solids in Majia pomelo and the content of organic matter in vegetable soil compared with
CF treatment. There was no significant difference in the content of heavy metals between vegetables under
different treatments in the first two seasons, but the content of Pb in the edible part of radish treated with
OF1 and OF2 was close to the limit standard. In the vegetables of third season, the contents of Cr, As,
Cu and Zn in edible parts of pepper treated with OF1 and OF2 were significantly higher than those treated
with CF. The content of Pb in the pulp and peel of Majia pomelo fruit treated with OF1 exceeded the limit
standard , and that with OF2 treatment was close to the limit standard. The content of various heavy metals
in vegetable soil was far lower than the value of risk control, but the content of Pb, Cd, Hg had signifi-
cantly accumulated compared with CF treatment, among which the content of Hg was the fastest. It is indi-
cated that the application of two organic fertilizer with equal nitrogen fertilizer can increase the yield and
quality of fruits and vegetables, improve the physical and chemical properties of soil in a short time, but in-
crease the accumulation of heavy metals in soil as well. Therefore, continuous application of organic fertiliz-
er will lead to the risk that the content of heavy metals in fruits and vegetables exceeds the limit standard.

Keywords continuous application of organic fertilizer; heavy metal; evaluation of soil; risk assess-

ment ; fertilizer reduction and efficiency increase ; agricultural pollution; food safety
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