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Effects of quicklime and calcium magnesium phosphate application on late—season rice growth and grain cad-
mium uptake

WEN Jiong', LI Zu-sheng', XU Wang—long', CHEN Ge', BAI Ling—yu®,ZENG Xi—bai"*", WU Jia-mei’
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414000, China; 2.Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Bei-
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Abstract: The aim of the present study is to evaluate the remediation effect of different fertilization measures on cadmium (Cd) —contami-
nated paddy fields. The effects of quicklime, calcium magnesium phosphate fertilizer, or their combined application with chemical and or-
ganic fertilizers on soil Cd availability, rice growth, and grain Cd content were determined in a field plot experiment. The addition of quick-
lime and calcium magnesium phosphate fertilizer significantly increased the soil pH by 10.5%~16.1%. In comparison, the combined appli-
cation of quicklime, calcium magnesium phosphate fertilizer, and chemical fertilizer (NPKML) resulted in a maximum increase of 16.1% in
soil pH, followed by quicklime and calcium magnesium phosphate fertilizer. The combined application of organic fertilizer and quicklime
along with NPKML significantly decreased the contents of soil available Cd by 7.9%~23.5% and the grain Cd content by 35.1%~47.5%.
NPKML showed optimal efficiency in decreasing the soil available Cd and grain Cd content. No significant effect on rice growth and quality
was observed after application with quicklime and calcium magnesium phosphate fertilizer. In conclusion, the combined application of or-
ganic fertilizer, chemical fertilizer, calcium magnesium phosphate fertilizer, and quicklime is a better immobilizer of Cd in paddy soils.
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Figure 1 The layout of field plot experiment
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Table 1 Fertilizers application quantity in different treatments (kg+hm™)

it AHHLE A% Lime AENE Chemical fertilizer
Treatments Organic fertilizer Ca0 JRZEN FEEEREE P,Os AL K0
CK At AE 0 0 0 0 0
NPK Jiti FA AR 0 0 300 600 180
NPKL ABNE+4= 17 K 0 1800 300 600 180
M it FH A HLAE 6000 0 0 0 0
ML A B+ A K 6000 1800 0 0 0
NPKML NPK+4 ML+ 7 IR 3000 1800 150 300 90
WA HUIE TR & N>2.3%, P,05>1.2%,K.0>1.8%,,
Note : Nutrient content of the organic fertilizer: N>2.3%,P,0s>1.2% ,K,0>1.8%.
TP ) 5 R W R a3 e S B TR I ™ AR K AT 100007 Mo016% @ 20174
B R B - BT OB ] Yoo M e
FEVS R TR UE T RN R e R A R P L A 1 5 £ AbAb ™ = =
FRUEDI T GBWO7404 (GSS—4) HEAT ik #as il Ml keln) & OO
T B HIHe B A A PR R JF I B AR A TR A, IRIISCR AR = 4000}
93.7%~99.12% 2 |} ., EH
o 2000}
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ZE ) S 4 Y 2 N 4555( YA
%ﬁﬁﬂ‘%ﬁﬁ Excel 2010 #E1 73 50 2504 45 21 ,7\KFH 0 CK NPK  NPKL M ML  NPKML
SPSS 19.0 #E47 )7 2243 HF (ANOVA ) Fl Pearson #H ¢ 14 40T Treatments
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Figure 2 Yield of late—rice of different treatments
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Table 2 Effects of different treatments on the quality of rice
e e . H’Eé*%ﬂ?% T”Elﬁi o B Eﬁﬁﬁ]ﬁ HLEVE R
Treatments ~ Brownrice/%  Milled rice/% ea‘d milled Chalky grain Chalkiness/% Transparency — Gel consistency/ Amylose
rice/% rate/% (Level) mm content/%
CK 77.6x1.1b 71.3+2.4a 67.2+3.1a 14+1b 4.2+0.6a 2.3+0.6a 65.1+1.6b 15.2+0.3b
NPK 78.9+0.9ab 72.7+2.7a 67.5+3.8a 14+1b 2.8+0.5¢ 2.3+0.6a 63.1x1.2¢ 15.3+0.4b
NPKL 79.1+1.3ab 73.2+1.9a 67.2+4.4a 18+2a 3.4+0.7b 2.0+0.0a 60.1+0.6d 15.5+0.2a
M 79.3+1.2a 72.4+2.1a 68.4+2.9a 15+3b 2.6+0.4d 2.0+0.0a 68.0+0.8a 15.6+0.3a
ML 78.8+1.7ab 72.8+3.0a 67.0+3.4a 15+2b 3.3+1.0b 2.3+0.6a 60.1+1.9d 15.5+0.5a
NPKML 78.6+2.1ab 72.0+2.4a 67.1+3.6a 8+2¢ 1.5+0.8e 2.3+0.6a 65.2 +2.1b 15.5+0.3a
T AN SRR AN ) Ak B4 ] 19 22 57 4 3 (P<0.05) o
Note: Different letters indicate significant differences at 0.05 level among treatments.
R3 2ERAREAEI T RN A
Table 3 Effect of different treatments on the chemical properties of the soil after two years
B0 Qb B AL MAS T B i TR i
Years  Treatments pH Organic matter content/g-kg"' Total N content/g-kg™  Available P content/mg-kg™ Available K content/mg-kg™
2016 CK 5.93+0.03Aa 13.9+0.6Aab 0.81+0.06Aab 5.35+0.32Ab 82.6+9.3Ab
NPK 5.89+0.10Aa 14.1+1.3Aab 0.83+0.04Bab 5.33+0.24Bb 107.2+16.5Aa
NPKL 5.84+0.06Aa 14.7+0.6Bab 0.84+0.03Bab 5.31+0.28Bb 101.0+15.5Aab
M 5.88+0.03Aa 13.1+0.9Bb 0.77+0.04Bb 5.56+0.27Bb 90.3+11.2Aab
ML 5.84+0.10Aa 14.7+1.7Bab 0.84+0.04Bab 5.73+0.41Bb 87.8+2.5Aab
NPKML 5.83+0.08Aa 15.7+1.1Aa 0.87+0.07Ba 6.81+1.28Aa 91.9+2.3Aab
2017 CK 5.25+0.18Bb 15.7+0.1Aa 0.91+0.05Ab 6.31+0.32Ab 75.1+5.6Aab
NPK 5.20+0.14Bb 16.0+1.2Aa 1.09+0.02Aa 8.13+1.56Aab 94.0+11.3Aab
NPKL 5.97+0.31Aa 16.9+0.4Aa 1.10+0.02Aa 7.64+1.76Aab 105.7£16.2Aa
M 5.18+0.17Bb 16.9+1.1Aa 1.08+0.02Aa 7.52+1.51Aab 101.9+5.9Aab
ML 5.80+0.40Aa 16.7+0.5Aa 1.04+0.02Aa 8.24+0.46Aa 66.8+4.8Bb
NPKML 6.10+0.26Aa 16.8+1.4Aa 1.09+0.08 Aa 7.37+0.52Aab 97.8+4.8Aab

TE AR S R R b BEAS [ 46073 ] 9 2 251k 22 5 (P<0.05 ) , ANIR]/ING - BEACRAR 7] 48 (03 AN [ 2b 2R IR] B9 2 251k 22 5 (P<0.05) ,n=3. T

Il o

Note: Values are means(n=3) with standard error. Different capital letters indicate significant differences between two years in the same treatment at P<

0.05 and different lowercase letters indicate significant differences between treatments in the same year at P<0.05. The same below.
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Table 4 Effect of different treatments on soil available cadmium content and rice cadmium content during two years (mg-kg™)

b3 |45 505 £ Soil available cadmium content T K45 & Rice cadmium content
Treatments 2016 2017 2016 2017

CK 0.39+0.02Aa 0.39+0.01Aa 0.67+0.18Aab 0.68+0.10Aa
NPK 0.38+0.01Aa 0.39+0.03Aa 0.58+0.11Aabc 0.51+0.14Ab
NPKIL 0.40+0.03Aa 0.32+0.02Ba 0.49+0.02Abc 0.29+0.04Bc
M 0.37+0.02Aa 0.38+0.01Aa 0.74+0.03Aa 0.82+0.05Aa
ML 0.38+0.01Aa 0.31+0.02Ba 0.53+0.12Abc 0.35+0.07Bc
NPKML 0.40+0.02Aa 0.33+0.03Ba 0.40+0.08Ac 0.21+0.03Bc

R5 BRBEES TEBEL R Pearson HH X1 R E

Table 5 Pearson’s correlation coefficients of rice cadmium content and the chemical properties of soil

gsXic] AR - A LT R A BA
Total cadmium Available cadmium P Organic matter Available P Available K Total N
537 2 ‘ﬁ/‘»’\ﬁ
A o bt 0.137 0.787%% ~0.446% -0.324 -0.240 ~0.056 -0.343%

Cadmium concentration of rice

T o FORZE TR IE 1% K- FORZE S8 5% BE K-

Note: ** is significantly related at the level of 0.01, * is at the level of 0.05.
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