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Effects of superfine phosphate rock powders on Pb and Cd uptake and transportation in rice at different
growth stages

ZHANG Qing', WANG Huang-ping', KONG Qing-ho', LI Fang-liang', LUO Tao™

(L.Institute of Soil and Fertilizer/Land Cultivation Engineering Technology Research Center, Fujian Academy of Agricultural Sciences, Fu-
zhou 350013, China; 2.Agricultural Ecology Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China)

Abstract: This study investigates the effects of the application of superfine phosphate rock powders (SPRP) on the absorption and transfer

of lead(Ph) and cadmium(Cd) in soils contaminated with these elements during different growth periods of rice. Pot experiments were car-
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ried out to analyze the effects of i) different amount of SPRP on rice yields, ii) the absorption and transportation of Pb and Cd in plants,

and iii) the forms of Pb and Cd in soils, when SPRP were applied at the pre—transplanting, tillering, and flowering stages of rice. The re-
sults showed that the yields of rice increased by between 9.70% to 26.60% with SPRP application, which were significantly higher than of
rice yields with unground powders or without powder treatment. The concentrations of Pb and Cd decreased with increased levels of SPRP
in all parts of the rice, including the root, stem, hull, and grain. When SPRP were applied at the pre—transplanting stage, the Pb concentra-
tions of rice grains were between 75.7% to 79.1% lower than of those without any powder, and from between 73.5% to 77.3% lower than of
those treated with unground powder. The reduction effects of grain Pb concentrations were better than of those at the tillering stage (55.4%~
69.1%) and flowering stage (55.9%~61.5%). The application of SPRP at the flowering stage resulted in the grain Cd concentrations being
between 44.3%~71.9% and 44.1%~71.8% lower than of those in the control and unground treatments, respectively. The reduction effects at
the flowering stage were better than of those at the pre—transplanting stage (33.0%~45.8%) and tilling stage (28.6%~39.9%). With the ap-
plication of superfine powders, the Pb and Cd concentrations in grain were mostly lower than the limit of 0.2 mg-kg™ defined in the Nation-
al Food Health Standard (GB 2762—2017). The application stage of SPRP also had a notable influence on exchangeable heavy metals in
soils. The concentrations of soil exchangeable Cd were decreased by between 16.8% to 33.4% at flowering stage, which were better than of
those at the pre—transplanting stage (18.0%~27.8%) and tillering stage (11.8%~27.9%). Meanwhile, the reductions in concentrations of
soil exchangeable Pb ranged from 143.8% to 193.3% at the pre—transplanting stage, which was better than of those at the tillering stage
(103.2%~183.4%) and flowering stage (56.0%~160.6% ). The concentrations of exchangeable Cd and Pb in soils were positively correlat-
ed with their concentrations in rice grains, with correlation coefficients of 0.856 and 0.946, respectively. The absorption and primary trans-
port coefficients of Cd and Pb decreased with increased dosage of SPRP, and were significantly different from those in the control. There-
fore, the application of SPRP led to the passivation of the concentrations of exchangeable Pb and Cd in contaminated soils, a gradual reduc-
tion in the uptake and transport of heavy metals by rice, and an increase in rice yields. We conclude that the suggested optimum amount of
SPRP is 2 g+-kg™" of polluted soils, which can be applied to soils polluted by Pb or Cd at pre—planting stage or growth boom stage, respec-
tively. For complex soil pollution, we suggest that it is better to apply SPRP before planting in order to achieve improved comprehensive ef-
fects and easy operation.

Keywords:rice; growth period; superfine phosphate rock powder; lead; cadmium
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Table 1 Growth and yield of rice with superfine phosphate rocks at different growth stages
Ab P Treatments Kk Height/cm FEAT 7= 42 Straw biomass/g-pot™ R4 Grain yield/g-pot™” Tk H 1000-seed weight/g- 1000 Fi !
CK 68.33+5.36b 18.07+1.36¢ 21.13+0.74¢ 17.92+1.16¢
CK1 70.41+6.97b 18.54+2.47¢ 21.35+2.13¢ 18.05+1.00¢
P1 79.00+4.06a 20.82+3.68ab 25.01+1.86ab 19.45+0.99¢
P2 80.75+5.95a 22.06+2.59a 25.69+1.32ab 20.24+1.44bc
P3 81.50+6.57a 23.74+3.69a 26.75+2.70a 22.64+1.16a
T1 77.50+6.35a 19.93+0.98b 24.01x1.85abe 19.02+1.04¢
T2 78.40+5.57a 20.27+3.02ab 24.14+1.70abc 19.95+0.88bc
T3 79.80+5.81a 21.36x1.81ab 25.22+1.44ab 21.96+1.28ab
F1 76.25+6.71a 19.40+1.03b 23.18+1.36bc 19.05+1.40¢
F2 78.00+5.69a 19.55+1.54b 23.41+1.47bc 20.06+1.33be
F3 79.75+6.02a 22.48+3.18a 24.99+1.27ab 22.12+1.72ab

TE [ 40 PO ] /NG S B AQR AR B 22 ] 22 57 1 3% (P<0.05) , Tl

Note: Different letters after each column of date indicate that there is significantly different at the 0.05 level. The same as below.

F2 REEE HMEINE BT 1 33 7Kk 78 Z BBALARUL Cd . Pb BRI (mg-kg ™)
Table 2 Effects of superfine phosphate rocks on the uptake of Cd and Pb in rice at different growth stages (mg-kg™")

b Cd Pb
Treatments  £5>K Rice 5 Hull 25N Straw R Root K Rice fioc Hull 251 Straw R Root

CK 0.203£0.031a  0.252+0.026a  1.683+0.268a  7.06z1.25a  0.460+0.051a  2.606+0.314a  51.41%4.67a  941.0+853a

CK1 0.202+0.018a  0.247+0.031a  1.562+0.302a  6.9020.86a  0.422+0.036a  2.256+0.254a  47.62+5.22a  846.0+56.9a
P1 0.136+0.025b  0.149+0.024b  0.877+0.103b  5.71+0.68abc  0.112+0.009¢  0.448+0.062c  6.10+1.02b  562.6=68.2bc
P2 0.12120.016bc ~ 0.127+0.009bc ~ 0.836+0.098b  5.25+1.04abc  0.109+0.008c  0.433%0.051c  3.53+0.62b  468.9+51.3bcd
P3 0.110£0.008c  0.109+0.008c  0.738+0.067bc ~ 4.96+0.68bc  0.096+0.005¢  0.308+0.035¢  3.01x0.29b  408.7+78.6d
T1 0.145+0.021b  0.140+0.021b  0.997+0.096b  6.43+0.99ab  0.205+0.012b  0.587+0.047hc  6.55+0.75b  478.7+100.3bcd
T2 0.1230.017bc ~ 0.138+0.026b  0.68120.054bc ~ 6.17+1.04ab  0.187+0.018b  0.513+0.059bc  4.72+0.37b  463.2+69.8bcd
T3 0.122+0.022bc  0.12620.018bc  0.629+0.096bc ~ 4.35+1.15bc  0.142+0.010bc ~ 0.436+0.052¢c  4.67+0.46b  458.9+66.8bcd
F1 0.113£0.009¢ ~ 0.124+0.014bc  0.654+0.085bc  6.07+0.62ab  0.203+0.018b  1.065+0.126b  5.33+0.63b 575.6+87.8b
F2 0.062+0.008d  0.11320.008¢c  0.606+0.113¢ ~ 5.41+0.42abc  0.192+0.017b  0.854+0.068b  5.00+0.49b  495.6+69.3bcd
F3 0.05740.007d  0.097+0.006c  0.313+0.035d  3.99+0.37c¢  0.177+0.021bc  0.602+0.059bc  4.13+0.56b  426.3+78.5cd

REAL, e B iy S ] 2 A AN e ™y A AR K Hh Cd L Ph 5
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T it AR A A K Ph 2 i (SR e
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TR A [] R A # AL BRAS 72 Cd  Ph 7% 0 1)
Fb X HE AR 40.9%~56.7% . 82.8%~88.2% , 43 BE 1 Ab
PRAE 5¢ 1 Cd. Pb 7% 1 43 51 b X BE R AIG 44.40%~
50.0% .77.5%~83.3% , % AL WAL FRFF A Cd  Pb 5 4
A3 T BR AR 50.89%~61.5% .59.1%~76.9% .

i‘a‘a@%ﬁuﬁlﬂgﬁéﬁi@%ﬁ%&ﬁ%?”%ﬂfEP Cd.

o ) Eb X BE R IR 47.9%~56.1% . 88.1%~

94. 1%,5}&*%@@7@'%%4: Cd . Pb 5 43 51 o Xt

HE 4G 40.89%~62.6% . 87.3%~90.9% , 4% 1% ] &b B /K

FEZE b Cd  Pb 5 253l He X BE R 61.19%~81.4%
89.6%~92.0%
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AR H AN 7] 5 A0 A R A0 FRAS AR b Cd P
100 1) e R IR AR 19.19%~29.7% . 40.2%~56.6% , 53
B A b FEAF AL Cd L Ph 5 12 4 1) B X BE RIS 9.0%~
38.4% .49.1%~51.2% , ¥ AL WAL PRAF AR H Cd . Pb 75 &t
A3 Ko FR AR 14.19%~43.5% .38.8%~54.7% .
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W D% 35 R BRNIR K% 35 R R 0.079~0.238 F
0.102~0.181, ¥ 5 T /K B % Pb i %535 2%, 2 Pb 1K)
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Pho ZKFEXT Cd WIS R EL L CK A Fi e i, I AGER 4
BER B I, W R IO AN R R B Y RRAIG, AR 3R
8.95%~43.53% , F3 Wb RN £ , 5 CK 2 7 2%, IF
LB B AN B0 4 038 0, Wi 2R 55028 R AR
JKAE X Ph AW A0 28 B0t A CK &b Fi s 55, in A 40
WG, WA 2R B4 A0 s 1k 38.83%0~56.57%, ¥4 55

CK ik I 2% 22 5, P3 A B Wi 28 BAh A1, i 4 e ™
Ky PR 30, W R B2 TR AT o AN TR) A B K e Xof
Cd . Pb W) btz iz 25000 52w 55 WSO BB, /K A
XF Cd PR 38 R BAE AR AR, 1T 4T Ph AR 2%
538 RBEIR AT e AR . K FEXT Cd  Pb IR Gk iz
B WA BRI R 2 50 R TR] it i 20
B0 M3 5 IR R e iz 06 T, RIVER A0 il 412 1k
2R Cd (Ph PR T RS LR R R A Rk — 2
24 AEEFHEMEBEBET M LIEELE C.
Ph L ZSHIR I

ME 1H Cd . Pb £ IERAALE , 5 CK A, Jitiin
W BT, LA CdL P B R 4 Sl AR
5.2% F126.8% , 5% 45 Cd \Pb 75 543 | 34 /i1 85.8% Fl
79.6% . TEIKFE R — A= & Wit A i ks | bilE
SEIEIN, +3EhAT S840 45 Cd  Ph 1 LB T B
R A LB O . AR RLET BRI 4 AE
T 8 A0l B K3 I, AT AS 3 A Cd 1 B 461 be T e
A5 W B 43 91 K 18.0%~27.8% . 11.8%~27.9% . 16.8%~
33.4%, 5% it 2 Cd 1 Eb A7) E X BE 3G Jin i B 43 ) Sk
143.8%~193.3% . 103.2%~183.4% . 56.0%~160.6% ; 1t
FEBLRT T BER eI A BE DK )5 L PT 28 HAS Ph
(4 EL A8 LT HE A I 32 43 31 4 75.59%0~86.6% .67.9%~
81.1% .66.9%~81.3%, 5% it 2 Pb 1) LL 471 LE % RE 3
g RBE 4y W K 164.8%~271.9%. 91.0%~238.0% .
105.4%~193.9%. HE4:)& Cd.Pb #9HAth 3 #5728 1k
AN TSRS Ph 1 H A58 7K R 470 B iy A ALK e
T K, 53 2 R 7R B At AR AN BT R T A RURAR

R3 KBABEKBEMBEY 3T Cd.PhRIR I FNEEIE REL

Table 3 Cd and Pb absorption and transport coefficients of rice with different growth period treatments

Cd Ph
Tmﬁ%ms TUES PITELE RH W G3Z TR W R PRI E RH KHE TR
Absorption index  Primary transport index Secondary transport index Absorption index ~ Primary transport index Secondary transport index
CK 6.554+0.706a 0.238+0.016a 0.121+0.023de 1.860+0.039a 0.055+0.009a 0.009+0.001¢
CK1 6.402+0.433a 0.227+0.010a 0.129+0.012cd 1.672+0.049b 0.056+0.010a 0.009+0.002¢
P1 5.303+0.264bcd 0.154+0.013b 0.155+0.004bc 1.112+0.013¢ 0.011+0.002b 0.018+0.005hc
P2 4.870+0.474d 0.159+0.011b 0.145+0.009¢d 0.927+0.013e 0.008+0.001b 0.031+0.004a
P3 4.608+0.430de 0.149+0.016b 0.149+0.018bc 0.808+0.041f 0.007+0.001b 0.032+0.006a
T1 5.968+0.176ab 0.155+0.011b 0.145+0.012¢d 0.946+0.016de 0.014+0.002b 0.031+0.005a
T2 5.73+0.362bc 0.110+0.009¢ 0.181+0.011a 0.916+0.013e 0.010+0.002b 0.040+0.015a
T3 4.037+0.43 Lef 0.145+0.010b 0.194+0.021a 0.907+0.015e 0.010+0.002b 0.030+0.004ab
F1 5.631+0.355bc 0.108+0.015¢ 0.173+0.001ab 1.138+0.019¢ 0.009+0.001b 0.038+0.004a
F2 5.020+0.157cd 0.112+0.011¢ 0.102+0.021e 0.980+0.017d 0.010+0.001b 0.038+0.005a
F3 3.701+0.176f 0.079+0.014d 0.182+0.009a 0.843+0.013f 0.010+0.002b 0.043+0.015a
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Table 4 Correlation between Pb and Cd content in different parts

of rice and soil exchangeable Pb and Cd content

HRJE AL [l Jy
Heavy metals Parts Regression equation
Pb K Rice y=0.001 8x+0.042 1 0.946%
FH7¢ Hull y=0.011 6x-0.178 2 0.962%*
250 Straw y=0.267 8x—12.322 0.960%*
TR Root y=2.632 4x+307.53 0.977%
Cd FiK Rice ¥=0.355 9x-0.081 7 0.856%*
Fei7c Hull y=0.417x-0.096 8 0.885%*
ZE0f Straw y=3.336 7x-1.083 6 0.904*
FEAR Root ¥=8.590 2x+0.630 8 0.971%#*
7.501
; a
I poa b oA
7.00 ¢ T =TR £ B jE E=
B =
6.50F Ea
d
- 6.001
=
5.501
e
5.00F
4501
4.00
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Figure 2 Effect of different amount of superfine phosphate rocks
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Figure 1 Effects of superfine phosphate rocks on the forms of Cd and Pb in soil at different growth stages
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