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Effects of combined fertilization on the absorption of As and Cd in rice from polluted farmland

LU Wei—hong"**, ZHANG Nai—ming"**, SU You-bo™', LI Mao—song™', XIONG Run—-zhong™', QIN Tai—feng’

(1. College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China; 2. Yunnan Soil Fertilizer and Pollution
Remediation Engineering Laboratory, Kunming 650201, China; 3.Henan Xinlianxin Chemical Industry Group Co., Ltd., Xinxiang
453700, China; 4.College of Resource and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: This study investigated the effects of the combined measures of different fertilization modes and soil conditioners on rice growth
and the absorption and transportation of heavy metals in different parts of As—=Cd compound-contaminated farmland, which helped to
provide a scientific basis for the safe use of moderately and slightly contaminated farmland. In this study, three single chemical fertilizer
application models were set up on the As—Cd compound—contaminated paddy field soil, including conventional fertilizer (urea +
superphosphate+potassium chloride ), alkaline compound fertilizers, and rice—specific fertilizers. Treatments with the combined application
of a silicon—calcium soil conditioner were also conducted. The effects of different treatments on the rice growth and yield levels, the

accumulation and transportation of As and Cd in different organs (including roots, stems, leaves, and grains ), and the availability of soil
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heavy metals, pH, and organic matter were measured. The key influencing factors on the As and Cd contents of the rice grains under the

combined fertilizer treatments were analyzed. The results showed that in the As—Cd compound—contaminated farmland, compared with the
corresponding single fertilizer treatment, the combined application of only alkaline fertilizer and silicon—calcium conditioner improved the
four indicators of rice stem diameter, spike length, seeds per spike, and yield by 18.4%, 7.8%, 24.9%, and 16.1%, respectively, which all
showed significant differences (P<0.05), while the combined fertilization under the conventional fertilization and rice—specific fertilizer
mode had a variety of agronomic growth indicators including partial suppression of the rice yield or no significant effect. Under the
conditions of the three fertilization measures, combined fertilization under the mode of alkaline fertilizer had the best inhibitory effect on
the absorption and accumulation of As and Cd in rice organs, among which the inhibition rates of As accumulation in the stems and roots
reached 32.1%, 19.8%, 21.8%, and 32.7%, respectively, and the cumulative inhibition rates of Cd in the grains and roots reached 43.8%
and 10.3%, respectively, with both reaching significant levels (P<0.05). The combined measures of alkaline fertilizer+silicon—calcium soil
conditioner not only reduced the absorption of As and Cd in the soil by the roots, but also regulated the redistribution of As and Cd that
entered the stem through the roots. In other words, the transport of As and Cd to the leaves was promoted, while the transport to the grains
was inhibited. Among the three combined fertilization measures, the alkaline fertilizer+silicon—calcium soil conditioner showed the best

application effect on the As—Cd compound-contaminated farmland, which not only reduced the absorption and transportation of As and Cd

by the rice(especially the grains), but also promoted the rice agronomic growth indicators and yield.

Keywords : combined fertilization; silicon—calcium conditioning agent; compound contaminated farmland; rice; arsenic; cadmium
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Table 1 Effects of different fertilization treatments on rice growth and yield

Qb PR 731 SPAD{H . %.*ﬁ K ﬁiﬂ%ﬁ %*Vg{ TRE . F’:E
Treatments Plant height/em  SPAD value o™ BMeter g o ength/om  iective spike |+ Seeds per Thousand seed — Grain yield/
mm number/(X10*+hm™) spike weight/g (kg-hm™)
1 112.33£6.54a  28.14x4.62d  5.59+0.99b  24.79:1.78c  336.38:72.82b  88.80:8.95a  30.48+2.8la 9 110.46+65.00¢
T2 10433:7.98bc  30.77+6.08cd  6.40:0.71a  26.36+2.63abc  336.17+76.44h  80.83x18.94a 30.37+1.44a 8 257.41:34.60d
T3 104.93:8.92bc  30.66x4.00cd  534£1.05b  25.61x2.18hc  415.48+106.27a 65.34=11.28b 30.70+1.91a 8 329.42+45.97d
T4 107.80:2.37ab  32.16x4.78bc  632:0.97a  27.62:331a  377.29+54.48ab  81.58x17.43a 31.42:1.72a 9 667.15:104.09h
TS 99.60+8.82¢  36.035.19a  5.21:0.93b  25.42:1.09bc  411.38+59.45a  76.17+13.20ab 31.81x1.66a 9 968.83+75.89ab
6 100.07+5.84c  34.89+4.89ab  5.77+0.50ab  27.13:2.45ab  405.47+69.30ab  83.14+14.83a  30.64+1.58a 10310.52+606.43a

i A R Rl R R OR 25 57 B 3 (P<0.05) . T,

Note: Different letters in the same column indicate significant differences (P<0.05). The same below.

R2ARERLE ATBEBUELE As .CAEERFM (ng-kg")

Table 2 Effects of different fertilization treatments on As and Cd contents of various parts of rice (mg-kg™)

QbR HAE Grain It A Leaf ZEFF Stalk R % Root
Treatments As cd As cd As cd As cd
T1 0.98+0.06b  0.12+#0.03bc  10.59+0.55b  0.44+0.07a  3.42+0.42c  0.38+0.02¢ 150.67+18.15hc 1.76+0.07b
T2 0.97+0.07b  0.1020.02bc  11.83%1.60b  0.4120.05a  4.422047b  0.36x0.08c 190.67+50.30b 1.69+0.35bc
T3 1.31+0.08a  0.16+0.0lab  14.87#1.36a  0.51x0.04a  5.55:0.14a  0.50+0.06c 265.00+37.40a 1.84+0.30b
T4 0.89+0.08b  0.09+0.02¢c  11.93x1.11b  0.4420.09a  4.3420.39b  0.38+0.04c 178.33£63.04bc 1.65+0.39¢
T5 0.9420.09b  0.20+0.06a  9.72+1.54b 0.5320.06a  3.4520.14c 1.0220.25a 119.27431.96bc 2.58+0.80a
T6 0.9120.08b  0.1320.04bc  10.28+1.18b  0.49+0.05a  3.31x0.25¢  0.95x0.13b 108.87+22.94¢ 1.8520.40h
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Figure 3 Effects of different combined fertilization treatments on

As translocation factor in aboveground various organs of rice
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Figure 4 Effects of different combined fertilization treatments on

Cd translocation factor in aboveground various organs of rice
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T SR T T 1.22% .6.28% , 1A 304 As .Cd N
TR T 5.72% . 12.00%; K AG & IR 240 T B A&
k85 - R B0 J5 , 48 pH A ML 4 I R R T
0.96%.13.06% , 1 A %A As . Cd & 5t #5351 T B
1 3.68%.1.33%. L5 KFE  ABRE NSRS F T ByEk
A it AEAE 3 T 38 pH AN HLTT R AIREE 4 8 A A0S
Tty - AR R RCR
24 KBHHNHPESRESENEMEZSH
2.4.1 IKFEHRFRL As 15 5 [R5 M0 R R 2 Hr

XTI FE TR As & /5 48 pH A HLT AT
S As B AT Pearson A G R AT (e 4) , 25 S n]
AU K FEFEARL As T it 15 38 pH KA 254 i i)
FH As Fra B R A OC M OC R B 0.35(P<
0.05) .0.49(P<0.01) .0.48(P<0.01) .0.63(P<0.01) ;7K
IR AT As T 5 HIEAYEE As iz b 2 0 %
AV, M R 800.47(P<0.01) . Z5 50, T35 As
FEEM A S As T BOREMK R LA B As
SRR ZEFF AR R SRS | R IR - A RO
As, F B TR R0 As O & 8, 4R TR & As
283k ZEFFHE A FRERL G 43 BE B AR Xk 2K e R
As B

2.4.2 IKAEFFRL Cd 7t 52 R 2R 4B

X KRG 45 AL Cd 5 5 -3 pH A WL 4%
B RS Cd & 5 AT Pearson M ETE BT (£ 5) , 45
BRI, KFEEFP SRS LEAMES TR’
5B A O R B -0.34(P<0.05) 5 34T 33
Cd & 43 5 18 pH A LT & e A OGS R A
K 2B M 0.34(P<0.01) L 0.44 (P<0.05) 5 7K R FF
FCd T SKRZEF R MRAPCGTEER
K FR (P<0.01) , #H 56 R B0 08 0.64.0.63
0.65. ZEA R, 38 pH AR 2l il s i +
B RS Cd 2, YRR M 1 398 Cd 825 FF kR
5%z .

3 g

3.1 BREHEMEXTKFEFFAL As . Cd B9 BEFEHLHI H 23 47
AR U U A R Y S B A Al S i B
R RS m B s, s S E E SR T
2 [ A] £ B 2 A 5 R0, AT B e A AR ) (L 3L AT
BRI BRFRL) B 2 AR R TS E A
Wy EIEAT S IR R L BRRER ) (B
PR EL SR £ S50 — PR S B+ S R Y

3 AELETTE A CAERSESEN pH . BRI

Table 3 Effects of different treatments on the soil available As, Cd, pH and organic matter

AP Treatments A R4 As Avaliable As/(mg-kg™) HRAS Cd Avaliable Cd/(mg-kg™) pH HHLFT Organic matter/(g-kg™)
T1 13.12+1.32a 0.84+0.14ab 7.29+0.12ab 35.22+3.53be
T2 12.96+1.39a 0.92+0.08ab 7.31£0.18ab 37.05+3.23ab
T3 13.64+1.50a 1.03+0.29a 7.36+0.15ab 36.73+2.17ab
T4 12.86+2.26a 0.96+0.25ah 7.45+0.12a 41.14+1.73a
TS 12.49+0.93a 0.75+0.10b 7.26+0.10b 35.84+8.44abc
T6 12.03+1.15a 0.74+0.09b 7.19+0.10b 31.16+2.50¢

R4 KTBEEALAs EE 5 HE M E F 8] B Pearson 83X 57

Table 4 Pearson correlation analysis of As content in various parts of rice and its influencing factors

A S IKFEAS[EIFRAL As 7 & As content in different parts of rice 5L Soil properties
Influencing factors AFHE Grain ZEFF Stalk A Leaf HEZ Root pH A ML Organic matter A 447 As Available As
FFRLAs Grain As 1 0.49% 0.48%* 0.63% 0.35% -0.01 0.20
ZEFF As Stalk As 1 0.58%%* 0.59%* 0.21 0.08 0.06
M H As Leaf As 1 0.427 0.35% 0.20 0.32
HZ As Root As 1 0.06 0.22 0.47%*
+ 3¢ pH Soil pH 1 0.34% -0.25
HHLIT Organic matter 1 0.19

BRES As Available As

1

T #FR P<0.05 ;3K P<0.01, i,
Note : * means P<0.05;** means P<0.01. The same below.
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R 5 KFEIHL Cd EE=5 E2 M E F B #Y Pearson 18K M55 #7

Table 5 Pearson correlation analysis between rice grain Cd content and its influencing factors

PAGI SIS

IKFEAN AL Cd 75 5L Cd content in different parts of rice

A 3EREE Soil properties

Influencing factors FFAE Grain ZEFF Stalk It} Leaf HEZ Root pH A ML Organic matter 4724 Cd Available Cd
FHRi Cd Grain Cd 1 0.64%% 0.63%* 0.65%* -0.04 -0.06 -0.04
ZEFF Cd Stalk Cd 1 0.57%%* 0.827%* -0.13 -0.14 -0.34%
A Cd Leaf Cd 1 0.28 0.00 -0.14 -0.05
HEZ Cd Root Cd 1 -0.06 0.13 -0.23
4358 pH Soil pH 1 0.34% 0.347
HHLIT Organic matter 1 0.44

A5 Cd Available Cd

1
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