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Effect of potassium fertilizers on the uptake of soil
cadmium by flue-cured tobaccos

YAN Zhe'  GAO Zhigiang®  LUO Zhenhua’®  HU Xin'  PENG Liang' ~ ZENG Qingru'™

(1. College of Resource and Environment, Hunan Agricultural University, Changsha, 410128, China;
2. Hunan Zhuzhou City Tobacco Companies, Zhuzhou, 412000, China)

Abstract: Pot experiments were conducted to study the effects of 3 potassium fertilizers ( K,SO,,
K,8i0, and K,HPO,) on the absorption of cadmium by 4 tobacco plants.Tobacco Yun87, Yun97,
K326 and Xiang3 were grown in acidic soils in Zhuzhou Chaling with cadmium concentration below
1.0 mg-kg™" with.Through 3 fertilizers application, we analysed heavy metal contents in the upper,
middle and lower leaves of the tobacco to explore the effects of the fertilizers on the pH of the
contaminated soil and absorption of soil cadmium by tobacco. The results showed that the
accumulation of K326 was the strongest for cadmium, and Yun87 was the weakest, K,SiO, showed
best reduction of cadmium absorbed by tobacco, by 20% to 40%. All the three fertilizers had
significant effects on soil pH and chemical speciation of cadmium.

Keywords : potash fertilizer, tobacco, cadmium, resistance differences.
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H R SR AETT T, X 75 2 SR RIE SR R A K 11 W 3 i A AU e AR e v AU o A R o
A5 R IS LS RE S [ i e AU R et e 1) 5 i R A 2 1 AR 1) A ) KO M R N A X AP 11
PV 5 S0 5T A R Lt 08 e G A 5 S £ 0 44 0 A 2 R A 2 i
AT <53 J 8 114 22 S M 9 S R B K R R/ N2 S5 AR v 1O A S B Y B e A5 DR, O
I R e R S 2R < A ) 8P H A e Y B TR SR AN (L

AR PR IX — Al AR 77 AN R s ) A SR , 7 DR AN B2 MEDA e 7= ) [ ek e o e A
Tt e K - 98 v B s R 0 il AR X < R R D TR A, s R AR R T A B
iﬁ%[ll]éﬂ .

1 #BS 7 ( Materials and methods)

1.1 Akt

A ERR IR = =R (1928 GR, E 2GR M Al R AR AR .

AECKRE . BRFRER BERR S 80 (390 AR, RS &8k TABRAF]) RERRM (AR, RN P RERAA),
H P BRI AR I > b A IE AR AR ME GB/T23349—2009, W5 LA | 3 #hAEELH ) Cd  As . Pb
Fl Hg 7t eI T AH R A B S AR 1 (B, XA E Cd B f A 5 .

HEAE ) I B ( Nicotianatabacum ) &R 23518 « 200 87 . 2 M 97 . K326 FIif 3 5, >k F i Ra ik
T AR BB I X

Bk 3 HHE L R AR AR T 2R e B4 gk 0 H 18 (26.97°N, 113.75°E) . - B
HEEARMEINEE 1, HLE Cu.Zn Pb As Heg MWK EHMETE R —HbnifE, HA Cd KN 0.587 )&
YR S IR ) B T Y X R 1

&1 AR P T

Table 1 Basic physical and chemical properties of the tested soil

il BN P HK
As/ H Pb/ Cd/ In/ Organic
s - Y . . oo T o N/ Towl B/ Total K/
Site (mg'kg™) (mg-kg™) (mgkg™) (mgkg) (mgkg™) matter/ o . o
-1 (g-kg™)  (mgkg™) (g-kg™)
(gkg™)
ZRbe
. 5.13 0.13 34.63 0.587 46.28 4.77 31.19 2.12 505.2 14.62
Chaling

T ARl IR BRI (GB15618—1995) . Note: Standard is Soil Environmental Quality Standards( GB15618—1995).

1.2 754k

2013 4 6 H TR AL K Fka il g0 e b, R EAZ 31 em 5 28 em BYIBRIA FLAL 36 1, A%
415 kg, LLAHHEE FHAE R HEAE | FiAe 2 00 87 54l 97 (K326 FIh] 3 5 4 AN E S A, 434 1 Bk B AR LA
BT R A (IR 50 Y e H AR ) A xR, BEE 3 AR B, 3 N SF AT S — kB AR R B AR AT
150 kg-ha™ FERREP 135 kg-ha™' BERRE 41 150 kg-ha ' 58 UGB AL R NS — VUGB AL R AY 1.5 4% ikl
60 d (BT WAk, XFUEI 23 BORAE B 1 2] 5 S N E 6 2 10 Mo ket 11 2] 15 i B
53 O R B 4 S A R R AR I L B AR ZE v A 7
1.3 ENEE

FESEG 2 AT B4 HT 3 FhEHAE XS 3 pH (B AN 4 J8 B 0 AN [ Ak 2= R 28 1 g i b 3 b4 I LA
K JCE (10 ER R B2 0 .
1.4 WE

HEJE F 0, 5 4 R RO AR S b R BRSOV R YT R A GB/T
17141—1997 IR - il 2 - 2 R - 1= SRR 2=V A 1 5 15 FT NY/T 1100—2006 FAA R - = SRR TR A TR 1) H
fif T, AR SOR T R ] GB/T 22105.2—2008 (9771 B4 )@ Pb . Cd . Zn  Cu 3 J1 HL B & 46
BT REHEREIL(EE PE, Optima-8300) % , Hg . As K FH R 728560 6 6 B 3 (L 075 K, AFS-920)
W5 .
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+- 4 pH (E I 2 . FREGE 20 B4+ 5 ¢ T 100 mL =+, ALK 25 mL, E OHEE
P&3% 1 h, H pH THIE.

T EERIE AN E >R BCR =04 HGE R LB & 45 8 & S (Y (3£ PE, Optima-8300)
st
1.5 Hdlisrir

K H Excel HEAT50HE 1 AT FALEE SR FH DPS HEA T34 8000 & PEAS 56 ( P<0.05) .

2 5 59718 (Results and discussion)

2.1 EAGJE RN R] AR R A% T Y 23 A 1 B

SRS I T BN R = AR R - T - < e A L < = R g T R S R N i i v
TR PR DU X 2 B AR R AR B R AR > FR R > b E > 2> AR AR SE T4 R I, SR AR R A PR
VA0 43 A R S T A PRI 1 5 B SRR, T 7E A 2 B oh AR /N

0 a B Z Yun87
ZM Yun97
25+ 0 # 3-8 K326

i 35 Xiang3

Cadmium content/(mg-kg™")
&
T

bedabe a ab
: 7 X N1
Lower leaves  Middle leaves ~ Upper leaves Root Stem
Different tobacco parts

1 AR SRR R A AR A i (mg-kg ™)
Fig.1 The concentration of Cd in different parts of the tobacco (mg-kg™")

abc ab a bed

AR RBUEE R — O P R — U R AR S L ZOT R Z L, R AL T R
RPN IE RS B e 5 R 4R R B0 12T R AE SRV IR N S T 8% | B 2 B 7% 36 2 Oy
4 Tl FEO R B0 B AR AR, N 2 W LA HY Mt B A e AR RO e TR R R T AR R
AR R, I R R R Y AR AR T A EE K326 Rz AR 97 456 1 B AR BE 1 3R T s 40 87
I 3 5 RESA I 4 o0 5 3 8 D o B ) 7 8 2 S ) SORT A6 RIS SR SE R 2 A T
A AN (K326 R A0 87 ) W ISCER 14 22 53 M 52 ), & 304 5 B A7 A8 T AR, o5 S0 it 1 80% LA I, HL
K326 HHH a5 S R T 87, S A SIS AR,

T2 AR AR B A R

Table 2 The enrichment factor of Tobacco in various parts

HBAL MR 87 =097 K326 W3s
Parts Yun87 Yun97 Xiang3
T Lower leaves 37.70d 41.40b 44.11a 40.48¢
FhEgI Middle leaves 21.40¢ 26.42a 26.34ab 20.44cd
¥ Upper leaves 17.29bed 17.48b 19.05a 16.42bc
R Root 1.04abc 1.23ab 1.35a 0.97bed
2% Stem 2.20bed 2.28ahc 2.47a 2.32ab

L RTPEEE N 3 A ER A, IR —17 AR F 2R 22 5 1 3% (P<0.05) ;Note: Data is the average of 3 replicates in the table,

and the different letters in the same line indicate significant difference at P<0.05 level.

2.2 3 FREPIEXTAS [ i Ffo o R 5 S
HIPE 2 m] 1, 3 B AL 4 AN R o Ao KA P e 5 B W) A T R T A1 A e 5 A A Tl
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FHBRERER 1 X5 BEZH 8 5 5 e v S [RD 3RS ) MR I o it B 3 M 22 5, 25 S e R S .
Jits VR R, HH 5 25 K0 87 L 25 M0 97 . K326 FIH 3 5 rf &R 4 75 i b X IR A3 B BEAIR T 22.9% .39.1%
38.9% 1 18.3% ; Jiti FH R S — B (1) o 35 -5 5 B L X BE 3 BB AR T 19.2% ,30.9% ,32.9% F1 10.9% . AH
FU T 5 ek PR O P 8 AR IR o S A ) i, LR SR RE SR Y K326 Al A 97 MY REGR R R 1
T Al 87 Al 3 5, HLJE IR AT AE 5 00 5 Rl oA 5.3 R IE o gt R A0 A BB M HERE , Ho2k 72 R 2 —
SEALER, IFE A BRERAR A B AR, R T P SRR 8 pH Y HRBRIR A T 5 S E 4
JRERLE A A B T AR R A AR T 5 R, DRI IR R X AR A R 4 T e 1 R
SR R TR S B R R S A B AR it P - b i v 1 8 pHL, B AIG T 5 4 B B 1 A W 3K
P BRI AR v 4 7 S AU T R Ak 2.

25 a ab B1K,S0,(CK) 30 B K,S0,(CK)
= EIK,Si0; @ a ab F1K,Si0;
220 F o 25
o K,HPO, 5 K,HPO,
£ £ 2
ENT E
5 515
g 10F £
5 2 10
= =
& st S
0 0
U
Different tobacco parts of Yun87 Different tobacco parts of Yun97
30 30
B K,50,4(CK) a B K,S04(CK)
25 £ K,Si0; 25 B K,Si0;
K,HPO, K,HPO,

Cadnium contont/(mg-kg™!)
Iy
T
Cadnium contont/(mg-kg™")
O

Lower leaves Middle leaves Upper leaves Lower leaves Middle leaves Upper leaves
Different tobacco parts of K326 Different tobacco parts of Xiang3

B2 3 FORFEEIEXS AR RS SRR (mg-ke™)
Fig.2 Effect of 3 potash fertilizer on Cd content in different Tobacco plants (mg-kg™)

2.3 3 FpEPAEXT 58 pH (E AR L2 R B9 52

FE 3 AT LA B AR & 09 T 5, 3 FhAS [ B B0 RE X =38 1% pH B 52 A I 25 1 22 5 7
2.5 mmol - L™ W N, AERRBFFIBEIR S —#P st W b 4 5 7 1309 pH A, & X5 IR

>80r —a— K,HPO,

560 —— K,Si0; <
540 ——=K;S04(CK)
520F
5001
480

pH

4.60F
440+ a a
420F a

| | !
4.00 25 5.0 10.0 20.0

Fertilizer concentrations/(mmol-L™")

B3 AR X L pH (5

Fig.3 Effects of potash fertilizer concentrations on soil pH

W I B e, AR S — A0 AR AR B 1) £ 98 pH B L T, e B 1R 0 ) X 1 8 pHL [
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BHRFEAR. 2T 20 mmol - L™ W FH 2 J5 , FUXF BRAH Eb, 48 pH (B i (A5 S AR E 2 [ A 22 1.0. R & %
SRR AN S BT 45 R W, 88 pH (8 T e 5 30 e B IR 25 8 b B A A R A ) R
PR Bl pH AL T, 98T 118 TR S 1 053t FH A [0 0 A 5 7 0 4 5 2R A7 6 E Pl A R 3, A
M4 i 5 g pH A A] 5 3 b G

I 4 AT LA Y Bl it B A0 e B A0 T o, S T) A %o 1 38 7 4 S A (R /K A S B TR R T 22 5
PR AE 2.5 mmol - L™ MR BE N, R3S & 2 fie s WO B IR B, JLUR il i & 4, S IR Sy i
TR i 2 T VA R T T v e PR R 119 - S /K 25 5 R IS R A, e P W T L — 8 1) - K I
A LIS i R R A IR SV B R 20 mmol - LA Jiti FH 3 AR [R] B AE Y -+ 3 4m K
VA B 22 AR, Heroifis P PR 490 56 P ek R A B /K IR 28 & s AT AH 22 1T 3k 15 %

9.00~ c
gook  THKaHPO,
: ——K,Si0;

2700 K,SO4(CK)
-
% 6.00r-
Z s5.00F
2
S 4.00F
£ 300+ b
=)
2 2.00f b b p
@]

1.00} a a a _a

25 5.0 10 20
Fertilizer concentrations/(mmol-L™")
B4 B R X IR A K A R

Fig.4 Effects of potash fertilizer concentrations on water-soluble Cd

F3JE 3 AR AL A R, X IR E R A M s 3R 3 AT RUE L A
2.5 mmol - L™ WM FET | AT AR IR B A) L B4 T S 4 285 SRR £ 45 13 25 3% Bl 509 , HLAth 19 4
NEFIET 50% , b AL EE & 285 i 22 A WL A LU AP L , SRR ET 09 A ML) I A W 46
B PO R, AR A LU ARG, At PR L B X PRI 2 8] 25 A K.

R3S IE X AR A A T A T A YRR

Table 3 Effects of potash fertilizer concentrations on chemical forms of Cd in soil

AT A B ) B KB ,
e Sk A i1 ALY e BRI S i 1
Sl 3K ) N EE=MERN S L EE=MERN
HB*‘#ﬁEAT. Addition concentration/ Percentage of RS t‘t Percentage of organic Percer.ltage of
Stypes of fertilizer ( L) h ble and Percentage of Fe-Mn " d sulfid residual
mmol - exchangeable an: . . matier and sullide .
> fractions/ 9 fractions/ 9
carbonate fractions/ % oxide fractions/% fractions/ % ractions/%
2.5 51.5d 29.2a 9.7bed 9.6ab
BREREN (CK) 5.0 52.1c 28.4ab 9.5hc 10.0a
K,S0, 10.0 53.3b 27.9be 10.1ab 8.7¢c
20.0 55.9a 25.7d 10.5a 7.9cd
2.5 48.6a 29.4cd 8.2bed 13.8a
TERRH 5.0 48.1ab 29.5hc 9.1a 13.3abed
Si, S04 10.0 47 .5abc 30.5ab 8.6abc 13.4abc
20.0 45.2d 32.2a 8.9ab 13.7ab
2.5 48.9d 30.1a 8.4ab 12.6a
TR A — A 5.0 49.5¢ 29.8ab 8.2abc 12.5ab
K,HPO, 10.0 50.7b 29.3abc 8.2abed 11.8bc
20.0 53.3a 27.8d 8.6a 10.3d

R EEE N 3 A EE AEE, BR—3hOR R F R R 2% 5 .35 (P<0.05) .Note : Data is the average of 3 replicates in the table,

and the different letters in the same column indicate significant difference at P<0.05 level.

Wit it P A0 R e 2 A T i, T e R ) - S0 v S A S R R ER 45 3 25 1 B LU ERIRRAIR, R %Ak
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WSS AR E BT AW LA 4 58 O e L E AR I S 5 L ARSI it R
PRGBGSR MR R R4S A S R L E L S A A S SR E R, ALY
B4 A3 & i LU EE MR A A B & LU EE WG AT A5 k. 7E 20 mmol - L™ MR BE T, it FH Ak PR 4 174) 4 38 v
LTS SRR ER 45 525 P 2t W AT At 2 R AR, k4G SR AL 25 5 25 o He 3 00 v T Ho At 2 b
BPRE. AR, 3 FRER A X - e A AL 2F T 25 A5 MR 32 B AR BLAE X AT A8 4 75 SRR R b 45 A S T Y AR ik
J5 .

WFFE A ) | 4 3 T 4 R 10 15 S R B B T L IRAF I A5, FH A SO B B AN R 25 1 - 4
4 @ X RE ) B BRI Sy« KRS > T S8 #e 25 Bk R £R 45 A5 78 > L B AL 45 5 5 >B WL K itk
WSS A STRIE A KA S8 A SRR Eh 245 A e M 22 , 5 5 W D WOOR 2 A sl by
ARIER BN & 5P R S E A R A 4 68 AU Rk 25 638 FRiE SR
SEMER AT BRI R | e A A A R S it P R Y 3 it P G A AR ) AR e,
BLRIUAE R KA B AR, 4075 Sk R R 45 5 25 HU FE AT, 50 FH L A A [ 0 B 18 0 4 5
X LGAT A& B, K (R it 5 R IR KIS A B it S S Mk Eh 45 G AR M & it R IE A GG R,

ol Py G NI T 8 23 L W g VA L e R R <0 P = A = 511 ¥ ol 0 W R L e
TR AR, 3R B 7 B0 2B Rt 3 3 pH (B, K E 2 i SRR Tk, M T R i = 4
JRA RS R I T A 4 AR A R B T R R A A A S, B ) pH (E L
Fr AR AR SCH S S kiR 3h 45 G AR . e HE S SR 53 e R, K et it FH e I X 4 il 1 4 v
A il AN RIS MR 20 TR R 3 B R S DK it P A

TR0 e T 114 it R T R I R i S SR B A, DRI AR B ] AT A RN A b ) 0 1, 00 1 A 40 )
BRI A ARG N T A Y IR T AT A P R R R A K VAR P K R B RE AR | SR IROIR A W B
AEESRE T, LR LN H R0 5 EE A R A 35 | fevs it s 380 pH (E, {2 E 4R
BT RDTTE RAERRERE AW BT I, B A% 35 s vk T 4B B T B MR B T L st | R RE R AR A
R B e A Y A R ) S LA T A Ay 2t 5 Tt - v e I X R A ) o e 2 R e £, 0 )
R T 458 BEKFRG K B4R & 519 62.59% 58.33% 1 65.83% . A WF T it FH 7K VA 1tk 1k 440 FIES B Xof A0 12 5]
TRAF P REARAICR | Uit P RENE REAE Sy —Fh AR AT V8 7 A i 15 e R

3 4512 ( Conclusion)

(1) SRR REAN R B 04 75 B 28 S PR 3, T W X B W WA BE ) e it | e DSUHAT I A 7 i 25 BR T 2
o e g PRI AR IR AR O AT I A 1

(2)) ANTRHA it 7o X 0 PO W ST T 22 5, sl DO R T 9 e ) o 3 B e PR A AR R E & TR 10
A,

(3) TE8 15 Y MR AR 1 - Pt T RERR BN , ol LASR i 1 pH (), U BRI AL B 25, BRI
P P S P R 4 25 Y 209 —40% . USCTE M B IR A= 7 H, SR P ik TR R AR T B e T, DA B
AR Tl A v 4 B SR R A, B A R
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