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Effects of Nitrogen, Phosphorus and Potassium Fertilizers on Heavy Metal Uptake and Accumulation by Maize
Seedlings

JIAO Peng, GAO Jian—pei*, WANG Hong—bin, XIONG Guo-huan, YI Feng

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China )
Abstract: Lead (Pb), cadmium(Cd) and arsenic(As) are heavy metals with wide research attention. A pot—trial test was carried out under
Pb-Cd-As compounded pollution conditions to study the effects of nitrogen(NH,CI), phosphorus(Na,HPO,) and potassium(KCl) fertilizers
on seedling growth, heavy metal uptake and accumulation of maize (Zea mays ), which is a high—biomass plant. The results indicated that a
significant change was observed in biomass(shoot and root) and heavy metal uptake of maize under different fertilizations and fertilizer
concentrations. NH,Cl could significantly increase the aboveground biomass of maize and the accumulated Pb and Cd concentrations in
plants. The extractability of Pb, Cd and As increased 1.7, 2.0 folds and 1.2 folds, respectively, with the application of NH,CI. Both fertiliza—
tions and their concentrations could significantly affect the accumulation of Pb in plant. However, Na,HPO, significantly reduced Pb bioavail-
ability in soil at medium concentration(200 mg-kg™), but significantly increased bioavailable As concentration in soil, which in turn signif—
icantly increased As accumulation in the shoots of maize at high Na,HPO, concentration (400 mg-kg™). Under different levels of fertilizer
concentrations, Pb extraction by potassium was significantly higher than that by nitrogen and phosphorus. Compared with the control, KCl
could increase Pb extraction for 2.4 folds in aboveground tissues of maize at low concentration( 100 mg-kg™). NH,CI was the most effective
fertilizer in enhancing phytoremediation of Pb—Cd—As contaminated soil by maize.

Keywords : maize( Zea mays L.); fertilizer; heavy metals; uptake; accumulation
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Figure 1 Effects of different fertilization on the dry biomass of roots

and shoots of corn
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Figure 2 Effects of different fertilization on the concentration of Pb

in roots and shoots of corn
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Figure 3 Effects of different fertilization on the concentration of Cd

in roots and shoots of corn
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Figure 4 Effects of different fertilization on the concentration of As

in roots and shoots of corn
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TR MED R ELET , Z AR
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L X BRI T 48.8%F0 20.9% ., AR [ Ab Bk BE
DA B it A i B Ak vk B 9 52 B A X - B8 304 Pb
R 52 8 K (P<0.05) Fifk & 7K
SE(P<0.01),

H5EHEAERS Pb HEA—FE, ARMHES
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Table 1 Effects of different fertilization on extracting heavy metals in corn

$2H Pb f/pg- plant™

$H Cd fi/pg-plant™

I As Ht/ug-plant™

frdighsed

N e PAE K e N e PAE K e N e PAE K e
CK 16.46(1.99) 16.46(1.99) 1646(1.99) 3.25(0.75) 3.25(0.75) 3.25(0.75)  1.81(0.28)  1.81(0.28)  1.81(0.28)
MEYREE  43.99(2.72) 23.10(246) 56.27(8.29) 3.14(0.61)  3.38(0.93)  3.53(0.86)  2.56(0.53)  3.04(0.15)  2.23(0.38)
BYREE 33.01(855) 2231(1.44) 4552(742) 6.55(0.59)  3.10(0.27)  4.11(1.16)  3.80(1.11)  3.66(0.27)  2.19(0.60)
EWREE 20.04(3.81) 19.56(0.83) 34.34(8.86) 9.70(0.51)  4.87(0.81)  4.55(0.78)  3.91(0.11)  548(0.49)  2.73(0.36)
FET
FEAE = (F) P<0.01 P<0.01 P<0.01
JbFRYRBE(C) P<0.01 P<0.01 P<0.01
FxC P=0.004<0.05 P<0.01 P=0.001 1<0.01

A5 5 NIRRT 22 .
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Table 2 Effects of different fertilization on bioavailable Pb, Cd and As in soils
b AR Pb/mg kg™ B Cd/mg-kg? B As/mg kg™
N JE PAE K JE N JE PAE K e N e PjE K e
CK 103.97(8.98) 103.97(8.98) 103.97(8.98) 1.15(0.04) 1.15(0.04) 1.15(0.04) 26.40(2.40) 26.40(2.40) 26.40(2.40)
ARk 105.97(0.85) 103.75(4.98) 127.58(3.96) 1.36(0.02) 1.23(0.11) 1.18(0.13)  28.31(2.17) 27.90(0.35) 31.13(1.55)
i B 154.68(2.98) 60.43(7.28) 112.98(8.97) 1.05(0.02) 1.23(0.07) 1.35(0.21) 28.44(1.88) 30.04(0.35) 26.53(0.64)
EWE 125.68(3.80) 102.73(7.83) 88.53(1.09) 1.18(0.05) 1.04(0.01) 1.24(0.09) 29.33(1.05) 31.53(0.09) 32.31(2.43)
T ET
B A (F) P<0.01 NS NS
AR E(C) P=0.004 6<0.05 NS P<0.01
FxC P<0.01 P=0.002 1<0.05 NS

G 5 NEIRFOR RN 22 NS FR ERABE

F-(P<0.05) o Tt I HEAE AN BE AL PR A4 3L R T RT R2i
T3 Cd AR

X F AR As ORI, AFEERAE T X
LSRR FAEAR B A9 32 AR AR B EI B K (R
2), HEERHIARFALBEA X AR As S &
AR5 ) 5 AR B35 K- (P<0.01 ), ZE R [RIHEHAE 5 2K
R AL T EHEA RS As S REER TR P
He AL

3 g

3.1 ARELEXENKEMERIRI

FAE R AR AR 3 7 . B BB R R i
— , [ At 5 ) - 38 TR B 4 TR A IR B — AR AR BR 1
B B R AE Y A AR, it i U
(NH,CL) Fi4 A (KCL) S REE I F R A &, LA iR
FER NH,CL A (NSO B B3 . X 5 EREEY
PR EFRICE N.P.K X 3 FF Pb i E MY 40t
K. TP R EA KK BT WRIE 3,4
REFH/DER N K SEFHEY F R ERT
HIEM, FAE EE A TREREY R, XY
(I PR RN AN AR B B0, BEHE ARG ZIRER T &
KA T, A BE R LI, BEREEN Fi5
Y3 EAEYIR ARSI A E B I AE Y &,
SCETCR N, S v A Y,
3.2 MM EXRWMBRRESENTM

HEBE AR LA —EEETRE A NELL
WS AW AEE B4, BB G EERE O
AR RKRFER A5 LD, it FAER FRAR
TR R E 4R MR E AR, G PR E
NH,CI &b 38 52 1 {8 £ KR Pb.Cd & B WA FEAK,
R E R B AN B (N3 ) B 28 hn TR XS Cd By,

MR & Na,HPO, 403 (P1) FAHR ¥R FE KCI A3 (K2) i
EHRE T RIS As B X AT 885 RN
KA. TEEEBEAVEHEL R H KR gE
SRERA X, SATHENESRE HENRB AR,
KUZESERAB AN EETFELEERS SR
BN, SR TCISTERE AR AER IR T, F RN
TP ESREORBES HFAHE, BEEJR FEET
FARER, Pb.Cd . As 7£ RPN A& 2 2 LA AR >
Et, X— R HIREARMY G, RHE KRR Z
BEESENFESRT, B EAT S —S Rl
HEBMN R,

Salt ZEF 57 2 B 4R BUKSE Y 2 Hoh 34y
BMEREELRE. LA, NHC A FERE B &1
Tk FEE4SE Pb.Cd As &, PP AR S R AR
A AT LA T — A —FP AR, NHCL B4R
B K B AR AT I B AR R &
& NHC s m T + P ES R A NSNS
B, TR U B AL B A 7 AR i 2E S, DO (i i TR KX
Pb.Cd.As [ & 4, NHLCL 1R b 8 & J AR A 1
G, ZmIEA T LS BURPR 13 pH E TR, Al
AR AT FF BT A B S R AR B8 3 2 R VAR F T A h
BT, — i L = IR ES RS T
TERERENEEY  RHELSEEH, A HER
HE NHLCL f9RE 48 s T H 8 E 48 fA 9 mT #) A
DR FAKM R ELEREN SR, B0 HRERS
Hi, NH,CL X Cd B 3 BA B R e e, X 32
5 CIiefn Cd IS &A%, R et e B EcEn
KF Zn Ni.Cu FEEREE T, IEEEYERIR
FH AP R DA A A B R 1 A A BEAR A BE S S pH AR
1k, 4L NH,-N AR IEE, AR S 7 R E LT
FHEST, T A BT pH TR o 5 22 PR FIARAE IR
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IR, AR NEREFERAR PR 3819 pH B H2 =R
PR ESEEE . R RN ES RN
Eriksson™1, % LA AL BE A HEAE M W e Cd, 38 + 3%
B Cd 195

BELRAELEPWFAEVSRE  ARDELR
SHEYI R M EE , 5EEARR, BEHE (Na,HPO,)
it i R AR T R A S Ph & &, X T BB
BB EARMR R Pb BEA W/ 1 R F Z — , Chen
PSR B T B FT R 13 T Pb A A AL
o BTSSP Pb AA 3 EEBOR T HAL
A KB EBEMA T35, H3E R+ Pb* 5HEE .
T8 HoAl A2 4 (40 OH- \HPOTSE ) R A= fh 2%
BN TY I UE T 4 398 [ A [ 5 , §-30 P Xt Pb iR
WCHE - EFIRE MRAK P BOME TS BB RRAE AL &9, A
T FAR 38 Pb A2, 5346, 13 Pb VAR
UUVE SO .57 148 pH (B FE 1, 76 Hhmsit -3 551
T, 0 WSS SRR BV R PR AR, BRI T A3
FBERRER A R SR I B E AR P, 5 Pb AR
R FRMEN Cd R E . 5346, A5F5F Na,HPO,
X 38 As BIA RO LR BRI As F IR CER
B AR HEE A, FTRERR TRt B An g m T -4
W As BRI . Peryea FME BUTE As {5 YL R [E 13
b EINBEAE AT 4R As MR YA RE R HEICNT As
IR, Jankong F°E S 7E T 3E P ANIA 100 mg-kg™
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IR ERER R FAHRIR I R G, BRI AR S Rk & B v
WCHEPINT As (IR, AP FTRERE A HE A B 32
T B EFEXT As BRI, FIRE R FEAIKI AR
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GrHBUN, B E BRI A BERIRT As X E
KIFEVER , AR K T2 5 A K5 0L T Hb
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HIE(KCD) B AR B & m £ oK E A&,
BERERER S E3 P &8, BT B ENM
Tk _-F Pb LR E M H 8, Ak AR PR (K1)
BT, WA RNV BE B T, ER&EBALXS Pb iy
W B 7 52 SE 3 T U ) R B Tl I O R R AR R
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Pb =YX Pb TR, WkEESIREE N F1 K
I RSE I AR, TRt P SRR R P i
GEHYIA . M KCL AT T3 Cd A R BmsA

o, WIfEfE KCl#Ar Cd ¥ L3P MTAAETE A 1
BT EMA RS, N—EBE LT FREH
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B Cd E R, ASIEL T X—58, HA EX
W Cd AYFE IR 3Rk 2 535 7K, 35404 R T Uk
T ARER A IR, TG T AR SR B T 45 SR B it
KCI 75 5 ¥ FE AL 31 (600 mg - kg™ ) Ih ] (2. 25 42 1y Je 2%
B3 Cd R, XATRER N EMARE N %
g —EL IR TR, AR EE ST RH
KHEL,EEREZ R AR T AN Cd &
B, XFE L%, Pb 4R RIHHE Cd
BMHIVER EHE KCl ARFE (K1) B &R E T EXK
RIS As BRI, ER L B3R As S BHA BT,
XA BER B R B KCL MM B s T HEs
A As F R, SBUREXT As MR E I, M L
IEER R BE, MR BRI As RSB
Gulz 595 oK (R R [ H STt R B, bR
TR, HAtFEY T As BARIRRIZEMH RS AL 15 B
B, I B8 H PR AR

4 ZEig

(D)AS[F Bt AE 5 2K L Ab B e B Yo oK b | R A=
Yy B R B B /K (P<0.05), T FORAR T 2
E3-A 8

(2) Rt AE 7 =X Ab P e B DA K G 2 () 38 HLAE
FAYIMR BB R TR R B4R R, Ho
Jiti it NH,CL %+ Pb.Cd . As (W% it 2 40 Ee X BRI &8
FHEI, B R IR E 1.7 2.0 f5 A 1.1 % EE
A TR) A e BE 5 =X T R AR B Wie Pb . Cd 9 52 1 R
K, AR v B A B RN Cd A0 R i 72 A AR (B
A

(3) AR AL 7 2 FAb Bk B X+ A 544 Pby
B4 BB B K (P<0.01) F1 i 7K F
(P<0.05); AFEVEEAIEN AU CdAs &
B BEZLW, (HREARFEMEAE I 20 A3 5
ZIKF o

(MHEBREREATEYRAHLE E Pb Cd As £
TR FRAL Y 43 B AR DL AR 2R > 2K ), it F &
(NH,CD) Ab R R4y, v F P b s A Y & 4 Ur 1
YERMNEESBOREFR, & B REWRKE, 7
WRAF & — & BAARER AR 7= 5 B R R VE A £
B, BRI SE T RA R IR BB R Z A5G
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