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Effects of N Application on Physiological Properties and Accumulation Characteristic of Pb and Zn in Arabis
alpinal var. parviflora Franch

LI Yuan, WEI Qiao, ZU Yan—qun”

(College of Resources and Environment, Yunnan Agriculture University, Kunming 650201, China)

Abstract: Pot experiments were conducted to study the effects of N application on soil pH value, forms of Pb and Zn, biomass, contents of
chlorophyll and praline, membrane permeability, and accumulation characteristics of Pb and Zn under Pb and Zn stress( 1000 mg-kg™). The
results showed that soil pH value decreased with N application. Percentage of bio—available Pb and Zn in soil reached the maximum under N
0.1 g-kg™ and 0.3 g-kg™ comparing with other treatments, respectively. With N application, water soluble Pb contents and exchangeable Ph
contents increased from 3.9% to 11.5%~13.7% and water soluble Zn contents and exchangeable Zn contents increased from 13.4% to
19.3%~23.5%. Chlorophyll contents and biomass increased with increase in rates of N application. Praline content and membrane perme—
ability in leaves of A. alpinal increased with N 0.1~0.3 g+kg™ application. Contents and accumulation of Pb and Zn in shoot and root of A.
alpinal increased with increase in rates of N application. Bioaccumulation factor and transfer factor of Pb and Zn were more than 1. There—
fore, adsorption of Pb and Zn of A. alpinal should be promoted and remediation efficiency of A. alpinal to soil contaminated by Pb and Zn
could be improved by suitable N application(0.1 g-kg™).
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B SCR BEHTIY . WFFEEAC XS B 4 S e 254 T
T BEAE Y B R W SRR AE S AR A BRI, RS
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INEFA TT (Arabis alpinal var. parviflora Franch )J&
FATTHT AR ST AR B A XS 42 IR Pb Zn HA BORE
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AL AR B A 1 5 48 B 4 s TR O R Y B R
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Jit RS /NAE R ST XF P Zn & B HFAE B2 A A 52 )
PO/IMERIITXT P Zn {55 LRI R AR, 588
Ph Zn {54 T IERUREYME S PSS EOR , HA B
ARSI S B S o
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L1 K3 #F 4t
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TR BT IR . — R R AR RAS DR
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Figure 1 Soil pH value of A. alpinal under Pb and Zn stress
with N application
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15 e e — g AR AR, FE IR K S AN AT S84 8 5 i i
=4, M 3.9%3E N E] 11.5%~13.7%, HahnT 3.2~
3TAE(R 1) BEEMMZEGE T R 2.5%3E 3
5.3%~6.6% 34 HN T 1.3~1.7 15, VLSS SR
A ERN ., LIRS P SR RS, 5
83.2%, jifi FH N 2t 2 PR AR ak il A & i S L Lol B
BRI, HAh S TE 5 1 S PT o Fe A — e iy b
T it N 2 458rh Pb I/NMERS T 2 TR TE A
77, Uit H N R AT a8 80 Pb AE WA 23 i

Horb i N 0.1 g-kg™! FOALFE , /NERG ST L35 Pb Ay
WA RS S =P R

fiti N ARFRASAETT , -4 Zn AKIES AR S80S
N, N 13.4%38 N F) 19.3%~23.5% ., 45 N
AP [A] 435 Zn KIS AS IS Fr et A —
FEMMZES, it N 0.1 g-keg™ (UALIE, /NERGIT -
Zn KA TR ACH S w o el s o R A
WG RN 2.9%18 N3] 6.5%. /INMERIIT 115
i Zn AHES GG REWA PTG FRIES Zn &
5 AR RE SR, B AT o e A o B N &=
60 d J& , BRER S , HAth & T80 2 BT o L]
A& BT AR A I i N B
o Zn DI/NERIIT 5 TIRICTE S AEAE Ui N 2=
ATRE S 20 Zn AW A RS I, Hop i N 0.1 g -kg™!
BIAEIR, NERGIT 3 Zn BRI RS SR
L i B
22 FELAEINNEETHEE HEEBRMREEN
=AU

X /INE R RIS AR (] 2) 0 it
NEAE PR R/ NERE ST IS R B f 34 Tt BR . LRt
NE AT Fo 3G v 3 o e SRR B i e s AN
0.5 g-kg™ ALIE, /NERGITIE 43 B fE N 0.3
g kg 0.5 g-keg™ BYALHZ (A1 & 25 5 .

Pb 8¢ Zn 38 0)/NMERG I NIl R & i 7E
NO.1 g-kg™ 1 0.3 g-kg™ ALFRET F X BT, {HZit N
0.5 g-kg™ BB NFE. Pb AL R, N 0.1 g-kg™!

&1 ARLENTEFEEE P WARKEESE (ng kg ) R ELHI(%)BIFIT

Table 1 Contents of different form Pb in soil

and its percentage with N application

N/g-kg™ IR BT S Bh ALl AIIE & Rt
0 30.0£1.0¢(3.9) 19.2£1.4c(2.5) 82.0+7.9¢(10.5) 648.2+17.9a(83.2)
0.1 109.1x0.8a(13.7) 52.5+1.7a(6.6) 128.9+5.1a(16.2) 506.4£14.1d(63.6)
0.3 96.81.1h(11.9) 46.3+2.1b(5.7) 112.7£5.1b(13.8) 558.4+17.0¢(68.6)
0.5 95.5:1.3b(11.5) 43.6+2.0b(5.3) 109.4+5.6b(13.2) 581.6+12.2b(70.1)

TE : [RIZVEER 5 B Rl 7R 308 26 53 .35 (P<0.05 ) s 415 5 AR A HL 71

R2 ARLEWNIEPEESRE 7n WARHESE (ng kg ) R ELHI(%)BIFE

Table 2 Contents of different form Zn in soil and its percentage with N application

N/g-kg™ KRS BoA] S B A A DI EREsiS Bt s
0 107.8£0.6¢(13.4) 23.4+0.9h(2.9) 47.1£0.6h(5.9) 622.8+0.6a(77.7)
0.1 192.8+1.3a(23.5) 53.3+1.2a(6.5) 98.9£0.9a(12.0) 475.1+0.9¢(57.9)
0.3 175.1£0.9b(23.4) 56.3+1.4a(6.5) 103.7+0.7a(12.1) 524.9+0.7b(61.0)
0.5 173.7+1.0b(19.3) 58.1x1.6a(6.5) 98.5+1.0a(11.0) 568.7+1.0b(63.3)

T« [ AEC 5 BN ) FRR R 25 57 1 3 (P<0.05 ) 5 355 N B A L
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Figure 2 Chlorophyll contents in leaves of A. alpinal under Pb and

Zn stress with N application
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Figure 3 Proline contents in leaves of A. alpinal under Pb and Zn

stress with N application
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Jiti AE A B B/ INAE R ST I AR SR AE R Zn P38
Tt N 0.5 g-kg™ ALFRAN ST R H B K-
ABE RGN . Hor Ph a R i A L SR (R
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Pb 5§ Zn MBS /IMERS ST A= Pt Fifiits N 7K
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Figure 4 Membrane permeability in leaves of A. alpinal under Pb

and Zn stress with N application
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Figure 5 Biomass of A. alpinal under Pb and Zn

stress with N application

KT, Ph fE/NERI T E SR T B A R AR
eSS Ph S —2, B N {22k T Pb AT R
AL BERE N B340 i 2R R P N 0.1 g
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Table 3 Pb and Zn accumulation characteristic of A. alpinal with N application
Ne-ke' Ho bR mg - kg™ Ho R it /mg kg CEEY AR

e Pb Zn Pb Zn Pb Zn Pb Zn

0 129. 9+9.0d(0.26)  568.8+10.0c(1.26)  323.1x11.8¢(0.20) 562.6+15.5¢(0.03) 0.17£0.04d 0.7120.03¢  0.40£0.02c  1.01+0.02b
0.1 824.2425.1a(5.20) 1 043.7+19.0a(5.73) 743.2+£32.0a(1.74) 840.3+23.5a(0.23) 1.04+0.05a 1.27+0.04a 1.11x0.04a 1.24+0.03a
03 637.3+21.3b(5.12)  737.9+£20.2b(5.17)  794.6x21.2a(1.99) 889.0+21.1a(0.61) 0.78+0.03b 0.86+0.02b 0.80+0.03b 0.83+0.04b
0.5 254.7£12.1¢(2.53)  491.7£22.0d(4.76)  541.8+15.6b(1.68) 793.0+18.6h(1.29) 0.31x0.0lc 0.55+0.02d 0.47+0.02d  0.62+0.02b

TE : [RISVEER S AR R TR 3R 22 57 35 (P<0.05) s 15 5 Uy BB (mg-#R7).

FORS AL & B R R BN T 1.
NERI T BRI R Zn S EEEE N KA
A TGN, i N 0.1 g-ke™ B Zn & & 7E/NMEF T HL
VA N 0.3 g- kg fEHL NI IA R R R . R
KA, Zn TE/NMERIITHL EAR AN T AR R Y
A Zn SE—E0 Rl N ek T Zn 128, it
N 0.1 g-kg™ B} Zn fE/NERGITHL 3000 BF Ehe e,
Ho R Zn 19 RBURBEE N RS IE . Zn Pra
Bl N 0.1 g-kg™ IF Zn 5 48 R BN RS R B0h i
L N 0.5 g-ke SEUR AR BORFR RBCT I

3 it

JiR 2 M T e 25 U8 it A 38 0, A ORI 1 £
TrEA NHL AP NHE IS [ HAR 5006 , i AR
B JE Rl R Ak , 1 - 4 v 7 4 J8 (A RO o, 4 49 xt
HEEEW A, $Em T s A E 48 1
FEB Young % & FLAY NHi-N i 4618 H o] i
F A )2 pH TR 0.2~1.4 BAM, B E 22 55
FHNH:-N ZbBRAG FOKAR 2 A 35 Cu Zn A1 Pb A7
5T NO;-N AbPE, HI IR 7R 20% 24571,
Jitl A 2 RN T i 5 R MBS B A A 4 b )
LlEGE ., pHES/MEFITHR R Ph(Y=17 695.7-
2 410.3X,F=83.91,r=0.988 4,P<0.05,n=4) FI/NEFG IF
Mo 1 FB4y Zn P (Y =24 505.5-3 329.1X , F=32.35,r=
0.970 6,P<0.05,n=4 )& i FH AR,

-4 T 4 XA 1 A A S AR S )
4@ RS TEAR KRR b B T 7E - e AE e 1Y)
A, AN E 4 8 AE -3 P R B AR A
TR R AN AR 2, 3 DUARESTE A
FEAEIY 4 T 25 2 Bl R WAL, T =48 pHL{H Y BAIR
RS . 25 1 0 - 4 b B 4 (A RS e, AT fE
FE T B 4 & WAL o 7KV 75 T AT Se 475 1 4 B TE it
N S N 1SN 25, RERAR R A i35 Pb I
Zn 3B 50T pH M 5 P B8R A AL 4 S8 &

R BB EME(Y=1 162.76-158.25X , F=19.94 ,r=
0.953 4,P<0.05,n=4), B AU ERESL IR MK
SELU ) SR R A R HIOBURE AL T M R A4 4
A LR ATRUR, W B sl T v B 2 -,

/NAERE T AR -2 28 5 0 A A A i it it S 7K - 7
BN, B AR A X B R A TR
YIS AR AR i E I, i N B S R 0
4R 25 5 5 B IEAH DG (P A 450 T, Y=1.92+
1.86X , F=20.73,r=0.955 0, P<0.05,n=4;Zn Wi 5% 14
T, Y=2.22+41.86X ,F=50.54,r=0.979 8, P<0.05,n=4).
YN N B (R R) B & AR s KA 5
HAPy s r= ", o] fe i F— T R it FH AR
HEEETWEEER, BRESE MG & E R
B 5 5 — 5T, EOHE A K S E T, S B
AR TR RS N MLaY, e
SR 4 T A TR | 4 T 3 A A R A A2 i T
X &R I B S G . AR I RIS , LATRE
& RBE TS, BaR s s e il
Z VA A s E VR, LA 0 5 A, 40
JEH 4 T T BE - AN S R A LR L 2R 2 KA
TCHU G, A WL B I T 1 3z i VAR sl 1 2 1 5
AW H . AR5 N b &y, HE 54 R i
it PR AT 56 o B B AR T 4 R B XA A 1) B AR
o fER Gk EHLH, As Cu I Zn 5548 5 HAh
A= DaE REAE TS T 1 Il 2R I B 1 L R i 1 2%
KR N(0.1~0.3 g- kg™ VALFRET , /NERI T M
RIR o ETF, fE—ERE EAEOE TR 4R
L AR N(0.5 g-kg™ )AL HRAT , /NAE R ST A A
R TR TR S h TA YR
B B R ROV A . N R S Y &8
TR AR 2R

Jiti N SEUNE R IF I R AR L 8 T i
PHA AT BB AR YA N B 4R & & BT —Fh B
BN o it N AR T R % E 4 RSO R, /N



1512

R S it Y 5 32 E5F 8

AEBE ST R ARG B SR RIS Lok Ay ™ 2 TR
(RIZKONE ,  BIVSEAR A7) BE A 30 2k AH S s = A Il iR
s A R BT . (AU, T4 JE I R SRR
ASSRAEAED, R /N R I (8 A R Jo e % 1 v
E R T B — 2 IR ARV . 17 0.5 g-kg™! BEFMA
A FL 5 6 S IR R 45 2R T R S AR i S AN T
XK BTG E I — W

/NAERE TR AR R ER Ph Al Zn 75 &A1 2R AR
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Wi, R, S/ NE RS IT N Ph il Zn Y5 Yt 4 S ) 15
BRCR . REMMHRS LU/ NMERS T A K 4
R AR S, S EUM R A R A A
X HL SR AP HA TN, Ph 1 Zn XF/NAE RT3 BE S 7E
— R FAAFIZE . it N 0.1 g ke BEREHE/D
FEFESTXT Pb Fil Zn (3 A BALR, fEik T/NERE
X 4358 Ph RN Zn B MRISCRIAL, FE—E R L
RARHENEFGIENT P 1 Zn 5 YRR B S SRAE T
HRIEE

Sk

[1] Baker A J M, Brooks R R. Pease A ], et al. Studies on copper and cobalt
tolerance in three closely related taxa within the Denus silence L.
(Caryophyllaceae ) from Zaire[J]. Plant and Soil, 1983, 73:377-385.

[2] HLHaHE, 25 JC, Bock L, 45, T4 )@ S N REFZH ML HAE
R HAZS O[], AR PABE R 2424417, 2008, 27(1) : 7-14.

ZU Yan—-qun, LI Yuan, Bock L, et al. Interactions between heavy metals
and nitrogen and their ecological effects[J]. Journal of Agro—Environ—
ment Science, 2008, 27(1):7-14.

[3] XA, XI5 4, £ P~ Ph S LAY FEFICR NP K H0
(3. A= ASFRHE, 2004, 13(3):306-309.

NIE Jun-hua, LIU Xiu-mei, WANG Qing-ren. Effects of nutrient ele—
ments on the lead uptake by hyperaccumulators|J]. Ecology and Envi—
ronment, 2004, 13(3):306-309.

[4] KB/NbK, AR HA T, SR, 45, N P K IEXT MR 642 + 360 . B0

PRI PEACHIA 4R, 2007, 27(3 ) : 560-564.
ZHENG Xiao-lin, ZHU Zhao-yu, HUANG Wei-xiong, et al. Effects of
N, P, K fertilizer on phytoremediation effectiveness of cadmium and zinc
pollution in Vetiver grass[J]. Acta Botanica Boreali—Occidentalia Sinica,
2007, 27(3):560-564.

[5]ZuY Q, Li Y, Chen ] J, et al. Hyperaccumulation of Pb, Zn and Cd in
herbaceous grown on lead—zinc mining area in Yunnan, ChinalJ]. Envi—
ronment International, 2005, 31(5):755-762.

[6] J5 FAl, AHHaHE, HEITHR, 55, /NFERITT (Arabis alpinal var. parviflora
Franch) %} Pb I Zn AR BRAFAEOFFET]. Al PREER} 527412,
2009, 28(3):433-437.

FANG Qi-xian, ZU Yan—qun, ZHAN Fang—dong, et al. Accumulation
characteristic of Arabis alpinal var. parviflora Franch to Pb and Zn[J].
Journal of Agro—Environment Science, 2009, 28(3):433-437.

(71 W5 #, ke, 4 J0, 4. AR SRR XIS IX/NMER ST

PR BT Y 53 25 M AT PERE T[] AR S FREE 2441, 2010, 19(3)
599-604.
ZHAN Fang—dong, HE Yong—mei, LI Yuan, et al. Isolation and Ph tol-
erance of rhizosphere fungi of Arabis alpina in abandoned lead —zinc
mining and non—mining arealJ|. Ecology and Environment, 2010, 19
(3):599-604.

(8] W5 #k, Ik 36, 4 I, 4. AR S BFEAYE IXHIAET X/INE

B ST AL R LB I AR (D). N 5 B AR 4 4k, 2010, 16(4)
572-576.
ZHAN Fang—dong, HE Yong—mei, LI Yuan, et al. Isolation and Cd tol-
erance of rhizosphere fungi of Arabis alpina in abandoned lead —zinc
mining and non—mining arealJ]. Chinese Journal of Applied and Envi—
ronmental Biology, 2010, 16(4):572-576.

(9] 35 75, ALHATE, WRifEae, 5. RIS VR X/ NMERTT (Arabis alpine

var. parviflora France ) SRR FERY AL EVE (D] A 28R EE 2741z, 2010,
19(8):1923-1929.
WANG Ji—xiu, ZU Yan—qun, CHEN hai-yan, et al. Effects of surfac -
tants on accumulate of lead and zinc in Arabis alpina var. parviflora
Franch[J]. Ecology and Environment, 2010, 19(8):1923-1929.

[10] 37475, Ao, #LHRE, 5. B8 TR0 /NMERITT (Arabis alpinal var.



%0, AUIEAINERTTAE BRI Pb Zn SBURFRE K50 1513

parviflora France ) S BUVHYEE 9 52 W B 52 [T Al B R 27 23
2011, 30(6):1064-1069.

WANG Ji—xiu, TAI Guang-chong, ZU Yan—qun, et al. Effects of sulfur
application on growth and lead and zinc accumulation contents in Ara—
bis alpinal var. parviflora Franch[J]. Journal of Agro—Environment
Science, 2011, 30(6) : 1064-1069.

(1] SR IBE. VR A BT TR M. b at Rl L, 1992:57-59.
ZHANG Xian—zheng. Crop physiological research methods[M]. Bei-
jing: Agricultural Press, 1992 :57-59.

[12] Dalong F, Baffle J, Haerdi W. Study of the influence of fulvic sub—
stances on the adsorption for copper on the kaolinite surface[J]. Envi—
ronmental Science and Technology, 1984, 18:135-141.

(1312 P AR, RS, 55 IERH EBEFIA HLBON 13 f 4w 1T
SR ARG TS S AT, RFREER 2, 2000, 22(6):37~
40.

LI Bo, QING Chang-le, ZHOU Zheng-bin, et al. Effects of N, P and
organic matter on behavior of heavy metals in soils and its application
[J]. Chonggqing Environmental Science, 2000, 22(6):37-40.

[14] Young S R, Black A S, Conyers M K. Distribution of nitrification with
in surface soils under pasture[J]. Community of Soil Science and
Plant Analysis, 2002 : 33(9-10):1507-1518.

[1S]BEE 2%, B, MRIRK. BRIB AN 5 e A H 39 o o 4 Jas 0 1
Lo F KX A SEIA[T]. VT2 i (ROl 5 2R AR,
2005,31(4):392-398.
LOU Yu-lan, ZHANG Yong—song, LIN Xian—yong. Effects of forms of
nitrogen fertilizer on the bioavailability of heavy metals in the soils a—
mended with biosolids and their uptake by corn plant[J]. Journal of
Zhejiang University (A griculture & Life Sciences ), 2005, 31(4):392—
398.

[16] BufRie, A V. 4 M ) MBATR IR T B A RIS 4

AL S FRET, 1999(20): 10-14.

WEI Jun-feng, REN Qing, JIN Lian, et al, Study on distribution of
heavy metal formation in water sediments in Guangzhou City[J]. Soil
and Environment, 1999(20):10-14.

[17] 24050, 25580, oKk 8, 5. B SR P AR st AR R R AR

SEZIRT]. K - PrRiadi, 2007, 21(1) :54-58.
LI Ji—guang, LI Ting—qiang, ZHU En, et al. Effects of nitrogen fertilizer
on growth and cadmium accumulation in hyperaccumulator of Sedum
alfredii Hance[]]. Journal of Soil and Water Conservation, 2007,21(1):
54-58.

[18] Chai T'Y, Didierjearl L, Burkard G, et al. Expression of a green tissue—
specific 11 kDa proline-rich protein gene in bean in response to heavy
metals[J]. Plant Science, 1998, 133(1):47-56.

[19] RASC, ARAA:, 18] 551, 45, AR T4 8 Wil R RSFEX BERRAE
VR A < e R SR AR S M [T 980 1 AR i AR L2
1), 2012, 38(3):325-329.
7ZHU Jia—wen, ZOU Dong—sheng, XIANG Yan—ci, et al. Effects of straw
addition on physiological parameters and uptake of heavy metals in
Ricinus communis under the stress of Pb/Zn mine tailing[J]. Journal of
Hunan Agricultural University ( Nature Science ), 2012, 38 (3):325-
329.

[20] Eriksson J E. Effect of nitrogen—containing fertilizer on solubility and
plant uptake of cadmium, water[J]. Air and Soils Pollution, 1990, 9.
335-368.

0128 W AR KR KA el 2 /NS AG A A B ) S ) 1], 22
Bl Bl#, 2010(5) - 2285-2287, 2338.

HE Fan. Effects of N rates on canopy microclimate and community
health in irrigated rice[J]. Journal of Anhui Agricultural Sciences,
2010(5) :2285-2287, 2338.



