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Effect of Pig Manure Application on Growth, Physiology and Accumulation Characteristic of Pb and Zn in
Arabis alpinal var. parviflora Franch and Oxyria sinensis Hemsl

ZU Yan—qun, LI Yuan, ZHAO Na, WEI Qiao

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

Abstract: Pot experiments were conducted in order to understand the effects of pig manure application on growth, physiology and accumula—
tion of Pb and Zn in Arabis alpinal var. parviflora Franch and Oxyria sinensis Hemsl with Pb(1000 mg-kg™) and Zn( 1000 mg-kg™) stress—
es. The results showed that soil pH value did not vary significantly and CEC increased with increase in pig manure application. Water solu—
ble and exchangeable Pb and Zn increased in soil of A. alpinal and kept stable in soil of O. sinensis. Fe—=Mn oxide bound Pb and Zn did not
vary significantly. Organic bound Pb and Zn increased significantly with increase in pig manure application. The root length, biomass, leave
chlorophyll contents and membrane permeability increased under Pb and Zn stresses with increase in pig manure application, except for
biomass of O. sinensis under Pb stress. Contents, accumulation rate, bioaccumulation factor and transfer factor of Pb and Zn in A. alpinal
increased with increase in pig manure application, especially contents and accumulation rate reached maximum with pig manure 14 g-kg™
application. Contents and accumulation rate of Pb in O. sinensis increased and those of Zn decreased with increase in pig manure applica—
tion. Bioaccumulation factor and transfer factor of Pb and Zn in O. sinensis did not vary significantly. The results indicate that growth and
physiology of A. alpinal and O. sinensis could be improved, companying with Pb and Zn contents in A. alpinal and Pb content in O. sinensis
increasing with pig manure application under Pb and Zn stresses. The optimal rate of pig manure application was 14 g-kg™.
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Figure 1 Soil pH of A. alpinal and 0. sinensis with pig manure application under Pb and Zn stress
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Figure 2 Soil CEC of A. alpinal and O. sinensis with pig manure application under Pb and Zn stress
1 BEELEINEEFLEP AR Pb # Zn F 8 (mg-kg ) R LA (%)BIRZMM
Table 1 Contents and its percentage of Pb and Zn forms in soil of A. alpinal with pig manure application
b=l Pb Zn
gkg’ KIS RATSSHA PR A NES 5 EELIR LRSS KIS RAT SRS PR AES G EELI K ESEER

0 30.64+0.9¢(3.86%) 19.17+1.4b(2.46%) 81.95£7.9b(10.53%) 107.79£0.6c(13.40%) 23.38+0.9d(2.92%) 47.05+0.6d(5.87%)
7 225.71+1.3a(7.63%) 38.94+2.1a(6.47%) 101.44+4.9a(11.69%) 153.81+1.3a(15.86%) 31.78+1.2¢(3.28%) 70.22+0.9b(7.24%)
14 71.65£1.2 h(8.33%) 40.75+1.9a(4.74%) 114.66+6.1a(13.35%) 161.91£0.9a(17.13%) 33.84x+1.4a(3.58%) 72.35+0.7a(7.65%)
21 64.89+1.1b(7.50%)  36.75+2.5a(4.18%) 99.06+5.4a(11.29%) 145.74+1.0b(14.75%) 33.09+1.6a(3.35%) 66.46+1.0c(6.73%)

L : RIS VEAI R AR R PR oK 22 53 B (P<0.05) o 455 AR A HL
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Table 2 Contents and its percentage of Pb and Zn forms in soil of O. sinensis with pig manure application

bl Pb Zn

eke’ KA BT P e e E A S S TR B 3E s RN R EIL IR
0 502.638.03a(50.53%)  235.68+9.31a(23.70%)  117.23+13.60b(11.79%)  192.22+4.19a(17.19%)  204.44+9.65a(18.11%)  155.99+12.58h(13.95%)
7 502.33+7.58a(48.36%)  204.21+10.38h(19.66%)  163.13+9.43a(15.71%)  199.73+2.85a(16.85%)  204.03+14.90a(17.21%) 182.59+10.65a(15.40% )

14 501.9327.68a(47.56%)

21 495.30£11.65a(45.82%)  204.02+£7.79h(18.87%)

212.72+11.53b(20.16%)  169.35£10.98a(16.05% )
196.7614.03a(18.20% )

191.38+4.06 a(16.57%)  196.37£12.33a(16.52%)  158.68+13.91h(13.35%)
204.53+4.56a(17.08%)  184.83£17.71h(15.43%) 168.33+10.63ab(14.06% )

T« RS B o AN ) 7 Bl R 22 53 35 (P<0.05 ) o 455 B S LL 9l
3 ERBEENEBFIRELLUSRKIMEY BN

Table 3 The root length and biomass of A. alpinal and O. sinensis with pig manure application under Pb and Zn stress

Pb Zn
WiHelg ke /NMERIIF Salip /NMERIIF Sl
Wilem MR Rdlm MR B RKlem MRV b Bfem MR/ bR
0 14.3£0.1¢ 2.66+0.22¢ 14.4+0.1a 2.71+0.12b 15.1+1.5d 2.26+0.04c 11.1£0.11¢ 3.56+0.05b
23.2+£2.8b 5.07+0.21b 10.4£0.08¢ 2.42+0.13b 21.1£3.2¢ 5.80+0.10b 18.3£0.12b 2.51£0.10¢
14 27.9£0.1a 8.05+0.38a 11.7£0.06b 3.53+0.23a 24.9+4.6b 7.70+0.08b 23.8£0.21a 4.020.11a
21 28.6+3.7a 10.39+0.37a 10.8+0.06bc 2.56+0.20b 33.6+3.0a 11.31+0.10a 17.8+0.26b 4.55+0.08a

TE - RIS EC i B ) PR 3R 28 5 .35 (P<0.05 ).
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Figure 3 Chlorophyll contents in leaves of A. alpinal and O. sinensis with pig manure application under Pb and Zn stress
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Figure 4 Membrane permeability in leaves of A. alpinal and O. sinensis with pig manure application under Pb and Zn stress
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R4 RNEFEIEALET/NEEITX Ph 0 Zn BIIR YL R FAEHE
Table 4 Pb and Zn accumulation characteristic of A. alpinal with N application
ey o EA /g kg™ H R /g kg EERE R AL
gkg Ph Zn Ph Zn Ph Zn Ph Zn
0 129.87+2.0d(0.34) 568.77+10.0d(1.25) 323.06+6.2d(0.02) 562.58+15.5¢(0.03) 0.167+0.01d 0.71£0.03b 0.402+0.02¢ 1.01+0.02a
7 566.40+£11.0b(2.79) 672.84£19.0b(3.70) 795.50+13.1d(0.11) 838.96+23.5a(0.25) 1.036+0.02a 0.69+0.04b 1.109+0.06a 0.80+0.03b
14 721.99+13.2a(5.30) 858.44+20.2a(5.99) 800.44+15.1d(0.57) 845.76+21.1a(0.61) 0.783+0.02b 0.91£0.02a 0.802+0.05b 1.01+0.04a
21 401.82+5.6c(3.76)  608.60+22.0c(5.93) 637.81+9.2d(0.66) 635.94+18.6h(1.04) 0.307+0.02¢ 0.62+0.02¢ 0.470+0.02¢ 0.96+0.02a

T [R5 EUIE ANR) B3R5 22 57 1.3 (P<0.05) o 55 A A AT (mg - k) o

F 5 AEIEFELAET R4 LZERT Pb 0 Zn BRI B FREFE

Table 5 Pb and Zn accumulation characteristic of O. sinensis with pig manure application

. Hy 15 5 /g kg H T O Bt kg HIERK R RH

gkg? Pb Zn Ph Zn Pb Zn Ph Zn

0 187.0£10.9h(0.29)  149.0+2.4a(0.28)  210.36.8c(0.18)  144.4+1.7a(0.17) 0.19:0.01a 0.7120.03b 0.13x0.02a 1.03£0.02a
7 191.2+5.7h(0.88)  145.8+2.3b(0.28)  225.3+9.4h(0.27)  143.7+5.1a(0.07)  0.18+0.02a 0.69£0.04b 0.12+0.06a 1.01+0.03a
14 1654+34c(1.01)  121.4+3.8¢(034)  180.7¢7.7d(0.29)  123.5+4.7¢(0.09) 0.16+0.02b 0.91£0.02a 0.10+0.05a 0.98+0.04a
21 230.6+7.6a(2.11)  125.332.6c(0.26)  242.8+3.4a(0.52)  131.843.0b(0.06) 0.2120.02a 0.620.02c 0.10£0.02a 0.95+0.02a

T [RIAN B 5 AN R 7R 3R 22 5 B35 (P<0.05) . 55 P8 S AU (mg - HE) .
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FEFIST L3 Ph KIES ] s & fmy, HE
R Be T A MU T A A K B EY)
SR, X g Ph (I £, 2 E60 d 5 41
o Ph KIS AT AS IS B s AR RS ZE /s
TErIIT 3 CEC, {2 HE/NE R T 3 ] 5 S AR 58
PS4 R S, B E 4 8 A ra sk . M
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Kohre, /MERIT R CEC 5EVZE A
Pb i1 r=0.965 4(P<0.05,n=4) /NERG I H F 34
4% Pb 14 r=0.991 5(P<0.05,n=4) /NMERIFAR T
Zn S r=0.980 8 (P<0.05,n=4) FIrpAE |34
Zn F 8 r=0.980 3(P<0.05,n=4) 2 [A] HA B E 1 1F
FHIGME

R, i FE I ARl 2 41 CEC LUK R
ARSI 42 I8 S Sl B35 W2 7E S8 2%t
RS B A S S S ESR S RA B EN
S A ALES A AS T AR o RN, s ]
RETE THEZS A HUTN Ph 4s 4, thaeiliss g
MLIEE A Ph & i SRS F 2 0] 22 B & 1 I
AN (r=0.957 6,P<0.05,n=4), A HLFXF 5 4
JE WAL 2EAT Ry CUTTE -5 A B — i L e A, — e 250
AR AT SRS ) ) RN 22 5 TG 120, AR [R)
B B IRFIE A MRS AT AP AT R
R 498 4 S (A 550, o Pl BB Jn LA Ak,
Jite A LAE 20 1 T ARG 435 1 LT AR o 14
PEFRIFRS

T 7 B EE 4@ Wi, LN aR 2 A R R, A
FEEE A ™ SR IR, A0 M S PR Rt e T L
st - S B AL M R, B - AR S G A TR Y
AT BT AR 4 B AR 05 3 A R AR K
PR , HoA KRN A it 2 A MR ke
P PMESEGE A VUL R EE R 15 Y -5
it R A AUIE RS S 2t S AT C B, R A 1 AR
Wi, WIS /INMERSIF R AR AR K A9
RN, RN S/ NER TR K (Zn hiA
F,r=0.987 4,P<0.05,n=4) ., W& (Pb il ,r=
0.999 0, P<0.01,n=4;7Zn 38~ ,r=0.993 5,P<0.01,n=
4) 5 B E A . A Lk AR R R e i
(RRAE 22—, TR b, MR 3 A — R AR B | R
FE R BUPE R A 4w A W R TR R, {HAE P
JRIE R, e 2 AR A ) Bt 2 2 it P A 1
B R, LR PR TR IE: R 2
BT Ph A R, AT XS AL B A 8 . /NAE RS
IR R R 2 B, sh AR L R L S
AR5 /N FAERE Y, AT B R IE 2 5 /NE R T A
el 27 2 (1) 4 R A AT BN A WA XS /NI R I
TR H A 1 2 I g 28 T 240 B 375 P 350 4 AR A7 1 A3 K
R, E—ERE R T EAE XY R EE
SRR FE 14 kg™ AP -4 20 18 = RIS o 4oL
AN ARA T AT

Tt AN AT DA el - 58 p BRAR AR o, 36 m 1
BENE Ty AE— R R A K AR R A
) E 4 S ) A ) A PR 1 2 A 2o R RN ) ) 4 T
W AR et AL E T Ph RN Zn DA 2
PR G T o 8 2 it Y 2t 5 /N R T AR P (r=
0.955 0,P<0.05,n=4) il Zn i) B F & (r=0.990 5,P<
0.05,n=4) FhAg il Z b |34 Pb ) 2 (r=0.950
3,P<0.05,n=4)Z [A] A W E M IEAH M. & 3%
Jite P 2 A3, ZNAE RS ST b 3R MR R Ph i R
INTEREEE 14 g-kg™ AOPRET Ry, 1T B AR BE A
I ITEG N (Ph £E M b 1) REE RSN . W]
WL it A s o T /INERIIT X Pb Fl Zn (1)
W BRWER R R R S A s G A TR
A DG, AR R, /NMERIT HIEA LA S
A Pb Frm 5/NMER ST R4 Pb S (r,=0.979 3,
P<0.05,n=4)Fl ZFH (r=0.964 4,P<0.05,n=4) % 7
FAEARDG . FEEEMME AR S A i, i
REfCUEAEXT Ph Al Zn AR ISCRN RA . Bl 7 25 it
FHAR B3, AR 2T 3 b5 Ph & el
54 A8 Pb 1) SRR A 2t FH 1 g g, e
KT B A2 R RS I T AR L 2 At B
X Pb S RIASEIANK, RS IR IS T HhAE
(X Ph g S, h AR B3R %) Zn 1 SRR
B R EMAR, MR Zn M EHE R E
TR, FIRE RGN T H A NS A Zn
L UM T Zn AEPIR RS . KT PR R
I, A HUEBEE R/ N Zn ()5 &, FIAS IR 1)
EIARRL BRI, AR R SR A I S A, it
FgZstt Rt by A K e m A, IF B
FREEHE ST S Em IR B X THEe R R+
el 5 AR B = HA B A

4 g

Pb Al Zn I8 T, 18 it 4 26 n] i 14 CEC
A HEEGZS P A Zn i IV INMERI T 138K
T ASHIR] ZSHes P R Zn 4, [RIIH e HERLI AR ) 2
KA AR i A S R RN, R T A
Yy A= i aa , S EUNERI ST Ph Zn )5 i R
iR R RBONER R B, sh e 2 Ph S
FRBUIEIN . $636 14 gk ME N B BRI A AL,
AL REA R i AR/ NE R T X B R B 1B
SR T HLREfE S B A ) T AR L2 AR AR
H B R
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