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Effects of Barley Growth and Lead Accumulation by Stress Lead
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Abstract; Pot experiment was used to study the effect of exogenous lead on the growth of highland barley and the change of lead accumulation
and enrichment rules in different parts of highland barley. The results showed that with the increase of exogenous lead concentration, the
highland barley plant height, stem diameter, spike length, spike grain number, thousand kernel weight and biomass all showed a downward
trend. The highland barley could withstand the lead stress under 400 mg/kg and its yield and yield components did not decrease. When the
lead treatment level exceeded 800 mg/kg, the abodes biomass of highland barley significantly decreased by 14.1 % compared with the con-
trol treatment. The lead content in all organs of highland barley at different lead treatment levels is > root > leaf > grain. With the in-
crease of soil lead concentration, the lead content in the roots, stems, leaves and grains of highland barley significantly increases. The
growth and development of highland barley is significantly inhibited when the exogenous lead concentration exceeds 400 mg/kg. Based on the
regression equation of barley seed lead content and soil lead content, the critical value of soil lead toxicity was calculated as 346. 17 mg/kg.
The enrichment coefficient of highland barley root is greater than 1. The lead enrichment coefficients of barley grains, stems and leaves were
all less than 1.
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Table 1  The basic physical and chemical properties of tested soil
-t . AL Ve AR FHE T2 i AR (HT)
= b (g-ks™") (mg - kg™") (mg-kg™)  (emolg-kg™)  (mmol - kg™")
Ui 8.0 25.2 9.26 0.62 15.48 0.12

(AR SV, AR 247 R D B R R i B 11 it
VED), L7 Ml 14 A FR o 7 i DX R £ 2 e A 2%
fed A B o AR Ve U o XA UM

TR AR, ) S A SRS, 2 b
HRRAE AR BT AR R AR RS R RO AL,
i — 20 B 5 BRAN [ B 0 ) 4 o A A 25 S, 7 o
HRRFPRL BTG Y b S P, M R A 7™ il 22 42
IR e
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1.1 ikt

HE R A $7 5 VAR BE 3 5 S5
W R, PR RS2 . BERJZ 0 ~20 em
T, AR T J2 2, B AT S mm 07 S T 4%
ik B, i 2 mm JE IR AR A, K5 AR
PRALPERLE 1,
1.2 iRt
1.2.1  @#aXBE% Aol Rt &
W B TR A%, VR VAR B (LA Ph* 1) 4331k 0,60
120,200,400 800 mg - kg ™" o FHELFEEA R vk
TR A VR P PRV 25 v S TR A Ve W 5 838
AARAT, VRS KA 2 ) B R K A 1 50 %
~60 % KR4 LA SRHE A R AL,
FilR o RIS, LI k5080, 3
B AR N 60 em, B2 30 em, 45 2 HHK 11
10 kg 7 25 {0 S LA 7 398 5 /K B, O b 52
KN, VAR 85 A 7 FH (0] fge KK ik 4 50 %
Fifio BAMMEER 10 ), ERETER 1A,

TR A R R

FEARIS i e ) 75 BR M 75 2000, 4% HE >4 4
FEA B ) 7 AG LRI A 75 BR, B4 20 R, i e AT
&Y E PRI RR AR 10 ~ 15 BRFE BRI, S o8
JRZE 18 kg/667 m* (N =46.4 % ) (44530 g) , Bk
TR 10 kg/667Tm’ (4 17 ) ,FFAET 4 A 22 HFb
1,8 A 30 HISGR, R 5, B, AT, B A 2
SRR R E AR TE o [RIRT A T B R A
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P E B R (AR 25 i PR 2 S .
B4 YN 7 >R F HF-HCIO,-HNO, i # - J5 5 Ml
G5 5175: 7
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222 TR S A0 X T R K R R T
], TR | 3 R BT I e PR T A . 24
HEALFK ST L 120 me/kg B, 75 BR-R w000 R
W s AT TR T 3 800 mey/ kg b, T FRZE ML
Aot BT AR 5 FL b 3 R S I3 e 3
TN AES , 5B FHK - #8800 mgy/keg B, 75 B |-
ROV TR AR B S R B 1401 %, R SRS
AT, TR AR AR
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Table 2 Effects of different levels of lead on the growth of highland barley

P2 * b/ b EX WM T - B
(mg- kg™ (em) (em) CPoR.obk) PO/ b SR/ R%)
CK 54.3a 0.426a 4.52a 0.28a 0.065a 4.60a
60 49.4h 0.418a 4.28a 0.27a 0.063a 4.55ab
120 46.3b 0.421a 4.16ab 0.27a 0.065a 4.43ab
200 44.9b 0.396a 4.08b 0.26a 0.064a 4.34ab
400 41.9be 0.388a 4.05b 0.25a 0.062a 4.30ab
800 38.3¢ 0.366b 3.71b 0.22b 0.059b 3.93b
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Table 3 Effects of different levels of lead stress on barley yield and its components

12+ e i e o4 Tt S Tk o =
(g bt ol oy S mRmon o o)
CK 5.16a 3.2a 1.5a 39.6a 64.7a 3.84a
60 4.65bh 3.3a 1.6a 38.2a 63.6a 3.89a
120 4.65b 3.5a 1.5a 38.4a 62.2a 3.58a
200 4.52h 3.4a 1.5a 36.2ab 61.6ab 3.34a
400 4.24h 3.1a 1.3a 30.1b 58.6b 2.29b
800 3.89¢ 2.5b 1.4a 27.4b 56.5b 2.17b

AL BT O30 2544 T, JCTT 2000 (1977 R 3
“h 60 mg/kg AbFH > CK 4-FH > 120 mg/ke 4-3 >200
mg/kg ALFH >400 mg/kg AbFE > 800 mg/kg 4bHH (£
3) s T RRAER B0 i 4 Ah kB L T BH R R, ™
RS T AR 1 I 185 R TR i I A Ak Pk
FHEm TR, 7E 400 F1800 mg/kg FALFET , HRRT
R O FRAL B3 S B 9. 43 % (12.67 % , i H]
B ALK 400 me/ kg I, 75 BRI 2 H 5 4B
1824 400 mg/kg B, 75 BRELR 7 0 00 BR b B i
TR, T RENE BN 40,36 % , 2 BTN A (60 ~ 200
mg/kg) I EEFT A (200 ~ 400 mg/kg) T PR
T 2000 B0} REAL I A 80™ , U B2 BE AT b0 A
JEER M0 XoF 77 et B ™ et R 1l R 26 A R M), 1 B 7R
T 2000 fh Flil BRE AT AT 32 400 mg/kg LA RS HRA .
2.2 TERMBLENEREREHIENEM

AR AL P B IR A A S R > X >
> PR, BE AR B T, T RRAR 2R i PR
HR 2 3 T s (P < 0.05) , fIR¥E E (60 mg/

kg) SMEHT O B AS S E A S R N B3, Sk
J& (400 800 mg/kg) HMRATNT T BRSBTS
e S 2 5 AN VR B Oy 60 mg/kg I, H BRAR A A
il 343. 8 mg/kg; H AR AT B U4 CFFRL) 7E 51
TR By 120 me/kg P& 20 0. 33 mg/kg,
i A P PR AR E 0. 2 mg/kg; Y IR AL
KR T 120 mg/kg, SMIEET 145 5y ) 5 B 4 T
W (£ 4) .
2.3 TEGFESESERAEMAIBSENHEXNE
X AN TR EF A P T A S 2 R0 7 RS [R5 4
SEPEATASEE T, 5 K, HRRRL 22
MR & S T R R R A DG, M OC R AL
43514 0. 961 .0. 901 .0. 846 .0. 962 ; 3% [ 12 i 15
Y BR AR E R A PR FE AR <0.2 mg/kg,
W E AR S R S R S R R R (Y =
2.681X +345.633) , LA AT R & 8 A A B i
s e B AR Ry d R e o, THR R
e Bk 346. 17 me/ke,
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Table 4 Lead content in highland barley organs (mg/kg)
Pb>* W (mg - kg™ ") KPR Ui £ I
CK 0.10 +£0.02f 13.35 £2.05f 5.94 £3.09f 3.93 £1.14¢
60 0.19 +0.06fd 343.8 +12.6fd 18.7 +4.8f 2.06 £0.70c
120 0.33 £0.04d 592.2 £62.13dc 83.9 +8.8d 6.33 £1.49¢
200 0.56 £0.10c 876.4 £59. 1¢ 185.4 +10.9¢ 5.74 £0.50¢
400 1.32 +£0.18b 3032.4 +349.8hb 213.5 £21.5b 82.9 +45.4b
800 2.21 £0.21a 5402.8 +584.9a 299.6 +16.8a 330.1+7.8a
x5 BERMAZE M RPHESESTEANMEXM
Table 5  Correlation between lead content in barley seeds, stems, leaves and roots and soil lead
SRS Ty F S 5 (T RRERAL) w1y 5 72 R? F 1
+ 4 FRE Y =2.681X +345.633 0.961" * 397.51
3 Y= -40.666X +2.354 0.901 " * 145.46
IH- Y =128.035X +2.059 0.846" * 88.01
Jicd Y =44.558X +0.135 0.962 " * 410.18
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Table 6  Bio-concentration factor( BCF) of lead in different parts of highland barley
A FRAH
AN B b
o e % "
CK 0.0108a 1.4420c 0.6413a 0.4248a
60 0.0042bc 6.6321a 0.3609b 0.0397¢
120 0.0028¢ 5.0504a 0.7156a 0.0540c
200 0.0023c 3.5041ab 0.7413a 0.0230c
400 0.0029¢ 6.7047a 0.4722ab 0.1833b
800 0.0029¢ 7.1208a 0.3949ab 0.4350a
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eI S I N R 2L S S 1l W 5 TN
2 X E SR E ERB/NT 1 E R M
L EAS R R RIS . TR R
BB SRR B RGN R, B CK Ab, R [R]85 Ak
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T EFERLO HE ) 6 4R RE T 5 AN AR TR B SC R AN K
H AR & AR RBURK R T 1 AR Y RIS
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3 WS
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TEREAMEET & RN L TS SR, AR
JE It 200 mg/kg B, /INF2 it ol ) i o T R
FRTFHEE. GU S fymF e gt R R . Y + %
o N 1000 me/kg B, KRS -4 o1 L% RAREAR T
11.5 % o SR SE" BT 53 S B0 10 e 58 A% Xk /N 22 AR
BRI s IR S A R B 2 4 T
7 R BT Y sk, KRS B EE R AT
X, ARESE 5 3 BEF T B AL, AR B A
PREE RSN e R BE R 3 BR A K 0™
JUE

AMIFE R AN R AR AR PR ) 45 4 B A o i 3
AR > ZE > ik > PR, Y IS e I, A
MRS B EAR IS, 5 BRFERL A & BETD AR W 1S
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IF H R R AE T BRI AR, st LU R 21 b 1
oy MR EERRI S EES RN LR E  EFHH
LRI S BT K A% TR A 3 IE A LA AR 2R >
2R > T > FFRL, T OK £5 AN X 4 A0 W i Bl - g
BYH R R N R, R BEA Y BE T & B
HEBHIE/NEARGSEDN M ERDE . &
T/ N AN R B A e DA 3 B HE I3 A AR
25,k Rk, R Y B R AR A 100
mg/kg LA |3 SASI 45 B h—B, BEERE
WFGEERIE X/ INAZ AR B R M ) i R >4 - S rh g
TE/NT 500 mg/kg B, ZINAERERL R 4 B R
i R 4 BR (0. 2 mg/kg) , 7E =¥ (1000
mg/kg) AEFR A TR E 2 /N KR P A A AR 2Rk
b, RN H T B BB RAL. AR R IAE
AN S 120 mg/kg B BRAT B FHER 43 CFFRL)
oo 0.33 mg/kg, B2 & P A W4T R
b, SR EBMHRE —EER

T B s e R AR TP A W A BR B AR A
H <0.2 mg/kg, il AR &S LIRS
M= 77 F, F 5 A B M I B 346. 17 mg/
kg, - SEERIE AR P M 38 T Y XUR A5 45 s o R
A& TS YL KBS i BE(EL A 170 mg/kg, 345
e B FE(E 1000 mg/ kg, 38 i A S5 0] U5 77 e 3
B R A A PRI B A T I T G XU T e {E
FURS B Z 1], B A3, o LS 75 BRI AR b X
- 48 T 4 T Y XU D 0 (L B A
SE
[T PRI eI, B s, 265, 4R /K R 8 5 e 1 3 L 437
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