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Growth and ion transport with Pb stress in Robinia pseudoacacia seedlings

ZHOU Jian'% JIANG Zeping', WEI Yuan'

(1. Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China; 2. School of Horticulture and
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Abstract: To explore Robinia pseudoacacia (Black Locust) tolerance and mechanism to lead (Pb) stress, R.
pseudoacacia seedlings were first watered with solutions of Pb(NO;), dissolved in distilled water. Then, proper-
ties of growth, lead concentration(pg-g™), and ion transfer in stressed seedlings were analyzed using multivari-
ate linear regression analysis, Ducan multiple comparison and single factor test design with treatments of
250,500,1 000 and 1 500 mg-L™" and 3 replications. Experimental results showed that 250 mg-L™ of Pb(NO;),
solution slightly promoted height, stem diameter, and seedling dry and fresh weights, but these decreased when
lead concentration was subsequently increased. Lead content significantly increased (P<<0.05) with accumula-
tion found in roots; seedling stems showed a lead increase (P<<0.05) and a subsequent decrease (P<<0.05). In
stressed seedlings leaf concentration declined in these treatments of 250 to 1 500 mg- L. In addition, the lead
ion transfer-ratio for stem to leaf significantly declined (P<<0.05). However, as lead concentration increased,
the root to stem and root to both stem and leaf concentration increased (P<<0.05) and then decreased (P<<
0.05). The multivariate linear regression analysis, showed that the most important factors affecting accumulation
of dry biomass were 1) lead concentration in roots and 2) ion transfer ratio of root to both stem and leaf. Also
in stressed seedlings lead concentration in stems and ion transfer ratio of root to stem the most significantly af-
fected (P<<0.05) growth of height and of stem diameter. It was drawn that lead accumulation in root and inhi-
bition of its transfer could prevent leaves from damage deriving from lead stress, and they would be the toler-

ance mechanism to lead stress for Robinia pseudoacacia seedlings. [Ch, 3 fig. 2 tab. 23 ref.]
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Figure 1 Effect of Pb stress on growth characteristics including diameter (A), seedling height (B), fresh weight (C), dry weight (D) of

Robinia pseudoacacia seedlings
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Figure 2 Effect of Pb stress on Pb ion content of root (A), stem (B) and leaf (C) of Robinia pseudoacacia seedlings
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Figure 3 Effect of Pb stress on Pb ion transfer ratio between root, stem and leaf of Robinia pseudoacacia seedlings
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Table 1 Pearson correlation of dry weight, stem diameter and height, respectively, to Pb ion contens of root, stem and leaf and Pb ion

transfer ratios of root to stem, stem to leave, and root to both stem and leaf in Robinia pseudoacacia seedlings under Pb stress
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Table 2 Multiple regression analysis of dry weight, height and stem diameter in relation to six parameters of contents and tansfer ratios of

lead ion in Robinia pseudoacacia seedlings under Ph stress

i HEVEEY '
b, by by by bs  be

1=0.061+0.001x,+0.00 1x+0.006x5-0.007x:+0.056x5+0.015x,, R>=0.983 77.689 0.000 1.52  0.091 0.287 -0.760 1213 2.237

y5=1.038+0.01x,+0.023x,+0.06 L+ 1.22x,+0.027x5-0.022x,, R=0.972 45924 0.000 0241 2331 0.644 3352 0.140 0.784

11=0.878+0.09x,-0.027x,+0.056x5+0.085x,+1.96x5+0.06x;, R*=0.968  40.793 0.000 1.605 -1.761 0381  1.482 0.645 1382

VAT v M T IR, v MR, v B R x, %, %, X, xs Fxe 28 ISR AR 3 T i 20 5. 2 s T4y

B, MR E R E R RZER ISR AR b B RIS by, by, bs, bu, bs, boiE i, %o, x5, wa, x5, X
PR 111 5 2R 58

Ju I 455 25 FlE 2%

3 it
31 FEAHBFRERENRELYEHERKNF M

HEARWFEH, 250 mg- L™ A9 HT B 7 i vk BE AL B AR 4 B P L b AR L BRI — e R UEAE
o X588 F/NE Triticum aestivum'”', E ¥ Eucalyptus grandis "4l i (928 (b U AL . A FREH
N HEAR T v B R AR A T, R B S R T A . A A Ak I (POD) FER 4R Ak W 1 Ak i
(SOD) & 414 Jr g hn, 38 1 AP 0 55 093G W RE Ty, R THPIAKRET .

TE i B W (=500 mg- L), BEAT S B Wk BE 3G, IRE A B 0 25 e . AR DL AR AR Y
fif T . TR R ST R RS FTRRIE RS T R A B R 2RI, AR R R
TR T A BT 2 R, AR SRR FUAR, SRR TR B AR, AR AR R TR
PEREARY, MY 2 B ESREF, WE TR ER
3.2 RIS FHIS X Eilt Z 8 RSN

FE 0y 36 ok 00 ) o R B R S AL R K R e R B R AEAR R, PR 4 Hh E AR A
B, BRI E SR B R, IR AR A B 2 B4 o B AR 25 L 4 R 4 B T
BRI, RIS ZEWE THZERB LR, MBS N 2 5R M ERETHER, 500 mg-
L7 B 745 ia R B . PIRRAS B 1 R LS AT, o RELALZE, mHiEHR D, HEEHR
A5 B E B Lolium perenne, = F-5F Festuca elata, ®EWLH Roegneria kamoji %5 F A AL, 3% kA Ui
B RO E RGP, AR ARG G A RE T, B A R TS 38 T A2 BE ) S AR TS R
500 mg- L™ 2RI 1 1Y — A OGS, Y4 0 BT ik R TR R, e AR NI fEhE . %
s R, BB T ESIEAROR . TEm TR E AT, B TR E A, R )
M B ER A A E IE 3k SRR AT R 8 O B — Rl S B AL, LR X 38 A S 2 AL
3.3 HIEFRHTRREYBEERNESZMLE

It Zoe i H I, R R BT A A Hh b/ 4 B I a3 R 4 A i R R R ) B
Ko XN IZE GHRATBHE T, REKBEM ), BRI, Si0ta%m 56, R4&%
e A5 ML) Jo AR SRR DG o % el SR AR &0 P b A G R A R Y R R TR R A R A B O AR 0 B AR R ) A
B rER, XM SRR 1, s R ZEARER, SUGIE UZE AR o A= DI Re S 2R A M
SERTRE, DA FR R RISl AR S AR A K



BIBEHSH JA AR AR 0 N R A A I O S T TR d R Y R R 747

4
(1]

[2]

[11]

%% Xt
AMEH E G, AKPAH F A. Heavy metal pollution indexing and multivariate statistical evaluation of hydrogeochemis-try
of River PovPov in Itakpe Iron-Ore mining area, Kogi State, Nigeria [J]. Adv Appl Sci Res, 2011, 2(1): 33 - 46.
CAPUANA M. Heavy metals and woody plants-biotechnologies for phytoremediation [J]. IFor-Biogeosci For, 2011, 4
(1):7-15.
BHiE, Ty, AU, S b e e g S e R T G S e AR A A M () ] RO BRI R
4R, 2013, 32(1): 103 - 110.
LI Ruiqgin, YU Anfen, BAI Bin, et al. Analysis on current situation and potential ecological risk and the characteristic
of heaven metals pollution of soil in the central plateau of Gansu Province, China [J]. J Agro-Environ Sci, 2013, 32
(1): 103 = 110.
e, XA, B, . BYEba AR T BT R R AR K ()] b B R e A, 2010, 26
(18): 175 - 179.
QIU Qinghua, DENG Shaoyun, HUANG Juan, et al. Study on the influence of lead stress on the mustard family’s seed
sprouting and seedling growing [J . Chin Agric Sci Bull, 2010, 26(18): 175 — 179.
g, WA, E4DR, S5 BB X AR A A B AR AR AR PERY S R [T ], FEAR AR, 2007, 36(1): 24 - 27.
HAN Yu, CAO Ying, WANG Shaobin, et al. Effects of lead stress on the physiological and biochemical characteristics
of peanut [J]. J Peanut Sci, 2007, 36(1): 24 - 27.
XPTEMG - FNACHR. 7 G X 2Rl 87 B by 24 3 AR 952 i L) ). Al 55 76 4 T#2, 2008, 25(10): 60 - 63.
LIU Fabin, SUN Yonglin. Effects of lead pollution on seed germination and physiological indexes in leaves of cucum-
ber [J]. Chem Bioeng, 2008, 25(10): 60 — 63.
SRS, BRIt By X SR T A K i AR R RS [T ], E BRI R E, 2008, 36(34): 14859 — 14882.
ZHANG Xiaowen, CHEN Shihua. Effects of lead stress on seed germination and seedling growth of mung bean [J]. J
Anhui Agric Sci, 2008, 36(34): 14859 — 14882.
XU, 283, W 720, Ph b XK RS Bl 1 i % R g i AR B2 g i 5 [ ). A, 2006, 25(12): 44 - 46.
LIU Mingjiu, LI Gan, XIAO Wanhong. Study on the effect of seed germination and seedling growth of rice under Ph*
stress [J]. Seed, 2006, 25(12): 44 — 46.
HSCHE, MRS, MR, SF. BYRE XA [ B A 1 A A B SRR I 41 DNA 2380 ()] Rl
IR F 2R, 2013, 32(3). 478 — 484.
ZHANG Yixian, FU Yaping, XIAO Zhihua, et al. Effects of Ph* stress on physiological characteristics and DNA poly-
morphism of genome in difference genotypes foxtail millet [J]. J Agro-Environ Sci, 2013, 32(3): 478 — 484.
J 3R, EHEE, W, T 5 R S AR OO0 AT 4 A B B A A T A R e (D], MRl B2
2013, 49(6): 172 - 177.
ZHOU Furong, WANG Jinxin, YANG Nan, et al. Interaction of drought and Pb on growth and antioxidant enzyme ac-
tivities of Platycladus orientalis seedlings [J]. Sci Silv Sin, 2013, 49(6): 172 - 177.
FEALL, WAL B I TR AL PR R 0T RO R AR R SEM/XRD St i g ar A [T]. B 22k, 2013, 40
(3): 562 - 570.
YUAN Juhong, HU Mianhao. SEM and XRD analyses of the roots and leaves of coleus with selenium supplements
under lead stress [J]. Acta Hortic Sin, 2013, 40(3): 562 — 570.
WU Xiao, LIU Chao, QU Chunxiang, et al. Effects of lead on activities of photochemical reaction and key enzymes of
carbon assimilation in spinach chloroplast [J]. Biol Trac Elem Res, 2008, 126(1): 269 — 279.
FEL, TARGE. TR B O SRR AR AR S TR [T ], R, 2002, 24(3): 55 - 59.
WANG Huizhong, HE Cuiping. Effects of the heavy metal stress on root growth and vigour of turfgrass [J]. Grassland
China, 2002, 24(3): 55 - 59.
R, i, BRA, & REEGEIGREMBERET] A5RE, 2008, 27(4): 626 - 631.
QU Ran, MENG Wei, LI Junsheng, et al. Research progress on phytoremediation of heavy metal contaminated soil
[J]. Chin ] Ecol, 2008, 27(4): 626 — 631.
Lhfg, FRELLL, Xk, HE R Jm 0 8 b bl ARAE W b Tk S gl AR KR m [T]. b R R AR AR, 2012, 28



748 WL AR BROK E F R 2016 4F 10 H 20 H
(22). 206 - 211.
MA Min, GONG Huihong, DENG Hong. Effects of heavy metal stress on seed germination and seedling growth of
eight urban plants [J]. Chin Agric Sci Bull, 2012, 28(22): 206 - 211.

[16]  figme R, s, BREEIK, 5. BEMMO XU 7R el E O S B w770k R B AR,
2013, 38(3): 550 — 553.
HE Xiaoliang, CAI Zhuo, QIU Xialin, et al. Effects of lead stress on soluble protein content of Peristrope japonica
(Thunb) Brem [J]. J Guangxi Univ Nat Sci Ed, 2013, 38(3): 550 — 553.

[17] RREFI, W%, XUEM. B W00/ R 7l & g i A K m s [J]. AR FRF, 2009, 40(2): 144
- 146.
KANG Jili, ZENG Zhijun, LIU Yupei. Effects of lead (Ph*) stress on seed germination and seedlings growth of wheat
[J]. Guangxi Agric Sci, 2009, 40(2): 144 - 146.

(18] AkEAE, skfd, trHh, 2. 3 Fh LSRR By b0 X B AR S i i md [ ], Molk Bk, 2013, 49(1): 1 - 6.
LIN Xiaoqian, ZHANG Jian, YANG Wanqin, et al. Effects of Pb stress on FEucalyptus grandis seedlings in three types
of soil [J]. Sci Silv Sin, 2013, 49(1): 1 - 6.

[19] 29, A%, WA, S5 8. BEMRE 0 ARG B 4 i A K R i AR B i s (D). AR AR A 4R, 2008, 27
(2): 278 — 281.
LI Shan, CHENG Zhou, YANG Xiaoling, et al. Effects of Pb and Zn stress on Trichosanthes kirilowii seedlings
erowth and stress-resistance physiological factors [J]. Chin J Ecol, 2008, 27(2): 278 — 28]1.

[20] Wik, WA, IR, S BTN TG RRE KT R R ()] FOREEY:, 2008, 16(1): 74 - 78.
MING Hua, CAO Ying, HU Chunsheng, et al. Effect of lead stress on the photosynthetic characteristics and yield of
maize [J]. J Maize Sci, 2008, 16(1): 74 — 78.

[21] AKINCITE, AKINCI S, YILMAZ K. Response of tomato (Solanum lycopersicum L.) to lead toxicity: growth, element
uptake, chlorophyll and water content [J]. Afr J Agric Res, 2010, 5(6): 416 — 423.

[22] tWABR, BRiAME, RETERY, S FOMRA X R B Ph g AR R A FRACH R 2 [T ], P LR BRRHE R 2 AR
HAARHE, 2014, 42(12): 97 - 101.
YANG Mingyan, LIANG Yuyan, ZENG Debang, et al. Effects of lead stress on accumulation capacity and physiologi-
cal metabolism of ryegrass [J]. J Northwest A & F Univ Agric Univ Nat Sci Ed, 2014, 42(12): 97 - 101.

(23] 07, Ty, =M, . EHa X RA B R A | A K PO SR s g [T ], B0k a4, 2015, 24

(9): 163 - 172.
LI Huifang, WANG Yu, YUAN Qinghua, et al. Effects of lead stress on growth, physiology, and lead ion accumula-
tion and transportation in gramineous forages [J]. Acta Pratac Sin, 2015, 24(9): 163 - 172.





