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Table 1 Averages comparisons of 10 kinds of metal elements among treatments of climbing angles of P. ni/

1 Ca 1 K 1 Na 1 Mg 1 1 Mn 1 Zn 1 Cu 1 Cd 1 Pb 1
/(mgg”) /(mgg™) /(mgg”) /(mg-g™) /(mgg”) Mpgg™) Angg’) ngg") Angg’) ngg")
%L 12.772 28.780 0.731 3.358 58.416 316.907 1.465 1.582 6.691
PRifEZE 1317 1.658 0.109 0.389 24274 211.453 0.416 0.768 8.408
S SRR 0.103 0.057 0.149 0.116 0.415 0.667 0.284 0.485 1.257
2 ARIBE MR A0 10 R4 )m J0 2 & 1 1 U
Table 2 Comparisons on contents of ten kinds of metal elements between leaves of P. ni/ under different climbing angles
P IR
0° 30° 60° 90°
Ca/(mg-g") 12.169+0.723 ® 12.954+0.298 11.446+0.44 ° 14.517£1.773 *
K /(mg-g™") 30.791+1.085 28.572+0.013 ® 26.753+0.307 ° 29.003+1.412 ®
Na /(mg-g") 0.725+0.061 * 0.581+0.018 ° 0.781+0.043 * 0.833+0.084 *
Mg /(mg-g™) 2.839+0.018 3.328+0.212° 3.504+0.096 3.761+0.107 *
Fe /(mg-g") 1.226+0.144 © 0.975+0.087 ° 0.996+0.151 ° 1.437+0.053
Mn /(ug-g’) 2714945218 58.21142.604 ° 62.009+1.312° 86.293+10.223 *
Zn /(ug-g™h) 127.204+15.487 ¢ 183.638+18.036 ° 359.578+10.83 ° 597.207+113.139 *
Cu /(ug-g™h) 1.212+0.571° 1.01£0.286 * 1.817+0.283 1.818+0.285 °
Cd /(ngg™h) 2.589+0.135 * 1.724+0.271° 1.197+0.203 0.814+0.067 ©
Pb /(ng-g™) — 3.964+2.802 ° 2.972+1.401° 19.827+2.798 *

W LRI E ;2. FATEEFEARRN S 254 2% (Duncan K%, p=0.05)
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Table 3 Correlation analysis among metal element contents in leaves of P, ni/ under different climbing angles

SR Ca K Na Mg Fe Mn Zn Cu cd Pb
Ca 0.462 1.000
K -0.511 0.404 1.000
Na 0.571 0.042 -0.123 1.000
Mg 0.943" 0.517 -0.538 0.332 1.000
Fe 0.355 0.607 0.388 0.436 0.272 1.000
Mn 0.945" 0.642 -0.398 0.338 0.961" 0.284 1.000
Zn 0.945" 0.414 -0.396 0.729" 0.818" 0.523 0.825" 1.000
Cu 0.654 0.326 -0.206 0.654 0.636 0.293 0.578 0.597 1.000
cd -0.964" -0.408 0.612 -0.450 -0.980" -0.223 0937 -0.870" -0.676 1.000
Pb 0.831 0.821" -0.013 0.443 0.804" 0.713" 0.860" 0.844" 0.514 -0.759" 1.000
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Fig. 1 Correlations among metal elements in leaves of P, nil

3 g
3.1 BEfAESVNERTESENRM

W E IR LR & BRI —E BRI T
WACEFRILRATRE ST, QA5 PRE 2 [ A ELA
MBS, I E AR BRI Re e, [R]
BRI M IR R AR e R . e
G TR LR B R A DR R A X — B 1 O
&, BRI R R 10 P EOLR

AR R, Hf, X Ca. K. Mg.
Fe. Mn. Zn. Cd & &S EEA.
311 BEABENRELENHH

4JRILE K. Ca, Mg ki (F&E) EFoc
5, e E AR B ) S iR EIMEIRCR K,
Ca, Mg, TEANFIZR A 2 [0 A SRR 440/ K
Zo AT RGNS S BB AL, 76
HeE = WIIa i K ey . ARG R T BB
(21 Getgham PSS . PIJE . DU, St
WEY ca HAMCGEHAT . BRE LS IhEE, *£
P BT R M E REMIER, AR T A S
it Na R AR AR K R B e R
213 A Na SHEMIHIEL . PrR S bIAE ¢
el R igf pEsifn, K. Ca #1 Na & m<U %
AR 0°FN 90°B848 A= K SR 22 21 () oA
W PiiPEE T 309 60°, ZMZEAAPN K. Ca
A1 Na (5 E45 S HGRGE SE A 6 s L R AR
RE N HA TR L,

Mg EMERRINNS, RIFZNELR, =
S AP A AR i L B B AR, Rt
ARG, Mg S AR AT sm 2t a2 4 1)
[F1LRETT o
312 BERABENBELELSETOYW

4:JBICE Fe. Zn. Mn. Cu NUEEFILE,
TN A B ep it R BI/MKYR R Fe, Zn,
Mn, Cu, H7EARIRIZERE ML RS K,
Fe tHYIARNS I YIICAVER L Z2 R S A i
R 43202205 001 902 M UM A2 4E Fe £
T 30980 60°, W Fe X3 {4 KA A K
a2z A= Ak g AR R T A

Zn SRR N ZFhEEAI 43, ST B S0,
FITE AL, Zn 5 5 AR T i A AR N B A= AR
B ARHEREIR . kAL A AR A
Mn 7ERLYIER NS IFED R . B e



672

MBI B 18 B 2 (2009 43 H )

S5 AR ZREEATE AL RN, K 00F)] 90°
B, Zn I Mn & et A2 2R 0 g 1
e Kt Zn F1 Mn (YR RERBEER 90°24n 22 4~ 11y
(e S Vs 0°Z4mbAz2f | 904 g Mgt A2 2R H
A A Rk RE

BEAEEE M RERS N, Cu & EAREREHEA I
FBR A FEXT Cu AR B BAT B A E R .
313 BBEABRNELBLELSTHY®

Cd #1 Pb 435 MEE 4B A ESE LR, Xk
R EA SRR EE, XHEYNEREE
HAEMHIER . Cd mEPIAHNE Fe. Mn, Zn.
Ca MW, BARIEEVE, ik kP,
TR i RSN AR A (Tt s - 5 I N
FAPIRC AR BESE M RN, Cd &
EIERT AR BB A E s N 30°F] 90°%E R A
b4 P e RNk (0% MRt
BN ARG Pb ).t Cd XHEPI Pb B
WHA —ERIHIER, HEMPIARNE Pb #H5)
FiEmP2Y, R A F2ER M 2 8 Cd 5 Pb &5
TEAEMI AR LA %, 0B g Mtz 4 Cd
SEEIE T Pb B, 902 E M A Cd AU
AHIES T X Pb WAl (Pb RIS 19.827
ug-g’), 30°F1 60°BEEf A T 2 A, "I,
BELR A AL BN 4022 4R 1 - Cd AN P (R 2R A7 7E
25, WEBIRIAENEA A TEN . 0025 A
PLCd b3, 1 90°2E4E /LA Pb N E .
32 EBERESEETEMMEXE

IR S Na, Mg, Fe. Mn, Zn, Cu. Pb
SRBHIEMX, 5K, Cd SREnEE, Hip,
BAEMEYS Mg, Zn, Mn SENEFIEMK; 5
Cd Farg BN, Z2EMEY Ca. Na, K.
Fe. Cu. Pb # i Z A AAH S E AL 2 B K,

AN ff B 22 2R 0 v, SRAEAH SRR
ELZTHMKICE ., Zn, Mn, Mg 5055 2 4L
L HAh G R OCE Z BRI B IEA G MR
BRI, LR SRS —, BB YA
48 IR Cd 5 2 L HA 4 8 e K 2 a3
NRETM; FEEREMENRE, TREEND
fbta A, EMHEREPNSEILE . Mg, Zn,
Mn il Cd 7E 10 Fh 4 )8 LR Z A B45Ht -5 UrRVE
PR E TR

Sk

(11 CHARIC BHEHIYIR IS M PEM]. SRAEE, 3%, Jbat: Blel
JRAL, 1998: 1-2.
DARWIN C. The Movements and Habits of Climbing Plants[M].
Zhang Zhaoqian Translation. Beijing: Science Press, 1998: 1-2.

[2] DEN DUBBELDEN K C, OOSTERBEEK B. The availability of

B3]

(4]

[3]

(6]

(7]

(8]

]

[10]

(11]

[12]

external support affects allocation patterns and morphology of herba-
ceous climbing plants[J]. Functional Ecology, 1995, 9: 628-634.
PAER-, BhEpl. BB X RS RS R B35 ol 2
SCRE[T]. PERAIIER 244 AAARIZAAR, 2001, 26(2): 200-206.
TAO Jianping, ZHONG Zhangcheng. Effects of shading and external
mechanical supporting on morphological plasticity of climbing plant
Momordica Charantia[J]. Journal of Southwest China Normal Univer-
sity: Natural Science, 2001, 26(2): 200-206.

XN, BEGE A BEXT FURG RIS | At A3 BE B AR X AR R R Y
)], AEASEREE, 2008, 17(2): 758-762.

ZHAO Zehai. The effects of climbing angles on morphology, biomass
disposition and relative growth rate in Ipomoea cairicalJ]. Ecology
and Environment, 2008, 17(2): 758-762.

R, B, 2N BONE ROV I b SR A
KAC B T B LE B[], il R g 2 4l BB 24 R, 2008,
47(2):103-107.

ZHAO Zehai, LIAO Zhouyu, PENG Shaolin. Allelopathy effects of
Ipomoea cairica 1. comparison of allelopathy potentials between
climbing growth and sprawl growth[J]. Acta Scientiarum Naturalium
universitatis Sunyatseni: Natural Science, 2008, 47(2): 103-107.
Fader, Bha . SRR IO X B A YRS R S R0 A A 1 B )
[J]. AEASAHR, 2003, 23(1): 1-7.

TAO Jianping, ZHONG Zhangcheng. Effects of support angles on the
morphology and growth in the herbaceous climber Trichosanthes
kirilowii[J]. Acta Ecologica Sinica, 2003, 23(1): 1-7.

B, Nk mPRYIE TR M. Jbat B R, 2003.
LIAO Hong, YAN Xiaolong. Advance Plant Nutrition[M]. Beijing:
Science Press, 2003, 8-274.

T EREEBAE B T, P E S R S M. Jeat B R
#t, 1974: 535.

Institute of Botany Chinese Academy of Sciences. The Picture Index
of Senior China Plant[M]. Beijing: Science Press, 1974: 535.

REB, WFEML SSREYREBAREE  2ra RS e rot
AR, AEASEAR, 2004, 24(10): 2334-2339.

WU Yangiong, HU Yujia. Researches on photosynthetic characteristics
of exotic plants Wedelia trilobata, Pharbitis nil and Ipomoea cairica[J].
Acta Ecologica Sinica, 2004, 24(10): 2334-2339.

BLLSE, WG, TWRE, & AT RO GRS R A A b 4y
JEITREARRNESTI]. | ARREITERRE, 2007, 14(1): 37-39.
BEI Zhanyu, HUANG Zhiqin, DING Yechun, et al. Determination of
metallic elements in lycopodii herb by FAAS[J]. Guangdong Weiliang
Yuansu Kexue, 2007, 14(1): 37-39.

TIVLH, sRpEsR, PR, S5 TR BT AR bR AR A
FRICE O oy FCAS R B 5K (3], P T B AR 4 2 e, 2000,
8(3):198-206.

MO Jiangming, ZHANG Deqiang, HUANG Zhongliang, et al. Distri-
bution pattern of nutrient elements in plants of Dinghushan lower sub-
tropical evergreen broad-leaved forest[J]. Journal of Tropical and Sub-
tropical Botany, 2000, 8(3): 198-206.

R, K, R, F INZEIR R TR TR O 23
FCARPERIBIEZE[T]. PEl 25244, 2001, 28(6): 522-527.

WU Zhen, LI Sijun, ZHUANG Feiyun, et al. Study on absorption and

distribution property of the main mineral elements in wasabi (Wasabia



RATRRSE . AN[R) B8 ) B SR 22 A0 e O L3R AR A AR SR 673

Jjaponica Matsum) seedlings[J]. Acta Horticulturae Sinica, 2001, 28(6): 5647-5659.
522-527. [10] s, XUMS. SEFERUIRIN A BHREBF ST IR, 109 ML RHEE,

[13] LEIGH R A, WYN JONES R G. Cellular compartmentation in plant 2003, (2): 26-28, 31.
nutrition: the selective cytoplasm and the promiscuous vacu- SHI Yihua, LIU Peng. Review of advance in physiological function of
ole[C]//TINKER P B, LAUCHLI A. Advanced in plant nutrition. New manganese in plants[J]. Jiangxi Forestry Science and Technology,
York: Praeger Scientific, 1986: 249-280. 2003, (2): 26-28, 31.

[14] BRAEKS, XUBLHE. HEHITAIAN Y Ca® (518 RGeS SHIE M E R[], [20] HAHIZR, AREK, 1 1H d. Cd XRRIFSAEY A= K AR TR 15
fEEAOL K2 2ER, 1997, 26(3): 291-297. W] LA AR, 1998, 9(1): 1989-1994.

CHEN Lisong, LIU Xinghui. Ca** messenger system in plants and its YANG Mingjie, LIN Xianyong, YANG Xiaoe. Impact of Cd on
relation to stress-resistance[J]. Journal of Fujian Agricultural Univer- growth and nutrient accumulation of different plant species[J]. Chinese
sity, 1997, 26(3): 291-297. Journal of Applied Ecology, 1998, 9(1): 1989-1994.

[15] THOMAS E S, IOANNIS N T, KORTESSA N D. Calcium application [21] LARSSON E H, BORDMAN J F, ASP H. Influence of UV-B radiation
as a means to improve tolerance of kiwifruit (Actinidia deliciosa L.) to and Cd2+ on chlorophyll fluorescence, growth and nutrient content in
boron toxicity[J]. Scientia Horticulturae, 1999, 81: 443-449. Brassica napus[J]. Journal of Experimental Botany, 1998, 49:

[16] 22555, IS0, Ak NaCl JPria xd 25 R 30 B i 538 4 1% 1031-1039.

HAE KBS [I]. s EOI R, 2005, 38(7): 1458-1465. [22] DRAZKIEWICZ M. Chlorophyllase: occurrence, functions, mechanism
LI Pinfang, BAI Wenbo, YANG Zhicheng. Effects of NaCl stress on of action, effects of internal and external factors[J]. Photosynthetica,
ions absorption and transportation and plant growth of tall fescue[J]. 1994, 30: 321-331.

Scientia Agricultura Sinica, 2005, 38(7): 1458-1465. [23] Efr, B4k, AR, Cd-Pb B4 1B KRR G PR AR

[17] VEBE, WK HWBEREFRPITL I RD]. A, 1999, WERIRRTELT]. AFTA=Z5FR 8, 2001, 17(2): 41-44.

16(3): 245-250. WANG Xin, LIANG Renlu, ZHOU Qixing. Ecological effect of
WANG Hong, CHU Tianduo. The progress of study on magnesium Cd-Pb combined pollution on soil-rice system[J]. Journal of Ecology
nutrition in plants[J]. Chinese Bulletin of Botany, 1999, 16(3): and Rural Environment, 2001, 17(2): 41-44.

245-250. [24] FUJIMOTO T, YOSHIYA U. Cadmium absorption by rice plants: I.

[18] VALLEE B L, AULD D S. Zinc coordination, function and structure of Mode of the absorption[J]. Soil science and plant nutrition, 1979,
zinc enzymes and other proteins[J]. Biochemistry, 1990, 29: 25(3): 407-415.

Effects of different climbing angles on metallic element contents and their
correlations in leaves of Pharbitis nil

Zhao Zehai, Yu Manling, Chen Xiongwei, Chen Qinghua, Xu Jinhai, Liang Lian

College of Life Sciences, Zhaoqing University, Zhaoqing Guangdong, 526061, China

Abstracts: In order to explore effects of different climbing angles on metallic element contents in leaves of P. nil, the contents of ten
kinds of metal elements were determined by atomic absorption spectrophotometry (AAS), and their correlations had been studied.
The results showed that there were different degree effects on metallic element contents in leaves of P. nil with different climbing
angles. And the climbing angles took significative effects on contents of Ca, K, Mg, Fe. Mn. Zn, Cd. The sensitivities on climbing
angle treatments from macroelement (or major element) were less than from microelements (or minor element). With augmenting
climbing angles (from 0° to 90° climbing angle), contents of Mg, Zn and Mn in leaves increased, but that of Cd decreased signifi-
cantly. Contents of K, Ca,Na and Fe displayed the trends of “high-low-high”. And contents of Pb increased from 30° to 90° climbing
angle. The changing trend for Cu was complicated follow augmenting climbing angles. The results from correlation analysis showed
that there were significant positive correlations between climbing angles and contents of Mg, Zn and Mn, but were significant nega-
tive correlations between climbing angles and content of Cd. There were no significant correlations between climbing angles and
contents of Ca, Na., K. Fe. Cu and Pb. For ten kinds of metal elements, the element pairs with positive correlations were more than
that with negative correlations. Mg. Zn. Mn and Cd maybe play important roles on synergistic reaction or antagonistic action among
metal elements.

Key words: vine; climbing angle; metal element; correlation analysis; Pharbitis nil
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