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摘要G通过重金属 %4!8ea@!8递进胁迫高羊茅初期生长效应及生态阈限的研究2结果表明G在 %4!8与 a@!8递进胁迫作用

下2高羊茅生长在各处理浓度均不同程度上受到抑制作用2其抑制效应随重金属浓度的增加而增强2各项测定指标与胁

迫浓度呈极显著负线性关系2并各相关系数均达到极显著水平;fgh#iP###jj>̂生长综合效应分析比较2%4!8比 a@!8

的负向效应为明显k根与茎叶对%4!8与a@!8的富集状况分析采用+%lJ$’,法2分析结果表明2随着重金属%4!8与a@!8

胁迫浓度的增加2高羊茅根系和茎叶的重金属含量均随之增加2根系对 %4!8与 a@!8的富集系数均明显大于茎叶k从绿度

分析看2本实验条件下的 %4!8与 a@!8胁迫2均未出现草坪草绿度的明显变化k
关键词G%4!8与 a@!8递进胁迫^高羊茅^初期生长效应^生态阈限
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f ’%(&+-.+_ (Y%,’%̂Ŷ.XzI {)’. (ŶX_ T’\+ -
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C0D3"74#$.GF3"JT* Ô__>]+L@K$%(%&’(%-4"#$%5#*:8C0D 7,55%+%9#%:,5,I’=%6(’*":6(’7#$

4":%;-,":ECF*":%(6(’*":6(’7#$4":%;@!",::4#4’"-4#7,55#4<*+,#%:#$,#7$%"C0DX:%9+4"%:+4)4#%:

9’%&&494%"#’&6(’7#$7,5!̂Q-",)%+87$%"(%+,#4=%"%#4"9(%,5%$%46$#C0DX:%9+4"%:#’!̂Q ’&9’"#(’+

C0D -̂#$%<(’6(%554=%5#(%559’"9%"#(,#4’"9’((%5<’":4"6#’C0D,6(’7#$4":%;7,5,55*)%:,5%9’+’649,+

#$(%5$’+:9’"9%"#(,#4’"’&C0D 6(’7#$4":%;@[$%"ECFX:%9+4"%:+4)4#%:9’%&&494%"#’&6(’7#$7,5

N̂Q-",)%+87$%"*":%(6(’*":(’’#"%#<(4),(8<(’:*9#4’"ECFX:%9+4"%:#’N̂Q ’&9’"#(’+ECF̂-#$%

<(’6(%554=%5#(%559’"9%"#(,#4’"9’((%5<’":4"6#’ECF,6(’7#$4":%;7,5,55*)%:,5%9’+’649,+#$(%5$’+:

9’"9%"#(,#4’"’&ECF 6(’7#$4":%;@[$,#"%%:%:#’I%<’4"#%:’*#7,5#$,#ECF :%9+4"%:+4)4#%:

9’%&&494%"#’&6(’7#$7,5:%&4"%:+’7%(#$,"#$,#’&C0D I%9,*5%7$%"<’++*#,"#5#(%55%:<+,"#-"%6,#4=%

(%5<’"5%’&4#5(’’#7,5(,<4:@%9’+’649,+#$(%5$’+:9’"9%"#(,#4’"*":%(1*>? ,":3">? <(’6(%554=%5#(%55

9’*+:I%%=,+*,#%:I8#$%4":%;’&58"#$%#49,+%9’+’649,+#$(%5$’+:9’"9%"#(,#4’"J./-AL@K$%4":%;9,"I%

%;<(%55%:I8#$%&’()*+,.

./-A1*23"* JC0DA1*23"? ECFA1*23"L2>

M%%"6%"%(,++8&(’)#$%(%5*+#5’&#$%4":%;JK,I+%!L-#$%"%6,#4=%%&&%9#’&1*>? #’R@STUVWXVSYZS7,5

_P̂N 生 态 学 报 >>卷

万方数据



!"#$%#"%&$’%&$%()*’+,-’$.#/0#1(/(!21$/%&"#3&(/41(’1#’%"$%2(’()56+, 7$3/#33%&$’%&$%()*’+,8

9’$/0:#4)"(.3#/#1%2’!#1(/(!21$/%&"#3&(/41(’1#’%"$%2(’()!"(7%&2’4#;-%&#’#!$%2<##))#1%()56+, %(

$=(<#!"(6’4!"(7%&7$3"#/$%2<#/0!"#$%-=6%%&#’#!$%2<##))#1%()*’+, %(6’4#"!"(6’4!"(7%&7$3

"#/$%2<#/0!"#$%8
>?@ABC DEFGHBGIJ?ABJKAKLIJ?AGHMBNHKAOJKFJBFGM?GIKFPFOBMQMKLMBNNIRBNGMBNNKSTPU, ?FOVFU,

W#%$/
2(’3

X#1/2’#4/2.2%2’!
1(#))212#’%()!"(7%&YZ[

\]̂ _ ‘\a]

b1(/(!21$/%&"#3&(/41(’1#’%"$%2(’
()!"(7%&2’4#;Yc!./de[

\]̂ _ ‘\a]

f0’%&#%21$/#1(/(!21$/
%&"#3&(/41(’1#’%"$%2(’

Yc!./de[
g"4#"

56+, hi ei jkh8+l eelk8ii m+n8eh +

*’+, hi ei elih8mi +ij8ni mlj8+i e

C oINJPNNIKF?FOTKFJAPNIKF

p’%&#/2.2%#4"$’!#()%&#1(’1#’%"$%2(’3#%-$/(’!72%&3%"#331(’1#’%"$%2(’2’1"#$3#-%&#2’2%2$/

!"(7%&()%6")!"$33qr8stuvwxvsyzs6’4#"56+, $’4*’+, {"(!"#332<#3%"#337$32’&2=2%#4.("#1/#$"/0-

#3{#12$//0’(%$=/#(’{/$’%&#2!&%!"(7%&8|&#1(""#/$%#41(#))212#’%32’421$%#4%&$%%&#’#!$%2<##))#1%()

56+, 7$33%"(’!#"%&$’%&$%()*’+,8f##’)"(.%&#(=3#"<$%2(’()${{#$"$’1#-72%&%&#2’1"#$3#()3%"#33

1(’1#’%"$%2(’-r8stuvwxvsyzs424’}%${{#$"=$4)(".1&$"$1%#"361&$3=#1(.2’!0#//(7-)$42’!$’43(

(’8|&#"#)("#-7#1(6/4!#%{"#/2.2’$"01(’1/632(’%&$%r8stuvwxvsyzs&$4"#/$%2<#/0&2!&#1(/(!21$/

%&"#3&(/4%(56+, $’4*’+, {(//6%2(’3%"#338|&##1(/(!21$/%&"#3&(/47$3&2!&#"%&$’%&#("#%21$/<$/6#2’

{"$1%21$/${{/21$%2(’8~#1$63#1"({37#"#2’{6"362%()&2!&02#/4=6%!"##’4#!"##7$3!=2(323"()

%6")!"$33-2%7$31(’1/64#4%&$%2’{"$1%21$/${{/21$%2(’-%&##1(/(!21$/%&"#3&(/4()%6")!"$33%({(//6%2(’

3%"#331(6/4=#.$4#&2!&#"%&$’%&$%()1"({32)%&#3%"#33$))#1%#4!"##’4#!"##’(%!"#$%/0-$’42%3&(6/4

&$<#(=##1%2<#"$%2(’$/2%0$k%&5(.{$"2’!56+, 72%&*’+,-%&#’(]()r8stuvwxvsyzs%(56+, {"(!"#332<#

3%"#337$3e)jj%2.#3%&$%%(*’+, 3%"#33-3&(72’!%&$%%&#’#!$%2<##))#1%()56+, 7$3!"#$%#"%&$’%&$%()

*’+,-’$.#/0%&#1${$=2/2%0()r8stuvwxvsyzs%(#’46"#*’+, 7$3"#/$%2<#/0=#%%#"8|&231(6/4=#"#)/#1%#4

)"(.%&#4#%#".2’#4<$/6#()$=(<#!"(6’4$’46’4#"!"(6’4’#%{"2.$"0{"(461%2(’89%{"#3#’%-"#/$%#4

"#3#$"1&$1&2#<#.#’%32’421$%#4%&$%%&#=2(/(!21$/7$03="(6!&%=03%"#33()36{#")/6(6356+, $’4*’+,

{(//6%2(’%({/$’%37#"#{"(=$=/0%&$%*)2"3%/0-/$"!#’6.=#"3()&#$<0.#%$/2(’3#’%#"#42’%({/$’%=(40

3($3%(423%6"=2’%"2’321=$/$’1#303%#. $.(’!2(’3-%(1$63#’(".$/=$""2#"(’3(.#$3{#1%3361&$3

$=3("{%2(’-%"$’3{("%$%2(’-{#’#%"$%2(’$’4"#!6/$%2(’()2(’-$’4%(.$+#.#%$=(/23. 423("4#"$h%,

3#1(’4/0-&#$<0.#%$/2(’31(.=2’#472%&’(’q$1%2<#!"(6{()3(.#${(#’:0.#32’{/$’%=(403($3%(

.$+#%&#.4#’$%6"$/2:$%2(’$h%,2’$442%2(’-$/3(3(.#3%6402’421$%#4%&$%/(’!q%#".#’"21&.#’%()56+,

$’4*’+, 2’{/$’%=(401(6/42’461#10%(/(!21{(23(’#))#1%361&$31&"(.(3(.$/$=#""$%2(’#%1$h%8|(36.

6{-%&#42))#"#’1#()#’"21&.#’%423%"2=6%2(’()56+, $’4*’+, 2’r8stuvwxvsyzs=(40$’4%&#2"’#!$%2<#

#))#1%%(#$1&!"(7%&2’4#;7$31#"%$2’/01$63#48|&#42))#"#’1#7$31/(3#/0"#/$%#472%&!#(1&#.23%"0

{"({#"%0()#/#.#’%-=$1+!"(6’41(’1#’%"$%2(’()#/#.#’%32’#’<2"(’.#’%-{&032(/(!21$/.#%$=(/23.

.#1&$’23. ()/2<2’!%&2’!3$’41(("42’$%#4#<(/6%2(’()/2<2’!%&2’!3$’4#’<2"(’.#’%$/#/#.#’%38

|6")!"$331(6/4"#461##’<2"(’.#’%$/{(//6%2(’%&"(6!&{$%%#"’3()4#1(.{(32%2(’-%"$’3)(".$%2(’$’4

#’"21&.#’%#%18|&231(6/44#1"#$3#%&#%(%$/$.(6’%(){(//6%$’%3#’%#"2’!)((41&$2’%(3(.##;%#’%-

$//#<2$%2’!%&#{"#336"#()#’<2"(’.#’%$/{(//6%2(’8-"(. %&23.#$’2’!-%6")!"$3323%&#)2"3%/2’#()

4#)#’1#)("{"(%#1%2’!#’<2"(’.#’%8f(2%33%640&$32.{("%$’%#1(/(!21$/%&#("#%21$/32!’2)21$’1#8|&"(6!&

%&#16""#’%3%640(’{"(!"#332<#3%"#33()56+, $’4*’+, %(r8stuvwxvsyzs-%&#.("#2.{("%$’%{6"{(3#3

7#"#%(.6$’%2%$%2<#/0{"(=#2’%(!"(7%&#))#1%$’430’%&#%21$/#))#1%=056+, $’4*’+, 3%"#33$’4%(#64!#

#1(/(!21$/%&"#3&(/41(’1#’%"$%2(’8|&#"#)("#-%&#3%6401$’’(%(’/0{"(<24#=$323)("r8stuvwxvsyzs

kjie/期 赵树兰等*56+,与 *’+,递进胁迫下高羊茅的初期生长效应及生态阈限研究

万方数据



!"#$#%&"#’(#()!*+ &(,-(*+ .’$$!"#’(/01#’(&(,#//#1&"#’(’2)!*+ &(,-(*+ 304&1056!"&$3’’220/

/020/0(702’/8!&$#"&"#90&(&$:3#3’23#;#$&//030&/7<=

>?@?A?BC?D

EFG H#&%I5J%7’()5K’(/!6#&L=M(2$!0(70’2&/6!37!$&/;:7’//<#%&0’(<0&9:;0"&$N-(&(,O6P!."&Q0&(,

1/’4"<’2RSTUVWXYZ[\VWZ]̂ _]\‘SaabXcS\bXdb̂UX=eaZ]\fdba5Fggh5ijk*lFm*lg=

E*G n’60/"o O5p#(,&q$0;=J,3’/."#’(r,03’/."#’(7<&/&7"0/#3"#73’2$0&,’(9&/#’!3":.03’23’#$=s]tb[d]WU]\Za

e[dT[UXX5Fgg*5uuNvPk*vlm*lw=

EvG -<&(1xyN张义贤P=z’{#7#":’2<0&9:;0"&$3"’|d[̂UVWtVaTZ[U=_c\ZfcbU]\bZU}b[cVWX\Z]\bZUN#()<#(030PN环

境科学学报P5Fgg~5u!N*PkFggm*w"=

ElG z&’K#N陶红群P5p#ypN李晓林P5-<&(1$pN张俊伶P=%."&Q0’2-(&(,),6:<:.<&0’2&(&/6!37!$&/

;:7’//<#%&$2!(&#N&=WdXXUZUP&33’7#&"0,4#"</0,7$’90/=_c\ZfcbU]\bZU}b[cVWX\Z]\bZUN#()<#(030PN环境科学学

报P5Fgg’5uiN"Pk"l"m"l’=

E"G x!IxN余国营P5o!xxN吴燕玉P5o&(1yN王新P=M;.&7"’2<0&9:;0"&$7’;6#(0,.’$$!"#’(’(3’:60&(

1/’4"<&(,#"3#("01/&"0,&33033;0("=}‘b]UXU(dV[]Zad)_YYabÛ scdadTSN#()<#(030PN应用生态学报P5Fgg"5*
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