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摘要;通过对中国北方羊草草原生物量动态B生物量垂直空间格局及其与环境因子相互关系等主要产量生态数量特征的

模拟与内在相关性的研究2结果表明2草地地上生物量的生长规律呈C单峰D型2最大地上生物量出现在 E月 F日2其值为

"?8G7HIJK!干物质2而后下降>在达到峰值前2符合 0/HLMNLO模型2进一步分析模型有关特征值获得了草地有效管理期为

返 青后的第 87天到第 ""?天等十分重要的产量生态信息参数A生长季内地上生物量动态与前一个月的平均气温6PQ

#GE!E8:和积累降雨量6PQ#GE?7!:均呈极显著正相关2这是实施科学水肥管理的重要参数>而地上部生物量最大绝对增

长 速 率6RSP:出 现 在 =月 !#日 至 8月 F日2平 均 为 7G7F77HIJK!ITK"干 物 质>而 地 上 部 生 物 量 最 大 相 对 增 长 速 率

6PSP:出现在 F月 !#日至 =月 F日2平均为 #G#==!HIHK"ITK"干物质>在生长后期绝对增长速率和相对增长速率均出

现负值2这表明地上部生物量的生长效率在生长初期最高A地上生物量垂直空间格局由下向上呈幂函数变化2其模型为;

UVQWXY2其中 ?7Z的产量集中在 9#OJ以下2这对不同的家畜的选择利用与刈割利用提供了依据>不同种群对草原牧草

产量形成的作用是不同的2羊草种群对草原牧草产量形成的正向效应最大2因此以建群种羊草的高度B盖度和密度特征

为指标建立起来的牧草产量非破坏性预测模型2是一种简单可行B预测准确的好方法2其预测模型为;UWQK"=?G8797[

#GE7=E\[#GE=7"][7G=!7"̂>地下生物量垂直空间格局由上至下呈负幂函数变化2其模型为 U_QW6]["#:KY2而且

在 生 长 季 内 地 下 生 物 量 的 变 化 不 明 显2只 是 到 秋 后 有 所 增 加2其 中 在 #@7#OJ深 度 中 地 下 生 物 量 占 总 地 下 生 物 量 的

88Z@E!ZA根据这样的产量生态信息参数2在考虑相关根系问题的生态改良时2则深度在 #@!#OJ即能达到良好的改

良效果A该项研究的意义在于获得羊草草原有关重要的产量生态信息参数2为建立优化管理方案及合理利用草地提供科

学依据A
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A.")B",BI./".-"AB$,@)+./%dR./B"*"’.%,.$,)@)++,%%)6QG,@#KR=")B./%<<‘./B"*I./%;")"+%;%).

;%"A$,%-"A./%;&A.%’’%(.@!%")B%(&)&;@(0
pqrstu vwxyz{q|}yw~qzq{t|tz!}w"y#}!|}${y%tsyxqry&t#zy’w%r}y{q!!

(&).%). 7 4 ? 9K ) ST9;"D Th l< lK jh l;"D 1
U0VWXYZY[X[ <<_0K<e_O0eNNd R0ROdR R0__Kc** KOd0deRc <0‘_NN dN0< dc <<_ e‘ _‘ <cc

+%A&G/*.@(/%,CA<e_0KcKRO0cRKK R0ROdc R0_deN** ON0RKcN K0<cdd _N0c dR <<‘ c‘ _c <<K
(&;;$)@.* KKe0‘RcNO0‘_NN R0R‘dc R0__Nd** <<OK0ce‘R c0dd_R <ed0e ‘O <Re c_ NO <<e

uau Q)"#*A@A&’"C&!%+,&$)BC@&;"AA@)(,%"A%,$#%")B@)’&,;".@&)G",";%.%,A

J/%AG%%B&’C@&;"AA@)(,%"A%")BB%(,%"A%/"A(#%",B@’’%,%)(%@)B@’’%,%).A."+%A&’+,&-@)+A%"A&)0

f)&,B%,.&")"#*A%./%!",@"C#%#"-&’C@&;"AAI"CA&#$.%+,&-./,".%6ST9=")B,%#".@!%+,&-./,".%
69T9=&’C@&;"AA",%"B&G.%B.&B%A(,@C%./%!",@".@&)0

Nc 生 态 学 报 KK卷

万方数据



!"#$%&’()*$+’,*-’(.#’,(/-*.-"%(*-’($0-"$/()*$&12".$3-##’$’.3(4.’#2.00(*(1’.-%0$*3&%-.#

56789:;9<=:#’-12#0$*".$3-##4<*(>*(#(1’#’.3(=?1’,(0$*3&%-4567.#-"#$%&’()*$+’,*-’($0

-"$/()*$&12".$3-##42:.#2.00(*(1’.-%$0-"*$/()*$&12".$3-##@2<.#2.00(*(1’.-%$0’.3(=A$2(’(*3.1(

’,(.1#’-1’-1($&#)*$+’,*-’($0-"$/()*$&12".$3-##.#/(*B2.00.C&%’+.’,$&’’(#’(2(D&.>3(1’#-3>%.1)

$01$12(#’*&C’.$1=?1>*-C’.C-%+$*E4.’.#(-#B’$C-%C&%-’(’,(-/(*-)(-"#$%&’()*$+’,*-’(2&*.1)’.3(<F

’$<FGH41-3(2-#567=A,(3$*(’,(’.3(#$0#-3>%.1)4’,(#,$*’(*’,(.1’(*/-%$0’.3(4-12567I567
J.1#’-1’-1($&#K=

567J<FGHL <FK8
:FGHL :F
<FGHL <F

:FGH-12:F+(*(’,(".$3-##-’’.3(<FGH-12<F*(#>(C’./(%B=A,(".$3-##/-%&(#J:K2(’(*3.1(2.1

(-C,>(*.$2$0)*$+.1)#(-#$1-12#-3>%.1)’.3(J<K+(*(>&’.1’$’,(0$*3&%--"$/($1("B$1(4-"#$%&’(

)*$+’,*-’($0’$’-%".$3-##$0M=NOFPQPRFR>$>&%-’.$143(#$>,B’.C,(*"#-12C$33&1.’BC-1"(C-%C&%-’(2
JA-"%(SK=T*$3’,.#+(C-1#((’,-’.1(-*%B#>*.1)4"(C-&#($0%$+’(3>(*-’&*(42*BC%.3-’(-12B$&1)

>,$’$#B1’,(’.C$*)-1#$0>%-1’#4567/-%&(+-#/(*B%$+@’,(1-%$1)+.’,’(3>(*-’&*(+(1’&>-12>*(U

C.>.’-’.$1.1C*(-#(24>,$’$#B1’,(’.C$*)-1#2(/(%$>2-B"B2-B4567/-%&(*$#(D&.CE%B=A,(’$’-%%-++-#

’,-’"(0$*()*$+.1)#(-#$1".$3-##.1C*(-#(20-#’4*(-C,(23-V.3&3-’0%$+(*>(*.$24’,(1C$1’.1$&#%B

2(C*(-#(2=

W0C$&*#(4567$1%B*(0%(C’(2’,(*-’($0".$3-##.1C*(-#($*2(C*(-#(>(*’.3(>(*-*(-=?’C$&%21X’

*(>*(#(1’)*$+’,(00.C.(1CB$0+,.C,>%-1’.#,.),=T$*(V-3>%(4$1(>%-1’H)M=NOFPQPRFR#((2%.1)-12$1(

>%-1’HY)3-’&*(.12./.2&-%4.0’,(B)-.1(2H)+(.),’-’#-3(>(*.$24’,(.*567/-%&(#+(*(’,(#-3(4"(U

C-&#(567+-#$1%B*(%-’(2’$Z:-12Z<4.**(%(/-1’+.’,’,(+(.),’$0>%-1’.’#(%0=?10-C’4’,(*(+-#-

%-*)(2.00(*(1C("(’+((1’,(’+$.12./.2&-%#X>*$2&C’./((00.C.(1CB4’,(0$*3(*+-#[’.3(#3&C,%-*)(*

’,-1’,(%-’’(*=?1$*2(*’$*(0%(C’>%-1’X#>*$2&C’./((00.C.(1CB4’,(C$1C(>’$0*(%-’./()*$+’,*-’(+-#.1U

’*$2&C(2’$*(/(-%#(-#$1-%2B1-3.C#$0$*)-1.C3-’’(*X#>*$2&C’./((00.C.(1CB.1M=NOFPQPRFRG 3(#$>,B’.C

,(*"#)*-##%-12=A,(#$UC-%%(2*(%-’./()*$+’,*-’(J767K$0".$3-##+-#$*)-1.C3-’’(*X#)*$+’,*-’(

>(*>%-1’.1>(*)*$+.1)’.3(=!CC$*2.1)’$’,(%-+$0>%-1’)*$+’,-122(/(%$>3(1’4*(%-’./()*$+’,*-’(

$0".$3-##+-#-.1#’-1’-1($&#/-%&(/-*.-"%(-#)*$+.1)’.3(=?’C-1"((V>*(##(2.1’$2.00(1(1’.-%0$*3\

7678 H;:]9:;9<=:.#".$3-##@9:;9<.#/-*.-"%(*-’($0".$3-##’$’.3(=

^12(*#.3.%-*C.*C&3#’-1C(#4%.3.’(2"B#-3>%.1)C$12.’.$1#4.’C-1"(.1/(*’(2.1’$-/(*-)(0$*3\

767J<FGHL <FK8
%1:FGHL %1:F
<FGHL <F :4<-*(’,(#-3(-#-"$/(=

T*$3A-"%(S4".$3-##X*(%-’./()*$+’,*-’(J767K$0M=NOFPQPRFR>$>&%-’.$143(#$>,B’.C,(*"#-12

C$33&1.’B+(*(%-*)(.1(-*%B#’-)($0$"#(*/-’.$1=_&*.1)’,(>(*.$24%(-/(#+(*(*(%-’./(%B%-*)(4>,$U

’$#B1’,(#.#+-#/.)$*$&#4$*)-1.C3-’’(*-CC&3&%-’(2+-#3&C,4"&’C$1#&3>’.$1+-#*(%-’./(%B%.’’%(=

!0’(*’,-’4767/-%&(2*$>(2-#+-/(4’.%%’,(#(C$12-12’,(%-#’’(12-B#$0!&)&#’4.’->>(-*(21()-U

’./(/-%&(#=A,.##,$+(2’,-’*(%-’./()*$+’,*-’($0-"$/()*$&12".$3-##$0)*-##%-12,-2*(#’*.C’./(*(U

%-’.$1#,.>+.’,*.>(2()*(($0>%-1’#-12C$1#&3.1)2()*(($0*(>*$2&C’./()*$+’,$1>,$’$#B1’,(’.C>*$2U

&C’=‘1’(*.1)*(>*$2&C’./(>(*.$20*$31&’*.’./(>(*.$24$+.1)’$*(>*$2&C’./()*$+’,1((2(2’$C$1#&3(

-)*(-’2(-%$01&’*.(1’4>%-1’#+(*(#,$*’$01&’*.(1’’$)*$+4#$-#’$3-E(*(%-’./()*$+’,*-’($0

".$3-##2*$>=

[SH期 多立安等\中国东北羊草草原生长季内产量生态模拟及信息参数应用

万方数据



!"#$%& ’()*+,-./,0.12"34)()*+,+.1,0.12453"6789:;"#:<%=>:?34#7:6"99

@ABC
DAE/F

GHIJCK

HIJCK

GHIJC/F

HIJC/F

GHILEK

HILEKG

HILE/F

HILE/FG

MI+NK

MI+NKG

MI+N/F

MI+N/FG

OCPNK

OCPNKG

OCPN/F
QNRSTUVUWTW XYZ FN[/KF FN\]FF 1N/FFF 1N]K̂^ FN]K[̂ 1N_/[\ .FN[̂1̂ .FN‘][\

ZYZ FNF]__ FNF_1[ FNF̂K‘ FNF̂ 1̂ FN1]K[ FNF1KF .FNFF[̂ .FNF11/
DCabPcEBdecCfgaXYZ FNKF[̂ 1N\/[\ /N1K̂^ 1N__FF 1N1[/K ./NK/[\ FN1K[̂ .FN]/[\

ZYZ FNFK/] FNF[‘/ FNF̂‘̂ FNF1\_ FNF11̂ .FNF/\_ .FNFF/1 .FNF11\
hb--IJdBE XYZ 1N1̂1̂ /NKF[\ N̂̂K̂^ N̂/‘̂^ /NF1]] .1N1FFF .FN_\KF .1N\_FF

ZYZ FNF[[/ FNFK\/ FNF̂]1 FNF/̂\ FNFFKK .FNFFK] .FNFF/\ .FNF1F]

ij& @EJA-deabklCfBdeALaPABdALPABBCfJbkAgblC+fbIJ0gdb-AaaAJ0ad-ILABdbJ

mfb-nAgLC_oBcCPCApaBA+CbkAgblC+fbIJ0gdb-AaabkQNRSTUVUWTWq -CabPcEBdecCfga+fAaaLAJ0

APPCAfC0dJMI+IaBrdBccCfgA+CcCd+cB\FG]Fe-NncCA0-dJdaBfABdlCaBfIeBIfCbkEdCL0dJCAecaBA+Cbk

bgaCflABdbJgAadeALLEAffAJ+C0AasPEfA-d0tBEPCNncCEdCL0ABBcCgbBBb-rAaBcCcd+cCaBodJFG1Fe-o

BcCCAfLEBrbfCaILBa-A0CIPAgbIBK\j‘u AJ0__j[u bkBbBALEdCL0o-d00LCBcfCCfCaILBaAgbIB/\j[uo

1̂j_u AJ0 K̂j/uoBcCLAaBBrbfCaILBaAgbIB/[j/u AJ0_\j]ujKKu bkEdCL0rAaebJeCJBfABC0gCLbr
/Fe-o‘̂u gCLbr_Fe-BcABrAaBcC0daBfdgIBdbJfAJ+Cbk-baBPLAJBavLCAkLAECfNwJBcCPCApbk+fbrdJ+o

dkBcCA0-dJdaBfABdlCaBfIeBIfCbkCAecPbPILABdbJ0daBfdgIBdbJrAaAJALEaC0orCebIL00daeblCfBcABBcCfC

rCfCeb-PLCBCPbPILABdbJagCLbr1Fe-o-baBAJJIALPLAJBarCfCdJBcdaLAECfNDCabPcEBdecCfgarCfC

-AdJLE0daBfdgIBC0gCLbr_Fe-NwJBcCPCApbk+fbrdJ+ogEAJALEadJ+BcC0daBfdgIBdbJbkcCfgA+CvaLCAk

EdCL0oaBC-EdCL0AJ0kLbrCfCAfEdCL0dJCAecLAECfoebJeLIadbJebIL0gCbgBAdJC0xaBC-bkPLAJBrAa-baB

dJCAecLAECfgCLbr F̂e-oLCAkgCLbr_Fe- AJ0kLbrCfCAf-AdJLEAgblC/Fe-NncCAgblC+fbIJ0EdCL0

!"#$%y z%"9:3"$453"6789:;"#:<%=>:?34#7:6"99<%>{78"$9|"{7"$|"{{%>3:;{}%=>"99$"348:66?37{5*+,-./2

~AECf

*e-2

HIJC//

~CAkOBC-mLbrCf

HILEK

~CAkOBC-mLbrCf

HILE/F

~CAkOBC-mLbrCf

MI+N_

~CAkOBC-mLbrCf

MI+N1‘

~CAkOBC-mLbrCf

OCPN_

~CAkOBC-mLbrCf

OCPN1‘

~CAk OBC-

\FG]F 1NK
[FG\F FN[ FN̂ FN/ 1N̂ FN1 FN1
KFG[F FN̂ FN̂ 1N‘ 1N‘ FNK 1N\ FN_ FN_ FN̂ FN/ FN/
_FGKF FN/ FN/ 1N_ N̂/ 1N[ FN] KN̂ 1N\ FN\ /NF FNK 1N̂ /NK FN/ FN̂ FN]
F̂G_F FN̂ FN/ _NK 1N1 FN̂ 1[NF /N_ FN[ 1_N\ N̂F FN‘ 1/N[ 1N] FN] 1\N_ 1N\ FN] _N\ FN_
/FG F̂ N̂‘ 1NF FN] 1̂N‘ /NK FN[ _̂N/ ]NK 1N/ ^̂N_ KN/ F̂N\ [N[ FN] ]̂NF [N̂ 1]N1 1N/
1FG/F1[N[ N̂‘ 1NF /‘N\1FN1 FN̂ _FN̂ //N1 _‘N̂ 1KN̂ FNK _FN‘1[N] K̂NK1̂N\ _KN/ \N]
FG1F //NK1[NF FN/ /KN̂ /[N[ 1[NK _̂N[ /‘N[ /̂N] 1̂N\ /̂NF 1‘NK//N1 K1NK 1\N‘

!"#$%! "#|:3%3{7"$;?38{7:36:4%$:;{}%

8:66?37{59{>?8{?>%453"6789

@ABC $C+fCaadlCC%IABdbJ Z &

HIJC// ’1(1‘N_/K])FN̂ \̂] FN‘1[[* K
HILEK ’/(/1N̂K1F)FN_/‘/ FN‘/][* K
HILE/F ’̂(1_N1̂_/)FN[_‘̂ FN‘̂\K** \
MI+N_ ’_(//N‘‘F‘)FNK/]\ FN‘/]‘** ]
MI+N1‘ ’K(1]N‘K̂\)FNK]_F FN‘K/_** [
OCPN_ ’[(1FN__]‘)FN[]]F FN‘̂‘‘** \
OCPN1‘ ’\(/KN‘/\_)FN_\/‘ FN‘̂\[** K

aBfIeBIfC0EJA-deabkeb--IJdBEdJCAecaBA+CAJ0A0-dJdaBfABdlCaBfIeBIfCcCd+cBeb-PLdCardBcfC+fCa+

adbJ-b0CLbkPbrCfkIJeBdbJNM-bJ+rcdec’Uda

gdb-AaardBcdJFG,e-LAECfokdBBC0fCaILBaacbrC0
*nAgLCK2BcABebCkkdedCJBabkebffCLABdbJrCfCALL

-bfCBcAJFN‘1oA-bJ+rcdecBcCfCrAaaBfdpdJ+

0dkkCfCJeCA-bJ+HIJC//oHILEKoOCPN1‘obBcCfkdB+

BC0fCaILBaALLfCAecC0lCfEaBfdpdJ+aBAJ0Af0N

ijy MJALEadabJdJkbf-ABdbJPAfA-CBCfbkEdCL0C+

ebLb+E%IAJBdBEecAfAeBCfdaBdeaAJ0CaBAgLdac-CJBbk

JbJ0CaBfIeBdlC-b0CL

F_ 生 态 学 报 //卷

万方数据



!"#$%& ’()%"**%+*%,,(-%%./"0(1)123"()

414/$"0(1)56133/)(078,./")0(07

69"*"60%*(,0(6,"):"#1-%+*1/):#(13",,

;<=>?=> @A=?BCC?DC?EEAF??GHB>A<= I

JKLMMNOPQRSTNUPVRW PNMMXPYY

ZN[\]̂_̂‘]‘ JKLOVNPUUOSRNaTaRb PNQMVTYY

JKLOaPNPQQMSaNPRUOc PNQTVTYY

JKUONOPUPSUXNOVVOW PNXaRP
dNefgh_ffgi]‘JKTTNPMTQSUUNXQXRb PNaTUR

JKOUaNTRQRLUNQVaUc LPNMRVQYY

JKLONaXaUSTNUUMaW PNQQOOYY

;jHE>?C?kDCBEEJKUaTNRRPRLUNOVUPb LPNPORP
JKaOUNMOORLUNMXPOc LPNMMaXYY

;<llH=A>m JKLRTNPMXTSONRRPRb PNQVOUYY

JKLaXXNMXVUSPNOOQUc PNRUMMY

K̂Q5IPNPXKPnTTT5IPnPUKPnRQM5JAEBo<F?DC<H=k

oA<lBEEpDqlLar5W AEs?ADs>ptlr5bAEt<F?Cuk?u

DC??pvr5cAEk?=EA>mpwjB=>E<CtjHE>?CEqlLar

x=BjmEAE<=jA=?BCC?DC?EEA<=<ylBA=w<wHjB>A<=5

t<llH=A>m8EGHB=>A>mtsBCBt>?CAE>AtEB=kBo<F?DC<H=k

oA<lBEEA=ZN[\]̂_̂‘]‘S l?E<wsm>Ats?CoEDCBEEjB=k

Es<z?k>sB>ZN[\]̂_̂‘]‘w<wHjB>A<=8Es?ADs>5t<F?Cuk?u

DC??B=kk?=EA>mGHB=>A>mtsBCBt>?CAE>AtEsBkw<EA>AF?

jA=?BCt<CC?jB>A<=zA>sBo<F?DC<H=koA<lBEE5>s?ACt<u

?yyAtA?=>EC?Bts?k?{>C?l?jmE>CA|A=DE>B=kBCkp}Boj?
TrN}sAEA=kAtB>?k>sB>ZN[\]̂_̂‘]‘w<wHjB>A<=sBk

t<lwj?>?jmw<EA>AF??yy?t><=y<ClB>A<=<yBo<F?DC<H=k

oA<lBEEN;<F?Cuk?DC??B=kk?=EA>m<yt<llH=A>mz?C?

BjE<w<EA>AF?jmC?jB>?k><Bo<F?DC<H=koA<lBEE5B=k

C?Bts?kE>CA|A=DB=k?{>C?l?jmE>CA|A=DE>B=kBCk5oH>

>s?t<CC?jB>AFA>mzA>soA<lBEEzBEj<z?C>sB=>sB><y

ZN[\]̂_̂‘]‘zA>soA<lBEEN}s?t<CC?jB>AFA>m<y<>s?C

w<wHjB>A<=E8GHB=>A>mtsBCBt>?CAE>AtEzA>sBo<F?DC<H=k

oA<lBEEz?C?Bjjj<zBEBzs<j?5l<C?<F?C5A=kAFAkHBj

tsBCBt>?CAE>AtsBk=?DB>AF?t<CC?jB>A<=zA>soA<lBEEN

}sAEEs<z?k>sB>>s?E?w<wHjB>A<=E=<><=jmsBk

ElBjj?C?yy?t>>sB=ZN[\]̂_̂‘]‘w<wHjB>A<=<=y<ClB>A<=<yBo<F?DC<H=koA<lBEE5oH>BjE<sBk=?DB>AF??yu

y?t><=y<ClB>A<=<yoA<lBEE><Bt?C>BA=k?DC??N~=jmyC<lk?=EA>m5A=>s?zs<j?DC<zA=DE?BE<=5>s?k?=u

EA>m<yZN[\]̂_̂‘]‘w<wHjB>A<=sBk?{>C?l?jmE>CA|A=Dw<EA>AF?t<CC?jB>A<=zA>soA<lBEEpPnQTVTr5dNefghu

_ffgi]‘B=ktjHE>?C?kDCBEEsBk=?DB>AF?t<CC?jB>A<=zA>soA<lBEEpLPnMRVQ5LPnMMaXrN!=BkkA>A<=5A=

DC<zA=DE?BE<=5>s?CB>A<<yZN[\]̂_̂‘]‘w<wHjB>A<=8EoA<lBEEA=><>BjoA<lBEE>?=k?k><A=tC?BE?5Es<zA=D

>sB>A=>s?t<llH=A>m5BE>s?wC<j<=D<yDC<z>sw?CA<k5EHw?CA<CE>B>HE<yZN[\]̂_̂‘]‘w<wHjB>A<=A=u

tC?BE?kE<BE><A=tC?BE?A>Ew<EA>AF??yy?t><=y<ClB>A<=<yoA<lBEE5><kC<w>s?E>B>HE<ydNefgh_ffgi]‘B=k

tjHE>?C?kDCBEEA=>s?t<llH=A>m5E<><k?tC?BE?>s?>s?AC=?DB>AF??yy?t><=y<ClB>A<=<yoA<lBEEN;jHEu

>?C?kDCBEEzBEk<lA=B=>Ew?tA?E<y>mwAtBjtjHE>?C?kDCBEEDCBEEjB=kpE>?ww?r"dNefgh_ffgi]‘zBEA=kAtB>?k

wjB=><yDCBEEjB=kk?D?=?CB>A<=N}s?C?y<C?5A=C<<>E><t|ZN[\]̂_̂‘]‘S l?E<wsm>Ats?CoEl?Bk<zDCBEEu

jB=k5dNefgh_ffgi]‘B=ktjHE>?C?kDCBEEz?C?=<>w<EEAoj?><k?F?j<wz?jjjA|?ZN[\]̂_̂‘]‘w<wHjB>A<=5<>su

?CzAE?A>zBE<=jmEBAk>sB>C?DC?EEAF?EHtt?EEA<=<ttHC?kA=>s?DCBEEjB=kNx=BjmE?E<=t<CC?jB>A<=<y

GHB=>A>mtsBCBt>?CAE>AtEB=kmA?jk<ylBA=w<wHjB>A<=E5Ew?tA?EDC<HwB=kt<llH=A>m<yZN[\]̂_̂‘]‘S l?Eu

<wsm>Ats?CoEDCBEEjB=kA=kAtB>?k>sB>A=t<llH=A>m5>s??yy?t><y?kAyAtB><uZN[\]̂_̂‘]‘w<wHjB>A<=<=y<Cu

lB>A<=<ys?CoBD?mA?jkzBEw<EA>AF?N#<A==<=k?E>CHt>AF?wC?kAt>A<=wC<t?EE<ys?CoBD?mA?jk<yZN[\]̂_̂u

‘]‘S l?E<wsm>Ats?CoEDCBEEjB=k5A>AE?BEm><>sA=|<ysBFA=D>s?s?ADs>pWr5t<F?Cuk?DC??pbrB=kk?=u

EA>mpcrtsBCBt>?CAE>AtE<yZN[\]̂_̂‘]‘w<wHjB>A<=zsAtszBE?kAyAtB><A=t<llH=A>m<yDCBEEjB=kBEA=k?{?E

><E?>Hw=<=k?E>CHt>AF?wC?kAt>A<=l<k?j<ys?CoBD?mA?jk<y>s?DCBEEjB=kN}s?wCBt>AtBjC?EHj>wC<F?k>sAE

w<A=>><<N$A>>?kt<?yyAtA?=><y>s?l<k?jC?Bts?k?{>C?l?jmE>CA|A=DE>B=kBCk5>s?C?EHj>t<=y<Cl?k><wC?u

tAEA<=k?lB=kp}Boj?RrN}s?l<k?jzBEJKLUTQnRRVOSPnMOTMWSPnMTOUcS OnTaOUbpIK

PnQQXUYY5%KUTQnPVMVrNxl<=DlB=mwC?kAt>AF?l<k?jE<ys?CoBD?mA?jk5E<l?C?jB>?k><lB=m?=FAu

C<=l?=>BjyBt><CEzsAtsz?C?kAyyAtHj>><k?>?ClA=?B=k=??k?ksADsuwC?tAEA<=A=E>CHl?=>B=kt<lwjAtB>?k

B=BjmEAEN!=BkkA>A<=5sBFA=D><>BjGHB=>A>mtsBCBt>?CAE>At<y>s?t<llH=A>mBEA=k?{><E?>Hw=<=k?E>CHtu

>AF?wC?kAt>A<=l<k?j<ys?CoBD?mA?jk=??k?kl<C?Bl<H=><yz<C|>sB=sBFA=DGHB=>A>mtsBCBt>?CAE>At<yB

A=kAFAkHBjA=t<llH=A>mBEA=k?{><E?>Hw>sB>NxjE<>s?y<Cl?CzBEHEHBjjm=<>wC?tAE?o?tBHE?>s?C?

UVU期 多立安等&中国东北羊草草原生长季内产量生态模拟及信息参数应用

万方数据



!"#"$%$&’()*%+,*+)-".%//&+*)0!-*.--(1+"2()*3""44".)%+)-"4%#/()*%+%4-"#5(2"0*"’167!*+2)%

)-"+"2()*3""44".)%4)-","$%$&’()*%+,8)-"(..&#(.0!-*.--(1)%)(’9&(+)*)0.-(#(.)"#*,)*.%4.%//&+*)0

(,*+1":)%$#"1*.)-"#5(2"0*"’11#%$"16;+)-".%//&+*)0%4)-"2#(,,’(+18)-"$#".*,*%+%4)-"0*"’1$#"<

1*.)*3"/%1"’=.%"44*.*"+)>?@ABBC!-*.-!(,,")&$-(3*+2)%)(’9&(+)*)0.-(#(.)"#*,)*.%4.%//&+*)0(,*+<

1":!(,.’"(#’0’%!"#)-(+)-()%4)-"/%1"’=>?@@DBC!-*.-!(,,")&$-(3*+2"1*4*.()%<E6FGHIJIKHK$%$<

&’()*%+9&(+)*)0.-(#(.)"#*,)*.(,*+1":6

L"(,%+(’10+(/*.,%45*%/(,,*,’*/*)"150/(+0".%’%2*.(’4(.)%#,*+2#%!*+2,"(,%+6L%,)&10%+

0*"’1".%’%20*+4%#/()*%+$(#/")"#,%4*)*,(3"#0.%/$’*.()"1$#%5’"/6M-#%&2-(+(’0N*+20*"’1".%’%20

*+4%#/()*%+$(#(/")"#,83"#0$#".*,"+%+1",)#&.)*3"/%1"’!(,,")&$6;)/(1"0*"’1".%’%20*+4%#/()*%+

$(#(/")"#,%4’%2*,)*.,"(,%+(’2#%!)-*+)-*,,)&10*+%+"2#%!*+2,"(,*+/%#",.*"+)*4*.(+1!*1"’0&,"16

OPQRST UVSWSXYWZ=./C8[S\VXZ]=$’(+),̂ /_‘CP\[abcSde[SYdSS=fCbgh6ijklmlnkn

obopRPZXb\ZbSVZXqPZSPQbcSYdbp\[QXbqPVVbgabqqp\XZ]=2̂ /_‘C

r()" s(0‘> t&+"D t&+"‘> t&’0D t&’0‘> u&26D u&26‘> L"$6D L"$6‘>

v"*2-) Bw6@ ‘>6‘ xw6y x@6x ww6D wB6D w>6y xz6z x‘6z

r"+,*)0 BAA By> Bzw ‘Bz ‘‘‘ ‘DA ‘D> ‘x‘ ‘‘D

{%3"#<1"2#"" y6y @6D BB6D B@6D x>6D x>6z x>6> ‘y6‘ ‘w6‘

|"(’3(’&" @6A ‘y6y AD6x BBD6A BAD6> B@y6x Bz>6z Byx6‘ Bwy6x

},)*/()"13(’&" Bx6@>AD ‘z6xBDD D@6yyzy B‘B6@Dz‘ BA@6ABAB B@y6Dxz> Bzz6y@BD BAB6D‘BB Bx@6Dz@x

~?! r0+(/*.,(+1,*/&’()*%+%43"#)*.(’,$()*(’$())"#+%4&+1"#2#%&+15*%/(,,

M-"&+1"#2#%&+15*%/(,,%42#(,,’(+1.%//&+*)0!(,1")"#/*+"1)!*."*+,&//"#=u&26BAC(+1)-"

"+1%4(&)&/+=7.)6BAC6M-"#",&’)=M(5’"zC,-%!"1)-()&+1"#2#%&+15*%/(,,3"#)*.(’,$()*(’$())"#+

(,#"3"#,""$0#(/*1#)0$"6

OPQRS$ U\[SdYdbp\[QXbqPVV[XVZdXQpZXb\bgZWSYdPVVRP\[=2%‘D& ‘D& B>./xC

’(0"#=./C
u&26BA

("*2-)%4

’*3"#%%)

("*2-)%4

1"(1#%%)

("*2-)%4

)%)(’#%%)

u&26BA

("*2-)%4

’*3"#%%)

("*2-)%4

1"(1#%%)

("*2-)%4

)%)(’#%%)
>)B> ‘@6y B‘6z w‘6D xD6B BD6D D>6A

B>)‘> B>6@ x6x Bw6‘ B>6y x6D Bw6‘

‘>)x> y6D B6‘ z6y y6‘ B6x z6D

x>)w> A6z B6> y6z D6B >6@ A6>

w>)D> x6x >6D x6z x6B >6D x6A

D>)A> ‘6> >6x ‘6x ‘6B >6x ‘6w

A>)y> B6wD >6‘ B6AD B6x >6‘ B6D

y>)z> B6xD >6BD B6w >6y >6B >6z

z>)@> B6B >6BD B6‘D >6w >6>y >6wy

@>)B>> >6y >6B >6z >6x >6>D >6xD

M%)(’ Aw6y B@6y zw6w AA6> ‘‘6w‘ zz6w‘

;+,&//"#=u&26BAC8)-"&+1"#2#%&+15*%/(,,*+>)x>./,%*’<’(0"#!(,B>wA6w2̂ /_‘8/(1"&$

yy?w@f %4)%)(’#%%)(/%&+)6;+)-""+1%4(&)&/+!*)-(5%3"2#%&+1$’(+)!*)-"#*+2=7.)6BAC8)-"&+<

1"#2#%&+15*%/(,,*+>)x>./’(0"#!(,BBy‘?z2̂ /_‘8/(1"&$z‘?@f %4)%)(’#%%)!"*2-)6*".(&,"

)-",%*’*+>)x>./’(0"#*+)-*,#"2*%+!(,$%#%&,8!*)-(5&+1(+)+&)#*"+)8#%%),0,)"//(*+’01*,)#*5&)<

‘w 生 态 学 报 ‘‘卷

万方数据



!"#$%&#’()*!+,-.%#$/0120034’5#(()*!+6+55%7!#8&%5$(*4)"!.9::;<2= )$"2>;2= 5?%5%)(+55%

7!#8&%,@$%&!7&5(!"!%!+4#$!""!9%&0120034’5#(()*!+6(#A!+55%7!#8&%)335.$%!"?5+>B;BB= )$"

"!)"+55%:/;/C= #$’.44!+,@$%&!!$"5?).%.4$DE3%,2BF7#%&9()$%7#%&!+#$86(#A!+55%4)"!.9
>C;BC= )$""!)"+55%:<;/B=,G+54%&#’6(#A!+55%5?’.44!+DH.8,2BF7)’45+!%&)$%&)%5?%&!!$"

5?).%.4$DE3%,2BF,I&!%5%)(7!#8&%5?(#A!+55%DH.8,2BF7)’3549)+!"7#%&%&)%5?E3%,2BDJK

0;0<F,H(’5%&!%5%)(7!#8&%5?%5%)(+55%DH.8,2BF7)’3549)+!"7#%&%&)%5?E3%,2BDJL0;0<F,I&!

+!)’5$7)’%&)%’54!!)+(*’9+#$8)$$.)(9()$%’M+55%’7!+!"!)"#$%&!!$"5?).%.4$,@$’.44!+DH.8,

2BF6#$0120034’5#(()*!+6.$"!+8+5.$")A!+)8!%5%)(+55%7!#8&%9!+)+!)5?8+)’’()$"3544.$#%*7)’
2/<0;C8N4O:6P.%#$%&!!$"5?).%.4$DE3%,2BF%&)%7)’2C2C;>:8N4O:67&#3&7)’BC,/:89!+

’Q.)+!4!%!+45+!%&)$%&)%#$’.44!+DE3%,2BF,I&#’’&57!"%&)%#$%&!!$"5?).%.4$DE3%,2BF7#%&

9()$%7#%&!+#$86)P5A!8+5.$"$.%+#!$%%!$"!"%545A!%5+55%’69+!9)+#$8?5+9()$%’’.+A#A#$8%&!7#$%!+,

R5.$"!+8+5.$"+55%7!#8&%#$%&!!$"5?).%.4$DE3%,2BF7)’45+!%&)$%&)%#$’.44!+DH.8,2BF6)S

45$87&#3&+55%7!#8&%#$3+!)’!"4)#$(*"#’%+#P.%!"#$012034’5#(()*!+695’’#P(*P!3).’!+55%5?!"#?#S

3)%5ST,UVWXYXZWZ4)#$(*"#’%+#P.%!"#$’&)((57()*!+6)$"T,UVWXYXZWZ959.()%#5$$!!"!"45+!$.%+#!$%%5

+!’#’%(5$8)$"35("7#$%!+,I&!"#’%+#P.%#5$5?.$"!+8+5.$"P#54)’’5?8+)’’()$"3544.$#%*A)+#!")’![S

95$!$%#)(?.$3%#5$,I&!45"!(’7!+!\]2̂ :<B:;2CC_D‘a20FO2;>020Db̂ O0;c_BBdd6e^20F#$’.44!+

DH.8,2BF6)$"\]:̂ <:C2;2Bc_D‘a20FO2;c/0:Db̂ O0;c><cdd6e^20F#$).%.4$DE3%,2BF,\]#’%&!

+55%7!#8&%5?"!9%&f‘6‘a20g#$)+!)"!%!+4#$!",H((+!)3&!"![%+!4!(*’%+#h#$8’%)$")+",

i;j k)%!+6&!)%35$"#%#5$’#$8+57#$8’!)’5$)$"%&!#+35++!()%#5$7#%&)P5A!8+5.$"P#54)’’

@$8+57#$8’!)’5$6!??!3%#A!7)%!+6&!)%35$"#%#5$’3)$9+5A#"!)"A)$%)8!’?5+9()$%8+57%&)$""!S

A!(594!$%)$""+*4)%%!+)33.4.()%#5$,-!%7!!$l.$!)$"H.8.’%67#%&&#8&!’%%!49!+)%.+!)$"45’%

9+!3#9#%)%#5$69()$%’5?T,UVWXYXZWZa 4!’59&*%#3&!+P’3544.$#%*7!+!#$(.’&8+57%&,I&!#+P#54)’’

#$3+!)’!"Q.#3h(*)$"+!)3&!"4)[#4.4#$%&#’9!+#5",-.%#$?5+4!+)$"()%!+’%)8!5?8+57%&)$""!A!(S

594!$%6P!3).’!5?955+7)%!+6&!)%35$"#%#5$’69()$%’8+!7 ’(57(*5+’%599!"8+57%&)$"7)$!"
DP#54)’’"+599#$8F,@$8+57#$8’!)’5$6)P5A!8+5.$"P#54)’’"*$)4#3’5?3544.$#%*7)’5$![%+!4!(*

’%+#h#$895’#%#A!35++!()%#5$7#%&)A!+)8!%!49!+)%.+!Db^0;_:_>F)$")33.4.()%!"9+!3#9#%)%#5$Db^

0;_c/:F5?%&!?5+4!+45$%&DI)P(!cF,-*"!%!+4#$#$8%&!’5#(45#’%.+!67!3)$5P%)#$%&!35$3(.’#5$)’

?5((57m)’%&!"!9%&#$3+!)’!"6%&!’%)P(#%*5?%&!’5#(M’7)%!+35$%!$%5?%&!8+)’’()$"#$3+!)’!"6%&)%7)’

#$"!!9’5#(5?:01/0347)%!+35$%!$%7)A!"(!’’%&)$%&)%#$201:034"!9%&7&#3&7)A!"(!’’%&)$%&)%

#$012034"!9%&,@$)""#%#5$6%&!35++!()%#A#%*5?%&!’5#(7)%!+35$%!$%5?%&!.$"!+()*!+)$"%&!)P5A!

()*!++!)3&!"’%+#h#$8’%)$")+",I&!35++!()%#A!35!??#3#!$%5?201:034)$":01/0347)’0;>:C/dn%&)%

5?012034)$"201:0347)’0;>_>>d;-.%%&!35++!()%#A#%*5?%&!’5#(7)%!+35$%!$%5?!A!+*5%&!+()*!+

"#"$M%+!)3&’%+#h#$8’%)$")+",R5)()73)$P!35$3(."!"m9+!3#9#%)%#5$35$%+5((!"’5#(7)%!+35$%!$%5?

)P5A!()*!+7&#3&35$%+5((!"’5#(7)%!+35$%!$%5?.$"!+()*!+#$01/034,I&!35++!()%#A!)$)(*’#’5?7)S

%!+35$%!$%5?!)3&()*!+’5#(601/034’5#(()*!+)$")P5A!8+5.$"P#54)’’’&57!"$5’%+#h#$835++!()%#A#%*

P!%7!!$%&!4,

I&+5.8&59%#4#o#$8’%."#!’5$35++!()%#A!’#4.()%#5$6?)3%5+’7&#3&(#4#%!"’!)’5$)("*$)4#3’5?

P#54)’’7!+!"!?#$!")’7)%!+)$"%!49!+)%.+!6)$"35++!()%#A!45"!(5$’!)’5$)("*$)4#3’5?)P5A!S

8+5.$"P#54)’’)$"7)%!+%!49!+)%.+!?)3%5+’#$8+57#$8’!)’5$7)’’!%.9,I&#’$5%5$(*9+5A#"!"$!3!’S

’)+*3549(!4!$%?5+%&)%*#!("!35(58*#$?5+4)%#5$9)+)4!%!+’5?(58#’%#3’!)’5$)(8+57%&&)"7#"!4!)$S

#$8’6P.%)(’54)"!%&!)99(#3)%#5$5?*#!("!35(58*#$?5+4)%#5$9)+)4!%!+’45+!’3#!$%#?#36!’9!3#)((*#$.’S

#$8*#!("!35(58*#$?5+4)%#5$9)+)4!%!+’%54)$)8!7)%!+)$"?!+%#(#o!+5?8+)’’()$",

/C2期 多立安等m中国东北羊草草原生长季内产量生态模拟及信息参数应用

万方数据



!"#$%& ’()%"**%+*%,,(-%%./"0(1)12"-%*"+%0%34%*"0/*%5678"99/3/$"0%:

4*%9(4(0"0(1)5;7120<%21*3%*31)0<"):9133/)(0="#1-%+*1/):#(13",,5>7

?@ABCAB DEACFGGCHGCIIEJCCKLFBE@A M

NJCGFHCBCOPCGFBLGC@QBRCQ@GOCGO@ABR >STUVWXYVZ[\UYXYVVU6 ]X̂ẐV_
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DiG L&)3tlp王启基q8L&)3L up王文颖q8N$)3vOp邓自发q/w+$29)&-(!4"15("-&44&)2’+$&%%"!&’(")"1$)$#B

39()s%,()$M"5#$4(&-$&2"*!"--.)(’($48J&(5$(#$3(")"1t()3+&(,#"6()!$/x;U\P<XUR?;RVRW=;\y=>=;\p()f+(B
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