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Abstract: Alpine meadows and shrublands are approximately 7X 108 hm- which is about 50% of the natural grasslands

on the Tibtean plateau and accounts for about 16.2% of the total grassland area in China. Alpine meadow is dominated

by Kobresia meadow, including K. humilis meadow, Potentilla fruticosa shrub meadow, Kobresia tibetica meadow, K.

parva meadow and K. pygmaea meadow. The average aboveground biomass of the five meadows was 354.2,422.4,

445.1,227.3 and 368.5 g/m2 , respectively, while the belowground biomass of 0-40 or 0-50 em soil depth was 3 389.6,

3 548.3,11 922.7,4 439.3 and 5 604.8 g/m2 .respectively. Their ratios of belowground and aboveground biomass were

10.55,10.15,27.82,14.82 and 15.21 respectively, which were much higher than that of the default value(2. 8±95%)

recommended by IPCC(2006). The belowground biomass or belowground net primary productivity was more sensitive to

the climate change and heavy grazing than above-grassland biomass did. Drought and heavy grazing decreased the ratio of
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belowground to aboveground biomass, even its value was less than 2 under extreme degradation conditions. Natural res

toration is possible for light or moderate degraded alpine meadow for 3- 8 years. However, it should be re-constructed

for heavy or extreme degraded alpine meadow due to soil quality decrease and poison plant species and weeds invasion.

Key words: alpine meadow; primary productivity; grazing; climate change; restoration of degraded alpine meadow
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Table 1 The area of the alpine meadows and its distribution

J~" OOtR Chm2 ) PJfU mOOtR Chm2 )

~IR Total area Available area
Province

fl. % fl. %

-W #iJ Qinghai 23208960 38.99 21070587 38.26

1!!f~ Tibet 25341714 42.57 24171816 43.89

1m )I[ Sichuan 9747057 16.37 8658466 15. 72

itm Gansu 1226847 2.06 1175202 2. 13

1tit Total 59524578 100.00 55076071 100.00
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Table 2 The distribution of the aboveground and underground biomass of main alpine meadows

:f;tlLt.ittfo/J. m:IJ\.(cm)
:fif!r/
:fif!r

:fif!:fll!{iLlt ~1&:
1jf[:fif!~~

Above- :fif!rit Under-
Under- fUffl7JA

*~Position
Altitude

Type
ground tfo/J. ground

ground/
Use

Source
(rn) biomass (g/m2 ) biomass

Above-
way

(g/m2 ) /level
ground

101°12' """"'101°23' E, 3 200 ~~1jf[rB 518.5 0,.......,50 11183.2 21. 57 ~*pJcttJ( .=£JB~~(1995a)

37 °29' ,.......,37 °45' N rt1t1jf[iEU 0,.......,10 5089.5

10,.......,20 2952.4

20""""'30 2594.5

30,.......,50 546.8

101°12' """"'101°23' E, 3 200 ~~1jf[1jf[iEU 321. 2 0,.......,50 2428.3 7.56 ~*pJcttJ( .=£JB~~(2004)

37 °29' ,.......,37 °45' N 0,.......,10 2048.3

10,.......,20 189.4

20""""'30 100.0

30,.......,50 88. 1

101°12' """"'101°23' E, 3 200 ~~1jf[1jf[iEU 418.5 0,.......,50 2578.0 6. 16 ~*pJcttJ( j:~~~(2005a, b)

37 °29' ,.......,37 °45'N 0,.......,10 2073.2

10,.......,20 226.9

20""""'30 180.5

30,.......,50 97.4

101 °12',......., 101 °23' E 3 200 ~~1jf[1jf[iEU 376. 1 0,.......,30 3185.6 8.63 ~*pJcttJ( .=£*)j!~(2003)

37°29' """"'37°45' N 0,.......,10 2953.8

101°12' """"'101°23' E, 3 250 ~~1jf[1jf[iEU 348.3 0,.......,40 2122.8 6.09 ~*pJcttJ( *~!¥~(2004)

37°29' """"'37°45' N

101°12' ,.......,101°23'E, 3 400 ~~1t£ 375. 1 0,.......,50 3377.6 9.01 ~*pJcttJ( )WJ $1$~ (2002a)

37°29' """"'37°45' N 0,.......,10 2881. 0

10,.......,20 329.2

20""""'30 124.0

30,.......,50 43.5

101°12' """"'101°23' E, 3 400 ~~1t£1jf[iEU 269.3 0,.......,40 2758.2 10.24 ~*pJcttJ( *~!¥~(2004)

37°29' """"'37°45' N

101°12' """"'101°23' E, 3 400 ~~1t£1jf[iEU 402.8 0,.......,40 4509.2 11. 19 ~*pJcttJ( *~!¥~(2006)

37°29' """"'37°45'N

101°12' """"'101°23' E, 3 600 ~l1J~1jf[ 368.5 0,.......,50 5604.8 15.21 ~*pJcttJ( .=£JB~~(2004)

37°29' """"'37°45' N 1jf[JJ.j{1t1jf[iEU 0,.......,10 5068.4

10,.......,20 418. 7

20""""'30 91. 4

30,.......,50 24. 1

98°48' """"'100°55' E, 3 840 ~~1jf[rB 371. 6 0,.......,30 12662.2 34.07 .E*)j!~(2004)

33°43' """"'35°16' N rt1t1jf[iEU 0,.......,10 8394.2

10,.......,20 2508.4

20""""'30 1759.6

98°48' """"'100°55' E, 3 856 Jftr~Mrt 335. 1 0,.......,30 3429.0 10.23 ~*pJcttJ( .E*)j!~(2004)

33°43' """"'35°16' N 0,.......,10 2845.3

10,.......,20 358. 7

20""""'30 225.0

98°48' """"'100°55' E, 3 927 IJ\~1jf[1jf[ iEU 288. 1 0,.......,30 4013.3 13.93 ~*pJcttJ( .E*)j!~(2004)

33°43' """"'35°16' N 0,.......,10 3446.2

10,.......,20 337.3

20""""'30 229.8

98°48' """"'100°55' E, 3 988 IJ\~1jf[1jf[ iEU 220.6 0,.......,30 3466.3 15. 71 ~*pJcttJ( .E*)j!~(2004)

33°43' """"'35°16' N 0,.......,10 2896.9

10,.......,20 469.8

20""""'30 99.6
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Table 3 The proportion of the aboveground and underground biomass of different

degraded or different grazing intensity alpine meadows

30 ~

:fif!JlI!1iLJi
Position

100°26' '"'-'43' E

34°17''"'-'25' N

101°12' '"'-'33' E

37°29' '"'-'45' N

98°48' '"'-'100°55' E

33°43' '"'-'35°16' N

98°48' '"'-' 100° 55' E
33°43' '"'-'35°16' N

~~
Altitude

(rn)

4 120

3 900

4 000

4 160

3 600

4 232

4 435

IJ\~1fi1fiiEU
(1998 fQ
1999 ~)

:fif!rittfo/J.
Above-
ground
biomass
(g/m2 )

371. 7

460.0

393.2

311. 0

282. 7

215.6

196.6

155.5

141. 4

163.5

122.4

87.8

123.6

83.5

173.2

132.2

0'"'-'40

0'"'-'40

0'"'-'40

0'"'-'40

0'"'-'40

0'"'-'40

0'"'-'40

0'"'-'40

0'"'-'40

0'"'-'30

0'"'-'30

0'"'-'30

0'"'-'30

0'"'-'30

0'"'-'30

0'"'-'30

0'"'-'30

0'"'-'50

0'"'-'50

0'"'-'50

0'"'-'50

0'"'-'40

0'"'-'10

10'"'-'20

20'"'-'30

30'"'-'40

0'"'-'30

0'"'-'10

10'"'-'20

20'"'-'30

0'"'-'10

m:IJ\.(cm)
Under
ground
biomass
/level

4811. 4

4621. 0

3761. 4

1815.6

533. 7

2778.6

2168.3

970.4

307.2

5009.6

4754.7

3830.8

3506.8

4948.8

4481. 6

3296.0

2803.2

4296.8

4823.8

2498. 7

1756.6

2294. 7

1413.8

442. 1

242.8

196.0

4555. 1

3896.0

472.0

187.1

4625.3

:fif!r/:fif!r
Under-
ground/
Above
ground

12.94

10.05

9.57

5.84

1. 89

12.89

11. 03

6.24

2.17

26.28

39.41

28.46

14.21

27.48

26.30

34.99

fUffl7JA
Use
way

*Jl!1t
$£J3tJl!1t
~ J3tJl!1t
:m:J3tJl!1t
~J3tJl!1t

*Jl!1t
$£J3tJl!1t
~ J3tJl!1t
:m:J3tJl!1t
/FpJcttJ(
$£ttJ(
~ttJ(

:m:ttJ(
/FpJcttJ(
$£ttJ(
~ttJ(

:m:ttJ(
$£ttJ(
~ttJ(

:m:ttJ(
~ttJ(

~*pJcttJ(

(:m:J3tJl!1t)

*~Source

)WJ*!$~

(2005)

xUf~~

(2005)

.~~~

(2005)

E1!~~

(2006)

£*j!~

(2004)

~~,1999)o ~15]FJ¥:£r~T 20%~50%,l!1t

Er~)]{~~TJm~tt~~f;r,~~tfL~~~m~Er~~

~ ,1J5iJJ~W_~)]{~~~~WfJt~~2 000 n hm";

~~&!¥t~~WT!§f~J¥:~~150 1Z kg, f§~ r 1 000
n$1(i{iI ()JJ~~~, 1995) 0

2. 1 :&"$l!Ml:~nioJ l:3~ ~~

£yg£~(1995d)xmtt 3 !¥/F[PJJJ{~5jOCiJ\~

Er~1iJfJt~lJll,ft~~~~J¥:J¥:1aJ~tf~~L(11 Ji 1
s ~iX!¥ 5 Ji 31 S) ,1:3xfR~(/FJJ{~)f§t~(:f:1f!LfU

0~50 cm:f:1f!r~4WJ£%JJtl~430 fU 950 g/m2),m

ocfU~oc~~~~T~L,~r~4WJ£~8%fU

25%iiti ,*~mOCfUf1ZOCJJ{~xf:f:1f!r~ 4WJ £ Er~~

~*r~~L~4Wl£~~~;W~OC~~OC~~~

L,:f:1f!r~4WJ£5t1t/F*,~3I~OCJJ{~&W~~ T
:f:1f!r~ 4WJ £ 5%;J~,{*L, mOCfUf1ZOCJJ{~~{f£ T:f:1f!
T 1:3:f:1f!L~4WJ£Er~ t~1ao W)JJ$1$~(2004)xmttxf

~a~~~J¥:1aJI~J¥:~~~18!¥~~~~~1iJf

Jt*~ ,~lfJJ{~5jOC Er~:E~*, :f:1f!L~ 4WJ£~lf lI[~

~~,/F~~~#r~~~a~~~~L~4WJ£~

642.2 g/m2
, W~OCJJ{~:f:1f!L~4Wl £~ 741.8 s/

m2
, 9=tOCJJ{~ 467. 8~503. 8 g/m2 ,mOCJJ{~ 370.2

~383.1 g/m2
0 *~~~(2004)1iJfJttfL~lJll,1:3*

l!1tEr~~J¥:J¥:1aJf§ t~ (:f:1f!L~ 4WJ£~ 460 g/m2
) , ~

ocl!1tfUmocl!1t Er~ J¥:~:f:1f!L ~ 4WJ £ %JJtl r ~ ¥U
250,180 g/m2

0 1:3 20 tlt~G 60 !¥1-\:f§ t~, /J\~ J¥:J¥:
1aJ~15]FJ¥:£ r~T 30% ,*WfJtJ¥:~Fml!1t(~
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~4 ~ (5Jmft~i!ft~~~iijm~~mttl!J:.~~.m.~~~X't ~t19tl (%)~ft

Table 4 The relative proportion of aboveground biomass of different degraded alpine meadows

Jl!1t5fjoc 1!t1jf[ 7f:1jf[ ~~1jf[ ~a~tt£ Ji.!fi!tvaJrttfo/J *~Degradation degree Sedges Grasses Forbs Potentilla fruticosa shrub Litter Source

/Fp)(4t 18.0 30.2 20.3 18.5 13. 14 ~1t~

$£OCP)(4t 18.8 28.3 22.3 19.5 11. 15 (1993)

~OCp)(4t 17.6 16.2 38.8 18.9 8.43

:m:OCp)(4t 14. 7 9.9 53.0 16.9 5.57

/Fp)(4t 7.5 52. 1 17.3 24.6 28.6 )WJ*!$~

$£OCP)(4t 7.7 40.0 9.4 42.8 22.6 (2004)

~OCp)(4t 1 8.3 25. 7 19.2 46. 7 31. 0

~OCp)(4t 2 9.4 17.0 40.4 33.3 23.0

:m: OC p)(4t 1 4.6 19.3 35. 1 41. 1 19.0

:m: OC p)(4t 2 1.9 15.3 63.8 19. 1 11. 9

$£ocJl!1t 72.4 17.5 10. 1 / / xlJf~~

~ocJl!1t 43.0 27.4 29.6 / / (2005)

:m:ocJl!1t 25.3 6.4 68.3 / /
~ocJl!1t 0.3 1.9 97.8 / /

~5 ~(5Jmft~!ft~~~iijm~~mttl!~~~.m.~

~~ X't ~t 19t1 ( %)&;It ttl!~ / ttl!J:.~ ~t 19t1 ( ffl~~~m )~ft
Table 5 The relative proportion of underground

biomass of different degraded alpine meadows

Jl!1t5fjoc 1!t1jf[ 7f:1jf[ ~~1jf[ *~Degradation
Sedges Grasses Forbs Source

degree

*Jl!1t 85.5 12.6 1.9 )WJ*!$~

$£ocJl!1t 82.3 14.2 3.0 (2005)

~ocJl!1t 78. 1 13.4 8. 5

:m:OCJl!1t 49.9 18.8 31. 4

~ocJl!1t 2. 7 9.4 87.9

$£ocJl!1t 82.9(14.76) 14.2(10.46) 3.0(3.73) xlJf~~

~ocJl!1t 78.1(31.16) 13.4(8.38) 8.5(4.90) (2005)

:m:ocJl!1t 57.4(14.84) 6.5(6.67) 36.1(3.46)

~ocJl!1t 2.7(9.43) 9.5(5.87) 87.8(1. 07)

.3S.~~, 1999) 0
~~, ~lf ~*~~ l!1tfioc Er~ 110 mu , t1f!L, t1f!

r~~£~~~~~~r~~~,mH~r~~£

r ~ Er~J!$£*, ~n 1:5*l!1t EJ:~ oc l!1t Er~ ~ 1M f§
t~, ~ocl!1t ,£OCl!1tfQflkOCl!1tEr~~1Mt1f!r~~
£r~T 1.33,2.86 fQ 9. 051if,}Am~~t1f!r/t1f!
L~~£~~m~~~~oc~~*millJ!r~(*

3)0 t1f!LJ~,~~£~JJ{~5jOCEr~:E~110~r~*IOCf§

xf~/J\, ~~*lJll1±ft~~~gllnX:Er~5t1tL, ~n~~

fQ~~~~~1±~OCl!~r5t~~*~~~~~~

fjtl~~EJf:E~110 ,{EL~lfl!1tfioc Er~:E~*,1!~~~Er~
t~fjtl**lr~,$~~Er~ t~fjtl**I:E~110(* 4,* 5)
()JJ*1$ ~, 2004, 2005; xU 1t ~, 2005; 15 ~~ ~ ~,

2006) 0 E8r~~~Er~t1f!r/t1f!L~~£ Er~ t~fjtl ~~

~~fQ~~Er~ 1/3~1/5, mH~~5t1t~lfl!1tfi

ocEr~:E~11om:E~*(xU1t~,2005)(* 6)0 ~~,~~~

~l!1t~~ t1f!T / t1f!L~~£ t~ fjtl ~{f£ Er~ ~~~~ 0
2. 2 OOt~~nioJl:3~~~

~~~~fQ~~~~~~*~~~~~~~1M

~~~~~o ~~~~~W_~~~~~~*~~

~~~~~~Z~, ~~t1f!~~~m~1t Er~ jXijj(o

1±~~F£Er~t1f!~,t1f!L~~£~ 37. 5~152. 5
kg/hm2(ft~£I~,2006)0 1998 !tf~,1XW_,Jm

Jrr,W~fQif~ 4 ~ ~~~~~lt, ~~WfJ~Jt

1.53X 107 hm", 21 W_ ~ ~ ~ t1f! PIfU m WfJ~ Er~

13% '1fil~~~g~ 1.32XI010kg,f§~r 748 7f ~gm

$Er~!tf*~£ (ft~£I~ ,2006) 0
~~Er~fiOC~JJ{~$:E~*fQ ~1Ml!1tfioc Er~ 110

£m:E~*(xU*f4~, 1991 ;xU1t~,2003) 0 ~lf~1M

l!1tfiOCEr~110mU, ~~~~Er~~~~ocfQ~~:tr~ u~
~~:E~110 ,~f;r, ~~~~~T*£n1J~~~1:5JJ{~

~m$-~~~~~f;r ,~Xf~1MEr~~~fFm ~~*lJll

1±~~m~m~~T±~~~,}Am~~T~1M~PI

fUmWfJ~o 1iJfJt*~, ~lf~1Ml!1t110£, ~~~~

~~r~Ji~~% nX:Er~ ±t1f!~~f (iX~*!t1f!) Er~~£~
~L3t,1±F£l!1tEr~~1ML,%nX:Er~~~fWfJ~~Jt

J~,~1MWfJ~Er~ 22. 9% (XU1t~,2003) 0 ~~,£OCJJ{

~~~T~1M~£OC~~~OCl!~,~~~~~fQ~

~r6}~~tlJi T mlL Er~~m~{lf: , rPJ at~~£110£ T~
1MEr~l!1t ,it~~%nX:"~±iXl"(xU*f4~, 1991) 0

OO~!t1f ,*r11,miLAI~t1f!~mJ1&PI ~~~:t

Er~~~~~~~,~nAI~t1f!Er~~~$Jt 95% ,,*A
I~t1f!Er~~~$tfLJt65% (_tlt~~, 2002; ~.3S. ~
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~, 2002;*w~~, 2004; xU XJf!f.~, 2007; 11iE~~,
2007)0 :J::f:~tf~(1995)xmtt 6 !¥Er~1iJfJtjtljll,fr3f

~1IJiElQl!itFm ~~a~3JlEr~ rWJ ~~1aJ JK***~fl
fU ~~~1fftl~£ffiitrif Jj!lQ (fAfJJXX ~ ,*~fllIr~ ,~ 1fftl
JJ{~~) ,1:3xfR~f§ t~ (~15]:f:{ftL~4WJ£ 180.8 g/m2),

:f:{ftL~4WJ£J!~ 6 !¥~15]1aJt¥U 369.2 g/m2
,~rWJ T

21if,±~~~rt ~7K~ t~ fjtl **1oc~ rWJ, £ffiitrifJj!
lQ ~rt ~ 7K~ t~ fjtl Jt ¥U 40% r<;» 60%, rmxf R~ JK jg
10%~15%; [Plat, ~~**~{f£o 6 !¥fl3] ,~m:~p
~lt:f:~11o~~te £ 2 882 t,~~ffit~Atettl t~ 1 : 80
2. 3 mft~~~tft'~~m:Mfi

2.3. 1 ~ i~#1f rWJ~l!it~~xmttlIr~!t1f1±1±

~M_~~rWJoc,mocfU~~~4Wl£$~~H*~

:f:~110 ,]Armt!Jc1tT /J\~ nm~L~4WJ~jjU~~ ~ ~~Er~

*WJ~\:f:1f!~m~{lf: ,{tl!it~~*~1~¥U~~:tt!Jc~, ~

JtnX:*{f£ ,£~fF, ~rm~rWJ~l!it~:f:1f!t!Jc ~fU ~~

~~rifJj!Er~m~mJ1&z ~ (J2Iila~~, 1994; tt:J:*
~, 1999; xU 1t ~, 1999, 2003; )JJ * 1$ ~, 2002b) 0
~.3S.~~ (2003) xf/F [Pl l!itfioc Er~ rWJ ~~1aJ!t1f~~
**~ ,xfr*l!itEr~ ~1aJrm1f, lIr!t 3 !¥, :f:1f!~J~'

~4WJ£1tit/F*,{g7K~Er~t~fjtl~~:f:~110,~~f4ft

4WJEr~ t~fjtl~EJr-r~;xfr~ocl!itEr~~1aJ,j~~ 3!¥
lQ~~~~4WJ££*~Jt~T*l!~~1aJ~*~,

H_~~~~H*T~;rm~ocl!~~~~M1f3

!¥lQ~~~4Wl££*Jt~~ocl!~~*~,@1:3*

l!itEr~f§ t~ ,1JJ~{f£ 40% ;xfrmocl!itEr~~1aJ,~

~!t1f 3 !¥:f:1f!~~4WJ£tfL:f:~11oT 68% ,{g~~*l!

it~1aJEr~ 40%,H_~~t~fjtlrWJJt 80%;3 !¥!t1f
xf"~±iXl"~l!it~ 1aJ JL * ~~»:): Er~~ nrftJ , :f:1f!~

~4WJ£~~*l!it~1aJEr~ 25%0 )JJ~~~(1986)

1iJfJttfLjtljll, xfr~ocl! it Er~~Jtj~~1aJ,~~tt 3!¥
~I*Er~ lIr~!t1f, lIr!t lQ Er~~~ ,~=fU~-=:!¥:f:1f!

~~4WJ£7tjjUjg 252. 1,297. 9 fU 364.1 g/m2
,1:3~

~ !¥ f§ t~, ~ = !¥ fU ~ -=: !¥ :f:1f!~ ~ 4WJ £ :f:~ 110 T
18. l%fU 44.4%; [Plat,7K~Er~ t~fjtltfLE8~~!¥Er~

34. 3%~rWJ ¥U~-=:!¥Er~ 60.2%, rm~~~YlU E8~*
Er~ 47. 5%T~¥U~-=:!¥Er~ 21. 9%0 rm)JJ*1$~

(2004) lIr~!t1f1iJfJt*~, xfrmocl! it Er~~a~
il}A~1aJJtti-T!t1f,£~PI~H*~rWJ~a~,7K~

fU~~fr~rt~~~~~~~rt~~~~4WJ£,@

l:3xfR~f§t~(71.9 g/m2),!t1f 5 !¥lQ:f:1f!~~4WJ£1X

~rWJ T 36.3%, i3t~ xfrmocl! it Er~ ~~, 1X 1X 1Ir
~!t1f ~1~XtJt¥U 'l9cJ!j~~ Er~ § Er~ Er~; [Pl at~iAjg

~r~~~rWJ~~a~il~~1aJ/F~JttBM1f,~

&~JttB~~~~m~~rWJ~~~~~~~~~o

~~:f:1f!, frW_ rWJ~, ~tf~~fUIfJ<~~ Er~W

~fUte~£~~,@E8r~tifr~tf~~~~~~

atfl3] (11 Ji ~iX!¥ 5 Ji )JL*~IfJ<~~Er~ 21if,fjf
~~~~~~tf~~tt~,~~l!~Fmofjf~lIr

~~~*~7tmfr~tf~~~o~~lIr~~~~lIr

/Fm, /FJtti-T ~:f:1f!t!Jc ~, YlU T ~te£/FJmtt 450 kg/
hm2,~xf1Ir~~ :f:1f! Jtt i-T~ JE Er~ t!Jc ~ fU~ Jj! , :ftn xtl1iJ!
~Et,7t JK~~, ~7t!t1f, *~fl, ~~, J1&~~, X ~

~,YlUT~te£PIJt 3 000 kg/hm2(~~:9J,1996;

2007; J1&m~~, 2007; )JJ*1$~, 2007) 0
2. 3. 2 ~}J~~12 ;fr~ft ~:f:1f!J1&~~~ t!Jc ~ l! it~:f:1f!Er~ m
~mJ1& ,J1&~~/F{g~~~~te£, rmH~~:tEr~t!Jc~~
~~~o rWJ~~1aJ~JKE8r~~~,±~~~4WJm

,t~~~~ ,±~11ffr~~jJrWJ ,{gJ!~:t$f7t1jtM/F)£, ~~
J1&~~Er~~:t*~~1it~Ho £JI3£~(1995b)xmttxfFm

l!it Er~~Jtj~~ 1aJ Er~ j~~1iJfJt jtljll ,fit re ( [MJ 1&~ tJJ
ttl 2~5 em 1*),*~fl(¥t11Jt~~,~:c~fU~:f:1f!lfL
~7K*/F[Pl t~fjtl1iit)fUJ1&~~(*~fU=~~~ 75,37. 5
kg/hm2)PI~ ~~:t Er~ '19c J! j~~i~ l! it~ 1aJ , 1:3 xf R~
(237. 9 g/m2)f§t~,J1&~~fUfltre+*~fl+J1&~~~Jj!7t

jjU~rWJ T :f:1f!~~ 4WJ £ 23. 7%fU 71. 6%,{gxf:f:1f!T ~
4WJ£~nrftJ/F*(3 ~~Jj! 0~30 em :f:1f!T~4WJ£7tjjUjg

773.2,815.4 fU 713.6 g/m2 ,H 86%~90%15]7t~fr

o~10 em),]Arm~{f£ T:f:1f!T /:f:1f!~~ 4WJ £ Er~ t~1a (~

J£ 3 ~~Jj!:f:1f!T/:f:1f!~t~1a7tjjUjg 3.25,2.78 fU 1.
88)0 ~@mJ1&±~fJEJttT~rt~7K*f4ft4WJEr~ t~

fjtl ,fW1fftl T~~~ Er~~*jt1f , /F1Xt!Jc1t T ~:f:1f!ft4WJ

~rtEr~~llnX:nX:7t,~rWJ T~~~~fU{tmlfl1a, rm H
Jt¥UT~4WJ~~_~~Er~ § Er~ 0 ~f;~~jtljll,xfrF

ml!itEr~rWJ~~1aJ ,1X1XlIr~!t1f~:t*~~1it~~~0 xm
ttxf~~~~rff~:t~7tfJf*~ ,fltre+*~fl+J1&~~~Jj!

£~fj~£*Er~~rWJ:f:1f!~~4WJ£ ,{gt~A tfL*,fjf ~t~
Ate ttl t~1JJ~t~1X1XJ1&~~~Jj!Er~{f£,:ftnlW~&t~A 1
5GPI:f:~te~~T4WJ~ 20.5 kg,tettl 4. 1 5G(~atlfl

f'*),rmlQ~7tjjU jg 33.2 kg fU 6.6 5G (£J13 £~,
1995e) 0

5*flt*~ (1986) jtljll, xfrFml!it Er~~Jtj~
~1aJ ,6 Ji {)tJ1&~~ PI~H*~ rWJ :f:1f!~~ 4WJ £ 30 %~
60%;1:3xfR~f§t~(280. 7 g/m2),J1& 75 kg /hm2*
~PI~:f:~te 80%tr:tl ,:f:1f!~~4WJ£Jt¥U 555 g/m2o
~G.ill?tt (2006 )1iJfJtjtljll, xmttxf"~± iXl"~ l! it/J\
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~~~ 1aJ Er~ J1& ~~ iJ\;~ * ~ (8 ~ J1& * ~ ~ Jj!: 0,
37.5,75,112.5,150,187.5,225 fU 262.5 kg/
hrn") , l££ffiit~mJ~'~ 4WJ £ fU 7K~~ 4WJ £ xfJ1& ~~&
MEr~£1iffLL,1Aj]:&t1!J1&~~£j] 150 kg/hm2,2!¥

~15]~~*PI%jjtl:E~110t1f!LJ~'~ 4WJ £fU7K~~ 4WJ £ 2
883 fU 1 770 kg/hm20 ~~~(2007)jtljll,1£~tf

rWJ~~1aJ (~Pt~~~)~JMLJ!~ 7 !¥1X1XJ1&~~~

at ,~~T4WJ~$MOClI[~r~ ,{EL**~rWJ T7K~

!-frt~ Er~ t~fjtl ,1'£J1&~~~ 30 g (NH4)2 HP04/m
2at

t1f!L~4WJ£lI[~~rWJ,~xfR~~Jj!(338. 5 g/m2)Er~

1. 231ifo 1££ocl!1t~1aJL*mJ1&~~,*~fl¥t11Jt

~~fUJ1&~~+*~fI3 ~mJ1&,~~**~ ,xfR~~Jj!t1f!

L~4WJ£~~ 52 g/m2
(1!~~~t~fjtl~~ 11%),rm

J1& ~~, *~ fl ~ lkJ1& ~~ + *~ fl1tt1f!L~ 4WJ £ %jjtl Jt ¥U
153.2,340.4,472.8 g/m2,1! ~~~%jjtlJt¥U 42%,
59%,68%(~.3S.~~,2002)0 J1&~~~atfBJ ~ 7 Ji L
1Uj]lr,J1&~~£~ 150~300 kg *~/hm2 j]lr,1:3xf
R~ (~15]1a 306.9 g/m2)f§ t~, i~J1&~~~Jj!PI~l!1tEr~

/J\~~~1aJt1f!L~4WJ£~rWJ 499. 5~522. 7 g/m2,~

rWJ T 62. 8%~70. 3%(~.3S.~~,2003)0

~r~OCfU~OCl!~~rWJ~~1aJM~OOM~~

j] ±~mJ1&,~ocl!1t~JM~~!t1f2~3 !¥epPIj~

~¥U~)]~it~~,rm~ocl!1t~JMYltl1W~5~8 !¥at fBJ ,
19~n*~~it*~flfUJ1&~~, Yltl j~~J!$~110JI9c ()JJ~~
~, 1986 ;£yg£~, 1995,2004; ~.3S.~~ ,2002,2003;
5**I~~, 1998,2003; )JJ*1$~, 2003) 0 xfr£OCfU
~ocl!~~rWJ~~1aJ,ffir~~~4Wl!-frt~~~~~

~~~~~,tt3~~~~~**B~~~1W~~!¥

~~q~*,EJf~ 16\®f* mAI£ m Er~ mJ1& ,*~~it$ ~
~~~fUJ1&~~~mJ1&*1-Tj~~,xmttmiLAI~*A

I~~~mJ1&~~£moxmtt2!¥~$~~~~~

~*~, PI~~~:t~rWJt1f!L~4WJ£fU1!~~~ Er~ t~

fjtl ,1:3xfR~f§ t~, 1! ~~~t1f!L~ 4WJ £kA 94. '8 g/m2

:E~11o¥U 223.4 g/m2
(~.3S.~~ ,2002) 0

xfrj~~Er~l!1t~1aJft~ ,Mi~~1-TJGtl JK~~,

miL~~~~~ocfU~~~~~~OC,~~~m$

j] 45 %~55%j]lr ,Jt~IfJ<~JMEr~~lrJJ{~5jOC
j] 2.41 $/hm2

,~tf~JMj] 1.87 $/hm2
,~!¥~

15]JJ{~5jOCj] 1.05 $/hm2,
m*Er~~JMWfJ~j] 1 :

1.16;rPJ at~1!1t m!-f~~#J ,~ rWJ -Bt m t~ fjtl ,:E~ 110~
m~ili~$fU~~$,*~~JM~~~mfUtt~~

r1f~JE1~~jt~()JJ iL~, 1995c; jfXWT~~, 2000) 0
£yg£~(2004)1iJfJt*~ ,xmtt 6 !¥xf'\~±

iXl"** 5 ~/FrPJ Er~j~~fU£mmJ1&(*l!1t~~~

~1aJ ,¥t11Jt~~+~t1f!lfL~7K(2 : I)AI~t1f!,¥
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