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The alpinc 1】 cadow donlinated by K@;rc‘ J口 plants bclongs to one of thc typica1 zonal vc-

gctation on Qinghai-Xizang platcau.  It is adaptcd to thc scvcrc alpinc climatc and its specia1

structurc and function aFe part of an alpine nleadoW Cσ osystcm~ It is thc major nutritio△

sourcc and productivc basc for thc dcvcloprncnt of aninlal husbandry on tbc plateau.

1’ d likc to ∶prcscnt an outlinc On th.e study of thc p.rinlary prodtlction at th.c I· Iaibci

IR.cscarch station of ~Alpinc Mcadow E.cosystcm Carricd out fron】  1976 to 1985.

Thcrc arc about 300 spcrnnatophytc spccics at Haibci Rcscarch station of Alpine iM【 cadow

Eco.systcn】 , aluong 、vhich therc arc 49 Fanlilics and 164 gcncra. 
·
rhc m.ai1】 familics arc CyP。 -

'夕

rCCc, Co`刀

`口

fffcC, c· /σ″访勿
`口`, L.eg″ `″

.j″。‘召夕, R0彳劣
`ac```ccc口

c CtC.  
·
rhcrc arc 。ver 20 dominant

specics Ⅵ̀llich havc thc charactcristics of coldrcsistailcc and bClong to rncsophytic, pcrcnnia1

hcrbaccOus plants.  
·
rhc d。Fninant spccics of alpinc shrubland arc  z9c‘ 氵

`乃

or夕  fr″
`|cosc  and

s四

`,J o/``rcp乃

口 w.hich along·with s`3氵 /日矽口口″KI‘ f`c。ct)clong to cndcluic spccics on Cyngllai~Xi~

zang platcau.  
·
rhe d。 rninant spccics of alpine lneado、 vs arc pcrennial hcrbaccOus plants ol

gcnus Ko″
'召

J`‘
·,suCh as Ko莎 /钌 |口 `沾″ic口.als。  spccics cndcmic on Qinghai-Xizang plateau,

which is a dominant in swamp nlcadows.Ko沙 厂钌 切  `'g″ 口c口,K.r日

`|′

ffo′ ′c and K.乃 ″″

``订
、、̀hich rcprcscnt thc floral clcn1ents of ccntral A.sia or sino-I-Iilnalaya, arc thc dominant spccics

of alpinc mcado职`s.  Most of the con】 panion spccics, thc floral clcnacnt of sino-【
Īin】alaya or

arctic-alpinc, such as I'口
`,cFd ``′

,c`氵夕‘7' Po`,go″
``″

, Vf夕 fpc/`‘ ″’, r乃 口

`ic`r″

″  口

``,″

Jf″a. s`jp‘ 7 口

``-
C刀C aIld.Koc`er|四  ‘/`‘

`口 `c,、
ȟiCh are warna slcppc clcnlcnts, also play an important rolc in al-

Pinc meadows.

1. irhe (c·。mposition of the iPrincipal Vegetation Types

〈1)  z’夕f|P乃 orc r```J`|co‘ ‘7 alpinc shrubla】ld

E)c‘ |p乃o'@ ∫/'`氵 cof。  shrubland is widest)read in thc study arca, This typc is found on

flat ground, alluvial fans in thc foothill, rivcr tcrraccs, and north facing hill slopcs, usual-

ly at clcvations 3150-3800 m as1.  The soil is alpinc sllrubland.rncad.ow soi1.  
·
rhc d。minant

spccics, D· 口s```,o'口  //```|cofc is about 30—
—40 cm.highi thc covcr of the comInunity is 60-

70%. 
·
I·hcrc arc usually 15-25 spccics pcr f. Within thc shrubland oftm occur n△ ixtu1-cs of

spccics ``hich predonlinatc On flats such as rrippop`ac召  `汤
`侈

c,c刀口 and on north facing hiII sl。 ~

pcs such as sc′丿l· o'``/矽 P乃 c、 sp|r‘Ⅰ召口 口J`J″‘:, and (’口'`g口
″日 氵″犭″口.  

·
I·hc accornpanying hcrba-

CCous plants arc Po`y8(,刀
`‘

″: V氵 ″氵

`σ

r″″  and F矽 ,```c口  /`‘莎
'口

.

(2) K沉9r“ f四 乃″″7``订 alpinc mcadow
Κo3rcJ`口  `::`,刀

``t is a1so a w·

idcsprcad alpine n△ cado`v typc in thc study area.  
·
rhis 】n.eˇ

ado、v typc is ll△ainly found on flat ground, foothi11, and partly sunny, partly north sloI)cs.
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Thc soil is alpinc mcadow soi1. Thc cover of thc columunity is 60-90%,and 2o-30 spc~

cics can bc found in IIll’ .  
·
rhc d。Ⅱlinant spccics is KD莎

'纟

‘

`口

 乃
``″
氵
`氵

f, and thc c。 Inpanions
arc&:`cc``C″ 夕'Κo召″/杨 c/if″`c,ε

`,`,,防

J″″′′″s,and many forbs,Ko侈 76氵c has a soft tcxturc
and a high nutritional valuc.  1··his typc of pasturc is often dcgradcd by ovcrgrazing and by

thc rodcnt disturbanccs.

(3) ε′y″刃‘″刀σ″。mcadow
The typc is widely d,istributcd 。n flat ground.  It is a secondary succcssion vcgctation

typc 、vhich dcvclops aftcr a disturbancc t°  thc primary vegctation.  
·
rhc spCcific spccics cOIn-

position and structurc dcpcnd on thc dcgrcc of damagc and thc succcssi0n stagc.

(4) B`y‘″″s s`″ oco`,,`''‘ ‘″‘ or Ko沙 r“叼
`|3c`|c口
 swaInp mcad。 w

This luxuriant typc can bc found in Inarshy I° 、冫lands near lakcs and rivcr.  'rhc s。 il is
swamp mcadow sol1. The spccific composition of this vcgctation type is sin,plc;  most of

plants arc hygro t。  nlcsophytes.

o·thcr vcgcmtion typcs includc a Ko侈 rcJi召 P'g″口c四 mcadow and a Ko沙
'“
ic ccp``Iroric

meadow.

⒉ The PHhury Production of the mah Vegetation Types

Wc measurcd thc primary production of thc main vcgα ation typc dominatcd by D口 sfp切 ~

`口
//″
`访
of口,Ko莎 r召‘ic乃″″J`订,and E`y″″f″ :‘

`口

″‘,and of an ar0ficial grassland dominatcd
by ε
`y″

9〃f″″C河.The biomass was mcasurcd by pcriodic harvcsts in pl。 ts undisturbcd bˇ
grazing (grazing exclosurcs).
·
I·hc rcsult show.ed that the aboveground l)i。 n1ass of all four vcgctation type  incrcased

“̀ ith thc ground inoisturc and tcmpcraturc during thc gron`ing scason and with thc continuing
grOw9th and dcvclopmcnt of plants,  trhc tirnc 。F the pcak biomass valucs was different in
diffcrcnt vegetation typ· cs.  A.ftcr thc pcak, bio】 】.ass gradually dccrcascd 、vith plant scncscc-
ncc.  The bclowgr。 und biomass of roots 、vas |hc highcst aftcr the withcring of thc abovcgro~
und parts.

Listcd bcl。w arc thesc standing crop valucs. D口 ‘氵
`乃

orc //:‘
`′

co‘口 shrubland w· as thc hi-
ghest(1692.1g/rni· yr.,dry wcight),aritificial grassland of ε

`y″

″f ″″
`口

″了 Was 1owcr (831.4)
along with E`y扔″‘″″

`c″
‘(600.8)and Ko多 /c‘

`″

乃″勿

``订

madow was thc lowcst (772.9). Only
abovcground nct producti。n can be uscd by tllc domcstic aniInals.  ·rhc nct abovcground pro~
duction valucs lvcrc thc roll。 、̀ ing:  

·
rhe Inaxirnunl occurrcd in thc ariticifial grassland of

ε

`y〃
'f″
″
`日

″‘ (515.0),thc E`y勿 ″￡ ″″功 ″F mcadoW was 258.2, thc K· oar“ |c乃″″,``订 mcad。 w
was 190.3,and thc miniInun1 0ccurrcd in thc Dc‘

``乃

口
'口
/r`″氵c0了口 shrubland (176,1).

`V·

c havc als。 bccn studying the annual and scasonal bionlass dynamic in J(o莎
rcf|口 乃

`r`″

丿
`fflncado$` 、vhiCh 、vas not affcctcd by grazing, in an cnclosurc. ·rhc rcsults showcd an obvious

scasonal dynatnic of b° th abovc and bclowground bioinass.Thc thrcc groups oF hcrbagc(gras-

ses, scdgcs, and forbs) diffcrcd in thcir growth ratc and 、vatcr contcnt pcrcentage  of the
total bionlass; thcse diffcrcnccs 、vere rclatcd to the diffcrcnccs in thcir cco~biological fcatu~
res.Thc minimunt of thc abovcground production was 296.66g/m2.yr.in 1980 and thc 

】1axi-
nluna was 403.O iin 1984.

1·

·
hc scasonal dynarnics of abovcground bion1ass、

vas rclatcd to thc scasonal dynan1ic tcn)pc~
raturc.  

·
I′hc annual fluctuation、 vas rclatcd t° thc Inoisturc and tcΠlpcraturc diffcrcnccs bc~

twccn ycars. Thc bclowground bioinass of roots was thc Iowcst during the Flowcring pcriod

in July and the highest bcfore thc b`ithcring in scpteInber. 'rhis w·
as rclatcd t。 thc high uti~

lization of thc plant organic Inatter rcccrvcs by the flo、
vering and intensc growth.  After the

pcak gr。wth, thc~9utricnt n1atcrial ,w· as transportcd t°  thc ro。 ts,  .Thc bclowground bion,ass
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of thc root systcn】  、vas diffcrent in diffcrent soil layers.   90,7% of thc root system 、vas con-

CCIltrated in the upper O-lO cm soil laycr.  1.his l″
·
as Corrclatcd 呐 th thc n】 orc favorable in(卜

isturc, tenaperaturc, an(I.ncxt to tllc surface acration.  
·
rhc rati。  of live and dcad.roots variC(三

during thc growth and dcvclopn1cnt.  1·
·
hc nlaxirnu】 n proportion of live roots occurred during

tllc flolvcring pcriod, and thc 】nininaun1 bcforc thc withcring·  pcriod.  1·
·
hc nct production of

thc root systcm was the lowest 〈525.26g/m2· yr.) in 1982 and thc higbest (796,0g/mlyr.) in

I983.  
·
rhc nct bclowgr。 und production was 1 37-1.98 tiFnes llighcr than ngt abovcgrouild

production.  1· hc abovc and bclo、 vground standing crop ratio was 1;5-8.
·
rhesc rcsults rcflcct thc adaptation of alpinc plants to thC sCVcrc conditions of thcir en-

v1ronrncnt.

1· hc bionlass of standing dcad gradully Gccrcascd after long cold wintcr; its nilliFnun】

(158.0g/m2· yr,) occurcd in mid-Miarch, Most of thc standing dcad was consumcd by thc do

m.CstiC animals. Thc bi。 mass of littcr was thc lowcst during thc pcriod of initia1 growth.

3. The I’ lant lCaloric Content and theˉt1tilization Rate of lsolar Energy

In formation for the rnodcl of cncrgy flow, wc havc mcasurcd thc caloric contcnt of the

】llain plants, vcgctarion types, and of the main plant groups at diffcrcnt phcological stagcs

iFl thc alpinc Ko沙
`eFi四
乃9‘″:``订 mcadow. `Vc dctcrinincd the caloric valucs of 69 spccics. Thc

caloric valuc of shrubs (4950.0 cal/g, ash-frcc) 、̀as highcr than the value of herbaceous plan-

ts.  
·
rhc cvcrgrccn shrub (5345.85) had values highcr than thc dcciduous shrub (4950· 0)·

scdgcs wcrc (4643· 84) highcr than grasscs (4555· 37)  Ediblc forbs (4542· 77), (〉 ccasionally

cdiblc, and non-dciblc f° rbs(4549.23),and poisonot△ s and othcr othcrwisc harmful  plants

(4561· 33) had slighly highcr valucs than thc avcragc value for grasscs and forbs.  The bigb

plant caloric contcnt in alpinc rncadow·  is corrclatcd with thc strong solar radiation at thc

high clcvati° ns of thc platcau, caloric contcnt of the main vcgctation typcs l评as the follow~

ing: Koaresf口 乃″
`冫

9′′if mcadow (4780· 9) was highcr than I9csip办 。
`口
 /r″ :icosσ  shrubland

(4672· 20); thC E′ y″″‘ 刀〃
`口

″s mCadow (4644· 60)and thc B`yJ`,,″ ‘‘氵″oCo`,,`'召“″‘sWamp mca-

dow (4575·50) wcrC thC lowcst,
·
rhc study of thc caloric content of thc inain plant groups at diffcrent phcFlo1ogical stagcs

of thc Ko沙
'召
s`c 乃

`″ `″

|`订 nlcado、v showcd tllat:

The caloric contcnt、 Vas highcr during thc flo、 冫ering period for all thrcc groups (grasscs,

scdgcs, and forbs), during this pcriod, thc plants wcrc growing at thc nlost vigorous ratc and

wcrc accumulating inost organiC n)attcr.
·
rhe ratc 。f thc abovcground utilization of solar cnergy in thc Koare‘ id 乃9``,,```‘  nlca(iow

was only O.094%, which was only O.1-0.5%lowcr than thc avcragc for tcrrcstrial plants.

4. A.natomical Characterlstics of Cs and C‘ Plants in .Alpine△ Ieadow·g

`V·

c havc studicd thc anatOInical charactcristics of thc lcaves of 51 sp· ccics.  AccOrding to

Kranz structurC and othcr charactcristics,wc tCntatlvcly classificd scvcn specics of C/夕
`冫

9′″CC饣

as C.plants:彳 gropyr@刀 cr订
`σ`c,彳

″
'″
/@`召

`;'`″

″

`c‘

y‘

`夕

c乃 ,‘,Rα 皙″cr|口 天。烫o″ oric口 ,Rocg刀 召'杨
g/口″J`召

`″

″″f, rfF`氵crc`/`c乃 @″  访沙c`fc`‘
`″ ' E.`y″

,:‘J ″
``′

口
``‘

 and '亻 c`,夕力′′9召 /″
`″

.c′z|`9g`J. 
·
rhc othcr

42 specics arc Cs plants, for s口
``f‘ ``/CC ``′

居/cc召 `aj and '亻
‘
`o`,氵

‘ rocr″
`召

 which arc intcrmcdiaˉ

tc.  
·
rhc scvcn C‘ spccics sho、v grcatcr adaptability, quickcr grob`th, aIld highcr yicld.  

·
rllcy

arc good foragc plants for artificial grass1and on thc platcau.  
·
rhcsc rcsults provide a sci-

cntific basis for thc futurc forage aCClinlation and brccding.

5. The daptations or Plantg to Their AIPiie Enviionment

A.naong alpinc habitats thc con1m。 Il Charactcristics are: high clcvation, low air tcn△
pcra-
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turc, significarlt diurnal fluctutions of tctupcraturc, intcnsive solar radiation and   strong

、vind.  
·
r五c plant adaptation to this sevcre cnvironll△ cnt includc thC growth￡ orlr1 Io`` or pro-

stratc shrub, d飞 varf roscttc Or Cushion, thc lligh frcqucncy of vegctativc rcpro(1uction and~ apo-

lllixis, and thc dcvcloplncnt of insulating structurcs.  
·
I·hc physiological adaptations includc:

thc lilnitcd rcspiration rclatcd to 1o、 ` niglltlv tcmperaturc, incrcascd ch1orophyll content.

A11 thcsc adaptations producc an increase in thc accun1ulation of organic lnattcr  and

thc contcnt of protcins and. fats.  
·
I· hc strong ultraviolct light in tllc alpinc cnivironn,cnt is

Con~tributcd to tllc short staturc of alpinc plants.

6. s.oientific and Itational ManageIm.ent of ,Alpine P.astures FOr Raisi.ng their

Productivity

Ko3rc‘ ic 乃
```″

.``氵‘ incado$`s arc oftcn dcgradcd by ovcrgrazing and by rodcnts; thc quality.

of the forage dctcriorates and thc yicld dcclines.
·
rhc cxpcrirncntal aritificia1 inlpr。 vcillcnt of thc pasturcs and thc control of grazing sho“ '-

cd that dcgradcd pasturcs can be iⅡ lprovcd th rough pr。 tcction and application of 111anurc

as nitrogcn and phosphorus, p1anting oF highly productivc foragcs and making a full use of

thc surnrncr and autun】 n pasturcs to dcVclop scasonal aninnal husbandry,  
·
rllc carrying capa-

city and thc productivity of thc pasturcs Can be raiscd only through apptication of thcsc

forcefu1 11】 casurcs.
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高寒草甸生态系统中的初级生产

杨 福 囤
(中国科学院西北高原生物研究所)

扪   要

初级生产者是生态系统研究的中心环节,十年来,我们从事以下 6个方面的研究工

作 :

1.高寒草甸主要植物群落类型及其结构特征:定位站地区的植被类型主要为高寒灌
丛和高寒草甸 ,其结构简单,种类组成以中亚、中国一喜马拉雅和北极一高山植物区系为主。

在高寒气候影响下,它们具有多种生态适应特征和极强的抗寒能力。高寒灌丛以金露梅
(Dofjp切 r。 fr″访 os口 )灌丛为主。 主要分布在潮湿的滩地、山麓洪积扇、河流两岸阶地、

山地阴坡 ,海拔 3150-3800米。高寒草甸以矮岩草 (K。 ,`的口加″,`‘‘)草甸为主 ,广布

于滩地、坡麓和山地半阴半阳坡。

2.主要植被类型的初级生产量:用收割法定期测定了金露梅灌丛、矮嵩草草甸、垂穗

披碱草 (E`y″ r‘ :″″,‘)草甸和垂穗披碱草人工草地的地上生物量。 重点研究了矮嵩
草地上和地下生物量的季节动态,年间动态和立枯物的变化规律。地上生物量季节动态

同气温变化有关,年间变化同不同年间的温度和湿度波动有关。而地下生物量以 7月份

植物旺盛生长时期最低,9月份植物枯黄前最高。

3.植物热值含量和光能利用率:主要测定了高寒草甸主要植物种群以及混合牧草不

同物候期的热值含量。结果证明,植物在生长盛期,热值较高。矮嵩草草甸地上部分光能

利用率仅为 0· 094%。

4.高寒草甸 Ca和 C,植物解剖特征:依据植物叶片有无花环状结构特征,确定了定
位站 51种植物中 7.种为 C4植物、42种为 C:植物,2种为中间类型。

5.植物对环境的适应性:植物长期适应高原特殊的生境条件 ,塑造了一系列形态、生

理一生态特性。形态上表现为植株低矮、呈莲座状、垫状 ,多数植物行营养生殖或无融合生

殖 ,植株被毛或具有厚的角质层等;夜间低温提高了植物可溶性糖的含量;强烈的紫外线

辐射,对作物高产形成和营养成分的增加有明显影响。

6.科学和合理经营管理,将提高草场生产力:多年来,我们进行了天然草场改良和放

牧强度等多项研究 ,为合理利用草地资源和科学管理牧场提供科学依据。
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