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Qinghai~Xizang Platcau is thc largcst and highcst platcau in the lvorld, and alpiilc I11C-

adow is onc of its nnain ccosystems,  An uIldcrstanding of thc struCturc and function of thc

alpinc nlcado、 v ccosystcna is cssential for incrcasing thc productivity of foragc and in△ proving

the anin△ al husbandry.  'ro acc。 l.lpli5h this, ollr institutc has cstablished a ficld rcsearc△ .sta-

tion at Haibei in 1976,sincc thcn,wc havc participatcd in this rcsearch prograh~Wc havc

bccn studying soil microorganisIn.s of thc subccosystc n of dccomposcrs at this stati° n for naany

ycars.  C)ur rcsearCh includcs studics of scasona1 changes in thc sizc and cornposition 。f the

illain groups of soil rnicroorganisnˉ 1s; soil rcspiration; the dccoⅡlposition of ccllulosc,  plant

roots and litter, and aninla1 fcccs;  bactcrial biornass and bactcrial gcncration ratcs; thc quan-

tities, activitics, and seasonal dynarnics of nitrogcn rnctabo1ic bactcria; and thc distribution and

activity of non syn1biotic anacrobic nitrogcn-fixing bactcria.  Fo11owing is a bricf surnrna1· y of

thcsc soil rnicrobial studics in thc alpinc ccosystcnn.

1.  seasonal changes of the size alld composition of the main groups of soil

ltlicroorganismg in grazed and nongrazed sites

△
·
hc nlain groups of invcstigatcd nli。 roorganisnls includcd l)actcria, actinomycctcs, filan1~

cntous fungi, yCasts, azotobactcrs, oligonitrophilcs, and ccllulosc-dcdoⅡ lpc烬ing nucr(x)rganis-

nls.  
·
rhc pcaks 。f I】1icrobial populations appcarcd forn】  】nid July to n△ id scptc〖n.bcr; thc po-

pulations tcndcd to dcc1inc aftcr latc Octobcr, 
·
I′hc nurnbcrs of inicrobcs dil△ inishcd 、̀ith in-

crcasing soil dcpth in all investigatcd groups. 
·
rhc nunabcrs of bactcria, filaIllcntous fung1, yCˉ

asts, oligonitrophilcs, and actinonaycctcs in thc soil or n。 ngrazcd sitcs 、vcrc highcr than thosc

in thc soil of grazcd sites.  1·
·
hc nurnbcrs of bactcria wcrc highcst iIl thc soil of forb meado△ ·,

whilc thc nu】 1】 bcrs of actinonlycctcs and ycasts wcrc highcst in thc soil of a K口 莎
'召
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nlcadow,  'rhc nuI· 1bcrs of filanˉlcntolls fungi and oligonitrophilcs wcrc highcst in thc soil of

a Po`c″
`|′

′cy/″
`ic。
‘c shrub. Thc numbcrs of cc11u1osc-decolnposing inicroorganisms wcrc vcry

low in all soils,cspccially in the soil of a swamp nacadow. Azotobactcrs wcrc not disc~ovCrCd

in all soils,but anacrobic nonsyinbiotic nitrogcn~fixing bcctcria wcrc dominant cvcrywhcrc.

2. soil respiration

soil rcspiration at Haibci R.cscarch station has becn cxtcnsivcly invcstigatcd during t1)c

last two years.Our rcscarch proicct includes following topics: Thc scasonal dynamics of soil

rcspiration; thc rclationships of soil rcspiration to soil tcmperaturc, soil nloisturc and to thc

nurnbcrs of acrobic inicr。organisn1s; and the effects of grazing and cultivation on soil rcspi-

ratlon actlvlty,
·
rhe rcsults indicatcd that significant seasonal changcs of soi1 rcspiration takc placc in
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a11 expcril△ lental pl()ts, including graze(i and nongrazcd.sitcs, and.natu.ral and artificiallv cu1~

tivatcd pastures. soil rcspiration activity was rclativcly low in nid May(0· 9576-2.6711 gCo2/
m2· 24 hr). Peak valucs of soil rcspiration activity occurrcd from mid July to latc August

(4·6355-7·3151 g Co2/m⒉·24hr) AftCr latc Augtlst soil rcspiration gradually dCctined, Thc

scasonal changcs of carbon dioxidc cvolution 、vcrc correlatcd 、vith soil tcn△ pcraturc and thc to~

tal numbcr of acrobic bactcria, fungi, and actinon1ycctcs, and fo11o、 vcd an cxponcntial rcgrcs~
slon cquatlon,

Thc results also sholvcd.that the dcgrcc to lvhich soil tcll)pcraturc a】 ld soil 】lloisturc con~

tcnt、 vcrc CorrClatcd with soil rcspiration activity was rclatcd to thc spccific wcathcr condi-

tions °f thc individual ycars, In 198o,soil tclllpcraturc sh。 、vcd highcr corrclation witll soil re-

spiration activity than soil watcr contcnt,  Thc oppositc 、vas truc in 1981; i.c., thc Corrclation

bct、vccn soil watcr contcnt and.soil rcspiration activity was strong· cr than that bct、 vccn soil

tcmpcraturc and soil rcspirati° n activity.  /`pparcntly, this is rclatcd to prccipitation 、vhich
u`as considcrably highcr in 1981 than in 1980.

N。 statistically significant diffcrcnccs wcrc found bctwecn thc soll rcspiration in ungraˉ

zcd and grazcd plots, although it w.as usually bighcr in ungrazed than in grazcd plots,

3.  T|h.e dec()mposition of cellulose, plant roots, and litter

Thc In.ean rnonthly dcc。 mposition ratc oF dry buricd cc11ulosc 炳'as significantly corrclatcd
、̀ith 【ncan soil tcmpcraturc during cntirc ycar and following an cxponcntial cquation.  The

dccomposition ratc of moist buricd ccllulosc 、vas obviously highcr than that of dry buricd cc1~
lulosc (P(o.001),but its corrclation with soil tcmpcraturc was wcakcr.

Thc dccomp()sition ratcs of roots and littcr of K【 ,沙rc,杨 乃″″,```s in an artificially cuIti~
vatcd and a natural pasturc sho柄

`cd no statistic ally significamt diffcrcncOs. Thc decoinposi~
tion ratc of littcr buricd bc1ow thc soil surfacc (at 10 cin dcpth) 、vas significantly highcr than
that of littcr cxp(、sed on the soil surfacc (for artificially cultivated pasturc,P<0.001; ft)r na~

tural pasturc,P<0.01).

Thc mean monthly dccOInposition ra:c of roots and littcr of K· 汤
'`f氵
口乃″″

``订

was highcst
bctwccn latc May and latc June(2o.34 33.75%)and droppcd in succcssiVc months to 2.45-

8,81%bctwccn carly Junc and mid octobcr.
·
rllc t。 tal dccomposition ratcs of ccllulosc, roots,and litter 、vcrc all highcr bclo职 `the soil

surfacc than on thc soil surfacc; thcy all follow· cd a lincar rcgrcssion cquation.

4. ∶Bacterial bionlagg and i】虑l seasonal dyna:nics

1Illc bi。 rnass of soil bactcria was dctcrntincd by fluorcsccin luicroscopic counting tcchni~

qucs.  
·
rhc nun】 bcr oF bactcria, thcir biomass and thc cncrgy contcnt 、verc highcst in thc soil

cF thc KD沙 r“ fc乃″
`,,``订
 mcad°w (2.o4× 109 cclls/g dry soil, 2,22× 10^s g frcsh wcight`′ g dr/

soil and 2.78 cal/g dry soil)and lowcst in thc soil。 f thc swamp mcadow(o· 54× 10° cclls/g dry
soil,0.59× 10ˉ

;g fresh wcight/g dry soil and O.74 cal/g dry soil); (nlcan valllcs for four s°
il

larrs),

E)ircct bactcrial counts decrcascd gradually with incrcasing soil dcpth. ·
rhis、 vas also truc

for plate bactcrial counts.  Dircct bactcrial couIlts lvcrc Corrclatcd 、vith platc bactcrial c°unts,
and follo、ving a lincar rcgrcssion cquation.

E9ircct bactcrial counts 、verc significantly highcr than platc bactcria1 counts; thc diffcrencc

bct、vccn thcnl incrcascd 、vith an increasc in soil dcpth,  .Thc ratios of platc bactcrial counts

aIld. dircct bactcrial counts were th.e follow ing: 1:41 at O-1o cm soil d.cpth,1:411 at lO-2o crn,

l:1183 at 20-4o cm,and 1:2985 at 4o 60 cm soil depth (mcan f°
r all fivc vegctation types).

△
·
hc largc differcncc bct、vccn thc t、 vo counting tcchniqucs rcflcctcd thc fact that thc dircct
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counts included all of the physiologically~viablc cclls an(i of thc rest cells 。f aerobic and

anacrobic bactcria, 、vhile thc platc counts incltidcd orlly tllc physiologically viable acrobic ba~

ctcria.  Nornla11y, thc viablc bactcrial cclls represent only a vcry sma11 portioIl of tlle total

bactcrial cclls: their, nun1bers arc highcst in thc surfacc soil laycr, and grcatly decrcase vvith

thc incrcasing s。il dcpth,

significant scasonal changcs wcrc obscrvcd in thc surfacc sOI1 1aycr (0-10 cln) of all

investigatcd vegetation typcs: K.o莎 r召‘杨 乃
```,,丿
`Is 1△

eadow,Po`'″
`″
′夕 rr″
`r。
fc shrub,artifictally

cultiva使 dE`y`· 勿
``s绍 ```〃

″‘ grassland,natural E`y勿 ∷″s`9```四刀‘ n)cadow,and slvaiup 1】 eado、 v.starˉ

ting in Junc, thc bacterial biolnass graduallv iIlcicascd to a peak in Junc and August,thcn sig-

nificantly dccrcascd during septcn1ber and october.  1·
·
hc forb nlcadow soil 、vas disturbed by

rodcnts and tllc scasonal changes oF bacterial bionlass could not l)c dctcrnaincd,

5. ∶Bacterial generation.rate

Bactcrial gcncration ratcs 、vcrc dctcrn】 incd by dircct bacterial counts in, soils of two

vcgctation types frona l11id July to nlid August. △
··
hc bactcria1 generation ratcs in thc 0— —lO crn

soil layers of thc Ko莎 /矽‘
ˉ
口乃″彻氵

`订

meadow and of the Po`'″ 访
``夕

//″功ε。‘C shrub were 64 hours

and 42 hours, rcspectivcly.  
·
I·hc nun】 bcrs of gcncration within onc month i· l thcsc two vCgcta-

tion typcs 、vcrc ncarly thc sanlc, i,c,, 7.16 atld.6.82 gencrations, respcctivcly.

6. The 11uInbers, activity, and seasonal dynalnics oF nitrogen.luetabolic micˉ

roorgan.igm8

△
·
hc nu1△1bcrs oF thc physiological gro11ps of nitrogcn iltctabolic nlicroorganisn1s 、.vcrc hi-

ghcst in thc O-10 crn soil laycr md decmsed 、vith thc incrcasing soil dcpth.   1·
·
hc lo、vcst

ntlinbcrs wcre couIlted in thc 40-60 cn1 soil laycr.  In tllc surfacc soi1 1aycr,  dcnitrifying

bactcria wcrc usually dorn.inant, follo、 vcd bv anacrobic nonsyn】 biotic nitrogcn-fixing bacteria;

arnrnonifying and nitrifying bactcria 、vcrc thc lcast conlluon,

Tlle ainmonifying and nitrifying bactcria wcrc dominant in thc soil of the swamp mc-

adow(8.13× 10i and 8.33× 106 cclls/g dr/soil)and of thc E`y`冫
```s″ ```夕
″J meadoW(4· 69× lO7

.and 1.41× I():cc1Is/g dry s。 il); the numbcrs° f dcnitrifying bactcria、 vcrc vcry high in rnost soils

at Haibci (from 1.44× 106 to I.80× 10】
5 cclls/g dry soil), ThC anacrobic nonsymbiotic bactc-

ria wcrc Ⅱlost important in thc soil of thc swamp mcadow (6.65× 1011 cclls/g dry soil).

Thc ammonification on thc O-10 Gm soil laycr was rclativc1§ `strong 〈mcan 2o,68 mg

NII4-N/g dry soil),whilC thc nitrificatton was comparativcly weak (mCan O.09 mg No” -

N/g dry soil), Thcifr ratio was 230:1. Thc quantitativc changcs of ammonification and ni-

trification activity lvcrc sirnilar to thc changcs in arnn△ onifying and nitrifying bactcria, and

following a lincar rcgrcssic)n cquation.

z`.zotobactcr 、vas not found in all soils at I· Iaibci.  △fost probably, nitrogcn fixation in

carricd out by anacrobic nonsy· n1biotic nitrogcn-fixing bactcria and othcr microbes.  
·
rhis is

charactcristic for alpinc 】ncad。环̀ soils, as 、vell as that thc nitrogcn fixation is stronger in

thc lowcr soil layers than in tllc uppcr soil laycrs.  This probably rcflccts thc nitrogen fixa-

足ion efficicncy of anacrobic nonsymbiotic bactcria in thc corrcsp。nding soil laycrs (this as~
sunnption 、vas supportcd statistically).  Thc nitrogcn fixation cfficicncy lvas significantlv c。 r-
rclatcd witIl thc nitrogcn fixation activity according to a sccond.dcgrcc poly:lornia regrcssion

cquatlon.

1·

·
he data also indicatcd that thc dcgradation of thcsc alpinc nlcado、 vs rcsults in a dccrcasc

rc)f soil fcrtility,  For cxamplc, the al1】moniFication, nitrification, and nitrogen fixation in the

dcgraded E`y`刀 :`‘  `,``氵σ″s tueadow wcrc significantly lowcr than in thc natural F`y`,:`fs″
```日 ``‘

Iˉncado、 V.
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Thcrc lvere lnarkcd scasonal changes in thc nuInbcrs and activitics of nitrogen inctabolic

bacteria in all the invcstigatcd vcgctation typcs, Thc pcaks of activity occurcd betwccn June

and scptcln.bcr and thc highcst Ilunnbcrs of bactcria bc“ vccn July and .August,  ·rhc cnvironˉ
nlcntal conditions arc morc favorablc for n̄icrobial growtb.and reprodtlction during· thcsc.1】0n-
ths than during thc rcst oF the scason, probably Inainly bccausc thc monthly mcan soil tempc~

raturc and lnonthly prccipitation arc significantly highcr.

1·hc nurnbcrs, lnctabolic actLvity, and scasonal changcs of diffcrcnt physiological grotlps~

of nitrogcn lnctabolic bactcria diffcrrcd 、̀ith thc vcgctati。 n typc.  
·
rhc scas。 nal changcs wcre

prinaarily influcnccd by thc soil tcmpcrature and soil lnoisturc contcnt,
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中 文 摘 要

土壤微生物学及分解作用是生态系统研究极其重要的一环,多年来,我们主要研究
了土壤微生物主要类群的数量、分布、季节性动态 ;土壤呼吸作用 ;纤维素、植物根、枯枝落
叶以及牛、羊和鼠粪分解作用 ;不同季节、不同植物地上部分表面细菌、放线菌、真菌的数
量分布 ;土壤中及植物叶面上细菌生物量 ;细菌的世代率 ;氮素代谢微生物的数量、活性、
分布及季节性动态 ;土壤固氮作用及嫌气性自生围氮菌的数量、分布等,通过长期的研
究工作 ,发现了生态条件严酷的高寒草甸土壤微生物一系列重要特征 :

1· 高|寒草甸土壤中未发现有好气性自生固氮菌,大气氮素固定者主要为嫌气性自生
固氮菌 ,固氮作用强度平均为 1.68毫 克氮/克干土 .
2,高寒草甸土壤氨化作用强 ,而硝化作用弱,虽有嫌气性自生固氮菌固定大气氮素 ,

但由于反硝化菌数量很高 ,限制了土壤肥力的提高 ,
3.草场退化也导致了土壤氨化作用、硝化作用和固氮作用的降低 ,
4.纤维素分解菌数量低导致有机质分解缓慢,也是限制土壤肥力提高的一个重要因

素。
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