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Abstract [Objective] The ain of this siudy is b explore the efiects of gassland degradaton on soil physicaland chemical properties [M eh-
od] The ratio of plant root b soiland soil exture on AlpineM eadow w ere investgated n this study andsoilavaibbeN, P, K Cy Zn organic
materand pH value were also ana yzed by routine analysis of soil nutrients in difelentdegiaded grasslands [Result] W ih the inEensificaton of
degraded gadentand the soildeph the ratio ofp Bntroot b soilwas decreased gradually The highest mtdb of p hnt root b soilwas in0— 10
an depth of soil ingrassland with difierent degraded gradents whik i ratio of plant root b soilchanged fom Q 001 to Q 040 w ih soil ype of
loam. Soilchem tal charackristt changed h diferent degraded gradients The contentof avaiBbe N P, K educed signifcanty w ih the soil
dep h and he nensification of degraded gradents The conentof Cuand Znwas e htiely lack in degraded grassbnd [ Conclusion] There is
no significant correbtbn beween nutritbn content orpH value and he successon degee of degraded grassbhnd

Key words Alpine meadow, Degraded grassland Ratio of plant root © soil Soil texturg C hemica I charactristics

AlpheKobresa meadow isan mportantgrassland type in
QinghatTbetPlatay which is also he bp succession can-
muniy by grazind”. Recenty hunan actvites have sert
ously influenced grassland so the eco-enviorment of alpihe
meadow has been deteriorating and the area of mouse or
pest ham in grassbnd has been reached 4 666 7 thousand
hm®, accounting r 256 of the bhl ara of grasshnd
"Black soil type" degraded apinemeadow mainy trends b be
worsé "% The ecosysem ofalpine meadow has been dam-
aged and grasshnd has been dekriorated severel. Espe
cally kobresa hunils meadow andkobresa pygmaea mead-
ow communty are ypcall danaged The grassbhnd type in
Sanjangyuan region is alphe meadow mainly dominated by
kobresia and grasshnd resource is mainly utilzed by hus-
bandn/”. Good pasure in "black soil hnd" has decreased
dran aticall, and poisonous weeds distrbut evenwherg or
even no grass grovs here Currenty wih he gradual mple-
menttion ofwest m devebpment strategy, probkems such as
ecological de erioratbn or vege ation destructbn inQ inghatT+
betPlateauy "black soil land" and ecobgical restoratbn have
attraced the great atention of goverrment and scholars at
home and abroad which have becane alo he hot issue in
the research feld of eco-envirorm entengineering constructon
nwesem

The underground bomass of grassbnd plants is one of
the characterizaton parame®rs for gowh stus of aerial
part w hich means the grassland phntw ith strong grow h has
rch underground bomass ( oof. The decline ofgood peren-
nial brage in grasslands and p bnt coverage leads to severe
soil erosion in Sanjangyuan region which has changed solil
texture and granular constitution'®™® . Soil tex ure is one of he
ndicators or refecting soilstrucure and ype and the chem t
cal propery of variousm ineralnutrents in soilare Imit factors
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or pant growth Ratb of phnt oot b soil soil xture and
soil chemical property in Sanjangyuan regbn were analyzed
in this sudy which ained b investigatng he conentchange
of varbus nutrients in oil from desered grassland and the re-
htbnshp between soilphys tochemical propertes and degrar
dation degree ofsoil b fnd the scientific and theoreticalbasis
r preventing from grassland degradaton and vegetatbn res
bratbn

Materials and Methods
Status of survey area

Sanjangyuan region is located in altiude of3900- 4300
m wih average annual emperature of-4 9 C- -Q 6 C,
annual gale day of69 1- 108 8 d annual precpiation of
297 4- 542 9 mm, annual accumubied tenperature of 579 3—
1210 3 C andmainly apine meadow. It bebngs b ipical
platau- continental climat wih cold weather Forage grows
ina short ting and plants are dwarf Rootofgrassland plants
if undeve bped wih simpk canmunnity so ithas poor soil fk-
aton and ecosystan, which is easy b be affeced by the out
side or degradatbn Seven sampling sies were bcaked in
hree areas n Sanjiangyuan region incldng wam season
pasture of Dari and Maqin in Guoluo and Qumahi in Yushu
(Tabk 1), which was grasslandw ith diffe rent degraded de-
grees respectivel. According b the dominance and vege fation
coverage ofkobresa pygnaea and good forage te diferent
degraded degree grasshnds were divided inb four grassbnd
degradatbn types inc lding slght degradation moderate degra
daton heavy degradation and extreme degradation
Survey methods

Three sampling soilwere sekcted by soildrilwih dame-
er of 3 5 an from cerain grassland wih difierentdegradaton
degrees and hree layers of soiwas from 0- 1Q 10- 2Q
20- 30 an Three snapling soil in he same soil layer were
m ixed inb one repeat togeher and put inb the numbered
bagsw ith bur repeat in the sane samplhgsite After natural
dryhg grass roots were separated from soilwih soil sieve
and hen weighed the grass root by electronic balance (g)
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and the soilafer removing grass root(g), so the ratb ofboth
weightmentboned above was he ratb of grass oot to solil

Specific gravity of soil suspensbn was measured by one kind
of soil hydrome e r methods © verify il exturd®. Soi €x-
ture of diferent degraded grassland could be detem ined b soil
granular classifcaton which was physcal chy partcke smat
brhanQ 01 mm and then soil texure ype was deerm ined
by Kachinsky c hssification sysem of il exturd®. Ammoni
un nitrogen content in all sampling soilwas measured by so-
dium reagent colormetric method whik available P content
was measured by nitric acid £sthg-powder colorinetrc m eth

Tablk1 Stis of sanpling sies
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od Avaibble P conentwas measured by EDTA, whik avait
able K CuandZn were measured by AAS-1 abmic absomp-
tion spectophobme® ™. Al data were processed by ASA
9 0 sthtistc sofwarg and degree of succession (DS) fpr
plant communites h sampling sites was catulated by vegeta
tion charac eristic data

ps = ZLLxd)

h the bmub Imeans he lietme of constiied speces
d means he dominance of plantspeces M means he number
of plantspeces V means vege fatbn ra®e ( coverage).

. . . Awverage Annual Annual G rass
Degaded sampling sie A titude Longitude Latitude annual accunulatd precipifation growing
m E N emperature Emperature season
C C mm d
S, ,(Moderaky degraded 4 028-4035 9949357 33°36 156 -1.3 1070 7 542 9 151
in Dari)
S, ,( Extemely degraded 4 030-4 045 994950 33°36'33 4" -13 1070 7 542 9 152
in Dari)
S, . (Moderak y degraded 3954-3979 1000046 0  34°32'026 -06 1210 3 513 2 160
in Magin)
S, »( Extemely degraded 4283-429 9935700  34°32'55 8" -06 1210 3 513 2 160
in Magin)
S, 1 (S lghty degraded 4267-4288 9548364  34°06'146 -25 904. 3 397 7 133
in Qumalai)
S, , (Heavily degraded 4205-4233 9548484  34°06157 -25 904. 3 397 7 133
in Qumalai)
S, ;( Extemely degraded 4 182-4236 954849 2  34°06'18 1 -25 904. 3 397 7 133
in Qumalai)

Result and Analysis
Ratio of grass root to soil in different degraded grass-
lands from various areas

Ratb ofgrass root b soilmeans he weght ratio of non-
canposed organicm atier h soil such as Iterand soil norgan
tmater and its value refecs potental organic mater con
tent h soil However organic mater must be composed by

m icroorganiams under he suitable conditbns b become avait
able horgant nutrients which can be absoted by plants and
urher becan es nb effective nutrens According to analysis
of ratb of grass oot b soi in diferent degraded grasshnds
fran various areas its results varied significanty wih the
change of degradation degree (Table 2).

Tablk2 Analysis ofratio of grass root © soil in diferent degraded grasslands

Depih of soil am S171 S172 S271 gfz S371 Sc»z Safa

0- 10 0 040 00 000300 0 033 00 0 019 00 003700 Q 002 50 0 00200
10- 20 0 001 00 001000 0 001 50 0 001 40 000160 Q 001 00 0 00014
20- 30 0 000 60 000020 0 000 50 0 000 50 000070 Q 000 39 0 000 11

Ratio of grass root to soil in different degraded grass-
lands from S, area From Tabk 2 mtio ofgrass root b soil
n S, area decreased with the hensificaton of degradation de-
gree in grasshnd The ratio of grass oot b soil in deep soil
fam 0 © 10 an greatly decreased wih he nensificaton of
degradaton degree in grassland while that in deep soil fram
10 ©20 an and 20 to 30 an slightly decreased wih he inen-
sificaton of degradaton degree h grasshnd W th the soil
depth ratio of grass rot b soil in he same degradatbn de-
gree decreased Thus plant oo in apine meadow mosty
distrbuted n soilwith deph fram 0 b 10 an'™. Root varia
tion was in accordance wih aerial part variation and other
aeralbianass also decreased wih the intensification of deg-
radaton degree

Ratio of grass root to soil in different degraded grass-
lands from S, area From Tabk 2 ratio ofgrass root b soil
n S, area decreased w th the heensificaton of degradation de-

gree h grassland and he soildepth and itgreatly decreased
wih he hensificaton of degradation degree h grasshnd
Other aerialbiomass also decreased wih he inensifcaton of
degradation degree whthwas smaller than aeral bbmass in
S; areg so grasshnd h his area trended b be degraded
Ratio of grass ot to soil in different degraded grass-
lands from S; area Fram Table 2 ratio of grass root b solil
in S; area decreased w ih the intensifcaton ofdegradaton de-
gree h grassland and he soildepth Campared wih S; and
S, area the ratb of grass root b soil in S; area was smnall
while other aeral biomasswas littg and even trended b be
m ore degraded
Relationship betveen DS and ratio of grass root to soil in
d ifferent areas

To verify the relatonship betveen DS and ratio of grass
rootto soj plant community DS of seven sampling sies in
his study was canpared wih the ration of grass root b soil in
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various soil byers The relative valie ofDS means he suc-
cession direction of plant canmunit, and is valie directbn
fran large b smallwas he succession direction of canm unity
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showed hat its soilwas bam soi] whichwas notbad soil tex-
ure type (Tablke 4).
Table 3 Analysis of re htionship between DS and ratio of grass root

degradatbn From Tabe 3 S, ; and S,_; was slight degrada- b soil
tion and moderate degradation respectivel, whth reached  Samplihg DS Ratio of gmss root b soil
the largestDS value and ratio ofgrass root b soil Samplhg sie 0-10cm 10- 20 om 20- 30 an  Mean
sieswih DS value smalerthan S;,_; and S,_; hadmore seri ~ Ss1 04945 Q037 00016 00007 00131
ous grassknd degradatbn and its ratb of grass oot b soil Sz Q4487 Q04 0 01 00006 00169
correspondingly decreased Ss» Q 396 6 Q0025 0 001 000039 00013
Soil texture i different degraded grasslands Ses 0322 Q003 0001 00002 00014
There were difierentdegradatbns h he survey area fram Sos Q191 0002 000014 000011 000075
) ) S Q1322 Q 033 00015 00005 001167
grassland landscape and plant canmunit, and analysis of g | Q1034 Q019 00014 00005 000697
soil exture with different degradation degree n varobus areas
Tablk 4 Contentof<Q 01 mm phystal clay indifierent degaded grasshnds %
S1—1 S1—2 S2—1 &—2 SG—1 83—2 SS—G
Dept of soil an Extremely M oderately Moder Ely Heav iy Slghtly Heavil Extremely
degraded degraded degraded degraded degraded degraded degraded
0- 10 18 14 23 77 2216 12 67 22 101 30 99 46 86
10- 20 18 32 23 23 28 33 16 96 35 23 43 91 48 45
20- 30 16 14 27 46 / 18 14 44 27 4510 48 99
Fran Table 4 the conent of physical particle snaller According to hypothesis st of means (t-st) for Table

than Q@ 01 mm in apine meadow decreased wih the intensift
caton of degradatbn degree Soil fran S,y grassbnd in S
areawas lghtloam soil and soil fom S, , grassland was
sandy-loam il W ih he inensificaton of degradation de-
gree he conent of physical partcle smaler than @ 01 mm
decreased The varaton of wo sanpling sies in S, area was
consistentwih hatinS; area Soil from S;_; and S; », grass-
bnd in S; area was mediun-bam soi and soil from S;_3
grassland was heavy-bam soil There was no significant
difference in the content of physical partc B snaller than 0 01
mm between S; ; and S;_,, whik he conentofphysicalpar
ticke snaler han Q 01 mm in S; ; was smaler than hat in
S;_5; whichwas rehied b the geciftity of soil exture ( red-
bam soil) nS; area
Chem ical properly of differen t degraded grasshnds in at
pinemeadow

The content of varbus m heral nutrents is he lin it fac or
frplantgrowh h grasshnd and grassland degradation is at
ways accanpaned by he dekrioratbn of nutrents in soll

5 there was no s nificant diference in avaibbk N conent of
degraded grassland in S; areg and ik totl content ranged
fran 35 68 D 44 76 mg/kg There was no sgnificant difer-
ence in available P contenf and itsconentmaintained Q@ 98-

1. 01 mg/kg However avaibbk P content of he degraded
grasshnd was h low level based on he P chssification and
available K conent n this degraded grasshnd was smaler
han the average of avaihbk K conent h Qinghai™, which
could not satisfy phntgrow h requiement Therewas no sig-
nifcant diference h trace element Cu content in this areg

and is conent ranged fran 1. 10 to 1. 65 mg/kg which could
satisfy he basic requirement of pantgrovth ™. Therewas a
signifcantdifference in Zn conent (t=4 70 t0s= 3 46),

and is conent ranged fran 3 37 to 6 47 mg/kg which could
not satisfy plant growth requirment (10— 100 mg/kg). pH
value in soil vared fran 7. 4 to 7. 6 belonging b akaline soi

and organic mater conent showed the decining trend w ith the
inensifcatbn of degradaton

Tablk 5 Soilnutritbn status of diffelent degraded grassbnd in Alpine Meadow

Depth ofsoil Avaibbe N Avaiable P Avaiable K Avaibbk Cu

Avaibbk Zn

Organt

Samp ng site an mg/kg mg/kg mg/kg mg/kg mg kg matet % pH
S, 0-10 44,15 179 239 08 1. 78 3 67 1527 71
10-20 49 71 079 191 34 1. 67 329 1595 73
20- 30 37. 42 0 45 150 65 1. 52 3 16 1587 76
Mean 44. 76 0 98 193 68 1. 65 337 16 74
S 0-10 35 97 167 272 49 1. 21 7 26 159 78
10-20 37. 17 134 21079 1. 13 6 95 16 07 78
20- 30 33 91 054 170 39 0 98 521 15 86 72
Mean 35 68 101 217 89 1. 10 6 47 1594 76
S, , 0-10 48 42 0 80 219 31 1. 51 4 21 15 41 83
10-20 41. 70 0 56 191 01 1. 19 2 30 1501 79
Mean 45 05 0 68 205 15 1.35 325 1523 80
S, 0-10 39 64 045 211 41 oH 2 56 1565 83
10- 20 31. 20 037 168 60 0 33 2 36 1563 84
20- 30 27. 15 0 36 156 30 / / 1561 85
Mean 35 42 0oH 160 04 Q 37 2 46 1569 84
S 0-10 50 26 218 280 78 Q72 335 1526 78
10- 20 40 62 0 85 243 96 0 53 2 76 1595 8 1
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Contined (Table 5)

Samp Ing sie Depth ofsoil AvaibbE N Available P Available K Avaibbk Cu  Avaibbk Zn Organt oH
an mg/kg mg/kg mg/kg mg/kg mg /kg matet %
20- 30 35 84 0 49 247 11 0 43 228 1587 83
Mean 42 41 11 257 28 Q 56 279 16 02 8 1
S, 0-10 48 39 121 258 72 028 426 15 91 78
10- 20 39 21 0 43 184 22 021 252 1506 81
20- 30 23 74 055 181 88 014 2 46 1567 82
Mean 37. 11 073 208 27 Q21 308 1572 80
S: s 0-10 31. 93 025 17012 0 98 169 1571 80
10- 20 23 55 028 186 92 Q76 125 1564 78
20- 30 20 61 0 31 187 54 0 67 113 1579 82
Mean 25 36 0 37 190 52 Q 81 135 1571 80

There was a sgniftant difierence h availlbk N conent of
degraded grasshnd in S; area (1= 534 o= 4 31), and is
conentdecreasedw ith he inensiftation of degradation degree
When heavy degradaton declihed b 35 42 mg/kg avaiable N
conentofheavily degraded grasshnd was deficent There was
no sgnifcant difference h avaibble P conentofgrassland and
its conent ranged from Q 41 b 0 688 mg/kg According © the
chssification of P conent in soil P content n this degraded
grasshnd was h bw level There was no significant difference
n avaisble K conentw ih degradaton degree There was a sig-
nifcantdifierence in availkbk Cu conentwih he hensification
ofdegradation degree(i=3 15 =2 13), and i conentde
creased by 0 98 mg/kg soCu conkent of his degraded grass
bnd coutl satisfy the basic requirement for plant grow H'?,
There was no sgnfficant diference in available Zn conent
butits conentwas lov, so it could not satisfy the basic re-
quirement for plant gravth Soil in this degraded grassland
showed alkaline property (pH 8 0— 8 4), and here was no
spnificantdiference h pH wih the nensificaton of degrada-
tion degreg  which was in accordance w ith other studied ®.

There was a s gnificant difference in available N content
of degraded grassland n S; area (1=3 11, Kwe=2 41), and
its conent decreased to ex tran e degradaton of25 36 m g/kg
fran slight degradation of 42 41 mg/kg There was also a
spnificantdiference in avaiabk K conent(t=3 08 tgos =
2 A4), and ik content decreased with he intensification of
degradaton degree There was a significant diference in a
vaileble Zn content(t=4 41, 1, =3 15), and its content i
creased firsty and then decreased with the inensification of
degradaton degree There was no sgnificant diference in
trace element Cu conentaccounting orQ 56 to Q 81 mg/kg
but it could not satisfy the basic requireament for plant growth
(1 mg/kg) "”. There was no significantdifierence inpH, and
soil in this degraded grassbnd showed akaline propery
O rganic matter conent showed declining trend but he differ
ence was not signifcant All in all avaibble N P, K and
omganic materconentof this degraded grasshnd all shoved
the declining trend and decreased with soildepth or dramat
tally decreased with the inensification of degradaton degree
h grassland There is no obvious ruk for the change ofavait
abk Znconentin hree areas which was possibly related to
soil parentmatrial h diferent areas

Conclusions

Soilphys bcham icalproperly of diferent degraded grass-
bnds from seven samplhg sites h three areas of alpne
meadow is analzed .and the results are as Pllows

(1) With he intensifcaton of degradation degreg un-
derground bianass and ratb of grass root to soilgradualy de-
crease W ith soil deph in the same areg underground bio-
mass and ratio of grass root b soil alko gradually decrease
The highest ratb ofplant root to soil is iNn0— 10 an depth of
sojl and i underground bianass mainy distributes in 0- 10
an depth of soil W ith he increase of DS and he reduce of
degradation degree h grassland the ratio of p Aint root b solil
increases Conversely w th he declne of DS degradatbn
degree ofgrassland intensifes

(2) The soil iype of degraded alpine meadow belongs b
bam soi] and physical partice in this area does not change
with DS, so soi exture indiferentareas is propery rehted ©
soilparentmaterial and is deve bpment process

(8) AvaibbkeN P, K Cy Zn omganic materand pH
value indifferentdegraded alpine meadow have all changed
and availble N K and P conent all show the declning trend
with soildepth oreven dranaticaly decreasew ith he inenst
fication of degradaton Trace elanent ofdegraded grassland
in apine meadow is deficienf whie there is no sgnificant
diference in pH and soil in this degraded grassland shows at
kaline property There is no significant diference in organic
mater conent but showing he declning tend Chemical
property in soil is ltte related b succession degree of grass
bnd canm unity
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