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Abstract [ Objective] The ami of this s tudy is to explore the effec ts of grassland degradat ion on soil phys ica l and chem ical properties. [M eth

od] The ratio of plant root to so il and soil tex ture on AlpineMeadow were invest igated in this s tudy, and soil availab le N, P, K, Cu, Zn, organic

matter and pH value were also ana lyzed by routine analysis of soil nutrients in dif ferentdegraded grasslands. [R esult] W ith the intensificat ion of

degraded gradient and the soil depth, the ratio ofp lant root to soilwas decreased gradua lly. The highest rat io of p lant root to soilwas in 0- 10

cm depth of so il in grass land w ith different degraded gradients, while its ratio of plant root to soil changed from 0. 001 to 0. 040 w ith soil type of

loam. Soil chem ical characterist ic changed in different degraded gradients. The content of availab le N, P, K reduced s ignificant ly w ith the soil

dep th and the intens ification of degraded grad ients. The content ofCu and Zn was re lat ively lack in degraded grass land. [ Conclusion] There is

no significant correlat ion between nutrit ion content or pH value and the success ion degree of degraded grass land.
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Alp ineKobres ia meadow is an mi portant grassland type in

Q inghaiT ibet P la teau, w hich is a lso the top succession com

munity by grazing
[1]
. Recently, human ac tivities have ser i

ously influenced grassland, so the eco environment of a lp ine

meadow has been deteriorating, and the area of mouse or

pest harm in grass land has been reached 4 666. 7 thousand
hm2, accounting for 25% of the to ta l area of grassland.

"B lack so il type" degraded alp inemeadowmain ly trends to be

worse
[ 1- 3]

. The ecosystem of a lp ine meadow has been dam

aged, and grass land has been deteriora ted severe ly. Espe

c ia lly, kobre s ia hum ilis meadow andkobres ia pygm aea mead

ow community are typ ica lly damaged. The grass land type in

Sanjiangyuan region is a lp ine meadow mainly dom inated by
kobresia, and grassland resource is mainly utilized by hus

bandry
[4]
. Good pasture in " b lack so il land" has decreased

dramatica lly, and poisonousweeds distr ibute everywhere, or

even no grass grow s here. Currently, w ith the gradual mi p le

mentation ofwestern deve lopment stra tegy, prob lems such as

eco log ica l deteriora tion or vegeta tion destruction inQ inghaiT i
bet P lateau, " b lack so il land" and ecolog ica l restora tion have

attracted the great a ttention of government and scholars at

home and abroad, which have become also the hot issue in

the research fie ld of eco env ironment engineering construction

in western.

The underground biomass of grass land plants is one of
the characteriza tion parameters for grow th sta tus of aeria l

par,t w hich means the grassland plantw ith strong grow th has

r ich underground biomass ( root). The dec line of good peren

nia l forage in grasslands and p lant coverage leads to severe

so il e rosion in Sanjiangyuan reg ion, w hich has changed soil

texture and granular constitution
[5- 6]

. So il tex ture is one of the
ind icators for reflecting so ilstruc ture and type, and the chem i

cal property of variousm inera lnutr ients in so ilare lmi it factors

for p lant grow th. Ratio of p lant root to so i,l so il texture and

so il chem ica l property in Sanjiangyuan reg ion were analyzed

in this study, which ami ed to investigating the content change

of var ious nutrients in so il from deser ted grassland and the re

la tionsh ip between soilphys icochem ica l properties and degra

dation degree of so il to find the scientific and theoretica lbasis

for preventing from grassland degradation and vegetation res

tora tion.

Materials and Methods
Status o f survey area

Sanjiangyuan reg ion is located in a ltitude of 3900- 4300

m w ith average annual temperature of - 4. 9 - - 0. 6 ,

annual gale day of 69. 1 - 108. 8 d, annual precip ita tion of

297. 4- 542. 9 mm, annual accumulated temperature of 579. 3-

1 210. 3 and main ly a lp ine meadow. It be longs to typ ica l

p la teau- continenta l clmi a te w ith co ld weather. Forage grows

in a short tmi e, and plants are dwar.f Root of grassland plants

if undeve loped w ith smi p le communnity, so it has poor so il fix

a tion and ecosystem, which is easy to be affected by the out
side for degradation. Seven sampling sites were located in

three areas in Sanjiangyuan region inc lud ing warm season

pasture of Dar i and Maqin in Guoluo and Qumala i in Yushu

( Table 1)
[7]
, w hich was grasslandw ith d iffe rent degraded de

grees respective ly. Accord ing to the dom inance and vegetation

coverage of kobres ia pygm aea and good forage, the d ifferent

degraded degree grasslands were d ivided into four grassland

degradation types inc luding slight degradation, moderate degra

dation, heavy degradation and extreme degradation.

Surveymethods

Three sampling so ilwere se lected by so ildr illw ith d iame

ter of 3. 5 cm from certa in grassland w ith d ifferent degradation

degrees, and three layers of so il was from 0- 10, 10- 20,

20- 30 cm. Three smapling so il in the same soil layer were

m ixed into one repeat together, and put into the numbered

bagsw ith four repeats in the same sampling s ite. After natura l

dry ing, grass roots were separated from soilw ith so il sieve,
and then weighed the grass root by e lec tronic ba lance ( g)
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and the so ila fter removing grass root ( g), so the ratio of both
weightmentioned above was the ratio of grass root to so i.l

Specific grav ity o f so il suspension wasmeasured by one k ind

of so il hydrometer methods to verify so il texture
[ 8]
. So il tex

ture of different degraded grassland could be determ ined b soil

g ranular classifica tion, w hich was phys ica l clay partic le smal

ler than 0. 01 mm, and then so il tex ture type was determ ined
by Kachinsky c lassifica tion system of so il texture[ 9]. Ammoni

um nitrogen content in a ll sampling so ilwasmeasured by so

dium reagent co lormi etric method, while ava ilab le P content

wasmeasured by n itric acid testing powder co lormi etr icmeth

od. Ava ilab le P contentwasmeasured by EDTA, while ava il
ab le K, Cu and Zn were measured by AAS 1 atom ic absorp

tion spectrophotometer
[ 10]

. A ll data were processed by ASA

9. 0 sta tistic software, and degree of succession ( DS) for

p lant communities in sampling siteswas ca lcula ted by vegeta

tion charac ter istic data.

DS =
( I d )
M

V

In the formula, Imeans the life tmi e of constitu ted spec ies;

d means the dom inance of p lant spec ies; M means the number

of p lant spec ies; V means vegetation rate ( coverage).

Tab le 1 S tatus of sampling s ites

Degraded sampling s ite
A lt itude

m
Longitude

E
Latitude

N

Average
annual

temperature

Annual
accumulated
temperature

Annual
precipitation

mm

G rass
grow ing
season

d

S1- 1 (Moderate ly degraded 4 028- 4 035 99 49 35. 7 33 36 15. 6 - 1. 3 1 070. 7 542. 9 151

in Dari)

S1- 2 ( Ex tremely degraded 4 030- 4 045 99 49 59. 0 33 36 33. 4 - 1. 3 1 070. 7 542. 9 152

in Dari)

S2- 1 (Moderate ly degraded 3 954- 3 979 100 0 46. 0 34 32 02. 6 - 0. 6 1 210. 3 513. 2 160

in Maqin)

S2- 2 ( Ex tremely degraded 4 283- 4 296 99 35 70. 0 34 32 55. 8 - 0. 6 1 210. 3 513. 2 160

in Maqin)

S3- 1 ( S light ly degraded 4 267- 4 288 95 48 36. 4 34 06 14. 6 - 2. 5 904. 3 397. 7 133

in Qumalai)

S3- 2 ( Heavily degraded 4 205- 4 233 95 48 48. 4 34 06 15. 7 - 2. 5 904. 3 397. 7 133

in Qumalai)

S3- 3 ( Ex tremely degraded 4 182- 4 236 95 48 49. 2 34 06 18. 1 - 2. 5 904. 3 397. 7 133

in Qumalai)

Result and Analysis
Ratio of grass root to so il in d ifferent degraded grass

lands from various areas
Ratio of grass root to so ilmeans the weight ra tio of non

composed organicmatter in so il such as litte rand so il inorgan

icmatter, and its va lue reflects potentia l organic matter con

tent in so i.l However, organ ic matter must be composed by

m icroorgan isms under the su itab le conditions to become avail

ab le inorgan ic nutrients, which can be absorbed by plants and

fur ther becomes in to effec tive nutr ients. Accord ing to analysis
of ra tio of grass root to so il in d iffe rent degraded grasslands

from various areas, its results varied sign ificantly w ith the

change of degradation degree ( Table 2).

Tab le 2 Analysis o f ratio of grass root to soil in different degraded grasslands

Depth of soil cm S1- 1 S1- 2 S2- 1 S2- 2 S3- 1 S3- 2 S3- 3

0- 10 0. 040 00 0. 003 00 0. 033 00 0. 019 00 0. 037 00 0. 002 50 0. 002 00

10- 20 0. 001 00 0. 010 00 0. 001 50 0. 001 40 0. 001 60 0. 001 00 0. 000 14

20- 30 0. 000 60 0. 000 20 0. 000 50 0. 000 50 0. 000 70 0. 000 39 0. 000 11

Ratio of grass root to so il in d ifferent degraded grass

lands from S1 area From Table 2, ratio of grass root to so il

in S1 area decreased w ith the in tensifica tion of degradation de

gree in grassland. The ratio of grass root to soil in deep soil

from 0 to 10 cm greatly decreased w ith the in tensifica tion of

degradation degree in grassland, while that in deep soil from

10 to 20 cm and 20 to 30 cm slightly decreased w ith the in ten

sifica tion of degradation degree in grassland. W ith the so il

depth, ratio of grass root to so il in the same degradation de

gree decreased. Thus, p lant roots in a lp ine meadow mostly

d istr ibuted in so ilw ith depth from 0 to 10 cm[ 11] . Root varia

tion was in accordance w ith aeria l part variation, and other

aer ia l b iomass also decreased w ith the intensification of deg

radation degree.

Ratio of grass root to so il in d ifferent degraded grass

lands from S2 area From Table 2, ratio of grass root to so il

in S2 area decreased w ith the in tensifica tion of degradation de

gree in grassland and the so ildepth, and it greatly decreased

w ith the in tensifica tion of degradation degree in grassland.

Other aeria lb iomass also decreased w ith the intensifica tion of

degradation degree, whichwas smaller than aer ia l b iomass in

S1 area, so grass land in th is area trended to be degraded.

Ratio of grass roo t to so il in d ifferent degraded grass

lands from S3 area From Table 2, ra tio of grass root to so il

in S3 area decreased w ith the intensification of degradation de

gree in grassland and the so il depth. Compared w ith S1 and

S2 area, the ratio of grass root to so il in S3 area was smal,l

while other aer ia l b iomasswas little, and even trended to be

more degraded.

Relationship between DS and ratio of grass root to soil in

d ifferent areas

To verify the rela tionship between DS and ratio of grass

root to so i,l p lant community DS of seven sampling sites in

th is studywas compared w ith the ration of grass root to so il in
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various so il layers. The re la tive va lue of DS means the suc
cession d irection of p lant community, and its va lue direction

from large to smallwas the succession d irection of community

degradation. From Table 3, S3- 1 and S1- 1 was slight degrada

tion and moderate degradation respective ly, which reached

the largest DS value and ratio of grass root to so i.l Sampling

sitesw ith DS value smaller than S3- 1 and S1- 1 hadmore ser i
ous grassland degradation, and its ra tio of grass root to so il

corresponding ly decreased.

Soil texture in d ifferent degraded grasslands

There were different degradations in the survey area from

grassland landscape and plant community, and analysis of

so il texture w ith d ifferent degradation degree in var ious areas

showed that its soilwas loam soi,l wh ichwas not bad so il tex
ture type (Table 4).
Tab le 3 Analysis of re lationship between DS and ratio of grass root

to soil

Sampling

site
DS

Ratio of grass root to soil

0- 10 cm 10- 20 cm 20- 30 cm Mean

S3- 1 0. 494 5 0. 037 0. 001 6 0. 000 7 0. 013 1

S1- 2 0. 448 7 0. 04 0. 01 0. 000 6 0. 016 9

S3- 2 0. 396 6 0. 002 5 0. 001 0. 000 39 0. 001 3

S1- 1 0. 372 2 0. 003 0. 001 0. 000 2 0. 001 4

S3- 3 0. 189 1 0. 002 0. 000 14 0. 000 11 0. 000 75

S2- 2 0. 132 2 0. 033 0. 001 5 0. 000 5 0. 011 67

S2- 1 0. 103 4 0. 019 0. 001 4 0. 000 5 0. 006 97

Tab le 4 Content of < 0. 01mm phys ical clay in d ifferent degraded grass lands %

Depth of soil cm
S1- 1

Extremely
degraded

S1- 2

Moderately
degraded

S2- 1

Modera tely
degraded

S2- 2

Heav ily
degraded

S3- 1

Slightly
degraded

S3- 2

Heav ily
degraded

S3- 3

Extremely
degraded

0- 10 18. 14 23. 77 22. 16 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 45. 10 48. 99

From Table 4, the content of physica l par ticle smaller

than 0. 01 mm in a lp ine meadow decreased w ith the intensifi

cation of degradation degree. Soil from S1- 1 grassland in S1

area was light loam soi,l and so il from S1- 2 grassland was

sandy loam soi.l W ith the in tensifica tion of degradation de

gree, the content o f physica l par ticle smaller than 0. 01 mm

decreased. The var ia tion of two sampling sites in S2 area was

consistent w ith that in S1 area. Soil from S3- 1 and S3- 2 grass

land in S3 area was medium loam soi,l and so il from S3- 3

grassland was heavy loam soi.l There was no sign ificant

d ifference in the content o f physica l partic le smaller than 0. 01

mm between S3- 1 and S3- 2, wh ile the content o f physica lpar

ticle smaller than 0. 01 mm in S3- 1 was smaller than that in

S3- 3, which was re la ted to the specific ity o f so il texture ( red

loam soil) in S3 area.

Chem ical property of d ifferen t degraded grasslands in al
pinemeadow

The content of variousm inera l nutr ients is the lmi it fac tor

for p lant grow th in grassland, and grassland degradation is a l

ways accompanied by the deteriora tion of nutr ients in so i.l

Accord ing to hypothesis test o fmeans ( t test) for Table

5, there was no s ign ificant difference in ava ilab le N content of

degraded grassland in S1 area, and its to ta l content ranged
from 35. 68 to 44. 76 mg/kg. There was no sign ificant differ

ence in availab le P conten,t and its contentmain ta ined 0. 98-

1. 01 mg/ kg. However, ava ilab le P content o f the degraded

grass land was in low leve l based on the P c lass ification, and

ava ilab le K content in th is degraded grass land was smaller

than the average of ava ilab le K content in Qinghai
[ 10]

, wh ich
could not satisfy p lant grow th requ iremen.t Therewas no sig

nificant d iffe rence in trace e lement Cu content in this area,

and its content ranged from 1. 10 to 1. 65 mg/kg, which could

satisfy the basic requ irement of p lant grow th
[ 10]

. There was a

significant d ifference in Zn content ( t = 4. 70, t0. 05 = 3. 46),

and its content ranged from 3. 37 to 6. 47 mg/kg, which could

not satisfy p lant grow th requirement ( 10- 100 mg/kg). pH
value in soil var ied from 7. 4 to 7. 6, be long ing to alka line so i,l

and organicmatter content showed the dec lin ing trend w ith the

intensifica tion of degradation.

Tab le 5 Soil nutrit ion status of dif ferent degraded grass land in AlpineMeadow

Samp ling s ite
Dep th of soil

cm

Availab le N

mg /kg

Available P

mg/kg

Ava ilable K

mg/kg

Availab le Cu

mg /kg

Availab le Zn

mg /kg

Organic

matter %
pH

S1- 1 0- 10 44. 15 1. 79 239. 08 1. 78 3. 67 15. 27 7. 1

10- 20 49. 71 0. 79 191. 34 1. 67 3. 29 15. 95 7. 3

20- 30 37. 42 0. 45 150. 65 1. 52 3. 16 15. 87 7. 6

Mean 44. 76 0. 98 193. 68 1. 65 3. 37 16 7. 4

S1- 2 0- 10 35. 97 1. 67 272. 49 1. 21 7. 26 15. 9 7. 8

10- 20 37. 17 1. 34 210. 79 1. 13 6. 95 16. 07 7. 8

20- 30 33. 91 0. 54 170. 39 0. 98 5. 21 15. 86 7. 2

Mean 35. 68 1. 01 217. 89 1. 10 6. 47 15. 94 7. 6

S2- 1 0- 10 48. 42 0. 80 219. 31 1. 51 4. 21 15. 41 8. 3

10- 20 41. 70 0. 56 191. 01 1. 19 2. 30 15. 01 7. 9

Mean 45. 05 0. 68 205. 15 1. 35 3. 25 15. 23 8. 0

S2- 2 0- 10 39. 64 0. 45 211. 41 0. 41 2. 56 15. 65 8. 3

10- 20 31. 20 0. 37 168. 60 0. 33 2. 36 15. 63 8. 4

20- 30 27. 15 0. 36 156. 30 / / 15. 61 8. 5

Mean 35. 42 0. 41 160. 04 0. 37 2. 46 15. 69 8. 4

S3- 1 0- 10 50. 26 2. 18 280. 78 0. 72 3. 35 15. 26 7. 8

10- 20 40. 62 0. 85 243. 96 0. 53 2. 76 15. 95 8. 1
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Contined ( Table 5)

Samp ling s ite
Dep th of soil

cm

Availab le N

mg /kg

Available P

mg/kg

Ava ilable K

mg/kg

Availab le Cu

mg /kg

Availab le Zn

mg /kg

Organic

matter %
pH

20- 30 35. 84 0. 49 247. 11 0. 43 2. 28 15. 87 8. 3

Mean 42. 41 1. 11 257. 28 0. 56 2. 79 16. 02 8. 1

S3- 2 0- 10 48. 39 1. 21 258. 72 0. 28 4. 26 15. 91 7. 8

10- 20 39. 21 0. 43 184. 22 0. 21 2. 52 15. 06 8. 1

20- 30 23. 74 0. 55 181. 88 0. 14 2. 46 15. 67 8. 2

Mean 37. 11 0. 73 208. 27 0. 21 3. 08 15. 72 8. 0

S3- 3 0- 10 31. 93 0. 25 170. 12 0. 98 1. 69 15. 71 8. 0

10- 20 23. 55 0. 28 186. 92 0. 76 1. 25 15. 64 7. 8

20- 30 20. 61 0. 31 187. 54 0. 67 1. 13 15. 79 8. 2

Mean 25. 36 0. 37 190. 52 0. 81 1. 35 15. 71 8. 0

There was a sign ificant d ifference in availab le N content of

degraded grassland in S2 area ( t= 5. 34, t0. 05 = 4. 31), and its

content decreasedw ith the intensifica tion of degradation degree.

When heavy degradation declined to 35. 42 mg/kg, ava ilab le N

content o f heavily degraded grassland was deficien.t There was

no sign ificant difference in ava ilable P content o f grassland, and

its content ranged from 0. 41 to 0. 68 mg/kg. According to the

classifica tion of P content in soi,l P content in this degraded

grassland was in low leve.l There was no significant d ifference

in ava ilab leK contentw ith degradation degree. There was a sig

n ificant d ifference in availab le Cu content w ith the in tensifica tion

of degradation degree( t= 3. 15, t0. 05 = 2. 13), and its content de

creased by 0. 98 mg/kg, soCu content of th is degraded grass
land could satisfy the basic requirement for plant grow th[10] .

There was no s ign ificant d iffe rence in ava ilab le Zn conten,t

but its content was low, so it could not satisfy the basic re

qu irement for p lant grow th. Soil in this degraded grassland

showed alka line property ( pH 8. 0- 8. 4), and there was no

sign ificant d iffe rence in pH w ith the in tensifica tion of degrada

tion degree, which was in accordance w ith other stud ies
[ 12]

.

There was a s ign ificant d ifference in ava ilab le N content

o f degraded grassland in S3 area ( t= 3. 11, t0. 05 = 2. 41), and

its content decreased to ex treme degradation of 25. 36mg/kg

from slight degradation of 42. 41 mg/ kg. There was also a

sign ificant d iffe rence in ava ilab le K content( t= 3. 08, t0. 05 =

2. 94), and its content decreased w ith the intens ification of

degradation degree. There was a sign ificant d iffe rence in a
vailab le Zn content( t= 4. 41, t0. 05 = 3. 15), and its content in

creased firstly and then decreased w ith the in tensifica tion of

degradation degree. There was no sign ificant d iffe rence in

trace e lementCu content accounting for0. 56 to 0. 81 mg/kg,

but it could not satisfy the basic requ irement for p lant growth

(1 mg/kg)
[10]

. There was no sign ificant d iffe rence in pH, and

so il in th is degraded grassland showed alka line proper ty.

O rganicmatter content showed declining trend, but the d iffer

ence was not significan.t A ll in a l,l ava ilab le N, P, K and

organicmatter content o f this degraded grassland all showed

the declining trend, and decreased w ith so ildepth or dramat

ica lly decreased w ith the in tensifica tion of degradation degree

in grassland. There is no obvious ru le for the change of ava il

ab le Zn content in three areas, which was possib ly re lated to

so il parentmateria l in d iffe rent areas.

Conclusions
Soilphys iochem ica lproperty of d iffe rent degraded grass

lands from seven sampling sites in three areas of a lp ine
meadow is analyzed, and the resu lts are as fo llow s:

(1) W ith the intensifica tion of degradation degree, un

derground biomass and ratio of grass root to so ilg radually de

crease. W ith so il depth in the same area, underground bio

mass and ratio of grass root to so il a lso gradually decrease.

The highest ra tio of p lant root to so il is in 0- 10 cm depth of

so i,l and its underground biomassmain ly d istributes in 0- 10

cm depth of so i.l W ith the increase ofDS and the reduce of

degradation degree in grassland, the ratio of p lant root to so il

increases. Converse ly, w ith the decline of DS, degradation
degree of grassland intensifies.

(2) The so il type of degraded alp ine meadow belongs to

loam soi,l and physica l particle in this area does not change

w ith DS, so so il texture in d iffe rent areas is proper ly re la ted to

so ilparentmateria l and its deve lopment process.

(3) Ava ilab le N, P, K, Cu, Zn, organic matter and pH

value in d ifferent degraded alp ine meadow have all changed,

and availab le N, K and P content a ll show the declin ing trend

w ith so ildepth, or even dramatica lly decreasew ith the in tensi

fica tion of degradation. Trace element of degraded grassland

in a lp ine meadow is deficien,t while there is no sign ificant
difference in pH, and so il in th is degraded grassland shows al

ka line property. There is no sign ificant d iffe rence in organ ic

matter conten,t but show ing the dec lin ing trend. Chem ica l

property in so il is little re lated to succession degree of grass

land community.
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高寒草甸退化草地土壤特性分析 (摘要 )
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( 1.青海大学农牧学院草业科学系,青海西宁 810003; 2.西北高原生物研究所,青海西宁 810001 )

[目的 ]探讨草地退化对土壤理化性状的影响。

[方法 ]研究退化高寒草甸土壤草土比、土壤质地等物理性状,用土壤养分常规分析法分析不同退化草地土壤速效氮、速效磷、速效钾、有效
铜、有效锌、有机质及 pH等。

[结果 ]随着退化梯度的加剧和土层的加深,草土比逐渐减小;不同退化梯度的草地草土比在土层 0~ 10 cm中最大,该层的草土比在 0. 001 00~
0. 040 00变化,土壤类型为壤土类。不同退化梯度上土壤化学性质均发生变化,其中速效氮、磷、钾含量随土层的加深和退化程度的加剧明显

减少。退化草地的微量元素铜、锌含量比较缺乏。
[结论 ]各种养分含量和 pH与退化草地演替度的大小无显著相关。

关键词 高寒草甸;退化草地;草土比;土壤质地;化学性质
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芦苇地下生物量垂直分布规律性研究 (摘要 )
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[目的 ]探讨干旱区盐渍化严重地区芦苇与盐分关系,揭示芦苇地下生物量垂直分布规律。

[方法 ]通过野外调查、野外实地采样得到了较准确的芦苇种群地下生物量数据,利用统计学和生态学相结合的方法分析了芦苇地下生物量
的垂直分布。通过试验测定了芦苇湿地有机碳和全氮的含量,求取了 C /N比值,并分析了三者之间的相关性模型。

[结果 ]芦苇种群地下总的生物量集中在 10~ 40 cm土层,粗根在总的生物量中起明显的决定性作用。有机碳和全氮总体变化呈下降趋势,
50 cm以下土壤有机碳和全氮变化趋势稳定。土壤有机碳与全氮含量呈显著正相关。

[结论 ]为干旱区盐渍化地区芦苇地下生物量的获取提供了理论依据。
关键词 芦苇;地下生物量;碳氮含量;垂直分布
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