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Temporal changes of grassland vegetation, soil and soil microbial population in the

Tianzhu alpine region
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Abstract: Sustained overgrazing and rodent’ s destrudion are responsible for the degradation of more than 50% of grassland in
north-western China. In fact these persistent adverse dfeds caused a reduction in the number of high quality forage species and
grassland productivity, accompanied with an inaease in the incidence of weed and poisonous plants. The degradation of the
grassland ecosystem causes serious social and economical problems in the region. To prevent and control grassland degradation,
intensive multidisciplinary research projeds have been paformed in this area. However information on the microbial population
changes in the grassland is scarce. Soil microbial activity plays an important and vital role in grassland ecosystem because it affect
soil physical properties like the stability of aggregates, soil aeraion and water holding capacity, and it is responsible of the
mineralization and recycling of several important nutrients like carbon, nitrogen and phosphorus. Soil organic matter is also

significantly affected by micaobial adivity. Thus, grassland soil miaobial importance and diversity can be used as an index of
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grassland health and soil fertility. The present work was performed in the alpine region of Tianzhu, eastern part of the Qingha+
Tibetan Plateau, which is charaderized by high altitude, important daily temperature variations with sparse air, strong radiation
and low temperature. We studied the temporal changes in vegetation and soil properties, the different physiological groups of soil
microorganisms and the effect of the degree of grassland deterioration on soil microbes, by comparing measurements made in 1982
with those made in 2003. In general, the vegetaion condition as well as soil physical and chemical characteristics were obviously
in better condition in 1982 as compared to 2003. In 2003, the parameters showing important decreases as compared to 1982,
included: the dominant plant species of the vegetation cwverage, forage yield, soil water content, soil organic matter, N and P
content. On the contrary an increase in soil pH was observed. The taal microbial populdaion in 1982 was higher than in 2003.
Soil haderial population decreased from log 8.97 cfug™" of dry soil in 1982 to log 6. 79 in 2003. Similarly from 1982 to 2003,
the observed population decreases in cfu g™ ' of dry soil were as follows: adinomycetes fran log 6. 91 to log 6. 17; fungi from log
3. 89 to log 3. 28; nitrifiers from log 4. 29 to log 3. 54; aerobic nitrogen fixing bacteria fram log 5. 54 to log 3. 90 and cellulose
degraders from log 5. 65 to log 3. 68. The mumber of physiological groups was also fran 1.5 to 4. 5 times higher in the moderately
deteriorated grassland ( fenced) than in the severely deteriorated grassland (unfenced and rodents hill). The results clearly
illustrate the important decline of the soil microbial population associated with the deterioration of the grassland.
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Table 1 Vegetations change between 1982 and 2003 in alpine grasdand of Tianzhu
v Domi s of o Coverage Fresh grass mass Ediblef % Remarks col
ear ominant species of grass (%) (kef hn?) ible( %) enarks column
Poa spp., Elymus nutans ,
Roegnevia spp. , Stipa capillaa, Carex spp. , ’ ’
Polygonum viviparum, Leont @ odium F o
1982 leont podioides , Taraxacum mongolicum , 90 3750~ 4500 80 orage and plant roots w e
A o ) ) denseness, and more organic
Potentilla chinensis , Trigonella rutheniaa " broueht nto soil
matter was soil per
Stdlera chamagasme , Gentiana macrophylla, atier was hrougil mio sotl pe
Oxyiris kansuensis year
Kolresia bellardii, Carex spp. , Stipa
calel' aa, Leontop odium leont odioides , Average height of
Gentiana macroplylla, Gypeus p. , .
2003 . . . 80 2250~ 3000 60 forage & lower, and the
Poly gonum viviparum, Potentilla fruticosa , . . .
. . . proportion of poisonous plant is
Oxytrepis spp. , Stel lera chamagasme , high
Potentilla chinensis ngner
* 1982 121 2003 s The data in the table

nvolved in fenced grassland only; the same below

1 11982 , 2003
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Table 2 Change of soil physical and chemical characters between 1982 and 2003 in alpine grassland of Tianzhu
i Water content Organic matter Total N Total P
Year P (%) (%) (%) (%)
1982 7.5 38.43 14. 2 0. 802 0.071
2003 8.0 25.94 13.25 0. 680 0. 062
2 : 1982 2003 s 2la ,
pH o 32. 5%, 5.5%,
, , 15.25% , 12. 7%
2.3
1982 2003 ( )
, 3 4
3 1982 2003 (cfus g™ 'dry soil)
Table 3 The number of il microorganisms between 1982 and 2003 in alpine grassland of Tianzhu( cfus g™ 'dry soil)
Year Bact eria Actinomy cetes Fungi Total
1982 9 49x% 10® a 8.29x 1(f a 7.89% 10° a 9.57x 10° a
2003 6.18x 105D L 51x 10 b 1.92x 10° b 6 3x 10° Db
# 1982 9 , . 2003 9 ( 4 )
s (p< 0.05), The data in the table involved in September only (the same as table 4) ; The same or different letters

mean no significant or significant difference between the treatments (p < Q 05) ; the same below

3 4 : 1982 2003 . 4 1R 2003
( due g~ 1dry soil)
1982 Table 4 The number of microorganism physiological groups between

1982 and 2003 in alpine grassland of Tianzhu ( cfu* g~ !diy soil)
2003 153.6 5.5 4.1 151.2

2

1982 Y Nitmohacters A ers-nitrogen A ero- cellulose
e ftobacter fixing bad eria de composer
2003 5.743.3 94.4
1982 1.99x 10" a 351% 10° a 4.53x 10° a
2.4 203 32x 10°h 8. 10 10° b 4.80% 10° b
,b2003 78 9 , ( )
( ). . 5 6
5 6 )
( ) ( )
1.5~ 4.5 : 1.3 .8

2.3 4.4
1.9 2.3
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5 (cfus g Vdry soil)
Table5 The number of microorganisms in different degraded grasdand( cfu* ¢ ' dry soil)
y . Fungi Actinomyce es Bacteria Amount of
Sample site ) o . .
(x10°) (% 10%) (x 100) microorganisms ( X 10°)
Unfenced grassland 1. 9la 1. 50 6 9a 8.47a
Rodent hill 2.55b 1. 6% 10. 46b 12 15b
Fenced grassland 2. &c¢ 2 55b 12. 80c 15 35¢
2003 7 5 8 19 9 2 3 (6 ) The data in the table is average value of 5 July, 19 August and
26 Septanber ( the same as table 6)
6 (cfus g Py soil)
Table 6 The number of microorganism physical groups in different degraded grassland ( cfu* g~ !dry soil)
. Aere-nitrogen Cellubses
Sample site . . 5 - . . . . . 5
Nitrobacteria( X 10°) fixing bacteria( x 10%) Denitrobacteria( x 10%) decomposer( % 10%)
Unfenced grassland 1. 39a 4. 60a L 38a 12 2la
Rodent hill 2.63b 5 94 L 4a 10 16b
Fenced grassland 6. 13¢ 7.31c¢ 2. 8b 23 62
3
(1) . 1982 ]
2
23. 85% , 2.25 hm
2
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Table 7 Vegetation and soil physical-chemical characters of different degraded grasland in Tianzhu

Sample site Main plant species

Coverage Height Fresh mass pH  Water wntent Organic matter Total N Total P
(%)  (cm) (kg hm?) (%) (%) (%) (%)

Remark column

Kobresia bellardit,

Carex spp. ,
Iris ensata , ,
Polygonum  vivparum, Nearby

Unfenced 40 20 1200 8.2 18. 81 11.25 0.49 0. 048

grassland

Oxytropis pp-, animal ad,
Stellera chamae- tight soil
Jasme,
Potentilla chinensis
Microula stkki-
mensis , Elsholtzia
aliate

Polygonum vivparum, 35 0 1350 8.2 21.87 11.68 0.53  0.047 Original

Rodent hill vegetation

Okytropis pp- , d )
. anage
Potentilla o

chinensis
Kobresia bdlardii ,
Carex spp.
Stipa capill ata ,
Polygonum vivparum,

Potentlla
80 40 2250 8.0 25.94 13.25 0. 68 0. 062

Fenced grasdand  fruticosa,

Oxytris spp- ,
Leontgodium leontopodi-
oides, Potentilla
chinensis

[10, B~ 18]
(

[19~22] ) [922]
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