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Abstract Fully understanding of the distribution and contents of trace elements in soil and forage is important in order to
improve the physical and chemic environment of soil and enhance the nutritional value of forage. Forage in warm and cold
season and soil samples were collected from subalpine hill meadow subalpine flat meadow and subalpine swampy meadow
in northwest Sichuan grassland with the depth of soil in the ranges of 0 —10cm 10 —20cm and 20 —30cm. Contents of
Cu Fe Mn Zn and Co in forages and valid contents of these trace elements in soils were determined with flame atomic
absorption spectrometry. Concentrations of F~ in soils and F in forages were tested with fluoride-ion selective electrode
method. The pH of soils displayed an order as hill meadow Soil > alluvium > turfy meadow Soil. Moreover soil pH
decreased with the increasing depth of soil. Deficiency of Co in soil and forage was observed 0.64 mg/kg in soil and 0. 26
mg/kg in forage respectively. The forage contained higher normal level of Fe and Mn namely 414.51 —565.06 mg/kg of
Fe and 138.68 —247.09 mg/kg of Mn.
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Table 1 Vegetation and soil type of three meadows
Meadow type Soil type Vegetation type
. . + +
SOM Subalpine downy meadow soil Kobresia Sichuan + Gramineae + Ruderal
. + +
SFM Alluvium Elymus hutans + Gramineae + Ruderal
SSM Turfy meadow soil + + Deschampsia + Carex + Ruderal
SDM  Subalpine downy meadow SFM Subalpine flat meadow SSM Subalpine swampy meadow
2.1.2
2005 1 7 1.0m
x1.0m 80
7 0 ~30cm 1 0~10cm 2
10 ~20cm 3 20 ~30cm 20cm x 20cm 2. 0kg
3 2. 0kg
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Table 2 Geography coordinate of sampling point in three meadows in three areas
m
Sample collection areas Meadow type Altitude Longitude-latitude
Longri Farm SDM 3705 N32°21.55" ~E102°26.20'
SFM 3595 N32°25.04" ~ E102°23.95'
SSM 3553 N32°27.02' ~E102°22.01’
Anqu Country SDM 3612 N32°39.95" ~ E102°20.73'
SFM 3512 N32°39.91" ~ E102°20. 21’
SSM 3521 N32°38.05" ~ E102°19. 63’
Longrang Country SDM 3529 N32°48.75" ~ E102°32.01'
SFM 3511 N32°52.38' ~E102°36.91'
SDM 3487 N32°52.80" ~ E102°35.97'

SDM  Subalpine downy meadow SFM Subalpine flat meadow SSM  Subalpine swampy meadow

2.1.3
1 TISAB F~ 2
2¢ 1.5¢ 10mot L™'KOH 2. 5ml H,0 5ml 2h
1:1HCI pH=6  TISAB 10ml 50ml 3 F° 10> mok L™' F~
—150mL 4 F- 5
- 150mv 50ml 10. OmITISAB
1 NH, OAc DTPA 2 5.0g
100ml 50ml 1mol/L NH, OAc 0.5h 6h 3 5.0g
100ml 50ml 1mol/L NH,OAc 0.1g 0.5h 6h 4
5.0g 80 50ml 25.0ml 0. 1 mol/LHCI 1.5h
5 25.0g 80 50ml 50.0ml DTPA 25°C 2h
1 2 5.0g 4h
2 1:5 HCLO, + HNO, 1:1HCI 10
25ml
pH
S4 3 pHS-3D
pH SPSS11 LSD
3
Table 3 Working conditions of atom absorb spectrophotometer
Flements Analytical line Lamp current Bandwidth Burner height Flow rate of acetylene
nm mA nm mm L/min
Cu 324.8 5 0.5 7.0 1.1
Fe 248.3 8 0.2 7.0 1.0
Mn 279.5 10 0.2 7.0 1.0
Zn 213.9 6 0.5 7.0 1.2
Co 240.7 10 0.2 7.0 1.0
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3.1 pH
pH 4 pH p <0.01
p<0.05 > > 1 pH
1 pH p<0.05 3 pH 3 pH p«<
0.01 pH 1 pH 2 3 p <0.01 2 3 p <
0.05 1 2 > 3 12 3 p <0.05
1 2 3 p<0.01 2 3 p<0.01
4 pH mg/kg
Table 4 The contents of pH and Valid F in different meadows soil mg/kg
pH F
Meadow 0 ~10cm 10 ~20cm 20 ~30cm Average 0 ~10cm 10 ~20cm 20 ~30cm Average
SDM 6.21la a 5.93a a 5.98A b 6.04A 20.08 A 61.61 A 79.00 B 53.65
SFM 6.04b A 5.86a B 5.67A C 5.86Ba 37.39 a 45.86 a 78.73 a 53.99
SSM 5.65b a 5.72a a 5.75B a 5.71Bb 30.54 A 67.94 A 67.43 B 55.30
Average 5.97 A 5.84 Bb 5.80 Be 5.87 29.34 A 58.47 A 75.05 B 54.29
p<0.05 p<0.01 Means

with the different letter in the same row or same column in the parenthesis are significant different p <0.05 small letter or extremely significant different

p<0.01 capital letter

SDM  Subalpine downy meadow SFM Subalpine flat meadow SSM  Subalpine swampy meadow

12

pH  5.71 ~6.04 pH5.50 ~8. 80
pH s TE
TE w0 F Fe Mn Cu Zn Co pH
22 ~25
3.2
3.2.1
4 4
3 3 1 2 p<0.01
3 1 2 p<0.01 pH 4 =
26
A -OH™ " - OH, " F-
F- OH™ *
3.2.2
5 p <0.01 p <0.05
p<0.01
p<0.01 p <0.05
53.65 mg/kg 53.99 mg/kg 55.30 mg/kg
44mg/kg 7 3.14 mg/kg 1.42 mg/kg
10 mg/ kg * 3
3.3
3.3.1
6 p<0.01
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p <0.01 pH 4 7
3 p<0.01 3 1 p<0.01 3
12 p<0.01 pH 4 %

5
Table 5 The contents of F Cu Fe Mn Zn and Co in different meadows grazing mg/kg

Season Meadow F Cu Fe Mn Zn Co
Cold SDM 2.60A A 5.33a a 688.16A A 100. 18A 18.86 A 0.18A
SFM 3.73Bb A 2.71a A 559.96Bb A 87.69A 19.94 A 0.38B A
SSM 3.09Bc A 2.12b A 447.06¢ 228.18B A 19.41 A 0.21A A
Average 3.14 A 3.39 A 565.06 A 138.68 A 19.40 A 0.26
SDM 1.29 B 9.35 b 478.80a B 135.40A 33.95 B 0.20A
Warm SFM 1.51 B 7.64 B 409.23b B 121.42A 32.59 B 0.15A B
SSM 1.47 B 8.16 B 370.26¢ 484.43B B 34.30 B 0.39B B
Average 1.42 B 8.38 B 414.51 B 247.09 B 33.61 B 0.25
p<0.05 p<0.01

Means with the different letter in the same column and season or in the parenthesis between same meadow and season are significant different p
<0.05 small letter or extremely significant different p <0.01 capital letter ~ SDM Subalpine downy meadow SFM Subalpine flat meadow SSM

Subalpine swampy meadow

3.3.2
5 »<0.05 p<0.01
p <0.05 > >
6
3
p<0.01 p <0.01 p
<0.05
6
Table 6 The contents of Valid Fe and Zn in different meadows soil mg/kg
Fe Zn
Meadow 0 ~10cm 10 ~20cm 20 ~30cm aver 0 ~10cm 10 ~20cm 20 ~30cm aver
SDM 186.16A A 200.20A A 302.03A B 229.46A 5.05 4.62 7.99 5.89
SFM 204.42A A 308.75A A 344.88A B 286. 12A 6.74 5.99 7.11 6.62
SSM 427.14B 448.27B 539.77B 471.73B 7.75 6.56 8.26 7.52
Average 272.57 A 319.07 A 395.56 B 329.07 6.51 5.72 7.79 6.68
p <0.05 p<0.01 Means

with the different letter in the same row or same column in the parenthesis are significant different p <0.05 small letter or extremely significant different

p<0.01 capital letter ~SDM Subalpine downy meadow SFM Subalpine flat meadow SSM Subalpine swampy meadow

395.56 mg/kg 808.5 ~13085mg/ kg 0
565. 06 mg/kg 414. 51
mg/ kg 25 ~30mg/kg * 13
3.4
3.4.1
6 3 3
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3.4.2
5 p<0.01
68.0mg/ kg * 6.685mg/ kg
19.40mg/ kg 33.615mg/kg 20 ~200mg/kg ¥
3.5
3.5.1
31
7
7
Table 7 The contents of reductive Mn and commutative Mn in different meadows soil mg/kg
reductive Mn commutative Mn
Meadow 0 ~10cm 10 ~20cm 20 ~30cm aver 0 ~10cm 10 ~20cm 20 ~30cm aver
SDM 151.85a A 157.77A 194.61A B 168.07A 10.06A A 11.40a A 23.39 B 14.95Aa
SFM 201.11bB a  219.21B  223.07B b 214.46B 56.95Bb a  21.36a 23.52 b 33.94b
SSM 122.88aA B 213.92B A 195.26A A 177.35A 22.78a 48.99b 33.24 35.00B
Average 158.61 B 196.97 A 204.31 A 186.63 26.72 27.25 29.93 27.97
p <0.05 p <0.01 Means

with the different letter in the same row or same column in the parenthesis are significant different p <0.05

small letter or extremely significant different

p<0.01 capital letter ~ SDM Subalpine downy meadow SFM Subalpine flat meadow SSM  Subalpine swampy meadow
7 p<0.01 1 3
p<0.01 p <0.05 2
p<0.01 pH Eh pH Eh ™
pH ? pH
4 7 pH 4
1 2 3 p<0.01 1 3 p<0.01 2
3 p<0.05 1 3 p<0.05 1 23  p<
0.01 pH 4 >
7 p <0.05
p <0.01 pH 4 1
p<0.01 p <0.05 pH 4
2 P
<0.05 pH 4 12 3 p<0.01
pH 4 1 3 p <0.05 pH
4
* 186. 63mg/kg 27.97mg/ kg 6.67
3.5.2
5 p <
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0.01 3 p <0.01
p<0.01 p <0.05
11
186.63 mg/kg  27.97 mg/kg 583mg/kg *
1989
12 138. 68mg/kg
247.09mg/ kg 20 ~60mg/kg * 2.3
32
3.6
3.6.1
8 p <0.01 pH
4 % 1 p <0.05 2
p<0.05 3 p <0.05 1
2 3  p<0.01 12 3 p<0.01 pH
35 pH
4
3.6.2
5 p<0.01
p<0.01 p <0.01
p <0.01
36 pH
pH
pH ** 7
pH Eh
8
Table 8 The contents of Valid Co and Cu in different meadows soil mg/kg
Co Cu
Meadow 0 ~10cm 10 ~20cm 20 ~30cm Average 0 ~10cm 10 ~20cm 20 ~30cm Average
SDM 0.26 A 0.26a B 0.66a B 0.39A 0.58 0.51 0.45 0.51a
SFM 0.30a A 0.46 A 0.51a B 0.43A 0.82 0.59 0.50 0.63a
SSM 0.87b 0.91b 0.73b 0.84B 0.66 0.59 0.57 0.61a
Average 0.55 0.48 0.54 0.64 0.69 0.56 0.51 0.58
p<0.05 p<0.01 . Means

with the different letter in the same row or same column in the parenthesis are significant different p <0.05 small letter or extremely significant different

p<0.01 capital letter

4 ~40 mg/kg
0.64 mg/kg 8

36

kg 0.25 mg/kg

TE

1 ~40mg/kg *
4mg/ kg

2 ~29mg/kg *

VB,

36
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41

36
3.7
3.7.1
8 3
3.7.2
5 »<0.05
p <0.01 p<0.01
» <0.05
22mg/kg ’ 0.58 mg/kg
0.568mg/kg . 2 ~
6mg/kg 3.39 mg/kg 8.38 mg/kg
4
pH pH 5.87 > > pH
13
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