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s& Ca,ik3] 1 730, 180 pg/g. 0" BT REM Y P Y
EaEMF A Ca,P.Na,Mn,K,Fe,Mg #1 Al, >
1000 pg/gMt s A Ca Pl Na, 55 5o % &4
19 37. 5203100~1 000 pg/g WA FIILRA Mn K,
Fe Mg Fl Al (570 % B8 62 5% 100 pg/g
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Tab.1 Characteristics of Mineral Elements Contents
in Dominant Species of Artificial Restoration

Vegetation of Permafrost Region(pg/g)

JBE  Max(pg/g) Min(pg/g) Mean(pg/g) SD
K 828. 6 157. 8 439. 520 323.289
Na 1811.0 549.3 1079.520 396. 475
Ca 2521.0 288.9 1 730. 180 1 248. 821
Mg 387.9 209. 6 336. 160 119. 925
P 2 075.0 849.6 1407.120 509. 117
Al 195. 4 124.3 145. 540 17. 890
Fe 382.2 291.1 350. 100 64.417
Mn 733.7 423.0 524. 240 36. 699

I X A SR AR O i FE R AR AR T 5
TR F i Ca fr KL 3K 2 716, 000 pg/g(3 2),
Hy Fioc Ry 0y & =& a9 T CaNa PK,
Mg.Mn . Fe il Al, >1 000 pg/g L EA Ca Al
Na,100~1 000 pg/g MH FIILHRA P.Mn K, Fe,
Mg Fl Al, 5497 13l 0 bl A= W4 o0 25 Y 5
i (Ca:5 0003;Na:1 000;K:3 000; Mg:5 000; Mn:
1003 Fe: 2000 4 He A, Joie /& N TR B AE B L 36 2 5
FERJE TR HA Mn Fe.Na & KTl
AL R BR 37 5%, AT 5 A Bl AN
e R FUCR SR RS Ca > K B,

2 WREUHFSEERMLR
HEYHTRTERE (pe/o)
Tab. 2 Characteristics of Mineral Elements Contents
in Dominant Species of Stipa purpurea

Steppes at Permafrost Region(pug/g)

JLE Max(pg/g)  Min(pg/g)  Mean(pg/g) SD
K 828.7 191.2 691. 924 44,194
Na 3371.0 452.8 1 960. 329 448. 801
Ca 2 897.0 2 202.0 2 716. 000 404. 465
Mg 521.5 358.5 424. 329 97.581
P 1307.0 366. 2 742.076 235.749
Al 260. 1 0 131. 605 57. 841
Fe 437.0 290. 5 363.424 56.074
Mn 772.7 153.0 407. 353 5. 020

XFN AR XA P 70 2 1% o Rl S AR A 58 B
Y TR EREFHREE LK KXY, Mg f1 P
JTCEM IR W EMEESR Mg p=0 032 1 P 1
p=0.047(p<C0. 05), HoARTU R & it AR 35 3]t 35 Pk 22
5K K p=0 08.Na } p=0 120.Ca K p=0 059.Al
H p=0. 853.Fe iy p=0. 840.Mn N p=0. 101,
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M3 AEM, TRDTHA TIREX 5 FiEy b
BYA BT OO0 R o . M E S R A T 00070 ~
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~2 521 pg/g. M2 8 726 15 A R AL 0. 722, A
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A Mn s B K AH 5 B /MBS U AR, BPRE 22 4385 800 5
% Ca.K.Na.P.Mg.Mn.,Al il Fe, 55 tH2%>2
# Ca:8 726 .K:5 251,Na:3. 297 il P.2 442, H 4y
MHE/BEBI AT 1~2, 402 Mg: L 851, Mn:
L 735.Al:1 572 .Fe: 1 313, XJ 7 J5i e i FE #0517
R H A PG ER & i, B 22 F BN A T 0012
~0. 440, Fhla) 22 7 R By 2 Al H f/ME /MBI TG
PR PRt H e KAE 5 e/ IMA B H A W3k 3 T8 55
S R AN 0. 440, HAR 5 R B KN AR IUT
Al.P Mg .Na.Fe.Ca.K Fl Mn; iz KMH 5 e /MEM
FOAH . BOAH 22 £ 20 Y 24 Al Na, Mn, K, P, Fe,
Mg #1 Ca,
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Tab.3 Characteristics of Mineral Elements Contents Variation
in Dominant Species of Artificial Restoration Vegetation

and Stipa purpurea Steppes of Permafrost Region

. N T AR A B AL P R
TR Artificial Restoration Vegetation Stipa Purpurea Steppes
Element - -
CV Max: Min CV Max: Min
K 0.736 5.251 0. 064 4. 334
Na 0. 367 3.297 0.229 7.445
Ca 0.722 8.726 0.149 1. 316
Mg 0. 357 1. 851 0.230 1. 455
P 0.362 2.442 0.318 3.569
Al 0.123 1.572 0. 440 -
Fe 0.184 1.313 0.154 1.504
Mn 0.070 1.735 0.012 5.050

T =7 FoR R/ IME R 0, Tk T
3.3 EYPRTERENEXXRESH

Z AR VR 4 X T RE 90 3 N T SR Y T AR )
FHILRZIWHC R R IR 4. 85 R R WTUR Z [
KLALF Mn B 285 HAth o0 3% B A7 2 3% 1A G %
F. M Ca 5 Mg Bl 8 FIEM KK R . Na 5 P.Ca
Y Fe.Mg 55 Fe #5035 IEAH G K &R . X LET0 R 1Y
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Tab.4 Correlation for the Mineral Elements Contents in
Dominant Species of Artificial Restoration Vegetation

at Permafrost Region

K Na Ca Mg P Al Fe Mn

K 1

Na —0.789 1

Ca —0.070 0.350 1

Mg —0.208 0.420 0.988* 1

P 0.576 —0.899* —0.704 —0.739 1

Al —0.147 0.156  0.308 0.349 —0.135 1

Fe —0.022 0.082 0.903* 0.914* —0.418 0.500 1
Mn 0.720 —0.500 0.582 0.478 0.075 —0.060 0.605 1

T x FRAE 0. 05 7K ORI - 8 40 ¢ 5 ok FARAE 0. 01 7K
EEC I PERTE Y P
ZAE VR T IX e FE R 1 FE AT R & T
RZ B BA OGO R WK 5, 45 R W g2k S b4 5%
FFMEM A KA AL TR RS HM oo R A
WEEMA KK FR M Ca 5 Na,Fe fil Mn 213 12
FEIEM XK R, Na 5 Mg.Ca 5 Mg.P il Mg,Ca
Fe Y320 W3 IEAHCOE &R X BEIUR Al R EA
B ERAE .
x5 SEFIXEEERNIEEVTR
TR Z ERHE X

Tab.5 Correlation for the Mineral Elements Contents in Domr

inant Species of Stipa purpurea Steppes at Permafrost Region

K Na Ca Mg P Al Fe Mn

K 1

Na 0.092 1

Ca —0.268 0.643™ 1

Mg —0.072 0.539* 0.596* 1

P 0.259 0.367 —0.013 0.487* 1

Al 0.044 —0.072 —0.311 —0.072 0.173 1

Fe 0.055 0.430 0.505* 0.262 0.167 —0.285 1

Mn —0.275 0.462  0.347 0.144 0.177 —0.0600.774™ 1

Ui+ ok FRTE O 01 ACF COUID 1= 3 M % 5 % R 7E 0. 05 7k
- OO I 53 A 5%

A X TCIE R N K S AR W) 38 S i 8 AR
Py Na,Ca.Mg I Fe FIH A O BA 3% 1EAH K 5L
PR 2 IEAR G OG A AR A A S SE G 2L X 4
Fift 76 20 T H A 70 3 B WSCHR kS 31 e R AT
3. TEREHNEFETNEYNERRY

YR R AR S RGN BA KRR WA
oy E G UHOEEYIMR N B 0K & S R HER T
RS B RENMCHE . ZEFRLEXT
8 s N AR SRR B R X R o R e S TP T R

FHANE 6 iR,
X6 ZEFIXRIBEFHMATHREERMINIREE
TRITETESENMEYNEERY
Tab. 6 Characteristics of Mineral Elements Contents in
Soil and the Enrichment Index of Plants of Artificial
Restoration Vegetation and Stipa purpurea Steppes

at Permafrost Region at Permafrost Region

UNER/S X L BALET B R
L& Artificial restoration vegetation — Stipa purpurea steppes

Element gy 3 meR gy HH KR
Plant Soil Ax Plant Soil Ax

K 439.52  567.00  0.78 691.92 436.30 1.59
Na 1079.52 142.90 7.55 1960.33 148.20 13.23
Ca 1730.18 6 705.00 0.26 2 716.00 6 413.00 0.42

Mg 336.16  822.00  0.41 424.33 852.30 0.50
P 1407.12 286.30  4.91 742.08 254.90 2.91
Al 145.54  494.30  0.29 131.60 616.80 0.21
Fe 350.10 1198.00 0.29 363.42 1168.00 0.31
Mn 524.24 1445.00 0.36 407.35 933.70 0.44

AR EESES, H80E S YR R N
TP BEAE K BT 0 5 ) T B R s R TR Y
A KR T AR . e N TR AR X g i
() gErh T R AT O, R BEBR Mn Ah, AR TCHE &
S ARARL . AT T TC 3R 1 R B XN A T
B P PR 36 . N T B A e A e 9 R g O
R FaERER, Hh & EiKNE Ca, 53
IKF] 6 705 00 F1 6 413, 00pg/g, N TAE B LT E
& B F A CaMn Fe Mg K, Al P il Na, = 3
R TR S R WIRT A Ca,Fe,Mn, Mg, Al,
K.P fl Na, +IEI0R T AHE Ca > K AL,

Ax ETCEMNE R R 2B ITRW Y&
W OT R S L P S R B R
INGICRAER Y L & A OC B R
KN TF YR EFRTT RN T LR, BAE—E
FEEE b R AR P 4 o0 R B WOICRE 7 o S8 i LR AT L
B XN TR S e R e S U R A X o
2 W WCRE J1 K /NIBUT 43 51 J2 : Na  PLK Mg, Mn,
Al.Ca fil Fe,Na,P.K.Mg.Mn,Ca,Fe f1 Al,#5 %)
Xif 38 7 21 W 0 A A L AR AL

4 T

T B S T 2 B A A T e 2 AR R
DB TV 2 M 43 55 TR M, B A A7 72 3R
hBRR RS S EOL R Y B A T TR S UK
oy ad e s IR AR 2 Bk 2 T BUS IR T Y B
B U TR SRR B 2 AL LA 2 A R UL i
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37, 48% s & F ALK 50 % B fR E ALK 37, 04 % , WAL
WAL R 33 33% ., M 4= 3h & | R A R
143, 90% , pH {H -t A5 Fr 84
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Tab. 7 Soil Nutrient Contents of Artificial Restoration Vegetation and Stipa purpurea

Steppes at Permafrost Region at Permafrost Region

EERINS &N 4 P,0;5 2 K0 B ffE N R P B K EoeoN H
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) !
N TR A B - y -
Artificial Restoration Vegetation 2.05 0.18 0.69 14.01 10 2 1 0.59 8. 66
b fop e s
ALK i 5.47 0.36 0.54 11.50 27 6 68 0.41 8. 40

Stipa Purpurea Steppes

FSHEY P oT R KEA BV C R o
AN R e R RS AR W A 7 A A A A Y AR
B E R A R . AN
WAFITTR  HEFR TR MMEITRNA LT 2
LR WAEY W IEH A K EE Y . 5 R E 0 R AR
PV ¥ 70 FR & i K 3 000 pg/g.Na 1 000pg/g.Ca
5000ug/g Mg5000ug/g . Fe200ug/g . Mnl00pug/g
AR A0 i s X TR S M R 4R A B P R R
Fe Mn,Na & & 4 m i Bl A= 5 S Y T R 09-F- 45 %
i, P TR 0 b A S AE O B A h Min i
G AR - AR 14 45 F109. 33 /5 HEA Y
WF5E R W] Mn J2 35 2 i 1936 46 5 Mn B2 X5 4 ) 14
WFZ A FE 7= AR 52, R Min I, I 4t 4 I 445
HE) T8 B BRI, S0 I S (A fif A, I R R B AT, 1
AR SAERIS . Mn iR LG E B HES DG
GAVEH AT R . Mn 266 1R A 6 RO Hr ok
B AN AT AD B IC 3R o AR W Min i 22 38 i AE
Yot & ol . B U R R TR A
KRR E BT R RS AR R AR
BRI M X TR M RN R A T 5 R+ 4
M BT R S WA BT WAIER] T X R 7EX
FOCE S HKET . E FREEEYERK LT IE
s PR A BIF 5 4 45 2% AT DL WK, 42 4% Na P K,
Mg.Mn,Al,Ca fil Fe JG &R & & A J2& 1% i X T F2
B LR 52 B i 2 1K F

5 i
(1) ZAEV + X T8 30 s A T4 5 A 4 10 I

T A (] & B A 22 AR K, >1 000 pg/g H97T
A Ca,P Ml Na, /v F 100~1 000 pg/g B8 T

A Mn,K,Fe, Mg fil Al, & &% K1 Ca ik
1 730. 180 pg/g W I E & & MTF  Ca P Na,
Mn.K.Fe Mg fl Al, A T Hi#k + 350 % & & (1
J¥ 4 Ca,Mn,Fe Mg K ,Al.P fl Na, T30 £ & &
H R Ca>K #Y,

(D) ZAEFR X TRE A THKE X 5 Fiy
BIA T OO0 & o, AP E S B RCKL A T 0070 ~
0. 736, 285 RZEHY KR /NAZAI T H K, Ca,Na, P,
Mg .Fe Al 1 Mn, 5842 >2 A Ca:8 726,
K:5 251.Na:3 297 f1 P.2 442, H4x M 2 5 501y
F 1 ~2, 45 % & Mg.: 1. 851, Mn: 1. 735, Al:
1. 572.Fe: 1 313,

(D ZAFVR X TR A TR X 6 F Z 11
KL ALAT Mn 59 2505 HAh oo = A B 3% 19 A5G OC
.M Cals Mg EMEBHFEMHAKRXERZ . Nag P.Ca
5 Fe.Mg 5 Fe ¥ 2 IEAHE KR, XL TTERE M
W e R AR A B 1 DR IR

(D) ZAEVR + XN TR & 08 B A P % T ot R
() W2 IS BE T3 K /NI S : Na . PLK ., Mg, Mn, Al Ca
F Fe, 1M Xof FE 55 28 B2 JUAF ) 6 70 3 B WIS fE 7 R/
it /74 Na P K ,Mg .Mn,Ca.Fe f1 Al #8545 +
TCE 1 W AR T B ELAH B

S 3 W

(1] e op [ 4 0l b 20 R I 34 4 Ak 27 43 LML bt B2 il
JR At . 1982358,

(2] hEB B MR LRI R e R A R E . A %
IR IHTIrELM. L st B A AL 1979 1~12.

[3] JULIE E K, NANCY C J, COVINGTON W W. Slash pile
burning effects on soil biotic and chemical properties and plant

establishment ; Recommendation for amelioration[ ] ]. Restora—
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CHARACTERISTICS ANALYSIS OF MINERAL ELEMENTS CONTENTS IN
DOMINANT SPECIES AND SOIL OF ARTIFICIAL RESTORATION
VEGETATION OF QINGHAI—TIBET PLATEAU PERMAFROST REGION

ZHOU Guo-ying"?, LI Tian-cai'» XU Wen-hua', SUN Jing', MA Hai"*, CHEN Gui-chen'
(1. the Key Laboratory of Adaptation and Evolution of Plateau Biota,Chinese Academy of Sciences, Xining 810008, Chinaj;

2. Graduate University of Chinese Academy of Sciences,Beijing 100039, China)

Abstract: We analyzed mineral elements of artificial restoration vegetation of Qinghai-Tibet Plateau perma-
frost region, plants and soil of superior alpine grassland by atomic absorption spectrometry. Results showed
that in artificial restoration areas of permafrost region,contents of Ca,P and Na in plants were above 1 000
png/g;Mn,K,Fe, Mg and Al were from 100 to 1 000 ug/g. In native prairie plant,contents of Ca and Na in
plants were above 1 000 pg/g;P,Mn,K,Fe,Mg and Al were from 100 to 1 000 pg/g. In artificial restora-
tion region,contents of Ca,Fe and Mn in soil were above 1 000 ng/g;Mg,K,Al,P,and Na were from 100
to 1 000 pg/g. In alpine grassland, contents of Ca and Fe in soil were above 1 000 pg/g; Mn, Mg, Al K, P
and Na were from 100 to 1 000 pg/g. Content of Ca was higher than that of K in both plant and soil. The
absorption capacity of soil in artificial restoration of vegetation followed the order of Na,P,K,Mg,Mn, Al,
Ca,Fe;and that in alpine grassland followed the order of Na,P,K,Mg,Mn,Ca,Fe, Al. The absorptive ca-
pacity of soil was rather similar to plants. Accumulation of K and Al had no significant correlation with
other elements, while the other elements had positive correlation with each other,which means that there is

synergy rather than antagonistic effect among the elements.
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