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Table 1 General situation of five observation stations

4 K s iR s EEROKR R
Grassland type Longitude—  Altitude Soil type Precipitation Temperature
latitude (m) (mm) )
B FE B E Alpine steppe E98°14" N39°06' 3445 1L %5 4 Alpine steppe soil 252 —3.1
111 3 ® 4 Mountain meadow E99°48' N38°46" 3134 P& 1l M i) + Subalpine shrubby meadow soil  300~500  —5.4~0
1] #h B 49 B2 )5 Mountain meadow steppe  E99°49' N38°48' 2950 Ly i % 5245 + Mountain dark chestnut soil 370~450 0
111 4 2 J5 Mountain steppe E99°54" N38°49" 2785  Il1#5E4% - Mountain chestnut soil 260~491  0.2~2.1
1) Hh #5755 5 5 Mountain-desert grassland E98°00" N39°11" 2861 [l #i454% + Mountain brown calcic soil 254 >=3.6

TF A 3 B K S AAE RS A CH 48 7 v 4 [E E A I8 S B0l KRR &0 40 ).
Note: Annual average precipitation and temperature are quoted from assembly report of animal husbandry divisions in Sunan Yugur automomous

county of Gansu province.

R2 IMEMNEEZEMFAEN
Table 2 Main plant species of five kinds grassland

FH A Grassland type FEEAM YA Main plant species
EFERLE Alpine steppe L5 3 Stipa purpurea s REFF S, aliena, B H Carex spp. » K Poa annua , 1 14 5 Achnatherum splen-

dens , "33 3% Potentilla bi furca , T 5 Elymus nutans

11} #b 55 /) Mountain meadow L @M P, fruticosa, W5 Kobresia capillifolia , BB E ¥ C. atrofusca subsp. minor, "2 F B P.
bifurca, ¥k % 3 Polygonum viviparum , 5 BN 5 Thalictrum przewalskii » %2 {61 T Viola yedoensis , 45 %5
Aster tataricus s B % Saussurea japonica , K H Leontopodium leontopodioides

1 i B A B Ji KEEFE S, grandis, i & Aneurolepidium dasystachys , TEFEP IR A E. nutans, F.30K P. annua, i FEVKE Agro-
Mountain meadow steppe pyron cristatum R FF Stellera chamaejasme , K AT 0B Juncus przewalskii sH, A FH Anaphalis lactea , [ 5

A. inebrians
11 4h % J5E Mountain steppe Vb4t 28 S. sareptana var. krylovii, Ja 65158 S. breviflora, 222 W3 P. multicaulis, i BEUKH A, crista-

tum , B YL Thermopsis lanceolata , 8 %5 A. tataricus, K P. annua, KIS & Iris loczyi . i 5 A, dasys-
tachys BRAE Allium polyrhizum

1L Hb FiE 5 B K Artemisia dalai-lamae , i % ¥ Psathyrostachys kronenburgii » 3% 3% % A. splendens, {5 A. dasystachys.,
Mountain-desert grassland PAM 3 F 3 Salsola larici folia

1.2 FFR ik
1.2.1 BN AEY R IE 515 jﬂT%ﬂ‘ﬂﬁ_FéE%E S BE IR T 19 5 A& 5 10 A 1 1 328 5 A X O e A
R PAR DB RIR TP . T 2004 4 5 AR F 2 2004 4 10 4 FRAERKAKY B 5.6,7,8,9 F1 10
A A e A e N BE AL B AR 0. 25 m X0, 25 m E’J’rijf 5 AR AR X AL 15 DFETr . R HE Bk R
FEGTRDY 30 em, B 10 em — J2 G 4% 2288 A AT 48 p 7 18] % N AT oh ok L 0 B SR e 20 R AN ARAS L 1E 80 C
fER Pt R EE FRH TEOEE 0.01 9. ZIKEVJEEPJiﬁTéE%%%i&?%ﬁUT%%%ﬁéE%io
Hb T AR ) 1) A B A RT LA BB AR A il A o A A
B:aef"’ (D
A .B A AW (g/m?) . d +ZIRE (cm) o b HHEL
iﬂ?@‘ifbg(underground net production) A] F{AE Ky T B4 fix KA 5 i hﬂuﬁilﬁ’]%ﬁﬂéﬁ
L) Ol R AR W Y R R (turnover value) SRR 2E 25 R G R A= W R 1) B S i R LS
TP=AI/BBP (2)
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Rof K o R A5 il P 0 R o 0
1.2.3 SHEERPME 785 KRG M8 (7 S5 X% 7 /AN 1 33 52 3l W8I0 A5, 4 H b G /=0 5 0000 0 91 ) 2
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- R R R G Y R R A S S UL Oy ik S /N B B R SR H Bhic k. FREL 2004 AR B 08I F0HE L BOHST A
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F Excel 2003 F2/FAEE 55 SPSS 17. 0 347 4H 5 A 8] 5 4387 A B S 3 PER 50
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AE A 5 28 R AR B AN [F] - HEVR B b T AR Al B0 A 45 R B (GR 3.8 1) .5 RE A T A
St I Lt I UL e ) ORI R S G B 2 S A L ) g Al S R R i 2 5 S (P<T0. 05) , L LT
VB 5 L A 218 TR B 2 R 3 (P<T0. 01 L DALy ) B 5L O 848. 09 g/m” . FLA AR A 1l b B 5
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R3 IEEMARTEREMTENER S EZREH LG

Table 3 Belowground biomass of five grassland types in different soil depth and percentage of total roots

5 s s 0 0~10 ecm 10~20 cm 20~30 cm
Grassland type EX7E: [ERiRiA A [EiRiA A Al
Biomass Percentage Biomass Percentage Biomass Percentage
(g/m?) % (g/m*) 0 (g/m?*) 0
= #EE 7 Alpine steppe 318.25 83.78 42.40 11. 16 19. 22 5.06
11131 %7 /8] Mountain meadow 784.18 92. 46 45. 21 5.33 18.70 2.20
111 31 %5 4i) %) Mountain meadow steppe 293.79 68. 31 94. 45 21.96 41.88 9.74
11131 5% 5L Mountain steppe 387. 35 83.42 48.03 10. 34 28.93 6.23
111 31 3% 75 50 )L Mountain-desert grassland 61.96 51.92 39. 85 33.39 17.51 14. 67

5 S H b T A i WY S A S AUAR R Y R R A A i BB R R AR A AE 0~10 em X —
W2 g m N EE R, BT A D, SCH MRS RIER-FTY, N 0~10 cm £ 21
YR 0~30 cm BAYRR A S R L DL ) f s Ol 92. 46 26, 32 R Ry i S R M R 4 A AL
JERIFR At T R R Z A W] A AR B AE 2 R R i T2 A R TR ICE 2 iy v K VB SRR S
FAR 1L Hb S B R JEAY 51, 92 %0 ik K BF R A TE TR A A K AT R R A £ — AR B LTE
10~20,20~30 cm 4 J2 0 (5 A H0 2409 Lo 7], 43 5035 33. 39 YoMl 14. 67 % » 3¢ FhAR 28 43 A 5 AiF J2 % T 52 A0 46 114 38 1
PR, J3 A, v 8 RS L R D AR ZR 43 A R LA 3 T L ) R 0~ 10 em 2 L 68,31 %, 1]
AE 5 B 5 DX 4 4 S TR R 1 SRR PR A O L AR B D 5 L R e 8 e I AR 3R )2 b R A U L AR 0 R A X 8K
I SR A R DAAR B 22 1) 6 5K 0l 2 AR R oK

5 2 AR B b B VR b R A0 A i B A B L B B2 R b T AR 4 4 OE 3 v, R 4 Sl
BB T 45 Fb TS 0~30 em A9 N /B9 A A LA (R D,
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Fig. 1 Vertical distribution of the belowground biomass in five grassland types
T : 1t #%55 f5) Mountain meadow; [ : LI H 55 Mountain steppe; [l : 5 ZEHL 5L Alpine steppe; IV : L1 #b 35 fa) 55 JiL Mountain meadow steppe; V : 111 HlL

FE R I Mountain-desert grassland.

x4 MTEVEHERETUNEHEE(0~30 cm)
Table 4 Index model of the belowground biomass with soil depth change (0~30 c¢m)

HHLZE R Grassland type 2B R Exponential model R? R
EFER . Alpine steppe B=1 299. 8e 011764 0.942 6 0.970 9~
111 5% f5) Mountain meadow B=5396. 1e 020074 0.915 2 0.956 7"
1L #3551 BE T Mountain meadow steppe B=787. 04e 0098 % 0.988 2 0.994 1*
111 i ¥ 5L Mountain steppe B=1 359, 1e 0-1384d 0.904 0 0.950 8*
1Ly Hb 5% 72 25 )50 Mountain-desert grassland B=125. 39e 0624 0. 966 6 0.983 2*

* P<C0.05.

2.2 WTAMETHETHERILEK

5 R RARFE M T A=W i Z2 5 A8 b WoR (K] 2) AN [ 2 7 B b i b R A ) 0 Z2 0 AL A A 25 57 (H I R B
AR T AR 2R B W SRR R 9 A A R ISR Lt 5 ) 2R KD A1)

Lyt ) R T L SR L) b 5 M R A W e 2 A A A B A R I O N RV AL H R B
M AS AR B2 . Hb R AR B R AR 9 NS 20510l 670. 64,652, 00,161, 24 g/m” , {H S AR H B A 15 (8]
A, X T RE 5 A& AR VR A B 0 A KT A AR 2 DI ER G ORI R AR RN TR D) DL KR L e A
A5 7 1R A R

WFIE L R A N R AR (R AR 5 S 2 U 52 i AR R A4 S R R SR B A 260, 7R 1 R
ARV b 5 VB R I B AR T R BRI 2 IR R W A K R F I, T A R s W . 5 A B L 2 )
FRAE RS RAT Y 7—8 A T AWy Rp gkl /b 5 B B0 4 1 TR PR B i R M R R S T A DA
i I rp A B Ry L BEVR 55 R G- 70 %0) Bl AR 1 PR AR K b S A R T RE R R BRI AE 1 R
BEE, FEUL T A RFFEE . AR BRI A M FAR AR K S A R kA K TR AR R A
JEE 5 WA A o i R M T Bh P i RO A S B R A i SO A, 10 A o R Al R AR A A — B Y R B
(A 2),

Lyt 3 ) PRS2 AR I 5 e s 8 AR K R0 O - S A T R R 4R O R AR R I, R N AR A R
T FE B AR AR I W AR A AL H 6 — 10 H R RL AR (L B AR — 3, MR AR A IR (E Y B
7610 AR M) 4B 554. 85,1 192,56 g/m’, i S AR(E I 7E 6 A op R A) B, 43 31k 253. 52,645, 72 g/m?”,
B o AU 1] T R K R - SRR RS AR BE 2 T AR A RO AR EE T A RIS AE 6—8 ] MR R b T
ARG 0, S M b IR R L L ) R Ry S R AR 8 T iR B AR i B AL 4 ) R
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2.3 T AAEFEFRASM

5 KB M M T WA 7 R /MR YA L M B ) (546, 84 g/m?) > 111 M B ) B (410, 76 g/m®) > 1) H B Ji
(358.12 g/m*) > FEH 5 (301. 33 g/m®*) > 11| M i I 5L J5E (81. 68 g/m*) (38 5) . 55 Ho At DX i by 1) F 5 445 SR AH
BUT 08 3 L b A% TR AR 1 T e 7 o K

5 T M M N AR W i R e (E /NI IR A L b R ) R (1. 25 00) = 1l b B JE (54, 93 00) = i JE RE i
(54. 31 %) = 1L iy 355 J85 25 58 (50. 66 %60 = Ll b % fe) (45. 85 %) . WFST 3¢ B 76 U5 A A9 s T 4 o IX 22000 L 22 3ot
JEE OS5 PR 0 4 1 2 R R B0 7 % 0 I 1 W AR R 0 A L TR — PR I o A AU L v Y 4 X
S BT 1L R AR D A O T 5 A A A L b 5 Y5 R D5 R B A 2 L Lt ) R L M R 5 B B A% AR
25+ JIT DAL TR A B AR O AR o A I 25 SR 5 P 52 oty 00 PR T 4 2 2 R J5E (55 00) R B 29 L (49 Do) T R 4
AT o LG U AL R R B (45 900 | FE B A (36. 9 Y)Y i 5 . X T BE 5 4% B b TR VR A R W 4L R L 2R K
AR A S IR BE 5 A AR TR

G385 FE AN ) 2 0 A (B R AN TR A o L e ) R 25 2 T A 9 B L R R 1 1 i 1
KA R 3X 55 CA W RIF 58 AR — B0 #0015 ) R 5T 5 10 7 V8 I 5 S 0 SR (2 B o B R
P18 000 T 0K /) 14 7 34 T oy 2 i 5 1y b i B R AR L AN B

RS SEEMMTHEFERHEARE

Table 5 Underground net production and its turnover value of five grassland types

AT + )2 fx KfH Maximum value fie/MH Minimum value ek e i
Type Soil layer  #{ Numerical value H 1 Date ¥ Numerical value H 1 Date Net production Turnover value

(em) (g/m?) (H. H Month. day) (g/m?) (H. H Month. day) (g/m?) %)

1 0~10 454. 36 10. 22 188.12 6.18 266. 24 58. 60
10~20 58.73 10.22 28. 20 7.21 30.53 51.98
20~30 41.76 10. 22 11.16 9.28 30. 60 73.28

0~30 554. 85 10.22 253.52 6.18 301. 33 54. 31

I 0~10 1134. 08 10. 19 600. 56 6.22 533.52 47. 04
10~20 63. 84 9.24 31.08 6.22 32.76 51.32
20~30 32.08 9.24 14.08 6.22 18. 00 56. 11

0~30 1192. 56 10. 19 645.72 6.22 546. 84 45, 85

I 0~10 499. 56 9.24 127.08 6.22 372. 48 74.56
10~20 166. 80 6.22 49. 96 5.21 116. 84 70. 05
20~30 61.37 6.22 35.16 8. 24 26. 21 42.71

0~30 670. 64 9.24 259. 88 8. 24 410.76 61.25

1\l 0~10 593.48 9.24 196. 08 6.22 397. 40 66. 96
10~20 58.68 6.22 37.28 9.24 21.40 36.47
20~30 39.12 6.22 20. 28 5.21 18. 84 48.16

0~30 652. 00 9.24 293. 88 6.22 358.12 54.93

V 0~10 79. 32 9.28 30. 20 7.21 49.12 61.93
10~20 68. 88 9.28 28. 88 7.21 40. 00 58.07
20~30 22.16 6.18 13.04 9.28 9.12 41.16

0~30 161. 24 9.28 79.56 7.21 81. 68 50. 66

T : 11 #h % fa) Mountain meadow; II : Ll #b %5 J5 Mountain steppe; [l : /5 ZE 5 51 Alpine steppe; [V : 1L #i %% fa) 52 J52 Mountain meadow steppe; V : Il Hb5iE

P JH Mountain-desert grassland.
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24 TADMZTEHIBATHXZ
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P T .

FHIC A BT 45 S 87 5 2 B b it AR ) o 45 TR) /K B 19 0% 2R 5 I L 3 V5 D A ) o S R K R
TR OG5 1 85 K AR 0 35 AR DG A1 3y 0RE 560G R AR B R 35 31 B 35 AH K OF (P=>0..05)

TEK IR F 45w 1 7—8 H o JE FJFURI 1L b 5 ) b A o 5 K R L R SR R RIR AR S Y
S R A 56 (P<20. 01) o 50 Xof 18 J3 R 48 3 18 2 W 8 2 IE A 56 (P<<0. 01) J{HFE 6 —8 H , iy 7% 15 5 1L b
T AR 35 S K B BNE (P=0. 009<C0. 01) 4K 3 IEAH ¢ 5 H 3R B (P<C0. 05) 2 1B 3 1E M &, ik
B 6—8 J1 1 - 48 5 7K et iy B2 D X B 2E B i b R AR W A STIERAS R R R Dl Y = — 120, 291413, 849X
GUrPY g R A & X N5 —8H I 3 S /K BINED 5 17 6 —8 1Y A 38 T % 1Ly e e ) e AR ) 1Y) BT
FIRAF R A R AR 3 By Bl O BN B 3 (P=0.127>>0. 05),

Ly b 0 e DD 1Lt R S AE K RS AR I 7 — 8 HL M T AR i 5 R BT 06 R R A I i BR A
Xof W A 3 BORE DG A (P<C0. 01) , 55 Ll P 35 R - 359 2 W 8 35 1E AH 56 (P<20. 01D , T J 3 B 5 AH 0 B A . 2
IEA AN (P<C0. 01) , Ho Al 24 52 4 (g 3 7 AH 56 (P<C0. 01) , vl 11y i e o0 st 2F 4 i 5 Al A 03 7K A IR 7 4
MR 2, U B K 3 5 B AN 2 5 e 32 R b b T AR e AR A R R R ML R 7 —9 A i R AR
5 R R GO 06 X R 7 — 9 AR A R R R R L e R R AR L b R
JE T L1 b 5 J5 b R A 0 SRR R, FL L 5 AR Y =1 640. 304 —85. 497X (.Y M FAEME; X B 79
I 3R

Ly b 358 V55 28 T A AR K ZR A )L LM R AR i S B K B Gr=—0. 875) B AH E . 5 1 &K & (r=—0. 944,
P=0.005<C0. 0 #R i F AR C, 53 4h . 76 6—9 H ik 5P (r=—10. 997, P=0. 003<C0. 01) S} & 3 11 A
KVH MR Gr=—0.977) 2 B 5 OC R U8B 7E A K 2 Py 385 K 6F LU b S B R AR ) Y Tk
AEXF R A FE S Y =212, 574—13. 784X (Urp . Y Sy ML T AW it X R RIS K&,
3 HFw5itie

ABESE FEEDHE T AR (b3 5 28 KR b A= W) i 1Y 3 B S0 AT AR AE L Z T AR Ak L A 5 R R (R DA
HIWEEHF IR HE R T 5 8RR E M T A= 4 58 19 T2 B A 15 R A R 2% DX R 4R 5t 1) 6 1 R FH A T
Sz 0 J IR Ak R b 1 P SRR A A R e A ) A BELA SR AR L B B R L

A L AL 5 288 B Ml f Hl S 2B 0 6 Bk L b i L R e iR g S TG 3 2 b A I AR A 2 2
5o 5 JEEU M AR W R /IMIK YR A L M ) (848. 09 g/m’) L 1L L R (464, 31 g/m’) | 1Ly Ml A H R (430, 11
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Belowground biomass and its relationship to environmental factors of natural
grassland on the northern slopes of the Qilian Mountains
HUANG De-qing'*, YU Lan®*, ZHANG Yao-sheng', ZHAO Xin-quan'

(1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Key Laboratory of Adaptation
and Evolution of Plateau Biota, Xining 810001, China; 2. Department of Chemistry and
Technology, Guilin Normal College, Guilin 541002, China; 3. School of Basic
Medicine Science, Guilin Medical College, Guilin 541004, China)

Abstract: The belowground biomass and its relationships with environmental factors of natural grassland:
alpine steppe, mountain meadow, mountain meadow steppe, mountain steppe and mountain-desert grassland of
the northern slopes of the Qilian mountains were investigated. 1) The belowground biomasses of five kinds of
grassland differed significantly (P<C0. 05) except for mountain steppe, mountain meadow steppe, and alpine
steppe. The belowground biomass reduced with soil depth in an exponential manner and with a “T” shape dis-
tribution. 2) Seasonal change of the belowground biomass was of a “W” type in alpine steppe and of a “N” type
in other grasslands, and decreased with soil depth. 3) Below ground net productivity of mountain meadow was
the highest (546. 84 g/m”®), and was followed by mountain meadow steppe (410. 76 g/m*), mountain steppe
(358.12 g/m*), alpine steppe (301.33 g/m”) and mountain-desert grassland (81. 68 g/m”). Turnover value of
the belowground biomass was beyond 45%. 4) There were negative correlations between the belowground bio-
masses of five kinds of grassland and the hydrothermal factor, though the correlations were not significant
except for mountain-desert grassland. But the correlations (positive or negative) between the belowground bio-
masses of five kinds of grassland and the hydrothermal factor were highly significant in the 7—8 months with
better hydrothermal conditions. In other months, the correlations between the belowground biomasses of dif-

ferent grasslands and environmental factors was very varied.

Key words: natural grassland; belowground biomass; net productivity; turnover value; environment factor



