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The plant growth patterns in the natural grassland of Yunwu Mountain
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Abstract; The study was conducted by selecting the typical plant of the following dominant species of Stipa bungeana , S.
(grandis and companion species including Thymus mongolicus, Artemisia sacrorum, Agropyron dasystachys, Potentilla
bifurca, Heteropappus altaicus, and by tagging selected plants in theYunwu Mountain. The growth dynamic of the plants
from plant height and individual aboveground biomass during its growth cycle (from recovering to withering stage) were
observed and measured. The results showed that: (1) The growth of the plants is basically coincident with Logistic models
before the height and individual aboveground biomass reaches to the maximum; (2) There is a dynamic fractal relationship
between plant individual aboveground biomass and plant height. The function as follows:InB = D x InH + InC; (3) The
growth of the plants was not only affected by their biological characteristics, but also by environmental factors, in which
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precipitation is more important in arid and semi-arid region. In this experiment both the growth of plant height and the
monthly variation of individual aboveground biomass have a significantly logarithm correlation with precipitation

accumulation as the function of y = a X Inx + b.

Key Words: nature grassland; plant height; individual aboveground biomass; Logistic model; dynamic fraction;

precipitation

H AR AECA B A Y A KL, RESREMR P —HEZN ST ENFR, HEETRERR
MWK BT LA K EZ, T HE T K BET AT, B E KN ERR L SR
MIXFR, BMBEARETH, EARNFRERAMYT, AR 2R A, B Logistic £ K HiZk
(“s”Fihgk) " . BRT, BLAICS” T M AR U BE AR K SRR B L, (B F R R YA A K 3
SHRBED,

WEAAEY R RS RE SRR HESHE, R EHBHEY AR R, R & & RE oy EE g —14
FRAE & AR ST W 8 7T LU T @A Y8R R3S, WA RE R YR IN A BE B shI—RLE AT, 36
B ATEA R RMEERE . X REREFEYR, A ER B SRR ERX" AR RUH
YEBRNMEKER P FEYE SHRRFEEISHERR, FERBETTE N LR —MAER R & B
Y ER SRR, X S ERAERZE (kS BN EZ &Y EKSRETHER, A=K
MR AR YR MY =5 I RAR M YR A K BT R
1 RERBRERRAZE
1.1 A5 X A5

REXMTTRERTZFIL AR X, A E £106°24' ~106°28',N36°13' ~36°19", %K 1800 ~
2100m, +3H B Y +FILE R BRSPS 6 ~7C PR K& 400 ~450mm, &2 T RKA,7 ~
9 B H4ERBKER 65% ~75% ,=10CFRIR 2100 ~3200C , T4E 1.5 ~2.0, BB ER SR EY N
ARE4ETF (Stipa bungeana ) | 4T 3 (Stipa grandis) , . BB L4 Fb h 8475 (Artemisia sacrorum) \ 5§ B &
( Thymus mongolicus ) % ,

1.2 B
1.2.1 Y

A X R ARG F KT BRE KITE. B IKE (Agropyron dasystachys ) \ R ZE B 3K
(Potentilla bifurca) FIF /R FH1 AL ( Heteropappus altaicus )T FHEY) MBS, 8 7d WA 1 K, iL R HY &
R (7 BE) Bo
1.2.2 #ENE

Xif b3k 7 FE YA R BCE AR 8 #R, BRI (2007 425 A2 10 H) , 8 7d #4171 KEkRENE , B
TR IR R R IR SR AR B >, 43 B% B e Y Ry 1Rl — B B RO AR B SR B39 18, HEAT 40 o
1.2.3 3 FAEYERNE

2007 4£5 A 210 A, #% A7 XEEYLI 20 4~ 1m x 1m F77, 4 AHE AT N _ER 7 AV FE, 4
JE A FPFEHXE], T (T 80C 24h T RIEHE ) WA TE, ZEREFENSEYETRITEHAEWN
BRAEYE(TE) , #1701,

1.2.4 KW

H 2 SR 4R
1.2.5 Fugam

Fi Excel2003 F1 SPSS13. 0 X848 HEATAL B 4347 .
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FRALIE : i T4 FE PR /A ], R i Fi A ) 8 Biril 408 IX T 22 5 AR K, 9 7 BB SE B WL WL R
BT LEE EAREYME MK EP A KGR RRTE R — XA B, X & W% B X 8] 5 09 5 28
BARGATIUALH, (20—, BeAb R A B KRB AR AL , BN BRI R LU 2SR B Rl R e
BER(E1.E2),

AT SRR R TR B R YA KSR T i —FF B A URHE , B Y4 KR R BOR
FRRRAE KR MERREE A K R AR RS 2R MR AR BT A K EE R4
A — R YRR R R . ROk, XY B (B) MbkE (H) W M B ANR R BB ST LA, IR AF
I TEERR:

B=CH"(C.D HH&H)

W D R e 4e50, o AT e 845 -

InB =InC + D xInH

W, AEYE (B) Stk (H) BB AR FHREE — MM X R, D MZELKMER, B, REHE
FERO T AR EAAR T X Y8 (B) Sk (H) B— RIVERTRAERH, Frig il ELp R
ST desE”

2 BRE5Hm
2.1 YIRS MAEYE AL
2.1.1 Y&

SE Y —BT 4 AHapRE FFFESHEYIE R WRAR TR M & B A F YRR, Frilgtn

7 MY PHBEEA R (4 BE) B 1,

F1 7 HEYHNERRTNSE (DB
Table 1 Phenophase of 7 plant species and the number of bifurcation  tiller)
Y1845 ( A - B ) Phenophase ( month-day)

pr— P R(TE) #
bt N " Number of
P eccien BES BB U GRE RBR e
Recovering Jointing Booting Heading Mature .
(tiller)
( Squaring) ( Blooming)

AR 4T3 Stipa bungeana 04-20 05-22 07-10 07-24 08-7 1~70
K413 Stipa grandis 04-15 6-12 07-24 08-14 09-4 1~40
B B3 Thymus mongolicus 04-20 — 07-24 08-14 08-28 HEH
S8 Artemisia sacrorum 04-15 - 07-10 08-07 08-28 1~12
JEFEVKEL Agropyron dasystachys 04-15 06-12 07-17 08-07 09-04 1~5
T BUFEBESE Potentilla bifurca 04-20 - 07-10 07-24 08-07 i=<¥a Y
/R Y {46 Heteropappus altaicus 04-15 - 07-31 08-21 09-04 1~10

2.1.2 MYItRERRK XEYE RN

HIE 1 LA, MY PR RS RSISEARZ I “ RIRH RARER K-SR KR B, 5% 8
Yiigl (3= 1) ARG IR, RABHE Y9 PR 1< B SO SRR , FoAAHU it BRAE R IR G , FEJS L
ERFEREFWHAR , (BRRAFEREHIRM R B TR, H 3 2R W 62 SR K4
2, BT [F e R AR T 254 T RS ST RO AR , B VK R i A e e 2

B 2 A, KAV E BE JERKE  RERSEANM R R T 10 A 64 B BpREY IR IR
R, ARREFFGFFENR 9 A by, 10 B4HA T RS LSRN E T RE B, K 8B R = 3T H
BTHEAR, M EEYE (B R) ERETEZETH D, 10 AHEFEKE-RETH, SBHAYEKXR
WEJE T B, A RS T BE R i T80 B 258 B B RS T 0L , BB B A T UM BT — R AER,
TMRAXTBDN, S BCRR A YR A T
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HE 1 ME 2 ATLLE W, YR A b SR A W B TR IR BB R Z B R AL sS4 — B, IR B
Logistic 4= <%, ] SPSS13. 0 73 Bl #l-& 7 R YAk m s Fdt B A= 18 H 2R LR Logistic T2 (% 2) , & F
Rl , L5 45 RERERFTE B3 b A= Y8 A AR 8 O B 38 7K P S HAth 2 1k B i 28 7K F , BB AR Ak = A3t

HEA IR S HaR B A LA

The ratio of plant average height and its maximum

1.20

1.00

0.60

0.40

0.20

Mty _E SRk A i S E R R R LA

The ratio of plant individual aboveground biomass and its maximum

B2 iR EA B ANETRR T

r 1 F#WJE Rainfall —a— RCE S S.bungeana —a— REFSF S.grandis 14500
— B HEF Tmongolicux —x— Sk A sacrorum —o— JERKEL A dasystachys
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- £
350.0 £
L
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B 1 #HY PR MERERT
Fig.1 The growth of plant average height and the accumulated precipitation
1 P&F& Rainfall —a— RCEFSE Sbungeana  —— KAEFF S.grandis
120 = — HEF Tmongolicus —%— AT A.sacrorum —— JEREUKEL 4. dasystachys - 450.0
—— TRAEERESE Pbifurca —e [/RIEMEETE Haltaicus
— 400.0
100 | _
{3500 E
z
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+ 2500 = F
060 Bk s
I 5
H 2000 & &
%3
0.40 - 150.0 %
g
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Fig.2 Monthly variation in plants individual aboveground biomass and the accumulated precipitation

2.1.3 EPHELKB Logistic fEH)

bR YR B AR HR B R KA Z BT & Logistic A KR,

LA 7 PP AR RS A | SRR A Y B A ALY Logistic 7772, W] AR, KRR EAIES
Mo b AR A YR FEFF AR, X ME S S EYE E R BMAR A X, N TRAEARAERRENS,E
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EREANTRRES BNOREM(R D , L, BTN SRR S E K, B EEE /D, WA B R ARAEY
B(WARRSS)  TUAREFHRERRT R FNERAKE, BHREBERNEREYE; TEEEAE
RANERIY) , FERETT PN o R 22 (AT BOR, BAT B IR R AR BB L (= 1) , HERITE R
AR AR RARRE R, T A =FEYEB/ IR TESARR N SR EY R, SR A BB R R IKE
15, BATFA HF Rk EE I B SR AR WD B 5 T — N SRR S O S B ), 7E R 07 P o SR S R/, BL7E 7 R 9
BRI B B AR, BT LA b Bk Yy B AN E B R AR

£2 HEHYWEHKSEIKTM EEYE AT LE Logistic 51
Table 2 Logistic functions of the growth of plant average height and the monthly variation of individual aboveground biomass
7572 Logistic Function

it

Plant species FHkREL HEBBREERAZL
The growth of plant average height Monthly variation of individual aboveground biomass
H 15. 000 B 6. 500

=1 +143.593 x exp( —0. 7687)
R*=0.908 F=39.558> F,,

=1 +1.200 x exp( —0.025z)
R*=0.995 F=3703.837> F,

A4t S. bungeana

K&+ S. grandis

BEE T mongolicus

Y8 A sacrorum

JBEREVKE A, dasystachys

TRZEBSE P. bifurca

RIRFBHDIEIE H. altaicus

- 67. 000

1 +2.345 x exp( —0. 034z)
R?=0.922 F=189.396> F,
- 15. 000

1+1.035 x exp( —0. 020z)
R?=0.981 F=916.216> F,
- 26. 000

1 +1.430 x exp( —0. 032¢)
R?=0.981 F=804.570> F,
- 58. 000

1 +1.508 x exp( —0. 028¢)
R2=0.924 F=206.840> F,
- 5. 000

1 +0.850 x exp( —0. 029z)
R?=0.984 F=627.891> F,
- 11. 000

1+1.970 x exp( —0. 031z)
R?=0.978 F=653.205> F,

_ 5. 000
"1 +449.930 x exp( -0. 942t)
R?=0.963 F=103.761> F,
B- 1. 550

1 +123.886 x exp( —0.7771)
R*=0.970 F=128.136 > F,
B- 2.500

1 +340. 995 x exp( —0.981:)
R?=0.911 F=30.609> F, s
_ 0. 500
"1 +59.561 x exp( —0. 633¢)
R?=0.963 F=104.163 > F,
_ 0. 120
"1 +13.751 x exp( -0.528)
R?=0.965 F=111.907 > F,
_ 0. 600
"1 +343.635 x exp( -0.814)
R?=0.974 F=147.726 > F,

B

B

B

B

H N8R (em) , B Y Bk E (g) ,c AT (d)  H is the plant average height(cm) , B is the plant individual aboveground
biomass(g), ¢ is the time(d)

2.1.4 Y EFEYRSHERSISIERR

W EAEYEBEAFRREBLT, KA SRR RRA DTEARE , A [ B R AR _E A Y18 2= W) 3 A
B R R B ARA: , BP [E]— B 2200 R e BE B R L SR AR RAE 4548 B PP 9 20 B AR ] g o, T 22 I X —
MARIERRE Bl InH RIFRHUSERAER D, A4

B2 3 T LAA AR R F VBB BITHE JERIKE . NERRNURRMEEER N ER
WEPAEYESKREIIREHBNEEXR, & F RE, Ia SR BE K, b, 2R K T4
YrE= R RS REE KA RIFS e, Ko g 8uE 07 2. 105.2.261.2. 115.,2.060.,2. 140,1. 522
1. 831, R Y BRI Z R REURRER 2 EEER R RIS, o EE R, RAEY B =M R
B, BA R, R A YR FR BB, &R RGE/N ™ MRS, RT3 b ik
YEEFRERL , DK EBRIKENE BE, “RERFKRD,
2.2 HYIMRESERAM B ERAEYE AR SRR

YA KRR T3 B B Yo B MRS R FRM', 10 =0CBUR . I8 E FE
B% AHARN, 20CHRMHEEE BN KA R ERE MY EYERNESHEREREMN =
OCHURY B BEMEAXRAR R BRIRE RN HRBENHLLR  HEAMYERFN 4
BrEERR BRI E T X SRR E BT 52k F R R A7 ) R E 7 450 —8. Fibd
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AICEEWIS T YRR A AR E YR AR SREMERRAR,

£3 EYH ERKEYESTHRR A BMLED R
Table 3 Linear regression of double logarithmic between plants individual aboveground biomass and average height

9 7 - . " AR
Plant species Equation : Fractal dimension
ARKEHF S. bungeana InB =2.105InH - 4.103 0.940 ** 62.235 21.20 2.105
K& S. grandis InB =2.261InH -7.869 0.928 ** 38.685 34.12 2.261
BE®E T. mongolicus InB =2.115InH -5.260 0.966 ** 114.443 21.20 2.115
8 A sacrorum InB =2. 060InH - 5. 868 0.935** 57.587 21.20 2.060
EMKE A dasystachys InB =2. 140InH -9.462 0.988 ** 322.091 21.20 2.140

T ZUEBSSE P. bifurca InB =1.522InH -4.679 0.988 ** 329.340 21.20 1.522

Pl /R Z I AL H. altaicus InB =1.83InH - 5.046 0.967 "¢ 117.881 21.20 1.831

=« FORMEERIE0.01 KB, H HEYFIIRF R (cm) ,B Y EERAENE ()
level, H is the plant average height(cm), B is the plant individual aboveground biomass( g)

* & the fitted result is significant at 0. 01

PRI 1 AT AAEY)F IR SR BRI BT S T 2 R ARA AR AR (REFE B RARR R ) , T s
S B SRAE RE A TR BT AR R K T R E 2H BT T R (RS FRERKE ) . 18
YIRE LG, B TARKR T BB ISR G, A KR E RN ,E 6 A 12 HURZF IR AR T, #
R EIR:6 A 12 H LU, BEE TR R ER , AR KRB H R, BERAEYL TARE KRR TG
B A ER AR AR OB LA (7], T2 BLH A IR A2 ROl B (B RO IR B B R R o

PRI 2 WAL AP YR 9 Al (BITHEE 8 Af) ZHIAREMER & R MM B mi &, mo Ak
3 10 Az g REE 2AH RN G S (AR FHEATE) , X ERRZHAY AR, &
HYERARY, EREREVERA R, SEEPH R BN ERZH, TUNERRE RREL, EYE
WAEREEEN, EE2S TR,

J1 SPSS13. 0 X FILA& AR R K AL B EAREY B AR SHERNENXRAREK 4,2 FRE,
B LRBREE AR, SLIEA Y BRG LART , HtkRg R A B A B SR E RREXNYOE KB

F4 ERTHHEEME LEREYBESERBXROYPER
Table 4 Mathematical model of relationship between plant average height, individual aboveground biomass and precipitation

it

Plant species

HYF RS ETNER

Plant average height and precipitation

BB SERE

Plant individual aboveground biomass and precipitation

A4S, bungeana
K4HES. grandis
HEET mongolicus
8 A sacrorum
JBFEYKEE A, dasystachys
ZBIERIEP. bifurca

RIRFBHDIEIE H. altaicus

H=3.866InP - 7. 283

R?=0.912 F=103.647> F,
H=15.245InP - 29. 357
R?=0.963 F=262.616> F,
H=2. 442InP - 0. 973

R2=0.975 F=393.116> F,
H=17.417InP - 15. 806
R?=0.971 F=333.444> F,
H=13.912InP - 24. 317
R?=0.962 F=256.408> F,
H=1.086InP - 1. 074

R2=0.916 F=109.581> F,
H=3.686InP - 10. 815
R2=0.947 F=179.007> F,

B=2.312InP -7.774

R2=0.964 F=105.824> F,,
B =2.001InP - 7. 080

R2=0.950 F=76.033> Fy
B =0.485InP - 1.470

R?=0.923 F48.233> F,
B=1.031InP -3.475

R2=0.958 F=69.208> Fy
B =0.161InP -0.517

R2=0.975 F=155.942> F,,
B =0.027InP - 0. 051

R2=0.981 F=206.013> F,,
B =0.234InP - 0. 879

R2=0.938 F=60.770> Fy

* * FOoREERTE. 01 KFBE, P NEMERIHE (mm) , H Y TFI9HR (om) , B HEYH EELREWE (8)

% « the fitted result

is significant at 0. 01 level, P is the accumulated precipitation (mm) , H is the plant average height (cm) , B is the plant individual aboveground biomass

(8)
3 HigE4%ie

(1) PR = (RS ) Fidt b SR AE Y8 (A 313) , ER BB A Z B ¥ A& Logistic £ K i
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By = oo Sy (k> 0) ERTE = FATIR KR OB AR RAA) AR Logistic 3%

HERR, X S HBE Jesse! Jun Kao!" LR ER B, LA THN Logistic FR, TLIEH 7
PRI YT IR B3 AAE RN 5 3 b AR 1 8 R AR AL AL IR R 28 S 3 5 A A WG AR R B AN A
BAHX,

(2) Y EEYE SHREER N ERIBEPHFEE TN RR B =D xInH + C(D N34H,C N
FHOU M, B b YR SR A DO A 2%, R B A AR — b B AR R R, Bk
RIFBEBR, R RRENEE . X—EREEMMHEIR Y -8, RBRAAEREUEZWT
I TR R RN (P A B =R R 28 ) T8 K% BRIk E  BEE ARAF &
& BURRMAEIE  RER . T Y Y8 =R KR BRI BRABIIL, FA AT &
=B, R SRS R SRR B SR

(3) WA KR Z H B B YA RS, B2 AR TR RN, e T B X, BT B R %
MRS R EERGIE T, ABRHRSREN R NEYRYS5ENE& RRFEERBEHXHHE
Fiy=axhnr +b(ab HEH) . XSKEE WIER EAFRFUN LY R SERRLIE TR 1Y
SRR, W RER 1 TR BRI B E R A URE B AR SBE R AR,
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