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An analysis of the geographical substitute law and driven factors for six sandy

plants of genus Artemisia in Northern China
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Abstract ; This paper focuses on studing the six sand plants of genus Artemisia L. —— A. halodendron Turcz. ex Bess., A.
halodendron Turcz. ex Bess. , A. intramongolica H. C. Fu, A. ordosica Krasch. , A. sphaerocephala Krasch. , A. songarica
Schrenk. and A. wudanica Liou et W. Wang. They are semi-shrub derived from the same section Dracunculus of genus
Artemisia with close kinships and quite similar morphological characteristics. Distributed in sandy land of steppe and desert
region in northern China, they are edificators or dominant species of sandy vegetation and play important roles in wind break
and sand dune fixation. Their distributions have remarkable regional characteristics and replace each other in space, and thus
become geographical replacement species. The distribution regions of the six species were identified and mapped by analyzing a
large number of specimens and reviewing floras and correspond references. Meteorological data and soil samples {from areas of
the six species were collected for determining driven factors. According to geographical distribution of the six species, Artemisia
halodendron Turcz. ex Bess. was referred to as East-Mongolia Kerqin distributive species, A. intramongolica H. C. Fu as
Hunshandake sandy land distributive species, A. ordosica Krasch. as Tengeli-Erdos species, A. sphaerocephala Krasch. as

Gobi-Mongolia species, A. songarica Schrenk. as Central-Asia species, A. wudanica Liou et W. Wang as west Kerqin sandy
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land species. The substitutions among these species showed that A. ordosica replaced A. intramongolica and A. intramongolica |
replaced A. halodendron {from southwest to northeast and that A. sphaerocephala replaced A. songarica from west to east. The
kinships between A. wudanica and others were far, so A. wudanica was not geographical replacement species for others. The
differences among these five species in terms of temperatures, precipitation and soil property were examined with variance
analysis. In the geographical replacement of A. ordosica, A.intramongolica and A. halodendron, A. ordosica, comparing with
two other species showed significant differences in annual mean temperature, the coldest month mean temperature, anm;al
temperature range, Kira’s coldness index, the precipitation in June and July, humidity index, Humid/arid index, soil pH, the
content of total phosphorus. It was caused by the synthetic effects of water, heat and soils that A. ordosica was replaced
gradually in northeast by A. intramongolica. In the areas of A. intramongolica and A. halodendron, the precipitation of May and
June was different significantly. Drought in the tormer half period of growing season characterized A. intramongolica region
other than A. halodendron region, which was likely to be theﬁreason of replacement between them. Similarly, the variation of

precipitation played an important role in the replacement between A. sphaerocephala and A. songarica.

Key words :sand plants of Artemisia; geographical substitute distribution; driven factors
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1 REM S

REBEBE NS HEEESERED S OBEEME AT ERT (R D, REMYES . HTEREXEADHRAPD 4471),
FEEANBFE A 0~20cm f 20~40cm + B H . BETHEEABRSP AT HERSONE.

2 IRAE
2.1 MU HETMEENEE

TER1FFIMRE S RIGEEHTEBEE., AR THER¥EHEYARN A EDHRN EXEXARES TEMR
Fr, 2 RE ARERE AZHERURE FERYA AR EEERARAERMORERAE. ZETEMICEA 6 HUE
M E"RHEEHRCMU S AMEET s MUPENTERIRHE . #MAE NN HGER,. 2885 Mo m XA,
2.2 ﬁ%ﬁfﬁ%i‘%%—'ﬂﬁ%%ﬁ%ﬁ%

BERIMTMIHAXANSELER REERRER[ELEH (U E BN )1971~2000 5 M0 5, DL RS §E 7 iy 3H a2
TERTEWHMIER. RAETHEREAFHKEBRKE, FHETHEREYFEXHER. SN EERREERE . KD
LABRIK GG A . ERERRS A2 5 B :Kira HEBHERWDM" B ERCDHDY SFHRE EHER AMT) (F8
ZUKEEAMELHWEYEREMTWM MTCM); BEHEFEPEARXENBREERHDU) EEKBAPIUIE 1~12
A& H¥EHREKE; KREAERFER Bailey" HI/KRMGEEEFRES) . FIiFEREREHARNT .
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AH,. AN FSCHA YR,
BEHKE(ART) ART = (MTWM — MTCM)
A, MTWM AEEAFHEE MICM hEv¥ A FHEE.
@ BiEIg B (HI) HI = P/WI

AH P HERFEKE (mm), WI HIRBEREE.

Gk iz o H F e ¥ S = 2 0.187:/1. 045"
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Table 1 The habitats and sites of the samples
¥ & No. fh Species ¥ & #b A Sampling sites H 3% Habitat

1 A. songarica MNEEHFMFHMIE Ejina, Inner Mongolia [ € Vb # Fixed sandy land

2 A. sphaerocephala W31 W1 3% A 253 3 Luanjingtan of Alashan, Inner Mongolia WY i Drifting dune

3 A. sphaerocephala T H 1 DY % Shapotou of Zhongwei, NingXia #fi &1 ¥ F& Drifting dune

4 A. sphaerocephala W LT Wuhai, Inner Mongolia W3 ¥ & Drifting dune

5 A. sphaerocephala W3 H L ¥ Wuhai, Inner Mongolia B % b # Fixed sandy land

6 A. sphaerocephala BETERIM T KR Yulin, Shaanxi A H BN # Semi- drifting sand

7 A. sphaerocephala  WEH M H# M Xilinhot, Inner Mongolia ¥ W B Y - Semi- drifting dune

8 A. ordosica 7 B & Pk i 3L Shapotou of Zhongwei, NingXia & % ¥ #t Fixed sandy land

9 A. ordosica I 5% 7 2 4F % ) Etuoke, Inner Mongolia & %€ ) #b Fixed sandy land

10 A. ordosica B P4 #i AT K AR 24 Yulin, Shaanxi 2 H E I HE Semi-fixed sandy land

11 A. ordosica M 5% T I5 LA 9 8 H Bainijing of Dalate, Inner Mongolia # % Vb #i Fixed sandy land

12 A. ordosica N 52 i X PLAR W Ak H Shulinzhao of Dalate, Inner Mongolia & v 1l 3 Sand-covered hill

13 A. intramongolica W 5% i 4% 87 i Xianghuangqi, Inner Mongolia & & Ub #b Fixed sandy land

14 A. intramongolica V3% IE 48 1€ Zhengxiangbaiqi, Inner Mongolia & E ¥b #t Fixed sandy land

15 A. intramongolica W32 H Tt 72 B I 15 18 Keshiketeng, Inner Mongolia & %€ U #b Fixed sandy land

16 A. intramongolica W% & B M50 Xilinhaote, Inner Mongolia 5 SE V) # Fixed sandy land

17 A. halodendron N 38 474 451 Wengniute, Inner Mongolia Z E ¥ H Fixed sandy land

18 A. halodendron W& R /RIDZAE G Keerginhougi, Inner Mongolia A4 5 V> Hi Semi-fixed sandy land

19 A. halodendron ~ ANZR L ALK Hailaer, Inner Mongolia [ %€ ¥ # Fixed sandy land

20 A. wudanica P9 82 1 45 2F 45 i Wengniute, Inner Mongolia W EH Y Semi- drifting dune
2.3 TEEIRFNEH B

SRMMERANRXEE L. 2BMWNERAESFN L AR ANEMNERHAEERHE S EE " . pH E H PHS-3C B
JE 1T E
3 HZRS®R
3.1 AETWMoHHAE

6 MUEBEFRNKERY AUEFET KEAERTHVHBURERAREST BUFKETHESHCR 2, HPERKAE
AR R EEZEANE S, MR EFHFDHERER/RDEIN, T 5 MY S%H, F R EARE R KV A B FEAL
MEFRSMRERVENQYE 2 ARAFEEFTAANALQUE EBRYE 2 T,

WA HHEEE E2AEETERTRAVEN TR ERHVEFEEUHE BERATREEml) BERRWAE
BhmENACRE . BRESFEH . FEILWAR L ENEEAERS CEEEVDHAEYBE P SET B EEERMHN
EH BEBEDHTHEREENEENESNEZS B, HUOENEREEYH LHWENM . PEHAEXEEY EMEBEY
b BUEREEEMBE BN HEEECHBENNE RER N NZRS EmERY 2, AVEERSIVE.
YR KR ED RN EEY A NBENERE ERAFRDEBEREFHNRZM T IH#ABREYH, SAAES58U0EER
{u,-*&ﬁﬁ@ s B EY R E, #BERPENAR T BY REMTHIK L,

2 RAPD r i IR R R AT AL, BUE B E EANEEEEZXREE. (N EMNMNESEREM . EX R 446 L E2IH
E%ﬁﬁzﬁﬂﬁ*ﬁﬁiwﬁ GZHAMPRE. FEERVHBAEAFTVEZANERDE . MR TESL R B EFTE
R ARBFRID Y H LR PP W R X EEABSIENR. NZREEH LA ERM AR EER A& 1),

MEBYESHB/RPEERENEGZ XA . HUPENEEERZRUHB. 2B REH . S2MAMPE. EREVE . EREKRY
{5 0] P9 B 2N 58 R HERR /R BE , TR BT AN ] LA P 5 MW JR U0 &R i A8 30, B 1) 79 DA MBS /R b — B 30 P S ) 5k of WS JR U0 T B BF
. R P o) B s B e (B 2D,

BREHTISAINIHHNRGREZABRE, MEAXINM M EBEZRAH MARSAVEENBHEERSH.

3.2 ERUPERBEA>GNERETHTFIH

HY IR EMER, EWEY A WESEFIUATRRE . FEEYHEFAAEYWEF. EFEYERFHPSRERTF

REEN, HPXHEY T -AEWN I ERREMEK., tENFHEEZWEY AR —PEEH T,
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Table 2 The statistic table of the habitat type of six species

B

A. intramon-

E A E
A. halo-

dendron

W

Belt 4 5% Habitat

golica

B E

A. ordosica

5PE
A. A. wud-

anica

BYE
A. sphaero-
cephala

W /R &

A. song-

arica

PR B R

Forest-Steppe

= VP #h Fixed sandy land

2 F B ¥ Hb Semi-fixed sandy land
s & Semi- drifting dune
s ¥ i Drifting dune

[ % 7> #h Fixed sandy land

A E Y Semi-fixed sandy land
H W sh b £ Semi- drifting dune
Wb - Drifting dune

7P+ 3] Sand-covered soil ' 4+
T B 3% #1 Drought hill

& E ¥ Fixed sandy land

2 [&] S vb #b Semi-fixed sandy land

W ¥ i Semi- drifting dune

¥ fr Drifting dune

B 7> 1 1%, Sand-covered soil

T 23 # Drought hill

[ E V> # Fixed sandy land

4 F B Vb H Semi-fixed sandy land

M BEN Y & Semi- drifting dune

it 3 ¢b i Drifting dune

& & b #h Fixed sandy land

2 F E v Hi Semi-fixed sandy land

2 F sl ¥ i Semi- drifting dune

s ¥ & Drifting dune

7& 70 % B¥ Sand-covered gobi

F 9 IR Drought river channel

LR B [ Y
Typical- Steppe

+ 4+ 4+ +
+ +

e BB R
Desert-Steppe

B R R ™

Steppe- Desert

A S IR T

Typical- Desert

++++  + 4

+ 4 + +

-

+ 4+ ++ +

R o

+ +

+

RUE BYE EAEE 2 NTER AR E R

gr A, H U S HE TR R U0 RK Ve A S B N e, R 2
RAMPEBR T AN EERRN . EXERNMNERTHE,
2 RERBRHFERHEBRERNEFESHEF. N ERRFE
HFRE,FEPRTRFEN. HAXLEPEREXNELY, H
AEFBYEBEEE . MEAERRXPHETREEX T Z 0% &
e AEMaHEXE HEHEY X B892
RERAEHENER L, EEMNEHETMAL LR, B

ZEMFR, HIEARER NG — Y& m s —®E

HARXEET. |
EEAEVHE AP, EHETRAERRZRPRKEE RN L E P @“EZ@E ]

3 MERITEU L LERBE H T Irath. 73t E T A.halodendron

FHE LU REE SR RHET T FESNF. BEE o

BB R G R U TR IC ) TR ER T
MK 3 HERBRIRKRE, AEREA T A RERE

Fig. 1

RUE . BUE . ZEAEEHE SR

Geographical distribution of A. ordosica,

and A. halodendron
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1t

BHRER, B
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40°

30°

|
60°
— APHE
A.sphaerocephala

- HEBI/RPH

A.songarica

P
A-wudanica

BBV BYHE L REE R 5~7 AR NEK LR B

ZER SCABGEANEESARKNEKEHEME T HMHAE,6
AG=Z=BZEAFEEREENER .  ZARE A XAIREKE
EE-RPEBRZ . BUOEN T HXEKEEMNK.7T RHEARE

F2 HUE ERRDE.SFE R E A
Fig. 2 Geographical distribution of A. sphaerocephala,

A. songarica and A. wudanica
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Table 3 The quantity of heat indexes of five species

ERNEBE A. halodendron ¥ 8 A. intramongolica

HENE IRUPE A. songarica

BWE A. ordosica H#b® A. sphaerocephala

AMT 4. 243.6" 3.3+1. 3P 7.641.1° 6. 7+2.3° 6. 6+ 3. 22
MTCM —16. 4+ 5. 8be —16.5+1.9° —9.84+1. & —11. 24 3. 32 —12. 944. 92°
MTWM 22.24+2.1" 20.5+1. 1 22.8+1. 0™ 22.5+2.8 23.4+2.7
ART 36.9+43.7° 37.0-+1. 6° 32.6+1. 78 33.544. 02 36. 6+ 3. 9"
W1 68. 2-+16. 7AB 56.4+6.1° 78. 9+ 6. 84 76.1+16.5% 82. 6+ 20. 04
CI —78.54-27. 28 —80.1+9.28 —48. 7+ 7. 48 —53.34+13. 84 —62. 9+ 21. 648
KPP ERRICHLZELRBEHNER . BTHPRRZEAERS -1 FEHER,.E-WEERAERE . RZEZREEF ;MR IKREZELS, N E EH

KA 0.01, MR A/NEFE

L B EHEKER0.05:“"EARSAHEHEZRBH AR ZE CHE]) The alphabets represent the results from

multiple comparing between different species; If there is the same alphabet between two species, they aren’t different significantly; On the

contrary, they are different significantly; If capital letter, p<C0.01; if small letter, p<C0.05; “—

”

represent the differences among 5 spectes

aren’t significant, The same below

R4 SHOIBSHNRERERF

Table 4 The humidity indexes of five species

ERBE A. halodendron UL B A. intramongolica

HMybE A. ordosica B & A. sphaerocephala #E BI/RVE A. songarica

AP 370. 7£50. 0 329. 4+ 66. 52 281. 54+ 78. 6P 153. 0492. 1° 138. 1+62. 1°
MPJan 1. 7+0. 78 1. 940. 48 1. 7+0. 4% 1.6+1.4° 6.8+ 4. 94
MPFeb 2. 2+0. 58 2. 640. 88 2.8+1. 0" 2.3+2.28 6. 6+4. 34
MPMar 6.71+1.8" 6. 2+1.72"b 8§.143.0%°b 4. 54+3. 1P 9.9+7.0°
MPApr 14.54+4. 2° 10.243. 32" 11.5+4.6°° 6.1+4.7° 13. 61+9. 6°
MPMay 33.34+6. 02 25. 9+ 6. 4° 21.5+6. 7% 12. 6+ 8. 64 15. 61+ 9. 2¢
MPJun 71. 84-13. 84 55.34+13. 7P 30. 5+7. 9% 21.1+12. 8 17-64+10. 3¢
MP]Jul 116. 8+15. 3° 101. 0+ 22. 92 65. 8+19. 4° 40. 04 24. 3° 21.54+11.5°
MPAug 83.3+12. 32 76.4+16. 92 71.14+17. 32 37.34+23. 6° 16.149. 5¢
MPSep 38.2+8.74 33.2+8.44 - 33.9+09.44 16.4+11. 78 14. 6+ 8. 88
MPOct 18. 0+ 3. 3° 14. 4+ 2. 6° 14. 814, 22 7.245.9° 13. 6 8. 42
MPNov 4.8+1.5%7 5.241. 54 4. 4+2.25 2. 9-+2. 24 12. 3+8. 98
MPDec 2.5+1. 34 2.1+0.94 1.240. 54 1.3+1.24 10.3+7. 78
HI 5.7+1.34 6.3-+1.14 3.5+1. 18 2.1+1.5% 1.9+1.0¢

S 34. 6+5.1° 35.3+4. 7° 23.546. 2P 14. 5+8. 7° 22.4-+413. 4b

MPJan~MPDec 5 1~12 A{FE/KE MPJan~MPDec denote the mean precipitation by month from January to December

R LB R A R BB . RATIEE SR Y B

nfich

R BB AT I RBRR BB . o

BT 0~20cm F1 20~40cm WERI 8. WNR 5 KB . AMEER L BRIGIRERF EBOT Z 0 RIE R 2 — B . NF DT8R
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Table 5 The soil indexes of five species

2= A SR RUOE HU & BRIV

A. halodendron A.intramongolica A. ordosica A. sphaerocephala A. songarice

pH {8 pH value (0~20 cm) 7.37+0. 068 7.54+0.18" 8. 64+0. 288 8. 56+ 0. 634 8. 55+0. 094
pH { pH value (20~40cm) 7.45+0. 028 7.61=x0.21° 8. 63+0. 264 8. 6440. 704 8.5340.174
A HLJ& Organic matter (0~20cm) (g/kg) 1.72+1. 80 1. 65+1.02™ 3.31+2.9™ 1. 5441, 28~ 2.41+£0.19—
& #LJk Organic matter(20~40cm) (g/kg) 0.79+40. 22~ 1.82+0.65 2.69+2. 65" 1.064+1.16— 0.95+0. 16—
2% Total nitrogen (0~20cm) (g/kg) 0.224+0.03" 0.21%+0.16~ 0.50+0. 33~ 0.304+0.18~ 0.2340. 04~
4% Total nitrogen(20~40cm) (g/kg) 0.3940.32™ 0.2340.12™ 0.21+40.15 0.2640.15 0.1340.04—
4% Total phosphorus (0~20cm) (g/kg) 0. 03+0. 03P 0.11+0. 09" 0. 2440. 082 0. 23+0. 032 0.27+0. 022
4% Total phosphorus (20~40cm) (g/kg) 0. 06+0. 06° 0. 09+0. 08P 0.25+0.09° 0. 2040. 042 0. 254+0. 022

K TR TR 48 B KR &

bR ERUVE RS . EAESX - MBEFRI T
T ITEEREE. LT EERIE LS ANIBFEEREER.

A

AL FHMRE R RGBS
RUOEBAGEWERKABRMPTEAEE , BESBUYVEERASZIAEEZ MBVEIHX 6~7 HREBKEHBHK T H M

TR RIE RS KRG
FEAOMTRIER, RUPT

ISR

A RIERES KD ES

MU BEFYR R AR FRE ERER.6~7T Al
HY 4 DIE AR R I8 A8 555 K
TR — T ER, MBEYESEANBEEMER . JUSGIGEERNBEK . NEKXE,

Z R BI TR NX B I Rn E R U E L BWAFpiy B Btk R £

SRR, RpHEEZ MR THREVESEAER. FEHRVEMAEMANERECESHAET
RUOEMARLBRUDERFRCAEA RN ZRZE KA UL BEFHESHER.BE>ERIETHEARK,

WAL ESEAGEEZUMMBENRRE? B TEAEE EZ 0 M 7612 DRI s B R0 70, B0 3 B IR B 22 7 8K,

W E R EEZIRILIHL, ]
X Y&
. E 4 Ay, WA E

i

KZEH >

OEHVHEHGET

)

ps i 2R
|

4

=W K B

it

6 Fp b7
KR mH. EfTERENARBR R EER 2.

LRE R THIR T HZE

UL MAYEZRNEERERERIARE. NRLEBE . AUDED

WEAEENR . HERHARE. NaTHERERE, ARG 5~6 HWEKAEEREE BER 4K

.

HEKEANHAER, BEREBEE,S AR, MENERKIEE 6 HhEREZIREE . CLHEE
T RERBUVERMNTEAESH — T, XERFBEZIMAEFRERRAE,
NTFAUESERRYERN . MENEZRFFRRBAERKER FLRIER 4, N 10 AR5 2
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