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Effects of water supply and sand burial on seed germination and seedling

emergence of three sand-fixing Artemisia plants in Horqin Sandy Land

Wendurihu, WANG Tiejuan* , ZHANG Yingjuan, WU Fangfang
College of Life Science and Technology, Inner Mongolia Normal University, Hohhot 010022, China

Abstract ; Semi-shrubs, Artemisia wudanica, A. halodendron and A. sphaerocephala, are major sand-fixing plants in Horqin
Sandy Land. A. wudanica is a native pioneer species growing in shifting, semi-shifting sandy land and A. halodendron is the
dominant species in semi-shifting, semi-fixed and fixed sand dunes. A. sphaerocephala, sown by aerial seeding to Horqin,
was imported from Qubqi Desert and Mu Us Sandy Land as a sand-fixing pioneer plant. Seed germination and seedling
establishment are critical to the recruitment of individuals into plant communities, and therefore studies on seed germination
and seedling emergence characters of the three sand-fixing plants are of great significance to vegetation restoration in Horqin
Sandy Land. Seedling emergence is closely related to sand burial depth and soil moisture in sandy land. In this study, five
sand burial depths (0.5, 1.0, 1.5, 2.0 and 3.0 cm) and four water supply levels (86, 171, 257 and 342 ml.) were
adopted to investigate the responses of three plants to sand burial and water supply during seedling emergence. Water
treatments are equivalent to mean monthly precipitation of 25, 50, 75 and 100 mm, respectively, and the average monthly
precipitation during grass germination period (late May to early June) in the study area is about 50 mm. The results showed

that, sand burial depth and water supply quantity had significant effects on seedling emergence in three plants ( P<0.001).
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The optimum depth for three species was 0.5—1.5 e¢m, suitable water supply at seed germination stage was higher than local
monthly precipitation level (171 mL,i. e. 50 mm per month) , which resulted in a very low emergence rate. Within the
scope of water supply in this study, the emergence and germination rates were the highest at 342 mL (100 mm per month)
in most conditions, and the highest rates in three species was all appeared at 342 ml. water supply and 1.5 e¢m burial depth,
showing that water supply contributed to seed emergence from slightly deep soil. Seedling emergence rates of two sand-fixing
pioneer plants (A. wudanica and A. sphaerocephala) were significantly higher than that of A. halodendron, especially under
water deficient conditions, showing their higher adaptability to drought. Covariance analysis showed that, seedling mortality
of A.wudanica was significantly higher than those of A. sphaerocephala and A. halodendron (P<0.05) , especially in 257 mL
water treatment ( P<0.01), but the difference declined with the increase of water. That is to say, when precipitation
reached 75 mm per month, it met the requirements for seed germination of three plants, but not enough for A.wudanica
seedling growth. In fact, average precipitation at seed germination stage is lower than this treatment. A.wudanica is mainly
distributed over a very narrow region in western Horqin Sandy Land, and many populations disappeared in recent years,
showing A.wudanica has been declining in Horqin. According to the results, rainfall deficiency led to regeneration difficulty
for A.wudanica, water stress combined with competition with aerial seeding plants, A.wudanica populations degraded in

Horqin Sandy Land.
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S RLE B EAR B FFE (Artemisia wudanica) AV ( MAKFE RSLE A, sphaerocephala) 25 AN E (X
8 A, halodendron ) ;=R RIL TP M FHEWIVMEY) . b 5 P4 F1 22 AN & S BRIV H AR T A5, & PHE
FEEA TSN ST s vb L, S [V B S SAE ) 5 26 ANV s T 2 AR T it Bl | [ R Vb b Sy v H 32
SRR Y IR, Ok B TS TR ER SRR 2k X (A SRR S R Vb ) | R [ TP Y
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TSI TP RN K e 1 A RIS, B T AT TR AS R V338 B IR 43 25 AN 9 i 45, X 3 AR Py it
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HI 6.4 °C , Mo S IR EE 40.5 °C, Mo e fR IR -30.1 °C . 4EFR/K R 369.1 mm, Z&EH T 6—8 H,7 HH i
£/ SFERg=
1.2 W5k

SEEG TV & AR 2010 4 11 ABCA BRI TT AR UEAT T AT & R e K 3 R
PR 7% 50 RGN EIA AUZEARA B SR L, &3 3 D E A B TR SR, 25 CHEIR, E A E 2810
KA BN RN & 2R R 5300 . B HE (97.33+3.10) %, TP E (94.67+3.06) % 22 ANWEE (92.67+5.03) % , iX
AR R A K &R, >90% R 45 S8 3 FPRE ) (R 728 R AR a5 & BE T, BRI B &R 22 R
B3 (P<0.05), 2011 4E 6 H %), %% 100 C FHET 48 h A9+ /e SRR AL I3 88 (N2 6.6 em &JE 9 em)
I, SRR AR S S T HEAK L , HEKFL b O 3G g e Je M7 1k 0 vD i3 . MAKSF- V0 T A 0 HE 38 T4 18 V0 2
FEfhRIC . VPR 045 0.5.1.0.1.5.2.0.3.0 em 3t 5 A0 HE L A EAUES 3 AN EE A EE 36 Rifh
F,6 17 6 AL, HA A D + B AR e TP R Ak

FRAE S MR K B TERE( 1971—2000 4F) , ik 3 Fadfh+ E 28 k8 (5 A TRIZ= 6 A LA)) A Fk%
KLY 50 mm , 7RI RERN A SZEGBAAE A 25 50,75 F1 100 mm FOREAK | MR 3 25 8% K/ NI H 454 1 o
IO HEK 55300 R 86 171 257 Fil 342 mL, S HEAERE AWk, Se e 0% 3 d sk 1wk, & uom
K BRI 2 —, SR HET 30 d,

A A RSB TR G2, IR REPY N A P AR RS P A BR T K A4, S 1 e R
U HSRARGL . FhFUPHE IR HEK S FFUR T, A3 S A 4 BG40 o H B A e 5k
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{1 SPSS16.0 HEATHETH 1A , ih T H R SET- 30 1 7 A X E A THA T ROE L3 (6 = sin ' ,p
FIAHRE B E 433, 0 NSRS ) , AT 7 22 0T R O 22500 . FEIEAT 5 25 0 A e S BiE AT O 25 5%
UCHERLES | 7 22 B S5 HER R Duncan 54T 28 AL, 23655 EBL T, R A Dunnett’s T3 WA 7 2 &
HeA

2 EREH

2.1 ARIFEFEY Ko B RV R i 2R0R g e R 0 AR Ak

Xof HH P SRR MR P R AT = R R Oy 22000, 25 SRR B N IR T R R OR3P K oy
T BE FNYDSIRBE | LA K E AT PR 1] (4 5 ELAE FH IS R0 AR O 25 1 22 = (P<0.01) (R 1)
2,01 ARG EE RN YD VR B X H 1 R A 5 M)

Gy A 3 FAEYIAE AR A BERE VDI 19 A RAROP R 2 22000 S5 R AN 1 TR

M T SPHE AR AT ALK G 171 mL B A7 RAER)Z V03 0.5 1.0 em T HE HHERIRAG, 28
1.85% ; A /K & 257 mL B, P4 H B 3R E VO HE R A 3T 9820, 0.5 1.0 em Z44F (14 H 1 %01 & e
1.5.2.0.3.0 em (R ( P<0.05) 5 MK & 342 mL B, 55 P4 1 H 7 B0 VD SRR B2 (A 14 im 2 B 43 5 20 1)
e VHEERE 1.5 om BHR RS . AREIZK B R, VP 0.5.1.0 em B, ¥R K & 257 342 mL
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FHHER L 171 mL B85 ,257 mL ABEE 342 mL 5  (H AT 2 [ 22 5 R 535 04 1.5 2.0 em AF,342 mL
TR R 257 mL &, HLS em S0F T, PIROK O BE R R 25 5 B 3 V03 3 em B, A 257 mL K& T
AL ENA 0.93%,

F1 FAEEYD KIGEFDERETHEERMHEERRN=ZERFTESN
Table 1 Three-way ANOVA of percentage and speed of seedling emergence based on different species, water supply gradient and sand

burial depth

B 3 NN HH R Emergence percentage HE R Emergence rate
Deviation souse Degree of freedom F P F P
3 FlHEY Three Species(S) 2 37.068 <0.001 34.082 <0.001
KA HBEE Water supply gradient (W) 2 93.355 <0.001 48.993 <0.001
W Depth(D) 4 35.427 <0.001 18.513 <0.001
3 FAR )R S BB E (SXW) 4 7.743 <0.001 8.610 <0.001
3 PRI < IR BE (SXD) 8 2.303 0.027 3.307 0.002
IR EE X TR BE (WXD) 8 12.390 <0.001 9.101 <0.001
3 FE ) x 7K 53 BE X PR BE (SXWXD) ) 16 0.905 0.565 1.417 0.152
7% Error
JELAT Total 90
135
80 r 80 &
70 A A2 Artemi? w%danica 70 | A
60 | 60 A. sphaerocephala
50 1 50 Aa Aa
40 40
m
gi 30 1 30 r
S 20 r 20
gn 10 10 Ab  Ab
iH ; 0.5 1.0 1.5 2 3 0.5 1.0 1.5 2 3
HE g, ¥ J¥ Burial depth/cm
8 FERI
§ 70 A. halodendron
60 t
g 50} m171mL
= " 0257mL
[ #342mL
30 Aa Aa
20
10 Ab
0 o K | -
0.5 1.0 2 3
1 JZ Burial depth/cm

1 5AE BPE EFAEEMFEARKSHEMMERENHEHER
Fig.1 Seedlings emergence percentage of Artemisia wudanica ,A. sphaerocephala ,A. halodendron under different water supply gradient and
burial depth A [F] K5 FBEFRIR [F] — V3B BE N [RI7K 53466 B 22 8] 22 5 35 51 1 3 (P<0.05) 5 A AN FBERIR [F] — K 4388 BE N [V 3R
Z )25 5k B 2.2 (P<0.05)

SLEATEIT (1) K 171 mL B, HEDH 1.0 1.5 em FAMRMMHER, KN 1.85%, 54
ROPBREETS , VDS (9 H W SR8 S B B A DR BE A 38 RS R B 3 fHOK i 257 mL i, £ VD3
1 em BFAE R, 25 3 F I AEHEK O 342 mL 60 F  ZEVPHL 1.5 em AR EIEOR, B R AIT
(P<0.05) o XF TARII VPSRV BEA [RIK 734 L 2 1] B9 22 52 38 9 DR IREAE 0.5.1.0 1.5 em I, AT SRR
POREASERMIER KT 1.5 em B, 2 BOKE AT B9 HERIRAE,3 om WA 257 mL KR T A HH

FEAILRE (T 1) ZEMKEE 171 mL i, 2 VDI T R T 257 mL (5,0.5.1.0 em 25 FARMEA
% B/NT 10% , R T 1.0 em J5 B 4 H 5342 mL B HE R 3B 70 VR 2 (1 1 R e b R s e
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1.5 em B EPREGE . X ARRIAYK B EE VD3 0.5.1.0 em 1.5 em B, HB5RAT B HEK B 038 R K
RO s VP 2 em , H B RARA 3 em BPASHE G .

HE 3 RN S R R B 2% 5 (P<0.001, 32 1), S P4 B b g T HAB BRI, 174
BE R T 2EANLE R R E e i A T R R
2.1.2 KA RN D B VR Ko H A 3 SR A 5 )

2 WoR,3 R FD T R I RIS VDR AR T, A5 2 BE A K R A iR K A R (H 257 mL 5
342 ml [A]E L BER WA BE, TEVHIRE 0.5 cm A1 1.0 em I, P 00 R RN TE 171 mL
T R AT S AR T D P 2 M 25 RN B D E BRIV 0.5 em 171 mL K H S, 4t
JK i E) 25 SN B 2 s EANIEE RN 171 mL (K B AR M, 9 MK SR R R B3 . fEvb i
T 1.5 em I, P18 5 v 2 30 K & 342 mL R 60 Y B S 58 A T 2 AN L A O D A
AL 342 mL BYBEKH TR, VPR =2 om B3 R H R RRECR B, BOK AR 3
FRAEYIAE [ — K 3R B SR VD SR B T 0 Hh P R 2 SR — B, K 171 mL B, A R B AR AR B R
T K 257 mlL B, ZEVDHEERFE 0.5 1 em 2500 T 10 H 7 50 b H & VOB B B I 3 ( P<0.05) ik =
342 mL B} 703 1.5 em A H AR, B 3 PR A kB B B G B e (e

K2 FRKSHEIERET 3 FEY HEERH LR

Table 2 Comparison of seeding emergence rate under different water supply gradient and burial depth ( +SE)

o IR 53 #6 E/mL UPHYREE Burial depth
Species Water éupply
gradient 0.5 cm 1 cm 1.5 cm 2 cm 3 em

5 phiE 171 0.06+0.03 Ba 0.06+0.06 Ba

Artemisia wudanica 257 4.07+0.49 Aa 4.13£0.14 Aa 1.36+0.41 Bb 1.12+0.76 Ab 0.04£0.04 Ab
342 3.05£0.95 Aab  3.90+1.23 Aab  4.45+1.03 Aa 1.46+0.09 Abc

FIYE 171 0.06+0.11 Aa 0.07+0.13 Ba

A.sphaerocephala 257 0.90+0.17 ABa  1.25+0.15 Aa 0.09+0.09 Bb 0.38+0.24 Ab 0.08+0.08 Ab
342 1.68+0.51 Aab  2.17£1.56 Aab  3.10+0.35 Aa 0.15+0.00 Ab

ZEANE 171

A.halodendron 257 0.29+0.24 Aa 0.31£0.11 Aa
342 1.03+0.57 Aab  1.19£0.85 Aab  1.65+0.27 Aa 0.04+0.04 Ab

2.2 AN[FEFEY K6 FE RNV IR BE R Gl A0 TR A8 1k

B TR A B S FBOR ], % 083 F A A — BT g = e BB T3 MR T W 5 2534
SRR (3R 3) , 4 R XFE TR A B B RS2, BD i 0 2030 R B E R AT % (P>0.05) .
R U S () 7 2253 BT 2R B, 3 FRAE Y (] FE 10K 25 55t Wl 38 17T 4% 7K 436 38 T AR 45 VD 3L R B T) 4 e A T
BT E 25 ALK B [ A RERAE A 0.071, #23E 0.05, M T3 BEAE A, 3 Bk P floK 76
FEMAS AR N 22 5 10 3 (P<0.05) , 50 W3R W], S PR TEAN [RIZK 4046 B 0] 22 5 0 38, D3 A Fh 2 e AN 2
XT3 FAEPIRI LT RN EZ T (£ 4) . BT 171 mL B4R & 1 SR, B 25 RIS 7 K e
W, T LR T 5 AR 0 B e B 2 3 R 4 43 i 78 [R] — A KT A5 VDS DR BE 24 4
ATLUE Y, S PRE AN FHIR A T BET 3R & F 5 AR 76 257 mL By SR 300R I 35 1 22 S 1% (P<0.01)
A ZRHtK (342 mL) B 22 BRI AR . BEASK 5380 BE ], 257 mL /K& F SBT3 5 T 342 mL, &
FFE TS EARE R 173.3% 43.5% M 137.4% , 2 P15 2 B 0 B i, D6 12 P18 4h 1 A i 4t
TR Z A E HIEEN KR,
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x3 FREYKSBEMMNERETHEETENDTEST

Table 3 Analysis of covariance for seedings mortality of different species, water supply gradient and burial depth

B> 3l A ¥ Mean v »
Deviation souse Degree of freedom Square
%R Emergence percentage 1 1.466 0.004 0.948
3 FlHEYD three Species(S) 2 1233.879 3.670 0.037
IR BB Water supply gradient (W) 2 968.381 2.881 0.071
R Depth(D) 4 300.972 0.895 0.478
3 RIAEH) <K I3 B (SXW) 3 1012.822 3.013 0.044
3 FREH X IR BE (SXD) 5 734.690 2.185 0.080
TK A3 B R (WXD) 4 262.614 0.781 0.546
3 PRI >R S0 B X TR B (SXWXD) 3 297.905 0.886 0.459
%2 Error
S Total 32 336.178

57

R4 TRKSHEESFET 3 HENTCTRALE

Table 4 Comparison on mortality rate of 3 species under different water supply gradient ( %=SE)

IK 36 Water supply gradient Y A
PyFf Species 257 mLJ( Gl = 342 ml. T(;t:‘lbfn]o:rtj;ly
5 P}E A, wudanica 63.12+8.51 aA 23.10+6.19 aA 42.24+5.83 aA
HYE A.sphaerocephala 4.78+3.61 bB 3.33+5.65 aA 4.09+3.19 bB
2R A halodendron 19.44+10.98 bAB 8.19+5.01 aA 11.00+4.65 bB

[Fl— SRR NG TR R 2253 B3 (P<0.05) , ARIRE TR R Z 574 B3 (P<0.01)

3 FrErtig

3.1 VI 3 AR R R S

SEVDHR R T 3 AR P Ol S5 TE 0.5—1.5 em 0 R P, HAG B0 il HE P SR R B
Kt ,0.5 cm Al 1.0 em 4T 3K 5 T FHED M HIDE TR AR —2, 1 1.5 cm B RIHZE R AR, 54
5T 1.5 em BHSA B BE A AR A H AR 100 mm H FEK & (342 mL oK &) M40 T, ¥
HEVREE =2 cm B, 3 Bl @AY R ANGE B a8 R RO VPRI Bl i k5 2B VD2 AT etk
LN RO - ORI A = R Wi U7 S PN W TR SR P~ b L 3 S s VU L 1 (20 I N s e )
% S
3.2 JKGEXF 3 AR I Y S

FESEBA AR SR FEK A5 B RO P T SRR EE )2 0 5 Kt DR T 58 M AN (] 0 330 % B 1) o = 10
HET AR AR R KR 2 BRI 3 MY A T (P<0.001) , TEBREE MK SBEE T, M
P R 25 AN LR Aol 14 B R PP TR T (0.5—1.5 em) |, BBEA BEK it A0 RTTHS O (H 55 P38 b 5
HIEPH =1.5 em W, AR AR A&, MK 2 0 54T ik & 86 mL I, 3 Fd ) 4% A
BT, HEKEE 171 mL B, 22 AN AT B, S PRy | s o FOE R AR AY Hh v 23R 3 S B 3 7K 43 X6 3 Fke )
TR BIBREIVE T . VIR 1.5 em MK 342 mL 3 FhAE S 09 P R 10k B KAE, B et 70 BE % 8
KA R3S BAER , B 2 oK A R TR Z Ao & i, X T Re S IR — PR E (1.5 em)
RERSPRIF I 2K 05, T EDR AR S B R A 45 AL, FES VP A 0F T, W HUR A 2 M K
FE NG R A H ANad 257 mL 5 342 mL A2 5 2 0 A B3 RIFESEARTH 2 3 MY K K a
H T R 25 AR R B

171 mL B KR SEASARL A S b7 85 A 3] 50 mm 34 H KR HAE X R 244 T, 3 Rl A9 i 8
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RAG , X AR A Z5 AR T 2 d 2 AR5, AT T A A S5 38 2 50 mm FA/K 58 42 1T LATH J& (VD 3 Rl 7 (0
%o JRHETEF AT R G R AR S AT, ARG TE P AN T, FEAT RS2 T A SR ORI 22 B XU S i
AR K BB BT, LM 28 & K T 2= N4, T DA 3 S P S K s A, (IR AY Hh R 5 3RA1T 2010
AETERFANE B 3 MY B9S2 B AR DA — B, (HAE 2011 4EWTST X L5 PR Y R K B B, 6 ) S2Bri%
KA E 83.5 mm, ZJ5H BIRFE AR 2 09T, JUHUR S PHE IR R S T I RA K I = ALY
75 mm/ H FEK R (257 mL K4 |

MR AT B PHE R AT 25 fe i 1 2R [k [ P e A A 0 1 Vs e s , T 2 /RS e I, LB
KSR 3 o 25 5 T A B G DR S et 3 RS 00 Hh T G T R EE N BE RN B RE RNA UE Y
T2 REEE X HEE TR B A TR shvb b, Fh il /K 0 RS A DR, 6 G S I (v
Sy IKER B A R 5 min 2247, S PHE T 30 min, 11 22 AR U5 25T 180 min, 3XAF, Fi G & AEHUH K 4% +
L, ] A BB R B 2 A RO 43, BRI BE B i % -
3.3 UPHRUKAXT 3 RAE YA AT TR R

SRR S PRSI IET R R & T D E 2 RIS (P<0.05) , Wt 2 U, X+ 5 P48, 1
SRA BRI R (RGN - 2 S AT R A AR AR T R XK A3 kb e R R K, I HLARRE
IKBESIPERK 6 A EYIRE KN 50 mm SUEARAI AR T, 3 FVE 1 & 2 BRI, 2438 %] 75 mm/ H FEK &
B, A RT3 RIS RE T I 2 P FE A AR KK A B TR R, DT AR S Rl i 45 5 2 B8, 83.5
mm/ H 9 K B AT AR S P HE A A TR K R ik HUR A SRR, AR SRR K AR Il AR R
JEHRAERD W A R A B = | 1 35 o B 100 S gl 2+ B ) A

FE S FHE A B0 X S PHE, BRI E KR s B 8 S i sh b B 2 i S 1 £
Bk Ve A4S L ( Caragana korshinskii ) %5 CHE ALY T UL . o 76 i 18 9T 38 194 5L BAOMR B ST, 2002 4F
B PRETERS VD Fe IO 3 434, (H 2010 4F %5 A i BB A2 S P HE 78 3 sh U B (0 TR AR 22 i e (9 2 4 %8 L,
HEIHAWRA RIS PR, FILFER R AT, SeE A ) BB R 8 T U0 T i [0 5 1 2 B0 A 1
B, DIAERFIE T RIRHEY VD E by 80 38 LA 2R 48 ( Hedysarum laeve ) Xof 25 P13 A ALIEAE T, DL R 12 7138
B ARIERAE T, 25 SR 26 B DU R 0 10 /K IR BT, DU HORAR TR K I 4R B 5 PR R 1 8k iR iy AR K B A
BEMIMHIER . AN AR, e Ry 5 A v B AR 3 LI 5 | DR T A6 2B 2 7 3R A s A
PRI R RS 31 22 KR FH R TC Ik i B AT . ARSI S FHE FEAS R K 4386 T A i At T %0k
F,ERE A KT B 20K, I H T R A8 KT AV R 2 RIEE  AR I 5 A BRI (PR
BN T 6 5y (R BE ,2001—2005 4E K 67.3 (CF3%0) £14.1 mm(FRIEZ) ,2006—2010 4F K (50. 7+
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