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Spatial expansion strategy and soil environmental response of the clonal

components for Phragmites australis in Yangguan wetland of Dunhuang

Y& (b 7E)
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Abstract; Spatial expansion is the ecological adaptation and trade-off decision of clonal plants in response to the
environment. In order to study the spatial expansion strategy of clonal architecture and its response to soil environmental
factors under heterogeneous conditions, Phragmites australis in Yangguan National Nature Reserve ( Dunhuang, China)
with a typical inland salt marsh wetland was selected as the research object. Three different sampling sites including near
water zone (500 m) , transition zone (1500 m) and desert zone (2500 m) were set up. The results showed that; (1) The
features of the clonal architecture of Phragmites australis differed significantly in heterogeneous environment, and the co-
evolutionary relationship of architectures showed significantly positive correlation with the primary rhizome number, rhizome
internode length, spacer length and branch angle (P<0.01), and negative correlation with the ramet number ( P<0.01).
(2) Phragmites australis presented a survival strategy from “phalanx” to “guerrilla” during spatial expansion with gradual
decreases of population density. (3) Soil water, pH value and salt were the main driving forces of spatial expansion of
clonal architectures based on redundancy analysis. Specifically, water in each soil layer, pH value and salt in deep soil were
the most important soil environmental factors driving the spatial expansion of Phragmites australis. This study provides a

scientific basis and case reference for protection management and ecological restoration of inland river wetlands.
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(] B~ AR BE /IS A AR 22 5 T < i AL S B A ) D) SR B SRS B Sl SEBEAR R 1 Ah e T K,
FEBRIY AT AR SR AU

71235 ( Phragmites australis) J& T 29 R ZERUR AR s BEAE Y, ELAG 50 09 P58 0 N B 1 AL B AR 2
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FAPO PRI, FATT 36 5 SO0 PH S [ R G 1 R A DXl P S RIS 00 B 2% 1F T 0 v B 40 1 = JF SR A 92,
BT P 25 R XS S o B 0 A A3 N 1, B TR MR AT TR, (1) % FAS TR IR0 BT =5 4% S R AA 1 119 2 %
P AR 500 S oM PR 1 25 (14 R SR 5 (2) AT 7 26 4% S R RGP ] A O 2R B 32 8 - JE A 455 )
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1.1 WS DCSRIRE AR

I IX S0kt PH S 180 3 S J T SO PH G R R F AR PR 11X (93°53" — 94°17'E,39°39" — 40°05'N) , Kk ifil
F18.82 x 10"hm”, MR 1150 — 1500 m, PV EE SCRECLFEI(1&] 1) o W58 IX R SR A Rl - 52U fk,
R ZER RS 9.3 °C, &FREKM D AR B K & 39.9 mm , AEZK R i 2465 mm, (RIFX EZELE TR
A BRBE A A A T S S A O IR S B A B, DL EE AT (Leymus secalinus ) | R AL ( Lycium
ruthenicum) . H ¥ ( Glyeyrrhiza uralensis) B 3% B¢ 5 ( Alhagi sparsifolia) % 47 R ( Apocynum venetum ) .k ffi 5t
( Salicornia europaea) ZFFHY) R F .
1.2 SLI5ik

2017 4% 9 F rha) 18 SO B DGR R 3 s O 4 il 6 A ) RN SR AT T 2 G B A A i SRR b VIR M
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T3 IFE SR RAERETT RO 4 MBS S5/ N RS IR 2R

BLT E BRI RE TS RRAE , LA 235 20 AR AR g SBORE AL ZE A A 7 BEAIL R IR 3 B =5 3% IR s Al R A T
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Fig.1 Location of studying area and distribution of sampling sites
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25 HUT 2R KPR ZE RS SRR R RIS TR S — S T 5 L RIS AR (0—4°C) TPRAE

T IEIORE 5 S A IO R —— XS L FE RN I, AR TR B A 10em B A9 75 ¥ 0 0—100em 11
3 IR A 0—30cm ,30—60cm 60— 100cm F I RIR + R - IR L BECRHAE 3 R, KRR LR
FER R AT BIFES ok 07 5, SR VA T Bk il e+ oK SR R ER D3R i+ 48 E R PHS-SD %! pH
ATl J s R AR AL R A R w)) e 458 pH i, SR L SR IS b
1.3 Hfaab

ARV IR BE A5 ) 79 o R ) 2 ) 22 S 1k 2 8800 FH 49 02 77 225317 ( One—way ANOVA ) FlT LSD ( Least significant
difference ) ‘8 - PE 2 1 L, FIFH SPSS20.0 K F H i Kolmogorov —Smirnov X 588 HEAT A 5, 45 A 1IE A0
(P<0.05) . TEIEA M Byl BRI SR R 5 22004 T ARG R BE T se et 1 |+ IR 1Y 22 7
FE, IR LSD Jr ikt AT WAV 2 H AL, MK P < 0.05,

TR TR B H S R A EE A AH ek 3 g A 2 Pearson AHIC A3k, Ho Pearson AHEHEZREL R 19
HRAAK (D) Fs,

> -0 (- )
R = i=0

Y -0 (-9
K, n EEAREL x FT y, 53000 R AR S AR A
TUAHT Redundancy analysis( RDA) #%) 72 H FAEY SR F B L R, B —Fh 27408 8 e
S, AT SO 2 o2t M A 2, R 2 AR AR At OC R ALY | 19 20 B8 (8 HE B I F X RRAE (LA 17 43
fift | BERF FAE 2 3545 SC A AR b S IR EE R - 22 8] 114 G 22 B WA A L, I BB 8 45 1 8 7 A b 55 305
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K Z MR, TEEATIUR T Z R, 2000 RIS 5 (5 4 M 1 RN 45 2 TSR 8 K 7 ) i#£4T DCA 434,
2 SR HE P i K B8R B K (Lengths of gradient, LGA) 3/)y 3| 3@ B 5 4 B B4 46 1 O g, B
545 SRR PG ARG R IR 114 i) [0 A2 6 M 1, 5% L ) P 8 42 i) [ A 78 3BT ( RDA) H B B, PRI e A SR
FH CANOCO v ELHERB B 43 B 771 RDA S0 =5 Se A 1 % 25 12 H 8RB I 7 (36 b IR 2 RHES K &
T pH ) BNy 3 R, iE— 20 7R A S S ) 4 R 1 R ZEOK BN g, SEEEdE A SPSS 20.0 Fil CANOCO 5.0
PEATSE11453H7, Origin 9.0 FEAT4 A,

2 HBROH

2.1 WFSEIX A AR KRR 4 B

SHOHEL I 2 P b ST 7K DX Y X — 7 982 [X - 35 1 48 % 7K 8 (0—100 em) 43571 4y 13.94+0.255% ,10.42 £0.
542% 4.45£0.712% , 5 BB W/ A 3 I E | RIS B i R IR TS N A R A U R AR TR X A
SRt ELAR R I R X (2 1 1.31£0.006 g/cm’ F13:43:2.54+0.011% ) >33 P X (455 . 1.24+0.002 g/cm’
HER 53 :2.3540.028% ) >PT /K X ( A H :1.22+0.007 g/cm’ F1E 43 :2.12+0.060% ) 5 IT/K X 3% pH {H N 7.92+0.
029, 1 V¥ X + 48 pH Bk 8.17+0.008, Fii i X +3 pH {E K 8.06+0.023 , - HEHLA I 2 550014 , BEIA S5 16 5 AR
AR I L SERE R RS I (£ 1) o

F1 AEMBEEGT LEREEF (0—100cm) HHHEE ( FHEARAEIRE)

Table 1 Characteristic values of soil factors (0—100cm) under different environmental conditions ( mean+SE)

0—100 cm V-3 KX X T BE X

0—100 cm on average Close-water zone Transition zone Desert zone
+ 35 K Soil water content/ % 13.94+0.255" 10.42£0.542" 4.45+0.712¢
+ 3875 Soil bulk density (g/cm®) 1.22+0.007° 1.24+0.002" 1.31+0.006°
135 pH Soil pH 7.92+0.029° 8.170.008" 8.0620.023°
+ e &R Soil salinity/% 2.12+0.060* 2.35+0.028" 2.54£0.011¢

[T ARG TR R BT M L[] 22 57 35 (P<0.05;5 n = 9)

22 P TEREFRRRIE AR

IEE K DX B DX Bifi 2 S A0 FOh 3 (15, 2 =5 Ak o B ML 0 PRS2 I 0 1 I I B T 2R 4
WA 25 280 MRZETAT Al | A] B 7K 4t B S B S ) TR A (1R 2) o 35 2 [ 4 i 1 22 e e A
FEH M A RREGI K X (420.20 BR) >33 X (3+0.29 #F) > T IX (2+£0.05 BR) ; MEZETT A R B F R X ( 10.
22+0.29 em) >ILPEX (6.56+0.19 cm) >VT/KIX (4.68+0.28 cm) ; [AIfF T K EI A TEEIX (70.6£2.34 cm) >3 &
X.(65.35+2.67 em) >IT/K X (30.2+3.15 em) ; 7B BE RN IX (76.12+2.33 ©) > 1X (62.015+2.47
°)>HTIKIX(38.75+1.98 ©) o MG A BEA 0T ABAR 5 B O3 BRA B0 25 280 AR X1 TRl TRl B K 43
T AR AT SO PR AR A = AN BRBEAR R IR S T B 3 25 5 (P<0.05) .
2.3 P p A A e A BT

] 2RI P2 & LR Z [RIAEAE DR R EEAE R OC 2R | FE R IR A6 K e A A A v B RN 2R LA B T
W IFEAIC(R=0.716,P < 0.01) , i 25 4] 4 J& 5o A4 {2 (] 13k 2] T i ARG (P < 0.01) . BRI A BR 274K
Hb S BREC S WO 25 S AR R TR R SR B TG (P < 0.01) s BRZFEC S WU 25
SREORG3HAA FEASAHOCHN PR ZE 5580 AR 2R T IR 14 0B A BE 4 e iR Z R3] T 1 35 TE AR OC
(P<0.01),
2.4 S SO R A PR R A i

P e A 1 B AZ F] 0—100em F-3) 48K 3 pH (B Fh A HsEm (B 3) . K Sk e 2R
F A HRECR B IEAE G (P<0.01) |, 115 2840 IR 28 4550 ARZET Tl (BB 1 o0k S 3 0 25 17
HHIE(P<0.01) ; +- 48 pH {H- 5 AR S B A WRECR BN 1 3 1M 56 (P<0.05) , SR HARZE 550 M b T 4
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Fig.2 Features of clonal components for Phragmites australis under different environmental conditions( mean+SE)

B X

ANA/NG FhE R ] 22 5 B 2 (P<0.05; n = 9) ;1 KX, 233X, 3. X

T X

X

i B R BT A E (P<0.01) 5 HIRER - SHE MR B 2B MR B B8 I TR R (P<0.01) |, SRR 2R

FH MREETT RN (AR 71 B B S B 25 IE AT G (P<0.01)

R2 FAERREAGHEAXESN

Table 2 Clonal components correlation analysis for Phragmites australis

TR 25 E E-viil IIRREL TR WIS REETRK ERTFR SRR E
Plant height Stem diameter Ramet number Bud number P-R-N R-1- L Spacer length  Branch angle

MR EE Plant height 1 0.716** 0.427** 0.05 -0.552**  -0.755**  -0.451** -0.627"*
254 Stem diameter 1 0.276 -0.18 -0.334* -0.552**  -0.241 -0.265
%L Ramet number 1 -0.068 -0.768 ** -0.542"" -0.427"* -0.537""
ZF4 Bud number 1 0.145 0.345" 0.386"" 0.204
IR ZEH P-R- N 1 0.794** 0.705** 0.804**
HRZEW R R- 1L 1 0.667* 0.790**
[B]B% T4 Spacer length 1 0.745"
A3 ff1 B Branch angle 1

# FRIRTE 0.05 7K OB L BFEAE s+ * FIRTE 0.01 /KT (RU) LB FHISE; P-R- N: Primary thizome number HJARZEZHL; R- 1-L:

Rhizome internode length AR 2575 [A]
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TORGT BT R FEMR = B 2B MBS 20
IR HRIR E 3 B IE ARG (P<0.01) |, ZE%0 W1 25 4%
B ARZE A B SR B S R 2 K 4R
BRF R AHIE (P<0.01) ([ 4a) s FEBR B ZEH
SRS TR )Z £ 48 pH (AR Ik ) 3 9 TR OC (P <O.
05) , WA ZE 550 MR ZE K BB /B
525 pH {3k 3 83 % 1M 256 (P<0.01) (

12 ~ 2 K5 BHE DpH BB
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XX

XXX
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HHRAB
Correlation coefficients
=)

do) sRMRES BE ZEHL AP BRBLS F R R4 e

FUHIE (P<0.05) , WIJAR 28 4 5 MR 2E 151l K Al T

K SR S R LR A S TE ARG (P<0.01) e eoae e
(P 4d) , xuiWl& )2 B3k TR)Z L3 pH [EFER % Wos R ﬁ % % %
G P s 4 P SR T BRBE PRLT ® e

3 ERAIR S5 Clonal componens

o - L E3 EESAAREEMEERSTRREET (0—100cm)
3.1 ARFIFRETHIE T3 s MM 25 R RS BT

23 [ JE AL RE S B WA M) % S5 B PEAEBEAUIE V. pig.3  Relationship between the clonal components indexes of
ST, 1 BRI T A B 5 B 55 A 4E B A% 42 7 2 XF spatial expansion and soil environmental factors (0—100cm) for
R AR N A R R LAY B T AT Phragmites australis
BRI FH S5 O P W 1 L B A0 5 ol Jmy 350 Jolh 20 194 £ 2453 1

B 0.6 G
0.6 Water 1 G B BD3
Water 3 H H
A E A—0 E
~Water 2 ¥ ]§D )
C
C D
s
-0.8 | &4 D -0 | A BDI
-15 15 -15 15
15 0.6 B
pH1 Sa]}t{]
A <
H2 E
G G s A€ Salt 3
h F
A E
F c
D
D _ &
—10| PH 1o | 4 Salt 2
-1.5 15 -15 15

B4 AEZEFAREEAGERSKS (a) FE(b) pH(c) (E#5(d) TEFFEF (RE:0—30cm, F1 /= :30—60cm, & = : 60—
100cm) B L5 5347 (RDA)

Fig.4 Redundancy analysis ( RDA) between the spatial expansion clonal component indicators and soil environmental factors ( surface
layer: 0—30cm, middle layer: 30—60cm, deep layer: 60—100cm ) of Water (a), Bulk Density (b), pH(c), Salt (d) for
Phragmites australis

water] ; RJZ KT, water2 : HZ K5, water3 . IR )Z/K 53, BD1 . RJZ A ,BD: PR A E,BD3 IRZ A E, pH1 . F£)Z pH, pH2. H)Z pH, pH3. IE
JZ pH, saltl : RZE 7 salt2: 12 E0S), salt3  TR)Z R s A AR RIS, B 25ML, CAMBREL, D 2740 B SR ZE 580 P AR ZET G, G (B R
T H B
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X WUR Rl A KA R 2 (R AL G 2R ) ARG 38 3 S AT 7 3545 v W AG) 12 25 [ 4 i O s B HL ot B4 855 )
TR 1, A I 2 R AR AR I B R BRI AT T, — T THI R S A A ) R A SR LR, 5 — T
2 SnRERSLE ] PRI EEAE DG R |

FATHIBIFFE S B 7K DX [0 7 B8 X e 725 o A v 72 =45 25 R) 9 i 32 AR 1 ) G 25 2R 0 AR 251 Tl | [) P
TR AR FE R R, T o3 MR EIGZ ek A (T 2) |, 33 J 7 2 25 IR Bt PS5 e A 150, 225 T 4 2 SR s Fh
“EEARAL ) YiE B R PR A RR WY PR TR IR SR A R BE B R ARIBART  BER RLE
T AR IR T R R XS IR P R B 5 7T 7 0 U A% AR R A 22 ) B e b R R “ B LA R s A
U T e 7 TR BBk B W TRK - 25 I BERR 1) 2R 00 S A A BE B G RS 00 i L3R S p G Vb B R
Zrgint 3% g R | B 1 R VD YD B ( Hippophae rhamnoides ) ™ VU )1 43 3 VG 2% & AE 5 % ¥ ( Lysimachia
congestiflora) " (HIF 75 25 FAMAIE B T Bl 25 R 358 0ot (394 500 A 00 e 2 A Sl = 5 SR 0 i < il 8 2o D 1)
4518, [l BFFE A IR BoR B A PR DAL PR B 2 B AR A BIAR 25 A] | B B 1S kR A i DA
TIEFAERBA(E 2) . Rmstrong (1982) BHEL T 24 A AR 25 va AP A= 4 it 53 BCAS Jmy , 3 2/3 (e fEWE
VOB FARZEM AR S340 X 22 N2 )R e 3510 N PEAL YDA B 5 ( Carex praeclara) RV A
FEARARR] THHF A S5 . X BEHT AP AR R TR 2 B8R 32 1) ™ e i, 5 R ) T e o 45 ) A W d 4
HEATHRE AT , 28 B0 B IR AR ORI 1) FH 2580238 1) e KAk, S8 3045 R 4 R %) e U0 SR s, O3 o A [R] D e 7% (A
K B A) AR T B AR A TG s X o

25 ) ¥ R S v MR AR A5 R PG R VR P B0 45 21 B PR ) A — s i A B 5 ) SR B BRI e R L X3
L PH O AT 5 30, 72 =5 S B G R AEAS [ IR B0 B ) 2 °F 2 5 b 3, ELOR SR I ) AR =25 2% 4 AR 255 1)
AT 7K o3 A B S B[R]0 [mTak” Y P ) 15 A6 DG 2R (P<0.01) |, 17T -5 43 S R0 B G T B A ANARE G 3R
(P<0.01) , FEH# B YDV 58 BEAL Y “F- 3 ( Leymus chinensis ) F1PY J1 43 BH 50 B A 9 ¢ 8% ( Duchesnea indica ) 53R
PEZ A6 R R BLIE M UE S TRFFE A4S R0 2R R AR 444, AW B R AU 45 D R I) (AR K S5
YEFE ) BRI AD , i LA T B A Bl as Bl e R A Y
3.2 PSRRI RS [l R R IR Bl ) g

TR EE PR PCE R Y A Ak R £ S e K S 28 pH {E AR R R R A K
e EEIKE 7, WS A ISR BH OC I S G0 F AR PR3 DX 1 2 35 v R A 1425 T 4 i 1) EL R BR 3l 0 02 48K 43
pH {EAER (181 3) .

TR X AR K A0 K O IR A S R G R FEA A SR F M EZ R RN EDY ) R R wos,
T HOK A 5P AR (R = B 250 0 35 IE AR OC , 525 [ 40 R A8 A (W1 UR ZE 4580 AR ZE 77 [alHK | )
P K AR AR ) WE A (P < 0.01) , &—)Z M 15K XA & B ZERL S A K AR pn R (e AR, X
WIPARZELE AR ZETT TS | [A] B 4 R A A 3 46 25 R 4 e AR An e M i /R (18] 4a) o | T oK S0 haE 05
BRI A R AR TR K R AR IR 8 7K oA Rl S 3ok 4 A 31 5 ok BR AR A4 K A8 b (H
PR E s A4 R A, (1 L6 B 0 RS . X 1 B S AR ) I A DX Sl PR3 25 R 5 A i o 3 o Ml |- 2E ) o A AR
/0 M T AR ZE A, T REAT ) A5 24 ) 7 78 S g A R P bR ) i) < $ 98— e ™ ASUAEE D)8 5 e D P Ak i
FAMEMLER R RS H, K R 25 40 A IR B R T,

Hh LG R ) B B B R R VR T L TEAR SO g 4G v, A R B Ak G A 0 A K A
PR dfE R, USRI ZEE 0 5 P SR e 2R 2 ) R I 0 A S (] 4e 4d) , Ehmsfb H iy
RO AL R 2 N A R A T 9 S, DR ZE R IR, AL IR R e A B BRI AR 2R | [RIB gE h d
Na' | Cl"Fl Ca® B AWML PN, 3 TREAF A 0 1) g 1~ 1, B DR 2 3R RN AR 11 45 G, DT I AL ) 2 R 3
BT WO S S N B b 5 v e A A (ke 2R ) Xt ek e R B R A R A T T
PESZ ) A ST K BER 4 FE EE A v BE s AL R A (R AR 25 4 AR ZE A T TRT B T K kA
FE) AR HEVE T, Bl PRI B - 498k il fh A B A 14 I, AT LA SR e R A 4 ) AR 25 AR AR 2R TR K | [ B
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