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Fractal characteristics of Agriophyllum squarrosum roots in desert-oasis ecotone in

Jinta County, Gansu Province
REN Jie, ZHAO Chengzhang” , ZHAO Xiawei, MA Junyi, LI Ziqin, GOU Fangzhen

College of Geography and Environmental Science, Northwest Normal University, Research Center of Wetland Resources Protection and Industrial Development

Engineering of Gansu Province, Lanzhou 730070, China

Abstract: The fractal structure of root system is the result of phenotypic plasticity of plant root architecture in response to
environmental heterogeneity, which reflects the adaptation strategy of plants to the growth environment. The study site was
located in Beihaizi National Wetland Park, Jinta county, Gansu province, China (40°13'22"—40°17'2"N, 98°41'24"—
98°52'33"E,) , with the altitude 1215—1261 m and the average annual temperature 9.6 °C. According to the site conditions,
and three kinds of habitats were selected; interdunal depression, gentle sand slope, and slope crest. At the same time, the
root fractal structure of Agriophyllum squarrosum was studied by root excavation and win—Rhizo root analyzer. The results
showed that the vegetation community height, coverage, aboveground biomass, soil moisture content, compactness and soil
bulk density decreased gradually from interdunal depression to slope crest with the change of habitats. As to the
Agriophyllum squarrosum population, its density, height and fractal dimension of root system tended to be greater while its
fractal abundance smaller. The fractal dimension of Agriophyllum squarrosum root system had a very significantly negative
correlation with its fractal abundance in both interdunal depression and slope crest (P<0.01), as the same in both of gentle
sand slope (P<0.05). The process of the transformation of root configuration from diffusion to density reflects the adaptive

mechanism of the plants to deal with various habitat stresses under different site conditions.
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NS AR A R AR LA R AE SR BRI SR A SRR DL S AR R A T HES |
BT B HA I AR R B SRR T 25 T BE T TR R ST, oT RUIR R & L
AT 25 B TA TR AR 3R 40 T8 45 40 S e T R ) AR R 1) 255 i) SR B0 RN 2 R 1 DA ROIR R A+ R R i 1 e fig
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40°13'22"—40°17'2"N,98°41'24"—98°52'33"E  MFRAE 1215—1261 m, J& ML B 14 ol Rl P S0, 445 Ul
9.6 C,FREKE 59.5 mm, 4EZE K & 2538 mm,, {20 Fel A 198 R BAL AR RO A b VB R AN - L
KR A S5 A R AR AT B DA b A 9 R T AT B O, R EAE YA V& P AR (Apocynum
venetum) | 11 25 ( Phragmites australis) . %5 ( Populus euphratica) . B Ml ( Tamarix chinensis ) . 3% 5¢ $ ( Alhagi
sparsifolia) ERHAC ( Lycium ruthenicum) %5 |
12 SLHRiRE

2017 4F 8 AW, TESEH S Bl b 7000l 23 el AR 2 P 2 082 S8 ity | P HR—4b A\ 3870 | ] i 25
3 A IA] AR B ALY X, AR 1) P A 1 454K 750 m Wi 100 m IR SEREAT A BV BT A Bl i R N b #A
JEAERNE Kz R R 3 AKX . (1) B A (Interdunal depression, ID) #4547 1230 m, %250 FE
by DARD o S o AR S R, AR AR B AR B AN & 5 (2) 2P TP (Gentle sand slope,
GS) MR 1233—1243m, + 58 FRR IRFREE + Ao v BEak vh, EZLUME W03 RIS N 325 (3) BT
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SE-Hi(Slope crest, SC) WA 1245 m, IXIP -0 3 I MR bR, BB MG DEMP AR, ALK
XU ALRIEE 8 4~ 20 mx20 m AUREHE , 33t 24 kD
1.3 B2 A FAE R A

WA RN - (1) BN 1 mx 1 m (8RR 7 HEI 22 10 s P AR 1 o J32 i BE Rl B2 ) 6
6 K, I H SC-900 13 X 52 (Spectrum,, America ) P E:AME HE N ) T3 528 HAZ 6 I (2) 1R
FHEMRAE WD EMRR FE S MTEHT 30 em 22470 T2 0H , RAE R IR 3 BRI R AF 1970 3% 1%
HCH A AR R A H 308 gy [ S50 5 0w oM AR i SRS IS I IRAZ Y 30 emx30 emx50 em HY
A FEXIENS B VAR REERAZI, 2t 72 #k , 55 R FLIH (FLA2 = 0.25 mm) U 7R T v b i i 1
AR BN H BG4 M g0 5 AR R R, (3) RIBERE SR A 70 A i N AR 8 R 5 Ab 4%+
e A (EHAE=5 em, =100 cm’) N HHERZTFIR , 7F 0—80 cm + 2 VLR N B 20 cm HL—ik
o = S IR /1B 71 1 NG N = Tl 6 i R 1
1.4 WESEFRET

TESER 2 N B I ki e VD AR RO /D B 28 RK AR R SOR £EN 78 0 HIOT , AR R 4
Y ( Epson Perfection V700, Japan) JK F& #2836 )5 DAEIIE SCH: (TIF #%20) 77266 20 HE AL, 8 Win-RHIZO
(Pro5.0) /4 ( Regent Instruments, Canada) X} Z #4708, SRAGA R HLSRIE S TP ER R MM E LK R
WY IE T TR FIAR R T IE A H Nr, BEE IEJTIE0A r B0 MR IR Ve BTG K A5 BIAN ] HK
S BAARE NeABJS , 2B Lgr JgNr AR bR FNNAL BRAE [ 75 2] 010 H 287 #2 : 1gNr = —FDlgr+1gK, M H
L RPR I U R TR 4E50 FD ( Fractal Dimension ) | [P0 B £R A #EHE 1gK Fo IR
1.5 MREENS Y M E

PFVDZERR ZR ) FMAR 3 TF, 53 0 A G5 05 3, Se b 3873 —&7E 105 CHF R E 15 min, F—JF
JBCA 80 CHERT AL 24 h BUHARE CFSE 0.0001 g) , 153 b At T A= W s AW LU= R 2B i S i A
Ytz b, EMAR R ERA YR SMRA YR Z 0 TR 105 CRYHEFE N HE 12 h BCH FRE CR§EE 0.0001
g) AR S K AT o, RIEAK p, =Ms / Vs 13, Ms TG LT 5 Vs At ar -5
TR L WORL R p A B S AR BT 5 Y R s FERE A Pe = (1-p,/ p,) X100% 35 B ALERE
A Py BALBRE p, o LR p g OB B
1.6 HdEotr

SRS R Microsoft Excel 2016 GEit43#T, WV 22 73 T8 4EROM 43008 4 B2 18U 24 22 I E 28 0%
AR, 7 LA P04, BRI 4 log, 4, SR 5 K SPSS 20.0 #E4T BLIK 5 227097 ( One-way ANOVA) |, it
FHEAEBEHR 0.05, SEE T A KR4 Microsoft Excel 2016 1 Sigma Plot 10.0 #4741 .

2 ERAW

2.1 AFIAESESME T R IE FRIE

ARG 5 T BRI RRIE 00 T 25 0 i 25 SR 3R W, e (RG22 -V 38 LA R 38k o0~ b v B A o 10 v B
At b A= W A7 A 3 22 53 (P<0.05, 38 1), Wt 7 1 25 14 Fh B ) (6K bt ) 5 TS b 2 7 Wl e R A0 1
A AR S N F AT AR AR Vi 1) v B | 55 EE RNk B AR IR B TR KA, 3
W - H G N T 35.36% ,190.94% 194.82% ; & V- Vb Y A FAE 3% b W2k AT | Az B8 25 (4 T P () {1 b A 35 Tt
M (B) RS 0 = B 5 B DA S A i T RS s B AR B B R BEE RS B A R R
BV E RS . R 3 PR AT, IR IRH E S EREE AR K E
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S L A T BN A PR WU 4 B 54.00% 54.17% 1 8.07% ; BALIEE T 2 5
S s B 18.79% .
R 1 AEEEEEBEHECTFHELRERZ)

Table 1 Community characteristics of different site conditions ( mean+SE)

ST LA PR3/ cm TIE/ % A (g/m?) R
Site conditions Plant high Coverage Aboveground biomass ~ Dominant species
- | R
[k . 65.81x14.15a 45.62+0.33a 1398.93+28.54a BRI . .
Interdunal depression Apocynum venetum , Phragmites australis
LRSI
i 53.94+18.79b 28.87+0.25b 798.98+17.42b B AR
Gentle sand slope Apocynum venetum
i - I
i,ﬁb i 48.62+15.28¢ 15.68+0.23¢ 474.85+14.56¢ {/P,L
Slope crest Agriophyllum squarrosum

RIS RIRLING S Rl 4 B )22 5 3% ( P<0.05)

*2 AECH &M T EWEER P AREIRE)

Table 2 Physical properties of soil under different site conditions ( mean+SE)

SR oy & -3 BT/ Mpa TR E/ (¢/em?) SFLBEE %
Site conditions Soil moisture content Soil compaction Soil bulk density Total porosity
FE[B]fiEH Interdunal depression 6.63+1.04 a 0.24+0.05 a 1.61£0.15 a 37.14£0.76 b
VP Gentle sand slope 4.38+1.19 ab 0.17+0.02 ab 1.57+0.17 a 41.33£0.85 ab
I T0F- 1 Slope crest 3.05+1.01 b 0.11+0.03 b 1.48+0.12 a 44.12£0.63 a

[EIFIA [/ ING R R AN R S A A 22 5 8.3 (P<0.05)

2.3 R[FSL M ZRAE T VO3 A SRR AE

T XA [ 37 b S5 A VDT AR A R IE 8 Ty 25 4 BT AT B AR SR Y AR | e )R R D S R R ) v B R
FEE R ER TV (P<0.05, 3£ 3), FlE R HL V0 S AR A AR 2R AR i MR et b A F2 AR LU 22 BH b /N T
YT M (P<0.05, 3 3), Fr (AR H V3 Pl e i) v B8 RN 55 58 Ab F d5e RAEL, 23 e 38 THOF- M 3 K T 56.47% Fl
180.41% ; 3 V- Hb VD3 FRRE AR 2R A= Wi AR 9es LU A S AR EU B R Fe (RIIR L, 0 538 in T 82.67% .350%
F178.45% ; V- UD I AL A5 T 0k A, R VDS PR i) v B2 5 B AR R AR Wit Mot L DL S = AR LR
A FAXHE PR . R IATE 3 AR, B (BRI R V3% AR A BB T A AR

£33 TRLHFE T ENEWZEE P EAR R 2E)

Table 3 Biological characteristics of Agriophyllum squarrosum under different site conditions ( mean+SE)

\ N R A i R
UL s e LR Rl Mt
. . . Root biomass/ . Main root to
Site conditions Plant high/cm Coverage/ % ) Root-shoot ratio .
(g/m”) lateral root ratio

I [R]iRH

A . 56.33£15.37 a 28.49+0.25 a 23.66+1.58 ¢ 0.12+0.04 ¢ 1.16+0.03 ¢
Interdunal depression
oI
el 45.67+£12.86 b 16.38+0.33 b 35.10£2.01 b 0.20+0.07 b 1.71+0.08 b
Gentle sand slope

T
j?;fi ik 36.00+10.61 ¢ 10.16+0.29r ¢ 43.22+2.38r a 0.54+0.05r a 2.07£0.11 a
Slope crest

[EIBNAS [l /NG ) 2 7R A ) 37 M 45 1 22 57 .3 (P<0.05)

2.4 RIFESLHUZAE T UER R HE

RIS AT R U ZE AR R TR AR IR 1 FioR VDR 2R 70 T 2 504 BRI M 287 VD35 F e [ 41G
Hi AT S B B ke B SO o IR e B = o 158 eIl 1.31; AR RAMEE a3 i, b g+
FERE N 2.51, 58 h 1.96, AR Ty 2250 W W, Fr () (R i RN 2 S Vb 3k 22 ) o 4 50 2% 57 1 3% (P<0.05,
& 1) AEZ2 Vb 3 R THO- M 22 ) 22 SR 3 (P>0.05, 18 1), T AR b AL T0- #b 2 [R] A3 i 25 S 3
(P<0.05, & 1) (Vb3 A 0P 2 (8] 24 5% A8 3% (P>0.05, Bl 1),
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Fig.1 Changes in fractal dimension and fractal abundance of Agriophyllum squarrosum under different site conditions ( mean+SE)

ARG FHREFR IR 2253 .3 (P<0.05)
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HREZR B AR RO I3 2 B 22 ) 42 30 R AR 3 A SE R 2R (P<0.01)  AHSC R B3 9 -0.79 F1-0.81, Z2°F

217 IR
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Fig.2 The correlation between fractal dimension and fractal abundance of Agriophyllum squarrosum under different site conditions
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DY RV 2R 0390 4O S8 5 B2 2 A 52 B0 38 i S DG SC 2R (P<0.05) AR R B -0.62, i 1L
TEARISLHAAT T VSERR R A 4EEOR 0 42 8 2 (A7 AR 3 - T AN BRI E R

3 it

FEIAE AR R 2 A v 2SR M A A R 11 0 S B8 T A R 9 0190 S B A 3 s e SR 2 AR R
3 43T 5 P T S5 O P A 5 v P 335 o P A B AR R A A R A 1A O B IR Oy 2
FIRLRT) | Sy — i I AS [ A= 52 6 (AU AR i 7 LA . ARBIFSE & B0, ASIR] S i 2 1R R VD AR 2R 4
TR £ 2 R BRI AESE R (P<0.05, K 2) , & 22 im = Mk K7 iU 6 & IR B T
VPR F R Y g A SR s LA R A ) AR AU 43 T

HIPIAR 22 BRSO B - SR BT AR Ak, 38 e AT 1 b 5 b B A ey 2252 AT AR R A P Y 4y
Aii A5 Z DL L A A R e eI Y - K A R R TR (3R 2) MBS R 1 A
Y 3 (3R 1) AR Im AR T 403G 58 | VD AR R PR KA 4B, Wi/ N o3 T8 2 B2 AR 22 4 AL A 2l 5
W, 3 TRl S B AR DCE R (P<0.01, B 2) , FEZEPA . (1) R N D R B8N, k= —
SE I BEIL S (3R 3) TEZ BB A RS R VD A AR W) el 2 I I A 0T, R B s se e 0, SR 2 6B
I8 VA R EDGE PR Se s Be g B30 53 S FHRE AR B2, 38 m i = i A AR AR DUR TR T 21
JGA AT 4)  RRX R IS0 1 X AR R AR R I B IR A 3 IC L] (3 3) , A /IR R AE B AR Y
OIA TG L EAR R Y F R SITE R/ M 5 (2) VBN — 4R A BAHE Y, W T B3RSy A & B4
- SRy P ST A AR R AR, PR S A D 5 S R, Fr (eIl = 2 D B S+ AR E, A
AR (3R 2) , HHOK G ZAEE T HIER)E T RS0 R (3R 2) , - SEHLARE 7 m oK A EAR A
SZ R, T TR AR, AT BRI T B2 570 O 25 MR P DA A= 1< B0, AR SO 1 a1 R IE 4R 5k,
AN T R T AR 04 3 A L AR AR A R TS A T S A AR 2R R 4, PRIIE T AR R B FR W B IE
TR o PR, 4345 T Fr R Y 70 2 MR 28 53 4R 0RN 23 3 B2 ] 52 AR b 35 7AH DG OC & (P<0.01, &1 2) 3%
SRS PY S T R R TR ( Reaumuria songarica ) & R TERHE B 57 45 SR AR —3K

GEUR S 2 5 AR ZR 7 3 A A i JR AR Ah I SRR R 3R, AR R 3 o A0 AR i I A B RIAR R B AR
LA R 3 oK o3 S SRR S A R A ARG o AR L T B (AR 38 TO0F- Ml AR DY I 1) v %85 B2 AN | 2=
Py b TR 7K G20 R A ) T i 38 1 SR 038 PR 3R DRI VD 2 AR R B 1 U8/ N3 TR 48, 38 K3
TEFFE AR R AR JF ) Y B IR R RS, FEEHA (1) B T0F- b F 20 KD+ BLBR R
(K 2), BB, FiKRE S22 2 RIUDVE RS, + 383 2K 43 28 A e R iR 2 38K 43 78 R
1 I ELA A5 T35 TR b 1 P A AR ) Ao [ R A P 0 B8 B 175 L 35583, AL e /0 i Ml B 45 A B SR IBUIE AR 1Y
e L=, AR < R TRRE Y A R B R A R AR YR (3R 3) I AR KR R R E A
DIRG9 KT i AR R AR 2R 0 PR BRI BT, 145 T AR R S SR D BE, (8 T A EE TR 12 P ik
535 (2) BTGV b AR AR A R B, <08 A (6] TP 2 B2 DR R 0555 , /0 34 3 ok AR 2R 199 43 S i B2 0 /D AR LA K
AR AR, 40— ARV R AR R A SR (I AR BN TR 9 ROR AR R M R G, R, T
-y b T AR R U N TR AR R, 5 01 B AR R A BRGNS T B AR B SR 03 R G
2RI e BOM 4 T8 = B 22 i) S 8 35 M 9656 R (P< 0.01, & 2) X 5 R4 56 F 10 ( Hippophae
rhamnoides L.) R R T LSRR BT IR 25 AR —3)

R ZR T 285 A9 3 7 A ) 7 2 R ) 7 Xof A 5 2% A (R B AR ML AR =2 — 7 T il 40y S 3 AR 2R A T A5 45 # 1 A 4k
SR Hb R UR A 4T SR BT AR A A i s R TR B 2R K BT R . BT AR B A
AT 07 RN e[ 2 6] (3% 1, 3% 2) , R DURERBE 4 3 HORHIE % 5 355 M ARy fn - 4
FOKEAFEIE T O ARSI AR AR R R TR B IR DXl A A ] S 4 19 2 b AL, VD AR AR T I AR 2R
OISR THR BB TR R CR 3B T Y MR ZR 030 X, S0 T AR K Ak B8, B R e A
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o], BRI, 700 T UP I VAR R 0 T 4R 3 T8 3 B 1a] S B8 35 T A OGS &R (P<0.05, K1 2)
4 it

WREADIEAERANPIE F AR T 2 R 22 5 0 AR B T A A2 45 Pl e T AR R 25 4 1 22 A i 1o 5
SR8 & = g2 e ey -alid<i9) 0 NE o S B Wl 1 (39 L Rl R SR U R: - DG 9 24 O L NG i = 2 % S S A
So A BE ST BT IAR s oA T3 TP M ) VD E R 3 T /N SR SRR HE R ~F B AR Z A TRUAA S SR
SEBL T YRR AR LA T N S S B RRARR 3ok Ud VD ZE AR AR AR AN TR] AR SR 2 PF T 8 P S P A S HL oS BRI 38 7
RESTHYTE ZLR B, S RAR MR 2R A 25 18] 70 A1 S TR MSCSCRER TR R I A5 A1 i A SR 73 SO B
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