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Abstract

Aims The responses of plant roots to soil heterogeneity and the interactive effects among plant roots have been
important research topics in recent years. Most studies have focused on annual plant species and conducted ex-
periments in controlled greenhouse conditions. Few comprehensive studies have been carried out on the response
of perennial plant roots to soil heterogeneity and competition. Our objective is to investigate the responses and
adaptive strategies of root-system growth of the perennial plant Alhagi sparsifolia to nutrient heterogeneity and
competition.

Methods We used sheep feces as nutrient patches to form soil heterogeneity and planted A. sparsifolia in glass
pools. Seedlings received one of six factorial combinations of soil heterogeneity (uniform, patch-center and
patch-edge) and competition treatments (alone versus with competition). We excavated whole plants and analyzed
their root biomass, root respiration, root system architecture and other related characteristics in each treatment
after 100 days.

Important findings Roots of A. sparsifolia grow in the direction where soil space is abundant under no plant
competition, even though nutrient patches are present on the opposite side. Roots of A. sparsifolia also grow in the
direction where soil space is abundant under plant competition, but neighboring plants limited the development of
focal plants, resulting in significantly reduced root and shoot biomass (p < 0.01). Nutrient patches promote the
growth of plant roots. The growth of 4. sparsifolia roots needs both nutrients and soil space, and space is more
important than nutrients. If neighbors are present, plant roots first occupy the space where competitors exist.
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T EAR T, AT B A S T Wi A £ A7 2800
THRTEUE A PR, I bRk A AN [R] ) B R S e
(Stephens et al., 2007). ZNP4HHE P47 EFI5E
Grf WAEAE T O H S B AT . R, M
23 BRI Oy S AN TR A58 2% A1 6 93 7 A= 25 b B 1Y
47 M (Karban, 2008). 141, HEY) RS G BE L
IIATRIHEARL Z 1725 7] 73 A1k Jai(Hodge, 2004). 54
Frlal FE 2 AT R A2 4K, A0 4535 Il (Gersani
et al., 2001) 8L E IR R K B2 (Mahall & Callaway,
1996). FEAIHE Z2 00 1y B ) - FRAE BEALIY, 17
R B A SR PR S E A U5 (de Kroon,
2007), T H 45 B 3= 8 I 55 G 50 R H T
(Stephens et al., 2007). FEPIHE Z I T 2 Jog 355
A 38 o IR 2 1 43 A R B0 3R AT 1) (Gersani et al.,
1998). AR ARE R TR 7> 5 I BEERIN, EA 10
W IR PER A EAR R, 1Kl & R AR 3=
I FRIE . BRI, BRI TSR], M+
R I AH HAE I BLBE 2 AR5 52 2% (1) (Zhang et al.,
1999; de Kroon, 2007). 1R Z 85T & BIHLYIAR 6T
AHASREPIAR 2R IR W NS — PR R AT S, IXRAT A
AT A ABAE Y 1K 25 (Maina et al., 2002; de Kroon
et al., 2003). 7EHIRSAFT, FHPIR] A L35
e L RGEF A IR R AR, (HR2 TATAFIE
R AT e B IR A SR 5, JF Hoande
M MR K. CahillZ=(2010) 5745 5 WoR, Fhy
SE G AR AE 2308 /> Abutilon theophrastith 43
(A=K, T 7 0 BEDR IR A7 A 23 389 I 3 5853 1)
K.

H T TGy S AR e Y, R A AT I R
AR 2R 20 A 2SR 7 Bk - 5 5 (de Kroon et
al., 2003; Hodge, 2004), A5 & Hpl A K (Kembel &
Cahill, 2005; Kembel et al., 2008)iL s& 5 3 4 F AF4E
(Cahill & Casper, 1999; Fransen & de Kroon, 2001;
Bliss et al., 2002; Rajaniemi, 2007, Mommer et al.,
2011). fHJE, AEAAETRI> 78 L 1T HIAE IR FR 1%
FEAE AR D5, T AEKAETE 3 B = i 77 R A AR
RIEFERE IR LGS o FEAH BRI 3 0 A 250
YD I A, AR AR MR SE S, AR
MR SE e b b | 55 1S 2 (Casper & Jackson,
1997). IRZWIFTEY], [FRHHLAY) R SR FIAS [R] Ap
YIRR AR Z 18 A A H] & A F] i (Mahall & Cal-
laway, 1991; Callaway, 2002; de Kroon et al., 2003).
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XML B AR A B /AR B B(S/NS)Z TH] 113
e HETA KS/NSH R 56 4 M 5 1R 2 (Gersani
et al., 2001; Maina et al., 2002; Falik et al., 2003;
Falik et al., 2006), XLEHFFTRH, UHEPIR RIE ]
Ak B FRAR RIS, 23 s 30 5 TR RN 7745 2 1R
ZAWE . B EHess FKroontilf 58 K I, FLAEIEANRE
i € TR Z0F S/NSAHR 2 IR R A& 77 A7 /5 (Hess &
de Kroon, 2007). H {7, A 7842 FIUESRIE AR &
REMS AN SR T A K A 2 18] [RJINE, 6 AN AR
FA T3 WA PR 28 A0 VT Rt J8 260 281 () A 458
VIR, A AN 5 N (Hess & de Kroon,
2007).

T W i T 5 () 35 v o B 0 B R Lk 1) 1D IR )
SR P Ay b, TR D>, KA Bk 5 A
W)y A R0 AR K B T PR R DR (4 ) AR,
2004). BEAb, FR53 A RS T R IX R R A
K1) B ZL K 32 (Noy-Meir, 1973; Gutierrez & Whit-
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NIASS, MR RS SE R, DA R FE b A5 IR
DAl 3 b Il 2 IR A, s DA, R
A ) L5 (Zeng et al., 2006). KL, BF7THEAR
FM IR 5 AH SGAE A EE 21 5 S
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2010), A0 i - 5% G il 7030 H AR 4 1F R 3L
HE Z 0I5 23 e LM R0 55 4 IR 2554 FH I B 008 R
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40 cm. fERATEFAIM PR T HA — A,
P T B 1 2251 2511.8 emdih o 70T 57 4 1 IR 8
WA PR, — BRI 38R i 2o i 2
11.8 cmik, J5— RO T 55— MR B39 HE13.6 cmik .
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PERIES, K FMicrosoft Excel 13.0+ Origin Pro 8.0l
Corel Draw 12347404 v S AL B A 22

2 #R

21 £¥=

TERA SEAFAAAE SO, HAsE I H
RGP R EHE S T AR REY
&, AR R EL N AN 265 (EI1AL 1B,
1C)o TEA FRAT BEERATAERS, T BEELIX — M (AR &
AW HIS A B IN(EI1BL 1C), HEBINA 2% (p >

-

0.05). {EHSEFFAAENEN T, HbsEPIIHRR
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Fig. 1 Location of Alhagi sparsifolia seedlings in the glass container and the horizontal distribution of root biomass (mean + SE). A,
No nutrient addition, no competitor. B, Nutrient patch at the edge, no competitor. C, nutrient patch at the center, no competitor. D, No
nutrient patch, with competitor. E, Nutrient patch at the edge, with competitor. F, Nutrient patch at the center, with competitor. Each
rectangle represents a glass container (length-height ratio of the rectangle does not presenting the real proportion of glass container),
and the numbers at the bottom of box represent the length of glass container (cm). The location of the plant individuals is marked. Di-
agonal bars denote the nutrient patches. The horizontal unfilled bars indicate the root biomass of the root on the left and right side of
root system of the focal plant, and the horizontal black bars represent the left- and right-side root biomass of the competitor.

www.plant-ecology.com



BYERNEE: BRI YR GERIAR FR N R SRR B SN, 1019
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0.01), [FIFE, MG BEPLRAAAE AR B AT 5w H Ax
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AL 34350 5 A6 40 1 0 45 b B 2 T fR 3 2
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T BEYAEAE, e MY AEAE AR &) T H bt
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R AT IE N, AR U SE A B R A ) %5
SAEYEGER]D.
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WP R AR G 7RS4 e 34l v, H hata
W) PR ZR IR 2R ek /N, G IR HE I SE A — )
R 2R P 38 B 2N (p < 0.01), T F7 43 B b A7
TEMIALBER R, 553 B — 0] (/) AR 22 PR T 2 s A 18
I, EEREINAS B E (@ > 0.05). SR, AR
FAAE 2 R TR IR — M P T 6 T K, T 57 40 B
KT HRRPIFIH AR, 565 M) A4S H e
IR ZR I T T 2 8/

23 REME

TERA SEA DI, HEEPIIR R 2 5%
WS TR K —M(EI3A. 3B. 3C), BI{EA 3750 B
PUAPAE, REPIRR 2R AR 2 2 43 A 70 2 8] K 1 — ) (&
3B. 30). At HMAFAENIAE, HASE IR &
L A ST S R I — W, FAE, SE4tE
(PIAR R 32 B A {E ST H bR iEA— (3D, 3E.
3F). K, YA EDAAAERT, BAREYI o
AT e G X — M 23 0], Rt H st fi 5
R ILA =M, FRE, AP R 2
96 v R HEI HARRELA)— O 23 a), BEAE o — ) i)
ETEEPE DN

3 Wit

MR AW 1 A s A A KRB ) — A
feFR(Usman et al., 1999; Spinelli et al., 2005), /&

a b b b

1
S r i v e ¢
o = oL R WL

-04

SE) 48 Mean biomass (g)

o1
= o9
o o o

FOBR  FAPBRIA% RO PERT R

Homogeneous  Patch-edge Patch-center

+3EALFE Soil treatment

B2 H b AL BN 5 A0 BLAC AR ) A0 B CF
BtbruEin ). 1E. Ao AR L A Ay A
R AR AR AR, AR G R R A TG S A A 5
GeFAFAEIT I H SR L& o B NG FRER R H s
FTEA AL N Y 2= 7 B @ < 0.01).

Fig. 2 Focal plant biomass under soil nutrient patch treat-
ments and competition treatment (mean + SE). Positive num-
bers represent the shoot biomass (above x-axis), and negative
numbers indicate the root biomass (below x-axis). The white
bars represent the biomass of the focal plant without comepe-
tor, and the black bars indicate the plant biomass with com-
petitors. Different lowercase letters indicate the significant
differences in the biomass of the focal plant under different
treatments (p < 0.01).

MY A G — N5 B35 . R, MRA
W] F R A B AR AR R AT o e A B (1) 3%
F1 (Fransen & de Kroon, 2001). FAT T 5T 45 5
71N, G P 5% SRR R AT 2 ) K () — U F AR ) 1 i
N Rul 15 N (T TRESE 7/ = S S S Py o 8 S B R 5
Z IR R ALY o AT B K 7, B 5 —
WA F7 53 BERRAFAE, 3t 5% e AL 28475 8 5 1) =2 )
BRI T A=K, 1 BN 3 BESAH B g 5% 5 )
FR A LS5 ) 2% () K e 7 A2 K (BT TA L 1BL 1C)s
X T R A R A A 12 Hb DX P i 2 AR SEAR &
TURE R BT, AR 5 3R 1) 7 AR 7R B I AR [,
DT M FL AR R S0k ) 25 () K g o A4, 5 DRl i
R R e B 0 i AHE 2%

AR, FRIFMEY)— o FR R KR
() (1) R 42 L PRl 2R A R FE A AR 3R AR ) B 0K (de
Kroon, 2007). {AHA IR 2GR, FFMAE L
LKA RS ER], SRR R DY)
T LU B AR K BN (Rajaniemi, 2007; Cahill et
al., 2010). FRATIBFFTE FL A, 417 R A5 S p
WIAEAEIT, G5 de R (R AR 2R A 4 LG o AR K i
(RS 2 AR 4 i Bk N (B LA 1D, E2). R ERAT

doi: 10.3724/SP.J.1258.2012.01015
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R A[FIABET R ER o AR O 3R T 2200 W 45 )

Table 1 Two-way analysis of variance (ANOVA) results of biomass of different parts of plants under different treatments

JbF Treatment HEE df WAEY = kA4 i MAEYE

Root biomass Shoot biomass Total biomass

F P F P F P

%4 Jb# Competition treatment 1 61.348 0.001 38.472 0.003 34.386 0.004

T+ e Soil treatment 2 1.085 0.396 1.400 0.317 0.678 0.543

4RI AL Competition by soil treatment 1 1.973 0.233 1716 0.260 2.255 0.208

22 WA (mol-g s, SPIMEEARELR )
Table 2 Respiration rate of root system (nmol-g s™', mean + SE)

AbB Treatment

H¥s#i4 Focal plant

SE4AHY) Competitor plant

JeAMAR 2 AR & JeAAR & AR &

Left root Right root Left root Right root
TCTRo PRk TeFe4# No competitor —32.52+£0.81° —83.78 +1.38° - _
No nutrient patch  473%4+# With a competitor -30.82£0.11° —47.06 £0.12° —34.82+0.02°  —56.56+0.23"
Froy Pl 2 Jre4# No competitor —40.95 £ 0.53" -91.37+0.62° - -
Patch-edge 4 3%54% With a competitor ~35.87 £ 116" 42,94 £0.17° 4345£0.06°  —60.99 +0.43°
FRorBEHe g Fo3E4r# No competitor —36.87 £0.47° ~102.28 £0.25° - -
Pateh-center #3554+ With a competitor ~30.87 + 1.09° 4927 +0.14° 4014+ 1.02°  —41.87 + 0.46°

RRING 7R R0 0K T S i

Different lowercase letters indicate significant difference at 0.01 level.

A, AR ET % D AR A R 2 R B, e
UK TR AR 2R 254 b e A PR IR 2 TR RN B U, DR
AHP=AEAMEIE L, AN 3 3507 it 5 R A R A
Yy AR N o I — 45 BB 5 Rajaniemi (2007) I
Cahill%5(2010) I 7T 45 K20

TR 2R R U0 5 FLAR SR AR &R, JF HL
AR AR R R Y (de Kroon, 2007), 34 1t (L 45
PRRE AR R AR AHHIR R A By ik,
WA R R IR 2R 58 2 IR I 9T 3 S 4 v A5 [ A
FEAN K 2 18] [ 56 4+ (Pierik et al., 2003; Rajaniemi,
2007; Cahill et al., 2010). Semchenko%¥(2007) % [F]—
FEV& TR AN [RV PR A W) 3% 26 ¥ (Glechoma  hederacea) 1
B 5155 (Fragaria vesca)Z 18] W AH EAE FH 4T T W
GU, AR LB R R T B AR R
AR, BRI R AAG TIEL R R K, AT
1938 e 5 58T B A O G AR R AR KB /D
(Semchenko et al., 2007). Dudley#File (2007)[#HJf
SARW, Cakile edentulaft 5 LA P T (8] 55 5 I 2L
LEFIR P S5 IS 2 B4 A AR B8 2 (1) AR ) &

FAk, AR ULIA K, [P A 2 30 AR
AP R KRR, LA 2R, [
N1 X L8 B Y5 LA s A ) (1) 2556 (Maina et al.,
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2002; Falik et al., 2003; Dudley & File, 2007).
R 2 S50 UE W T R B ST 5 AN [R) ) ol R R ) )
WA, (HI2 X845 R Dl 5256w vt i N E il
T AL 0 1) 25 % R OK K /DN T 52 B4R 22 J55E (de
Kroon, 2007). U1HRAE & RT—N/NMR2Eds, ML
TR EHARFEIHI RS, AR AR AR O
I B H 2R IR, MRS e ae )
(Weiner, 1990; de Kroon et al., 2003). 1 FA 15T
g5 FARWI P RR - 56 Bl 2 18] HAH 6, SR
R A RN AR R AR A > (B12). AR
Iy PESRATAE B 56 RO B ey, W R g 5% 2 R PR A
A= MR R AP AR D (BE 1F), H2
FRor PEVR A ARGz T RARRIE B4R, 1l B
I 8 ) S 0 T AH A [T MR AR R ARG, X W] g
SERERRIADGS 7K 3 ISR 5 () e L TG B o RN,
G - 5 B R R 2 e ) SR SE AR ) — AR
(KI3D. 3E. 3F), HInge2 st hAwirkiay it
EHE ], P A S RTEARE . BARIEBE A
BRI A )Y N, PRI ARAR B384, P E0&ME
WS, A PIRR IR A AT SE 4
TEAEMTE U T R A (1D, 1E. 1F).

XA REAE KA I RRAE T A R e KA A T
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Fig. 3 Root distribution of the focal plant and competitor in the glass container. Focal plant is at the left side in each illustration,
and the competitor is at the right side in D, E and F. The vertical length and horizontal length in each illustration represent the height

and length of the glass container.
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