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Abstract

Aims Spatial heterogeneity in soil nutrients is common in nature, and clonal plants are supposed to be able to
better use spatially heterogeneously distributed soil nutrients. Although scale and contrast are two of the most im-
portant elements of spatial heterogeneity, few studies have tested effects of scale and contrast of soil nutrient het-
erogeneity on the growth of clonal plants.

Methods We conducted a greenhouse experiment in which we grew individual ramets of a rhizomatous clonal
plant, Bolboschoenus planiculmis (synonym Scirpus planiculumis), in heterogeneous conditions consisting of nu-
trient-rich and nutrient-poor patches. The experiment had two levels of patch scale (large vs. small patch) crossed
with two levels of patch contrast (high vs. low contrast), thereby consisting of four treatments. In each treatment,
the total area of the nutrient-rich patches and that of the nutrient-poor patches were the same, and the total amount
of soil nutrients was also the same in all the four treatments.

Important findings At both clone (whole plant) level and patch level, patch scale, contrast or their interaction
did not significantly affect biomass, number of ramets, total rhizome length or number of tubers of B. planiculmis.
At the patch level, however, biomass, number of ramets, total rhizome length and number of tubers of B. plani-
culmis were significantly greater in the nutrient-rich patches than in the nutrient-poor ones, whereas spacer length
(i.e., distance between adjacent ramets) was smaller. Such effects depended on neither patch scale nor patch con-
trast. Therefore, when growing in environments with heterogeneous soil nutrients, B. planiculmis was able to
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shorten its spacer length and likely also increased branching intensity of the rhizomes, such that more ramets and
tubers (i.e., potential ramets) were placed in nutrient-rich patches. These responses are generally considered one
aspect of the foraging behavior of clonal plants and are thought to be adaptive. However, the patch scale or con-
trast designed in the present experiment could not affect the placement of the ramets in the heterogeneous envi-
ronments. We presume that the responses of B. planiculmis are likely different if a wider range of scale and con-
trast is used and thus future studies to test effects of scale and contrast of resource heterogeneity should consider a

wider range of scale and/or contrast.
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+-#645 2007; Li et al., 2008; #M94%E 2011), + 35
3 e JoU M 1 e A7 AR AT A SR AAE AN R R IR L 58
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n, 3SR T LU R ) MA R A AR
A K (Wijesinghe & Hutchings, 1997, 1999; He et al.,
2004, 2011; Roiloa et al., 2007; Du et al., 2009), 5
Wi AR 420 ol B (1) 448 FF A1 B (Day et al., 2003a, 2003b),
AR N FTRRE]) ¢ & (Fransen et al., 2001; Day et
al., 2003c; Mommer et al., 2011; Zhou et al., 2012),
L2 P BURF K A5 AR S R GE D RE 1) 25U (Maestre
et al., 2005; Wijesinghe et al., 2005; Maestre &
Reynolds, 2006; Garcia-Palacios et al., 2011).
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2012).
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[A 2% (Kotliar & Wiens, 1990; Stuefer, 1996; #NY%E
2011) . ZEXF 1) 7 STtk B0 858 m] LU O ANFELERT LU
(EIORT LU B2 R O) IR RIS, SR 446 05 11 (1) JU 2k A 455 7
AR BEHAAEAE . XHEWIN S, M58 b &
FHXT I %) EE BEAE RIS B0 T, R4 W] e k%
ANE e G A A, TR S Pk 0 458 D[R] s, RIS
X5 PR AN R AR N A6 B BRI 1R
H, YA GeRAENB) 5 Bk A AR, i A —E
MITEAS . AR ER AR K 3 (Wijesinghe & Hutchings,
1999; Guo et al., 2011; Liu et al., 2012). U1 S AEA)%F
S JIUPE IR P A Y, S0 bE BB R, AR
JSCPE (e W R] fe A gk B S 5 2 (Friedman & Alpert,
1991; 5KFNNN4E, 2007; Guo et al., 2011; Wang et al.,
2011). AR, SeREFEAN TR0y S Bk e N R AT
FUK 2 2 LA v B Rl 0k () J5ie M R S B Pk B 5 1)
M v (Slade & Hutchings, 1987; Birch & Hutchings,
1994; Stuefer et al., 1996; Dong & Alaten, 1999; He
etal., 2011; Zhou et al., 2012), 1fijAS [ % b & fr 5% 43
S JO P A 5 X6 e B A ) A K i PRI IE ST AT R B R
Bt = (Wijesinghe & Hutchings, 1999; Zhang & He,
2009).
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Fig. 1 Schematic representation of the experimental design.
The experiment had two factors, i.e., patch scale (large vs.
small patch) and patch contrast (high vs. low contrast), and thus
four treatments. For the large patch treatment each box was
divided into four large patches (left), and for the small patch
treatment each box was divided into eight small patches (right).
For the low contrast treatment the nutrient ratio in the high
(dark color) and low nutrient patches (light color) was 7:3
(top), whereas the ratio was 9:1 for the high contrast treatment
(bottom).
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7253 T (three-way ANOVA) K 56 7% 73 7K - R BERIN)
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JSPSS 17.0.

2 #£R
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16 b R m R S R A KRR &
(Wilks” Lambda = 0.56, Fs2 = 2.92, p = 0.30), it
Boeowl bR L R x 6 EE R 38 T B 3 RN (Wilks?
Lambda = 0.63-0.70, Fg» = 158-2.18, p =
0.09-0.20), BEHe L BEHLGS L5 f JLAE HAE XS
Jr FE IR R B CREAM AR AR iR,
RRRZERK AP EE eI A B35 (KL, EI2A-D).
[, BEHR RS . BEHxt LB K H A8 B AR X i FEFI
R EA KRR (1 1 247 1) B 42K R et AN (2 35 (3R L,
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FH Sk 25 5 R — AR AR e L (R L, EI2F) . R
XTECREAR SR, /INBEBR A R bk AR e b S TR
PEH, T AE m e L AR ER T, BEH /N AR et bl
A RV (EI2F)
2.2 IHRKF

MANOVA 25 R, AEBEHKF, DRy 73
Gy KRR AR B 3 58 W e A IR =B 1) AR K AT
A(Wilks” Lambda = 0.33, Fg49 = 16.26, p < 0.001),
MBEH R . WL ROBE xSt b A 5 By
FRar 7KV HAZ HAE FH 46 ' 35 303 (Wilks® Lambda
= 0.80-0.99, Fg 40 = 0.11-2.02, p = 0.08-0.99). Bk
P 38 (1) 97 3 KT S S ) e R AR AR B K
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Table 1 Effects of scale and contrast of soil nutrient hetero-
geneity on growth and morphology of Bolboschoenus plani-

culmis at clone (whole plant) level

INES of CxS
Scale (S) Contrast (C)

“E¥ Biomass 0.32" 0.53™ 0.15™
Iy FE%C Number of ramets 0.55™ 0.48™ 2.09™
HARZEK: Rhizome length 0.11™ 1.86™ 0.03"
2% Number of tubers 0.56™ 0.55™ 0.51™
B4 Spacer length 0.02" 1.32" 0.99"
HR5E . Root to shoot ratio 14.44" 3.46™ 9.93"

FA N 0 E H A L, 27, **, p<0.01; *, p<0.05; ns, p = 0.05.
Degree of freedom is 1, 27 for all the effects. **, p < 0.01; *, p < 0.05;
ns, p = 0.05.

PR SRR AREE K (5R2) . 1k
EFE TR, AT A E R s AR
ARZBRFNPZEE Y 62 v TIRTR 2 BEEL (J813A-D),
S LTl 230 I3 350 AN A0 A8 T B0 Bl R 1) K /SRR B
FE Bk (e 2: 7753 /K5 ROBEFINS B B A2 A
AR B2 o BEYREE % b A HAs HAE A
BB R IR R AR R
HORZK AP S (F2; KI3A-D).

PP 358 (1) 752 43 7K 03 52 W B R K-
PR =R BRI (2) . TEmFR I PR, AT
IR =458 3 AR D) 14D 10 B 0 K B 3 /N TR IR 20 B (&
3E), Jf HIX a8 AR T B He RURERIRT LE B2 (R
20 FRr KOP 5 RBE R LG 1 AS HAE SN 2
F)o BEPUREE . R LG RE R AT BAE AN 6 25 5 i
BEHOIKAF i A = AR I Tl B (2, EI3E). 4844k
ME, =R PR i AR =4 AR ek L 5 AR 4>
BEYAH LA AR B35 2 e (32, FR703UNp > 0.05),
{EFES KL BELR B RNBEEG] L B = 5 (A8 BLAE
FH 5k 2 5% 0 J AR = AR TR e L (22, T8I3F). fEm
Feor PP, ROBE] i A IR =A% PR AR g LG 58 e A
F, A RN L RN IR e b SR 2 v TR b
(KI3F); 7EARTRor BEderh, H RS b e KB R
&N ARG FT 50 = A ARt EL, e/ ROBE T B
i T Rt L (E13F) .

3 e

3.1 BESRXSLEEFIRE X R H = RE KA
JRUBE AR B 2 B4 35 5 B P 8y o A i s

(Kotliar & Wiens, 1990; Stuefer, 1996; & N 45
2011), nJ LA 25 5% ) R A 6] B 85 S O ) o Y.
(Wijesinghe & Hutchings, 1999; Zhang et al., 2007;
Zhang & He, 2009; Guo et al., 2011; Wang et al.,
2011). SR TG IRAEHEAN Wi /K, I AR REHUK,
ARSI B ST IR SR 43 BEHOGT LU RE S A W 2 5 i
R = AR A K (812, E3). Jbliry, Rt T 3EsRs)
XL RE B 3G I, RV AR TR R A BB il
(Glechoma longituba) 7314 I &R HI 2% 2% (NUE) FH
FIH 2% (PUE) s 35 B9, H 338577 9 0 L FE AN
2 AR ) DG 1 % (Zhang & He, 2009).
SRMAE o LU FE TR, 6 B S o 1k wT DA 3 58 W) 1) =)
=Ky BE A W) %k RK (Potentilla anserina) FITAR 25 ik 28 HL
4 (Diplopterygium glaucum) 45K, Ty ZE AR %) EL
T, O HE R B IR X R AN IF AN A7 AE (Guo et al.,
2011; Wang et al., 2011).

[, TCR RS KT, R EBEHKF,
T3 BEERLRBE SN it K90 — 4% A2 K R i B AN (2 25 (]
2, KI3). fHiE, THEFRI T BPEIAE AN R B He R
J55 55 35 5% 0 WO 1S} (Glechoma  hederacea) #4N 7e
e T 2B ) e DA K0 A A iy 77 43 B P 3 Bk 2R )
B, HAEMEARHR /N K25 em x 25 emfE oL T
BE R TR/ 12,5 cm x 6.25 cma6.25 cm x
6.25 cmff) 1t it (Wijesinghe & Hutchings, 1997). It
Ab, Wang %5 (2012)th K I, {EAFALER N 55 4+ (1) 1
U, RBEHLZH B S o 1 P85 o ) ) 25 A
I %5 (Duchesnea indica) ¥4 v b 1 AR W) . 0 BREL
R &) 2K 0 3 T/ B2 R R O R S o
B

FEFBIAEG N, - HEF% 50 1 14 I H w] BARRAIS
o R AR v B R AR b, B R AR B T RE AL
(Alpert & Stuefer, 1997; Du et al., 2009; #N3%E,
2011). AR, HAKAE 7R BEBRAMIGTR 70 BEER A
JSCIR) S BT PR T N, A 7 A0 B b e R IR R
(AR L A b SRR Bt 22 e A 2, R
BT IR o BEY P ) 3 dk 5 AR KT TR 20 B P
(P73 MRAFAE SR AL S A DTk, B e PR f . IX P
RS W AR @ T IR A B Ay MR R A T B
F(E) FEAC TARTR 23 BES A BRI AR e B, AT 3 35
PARHFR I BEEh p AR IR e LU E AN B . ETF S
HoAt T PR A A, AHGE 7 BRI AR ed EERS S3 J5t
PEBE UG K- 1 5N, B 56 (] e % U ) W) A7
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Table 2 Effects of nutrient level within patches, scale and contrast of soil nutrient heterogeneity on growth and morphology of

Bolboschoenus planiculmis at patch level

TRy K JUE Yo Eb N xS NxC SxC N xSx C
Nutrient level (N) Scale (S) Contrast (C)
APyt Biomass 20.42"" 0.42" 0.99" 0.08™ 0.10" 0.22" 0.04™
SrBR% Number of ramets 36.95™ 0.88™ 0.78™ 0.09™ 0.94™ 3.35™ 0.79™
HARZE I Rhizome length 8.73" 0.21™ 3.45™ 0.16™ 0.34™ 0.06" 0.31™
Y24 Number of tubers 8.26™ 0.95™ 0.92" 0.12" 0.99™ 0.85™ 0.19™
[ E#) K Spacer length 11.08™ 0.27™ 3.73™ 0.40"™ 2.19™ 1.46™ 0.27™
MELE Root to shoot ratio 1.10™ 2.85™ 1.05™ 0.04" 3.92" 1.49" 454"
BT SUN 1) 1 Y A1, 54, *** p <0.001; **, p<0.01; *, p<0.05; ns, p = 0.05,
Degree of freedom is 1, 54 for all the effects. ***, p < 0.001; **, p < 0.01; *, p < 0.05; ns, p = 0.05.
407 [ KBEsk Large patch A 60 B
V) /\piH: Small patch "
30t B
2 T E 40t T
=y T eoR
S§20r T %9 T vz T
HE &K ©
= Ke)
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10 | 2
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4 c 80 b
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44; 3 T T 2 60 T
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83 o L 7 Y W .. )
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= 5 <
g 1F 2 20 |
0 0
12r E 0.08 [ .
= o
§ ot T $0.06 _
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Fig. 2 Growth (A-D) and morphology (E, F) parameters of Bolboschoenus planiculmis at clone level under four heterogeneity

treatments differing in patch scale and contrast (mean * SE).
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neity treatments differing in patch scale and contrast (mean + SE).
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Mommer, 2006; de Kroon et al., 2009; # N34,
2011).
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