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Abstract

Aims Essential resources for plant growth are heterogeneously distributed in natural systems, and clonal plants
can efficiently use heterogeneously distributed resources. Many studies have addressed effects of heterogeneous
water supply on the growth, morphology and physiology of clonal plants, but few have tested effects of water het-
erogeneity on the ability of clonal plants to store water.

Methods We grew ramets of two rhizomatous clonal plants Leymus secalinus and Calamagrostis pseudophrag-
mites under both homogeneous and heterogeneous water supply. The experiment was conducted from 15 August
to 14 October 2010 under a rain shelter at Ordos Sandland Ecological Station (39°29' N, 110°11’ E). Water content
and biomass of roots, shoots, spacers (rhizomes) and buds were measured.

Important findings Spacer water content, shoot water content and root water content were significantly higher
under the heterogeneous water condition than under the homogeneous water condition in both species, suggesting
that clonal plants could increase the ability to store water when growing in heterogeneous water conditions. Ley-
mus secalinus decreased single ramet biomass and increased bud number to adapt to water heterogeneity, while C.
pseudophragmites increased belowground biomass, including rhizome biomass, root biomass and bud biomass, to
deal with water heterogeneity. Increasing water storage may increase the ability of clonal plants to adapt to unpre-
dictable water conditions.
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Fig. 1 Heterogeneous water supply (A) and homogeneous water supply (B) of experiment. Patches are separated by white plastic
wrap. In the heterogeneous water treatment, the dark grey cells stand for patches with high water supply, providing with 100 mL
water to each patch once every three days; the white cells stand for patches with low water supply, providing with 50 mL water to
each patch every three days. In the homogeneous treatment, each patch (grey cell) was provided with 76.3 mL every three days. The
total water supplied in the heterogeneous treatment was same as that in the homogeneous treatment, i.e. 1 450 mL every three days.
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1 WIBRRIIK 53 S T R A AR AR T 25w (R X 35 T 22 0 A
Table 1 Effects of species and water heterogeneity on the growth and morphology of plants by two-way ANOVA

LERN L/ K G BE WHAEA

Trait Species Water treatment Interaction

df F P df F P df F )4

4 4% Biomass

MEY)E Total biomass 1,19 1593 0.001 1,19  0.62 0.441 1,19 1.30 0.269
Wk F A9 Spacer biomass 1,19 7.40 0.014 1,19 2388 0.106 1,19 0.95 0.341
4% Bud biomass 1,19 0.03 0866 1,19  17.16 0.015 1,19 0.09 0.765
FiZEWE Shoot biomass 1,19 42,03  <0.001 1,19  0.10 0.752 1,19 237 0.140
RAEY)E Root biomass 1,19 7.22 0015 1,19 036 0.557 1,19 0.74 0.401
4 )= 5B Biomass allocation

&t Root to shoot ratio 1,19 0.13 0725 1,19  0.62 0.443 1,19 0.02 0.879
SERELEFI K]y Number and size of ramets

43¥k$L Number of ramets 1,19 6.89 0017 1,19 077 0.113 1,19 0.54 0.471
AR A )R Biomass per ramet 1,19 8.86 0.008 1,19  0.02 0.890 1,19 8.02 0.011
ZFELEFN KN Number and size of buds

2E%% Number of buds 1,19 2.45 0.134 1,19 2460  <0.001 1,19 0.43 0.522
HANZEAE ) Biomass per bud 1,19 0.54 0472 1,19 <0.001  0.997 1,19 0.12 0.733
47KEZ Water content

MK Total water content 1,19 1.58 0224 1,19 9436  <0.001 1,19 2.81 0.110
%7K 4 Bud water content 1,19 0.55 0469 1,19  3.12 0.093 1,19 0.004  0.951
[H) %77 /K& Spacer water content 1,19 1139  0.003 1,19 3538  <0.001 1,19 3.01 0.099
57K & Root water content 1,19 1.57 0225 1,19 5371  <0.001 1,19 12.98 0.002
K& 7k Shoot water content 1,19 0.30 0591 1,19 1322 0.002 1,19 0.44 0.514

BARERZER B @ =0.05).
Black body indicates significant difference (p = 0.05).

(RARZE) Y Ry BRI AE Y &, R &
B WERW(K2) . KA FE AL B, R
Bb 12 m s 1A (0523 4 £ 0.072 8 g). 4
Y (0.3893 + 0.0529 o) MR ZAEME(1.707 3 +
0.625 1 )X W] b i T [\ T 1 43 A AL BT ) 1) B -
AW (0.2398 £ 0.045 1 g). HAEME (0221 +
0.033 1 g)MHRA M) E:(0.855 6 £ 0.157 4 g) (KI2).
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SEMAN 25 (3R2); AE/K 0y S B 4y A AL BT, fft e
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Fig. 2 Biomasses of Leymus secalinus and Calamagrostis
pseudophragmites and their allocation in homogeneous and
heterogeneous water treatments (mean = SE).
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JER o STJr i, e BE R A o B oh) R IR IR A A7 e
77, AR B ) it A5 R TR I N R R AN AT T
HPE . FRATTIA SEEG 45 HAF SE T 1X — 5. 7EK 53
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Fig. 3 Water content in the organs of Leymus secalinus and
Calamagrostis pseudophragmites in homogeneous and hetero-
geneous water treatments (mean £+ SE). ns, p > 0.05; *, p <
0.05; **, p<0.01.
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R RO A By A KA AR (ST A e

Table 2 Effects of water heterogeneity on the growth and morphology of Leymus secalinus and Calamagrostis pseudophragmites

by independent samples #-test

YFl Species PR Trait df t p
A WA Total biomass 10 0.204 0.842
Leymus secalinus ) T-2E 4 i Spacer biomass 10 ~0.417 0.685
#F/EY)H Bud biomass 10 -1.564 0.149
BiAz#)iE Shoot biomass 10 0.682 0.877
HRZEP) i Root biomass 10 0.159 0.511
e e Root to shoot ratio 10 -0.581 0.574
3 M4 Number of ramets 10 -1.529 0.157
AN BEAEY R Biomass per ramet 10 2.565 0.028
%4 Number of buds 10 -2.795 0.019
AN ZE/ A Biomass per bud 10 0.206 0.841
S KA Total water content 10 -5.385 <0.001
LE P 7K i Bud water content 10 ~1.491 0.167
[B]F% 77 7K & Spacer water content 10 —4.445 0.001
%7K Root water content 10 -3.647 0.004
FifrKE Shoot water content 10 -3.307 0.008
(&7 Need HEYHR Total biomass 10 -2.171 0.055
Calamagrostis pseudophragmites 74418 Spacer biomass 10 3313 0.008
ZF/EY)E Bud biomass 10 ~2.696 0.022
i 2E4 = Shoot biomass 10 -2.664 0.209
AP Root biomass 10 -1.342 0.024
H7e e Root to shoot ratio 10 -0.360 0.726
53 HEL Number of ramets 10 -0.412 0.689
AR YR Biomass per ramet 5317 -1.833 0.123
24 Number of buds 10 -4.982 0.001
BAZELEY & Biomass per bud 6.323 -0.085 0.935
R I/KE Total water content 10 -5.156 0.000
ZE 777K & Bud water content 10 ~1.439 0.181
[B]F%F 75 7K & Spacer water content 10 -4.733 0.001
M7k Root water content 4.528 -5.647 0.003
Fi 7K Shoot water content 10 -2.296 0.045

HARIRZERBE(=0.05).

Black body indicates significant difference (p = 0.05).

Xk Z BRI S e o3 BR, 53— 5 I, O BN R
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o PP ZE AR K S X AN B 1 5
AR R AN AR R o 5 ) B K 43 S A AR L,
SRR 73 A R (R > R BT S AR, (H
BRSO RRZE B b PRI, RIS 5 ) B T S 1
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Fig. 4 Number of buds (A), biomass per bud (B), number of ramets (C) and biomass per ramet (D) of Leymus secalinus and
Calamagrostis pseudophragmites in homogeneous and heterogeneous water treatments (mean + SE). ns, p > 0.05; *, p < 0.05; **, p <

0.01.
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