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Effects of clonal integration on growth and survival of Bromus inermis poaceae

in response to burial in sand
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Abstract Bromus inermis Leyss. is a dominant rhizomatous grass in the Othidag Sandland. In late autumn and early
spring strong winds move sand dunes quickly depositing new sand on the edge of lowland meadows and creating sand
patches of different sizes within lowland meadows. Frequently clonal fragments i.e. interconnected ramets of B. inermis
inhabiting the lowland meadows are partially buried in sand 1. e. some ramets are buried in sand and some are not. We

hypothesized that partially-buried clonal fragments benefit from clonal integration. A pot experiment was conducted in a
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greenhouse in the Otingdag Sandland. In the experiment each clonal fragment consisted of four interconnected ramets. The
two proximal older ramets were not buried while the two distal younger ramets were either not buried unburied
control or buried at depths of 10 20 or 30 ¢m in sand burial treatments . Rhizome connections between proximal and
distal ramets were severed or left intact. Rhizome severing dramatically decreased survival of distal ramets buried in sand. A
cost-benefit analysis based on plant performance in terms of biomass production number of shoots number of leaves

number of rhizome nodes and total rhizome length showed that proximal ramets supported connected distal ramets buried in
sand by clonal integration but did not incur any cost from resource export. Furthermore effects of clonal integration on
growth and survival of B. inermis were greater at deeper depths of burial in sand. We speculate that clonal integration may
be an important adaptation of B. inermis to harsh burial condition in sand that increases its growth and survival and thus

fitness in semiarid sandy lands.

Key Words adaptative strategy Bromus inermis clonal integration Othidag Sandland sand burial
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5 Bromus inermis 1725
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proximal ramets
distal ramets 25cm X
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Table 1 Experimental design

Treatment code

Proximal ramets

Rhizome connection Distal ramets

UB-UB Unburied Intact Unburied

UBIIUB Unburied Severed Unburied

UB-10B Unburied Intact 10cm 10¢m-deep sand burial

UBI110B Unburied Severed 10cm 10cm-deep sand burial

UB-20B Unburied Intact 20cm 20cm-deep sand burial

UBI120B Unburied Severed 20cm 20cm-deep sand burial

UB-30B Unburied Intact 30cm 30cm-deep sand burial

UBI130B Unburied Severed 30cm 30cm-deep sand burial

OSES 83% 8
10 ml N-P-K 4.373 ¢ L' NH,
NO, 2.063 g L.-' NaH,PO, 2.876 g L.-' KCI
70°C 48h
0.0001¢
1.3
One-  two-way ANOVA B R
LSD
- cost-benefit analysis
16 17 22 31
2.1
B R BxR
2 30cm
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UB-UB vs. UB-10B vs. UB-20B vs. UB-30B 1 2

20cm  30cm
10cm UBI120B vs. UBII10B UBII30B vs. UBI|I10B 10cm
UBIIUB vs. UBII10B 1 2
2 B R F

Table 2 F-values of Two-way ANOVA for the effects of sand burial B  rhizome severing R on the growth characters of whole clonal

fragment its proximal and distal ramets respectively

Clonal fragment Proximal ramets Distal ramets
Characters
B R B xR B R B xR B R B xR
20. 14 60. 64 7.47 0.34 1.19 0.28 46.25 202.29 26.06
Biomass * % % %k % * % ns ns ns * ok % 5ok ok 5 sk ok
66.00 240. 67 37.56 - - - 66. 00 240. 67 37.56
Number of ramets * %k * % % ® %k e ok sk sk
47.85 192.08 33.59 0.29 0.41 0.29 81.82 353.58 61.68
Number of leaves EERs * %k EERS ns ns ns # ok ok ® % % # % sk
13.10 0.28 9.79 2.10 0.24 0.77 243.18 1098. 01 138.02
Allocation to rhizomes * ok % ns * % ns ns ns * ok % ® % % * %k %
0.48 0.70 0.18 2.03 0.73 0.41 247.97 731.00 254.13
Allocation to roots ns ns ns ns ns ns EEE ® %k * %k
0.86 3.09 0.63 1.10 2.42 1.07 1465. 62 4747.58 1632.45
Allocation to leaves ns ns ns ns ns ns £ ko * ok % * %k
16.45 50.25 11.70 0.01 0.02 0.05 25.57 82.41 16.69
Number of rhizome nodes £k ok * % % * ok % ns ns ns £k ke * k% * %k
18. 60 55.39 13.94 0.004 0.04 0.06 28.63 92.47 19.89
Total rhizome length EES R EEES ns ns ns EEE %% % EEE
Significance leval ns P>0.05 # P<0.05 * *P<0.01 * * % P<0.001.
UBIIUB vs. UB-UB 1 2
10cm
UBI10B vs. UB-10B UBII20B vs. UB-20B UBII30B vs. UB-30B 1
2
B B xR
R B R B xR
2
2.2
B R B xR

UB-UB vs.
UB-10B vs. UB-20B vs. UB-30B UBI|IUB vs. UBI110B vs. UBI|120B vs. UBI|130B 1 2

2.3
UB-UB UB-10B UB-20B UB-30B UBIIUB UBII10B
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Fig. 1 A Biomass B number of ramets C number of

leaves of the proximal and distal ramets

3

0.05

P<0.05
1 Data are the mean with SE. These three characters for clonal
integration are the sum of both proximal ramets’ and distal ramets’ For
proximal ramets and distal ramets separately values with the same
lowercase letters are not significantly different at P<<0.05 Characters
of clonal integration marked by same uppercase letter with parentheses
are not significantly different at P<<0.05 Treatments are coded as in

table 1

A. breviligulata °  A. arenaria ™ Agropyron psammophilum *

36

Carex pumila Distichlis spicata

36 37

Elymus farctus Rumus alpinus ’
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Fig. 2 A Number of rhizome nodes B total rhizome length of the proximal and distal ramets. Data are the mean with SE. These two characters

for clonal integration are the sum of both proximal ramets’ and distal ramets’

P<0.05
P<0.05 1 For proximal

ramets and distal ramets separately values with the same lowercase letters are not significantly different at P<<0.05 Characters of clonal integration

marked by same uppercase letter with parentheses are not significantly different at P<<0.05 Treatments are coded as in Table 1
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coded as in Table 1
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