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Abstract

The annual plant Corispermum elongatum is endemic to the sandy soils in the Horgin Sandy
Land of eastern Inner Mongolia, China. It plays an important role in sand stabilization and vegetation
restoration in the Horgin region. However, studies about the difference of reproductive allocation in C.
elongatum in different sandy habitats were limited. To detect this, a test was conducted on typical
fixed and mobile sand dunes in the Horgin Sandy Land. The results showed that habitat type had a
significant effect on the pattern of reproductive allocation in C.elongatum. The dry weight of
reproductive structure, spike number, length of spike, dry weight of vegetative structure, dry weight of
reproductive structure relative to total above-ground dry weight biomass, and the number of primary
branches were all larger in C. elongatum plants in fixed sand dunes than in mobile sand dunes. The
resources allocated to reproduction were size-dependent and also affected by the habitats sampled.
C.elongatum plants inhabiting the better fixed-dune habitat seem to allocate more resources to
reproduction to increase population size, while vegetative growth appears to be relatively more
important for the survival of C.elongatum in the harsh mobile-dune habitat. This information is
important for a better understanding of the adaptation strategy of C.elongatum in different habitats.

Introduction

Reproduction is the basic process of life. It concerns the completion of a plant’s life
cycle and the regeneration of plant populations (Silverton & Lovett-Doust, 1993; Pino et
al., 2002), but there is a trade-off between resources allocated to reproduction and those
allocated to growth, storage and defense etc., (Harper, 1977; Herms & Mattson, 1992;
Konstadia et al., 2003). From an evolutionary ecology perspective, biomass distribution
and the proportion of plant allocated resource to reproductive structures is important
embodiment of plant fitness (Reekie & Bazzaz, 1987; Weiner, 1988; Hartnett, 1990;
Vega et al., 2000). The reproduction allocation affects plant life-history strategies, plant
community dynamics and plant evolution (Grime, 1979; Lehtila & Sunds Larsson, 2005).
Therefore study about reproduction allocation pattern is a still growing field of interest to
ecologists (Reekie, 1998; Cruz & Moreno, 2001; Staffan Karlsson & Mendez, 2005).

The precipitation was less and highly unpredictable, the soil condition was poor, and
other disturbances were frequently occurred in the arid and semi-arid sandy lands or
desert ecosystems, all those harsh environmental conditions made plant growth face
rigorous challenges (Zhang et al., 2002). So, knowledge of the resource allocation pattern
of plants is beneficial to understanding their life history strategy in the sandy habitats,
and helpful for informing the process of vegetation restoration.

Corispermum elongatum is an annual plant endemic to the Horgin Sandy Land of
eastern Inner Mongolia, China (Zhang et al., 2004). The Horgin Sandy Land is located in
the agro-pastoral transitional zone between the Inner Mongolian Plateau and the
Northeast Plains of China (42°41' to 45°15' N, 118°35’ to 123°30’ E) and is one of the
most seriously desertified regions of China (Wang, 2000). C. elongatum can occur in all
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kinds of sandy dunes, from mobile dunes to fixed dunes and is recognized as a pioneer
sand-fixing plant for promoting restoration of vegetation. It plays an important role in
sand stabilization and vegetation restoration in the Horgin region, where much researches
have been carried out which provide valuable insight into environmental changes
mechanisms and the ecological adaptation of some plants to the harsh environmental
conditions (Su & Zhao, 2003; Li et al., 2005; Zhang et al., 2006). Li et al., (2005) had
reported that the shrub Artemisia halodendron can propagate in this region through either
sexual reproduction or vegetative propagation. However, it is not well known if there are
differences in reproductive allocation in annual plants inhabiting this area, which can
only persist through seeding recruitment. To determine this, C. elongatum was selected
for study, and a test of field measurements was conducted on typical fixed and mobile
sand dunes in the Horgin Sandy Land. The objectives of this study were to detect the
differences in reproductive allocation in C. elongatum plants inhabiting two different
dune habitats and the relationship between relative reproductive allocation and plant size
of C. elongatum plants inhabiting these habitats.

Materials and Methods

The study area is located near the Naiman Desertification Research Station (42°58'N,
120°43'E, 345m above mean sea level) of the Chinese Ecosystem Research Network
(CERN), in Naiman, Inner Mongolia, China, in a zone of continental semiarid monsoon
climate. Landscape in this area is characterized by sand dunes (fixed or mobile)
alternating with gently undulating lowland areas. The soils are sandy, with a loose
structure and are particularly susceptible to wind erosion. The yearly average solar
radiation is 5200 MJ/m2. The mean annual temperature is 6.4°C and the frost free period
is 137~150 days per year. Average annual precipitation is 362mm, nearly 70% of which
falls from June through August. The yearly average evaporation is 1935 mm, more than
five times the annual precipitation. Prevailing wind directions are northwest in winter and
spring, and southwest to south in summer and autumn. The yearly average wind speed
ranges from 3.4 to 4.1 m/s (Li et al., 2006).

The study habitats were fenced and no grazing was allowed. The vegetation included
some shrubs (e.g., Caragana microphylla, Lespedeza davurica, Salix gordejevii), sub-
shrubs (e.g., A. halodendron, Hedysarum fruticosum var. ligosum), forbs (e.g.,
Agriophyllum squarrosum, Corispermum elongatum, Salsola collina, Artemisia scoparia)
and grasses (e.g., Setaria viridis, Digitaria ciliaris, Aristida adscensionis, Cleistogenes
squarrosa and Chloris virgata). Vegetative cover is less than 10% in the mobile dune
habitat and 50 to 70% in the fixed dune habitat.

Sampling and measurements: To determine if there are influences of habitat type on the
pattern of reproductive allocation in C. elongatum, a test of field measurements was
conducted on typical fixed and mobile dune habitats which were about 1km apart. There
were three replications of each habitat type and thirteen Imx1msubplots in each habitat.
In each subplot, three to six C. elongatum individuals were randomly sampled and cut off
at ground level in August, when C. elongatum had set seeds but its above-ground parts
still remained alive. For each plant, the number of spikes, the number of primary
branches (branches from caulis) and the length of spikes were determined. Also, the
biomass of vegetative structures, reproductive structures and the total above-ground
structure were initially air-dried and later oven-dried at 75°C for 48 h and then weighed.
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Soil environment conditions, including soil physical and chemical attributes, were
also measured in these two habitats. The soil attributes included soil texture, soil bulk
density, soil surface compaction, electrical conductivity, pH, soil organic carbon and total
nitrogen. The soil samples were collected from six random locations to a depth of 30cm
within each habitat. At each location, a composite soil sample was prepared from the soil
collected from five sampling points using a soil auger. Soil cores were obtained with a
stainless-steel cylinder (50cm® in volume) at each depth and location for the
determination of soil bulk density. The soil samples were air-dried and then sieved to
pass through a 2-mm screen for analyzing physical attributes and ground to pass through
a 0.5-mm screen for analyzing soil organic carbon and total nitrogen. The organic C was
determined using the Walkley-Black dichromate oxidation procedure (Nelson &
Sommers, 1982). Total N was determined with the Kjeldahl procedure (ISSCAS, 1978).

Statistical analyses: The differences in total above-ground dry weight, dry weight of
vegetative structures, dry weight of reproductive structures, number of primary branches,
spike number, spike length, dry weight per spike and reproductive effort (RE = dry
weight of reproductive structures/dry weight of vegetative biomass) between the two
habitats were tested by One-way analysis of variance (ANOVA) and independent t-tests.
To determine the effect of plant size (dry weight of vegetative biomass) on reproductive
allocation, the form of the relationship between plant size and resources allocated to
reproduction was examined by simple linear regressions using the random sampled
individual plants in each habitat. The effect of dry weight of vegetative biomass on dry
weight of reproductive structures between habitats was examined by comparing the slope
(regression coefficient R) from the regressions. A greater slope indicated that for each
additional unit of biomass allocated to growth the plants tended to allocate a larger
proportion of biomass to reproduction.

Results

Soil properties in two sandy habitats: There were marked differences in soil properties
between the mobile and fixed dune habitats (Table 1). Soil texture was finer in fixed
habitat than in mobile habitat. The amount of organic carbon, total nitrogen, soil surface
compaction, pH and the electrical conductivity of soil were significantly higher in fixed
habitat than in mobile habitat (p<0.05). But no significant difference (p>0.05) was found
in soil bulk density between the fixed habitat and mobile habitat.

Table 1. Soil properties in the mobile and fixed sand dunes studied. Means + SE.

Soil texture (%) MSD FSD
Coarse sand (0.25-2.0mm) 53.27 £ 1.942 41.52 +1.24°
Fine sand (0.05-0.25mm) 43.29 + 1.142 55.01 + 0.60°
Silt and clay (<0.05mm) 3.44 £0.878 3.47 £0.75%

Soil surface compaction (kg/cm?) 0.087 + 0.008? 0.407 + 0.030°

Soil bulk density (g/cm?) 1.63 +0.022 1.58 +0.022

Electrical conductivity (us/cm) 15.00 + 1.002 26.00 +5.51°

pH 6.83+0.012 7.50 £0.12°

Organic C (g/kg) 0.490 + 0.1512 2.553 +0.691°

Total N (g/kg) 0.072 + 0.003? 0.300 + 0.048°

Values with same letters within rows are not significantly different at p<0.05. MSD = mobile
sand dune habitat and FSD = fixed sand dune habitat
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Reproductive allocation in two typical habitats: There were striking differences in
total above-ground dry weight biomass (F=40.392, p<0.001), dry weight of vegetative
structures (F=38.938, P<0.001) and the number of primary branches (F=3.921, p<0.05)
between the mobile and fixed habitats (Fig. 1 A-C). Even greater differences were found
in dry weight of reproductive structures ( F=41.152, p<0.001) , spike number (
F=48.709, p<0.001) , length of spike (F=58.961, p<0.001) , dry weight per spike (
F=13.428, p<0.001) and reproductive effort (F=122.616, p<0.001) (Fig. 1 D-H). The
reproductive effort in fixed dunes was about eighteen times that in mobile dunes. The
total above-ground dry weight biomass, dry weight of vegetative structures, number of
primary branches, number of spikes, spike length, dry weight of reproductive structure
and the proportion of biomass allocated to reproduction (RE) were consistently higher in
C. elongatum plants in fixed sand dunes than in mobile sand dunes.

The relationship between reproductive allocation and plant size in two habitats:
Regression results showed that total allocation of biomass to reproduction was size-
dependent for plants from both habitats. As vegetative biomass increased, the
reproductive biomass also increased in both habitats (Fig. 2). There were highly
significant linear relationships between the dry weight of vegetative biomass and the dry
weight of reproductive structure in the mobile and the fixed habitats. But plants in the
fixed habitat showed a steeper slope from the regression of reproductive biomass on
vegetative biomass than those in the mobile habitat. That is, for each additional unit of
biomass allocated to vegetative structures the C. elongatum plants in the fixed habitat
would allocate a greater proportion of biomass to reproductive structures than those in the
mobile habitat. The relationship of spike number to vegetative biomass was similar to the
relationship between dry weight of reproductive structures and dry weight of vegetative
biomass in both habitats (Fig. 2).

The reproductive effort decreased with increased vegetative biomass in both habitats
and there were significantly negative relationships both in mobile habitat and fixed
habitat, but there were some differences between them (Fig. 3). However, no significant
linear relationship between dry weight per spike and vegetative biomass was found in
either habitat (Fig. 3).

Discussion

There was a highly significant linear relationship between the dry weight of
vegetative biomass (plant size) and the dry weight of reproductive structure in the
mobile and the fixed habitats in our study, reproductive biomass increased with
increased vegetative biomass in both habitats (Fig. 2). Thus the reproductive structure
size of C. elongatum was plant size-dependent in both habitats, in agreement with
previous studies indicating that plant size is a key factor in determining the pattern of
reproductive allocation (Weiner, 1988; Schmid et al., 1995; Reekie, 1998). Similar
relationships have been observed in other plants (Samson & Werk, 1986; Worley &
Harder, 1996; Pickering & Arthur, 2003). But the present study also found that there
was no significant linear relationship between dry weight per spike and the vegetative
biomass in either habitat (Fig. 3). This suggests that reproductive effort is increased by
production of more spikes rather than larger ones.
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Fig. 1. The effects of habitat type on (A) total above-ground dry weight, (B) dry weight of vegetative
biomass, (C) number of primary branches, (D) number of spikes, (E) length of spike, (F) dry weight per
spike, (G) dry weight of reproductive structure, and (H) reproductive effort (dry weight of reproductive
structure/dry weight of vegetative biomass). Means with different letters within each variable indicate

significant differences at p<0.01 between the two habitats. Bars represent £S.E.
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Fig. 2. Linear regressions for the relationships of dry weight of vegetative biomass vs. dry weight
of reproduction structure (upper pair), and dry weight of vegetative biomass vs. the number of
spikes (lower pair). MSD = mobile sand dune habitat and FSD = fixed sand dune habitat.

Results also showed that plant size (vegetative biomass), biomass allocated to
reproductive structure, number of spikes and dry weight per spike were all significantly
higher in the fixed dune habitat than in the mobile dune habitat, as was reproductive
effort (Fig. 1). The reproductive effort in fixed habitat was about eighteen times that in
the mobile habitat, indicating that plant size and size of reproductive structure were
highly influenced by habitat type. Difference in resources allocated to reproduction could
result from differences in spike length, number of spikes and dry weight of spikes. These
results suggest that environmental selective forces could result in variation of
reproductive strategies in this species (Silverton & Lovett-Doust, 1993). It has been
documented that some species of plant would convert more resources and energy into
reproduction, so as to increase the population size, when environmental conditions were
improved with sand dune stabilization. In contrast, in poorly stabilized sand dunes, the
plant would consume more resources and energy for vegetative development and
maintenance in order to cope with the harsh environment (Zhang et al., 2005). Zhao et
al., (2006) also found that plant biomass and seed production were significantly
correlated to organic matter, total N and pH in a harsh soil environment. In the present
study, we also found that the observed differences in resource allocation patterns of the
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Fig. 3. Linear regressions for the relationships of dry weight of vegetative biomass vs. reproductive
effort (upper pair), and dry weight of vegetative biomass vs. dry weight per spike (lower pair) MSD
= mobile sand dune habitat and FSD = fixed sand dune habitat.

annual plant C. elongatum inhabiting two different habitats were associated in a similar
way with the differences in environments and there was a relationship with stabilization
of the sand dunes. In mobile habitat, there was more serious wind erosion, sand burial,
poorer edaphic conditions (Table 1) and stronger selective pressures on plants (Zhang et
al., 2002). In order to survive these conditions, the plant must allocate more resources to
vegetative growth. However, when soil texture became finer and fertility increased in the
fixed habitat, the plant would invest more resources in reproduction to maintain
population continuity and increase population size (Konstadia et al., 2003). So, C.
elongatum inhabiting the fixed sand dunes tended to allocate a greater proportion of
biomass to reproductive structures, resulting in a significantly greater number of spikes
and higher dry weight per spike.

Studies of other plant species have show that reproductive effort related to plant
weight and decreased significantly with increasing plant size (Klinkhamer, et al., 1990;
1992). In our study, reproductive effort also decreased with increased vegetative biomass
(plant size) in both habitats and had a significantly negative linear relationship, but some
differences did exist between the two habitats. This indicated that the reproductive effort
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of C. elongatum was size-dependent, but was also influenced by environmental factors.
This result is in agreement with the findings of other researchers (Silverton & Lovett-
Doust, 1993; Pickering & Arthur, 2003; Liu et al., 2002).

A better understanding of plant growth regulation and the interactions between plants
and soils in fragile ecological environments has important implication for plant life-
history strategy, population growth, species conservation and evolution and degraded
vegetation re-establishment (Sun et al., 2001; Zhang et al., 2004; Li et al., 2005). From
this point of view, the differences observed in reproductive allocation patterns of C.
elongatum between the two habitats could be considered an important adaptation strategy
to enhance the plant’s fitness in rigorous environmental conditions. Moreover, this study
provides helpful insight for ecosystem recovery in the study region and possibly other
desertified areas. C. elongatum is one of the few plants which can disperse and spread
naturally in all types of sand dunes. According to the above results showing that C.
elongatum inhabiting the fixed sand dunes tended to allocate a greater proportion of
biomass to reproductive structures and the reproductive effort was size dependent, if
people could use those characteristics of C. elongatum to increase vegetative cover in
mobile dunes by planting, sand dune fixation can be accelerated.

Conclusion

There are significant differences in reproductive allocation of C. elongatum in
different sandy habitats. C. elongatum plants inhabiting the better environment of fixed
dunes seem to allocate more resources to reproductive structures to increase population
size, whereas vegetative growth appears to be relatively more important for the survival
of C. elongatum in the harsher mobile-dune habitat. That is, with the sand land
stabilization, the annual plant C. elongatum would allocate more resources to
reproductive structures. Reproductive biomass was plant size-dependent and significantly
affected by habitat type. Reproductive effort was not only influenced by plant size but
also affected by environmental factors. The results are important for a better
understanding of the adaptation strategy of C. elongatum in different sandy habitats and
will be helpful for accelerating sand dune fixation by using plants resources.
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