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ABSTRACT

The effect of genotypic diversity on the age structure and bud bank of the Leymus chinensis population has not yet
been demonstrated. This experiment was designed to study the age structure of the tiller, rhizome, and bud of
L. chinensis at genotypic diversity levels of 1, 2, 4, 8, and 12. A total of 64 communities were established in this
experiment, following the principle of randomized block experimental design. The results indicated that genotypic
diversity had a significant or obviously significant effect on the cumulative length of rhizomes of 2a and 4a, dry
matter accumulation of rhizomes of 1a and 2a, tiller number of 1a, tiller productivity of 3a, but had no significant
effect age structure of buds. As the levels of genotypic diversity increased, the proportion of the cumulative length
of rhizomes with 4a decreased and then increased, and dry matter accumulation of rhizomes with 1a and 2a
gradually increased while the number of tillers with 1a gradually decreased, when the gradient of genotypic diver-
sity increased. At the 1, 2, 4, 8, and 12 genotype diversity levels, the number of tillers, the cumulative length of
rhizomes, and dry matter accumulation in rhizomes and buds were all age structures of expanding type. However,
tiller productivity was an expanding or stable age structure at levels of 1, 2, 4, 8 genotypic diversity, while it was a
declining age structure at the 12 genotype diversity gradient. An appropriate genotypic diversity is conducive to
maintaining the growth and stability of the age structure of L. chinensis population, but too high a gradient of
genotypic diversity can have a negative impact on the population age structure. This study provided that an
appropriate number of genotypic diversity contributes to the stability of the population.
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1 Introduction

In recent years, the ecological importance of genotypic diversity has aroused extensive concerns of
ecologists [1–4]. There are abundant experiments demonstrating that the researches concerning genotypic
diversity mainly focuses on its effects on population stability and productivity [5–9]. Gebregerges et al.
found that the construction of a seagrass bed by Zostera marina with a low genotypic diversity gradient
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was difficult to succeed, with low fitness of individuals. The time required for recovery of decreased with
increasing genotypic diversity, and the community would pick up stronger anti-interference capacity [10].
Kotowska et al. directly demonstrated that whether in the presence of herbivores or not, higher genotypic
diversity of Arabidopsis thaliana led to higher plant productivity [11]. Yang et al. also showed Stipa
grandis population of multi-genotypes had higher productivity than that of uni-genotype. The above-
ground biomass of Stipa grandis population in high genotypic diversity was significantly higher than the
average biomass in monocultures genotypic diversity. In consequence, genotypic diversity played an
important role in influencing above ground biomass [12]. Therefore, genotypic diversity can have an
important impact on population production and population development. Despite the great progress in
exploring the role of genotypic diversity in the population, further experimental research is still badly needed.

The age structure of the plant population can reflect the combination of individuals of different ages,
demography, and developing trends [13,14]. During the past three decades, the research into the age
structure of plant populations has focused on the methods of age structure discrimination [15–17] and the
investigation into the age structure of different species in the natural environment [18–20]. Generally, age
structure is used to predict the population dynamics of dominant and endangered species and to predict
the population developing trend [21–23]. The age structure of the population is mainly characterized by
an increasing, decreasing, or stable structure. However, whether and how genotypic diversity of the
population affects age structure has never been reported. The efficiency of resource utilization of
individuals with different genotypes in populations is various, which leads to the diversity of nutrient
utilization and accumulation in populations. Under the condition of limited resources, the younger or
older plants have different abilities of vitality to take up nutrients. The younger or older plants have
different numbers and accumulation biomass. Consequently, the changes in numbers and biomass in
younger or older plants formed the variations population age structure [24,25]. Therefore, studying the
effects of genotypic diversity on the age structure of population can predict population dynamics and
development by examining the proportion and allocation of individuals with different ages in the
population, and then exploring population response to genotypic diversity.

The bud bank is the collection of all potential buds with a capacity for vegetative propagation [26]. The
propagation system of plants consists of a bud bank and seed bank and together play a crucial role in the
maintenance and regeneration of vegetation. The influence of environmental factors on the establishment
and dynamics of bud bank becomes a hot research issue, including fire, moisture, soil conditions, light,
and so on [27–30]. Benson et al. studied the effects of two different fire frequencies on the bud banks in
North American tallgrass prairie. Their results demonstrated that the bud bank size of grass was
significantly greater in the grassland burned once a year than in the grassland burned once every
20 years, which was compared with the forb bud banks, contributing significantly to different vegetation
responses to fire [31]. Bravo et al. found that rhizome buds were more susceptible to soil moisture than
tiller buds, which also further demonstrated that plants could survive the harsh environment by regulating
the pattern of bud banks [32]. Despite that, some researchers suggested that genotypic diversity can
enhance the anti-interference ability and adaptability of plants to environmental factors, yet the effect of
genotypic diversity on bud banks has not been studied in detail [33–35].

L. chinensis is a typical rhizomatous, perennial grass with such ecological characteristics as cold
tolerance, drought tolerance, and salinity tolerance [15,19], and is an excellent forage grass widely
distributed in eastern Inner Mongolia and Western Northeast China [36,37]. There are different levels of
genotypic diversity in L. chinensis population in different regions, and the number of genotypes varies
among populations in different habitats. There are differences in traits and nutrient acquisition capacity
among different genotypes of L. chinensis. A variety of different genotypes of L. chinensis constitute the
population genotypic diversity. Genotypic diversity is believed to contribute to the resource use efficiency
of populations because of complementary effects among individual plants of different genotypes due to
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their different functional traits and resource-acquiring capabilities. As genotypic diversity increases,
population fitness, anti-interference ability and the success rate of population expansion increase [38–40].
It has shown that genotypic diversity could not only improve the performance of L. chinensis population,
but also enhance their anti-interference capabilities [34,41,42]. However, the effect of genotypic diversity
on the age structure of L. chinensis population is not undertaken.

To investigate the impact of genotypic diversity on the age structure and bud bank of L. chinensis
population, we conducted a manipulative experiment in which five levels of genotypic diversity of
L. chinensis population were artificially constructed. This experiment aims to test the following two
scientific issues: 1) What is the impact of genotypic diversity on the number and biomass of tillers,
rhizome and bud of L. chinensis; 2) What is the impact of genotypic diversity on of tillers, rhizome and
bud of age structure of L. chinensis. This study provides theoretical support for the scientific management
of L. chinensis grassland.

2 Materials and Methods

2.1 Site and Plant Material
The experimental site is located in the Institute of Liaoning Aeolian Sandy Land Improvement and

Utilization (42.42′N, 122.31′E). It is located in the northern temperate zone, with a temperate continental
monsoon climate, characterized by cold, dry winters and hot, humid summers. The minimum temperature
in winter is −29.5°C and the maximum temperature in summer is 35.2°C. The average annual
temperature is about 5.7°C and the frost-free period is about 156 days. The precipitation is the least in
winter and the most in summer. The annual average precipitation is about 480 mm, while the annual
evaporation is as high as about 1600 mm [43]. Aeolian sandy soils are widespread, with uniformly sized
sand particles and low soil nutrient content. The annual average wind speed is about 4.5 m/s, with dusty
and sandy weather in spring.

We established twelve 3 × 3 m L. chinensis genotypic cultivation areas at experimental site in 2012.
Tiller in each cultivation is propagated with rhizome in order to obtain a large number of ramets of the
same genotype. Twelve genotypes of L. chinensis was obtained from twelve different sites in the mainly
distribution area of L. chinensis in China, and then one tiller of each genotype was transplanted to the
twelve cultivation areas respectively. They were managed and raised under the same conditions. Twelve
genotypes of L. chinensis were identified and labelled by Simple Sequence Repeat [44].

2.2 Experimental Design
In the experiment, L. chinensis population composed of 1, 2, 4, 8 and 12 genotypic was constructed [45],

and were replicated by 24, 12, 9, 9 and 10 times, respectively, gave rise to altogether 64 populations, which
were assigned to 64 2 m × 2 m experimental plots. Ramet number in each plot was 12 and different genotypes
had the same abundance in multi-genotype plots. In a mono-genotype, there are two replicates in each plot,
with 12 replicates in each plot, resulting in a total of 24 mono-genotype replicates. Among the 12 genotypic
diversities, each plot has 12 ramet combinations, with 10 plots are repeated, resulting in a total of
10 genotypic diversity replicates. The assignment of the 64 populations followed the principles of a
randomized block experimental design, and the genotypes for multi-genotypic treatments were randomly
selected by reference to Excel random number [45]. To eliminate the interference of genotypic differences
in L. chinensis, the experiment was designed to has consistent number of occurrences for each genotype
at the same gradient of genotypic diversity and even in the 64 experimental plots. In addition, ramet with
each genotype was arranged in different locations in different experimental plots of the same genotypic
diversity gradient, and the chances of being adjacent to other genotypes are the same [45].

In May 2014, 1st age class ramets of 12 different genotypes with uniform height and size were selected
and were separated from the rhizomes, and then transplanted into each experimental plot according to
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experimental design. 12 ramets in the same plot were transplanted with grid like equidistant spacing method.
Replant any dead ramet within a week after transplanting until they are fully survival. After five consecutive
years of natural recovery and growth, the population had reached a relatively stable status. In September
2019, one small quadrat with 25 cm × 25 cm × 30 cm size in all plots were sampled, keeping the natural
connection between the rhizomes and the plants and the integrity of all shoots.

All samples collected were taken back to the laboratory to classify the age of the tillers, rhizomes and
buds. According to the growth years of tiller node and rhizome, tillers, rhizome and bud were divided into
different age classes. A tiller growing from the top of the rhizome or from the rhizome internode upwards is
the age one (1a) tiller, a tiller growing from a 1a tiller node is a 2a, a tiller from a 2a tiller node is a 3a, and so
on. All new rhizomes formed during the current season are referred to as 1a rhizomes, the rhizomes grown
from 1a tillers as 2a rhizomes, and so on. Rhizome terminal buds at each age of tiller node apical buds and
rhizome node buds are 0a, upward growing buds from 1a tiller nodes are 1a buds, upward growing buds from
2a tiller nodes are 2a buds, and so on [17]. The tillers and rhizome were placed into perforated paper bags and
oven-dried at 80°C to constant weight and biomass was weighed. Dry matter accumulation of rhizome was
measured as the cumulative length 100 cm of rhizome biomass. Percentages of age structure were calculated
according to the number and biomass of tillers, rhizomes and buds at different age classes.

2.3 Statistical Analysis
The means and standard deviation of each index were analyzed using SPSS 25.0 One-way ANOVA

analysis was also used to test the significance of genotypic diversity on the number and productivity of
tillers, the cumulative length of rhizomes and dry matter accumulation in rhizome, and the number of
buds of L. chinensis. The means and standard deviation of each index was plotted as bar charts using
Origin 2021.

3 Results

3.1 Age Structure of the Number of Tillers
Irrespective of genotypic diversity level, tillers of 1a accounted for the largest proportion, followed by

tillers of 2a, and then those of 3a and 4a (Table 1). This indicated that the newly emerged tillers dominated the
populations of all the genotypic diversity levels and therefore the age structure was generally consistent,
showing an expanding age structure. Increasing genotypic diversity resulted in a gradual decrease in the
tiller number of 1a, 2a and 3a and an increasing trend in 4a (Fig. 1A). The effect of genotypic diversity
for L. chinensis on the number of tillers varied across age classes, with a highly significant effect on the
tiller number of 1a (p < 0.05) (Table 2).

Table 1: Quantitative proportion of age structure of various L. chinensis indexes in the gradient of genotypic
diversity

Index Genotypic diversity
gradient

Quantitative proportion of
age structure (%)

Total (%)

1a 2a 3a 4a

Number of tillers (numbers/m2) 1 67.06 20.77 9.50 2.67 100.00

2 76.28 17.67 3.26 2.79 100.00

4 67.63 21.58 4.32 6.47 100.00

8 65.38 24.04 7.21 3.37 100.00

12 63.56 20.24 9.72 6.48 100.00
(Continued)
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3.2 Age Structure of Tiller Productivity
The populations composed of 1 and 2 genotypes were dominated by 1a and 2a tiller productivity,

showing expanding age structure. However, for the populations composed of 12 genotypes, the
productivity of 1a, 2a and 3a tillers was lower than that of 4a tillers, showing a declining age structure.
Tiller productivity at 12 genotypic diversity levels showed a declining age structure. For the populations
composed of 4 and 8 genotypes, a relatively balanced production among the four age classes suggested a
stable age structure (Fig. 1B). As the levels of genotypic diversity increased, the productivity of 1a and
4a tillers tended to increase, while the productivity of 2a and 3a tillers increased first and then decreased.
Irrespective of age classes, the productivity of tillers in the treatment of 4 genotypes is higher than any
other genotypic diversity levels (Table 1). One-way ANOVA showed a significant effect of genotypic
diversity on 3a tiller productivity (p < 0.01) (Table 2).

3.3 Age Structure of the Cumulative Length of Rhizomes
For the populations composed of 1, 2, 4 and 8 genotypes, the length of 1a rhizomes was accounted for

larger proportion than that of 2a rhizomes, and that of 3a and 4a rhizomes was much lower than that of 2a
rhizomes (Table 1). Although the length of 4a rhizomes accounted for larger proportion than that of 1a, 2a
and 3a rhizomes for the treatment of 12 genotypes, yet the length of young rhizomes generally accounted for
significantly larger proportion than old rhizomes, therefore the age structure of their rhizomes was also
expanding type. Our results demonstrated that L. chinensis had a high capacity to reproduce via rhizomes
and that the rhizome length of all the age classes showed expanding age structure. With the increasing
genotypic diversity, the proportion of 1a and 2a rhizome length increased first and then decreased, while

Table 1 (continued)

Index Genotypic diversity
gradient

Quantitative proportion of
age structure (%)

Total (%)

1a 2a 3a 4a

Tiller productivity (g/tiller) 1 36.89 33.27 18.04 11.8 100.00

2 35.72 50.63 9.02 4.63 100.00

4 31.56 32.94 14.49 21.01 100.00

8 29.75 24.24 31.9 14.11 100.00

12 31.01 28.43 22.35 18.22 100.00

The cumulative length of rhizome
(cm/m2)

1 49.45 28.30 15.02 7.23 100.00

2 59.01 35.74 2.52 2.73 100.00

4 49.78 33.33 6.56 10.32 100.00

8 52.27 27.04 14.39 6.30 100.00

12 41.61 24.31 10.63 23.45 100.00

Dry matter accumulation in rhizome
(g/100 cm)

1 37.54 33.33 21.72 7.41 100.00

2 48.36 31.67 12.31 7.66 100.00

4 39.20 34.58 14.48 11.74 100.00

8 34.62 29.56 24.44 11.37 100.00

12 37.68 30.18 19.67 12.47 100.00
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the proportion of 3a and 4a rhizome length decreased first and then increased (Fig. 1C). One-way ANOVA
indicated that genotypic diversity played a significant effect on the cumulative length of rhizomes with 2a (p
< 0.05) and an extremely significant effect on 4a (p < 0.01) (Table 2).

Figure 1: Effects of different genotypic diversity gradient on (A) number of tillers of L. chinensis; (B) tiller
productivity; (C) the cumulative length of rhizomes; (D) dry matter accumulation in rhizome

Table 2: Results of a one-way ANOVA for the effect of genotypic diversity on various indexes of L. chinensis

Index 1a 2a 3a 4a

F p F p F p F p

Number of tillers (numbers/m2) 2.653
42

0.0 2.130
91

0.0 0.640
37

0.6 0.884 0.491

Tiller productivity (g/tiller) 2.291
70

0.0 1.097
67

0.3 6.101
00

0.0 2.341 0.065

The cumulative length of rhizomes (cm/m2) 1.730
55

0.1 3.619
11

0.0 0.698
98

0.5 10.442 0.000

Dry matter accumulation in rhizome (g/100 cm) 3.919
07

0.0 3.808
09

0.0 0.937
54

0.4 0.561 0.694

Note: p < 0.01 indicates an extremely significant difference; p < 0.05 indicates a significant difference.
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3.4 Age Structure of Dry Matter Accumulation in Rhizome
Irrespective of genotypic diversity level, rhizome dry matter decreased with the rhizome age class, and

thus rhizome dry matter accumulated in the current year dominate, suggestive of an expanding age structure
(Table 1). The results revealed that dry matter accumulation of rhizome in younger rhizome was consistently
dominant among all age classes. Age structure of dry matter accumulation in rhizomes showed uniformly
expanding age structure at any genotypic diversity gradient. With the increasing genotypic diversity, the
dry matter accumulation of 1a and 2a rhizomes gradually increased, while those of 3a and 4a rhizomes
increased first and then decreased. But in general, genotypic diversity significantly promoted average
rhizome dry matter accumulation (Fig. 1D). Analysis of variance (ANOVA) revealed that genotypic
diversity showed extremely significant effects on dry matter accumulation of 1a and 2a rhizomes (p <
0.01) (Table 2).

3.5 Age Structure of Buds
Irrespective of genotypic diversity, 0a and 1a buds accounted for greater proportion than the older buds,

including those of 2a, 3a and 4a, therefore, the age structure of the buds was consistently expanding type
across all the five genotypic diversity levels (Fig. 2). With the increasing genotypic diversity except for
that of 12 genotypes, the proportion of 0a buds decreased, while that of 1a and 2a buds increased, and
the proportion of 3a buds decreased first and then increased. The proportion of 4a buds increased and
then decreased, and there were no 4a buds in the 12 genotype diversity levels (Table 3). One-way
ANOVA declared that genotype diversity had little effect on bud bank size of the populations (Table 4).

Figure 2: Effects of different genotypic diversity gradient on number of buds at different ages

Table 3: Quantitative proportion of different ages buds at the gradient of genotypic diversity of L. chinensis

Genotypic diversity gradient Quantitative proportion of age structure (%) Total

0a 1a 2a 3a 4a

1 40.43 42.60 11.91 4.33 0.72 100.00

2 31.47 50.35 11.89 2.80 3.50 100.00
(Continued)
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4 Discussion

4.1 Effects of Genotypic Diversity on Age Structure of L. chinensis Tillers in Terms of Number and
Productivity
Age structure of the population for each of the five genotypic diversity levels consisted of 1a, 2a, 3a and

4a tillers, and the number of tillers tended to decrease with their age class. Firstly, L. chinensis is a perennial
grass that relies mainly on rhizome for reproduction. Younger tiller nodes and rhizome nodes are the most
capable of producing buds and seedlings. Therefore L. chinensis population produced the highest proportion
of younger tillers [46,47]. Secondly, the reproductive capacity of tiller nodes was weaker than that of
rhizomes, and the reproduction ability of tiller nodes decreased with the increase of surviving
generations, so the number of young tillers was more than that of older tillers [46,48,49]. Except for the
4a tillers, 1a, 2a and 3a tillers decreased gradually as genotypic diversity increased. This is because,
given the limited nutrient material and growing space, too high genotypic diversity increases competition
among the L. chinensis population and limits the growth of the dominant genes in the population, when
the negative effect of selection plays a major role in the increase of genotypic diversity [42,50,51].
Among the 4 and 8 levels of genotypic diversity, the population can grow and reproduce stably.

Productivity in the 1 and 2 genotypic diversity levels appears an expanding age structure. In other words,
L. chinensis had a greater capacity for growth and reproduction, with more space for population development
and a faster growth rate at the 1 and 2 genotypic diversity levels. It is explained by the fact that 1a and 2a
tillers have a higher capacity to obtain nutrients and can accumulate more nutrients for the population to grow
and reproduce. The age structure of tiller productivity was stable in 4 and 8 genotypic diversity levels, and the
productivity of 2a and 3a tillers was relatively larger than those in other age classes. It indicated that the
population can grow and reproduce relatively stable in the two genotypic diversity levels. This is due to
the nutrient accumulation by tiller buds in the previous year, enabling 2a and 3a tillers relatively high
productivity. However, the age structure of tiller productivity in 12 genotypic diversity levels showed a

Table 3 (continued)

Genotypic diversity gradient Quantitative proportion of age structure (%) Total

0a 1a 2a 3a 4a

4 32.84 42.54 15.67 3.73 5.22 100.00

8 25.21 50.42 19.33 2.52 2.52 100.00

12 29.10 48.51 15.67 6.72 0.00 100.00

Table 4: Results of a one-way ANOVA on the effect of genotypic diversity on number of buds of L. chinensis

Different age class Number of buds

F p

0a 0.367 0.831

1a 0.522 0.720

2a 0.493 0.741

3a 0.872 0.504

4a 0.539 0.680
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declining age structure, due to the negative effect of selection effect on genotypic diversity [52–54]. The
increase in genotypic diversity led to an increasing trend in the productivity of 1a and 4a tillers, while the
productivity of 2a and 3a tillers tended to increase first and then decrease. It indicated that the selection
effect had a positive effect on the productivity of 1a tillers in order to make them have more capable of
growth and reproduction gradually [2,55]. Even though the 4a tillers also showed an increasing trend in
biomass, 4a tiller productivity was relatively lower and the population was less competitive. It suggested
that appropriate genotypic diversity could promote population productivity, but too high genotypic
diversity might have a negative impact on population productivity.

4.2 Effect of Genotypic Diversity on the Age Structure of Length and Dry Matter Accumulation in
Rhizome
The cumulative length of rhizomes in the 1, 2, 4, 8 and 12 genotypic diversity levels all consisted of that

from all the four age classes. The cumulative length of rhizomes with 1a accounted for the highest proportion,
leading to the expanding age structure for all the five genotypic diversity levels. This is because 1a rhizomes,
as newborn rhizomes in the current year, are more capable of growth and reproduction and dominated the
population in terms of age structure in the cumulative length of rhizomes. With the increase of genotypic
diversity, the proportion of length of 1a and 2a rhizomes increased first and then decreased, while that of
3a and 4a rhizomes decreased first and then increased. It reflected the expansion strategy of horizontally
extended rhizome in L. chinensis population [56]. This may be due to the fact that a moderate increase in
genotypic diversity promotes the growth and reproduction of younger rhizomes and the population shows
an expansion strategy, which helped improve the asexual reproduction ability of the population
[49,54,57]. However, too high genotypic diversity can inhibit horizontal extension of the young rhizomes
and increase extension of the old rhizomes. The population showed signs of decline, which was not
conducive to further population expansion. There were significant differences in the length of 2a
rhizomes among genotypic diversity levels and extremely significant differences in the length of 4a
rhizomes. This can be explained by the fact that 2a rhizomes are more vigorous in the current year after
the previous year’s growth and nutrient accumulation, and therefore length of 2a rhizomes dominate in all
the genotypic diversity levels except for the 12 genotypic diversity. The length of 4a rhizomes showed an
increasing trend in the level of 12 genotypic diversity. It meant that rhizome may adopt a growth and
reproduction strategy that biased towards maintaining population stability when genotypic diversity was
too high, because L. chinensis population are highly resistant to external disturbances.

The age structure of dry matter accumulation in the rhizomes of all five genotypic diversity was
increasing, and the dry matter accumulation of 1a and 2a rhizomes accounted for a larger proportion of
the total compared to that of 3a and 4a rhizomes. The age structure of the buds shows an increasing type,
which reflects the strong growth and reproduction ability of the five genotypes of L. chinensis and the
fast population renewal speed. However, there were no 4a buds in all 12 genotypes, indicating that the
population reflects more of the utilization of nutrients in younger buds, ensuring their growth and
maintaining population development. The L. chinensis clones always transport more nutrients to the 1a
and 2a rhizomes, promoting the accumulation of dry matter in the younger rhizomes and facilitating the
lateral spatial expansion of the population’s rhizomes. Elevated genotypic diversity resulted in a
significant proportional increase in dry matter accumulation of younger rhizomes and accordingly a
proportional decrease in older rhizomes [56]. Because increased genotypic diversity could improve
resource utilization and promote diversity of nutrient accumulation types for the younger rhizomes. But
the old rhizomes are less vigorous and unable to take up more nutrients, and so dry matter accumulation
was very limited [49,58]. There was an extremely significant difference on dry matter accumulation of 1a
and 2a rhizomes among genotypic diversity levels, while there was no significant effect on those of 3a
and 4a rhizomes. The obvious differences in the uptake capacity of rhizomes for various nutrients
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depended on different genotypic diversity levels. It was helpful to the accumulation of different nutrients by
L. chinensis population. The positive effect of the complementarity effect obviously promoted genotype
diversity to play an effect on the dry matter accumulation of rhizomes. Appropriate genotype diversity
can promote the development of L. chinensis population, and is conducive to population growth and
spatial expansion.

4.3 Effect of Genotypic Diversity on Bud Age Structure
The age structure of buds in the population represents their vegetative reproduction ability. In all five

genotypic diversity levels, 0a and 1a buds were more predominant, and the bud age structure showed a
growth pattern. This reflects that L. chinensis has a high reproductive capacity and a high rate of
population renewal in the five genotypic diversity levels. The level of genotype diversity did not have a
substantial impact on the structure of bud age. Although the bud age structure was growing in all five
genotype diversity levels, the absence of 4a buds in the 12 genotypic diversity. In genotype rich
communities, the old roots are chosen to give up participating in reproduction. The population tends to
use new and more active roots for vegetative reproduction. At the same time, buds located on young
roots can give the population a leading advantage in the growth of the next year [59]. However, the
increase in genotypic diversity led to a decrease in the proportion of 0a and 4a buds, and an increase in
the proportion of 1a and 2a buds. With the increase of genotype diversity, in addition to abandoning
aging buds (4a), the population’s selection of buds does not seem to be inclined towards 0a. From the
observation of actual root color at different ages, it can be inferred that the water content is the main
component of the roots of 0a buds, while the roots of 1a and 2a buds are mainly composed of nutrients.
In future research, we will conduct further research on root nutrients at different levels of genotype
diversity in order to understand their underlying causes.

5 Conclusion

Experimental studies have found that L. chinensis maintained a relatively stable population gradient by
regulating the number and age structure of tillers, rhizomes, and buds. A moderate increase in genotypic
diversity positively affected the age of tillers number, tillers productivity, the cumulative length of
rhizomes, rhizome dry matter accumulation, and buds in L. chinensis population. Among the five
genotypic diversity levels, the age of tillers number, the cumulative length of rhizomes, dry matter
accumulation, and buds in L. chinensis population were growing or stable age structures. However, the
productivity of tillers at the 12 genotypic diversity gradient showed a declining age structure and the
population showed a signal of decline. As a result, appropriate genotypic diversity facilitates
the expansion of L. chinensis population, while increased genotypic diversity is more beneficial for the
development of the population’s hibernation components. In the future, the study of genotypic diversity
from multiple perspectives and dimensions will promote the understanding of the relationship between
genotypic diversity and ecosystem function.
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