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Abstract

Research into the relationship between coppice regeneration and stubble height has been mostly limited
to stump sprouting, but root sprouts and clonal dispersal play a more important role in the restoration of
declined populations and the maintenance of population stability. We aimed to investigate the response
of root sprouting (humber and growth) and the clonal dispersal (root extension and branching) capacity
to stubble height, unveil its nutrient accumulation and allocation strategies and determine the appropriate
stubble height that is most favorable for root sprouting, clonal dispersal, and nutrient accumulation. In a
15-year-old plantation of Hippophae rhamnoides ssp. sinensis with signs of premature aging, the plants
were coppiced at 0, 10, and 20 cm from the ground level, with no coppicing as the control. The results
showed the following: (1) Coppicing promoted the formation and growth of root sprouts, and root
extension and branching, but promotion increased and then decreased with increasing stubble height,
and the optimal stubble height was 10 cm. (2) N, B K, Ca, and Mg content and reserves all increased and
then decreased with the increase in stubble height, and the clonal nutrient content, reserves, and
integrated nutrient accumulation capacity were greatest at 10 cm of stubble height. (3) The coppicing
increased the accumulation and allocation ratio of nutrients in leaves, vertical roots, and horizontal roots,
which played a dominant role in the integrated accumulation of clonal nutrients. (4) Root sprouting and
clonal dispersal ability were positively correlated with clonal nutrient content, reserves, and integrated
nutrient accumulation ability. Moreover, root-sprouting ability was positively correlated with clonal
dispersal ability. From these, the coppicing regulated leaf development and clonal dispersal by affecting
nutrient accumulation and allocation patterns, which in turn governed the formation and growth of root
sprouts. This is a continuous driving process. According to the regression equations, a stubble height of
11-13 cm was estimated to be the most favorable for root sprouting, clonal dispersal, and nutrient
accumulation.

Introduction

Chinese sea buckthorn (Hippophae rhamnoides ssp. sinensis) is a multipurpose tree species widely
distributed in the arid and sandy areas of northern China. It has strong capabilities in terms of nitrogen
fixation, soil and water conservation, windbreak, and sand fixation. This tree is widely used in medicine,
food, beverage, cosmetics, and health products’. As a typical clonal plant, its lateral roots present a
strong extending and branching ability and produces a large number of root suckers, which have the
potential to fulfil "one tree makes a forest" and achieve "eternal life and immortality"*®. The coupling of
clonal integration and nitrogen fixation makes it more adaptable to arid and barren environments,
forming a "sea buckthorn oasis" on a background of grasslands and deserts®'". Nevertheless, in recent
years, drought stress has caused a large area of Chinese sea buckthorn plantation to succumb to
premature aging, which is mainly manifested as retarded growth, a shortened life span, and poor
regeneration, posing a great threat to the industry development and vegetation restoration of this
species'?. However, the vegetation is difficult to restore by means of clearcutting and reforestation in
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areas of severe desertification with arid climates and water-scarce soils'3. Coppicing regeneration has

been proven as the most ecological and economical way to solve this problem'#1°.

The coppicing is to cut off the main trunk of the tree at a height from the ground to promote the sprouting
from stumps or roots, rejuvenating the trees and regenerating the forest'®. Compared with seedling
regeneration, coppicing regeneration can restore population size, structure, and function in a shorter
period of time. This results in vegetation succession having a persistence niche effect, with less habitat
disturbance, which is conducive to improving the adaptive capacity of the population to adverse
environmental conditions and is of great importance in vegetation restoration and reconstruction.
Compared with reproduction by planting after clearcutting, particularly in the context of drought, water
shortage, and serious land desertification, coppicing regeneration can effectively prevent secondary
desertification and recurrence of soil erosion’’20. Coppicing can release apical dominance and directly or
indirectly regulate the synthesis, accumulation and allocation of hormones and nutrients?'22. However,
the sprouting effectiveness of coppiced tree is affected by many factors?3, among which the stubble
height is one of the controllable factors. Two questions therefore remain: Do different stubble heights
and different organ components of the coppiced tree contribute differently to the nutrient accumulation?
If so, is there a causal relationship between these differences and the sprouting capacity? Understanding
such questions is of theoretical and practical importance for exploring the nutrient accumulation and
allocation strategy of coppicing regeneration and for determining the appropriate stubble height.

Forest regeneration is an important ecological process in forest community succession and vegetation
ecological restoration?42°. Zhu et al. 26 proposed six hypotheses regarding the mechanisms of forest
regeneration. The nutrient hypothesis suggests that tree sprouting capacity and sprout growth are related
to the root system and soil nutrient storage of the parent tree. The resource allocation hypothesis
suggests that the sprouting regeneration capacity after the loss of above-ground parts depends on the
resource storage of the above-ground and below-ground organs of the parent tree. However, few studies
have reported the relationship of nutrient accumulation and allocation pattern with disturbance intensity
(e.g., stubble height). At the same time, there are different mechanisms for tree regeneration after
coppicing. Some species are regenerated by sprouting from stumps, while others by sprouting from
stumps and roots2°27-28_ Research into the relationship between coppice regeneration and stubble height
has been mostly limited to stump sprouting’®2’. In fact, the root sprouting is more important for
recovering population size and long-term maintaining population stability than stump sprouting?®. On the
one hand, the root sucker has the potential to survive independently and reproduce asexually, which plays
a decisive role in the population succession trend3%31. On the other hand, root extension (clonal
proliferation) and branching are prerequisites for the formation and growth of root sucker, and they also
represent the main approach for population dispersal of clonal plants?23233, Therefore, studying the
effects of stubble height on root sprouting and clonal dispersal would be helpful to understand the
similarities and differences of mechanisms between the root sprouting and stump sprouting, and it could
also provide case support for the theory of forest regeneration by coppicing.
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This study took Chinese sea buckthorn as the experimental plant and stubble height as the experimental
factor to investigate the following: (i) the response patterns of root sprout (number and growth) and the
clonal dispersal (root extension and branching) capacity to the stubble height; (ii) the response patterns
of the nutrient accumulation capacity (content and reserves) and allocation pattern of clones and their
components to stubble height; and (iii) the relationship of root sprouting and clonal dispersal with
nutrient accumulation and their allocation pattern. The authors aim to reveal the nutritional mechanisms
involved in the regulation of root sprouting and clonal dispersal ability of coppiced Chinese sea
buckthorn and provide a theoretical basis for the selection of a suitable stubble height in its plantations.

Materials and methods

Experimental area

The experimental area was in Dingbian County, Shaanxi Province, China, in the transitional zone between
the Mu Us Sands and the Loess Plateau (107°15'~108°22'E, 36°49'~37°53'N, altitude of 1303 ~ 1907m).
It is a mid-temperate semi-arid continental monsoon climate with low precipitation (annual average 316
mm), high evaporation (annual average 2490 mm), strong and frequent wind and sandstorms, an annual
average temperature of 7.9 °C, an annual maximum temperature of 37.7 °C, and an annual minimum
temperature of - 29.4 °C. The soils are mainly aeolian sandy soil and yellow sandy soil, with a poor
nutrient content, and poor water and fertilizer retention capacity. The zonal vegetation is arid steppe and
desert steppe, with xerophytes, psammophytes, halophytes, and mesophytic meadow plants, among
which herbaceous plants mainly include Agriophyllum squarrosum, Psammochloa villosa, Agropyron
cristatum, etc.

The experiment commenced in 2016 in a plantation on a loess hill named Weiliang Hill at Baiwanzi Town,
which was established in 2001 with a planting spacing 1.0 m x 1.5 m. The soil was loessial soil covered
with a layer of sand. The stand contained the initial planted maternal plants of Chinese sea buckthorn
and their root suckers, with a canopy density of 0.8. Before the coppicing, the trees were uniform in
growth with some premature aging characteristics, including death of some branches, leaves, and even
trunks, and reduction in growth rate and reproduction capacity'2.

Materials

Chinese sea buckthorn is an endemic species (subspecies) of China. It is a small tree or shrub of the
genus HippophaelL. in the family Elaeagnaceae Juss. It is widely distributed in the arid and semi-arid
regions of northern China, occupying 85% of the total area of Hippophael. in China®*. Its root system
can be divided into vertical and horizontal roots. Vertical roots grow vertically or inclined downward, while
horizontal roots extend horizontally with the topography at a certain depth of soil from the surface’%.
After the mother plant (the original parent for clonal propagation) is settled (or planted), the population
spreads by the long-distance extension of horizontal roots, multiple branching, and root suckers. Each
mother plant and its ramets (root suckers) are connected by horizontal roots to form a clone.
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Consequently, the stand consisted of multiple clones (Fig. 1). Clones, as an ecological and physiological
unit, can respond integrally to environmental resource levels or heterogeneity, and their plasticity is mainly
expressed at the levels of clonal components and ramet components®®. Among them, the clonal
components can be divided into the mother plant, daughter ramet, and root system (including horizontal
and vertical roots); the ramet (including mother plant and daughter ramet) components can be divided
into the leaves, branches, and trunk. The vertical roots and horizontal roots are divided into primary,
secondary, tertiary, and quaternary levels; the primary roots are from the mother ramet, the secondary
roots are from the primary roots, and so on.

Experiment layout

The stubble height was set at 3 gradients of 0, 10.0, and 20.0 cm, according to the regression
experimental design requirements and pre-experiment results, with no coppicing as the control, denoted
by 1, 2, 3, and CK, respectively. The field layout was a combination of a randomized block and Latin
square design, with 4 replications; however, at least 8 replications were statistically available In this case,
each treatment (plot) consisted of 10 clones (each consisting of a planted mother ramet and its root
system and root tillers). The mother ramet of each clone was coppiced, and its stubble was marked and
protected by applying paint, keeping the root-tillers (daughter ramets) connected to the mother ramet. The
experiment commenced in April 2016 and was followed up on the 25th of each month until October, and
so on for three consecutive years. The final investigation was conducted in 2018.

Survey methods

Each plot was divided into 10 quadrats of 1.0 mx1.5 m (initial plant spacing) centered on the mother
plant, regarded as one clone. The parameters regarding root sprouting ability (quantity and growth) and
clonal dispersal ability (root extension and branching) were measured. The root sprouting ability was
represented by the number, height, and ground diameter of root suckers. The clonal dispersal ability was
represented by the diameter, length, and number of first-order horizontal roots and total number of
horizontal roots at all levels. The horizontal root extension ability was represented by the diameter and
length of the first-order horizontal root. The branching intensity was represented by the number of the
first-order horizontal root and total number of horizontal roots. After the determination of the parameters
of the root sprouting ability, the quadrat with the closest sprouting ability to the average value of each
plot was selected as the average standard clone. Then, all the underground components of the average
standard clone were dug out for the measurement of clonal dispersal capacity.

Measurement of phenotypic traits

Seven phenotypic traits that are genetically relatively stable and easy to obtain and measure were
selected to characterize the clone, namely the number of root sprouts (NRS), height of root sprouts (HRS),
ground diameter of root sprouts (GDRS), length of the first-order horizontal root (15T-LHR), diameter of the
first-order horizontal root (15T-DHR), number of first-order horizontal roots (1ST-NHR) and total number of
horizontal roots (TNHR). The number of root sprouts were counted one by one. The height of the root

Page 5/23



sprout and length of the first-order horizontal root were measured with a steel tapeline (accuracy of 0.01
m). The ground diameter of root sprouts and the diameter of the first-order horizontal root were measured
with a vernier caliper (accuracy of 0.01 mm). The measurements were repeated 3 times and the mean
was recorded. Since the first-order horizontal roots usually extend beyond the quadrat, the length of the
horizontal roots within the quadrat was taken as the reference index of extension ability and the diameter
as the main index.

Determination of nutrient elements

The above-ground components of the average standard clones were divided into leaves, branches, and
trunks, and the below-ground components were divided into horizontal and vertical roots. After the fresh
weight was determined, the biomass was sampled and brought to the laboratory for the determination of
dry biomass and nutrient content. The dry biomass was determined by oven drying at 105 °C to constant
weigh. The dried sample was ground and sieved for nutrient content determination. N content was
determined using the Kjeldahl method after H,SO,-H,0, digestion, P content using the molybdenum-
antimony anti-colorimetric method, K content using the flame photometer method, and Ca and Mg
contents using the atomic absorption photometer method36-38. Finally, the nutrient reserves were
calculated according to the nutrient content and the dry biomass of corresponding components (leaves,
branches, trunks, vertical roots, horizontal roots), and the distribution proportion of different nutrient
elements in each component (as a percentage of the total amount) was calculated. Nutrient reserve was
calculated as:

M =TxB (1)

where Mis nutrient reserve, T is nutrient content in dry biomass (g-kg™ '), and Bis Dry weight
biomass(kg).

Data analysis

Duncan multiple comparison was used to state statistical difference of the reported data between
treatments. The causality of root sprouting and clonal dispersal relating to nutrient content and reserve
was assessed by correlation analysis. The contributions of different components, nutrient elements, and
stubble height to the integrated nutrient accumulation in clone were obtained by principal component
analysis (PCA), and their relative importance was ranked according to the corresponding principal
component score3®.

We established m principal component equations for each nutrient element, and the equation expression
was as follows:

F,-=Z;?1:1 eija; (1=1,2,3,.,mj=1,2,3,.,m) (2

Page 6/23



where F;is the score of the i-th principal component equation; g;is the eigenvector, a;is the factor loading
of the i-th index of the nutrient element. Based on the data and Eq. (2), m principal component scores
were calculated for each nutrient element.

The scores of the m principal components were weighted and summed to obtain the score of the
principal component, which was the integrated index F of nutrient element accumulation. The formula is
as follows:

F= G-I F1 + 02F2 + 03F3+...+G.mFm (3)

where Fis the integrated index of nutrient accumulation; ais the weighting factor, which is the percentage
of the contribution rate of each principal component to the cumulative contribution rate of m principal
components; F;— F, is the score of m principal components for each nutrient element.

The Duncan multiple comparison and the principal component analysis were performed using SPSS17.0.
The regression analysis, equation construction and graphing were carried out using Excel 2016. The
correlation analysis and graphing were conducted using Origin 2021.

Ethical approval

We confirm that all the experimental research and field studies on plants (either cultivated or wild),
including the collection of plant material, complied with relevant institutional, national, and international
guidelines and legislation. All of the material is owned by the authors and/or no permissions are required.

Results

Response of root sprouting and clonal dispersal ability to stubble height

According to Fig. 2, root sprouts appeared from the coppiced trees but not from CK. The number, height,
and ground diameter of root sprouts were, in descending order, 10 cm, 20 cm, 0 cm, and there were
differences among different stubble heights. The length of the first-order horizontal root, the diameter of
the first-order horizontal root, number of first-order horizontal roots and the total number of horizontal
roots were, in descending order, 10 cm, 20 cm, 0 cm, CK. Thus, the coppicing improved the root sprouting
and clonal dispersal ability, with the best of 10 cm coppicing.

Response of biomass to stubble height

According to Fig. 3A, the coppicing changed the biomass of each component. The biomass from heavy
to lightis 10 cm, 20 cm, CK, 0 cm for leaf, CK, 10 cm, 20 cm, 0 cm for branch, 10 cm, CK, 20 cm, 0 cm for
trunk, 10 cm, 20 cm, CK, 0 cm for vertical root, and 10 cm, 20 cm, 0 cm, CK for horizontal root. The
difference between treatments was statistically significant. In conclusion, the biomass increased first and
then decreased with the increase of stubble height, and 10cm of stubble height was the most beneficial
to the maintenance of biomass.

Page 7/23



Response of nutrients to stubble height
Response of nutrient content to stubble height

It can be seen from Fig. 3B that the coppicing significantly increased the clone's N, P, and K content but
significantly decreased its Ca and Mg content. Moreover, the nutrient content increased and then
decreased with the increase in stubble height.

Response of nutrient reserves to stubble height

As is shown in Fig. 4, the nutrient element reserves of the clone and its components either increased or
decreased after the coppicing. However, all showed a trend of first increasing and then decreasing with
the increase in stubble height: the minimum, maximum and intermediate were for the coppicing height of
0, 10, and 20 cm, respectively. The nutrient element reserves of 0 cm stubble were not more than the
control. For the reserves in the 10 cm stubble clone, the nutrient elements in leaves, vertical roots, and
horizontal roots were significantly higher than the CK; nitrogen, phosphorus, and potassium in the trunks
and branches were higher than the CK or not significantly different from the CK; however, calcium and
magnesium were significantly lower than the CK. For the reserves of 20 cm coppicing, phosphorus was
higher than the CK; the nitrogen, potassium, and magnesium were not significantly different from the CK;
however, the calcium reserves were significantly lower than the CK. The results indicated that 10 cm
coppicing was the most beneficial for the accumulation of nutrient elements.

Response of nutrient allocation to stubble height

As is shown in Fig. 5, the nutrient reserves accounted for 60%-80% in above-ground components and
20%-40% in below-ground components for the clones without coppicing (CK), while those accounted for
30%-60% and 40%-70% in above-ground and below-ground components, respectively, for the clones with
coppicing, indicating that the coppicing made more nutrients allocated to below-ground components.
Among above-ground components, the allocation increased to leaves while decreased to branches and
trunks; Among below-ground components, it increased significantly to both horizontal and vertical roots.
This indicates that coppicing changed the nutrient allocation pattern, increasing the allocation to leaves,
horizontal roots, and vertical roots, and reducing the allocation to trunks and branches.

Response of root sprouting and clonal dispersal capacity to nutrient elements
Response of root sprouting and clonal dispersal capacity to nutrient content and reserves

As is shown in Fig. 6, the number of root sprouts and their growth, horizontal root extension capacity
(diameter of first-order horizontal root), and branching intensity were significantly or highly significantly
positively correlated with nutrient content and reserves. The number of root sprouts and their growth were
significantly or highly significantly correlated with horizontal root extension capacity and branching
intensity. This indicated that the root sprouting and clonal dispersal ability increased with the increase in
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nutrient content and reserves, and the number of root sprouts and their growth would increase with the
increase in root extension and branching.

Response of root sprouting and clonal dispersal capacity to combined effect of nutrients

To understand the contribution of different components, different nutrient elements, and different stubble
heights to the integrated accumulation of clonal nutrient elements, PCA was used to simplify the data
dimensionalities and the complexity. Two principal components were extracted from the nutrient
elements in different clone components (Fig. 7A), with a cumulative loading of 97.3%. The first principal
component (contribution rate of 64.5%) was mainly based on the nutrient elements in the resource-
acquiring organs, including N, P, K, Ca, and Mg in leaves, vertical roots, and horizontal roots. The second
principal component (contribution rate of 32.8%) was mainly based on the nutrient elements in the
resource-transporting organs, including N, P, K, Ca, and Mg in branches and trunks. According to the
principal component scores, the contribution of different clone components to the integrated
accumulation of nutrients decreased in the order of leaves, vertical roots, horizontal roots, branches, and
the trunk. Two principal components were extracted from the PCA of different nutrients (Fig. 7B), with a
cumulative loading of 99.9%. The first principal component (contribution rate of 52.4%) was mainly
characterized by massive nutrients, including N, P and K. The second principal component (47.5%
contribution) was mainly characterized by trace elements, including Ca and Mg. The contribution of
different nutrients to the integrated accumulation of nutrients in the clone decreased in the order of P N,
K, Mg, and Ca, according to the order of the principal component scores.

Discussion

Coppicing is a common and important measure in forestry practices*?4'. The results of this study
showed that the nutrient content and reserve in the clone of Chinese sea buckthorn increased and then
decreased with the increase in stubble height. The number and growth of root sprouts, horizontal root
extension, and branching capacity were positively correlated with the nutrient content and reserves, so
they also tended to increase first and then decrease. The results of the PCA also showed that the 10 cm
stubble clone had the strongest integrated capacity of nutrient accumulation. These results indicate that
this tree has a certain limit of tolerance to coppicing disturbance, and only at a suitable stubble height is
the nutrient accumulation capacity restored and brought into play; too low a stubble height (too strong
disturbance) or too high a stubble height (too weak disturbance) will inhibit or impair the nutrient
accumulation capacity, which is not conducive to the development of the nutrient accumulation potential.
The reason for this is that the coppicing removes senescent tissue, restores growth vigor, and stimulates
the plant to grow complementarily*243. Removal of senescent tissue increases nutrient concentration in
the body, thus activating lateral bud meristematic tissue***°. The studies by Bai et al.*® and Zhang et
al.#’ on the sprouting of Chinese sea buckthorn showed that the endogenous hormone (IAA, GA3, ZR
ABA) content and ratio play a decisive regulatory role in the sprouting process. The study of sea
buckthorn by Shah et al.” showed that highest production of shoots from roots under in vitro conditions
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occurred in W4 medium (WPM medium with added IAA, benzyl adenine and giberellic acid) after pre-
treatment with high P in the presence of IAA while horizontal root production in WPM (Woody plant
medium) was stimulated by IAA in low and middle P. These results indicate that hormone and nutrient
elements interact during the root sprouting process of sea buckthorn. However, Bond'” and Maschinski*®
pointed out that plants’ response extent is related to the intensity of subjected disturbance. It has also
been shown that when plants are disturbed, the nutrients and energy in their bodies change in response to
the degree of disturbance, which is the way plants adapt to environmental changes through physiological
regulation*®. The same trend of increasing first and then decreasing with the increase in stubble height
has also been reported on the biomass accumulation, non-structural carbohydrate content, and reserves
of the clones and their components®%°1. This variation pattern is in accordance with the law of Shelford's
tolerance, that is, the tolerance ability of nutrient element accumulation to the coppicing disturbance first
increased and then decreased with the increase in stubble height; only the appropriate height of stubble
was conducive to the development of nutrient element accumulation potential. Obviously, based on the
"nutrient hypothesis" and "resource allocation hypothesis" of forest sprouting, this study further clarified
the response pattern of nutrient accumulation capacity of Chinese sea buckthorn to stubble height
(disturbance intensity), and confirmed the positive correlation of root sprouting and clonal dispersal to
nutrient accumulation capacity.

Despite the above, not all the components play the same role in the nutrient accumulation. Specifically,
coppicing improved nutrient accumulation and allocation in leaves, vertical roots, and horizontal roots.
Leaves are the main organs of green plants for photosynthesis. Increasing nutrient accumulation and
allocation in leaves can promote growth and development of leaves, which is conducive to the rapid
recovery of photosynthetic physiological functions and carbohydrate accumulation, thus promoting
sprouting and sprout growth®2°3. The horizontal root of Chinese sea buckthorn has multiple functions
such as nitrogen fixation, clone reproduction, and resource storage and transportation, while the main
function of the vertical root is underground resource acquisition®*. Obviously, increasing the
accumulation and allocation of nutrient elements in the root system is conducive to promoting the
growth and development of the root system, thus increasing the range and capacity for resource
acquisition from soil. In particular, the increase in the content, reserves, and allocation of nutrient
elements in horizontal roots can promote their extension and branching, which is conducive to root
sucker reproduction, resource storage, and the resource sharing among the interconnected ramets, thus
accelerating population recovery and dispersal®®'°4. Bellingham and Sparrow?* also noted that when
plants are disturbed, they will devote more resources to regeneration and allocate more resources to the
organs with the most active physiological functions. Coppicing deprives plants of most of their above-
ground biomass, while sprout regeneration requires support by meristem and nutrients®>~°7. At the same
time, the plant's stored nutrients are consumed during the sprouting process after the stem is cut off,
indicating that the sprout growth also consumes nutrients®®. Compared with the "nutrient hypothesis" and
"resource allocation hypothesis", this study clarify that different components have different nutrient
accumulation capacity and thus show different importance in the recovery or development of root

sprouting and clonal dispersal, that is, the leaves and roots are more important than other components.
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The number of root sprouts and growth of coppiced Chinese sea buckthorn were positively correlated
with horizontal root extension and branching ability, indicating that clonal dispersal is not only the
material basis for sprouting from roots, but also one of the main sources of energy and material for the
sprouting and growth of root sprouts®%°1. Combining the above findings, it is clear that there is a
continuous driving process in terms of stubble height affecting the nutrient accumulation and allocation
pattern, which in turn affects the dispersal and branching ability of roots, and ultimately affects the
formation and growth of root sprouts (Fig. 8). In other words, coppicing regulates the sprouting, sprout
growth and clonal dispersal by changing the nutrient content and reserves in each component and its
allocation pattern.

Another important point to note is that the root sprouts of sea buckthorn originate from laretal roots and
can form their own vertical roots, thus having the potential to survive independently. After the death of the
mother ramet, its cloned offspring can continue to reproduce asexually, thus giving the plant the potential
for “immortality”’8°0%4_ Depending on its strong extension and branching ability of horizontal roots, this
species can spread from a slack to slope or even top of dune, from a river valley (lower wetland) to
surrounding migratory sandy land, and from a bottom to slope of gully. Consequently, vegetation cover
can be obtained in the section difficult for afforestation. Unlike root sprouts, the stump sprouts from the
same stump can self-thin, and "replacing removed trunk with stump sprout" is also a pending
question'®27_ Therefore, root sprouting is more important for forest regeneration through coppicing, and
the study on the root-sprouting pattern and mechanism will be beneficial to the improvement of forest
regeneration theory.

Conclusion

The nutrient accumulation capacity (content and reserves), root sprouting capacity (humber and growth),
and clonal dispersal capacity (root extension and branching) of Chinese sea buckthorn showed an
increasing and then decreasing trend with increasing stubble height. Under the conditions of stubble
height in 0, 10 and 20 cm, the nutrient accumulation, root sprouting and clonal dispersal of Chinese sea
buckthorn in 10 cm were optimal. The results of this study revealed the response of root sprouting, clonal
dispersal, and nutrient accumulation ability of Chinese sea buckthorn to stubble height, and also reflected
the importance of the appropriate stubble height.

On the other hand, Chinese sea buckthorn responded to the stubble height through the regulation of
nutrient element distribution pattern. Coppicing increases the allocation ratio of nutrient in leaves, vertical
roots, and horizontal roots, while decreasing the allocation ratio of nutrient in trunks and branches.
According to the score of principal component analysis, the contribution of leaves, vertical roots,
horizontal roots, branches and trunks to the comprehensive accumulation of nutrients decreased
successively. The results of this study revealed the nutrient allocation strategy of Chinese sea buckthorn
after coppicing, and also reflected the differences in the role of different components in the process of
nutrient comprehensive accumulation.
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The results also showed that, the root sprouting and clonal dispersal capacity were positively correlated
with nutrient accumulation capacity, and the root sprouting capacity was positively correlated with clonal
dispersal capacity. Combined with the above research results, it can be concluded that coppicing affects
the accumulation ability and allocation pattern of nutrient, which in turn affects the dispersal and
branching ability of roots, and ultimately effects the formation and growth of root sprouts, which is a
continuous driving process. The results of this study revealed the nutritional mechanism of root sprouting
and clonal dispersal.

In summary, on the basis of revealing the response law of root sprouting, clonal dispersal and nutrient
accumulation ability of Chinese sea buckthorn to stubble height, this study clarified the nutrient
accumulation and allocation strategy of Chinese sea buckthorn after coppicing, as well as the causal
relationship between nutrient accumulation, allocation pattern, root sprouting and clonal dispersal. This
study provided a new case support for the improvement of the nutrition hypothesis and resource
allocation hypothesis of forest regeneration, and also provided a theoretical basis for the choice of
suitable stumbble height of Chinese sea buckthorn plantation.
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Figure 1

Schematic diagram of root sprouting and clone dispersal of H. r. ssp. sinensis.
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Significance analysis of differences in root sprouting and clonal dispersal ability at different stubble
heights. NRS, number of root sprouts; HRS, height of root sprouts; GDRS, ground diameter of root sprouts;
1ST-LHR, length of the first-order horizontal root; 1ST-DHR, diameter of the first-order horizontal root; 15'-
NHR, number of first-order horizontal roots; TNHR, total number of horizontal roots. Different lowercase
letters indicate significant difference (P 0.05), same below. Bars represent standard deviation (SD).
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Figure 3

Significance analysis of differences in biomass (A) and nutrient content (B) at different stubble heights.
Bars represent SD.
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Cloning of different stubble height and nutrient element accumulation in each component. Bars represent
SD.
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Correlation analysis of root sprouting plant and clonal dispersal capacity with nutrient content (A) and
reserves (B). *, P 0,05; **, P 0,01. Phenotypic trait abbreviations are shown in Figure 3.
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Figure 7

Biplots of the first two components of different clone components (A) and different nutrients (B).
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Figure 8

Schematic diagram for effect of stubble height on root sprouting and clonal dispersal ability of H. r. ssp.
sinensis and its nutrient accumulation and allocation. A: Coppicing at different heights. B: Nutrient
accumulation and allocation. C: Root sprouting and clonal dispersal. The number of bubbles indicates

the accumulation of nutrient.
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