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HIGHLIGHTS

The resprouting probability of S. superba was rather high and independent of stump diameter 
and soil fertility condition but positively affected by stump height. 

A fertile soil condition stimulated stumps to generate more resprouts but had no infl uence on 
the subsequent resprouts survival and growth.

Stump diameter has no infl uence on the number of resprouts per stump generated, but 
facilitated the survival and growth of resprouts.

Stump height is benefi cial to the number of resprouts generated but detrimental to resprouts 
subsequent growth. 

ABSTRACT

Schima superba is a widely distributed and broadly planted broadleaf tree in southern 
China. Information regarding the probability of stump resprouting, characteristics of the 
growth of resprouts and their infl uencing factors after disturbance is lacking. In this study, 
plant survey plots were established in fertile and barren soil conditions one month after 
a severe ice-snow storm disaster and the resprouting investigations were conducted four 
years after the treatment. The species showed a rather high (87.8% in total) resprouting 
probability and independent of stump diameter and soil fertility condition but positively 
affected by stump height. Stumps in fertile soil can generate more resprouts than in 
barren soil and there is no infl uence in the subsequent resprouts survival and growth. 
Stump diameter has no infl uence on the number of resprouts per stump generated, but 
facilitated the survival and growth of resprouts. Stump height had a positive infl uence on 
resprouts number per stump generated and a negative infl uence on resprouts growth, but 
had no signifi cant infl uence on resprouts survival rate and dominant resprouts growth. We 
recommend conducting a harvest of S. superba at <30 cm aboveground level (traditional 
method). Fertilization immediately following logging or disturbance and artifi cial resprouts 
thinning is not recommended for this species.
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INTRODUCTION

A natural or human-maded disturbance, such as 
fire, storms or logging, can damage or kill the aboveground 
biomass of plants and then partly shape the global biome. 
However, in many cases of disturbance, the damaged 
plants in the disturbance often do not die, instead, 
persist through resprouting (Lawes; Clarke, 2011). Due 
to the fully developed root systems and carbohydrate 
reserves of the parent plant, resprouts can grow faster 
compared with plants originating from seedlings, which 
provides resprouts with a competitive advantage in the 
initial successional stages following disturbances (Petrice; 
Haack, 2011; Keyser; Zarnoch, 2014). Thus, the ability 
to resprout allows a species to persist in a site after a 
disturbance and has major impacts on species turnover, 
community structure and the maintenance of biological 
diversity (Wang et al., 2007). 

 Stump resprouting can be influenced by various 
factors, including tree species, disturbance severity (Vesk; 
Westoby, 2004a; Atwood et al. 2009), tree age (Simões; 
Marques, 2007), stump size (Randall et al., 2005; Wu et 
al., 2008), stump height (Kruger; Midgley, 2001), cutting 
season (Kruger; Midgley, 2001), site quality (Atwood et 
al., 2009) and habitat conditions such as light (Longbrake; 
Mccarthy, 2001), soil humidity and fertility (Kabeya 
et al., 2003). Soil depth also can affecting resprouting 
capacity and deep soil is favourable to regeneration after 
disturbance for some species(Lópezsoria; Castell, 1992). 
Some of these multiple factors have a specific effect on 
stump sprouting, but most of the effects vary greatly 
among individuals. Therefore, it is difficult to establish 
a general model to describe the influence of various 
factors on stump resprouting. When an unexpected 
natural disaster such as a storm or fire suddenly occurs, 
it is difficult to formulate forest management policies 
after the disaster without an adequate empirical report 
on the resprouting character of the damaged species. 
Therefore, research on the resprouting of common and 
wide-spread species in southern China is critical. 

Schima superba is a representative, widely 
distributed species of broadleaf tree and dominant in 
the subtropical forests of southern China. This species 
is valued commercially for its timber and can prevent 
the spread of fire (Zhang et al., 2013). Since the 1960s, 
this species has become an important reforestation tree 
species in southern China and has been widely planted. 
Currently, research on the resprouting of S. superba after 
logging or a disturbance is limited or even absent.

In the current study, we investigate the resprouts 
of S.superba trees damaged in ice-snow storm in two 
different soil condition sites four years following the 

disaster. The purpose of this study was to examine 
the influence of stump diameter, stump height and soil 
fertility on resprouting ability and subsequent resprouts 
growth of S. superba. 

MATERIAL AND METHODS

Study sites

The study site was located at the Tianjinshan 
Forest Farm (26°24ʹ02ʺN, 112°58ʹ37ʺE) in the northern 
Guangdong Province, China, which belongs to the 
central area of the Nanling Mountains and is a transitional 
region from the south-subtropics to mid-subtropics. The 
region as a whole has a humid subtropical climate (Cfa in 
Köppen climate classification system) with a mean annual 
temperature of 19°C to 20°C. The average monthly 
temperature ranges from 9°C in January to 29°C in July; 
the annual precipitation ranges from 1,570 to 3,000 mm, 
most of which mainly occurs between March and August.

The experimental forest that was planted in the 
1990s is a mixed plantation in which the dominant tree 
species are S. superba and Mytilaria laosensis in the foothills 
and S. superba at the ridge of a hill. The two places were 
divided into fertile and barren soil respectively according 
soil fertility based on Total N, P, K and SOM. The terrain 
facing the northeast is gently sloped at 15°, and the soil 
is yellow soil derived from granite and can classified as 
Luvic Alisols according WRB 2006. The experimental 
forest in Tianjinshan also irrevocably suffered severe 
damage in the ice-storm in 2008, and many M. laosensis 
and S. superba trees were broken at the trunk.

Experimental design and sprout measurements

One month after of the ice-storm disaster, we 
outlined 3 plant sample plots both in fertile and barren soil 
places. The size of each sample plot was 30m×30m, and 
the distance between plots was farther than 50 m. One 
soil profile was dug to bedrock in each plot to survey the 
soil depth. Soil samples at depths of 0-10, 10-20, 20-30, 
and 30-50 cm from every plot were collected with soil 
auger. There were 5 sampling points in every plot, and soil 
collected from the same layer were mixed and treated as 
one sample, and macroscopic stones, litter, roots, and 
other organic debris were removed. The soil was sieved 
with a 2-mm-bore-diameter sieve, air dried and stored in 
darkness before use. The soil pH of a 1:2.5 soil: 1 mol.L-1 
KCl suspension was measured with a pH meter. Soil 
organic matter (SOM) in the soil was determined using 
the Walkley-Black dichromate oxidation method. Total N 
was determined using the Kjeldahl method. Total P was 
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extracted with H2SO4 and HClO4 and measured with a 
spectrophotometer. Total K was determined with a flame 
photometer after the samples were digested with HNO3 
and HClO4. Total exchangeable base was extracted with 
NH4OAc, dissolved with HCl solution and titrated against 
NaOH. The cation exchange capacity (CEC) was analyzed 
by inductively coupled plasma atomic emission (ICP) 
(VISTA-MPX). The results of the property analyses of soils 
from the fertile and barren sites are presented in Table 1. 

The S. superba trees with broken trunks from 
the sample plots were selected to conduct a resprouting 
survey. In the study, 53 and 62 trees were selected from 
the fertile and barren soil sites, respectively, and marked 
and treated in March 2008 to carry out the sprouting 
experiment. To ensure that all the stump buds remained 
safe and were not mechanically damaged, a treatment was 
determined such that the sample tree trunks were sawed 
below the naturally broken position using a handsaw at a 
noncracked position of the main bole. Finally, 115 stump 
samples were obtained. The stump basal diameter and 
stump height of each stump were recorded.

Resprout measurements were conducted in the 
fourth year following the stump sawing treatment. The 
surveys were done in June 2012, and a vernier caliper 
and surveying rod were used. A stump with at least one 
living resprout was considered successful resprouting. 
The recorded measurement indexes included the 
survival condition (alive or dead) of every resprout, basal 
diameter of each dead and living resprout, and height of 
every resprout. The longest resprout was considered to 
be the dominant resprout.  

Statistical analyses

Chi-square tests were used to analyze the 
difference in quantity between the living and dead stump 
in fertile and barren soil. One-way Anova LSD tests 
were used to analyze the difference among stumps and 
resprouts in different soil condition site.  

A binary logistic regression was utilized to analyze 
the effects of soil fertility, stump diameter and stump height 
on the stump survival via resprouting 4 years after a disaster. 
Because the number of dead stumps did not exceed five 
times the number of independent predictor variables for 
a hierarchical regression, we analyzed each independent 
factor individually. The logistic model has the following 
form 1, where P(S) is the probability of resprouting, β0 and 
β1 are the model coefficients, and x1 is the soil condition 
(rich or poor), stump diameter or stump height. 

TABLE 1 Site habitats and top soil (0-30 cm) properties.

Site
Depth 
(cm)

Layer
(cm)

pH
SOM

(g.kg-1)
TN

(g.kg-1)
TP 

(g.kg-1)
TK 

(g.kg-1)
TEB

 (cmol.kg-1)
CEC

(cmol.kg-1)

Soil fertile
92.0

±1.7a

0-10 4.31±0.12a 46.34±9.2a 1.78±0.55a 0.23±0.04a 14.11±3.5a 0.83±0.11a 5.05±0.59a

10-20 4.43±0.11a 31.88±2.7a 1.17±0.07a 0.17±0.04a 12.56±2.6a 0.43±0.08a 3.92±0.21a
20-30 4.43±0.07a 29.34±4.3a 0.97±0.06a 0.14±0.01a 11.80±3.1a 0.62±0.38a 3.90±0.27a
30-50 4.49±0.10a 23.83±5.6a 0.80±0.06a 0.14±0.02a 11.74±2.9a 0.46±0.30a 3.75±0.20a

Soil barren
111.0
±3.5b

0-10 4.47±0.03a 21.40±4.3b 0.74±0.18b 0.15±0.00a 4.46±0.45b 0.31±0.04a 3.15±0.27b
10-20 4.53±0.02a 14.06±7.5b 0.47±0.15b 0.12±0.02a 4.35±0.54b 0.18±0.01a 2.89±0.49a
20-30 4.57±0.06a 9.02±4.12b 0.40±0.03a 0.14±0.00a 4.34±0.67b 0.15±0.02a 2.72±0.52a
30-50 4.77±0.09b 5.20±1.98b 0.26±0.02a 0.13±0.00a 4.37±0.68b 0.25±0.01a 2.54±0.61a

Notes: pH (soil:KCl solution=1:2.5); SOM (Soil organic matter); TN (Total nitrite); TP (Total phosphorus); TK (Total potassium); TEB (Total exchangeable base); CEC 
(Cation exchange capacity). The data following the ± symbol is standard error. Means with different letters are significantly different at a significance level of P<0.05.

P S
exp ² ² x

( )=
+ − +( ) 

1
1 0 1 1

[1]

The influence of soil fertility, stump diameter and 
stump height on resprouting ability, resprout numbers, 
resprout survival probability, resprout basal diameter, 
resprout length and dominant resprout length was analyzed 
using a multiple linear regression analysis. The regression 
model has the following form 2, where  is predicted 
value of the sprouting ability indicators, including number, 
survival rate, basal diameter and length of resprouts, β0 is 
the model constant, β1, β2 and β3 are partial regression 
coefficients, x1, x2 and x3 are soil condition, stump diameter 
and stump height, respectively. To eliminate the effects 
of the unit and dimension of the independent variables 
on dependent variables, standardized coefficients were 
introduced to compare the influence of different factors on 
the resprouting ability. 

[2]

The correlations between resprout numbers, 
resprout basal diameters, resprout length and 
dominant resprout length were analyzed using Pearson 
correlation coefficients.

All statistical analyses were performed using SPSS 
17.0 for Windows, and an alpha of 0.05 was used to 
determine significant differences.
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RESULTS

Probability of resprouting 

The species shows a great probability of resprouting. 
The proportion of resprouting reached to 84.9% and 
90.3% in fertile soil and barren soil respectively, and the 
difference between which is not significant (Table 2). 
Also, the stump diameter ranged from 6.5cm to 23cm in 
fertile soil, which is much larger than in barren soil, whose 
stump diameter ranged from 3.0cm to 21.5cm. A living 
or dead stump in fertile and barren soil doesn’t vary with 
the diameter, which indicates that the stump diameter has 
nothing to do with the probability of resprouting. There 
was no significant difference between the two sites, with 
the stump height ranged from 16cm to 180cm in fertile 
soil and 10cm to 280cm in barren soil. Simultaneously, the 
length of living stumps is much larger than dead stumps in 
both fertile soil and barren soil, which indicates that the 
height of the stump plays an important role in promoting 
the probability of resprouting.

Based on the statistical result given above, the 
data of the stump height from the fertile soil and barren 
soil were combined to analyze the relationship between 
the stump height and probability of resprouting, and the 
regression model is depicted in Figure1, in which the 
lowest probability of resprouting is 54.7% when the stump 
height is as low as 10cm and it rises with the stump height, 
reaching 68.3% when the stump height is 30cm, and the 
stump height is commonly reserved when logged.

Resprouting abundance, survival rate and growth rate

The soil fertility is closely linked with the total 
number of resprouts of each stump. Stumps of S.superba 
in a fertile soil have nothing to the survival rate and 
growth of resprouts but sprout more resprouts than in 
barren soil (Table 3). Stump diameter had no significant 
influence on the number of resprouts, but has positive 
influence on resprouting survival and growth rate (Figure 
2). Moreover, stump height is favourable to the increase 
of resprouting abundance, but it goes against to resprouts 
growth, and yet it doesn’t make any difference to the 
survival rate and growth rate of resprouts (Figure 3).

TABLE 2  Differences in the stump number, diameter and height between living and dead stumps in different soil condition.

Soil condition
Stump number Stump diameter (cm) Stump height (cm)

Alive Dead Alive Dead Alive Dead

Fertile 45 8 10.71±0.52a 8.44±0.56ab 113.31±7.10a 61.63±19.10b

Barren 56 6 8.69±0.48b 7.20±0.46b 105.09±7.85a 21.83±4.10b

The data following the ± symbol is standard error. Means with different letters are significantly different at a significance level of P<0.05.

FIGURE 1 Relationship between the stump height and probability 
of sprouting four years after an ice-snow disaster using 
binary logistic regression model coefficients.

TABLE 3  Differences of the resprouts total number, survival 
rate, growth rate and dominant resprouts growth in 
different soil condition.

Soil 
condition

Resprout 
total

 number

Resprout
survival rate

(%)

Resprout
 basal 

diameter
(cm)

Resprout 
length

(m)

Dominant 
resprout 

length
(m)

Fertile
33.22

±2.20a
34.18

±1.77a
1.82

±0.11a
1.99

±0.13a
3.63

±0.17a

Barren
25.25

±1.46b
32.85

±1.33a
1.78

±0.12a
1.76

±0.12a
3.43

±0.17a

The data following the ± symbol is standard error. Means with different letters 

are significantly different at a significance level of P<0.05..

The number of resprouts that each stump 
generated was inextricably bond to the soil environment 
and the height of stump, and of which the latter is 
more influential than the former. Four years after the 
treatment, we found that the resprouts survival rate 
is significantly related to the stump diameter, but has 
nothing to do with the soil environment and the height 
of stump. Reflected by resprout basal diameter and 
length, the growth rate of resprouts was positively 
and negatively influenced by the stump diameter and 
the height of stump respectively. The growth rate of 
the dominant resprout was more significant for the 
restoration of trees, relative to the average growth 
rate of all the resprouts. In this study, dominant 
resprout growth rate was positively influenced by 
stump diameter but has no correlation with soil fertility 
condition and stump height (Table 4).
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Correlations between sprouting indicators

The two resprout growth indicators, basal 
diameter and length, are closely correlated (Table 5). 
The resprout number was negatively associated with the 
resprout basal diameter and length, which means that 
if a stump produces a large number of resprouts, the 
resprouts will be small and short. The dominant resprout 
length was positively correlated with the entire resprout 
basal diameter and length but was not influenced by the 
total number of resprouts, which means that, no matter 
how many more or less resprouts a stump produces, the 
growth of the dominant sprout is unaffected. 

DISCUSSION

Resprouting ability of S. superba

Resprouting is a common phenomenon when 
woody plants are disturbed by anthropogenic damage 
such as cutting or logging (Imanishi et al., 2010) and 
natural disasters such as hurricanes or fire (VESK, 2006). 
For example, Beck and Hooper (1986) found that 86% 
of all dominant/co-dominant tree stems were composed 
of stump sprouts 20 years after clearcutting a southern 
Appalachian mixed hardwood stand. Similarly, Keyser 
and Zarnoch (2014) investigated the stump survival of 
nine hardwood species, and the resprouting rate was up 
to 60%-98% three years after clearcutting. In this study, 
the stump of S. superba has a high probability of sprouting 

FIGURE 2 Relationship between stump diameter and resprout survival rate (a), resprout basal diameter (b), resprout length (c) and 
dominant resprout length (d) of S. superba.

FIGURE 3 Relationship between stump height and resprout 
number (a), resprout basal diameter (b) and resprout 
length (c) of S. superba.
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(84.9% in a fertile site and 90.3% in a poor site), which 
indicates that this species can persist in a site for a long 
time after a disturbance, and this ability can be used as 
an important source of regeneration in forest production. 

Various factors have been reported to influence 
the ability of stumps to sprout, and among these factors, 
the physiology of plants is the internal and conclusive 
mechanism. Vesk (2006) demonstrated that ground 
plants maintained considerable resprouting ability 
throughout the plant’s lifetime to recover from damage 
caused by terrestrial herbivores or fire; trees are able to 
avoid many disturbances by being tall and decrease their 
resprouting ability with age. Resprouting woody plants 
rely on non-structural carbohydrate (NSC) storage 
to fuel respiration and regrowth until the plant has 
recovered the photosynthetic capacity to support these 
costs (Schutz et al., 2011; Zhu et al., 2012). Resprouters 
typically reserve more NSC than obligate seeders 
through both accumulation, when availability exceeds 
the requirements for growth, and by reserve formation, 
when storage is at the expense of growth to ensure a 
rapid resprouting response to a disturbance (Nzunda et 
al., 2014). Myers and Kitajima (2007) showed that shade-
tolerant species tend to have more NSC reserves in 
shady evergreen rainforest habitats than light-demanding 
species. For S. superba in this study, the shade- and poor-
nutrient-tolerant traits indicate that this species may be 
trading off height growth for resource storage, which 
enables S. superba to obtain a high resprouting ability 
after a disturbance. Also, the ice-snow storm occurred 

during the winter season, and this fact may be another 
reason that S. superba obtained a high resprouting ability 
because the carbohydrate reserve in the root system is 
abundant in the dormant season (Kays; Canham, 1991). 
Previous research on other species has also demonstrated 
that cutting or damage in the dormant season benefits 
residual stump regeneration by resprouting (Hamberg et 
al., 2011; Xue et al., 2012). 

Influence of stump diameter on resprouting 

Within a species, the probability of resprouting 
is significantly related to the parent tree age and/or 
stump diameter. The relationship of stump diameter 
and resprouting ability has been well documented, and 
this relationship seems to vary with species. Generally, 
smaller diameter or younger aged stumps have a better 
resprouting probability (Randall et al., 2005;  Ashish et 
al., 2010), and this rule has been demonstrated in a large 
number of species of different types, such as oak species 
(Šplichalová et al., 2012; Keyser; Loftis, 2015) , rain forest 
species (Bellingham; Sparrow, 2009), temperate broad-
leaved species  (Ashish et al., 2010), and broad-leaved 
subtropical species (Mishra et al., 2003). However, there 
are also many species that have an increased resprouting 
ability with the parent tree stump diameter  (Vesk, 2006; 
Matula et al., 2012), or have no relationship with stump size 
(Keyser; Zarnoch, 2014). In many cases, the relationship 
between resprouting probability and tree size and/or age 
is not linear but unimodal. For example, most deciduous 
tree species have a high resprouting ability for stumps 
with a diameter ranging from 5cm~15 cm (Del Tredici, 
2001); the number of sprouts peaked in the stumps with 
diameters of 10.8 cm~46.5 cm in liaodong oaks (Rong 
et al., 2013), 20cm~35cm in sessile oaks (Šplichalová et 
al., 2012), 10cm~20 cm in white oaks and 20cm~50 
cm in black oaks (Sands; Abrams, 2009). The mechanism 
by which plants alter their resprouting ability with age is 
not very clear and may include a number of causes. Vesk 
(2006) notes that this phenomenon may be explained 
by the adaptation of a plant to a disturbance. Trees are 
exposed to damage from herbivores and other sources; 

TABLE 4 Summary of the multiple linear regression analysis of the effects of stump size and soil fertility on resprout number, survival and 
growth and the elongation of dominant resprouts.

Factors Resprout Resprout
Resprout

basal diameter
Resprout

length
Dominant resprout

length

number P-value survival rate P-value SC P-value SC P-value SC P-value

Soil fertility 0.260 0.009 -0.041 0.687 -0.065 0.473 0.040 0.659 -0.044 0.636

Stump diameter 0.059 0.556 0.361 0.001 0.408 <0.001 0.405 <0.001 0.480 <0.001

Stump height 0.307 0.002 0.044 0.660 -0.270 0.003 -0.272 0.003 -0.069 0.454

Notes: Statistically significant results are in bold, SC represents standardized coefficients..

TABLE 5  Correlation coefficients between resprout numbers, 
resprout basal diameters, resprout length and 
dominant resprout length. The symbol * represents a 
significant correlation.

Correlation 
coefficient

Resprout basal 
diameter

Resprout 
length

Dominant resprout 
length

Resprout number -0.452* -0.383* -0.080

Resprout basal 
diameter

- 0.945* 0.648*

Resprout length - - 0.709*
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resprouting ability is necessary at the seedling stage, and 
trees can avoid many disturbances by being large and 
tall, when the resprouting ability may be less necessary. 
Apart from adaptation, other mechanisms, such as gene, 
physiology and texture, also have been demonstrated to 
contribute to stump resprouting (Clarke et al., 2013). 
Large stumps often have a large surface, more buds, 
a much more complete root system and store more 
available carbohydrate, compared with small stumps, 
and can support more stump resprouts (Clarke et al., 
2013). In contrast, buds may senesce over time, resulting 
in few vigorous buds for resprouting on large stumps 
(Vesk; WestobyY, 2004b), and buds also may be trapped 
within the thick bark of advanced-age stumps. 

Our results showed that the stumps of S. 
superba with larger diameter tended to have a higher 
resprouting probability and resprout number than with 
small diameter, but there were no statistically significant 
differences. This result was partly confirmed by the 
results of Lynch and Bassettt (1987) who reported that 
the resprouting ability of northern red and northern pin 
oak stumps was independent of diameter. This result 
also corroborates the findings of Keyser and Zarnoch 
(2014) who reported that the probability of resprouting 
of 7 shade-tolerant midstory species was independent 
of the tree size. There was no decline in resprouting 
ability with the stump diameter of S. superba observed 
in this study, possibly because of the biological features 
of shade- and low-soil-nutrient-tolerance of this species. 
The stumps of S. superba in this research (5cm~24 cm 
in diameter) were not as large as previously reported 
species; therefore, the senescence of dormant buds may 
not yet be displayed. 

In our study, the stump diameter of S. superba 
had a positive correlation with the resprout survival 
rate, which may due to the developed root systems 
and abundance reserved food, allowing for the support 
of more sprouts. The large number of living resprouts 
indicated a powerful resprouting ability in a short term, 
but for long-term trends, the resprouted clumps will 
self-thin over time and finally result in a few stems per 
stump (Retana et al., 1992). In contrast with sprout 
production, sprouts, especially dominant sprout growth, 
seem more important as rapid growth occurring after a 
disturbance causes sprouts to take up a large area and 
obtain a competitive advantage for subsequent growth. 
In this study, the stump diameter of S. superba had a 
positive influence on the sprouts and dominant sprout 
growth during the observation period. This result agrees 
with the results of Matula (2012), who reported that the 
bigger and therefore older lime trees produced taller and 

larger diameter sprouts in larger quantities than younger 
trees after they were cut down. 

Influence of stump height on resprouting 

Like the stump diameter, the stump height also 
has been shown to influence the resprouting probability 
and the sprout growth (Hamberg et al., 2011, Xue et 
al., 2012). High stumps may produce more resprouts 
and facilitate sprout growth due to the availability of 
more carbohydrate reserves and more dormant buds 
on the stumps (Ashish et al., 2010; Xue et al., 2012). 
For example, Skovsgaard et al. (2006) reported that the 
number of resprouts and their growth rates increased 
with increasing stump height. It is important to note that 
the stimulation of resprouting by stump height seems 
valid in a short term because the nutriment stored in the 
aboveground tissue is limited. The advantage of higher 
stumps on resprouting tends to continue for one (Randall 
et al., 2005; Xue et al., 2012) or two (Peter et al., 2006) 
growing seasons after a disturbance and vanishes after 
carbohydrate reserves are exhausted. Additionally, 
ongoing respiratory demands of a large amount of 
aboveground tissue may prevent sprout growth. In many 
other studies, the stump height also was reported to have 
no significant influence (Hamberg et al., 2011; Petrice; 
Haack, 2011) or even a negative effect on resprouting 
(Johansson, 2008). 

Our results indicated that higher stumps of S. 
superba tend to have a higher resprouting probability and 
generate more living sprouts after damage. Similar results 
have been found in other species, such as aspen (Bell et 
al., 1999), willow (Karlsson; Albretson, 2001) and beech 
(Peter et al., 2006), by previous studies. The growth 
of resprouts decreased with the height of the stump in 
our results, which may due to the trade-off between 
resprout number and resprout growth (see below). 
However, the length of the dominant resprout was not 
influenced by the stump height, which indicates that the 
stump height may have a small effect on sprout growth as 
the non-dominant species will die by self-thinning in the 
following growth. 

Influence of soil fertility on resprouting 

Generally, plants growing on low resource-
supplying soil tend to allocate more resources to 
storage and yield a high resprouting probability after 
being damaged by disturbances (Cruz; Moreno, 2001). 
Many field observations studies have reported that the 
resprouting probability is negatively related to site quality 
(Forrester et al., 2003; Buhk et al., 2007). Similar to some 
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species previously reported, the stumps of S. superba 
grown on a nutrient-poor site before disturbance had 
a higher stump survival rate and generated a greater 
number of sprouts in our results. Resprouts can generate 
both from stumps and roots and the absence of one 
structure can compensated by another (Ferreira et 
al., 2017). Plants grow in deep soil often have a more 
developed root system than that grow in shallow soil and 
gain a more advanced resprouting capacity (Lópezsoria; 
Castell, 1992). In this experiment, the resprouts mainly 
generate from stump collars, so the depth of the soil does 
not show the advantage for resprouting. Poor soil water 
levels and nutrient contents usually directly limit sprout 
growth because these resources usually control primary 
productivity (Cruz et al., 2002). However, contrasting 
opinions also note that the growth of resprouting plants 
may be less sensitive to these limitations, due to their 
developed root systems and reduced competition in 
post-disturbance environments (Midgley, 1996). In our 
results, the growth of resprouts including the dominant 
resprouts was not influenced by the soil fertility condition, 
which indicated that the resprouts growth, at least at the 
initial stage of resprouting, was not limited by soil nutrient 
content. The same results also have been reported in 
plants such as Erica australis, a strong resprouter from 
the western Mediterranean (Cruz; Moreno, 2001). In 
this sense, fertilization immediately following disturbance 
usually does not increase the growth of resprouts.

The relationship between sprout number, basal 
diameter, length and dominant length

In our observation, the two resprout growth 
description parameters, resprout basal diameter and 
length, were positively correlated (correlation coefficient 
approach to 1), which means that the growth of resprout 
diameter and length is linked, and these two parameters 
play the same role in describing resprout growth. There 
was a significantly negative relationship between the 
number of resprouts per stump and the resprout growth 
present in our study. The same relationship in many 
other species has also been reported in previous studies 
(Xue et al., 2012; Rong et al., 2013). These results are 
consistent with the Midgley (1996) principle that there is a 
trade-off between sprouting and height growth. It seems 
that stumps from a low-nutrient soil field and/or with a 
high residual stump tend to produce a large number of 
sprouts, but the sprouts cannot grow well due to the 
limited resources reserved in the root system and the 
intensive competition for space and nutrients among the 
sprouts. However, a large number of resprouts often leads 
to a high mortality (Lutz; Halpern, 2006) and a rapid self-
thinning process in Quercus crispula, Populus tremula, Betula 

pendula, and Betula pubescens after coppicing (Rydberg, 
2000). Therefore, the negative influence of sprout number 
on sprout growth may be valid in a short term. 

Numerous resprouts per stump decreased the 
resprout growth but had no significant influence on the 
elongation of dominant resprouts in this study. This result 
conflicts with Xue et al. (2012), who reported a significant 
negative relationship between the dominant sprout 
length and the number of sprouts per stump after cutting 
on Q. variabilis. Only dominant resprouts can survive and 
finally grow to canopy height, therefore, artificial thinning 
sprouts in the early period of a resprouting restoration 
process is not necessary in forest management after a 
disturbance, although this method has been proven to 
benefit the remaining sprout growth  (Keyes et al., 2008; 
Atwood et al., 2009). 

CONCLUSIONS

S. superba exhibited a high probability of stump 
resprouting, and most of the resprouts could remain 
alive four years after an extreme ice-snow storm. 
Hence, resprouting is considered to be a reliable and 
predictable restoration method after a natural disturbance 
or in regeneration after the logging of S. superba. The 
stump diameter had a slightly positive influence on the 
resprouting probability and the number of resprout, and 
was significantly beneficial to the survival and growth rate 
of resprouts and dominant resprouts. The higher residual 
stumps had a more vigorous resprouting ability and 
generated more resprouts per stump but disadvantaged 
the resprouts following growth. We recommend 
conducting a harvest of S. superba at <30 cm aboveground 
level (traditional method). A poor soil fertility condition 
benefits stump survival and stimulates the stump to 
generate more resprouts after a disturbance but has no 
influence on resprout growth. Fertilization immediately 
following a disturbance is not recommended. A large 
number of resprouts per stump inhibited resprout growth 
but had little influence on the dominant resprout growth, 
which implies that artificial sprout thinning is a matter of 
choice and not a necessity in this species. 
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