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Abstract 
 
The role of chilling in bud dormancy release and biochemical changes in different organs were evaluated in stem 
cuttings of pear (Pyrus pyrifolia) cv. Cuiguan selected at the leaf fall. The cuttings were exposed to 5 °C for 0, 100, 200, 
300, 400, 500, 600, and 700 chilling hours (named positive chill units; PCU). A 50 % bud break was observed in floral 
and vegetative bud cuttings at 300 and 600 PCU, respectively. A mean time to bud break was inversely proportional to 
the chilling treatment. The low-temperature stimulated starch hydrolysis accompanied with sucrose accumulation in all 
organs. Sucrose and sorbitol content increased substantially peaking at 100, 400, and 100 PCU in floral buds, vegetative 
buds, and bark, respectively, thereafter decreased when buds approached chilling satisfaction (300 and 600 PCU for the 
floral and vegetative buds, respectively), and then increased again up to 700 PCU. Hexoses (glucose and fructose) 
accumulated constantly in the buds from 0 to 700 PCU. In bark, glucose and fructose content increased up to 400 PCU, 
and then gradually decreased. Total amylolytic and α-amylase activities increased in all organs, especially in the floral 
and vegetative buds up to 100 PCU and then decreased in the floral and vegetative buds before increasing again after 
endo-dormancy release. Invertase activity remained high in the buds during chilling satisfaction possibly because of 
translocation of sucrose to the buds which functioned as a strong sink. The results suggest that a low availability of 
hexoses may be the cause of limited bud breaks due to lack of chilling. Chilling satisfaction of the buds may increase 
the content of soluble sugars and acid invertase activity, and decrease the starch content, which may correlate with 
improved bud breaks.  
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Introduction 
 
Temperate deciduous fruit trees, including pears, 
annually pass through the physiological phase of 
development known as dormancy. The dormancy is 
defined as the temporary suspension of visible growth of 
any plant structure containing a meristem (Lang et al. 
1987). The dormancy helps to protect plant tissues from 
harsh environmental conditions and to secure their proper 
architecture. To resume growth, buds require a specific 
amount of chilling, which is genetically controlled and 
varies among genotypes (Balandier et al. 1993, Egea  
et al. 2003). The number of chilling hours quantifies the 
exposure to temperatures < 7.2 °C required to break 
dormancy and induce floral and vegetative bud break. 

Artificial means of breaking dormancy are needed to 
maintain economic production of pears in particular 
regions that lack sufficient natural chilling (Teng et al. 
2014).  
 Researchers commonly use accumulated positive chill 
units (PCU) to calculate bud break requirement. Under 
field conditions, it is almost impossible to determine 
accurately the chilling requirements for breaking bud 
dormancy because other environmental factors cannot be 
controlled (Dennis 2003). Thus, excised shoots are often 
used for measurement of the dormancy depth and 
duration (Dennis 2003). The physiological changes that 
occur in different organs and tissues during the 
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dormancy period include sugar metabolism (Marquat et 
al. 1999, Maurel et al. 2004, Bonhomme et al. 2005, 
González-Rossia et al. 2008), water content (Trejo-
Martínez et al. 2009), respiration rate (Young et al. 
1987), and growth regulation (Powell 1987). However, 
our knowledge of the processes leading to dormancy 
release and of an order in which they occur in different 
organs and tissues remains limited (Halaly et al. 2008).  
 During dormancy, notable changes are observed in 
the content of sugars, nucleic acids, amino acids, and 
organic acids, which might be associated with bud break 
and flowering time (Wang et al. 1987). The sugar content 
in vegetative and reproductive tissues change signi-
ficantly in fruit trees submitted to chilling deprivation 
compared with those grown under natural chilling 
conditions (Bonhomme et al. 2005). Sugars are the main 
source of energy for the metabolic changes that occur 
during dormancy release. Sugar accessibility is likely to 
be important for the control of bud growth and 
development during dormancy induction and release 
(Sherson et al. 2003). Starch is accumulated in reserve 
tissues during the preceding summer and is converted to 
sucrose and other soluble sugars during the dormant 
phase. The effects of chilling on changes in content of 
both starch and sugars may be attributable to an increased 
amylase activity (Elle and Sauter 2000). Soluble sugars 
are important signaling molecules involved in many 
processes of the plant life-cycle including dormancy 
(Sheen et al. 1999, Gibson 2000, Smeekens 2000). 
However, a bud break pattern appears to be more 
correlated with the capacity of buds to use soluble sugars 

than with sugar abundance in dormant tissues (Leite et al. 
2004, Bonhomme et al. 2005).  
 In response to a low temperature during winter, starch 
degraded by amylases is used for sucrose synthesis by 
sucrose-6-phosphate synthase. In reserve tissues, sucrose 
is produced and then transported via the xylem to buds 
where sucrose is hydrolyzed to glucose and fructose to 
produce energy and carbonic precursors (Yoshioka et al. 
1988). Two enzymes, sucrose synthase (EC 2.4.1.13) and 
invertase (EC 3.2.1.26), are involved in sucrose 
metabolism. Sucrose synthase catalyzes a reversible 
reaction that degrades sucrose to UDP-glucose and 
fructose, whereas invertase catalyzes the irreversible 
reaction of sucrose cleavage to glucose and fructose. In 
plants, there are different types of invertases, for 
example, alkaline invertases, such as cytoplasmic 
invertases, and acidic invertases, such as cell wall and 
soluble vacuolar invertases. Invertases play a vital role in 
growth, sink initiation, and cell expansion, whereas 
sucrose synthase is linked with metabolism for storage, 
fruit maturation, and polysaccharide synthesis (Koch 
2004). 
 The objective of the present work was to study the 
sequence of events leading to endo-dormancy release of 
dormant pear floral and vegetative buds. To better 
understand the physiology of dormancy, we studied the 
quantitative changes caused by artificial chilling on sugar 
content and amylase and invertase activities during 
dormancy in floral and vegetative buds and bark tissue of 
Pyrus pyrifolia.   

 
 

Materials and methods 
 
Plants and treatments: Pyrus pyrifolia Nakai cv. 
Cuiguan grafted on P. calleryana Decne rootstocks were 
grown in the experimental pear orchard of the Zhejiang 
University, Hangzhou, Zhejiang province, China (36°13′ 
N, 120°12′ E, an elevation of 41.7 m). One-year-old 
shoots (ca. 120 cm long) were randomly collected from 
adult trees during the leaf fall (1 November 2012) and cut 
into segments (ca. 60 cm long) comprising seven buds, 
obtaining 800 shoot cuttings for each floral and 
vegetative buds, divided into two groups for low-
temperature treatment. Each set of shoots was further 
divided into groups, covered with paper, placed in plastic 
bags and exposed to a constant temperature of 5 °C in a 
cold room for 0, 100, 200, 300, 400, 500, 600, and 700 h 
to simulate chilling accumulation to different extent. 
Each hour of the cold treatment was the equivalent of 
1 positive chill unit (PCU), as stated by Linsley-Noakes 
et al. (1995). The chilling requirement of cv. Cuiguan 
was previously estimated to be 304 and 704 PCU for 
floral and vegetative bud breaks, respectively, using the 
Utah Model (Liu 2013). Some differences have been 
recorded in chilling requirements (CR) for floral and 
vegetative buds among cultivars and environmental 
conditions (Liu 2013). After each chilling treatment, a 

group of treated shoots (for both floral and vegetative 
buds) was selected and divided into two sets. In one set of 
shoots, bud break was forced to assess the effect of 
chilling on the bud break. The second set of shoots, 
which consisted of three replicates, was used for 
biochemical analysis. Floral and vegetative buds and bark 
tissue were sampled, immediately frozen in liquid N2, and 
stored at -80 °C. 
 
Assessment of chilling effect on floral and vegetative 
bud break: After each chilling treatment period, three 
replicates of both floral and vegetative bud cuttings were 
placed with the shoot base in a vial containing water and 
transferred in a phytotron with a 12-h photoperiod, an 
irradiance of 320 µmol m-2 s-1, day/night temperatures of 
25 ± 1/18 ± 1 °C, and an air humidity of 75 %. The shoot 
base was cut and water in the vials replaced daily to avoid 
clogging xylem vessels caused by algal growth. Buds that 
reached the green tip stage were recorded as open and 
bud break percentages were determined after one month 
following the dormancy status classification of pear by 
Liu et al. (2012) with some modifications. When 50 % of 
buds on a shoot were at the green tip stage, we considered 
that endo-dormancy had been broken. However, if less 
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than 50 % of buds on a shoot had opened, the buds were 
considered to be in the endo-dormancy phase. The results 
are expressed as the percentage of bud breaks.   
 A mean time to bud break (MTB) of both floral and 
vegetative buds was calculated after the chilling treatment 
of the shoots. The results (the arithmetic means of each of 
two groups of nine excised shoots) are expressed as the 
MTB in days.  
 
Determination of sugar and starch content: Sucrose, 
glucose, fructose, sorbitol, and starch were extracted 
using the method described by Huang et al. (2009) with 
slight modifications. Approximately 1 g of a frozen 
sample was homogenized in 10 cm3 of 80 % (v/v) ethanol 
at 80 °C for 10 min. The extract was centrifuged at 
12 000 g for 12 min. The extraction was repeated three 
times and the supernatants were collected and pooled. To 
remove phenolic compounds, 5 % (m/v) polyvinylpoly-
pyrrolidone was added to the combined extracts and left 
overnight. The pellets were saved and stored at -40 °C for 
further starch analysis. The combined extracts were 
centrifuged at 3 000 g for 15 min, and the supernatant 
was evaporated to dryness under vacuum below 40 °C 
until the ethanol was removed. The volume was adjusted 
to 1 cm3 with distilled water for analysis of sucrose, 
glucose, fructose, and sorbitol content using high-
performance liquid chromatography (HPLC; LC-20T, 
Shimadzu, Kyoto, Japan). The System Gold software  
(LC-20T, Shimadzu) was used to run the HPLC and to 
process results. The content and composition of sugars 
were determined using the method of Komatsu et al. 
(1999) with some modifications. A 20 mm3 aliquot 
solution was injected into a 5.0-μM NH2 (4.6 × 250 mm) 
column (Dalian Sipore Co., Dalian, China). Eluted peaks 
were detected with a refractive index detector RID-10A 
(LC-20AT, Shimadzu). Acetonitrile:water (80:20, v/v) 
was used as mobile phase with a flow rate of 1 cm3 min-1. 
Sugars were quantified from a standard peak using sugar 
standards (Sangon Biotech, Shanghai, China). 
 Starch content was determined using the perchloric 
acid method of Rose et al. (1991). The residue remaining 
in the tubes after sugar extraction was further extracted 
three times with 5 cm3 of 35 % (m/v) perchloric acid with 
continuous shaking at a low speed for 15 min. The 
extracts were pooled and centrifuged at 10 000 g for 
5 min. The supernatants were collected in graduated tubes 
and diluted to 20 cm3 with distilled water. For 
colorimetric determination, a 1 cm3 aliquot of the extract 

was mixed with 5 cm3 of an anthrone reagent (0.175 %, 
m/v, in 75 %, m/v, cold sulfuric acid) in the tube and 
briefly mixed. The mixture was placed in a boiling water 
bath for 12 min and then kept on ice. Absorbance of the 
mixture was read at 620 nm using an Eppendorf 
Biospectrometer (Eppendorf, Hamburg, Germany). 
Glucose standards from 0 to 100 g cm-3 were used for 
calibration.  

 
Determination of enzyme activities: Total amylolytic, 
α-amylase, acid invertase, and alkaline invertase activities 
were determined using a spectrophotometric method in 
accordance with Ben Mohamed et al. (2010). Briefly, 1 g 
of frozen tissue was crushed into 2 cm3 of ice-cold Tris-
HCl buffer (50 mM, pH 7.5) containing Na2CO3 (4 mM), 
CaCl2 (6 mM), 2 % (m/v) insoluble PVPP, and ascorbic 
acid (1 g dm-3). The extracts were centrifuged on 10 000 g 
for 12 min at 4 °C, and the supernatants were used to 
determine the enzyme activities.  

Total amylolytic activity was calculated by the sum of 
amylopectin 6-glucanohydrolase, β-amylase, α-glucosi-
dase, and α-amylase activities. The enzyme extracts were 
heated at 70 °C for 12 min to inactivate all heat sensitive 
enzymes for α-amylase assay. The enzymatic assays were 
performed at 47 °C and 40 °C for α-amylase and total 
amylase respectively. 

Alkaline invertase was assayed by adding of  
0.6 cm3 of 50 mM Tris-HCl buffer (pH 7.5) and 0.2 cm3 
of 0.1 M sucrose solution to the extracts. The reaction 
was processed at 40 °C for 60 min, while stopped by the 
addition of 2 cm3 of dinitrosalicylic acid reagent. The 
tubes containing solution were kept in boiling water for 
5 min then cooled to room temperature and lastly diluted 
with 5 cm3 of bi-distilled water. The absorbance values 
were recorded at 540 nm. Acid invertase assay was same 
as alkaline invertase assay, only acetate buffer (0.1 M;  
pH 4.5) was used instead of Tris-HCl buffer. The 
absorbance values were shown in glucose equivalents 
using a normal calibration curve. 
 
Statistical analysis: Statistical analyses of data were 
performed using analysis of variance with the Data 
Processing System v. 7.05 (Zhejiang University, 
Hangzhou, China). A completely randomized design with 
three replications was used. The Duncan’s multiple range 
test was used to compare the significance of differences 
among means at α = 0.05.  

 
 
Results 
 
Pear cuttings collected during the leaf fall and 
immediately placed in a controlled environment showed 
7.4 and 2.1 % floral and vegetative bud breaks, 
respectively, indicating that the buds were in a deep 
endo-dormant phase. The percentage of both floral and 
vegetative bud breaks increased gradually with the 
duration of chilling applied before forcing (Fig. 1). Floral 

and vegetative bud breaks attained 50 % after at least 300 
and 600 PCU, respectively (Fig. 1). The MTB values of 
both types of the buds decreased with an increase in PCU 
(Fig. 2). In shoots treated for 0 to 400 PCU, floral bud 
break occurred earlier than vegetative bud break. After 
500 PCU, the MTB for both floral and vegetative buds 
was identical. However, at 600 and 700 PCU, the MTB 



ROLE OF CHILLING IN BUD DORMANCY RELEASE 

729 

was lower for vegetative buds compared with floral buds. 
A point at which the MTB values for floral and 
vegetative buds were equal was defined as the point of 
critical chilling accumulation (Fig. 2). 
 The starch content decreased significantly in floral 
buds in response to exposure to artificial chilling 
(Fig. 3A). The amount of starch in floral buds was at its 
maximum of 77.7 mg g-1(f.m.) at the leaf fall (i.e.,  
 

 
Fig. 1. The effect of artificial chilling on floral bud (FB) and
vegetative bud (VB) breaks in excised shoots of pear. PCU -
positive chill units. Means ± SE of three replicates. Values
followed by the same letter are not significantly different at
P ≥ 0.05. 
 

 
Fig. 2. The effect of chilling on a mean time to floral bud (FB) 
and vegetative bud (VB) breaks (MTB). PCU - positive chill 
units. Means ± SE of three replicates. 
 
0 PCU) and at its minimum of 27.8 mg g-1(f.m.) at 
300 PCU. The chilling treatment initially induced a rapid 
decline in starch content and then a gradual decrease up 
to 300 PCU, but thereafter the starch content increased 
slowly up to 700 PCU (Fig. 3A). Initially, there was a 
rapid increase in sucrose content concomitant with a 
rapid decrease in starch content at 100 PCU (Fig. 3A,B). 
The chilling of floral buds induced a gradual increase in 
content of sucrose, glucose, fructose, and sorbitol which 
attained their highest values of 18.5, 14.7, 15.2, and  

 
Fig. 3. Changes in starch (A), sucrose (B), glucose (C), fructose (D), and sorbitol (E) content in floral buds during a low-temperature 
treatment. Means ± SE of three replicates. Values followed by the same letter are not significantly different at P ≥ 0.05. 
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Fig. 4. Changes in starch (A), sucrose (B), glucose (C), fructose (D), and sorbitol (E) content in vegetative buds during a low-
temperature treatment. Means ± SE of three replicates. Values followed by the same letter are not significantly different at P ≥ 0.05. 
 

 
Fig. 5. Changes in starch (A), sucrose (B), glucose (C), fructose (D), and sorbitol (E) content in bark during a low-temperature 
treatment. Means ± SE of three replicates. Values followed by the same letter are not significantly different at P ≥ 0.05. 
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9.1 mg g-1(f.m.), respectively, at 700 PCU (Fig. 3B-E). 
The trends of the sucrose and sorbitol content were 
similar but amounts different. In vegetative buds, the 
initial starch content was 62.8 mg g-1(f.m.) and decreased 
gradually with the increasing chilling duration up to 
600 PCU when a minimum of 16.6 mg g-1 (f.m.) was 
attained (Fig. 4A). The sucrose and sorbitol content 
increased in response to chilling and attained a maximum 
of 15.2 and 11.7 mg g-1(f.m.), respectively, at 400 PCU, 
but thereafter decreased. The glucose and fructose 
content in vegetative buds increased during chilling 
accumulation and reached maximum values of 16.3 and 
16.5 mg g-1 (f.m.), respectively, at 700 PCU (Fig. 4C,D). 
It was hypothesized that starch hydrolysis was 
responsible for the increase in sucrose content because 
minimal changes were observed in hexoses (glucose and 
fructose) content in floral buds (Figs. 3,4). Both sucrose 
and sorbitol content decreased at the chilling treatment of 
200 PCU in floral buds, whereas fructose and glucose 
started to accumulate at the chilling treatments of 100 
PCU in floral buds. With a prolonged chilling treatment 
from 300 to 600 PCU, the starch content remained stable, 
whereas the content of sucrose, glucose, fructose, and 
sorbitol increased and attained their maximum values in 
both floral and vegetative buds.  
 In bark tissue, an initial starch content of  
 

 
Fig. 6. Total amylolytic and α-amylase activities in floral buds
(A), vegetative buds (B), and bark (C) during a low-temperature
treatment. Both total amylolytic and α-amylase activities were 
statistically analyzed individually. Means ± SE of three
replicates. Values followed by the same letter are not
significantly different at P ≥ 0.05. 

82.5 mg g-1(f.m.) was higher than in floral and vegetative 
buds (Fig. 5A). In response to the chilling treatment, the 
starch content decreased. The content of all the sugars 
increased concomitantly with the decline in starch 
content. The sucrose content increased at 100 PCU, then 
decreased up to 400 PCU, and thereafter increased again 
up to 700 PCU. A maximum content of glucose and 
fructose of 13.6 and 12.2 mg g-1(f.m.), respectively, were 
attained at 400 PCU (Fig. 5C,D). With the increased 
chilling duration, changes in starch, sucrose, and sorbitol 
content followed similar patterns as those in floral buds, 
whereas the glucose and fructose content did not increase. 
Approaching chilling satisfaction, vegetative buds 
contained a higher and floral buds lower glucose and 
fructose content compared with bark tissue. 
 

 
Fig. 7. Acid and alkaline invertase activities in floral buds (A), 
vegetative buds (B), and bark (C) during a low-temperature 
treatment. Both acid and alkaline invertase activities were 
statistically analyzed individually. Means ± SE of three 
replicates. Values followed by the same letter are not 
significantly different at P ≥ 0.05. 
 

 Chilling increased the total amylolytic activities in all 
analyzed tissues. Maximum amylolytic activities were 
attained at 100 PCU in floral buds and vegetative buds, 
and 100 and 200 PCU in bark tissue (Fig. 6A-C). The 
increases in total amylolytic activity might have been due 
to α-amylase activity which was enhanced by 51, 70, and 
42 % in floral buds, vegetative buds, and bark tissue, 
respectively. The total amylolytic activity was higher in 
bark tissue than in both types of buds. Later, the total 
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amylolytic activity decreased rapidly and remained low in 
all the organs except for its slight increase in floral buds 
after 500 PCU. These results indicate that the activities of 
starch-degrading enzymes were inversely proportional to 
the starch content.  
 The acid invertase activity was higher than that of 
alkaline invertase, although the two enzymes showed 
similar activity patterns (Fig. 7A-C). In all tissues, the 
acid invertase activity was low during the first 100 PCU, 
and then increased gradually with increasing PCU, 
whereas in bark tissue, its activity decreased from 500 to 
700 PCU. The acid invertase activity rose from 52.1, 
50.7, and 50.2 µg(glucose produced) g-1 (f.m.) min-1 at 

the leaf fall to 83.6, 85.8, and 80.2 µg(glucose produced) 
g-1 (f.m.) min-1 in floral buds, vegetative buds, and bark 
tissue after exposure to 500, 600, and 400 PCU, 
respectively. The invertase activity changed inversely to 
the change in sucrose content with the chilling treatment 
up to 300 PCU in floral buds and bark, and up to 
500 PCU for vegetative buds; thereafter, the observed 
sucrose accumulation coincided with the highest 
invertase activity. Low activities of acid and alkaline 
invertases were observed at ≥ 200 PCU, and increased 
activities with exposure to 300 and 500 PCU in bark 
tissue. 
 

 
 
Discussion 
 
In this study, we explored the effect of artificial chilling 
on floral and vegetative bud breaks and on biochemical 
changes in different organs of pear cv. Cuiguan during 
exposure of excised shoots to a controlled environment. 
Endo-dormancy release requires a specific duration of 
chilling, which is genetically controlled. A low 
temperature is the key stimulus for endo-dormancy 
release (Balandier et al. 1993). Lack of chilling is the 
main factor causing abnormal patterns of bud break, 
development, and flower bud abortion in temperate fruit 
trees grown under mild winters (Mauget and Rageau 
1988, Klinac and Geddes 1995, Petri and Herter 2002, 
Petri et al. 2002, Oh and Klinac 2003). The present 
results reveal that the chilling treatment at 5 °C for at 
least 300 h (for floral buds) and at least 600 h (for 
vegetative buds) induced more than 50 % bud break 
(Fig. 1). This finding is in accordance with those of 
González-Rossia et al. (2008), who reported that an 
artificial chilling treatment increased a bud break 
percentage in dormant shoots of Prunus sp. Much less 
than 50 % bud break was observed in both types of buds 
on shoots collected at the leaf fall (without a chilling 
treatment), which suggests a maximum endo-dormancy at 
that time. Similar responses to artificial chilling have 
been reported in previous studies on dormant shoots of 
peach and grape (Balandier et al. 1993, González-Rossia 
et al. 2008, Ben Mohamed et al. 2010). During endo-
dormancy release, different biochemical changes occur, 
therefore it is essential to determine the dormancy status 
of buds during an artificial chilling treatment. As 
suggested previously by many researchers (e.g., Cook 
and Bellstedt 2001, Dennis 2003, Ben Mohamed et al. 
2010, Marafon et al. 2011, Liu et al. 2012, Hussain et al. 
2015), excised shoots containing floral and vegetative 
buds, as used in the present experiment, should only 
illustrate the impact of endo-dormancy and not apical 
dominance on physiological processes leading to bud 
dormancy release. 
 In the current study, the chilling treatment increased 
the frequency of floral and vegetative bud breaks, which 
was accompanied with changes in sugar metabolism. A 
rapid hydrolysis of starch in floral and vegetative buds 

and bark tissue was observed in response to chilling. 
Starch degradation could be divided into two stages. 
During the first stage (0 - 300 PCU in floral buds and 
bark tissue, and 0 - 400 PCU in vegetative buds), a rapid 
decrease in starch content occurred (Fig. 3A, 4A, 5A), 
which might be due to the strong increase in amylolytic 
activity, especially α-amylase activity, in all the tissues 
(Fig. 6A-C). The sharp decrease in starch content seemed 
to be an early reaction to a low-temperature exposure. 
Similar effects of low temperature were reported in 
grapes (Ben Mohamed et al. 2010), Japanese pear 
(Marafon et al. 2011), poplar (Elle and Sauter 2000), and 
walnut (Ameglio et al. 2005). Elle and Sauter (2000) 
stated that a rapid increase in α-amylase activity induced 
by low temperature may be a thermal effect. The 
synthesis and activity of α-amylase are promoted by 
gibberellic acid (Galet 1993) and/or decreased by abscisic 
acid (Koussa et al. 2005). The present results indicate that  
α-amylase was the key enzyme involved in starch 
mobilization in both types of buds but not in bark tissue 
(Fig. 6A-C). The differences in α-amylase activity in the 
different organs might be due to the presence or absence 
of meristematic tissues. For example, during seed 
germination, α-amylase activity is promoted by 
gibberellic acid which originates in the embryo. We 
speculate that pear buds exhibit a similar phenomenon 
because buds show a higher meristematic activity than 
bark tissue. It has been suggested previously that buds 
show a higher meristematic activity than internodes in 
grapes (Ben Mohamed et al. 2010). The accumulation of 
sucrose and sorbitol was associated with the decrease in 
starch content in all underlined tissues/organs (Figs. 3-5). 
These results are in accordance with previous works by 
Sauter (1988) and Ben Mohamed et al. (2010) who 
proposed that starch-sucrose conversion may be induced 
by low temperature. It can be assumed that low 
temperature stimulates the mechanism by which starch 
molecules are degraded to sucrose. Low glucose and 
fructose content might be responsible for the low bud 
break percentage during 400 and 200 PCU in both floral 
and vegetative buds respectively. Nevertheless, the 
absence of observable bud growth might be 
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predominantly caused by the inability of buds to use 
available soluble sugars at this stage.  
 The increase in acid invertase activity observed in 
floral and vegetative buds might contribute to 
strengthening the sink (buds) and thus attracting sucrose 
from other underlined tissues such as bark. Sugars are 
transported in grapes mainly in the form of sucrose to 
nourish buds (Swanson and El-Shishiny 1958, Ben 
Mohamed et al. 2010). Furthermore, acid invertase 
activity shows a good concordance with sink expansion 
and control sucrose accumulation by catabolizing sucrose 
in the sink organ/tissue (Strum 1996, Koch 2004). It was 
observed in previous studies, that buds utilize starch 
reserves to synthesize soluble sugars during peach and 
Japanese pear dormancy (Marquat et al. 1999, Ben 
Mohamed et al. 2010, Marafon et al. 2011). Subse-
quently, the bud ability to attract exogenous sucrose from 
other tissues increases during dormancy release. 
Moreover, the notable increase in sucrose content in all 
the three tissues during the second phase could be 
explained in terms of sucrose translocation from other 
tissues as well as reduced invertase activity. The current 
results show that the maximum invertase activity in floral 
and vegetative buds appeared to be responsible for 
glucose and fructose accumulation. It was observed that 
the presence of glucose and fructose during bud break is 
well associated with bud growth capacity (Maurel et al. 
2004). The accumulation of glucose and fructose in the 
buds during chilling satisfaction can have two 
advantages: it gives bud cells with carbon and energy 
required for synthesis of different compounds which 

needed for growth, and it also decreases water potential 
inside the bud and therefore attracts water which is 
required for cell expansion. Sugars function not only as 
source of nutrients and energy, but also control bud 
growth and regulate physiology, metabolism, and 
development of a plant (Arroyo et al. 2003, Roitsch and 
González 2004, Azymi et al. 2012). Therefore, bud break 
can be considered to be a continuous process starting 
throughout chilling treatment, whereas bud growth is 
initiated when endo-dormancy release and temperature 
become suitable. The present results indicate that the 
sharp decrease in starch content enables organs/tissues to 
survive the initial period of low temperature and aids the 
development of sink strength, whereas the increased 
content of hexoses may assist with endo-dormancy 
release. 

In conclusion, the exposure of the excised shoots to 
low temperature caused a significant increase in the 
frequency of floral and vegetative bud breaks and 
affected the sugar content and enzyme activities in floral 
and vegetative buds and bark tissue of pear cv. Cuiguan. 
The floral and vegetative bud break percentages wre 
enhanced by increasing the chilling duration. We 
observed that the starch content decreased after the 
initiation of chilling, whereas the sucrose and sorbitol 
content increased. A high content of hexoses was 
observed in all the tissues at the time of bud endo-
dormancy release. A high activity of acid invertase and 
accumulation of soluble sugars were observed during 
initiation of the growth resumption phase and might be 
directly responsible for the high bud break percentage.  
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