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Changes in Non-Structural Carbohydrate in Overwintering
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Abstract

To investigate the physiological responses to naturally occurring winter freezing stress in creeping bentgrass,
changes in carbohydrates were monitored during winter period. Turf quality and leaf growth was nearly
parallel with temperature fluctuation. The concentration of glucose, fructose and sucrose in both shoot and
root gradually increased from November to January, and then sharply decreased until April. Sucrose was the
largest pool of soluble sugars. Fructan also slightly accumulated in both shoot and roots from November to
February. Fructan hydrolysis in both organs was found to be much active between February to April. Shoot
contained largely higher carbohydrate content in all compounds examined than roots did. Fructan was found
to be a main carbohydrate storage form, showing the highest concentration (176.7 and 126.7 mg g~' DW for
shoot and root in February). The depolymerization of fructan from February coincided with the high declines
in mono- and disaccharide. These results suggest that the accumulation of non-structural carbohydrate until
January could be associated with freezing tolerance, and the active decrease from February with shoot
regrowth.
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causes the decline in turf quality that has been
associated with reductions in root growth, leaf water
potential, cell membrane stability, photosynthetic rate,
photochemical efficiency and carbohydrate accumu-

I . Intruduction

Creeping bentgrass (dgrostis  palustri) is
widely used for

being

golf course green in. Some

cool-season turfgrasses including creeping bentgrass
Kentucky bluegrass (Poa
turf-type perennial

for golf course greens,
pratensis) and ryegrass (Lolium
perenne L.) for polystand on fairways successfully
provide a playing surface during winter period in
Korea.

Low temperature below optimal growth temperature

lation (Olien and Lester 1985; Olien and Clark 1993;
2001).
Major metabolic changes have been documented

Dionne et al.,

during the acquisition of cold tolerance including

changes in carbohydrates, proteins,
phospholipids and

fatty acids (Levitt 1980). Among these, soluble sugars

nucleic acids,

amino acids, growth regulators,
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are thought to be of important adaptive value for

tolerance to subfreezing temperatures in plants
through their interactions with membrane phos-
pholipids (Anchordoguy et al, 1987) and the

stabilization of proteins in freeze-desiccated cells
(Carpenter and Crowe 1988). The depolymerization
of polysaccharides at subfreezing temperature is
thought to be an essential source of cryoprotective
sugars (Olien and Clark 1993; 1996).
although it has been claimed that there is no
absolute requirement for sugars to accumulate in
order for tissues to harden (Pollock et al. 1999).
Therefore, an investigation of the accumulation and
utilization of non-structural carbohydrate during
over-wintering is considered to be fundamental for

understanding  the adaptation of creeping

Livingston

winter

bentgrass. The current work was conducted to
establish the changes in pool size of different
carbohydrate fractions in shoots and roots of

overwintering creeping bentgrass.
II. Materials and Methods

1. Sampling and collecting site

Sampling was made from green and fairway,
1998, of Muan Country Club
126°17'12" E) in Korea. The
maintained by general

established in
(35°05'32" N,
turfgrasses

were winter

management. Minimum daily temperature in green
field ranged —2.8 to 11.0°C during the experimental
period. It reached to 0C at mid-December, remained
at below freezing temperature until end-February.
Maximum daily temperature ranged 5.1 to 20.6T
(Fig. 1).

Creeping bentgrass was sampled using a hole
cutter (@108mm) at five randomly selected sites,
from 20 November, 2000 to 23 April, 2001 with
about one-month interval. The samples were obtained
to a depth of approximately 20 cm. Thereafter,
shoots were removed with a clipper, and roots were
separated from the Root

samples were washed free of soil under a stream of

above-ground portion.

cold water. Plant tissues were immediately frozen in
liquid nitrogen, and lyophilized. Freeze-dried samples
were finely ground and stored under vacuum for
further analysis.

25

Temperature( C)

Nov Nov Dec Dec Jan Feb Feb Mar Apr Apr

1 20 10 30 20 10 28 20 10 30

Daily maximum temperature (---)
and minimum temperature (—) dur-
ing the winter of 2000~2001 at
Muan city, Korea.

Fig. 1.

2. Turf quality and root growth

Turf quality was visually rated as described by Xu
and Huang (2001). It was estimated on the basis of
the color, density, and uniformity on a scale of 0
(worst, plants dead and brown) to 9 (best, plants
healthy and green). Dry weight of lyophilized root
sample was weighted to estimate root growth.

3. Carbohydrate analysis

About 30 mg of finely ground sample was
extracted with 1 mL of 92% (v/v) ethanol. Tubes
shaken for 10 min at room temperature,
centrifuge at 14,000 rpm for 10 min at 4C. The
ethanol extraction was repeated three times, and the

were

combined supernatant was diluted to a final volume
of 10 mL with 92% (v/v) ethanol. The glucose
concentration in the ethanol extracts was determined
with 1968) using
glucose as a standard. Fructose concentration in

anthrone reagent (Van Handel
ethanol extracts was determined as standard using
fructose (Davis and Gander 1967). Sucrose concen-
tration in the ethanol extracts was determined with
anthrone reagent (Van Handel 1968) using sucrose as
a standard. The residue was dried at 80°C to remove
ethanol. Deionized water was added, and heated to
gelatinize the starch. The pH of the solution was
adjusted to 5.1 by adding 0.2 N Na-acetate buffer.
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Starch
(Sigma

was digested by adding amyloglucosidase
A3514) and o -amylase (Sigma
product A0273) in the acetate buffer to each sample.
Tubes 50C for 24 h with
occasional shaking. and centrifuged. Glucose in the

product

were incubated at
supernatant was determined using glucose oxidase
(Glucose Trinder, Sigma product 315-100). Starch
estimated as 0.9 glucose
concentration. Fructan present in the starch extracts
N H,SO,
released  quantified using resorcinol (Davis  and
Gander 1967). Glucose liberated from the fructan
was determined as
concentration was calculated as the sum of fructan
glucose and fructose X 0.9.

concentrations  were

was hydrolyzed with 0.1 and fructose

described  above.  Fructan

IlI. Results

1. Turf quality and root growth

Creeping bentgrass was maintained at least green
color in mild-freeze during experimental period (Fig.
2A). Turf quality decreased gradually by January
when temperature was the lowest, and then recovered
with increasing temperature.

In November, shoot and root dry weight were
55g and 9.7 g DW per hold cutter, respectively
(Fig. 2B). Shoot dry weight was less varied within
10g per hold cutter, under 2.5 cm height above
ground level. However, root dry weight of creeping
bentgrass decreased to the lowest level until January
and then increased with a higher rate by the end of
April,
February and March. root dry weight increased about
26%. These results indicated that root growth of
creeping bentgrass much sensitively responded to low

in parallel with air temperature. Between

temperature during winter compared to shoot.

2. Carbohydrates concentration

Changes of carbohydrates in creeping bentgrass are
shown in Fig. 3 and Fig. 4. Mono- and disac-
charides were accumulated from November (Fig. 3A,
3B and C), when the minimum daily temperature
was about 5C (Fig 1). The highest concentration of
these compounds was measured in January, when

10
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Dry weight{g DW hole cutter 1)
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Fig. 2. Turf quality (A) and dry weight (B)
in shoot (@) and roots () of

overwintering creeping bentgrass.
Each value is the meanzs.e. for
n=5.

creeping bentgrass was exposed to their maximum
cold
bentgrass in January was 100.2 and 564 mg g '

stress.  Glucose concentration of creeping
DW in shoot and root. respectively. From January to
April, glucose concentration was declined about 77%
and 79% in shoot and roots. respectively. showing
the highest fall down between February and March.
Fructose concentration in shoot gradually increased
from November root, it
continued to increase until February. Thereafter these
compounds decreased about 74% in both shoot and
roots. The fructose concentration in shoot and roots
at January was 100.1 mg g ' DW and 589 mg g

DW, highest

to January, while in

respectively, presenting the level.
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Sucrose  concentration increased until  January,
showing the highest concentration (137.5 and 70.42
mg g ' DW for shoot and root, respectively) (Fig.
3C). From February to March, sucrose concentration
largely decreased by 38% and 51% in shoot and
Soluble carbohydrate
glucose, fructose and sucrose was largely decreased

from February to March. The net decrease for this

root, respectively. such as

period was much higher in shoot than that of roots.
slightly
November to February, and then sharply decreased
(Fig- 4). About 65% of the accumulated fructan was
depolymerized in both shoot
February, when turf quality and root growth began
to recover. Considering the pool size at the end of
autumn and the extent of degradation during winter,

Fructan concentration increased from

and roots from

it could be assumed that fructan was the main
storage forms found in cold-hardened

bentgrass.

creeping

IV. Discussion

The concentrations of mono- and disaccharide
during winter showed two distinct periods; the first
accumulation phase from November to January and
the second active reduction afterward (Fig. 3). The
higher concentrations of glucose, fructose and sucrose
during overwintering to be
carbohydrate stubble
around root base. Firstly, they constitute carbohydrate

in shoots appeared

associated with storage in
reserves as a main storage in stubble (Smith and
Dale 1974; Booyen et al., 1975; Kim et al.. 2001).
Secondly, their breakdown can provide sucrose and
other sugars to increase osmotic potential and lower
the freezing point of cells (Turner and Pollock 1998).
Such decline has also been described for perennating
organs of other plants (Li et al., 1996; Cunningham
et al., 1998; Dionne et al., 2001). Especially, fructan
in creeping bentgrass continued to accumulate by
February (Fig. 4) with accompanying the increases in
simple sugars and sucrose. Fructan accumulation is
be a sink for carbon from current
of growth
requirement. Indeed, the stubble of creeping bentgrass

considered to
photosynthesis which is in excess
contained higher simple sugars and sucrose concen-
tration compared to the roots at any given sampling

date.
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Changes in mono- and disaccharide
concentration in shoot (@) and
roots (O) of overwintering creeping
bentgrass. (A) Glucose, (B) Fruc-
tose, (C) Sucrose. Each value is
the meanzs.e. for n=5.
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Fig. 4. Changes in fructan concentration
in shoot (@) and roots (O) of
overwintering creeping bentgrass.
Each value is the meanzs.e. for

n=5.

Fructan accumulation under cold stress has been
documented in cool-season grasses (Chatterton et al.,
1989), forage grasses (Pollock and Jones, 1979), and
1983). The data

fructan for

wheat and barley (Wagner et al,

obtained have shown that creeping
bentgrass mainly constitute carbohydrate reserves in
shoot involving root base (Fig. 4). Depolymerization
of reserves at subfreezing temperature is thought to
be an essential source of cryoprotective sugars in
grasses (Olien and Clark 1993; Dionne et al.. 2001)
and Pollock 1998:

In current study, the

and forage legumes (Turner
1998).

depolymerization of fructan

Cunningham et al,
in creeping bentgrass
coincided with the decline in mono- and disaccharide
February (Fig. 4). These

accumulation of simple sugars and

after indicate that the
sucrose by
mild-freeze in creeping bentgrass results from mainly
current photosynthesis and in part from fructan
hydrolysis.

Sucrose started to accumulate from November
when the mean temperature was between 5 and 10T
(Fig. 3C). These temperatures are unlikely to have
caused hardening (Dionne et al., 2001), and no tests

for hardening were included in this study. The peak

Cold Tolerance in Overwintering Turfgrass

sucrose concentration was shown
period. This agrees with previous
observations in grass species (Tronsmo et al., 1993;
2001) and winter cereals (Olien and
Clark 1993; Livingston 1996). It has been suggested
that sucrose plays an important cryoprotective role

in January, the
coldest result

Dionne et al.,

by stabilizing cell membranes and proteins (Hoekstra
et al. 1989), preventing adhesion of ice to critical
cellular tissue during freezing (Olien 1984). Thus.
sucrose levels in overwintering turfgrasses would be
one of determinant factors for low temperature
adaptation and freezing tolerance. A notably higher
decrease in simple sugars and sucrose from February
could be increase in  the
of new foliage (Fig. 2A) and an

increase in dry weight of roots (Fig. 2B).

associated with an
development

In conclusion, carbohydrate accumulation by freeze
temperature in winter is important compounds for
declining winter damage. With increasing temper-
ature, root regrowth dynamic was decided the
reserves pool size to recover turf quality.
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Cunningham. 1996. Seasonal changes in non-
structural carbohydrates, protein, and macro-
nutrients in roots of alfalfa, red clover, sweet
clover, and birdsfoot trefoil. Crop Science
36:617-623.

Livingston, D.P. IIl. 1996. The second phases of
cold hardening : Freezing tolerance and fructan
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