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Carbohydrates are the most important biochemical compounds in determining the quality of muskmelon
fruit, and their accumulation in the muskmelon (Cucumis melo L.) fruits as substrate tub plants in solar
greenhouse with different scion/rootstock graft combinations were studied. The results indicated that
Zhongmil/Shengzhen1 graft combination (GS) reduced all kinds of main sugars contents except
galactinol and stachyose throughout the whole fruit development. However, the effects of
Zhongmi1/RibenStrong graft combination (GR) on carbohydrates accumulation was less compared to
GS, in which sucrose content was lower than that in self-rooted muskmelon (CK) only on 32 DAA,
decreased raffinose content merely on 48 DAA, increased stachyose content only on 16 DAA and
reduced total sugar accumulation dramatically. Grafting (GR and GS) enhanced starch content in the
later fruit development. On the other hand, grafting GS significantly enhanced acid invertase or neutral
invertase activity during the whole development, sucrose synthase activity only on 8 DAA and reduced
sucrose phosphate synthase activity dramatically compared to CK during 16 to 48 DAA. Grafting GR
increased acid invertase activity only on 24 and 40 DAA and sucrose phosphate synthase activity
dramatically on 48 DAA. Grafting significantly increased alkaline a-galactosidase activity during 8 to 24
DAA; there were no significant differences between 32 to 48 DAA. Overall, considering the carbohydrate
accumulation, Zhongmi1/RibenStrong graft combination was a superior graft combination, followed by
Zhongmi1/Shengzhen1 graft combination.

Key words: Raffinose family oligosaccharides, scion/rootstock graft combination, galactose metabolism,

alkaline a-galactosidase, raffinose, galactinol, stachyose, starch.

INTRODUCTION

Melons are cultivated widely, as one of the global top ten
economic cultivated fruits, for their delicious sweetness
and high nutrient quality with flavor (Cheng et al., 2007;
Hui et al., 2009). However, due to limited availability of
arable land and high market demand for off-season
cucurbits (plants in the family Cucurbitaceae), melons
(including muskmelon, oriental melon among others) are
continuously cultivated under unfavorable conditions
worldwide including environments that are too cold, wet
and dry, or are cool low-light winter greenhouses. Succes-
sive cropping can increase salinity, the incidence of cucurbit
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pests, and serious devastating soil-borne diseases such
as melon wilt (Fusarium oxysporum f. milonis) and root-
knot nematode disease (Meloidogyne spp.) (Pavlou et al.,
2002; Lee and Oda, 2003). These could cause various
physiological and pathological disorders leading to severe
crop loss. To complicate issues, chemical control is costly,
not always effective and could harm the environment.
Grafting cultivation is widely being applied to overcome
these problems, especially as countermeasures to the
terrible muskmelon diseases and continuous cultivation
barrier (Lee, 1994; Zhang and Ge, 2002; Angela et al.,
2008). However, substantial studies confirmed that graf-
ting altered the muskmelon fruit quality to varying degree
(Jiao et al., 2000; Lee and Oda, 2003; Li et al., 2009). For
example, total sugar contents in grafted melon and water-
melon were lower than that in self-rooted ones (Liu et al.,
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2006; Xu et al., 2006). Therefore, the study about grafting
effects on carbohydrate content in muskmelon is of pro-
found significance for high yield and superior quality
cultivation.

Carbohydrates are the most important biochemical
compounds in determining the quality of muskmelon fruit,
of which the soluble sugars mainly consist of sucrose,
glucose, fructose and so on (Gross and Pharr, 1982;
Lalonde et al.,, 2003). The kind and amount of various
carbohydrates directly influence fruit flavor components
such as sweetness. Carbohydrate accumulation is closely
related to stachyose metabolism (Taji et al., 2002), photo-
synthates translocation capacity in phloem (Li, 2000;
Brian et al., 2003), galactose metabolism (Dai et al., 2003)
and sucrose metabolism in fruit (Sarah and James, 1987).
The terminal sucrose metabolism is more important for its
influence in the final carbohydrates accumulation (Zhang
et al., 2003). In addition, cucurbitaceae are model plants
in the study of the raffinose family oligosaccharides
(RFOs) metabolism and translocation, in which photoassi-
milates will coexist usually in the forms of stachyose,
partial raffinose and sucrose, of which stachyose and raffi-
nose will be under galactose metabolism upon being
unloaded to the fruits, or they will be under hydrolysis by
a-galactosidase prior to sucrose metabolism. Previous
researches though have indicated that grafting lessen
sugar content in fruits, these are only restricted to the
grafting effects on total soluble sugar or sucrose meta-
bolism (Xu et al., 2005; QI et al., 2006; Xu et al., 2006).
Therefore, study about the grafting effects on various
carbohydrates accumulation, RFOs hydrolytic metabolism
and sucrose metabolism in muskmelon fruit with different
rootstocks may not only serve a basis in selecting
superior graft combinations and in breeding special root-
stock cultivars for muskmelons, but also pave a way for
the further research in depth about mechanism of grafting
effects on muskmelon carbohydrate metabolism.

MATERIALS AND METHODS
Plant materials and sampling

Scion cultivar (Cucumis melo L. cv. Zhongmi1), a popular musk-
melon (commercial maturity on 40 days after anthesis [DAA] roughly)
and rootstocks (Cucurbita maximaxmoschata cv. RibenStrong and
Shengzhen1) were grown in a sand/soil/peat (1:1:1 by volume)
mixture. For grafting, rootstock seeds were sown for 7 days to
produce seedlings with approximately the same size of hypocotyls
as that of muskmelon. Tongue approach grafting was carried out at
the two-leaf stage of growth. Ungrafted plants (self-rooted control),
Zhongmi1/RibenStrong and Zhongmi1/Shengzhen1 graft combina-
tions were named as CK, GR and GS for short abbreviation, respec-
tively. Approximately 20 days after grafting, the seedlings were
transplanted into plastic pots (with upper diameter, base diameter
and height of 30, 24 and 25.5 cm, respectively) with NPK (2:1:2)
fertilizer in Liaoshen-2 solar greenhouse (Patent right possessed by
High-efficiency Industrialized Agricultural Engineering Technology
Research Center of Liaoning Province). All plants were managed as
in normal production after planted. To identify fruit of known age,
freshly opened female flowers were tagged onthe day of hand-

pollination and one fruit per plant was allowed to develop at 12th
node. Fresh weight per fruit was determined immediately on 8, 16,
24, 32, 40 (maturity) and 48 DAA (delayed harvest period). Meso-
carp was also collected on 8, 16, 24, 32, 40, 48 DAA, between 8:00
am and 9:00 am, frozen in liquid nitrogen and stored at -80°C for
carbohydrates and enzymatic activity assessment. All experiments
were repeated at least three times with three replicates in each
case.

Soluble carbohydrate analysis

Soluble carbohydrates in mesocarp were extracted with 80% (v/v)
ethanol (15 ml per 6 g sample FW) at 80°C for 1 h. Ethanol extracts
were collected and the pellets re-extracted twice using the same
method. The extracts were subsequently cleaned via a Waters Sep-
Pak column (C+g, Accell Plus QMA and Accell Plus CM), combined
and dried in a centrifugal evaporator (MAXI dry Lyo). The dry
extracts were dissolved in 500 ul ultra-pure water, filtered through an
acetate filter (0.22 um pore size, Nalgene) and 20 ul samples were
analyzed for sugar content by high performance liquid chromato-
graphy (HPLC) using a Waters 600 controller fitted with a Luna 5U
NHz 100R column (Phenomenex Separation Products, USA),
Waters 2410 Refractive Index Detector, Waters In-Line Degasser AF
and Waters 600 pump as previously described (Madore et al., 1990).
The separations were performed at 35°C and eluted with 75/25 (v/v)
acetonitrile/H,O at a flow rate of 1 ml/min. Fructose (Product No.
31140), glucose (Product No. G5400), sucrose (Product No. 84099),
raffinose (Product No. R0250), galactinol (Product No. 79544) and
stachyose (Product No. S4001) were determined by co-elution with
standards (SIGMA-ALDRICH Co., 3050 Spruce Street, St. Louis,
MO63103 USA). According to retention time to distinguish different
kinds of sugars, fructose, glucose, sucrose, raffinose, galactinol and
stachyose were detected at 4.858, 5.315, 6.710, 11.664, 12.885 and
21.923 min in Auto-Scaled Chromatogram of HPLC, respectively
(Figure 1). Waters Millennium software was used for controlling and
processing of data.

Enzyme extractions and activity assays

Mesocarp samples were finely grounded in liquid nitrogen using a
mortar and pestle. Approximately 1 g of the ground tissue was
suspended in 1 ml of ice-cold extraction buffer containing 50 mM
HEPES-NaOH (pH 7.5), 10 mM ascorbic acid, 2.5 mM dithiothreitol
(DTT), 10 mM MgClz, 10% (v/v) ethylene glycol (pH 7.5) and 1 mM
EDTA. The extracts were filtered through cheesecloth and centri-
fuged at 26,000 g (unit of speed) for 20 min at 4°C. The supernatant
was desalted by dialyzing for more than 20 h at 4°C.

Acid invertase (Al) and neutral invertase (NI) (EC 3.2.1.26)
activities were assayed in a final volume of 25 ml, containing 0.2 ml
of dialyzed enzymatic extract, 0.8 ml of reaction solution contained
100 mM NazHPO,, 100 mM sodium citrate, 100 mM sucrose and pH
4.8 or 7.2 for acid invertase and neutral invertase, respectively. The
activities were measured by the quantity of reducing sugars
released in the assay media with dinitrosalicylic acid. The reducing
sugars were revealed by incubation at 100°C for 5 min and read at
520 nm in a Cary 100UV:VIS spectrophotometer (GBC Scientific
Equipment Pty Ltd., Heareus, Germany) (Pinheiro et al., 2005).

Sucrose synthase (SS) (EC 2.4.1.13) activity was measured by
using 0.4 ml reaction mixture containing 50 mM fructose, 0.82%
UDPG, 100 mM Tris, 10 mM MgCl,, adding 0.2 ml enzyme at 37°C
for 30 min and bathing for 1 min at 100°C and a volume of 1 ml
reaction products adding 0.1 ml 2 M NaOH was placed in boiling
water bath for 10 min, cooled in water and then 3.5 ml 30% HCI and
1 ml 0.1% resorcinol was added. Blank controls were obtained by
adding distilled water to the reaction medium containing resorcinol.
The reducing sugars were revealed by incubation at 80°C for 10 min
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Figure 1. Auto-scaled chromatogram of high performance liquid chromatography on fructose, glucose, sucrose, raffinose, galactinol and

stachyose.

and read at 480 nm in a Cary 100UVVIS spectrophotometer (GBC
Scientific Equipment Pty Ltd., Heareus, Germany). Sucrose
phosphate synthase (SPS) (EC 2.4.1.14) was assayed by
measurement of sucrose produced from fructose 6-phosphate plus
UDP-glucose (Vassey and Sharkey, 1989; Wardlaw and Willenbrink,
1994).

The alkaline a-galactosidase (AGA) (EC 3.2.1.22) was assayed
using p-nitrophenyl-a-galactosidase as substrate. The reaction mix-
ture contained 5 mM p-nitrophenyl-a-galactosidase and 100 mM
HEPES buffer (pH 7.5) for alkaline form activity. Reaction was
started by adding 30 ul enzyme extract and terminated after 20 min
by adding 1 ml 5% (w/v) Na-COs. The enzyme activity was expres-
sed as micromoles of nitrophenol formation per minute by reading at
410 nm in a Cary 100UV:VIS spectrophotometer (GBC Scientific
Equipment Pty Ltd., Heareus, Germany) (Monika et al., 1999).

Data Analysis

SPSS 13.0 and Excel 2007 were used for data analysis and
graphing.

RESULTS

Grafting effects on various sugars contents in
muskmelon fruit

Fructose and glucose contents in muskmelon mesocarp
were quite high as 22.27 and 18.18 mg/g or so, respec-
tively, followed by sucrose, while the contents of galactinol,
raffinose and stachyose were extremely low in all
treatments (Figures 1A, 1B, 1C, 1D, 1E and 1F).

It is suggestive that upon arrival at the sink tissue, the
galactosel moieties of the translocated stachyose, raffi-

nose and sucrose were initially hydrolytically removed into
galactose metabolism efficiently which may take place in
the fruit pedicel or be associated with the fruit vasculature.
Therefore, fructose and glucose were accumulated
heavily during the early fruit development (Figures 2A and
2B). Their contents increased progressively prior to con-
siderable accumulation of sucrose (Figure 2C) in meso-
carp; however, these decreased slightly after the onset of
massive sucrose accumulation. Sucrose accumulation
was very low during 8 to 24 DAA and sucrose was piled
up rapidly during 32 to 48 DAA. Throughout the whole fruit
development, raffinose and stachyose contents showed a
decreasing trend gradually (Figures 2D and 2F). It is
noteworthy that stachyose level dropped dramatically
during the 8 to 24 DAA, then remained as low as 0.06
mg/g. On the other hand, galactinol content rose a little
during the 8 to 16 DAA and declined slowly during the 16
to 24 DAA, then rapidly lowered during the 24 to 48 DAA
(Figure 2E). On the whole, carbohydrate content in musk-
melon had varying degrees response to different grafting
stocks. Grafting GS reduced all kinds of main sugars
contents (P < 0.01) except galactinol and stachyose
throughout the whole fruit development. In addition, on 16
DAA grafting, GS increased stachyose content drama-
tically (P < 0.01). By contrast, the effects of GR on these
sugars accumulations were less than that of GS. There-
fore, sucrose content in GR was significantly lower than
that in CK on 32 DAA (P < 0.01) and had no significant
difference during the other periods. Grafting GR decrea-
sed raffinose content only on 48 DAA (P < 0.05) and
increased stachyose content on 16 DAA (P < 0.05);
however, it failed to meet the significant level during other
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Figure 2. The effects of different rootstocks on fructose, glucose, sucrose, raffinose, galactinol and stachyose contents in muskmelon fruit.

periods prior to considerable accumulation. increased gradually (Figure 3A). The accumulation rate of
total sugar was greater during 24 to 40 DAA and the
development trend was not changed by grafting. Total

Grafting effects on total sugar and starch content in sugar accumulation in GS was significantly lower than

muskmelon fruit that in CK (P < 0.01). In comparison, the effect of GR on
total sugar content was not noticeable.

During muskmelon fruit development, total sugar content Basically, the starch content experienced the same
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Figure 3. The effects of different rootstocks on total sugar and starch contents in muskmelon fruit.

tendency in different graft combinations and CK, which in-
creased steadily during 8 to 40 DAA, peaking at 40 DAA
thereafter decreased (Figure 3B). Starch contents in GS
and GR were significantly higher than that in CK during
the 32 to 48 DAA (P < 0.01), while increment of starch
content in GS was greater than that in GR when
compared to CK (P < 0.01).

Grafting effect on sugar metabolic enzyme activities
in muskmelon fruit

As shown in Figures 4A and 4B, basically, acid invertase
(Al) and neutral invertase (NI) activities depicted the same
decreasing trend in different graft combinations and CK.
Therefore, acid invertase activity gradually decreased in
different graft combinations and CK throughout fruit
development. Grafting GS significantly increased acid
invertase activity in all fruit development stages (P < 0.01),
but grafting GR increased acid invertase activity only at 24
(P < 0.01) and 40 DAA (P < 0.05). In addition, neutral
invertase activity had a gradual decreasing trend during
the whole fruit development in which overall activity was
lower than acid invertase during the same period after
anthesis. Grafting GS increased neutral invertase activity
during 16 to 48 DAA (P < 0.01), however, grafting GR did
not enhanced neutral invertase activity significantly in the
whole fruit development.

Grafting did not alter the development trend of sucrose
synthase (Synthesis Direction of SS), sucrose phosphate
synthase (SPS) and alkaline a-galactosidase activities
(AGA) (Figures 5A, 5B and 5C). Grafting GS increased
sucrose synthase activity on 8 DAA significantly in early
fruit development (P < 0.01), but decreased it during 40 to
48 DAA (P < 0.05). In contrast, the effect of GR on

sucrose synthase activity was not significant. Sucrose
phosphate synthetase activity experienced a gradual
increase tendency throughout the whole fruit development
and faster growth during 24 to 40 DAA. Grafting GS
reduced sucrose phosphate synthase activity dramatically
compared to CK during the 16 to 48 DAA (P < 0.05).
Grafting GR enhanced sucrose phosphate synthase
activity significantly on 48 DAA (P < 0.05), but significant
differences were not found in the rest periods (Figures 5A
and 5B). Alkaline a-galactosidase activities in all treat-
ments were at high level in early stage of fruit
development and quickly dropped after 24 DAA (Figure
5C). Grafting significantly increased alkaline a-galacto-
sidase activities during 8 to 24 DAA (P < 0.01); however
there were no significant differences during 32 to 48 DAA.
Therefore, alkaline a-galactosidase was induced by graf-
ting in early fruit development in which activity was enhan-
ced evidently.

DISCUSSION

Response of carbohydrate accumulation in
muskmelon fruit to different grafting rootstocks

Cucurbitaceae are model plants to study on RFOs
metabolism and translocation (Figure 6). Cucurbitaceae
are distinguished from most of sucrose-translocation
plants that generally carry out sucrose metabolism simply,
because their photoassimilates will coexist usually in the
forms of stachyose, partial raffinose and sucrose, of which
stachyose and raffinose will be under galactose
metabolism upon being unloaded to the fruits, or they will
be under hydrolytic metabolism particularly by a-galacto-
sidase prior to sucrose metabolism (Donald et al., 1992;

48
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Figure 4. The effects of different rootstocks on acid invertase and neutral invertase activities in muskmelon fruit.

Monika et al., 1999; Brian et al., 2003; Nir et al., 2006).
Galactosyl sucrose unloaded from phloem will be under
hydrolysis by alkaline a-galactosidase, a fact resulting in
the less content of raffinose and stachyose in muskmelon
fruits, a typical sucrose-accumulation plant with fructose
and glucose accumulation as the principle in early fruit
development, while sucrose accumulation occur as a
characteristic of its maturity (Gross and Pharr, 1982;
Monika et al., 1999). Carbohydrates unloaded to the fruits
after a series of energy consumption process and under
catalysis with sucrose metabolic enzymes will be turned
into a large amount of fructose and glucose mainly to
provide carbon sources for tissue growth and the rest may
serve as major source for reservation and energy (Nir et
al., 2003; Yu et al., 2008).

As this experiment indicates, besides the large propor-
tion of fructose, glucose and sucrose, there is a slight
amount of raffinose, stachyose and galactinol in musk-
melon mesocarp (Figure 2). In addition, fructose and
glucose content experienced a gradual rise in early fruit
development (during 8 to 32 DAA) and a gradual decline
in the later development (during 32 to 48 DAA). Mean-
while a large amount of sucrose accumulation begins after
32 DAA (Figures 2A, 2B and 2C). During the whole
development, raffinose and stachyose contents depict a
trend of progressive decline; however, galactinol content
showed a rising trend at first followed by a fast decline
(Figures 2D, 2E and 2F). In other words, it is interpretative
fact that a large portion of stachyose and raffinose among
translocation stream are unloaded into the fruit, or it was
not only sucrose metabolism, but galactose and sta-
chyose metabolism as well in muskmelon fruits (Gao et al.,
1999; Nir et al., 2006). Though some researches have
indicated that grafting may lessen sugar content in the
fruits, they are only restricted to the grafting effect on total
soluble sugar (Xu et al., 2005; Qi et al., 2006; Xu et al.,

2006; Angela et al., 2008). However, the experiment pre-
sented here is focused on the grafting effects on various
carbohydrates contents in the muskmelons. And the
results in the present paper demonstrated that grafting GS
decreased remarkably all kinds of carbohydrates contents
(P < 0.01) except for galactinol and stachyose during the
whole development period; meanwhile grafting GS increa-
sed stachyose content markedly on 16 DAA (P < 0.01).
However, by contrast, the effects of GR on these sugars
accumulations were less than that of GS. On 32 DAA, the
sucrose content in GR is evidently less than that in CK (P
< 0.01) while the difference is not obvious in other periods.
The raffinose content in GR is evidently less than that in
CK only on 48 DAA (P < 0.05). Grafting GR significantly
increased stachyose content only on 16 DAA (P < 0.05),
though it did not affect it remarkably as expected in the
other periods. As seen from the whole development
period, total sugar accumulation in GS is significantly less
than that in CK (P < 0.01) but GR graft combination
(Figure 3A). On the other hand, the starch contents in the
fruits on dissimilar grafting rootstocks were enhanced
remarkably (P < 0.01) (Figure 3B). Starch, which composi-
tion depends on sucrose supply, though its accumulation
depends on the rate of starch synthesis and decomposi-
tion, is the temporary sink for carbohydrates during the
whole fruit development (Tjaden et al., 1998; Stark et al.,
1991; Anna et al., 2007). The marked increase of the
starch content in the grafted muskmelon mesocarp may
result from the observation that grafting has accelerated
the transformation from soluble sugars to starch, so that
part of the soluble sugar may be reserved temporarily in
the form of starch and it may viewed as another reason for
the less total sugar content in the grafted ones compared
to self-rooted muskmelons. Meanwhile, the development
process of grafted muskmelon may be so delayed com-
pared to CK that the transformation rate from starch to
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Figure 5. The effects of different rootstocks on sucrose synthase, sucrose phosphate synthase and alkaline a-galactosidase activities in

muskmelon fruit.

soluble sugar could be slowed down and large amount of
starch accumulates in grafted muskmelon fruits finally.
Thus it is clear that the regulation on starch synthesis and
decomposition will be one of the critical steps in changing
carbohydrates contents in the grafted muskmelon fruits.

Response of carbohydrate metabolic enzymes in
muskmelon fruit to different grafting rootstocks

It was essential to elucidate the response of enzymes
involved in carbohydrate metabolism in muskmelon to
different grafting rootstocks for further studying in depth
about mechanism of grafting effects on muskmelon
carbohydrate metabolism. Sucrose metabolism is an
important part of carbohydrate accumulation (Figure 6B)
and sucrose-metabolic enzymes play a key role in fruit
sugar accumulation (Hubbard et al., 1989; Jiang and Li,
2005; Qi et al., 2005). In addition, as the initial enzymes in
RFOs catabolism, alkaline a-galactosidase hydrolytically

removes the terminal galactose moiety of RFOs un-
remittingly for carbohydrates unloading (Figure 6A). The
alkaline a-galactosidase are also classified as acid and
alkaline forms according to the optimal pH for their
maximal activities and most of the eukaryotic a-galactosi-
dase studied to date are acidic a-galactosidase, with
broad pH optima in the acidic range (Nir et al., 2003).
However, a large number of studies on acidic form
a-galactosidase have shown at present that they play a
major role just in seed development and germination. By
contrast, the alkaline a-galactosidase studied in the
present paper hydrolyze both raffinose and stachyose
efficiently, accounting for the distribution of carbohydrates
and the catabolism of translocated RFOs in cucurbits
(Gao et al., 1999; Nir et al., 2003). It is also a key enzyme
for fruit development and sucrose accumulation to provide
a guarantee prior to the catabolism of UDP-galactose/
glucose pyrophosphorylase for normal operation of
sucrose metabolic pathway. This study showed alkaline
a-galactosidase is related with the maintenance of fruit
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(Hubbard et al., 1989; Monika et al., 1999; Nir et al.,, 2006; Anna et al., 2007). 1.

a-galactosidase; 2.

galactokinase; 3. UDP-Gal PPase and UDP-Galactose/Glucose Pyrophosphorylase; 4. UDP-Gic 4-epimerase; 5.
UDP-Glc PPase; 6. Phosphoglucomutase; 7. Phosphoglucose isomerase; 8. Sucrose phosphate synthase; 9.
Sucrose-6-phosphatase; 10. Invertase; 11. Sucrose synthase ( Synthesis Direction and Decomposition
Direction ). Frame A and B in figure refer to RFOs Hydrolytic Metabolism by a-galactosidase and Sucrose
Metabolism by sucrose phosphate synthase, invertase and sucrose synthase, respectively.

sink strength and enlargement closely. It is one of the
intrinsic reasons for GS’s increasing single fruit weight
(data not shown) that grafting GS significantly increases
acid and neutral (except 8 DAA) invertase activities during
the whole fruit developmental stages (P < 0.01) and
enhances alkaline a-galactosidase activities during the
early fruit developmental stage (P < 0.01) (Figures 4A, 4B
and 5C). However, it is not conducive for sucrose

accumulation that grafting GS reduces sucrose synthase
and sucrose phosphate synthase activities (Figures 5A
and 5B). By contrast, grafting GR increased acid invertase
activities dramatically on 24 (P < 0.01) and 40 DAA (P <
0.05) only, however, slightly reduce sucrose synthase and
sucrose phosphate synthase activities during the whole
development apart from 48 DAA. It had no significant
effects on neutral invertase activity. In general, it is



suggestive that GR may be a more appropriate grafting
combination for faintly influencing sucrose metabolic
enzymes activities as a whole.

The relationship between carbohydrate accumulation
and carbohydrate metabolic enzyme activities in
grafted and self-rooted muskmelon

As the first step toward the further research in depth about
mechanism of grafting effects on muskmelon
carbohydrate metabolism, it is necessary to elucidate
enzymes involved in carbohydrate metabolism and clarify
the relationship between carbohydrate accumulation and
carbohydrate metabolic enzyme activities in the grafted
and self-rooted muskmelons. In this experiment, invertase
activity was at a much high level during early fruit
development stage. It declined rapidly as the fruit
development proceeds and acid invertase activity was
higher than neutral invertase activity in the corresponding
stages (Figures 4A and 4B). Sucrose synthase activity
was relatively higher in the early development, but
declined to the lowest levels before it got a progressive
rise again (Figure 5A). Sucrose phosphate synthase
activity is rather lower in the early and middle
developmental stages, while it is at a rapid rise in the later
stages (Figure 5B). As what has been indicated, acid
invertase with high activity and sucrose phosphate
synthase with low activity in the early development stages
can be considered as one of the prerequisites for the
large amount of glucose and fructose accumulation
(Lingle and Dunlap, 1987; Hubbard et al., 1989). Invertase
with high activity when participating in metabolism may
not only supply hexose as carbon source for the rapid
growth of the sink tissues, but also play an important role
in maintaining sink strength for ensuring a constant import
of sucrose, which is also an element in respiratory
substrate simultaneously in the fruitlet (Koch, 2004).
Invertase in the muskmelon fruits will change sucrose into
glucose and fructose under sucrose hydrolysis to retain
osmotic pressure for the development of cells, since
higher osmotic pressure in early fruit growth stage can
ensure favorable moisture absorption. It is similar to the
results gotten in this experiment which showed that
tissues under rapid growth generally enjoy high acid
invertase activity (Tian et al., 2009), with a lower neutral
invertase activity in immature fruits. In addition, the large
accumulation of sucrose commences when sucrose
phosphate synthase activity increased rapidly and acid
invertase activity remained at the relative low level during
later fruit growth stage. This provided the conditions for
sucrose accumulation. But as some research has
indicated, acid invertase and neutral invertase activity
during early development stage for specific melon breeds
are not so high, while sucrose synthase (Decomposition
Direction) activity is particularly high so as to make up for
the deficiency of invertase activities to hydrolyze sucrose.
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Thus it is clear that sucrose metabolic enzymes in
different kinds of fruits may play different roles in sugar
accumulation (Zhang et al., 2003). The overall effect of
sucrose metabolic enzymes should be taken into
consideration in the study on sugar accumulation
mechanism using the net activity of enzymes as an index
for such a general effect (Zhao et al., 2001). Thus it could
be seen from this experiment that the category and
activity significance in sugar metabolic enzymes in the
grafted muskmelon exerted an indirect influence on the
sugar accumulation. In addition, many past researches
have made it clear that there were some kinds of
a-galactosidase as acid and alkaline forms in other
Cucurbitaceae such as cucumbers and pumpkins.
Alkaline a-galactosidase in the pumpkin leaves during
early development period (pH = 7.5) is four times as much
as that of acid a-galactosidase (pH = 5.4) (Gaudreault and
Webb, 1983). Alkaline a-galactosidase activity can alter
as plant development proceeds and regulate unloading in
sinks and as it has been shown that alkaline
a-galactosidase activity in the pumpkin leaves in the early
development is much high, while it declined as the sink
activity declines (Gaudreault and Webb, 1982). It is
indicated that alkaline a-galactosidase is critical in grape
fruit development (Han-Chul and Seon-Hwa, 2001),
because alkaline a-galactosidase activity experiences a
fast growth from 4 weeks to 8 weeks, though not so high 4
weeks prior to grape fruiting. In this experiment, the
alkaline a-galactosidase activity depicts a high level in
early development stage, but declined rapidly up to its
extremity after 24 DAA (Figure 5C). The higher alkaline
a-galactosidase activity in early growth stage guarantees
the generation of a large amount of sucrose and
galactose. This is favorable in providing plentiful glucose
and fructose as carbon sources as the fruits enlarge
rapidly. Though, it will be advantageous to the
decomposition of stachyose and sucrose along with the
accumulation of glucose and fructose that invertase and
alkaline a-galactosidase activities increased while
sucrose synthase and sucrose phosphate synthase
activities decreased in grafted muskmelon fruits, the
glucose and fructose contents in the grafted muskmelon
fruits were still reduced and total sugar content also de-
creased as well by grafting rootstocks. There are several
reasons for this. First, the translocated sugars in sink fruit
were reduced by the competition from vigorously growing
grafting rootstocks and the reduction extent was greater
than sucrose decomposition capacity into glucose and
fructose. In other words, due to relative reduction of
sugars translocated to the fruit for the competition from
root sink strength, hexose (fructose plus glucose) as
carbon source was consumed by the rapid growth of the
sink  fruit.  Secondly, grafting accelerates the
transformation from soluble sugar to starch dramatically.
In addition, grafting may influence the carrier-mediated
membrane transport or long-distance transport governed
by mechanisms of retention and reclamation along the
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transport pathway (Brian et al., 2003). Thus, further
studies in depth are still required on the grafting
mechanism affecting carbohydrate accumulation in
muskmelon fruits.

Conclusion

The category and activity significance in sucrose
metabolic enzymes in grafted muskmelon fruits exert an
in- direct influence on sugar accumulation. According to
the carbohydrates accumulation in muskmelon fruits,
Zhong mil1/RibenStrong graft combination is much
superior for its effects on carbohydrate metabolic
enzymes activities. This is followed by Zhongmii/
Shengzhen1 graft combination. Thus, it is expected that
the agriculturists and scientists in the world will decrease
the number of negative quality issues arising from grafted
muskmelons and breed improved scion/rootstock graft
combinations as well as screen for superior ones in order
to harvest higher carbohydrates accumulations level or
quality muskmelon fruits. Predictably, the desired goal that
grafting can enhance muskmelon fruits quality under
better specific rootstocks and cultivation circumstances
should be achieved
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