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Sugars are one of the most important factors determining the taste and texture of asparagus (Asparagus
officinalis). In this study, we quantified soluble and insoluble sugars in asparagus spears grown in four
different agricultural fields. We measured soil chemical properties in each of the fields, and further
investigated the relationship between sugar contents in the spears and soil chemical properties. We
found a possible relationship between the contents of glucose and fructose and values of cation exchange
capacity, available phosphoric acid, and exchangeable calcium and magnesium in the soil. These
findings will be useful information for improving asparagus quality.
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Asparagus (Asparagus officinalis) is a long-lived peren‐
nial that can be harvested every spring when spears begin
to appear. Asparagus is known as a nutritious vegetable that
contains high levels of amino acids,1) minerals,2) and vita‐
mins. 3) Since asparagus also contains functional com‐
pounds such as saponins,4) rutin,5) and asparaptine,6) it is be‐
lieved to have advantageous effects on human health. Sugar
content is one of the most important factors determining the
eating quality of asparagus, e.g., glucose, fructose, and su‐
crose contribute to sweetness, and polysaccharides affect
texture.7) Previous reports have shown that the major stor‐
age carbohydrates of asparagus are sucrose and fructans,
which are accumulated in the roots and hydrolyzed to hex‐
ose to be used as the energy source for spear
development.8)9) Since the sugar content of asparagus spears
is highly dependent on transport from underground organs,
the contents rapidly decrease after harvest.7)10) Therefore,
high sugar content in preharvest spears is necessary to im‐
prove and maintain quality for commercial purposes. Previ‐
ously, Maeda et al.4) reported that there was no significant
difference in the sugar contents of green and white aspara‐
gus spears, whereas protodioscin content was apparently
higher in white asparagus spears, implying that sugar con‐
tent may be affected by other environmental factors such as
temperature and soil properties. Although the effect of tem‐
perature on sugar content in asparagus has been investiga‐
ted,11)12) to the best of our knowledge, the effect of soil
properties has not been estimated.

In this study, we used green asparagus (A. officinalis cv.
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Welcome) grown in Kanegasaki-cho, Iwate Prefecture, Ja‐
pan. After harvest, samples were cut into apical, middle,
and basal sections of 6 cm each in length, and immediately
freeze-dried. Asparagus spears were harvested from four
different agricultural fields (#1 to #4) to determine whether
there is a relationship between sugar content and soil chem‐
ical properties. First, soil pH, electrical conductivity (EC),
cation exchange capacity (CEC), available phosphoric acid
(P2O5), exchangeable calcium (Ca), magnesium (Mg), po‐
tassium (K), and base saturation (BS) of each agricultural
field were measured using standard protocols as described
by Loan et al.13) (Fig. 1A). The pH of the soils was within
the weakly acidic range, with the highest pH (6.6) in field
#1 and the lowest (5.7) in field #3. EC is the ability of soil
to conduct electrical current and is used as an indicator of
salinity level. The EC values of fields #2 and #3 were
greater than those of fields #1 and #4. CEC is a parameter
that represents the total capacity to hold cations; the highest
CEC value was observed in field #2 and the lowest was ob‐
served in field #1. The contents of P2O5, Ca, Mg, and K
were lowest in field #1, but the contents of P2O5, Ca, and
Mg were highest in field #2, whereas the content of K was
highest in field #3. BS is the percentage of the CEC that is
occupied by three major cations (Ca, Mg, and K). BS of the
soils in this study varied from 67.6 to 93.1 %. High BS
(over 90 %) was observed in the soil of fields #1 and #2,
suggesting that the soil materials were almost saturated
with cations. Although apparent differences in soil proper‐
ties were observed, there were almost no differences in the
appearance of spears harvested from the four agricultural
fields (Fig. 1B). These results indicate that the effect of soil
properties on the growth of asparagus spears is small, at
least with respect to the parameters used in this study.

Next, the sugar contents in the apical, middle, and basal
sections of the spears were quantified (Fig. 2). Soluble sug‐
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ars were quantified by liquid chromatography- quadrupole
time-of-flight mass spectrometry according to the method
of Takahashi et al.14) Among the soluble sugars, glucose
and fructose were dominant, followed by sucrose in all of
the sections. The abundance of sugars in asparagus spears
has also been reported.15) In the present study, raffinose

Soil properties of the four agricultural fields used to grow
green asparagus.

　(A) Soil properties of each of the four fields. Soil was collected at
two points in each field and the average of each parameter is presen‐
ted. (B) Photographs of green asparagus samples from each of the
four fields. Scale bars represent 5 cm.

Fig. 1.

content was apparently higher in apical sections compared
to other sections. The contents of glucose, fructose, and xy‐
lose increased from apical to basal sections of all spears,
and the contents in basal sections were from 2.3- to 4.1-fold
higher than those in apical sections. On the other hand, the
contents of sucrose and raffinose decreased from apical to
basal sections, except for sucrose content in field #2. We
therefore measured invertase activity according to the
method of Takahashi et al.16) The activity increased from
apical to basal sections (Fig. 3), suggesting that hydrolysis
of oligosaccharides; especially sucrose, may be related to
the amounts of glucose and fructose. The contents of glu‐
cose, fructose, xylose, and sucrose in all sections were
highest in field #2. We also measured the contents of starch
and cell wall sugars. Extraction of starch and hemicellulose
were sequentially carried out by treatment with amylase
and 1M NaOH containing 0.1 % (w/v) NaBH4 based on a
previous report.17) The residual insoluble materials were de‐
fined as cellulose. The amounts of the extracted sugars
were calculated from the absorbance at 640 nm after stain‐
ing with 0.5 % (w/v) anthrone in H2SO4 based on a stand‐
ard calibration curve for glucose. Starch contents were sim‐
ilar in apical and middle sections, but were higher in basal
sections than other sections. On the other hand, hemicellu‐
lose contents were highest in middle sections. A previous
report showed that asparagus spears contain hemicellulose
such as arabinan, xylan, xyloglucan, heteromannan, and
arabinogalactan.18) In this study, we detected a significant
amount of xylose, suggesting that xylan or xyloglucan may
be the major hemicellulose. Our results also showed that
hemicellulose is accumulated in the most expanding region
of asparagus spears.15) This is in agreement with the previ‐
ous finding that accumulated xyloglucan was observed in
the elongation region of pea stems.19) We also found that

Effects of soil properties on sugar contents of asparagus spears.
　Sugar contents in apical (white bars), middle (gray bars), and basal (black bars) sections of spears harvested from each agricultural field (#1 to
#4) were compared. Values represent the mean ± standard deviation calculated from three independent experiments.

Fig. 2.
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cellulose contents increased from apical to basal sections. It
is reported that the hardness of asparagus spears increases
towards the bottom,20) suggesting that cellulose contents
contribute to the hardness of spears. The contents of hemi‐
cellulose and cellulose in spears of field #1 were highest
among the spears tested, whereas the contents of glucose,
fructose, and xylose were lowest.

We also carried out correlation analysis to assess the re‐
lationship between sugar contents and soil properties (Table
S1; see J. Appl. Glycosci. Web site). Pearson’s correlation
coefficient (r) and P-value were calculated using Excel
2016 (Microsoft). The pairs possessed a high correlation (r
> 0.85) in all sections, as shown in Fig. 4. We found a pos‐
sible correlation between soil properties and the contents of
glucose and fructose. A significant positive correlation was
observed between glucose content and CEC (p < 0.05) and
a similar trend was also observed between fructose content
and CEC. Furthermore, the contents of glucose and fructose

Comparison of invertase activity in asparagus spears.
　Invertase activity in apical (white bars), middle (gray bars), and
basal (black bars) sections of spears harvested from each agricultural
field (#1 to #4) were measured. Values represent the mean ± standard
deviation calculated from three independent experiments.

Fig. 3.

increased with the increase of P2O5 content in soil. Glucose
content showed a correlation with soil Mg content, whereas
fructose content showed a correlation with soil Ca content.

In conclusion, we evaluated the chemical properties of
soil from four different agricultural fields and measured the
sugar contents of asparagus spears grown in each field. We
found a possible relationship between the contents of glu‐
cose and fructose in asparagus spears with the values of
CEC, P2O5, Ca, and Mg in soil. Although the effects of soil
on plant metabolism are mainly focused on soil compo‐
nents such as nutrients and organic materials, this study re‐
vealed that soil chemical properties also affect metabolite
levels in plants.

However, there are still some points we have to consider.
For example, sugar contents are known to be affected by
soil nitrogen fertility. Since we found that the content of
glutamine, one of the parameters of nitrogen assimilation,21)

showed little variation in the spears (Fig. S1; see J. Appl.
Glycosci. Web site), nitrogen in the soil might also affect
sugar contents in the spears. Furthermore, since rhizomes
are a source of sugar, sugar contents in the spears are prob‐
ably affected by those in the rhizomes. Both of these possi‐
bilities should be examined in future research. Because as‐
paragus is a vegetable with a short shelf life, postharvest
treatment of asparagus has been vigorously studied. On the
other hand, there are few reports about the cultural environ‐
ment affecting the sugar content of asparagus spears despite
sugar being an important determinant of taste and texture.
Our results will be useful as an agronomic factor for influ‐
encing the quality of preharvest asparagus.
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Correlation between sugar contents in asparagus spears and soil properties.
　Sugar concentrations in apical (circles), middle (triangles), and basal (squares) sections were plotted against soil property values. Pearson's
correlation coefficient (r) values are also presented. Significant differences are shown with asterisks (*P < 0.1; **P < 0.05).
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