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ABSTRACT
A novel form of hydroponic culture was employed to explore the physiological function of roots of a tea plant (Camellia sinensis). The pH of the nutrient solution with an actively growing tea plant decreased during cultivation. Furthermore, no oxalic acid, tartaric acid, malic acid or citric acid, all possible factors in acidification, was detected in the nutrient solution of a growing plant. A proton pump inhibitor suppressed the acidification of the solution. Soil acidification might have been accelerated with a proton released from ammoniacal nitrogen preferentially for the growth, suggesting the specific mechanism of tea plant as a functional food.
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1. Introduction
Plants use unique physiological functions and growth
characteristics to protect themselves against natural enemies and environmental stress such as draught and
chemicals. The roots of a plant play an important role in
growth, and they are related to the biosynthesis that adds
to the plant’s leaves. It is well known that most of the
plants release organic acids to acidify the soil, leading
making it easier for plants to take easily metals, such as
iron, into the body for the growth by solubilization;
moreover, and most plants release organic acids from the
root to combine with aluminum, a trace element in soil,
to prevent the intake of aluminum, which is toxic for
growth [1,2]. These mechanisms are important because it
is impossible for plants to move like animals [3].
Morita et al. [4] reported that a tea plant (Camellia
sinensis) absorbed aluminum from the roots and then
combined it with oxalic acid inside its body in order to
inhibit the aluminum’s toxicity. A tea leaf contains catechins, GABA (γ-aminobutyric acid), and teanine as secondary metabolites, which have functions in the human
body when tea is consumed as a beverage. In addition, a
tea plant exhibits remarkable growth under acidic conditions and aluminum supply, which are its specific properties [5].
Recent excessive use of fertilizers containing nitrate
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has caused acidification of the soil around tea fields,
leading to environmental pollution, and this has become
a serious problem. However, it could not be determined
with certainty whether the roots would release the organic acids needed to naturally acidify the soil as done
by most plants, even though an acidic soil is suitable for
the growth of tea plants, because soil cultivation has disturbed the conditions for investigating the specific role of
roots in detail.
This is the first study to explore the physiological
function of the roots of a tea plant cultivated by a novel
form of hydroponics to examine the effect of the roots
zone.

2. Materials and Methods
For the samples used in this study, tea cuttings (var.
Yabukita) were cultivated in a soil for several months
until rooting, and then rooted tea cuttings were transplanted to a nutrient solution (pH 4.3) containing aluminum (10.8 mg/L) based on Hoagland’s solution [6]. The
plant was cultured in the solution with continuous aeration under controlled conditions in an incubator (Biotron,
Nihonika, Japan). Day/night temperatures were kept at
25/18˚C, photosynthetic photon flux density (PPFD) at
the plant was 40.0 μmol·m–2·s–1 during a 12 h daytime,
and the relative humidity was about 60%. The pH in the
nutrient solution was measured at room temperature usAJPS
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ing a pH meter (Horiba, Japan). The organic acids of the
nutrient solution were analyzed using a HPLC system
(Shimadz, LC10AD, LC-10AD pump, a SPD-10AV UVVis detector controlled via Class LC-10 data acquisition
software, Japan) equipped with a column (Showa Denko
K. K, Shodex RSpac KC-811, Japan) [7]. Organic acid
peaks (oxalic acid, tartaric acid, malic acid and citric acid)
were identified by comparing their UV-Vis spectral characteristics and retention times with those from commercial standards supplied by Wako Pure Chemicals Industry, Ltd., Japan. NH 4 -N in the solution was measured
by an indophenol blue absorptiometric method [8], and
Erythrosine B (Wako Pure Chemicals Industry, Ltd.,
Japan) was employed as a proton pump inhibitor.

3. Results and Discussion
The change in pH in the nutrient solution was measured
for nine days. The pH of the solution in a plant with vital
roots gradually decreased from pH 4.3 to 3.8. However,
no change was seen in the solution of a damaged plant
without vital roots, which was damaged with an alkaline
solution for seven days before the experiment (data not
shown). Moreover, a high correlation was seen between
the consumption of the solution and the pH decrease
during growth (Figure 1). There was no effect of evaporation of the nutrient solution on pH change, while having many roots did contribute to a quick decrease in the
pH (data not shown). The change in pH in the solution
might be an indicator of a tea plant’s growth; in other
words, the acidification of a sphere of roots is obviously
the distinctive function of a tea plant’s growing process,
indicating that specific substance(s) released from the
roots possibly cause the decrease in pH.
It was reported that citric and malic acids are secreted
from roots for strong tolerance to aluminum under the
ground [3,9]. Organic acids were thought to be key sub-

stances that acidify the nutrient solution in which a tea
plant is cultivated; however, oxalic, tartaric, malic and
citric acids, which are the main organic acids of plants,
were not detected in this study’s analysis of a solution of
active tea plants after the cultivation. Consequently, this
observation shows that the roots of a tea plant did not
release organic acid(s) to acidify the solution (Table 1).
The pH of a solution is basically a quantitative disequilibrium of the cation and anion, and thus the acidification would be caused by the positive action of roots
toward growth, which is a possible function. Most ions
absorbed by the root are nitrogenous ions ( NH 4 -N and
NO3 -N ) as nutrition, but ammonium and nitrate ions
exist in the nutrient solution as well as in soil. That is,
roots absorb ammonium ion, which leads to acidification
of the soil, while absorption of nitrate ions leads to alkalinity. The concentration of NH 4 -N in the solution was
measured during growth, and the results showed that pH
decreased with NH 4 -N consumption, since there was a
high correlation between these activities (Figure 2). This
result shows that the acidification of the nutrient solution
was probably caused by proton release from the roots due
to the absorption of ammonium. In Figure 3, a proton
pump inhibitor, Erythrosine B, which specifically reacts
with the protoplasmatic membrane, was used to confirm
the effect of a proton on the pH decrease in the solution
[3]. The proton pump inhibitor suppressed the acidification of the solution in a dose-dependent manner, indicatTable 1. Analysys of organic acids in the nutrient solution.
Orgaic acid

Incubation time (day)
1

4

7

10

L-Malic acid

ND

ND

ND

ND

Tartaric acid

ND

ND

ND

ND

Oxalic acid

ND

ND

ND

ND

Citric acid

ND

ND

ND

ND

ND: not detected.

Figure 1. Consumption of nutrient solution and pH decrease
in the growth culture.
Copyright © 2012 SciRes.

Figure 2. Ammoniacal nitrogen consumption and pH change
in the nutrient solution.
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Figure 3. Effect of proton pump inhibitor on the acidification of nutrient solution. ●: 10 mM Erythrosine B, ■: 1 mM
Erythrosine B, ▲: control.

ing that proton from ammonium ion obviously decreased
pH (Figure 3). These results were supported by a report
of Dr. Konishi [5] that a tea plant likes NH 4 -N much
more than NO3 -N as nitrogenous nutrition. This property of roots may lead to produce functional metabolites
for human health. Especially theanine, an amino acid,
synthesized in the roots, cannot be found in any other
plant except for one non edible mushroom.
In conclusion, the acidification of soil was probably
accelerated by a proton released from NH 4 -N in the
course of nutrient adsorption for growth, and may related
with the functional metabolites. The novel form of hydroponics revealed the effect of the function of a tea
plant’s roots on soil, and the findings could contribute to
new possibility for physiological function of a tea as a
functional food other than a solution to the environmental pollution of acidic soil around tea fields.
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