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Gravitropic Reaction in the Growth of Tea Roots
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Abstract : In Japan, tea (Camellia sinensis (L.) Kuntze) seedlings are propagated by cutting. A root system of
clonal plants by cutting consists of adventitious roots and lateral roots. Most of the roots grow horizontally, which
results in a shallow distribution of the root system. Such a shallow root system could be one of the factors
contributing to the deterioration of nutrient uptake and resistance to water stress. Gravitropism of the roots is
considered to be a decisive factor that controls the depth of a root systern. The authors have investigated changes
in the growth direction of roots to gravitative stimulus, using several kinds of roots (seminal roots, lateral roots
and adventitious roots) . Furthermore, amyloplasts in the root-cap cells, which are considered to be an equipment
sensing gravistimulus, were observed. Seminal roots prominently showed orthogravitropism and contained many
amyloplast particles in their root cap cells. Most lateral and adventitious roots showed plagiogravitropism,
growing in an angle to gravistimulus, and lacked observable amyloplast particles in their root cap cells. The results
suggest that the shallowing of root systems of clonal tea plants could be attributed to a gravitropic reaction of
the adventitious and lateral roots composing the root system. There could also be a close relationship between
the growth direction of roots and the presence of amyloplasts in root-cap cells.
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Seminal root, Tea plants.
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Tea plants (Camellia sinensis (L). Kunze) in
Japan are generally reproduced by cutting to
keep genetic uniformity. The root system of
clonal plants, however, shows significant dif-
ferences from that of seedling plants. The most
remarkable difference appears to be in distri-
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bution. Although seedling plants have a deep
root system with thick seminal root growing
downward no 1 m or greater depth®, clonal
plants have no seminal root but show seven to
eight thick adventitious roots growing oblique-
ly!®. In clonal plants, the change in composi-
tion of roots leads to a shallow root system in
which most of roots distribute within a range
of 30~50 cm in depth? (Fig. 1). The change
in the root system by clonal propagation could
affect the efficiency of nutrient uptake and
resistance to water stress. Heavy manuring
culture in tea fields®” and severe damage to
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the root system by the drought in 1995 and
1996V are considered to be closely related to
the distribution of roots in the clonal plants.
Several techniques, such as cutting with nurs-
ery pots or vinyl chloride pipes and trenching
in fields prior to transplantation, have been
invented to promote a deeper root system?.
Their effects, however, are limited to only
young plants. To continuously control the
formation of root systems, morphological and
physiological approaches to root growth of tea
plants are indispensable. The authors have
studied the relationship between root variety
and gravitropism and considered the relation-
ship between the sensitivity to gravity and the
amyloplasts in root-cap cells for several kinds
of roots.

Materials and Methods

Experiment I : Growth direction of sem-
inal roots
The seedlings of Chinese variety (cv. Yabu-
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Fig. 2. Diagram showing root box turning and

change in direction of gravistimulus affecting
roots by turning.
A : Growth direction of roots before turning a
root box by 90°. B : Growth direction of roots
after turning a root box by 90°. & : Angle to
the perpendicular line (P).

Fig. 1. Root system of a four-

year-old clonal tea plant by
cutting.
Five to six thick adventitious
roots grew almost transver-
sely and most of the roots
distributed up to 40 cm in
depth.

kita) and Assam variety (Ai37) were used.
Two seeds each were sown in 10 transparent
acrylic root boxes (length : 200 X width : 200 X
depth : 20 mm) filled with wet vermiculite in
late May 1995. The plants were grown under
room temperature. The angle to the
gravitative direction and length of each semi-
nal root were measured 2 weeks after rooting.
Thereafter, the box was laterally turned by 90°
and an angle of roots to the direction of
gravity and length were measured 2 weeks
later (Fig. 2). The root boxes were covered
with aluminum foil during the experimental
period to shade the roots.

Experiment 11 : Growth direction of lat-

eral roots on a seminal root

The seminal roots of Chinese and Assam
varieties that were grown in L-shape in Experi-
ment I, at which no lateral roots were initiated
yet, were used for the experiment. Twenty
seminal roots were replanted in transparent
acrylic root boxes (length : 200 X width : 200 X
depth : 20 mm) in late June 1995 after they
were removed the tips by about 10 mm in
length. The seedlings were grown under room
temperature. Lateral roots formed on seminal
roots were classified into 4 types (A-D)
according to the site of their initiation (Fig. 3).
The angle of lateral roots to the gravitative
direction and length were measured 2~3
weeks after rooting. Thereafter, the root boxes
were laterally turned by 90° and the angle of
roots to the gravitative direction and length
were measured 2~3 weeks later. The root
boxes were covered with aluminum foil during
this period.
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Fig. 3. Seminal and lateral roots exercised in the
experiments.

S indicates a seminal root bending to L-shape
through growth reaction in Experiment I.
Type A-D roots show lateral roots newly
initiated on seminal root removed about
10 mm of the tip just after Experiment I. L
shows a lateral root initiated on a lignified

root segment incubated with wet vermiculite.

Experiment III:Growth direction of

lateral roots on lignified roots

Twenty segments of lignified roots (5~7
mm in diameter and 50 mm in length) were
sampled from 3-year-old plants of Chinese
variety (cv. Yabukita) in August 1995. Each
segment was horizontally placed in a transpar-
ent acrylic root box (length : 200X width :
200 X depth : 20 mm) filled with wet ver-
miculite and kept at room temperature. The
angle of the lateral roots on the segments to
the direction of gravity and the length were
measured 3 weeks after rooting. Thereafter,
the boxes were laterally turned by 90° and the
angle of the lateral roots to the direction of
gravity and the length were measured 3 weeks
later. The root boxes were covered with alumi-
num foil during this period.

Experiment IV :Morphology of root-

clonal plants of Chinese variety (cv. Yabu-
kita) were used. About 40 seeds and 15 seg-
ments of lignified roots of 5 cm in length
obtained from the root systems of clonal plants
were incubated using wet vermiculite under
room temperature from July to August, 1995.
Cuttings were rooted in a nursery bed during
the same season. When each young root grew
sufficiently, about 3 mm of root tips were cut
from seminal roots, lateral roots and adventi-
tious roots of cuttings. They were sliced longi
tudinally to a thickness of 30 ym with a mi-
crotome without being fixed and immediately
stained by an iodine potassium iodide solu-
tion. The sections showed amyloplast particles
in the cells with an optical microscope (x40
-1000) .

Results and Discussion

Experiment I : Growth direction of sem-

inal roots

Seminal roots of Chinese and Assam vari-
eties grew almost vertically not only in the
early stage of growth but also in the latter
stage after turning a box by 90° during
growth. When the direction of gravistimulus
affecting the roots changed, they immediately
reacted toward the gravistimulus and tilted
toward the gravistimulus in 12 hours (Table
1). This growth reaction, showing the strong
orthogravitropism, indicated that the seminal
roots of tea seedlings have a high sensitivity to
gravistimulus. The marked orthogravitropism
of the seminal roots was considered to be an
essential factor to also determine direction of
root growth in tea plants. The deep root sys-
tem of the seedling plants could be attributed
to the orthogravitropic property of the seminal
root.

Experiment II : Growth angle of lateral

cap cells roots on a seminal root
The seedlings, cuttings and 3-year-old The lateral roots were initiated on various
Table 1. The length and growth angle to the gravitative direction of seminal roots.
Variety Length 1 Angle 1 Length 2 Angle 2
Assam 47.24+15.1 11.0+8.9° 2724 95 11.2+7.1°
Chinese 41.4+14.9 12.1+8.8° 37.6+12.7 10.1+8.6°

Values are means of 20 roots+S.D.

Length 1: Length of roots before turning (mm).
Length 2 : Length of roots after turning (mm).

Angle 1: Growth angle before turning.
Angle 2 : Growth angle after turning.
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parts of a seminal root. They were grouped
into 4 types (A-D) according to parts initiated
on an L-shaped seminal root. The type A roots
were initiated on the lateral face of a vertical
axis and grew toward gravistimulus after reor-
ientation. The type B roots were initiated on a
lateral face of the vertical axis and grew
against gravistimulus after reorientation. The
type C roots were initiated on the upper side of
transversal axis and grew horizontally after
reorientation. The type D roots were initiated
on the lower side of the transversal axis and
grew horizontally after reorientation. Each
type of lateral root elongated by 10~30 mm in
the early stage, and by 5~20 mm in the latter
stage of the experiment (Table 2). Among all
root-types, type D roots were most numerous
(Table 2). The phenomenon was more defi-
nite in the Chinese than the Assam variety
and suggested that the lower side of the hori-
zontally growing roots was the most active part
of the lateral-root formation. The lower side
facing the gravistimulus might be favorable in
the distribution of hormones relative to initia-
tion of the lateral roots.

The Lateral roots on the seminal roots
demonstrated a different reaction to gravis-
timulus according to their types (Table 3).
Type A and B of the lateral roots grew at a 50
~60° angle in the gravitative direction for the
first 2 weeks. Type C roots grew at an angle of
100~110° for the first 2 weeks. Meanwhile,
type D roots grew at an angle of about 16°
near the gravitative direction for the first 2
weeks. When they were reoriented after 2
weeks, the type A roots grew at an angle of
about 20° to the gravitative direction with
regard to the Chinese variety, but at about 80°
for the Assam variety as if the roots were
against the gravistimulus. The type B roots
grew at about 60° for the Assam variety, and
at about 130° for the Chinese variety as if the
roots of both varieties did not sense the change
in the gravitative direction. Type C and type
D roots grew at about 100° and 70° in both
varieties, respectively.

The results suggest that gravitropism of
lateral roots was different from that of the
seminal roots. The phenomenon of roots grow-
ing at a certain angle to the gravitative direc-

Table 2. The number and length of lateral roots on seminal roots.
Type of Assam variety Chinese variety
lateral Number Length Length Number Length Length
roots 1 2 1 2
A 34 11.945.1 4.8+ 4.2 31 26.8+14.4 14.3+14.3
B 38 13.747.5 6.0+ 5.8 20 26.74+14.1 10.8+11.2
¢ 32 9.94-4.7 7.4410.0 21 24.8+12.7 13.0+ 6.0
D 50 11.1+5.6 8.14+10.0 73 34.8+17.7 23.61+20.8

Values are means+S.D.
Length 1: Length of roots before turning (mm).
Length 2: Length of roots after turning (mm).

Table 3. Growth angle to the gravitative direction of lateral roots on seminal roots.
Type of Assam variety Chinese variety
lateral roots Angle 1 Angle 2 Angle 1 Angle 2
A 50.84-23.9° 80.44-35.4° 66.9417.7° 22.9+14.7°
B 53.44-15.7° 62.5+21.6° 59.3+14.9° 126.6+31.2°
c 114.2+27.3° 98.64+-32.2° 108.64+-25.3° 105.74+33.5°
D 15.34+11.3° 65.94-24.7° 17.44+12.2° 70.2+21.3°

Values are means+S.D.
Angle 1: Growth angle before turning.
Angle 2 : Growth angle after turning.
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tion is known as plagiogravitropism®. Growth
reaction of lateral roots that seemed less sensi-
tive to gravistimulus was considered to be an
example of plagiogravitropic phenomena.
Furthermore, the formation and gravitative
reaction of lateral roots seemed to differ
genetically between the Chinese and Assam
varieties.

Experiment III:Growth direction of

lateral roots on segments of lignified

roots

Lateral roots produced on the lower side of
the lignified roots which grew downward at 20°
for the first 3 weeks and grew at an angle of
about 80° after they were oriented horizontally
(Table 4). Although the lateral roots grew
toward gravistimulus in the early stage, they
did not react sensitively to a change in the
gravitational direction inducing by root-box
turning as well as the lateral roots on the
seminal roots. This growth reaction also
seemed to show plagiogravitropism of the lat-
eral roots.

Experiment IV :Morphology of the

root-cap cells

Amyloplasts in the root-cap cells of the
seminal roots, lateral roots on the seminal
roots, lateral roots on thick lignified roots and
adventitious roots of cutting could be observed
with a optical microscope (Table 5). Root-cap
cells of the seminal roots contained a large
number of amyloplast particles. The particles
were relatively large and distributed in the
colmela cells and neighoboring cells (Fig. 4).
Lateral and adventitious roots were 1 mm or
less in diameter. Many of the lateral roots and
adventitious roots lacked amyloplast particles
in their root-cap cells. Furthermore, the parti-
cles were much smaller than those in the
root-cap cells of seminal roots (Fig. 5). Amylo-
plast particles in root-cap cells are considered
to be an equipment sensing gravistimulus in
the roots of many higher plants®®9. There-
fore, the strong orthogravitropism that was
observed in the seminal roots was considered
to be caused by a large number of amyloplast
particles in their root-cap cells. While many
lateral roots showing plagiogravitropism
contained no observable amyloplast particles
in their root cap cells. These results implied

Table 4. The length and growth angle to the gravitative direction of lateral roots on

lignified root segments.

Number Length 1

Angle 1

Length 2 Angle 2

26 24.8+12.3

17.3+12.4°

6.8+7.8 77.0+16.6°

Values are means—+S.D.

Length ! : Length of roots before turning (mm).

Length 2 : Length of roots after turning (mm).

Angle 1: Growth angle before turning.
Angle 2 : Growth angle after turning.

Table 5. Relationship between variety of roots and amyloplasts in root cap
cells.
Variety of Diameter (mm) The rate of roots

roots Base Apex without amyloplasts
Seminal root — 1.26+0.18 09% (n=43)
Root 1 0.48+0.11 0.38+0.03 92 (n=81)
Root 2 1.06+0.14 0.68+0.15 82 (n=20)
Root 3 — = 72 (n=25)
Root 4 0.88+0.02 0.56+0.12 37 (n=70)

Values of diameter are means+S.D.(n=15).

Root 1: Thin adventitious roots on cuttings.

Root 2 : Thicker adventitious roots on cuttings.
Root 3 : Lateral roots on seminal roots.
Root 4 : Lateral roots on lignified roots.

Number in parenthesis shows the total number of roots observed.

NII-Electronic Library Service



YAMASHITA et al.

Gravitropic Reaction of Tea Roots 477

Fig. 4. Root cap cells of a seminal root.
Black particles in cells are amyloplasts.
a:Top (X25), b:Bottom (X250).

that there was a close relationship between
plagiogravitropism and the presence of amylo-
plast in the root-cap cells. Moreover, the
results that many adventitious roots did not
contain observable amyloplast particles in
their root cap cells suggested that they could
also show plagiogravitropic growth as well as
the lateral roots.

Seedling plants having a seminal root with
strong orthogravitropism construct a deep root
system. On the contrary, clonal plants with
plagiogravitropic lateral and adventitious roots
construct a shallow root system. However, the
manifestation of plagiogravitropism in lateral
and adventitious roots seemed to be change-
able depending on various growth conditions
of the roots. It might be indispensable for
controlling the formation of the root system of
clonal tea plants to clarify the mechanism of
plagiogravitropism in roots.

References

1. Aono, H.,, Y. Yanase and S. Tanaka 1981. Studies

on the development and distribution of roots and

its soil conservation faculty in tea plants. 1. Devel-
opment and distribution of tea roots in field with

Fig. 5. Root cap cells of a lateral root produced

on a seminal root.

Black particles in cells are amyloplasts. A
lateral root (a) contains no amyloplasts parti-
cles in the cells and other lateral root (b)
contains amyloplasts.

a:Top (X50), b: Bottom (X250).

the age of clonal plant. Jpn. J. Crop Sci. 50 : 157
—163**.

1988. Opening method of new tea area.
Encyclopedia of Japanese tea industry. The
Chamber Tea Assoc. Shizuoka Pref., Shizuoka.
117—133***,

. Feldman, L.J. 1985. Root gravitropism. Physiol.

Plant. 65 : 341—344.

. Morita, 5. 1994. Plagiogravitropism of roots.

Hand book of roots. Soc. Root Res., Tokyo, 67

. Simura, T. 1939. Studies on the root development

in tea plants (Preliminary report) . Proc. Crop Sci.
Soc. Japan 11:50—75%*.

. Tachibana, N, S. Yoshikawa and K. Ikeda 1995.

Influences of heavy application of nitrogen on soil
acidification and root growth in tea fields. Jpn. J.
Crop Sci. 64 : 516—522*.

, and 1995.
Behavior of inorganic nitrogen in tea field soils
heavily applied with nitrogen and changes in
amino acid content of the first crop accompanying
the reduction of nitrogen. Jpn. J. Crop Sci. 64 :

NII-Electronic Library Service



478

Japanese Journal of Crop Science Vol. 66, 1997

10.

523—528*.

Takahashi, E. 1994. The story of roots-messages
from underground. Kenseisya. Tokyo, 41—48***,
Wilkins, M.B. 1984. Gravitropism. In Wilkins,
M.B. ed., Advanced Plant Physiology. Pitman,
London. 163—185.

Yamashita, M. 1989. Studies on growth and func-
tion of root system in tea plant. II. Root system
analysis by the root-age classification technique.

11.

Jpn. J. Crop Sci. 53 : 139—144**.

—, T. Takyu, T. Saba, K. Kugimoto
and K. Nonaka 1995. Influences of drought
injury in ’94 summer season on root activity and

the following first crop production in tea plants.
Tea Res. J. 82:15—20%.

* In Japanese with English abstract.
** In Japanese with English summary.

*** Translated from Japanese by the present authors.

NII-Electronic Library Service





