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Abstract

Aseptic seminal roots of rice (Orzyza sotiva L.) excised from Taichung-
Native 1 and IR-8 were used as materials. Two root tips were cultured in'a’
125 ml Erlenmeyer flask containing 25ml liquid R, type improved media.
Cultures were maintained at 27-28°C for three weeks. Light treatments were
conducted by cha‘nging the light sources, light intensities, duration of exposu-
res, light and dark interchange during the culture period. The growth and-
morphological changes of the roots were investigated and compared with those
of the dark grown ones. Light treatments have shown significant effects on
the growth rate and morphology of roots. Root length of the light-treated
ones was almost one half of dark grown ones after three weeks culture. The
growth of the roots inhibited by the light at the beginning could be recovered
by the subsequent dark condition, -and the rapid grdwth during the dark
culture could be inhibited by the subsequent light “condition. Different light
intensities from 25, 50, 75 to 100 ft-c, have no difference in the inhibition of
cultured roots growth., Further observations on the effects of light qualities’

" on roots growth under the red light and far-red light have shown that the
growth of roots could be inhibited by red light, but not by far-red light. The
results suggested strongly that the light inhibition on the growth of cultured
rice roots might be controlled by the photochemical reactions such as P, and
Py, reversible phytochrome system. v

Intreduction

Many kinds of excised plant roots have been aseptically cultufed'in k'art'i'-

ﬁcially synthesized media since 1922, only those from dicotYIedonpus"planté
have been successful (Butcher and Street, 1964). Owiﬁg to some unknown
factors, most 6vf gramineae origins with a few exceptions (Fergus'bn,‘ 1963";
Street et al., 1961) still can not get substantial progress. Rice plant is ﬂnot ah
exception (Butcher and Street, 1964; Kawata et al., 1967).
periments on the excised rice root culture since 1969, the $‘enior author has

After many ex-

(1 ) The outline of this paper has been presented at the U.S.A.-R.O.C. Cooperative
Science Program Seminar on Plant Tissue and Cell Culture, May 14-22, 1974

Taipel.

45



46 Botanical Bulletin of Academia Sinica Vol. 16

obtained two types of improved culture media for Indica type rice root culture,
namely R; and R, (Lai and Lee, 1971a, 1971b). The R; type culture medium
has a typical composition as follows: modified White’s inorganic salts plus
3% sucrose, 0.1 mg per litre of thiamin-HCI, pyridoxine-HCI and nicotinic acid,
and 0.3% vitamin free casamino acids. The initial pH value was adjusted to
5.0. The medium has the activity in promoting the growth of excised rice
roots, however the rapid growth rate declined quickly after two weeks from
the inoculation. The R type culture medium has a typical composition as
follows: modified White’s inorganic salts plus 5% sucrose, 0.1 mg per litre of
thiamin-HCI, pyridoxine-HCl and nicotinic acid, but casamino acids were
excluded completely from the medium. The initial pH value was adjusted to
4.0. Excised roots grew normally in this medium even after two weeks from
inoculation. The above cultural experiments were mainly maintained at 27-
28°C, and kept in dark condition during the culture period.

After the primary success in finding out the culture media for excised
rice root culture, a series of factors which may influence the cultural results
were re- examined using mainly R, type medium. The effect of illumination

on the excised root culture was typically 1nterest1ng one, which will be re-
ported here.

Materials and Methods

The seminal root tips excised aseptically from rice cultivar (Oryza sativa
L.) Taichung Native 1 and IR-8 were used as materials. Dehulled rice seeds
were sterilized with 0.1%5 mercuric chloride solution for about 1 minute and
then transferred to 10% calcium hypochioride solution for another two hours
at 5°C. After the sterilization, excess calcium hypochloride was washed out
with sterilized distilled water. The seeds were placed on 2.5% agar bed in
petri dish, incubated for germmatmn at 27—28°C in dark cond1t1on After the
germination two root tips, each about 8 mm in length, were excised and
cultured in a 125ml Erlenmeyer flask ‘which contains 25ml liquid - culture
medlum of Rs type. Most cultures were maintained at 27-28°C for about.three
Weeks The necessary light treatments were conducted by changmg the llght
sources, light mtensmes, duratlon of exposures, or changmg remprocally hght
and dark condltmns durmg the culture period. The dlfferent kinds of hght
1nten51ty used were obtamed by adjustmg the dlstance between the hght
source and flask and estimated with SPI-1 type Toshiba’s lux meter and YSI
65A type radlo meter The Whole experiments were carried out in a artifi-
cially lit room of phytotron, Taiwan Agricultural Research Center. The tem-
perature was kept at 27-28°C during the culture period. The growth rate and
morphologieal appearance of the roots were investigated and compared with
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those of the dark grown ones.

Results

The growth of cultured excised roots, which were exposed to 12 hours
per day of 100 ft—c light intensity with the high pressure mercury plant lux
lamp hung over the ceiling of lit room, was inhibited significantly as compared
with that of the dark cultured omes. The root length was almost one half of
the dark grown ones duririg three weeks culture (Fig. 1). The appearance
of the roots responded to the light was quite alike between the roots of Tai-
chung Native 1 and IR-8.

35}

length (cm)
— N n W
g 8 ¢ 9o

Root
=)

0 1

0 5 10 15 20
Time after inoculation (days)

Fig. 1. Rice root growth during 3 weeks culture in 100 ft-c
light intensity exposured 12 hours per day and in
dark condition (Cultivar: Taichung Native 1).
@-—@ dark condition; O—— light condition.

Rice root cultures were conducted in light and dark conditions maintained
10 days at the begining. The light was conducted with 100 ft-c light intensity
and kept for 24 hours continuous illumination. After then, half of light treated
cultures were shifted to dark condition, and vice versa. The growth of the
roots which were inhibited by the light at the begining, could be recovered
by subsequent dark condition, and the rapid growth rate during the dark
culture could be inhibited immediately by the subsequent light treatment
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Fig. 2. The responses-of cultured root to the dark and light
conditions -as well as reciprocal -intérchange of the
conditions during “culture period (Taichung Native
1).  D-D: wholé culture period kept in the dark;
D.L:  initial:10 days kept in the dark, then conti-
nuously exposured to 100 ft-¢ untill 31th-'day; L-L:
whole culture period kept in light condition; L-D:
initial ‘10 -days kept-in light condition,” then kept
entirely in dark. :

(Fig. 2). Different light intensities, 25, 50, 75 and 100 ft-c respectively, have
no difference in the inhibition of cultiired toot growth as compared with that
of the completely dark grown one (Fig. 3). .

The roots illuminated Wlth the weak red hght, instead of the above men-
tioned light source, by usmg Whlte fluorescent lamp wrapped with two layers
of red cellophane papers {about 6-7 ft-c on the surface of the flask) were
also greatly 1nh1b1ted as compared with the dark grown one.

Further studxes on the effects of different’ light qualmes on the growth of
cultured roots were compared with that of dark condmon The hght sources
were obtained as foIlow : : S

" red hght--lO W white fluorescent lamp wrapped with ‘two layers o:E
“cellophane papers. ‘
“white light—irradiated with 60 W white 1ncandescent Iamp
- far-red: light—irradiated with far-red lamp directly.
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The intensity of the different light sources were adjusted to 1 to 3 joules/m?/sec.
near to the surface of flask with the aid of YSI 65A type radio meter.

The results show that the growth of cultured roots could be inhibited by
red light and white light only, but not by far-red light at all (Fig. 4).
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Fig. 3. The responses of root growth to Fig. 4. The responses of cultured root
different light intensities from 25 growth to the different light
to 100 ft-c. sources during 21 day period.
@—@ dark; x—x 25 ft-c; o @ dark; @---@ far-red
O- -~ 50 ft-c; @——@® 75 ft-c; light for whole culture period;

O— 100 ft-c. (O——(> white incandecent light

for whole culture period;
(O~ =--() red light for whole cul-
ture period.

The morphological differences of roots were also very significant between
the light-treated ones and the dark-grown ones. The roots cultured under
light conditions became thicker, zigzag instead of straight, and the elongated
root hairs from the epidermis were differentiated significantly. In their
cortical cells, very conspicuous starch grains were formed as compared with
the dark grown ones (Fig. 5, 6 and Table 1, 2).
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Fig. 5. Comparison of the cultured roots'under light and dark conditions,

A Outer morphology of root tips. left: cultured in the light; right: cultured in the
dark. 'B: A root cultured in light condition became zigzag and differentiated long root
hairs near the root apex. C: Parts of a root show dark grown (D) and light grown (L).
“A -shows the inflection point of dark light interchange of the culture condition. D:
Parts of a root show light grown (L) and dark grown (D). “A” shows the inflection
point of light dark interchange of the culture condition,
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Fig. 6. Median longitudinal section of the root cultured in the light and in the dark.

A: In the light. CS: central cylinder; CO: cortical parenchyma cells with many
starch grains. B: In the dark. CS: central cylinder; CO: cortical parenchyma cells;
BR: branching root.

Table 1. The thickness of root and the length of root hair differentiated
under dark and light culture conditions

Culture condition ~ Root diameter Root -hair length
Dark 32016 undifferentiated
Light 389::15 4 ’ 765451

P

Table 2. The accumulation of starch grains in the different tissues
of cultured root

Culture condition epidermis cortex central cylinder

Dark — — -

Light — A+ -
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Discussion

Root is a subterranean organ of the plant body. Some investigators have
described direct effects of illumination on the root growth. Among them,
Segelitz (1938) has reported that isolated corn roots grown in culture in the
dark extended more rapidly than the roots exposed to white light, conceived
to be an effect attributed to the production of auxin by roots in the light.
Robbins and Maneval (1924) reported that the growth of excised corn roots
was favorably influenced by light. However, White (1937) has stated that
light has no observable effect on the growth of tomato roots in a sterile nu-
trient medium. Robbins (1940) reported that a peculiar periodic formation of
root hairs by isolated roots of Datura which were grown in a sterile culture.
Root hair formation occured during day light period and the rate of root
elongation was reduced thereafter.

The responses of root growth to the light in different plant materials can
be summarized in three categories: namely inhibitory, enhancing and no
effect at all. Apparently, the growth behavior of rice root belongs to the first
one. Among three elements of light, it is a prime importance to be considered
that the light quality extended most obvious effect on the root growth. As
the duration of illumination prolonged to 24 hours, the growth rate of root
length was greatly reduced, as compared with that illuminated 12 hours per
day. And there were not different at all in growth inhibition among light
intensities treated within the range of 25 to 100 ft-c. The results obtained
from the treatments of red and far red light suggested that some red and
far-red reversible physiological entities were in operation on the growth of
rice root.

Ohno and Fujiwara (1967) have reported that rice root growth in water
was not completely affected by a brief red irradiation but was inhibited by
continuous red illumination. The spectrophotometrical analysis of phytochrome
was carried out, however, the intimate correlation between the phytochrome
in vivo and physiological growth inhibition was not found.

Recently Pjon and Furuya (1968) have demonstrated that the growth of
rice seed coleoptile belongs to a typical phytochrome controlled reaction.
Spectrophotometrical analysis has proved the good correlation between the in
vivo phytochrome and the elongation of coleoptile.

The results obtained from the above experiments, strongly suggested the
light inhibition of the cultured rice roots might belong to a photochemical
reactions of the root metabolism, such as P, and Py, reversible phytochrome
system.

Moreover, the morphological appearance induced by light treatment is
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worth to discuss in the view of photomorphogenesis. As the "experiment
‘results have shown, light-treated roots have differentiated many long root
hairs, and in their cortical layer cells conspicuous starch grains were found.
The root, thicker in girth and zigzag with many long root hairs at one hand,
and slender, straight, root hairless in another, could be obtained by changing
the light and dark conditions during cultured period. These facts suggested
some reversible enzymic systems of starch formation in the cortical layer and
RNA synthesis in the root epidermal cell may be influenced by light (Kawata
and Ishihara, 1961). Thus it is worth of consideration that the physiological
and morphogenetical aspects of the roots under light and dark conditions
deserve further study.
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