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Abstract

Embryos excised from ‘Oryzae sativa, Japonica type (Taichung 46, Taichung
65, Tainan 5), Indica type (Taichung 1, Taichung 2) and a wild type of O.:
latzfolza were cultured in vitro to determine their. growth  and development in
_ various conditions. : .
~ Embryos of O. sativa Tainan 5 excised at 5 days after pollination (0.687 mm
in length) could grow and develop into whole plants on White’s medium added -
with 224 glucose, While embryos younger -than 5 days failed to grow.
Embryos excised from the seeds during the imbibition period of -less than-
2hr did not grow on White’s medium. When the imbibition period of seed was
taken longer than 2hr, the excised embryo grew better, -
. As mentioned above three types. of six excised embryos were cultured on
. ‘Whltes medium added with 224 glucose; 424 sucrose or - 224 soluble starch and
the no carbohydrate added (control). The result showed that the growth of
edch embryo was significantly different between types under different carbo-
hydrates added and that the cultivated rices (Japonica type and Indica type)
grew better in 22 glucose and 42 sucrose but failed to grow in 2% soluble
starch, However, the results of wild type O. latifolia were altogether different
as it was cultured under these medium mentioned,

Introduction

. As early as 1904, the embryos of Raphanus and Cochlearia could be succéss-
fully cultured in a medium containing ‘proper nutrient (Hanning, 1904).  The
techniques of embryo culture have been extensively used to produce. hybrids
between spemes of many plants (Tukey, 1933;  Brink et al., 1944; Kravtsov
and Kasyanova, 1968). However, a successful culture of embryo depended not
only on the materlals used but also on the suitable culture methods employed
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including physical factors (Overbeek ef al., 1942; Overbeek ef al., 1944; Blakeslee
and Satina, 1944; Norstog, 1956, 1961; Abraham and Thomas, 1962) and nutri-
tional conditions ( Wardlaw, 1955). Although some of these have found solutions,
many dther problems yet remain. . ) :

The germlnatlon of rice is nourlshed by the enzymatlc breakdown of the
reserved starch in endosperm tissues (Varner, 1964; Paleg, 1966; Murata ef al.,
1968; Nomura et al., 1969). " Sticrose is the ‘most commonly used carbohydrate
in embryo, tissue and cell cultures iz vitro. Murata ef al. (1968) reported that
sucrose was consumed for active respiration in the early stages of rice
germination. - In-barley, Abdul-Baki (1969) found that the respiratory activity
increased several folds during the early stages of seeds germination.

Recent works indicated that different varieites of rice showed a marked
difference in several enzyme levels durmg germination (Ozaki and Horiguchi,
1965; Murata et al., 1968; Horiguchi and Kitagishi, 1969). Akazawa ef al. (1964)
found that rice varieites differed in the starch synthesis during grain ripening.
They reported that the activity of starch synthetase in Japonica type was
lower than that in Indica type. Therefore, the conditions for gfowth of’ embryos
in vitro from different varieties of rice may not he identical. The nutritional
requirements for the culture of excised embryo of O. sativa Taichung 65 has
been reported (Yie and Yang, 1973).

This work was aimed at an understanding of the growth and development
of the embryo excised from different ages after polhnatlon and excised from
different seed imbibition period. A comparlson study of the growth and de-
velopment of the excised embryos derived from different varieties of rice and
wild type grown on the White’s basic nutrient added with either . glucose,
sucrose or starch} was investigated. 7

_ Materials and Methods
Materials

Five varieties of rice were used as the experimental materials, such as a
wild rice of Oryza latifolia; three Japonica rice varieties' of O. sativa Taichung
46, Tainan 5 and Taichung 65; and two Indica rice .of O. sativa Taichung 1and
Taichung 2.

Determination of growtk of rice embryo isolated from dzﬂerent ages after
pollination

* Seeds of O. sativa Tainan 5 (TN 5) were sterilized with 709 alcohol for 1
minute and then immersed in 0.1% mercuric chloride solution for 10 minutes
and rinsed with sterile distilled water. The embryos from 2 to 30 days after
pollination were carefully excised every day and cultured on White’s medium
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added with 225 glucose for 14 days Initial embryo size was then measured
with a micrometer, ‘ . :

The effect of imbibition stage of seeds on the growth yof excised rice embryos

The dehulled seeds of O. sativa TN 5 were also used for this experiment;
The sterilized seeds were rinsed with sterile distilled water 5 times and trans-
ferred to moistened sterile pefri dishes. Germination was carried out at 28°C
in the dark for various lengths of time up to 48 hours. Embryos were then
excised at intervals and cultured on White’s medium added with 2% glucose.
The seedling growth was measured after 14 days.

The seeds with different germination time were also sectioned 8-10 ¢ thick,
and stained with safranin-fast green. Permanent slides were made for the
obserﬁzation of embryos.

Comparison of the growth rate of excised embryos from dzﬁ’erent rice in the
medium contamzng different carbohydrates

Seeds of six different rices were sterilized as above and incubated at 28°C
for 2 days. Embryos were excised and transferred to the White’s basic medium
supplemented with (1) 2% glucose, (2) 4% sucfose, (3) 29 soluble starch and
(4) none :(control). Resiults were recorded after 14 days of culture.

. The growth chamber was equipped with 12,000 lux light bulb and with
photoperiod of 14 hours at a temperature of 32°C. Each experiment was set
in’pentaplicate and repeated for three times. The data presented was the
average of fifteen treatments.

_ Results

The growth of rice embryos isolated from different ages after pollination

The length of embryos of O. sativa TN 5 excised from different ages after
pollination is recorded in Table 1. It was found that the length of embryos
was. increased linearly with the age of embryo treated.

Table 1 - The length of embryos of O. sativa TN 5 at different
ages after pollination

Age of embryo X
(days) 2 3 4 5 6 | 7 9 15 30
Length of
embryo (mm) 0.238 0.523 0.619 0.687 0.924 112 1.52 1.94 2.35

The growth of excised embryos cultured on White’s medium added with
2% élucose for 14 days is shown in Table 2. The results indicated that an
embryb excised from the age younger than 5 days after pollination failed to
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grow and develop into a whole plant. There was no significant’ difference in
the growth and development of the embryos excised from the ages of 5 days
to 15 days. The growth of mature embryos, 30 days ‘after pollination, was
much better than others.

Table 2 The growth of rice embryos of O. sativa TN 5 excised
 from different ages after pollination N

Age of embryo Wllitglesd No. of | . No, of hS:i?;(}))tt Root lengthi Dry weight

-(days) (mm) leaves roots " (em) (cm) (mg)
5 14 3 3 1117 6.84 2.11

: 6 14 3 3 12.21 6.92 2.39

8 - 175 3 ', M6t | 793 | 350

10 1.80 3 4 1480 © |- 9.88 "4.36

12 < 179 3 4 1476 9.17 | 433

15 2.20 4 4 14.83 10.64 5.41

0 | 222 4 6 2320 | 1841 10.45

The effect of imbibition stage of seeds on the growth of excised rice embryos
Histological changes of the embryo consisted.of shoot, root and scutellum
at ‘different stages of imbibition, from 0 to 48 hou}s, were shown in Fig. 1. . The
differentiation of the shoot and root was not clear at .0, 1 and 2 hours imbibition
as compared to others (3, 6, 12, 24, 48 hours). The mature embryo could- be
seen after 24 hours of seed imbibition (Fig. 1). ' ) :

Table 3. Growth of the embryos of O. sativa TN 5 excised from
different stages of imbibition seeds
Growth was measured at 14 days after culture on White’s medium

Stageofembryo | Vi, | No.of | No.of | Ligh | jengin | weight
. . {mm) A {(cm) (cm) (mg)
0 1.0 3 21 | 304 |- 427 0.97
1 146 3 44 9.42 9.76 3.66
2 18 4 50 | 195 | 1103 | 666
3 18 4 5.25 20.5 115 6.65
4 195 4 6.13 215 13.66 8.16
6 1.96 4 6.1 22.14 14.1 3.36
8 2.0 425 6.25 23.80 154 10.20
12 2.0 433 6.44 2430 | 153 10.45
16 2.03 433 6.33 2450 158 10.33
24 203 - 433 6.25 24.50 1643 106
32 2.1 4.33 S 700 | 2450 16.83 11.03 - ..
48 2.1 460 . | 69 24.90 20.3 13.1
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Fig, 1. The development of rice embryo at the different imbibition stage
symbols are expressed as shoot (S), root (R), and scutellum (7T,

in hour,

The
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The embryos of O. sativa TN 5 excised from different stages of imbibition
seeds were cultured on White’s medium for 14 days. Results are shown in
Table 3. Embryos excised from the seeds imbibition for less than 2 hours, as
shown in Fig. 1, were not able to grow on the cultured medium. Imbibition
of seeds for 2 hours was sufficient to allow their embryos to grow and develop
in vitro into whole seedlings. Longer period of imbibition gave better growth
of excised embryos. However, there was no significant promotion on the
growth of embryo excised from the seeds imbibition for longer than 12 hours

Table 4. Combparison of the growth of excised embyyos from different
varieties and a wild type of rice in the medium containing
different carbohydrates for 14 days

Substrate }i(z)i.vgsf I\rlg(.)t(;f E:i(;(l)'ntt lgr?gtth ’ w]fz,)ig;lt
_ ) (cm) (em) ; (mg)
Oryza sativa TC 46 5 30.34 13.77 18.04
Oryza sativa TC 65 5 30.27 14.54 17.00
Glucose | Oryza sativa TN § 5 29.65 16.54 17.24
(222 Oryza sativa TC 1 4 10 25.80 15.70 21.80
Oryza sativa TC 2 4 10 25.01 15.70 21.03
O. latifolia 3 3 12.52 5.81 4.51
Oryza sativa TC 46 4 28.4 16.75 12.53
Oryza sativa TC 65 4 27.56 19.05 12.58
Sucrose | Oryza sativa TN 5 4 6 28.10 17.87 12.76
(422) | Oryza sativa TC 1 4 9 25.46 12.71 1551
Oryza sativa TC 2 4 9 24.19 14.23 17.30
0. latifolia 2 2 11.90 3.85 3.60
Oryza sativa TC 46 3 4 12.91 5.83 2.87
Oryza sativa TC 65 3 5 13.55 5.50 3.05
bs(ila‘i}ilf Oryza sativa TN 5 3 4 13.20 6.92 2.94
(225 Oryza saliva TC 1 3 5 18.30 9.12 4.63
Oryza sativa TC 2 3 5 19.00 9.25 5.33
O. latifolia 2 2 42 1.03 0.80
Oryza sativa TC 46 3 2 3.20 2.60 1.20
Oryza sativa TC 65 2 2 3.02 1.38 1.13
Oryza sativa TN 5 2 2 2.40 1.50 114
Control \
Oryza sativa TC 1 3 4 3.97 4.78 1.94
Oryza sativa TC 2 3 3 2.23 267 1.37
O. latifolia 2 1 0.95 0.25 0.25

The value of significant difference (LSD) for dry weight at 525 level hetween
varieties, carbohydrates as well as the interaction of varieties and carbohydrates is
0.31, 0.26 and 0.85, respectively. :
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(Fig. 1 and Table 3).
The growth of excised embryos on the medmm added with carbohydmtes v )

The excised embryos of five rice varieties and the wild type were cultured
on the white’s medium either added with ZA,glucose, 424 sucrose,. or ZA
soluble starch and without carbohydrates added as the .control. The results
after 14-day culture are shown in Table 4. The data of dry ,weight of .each
treatment were further analyzed statistically by means of the analysis of
variance. Thus the significant values of the least significant differe.nce (LSD.)
at 5% level between varieties, carbohydrates, and the interaction of variety
and carbohydrate were obtained (Table 4). It was found that the growth was
significantly different between each variety and the treatment of cérbohydfates
The cultivated rices grew well in the medmm e1ther added Wlth 2% - glucose
or added with 42 sucrose, while the W11d type rice grew poorly Additionally,
Japomca type rices (TC 46 and TN 5) grew well in the medium added Wlth
2/ glucose, but failed to grow in that added with 2% starch solution. The
Indica type rice (TC 1 and TC 2) grew well in the -medium added with 2%
glucose and with 4% éucrose,.but failed to grow in that added with 29 starch
solution and in that without carbohydrate added.

Discussion

W1th the rice vatiety of 'O. sativa TN 5, the young embryos (5 days after
pollination) could be successfully cultured and developed into whole plants on
the White’s medium added with 2% glucose. The fallure of the growth of
excised rice embryos obtained from the early stage, before 5 days after
pollination was probably due to the unpropered medium used. "A similar result
was reported in the culture of cotton embryos (Lofland, 1950). Lofland found
that 15-day-old embryos, 3-4mm in length, did not grow but 27-day-old
embryos were readily cultured on White’s medium. Rietsma ef al. (1953)
found that different stages of embryos development of Datura stramonium
requlred different minimal sucrose concentration for grOWth Overbeek et al.
(1944) and Rijven (1952) concluded that the smaller the embryo at the. time
of isolation the more complex nutritents were required in Datura and Capsella.
Successfully embryo culture was depended on the species or genera used.” In
barley, for instance, the proembryo as small as 60 « could be cultured in vitro
and could develop into shoots and roots (Norstog, 1961).

The poor growth of embryos excised from the seeds  imbibition for only
one or twa hours was not completely understood without defail studies in the
biochemical levels. Embryos may uptake insufficient carbohydrates for their
growth and development during the early stages for gérmination which probably
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plays an important role for their subsequent growth on 'a cultufe -mediuth.
Furthermore, a short period imbibition is probably not able. to produce growth
factor(s) or enzyme to transfer into embryos. Such possibility has_been
np.olstulated by Schander (1934) and de Ropp (1939) studled on rice and winter
rye. They suggested that a growth factor was excised in the aleurone which
was translocated to the embryos during early stages of seed germmatlon )
Sucrose is the most commonly used carbohydrate in plant embryo culture
In general sucrose was better than other sugars for growing embryos (Nara-
vanaswami and Nortog, 1964). HoWever, the data (Table 4) obtained from
this study showed that the dry weight of each rice variety embryo cultured
on White’s medium added with 2/ glucose was higher than on the same medium
added with 42 sucrose. This result was in agreement with those reported
for variety TN 5 (Yie and Yang, 1973). There was little difference between
sucrose and glucose on the growth of cultured proembryos of Pinus (Radforth
and Pecoraro, 1955) and of cultured embryos of tomato (Choudbury, 1955).
Embryo culture of Cu‘rus grew even better on a non-sucrose medium than on
a-sucrose-containing medium (Ohta and Furusato, 1957 ). Moreover, the dry
Weight\s\'were analysed by statistics. The results showed that the growth of
each excised embryos were significantly different  between different type
under different carbohydrates test and the cultivated rices grew better with
225 glucose and 42 sucrose but failed to grow in 294 soluble starch while the
wild type O. latifolia just reversed of the test. Thus, these rice embryos
from different varieties have a genetical difference in response to the carbo-
hydrates used in the cultured medium. Similar phenomenon was reported by
Arya et al. (1962) that the callus derived from different species differed in
their ability to uttlize different carbohydrates. ' 7
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