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INTRODUCTION

In a previous paper of this series (Sircar and Das, 1954) evidence of the presence
of a large amount of auxin in the endosperm of rice and its gradual disappearance
with the germination of the embryo was presented. Hatcher (1945) observed
that during the development of the rye grain auxin of the endosperm mainly accumu-
lates in aleurone cells. With ripening, however, the total auxin of the seed decreases
(Avery et al., 1942 ; Popoff, 1941 and Hatcher, 1945). Hatcher has further shown that
this disappearance at maturity is due to the desiccation of the grain during ripening
and not due to translocation from the grain nor any growth activity. During the
early stages of germination the bound auxin is set free and the liberated auxin pre-
sumably indolyl acetic acid disappears within a few days and appears to be inacti-
vated (Avery et al., 1940 and Guttenberg et al., 1947). Funke and Soding (1948)
suggested that this inactivation takes place in the first internode and moves upward
in the inactive form. When it reaches the coleoptile tip it becomes activated once
again and moves downward in this form. According to this hypothesis indolyl acetic
acid plays an important role in the dynamics of the early germination of embryo.
Das (1954) has further shown that the embryo of the petkus winter rye gradually
accumulates auxin with age. A similar result has been obtained by the present
authors with winter rice var. Bhasamanik. In order to throw further light on the
auxin relation of rice endosperm comprehensive experiments on the germination
of rice embryo have been carried out by eliminating portions of endosperm and
substituting endosperm extract and indolyl acetic acid. A brief summary of the
results showing the presence of inhibitory factors in the early growth of embryo
has already been published (Sircar, Das and Lahiri, 1955). The part played by the
endosperm extract and added indolyl acetic acid on germination was studied by
growing embryos in nutrient media. The scope of the work was extended further
to analyse the effect of different growth factors on the germination of excised rice
embryo. )

EXPERIMENTAL METHODS

Fractioning of endosperm and germination in indolyl acetic acid and endosperm
extract—Rice grains var. Bhasamanik received from the State Rice Research Station,
Chinsurah, West Bengal, were carefully husked so that the embryos were not damaged
during husking. A mm. graph was fixed on a slide and the grain was held on it.
Different fractions of endosperm were then carefully removed with the help of a
sterile scalpel. The embryos with different fractions of endosperm were subsequently
soaked in sterile distilled water for 24 hours in darkness at 25 4 10°C. They were
then transferred to 1-59, sterile agar slants inside a closed culture room. No seed
treatment was done to avoid the effects of other factors that might influence the
growth rate of embryo. Agar tubes showing fungus contamination were immediately
rejected.
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In other experiments embryos with different fractions were grown in sterile
agar media containing a range of conc. of indolyl acetic acid (I.A.A.) from 10 mg./L
to 0001 mg./L and endosperm extract. Endosperm extracts (0-2129, and 0-02129%,)
were prepared according to the method described by Sircar and Das (1954). In
all cases control sets with full endosperm were maintained. The seedlings in agar
tubes were kept in a temperature controlled chamber (25 4 1°C.) and exposed for
five minutes to diffuse sunlight every day. The root and the shoot growth was
measured every day by a mm. graph paper held on the tube.

Culture of excised embryo in nutrient media.—Rice embryo is usually very small
(approx. 1 to 0'5 mm. in length). It was noticed that during excision any injury
to the embryo or the scutellum brought about a failure of germination in most cases
even when the excised embryo was placed in media containing minerals, carbo-
hydrate, auxin and vitamins. This is presumably due to the inevitable damage to
the epithelial layer during excision resulting in the disruption of tramslocation of
nutrients to the embryo. In order to avoid any injury and damage to the epithelial
layer the following procedure was adopted for these experiments. Dehusked grains
were soaked in sterile distilled water for 24 hours in darkness at 25 4+ 1°C. and the
excision of the embryos was made under aspectic conditions in a closed culture
room. The incision was given behind the epithelial layer within -1 mm. on the
endosperm tissue by a sharp arrow-headed needle under the high power of a Zeiss
stereo-binocular microscope. To exhaust the food stored in the residual endosperm,
embryos were germinated on sterile agar plates without nutrients. In course of
48 hours the germinating embryo used up the food of the endosperm, it grew no
further and subsequently died. The 48 hours old embryos were then transferred
to sterilized agar slants, one embryo per tube, containing nutrients. The excised
embryos in the tubes were kept in a temperature controlled chamber at 25 + 1°C.
in darkness. The growth readings were taken under the illumination of a red lamp
fitted inside the chamber. Any tube showing slightest fungus contamination was
rejected. The combination of mineral nutrients adopted by Prof. Gregory and
Dr. Purvis at the Imperial College of Science, London (Das, 1954), was used in the
culture of rice embryos. In addition the effects of the following growth factors were
studied: Sucroge, thiamine (Vitamin B,), pyridoxine (Vitamin Bg), nicotinic acid,
indolyl acetic acid, D1-tryptophane. Media were prepared in all cases with 159,
agar containing different growth factors. It may be noted here that experimental’
limitations did not permit the authors to try sub-culture for rice embryos or to

continue the culture in agar tubes for longer than 144 hours on account of the large
size of the seedlings.

REesvuLTs

.Fra_ctionin.g of endosperm and culiure of embryo in endosperm extract and indolyl
acetic acid media.—The results of embryo growth with different fractions of endosperm
have been presented in Table I. Significance of the treatments was assessed by
the application of T-test. It is apparent that the growth of root is increased when
the embryo is growing with three-fourth endosperm. As regards the coleoptile
growth significant difference has not been noted in all cages but root growth with
three-fourth endosperm is significantly greater in all the periods.

. In the medium containing endosperm extract the embryos with different frac-
tions of endosperm show pronounced suppression of root length. In some cages
embryos with three-fourth endosperm when grown in the medium containing the
extract root length becomes almost equal to that of the control, i.e. embryo with full
endosperm growing in the medium without added extract (Table IT). This behaviour
of the growth of root is clearly manifested in all the periods. No specific effect
is indicated in the coleoptile growth by the addition of endosperm extract. As
such the percentage of leaf break and the length of the first leaf is not much affected
by the addition of endosperm extract, on the contrary embryo with one-eighth
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TaBLE I
Growth of rice embryos with different fractions of endosperm. Temperature 25+ 1°C.

24 hours 48 hours
Treatment Shoot Root Shoot Root
length | S.E. [length | S.E. |length | S.E. jlength | S.E.
in mm, in mm, in mm, in mm.
1. Embryos with
full endosperm 2-961 | 0-2628 | 6-769 | 0-6918{10-417 | 2-220 | 34-562 | 2:375
2. Embryos with
% endogperm 3-333 | 0-1597 | 8-267 | 0-6935 | 14-000 | 0-651 | 39-961 | 1-338
3. Embryos with
1 endosperm 3:300 | 0-2056 | 6-533 | 0-2698 | 12-906 [ 0-750 | 31471 | 1-855
4. Embryos with
1 endosperm 2900 | 0-1114 | 6-300 | 0-6572|11-533 | 0-895 | 25:961 | 2-117
5. Embryos with
4 endosperm 2-500 | 0-2621 3-727 | 0-7650| 4-700 | 0-786 | 7-285 | 2-526
6. Embryos with
wounded endosperm | 2-469 | 0-1852 | 9-033 | 0-7778 | 8-607 | 1062 | 22-231 | 3-471

TaBLE I—contd.

Growth of rice embryos with different fractions of endosperm. Temperature 254 1°C,

72 hours 96 hours
Treatment Shoot Root Shoot Root
length | S.E. |length | S.E. |length | S.E, |length | S.E.
in mm. in mm, in mm, in mm.
1. Embryos with
full endosperm 24-214 | 1-525 | 47-808 | 1-754 | 33-143 | 3.272 | 54-692 | 6-290
2. Embryos with
4 endosperm 26-291 | 2746 | 53-769 | 1-634 | 35-692 | 3-573 | 64-615 | 4-699
3. Embryos with |
4 endosperm 22-133 | 1-421 | 49-300 | 4-495 | 29-751 | 3-797 | 50-625 | 2-845
4. Embryos with
1 endosperm 16-462 | 2-150 | 38-091 | 3-212 | 22-357 | 0-888 | 44-800 | 3-828
5. Embryos with
1 endosperm 7-233 | 1-133 | 18-045 | 3-045 | 14-636 | 1.703 | 28-272 | 5-312
6. Embryos with
wounded endosperm | 15-143 | 1-529 | 42-393 | 3-682 | 23-250 | 3-617 | 44-000

endosperm shows very poor growth and coleoptile breaking does not occur up to
96 hours of culture. When the embryos with different fractions of endosperm
are grown in the medium containing 1.A.A. the acceleration of root growth due
to elimination of endosperm fraction as noted previously is retarded and in some
cages it becomes almost equal to the root length of embryos with full endosperm
growing without T.A.A. (Fig. 1). A general survey from the figure will show
that in all cases I.A.A. exerts a retarding effect on root growth in a definite sequence
with increasing concentration. In the control set (embryos with different fractions
of endosperm growing in the media without I.A.A.) the embryos with half endosperm
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TasrLg II

Growth of rice embryos (atiached to endosperm) in different concentrations
of endosperm extract. Temperature 27 +1°C.

24 hours 48 hours
Treatment Cone. of Lt? nglt h Length Lg nglt h Length
endosperm o cgle- of root | © ‘i;("le- of root
extract | .°P™€ | in mm, | OP"€ | in mm.
in mm. in mm.
1. Embryos with 0-2129, 1-97 4-53 5-93 22-65
full endosperm 0-02129, 1-73 420 5:33 16-95
Control 2-97 6-71 7-63 23-71
2. Embryos with 0-2129, 1-73 4-70 4-53 18-93
3 endosperm 002129 | 1-36 3.20 3-53 18-33
Control 2-20 6-53 5-93 22-00
3. Embryos with 0-2129%, 1-83 372 6-20 19-96
1 endosperm 0-02129% 1-67 5-50 5-06 23-00
Control 2:43 827 6-73 28:15
4, Embryos with 0-2129, 1-60 2:50 3-88 6-25
4+ endosperm 0:02129, 1-57 2:20 3-56 8-00
Control 2:50 3:73 4:25 6-42

TasLe II—contd.

Growth of rice embryos (attached to endosperm) in different concentrations

of endosperm exiract,

Temperature 27 + 1°C.

72 hours 96 hours
Treatment Length | Length % of | Length Length | Length 9, of | Length
of cole- | of first d of cole- | of firgt

f ; leaf of root ! s leaf of root

optile | leafin bresk | in mm optile | leafin break | in mm
inmm, | mm; rosk | 1 *|inmm. | mm. T :

1. Embryos with | 12-91 22:0 8-0 3650 16-83 28-38 66-7 53:83
full endosperm; 11-71 .o .. 34-62 15-79 27-27 583 49-91
13-77 19:50 18-20 45-45 20:73 27-70 90-9 66:00

2. Embryos with 12:25 34-04 16-58 22-40 41-60 44-54
4 endosperm | 11-33 .. . 30-44 13-36 20-57 46-40 50-54
10-67 17-00 27.20 3850 15-10 23-37 80:00 56:20

3. Embryos with 13-75 15-00 8:00 38-36 16-41 24-70 83-30 68:50
£ endosperm | 16-11 22:00 9:00 47-64 18-33 29-42 | 100-00 65-33
16-30 14-75 16-70 4958 16-34 25-156 | 100-00 72-08

4, Embryos with 4-90 .. 675 520 7-88
} endosperm 514 8:29 8-59 835
579 6-79 6-21 6-83
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The shoot growth, however,

Growth of root in this particular
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The effect of sucrose and other growth factors on excised embryos—In order to
observe the effect of sugar excised embryos are cultured in the media containing
different concentrations of sucrose. In all cases mineral nutrients are added. In
control no sucrose is given, only minerals are present. Without sucrose the embryos
show very limited growth; when both sucrose and minerals are present maximum
growth of embryo is observed at two per cent sugar (Table III).

Normally the embryos attached with the endosperm show breaking of coleoptile
and initiation of first leaf on agar slants within 72 hours after sprouting and the
coleoptile length usually is 1-4 to 1'5 mm. at this stage. In the culture of embryos
in different concentrations of sugar no coleoptile breaking is observed even after
96 hours. In general the seedlings are very small in comparison to those remaining
attached with the endosperm. When only minerals or sucrose is present in the medium
the embryo growth is limited. The essential réle of thiamine (Vitamin B;) in plant
tissue culture has been emphasized by various workers. Its presence in the pericarp
of rice and the disease caused by its absence in polished rice is an established fact.
Bonner (Schopfer, 1943) has shown its action is quantitative. Within certain limits
any increased dosage caused an increase in growth but beyond the optimum level
no effect is produced. In the present study thiamine in various concentrations is
supplied with two per cent sucrose-mineral nutrients and growth rate of excised
embryos are studied. It is evident from Fig. 2 that in the first 24 hours’ supply

@ oormgh
® 1000w
© 000t
4100 »
' Wi} ”
Ut @ controL
, 12
E
E 10 s
E 8
£
©a 6
c
@
~ 4
2
o o A
48 72 % 120 144

Time in hours

Fi1a. 2. Effects of different concentrations of thiamine on the coleoptile growth of excised
embryos in the media containing sucrose and minerals.

of thiamine there is an increase in the growth rate up to the length of the
coleoptile where it usually breaks. In the control the growth of the coleoptile
is slow and it takes about 144 hours to reach this length. Coleoptile breaking and
elongation of first leaf, however, did not occur up to 144 hours’ growth in any of
the treatments which would indicate that possibly some other factor responsible for
elongation of leaf is lacking in the media. Thiamine seems to play an important réle
in the root growth of excised embryos. In its presence increase in root length takes
place in almost all the concentrations. Best root growth is obtained in 001 mg./L
concentration (Fig. 3) which appears to be the optimum for the culture of excised
rice embryo.

It has been reported that rice grains contain large amount of pyridoxine
(Schopfer, 1943). Its presence in the grain suggests that it may have some rdle in
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Effects of different concentrations of thiamine on the root growth of excised embryos

in the media of sucrose and minerals.
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the metabolism of the growing embryo. In order to study its effect on the growth of
excised rice embryo pyridoxine in combination with two per cent sucrose and minerals
is used in the medium. Control set is prepared with two per cent sucrose and minerals
only. TFigs. 4 and 5 will show that 001 mg./L cone. of pyridoxine (Vitamin Bg)
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Fie. 5. Effect of pyridoxine on the root growth of excised embryos in the media containing
suerose and minerals.

increases the growth rate of root and of coleoptile at the initial stage while other
concentrations do not seem to have any effect on shoot growth but root growth
is slightly increased. It appears that concentrations of 10 mg./L or above have a de-
pressing effect on root and shoot growth., 1In no case, however, coleoptile breaking
or leaf elongation has been observed up to 144 hours.

In the next series of experiments the following combinations of growth
factors have been used to study their effects on the excised embryos :—

1. Mineral nutrients + I.LA.A. (0-01 mg./L) and two per cent sucrose
v » + L.A.A. (0-001 mg./L)
» + thiamine (0-01 mg./L)
+ L.AA. (0-001 mg./L) + thiamine (0 01 mg./L) 4 pyri-
doxine (0-01 mg./L)
+ I.A.A. (0 001 mg./L) 4 pyridoxine (0-01 mg./1.) 4+ nico-
tinic acid (0 01 mg./L)
6. ’ ’ + L.A.A. (0-001 mg./L) + pyridoxine (0-01 mg./L) 4 nico-
tinic acid (0-01 mg./L) + thiamine (0-01 mg./L)
7. ” » + Dl-tryptophane (001 mg./L) + thiamine (0-01 mg./L)
+ pyridoxine (0 01 mg./L)
8. » » + Dl-tryptophane (0-01 mg./L) + thiamine (0-01 mg./L)
-+ nicotinic acid (001 mg./L) 4+ pyridoxine (0-01
mg./L) .

o

s:l
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A remarkablg shoot growth has been observed when I.A.A. is present in the
medium in combination with sucrose and minerals (treatments 1 and 2 in Fig. 6),

1. o Mineral nutpients + 2% sucrose + IAA orormg/Ly
2. @8 ¢ W  +nm w4 . (000MEA)
3. A » ” + 9 » + 4 . + vitamin BI(O'Olmg/L)
4. a » ” + - " 4w - * n  u  wevitBgomgny
(= »  +wn »n (control
Colecptile
------ First leaf

8 8

N
(=]

Length in mm.

=

(L]

=]

48 72 36 120 144
Times in hours

Fig. 6. Shoot growth of excised embryos in eomplex nutrient media.

The root growth is also accelerated on addition of I.A.A. at low concentrations (0-01
mg./L and 0-001 mg./L), growth with 0-001 mg./L being greater. Coleoptile breaking
and elongation of first leaf are observed within 120 hours in treatment 2. When
thiamine, pyridoxine and I.A.A. are present in the medium the embryo growth is very
much favoured (treatment 4 in Figs. 6 and 7). Here root length is much greater
in comparison to previous treatments. The presence of thiamine and pyridoxine
together greatly favours root growth than when they are present alone. The
coleoptile breaking and the elongation of first leaf is observed within 96 hours.
Nicotinic acid when added with I.A.A. and pyridoxine does not show any marked
improvement in growth although root and shoot development is satisfactory. Addi-
tion of thiamine in this combination does not accelerate embryo growth (treatments
5 and 6 in Figs. 8 and 9). When Dl-tryptophane in combination with thiamine,
pyridoxine, sucrose and minerals is used as a substitute for L.A.A. growth of both root
and shoot development is accelerated (treatment 7 in Figs. 8 and 9 and Fig. 10). In
addition of nicotinic acid to these factors the roots show somewhat reduced growth
while the shoot development is not affected (treatment 8 in Figs. 8 and 9). It thus
appears that whenever I.LA.A. or Dl-tryptophane is present in the medium the shoot
development, i.e. coleoptile breaking and appearance of first leaf, is accelerated
otherwise the coleoptile shows very limited growth.
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Fra. 7. Root growth of excised embryos in complex nutrient media.
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Fia. 8. Shoot growth of excised embryos in complex nutrient media.
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Fiec. 9. Root growth of excised embryos in complex nutrient media.

Discussion

This work shows acceleration of root growth of embryos when a portion of
endosperm is eliminated. When more than half is removed such an effect is not
found there. That this increased growth due to fractioning of endosperm is not
caused by wound is clear from Table I. When very little endosperm adheres
to the embryo (i.e. one-eighth endosperm) there is a fall in growth rate due to the
lack of nutritive substances. Hypothesis advanced to account for this is the presence
of supra-optimal auxin or some other unknown factor present in the endosperm.
Hence, elimination of a portion of endosperm makes the level of auxin or the unknown
factor optimal for growth until such elimination reaches a limiting value (Sircar,
Das and Lahiri, 1955). In order to study the nature of inhibitory factor of endosperm
rice embryos with different fractions of endosperm were grown on sterile agar media
containing endosperm extracts. In all cases addition of endosperm extracts results
in diminished root growth in comparison with control without added extract. This
accelerated root growth due to the elimination of endosperm fraction is suppressed
when endosperm extract is added to the media. Thus the root length with three-
fourth fractions of endosperm and added extract becomes almost equal to that of
the full endosperm growing in the medium without the extract.
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It may be observed, again, that increased root growth by the fractioning of
endosperm (i.e. half endosperm) is retarded when it is grown in the medinm contain-
ing LA.A. and it becomes almost equal to the embryo growing in agar medium
(Fig. 1). The inhibition of root length caused by the presence of I.LA.A. in the
medium may be compared with the inhibitory factor of the endosperm which suppres-
ses the root growth in the early stages of germination. On the basis of these
findings attempts have been made to investigate the essential growth factors necessary
for the embryo in the initial stages of germination. For this purpose excised embryo
culture is adopted. It has been noted before that excised embryos in general show
less growth in comparison with those attached to seeds. The diminished growth
might be due to the following reasons:— :

(@) Mechanical injury during excision.
(b) Limited auxin supply.
{¢) Lack of growth factors other than auxins, possibly of vitamin nature.

The effects of injury are of prithary consideration in the work of embryo culture.
The rice embryos fail to germinate when they are completely excised frém endosperm
and are placed in the media containing sugar, vitamins, and I.A.A. or endosperm
extract, This is presumably due to the damage of the epithelial layer. In the
present study the effect of injury has been eliminated by the adoption of a special
technique of excision. By this method the epithelial layer is not injured, hence
translocation of food substances from the media to the embryo is maintained. Suc-
rose has been proved to be the best form of carbohydrate for culturing tissues and
embryos of several plants. In the post-germinal embryo culture of rice it has also
been noted that the embryo growth corresponds directly with the increasing concen-
trations of sucrose up to two per cent level. With minerals only the embryos show
very limited growth but with the addition of sucrose in the medium better results
are obtained. The plants, however, are small in comparison to those that had
intact endosperm. In the excised embryo culture of rice thiamine and pyridoxine
have been found to be helpful for the root and shoot growth. They are known
to be essential for the growth of roots. Excised roots of the majority of plants
investigated are unable to synthesise them. Bonner and Bonner {(1948) have shown
that green leaves can synthesise thiamine and pyridoxine and these are translocated
to roots. It is not known whether coleoptile tip can synthesise thiamine and
pyridoxine. In order to prove conclusively that a substance is an essential factor
it should be shown by experiment that not only growth is stimulated by the substance
but no growth takes place in its absence. Since growth in the excised embryo
of rice did not stop in absence of added thiamine or pyridoxine, rather these embryos
were found to show increasing growth during the period of experimentation and
there was stimulation after addition of these factors, it leads one to consider the
importance of thiamine and pyridoxine for the growth of rice embryo. There may
be two possibilities, either the coleoptile and root tips might have carried them
from the endosperm during the ‘period of residual germination or the tips are capable
of synthesising them from sucrose and nutrients.

Presence of I.A.A. facilitates the shoot development to a great extent while
root growth is found to be more dependent on growth factors of vitamin nature.
When L.AA. is added to the medium in combination with thiamine, pyridoxine,
sucrose and minerals the optimal growth of embryo results. Tryptophane facilitates
the embryo growth. The capacity of plant tissue to form auxin from tryptophane
has been demonstrated by a number of workers. Such conversion probably takes
place in the rice embryos in the media containing tryptophane.

It should be noted, however, that in all the different media that have been
uged in the present study the excised embryos show less growth in comparison to
that obtained with the intact endosperm. Presumably some other unknown growth
factor or factors are present which have not been included in the present investigation.
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Fie, 1u. Photograph showing the growth and coleoptile breaking of excised embryos at different stages i the
media containing 0-01 mg./L thinmine and 0-01 mg./L pyridoxine and D}-tryptophane media. In all cases
thin root system, absence of visible root hairs and delicate growth of embryos are remarkable.
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Experiments on the germination of rice embryo have been carried out by eliminating fractions
of endosperm and substituting endosperm extract and indolyl acetic acid.

Some factor or factors are present in the endosperm in supra-optimal concentration which
exerts a retarding effect on the embryo growth in the initial stages of germination. Elimination
of a fraction of endosperm makes the level of the factor optimal for embryo growth until such
elimination reaches a limiting value. That this unknown factor is of auxin in nature has been
shown from substitution of endosperm extract and I.A.A. in the culture media.

Attempts to culture rice embryo have shown that it fails to germinate when completely
excised from the endosperm and placed in nutrient media. This was due to the damage of the
epithelial layer during excision and could be eliminated by adopting a special technique.

Culture of excised embryo has shown its growth is dependent on endosperm food factors.
Some of these factors are sucrose, salts, LA A. and vitamins B; and Bg. Dl-tryptophane acts
ag a substitute for I,A.A. for the growth of embryo showing its conversion to I.A.A. in the embryo
cells.
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