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The ovules of Abelmoschus esculentus var. pusa sawani were cultured two and
four days after pollination. Two days after pollination the ovules showed a
proembryo and free nuclear endosperm; while four days after pellination
the proembryo had become globular and the endosperm cellular. The ovules
of both the ages developed satisfactorily on modified White’s medium
and matured in six weeks followed by germination in situ., The seedlings
had a well-developed shoot as compared to the root. When TAA (0-5, 1 and 5
ppm) was added to the medium, the ovules attained a larger size than on BM
alone. BM-+-casein hydrolysate (500 ppm) and BM-coconut milk (259%,
autoclaved) caused proliferation of the hypocotyl. With both the supple-
ments the ovules matured in four weeks and development of the embryo wag
normal although the cotyledons remained short.

INTRODUCTION

Usually, the younger proembryos fail to grow on synthetic media and
not much is known about their nutritional requirements. This handicap has
been overcome by culturing the ovules which has proved to be an important
tool in the hands of experimental morphologists.

Johri (1962) has reviewed the literature on the controlled growth of
ovaries and ovules. White (1932), for the first time, cultured the ovules of
Antirrkinum and reported callus formation from the integument. When the
ovules of Erythronium americanum were grown on White’s medium fortified
with TAA, LaRue (1942) observed that they increased to four times their
original size and gave rise to a callus but the seeds failed to mature. Withner
(1943) cultivated the ovules of several orchids, and the two- to four-month-
old ovules of Epidendrum colchleatum grown on Knudson’s medium produced
healthy seedlings. Muzik (1956) planted the ovules of Hevea brasiliensis on
White’s medium supplemented with coconut milk and TAA but the young
ovules did not show any response.

Maheshwari (1958) obtained normal mature seeds of Papaver somniferum
by growing the pollinated ovules (containing a two-celled proembryo and free
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nuclear endosperm) on Nitsch’s medium (see Nitsch 1951) supplemented with
kinetin and TAA. Whereas the seeds produced in Nature remain dormant for
almost a whole year, those produced in vitro germinated ¢n sitw. Sachar and
Kapoor (1958, 1959) planted the ovules of Zephyranthes (at globular stage of
the proembryo and free nuclear endosperm) on Nitsch’s medium supplemented
with unautoclaved coconut milk (259) or casamino acids (200-1,000 ppm).
They observed normal development of endosperm and embryo and these seeds
also germinated ¢n situ. The growth of the ovules was satisfactory even
when they were excised and cultivated soon after fertilization (Kapoor 1959).
At this time (two days after pollination) the ovules contained the zygote
and primary endosperm nucleus. Kapoor (1959) also reported that the period
required for the maturation of the seeds in vivo and in vitro was almost the
same.

Ranga Swamy (1961) observed normal growth and differentiation of the
nucellar embryos of Citrus microcarpe when the pollinated ovules were grown
on Nitsch’s medium fortified with casein hydrolysate (400 ppm). Poddubnaja-
Arnoldi (1959) traced complete embryogeny in the ovules of Calanthe,
Cypripedium and Dendrobium grown in vitro. The ovules were planted at the
zygote stage and the seeds contained normal embryos. Success has also been
achieved in growing the ovules of Gossypium hirsutum var. Indore 2 (Joshi
1962), Nicotiana rustica (Sabharwal 1962), and Qynandropsis gynandra (Chopra
and Sabharwal 1963),

ExrrrIMENTAT. PROCEDURE

The seeds of Abelmoschus esculentus var. pusa sawani were obtained
through the courtesy of Mr. H. B. Singh (Plant Introduction Division, Indian
Agricultural Research Institute, New Delhi), and plants were raised in the
departmental botanical garden. Flowering occurs from May to July, individ-
ual flowers werze tagged on the day of anthesis. The time of pollination was
determined by examining the stigma with a hand-lens and also by making
acetocarmine smears. The excised ovaries were dipped in distilled water and
sterilized for 10-15 minutes with a 109, clear solution of calcium hypochlorite
or freshly prepared chlorine water. Each chamber of the capsule was incised
with a sterile scalpsl, the ovules wers removed with a pair of forceps and 5-10
were grown on sterile medium under aseptic conditions. Measurements for the
growth of the ovules ¢n wivo and in vitro were recorded at regular intervals
till the seeds attained maturity. The longer axis of the ovules was taken as
the index of growth and average values were calculated on the basis of 25
measurements.

Modified White’s medium (see Ranga Swamy 1961) was used as the basal
medium (BM), and in a number of experiments BM was supplemented with
indoleacetic acid, casein hydrolysate and coconut milk. The pH of the
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medium was adjusted to 5-6-5-8, and it was jelled with 0-8%, ‘ Difco’ bacto
agar. 20 ml of the medium were dispensed into 25x150 mm Pyrex-glass
tubes which were plugged with non-absorbent cotton wrapped in cheese cloth.
The medium was then sterilized at 15 psi for 15-20 minutes. After inocula-
tion the cultures were maintained in diffuse daylight (10-20 ft.c.) at 25°42° C
and 55-659, relative humidity. The cultured material was regularly fixed in
formaline-acetic-alcohol for embryological studies. The customary methods
of dehydration and embedding were followed; sections were cut 8-15 microns
thick, stained with iron-haematoxylin or safranin-fast green, and mounted in
Canada balsam.

ExPERIMENTAL RESULTS
Studies in vivo

The flowers open in the morning and pollination occurs soon after antha-
sis. The hairy calyx is persistent while the yellowish corolla usually falls off
after two days.

Growth of ovary and ovule.—On the day of anthesis the ovary is only 1 em
long but within a week it enlarges to 11-5 em. The fruit attains maximal size
(20 cm) in three weeks after pollination, and the capsules dehisce septicidally
after another two weeks.

The ovules are anatropous, bitegmic and crassinucellate. Their growth in
2-28 days after pollination and corresponding development of endosperm and
embryo are shown in Table I. One day after pollination the ovules have a
length of 1-2 mm. On the following day, i.e. two days after pollination,
there is practically no increase in size but on the third day there is appreciable
growth and the length increases to 2-4 mm. The ovules mature and attain
maximal size of 6 mm (Fig. 2G) in the third week, and they turn greenish-
brown. Their surface may remain smooth or become wrinkled. These seeds
germinate within a week.

Development of endosperm and embryo—Two days after pollination the
embryo sac shows free nuclear endosperm (Fig. 1A, B) and wall formation
commences two days later (Fig. 1C, D).

Four days after pollination the proembryo becomes globular (Fig. 1C, D),
the cotyledonary primordia differentiates on the fifth day, and the embryo
elongates appreciably during the next two days. The mature embryo has
flattened and coiled foliar cotyledons (¥ig. 1E). During its growth, it con-
sumes the endosperm so that the seed is exalbuminous.

Studies in vitro

Ovules cultured two days after pollination.—Two days after pollination the
ovules (length 1-5 mm—Fig. 2A) contain free nuclear endosperm and a
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four-celled proembryo (Fig. 1A, B). They did not show any appreciable change
on BM without sucrose. The addition of 1-49, sucrose resulted in a slight
increase in size (2-5 mm) after five weeks and in 79, of the cultures the seeds
germinated in situ after another week. The addition of TAA (0-5, 1 ppm) to
BM did not stimulate growth, but there was some response with 500 ppm of
casein hydrolysate. These seeds germinated in situ six weeks after inocula-
tion but the seedlings remained stunted.

TaBLs 1

Growth of ovary, ovule, endosperm and embryo in vivo

Days after Length Length Stage of Stage
pollination of ovary of ovule endosperm of embryo
cm mm
2 2:7 1-5 Free nuclear Four-celled
3 40 2-4 vs v Early globular
4 51 30 Cellular Late globular
5 70 3-8 s Heart-shaped
6 9-2 4-5 . Differentiation of coty-
ledons
7 115 52 ' Early dicotyledonous
14 18-0 58 Cellular endosperm Advanced stage with
partially consumed cotyledons convolu-
ted
21 20:0 60 Cellular endosperm Mature
scanty
22 20-0 6-0 » ’»
35 20-0 60 Cellular endosperm vy
scanty or completely
consumed
42 200 6:0 s ”

On BM--cocount milk (10, 259,), after four weeks, the maximum length
of the seeds was only 2-8 mm (Fig. 2B). In 109, of the cultures the seeds
germinated in situ after six weeks (Fig. 2C).

The development of the embryo was normal (Fig. 3C) and it showed leafy
cotyledons. Whereas the hypocotyl was unusually elongated, the over-all
size of the embryos was smaller than the embryos of the field-grown seeds.

Fi¢. 1A-F-——(c—callus; coi—cotyledons; e—embryo; end—endosperm; hy—hypocotyl; pe—
proembryo; su—suspensor). A. Embryo sac (from an ovule two days after pollination) showing a
four-celled proembryo and free nuclear endosperm. x34. B. Enlarged view of upper part
{marked X) of embryo sac. X 150. C. Embryo sac (from an ovule four days after pollination)
showing a globular proembryo and initiation of centripetal wall formation in endosperm from the
mieropylar end. x16-5. D. Enlarged view of upper part {marked X,) of embryo sac. x 150,
E. Mature embryo. x82. F. Same, eight-week-old seed, on BM+casein hydrolysate
(500 ppm); note the proliferated radicle. X 16.
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Ovules cultured four days after pollination.-—These ovules are 3-0 mm in
length (Fig. 2D) and contain partially cellular endosperm and a globular
proembryo (Fig. 1C, D). They did not show any response on distilled water
jelled with 0-89, agar. When grown on the basal medium without sucrose, the
ovules showed only a slight increase in size (length 3-4 mm). However, the
growth was much better with the addition of 4%, sucrose, and after three weeks
the whitish ovules turned brown attaining a length of 3-9 mm. They were
asymmetrical and the surface was wrinkled. In six-week-old cultures the
seeds often germinated ¢n sifw and in comparison to shoot the root was much
better developed.

The over-all growth of the ovules was somewhat better on BM +IAA
(1 ppm) but the mature seeds did not increase beyond 4 mm even after five

Tasre I

Weekly increase in the length of ovules
(wk = weeks; 1 = length)

Growth response

Age at inoculation: two days after Age at inoculation: four days after

Medium pollination pollination
Initial size: 1 = 1'5 mm Initial size: 1 = 3 mm
1 2 3 4 5 1 2 3 4 5
wk wk wk wk wk wk wk wk wk  wk
mm mm mm nm mm mm mm Mmm mm  oumn
1. In vivo (control) 52 58 6-0 §-0 6-0 52 5-8 6-0 6-0 6-9
2. Dist. water+
agar 0-89%, 1-7 19 1-9 1-9 19 31 31 32 32 32
3. BM (without
sucrose) 1.7 19 20 20 20 31 32 34 34 34
4, BM (sucrose
included) .8 21 2-3 2-5 2-5 3-3 35 3-7 39 39
5. BMJTIAA
(0-5 ppm) 1.9 22 24 26 26 34 335 37 40 40
6. BM-}TAA
{1 ppin) 20 22 24 26 26 34 36 38 40 40
7. BM-+IAA
(5 ppm) 1-9 2-1 2-3 2-5 2:5 3-3 3-5 37 39 3-9
8, BM+CM
(10%) 21 2:3 25 27 27 34 39 43 48 48
9. BM+CM
(25%) 22 24 26 28 28 35 42 47 49 49
10. BM-{|CH
(250 ppm) 20 238 25 27 27 33 37 39 40 490
11. BM+CH _
(500 ppm) 21 24 27 28 28 34 37 39 41 41
12. BM-+CH

(1,000 ppm) 22 23 26 28 28 34 36 39 40 40
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Fie. 2A-N—(c—callus; r-—root; »—seed). A.

Ovules two dayvs after pollination (con-
taining a four-celled proembryo and free nuclear endoxperm)--stage at inoculation for B and C.
32 B, C. Six-and seven-week-old seeds and seedlings on BM-coconut milk (25%).  x 24,
D. Ovules four days after pollination (containing a globular proembryo and cellular endospermj
—stage at inoculation for Eand F.  x2-7. E,F. Six- and seven-week-old seeds on BM -4 coconut
milk (259%). x23. G. Six-week-old seeds in Nature. I3 H-XN. Seedlings showing
proliferated hypocotyl on BM-+casein hydrolysate (500 ppm); seven- (H). eight- (T). 10- (d). 15-
(K. L) and 20-week-old (M. X) cultures respectively. *<2-8,
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weeks. In 10% of the cultures the seeds germinated in sitw after another
week.

On BM +casein hydrolysate (500 ppm) the seeds were practically of the
same size (4-1 mm) as those produced on BM alone (4 mm); the development of
ovules and germination in situ was also comparable to the growth response on
BM +IAA (1 ppm) but the shoot was poorly developed (Figs. 2H-N, 3A).

The addition of autoclaved coconut milk (10, 25%,) to BM caused exces-
sive proliferation of the hypocotyl resulting in a massive callus (Fig. 3B).
The seeds (Fig. 2E) were somewhat larger (49 mm) than on BM --casein
hydrolysate (500 ppm). The development of the embryo was normial but the
cotyledons remained short (Fig. 3D). Germination in situ was very frequent
(Fig. 2F) and the seedlings were healthy.

As mentioned earlier, a massive friable callus developed from the hypo-
cotyl (Figs. 1F, 2K) when the ovules (two and four days after pollination) were
cultured on BM --casein hydrolysate (500 ppm) or BM +coconut milk (10,
25%). In subculturss the callus did not show much proliferation and turned
grey after about two weeks. Its cells were rounded or elongated, mostly loaded
with starch, and tracheids differentiated in isolated groups.

The effect of various chemicals on the weekly increase in the size of
two- and four-day-old ovules is shown in Table II.

Discussion

The effect of indoleacetic acid, casein hydrolysate and coconut milk on
the growth of ovules has been discussed in the following pages.

Kapoor (1959) obtained normal mature seeds in Zephyranthes when the
ovules (two days after pollination) containing the zygote and primary endo-
sperm nucleus were planted on Nitsch’s medium supplemented with casein
hydrolysate (200-1,000 ppm) or autoclaved coconut milk (259%,). Without
thesz supplements the embryos failed to grow beyond the late-globular stage.
She also observed that with higher concentrations of casein hydrolysate
(800, 1,000 ppm) the embryos frequently exhibited a strong tendency toward
cleavage, irrespective of the fact whether the endosperm did or did not de-
velop. This resulted in a deep lobing of the embryo followed by its separation
into two masses. Further fate of these masses has not been described by the
author. Ranga Swamy (1961) observed normal growth and differentiation of

Fie. 3A-D—(c—callus; e—embryo; ¢i—inner integument; oi—outer integument; r—root;
s—seed; se—seedling). A. Seven-week-old seedling on BM-casein hydrolysate (500 ppm).
X2-4. B. 20-week-old callus on BM-coconut milk (259%). x2:7. C. Portion of a four-
week-old seed (1.s.) with a globular proembryo from an ovule cultured two days after pollination.
X77. D. Same, from an ovule cultured four days after pollination, showing a young dicoty-
ledonous embyyo. X 56.
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the nucellar embryos of Citrus microcarpa when the ovules (with the adventive
embryos just initiated) were cultured on White’s medium fortified with 400
ppm of casein hydrolysate.

Maheshwari and Lal (1961) grew the ovules of Papaver somniferum
(six days after pollination) on Nitsch’s medium supplemented with 1,000 Ppm
of casein hydrolysate. At the time of inoculation the ovules contained the
zygote and 32-64 free endosperm nuclei and normal mature seeds developed.
The growth of embryo was extremely rapid and it matured in 10 days as
compared to 20 days on basal medium. Joshi (1962) also reported the growth-
promoting effect of casein hydrolysate (500, 1,000 ppm). Working with the
ovules of Gossypium hirsutum, he observed budding and/or cleavage of the
embryonal mass in some of the cultures. The ovules were planted six days
after pollination and they contained a 12-celled proembryo and 500-1,000
free endosperm nuclei.

According to Maheshwari (1958), Nitsch’s medium with 2 ppm of IAA
stimulated the growth of young (four days after pollination) ovules of Papa-
ver somniferum. The same concentration of TAA proved inhibitory for the
growth of slightly older (six days after pollination) ovules. However, still
older (8-22 days after pollination) ovules were less sensitive to the inhibitory
effect. She concluded that to a large extent the influence of IAA depends
on the condition of endosperm.

Dulieu (1963) cultured the ovules (diameter 150 u) of Nicotiana tabacum
on a medium containing mineral salts, vitamins of group B, sucrose (49,) and
filter-sterilized coconut milk (20%,). At the time of inoculation the ovules
contained the proembryo (exact stage and condition of endosperm is not men-
tioned by the author). In one or two ovules (out of 20) the embryo was
much larger than in the field-grown seeds but the cotyledons of the former
were hypertrophied and chlorophyllous.

Chopra and Sabharwal (1963) cultivated the ovules of Gynrandropsis
gynandra on Nitsch’s medium +IAA (2 ppm). The ovules were planted
four days after pollination with the globular proembryo and free nuclear
endosperm. The ovules matured into seeds 13-14 days after inoculation.
When the ovules were planted with the placenta intact, the development
was much better.

My studies on the ovules of Abelmoschus esculentus confirm the stimulative
effect of casein hydrolysate. The ovules cultured two or four days after
pollination, containing a four-celled proembryo with free nuclear endosperm
and globular proembryo with cellular endosperm respectively, showed much
better growth when the medium contained casein hydrolysate (500 ppm) or
autoclaved coconut milk (10, 25%,).

The addition of 0-5 or 1 ppm of IAA to BM resulted in a slight increase in
the size of ovules whereas 5 ppm had an inhibitory effect.
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