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Abstract Immature zygotic embryo cultures of neem
yielded highly regenerative cultures, with the response
varying with the embryo stage at culture. Early dicotyle-
donous stage embryos were the most responsive followed
by torpedo stage embryos. The embryo cultures differen-
tiated three types of regenerants: somatic embryos (SEs),
shoot buds and neomorphs. SEs exhibited morphological
abnormalities such as pluricotyledony, fusion of cotyle-
dons and absence of cotyledons. Although these SEs
showed secondary embryogenesis, the occurrence of
normal dicotyledonous embryos was extremely rare. On
MS basal medium 3% of SEs developed a long tap root
but a plumular shoot did not appear. However, it was
possible to regenerate plantlets from immature zygotic
embryo cultures of neem via neomorph formation and
adventitious shoot bud formation. The transplantation
survival of these plants was more than 80%.

Keywords Azadirachta indica · Neem · Neomorph ·
Somatic embryogenesis · Zygotic embryo culture

Abbreviations BAP: 6-Benzylamino purine · CH: Casein
hydrolysate · 2,4-D: 2,4-Dichlorophenoxyacetic acid ·
GA3: Gibberellic acid · IAA: Indole-3-acetic acid ·
IBA: Indole-3-butyric acid · NAA: a-Naphthaleneacetic
acid · SE: Somatic embryo

Introduction

Neem (Azadirachta indica A. Juss.), a very important
multipurpose tree species, is propagated mostly through
seeds, which have a very short span of viability (Ezumah
1986; Maithani et al. 1989; Sacande et al. 2001). This has
restricted progress in germplasm collection, ex-situ con-
servation, establishment of plantations, species trials and
tree improvement (Gamene et al. 1996). Tissue culture
would not only overcome these limitations but also offers
fascinating methods for large-scale production of plants in
shorter duration devoid of seasonal constraints.

There are several reports on plant regeneration in
tissue cultures of neem, and the most frequently used
explant has been excised cotyledon or hypocotyl (Mura-
lidharan and Mascarenhas 1989; Nirmalakumari et al.
1993; Shrikhande et al. 1993; Sarker et al. 1997; Su et al.
1997; Abubacker and Alagumanian 1999; Salvi et al.
2001). The majority of these publications have described
regeneration via somatic embryogenesis, although in
many cases the structures described as embryos do not
appear like embryos or behave as such. In most other
reports, a callus phase was involved, which may endanger
genetic fidelity of the progeny. However, a few papers
(Sarker et al. 1997; Salvi et al. 2001) reported direct shoot
proliferation from seedling explants, but these papers lack
details regarding the rate of shoot proliferation, frequency
of rooting and transplantation survival. For many recal-
citrant species, such as cereals, cotton and pines, imma-
ture zygotic embryos are the most suitable explants with
which to establish regenerating cultures because of their
juvenile nature (Bhojwani and Razdan 1996), and have
been found to be the best starting material for induction of
somatic embryogenesis in many perennial crops (Akhtar
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et al. 2000). Embryo culture is a well-established plant
breeding tool in raising rare hybrids, which are normally
lost due to post-zygotic sexual incompatibility (Bhojwani
and Razdan 1996), and has been widely used for studying
factors that control normal embryogenesis during sexual
reproduction (Custers and Bergervoet 1990; Monnier
1990; Liu et al. 1993). However, in some interspecific
hybridisations, embryos abort at much younger stages
(Custers and den Nijs 1986), and it is likely that immature
embryos at different stages of development are needed.
So far, however, there has been no detailed report on in
vitro zygotic embryo cultures of neem. In the investiga-
tion reported here, we have employed immature zygotic
embryos at different stages of development and obtained
various morphogenic responses in vitro. These responses
were greatly influenced by the stage of the zygotic
embryos at culture, information hitherto unreported in
neem.

Materials and methods

Plant material and initiation of aseptic cultures

Immature fruits, from a 50-year-old neem tree growing in the
botanical garden of the University of Delhi, were collected and
thoroughly washed in 1% Savlon (Johnson and Johnson, New
Brunswick, N.J.) solution for 5 min, followed by rinsing with sterile
distilled water (SDW). All further manipulations were carried out
under aseptic conditions in a laminar air-flow cabinet (Cleanair
Atlantis, India). After rinsing in 90% ethanol for 30 s and two
changes in SDW, the fruits were surface-sterilised in 0.1% mercuric
chloride (HgCl2) solution for 8 min. The disinfected fruits were
washed with SDW three times and dissected under a binocular
microscope (Nikon SMZ-1, Japan), to excise the embryos. To
identify the most responsive stage of embryos for morphogenesis,
excised embryos at different stages of development—globular,
heart shape, torpedo shape and early dicotyledonous stage (early
dicotyledonous embryos were about 2.5 times smaller than fully
developed dicotyledonous embryos) (Fig. 1)—were cultured on MS
(Murashige and Skoog 1962) medium containing 3% sucrose and
gelled with 0.8% agar (Qualigens, India). All plant growth
regulators were added prior to autoclaving the medium at
1.06 kg cm�2 and 121�C for 15 min. The pH of the medium was
adjusted to 5.8 prior to autoclaving. Four explants were cultured in
55�15 mm pre-sterilised, disposable Petri plates (Laxbro, India)
containing 10 ml MS medium. Cultures were maintained in diffuse

light (1,000–2,000 lx) with a 16 h photoperiod at 25�C€2�C and
50–60% relative humidity (RH). The Petri plates were sealed with
Parafilm (American National Can, Greenwich, N.Y.).

MS medium supplemented with a range of growth hormones
[6-benzylamino purine (BAP), 2,4-dichlorophenoxyacetic acid
(2,4-D), indole-3-acetic acid (IAA) and a-naphthaleneacetic acid
(NAA)] was used for the induction of various regenerants, such as
somatic embryos (SEs), neomorphs and shoot buds. At least 48
cultures were raised for each treatment and all experiments were
repeated three times. Cultures were observed at weekly intervals
and the regeneration in the cultures is expressed as a per cent
response. Small shoots differentiated directly on zygotic embryos
or on neomorphs, were detached from the parent tissue and
transferred to a lower concentration of BAP (0.5 �M) for elonga-
tion.

Multiplication and rooting of shoots

Shoots regenerated directly from zygotic embryos and neomorphs
were multiplied on MS medium supplemented with BAP (1 �M) +
casein hydrolysate (CH) (250 mg l�1). For rooting, 4 cm long
terminal portions of elongated shoots with 3–4 nodes were excised
and cultured on MS with one-quarter strengths of the major salts
and indole-3-butyric acid (IBA) (0.5 �M).

Cultures for shoot multiplication and rooting were grown in
150�25 mm glass culture tubes (Borosil, India), each containing
20 ml medium. All cultures were maintained at 25�C€2�C, 50–60%
RH and diffuse light (1,000–2,000 lx) with a 16 h photoperiod.
Twenty-four cultures were raised for each treatment and all
experiments were repeated at least three times. Observations were
recorded at weekly intervals and standard error of the mean was
calculated (indicated by €).

Transplantation

Rooted plants were washed to remove the agar, transferred to
soilrite (Chowgule Industries, India) in hycotrays (Sigma, St. Louis,
Mo.), placed in a glasshouse under high humidity and covered with
clingfilm. After 10 days the clingfilm was removed; 3 weeks later
the plants were transferred to soil in polythene bags and sprayed
with a mixture of 0.1% urea (BASS, India) and Bavistin (BASS)
(1:1). After another 4 weeks, the plants were transferred to pots and
maintained in a polyhouse. After 3 months of transplantation, the
plants were moved to a shaded area under natural conditions.

Histological studies

For histological studies, wax sections were cut. The materials were
fixed in FAA (5:5:90 v/v/v formalin:acetic acid:70% ethanol) for
48 h and stored in 70% alcohol. The material was passed through a
tertiary-butyl-alcohol series for dehydration, infiltrated with paraf-
fin wax (melting point 60�C, Merck, Darmstadt, Germany) and
finally embedded in pure paraffin wax. The paraffin blocks were
mounted on wooden stubs, and 8–10 �m thick sections were cut
using a Spencer Rotary Microtome (Buffalo, N.Y.) fitted with a
steel knife. The sections were mounted on microslides, dewaxed
and double stained with safranin (1%) and astra-blue (1%).

Results

Morphogenic responses varied considerably with the
stage of embryo at culture. Globular embryos generally
turned brown without showing any morphogenic re-
sponse. Older embryos germinated, formed calli or
differentiated three types of organised structures: shoots,
SEs and neomorphs (abnormal structures with varied

Fig. 1 Different stages of zygotic embryos. i Globular, ii early
heart shape, iii late heart shape, iv torpedo shape, v early
dicotyledonous, vi fully developed dicotyledonous embryo (�6)
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morphology) (Table 1). The same explant often differ-
entiated more than one kind of regenerant. The frequency
of differentiation of these structures varied with the stage
of the zygotic embryo and composition of the culture
medium.

Maximum somatic embryogenesis and shoot bud
differentiation occurred directly from the explant on
MS +5 mM BAP medium, and the most responsive
embryo stage was early dicotyledonous, followed by
torpedo shape (Table 1). The former showed differenti-
ation of shoots and SEs at higher frequency (57%)
(Fig. 2A). The addition of 2,4-D (1 or 5 mM) alone, to MS
medium induced only neomorph differentiation directly
from the explant. Maximum neomorph formation (66%)
occurred in cultures of torpedo shape embryos on MS
+5 mM 2,4-D (Fig. 2B). In the presence of 2,4-D alone
neither shoots nor SEs formed. On MS + BAP (5 mM),
only torpedo shape embryos showed high frequency
neomorph formation as well as somatic embryogenesis
(40%) (Fig. 2C). In the combined presence of BAP
(5 �M) +2,4-D (1 �M) in MS medium, early dicotyle-
donous embryos showed a fairly high degree of somatic
embryogenesis and neomorph formation (50%) but these
structures were differentiated from the callused explants
(Fig. 2D). However, regeneration involving a callus
phase runs the risk of introducing variability due to
genetic instability of the callus cells. Therefore, only
directly differentiated regenerants were utilised for mi-
cropropagation.

Three types of regenerants obtained in the cultures of
zygotic embryos are described below:

Somatic embryos

SEs were loosely attached to the parent tissue. Irrespec-
tive of the treatment and the stage of zygotic embryo, SEs
exhibited considerable morphological abnormalities, such
as pluricotyledony (Fig. 3A, i), fusion of cotyledons
(Fig. 3A, ii) and absence of cotyledons (Fig. 3A, iii). The
occurrence of normal dicotyledonous embryos was ex-
tremely rare.

SEs excised from the parent tissue were subjected to
various treatments for germination as mentioned by
Thorpe and Stasolla (2001). On MS basal medium, 3% of
the embryos developed a long tap root in 4 weeks
(Fig. 3B) but plumular shoots did not appear. Although
SEs never germinated to form complete plantlets on any
of the treatments tested, secondary embryogenesis oc-
curred on MS basal medium supplemented with BAP +
IAA, or GA3 + IAA.

On MS + BAP (1 mM) + IAA (0.5 mM), 100% SEs
exhibited secondary embryogenesis with a mean number
of 14 embryos per parent embryo. In this medium,
secondary embryogenesis was preceded by callusing of
the primary SEs (Fig. 3C). Primary SEs formed a brown,
friable callus within 2 weeks and, after 5 weeks, second-
ary embryos differentiated from the callus. Additional
embryos continued to appear up to 8 weeks. However, on T

ab
le

1
E

ff
ec

t
of

th
e

st
ag

e
of

ex
pl

an
t

on
pe

rc
en

ta
ge

of
re

ge
ne

ra
ti

on
in

zy
go

ti
c

em
br

yo
cu

lt
ur

es
.

G
ro

w
th

pe
ri

od
4

w
ee

ks
.

F
ig

ur
es

in
pa

re
nt

he
si

s
re

pr
es

en
t

th
e

nu
m

be
r

of
re

ge
ne

ra
nt

s
pe

r
ex

pl
an

t.
V

al
ue

s
ar

e
€

S
E

.
B

A
P

6-
B

en
zy

la
m

in
o

pu
ri

ne
,

2,
4-

D
2,

4-

D
ic

hl
or

op
he

no
xy

ac
et

ic
ac

id
,

G
A

3
gi

bb
er

el
li

c
ac

id
,

IA
A

in
do

le
-3

-a
ce

ti
c

ac
id

,
M

S
M

ur
as

hi
ge

-S
ko

og
m

ed
iu

m
,

N
A

A
a-

na
ph

th
al

en
ea

ce
ti

c
ac

id

S
ta

ge
of

zy
go

ti
c

em
br

yo
at

cu
lt

ur
e

G
lo

bu
la

r
em

br
yo

H
ea

rt
sh

ap
e

em
br

yo
T

or
pe

do
sh

ap
e

em
br

yo
E

ar
ly

di
co

t
em

br
yo

R
eg

en
er

an
ts

S
ho

ot
s

S
om

at
ic

em
br

yo
s

N
eo

m
or

ph
s

S
ho

ot
s

S
om

at
ic

em
br

yo
s

N
eo

m
or

ph
s

S
ho

ot
s

S
om

at
ic

em
br

yo
s

N
eo

m
or

ph
s

S
ho

ot
s

S
om

at
ic

em
br

yo
s

N
eo

m
or

ph
s

T
re

at
m

en
t

M
Sa

�
�

�
�

�
�

�
�

�
�

�
�

2,
4-

D
(1

mM
)

�
�

20
€

1.
0

(3
)

�
�

20
€

1.
0

(2
)

�
�

20
€

1.
0

(4
)

�
�

25
€

1.
0

(4
)

2,
4-

D
(5

mM
)

�
�

20
€

1.
0

(3
)

�
�

40
€

1.
0

(4
)

�
�

66
€

1.
0

(6
)

�
�

40
€

1.
0

(2
)

B
A

P
(5

mM
)

�
�

�
�

20
€

1.
0

(2
0)

�
25

€
1.

0
(6

)
40

€
1.

0
(1

0)
40

€
1.

0
(5

)
57

€
1.

0
(1

8)
57

€
1.

0
(2

5)
�

B
A

P
(1

0
mM

)
�

�
�

�
�

�
�

8€
1.

0
(6

)
40

€
1.

0
(3

)
24

€
1.

0
(6

)
22

€
1.

0
(9

)
25

€
1.

0
(5

)
B

A
P

(5
mM

)
+

2,
4-

D
(1

mM
)

�
�

�
20

€
1.

0
(5

)b
�

�
25

€
1.

0
(5

)b
�

�
30

€
1.

0
(5

)b
50

€
1.

0
(6

)b
50

€
1.

0
(2

)b

B
A

P
(5

mM
)

+
IA

A
(2

mM
)

�
�

�
�

�
33

€
1.

0
(5

)
35

€
1.

0
(5

)
�

30
€

1.
0

(4
)

33
€

1.
0

(7
)

16
€

1.
0

(8
)

�

B
A

P
(5

mM
)

+
N

A
A

(2
mM

)
�

�
�

�
�

�
33

€
1.

0
(7

)
�

33
€

1.
0

(5
)

�
�

20
€

1.
0

(5
)

a
C

on
tr

ol
:

M
S

ba
sa

l
m

ed
iu

m
b

In
di

re
ct

di
ff

er
en

ti
at

io
n,

fr
om

ca
ll

us
ed

ex
pl

an
t

803



GA3 (5.0 �M) + IAA (2.5 �M), secondary embryos
differentiated directly from the primary SEs (Fig. 3D, E).
Like primary SEs, secondary SEs exhibited morpholog-
ical abnormalities, and failed to germinate on any of the
treatments tested.

Neomorphs

The neomorphs were green, with smooth shiny surface
and solid interior. Whereas some were spherical with no
visible appendages, others showed notches like heart-
shaped embryos (Fig. 2B–D) or developed foliar protu-
berances arising from their interior (Fig. 4A–D). In
sections, the neomorphs appeared to be of epidermal
origin and often showed provascular strands, suggesting
that they could be suppressed embryos (Fig. 5A, B). This

Fig. 2 A Four-week-old culture
of an early dicotyledonous em-
bryo on Murashige-Skoog (MS)
medium + 6-benzylamino pu-
rine (BAP) (5 �M), showing the
differentiation of somatic em-
bryos (SEs) (arrows) on one
side and shoots (arrowheads)
on the other side of the explant
(�7.5). B Four-week-old culture
of a torpedo shape embryo on
MS + 2,4-dichlorophenoxyace-
tic acid (2,4-D) (5 �M), showing
direct differentiation of neo-
morphs. Some of these struc-
tures also show cotyledon-like
flaps. The portion of the explant
in contact with the medium has
proliferated into a brownish
green callus (�8). C As in B, on
MS + BAP (5 �M), showing
differentiation of neomorphs
(arrowheads) and SEs (arrows)
at different sites on the same
explant (�8). D Four-week-old
culture of an early dicotyle-
donous stage embryo on MS +
BAP (5 mM) + 2,4-D (1 mM),
showing differentiation of SEs
(SE) and neomorphs (NEO)
from the callused explant. SEs
show fused cotyledons (�8.6)
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conclusion is further supported by the images shown in
Fig. 4. Figure 4A shows a neomorph resembling a curled
cotyledon; upon transfer to fresh medium, a shoot
developed and its basal part callused. Stages in full shoot
development from such neomorphs are shown in Fig. 4B–
D. However, a clear cut radicle was never seen in these
neomorphs.

It was possible to regenerate full plants from the
neomorphs via organogenesis. The excised neomorphs
cultured on MS basal medium did not exhibit any
morphogenesis. However, with the addition of BAP,
numerous adventitious shoots differentiated directly from
the neomorphs (Fig. 5C–E). In older cultures some of the
shoots had elongated and considerable callusing has
occurred at the base of neomorphs only (Fig. 5D, E). BAP
was more effective for shoot differentiation at 5 mM than
at 0.5 mM. At the higher level of cytokinin, 52% of
cultures exhibited shoot differentiation compared to 29%
at the lower level (Table 2).

Shoots

Whereas in almost all treatments, organogenesis occurred
directly from zygotic embryos as well as from neo-
morphs, it was preceded by callusing of the explants on
MS + BAP (5 �M) + 2,4-D (1 �M). However, to maintain
genetic fidelity of the progeny, only directly differentiated
healthy shoots were utilised. These shoots did not grow
beyond 2 cm while attached to explants on regeneration
medium. Therefore, individual shoots were excised from
the parent tissue and transferred to MS + BAP (0.5 mM)
for elongation. On this medium, 85% of cultures had
developed shoots about 6 cm long within 8 weeks
(Fig. 5F).

The shoots were multiplied, rooted and hardened by
following the procedure described by Chaturvedi et al.
(2003a, 2003b). Elongated healthy shoots were multiplied
through axillary shoot proliferation on MS + BAP (1 �M)
+ CH (250 mg l�1) at a rate of 7- to 8-fold every 8 weeks.
At each subculture, any axillary shoot that had grown
fairly long was cut into single node segments and
transferred to fresh medium for further multiplication.
The number of propagules obtained at the end of a
multiplication cycle was taken to be the rate of shoot
multiplication. After 8 weeks on multiplication medium,

Fig. 3 A SEs excised from cultures showing: i pluricotyledony, ii
fusion of cotyledons, and iii absence of cotyledons (�12). B SEs
cultured on MS basal medium for 4 weeks; very long tap root has
developed in both the embryos but the plumular end has not formed
a shoot (�2). C Eight-week-old SE culture on MS + BAP (1 �M) +
indole-3-acetic acid (IAA) (0.5 �M), showing callusing of the
explant and differentiation of secondary embryos from the callus
(�1.5). D, E Cultures of SEs (5- and 8-week-old) on MS +
gibberellic acid (GA3) (5.0 �M) + IAA (2.5 �M) showing secondary
embryogenesis directly without any callus formation (�2.3)

Table 2 Effect of BAP on the morphogenic response of neomorphs. Growth period 8 weeks. Values are €SE

Treatment Shoots Rootsa Callusing

Neomorphs with
shoots (%)

Number of shoots
per neomorphs

Neomorphs with
roots (%)

Number of roots
per neomorphs

Neomorphs showing
only callusing (%)

Controlb 0 0 0 0 0
BAP (0.5 mM) 29€0.2 1.9€0.5 19.0€0.2 5.7€0.2 11.0€0.2
BAP (5 mM) 52€0.2 9.3€0.5 3.2€0.2 1.0€0.2 19.0€0.2

a Roots always differentiated from the callused explants
b MS basal medium
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more than 87% of the cultures developed shoots that were
8 cm long on average, each with seven to eight nodes.

Terminal 4-cm-long portions of shoots from 8-week-
old cultures on MS + BAP (1 �M) + CH (250 mg l�1) were
used for rooting. The remaining shoots were cut into
single node segments and utilised for further multiplica-
tion. For rooting, one-quarter strength MS (major salts
reduced to one-quarter strength) medium with 0.5 �M
IBA was tested. On this medium, 81% of shoots had
formed roots (average of six roots after 4 weeks; Fig. 5G).

Transplantation survival of the micropropagated plants
was more than 80% (Fig. 5H). The uniformity of the
plants was confirmed by cytological analysis. Mitotic
preparations were prepared from root-tips of 30 plants
(selected randomly) regenerated from zygotic embryo
cultures following the procedure described by Chaturvedi
et al. (2003a, 2003b). All plants analysed showed a
diploid number of chromosomes 2n=2�=24.

Fig. 4 A Four-week-old cul-
tures of torpedo shape embryos
on MS + BAP (5 mM), showing
a neomorph resembling a curled
cotyledon (�1.9). B Same,
3 weeks after transfer to fresh
medium; neomorph has elon-
gated and a shoot is emerging
from inside. Note the presence
of brown callus at the base of
the explant (�2). C Same, after
another 2 weeks, showing
slightly advanced stage of shoot
development and massive
brown callus at the base (�2). D
Same, 4 weeks after transfer on
lower concentration of BAP
(0.5 mM), showing elongation of
the shoot and expansion of the
neomorph (arrow). The shoot
has elongated considerably, and
few small shoots have devel-
oped at the base of the main
shoot (�2)
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Discussion

In the present study we have established an efficient
protocol for high frequency regeneration of neem using
immature zygotic embryos as explants. As the develop-
mental stage of embryos at the time of culture is an
important determinant of their morphogenic response
(Custers and Bergervoet 1990), in the present study
zygotic embryos at different stages of development

(globular, heart shape, torpedo shape and early dicotyle-
donous stage) were used to raise regenerable cultures.

The majority of publications on neem have described
regeneration via somatic embryogenesis, although in
many cases the structures described as embryos did not
appear, and/or behave, like embryos. In the present study,
high frequency differentiation into shoots, SEs and
neomorphs was best observed in older embryo cultures.

Fig. 5 A Section of a torpedo
shape embryo cultured on MS +
2,4-D (5 mM), showing epider-
mal origin of a neomorph, with
well-differentiated epidermis
and compactly arranged internal
cells (�470). B Neomorphs of
various shapes. These structures
are loosely attached to the ex-
plant and show provascular
strands (�115). C Neomorphs
from Fig. 2 B–D, showing dif-
ferentiation of small shoots di-
rectly from the explant after
2 weeks of culture on MS +
BAP (5 �M) (�2). D, E Same as
C, after 8 weeks of culture; note
further elongation of the shoots
and basal callusing of the ex-
plant (�1.6). F Individual
shoots were transferred to MS +
0.5 �M BAP. After 8 weeks, the
shoot elongated (�1.6). G A
shoot from F, rooted on one-
quarter strength MS + 0.5 �M
indole-3-butyric acid (IBA)
(�1.6). H Hardened microprop-
agated plants, 8 months after
transfer to soil (�0.1)
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The most responsive embryo stage was early dicotyle-
donous followed by torpedo stage.

Muralidharan and Mascarenhas (1989) were probably
the first to describe embryo-like structures in cultures of
cotyledon segments of neem. These nodular structures,
when separated from the parent explant, developed a tap
root in addition to leafy appendages. The nodular struc-
tures never showed bipolar germination.

Shrikhande et al. (1993) reported in vitro plant
regeneration via somatic embryogenesis in cultures of
immature cotyledons. However, none of the structures
resemble a bipolar embryo with closed radicular and
plumular poles. Moreover, on germination medium, the
so-called “embryos” developed only shoots. Most sur-
prisingly, the authors have described mature embryos
with suspensor. Mature embryos generally lack a suspen-
sor, and at no stage can the suspensor be seen in
macrophotographs as depicted in their paper. Su et al.
(1997) were unable to confirm the results of Shrikhande et
al. (1993) and observed only shoot bud formation.

Islam et al. (1993) also described the globular struc-
tures developed in cotyledon cultures as embryos and
observed monopolar germination. However, we have
described these embryo-like structures, which are similar
to the “embryos” showing only monopolar shoot devel-
opment in other reports (Muralidharan and Mascarenhas
1989; Islam et al. 1993; Shrikhande et al. 1993; Su et
al. 1997; Sharma et al. 1999), as neomorphs. Although
they are organised structures, in the present study such
neomorphs cannot be compared with any of the normal
organised structures; they could represent suppressed
embryos. It was possible to regenerate full plants from
most neomorphs via adventitious shoot bud differentia-
tion on BAP-containing medium.

In the present study, SEs exhibited considerable
morphological abnormalities, such as pluricotyledony,
fusion of cotyledons and absence of cotyledons. The
occurrence of normal embryos was extremely rare. Some
other tree species where such abnormalities have been
observed are Carya illinoinensis (Rodriguez and Wetz-
stein 1994), Feijoa sellowiana (Cruz et al. 1990), and
Prunus avium (Garin et al. 1997). However, these SEs
exhibited secondary embryogenesis. In this context,
Merkle et al. (1990) remarked that secondary embryo-
genesis generally occurs when primary SEs fail to mature
normally.

In summary, zygotic embryo cultures of neem yielded
highly regenerative cultures, with the response depending
on the stage of embryo at culture. These cultures could be
an effective alternative method for micropropagation in
neem. We were able to regenerate plantlets from these
cultures of neem via neomorph formation and adventi-
tious shoot bud formation. The transplantation survival of
these plants was more than 80%. Uniformity of these
plants was confirmed by cytological analysis, showing
that all plants were diploid with the chromosome number
2n=2�=24.
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