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ABSTRACT
Trifolium alexandrium L. commonly known as Berseem or Clover is an important leguminous winter
fodder crop. It is appreciated as a forage crop due to its high protein content, soft leaves, tender stem,
high leaf to stem ratio and also rapid growth. In comparison to other legumes and grasses, Clover
provides forage with high nutritional value and quality. Biotechnology is a technique for the
improvement of crop plants.  The objective of the present study is to regenerate Trifolium alexandrium
plants by tissue culture technique. A protocol for direct organogenesis was developed for this
particular plant by inoculating the explants (shoot tip, cotyledonary node without cotyledons,
cotyledon and hypocotyledon) on different media like MS and L2. Shoot tip was found to be the best
responsive explants for direct organogenesis. Subsequently, it was found that 75% of explants produced
shoots on L2 media supplemented with BAP (1mg/L) and IAA (0.1mg/L). The shoots were produced
after 5 days of inoculation. Direct organogenesis from the shoot tip gives a pure line which can be
utilized in genetic improvement of this crop plant. The shoot tip propagated plants are the stock for
further production of large number of plant whenever necessary. This will cut down the conventional
method of growing the crop by sowing and its subsequent growth. These plants grown by tissue
culture technology can be preserved as germplasm.
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INTRODUCTION
Trifolium alexandrium L. commonly known as
Berseem or Clover is an important leguminous
winter fodder crop. It is appreciated as a forage
crop due to its high protein content, soft leaves,
tender stem, high leaf to stem ratio and also rapid
growth. In comparison to other legumes and
grasses, Clover provides forage with high
nutritional value and quality. It is also called
Egyptian Clover. It is generally sown in the month
of October, mainly under irrigation and yields
approximately 100 to 150 tones of green matter
per hectare of land in five to six cuttings up to
April and May1. The genus Trifolium contains
about 240 sp. and is divided into 8 sections.
However, only 10 sp. are considered to be
agriculturally important in the world. Of these 10

sp, 5 sp. are annuals and 5 sp. are perennials.
They are commonly called clover2. Clover
(=Trifolium sp.) is an excellent forage crop as it
has high nutritional value and is an animal feed. It
is grown in temperate and subtropical regions of
the world. The plant is generally grown from the
seeds but vegetative reproduction by stolon is also
reported in Trifolium repense. The taxa are
agronomically highly valuable because they add
enormous amount of nitrogen to the degraded soil
using nitrogen fixed by Rhizobium trifoli in the
roots. Dutch white clover (T. repense) shows an
unusual feature that is viviparous germination3.
Trifolium alexandrium is also one of the most
frequently studied forage crop from the point of
view of tissue culture. Significant progress has
been made by using genetic engineering method
for increasing its nutritional value and to enhance
tolerance to biotic stress. Tissue culture or in-*Author for correspondence
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vitro culture provides the best approach for
preservation and multiplication of plants in short
time with no genetic variability and in a limited
space4. Hence, it was felt necessary to develop
regeneration protocol from de-novo meristems,
with higher frequency of regeneration. It has been
observed that the organogenesis has 2 path ways
that  is through callusogenesis and direct
organogenesis. In this paper we have, focused
our attention on the second path way because it
gives a pure line which will cut down the
conventional method of growing the crop by
sowing and its subsequent growth and can be used
for the genetic improvement of the plant.
A short review of the organogenesis is given
below:-
Phillips and Collins5 have done the tissue culture
of Trifolium pretense and they have developed a
medium. Organogenesis was induced in callus
culture and the regenerated plants were grown
to maturity.
A simple and rapid procedure for direct
organogenesis from root nodule like structure of
alfalfa was done by Sarul et al.6.
Direct organogenesis of Trifolium pretense
meristem for breeding purpose was done by
Carrillo et al.7 According to them the stem
meristem showed a better result than crown
meristem. The L2 medium showed better
performance than B5 and MS media.
Plantlet regeneration via multiple shoot induction
in Medicago sativa was done by Kumar et al.7

They used 5-6 day old shoot tip as explants and
inoculated them on MS+BAP+KN 75% tissue
raised plants showed survival after transfer to soil.
Demirbag et al.9 studied in-vitro regeneration of
Trifolium panonicum. They used MS medium
containing BAP and NAA. The explants used
were hypocotyls, cotyledon node and cotyledon
base. Hypocotyl explants responded best with
100% shoot regeneration.
A protocol for plant regeneration and in-vitro
flowering from shoot tip of Basil icum
polystachyon was developed by Amutha et al.10

Li et al.11 developed a protocol for in-vitro direct
organogenesis and regeneration of Medicago
sativa. The protocol has been successfully applied

to eight genotypes of Medicago sativa with
regeneration frequency ranging from 63.8-82.5%.
The details of in-vitro study of direct
organogenesis so far done are presented in this
paper.

MATERIAL     AND    METHODS
Plant material and surface sterilization
The seeds were purchased from the market of
Nagpur. The seeds were surface sterilized with
fungicide Bavistin for 7 min (1gm/L distilled water)
and then they were washed with sterile distilled
water (3X) (each for 1 min) and placed for
germination in the garden soil.
After 5 days explants like shoot tip, cotyledonary
node without cotyledon, cotyledon and
hypocotyledon were excised and used for direct
organogenesis. The sterilization of explants was
done with various disinfectants. The procedures
of sterilization of explants are as follows –
a) Surface sterilization treatment of explants
in the laboratory
Explants were washed with sterile distilled water
(3X) each for 1 min. then they were dipped in the
fungicide Bavistin (0.1%) solution for 1min.,
further they were washed with, sterile distilled
water for 1 min to remove fungicide traces. After
that they were dipped in Tween 80 (1 drop/100ml)
solution for 1min and finally washed with sterile
distilled water.
b) Surface sterilization treatment of  explants
in aseptic condition
Under laminar airflow with proper aseptic
conditions explants were washed with sterile
distilled water (once for 1 min) followed by
sodium hypochlorite treatment for 1 min (1ml/
100ml sterile distilled water). The explants were
again washed with sterile distilled water and were
treated with 0.1% mercuric chloride for 30 sec.
Finally explants were washed with sterile distilled
water (3X) each for 1 min. The size of explants
for in-vitro experiments varies from 0.6-1 cm
each.
Culture media and culture room conditions

Various types of culture media are available for
in-vitro experiments. Two types of media were
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used like MS and L2. The media were
supplemented with different hormone
combination. A critical study of these different
media shows that L2 is best suitable media;
therefore, this media was used for in-vitro studies.
Media was sterilized in an autoclave for 20 min
at 15 lbs pressure. The media were poured in test
tubes and after solidification they were inoculated
with shoot tip, cotyledonary node without
cotyledon, cotyledon and hypocotyledon. 50
explants were used at one time. The culture tubes
were kept in culture room and the photo period
was maintained for 14-16 hrs with 2500 Lux
intensity. Relative humidity was maintained at
60%.The temperature was maintained at 25±2ºc.
Under this controlled condition the growth and
induction of callus was studied. The response of
explants was monitored on daily basis for 4 weeks.

RESULTS  AND   DISCUSSION
Organogenesis
As mentioned earlier four different explants were
inoculated on L2, supplemented with 1mg/l BAP
+ 0.1 mg/l IAA for direct organogenesis. The shoot
tip was found to be the best responsive explants
for direct organogenesis (Fig. 1). In this case 75%
of the inoculated explants formed direct shoots,
within 5 days (Fig. 2). It was followed by
cotyledonary node without cotyledon which
shows 42 % result on the 7th day after inoculation
of explants. The response of hypocotyledon was
20% on the 9th day after inoculation of explants.
It was followed by cotyledon and the response of
cotyledon was not satisfactory, it was 6% and
the initiation was delayed and it took place after
13 days. In all the explants the nature of shoot
was green and healthy (Table 1 and Fig. 3).  After
18 days fully developed multiple shoots were
obtained (Fig. 4).
The age of seedling from which explants is derived
also influences the response of the explants.
Therefore, after determining the best responsive
explants, the proper age of the explants were
standardized. In the present study the best explants
i.e. shoot tip was harvested from the seedling of
different age starting from 3-7 days and inoculated
on the same medium. The shoot tip from 3 and 4
days old seedling did not form any organ. The
shoot tip of 5 days old was found to be the best

for direct initiation of organ. In these explants the
direct organogenesis was initiated on 5th day and
75% explants formed direct organ. The explants
of 6 and 7 day old seedlings were not used, because
the percentage of response was less, it was found
to be around 35% and 12% respectively on 7 and
12 day respectively (Table 2).
After determining best explants and best age of
the explants, it was inoculated on L2 media with
different concentration of growth regulators (BAP
and IAA) to determine the effect of growth
regulator for direct organogenesis. BAP alone did
not give any satisfactory response. A combination
of these two growth hormones that is BAP and
IAA was tried. The optimum response was 75%
on 5th day with green and healthy shoots, on
supplementing L2 media with 1mg/L BAP and
0.1mg/L IAA. When L2+1.5mg/LBAP+0.15mg/
L IAA and L2+ 2mg/LBAP+0.2mg/L IAA was
used in media the response was 60% and 35%
respectively on 7th and 12th day and in both the
cases shoots were green and healthy. When L2
media was supplemented with 2.5mg/L BAP and
0.25mg/L IAA the response was 14% on 14th
day and the shoots were green and healthy, this
result was not satisfactory. It was observed that
by increasing the concentration of both the
hormones direct organogenesis percentage was
reduced and the time duration of responses were
increased. (Table 3).
It was observed from in vitro study of Trifolium
alexandrium that 5 days old shoot tip is the best
responsive explants for direct organogenesis. L2
media with 1mg/L BAP and 0.1mg/L IAA was
the best medium for direct organogenesis. The
response of direct shooting was 75%.

Sarul et al.6 were able to get direct shoot formation
from root pseudo nodules of Medicago
sativa.They used B5 medium without any growth
regulators. Prolific adventitious shoot initiation was
observed in this medium. The regenerated shoots
rooted easily and showed nodule like structure.
According to them spontaneous shoot appearance
was correlated with high cytokinin to auxin ratio.12

Direct organogenesis was observed from
hypocotyl segment of Tamarindus indica by Sonia
et el.13. They used 12 day old seedling from
hypocotyl explants on MS media with or without
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Fig. 3 :  Green and healthy shoot Fig. 4 : Fully grown multiple shoot after 18 days

Fig. 2 : Direct shooting on 5th dayFig 1 : Inoculated shoot tip on L2  media

growth regulators. MS media with BAP produced
3 to 4 shoots per explants. The roots were
produced on the medium containing IBA. The
plantlets could be transferred to the soil.

Carrilo et al.7 has studied the optimization for
direct organogenesis of Trifolium pretense. They
used the stem meristem and crown meristem
(apex) for callus formation and organogenesis.
According to them L2 medium gave better result
than B5 and MS medium. Similar observation is
by the author for L2 media for direct

organogenesis in T. alexandrium.

Kumar et al.8 observed plantlet regeneration via
multiple shoot induction in Indian cultivars of
Medicago sativa. 5-6 days old shoot tips were
used as explants for multiple shoot induction on
MS medium supplemented with cytokinin. We
used 3-7 day old shoot tip as explants and among
them 5 day old shoot tip was found to be best
responsive explants. On the other hand we could
get only organogenesis when combination of
cytokinin (BAP) and auxin (IAA) was used.
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Table 1 : Initiation of direct organ on L2 medium, using various explants of
Trifolium alexandrium

Table 2 : Effect of the age of explants (from-shoot tip) for direct organogenesis in
Trifolium alexandrium on L2 medium

   Types of No. of explants % Time duration for Nature of
   explants inoculated Response response(days) shoots

   Shoot tip 50 75 5 green and healthy
   Cotyledonary
   node without 50 42 7 green and healthy
   cotyledon
   Hypocotyled 50 20 9 green and healthy
   on

   Cotyledon 50 6 13 green and healthy

Medium used: L2+1 mg/L BAP +0.1 mg/L IAA

Age of (seedlings) No. of explants %Response Time duration of
explants in days inoculated response (days)

3 50 0 0

4 50 0 0

5 50 75 5

6 50 35 7

7 50 12 12

Medium  used: L2+1mg/L BAP+0.1mg/L IAA

Table 3 : Effect of hormone combinations for direct shooting of Trifolium alexandrium

Hormon (mg/L) No. of %  Response Time duration Nature of root
explants of response

BAP          IAA inoculated (days)

  0.5 50 0 0 –

   1            0.1 50 75 5 Green and healthy

  1.5          0.15 50 60 7 Green and healthy

   2            0.2 50 35 12 Green and healthy

  2.5          0.25 50 14 14 Green and healthy
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CONCLUSION
The main aim of the investigation was to induce
direct organogenesis in Trifolium alexandrium.
During the research project different explants like
shoot tip, cotyledonary node without cotyledon,
cotyledon and hypocotyledon were used.
L2 media with 1 mg/L BAP +0.1 mg/L IAA was
found to be best for direct organogenesis from
shoot tip. It gave 75% result on the 5 day. While
from the other explants the cotyledonary node
without cotyledon gave 42% response on 7 day.

RECOMMENDATIONS
Research work done under conclusion obtained
will pave a way for revolution in the field of
conventional farming by cutting down the duration
of total plant growth from sowing to yield. It will
help in effective preservation of the germ plasm.
These plants can be used in cross breeding with
wild plants to get better progeny.
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