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MICROPROPAGATED PLANTLETS - A REVIEW -

. . :
B.N. Hazarika , V. Nagaraju, V.A. Parthasarathy and G. Bhowmik
Biotechnology Laboratory, ICAR Research Complex
for NEH Region, Umiam, Meghalaya-793 103 India
ABSTRACT
Exhaustive work done on in vitro propagation concerns mostly with provlding chemical
supplement to growth medium and amiable conditions to culture environment. Not much has
_ been done on vital tissues which are cultured, .in respect to their biochemical status. Hence,
there is need to work on biochemical aspects to get an insight into in vitro differenciation and
acclimatization phenomenon in order to make suitable amendments in the medium to increase
efficiency of the in vitro propagation in economic terms. This review attempts to bring together '
the current informations on biochemical changes during m vitro différenciation and hardenlng

of tissue cultured plant.

The ultimate success of micropropagation
on commercial scale depends on the ability to
transfer plants out of culture on a large scale,
at a low cost and with high survival rate. The
tissue cultured plants are often characterised
by abnormal leaf morphology and anatomy,

poor photosynthetic efficiency, mulfunctioning

of stomata and marked deposition of
epicuticular waxes. The heteroprophic mode
of nutrition and poor mechanism to control

water loss render micropropagated plants

vulnerable to the transplantation shocks.
Although considerable efforts have been

" directed to optimise the conditions for the in

vitro stage of micropropagation, scant attention

- ,,hasbeenpandtomderstandthebiochetﬁcal

changes taking place during acclimatization.
‘Consequently, the transplantation stage
continues to be a major bottleneck in the
micropropagation of many plants. In this
review, an attempt has been made to assimilate
. the current knowledge on biochemical changes
during differenciation and acchmhzatlon of
micropropagated plants.

Epicuticular Wax : Scant .deposition of
the proptective epicuticular wax on the surface

of the leaves of the in vitro grown plants has

been regarded as one of the most important

- factors responsible for excessive loss of water;-

leading to poor transplantation success (Sutter
and , 1982). The chemical nature of

the wax deposited on the surface of the leaves
under in vitro conditions is also known to differ
from that form under natural conditions,
allowing excessive diffusion of water from in
vitro formed leaves (Sutter, 1984).
Measurement of the amount of epicuticular
wax in the leaves of cultured plants revealed
that the iack of crystalline structure was
correlated with significantly less eplcuticular wax
compared to that on green house grown plants
(Preece and Sutter, 1991). Epicuticular wax
on cauliflower and cabbage leaves in vitro was
only 25% of that plants grown in green house
{(Grout = and Aston, 1977). The

micropropagated Leucaena leucocephala have: .

attained wax density comparble to that of field.
grown plants within 6-7 weeks of

transplantation (Dhawan and Bhojwani, 1987).

Newly formed leaves- developed increasingly

greater amount of wax and more complex
crystalline structure over time (Sutter and
Langhans, 1982). Similer results were noted -
i1 carnation (Sutter, 1979) and cabbage (Sutter,
1988). Differences in the rate of water loss by
leaves at different stages of micropropagation
have also been reported in Malus domestica
(Brainered and Fuchigami, 1981) and Purnus.
insititia {Brainerd et al., 1981).
hrmstofthestudiwdisamadsofar,-
there Whs a positive comelation between: the

amotmt of wax and survival of the plants when
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. removed from culture. Sutter (1985) rioted,
however, that no such relationship existed in

the foliage plants she studied and concluded -

that the quantity of epicuticular wax alone was
not a good .predictor of survival of
micropropagated plantlets in the green house
during acclimatization. Based on earlier studies
reporting, the relationship between
environment and formation of epicuticular wax,
Grout and Aston (1977) theorized that, the
lack of epicuticular wax on plants in vitro-was
due to high humidity within the culture vessel.
Data supporting this theory were reported by
Sutter and Langhans (1982) who produced
glaucous cabbage plants with structured wax
by reducing their relative humidity in vitro to
35%. Wardle et al. (1983) produced
glaucous cauliflower plants with clearly greater
amount of epicuticular wax by reducing the
relative humidity in vitro with the used of a

desiccant. Ziv et al. (1982) found that factors

resulting in glaucous appearance of carnation
shoot grown in vitro included increased
concentration of agar and sucrose in addition
to relative humidity was reduced. Other
environmental conditions including light and
temperature might also interact with relative
humidity and affects the deposition of
epicuticular wax. Transplantation rates were
significantly higher in leaves of cultured plants
lacking epicuticular wax| compared with rates

in green house plants (Wardle ef al. 1983).
. Smith et al. (1990b) that paclobutrazol
(0.5-4 mgl!) in the mediwmesultedm
increased epicuticular wex and reduction in

: wilting after transfer to compost. Ritchie et al.

(1991) found that plants cultured on: growth.

media supplemented ' with - 10.0mM
paclobutrazol displayed increased epiaﬁwlar
wax, -improved stomatal ‘functioning' and
- reduced leaf dehydration and &educuon in plant
height resulting higher .ex  vitro survival.
lnclusion of padpbuh'azol (0.25-4.0 mgt!) in -

progressively increased

AGRICULTURAL RE\WS

-total sugar,

m« Wsuwlval (Hazarlka 1999)
: Protein and Phenol :
Thepmo&sofha!dminghasbeen found to
be associated with an altered balance in -
catbol'maemetaboﬂsmmwlﬂteclaver(Knster
and Lynch, 1992). The concentration of
sucrose was higher in hardy plants than in less
hardy plants at the maximum level of hardiness
(Svenning et al., 1997). During dehardening,
levelofsohzblewgarandmosedecreasedm
all temperature treatments and there was a
highly significant positive correlation between

sucrose level and LT, values during

‘dehardening (Svenning et al, 1997). A

decrease in sucrose content duﬁng dehardening -
has also been reported for cabbage (Sasaki

‘et al, 1996). Sucrose content is positively

comrelated with the degree of hardiness in
contrasting cultivars/ecotypes both during
hardiness and dehardening. Estimation of total
carbohyxdrates and proteins at various stages
of culture showed interesting magnitude of
variation’ (Sarma et al., 1997). The level of
total carbohydrates were highest in the explant
and reduced at subsequent stages. Conversely,
protein content was lowest in the explant and
showed an increase of 2.5 times in poliferation
stage. However, after completing rooting, the
total carbohydrates and proteins have shown
slight increase over multiplication stage in
banana. Tissm type had significant effect on
(Upad\yay etal, 1999) Antioxidants did not
significantly infhence the level of metabolities
in the explants as well as their leaching in the

medium. The content of phenols and OD ™

phenols start increasing 120 hrs. after

inoculation. Total sugars were higher in tissues
cultured in liquid medium whereas amino-acid
was higher in solid medium (Upadhyay et al., |
1999). Paclobutrazol treated plants contained
higher total phenol in apple (Wang and
Steffens, 1987a). Higher level of total phenol
in paclobutrazol treated plants may be derived

from the higher organic acid content
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(Slegleman 1964) Inclusion of paclobutrazol

.in the rooting medium increased starch and
total phenol content in cultured plantlets
(Hazarika, 1999) of citrus. Starch content in
- the leaves of shootlets grown at 5% sucrose
was higher than growth with' 3% and 1%
sucrose. Plants grown in lower level of sucrose
recorded lower reducing sugar and starch
(Capellades et al.., 1991). The accumulation
of starch was positively affected by sugar
~ feeding (Galzy and Compan, 1992, Paul and
Stiff, 1993, Ticha et al.,- 1998).

Proline : Proline is also known to confer
crypotective ‘effects (Guy, 1991, Kruuv and
-Glofcheski, 1999) and has been shown to be
correlated with hardiness during hardening in
wheat (Dorffling et al, 1993) and to some
degree in white clover (Sandli et al, 1993).
Accumulation of proline acts as a indicator for
drought resistance. Induced proline

, ‘ 67
accumulation due to water stress plays a
protective role (Tyankova, 1969) during’
recovery process upon rehydration and
performs a function of storing carbon and -
nitrogen without damaging the cells (Palfi et
al., 1974). On the otherhand, Hanson (1979)
suggested that accumulation of proline is"a
mere symptom of deleterious response of the
planttomestressarﬂdoanothaveany
adaptive value. .

, CONCLUSION

Understanding the physiological. and
morphological characteristics of tissues cultured
plants and biochemical changes they undergo
during hardening process should facilitate the
development of efflcient transplantation
protools. Therefore, additional data must be

gathered on these aspects by extending the
studies to more species.

REFERENCES

Brainerd, K.E. and Fi ani, L.H. (1981), J. Am. Sci.
Brainerd, K.E. et al, (1981). Hort. Sci. 16 : 173-175.
: Capehades.M et al, (1991). Pant Cell Tiss. Org. Cult
Dhawa Bhojwani, S. S. (1987). Plant 8ci. 53 :
Dorffhnﬂ K etal (1993).
and Compan, D. (1992). Plant Cell Tiss.
Grout, BW.W. and Aston, M.J. (977) Hort. Res. 1
L. (1991). Ann. Rev. Plant Physion. Plant Mol.
JAD. et al. (1979) OopScl 19 489 493,
Hazarika, B.N. (1999). Ph.D. Thesis, Ga
Koster, K.L. and Lynch DV (1992) Plant Ph,uslol

, J. and Glofcheski o ). Cryrobiology.
%

£38

go
';&

i, G. et al. (1974 32 121-
Paul MJ and Sﬁff
eecee, J.E.
emlc
G
(1993). Phant 88 :
2l(1997). Indian J. Hort, 54.
(1932‘)Am Bot. 78 : 365-369

437
a?p996)Hthell7h
AmSocHon

Smith E
Sutter, E. (1
and

Sutter, E. (1984). . J, Bot 62 : 74-77
Sutter, E. (1985). Ann, Bot. 55 ; 321-329.
- Sutter, E. 1988). J. Am.
M. et al. (1997).
Ti v L. (1969) C. R, Ac. 8. Agric. Bulg.
Ticha ef al (1998). Phé/s:ol Plant. 102 : 155-162.

Hort. Soi. 106 : 515- 518

25 : 21-26.
65-72.

J, Plant Physiol. 142 : 222-225,

?J; 31; 239-244.
Blol 41 : 187 223.

108 113.
: 291~ 295

et Ll o 16 : 1047-1057. -
Suttef' E. G (1991) 1191 Micropropagahon {ed. Debergh, P.C. andZimmemtan R H)Kluwer

al, (1991). J B\'p Bot, 42 15571563,
Physiol - 128131,
Biochemistry of Phenolic Oompounds (ed Hafbome J. B.) Acdemic Press,

018401# 2196

W. (1982). Cm J. Bot. 60 : 2986-2902

133-140.

Soc. Hort. Sci. 113-: 234-238.
Plant. 101 : 31-37.
2 . 317-321.

“})adhyayAetal( 99). Indian J. Hort. 56 : 149-154
S.Y. and Steffens, G. L. (1987). PIantPh . 84 1051-1054.
:ﬁe K. et al, (1983). Ann. Bot. 43 : 745- . 5565

Ziv, M. et al (1982). Plant Cell Tiss. Org. Cut. 2



