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A successful protocol for meristem tip culture to el iminate carnation latent virus from carnation cv. scania has been de
scribed . The virus was found to be mechanically transmi ssible to Chenopodium quinoa, C. .amaranticolor, Dianthus bar
beaus and Saponaria vaccaria. Murashige and Skoog'smedium (MS) supplemented with NAA ( 1.0 )lM) and Kn (20.0 )lM) 

proved best for meristem establishment and microshoots were rooted in MS medium supplemented with IBA (5.0 )lM) . 
Meri stems measuring 0. 1 and-0.2 mm yielded virus free plants and larger meristems were not effective. 

Carnation (Dianthus caryophyllus L.) is an important 
commercial ornamental crops of the world and is 
popularly used as cut flowers. Returns from cut flow
ers mainly depend upon their quality in addition to 
their quantity . However, carnations are plagued by 
persistent infection by several viruses. Significant 
economic losses to carnation growers result from in
fection by these viruses as they are responsible for 
poor quality of cut flowers in terms of size of flowers, 
split calyces and reduced vigour in addition to lesser 
yield in terms of number of lateral shoots, total num
ber of flowers and fresh weight' ·3 . 

Yirus multiplication is so intimately associated 
with normal metabolic processes in plants that inter
fering with it selectively may not be possible as all the 
known virus inhibitors are also toxic to plants . There
fore , biotechnological approaches like meristem tip 
culture have become very effective to obtain virus 
free plants from infective stocks. Keeping in view the 
above, the present investigations have been under
taken to index the infected stocks using biological and 
serological (ELISA) assays and to retrieve plants free 
from the virus under test using meri stem tip culture. 

Biological indexing-Plants of carnation cv scania 
showing pronounced symptoms of chlorotic spotting 
and/or mosaic mottling due to carnation latent virus 
(CLY) were collected locally and used for the present 
experiment. Sap from young leaves of these plants 
extracted in phosphate buffer (0. 1 M , pH 7.0), was 
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inoculated on young leaves of various indicator plants 
(Chenopodium quinoa Willd., Camaranticolor Coste 
& Reyn. , Dianthus barbatus L., Saponaria vacca ria 
L. and Gomphrena globosa L.) at 3-5 leaf stage and 
observed dai ly for the development of symptoms. 

Serological indexing-Serological indexi ng using 
enzyme linked immunosorbent assay (ELISA) was 
standardi zed to have a quick detection of the virus 
before and after retrieval and also to rogue out in
fected plant material at early stages of growth under 
field conditions. Alkaline phosphatase (ALP) based 
direct antigen coating indirect ELISA system as de
scribed by Hobbs et a/. 4 was used for conducting the 
experiments. Microtitre plates (laxbro brand) having 
96 wells were used. Testing was done against Carna
tion latent virus using antiserum obtained from CSIR, 
Pal ampuL Microtitre plates were incubated at 37°C 
for a period of 3,2 and 1'/2 hL after coating with anti 
gen, antibody and substrate. Reaction was recorded 
within 30-60 min after addition of substrate using 
ELISA plate reader model MS5605A (ECIL Hydera
bad) and absorbance was recorded at 405 nm. The 
results of ELISA were interpreted following Hi1l5 . 

Meristem tip culture-The plants which showed 
positive symptoms for the presence of CLY were put 
to meristem tip culture. Meristems were excised under 
aseptic conditions under laminar flow cabinet and 
both field materi al and in vitro growing shoots were 
used as base material. ]n case of field grown material 
the shoots were first surface sterilized with the help of 
bavistin/ carbendazim (0.2% for 7 min .) and HgCl2 

(0.1 % for 3-5 min). The tip portions of these plants 
were excised under stereozoom microscope and the 
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meri stematic region at the apex was uncovered by 
gradua lly removing of leaf primordia with eye surgery 
kni ves. The apical meristem consisting of an apica l 
dome and one or two leaf primordia ranging from O. I 
to 1.0 mm were gently removed from the parental ti s
sues and cultured on Murashige and Skoog's medium6 

supplemented with various combinat ions of two 
growth regul ators viz. NAA (0 to 1.0 JlM) and kinetin 
(0 to 20.0 JlM) for estab li shment. Initi al pH of the 
cu lture medi um was adj usted to 5.8 prior to addition 
of 0.8 per cent (w/v) agar-agar. The meri stem tips 
cultured in small tubes were incubated at 28°±2°C 
with 16 hr photoperiod provided by cool white fluo
rescent tubes at 1.5 kilolux light intensity. 

III vitro shoot /'Ilultiplication alld root induc
tioll- The proliferated meristems were multipli ed on 
MS medium fortified wi th best performing combina
tion of NAA (2 JlM) and kinetin (10 JlM) . About 2cm 
long shoots were transferred to MS + IBA (5JlM) for 
root induction and plantlet formati on. 

Plantlet hardening, acclimatization alld virus in
dexing- After about 4 weeks on the rooting medium 
the derived plantlets were transferred to soil in plasti c 
pots (diam. 2 cm ) containing a pre-autoclaved I: I: I 
mixture of soil , FYM and sand , and maintained at 28° 
± 2°C, 90% RH and 16 hr photoperi od in a green 
house eq uipped with misting system. The plants that 
regenerated from the apical meristem were tested 
thrice before and once after transferring them to the 
field for presence of carnation latent virus using indi
cator plants as well as ELISA tests. The plants were 
initially grown in glass house and thereafter shifted to 
the field . 

Biological indexing- As shown in Table! . Local 
lesions appeared on both Chenopodium qllinoa Willd . 
and c.amaranticolor Coste & Reyn. , within 5-7 days 
of inocul ati on, however, symptoms were more pro
nounced on C.qu inoa Willd. These local lesions lead 
to veinal chlorosis in Dianthus barbatus L. and com
plete yellowing in Saponaria vacca ria L. Virus was, 
however, not found to be transmissible to Gomphrena 
globosa L. 

Serological indexing- The virus was detectable at 
10-2, 10-3 and 10-3 dilutions of anti gen, anti serum and 
conj ugate respectively. Mean absorbance (A405 nm) 
va lue fo r negative control (healthy pl an ts) was 0.277 
and that of pos iti ve control (plants showing pro
nounced symptoms of CL V) was 0.843 . Only those 
samples were considered infected whose A405 nm 
va lues exceeded two times the mean values of healthy 
control samples, whereas the samples showing mean 

A405 nm values in the range of 0.277 to 0.554 were 
considered virus free. 

Meristelll establishment alld shool mulliplica
tion- A bout 95% of the meristem tips sprouted within 
8- 12 days of culture in MS medium supplemented 
with NAA ( 1.0 JlM) and Kn (20.0 JlM), shoots differ
entiated in 5-6 weeks thereafter. For shoot multiplica
tion MS+ NAA (2.0 JlM) + Kn ( 10.0 11M) gave the 
best resu lts(Fig I A-C). 

Rooting, hardening and acclilllatiZOlion--/n vitro 
shoots were rooted in MS medium supplemented with 
IBA (5.0 JlM) and agar 0.6% in which 100% rooting 
was observed. Rooted plantlets were separated from 
agar medium carefully to remove traces of agar me
dium and hardened under insect proof glasshouse and 
regu larly sprayed with 0.1 % melathion at fortni ghtly 
interval to avoid reinfection by the vector Myzus per
sicae(Fig. I D-E). 

Effect of meristem size all its eSlablishment alld 
virus elimination-As shown in Fig. 2 sprouting abil
ity of meri stems increased with the increase in the 
size of meristems and was found to be 66.66% when 
the size of meristem was 0.1 mm and it reached to 
100% beyond 0.7 mm of meri stem ti ps. Plantlets as 
well as plant deri ved from meri stems of size O. I and 
0.2 mm tested negati ve whereas those from larger 
meristems sti II carried the virus. 

Technique of meristem tip ulture has been used 
frequently to obtain virus eradicated plants because 
titre of infecti ve vi ru ses has been found to be low or 
absent in meri stematic regions of a large nu mber of 

Table I-Biological index ing on various possible indicator 
plants 

Name of Plant 

ChenopodiulIl qlli
noaWilld. 

C. alllaranticolor 
Coste& Reyn. 

Symptoms 

Local lesions appeared within 5-7 days 
of inocul ation, which oalesced after 13 
days and colour of leaf cha ged to red 
from green. 

Local lesions appeared with in 5-7 days 
of inoculations wh ich later developed 
into mosa ic sy mptoms. 

Dianthus barballls Yellow local lesions and veinal chloro-
L. sis 7- 15 days after inocu lation. 

Saponaria vacca ria Chl orosis after 6 days of inocu lat ion 
L. lead ing to complete yellowing of leaves 

within 16 days of inoculation. 

GOlllphrena glo- No transmission 
bosa L. 
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plant species may be due to a high auxin content of 
meristems or existence of virus inactivating system 
with more act ivity in meristematic region or due to 
lack of vascular differentiation in the meristem6-7. 

Present results indicate that meri stem tips of carnation 
are highly totipotent and show establishment in all the 
combinations of NAA and Kn tried. However, NAA 
( 1.0 11M) and Kn (20 .0 11M) was found to be the best 
combination for regeneration. These results are in 
conformity with those of Pennazi08. [n order to pro
duce virus free plants through meri stem tip culture, a 
balance has to be maintained between the size of 
meristem and its regeneration potential because larger 
meristems have the risk that they may st ill carry the 
virus while the smaller meristems show poor regen
eration potential under in vitro conditions. Regenera
ti on potential was found to increase with the increase 
in size of meristems as only 66.66% meri stems could 
sprout when their size was 0.1 mm whereas sprouting 
ability reached 100 per cent beyond 0.7 mm9. IO . How
ever, an in verse correlation was observed between 
size of meri stems and rate of virus elimination. Mer
istems of upto 0.2 mm size could produce carnation 

latent virus free plants larger meristems failed to do 
so. While working on carnation mottle virus from 
carnation plants, Zhola ll could retrieve 74.3% virus 
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Fi g . 2-Efrect or s ize or rneri stern on sprouting ability 

Fig. I--(Al-Api ca l rneri stem under stereozoom microscope: (B)-Mcri stem after 25 day s o f c ulture ; (C)-Mu ltiplication o r rne ri stem de
rived shoots; (D)-Rooting of meri stem de ri ved shoot ; and (E)-Meristem derived hardened plant of carnatio n 
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free plants using meristems of 0.2-0.3 mm s~ze. How
ever, this virus can be eliminated l2,13 by culturing 
meristems of much bigger size (up to 2.0 mm) but rate 
of virus retrieval has not been reported by these work
ers after culturing such large meristems. Present re
port is the first repot of elimination of CL V from car
nations though other viruses have been eliminated 
from this crop by a number of workers. 
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