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Abstract: Dianthus (Carnation) is a commercially important plant used worldwide as ap
ornamental flower. Experiments were conducted to investigate pollen tube growth using
in vitro germination method in four varieties of Dianthus (Dianthus caryophylius, D,
chinensis, D. barbatus and D. pulmaris) under varying physical and chemical
parameters. The pollen germination was tested in vitro using different concentration of
sucrose and boric acid. The germination rates were found to be highest at 10% sucrose
and 100ppm boric acid concentration. The effect of temperature and light on pollen
tube growth was also evaluated and it was observed that germination is highest at 27°C;
and coloured light enhanced the rate of germination many folds. Blue and green light
showed the highest percentage of pollen germination.

INTRODUCTION ‘
Dianthus (Carnations) is genus under
Caryophyllaceae family that contains

about 300 species of plants (Jurgens et al.,
2003). The plant is an annual or a
perennial herb. cultivated worldwide as an
ornamental plant and culinary purpose.
The plant blossoms in cool summers in
average. dry to medium moisture, well-
drained soil. Flowers are solitary or grow
in clusters at the tip of branches. Studies
have shown the therapeutic potientials of
these herbs (Al- Snafi, 2017, Satish
Chandra ef al.. 2016).

The Dianthus genus has widely been used
to study the diversity in pollen morphology
and germination in relation to reproductive
success and taxonomical classification
(Yildz. 2001, Macukanovic-Jocic ef al.,
2015. Dyaberi. et al, 2015).
Environmental factors play a critical role
in pollen viability and germination thereby

affecting seed formation and plant
propagation. Hence, it is important to
study the factors that affect pollen
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germination rates and to figure out the

optimum conditions for pollen germination

which  would result in  optimum

reproductive success.

The present study was undertaken to

determine pollen fertility using pollen

viability tests in vitro under varying

physical (temperature, light) and chemical

(sucrose, boric acid) parameters in
different species of Dianthus namely, D.
caryophyllus (Species 1). D. chinensis
(Species 2), D. barbatus (Species 3) and
D. pulmaris (Species 4). in Bangalore.
India .

D. caryophyllus or Dianthus clove pink is
a most common species of Dianthus. 1 1S
native to Asia and South Europe. The plant
is an herbaceous perennial with height of
upto 18 inches. The flowers are produced
singly or upto five in a cyme, having five
magenta or dark pink coloured petals with
fringed ends (Figure 1a). _

D. chinensis or Chinese pink is native 10
China, South Russia, Mongolia and Kored-
The plant is a perineal herb with a height




upto 24 inches. The . If

INlII'I‘Ik‘ coloured with whil |‘-"5“| I that
ends in a Iringed-pattern. Flowe ppear
in 10-15 flowered clusters in ummer,
chinensis has been used fo centuries 1o
treat various health ailments i Chinese
traditional  herbal  medicine (Satish

Chandra er al., 2016) (Figure 1b).
D. barbatus , commonly known as Red
Dianthus or Sweet William, is native to
Europe, Africa and Asia, The plant grows
upto 18 inches with flowers in

: a dense
cluster of upto 30 at the top.

! lhe flowers
are large, fragrant and bright red in colour
with serrated edges. making it a very
al plant. The
flowers have a mild flavour and
as a garnish (Figure 1¢).

D. pulmarius is native to Europe and Asia.
[t can grow up to 18 inches and has white
flowers with magenta

["Ilt‘i}'!ll!'.l!‘ choice as an ornament

are used

coloured centre

(Figure 1d).

Figure 1: Four species of Dianthus used in the
present study a) Dianthus caryvophyllus b) Dmnﬂ?us
chinensis ¢) Dianthus barbatus d) Dianthus pulmarius
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AND METHODS

'R |
ial:

Nanthus Nowers were collected from the
Lalbagh Botanical ( iarden. Bengaluru. [he
lowers  were plucked early morning
between am to 8 am. Four ‘[wtic\ of

Dianthus were chosen D. caryophyllus
(dark pink), D
white edges), D. barbatus (red) and D
pulmaris (white with purple center), were

choosen for the present study (Figure 1).

chinensis (Purple with

Methods:

Viability test
concentration
Sucrose different
concentration (5%, 10%. 15%. 20%, 25%)

under varying sucrose
solutions of

Anthers
dissected and

were prepared in distilled water.
from the flower were
crushed on the slide to suspend pollen
grains in sucrose solution and allowed to
germinate for 24 hours. The slides were
incubated in a petri plate lined with wet
cotton to maintain  uniform relative
humidity. After 24 hours of incubation, the
results were recorded.

Viability test under varying sucrose and
borie acid concentration

Sucrose solution of varying concentration
(2%, 5%, 10%) was prepared in distilled
water. Boric acid solution of different
concentration (25ppm, 50ppm, 100ppm,
200ppm, 300ppm) was formulated from a
5% stock solution. The pollens were
suspended in varying concentrations of
sucrose and boric acid medium placed on a
glass slide. After 24 hours of incubation,
the results were recorded.

Viability test using modified Brewbaker
and Kwack's media

Basic pollen ‘germination medium by
Brewbaker and Kwack (1963) was
modified (Dyaberi, et al, 2015). The
pollen grains were suspended on a drop of
sucrose (8%) on a glass slide. The
Brewbaker-Kwack's media was added and
the slides were incubated in petri plates




The results were
i vith wet cotton. I'Iuh re e
T r S e incubation period.

recorded afte different

Viability test o “:du
tempor:mut-‘mn(l‘lt!uu.‘crminalul dsiing
Pollen cells “NK\\%ack media i
|;m\\!u1k§l‘ m“-:th 8% sucrose and
cmnbmatu‘n‘j with tes under different
incubated for 30 .lljllltf (0°C. 4°C. 27°C
L aenly COlmliluomtzll<cn ;)ul to room
and 60°C) and then  gale

5 ture. Pollen tube count was taken
GiYeE.c5 oS, RGN, SERad] il the
after 5 hours incubation pe

results were recorded. )
Viability test under different light
conditions

The pollen grains were spread on a glass
slide  containing 8%  sucrose  and
Brewbaker and Kwack's media. A 50-watt
fluorescent tube light was used as the
source of light. The pollens were incubated
in blue. green. yellow or red light by
covering the boxes with the respective
coloured cellophane. White light was used
as control. The pollen tube count ‘was
taken after 5 hours period and the
were recorded.

The slides were observed under
microscope at 45X magnifi
results were tabulated. Pollen grains were
scored as “viable® when the length of the
pollen tube exceeded the diameter of the
Pollen grain. Pollen viability vajyes were
calculated as (he Percentage germination of

the total numper of pollen grains observed.
For each Dianthus \ine, pollen samples
were taken from at least 30 different
fMowers ang these samples were pooled. [n
each eXperiment. pollen viability was
assessed for fiye Optical fields. ) ‘

results

light
cation and the

RESULTS AND DIScy
Pollen viabilily a
one of the mo
inﬂuencim

SSION

nd pollen tube growth js

factors in

(sugar), aming g ids,

temperature  ang
specific (Johri ang V;sil‘
Sucrose plays  dyal role
germination; it geqq as the
substrate for metaboligm, in Pollen hy fate
acts an  osmoticym

osmotic pressure betwee
surrounding. Sucroge
metabolized by
(Stanley and Linske
study showed - that sucrose gl ep‘ L
sufficient for pollen

pollen tube germinat
when it is incubated in Sucrose -
not included), High sucros
lead to an imbalance
in the cell resulting
(Figure 2),

Maintgj),

th

N the cell 5 3
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germinatip, Pollcls
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Figure 2: Pollen cel wall disintegration at
higher sucrose concentrations (>15%) due 1o
osmotic imbalance

Under very low sucrose concentration. 13
large number of pollen plugs (“0""‘"'azlbz
were observed (Figure 3). This may be ‘11;
0 non-availability of sufficient ?utr:ll(;gd
during tube growth. It has _been Iccoolleﬂ
that for optimal germination o_f P\\ﬁs
grains  7.5-20%  sucrose _solu(til_onending
needed in different cucurbits ;p 2010:
Upon species (Acar and Sarpakya.
Mondal and Mandal, 2008) -




Figure 3: Pollen grain develops pollen plugs

at low sucrose concentrations (2-5%)

The germination of pollen tubes requires
optimum media conditions.  Different
concentrations of sucrose (2%, 5%. 10%.
15%. 20%) along with and boric acid
(25ppm.  SOppm,  100ppm,  200ppm.
300ppm) in the media affected pollen
germination. Pollen germination and tube
growth were increased with increasing
concentration of boric acid in a basic
sucrose (10-20%) medium, but only upto a
limit. Boric acid concentration more than
200ppm is found to be detrimental to
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pollen germination, The best pollen tube
10%) was in 50
L00ppm of Boric acid concentration in all
1), Sucrose

prowth | observed

the four species (Table
concentration of 10% in combination with
100 ppm boric acid solution was found to
be best for pollen germination. A large
number of disintegrated cells were seen at
20% concentration, due 1o
imbalance in osmotic pressure. At the
physiological level, boron is believed to
control growth, membrane permeability
and help in translocation of sugar, while at
the biochemical level it controls several
(Khattar Malik, 1992). A
medium containing boric acid and an
osmoticum, like sucrose. favours pollen
germination in many species (Taylor and
Hepler, 1997).

Temperature significantly affected pollen
tube growth. Brewbaker-Kwack's media in
combination with sucrose (8%) was used
and the pollens were incubated at different
temperatures for 30 minutes and then taken
out and kept at room temperature (Shr). It
was observed that pollens at 0°C and 4°C
(Figure 4 and 5) showed significant pollen
fertility (6-7%). although it is lower than
the pollen fertility at room temperature.

SUCrose

enzymes and

Figure 5: Pollen growth observed at 4 °C

The highest pollen viability (10.2%) is

Figure 4: Bar graph showing pollen germination
percentage in four different species of Dianthus at
different temperatures

observed at temperature 27°C (Figure 6).
Milatovic and Nikolic (2017), Akond

S




Citar results inocherry

(2012) reported f‘un{I:limlit.:l.ll:‘cs'mcli\rdy’
'"“‘“”:':"::'ll.;f\ tubes increased
.6 Pollen of nmsll pllzlnlls
inati { ube

show t\|‘li|nu‘2:I E‘:.;I‘II_\II\:(I}I{:!(I‘I (‘]l::lln-i e
i\:"::::i\:.hItl?::'fil\;.L At higher lcnupcu:u{t.t;:n;s’. i:
significant decrease in pollen viabi l?ﬁn.q
observed. At 60°C. the pollen gre b\,
disintegrate due to heat and the pollen tube
germination does not occur, |
) The pollen tube growth unde
different coloured lights using cellophane
paper of red. ycllo»xr. green and blue
colours is represented in Figure 7. A large
variation was observed between pollen

and [/
The length
170 (Figure 0).

Figure 8: Pollen tube Je
under blue light

ngth and growth

tube grows
coloured
different

th under normal (white)
.llghl suggesting  (hay
s ntensities helps
lube ¢
o .gl:.mlwlh and hence (he pollen fertility
,ont.ruasud. Blue and green light enhanceq
pollen l{.lhlf Browth (Figure 7 and 8). The
Iy increased more than three-

folds under p)
; uc 'dl]d MO * " N
10 normal light, green lighy compared

light and
light or
induce pollen
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The pollen Ii:rlilily Fateg

four specics do no show an; :
significant resuleg when incuh

same sucrose and horic ejq cong .
However, there were marked differ, Fatiop
the  pollen germination ratc‘itnccs.
different temperature ang light Cr;nd’",ndc
D. caryophyllus was found ¢, h-“mn
higher than average e g

pollen germinatioy,
D. barbaty shows

caryophyllyg has

rate at 27°C, whereas
the lowest. Also, D

higher  germination rates  yunger all
conditions of light- 249 (red), 3¢9,
(green). 27% (yellow) and 330, (bluc;
(Figure 8). Chauhan and Katiyar, (199¢)
also observed variations i pollen
germination and tube elongation i §

o chimg
wallichii under different coloured light.

CONCLUSIONS
Study of in vitro germination of pollen
grains is crucial for various botanical
research, taxonomical classification and
hybridisation programmes. The evaluation
of pollen fertility during the storage of
male  parents or gametes at low
temperature is of paramount importance
for artificial hybridisation. The present
study showed that temperature and light
conditions affected pollen viability in
Dianthus  species. Low  temperatures
negatively affects pollen tube growth apd
therefore, care should be taken while
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wsloragc of pollens.  The optimum

temperature for growth of pollen tubes was
found to be 25-27° C. It was also observed
that light of different intensities (red,
yellow. green, bluc) helps induce pollen
tube germination and are found to increase
pollen fertility many folds.

The 'inlbrmulinn collected  during
these experiments can be utilized for
hybridisation and breeding programmes
involving Dianthus 1o increase the success
rate of the programme. These results also
indicate the necessity for more studies
concerning the development of a more
suitable culture medium to test the in virro
fertility of Dianthus pollen grains.
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Table 1: Pollen fertility (%) in Dj
Y (70) i Dianthus species in different sucrose and boric acid
conecentration

e ] —_— -
SUCROSE: ml:::;\.;m _Pollen Fertility (%)*
B Garoenicilie -
HESSS_ =0 caryophylius | D. chinensis | D. barbatus | D. pulmarius
- 2 i}
2% 100 2 i i
2‘;000 7 — : ] ]
= 3
5% 100 7 i i i
200 3 5 - .
%3 4 4 4 4
10% >
100 12 T ¥ =
200 10 0 - :
300 3 9 3 2
25 5 ] ] 5
50 6 6 2 :
200 8 g - -
50 3 3 7 5
W 100 5 3 : =
200 2 3 3 5
300 2 2 | :

*The above data is an average of 5 experiments each containing 3 replicates.
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