RENT FACTORS ON GERMINATION AND TuBE
jsymbrifolium LAM. POLLEN

EFFECT OF DIFFE
GROWTH OF Solanum S

K M. Kuruvilla, Y.S. Chauhan, G. Das and J.S. Kharbteng

Department of Botany, N.E. Hill University, Shillong-793 014, India.

__________________—-—-——'————'_———-__—__\

ABSTRACT

ube growth of Solanum sisymbrifolium Lam. pollen
rature of 25°C and a growth medium containing 100

ose and 0.6% Bacto-agar. Pollen germination was

stimulated by 5 and 10 ppm GAg, 1-10 ppm kinetin, 1 ppm cthylene, and 1 and
5 ppm ABA. Higher concentrations of these growth hormones reduced pollen

germinability. Pollen tube elongation was stimulated by 10 ppm QA 3, %-10 ppm
kinetin, 1 ppm ethylene and 1-10 ppm ABA. IAA at 5 to 25 ppm inhibited both

pollen germination and tube growth. The degree of inhibition increased with
higher concentrations of IAA.

Both germination and t

require an optimum tempe
ppm boric acid, 10% sucr
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A successful hybridization pro-
gram requires an understanding of

Solanum sisymbrifolium.Lam. is  the factors influencing pollen ger-
an undershrub species which is dis-  mination and tube growth ( Vasil,
lrlbut?d in India within 800 - 1300 m  1974). Some of the important factors
CIW?U_OH (B?lah ishnan, 1983). Itis  affecting pollen germination and tube
n_acdncmal!y important since its ber-  growth are temperature, sucrose,
thes provide » rich source of the  boron and plant growth hormones.
?‘lgksallmd solasodm'c (Pandeya et al, However, these requircments arc
of sty material for the synthesis  species specific (Johri and Vasil
alkaloid Pr.odugiwncgvggz::rry yicldin  1961). Ravindran and Chauhan
Therefore, it is nm&saryl:;n:mls ow.  (1980) d?scrjbcd these requirements
these plants through hybridizi:?vc for S_Cmmanon and tube growth In 3.
(Kaul and Zutshi, 1977) on  khasianum, S. indicum, S. aviculare

: and S. laciniatum pollen. No infor-
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mation on pollen physiology of .
sisymbrifolium is available hence, this
study was conducted.

The present investigation deals
with the effects of temperature,
boron, sucrose, agar, IAA, GAg3,
kinetin, ethylene and abscissic acd
(ABA) on pollen germination and
tube clongation of S. sisymbnifolium.

MATERIALS AND METHODS

Pollen was collected only from an-
thesized flowers with undehisced an-
thers of S. sisymbrifolium plants
between 6:00 - 6:30 a.m. Collected
flowers were immediately brought to
the laboratory and the anther tips

were cut off with a sharp scalpel. Pol-
len grains were inoculated by gently
tapping the anthers on cover shps
with 0.01 mL of the basal medum.
The basal medium consisted of 10%
sucrose, 100 ppm boric acid, 300 ppm
calcium nitrate, 200 ppm magnesium
sulfate, 100 ppm potassium nitrate
and 0.6% Bacto-agar (Brewbaker
and Kwack, 1963). The pH of the
medium was adjusted to 7.3 following
the method used by Ravindran and
Chauhan (1980). The polien dusted
cover slips were inverted and placed
over a metallic ring (11.5 mm thick)
prefixed to a glass slide and lined with
lanohn.

The effect of temperature on pollen
germination and tube growth in the
basal medium was studied. The in-
oculated dlides were placed in B.C.D.
incubators maintained at 15, 20, 25 and
30°C. y

Pollen germination and tube
growth as affected by varying con-
centrations of boron in the form of
boric acid (50, 100, 200 and 300 ppm)
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and sucrose (5, 10, 15%) were also
observed. The optimum concentra-
tions for the species were determined
by altering the level of boron or
sucrose in the basal medium one at a
time. The mnoculated slides were in-
cubated at 25°C, the optimum
temperature as determined carker.

The effect of gelling was noted by
incorporating different concentra-
tions of agar (0.3, 0.6, 1.0%) in the
medium.

The plant growth regulators: in-
dole acetic acid (IAA), gibberellic
acid (GA3), kinetin, ethylene releas-
ing Ethrel and abscissic acid (ABA)
werc used to study pollen germina-
tion and tube growth. Different
levels (1-25 ppm) of these regulators
were incorporated into the basal
medium which was modified accord-

ing to the boron, sucrose and agar
requirements of S. sisymbrifolium

pollen obtained carlier. The pH of all
the media was adjusted to 7.3 prior to
incorporation of the growth
regulators.

Pollen-dusted slides prepared fol-
lowing the method of Ravindran and
Chauhan (1980) were incubated at
25°C for 4 hours. The germinating
pollen grains and pollen tubes were
fixed by flooding with FAA (5 mL
formaldehyde + 5 mL glacial acetic
acid + 90 mL 50% ethanol). For all
treatments, five replicate slides each
were maintained. The germmated
and ungerminated pollen grains were
counted from five randomly chosen
microscopic ficlds per shde. Simlar-
ly, at least 20 polien tubes per shde
were selected randomly and
measured.
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RESULTS AND DISCUSSION

Pollen grains require an opti'mum
temperature for germination (Visser,

1955). In this study, both polien ger-
mination and pollen tube elongation
were significantly lower at 20 and
30°C than at 25°C (Table 1). Thus,
the optimal temperature for pollen
growth is 25°C. _

S. sisymbnfolium pollen exhibited
higher germination and greater tul:?c
growth in media with 100 ppm bqw
acd (Table 1). Other concentrations
of boric acd (50, 200, 300) inhibited
both processes. Thus, 100 ppm is the
optimal boron level for maximum pol-
len germination and tube growth. It
appears that the role of boron in pollen
growth 1s four-fold, namely: 1) it forms
sugar borate complexes which en-
hance absorption, translocation and
metabolism of sugars (Vasil, 1964), 2)
it 1s involved in the synthesis of pectin
materials required for wall synthesis
of actively growing pollen tubes (Stan-
ley and Loewus, 1964), 3) it stimulates
chemotropic activity of Ca* * (Mas-
carenhas and Machlis, 1964), and 4) it
increases (2 uptake by pollen (O-
Kelley, 1957).

The optimum sugar requirement
for germination of pollen grains is
species specific. Results indicate that
10% sucrose is optimum for growth of
S. sisymbrifolium poilen. §. aniculase

Annals of Tropical Researe,

Gelling of the medium revealed
that 0.6% Bacto-agar is the bes; agar
concentration for pollen growtp
(Table 1). Addition of agar to the
sucrose¢ medium improved the ger-
mination of the pollen over the liquid

medium by causing controlled hydra.
tion of the pollen (Shivanna and
Johri, 1985). Johri and Vasil (1961)
stated that agar incorporated in the
sucrose medium improved pollen
germination by influencing the os-
motic concentration of the germinat-
ing medium. These could explain the
stimulation of germination and tube
growth through addition of 0.6% bac-
toagar in this study.

Pollen germination and tube
growth are influenced by plant
growth hormones (Johri et al., 1977).
In this stuciy, [IAA at 5-25 ppm in-
hibited pollen germination and the
degree of inhibition increased as con-
centration became higher (Table 2).
At 1 ppm, IAA stimulated pollen ger-
mination but not tube elongation.
Only 25 ppm IAA significantly in-
hibited tube elongation (Table 3).
Pollen of many species contains suffi-
cient auxin for optimal growth
(Linskens and Kroh, 1970). Ex-
ogenous apphication of auxin stimu-
lates pollen tube elongation only if
auxin content of the pollen is below
the threshold level (Brewbaker and
Majumder, 1961). Since even low
levels of auxin inhibited pollen
growth, S. sisymbrifolium pollen

probably has optimal endogenous
LAA such that it
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Table 1. Germination and tube growth of Solanum sisymbnifolium pollen as affected
by different treatments.

M

Treatment Pollen Germination Pollen Tube Lf:':ngth1
(%) (um)
———-—————'—__-—__“——*_—-_—————_______________—_—
Temperature (°C)
20 409 +49 969 + 318
25 515 +25 209.7 + 3623
30 3.4 '+ 3.1 746 + 19.1
—-———————'-—_—‘__'___—_'__——v—-—_————_.—____—*_________
1S D 6.3 45 7
Boric Acid (ppm)
50 36.6 + 2.5 198.4 + 63.8
100 216 + 3.3 261.2 + 194
200 49.0 + 1.1 149.6 + 14.4
300 36.4 + 38 99.3 + 38.7
L0, 1. 3.9 58.7
Sucrose (%)
5 396 + 3.2 104.6 + 28.4
10 o 3 e iy g 1557 +303
15 0 0
LS L, 40.0 42.8
Agar (%)
0 614 + 0.9 2124 + 129
03 63.6 + 3.2 309.2 + 23.4
0.6 68.2 + 3.4 3903 + 38.0
1.0 51.7+ 0.8 231.0 + 20.2
L.S.D. 3.6 448

M

' Means of 100 polien tubes.
+ S.D.
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IAA also inhibited pollen ger-

mination and tube growth in S.

khasianum and S. indicum, but S.

sisymbrifolium pollenis less and more
sensitive to IAA than §. khasianum
and S. indicum pollen, respectively
(Ravindran and Chauhan, 1986). The
differential auxin sensitivity of pollen
of various species in a genus is also
reported by Yadav (1980) and
Ravindran and Chauhan (1986).

Lower concentrations of GA3 (5
and 10 ppm) promoted pollen germi-
nation whereas 25 ppm induced in-
hibition (Table 2). On the other hand,
10 and 25 ppm GA3 stimulated and
inhibited pollen tube growth, respec-
tively (Table 3). Thus, the response of
S. sisymbnfolium, pollen to GA3
resembles that of S. indicum, pollen
(Ravindran and Chauhan, 1986).
Stimulation of pollen tube elongation
1s attributed to GA3 effect on cell ex-
pansion and orientation of newly syn-
thesized microfibrils as reported by
Malik and Chhabra (1976).
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Kinetin concentrations of 1 .- 10

ppm enhanced, pollen germination
and tube growth but the degree of
stimulation decreased with increas.
ing concentration (Tables 2 and 3),
However, both processes were in-
hibited by 25 ppm kinetin which
probably indicates that it was supra-
optimal. Kinetin-elicited stimulation
of pollen tube elongation may be due
to kinetin-induced promotion of cel-
lulose synthesis (Mehan and Malik,
1975).

Ethrel at 1 ppm was stimulatory
whereas higher levels were inhibitory
to both pollen germination and tube
elongation. Except for occasional
stimulation (Buchanan and Briggs,
1969), pollen germination is usually
inhibited by ethrel (Mcleod, 1975;
Sastri, 1974). Ethrel-induced inhibi-
tion of pollen germination at high
concentrations is considered to be
due to increased acidity of the ger-
minating medium (Johri et al., 1977)
However in this study, inhibition

Table 2. Pollen germination of §. sisymbrifolium as affected by various growth regulators.

e o e b e o AL

e o e e e e e S

Conc.
m
(Ppm) T R
0 506 +12 498 + 113
1 330 +31 515 +18
S 46.3 + 43 56.8* + 6.8
10 "4 437 6L ¢+ 32
25 254 +29  433* + 40

Pollen Germination (%)
SRR e e

Kinetin Ethrel ABA

09 +15 506 +14 512 +10
" 640* +18 549*+45 596* + 1.9
93* +45 405* +19 66*+23
65* +19 323*+34 489* + 27
W0DI* +25 232*+09 440* + 1.4

3.4

34
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Table 3. Pollen tube growth of S. sisymbrifolium as affected by various growth

regulators.

Conc.

(ppm) [AA GA3

0 163.0 + 184
179.4 + 14.2

5 168.8 + 29.8

10 1432 + 128
25 ol 12.1

L.S.D. 234 38.4

+ S. D.

* Significantly different from the control.

was still evident even after the pH of
the medium was adjusted to 7.3.
Similar findings were obtained by
Chauhan and Kharbteng (1986).
Therefore, ethrel-induced inhibition
of pollen germination might be due to
the effect of ethylene rather than of
pH as suggested by Mcleod (1975).
He further suggested that ethylene
may either be an evocator itself or
may unmask the evocator of pollen
tube growth.

Abscissic acid i1s an inhibitory
growth regulator (Leopold and

Kinetin

2119 + 85 218.1 + 319
216.2 + 15.2 3908*+ 163 207.4*+ 15.7 2823*+ 83
2288 + 57.2 300.6*+ 22.1
291.0*+ 368 254.1*+ 21.2 112.8*+ 348 269.1*+ 37.6
148.6* + 14.2 181.9%*+ 27.8

Pollen Tube Growth (um)

Ethrel ABA

1644 + 186 2008 + 13.8
1479 + 216 277.0*+ 20.3

56.1*+ 193 2088 + 46.8

29.2 23.6 315

Kriedmann, 1975). However, lower
concentrations of ABA (1 and 5
ppm) used in this study significantly
stimulated pollen germination
whereas higher levels (10 and 25
ppm) induced significant inhibition
(Table 2). Pollen tube elongation
was significantly improved by 1-10
ppm ABA (Table 3). ABA increases
the permeability of plant cells (Bas-
ler, 1974) facilitating quicker hydra-
tion, thus influencing pollen tube
growth (Mehan and Malik, 1975).
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