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ABSTRACT

Pollen grains of Poa labillardieri (Poaceae) were small, prolate, spheroidal and monoporate. The surface ornamentation 
consisted of spinulose islands separated by incised grooves.  Average pollen size was about 24μm x 22μm in the hydrated state and 
was uniform in different genotypes. Optimum in vitro pollen germination in P. labillardieri was recorded in 25% sucrose solution 
supplemented with 10 mg/L H BO , 10 mg/L anhydrous CaCl , 10 mg/L KNO  and 10 mg/L tetrasodium EDTA di-hydrate at pH 3 3 2 3

6.4. The methods used to assess pollen viability were compared with the optimum  in vitro pollen germination in all the five 
genotypes. The results obtained with fluorochromatic reaction test (FCR) were more or less similar to the results of in vitro 
germination.
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incompatibility reactions are operative  (Heslop-Harrison The genus Poa includes approximately 500 species 
1992,  Stanley  and Linskens 1974). Direct tests are based on distributed mainly in temperate and colder regions of the 
the observation of pollen tube growth down the stigma of world (Clayton and Renvoize 1986, Vickery 1970).) In 
intact or detached ovaries (Lundquist 1961) are quicker and Australia, Poa is represented by about 40 species, of which six 
have the advantage of revealing incompatibility reactions. are naturalized introductions and the remaining 34 are 
However, the most widely used direct test is in vitro pollen endemic (Jacobs et al. 2008).  
germination on artificial media.  Indirect tests rely on the One of the commonest endemic species is Poa 
establishment of correlations between pollen viability tests labillardieri Steud. (Poa Tussock), a grass that is widely  
and in vitro germination performance. distributed  in  the south-eastern  corner  of  Australia,  chiefly  

The objectives of the present investigation of Poa in coastal and tablelands districts and which shows 
labillardieri were (1) to collect information on pollen considerable ecotypic variation due to habitat and seasonal 
morphology, (2) to optimise an in vitro pollen germination factors (Vickery 1970) and polyploidy (Ahmad 2005, May 
technique and (3) to assess the usefulness of a range of and Campbell 1991). According to Ahmad and Martin (2013) 
histochemical tests for pollen viability. there has been an increase in the use of selected forms of this 

grass in low maintenance landscaping. This has led to an 
MATERIALS AND METHODS

interest in the nursery industry for research into better methods 
of mass propagation and the development of techniques for Plant population—A population of 66 plants of Poa 
producing new cultivars by controlled hybridization. labillardieri was raised to maturity from seeds collected from 

Floral morphogenesis of P. labillardieri was reported a field population of predominantly bluish-green (glaucous) 
upon in detail by Ahmad et al. (2009).  Reproductive biology leaved plants from Tuggeranong (latitude 35°27’S, longitude 
was studied by Ahmad and Martin (2013) and they showed 149°07’E, altitude c.600 m), near Canberra in the Australian 
that the species is characterized by a high degree of Capital Territory. The plants were accessioned as lines P1 to 
gametophytic self-incompatibility. It was also observed that in P66 for purposes of identification and these were vegetatively 
open pollinated plants there were wide variations in the seed- propagated by division of the crowns. A representative 
set percentage among different genotypes. voucher specimen (line P34) has been deposited in the 

Biometric and morphological features of pollen grains are Australian National Herbarium (Herbarium Number: CANB 
used for identification purposes in aero-biology, archaeology 765300). From this population six lines (P24, P34, P38, P43, 
and many other research fields and more recently have been P4 and P 53) showing considerable diversity in vegetative and 
shown to have value in establishing the phylogenetic position seed setting traits were grown on open benches within the 
of genera, subfamilies and tribes in certain higher plant main greenhouse at the Plant Breeding Institute.  These plants 
families (Buril et al. 2015). In contrast, plant breeders and were used for studies on pollen for the 2002 to 2005 series of 
population geneticists have a special interest in the viability of experiments described in this paper.
the pollen and require quick but reliable methods for its Pollen collection and hydration—P. labillardieri is 
assessment. Direct tests involving determination of the strictly seasonal in flowering, fresh pollen only being 
percentage of seed set following controlled pollination are available in a period of about eight weeks per year in late 
slow to give a result and cannot determine whether spring and early summer. Since the pollen cannot be preserved 

EPR R OT DN UAL CP T IF VEO  BYT IOEI L

C O

O G

S I SE TH ST



in a viable state, all experiments must be conducted in this E800 light microscope (Nikon Optical Co, Tokyo, Japan) and 
short period. A convenient method of pollen collection and photographed with a Nikon Photo Head V-TP Sensicam 
hydration is to excise mature anthers just before dehiscence, camera (PCO CCD imaging: PCO Imaging, Kelheim, 
allow them to dehisce on a microscope slide and then Germany) mounted on the same microscope.
rehydrate the pollen by incubating the slide for 30 minutes Pollen viability tests— Hydrated pollen grains were used for 
over a moist filter paper (Whatman No. 1) in a closed 90 mm histochemical tests. For each stain and genotype combination 
Petri dish at 22.5ΊC. The slide is then taken from the Petri dish, three replicate slides were prepared. On each slide pollen 
anther debris is removed with fine forceps and the hydrated grains were counted and scored in three fields of view per slide 
pollen is used immediately. (approximately 100 grains per field) using the same light 

Hydration time experiment— Pollen grains were microscope and magnification level as specified above for 
hydrated as above but for lengths of time increasing in scoring of pollen cultures. In the FCR test, preparations were 
fourteen steps from five minutes to ninety minutes. Three viewed with the same microscope but using fluorescence 
replicate 45 mm Petri dishes containing a 1.5 mm layer of optics with short-wavelength ultraviolet light from a 100 W 
optimised germination medium were used to culture the Hg lamp.
pollen grains from each hydration period. a. Cotton-blue lactophenol method—A procedure 

Pollen morphology—Scanning Electron Microscopy modified from Hauser and Morrison (1964) was used. Pollen 
was used to study pollen morphology as affected by hydration, grains were dusted onto a drop of 0.05% cotton-blue (Sigma-
temperature and genotype. Anthers were fixed in 2.5% 61335) in lactophenol on a slide, a cover glass was placed on 
glutaraldehyde (in 0.1 M phosphate buffer, pH 7.2) for 2 the preparation which was then the warmed on a hot plate for 
hours. After rinsing in the same buffer; they were dehydrated 15 minutes and examined under the microscope. The viable 
in a graded ethanol series and critical point dried in carbon pollen grains were deeply and uniformly stained dark blue, 
dioxide (BAL-TEC 030 critical point dryer). Dried pollen and non-viable pollen grains were stained light blue or 
grains were mounted on a metal stub, and gold-palladium unstained. 
sputter coated in an Edwards E306-A sputter coater. b. Acetocarmine method—Stain consisted of 2% w/v 
Examination and photography of the pollen grains were done carmine (Sigma C1022) in 45% acetic acid. Hydrated pollen 
with a Phillips 505 scanning electron microscope at 15 KV. grains were dispersed in a drop of the stain on a microscope 

Optimisation of pollen germination media— slide, covered with a cover-slip and examined under the 
Optimisation was explored in a series of experiments covering microscope (Nassar et al. 2000). Unstained pollen grains were 
(i) sucrose concentration (range 10-40 % w/v,) (ii) pH (range scored as non-viable.
4.5 – 8.5), and (iii) chemical additives H BO , CaCl  c. I-KI (1%) method—I-KI reagent was prepared by 3 3 2

(anhydrous), KNO , and Na EDTA.2H O at either 0 or 10 dissolving 1 g iodine in 100 ml aqueous 2% (w/v) potassium 3 4 2

milligrams per litre (mg/L) in twelve different combinations iodide. Pollen grains were dispersed in a drop of the stain on a 
as set out in Table 4. Analytical Reagent (AR) grade chemicals microscope slide, covered with a cover-slip and examined 
were used throughout. Adjustment of pH was done before under the microscope. Unstained and lightly stained pollen 
adding the agar. Drops of 1M NaOH or 1M HCl were added to grains were scored as nonviable.
the medium as necessary and the results checked with a pH d. Tetrazolium chloride method—The procedure used 
211 microprocessor pH meter (Hanna Instruments). Agar was based on Cook and Stanley (1960). 2,3,5-
(Sigma A7921) at 0.8% w/v was used as the solidifying agent.  triphenyltetrazolium chloride (Sigma) was used at 0.5% (w/v) 
Sterilisation was by autoclaving at 121 ΊC for 15 minutes. in a 12% (w/v) aqueous sucrose solution. Pollen grains were 
Three replicate plates of each treatment were prepared as dispersed in a drop of the medium on a microscope slide, 
required on the day of testing by pouring into 45 mm sterile covered immediately with a cover-slip to exclude oxygen, 
plastic Petri dishes to a depth of 1.5 mm. Hydrated pollen was incubated at 60ΊC in a dark oven for 3 hours, and then 
dusted over the surface of the medium in the prepared dishes examined under the microscope. Scoring was restricted to 
which were then covered and incubated at 22.5 ΊC for 16 hours grains in the central area of the sample. Viable grains show a 
before scoring. fairly uniform dark red stain; non-viable grains are pale and 

Scoring of pollen cultures— A pollen grain was scored blotchy.
as germinated when the length of its tube was equal to or e. Fluorochromatic Reaction Test (FCR)— The 
greater than the diameter of the grain. For each 45 mm Petri a procedure of Heslop-Harrison et al. (1984) was used. A stock 
total of approximately 300 pollen grains were scored in three solution containing 2mg/mL of fluorescein diacetate (Sigma) 
randomly selected microscopic fields. For each field, the total in acetone was prepared. Shortly before use, a 1% dilution was 
number of pollen grains and the number of germinated grains made up in 25% aqueous sucrose. Pollen samples were 
were recorded. The samples were examined at a magnification dispersed in a drop of this medium on a microscope slide, and 
of x100 with normal bright field optics using a Nikon Eclipse the fluorochromatic reaction was allowed to proceed for 10 
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minutes at room temperature in a covered 90 mm Petri dish appearance to P. labillardieri.  The size of pollen grains of Poa 
lined with a moistened filter paper (Whatman No. 1) before annua was similar, but those of the two other species were 
viewing with fluorescence microscopy. Viable pollen grains somewhat larger (polar axis about 35 µm).
fluoresce brightly (yellow-green) under ultra-violet light, The dehydrated pollen grains shed naturally after 
non-viable grains are only faintly fluorescent.  maturity were slightly smaller than hydrated grains and were 

Statistical analysis— Standard error was calculated for irregularly depressed and wrinkled (Figs. 2A – G). Fine 
most values. The experiment on optimizing the final pollen surface ornamentation showed little difference from the 
germination medium (Table 4) was carried out in a completely hydrated state (Figs. 2F & H), but a more collapse resistant 
randomized design and statistical significance was zone is prominent around the aperture (Figs. 2 C, E, F and G), a 
determined according to Fisher’s Protected Least Significant feature not noticed in the hydrated grains. The margin of the 

thDifference (LSD) test at 5% probability level using the 16  aperture was distinctly incurved (Fig. 2 H) and the operculum 
edition of GenStat software (Payne et al. 2013). was markedly withdrawn (Figs. 2 B, C, E, F, G and H) whereas 

it protruded in hydrated grains (compare Figs. 1C with Fig. 
RESULTS AND DISCUSSION 2G). All five genotypes examined were similar in appearance 

in the dehydrated state.Pollen morphology— The size, shape, surface ornamentation 
and aperture of fully hydrated pollen grains of genotype 24 is Table 2—Effect of temperature on the lengths of the polar (P) and 

shown in Fig. 1, which is representative of all five genotypes equatorial (E) axes of hydrated Poa labillardieri pollen grains (Mean ± 
standard error).examined by SEM. The important morphological features of 

* *the pollen of Poa labillardieri, based on the SEM study of Pollen source Microclimate P (µm) E (µm)

(Genotype No.) temperature genotypes 24, 38, 43, 44 and 53, are summarised in Table 1. 
(Day/Night ΊC)

Table 1— Morphology of hydrated pollen grains of Poa labillardieri 
24 27/25 23.3 ± 0.09 21.3 ± 0.29based on SEM observations  of five genotypes (24, 38, 43, 44 and 53).

24 18/15 23.4 ± 0.08 22.7 ± 0.17Character Description
*Means are based on measurements on SEM micrographs of 37 pollen Aperture Monoporate

* grains per temperature treatment.Pollen polar axis length (P) 23.7 µm 

Range of polar axis length 21.1 – 26.4 µm
The effect of temperature on pollen grain size was Pollen equatorial axis length (E)* 22.4 µm

explored in genotype 24 in a controlled environment room Range of equatorial axis length 20.0 – 25.1 µm

P/E ratio 1.06 (Table 2). There was no effect on mean polar axis length and 
Pollen shape Prolate spheroidal the slight reduction in the length of equatorial axis at the 
Exine ornamentation Spinulose islands isolated by higher temperature was statistically non-significant.

 incised grooves
**Pore shape and diameter Circular and operculate, Table 3—Lengths of the polar (P) and equatorial (E) axes of hydrated 

Diameter 2.3µm (range 1.8-2.7 pollen grains of five genotype of Poa labillardieri (mean ± standard 
 µm.) error) and the P/E ratio 

* Mean. Polar and equatorial axis lengths were recorded for 15 * *Pollen Source P (μm) ± SE E (μm) ± SE P/E Ratio
pollen grains of  each genotype. (Genotype 

** Grand mean pore diameter, based on measurement of pores of 10 Number)
pollen grains of each genotype.

24 23.3 ± 0.30  a 22.1 ± 0.34  a 1.05

38 23.6 ± 0.33  a 22.5 ± 0.26  a 1.05The hydrated pollen grains were more or less spherical 
43 24.0 ± 0.26  a 22.8 ± 0.29  a 1.05with a slightly longer polar axis (Table 1) with the mean P/E 
44 24.1 ± 0.35  a 22.8 ± 0.32  a 1.06ratio of 1.06 (Figs. 1A – E).  Surface ornamentation was quite 
53 23.5 ± 0.30  a 22.0 ± 0.25  a 1.07restrained but finely detailed with spinulose islands separated 
Grand Mean 23.7 22.4 1.06

by incised grooves (Fig. 1F – G), the pore aperture had a 
Measurements were recorded for 15 pollen grains from each pollen slightly depressed margin (Figs. 1 B and D), while the 
source using SEM micrographs.

operculum protruded slightly (Figs. 1 B, C, D, F & G).  No *Means within each column followed by the same letter are not 
differences were noted in any of these features in the five significantly different.
genotypes examined. With a mean size of about 24 µm x 22µm 

Pollen grain size of five genotypes grown under the same these grains were classified as small (10-25 µm) under the Pal 
environmental conditions in the greenhouse is shown in Table Dat Palynological Database system.  Three Poa species are 
3. Despite clear differences in vegetative morphology and currently included in the database viz. P. angustifolia (Diethart 
seeding behaviour, the genotypes showed no significant 2016), P. annua (Halbritter and Schneider 2015) and P. 
differences in pollen grain size (polar and equatorial axis compressa (Halbritter 2016).  The SEM microphotographs for 
lengths) (Table 3).  hydrated grains showed that they were generally similar in 
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In vitro pollen germinationBased on the data collected in this study, pollen 
Preliminary experiments—Preliminary attempts to appearance and size is very uniform across genotypes and 
germinate Poa labillardieri pollen in vitro using freshly shed shows no response to contrasting temperature conditions 

during growth. pollen failed to produce any result with Brewbaker & Kwack’s 

(1963) original medium or variants derived from it. However, 

the hydrated pollen grains showed limited germination on 

some solid media containing 10 ppm boric acid and 20-30% 

sucrose. P. labillardieri has trinucleate pollen grains (Fig. 6A) 

typical of the family Poaceae.  Trinucleate pollen grains is 

often more difficult to germinate in vitro than binucleate 

grains (Johri and Shivanna 1977, Leduc et al. 1990, Murthy et 

al. 1994, Mulcahy and  Mulcahy 1983,  Zhang et al. 1997). 

The subsequent experiments were conducted with the aim of 

developing an optimised medium for in vitro testing of pollen 

viability in P.  labillardieri. 
Optimising sucrose concentration— Solid media (0.8% 

agar) at pH 6 containing 10 ppm boric acid and sucrose at 0, 

10, 20, 30 or 40 percent (w/v) were used to record in vitro 

pollen germination in six genotypes.  

Fig. 1—Morphology of hydrated pollen grains of Poa labillardieri 

genotype 24. A-E : Monoporate pollen grains with equatorial view in B 
and E, polar view in C and  slightly oblique polar view in D.  F-G: Pollen 
grains showing the aperture with protruding opercula. (H): Part of 

exine, consisting of spinulose islands isolated by incised grooves. 
Scale bar: A-E 10 µm segments, F-H 1 µm.

Fig. 3— Effect of five sugar concentrations on pollen germination 

of six Poa labillardieri genotypes. The value plotted for each sucrose/ 
genotype combination is the mean of percentage counts from 3 
different fields of each of three Petri dishes. LSD (p = 0.05) for 

sucrose concentrations 3.0%, LSD (p = 0.05) for genotypes 
3.30%.  

It is evident from Fig. 3 that there was no pollen 
germination in the medium containing 0% sucrose. Pollen 
germination was initiated in the medium containing 10% 
sucrose in five of the six genotypes. Optimum pollen 
germination for all genotypes was recorded in the medium 
containing 20% sucrose. At 30% sucrose, pollen germination 
declined in all the genotypes but to varying degrees and further 
declined with 40% sucrose (Fig.3). Genotypic variation in 

Fig. 2— Naturally dehydrated mature pollen grains of Poa labillardieri response to sucrose levels has been reported in Plumeria by 
genotype 24 at the time of shedding from the anther.  A-G: irregularly Perez and Criley (2013). 
infolded grains with a more  resistant zone around the aperture.  In H A similar experiment was conducted with three genotypes 
note depressed aperture and exine ornamentation consisting of 

and sucrose concentrations ranging from 10% to 40% spinulose islands isolated by incised grooves. Images show equatorial 
increasing in increments of 5%, the other conditions view of pollen in A and B, polar view in G and slightly oblique view  in E 

and F. Scale bar: A-G 10 µm segments, H 1 µm remaining the same.



Fig. 5—Effect of the pH of the germination medium on pollen Fig. 4— Effect of sucrose concentration on pollen germination of three 
germination of Poa labillardieri genotypes 24 and 43.  The value genotypes of Poa labillardieri. The value plotted for each sucrose/ 
plotted for each pH/genotype combination is the mean of percentage genotype combination is the mean of percentage counts from 3 
counts from 3 different fields in each of three Petri dishes.different  fields in each of three Petri dishes.  LSD (p = 0.05) for sucrose 

concentrations 3.67%, LSD (p = 0.05) for genotypes 2.40%.  
The response pattern was very similar for both genotypes 

Optimum germination in all three genotypes was found with a definite optimum at pH 6.4. On the basis of this 
on the medium containing 25% sucrose (Fig.4). There was response a pH of 6.4 is recommended for general use with in 
little difference in the germination percentage in two vitro pollen germination media for this species.  
genotypes in the media containing 20% and 25% sucrose, but Optimising chemical additions—Brewbaker and 
in the third (genotype 44) there was a large increase in Kwack (1963) found that addition of various inorganic ions 
germination (about 20%) between these concentrations e.g. calcium and potassium in sucrose-boric acid media is 
(Fig. 4). Germination percentage in all the genotypes declined beneficial for in vitro germination of bi-nucleate pollen grains. 
sharply from 25% to 30% sucrose and thereafter, the decline More recently, addition of EDTA (ethylene-diamine-
was slow. Based on these results, 25% sucrose was the tetraacetic acid) has been found to modify the action of 
optimum concentration for in vitro pollen germination in inorganic compounds on pollen tube growth (Read et al. 
P. labillardieri. 1993). Keeping these points in view, a replicated experiment 

Optimising pH – A preliminary experiment over the pH was designed with twelve selected media compositions 
range 4.5 to 8.5 with two genotypes on a solid medium (Table 4), three genotypes and three replicates in a completely 
containing 25% sucrose, 10 ppm boric acid and 0.8% agar randomised design. The experimental media were all based 
showed that the best germination performance occurred on the previously optimised sucrose and pH values and the 
between pH 6 and pH 7. This response was examined in pollen used was hydrated for the optimum time of 30 minutes. 
greater detail in another experiment using the same genotypes The chemicals added were boric acid, calcium chloride 
and same media, but with pH adjusted in steps of 0.1 pH unit (anhydrous), potassium nitrate and tetrasodium EDTA 
from pH 6.0 to pH 7.0.  Results are shown in Fig. 5. dihydrate, at either 0 or 10 mg/L.  

Table 4—The effects of boric acid, calcium chloride, potassium nitrate and tetrasodium EDTA dihydrate on the germination of hydrated pollen of 

three genotypes of  Poa labillardieri on media solidified with 0.8% agar and adjusted to pH 6.4

Pollen germination (%)*Code of culture Sucrose H BO  CaCl KNO EDTA3 3 2 3

medium   (%) (mg/L)  (mg/L)  (mg/L)  (mg/L) Genotype 34 Genotype 43 Genotype 44

M1 25 0 0 0 0 0.0 0.0 0.0 
M2 25 10 0 0 0 68.0 c 80.6 bc 45.0 c

M3 25 0 10 0 0 15.6 f 20.8 g 21.7 f
M4 25 0 0 10 0 23.6 e 25.6 f 12.0 g
M5 25 0 0 0 10 45.6 d 47.1 e 26.6 e

M6 25 10 10 0 0 71.0 c 78.4 cd 37.5 d
M7 25 10 0 10 0 68.6 c 75.3 d 47.1 bc

M8 25 10 0 0 10 86.6 a 83.0 ab 54.7 a

M9 25 10 10 10 0 67.0 c 78.8 bcd 44.8 c
M10 25 10 10 0 10 78.2 b 81.1 bc 49.0 b

M11 25 10 0 10 10 75.6 b 75.1 d 50.0 b
M12 25 10 10 10 10 86.7 a 87.3 a 56.8 a

*Means of pollen germination for media M2 to M12 within each column followed by different letters are significantly different (p = 0.05) according to 
Fisher’s protected LSD test.  Column heading “ EDTA”  refers to tetrasodium EDTA dihydrate . 
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The results in Table 4 reveal that without the addition of 
any chemical (Treatment M1) there was no pollen 
germination. However, with the addition of boric acid 
(Treatment M2), 68%. 81% and 45% germinations were 
recorded in genotypes 34, 43 and 44 respectively. These 
figures were taken as the standards for comparison with the 
performance of other treatments. In the absence of boron, 
additions of calcium, potassium or EDTA alone (Treatments 
M3 to M5) permitted some germination but caused 
statistically significant depressions below the M2 level. The 
highest germination for all three genotypes was recorded in 
treatments M8 (B+ EDTA) and M12 (B + Ca + K + EDTA). 

Fig. 6— Light microscopy of Poa labillardieri pollen.  A: Hydrated However, there was no significant difference between these 
mature pollen grain stained with acetocarmine to show the two sperm treatments in any of the genotypes, showing that in the 
cells (sc) and the vegetative nucleus (vn). B: Bursting of pollen on 

presence of EDTA and B, additions of Ca and K were not 
hypotonic (10% sucrose) solidified medium. C: Germination of pollen 

required. on isotonic solidified medium (25% sucrose). D & E: Pollen grains with 
The gains with the addition of EDTA (M8) over the base two tubes germinating on solidified optimised medium M12 which 

contains EDTA. F: Pollen grains with very short tubes on solidified line treatment (M2) were large and statistically significant for 
hypertonic medium (35% sucrose).  Scale bar: A-F, 10 µm.genotypes 34 and 44, but non-significant in genotype 43, 

showing a strong interaction between genotype and Pollen hydration—The pollen grains of P. labillardieri 
germination medium. The maximum germination percentage are shed in a dehydrated form suitable for distribution by wind.  
(87%) was shown by genotype 43. It seem unlikely that In nature the transformation of dehydrated pollen (Fig. 2) to 
further optimisation of the media would lead to much hydrated pollen (Fig. 1) commences with the interaction of the 
improvement because during  in vivo compatibility studies surfaces of the pollen grains and stigma and the absorption of 
using excised stigmas (Ahmad and Martin 2013), it was water. This is followed by a series of ultrastructural and 
noticed that even in highly compatible crosses with genotype metabolic changes in the hydrated pollen grains leading to the 
43, there was always a small proportion of grains that failed restoration of normal functioning (Corbet and Plumridge 
to germinate. 1985, Elleman and Dickinson 1986, Heslop-Harrison 1979, 

Taken at face value, the results with treatments M4 and Ma et al. 2012)
M5 suggested that neither calcium nor boron is essential for  In order to maximise in vitro pollen germination it is 
achieving some pollen germination, while M8 suggests that necessary to achieve a slow and controlled hydration rate 
near maximal germination can be attained in the absence of (Alexander and Ganeshan 1989 and Barshalom and Mattsson 

1977). Shivanna and Rangaswamy (1992) recommend the use added calcium. It is the generally accepted view that both of 
of agar gels for achieving slow hydration, but in the present these elements are essential for pollen germination, so it is 
experiments it was observed that agar-solidified media were probable that other factors are at work such as the introduction 
unable to interact with the pollen grains to trigger the of traces of boron and calcium as impurities in the chemicals 
hydration mechanism, therefore other methods must be used used or by release from the agar gel, particularly in the 
for Poa labillardieri. In our preliminary experiments it was presence of EDTA.
observed that hydration was an absolute prerequisite for in Therefore, until further studies are undertaken to clarify 
vitro germination of this species and that exposure to high these effects, M12 is recommend  as the optimised 
humidity in a closed vessel for half an hour was adequate. To germination medium for the assessment of pollen viability in  
validate this procedure, an experiment was conducted to Poa labillardieri.
determine the optimum hydration period for maximum pollen Effect of media on pollen germination–Pollen grains 
germination. Fourteen hydration periods ranging from five burst in the hypotonic medium containing 10% sucrose (Fig. 
minutes to ninety minutes were used with pollen samples of 6B).  On the other hand, pollen grains germinate normally and 
genotype 34.  Germination was tested on M6 medium (Table tube growth is rapid in isotonic germination medium with 25% 
4). The results (Fig. 7) showed four phases in the germination sucrose (Fig. 6C). In contrast, pollen tube growth was 
response to hydration time: (i) a rapid rise over the first fifteen completely inhibited in a hypertonic medium containing 40% 
minutes, (ii) a slower rise to a maximum at 30 minutes, (iii) a sucrose (Fig. 6F). Rarely the pollen grains germinating in M8 
moderately rapid decline to 45 minutes and, (iv) a slow decline and M12 media (Table 4) produce two pollen tubes (Figs. 6D, 
to 90 minutes by which stage the germination percentage was E). However, even under high magnification (x 1,000) it was 
almost reduced to half of the maximum. A similar response not possible to ascertain whether there were two independent 
was recorded with genotype 24. There was a clear optimum pollen tubes or simply a bifurcation of one near the aperture.
hydration period of 30 minutes.
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Fig. 8—Pollen viability in Poa labillardieri genotype 24. Non-viable 
grains indicated by arrow heads. A:  Fluorochromatic reaction test 
(FCR). B-C: Acetocarmine test  D: Cotton-blue lactophenol test. E: I-KI 

Fig. 7— Pollen germination of genotype 34 of Poa labillardieri plotted test.  F: Tetrazolium reaction test. Scale bar: A-F 10 µm.
against length of the hydration period. The value plotted for each 

hydration period is the mean of percentage counts from 3 different To evaluate the reliability of histochemical tests for 
fields in each of three Petri dishes. pollen viability of Poa labillardieri, the hydrated pollen of 

five genotypes was tested for in vitro germination using the Pollen viability tests—Figure 8 shows the reaction of 
optimised medium M12 (Table 4) and for viability by the five hydrated pollen grains of Poa labillardieri (genotype 24) to 
test methods discussed in the previous paragraph.five histochemical tests recommended for the evaluation of 

Table 5 shows that the FCR test reflects fairly closely the pollen viability. The non-viable pollen grains are marked by 
in vitro germination results for both grand mean and genotype arrows. The distinction between viable and non-viable pollen 
means. The other four tests indicated almost 100% viability grains subjected to acetocarmine stain was quite clear (Figs. 
regardless of the in vitro germination percentages and appear 8B, C), especially with a low illumination level (Fig. 8C). 
to be of no value for the assessment of the pollen viability of P. With the fluorochromatic reaction (FCR) test there was also a 
billardieri. Lack of agreement between in vitro pollen clear distinction between viable and non-viable grains (Fig. 
germination and viability tests by various staining procedures 8A). However, the tests that rely on differences in the depth of 
have often been reported. A valid comparison requires that the staining for their interpretation (cotton-blue lactophenol, I-KI 
in vitro germination medium for the species in question should and 2,3,5-triphenyl tetrazolium, Figs 8D, E, F ) require careful 
be carefully optimised (Dafini et al. 2005, Perez and Criley attention for consistent results to be achieved.

Table 5—Viability of Pollen of Poa labillardieri assessed by an optimised in vitro procedure and five histochemical  methods.  Mean percentage 
*viability ± s.e. for five genotypes .

Genotype     In vitro FCRTest Tetrazolium Acetocarmine I-KIStain Cotton  Blue Stain
Germination       Test        Stain

24 85.6 ± 1.10 89.2 ±1.13 99.8 ±0.12 99.5 ± 0.21 98.1 ± 0.54 98.0 ± 0.63

34 81.1 ± 0.89 84.8 ± 0.76 99.8 ± 0.11 99.5 ± 0.18 98.2 ± 0.31 98.6 ± 0.30

38 69.4 ± 1.60 73.4 ± 1.70 99.7 ± 0.19 99.2 ± 0.26 97.7 ± 0.66 98.1 ± 0.35

43 88.5 ± 0.85 90.5 ± 1.04 99.7 ± 0.14 99.5 ± 0.18 98.2 ± 0.32 98.6 ± 0.32

53 83.3 ± 0.91 85.4 ± 1.26 99.9 ± 0.11 99.3 ± 0.25 97.8 ± 0.36 97.7 ± 0.23

Grand Mean 81.6 84.7 99.8 99.4 98.0 98.2

*In vitro germination means based on the percentage counts of three fields in each of three Petri dishes; histochemical test means based on 
percentage counts of three fields on each of three slides.

2013).  Gross overestimation of viability with triphenyl Flowers (1995) found in rice that both 2,3,5-triphenyl 

tetrazolium was reported by Heslop-Harrison et al. (1984) in tetrazolium and cotton-blue in lactophenol were essentially 

their experiments testing pollen fertility of six non-grass useless, results that are in agreement with the present findings 

species, especially with Primula vulgaris, while Khatun and (Table 5).
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Table 6-  Relationship between Poa labillardieri pollen viability scores Ahmad NM, Martin PM and Vella, JM 2009. Floral 
as assessed by the optimised in vitro germination procedure and the morphogenesis and proliferation in Poa labillardieri 
FCR test. Values are percentages.

(Poaceae). Australian J. Bot. 57 602-618.
Genotype In vitro Fluorochromatic FCR

*Germination Reaction Overestimation Alexander MP and Ganeshan S 1989. An improved 
*Test (FCR) (FCR – In vitro) cellophane method for in vitro germination of 

recalcitrant pollen. Stain Tech. 64 225-227.24 85.6 ± 1.10 89.2 ± 1.13 + 3.6

34 81.1 ± 0.89 84.8 ±0.76 + 3.7
Barshalom D and Mattsson O 1977. Mode of hydration, 38 69.4 ± 1.60 73.4 ± 1.70 + 4.0

an important factor in germination of trinucleate 43 88.5 ± 0.85 90.5 ±1.04 + 2.0
pollen grains. Botanisk Tidsskrift 71 245-251.53 83.3 ± 0.91 85.4 ±1.26 + 2.1

Grand Mean 81.6 84.7 +3.1 Brewbaker JL and Kwack BH 1963. Essential role of 
* calcium ion in pollen germination and pollen tube  In vitro germination means based on the percentage counts of three 

fields in each of three Petri dishes; FCR test means based on growth. Am. J. Bot.  50 859-865.
percentage counts of three fields on each of three slides.

Buril MT, Oliveira PP, Rodrigues R, Ribeiro Dos Santos 
Table 6 shows the relationship between optimum in vitro 

FDA and Alves M 2015. Pollen morphology and 
germination and the FCR test.  In vitro pollen germination in 

taxonomic implications in Jacquemontia Choisy 
different genotypes was closely paralleled by the 

(Convolvulaceae). Grana 54 1-11.
fluorochromatic test but at a slightly higher level.  The 
overestimation averaged across all five genotypes was +3.1% Clayton WD and  Renvoize SA 1986.  Genera 
while the overestimation for the individual genotypes ranged Graminum. Grasses of the World. Kew Bulletin 
from +2 to +4%.  The extent of overestimation was not related Additional Series 13  101-102
to the size of the in vitro germination percentage and appeared 
to be more of a small systematic error.  This finding is in Cook SA and Stanley RG 1960.  Tetrazolium chloride as 
agreement with the results obtained with six non-grass species an indicator of Pine pollen germinability. Silvae 
by the originators of the FCR procedure, who stated that “the Genetica 9 134-136.
FCR often – but not invariably – tends to over-estimate 

Corbet SA and Plumridge JR 1985. Hydrodynamics and germinability by a small margin” (Heslop-Harrison et al. 
the germination of oil-seed rape pollen. J. Agri. Sci. 1984). Further testing with pollens of much lower viability is 
104 445-451.needed to determine how close the parallelism is at that end of 

the range. However, for routine screening of Poa billardieri 
Dafni A, Kevan PG and Husband BC 2005. Practical 

pollens of medium to high viability the FCR procedure shows 
Pollination Biology. Enviroquest Ltd, Cambridge, 

great promise as a rapid replacement for time consuming 
Canada.

pollen germination tests.
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