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                  Pollen grains represent male gametophytes and 
are the male partners in sexual reproduction. 
Following anther dehiscence, pollen grains are 
exposed into the atmosphere. At the time of shed-
ding, pollen grains contain either 2 cells (a large 
vegetative cell enclosing the generative cell) or 3 
cells (vegetative cell enclosing the two male gam-
etes formed by the division of the generative cell) 
(Fig.  5.1a, b ). The cytology of pollen at the time 
of shedding (2 or 3 cells) has important correla-
tions with a number of physiological features of 
the pollen such as viability, storage and in vitro 
germination. In general, 2-celled pollen    show 
longer viability, store well and germinate on a 
simple medium when compared to 3-celled pollen   . 
Also the species with 2-celled pollen    show game-
tophytic type of self-incompatibility, whereas 
those with 3-celled pollen    show sporophytic type 
of self-incompatibility. Mature pollen grains 
generally contain reserve nutrients in the form of 
starch (Fig. 5.2a ) or lipids. The phase of pollen, 
from their shedding until they land on the stigma, 
is termed free dispersed phase; it plays a crucial 
role in plant reproduction as it facilitates gene 
fl ow because of their dispersal and transport to 
other conspecifi c plants/populations through var-
ious pollinating agents.

    Pollen grains resemble seeds in many respects 
(see Chap.   10    ); both are desiccated units (their 
moisture content is generally <20 % when shed), 
dispersal units and units of gene fl ow. Similar to 
the refractory seeds of some species, pollen 
grains of several species are refractory and are 

shed with higher moisture content (>30 %); they 
cannot withstand desiccation. Pollen grains are 
ubiquitous and present in the air, water and soil. 
Pollen grains of some anemophilous species 
travel for long distances in air currents. They 
have been collected in Arctic and Antarctic 
regions, over 2,000 km away from the nearest 
seed plants (Linskens  1995 ). The amount of 
pollen produced in some tree species which are 
wind pollinated is enormous. 

 Pollen grain wall is not just a passive protec-
tive layer but a dynamic system performing 
various vital functions. It is one of the most 
complex wall systems found in plants. There are 
three domains of pollen wall – the surface layer 
(pollenkitt), the exine made up of sporopollenin 
and the pectocellulosic intine. Sporopollenin is 
one of the most resistant organic materials 
known. It can withstand high temperatures and 
extreme acidity and alkalinity. All the three 
domains of the pollen wall contain extracellular 
components particularly a range of proteins 
including enzymes. Pollen grain surface, espe-
cially in species pollinated by insects, contains, 
apart from other components, lipids and carot-
enoids which give a range of colour to pollen of 
different species. The extracellular components 
present in the three domains of pollen wall play 
an important role in pollen germination   , pollen 
tube growth and incompatibility responses (see 
Shivanna  2003  for details). 

 Detailed studies on pollen biology are impor-
tant in understanding reproductive strategies and 
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reproductive success of plant species. Some of 
the features to be studied under pollen biology 
are briefl y elaborated below. 

5.1     Pollen Production 

    The estimation of pollen production    is important 
to understand many aspects of pollen biology. The 
amount of pollen produced in each anther/fl ower 

varies greatly. In  Cannabis sativa , for example, 
each anther produces >70,000 pollen grains, while 
some of the cleistogamous    fl owers in species such 
as  Commelina  produce <100 pollen grains 
per anther. Thus the resource allocated to the for-
mation of pollen is highly variable between spe-
cies. Pollen production also gives an indication of 
the type of pollination. Wind- and water-pollinated 
species generally produce more pollen when com-
pared to animal-pollinated species. The calculation 

  Fig. 5.1    Pollen cytology. ( a ) Fluorescence micrograph 
of Feulgen stained pollen grain of oil palm to show intensely 
stained generative nucleus ( gcn ) and moderately stained 
vegetative nucleus ( vcn ) located close to each other 

( b ) Two intensely stained sperm cells (male gametes) in 
 Dalzelia zeylanica ; vegetative nucleus ( vcn ) is diffuse 
and thus very lightly stained       

  Fig. 5.2    Pollen biology. ( a ) Section of a mature anther 
to show pollen grains fi lled with starch grains following 
PAS staining. ( b ) Acetocarmine test for pollen fertility. 

Shrivelled pollen without intense colour ( arrows ) are sterile 
pollen. ( c ) Fluorescein diacetate test for pollen viability. 
Brightly stained pollen grains ( arrow ) are viable       
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of pollen-to-ovule ratio    indicates, to some extent, 
the possible breeding system of the species 
(Cruden  1977 ). The ratio is much higher in cross-
pollinated species when compared to self-polli-
nated species. Pollen grains constitute an important 
reward for pollinators. Pollen counts are also 
needed to estimate pollen load    on pollinators and 
the amount of pollen removed by pollinators.  

5.2     Pollen Fertility and Viability 

 Plants of hybrid origin often show various degrees 
of pollen sterility. Even adverse environmental 
conditions such as high or low temperature and 
water stress induce pollen sterility to different 
degrees (see Shivanna  2003 ). Staining pollen 
grains with acetocarmine is commonly used to 
score pollen fertility    (Fig.  5.2b ) (Protocol     5.5.6 ). 

 Pollen viability    refers to the ability of the pollen 
to complete postpollination events on a compati-
ble, receptive stigma and effect fertilization. 
Even the pollen samples, which are viable at the 
time of shedding, lose viability over a period of 
time; this may vary from less than an hour to sev-
eral months. Prevailing environmental condi-
tions, particularly temperature and humidity, 
affect the duration of pollen viability   . For suc-
cessful fertilization and seed set, pollen grains 
have to be not only fertile but also viable at the 
time of pollination. Thus, pollen viability    is criti-
cal for successful fertilization and fruit and seed 
set (see Shivanna  2003 ). It is, therefore, impor-
tant to know the extent of viability of pollen at 
the time of natural pollination and in pollen sam-
ples used for experimental studies. Also, it may 
be necessary to test the viability of the pollen 
sample collected from the fl oral visitor. 

 A number of methods are available to test pol-
len viability   . The most authentic method to test 
pollen viability    is to use pollen sample to carry 
out controlled pollinations (see Protocol   9.6.1     for 
details) and assess the extent of seed set. 
Alternatively, instead of waiting for seed set, one 
can study pollen germination and pollen tube 
growth in manually pollinated pistils to get infor-
mation on pollen viability   . However, manual pol-
linations and in vivo studies on pollen germination 

are laborious and time consuming. It also restricts 
the test period to fl owering season of the species. 
Further, this test tends to be qualitative; even a 
small proportion of viable pollen can yield full 
seed set particularly in species with lower num-
ber of ovules. Thus, fruit and seed set test cannot 
be used as a routine test for pollen viability   . Many 
alternative methods (see Protocols  5.5.9 ,  5.5.10  
and  5.5.11 ) have been used to assess pollen via-
bility    (Fig.  5.2c ).  

5.3     Pollen Vigour 

 Pollen vigour    refers to the speed of germination 
and the rate of pollen tube growth (Shivanna 
et al.  1991b ; Shivanna  2003 ). It differs from 
viability since viable pollen samples may show 
differences in the vigour. Loss of vigour becomes 
apparent even before the loss of viability. Loss of 
vigour is well established in the biology of seeds. 
Until recently pollen vigour was not taken into 
consideration in assessing the quality of pollen. 
Several investigations have shown that aging and 
many environmental stresses, particularly tem-
perature, humidity and desiccation, affect pollen 
vigour, and it may affect the ability of such pollen 
to compete with fresh pollen in effecting fertil-
ization (Shivanna and Cresti  1989 ; Shivanna 
et al.  1991a ,  b ; Rao et al.  1992 ). 

 When the pollen sample landing on the stigma 
contains a mixture of fresh and aged pollen (com-
ing from older fl owers when their longevity lasts 
for several days) or self- and cross-pollen, pollen 
may show variation not only in viability but also in 
vigour. In such a situation, pollen grains which are 
more vigorous would disproportionately sire more 
number of seeds than those with reduced vigour. 
In some studies concerned with pollination ecol-
ogy and seed biology, it may be necessary to assess 
the vigour of the pollen in addition to viability.  

5.4     Pollen Morphology 

 Pollen morphology    is important in studies related 
to taxonomy, phylogeny, aeropalynology and 
paleobotany. Pollen morphology also plays a key 
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role in several other areas such as archeology and 
criminology and in testing the purity of honey 
(Bryant  1990 ; Shivanna  2003 ; Warny  2013 ). As 
morphological features are specifi c to each spe-
cies/genus and also pollen mixtures of each geo-
graphic area are different, pollen grains can be 
used as a tool for identifying the scene of the 
crime and also in locating the origin of illegally 
imported drugs, medicines, art objects, food and 
other products. For effective use of pollen in any 
of these areas, pollen identifi cation is a basic 
necessity. The role of pollen morphology in 
reproductive ecology is limited to describing pol-
len grains of the focal species and in identifying 
conspecifi c and heterospecifi c pollen load    on the 
fl oral visitors and on the stigma. 

 Only a brief description is given here so that 
the researcher would be familiar with basic 
aspects of pollen morphology in order to describe 
and identify the pollen grains of the focal species 
and also to identify the pollen present on fl oral 
visitors. For more details reader may refer to sev-
eral excellent books available in this fi eld 
(Erdtman  1969 ; Nair  1970 ; Moore and Webb 
 1978 ; Faegri and Iversen  1989 ). 

 Pollen morphology is generally described in 
relation to its polarity. Polarity of the pollen grain 
is established with reference to the arrangement 
of the microspores in the tetrads. The pore closer 
to the centre of the tetrad is the proximal pole and 
the one away from the centre is the distal pole. 
The hypothetical axis connecting the two poles is 
the polar axis. The distal half and the proximal 
half of the pollen is described in relation to an 
hypothetical line along the equator of the pollen 
at right angles to the polar axis. 

 Pollen morphology    is largely based on their 
size, shape, aperture and exine ornamentation 
(Fig.  5.3a–c ). The size and shape of pollen grains 
vary markedly. Smallest pollen grains (ca 5 μm) 
are recorded in some members of Boraginaceae, 
and larger pollen grains are generally seen in 
members of Cucurbitaceae, Malvaceae and 
Nyctaginaceae. Perhaps the largest pollen mea-
suring up to 350 μm is recorded in  Cymbopetalum 
odoratissimum  (Annonaceae) (Walker  1971 ). In 
a majority of the species, pollen size ranges 
between 15 and 50 μm. Filiform pollen grains 

measuring up to 5 mm are found in marine 
angiosperms such as  Amphibolis  and  Zostera  
(Ducker et al.  1978 ).

   The shape of pollen grains is generally 
described as seen either in the polar view (from 
the top) or equatorial view (from the side) (see 
Moore and Webb  1978  for more details). Pollen 
grains may be spherical, elliptic, triangular, quad-
rangular, rectangular or rhombic. The shape may 
vary, to some extent, depending on whether they 
are desiccated or hydrated. Desiccated pollen 
grains are frequently subprismatic because of the 
shrinkage of the exine, while hydrated pollen 
tends to be spherical or ellipsoidal. 

 Apertures are distinct regions in the pollen wall 
through which the pollen tube emerges. The exine 
is generally thin or even absent in the region of the 
aperture. Pollen grains are classifi ed on the basis 
of the shape, number and position of the aperture. 
They may be in the form of circular pores or elon-
gated boatlike furrows (Fig.  5.3a, b ). Pollen grains 
which bear pores are termed porate and those with 
furrows as colpate. Colporate pollen grains show a 
circular pore at the centre of a furrow. In some spe-
cies, the colpae fuse to form rings or spiral 
(Fig.  5.3c ). The number of apertures is described 
with a suitable Latin prefi xes, mono-, bi-, tri-, 
tetra-, penta-, hexa- and poly- along with the type 
of aperture, for example, mono-porate/-colpate/-
colporate, bi-porate/-colpate/-colporate and 
poly-porate/-colpate/-colporate. 

 Variations in pollen morphology are largely 
related to the ornamentation of the exine sur-
face (Fig.  5.3b, c ). Outer part of the exine, 
called the sexine, is sculptured, and the inner 
part, called the nexine, is homogeneous. The 
sexine is made up of radially directed rods, the 
baculae/columella; they may stand free or fused 
with neighbouring ones. When they are free, 
the pollen grains are called non-tectate. When 
they are fused to form a roof, such pollen grains 
are called tectate. 

 In non-tectate pollen, the head region of the 
baculae may be club shaped (clavate), pointed 
(echinate), short and globular (gemmate), or 
swollen (pilate). When the baculae are fused with 
neighbouring ones, they form depressed areas 
(lumina) and elevated wall-like structures (muri); 
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the arrangement of muri and lumina produces 
different patterns. When the muri form a network, 
the pollen surface is described as reticulate 
(Fig.  5.3b ), and when they run parallel to each 
other, as striate (Fig.  5.3c ); an intermediate pat-
tern is called rugulate. Instead of rod-like baculae, 
the sexine may often comprise hemispherical 
warts (verrucate), tiny fl akes (scabrate) or small 
granules (granulate). 

 In tectate pollen grains, the baculae are gener-
ally referred to as columella and the roof is called 
the tectum. Pollen grains with partial tectum are 
described as semi-tectate. Tectate and semi- 
tectate pollen may bear additional projections on 
their surface which may be referred to as clavate, 
echinate, gemmate, pilate, reticulate, regulate, 
scabrate/granulate, striate or verrucate as in non- 
tectate grains. To study tectate or non-tectate 

nature of the pollen, one has to study the sectional 
view of the pollen wall under compound or 
electron microscope. 

 In most of the fl owering plants, pollen grains 
are shed as solitary units (monads). However, 
there are several families that characteristically 
release pollen grains in groups (compound 
pollen). The compound pollen may contain 
units of two (dyad) (Fig.  5.3d ), four (tetrad) or 
in multiples of four (polyads). In some species 
such as members of Asclepiadaceae and 
Orchidaceae, all microspores of a sporangium/
anther remain together and are dispersed as 
massulae or pollinaria. Compound pollen units 
enhance pollination effi ciency; the deposition 
of a single compound pollen unit may often be 
suffi cient to achieve pollination of all the ovules 
present in the ovary. 

  Fig. 5.3    Scanning electron micrographs of pollen grains 
to show exine ornamentation. ( a ) Colporate pollen grains 
( Azadirachta indica ). ( b ) Colporate pollen with reticulate 
exine ornamentation ( Aegle marmelos ). ( c ) Syncolpate 

(colpae fused to form rings) pollen with striate exine 
ornamentation ( Schleichera oleosa ). ( d ) A compound 
unit of two pollen grains (dyad) in  Zeylanidium 
olivaceum        
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 As pointed out earlier, in studies on pollina-
tion biology, it is necessary to identify whether 
pollen grains present on the fl oral visitor and/or 
the stigma are conspecifi c or a mixture of conspe-
cifi c/heterospecifi c pollen. A standard method for 
this is to prepare reference slides of pollen grains 
(see Protocol  5.5.5 ) from the focal species and 
other co-fl owering species that are likely to be 
visited by the fl oral visitor. Identify pollen prepa-
rations collected from the visitor by comparing 
them with reference slides. Based on the size, 
shape, details of apertures and exine ornamenta-
tion, it is easy to identify the pollen sample (con-
specifi c/heterospecifi c) carried by the visitor. 

 In some species lipoidal material on the sur-
face of the pollen may mask its exine ornamenta-
tion. The treatment of pollen grains with organic 
solvents such as hexane, acetone or chloroform 
would remove the lipoidal material and reveal the 
surface ornamentation more clearly. The most 
commonly used technique to study pollen mor-
phology, particularly exine ornamentation, is 
acetolysis (see Protocol  5.5.4 ). Acetolysis 
degrades all other contents of the pollen except 
the exine, thus revealing the details of apertures 
and ornamentation more clearly.  

5.5     Protocols 

5.5.1         Estimation of Pollen 
Production    in Anthers 
with Limited Number 
of Pollen Grains 

 Pollen biologists have been using a number of 
methods to determine pollen production    
per anther and per fl ower. One of the methods 
used has been through the use of haemocytome-
tre. In recent years, the use of haemocytometre is 
not very prevalent. One of the reasons is that the 
amount of pollen suspension used to count pollen 
is very limited when compared to the total vol-
ume. One can also use electronic particle counter, 
when available, to count pollen grains. 

 One of the two methods described here counts 
all the pollen grains produced in an anther; this is 

ideal when the anthers are small and produce 
only a limited number of pollen grains. The other 
method involves the preparation of a pollen sus-
pension in a known volume and counting pollen 
grains from a sample of the suspension. 

5.5.1.1     Special Requirements 
    Acetocarmine or safranin stain  
  Permanent black ink pen with a fi ne tip     

5.5.1.2     Procedure 
     1.    Take a microscope slide, and with the help of 

a permanent ink pen, draw thin parallel lines 
about 1 mm apart at right angles to the long 
axis of the slide. The distance between lines 
should be such that the two neighbouring lines 
should be visible under the low magnifi cation 
of the microscope (10×). The width of the 
lined area on the slide should be wider than 
the cover glass you would be placing so that 
the cover glass will not extend beyond the 
lined area. Alternately you can gently draw 
permanent lines on the slide with a glass- 
etching pen. Such a slide can be used routinely 
for pollen counting.   

   2.    Take a mature but undehisced anther (about to 
dehisce) and place it on the other side of the 
slide (without parallel lines) in a small drop of 
water/stain (acetocarmine or safranin are suit-
able) placed at the centre of the lined part of 
the slide.   

   3.    With the help of needles and/or forceps, crush 
and squeeze the anther to release all the pollen 
grains. Remove the debris. Gently lower a 
cover glass of suitable size in such a way that 
the liquid does not fl ow/spread outside the 
cover slip.   

   4.    Place the slide under a microscope to focus 
left top corner of the cover glass. Make sure 
that the lines and the space between the two 
adjacent lines are covered and in focus under 
the lower-magnifi cation (10×) objective. 
Count the pollen grains present between the 
two lines from the top of the cover glass to the 
bottom of the cover glass by moving the slide 
(preferably with mechanical stage) along the 
parallel lines. Include pollen grains present on 
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the left line while counting. Repeat the count-
ing sequentially covering each parallel line 
from left to the right of the cover glass so that 
the whole mounted area is covered for count-
ing. If the mounting medium has spread 
slightly beyond the boundary of the cover 
glass, count all the pollen grains present in the 
mounting medium all around the cover glass. 
The total number of pollen grains counted 
from one anther gives the total number of pol-
len grains produced in an anther.   

   5.    Clean the slide without rubbing the lower sur-
face (marked with parallel lines) and repeat 
the counting for a number of anthers randomly 
selected from different fl owers and plants. 
Calculate the average number of pollen grains/
anther.   

   6.    Multiply this number with the average num-
ber of anthers in a fl ower to determine the 
average number of pollen produced in a 
fl ower. Present the mean number with SE 
(standard error)/SD (standard deviation).      

5.5.1.3     Modifi cation 
 When anthers are of different lengths or sizes in a 
fl ower, pollen number in each type has to be 
counted and computed separately.   

5.5.2     Estimation of Pollen 
Production    in Anthers 
with Large Number of Pollen 
Grains 

 The procedure described under Protocol  5.5.1  is 
not suitable for anthers that contain a larger num-
ber of pollen grains. As all the pollen grains of an 
anther cannot be counted, suitable sampling 
method has to be followed. 

5.5.2.1     Special Requirements 
    A glass/plastic vial of suitable size to prepare 

pollen suspension  

  A glass rod to crush the anther  
  A micropipette (about 100 μl capacity)  
  Sucrose/glycerin solution of suitable density 

(2–5 %) or a drop of detergent (such as liq-
uid soap) to keep pollen grains in 
suspension  

  Pasteur pipette or disposable syringe (without 
needle) of about 2 ml capacity     

5.5.2.2     Procedure 
     1.    Suspend one mature but undehisced anther in 

a suitable amount (1–5 ml depending on the 
size of the anther and number of pollen 
grains) of sucrose/glycerin solution or water 
containing a drop of detergent solution taken 
in a 5–10 ml vial. Crush the anther with a 
glass rod to release all the pollen grains from 
the anther. Mix the suspension. Pollen release 
and mixing can be enhanced by drawing of 
the suspension from the vial into a Pasteur 
pipette or disposable syringe (without nee-
dle) and expelling it back to the vial with 
force repeatedly. Remove visible debris with 
a pair of fi ne forceps.   

   2.    While gently shaking the suspension, take 
(using a micropipette) a suitable volume of 
the suspension (20–50 μl depending on the 
concentration of pollen in the suspension so 
that pollen grains spread sparsely making it 
convenient to count) and place it on a slide 
marked with 1 mm wide parallel lines as 
described in Protocol  5.5.1 . The optimization 
of the amount of liquid used to make pollen 
suspension and the amount of suspension 
taken would require some trial runs.   

   3.    Lower a cover glass and count the number 
of pollen grains as described in the Protocol 
 5.5.1 .   

   4.    Repeat steps 2 and 3 at least for 10 samples of 
the suspension.   

   5.    Estimate the total number of pollen grains 
in the suspension by using the following 
formula:

  

Total volume of pollen suspension No of pollen grains in the sample . dd suspension

Volume of suspension used for counting   
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      6.    Repeat pollen counts (using the above proce-
dure) for the required number of anthers 
selected randomly from different fl owers of 
the same plant as well as other plants.   

   7.    Calculate the average number of pollen 
per anther.   

   8.    Multiply this number with the number of 
anthers in a fl ower to determine the average 
number of pollen per fl ower.   

   9.    Present the mean number with SE/SD.     
 When anthers are of different lengths or sizes 

in a fl ower, pollen number in each type has to be 
calculated and computed separately.  

5.5.2.3     Modifi cations 
     1.    Pollen suspension, instead of placing on the 

slide as a drop, is spread on the slide in the 
form of a narrow band (the width of which can 
be covered by low magnifi cation of the micro-
scope). The pollen grains present can be 
counted by moving the slide from one end of 
the band to the other. 

 If the pollen grains are suffi ciently large to 
be clearly seen under a stereomicroscope, the 
band can be slightly broader and pollen grains 
can be counted under a stereomicroscope.   

   2.    Kearns and Inouye ( 1993 ) have described 
another simple method. In this one, pollen 
grains are suspended in a known volume of 
ethanol and a sample of the suspension is 
placed on a microscope slide. Addition of a 
few drops of ethanol onto the slide would 
enable better spread of pollen. Allow ethanol 
to evaporate and count the pollen grains under 
a microscope. Drawing parallel lines with a 
marker as described in Protocol  5.5.1  would 
make it convenient to count.       

5.5.3     Estimation of Pollen Fertility 

5.5.3.1     Special Requirements 
    Acetocarmine stain     

5.5.3.2     Procedure 
     1.    Collect pollen from freshly dehisced anthers 

and place them in a drop of acetocarmine 
taken on a clean microscope slide.   

   2.    Mix pollen grains with the help of a needle.   
   3.    Lower a cover glass. Warm the slide gently 

over a spirit lamp/burner and apply gentle 
pressure over a piece of blotting paper placed 
on the cover glass to remove excess stain 
but do not rupture the pollen. Leave the slide 
for about 5 min for pollen to take up stain. 
As fertile pollen grains are fi lled with con-
tents, they take up deep and uniform stain 
(Fig.  5.2b ). Sterile pollen grains are shrivelled/
incompletely fi lled or empty; they do not take 
up deep, uniform stain.   

   4.    Score pollen grains for sterility/fertility under 
a microscope using bright illumination. Under 
each microscope fi eld, count the number of 
pollen grains with uniform deep colour as fer-
tile and those which are or unstained or par-
tially stained as sterile. Record data using at 
least ten microscopic fi elds. Repeat this with a 
suffi cient number of anthers collected from 
different fl owers and plants. Calculate per 
cent fertility.       

5.5.4      Acetolysis of Pollen Grains 

 This method is used to study exine ornamen-
tation in detail. Acetolysis removes all non- 
sporopollenin components of the pollen (the 
contents, intine and components present in and 
on the pollen wall) leaving only the exine intact. 

5.5.4.1       Special Requirements 
    Acetolysis mixture: acetic anhydride and concen-

trated sulphuric acid (9:1). Add the acid slowly 
to acetic anhydride in the fume hood; as it 
results in exothermic reaction, the container 
gets hot.  

  Low-speed centrifuge.  
  Glacial acetic acid.     

5.5.4.2     Procedure 
     1.    Collect suffi cient amount of pollen grains 

(2–4 mg) and suspend them in about 10 ml of 
acetolysis mixture taken in a test tube.   

   2.    Heat the suspension to boiling in a water bath 
for 1–2 min. Remove the tube and allow it to 
cool.   
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   3.    Transfer pollen suspension into a centrifuge 
tube. Remove acetolysis mixture by low- speed 
centrifugation (about 2,000 rpm).   

   4.    Add about 5 ml of glacial acetic acid to the 
centrifuge tube. Mix pollen pellet and remove 
acetic acid by centrifugation.   

   5.    Add about 5 ml of water to centrifuge tube 
and mix pollen pellet in water.   

   6.    Mount pollen grains on a slide in water or 
10 % glycerol and observe under the micro-
scope. They can also be mounted in glycerin 
jelly as semi-permanent preparations for later 
observations and also as reference slides (see 
Protocol  5.5.5 ).      

5.5.4.3     Modifi cation 
 If acetolysed pollen    grains have turned dark, 
bleach the pollen in chlorine. For this, add 2 ml of 
glacial acetic acid +2–3 drops of saturated 
sodium chlorate solution +1–3 drops of concen-
trated hydrochloric acid. As chlorine is released, 
gently stir the mixture for about a min. Remove 
bleaching mixture by centrifugation and suspend 
pollen grains in water. If necessary, acetolysed 
pollen    grains can be transferred to 70 % ethanol 
and stored for later studies.   

5.5.5       Mounting of Pollen Grains 
in Glycerin Jelly 

 For any morphological study such as size, shape, 
apertures and exine ornamentation, pollen grains 
have to be mounted in a suitable medium. Although 
temporary preparations can be made in acetocar-
mine or safranin, the structure of the pollen grains 
may not be clear. Glycerin jelly, containing some 
stain such as basic fuchsin, has been used routinely 
as a mounting medium by pollen morphologists. 
Glycerin jelly becomes solid at room temperature, 
and it has to be melted for mounting. Both fresh and 
acetolysed pollen can be mounted in glycerin jelly. 

5.5.5.1     Special Requirements 
    Glycerin jelly (see Appendix   A.3     for details of 

preparation)  
  Spirit lamp/hot plate  
  Paraffi n wax     

5.5.5.2    Procedure 
     1.     Take a small amount of pollen sample (to be 

mounted) on the middle of a clean microscope 
slide.   

   2.    Scoop a small piece of glycerin jelly by using 
forceps or a spatula and place the jelly in con-
tact with the pollen sample so that pollen 
grains adhere to the jelly.   

   3.    Warm the slide gently on a spirit lamp/hot plate 
until the jelly melts. Do not allow it to boil.   

   4.    Keep the slide under a stereomicroscope and 
spread the pollen in the melted jelly by gently 
stirring with a needle. Rewarm the jelly if it 
solidifi es during stirring.   

   5.    Lower a cover glass carefully over the jelly. 
Allow it to spread into a circle of 4–5 mm and 
rewarm the slide, if necessary.   

   6.    While the slide is still warm, place the slide 
inverted (cover slip facing down) with support 
on both the sides with some solid material so 
that the cover glass remains hanging without 
touching anything. This will allow pollen 
grains to settle near the cover glass so that pol-
len grains can be observed under higher mag-
nifi cation of the microscope.   

   7.    Observe the preparation or store for later 
observation.     
 Glycerin jelly slides remain in good condition 

for many weeks or even months. They should be 
stored under dust-free atmosphere.  

5.5.5.3    Modifi cation 
 The slides can be made permanent by sealing the 
slide with paraffi n wax. After step 6, place a 
small amount of paraffi n close to the edge of the 
cover glass on one side and heat the slide until the 
wax melts. The wax is drawn under the cover 
glass and surrounds the glycerin jelly mount. 
Scrape off the excess wax with a blade or clean 
the slide with xylene and store in a slide box.   

5.5.6     Acetocarmine Squash 
Preparations to Study Pollen 
Cytology 

 The number of cells in the pollen (2 or 3 celled) 
at the time of shedding is important as it is 
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correlated with a number of physiological 
responses of the pollen. Pollen cytology can be 
studied through acetocarmine/Feulgen squash 
preparation or the use of DNA fl uorochromes. 

5.5.6.1    Special Requirement 
    Acetocarmine stain     

5.5.6.2    Procedure 
     1.    Transfer a small amount of pollen to a drop of 

acetocarmine taken on a slide.   
   2.    Mix pollen suspension with a needle and 

lower a cover glass. Warm the slide over a 
fl ame but do not boil. Cool the slide. Take out 
excess stain with a piece of blotting paper.   

   3.    Keep the slide on a fl at surface, spread two or 
three layers of blotting paper pieces on the 
cover glass and apply pressure with the thumb 
avoiding any lateral movement of the cover 
glass. The aim is to rupture the pollen wall and 
spread the contents evenly. It is desirable to 
maintain the identity of the contents of indi-
vidual pollen so that the vegetative nucleus 
and the generative nucleus/sperm nuclei can 
be assigned to individual pollen.   

   4.    If the slide is to be observed some time later 
after the preparation, seal the edges of the 
cover glass with nail polish or paraffi n wax 
and maintain the slide in a slide box free 
from dust.   

   5.    Observe the preparation under a high-power/
oil immersion objective of the microscope and 
look for the vegetative nucleus and the gener-
ative nucleus/the two sperm nuclei. Generally, 
the vegetative nucleus takes up faint stain 
because of its dispersed chromatin, while the 
generative nucleus/sperm nuclei take deeper 
stain as they have condensed chromatin. 
Observe nuclear details in 15–20 pollen grains 
and record whether the pollen grains are two/
three celled.       

5.5.7     Feulgen Squash Technique 
to Study Pollen Cytology 

 The basis of this technique is hydrolysis of the 
purine deoxyribose linkages of DNA with warm 

HCl to open up aldehyde groups on the deoxyribose 
sugar. The fuchsin reacts with the open aldehyde 
and produces an insoluble DNA-specifi c coloured 
complex. 

5.5.7.1    Special Requirements 
    Feulgen stain: Dissolve basic fuchsin (0.5 g) in 

100 ml of boiling distilled water, cool to ca 
50 °C and fi lter. Add 10 ml of N-hydrochloric 
acid and 0.5 g potassium metabisulphite. 
Shake thoroughly, close the lid tightly and 
store in dark until use.  

  Table-top centrifuge.     

5.5.7.2    Procedure 
 For sequential changes of pollen (steps 2–7), use 
low-speed centrifugation of about 2,000 rpm:
    1.    Fix mature anthers before they dehisce in ace-

tic alcohol or in Carnoy’s fl uid (see Appendix 
  A.1    ) taken in a vial for 2–6 h.   

   2.    Transfer anthers to 70 % ethanol and release 
pollen by crushing with a glass rod.   

   3.    Hydrolyze pollen in 10 % HCl for about 6 min 
in a water bath at 60 °C.   

   4.    Rinse 2–3 times in distilled water.   
   5.    Transfer pollen to Feulgen stain for 10–15 min.   
   6.    Remove unbound stain with distilled water.   
   7.    Transfer pollen to 40 % acetic acid.   
   8.    Take a small drop of pollen suspension on a 

slide and squash pollen sample (follow the 
procedure of acetocarmine squash, see 
Protocol  5.5.6 ).   

   9.    Observe under the microscope. The vegetative 
and generative/sperm nuclei stain purplish 
red. The cytoplasm stains green.       

5.5.8      DNA Fluorochromes    to Study 
Pollen Cytology 

 The use of DNA fl uorochromes    is the most con-
venient method to study pollen cytology, if a 
fl uorescence microscope is available (Hough 
et al.  1985 ). The method is    simple, rapid and 
consistent and can be used to study details of 
nuclei not only of the mature pollen but also dur-
ing pollen development, pollen germination and 
pollen tube growth. 
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5.5.8.1    Special Requirements 
    Several DNA fl uorochromes are available com-

mercially. We have routinely used DAPI 
(4′,6-diamidino-2-phenylindole) or ethidium 
bromide (3,8-diamino-5-ethyl-6-phenyl phen-
anthridinium bromide).  

  DAPI: stock solution – 1 mg/ml dissolved in 
water. Working solution: 5–50 μg/ml (10 μl of 
stock solution made up to 2 ml with distilled 
water = 5 μg/ml working solution).  

  Ethidium bromide: stock solution – 0.1 % in dis-
tilled water stored in a fume hood at room 
temperature. Working solution – 100 μg/ml in 
distilled water (stock solution diluted 10 times 
in distilled water).     

5.5.8.2    Procedure 
     1.    Take fi xed or fresh pollen sample on a micro-

scope slide and add a few drops of working 
solution of DAPI/ethidium bromide.   

   2.    Lower a cover glass and apply gentle pres-
sure. Sometimes, the reserve material in the 
pollen may mask the nuclei. For such pollen 
apply more pressure on the cover glass to rup-
ture the pollen.   

   3.    Observe the preparation under a fl uorescence 
microscope. For DAPI, use UV fi lter combi-
nation; the nuclei show blue fl uorescence. For 
ethidium bromide, use blue fi lter combina-
tion; the nuclei show yellow/orange 
fl uorescence.   

   4.    For later observation, seal the preparation in 
paraffi n/nail polish and store in dark in a 
refrigerator.      

5.5.8.3    Modifi cations 
     1.    This protocol can be used for cultured pollen 

grains to study the movement of vegetative 
nucleus and generative cell into the pollen 
tube and its division (2-celled pollen   ) and the 
movement of sperm cells in the pollen tube 
(3-celled pollen). Follow the above procedure 
for fi xed or fresh in vitro germinated pollen 
tubes after allowing pollen tubes to grow for 
different lengths.   

   2.    DNA fl uorochromes    have been used as vital 
stains (Hough et al.  1985 ). They can be incor-
porated into the germination medium, and the 

details of pollen nuclei can be followed during 
pollen germination    and pollen tube growth by 
observing pollen suspension taken after dif-
ferent time intervals.   

   3.    For details of other DNA fl uorochromes    such as 
Hoechst 33258 and mithramycin, see Shivanna 
and Rangaswamy ( 1992 ).       

5.5.9           Tetrazolium Test for Pollen 
Viability 

 One of the simple methods used in earlier studies 
to assess pollen viability    has been the tetrazolium 
test (TTC test   ). TTC test is based on the demon-
stration of the activity of dehydrogenases (an 
important group of enzymes in the respiratory 
cycle) in the pollen cytoplasm. When pollen 
grains are mounted in a solution of colourless 
soluble tetrazolium salt, dehydrogenases of the 
pollen, if active, reduce colourless soluble tetra-
zolium salt to a reddish insoluble substance 
called formazan. Formazan accumulates in the 
pollen cytoplasm and gives reddish colour to pol-
len. 2,3,5-triphenyl tetrazolium chloride and 
nitroblue tetrazolium are the most commonly 
used tetrazolium salts. 

5.5.9.1    Special Requirements 
 2,3,5-triphenyltetrazolium chloride (0.2–0.5 % 
solution prepared in a suitable concentration of 
sucrose solution to prevent bursting of pollen). 
TTC solution needs to be stored in a brown bottle 
as it undergoes photo-oxidation. It can be stored 
under refrigeration for a couple of weeks. 

 Simple humidity chamber (see Appendix   A.5    ).  

5.5.9.2    Procedure 
     1.    Mount pollen grains in TTC solution and 

lower a cover glass.   
   2.    Incubate the slide in a humidity chamber in 

dark (such as table draw) at laboratory tem-
perature for 30–60 min.   

   3.    After the incubation period, observe the slide 
under the microscope and score pollen grains 
that have turned red as viable. Oxygen inhibits 
reduction of TTC; it is better to score pollen 
grains from the central part of the cover glass. 
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Pollen grains located along the margin of the 
cover glass may show variable degree of red 
colouration due to higher oxygen availability.   

   4.    Calculate per cent viable pollen in the 
sample.     
 In our experience the results of tetrazolium 

test are not consistent. It tends to give false- 
positive results in many pollen samples. Even the 
heat-treated pollen samples, which fail to respond 
to germination test, have been reported to give 
high levels of positive values in TTC test    (Heslop- 
Harrison et al.  1984 ). Another limitation of this 
test is that pollen grains often show a gradation in 
colour development (from very light to deep red) 
with the result fi xing a cut-off point for colour 
intensity becomes diffi cult for scoring. In recent 
years, TTC test is being used very rarely.   

5.5.10      In Vitro Germination Test 
for Pollen Viability 

 In vitro germination test is based on the ability of 
the pollen grains to germinate in vitro in a suit-
able nutrient medium. This is a rapid and reason-
ably simple test and, in an optimal germination 
medium, shows correlation with fruit and seed 
set. In vitro germination test has been a routine 
test used for pollen viability   . This test requires 
some preliminary studies to standardize the 
medium that permits optimal germination and the 
period of incubation. This test cannot be used for 
those species in which pollen grains cannot be 
germinated in vitro. 

 There are a number of methods such as hang-
ing drop cultures, sitting drop cultures, suspen-
sion cultures and surface cultures available for 
in vitro germination. Here, only the sitting-drop 
culture which is one of the simplest, most conve-
nient and effective methods for in vitro pollen 
germination is described. For details of other 
methods, refer to Shivanna and Rangaswamy 
( 1992 ). 

5.5.10.1    Special Requirements 
    Suitable nutrient medium (see Appendix   A.4    ) for 

composition of various media  

  Humidity chamber (see Appendix   A.5    ) for pre-
paring simple humidity chamber  

  Acetocarmine stain     

5.5.10.2    Prehydration of Pollen 
 Pollen of many species particularly 3-celled pol-
len    require prehydration/controlled hydration/
vapour-phase hydration to give consistent results. 
This is carried out by exposing pollen grains to 
high humidity for about 30 min. One of the easier 
methods of prehydration    is to spread the pollen 
sample on a dry slide and keep the slide in a 
humidity chamber for 30 min. 

 The plasma membrane in desiccated pollen is 
not in a functional state. When they are cultured 
directly in the liquid medium, they leak soluble 
metabolites into the surrounding medium. This 
imbibitional leakage    seems to be the major 
limitation for achieving optimal germination. 
Prehydration of pollen by exposing them to high 
humidity permits gradual hydration which is suit-
able for the restoration of membrane integrity 
(see Shivanna  2003 ). As prehydration    does not 
have any negative effects, we routinely expose 
pollen sample to prehydration before culturing.  

5.5.10.3    Procedure 
     1.    Collect pollen sample to be tested for viability 

and spread them as a thin layer on a dry micro-
scope slide.   

   2.    Keep the slide in a humidity chamber for pre-
hydration    for 30–60 min.   

   3.    Collect suitable amount of prehydrated pol-
len with a clean needle or forceps from the 
slide maintained in the humidity chamber and 
disperse them in a drop (about 20–30 μl) of 
standardized germination medium taken on a 
microscope slide. As the pollen grains tend to 
clump and settle at the periphery of the drop, 
try to make homogeneous distribution of pol-
len in the drop with the help of a clean and 
dry needle. Pollen density is also important; 
too dense or too dilute suspension would not 
yield optimal results. A good sitting drop cul-
ture should appear neither turbid nor trans-
parent. Take minimum time to prepare sitting 
drop culture; too much of preparation time 
results in evaporation of the medium and 
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 consequent changes in the concentration of its 
constituents. Transfer pollen cultures into a 
humidity chamber.   

   4.    Maintain the pollen cultures in the humidity 
chamber for optimal period on the basis of 
your preliminary studies (1–4 h depending on 
the species). For each sample, an enough 
number of replicates have to be cultured (4–6 
sitting drop cultures).   

   5.    At the end of the incubation period, add a 
small drop of a fi xative (FAA/acetic alcohol) 
or a drop of acetocarmine, remix pollen sus-
pension as uniformly as possible and lower a 
cover glass.   

   6.    Score the cultures to calculate per cent ger-
mination. Pollen grain is considered germi-
nated when the length of its tube is more than 
the diameter of the pollen grain. For each 
culture, it would be desirable to score pollen 
from 6 to 10 microscope fi elds, selected ran-
domly. Enter the scores of each microscope 
fi eld as shown in the sample Table  5.1 . To 
eliminate the probability of scoring the same 

sample of pollen grains more than once, it 
would be desirable to move the preparation 
under the microscope in consecutive rows 
and score 2–3 arbitrary fi elds in each row. 
From each microscope fi eld, count the total 
number of pollen grains and the number of 
pollen grains germinated.

       7.    Calculate per cent pollen germination as 
shown in sample Table  5.1 .       

5.5.11     Fluorescein Diacetate Test 
for Pollen Viability 

 Fluorescein diacetate (FDA) test is also referred 
to as fl uorochromatic reaction (FCR) test. The 
test was introduced by Heslop-Harrison and 
Heslop-Harrison ( 1970 ). Since then it has become 
one of the standard tests to assess pollen viability   . 
It is simple and can be performed within a few 
minutes. The only limitation is that it requires a 
fl uorescence microscope. In this test, pollen 
grains are mounted in FDA solution. The nonpolar 

       Table 5.1    Arbitrary scores for calculating pollen germination and pollen tube growth in pollen cultures raised to test 
pollen viability*   

 Microscope 
fi eld no. 

 No. pollen 
grains in the 
fi eld 

 No. pollen 
grains 
germinated 

 Length of individual pollen tubes (ocular units) in each fi eld 

 Pollen tube no. 

 1  2  3  4  5  6  7  8  9  10 

 1  18  15  8  12  9  10  12  8  9  16  13  8 
 2  20  16  10  13  12  8  10  12  17  10  12  10 
 3  15  12  12  8  12  9  12  8  15  9 
 4  10  7  8  10  8  12  8  10  13  7  8  12 
 5  14  9  15  15  12  10  11  15  10  12  9  13 
 6  12  8  9  7  10  7  15  16  11  13  10  12 
 7  16  10  12  9  11  15  13  13  12  13  12  10 
 8  20  16  13  11  14  10  9  8  14  10  15 
 9  15  13  8  12  9  8  12  14  9  7  10 
 10  12  11  14  15  11  12  13  10  11  8 

 Total  152  111  Total no. of pollen tubes measured = 94 
 Total length of all 94 pollen tubes measured = 1,056 ocular units 

  Per cent pollen germination: 111/152 × 100 = 73.02 % 
 Mean length of pollen tube: 1,056/94 = 11.23 ocular units 
 For converting ocular units to micrometre, the microscope using the same objective (say 10x) has to be calibrated using 
a stage micrometre. One mm of the stage micrometre is divided into 100 units of 10 μm each. Suppose, if fi ve ocular 
units cover six stage micrometre units which is equivalent to 60 μm, then 1 ocular unit is equivalent to 60/5 = 12 μm. 
Mean pollen tube length: 11.23 ocular units × 12 μm = 134.76 μm 
 *   This data from one culture is taken as one replicate. A suitable number of replicates have to be raised and scored for 
each time interval for each sample  
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and nonfl uorescent FDA readily enters pollen 
cytoplasm as the plasma membrane does not act 
as a barrier. Cytoplasmic esterases, if active, 
hydrolyze FDA and release fl uorescein, which is 
polar and fl uorescent. Unlike FDA, fl uorescein 
passes through the intact plasma membrane 
sparingly and therefore accumulates in the cyto-
plasm of viable grains and gives a bright green or 
yellowish green fl uorescence under the fl uores-
cence microscope (Fig.  5.2c ). If the plasma mem-
brane of the pollen is not intact, fl uorescein 
comes out readily through the membrane into the 
mounting medium to give a dull fl uorescence of 
the mounting medium; such pollen grains do not 
show bright fl uorescence. Similarly if pollen 
grains lack active esterases, they do not produce 
fl uorescein and thus do not fl uoresce. FDA test, 
therefore, assesses two properties of the pollen 
grain: the integrity of the plasma membrane and 
the activity of esterases. The FDA test has been 
found satisfactory for pollen of a range of species 
and correlates with in vitro germination test 
(Shivanna and Heslop-Harrison  1981 ; Heslop- 
Harrison et al.  1984 ; Shivanna et al.  1991a ,  b ). 
We have been using FDA test routinely to assess 
the pollen viability    (Kuriakose et al.  2009 ; 
Sharma et al.  2010 ). 

5.5.11.1    Special Requirements 
    Fluorescein diacetate (FDA): stock solution – since 

FDA does not dissolve in water, stock solution 
has to be prepared in acetone (2 mg/ml). Stock 
solution can be stored in a refrigerator for 
months.  

  Sucrose solution of suitable concentration to pre-
vent bursting of pollen grains. 8–10 % works 
well for most of the pollen systems.  

  Humidity chamber (Appendix   A.5    )     

5.5.11.2    Procedure 
     1.    Prepare working solution of FDA by taking 

2–5 ml of sucrose solution/germination 
medium in a glass vial and adding drops of 
FDA stock solution with a pipette until the 
solution shows persistent turbidity. The work-
ing solution should be used within 30 min of 
its preparation; otherwise most of the FDA 
would precipitate.   

   2.    Take a drop of working solution on a micro-
scope slide and suspend suffi cient amount of 
pollen grains in the drop and mix the suspen-
sion with a needle and lower a cover glass.   

   3.    Incubate the preparation in a humidity cham-
ber to prevent evaporation of the solution for 
3–5 min. The incubation time may vary 
depending on the species. Pollen of some spe-
cies show bright fl uorescence soon after mak-
ing the preparation.   

   4.    After the incubation period, observe the prep-
aration under the fl uorescence microscope 
using blue fi lter combination.   

   5.    Score pollen grains that fl uoresce brightly as 
viable by following the procedure described 
under Protocol  5.5.10 . Scoring has to be 
done within a few minutes of preparation. If 
they are left for longer period, the fl uores-
cence of pollen becomes dull as the fl uores-
cein continues to move from pollen 
cytoplasm into the medium although at a 
slower rate and the background also starts 
showing dull fl uorescence.      

5.5.11.3    Modifi cation 
 Pollen grains of many species may require prehy-
dration    for 30–60 min to provide better condi-
tions for restoration of membrane integrity to 
enhance pollen response to the FDA test. In such 
species, it would be better to prehydrate pollen 
samples (see Protocol  5.5.10  for details) before 
testing for viability.   

5.5.12     In Vitro Germination Test 
for Pollen Vigour 

 One of the simple methods to assess the vigour 
of pollen samples is to use pollen samples for 
controlled pollinations. One set of pistils is 
pollinated with fresh pollen which are expected 
to show maximum viability and vigour and 
another set with pollen sample to be tested for 
vigour. Some pistils from each set are fi xed at 
intervals and used to study pollen germination    
and pollen tube growth using aniline blue test 
(for details see Protocol   8.5.1    ) and record the 
extent of tube growth in terms of mm/cm 
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(depending on the length of the pistil   ) in a unit 
time. Less vigorous pollen show slower growth 
through the pistil. For example, pistils polli-
nated with fresh pollen may show pollen tubes 
in the middle part of the style at a given time, 
whereas those pollinated with test pollen may 
show pollen tubes in the upper part of the style. 
This procedure again requires too much of 
time and also a fl uorescence microscope for 
clear documentation of pollen tube growth in 
the pistil. 

 In vitro germination assay can also be used 
to assess pollen vigour. In the protocol to assess 
pollen viability   , per cent pollen germination is 
scored at one time without consideration of the 
time factor; the cultures are scored after main-
taining them for a much longer period than that 
required for germination. To assess pollen 
vigour, however, germination and tube length 
in fresh pollen samples and test pollen samples 
are scored at regular intervals after culture and 
the responses are compared. The results on pol-
len germination and tube length are presented 
in the form of a graph. Pollen grains with 
reduced vigour take longer time when com-
pared to control (fresh pollen) to attain maxi-
mum germinability (Shivanna and Cresti  1989 ). 
Similarly, pollen tube length remains signifi -
cantly shorter at any given time in pollen sam-
ples with reduced vigour. 

5.5.12.1    Special Requirements 
    As in Protocol  5.5.10  on in vitro pollen germina-

tion test     

5.5.12.2    Procedure 
     1.    Raise sitting drop cultures of fresh pollen and 

test pollen as described in Protocol  5.5.10 . As 
the same culture cannot be used for scoring at 
regular intervals, raise more number of cul-
tures for each pollen sample depending on the 
scoring time intervals. Scoring intervals 
depend on the time taken for germination and 
the rate of pollen tube growth. Record the time 
of raising each culture.   

   2.    Incubate the cultures in the humidity chamber.   
   3.    After each time interval (for many species, 

30-min intervals are satisfactory, and others 

may require 1-h intervals), take two cultures 
from each pollen sample, add a drop of fi xa-
tive or acetocarmine, mix the pollen suspen-
sion and lower a cover glass. Keep the slide 
under humidity chamber to prevent drying if 
they are not scored immediately.   

   4.    Repeat the procedure at selected time 
intervals.   

   5.    Score all the cultures (2 from fresh pollen 
and 2 from test pollen, at each selected time 
interval) for pollen germination (following 
the procedure given under Protocol  5.5.10  
and Table  5.1 ). Measure pollen tube length 
from each fi eld used for scoring germination 
as follows:
    (a)    Adjust the intensity of microscope illumi-

nation with the help of diaphragm so that 
the boundary of each grain and tube are 
clearly visible. From each microscope 
fi eld used for germination score, measure 
the length of 10 pollen tubes selected ran-
domly (in ocular units) by using an ocular 
micrometre. Omit curved pollen tubes 
which cannot be measured accurately. If 
the number of pollen tubes in each micro-
scope fi eld is <10, measure all the pollen 
tubes in the fi eld. If the number of tubes is 
>10, measure 10 randomly selected pol-
len tubes.   

   (b)    Enter both germination and tube length 
data in a tabular form (see the sample 
Table  5.1 ). Repeat the scoring for all the 
cultures. Calculate mean pollen germina-
tion and pollen tube length for each pol-
len sample at each time interval and 
present the same with SE/SD. If neces-
sary, ocular units can be converted into 
micrometres by calibrating the micro-
scope with the use of stage micrometre 
(see Table  5.1  for details).    

      6.    Present the results for germination and tube 
length in the form of a graph over time for 
each reading.      

5.5.12.3    Modifi cation 
 The semi-vivo method can also be used to test 
pollen vigour. The details are described in 
Protocol   8.5.3    .       
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