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Observing the growth of pollen tubes
The purpose of this activity is:

· to examine pollen from a range of sources under the microscope

· to observe pollen tubes growing as pollen grains germinate

· to measure the rate of growth of pollen tubes

· to investigate the optimum concentration of sucrose and pollen culture medium for pollen tube growth

Procedure 

SAFETY: There are no hazards associated with this practical.

Investigation

a Place a filter paper in each of four Petri dishes, moisten the paper with water and replace the lids. These will form chambers in which your slides of germinating pollen can be kept humid.

b Take 5 cm3 of pollen culture solution and make it up to 10 cm3 with 40% sucrose solution. This now contains 20% sucrose.

c Take four absolutely clean microscope slides and place a drop of medium in the centre of each slide. Label the slides with the names of the flowers you are investigating.

d Use a low power stereo binocular microscope to help you to select two or three flowers of each type that are mature and shedding pollen.

e Place a microscope slide under the field of view of the microscope and gently rub the point of a mounted needle over the anthers so that pollen falls onto the medium. Transfer any pollen from the needle by tapping the needle against a pair of forceps placed next to the slide.

f Clean the needle thoroughly and repeat step e so that you have two slides with pollen for each of the types of flower you are investigating. Do not add coverslips.

g Note the time of adding pollen to the medium and place the slides in the Petri dishes. Handle the slides with great care so that the drops of pollen medium remain in the centre of the slides.

h Use a microscope, with x100 magnification and an eyepiece graticule, to observe the slides over the next 15 minutes for signs of pollen germination. Between quick observations, turn the microscope lamp off and return the slide to the Petri dish.

i Once the pollen tubes have started to grow, measure the length of four or five tubes at three minute intervals for about 30 minutes. (Do not return to the humid chamber between observations, but turn off the lamp to reduce drying out.) If the pollen tubes do not grow, try again with a different concentration of pollen culture medium or of sucrose.

j Work out the average rate of growth for each type of pollen, in each medium. Note whether your units of measurement are eyepiece units or micrometres (µm)?

QUESTIONS
1 Are all pollen grains the same? Sketch a few from different plants.
2 Work out a way of estimating the size of a pollen grain. Compare your results with others.
3 What difference did you find in pollen tube growth? Propose a hypothesis to test your answer and a means to test it.
4 Measure the distance from the stigma to the bottom of the ovary in each of a sample of ten flowers. Compare this distance with the rate of growth of your pollen tubes. Why measure more than one style/ carpel? Is this a reliable way of estimating how long it will take a pollen tube to reach the ovary after pollination?
5 What happens next? When the pollen tube meets an ovule what will happen? Why is it wrong to call a pollen grain a gamete?
6 What are the advantages and disadvantages of retaining the ovule and embryo inside the tissues of the adult?

ANSWERS

1 Pollen grains are not all the same, although the differences may not be evident at the resolution of a light microscope. 
2 Estimate the size of the grains using an eyepiece graticule, or placing a measured grid on the stage. There may be significant differences from species to species.
3 Any difference in pollen tube growth and hypotheses that could be tested will depend on the range of pollens used by the student and the results obtained from the initial investigation.
4 Measuring more than one style or carpel makes the estimate of style length more reliable. The growth of pollen tubes in culture medium could be very different, either quicker or slower, than the growth of tubes in a style. The style provides a physical structure to guide the growth of the tube and could produce other stimulating chemicals. So, the speed in vitro is a reasonable starting point for an investigation, but could be very different from the result in vivo.
5 Between germination of the pollen grain and formation of the seed, there are several steps. These include: growth of the pollen tube down the style, release of two gametic nuclei, double internal fertilisation, formation of the embryo, endosperm and related structures. It is wrong to call a pollen grain a gamete because the pollen grain and tube represent the male gametophyte. The pollen grain nucleus divides mitotically to form first the vegetative and generative nuclei and then the latter divides again to form two male nuclei (gametes). Thus the pollen grain is much more than just a gamete.
6 Advantages of retaining the ovule and embryo inside the tissues of the adult are:

· decreased dependence upon environmental water

· the provision of nutrients for early development

· dispersal of offspring with a food reserve increasing the probability of successful germination

Disadvantages of retaining the ovule and embryo are:

· problems of gametes meeting; the need for pollen tube formation for gamete movement, and a mechanism to ‘direct’ the growth of the tube

· the complex nature of the seed, and increased use of energy for the food store – an energy-expensive process compared with other means of reproduction.
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