
























Equipment 
• Clear plastic dishes with 

inscribed grid lines to 
measure colonisation 

• Fine screen (100 j..Im) with 
nylon mesh for transferring 
roots from solutions 

• Fine forceps and probes for 
manipulating roots 

• Microscope slides. long cover 
slips and PVLG mountant 
(Section 3.3) 

• Plastic vials with tight-sealing 
lids for storage of samples 

• Dissecting microscope with a 
transmitted light illumination 
- a clear plastic panel over 

the microscope base is 
recommended to provide a 
stable platform and 
protection from spilled 
liquids 

• Compound microscope with 
an eyepiece cross-hair 
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MYCORRHIZAS FOR FORE.STRY AND AGRICULTURE. 

4.3. MEASURING ROOT COLONISATION 
BY MYCORRHIZAL FUNGI 

Mycorrhizal studies often require procedures for estimating the 
proportion of roots in a sample that contains mycorrhizal 
structures. after clearing and staining them (Section 4.2). Root 
length can be measured simultaneously with mycorrhizal 
colonisation by a gridline intersection procedure (Giovannetti & 
Mosse 1980). or separately by making slides and viewing them 
with a compound microscope (McGonigle et al. 1990). 

The length of mycorrhizal roots present in a sample should be 
presented along with data on the proportion (%) of root length 
occupied by these fung i. because mycorrhizal root length is more 
directly correlated with association costs/benefits and inoculum 
production by the fungus. Root-length data can be used to 
calculate root production (growth) rates. root densities (within a 
volume of soil) and specific root lengths (root length:weight 
ratiOS) which provide valuable information about the capacity of 
roots to obtain water or nutrients from soils and their ability to 
form mycorrhizal associations (Table 4.1) . 

Analysis of colonisation data 
Data on mycorrhizal colonisation of roots and the 
distribution of fungal propagules such as spores is often highly 
variable. with a non-normal frequency distribution of data 
points (St John & Hunt 1983. Friese & Koske 1991). Thus 
statistical analysis of such data may require data to be 
transformed. or non-parametric statistics to be used 
(Chapter 7). The aggregated distribution pattern of 
propagules of soil fungi must be considered during field 
sampling. experimental design and data analysis (St John & 
Hunt 1983. Campbell & Noe 1985. Dutilleul 1993). 

A. Roots and VAM fungi 
I. The most frequently used root measuring procedure is a 

modification of the grid line intersect method (Newman 
1966. Tennant 1975. Giovannetti & Mosse 1980). in which 
roots are randomly dispersed in a 9-cm diameter Petri plate 
with grid lines (Fig. 4.3A). The observer scans along these 
grid lines with a dissecting microscope to quantify 
intersections between grid lines and roots - which are 
deSignated as either colonised or non-mycorrhizal (Fig. 4.3A). 

2. The proportion of root length that is mycorrhizal and total 
root length can then be calculated from a conversion facto r 
derived from the total length of grid lines and the area of the 
dish (Newman 1966. Tennant 1975). If a 14111 cm (approx. 
1/2 inch) grid is used the number of intersects will provide 
values of mycorrhizal and non-mycorrhizal root length in cm. 

3. Giovannetti & Mosse (1980) recommend that at a minimum 
100 intersections should be used to assess a sample. and 
found that accuracy was improved if samples were re­
randomised and counted several times. It is also possible to 
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Chapter 4 Examining 
Mycorrhizal Associations 

Cover 
slip 

c 

MICROSCOPIC EXAMINATION OF ROOTS 

A. Mounting roots on slides 

Fine forceps 

, GlaSSSIA -IL Mo"nuot 
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I. Arrange root segments 
lengthwise on slide 
with fine forceps 

2. Add small drops of PVLG 
mountant at one end, then 
slowly lower cover slip at 
that end first 

..... ===~ 
~ .. ~ 

3. Allow mountant to flow around 
roots before gently tapping 
coverslip to flatten roots 

Possible 
intersects: 

= .--=::P.== . ~ 
and remove air bubbles 

B. Assessing mycorrhizas mounted on slides 

Random ly selected microscope field of view and cross-hair positions 

I. hyphae and 
vesicle 

2. hyphae 
only 

3. hyphae and 
arbuscules 

4. root only 

Figure 4.4. Microscopic examination of roots. 
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use this method with larger circular or rectangular dishes . 
However. with rectangular dishes care must be taken to 
ensure that the number of vertical and horizontal lines are 

fully representative of the area of the dish. It is best to test 
new dishes with a sample of precisely known length. as shown 
in Table 4.2. 

4. A much simpler procedure. where an observer simply 
provides a visual estimate of the degree of mycorrhizal 
colonisation (within 5 or 10%) can also be reliable 
(Giovannetti & Mosse 1980). While this method is subjective 

and prone to operator bias. it still can provide sufficient 
information when precise values are not required (for pot 

culture quality control. or when looking at samples from 
the field). 

5. When mycot-rhizal colonisation is being assessed using a 
dissecting microscope. it is always a good idea to make slides 
irom randomly selected subsamples of roots for observation 
with a compound microscope (Fig. 4.4A). This will allow fungi 
that do not stain well (such as many Acaulospora and some 

Glomus species) to be seen. and the contribution of saprobic 
or parasitic fungi to root colonisation to be determined. The 
contribution of different types of mycorrhizal fungi to root 
colonisation can also be estimated by counting different VAM 
fungi (recognised by root morphology) separately 

(Section 3. 1). 

6. Assessing mycorrhizal root segments can be done using a 
compound microscope with an eye-piece cross-hair which is 
moved to randomly selected positions (McGonigle et al. 
1990). This allows the length of arbuscules. vesicles and 

inte rnal hyphae within roots to be separately determined 
(F ig. 4.4B). 

Table 4.2. Grid line intersection method example using an 
8.5 cm-diameter round Petri dish with a 1/2 inch (14/ II cm) grid 
and a I-m test sample of thread cut into fragments and randomly 
redistributed 10 t imes. 

Redistribution 2 3 4 5 6 7 8 9 10 

Intersects (cm) 
Average 

102 107 9 1 98 92 114 108 99 104 94 
100.9 cm ± 2.5 (standard error) 


