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ABSTRACT

A method is presented for quantifying infectivity of vesicular-ar-
buscular mycorrhizal (VAM) fungal inocula by directly counting in-
fection units in roots. Inocula of five isolates of VAM fungi |Glomus
etunicaturm Becker and Gerd., Glomus pallidum Hall, and Glomus
mosseae (Nicol. & Gerd.) Gerd. and Trappe from California, Florida
and Nevada] were assessed. Sorghum bicolor L. was grown for 14
d under controlled conditions in 100 mL growth tubes containing
48, 12, 3, or 0.75 g of each inoculum (96, 24, 6, or 1.5 for G. etui-
catum) mixed with sterile soil to provide a total growth medium of
96 g. Discrete infection units were found for all isolates at all in-
oculum density levels, except for G. etunicatum (no infection at low-
est density) and G. mosseae-California (coalescing infection units at
highest density). The relationship between inoculum density and
discrete infection units per gram root fresh weight was linear (P <
0.01). This relationship is particularly suitable for determining
amounts of inocula of equivalent potential for use in short-term ex-
periments.

VESICULAR-ARBUSCULAR mycorrhizal (VAM) fungi
are commonly propagated by means of soil in-
ocula. The potential of such inocula (sensu Garrett,
11) to produce infection units (sensu Cox and Sanders,
6) and colonize the root is important in short-term
experiments designed to compare the effects of VAM
fungi on plants (1). Estimates of inoculum potential
based on spore counts or root colonization have been
found unreliable (1, 8, 14, 15), since propagules of
VAM fungi (spores, multi-spore sporocarps, vesicles,
hyphae, colonized root fragments) are difficult to
quantify, and their viability (22) is equally difficult to
determine.

Two procedures are often used to quantify inocu-
lum potential, the most probable number (MPN) tech-
nique (10,17,18) and the mean percent infection (MPI)
method (15). Both procedures use serial dilutions of
the inoculum. In the MPN technique the numbers of
propagules which cannot be counted directly are es-
timated from the dilutions. Thus, assessing only the
occurrence and not the frequency of infection, the
MPN technique is thought to eliminate differences in
inoculum potentials due to variations in host-endo-
phyte compatibility (9). Dilutions are used in the MPI
method to provide direct comparisons between viable
populations of propagules. Since the comparisons are
based on the presence or absence, and not the inten-
sity, of root colonization, the MPI method, like the
MPN technique, only estimates propagule density.

Our method also employs serial dilutions, but only
to delimit the linear range of the sigmoid relationship
between inoculum potential and infection unit for-
mation (2, 15, 26). The use of counts of infection units
directly determines, rather than estimates, inoculum
potential within a defined range of inoculum density.
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MATERIALS AND METHODS

Five VAM-fungal isolates were cultured on Sorghum bi-
color L. in a silty-clay loam soil (Typic xerorthent) of the
Balcom Series (Yolo County, California). The soil, of pH 8
and limiting in (NH),HCO;-extractable P (3.3 mg kg!), was
collected to a depth of 30 cm. At least three successive cul-
tures of 12 and 20 wk each were used to purify the strains.
The isolates (WRRC no. 2, 3, and 4, respectively) were Glo-
mus mosseae (Nicol. & Gerd.) Gerd. and Trappe, Glomus
pallidum Hall, and Glomus etunicatum Becker and Gerd.,
all from Medell Flat, a site in northwestern Nevada (28).
Also included were two other geographic isolates of G. mos-
seae, one (WRRC no. 1) from the Anza-Borrego State Park
in Southern California (3) and one from the University of
Florida Agronomy Farm from fine sand of pH 7.6. (Inter-
national Cultural Collection of VAM Fungi, isolate no. 156,
University of Florida, Gainesville). The five cultures were
air-dried, homogenized and sieved (2 mm) prior to use. Root
colonization in the inocula was determined in clear root
fragments stained with trypan blue. Spore numbers were
counted following wet-sieving and sucrose-gradient centrif-
ugation, while sporocarps of G. mosseae were separated only
by wet sieving (9).

Plants were grown in a growth chamber with day/night
settings of 16/8 h, 28/21 °C, and 60/90% relative humidity.
Light intensity was 800 umol m s~!. Plants were watered
three times a week with a nutrient solution equivalent to
one-quarter strength Hoagland’s solution, but without P (1
mM CaCl, 2 mM NH,/NO,, 0.5 mM K,SO,, 0.25 mM
MgSO0,).

Inocula were mixed with autoclaved (2 h, 120 °C) Balcom
soil at dilution ratios of 1:1, 1:7, 1:31, and 1:127 inoculum
to soil, respectively, except for G. etunicatum, whose dilu-
tion ratios were 0:1, 1:3, 1:15, and 1:63. Inocula and auto-
claved soil (96 g total) were mixed thoroughly and placed
in 100 mL plastic, tapered growth tubes 3.5 cm in diam and
11 cm in height. The soil was wetted to field capacity and
held at room temperature for 3 d. Seedlings were germinated
on paper, selected for uniformity at 3 d and transplanted to
the growth tubes. Four replications were used at each dilu-
tion, for a total of 16 test plants per fungal isolate.

Plants were harvested after 14 d, when soil became thor-
oughly permeated by roots without crowding and infection
units had not yet coalesced. The roots were washed free of
soil, weighed, sampled (sample size approximately 30% of
total), cleared and stained with trypan blue. Discrete infec-
tion units per sample were counted with a dissecting micro-
scope. The number of infection units per root system was
calculated from the ratios of total root to sample mass and
the results were expressed as infection units per g of root
fresh mass. The relationship between inoculum density and
infection units was determined by regression analysis.

RESULTS AND DISCUSSION

Infection units (6) originate from entry points (21)
and represent the initial phase of fungal growth within
the root cortex which may lead to general colonization
of the root. The relationship between infection units
per unit root fresh mass and inoculum density was
linear over a 64-fold dilution range for all isolates ex-
cept G. mosseae from Medell Flat (Fig. 1, Table 1).
For the latter, the relationship was linear except for
the highest level of inoculum density (lowest dilution).
The deviation from linearity at high inoculum density
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The infection unit method assures the investigator
only that infection units will be formed in subsequent
experiments at levels comparable to those observed
at harvest of the preceeding comparability determi-
nation. Sequential breaking of spore dormancy may
alter this relationship, but the establishment of exten-
sive root colonization early in the ontogeny of the
symbiosis will minimize the effect of subsequent en-
counters between roots and germinating spores on
roots already colonized. Given a sufficient number of
propagules to produce infection units initially in
emerging roots, a predetermined (maximum) level of
infection is probably established early due to the spread
of secondary infection units (20). A suitable range of
dilutions can establish the propagule number falling
within the exponential (linear) phase of a sigmoid re-
lationship between inoculum density and infection unit
formation (2, 26). Our method is therefore most ap-
plicable to short term experiments, since host-plant
growth response is usually dependent on mycorrhizae
formed early in growth (13, 19). It, like the MPN tech-
nique, employs ‘common garden’ conditions (5), in
which all determinants of VAM development (new
host, new soil, moisture, nutrients, light, growth pe-
riod) are uniform, but it employs direct counts rather
than an indirect probability estimation for the com-
parison of inoculum potential among fungal isolates.
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