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An overwintering cover crop
increases inoculum of VAM
fungi in agricultural soil

L. Galvez, D.D. Douds, Jr., P. Wagoner, L.R. Longnecker, L.E. Drinkwater, and R.R. Janke

Abstract. We conducted a field experiment within a low-input reduced tillage trial to determine
how a cover crop affects inoculum levels of vesicular-arbuscular mycorrhizal (VAM) fungi. Plots
with and without the hairy vetch cover crop were established on September 30, 1993, under
moldboard plow (MP), chisel-disk (CD), and no-till (NT) treatments in low-input (LI) manage-
ment, and MP in conventional (CONV) management. We conducted a 3-week colonization assay
in the greenhouse with bahiagrass seedlings to assess the relative colonization potential of the soils
in the fall and following spring. Hairy vetch roots were colonized by indigenous VAM fungi by 65
days after planting, with plants from NT being more colonized than plants from MP or CD plots.
Spore populations were greater in the LI than in the CONV system. The beneficial effect of the
cover crop on VAM spore populations in soil was manifested in the spring, with the Glomus type
group more abundant in plots with cover than without it. The greenhouse bioassay showed that
colonization potential of spring 1994 soil samples was higher in plots with cover than without cover for
both the LI and CONV systems. Just one season of an overwintering cover crop of hairy vetch
increased the inoculum of VAM fungi the following spring before the next cash crop was planted.
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Introduction

Vesicular-arbuscular mycorrhizal (VAM)
fungi are ubiquitous soil fungi that form a
mutualistic symbiosis with the roots of most
crop plants. Greenhouse experiments long
have shown increased growth of mycorrhizal
plants compared with nonmycorrhizal con-
trols (Harley, 1989). The fungal hyphae out-
side the root act as extensions of the root
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system to aid in the uptake of immobile
mineral nutrients such as P (Rhodes and
Gerdemann, 1975). The fungi receive car-
bon compounds in return and are believed
to be obligately dependent upon this source
to produce new spores and hyphae and
colonize more roots. Other research sug-
gests VAM fungi also enhance their host’s
water relations (Davies et al., 1992), N up-
take (Frey and Schuepp, 1993) and disease
resistance (Schenck, 1987). The demon-
strated benefits of VAM fungi mean that
they should be crucial for adequate plant
growth and economically acceptable yields
when no chemical fertilizers and pesticides
are used.

Compared with conventional practices,
larger and more diverse populations of
VAM fungi occur in low-input (LI) agricul-
tural systems that do not use chemical in-
puts but that use diverse crop rotations and
conservation tillage (Limonard and Ruis-
sen, 1989; Sattelmacher et al., 1991; Douds
et al., 1993). Various cultural practices
contribute to this observation. Tillage af-

fects both the distribution and efficacy of
VAM fungi (An et al., 1990; McGonigle et
al., 1990; Douds et al., 1995). Disruption of
hyphae in the soil can decrease colonization
of roots and mycorrhizae-mediated P uptake
(McGonigle and Miller, 1993). Nonmycor-
rhizal plants in a crop rotation can decrease
populations of VAM fungi (Harinikumar
and Bagyaraj, 1988). Diversity of plant spe-
cies in a crop rotation enhances VAM fun-
gal diversity (Rabatin and Stinner, 1989).
Greenhouse and field experiments have
shown that chemical fertilizers, notably P,
suppress colonization by VAM fungi and
therefore their populations (Douds and
Schenck, 1990; Kurle et al.,, 1991). Long-term
fallowing suppresses populations of VAM
fungi to the point of inhibiting the growth of
the subsequent crop (Thompson, 1987).

Another factor that distinguishes LI
from conventional agriculture is its use of
overwintering cover crops to compete with
weeds, retard soil erosion, supply fixed N
and retain soil N. Overwintering cover crops
potentially are very beneficial for VAM
fungi. Since VAM fungi are obligate sym-
bionts, warm, moist soil is not conducive to
keeping them viable without plant hosts
(Nemec, 1987; Douds and Schenck, 1991).
Respiration rates of hyphae would increase
and spores might be stimulated to germi-
nate in warm soil, depleting their metabolic
reserves. These conditions are possible in
the autumn following crop senescence and
in spring before sowing. Cover crops also
are a reason that soils in LI farming systems
are covered with living plants a significantly
longer portion of the year than in conven-
tional systems. This was suspected to be
largely responsible for the higher popula-
tions of VAM fungi measured in LI than in
conventionally managed soils (Douds, et al.,
1993). '



The objective of this study was to com-
pare the VAM fungus colonization poten-
tials of LI and conventionally farmed soils,
each with and without an overwintering
cover crop of hairy vetch (Vicia villosa
Roth.). The cover crop would be an avail-
able host plant during periods of normally
bare soil in conventional agriculture and
should yield higher inoculum levels than
plots without overwintering plant cover.

Materials and Methods

Experiments were conducted within the
low-input reduced tillage trial at the Rodale
Institute Research Center, Kutztown, Penn-
sylvania (Wagoner et al, 1993). Conven-
tional (CONV) and LI wheat (Triticum aes-
tivum L.)-corn (Zea mays L.)-soybean
(Glycine max [Merr.] L.) rotations were es-
tablished in 1988. Each farming system con-
tains tillage treatments ranging from no-till
to moldboard plowing. The CONV system
relies on chemical fertilizers and pest con-
trol. Nutrient management and weed con-
trol in the LI system are achieved by cover
crops grown between cash crops. Part of the
experiment was used for this study. The
dominant soil type was a Berks shaley silt
loam (Typic Dystrochrept) with 160-200
kg/ha available P (Bray I).

Winter wheat was harvested from 12x30
m plots in July 1993 in fields under CONV
and LI management. Hairy vetch was me-
chanically sown (260 seeds/m?, row spacing
17.5 cm) on August 24 in moldboard plowed
(MP), chisel disked (CD), and no-tilled
(NT) plots as part of the LI rotation.
Subplots (1-m?) with and without cover
were established by hand weeding on Sep-
tember 30, 1993, to learn if a lack of
cover would depress inoculum levels. Four
subplots per cover treatment were estab-
lished in each of four blocks to yield 16
subplots per tillage x cover treatment com-
bination in the LI system. Plots without
cover were maintained by reweeding on
October 5, 18, and 28, November 16, and
April 20. In addition, on Oct. 1, 1993,
hairy vetch was hand-sown into eight hand-
hoed 1-m? subplots in a conventionally
managed plot in the same field that had
been moldboard plowed before the previous
crop of winter wheat was sown. We also es-
tablished eight subplots without cover by
hand-hoeing, and maintained them as
above.

We collected soil samples from the cen-
ter of all subplots on October 5, 1993. The
top 9 cm of soil was sampled using an 8-cm
bucket auger. We isolated spores of VAM
fungi by wet sieving (Gerdemann and Nicol-
son, 1963) and centrifugation (Jenkins,
1964), and characterized and quantified
them. We counted only healthy-looking
spores, that is, those whose contents were
multi-vacuolate. The remaining soil then
was mixed 1:1 [v/v] with vermiculite and
potted into 165-cm® conical plastic pots
(“Super cell C-10”, Steuwe and Sons,
Canby, Oregon). Bahiagrass (Paspalum no-
tatum Flugge) seedlings were transplanted
into the pots (one pot per subplot) and
grown in a greenhouse under natural pho-
toperiods and a temperature range of 10~
30°C for three weeks. Entire root systems
were cleared and stained for VAM fungi
(Phillips and Hayman, 1970). We quantified
colonization using the gridline intersect
method (Newman, 1966). Hairy vetch roots
were collected from the field on October 28,
1993, and assayed for VAM fungus coloni-
zation as above. We estimated ground cover
for all plots at this time. On May 5, 1994, we
collected soil samples and roots of hairy
vetch, and assayed colonization, spore
counts, and inoculum potential, as above.
Data were also collected on ground cover,
soil moisture (gravimetric after drying at
60°C for 48 h), and soil temperature.

We analyzed the data with ANOVA after
transformation with arcsin (for percentage
root length colonized) or SQRT(X+1) (for
spore count). Characteristics for which sig-
nificant treatment effects were seen were
characterized further using Tukey’s method
of multiple comparisons (a=0.05).

Results

VAM fungus colonization of hairy
vetch

Hairy vetch roots were well colonized by
VAM fungi 65 days after planting (Fig. 1).
Plants in the LI/NT treatment were signifi-
cantly (p<0.005) more colonized than plants
in the LI/MP and LI/CD treatments in the
fall sample. Plants in the conventionally
managed soils had the lowest colonization.
Colonization levels for plants in the LI
treatments in the spring sample were lower
than those from the fall sample because of
increased root growth, but maintained their

relative rankings among the three different
tillage regimes. In spring, colonization of hairy
vetch roots in CONV management was as
high as in the LI/MP and LI/CD treatments.

Plant cover, soil temperature
and moisture

The percentage of ground covered by liv-
ing plants (hairy vetch and weeds) esti-
mated at the end of October showed how
tillage affected plant establishment. The
NT, CD, and MP plots had 100, 83 and 69%
plant cover, respectively. Plots with a cover
crop in CONV averaged only 3.5% because
of their later planting date. All LI plots with
hairy vetch showed full cover in May, while
plots with a cover crop in CONV ranged
between 10 and 60% cover (average of
39%). LI plots without a cover crop had be-
tween 0 and 20% cover (average of 3%) in
the spring. Most of this was Canada thistle
(Cirsium spp.) or dandelion (Taraxacum of-
ficinale). CONV plots without a cover crop
remained free of plants.

Soil temperature was significantly (p <
0.001) greater in subplots without cover on
May 5, 1994 (Fig. 2). No significant differ-
ences in soil moisture were found between
covered and bare soil (24.3 and 23.9%, re-
spectively).

VAM fungal spore populations

Spores isolated from soil samples were
classified as Glomus spp. and placed in
four groups: Glomus occultum Walker and
G. occultum-like spores (LOCT); Glomus
etunicatum Becker and Gerdemann and G.
etunicatum-like spores (LETC); Glomus fas-
ciculatum Thaxter and G. fasciculatum-like
spores (LFSC); and other Glomus spp. as
described by Douds et al. (1995). No spores
were found that could definitively be placed
in other genera.

Spore populations in the autumn 1993
samples reflected only tillage and farming
system treatments because cover treatments
were imposed only one week before collec-
tion of soil samples. Thus the results were
pooled across' cover treatment. Overall,
populations of all spore type groups were
lower in CONV than LI (Table 1). Among
LI treatments, the LOCT and LFSC groups
were more abundant in NT, while LETC
and Glomus-type groups were more abun-
dant in the CD treatment.



Root length colonized (%)

Fall 1993

[ | conv/mp
m li/mp
g o
L3 imt

Spring 1994

Figure 1. Colonization of roots of hairy vetch by VAM fungi. Roots were collected from the
field on October 28, 1993 and May 5, 1994. Boxes represent means of 16 observations
+ SEM (LI/MP, LI/CD, LI/NT) or 8 observations + SEM (CONV/MP).
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Figure 2. Soil temperature on May 5, 1994 in subplots with and without a cover crop of
hairy vetch. Bars represent means of 16 observations + SEM.

Populations of all spore types in the
spring 1994 samples were significantly af-
fected by tillage regime in the LI system
(p = 0.0001 to 0.023) (Table 2). Cover treat-
ment had a significant effect only in the
Glomus-type group (p=0.0016). The LETC
group was more numerous (p=0.081) in
covered plots in LI/NT and CONV/MP.

Spores of the LFSC group exhibited a
clumped pattern of distribution, resulting in
large standard errors.

Colonization potential of the soil

The greenhouse bioassay with soil col-
lected in fall, 1993 showed no significant dif-

ferences in colonization of bahiagrass be-
tween plots with and without a cover crop in
any LI tillage regime (Table 3) or in CONV
management (Fig. 3). The soil from the con-
ventional system had the lowest coloniza-
tion potential of all samples. The coloniza-
tion potential of the soil collected in spring,
1994 was higher in plots with cover crops
than in those without them in both the LI
and CONYV systems. The colonization of ba-
hiagrass was higher (sometimes almost dou-
ble) for soil collected in the spring than in
the fall.

Discussion

An overwintering cover crop of hairy
vetch significantly increased the inoculum
of VAM fungi in soils from LI and CONV
management compared with soils without a
cover crop. Hairy vetch roots provided liv-
ing plant hosts for VAM fungi during
autumn and early spring growth periods. In
addition, the colonization potential of all
soils, as measured by the greenhouse bioas-
say, was greater in the spring than the pre-
vious autumn. Seasonal differences in envi-
ronment in the greenhouse and relief of
spore dormancy (Douds and Schenck, 1991)
may have contributed to this observation.
The cover crop also affected this phenome-
non. The differences in colonization of ba-
hiagrass between autumn and spring bioas-
says were much larger in soils from the hairy
vetch-covered plots than in soils from bare
plots. The largest increase from fall to
spring occurred in the conventional plots,
with 125 and 100% increases for the plots
with and without cover, respectively.

Spore populations showed three general
trends: larger numbers in the spring sample
in plots with cover crops than in those with-
out them; lower numbers in the spring than
in the fall; and greater populations in LI
than CONV. The beneficial effect of the
cover crop was especially marked for the
Glomus-type and LETC groups. The lower
numbers of spores in the spring than in the
fall may reflect normal mortality, since we
counted only healthy-appearing spores.
Other work at this site and elsewhere has
shown higher populations of spores of VAM
fungi under low-input than conventional
management (Douds et al., 1993;1995).

The rapid colonization of hairy vetch
roots by indigenous VAM fungi in the NT
plots shows the importance of an intact



Table 1. Populations of VAM (50 cm™3) spores in the soil of the cover crops experiment at the

Rodale Research Center, (samples taken Oct. 5, 1993).]

Treatment LOCT? LETC? Glomus LFSC?
LI/MP 14.5¢,A 11.8b,A 19.6b,A 0.3b,A
LI/CD 20.0b 18.4a 26.6a 0.5b
LI/NT 79.0a 8.1c 14.3¢c 9.3a
CONV/MP 8.6A 7.7B 49B 0.2A

11 = low-input; CONV = conventional; MP = moldboard plow; CD = chisel-disk; NT =
no-till. Lower case letters for comparisons within LI (means of 32 observations) by Tukey’s
method of multiple comparisons (ot = 0.05); upper case letters to compare CONV/MP
(means of 16 observations) with LI/MP by the Bonferroni multiple comparison method (o=

0.05).

2 Glomus occultum and G. occultum-like spores (hyaline, <100 um diameter).
3 Glomus etunicatum and G. etunicatum-like spores (yellow, <130 pm diameter).
4 Glomus fasciculatum and G. fasciculatum-like spores (brownish, <85 um diameter).

Table 2. Populations of VAM spores (50 cm‘3) in the soil of the cover crops experiment at the
Rodale Research Center (samples taken May 5, 1994).1

Treatment Cover LOCT LETC Glomus LFSC
LI/MP yes 17.245.0 5.8+1.1 13.242.3 0.840.5
no 13.0£1.6 6.2£1.0 9.0£1.6 0.5+0.3
LI/CD yes 14.0+2.3 . 16.2+1.0 32.0+04 0.310.2
no 12.040.8 18.246.7 19.843.1 0.310.2
LINT yes 44.5+4.6 9.0+2.3 8.811.0 10.0+9.0
no 72.249.3 3.840.8 7.5£1.6 1.8410.8
CONV/MP yes 5.8+1.0 6.5t1.5 4.5+14 0
no 4.9+1.0 3.410.8 2.240.6 0

! Abbreviations as in Table 1. Means of 16 observations + SEM.

Table 3. Colonization of bahiagrass roots
(% root length colonized) with soil inocu-
lum from the cover crops experiment.’

Treatment Cover Fall 1993 Spring 1994

LI/MP yes 14.5+1.6  26.6+1.5
no 13.741.7  21.6+1.9
LI/CD yes 162+1.6 29.4+1.4
no 159419  26.2+1.8
LI/NT yes  15.0+22 234419
no 17.5¢43.0 18.5t£1.0

T Abbreviations as in Table 1. Means of 16
observations + SEM.

hyphal network in the soil as a significant
component of the inoculum of VAM fungi.
Fungal mycelium separated from the host
plant survives only two to four weeks
(Sieverding, 1991). Soil tillage disrupts fun-
gal mycelium networks, which explains why,
in the fall, colonization of hairy vetch roots
was greatest under NT. The following
spring, after a few months without soil dis-
turbance, VAM hyphal networks recovered
in cover crop plots, reducing the differences
in colonization among the different tillage
regimes.

Cover crops used as mulch maintain soil
moisture, but under certain climates and
management regimes they can deplete soil
water needed for subsequent crops (Sarran-
tonib, 1994). In this experiment, the cover
crop did not affect the soil moisture. Water
loss from hairy vetch by transpiration may

have counteracted the reduction in soil
evaporation, leaving no net benefit. We col-
lected soil only once for this measurement,
and the outcome might be different for data
collected throughout a growing season.

To recycle and use nutrients efficiently is
a goal of sustainable farming systems. To
achieve it, the system relies on diversified
crop rotations that include cover crops, and
on active microbial populations. Cover
crops may have symbioses that fix atmos-
pheric N or take up soluble, leachable nutri-
ents and keep them in organic form until
the cover is plowed or mowed. Also, we
have shown that the cover crop serves as a
host for VAM fungi during periods when
the fungi might become nonviable. This
study found that an overwintering cover
crop of hairy vetch increased the VAM in-
oculum after just one season. Careful plan-
ning and management of farming systems to
include the right sequence of cash and cover
crops, as well as conservation tillage, will en-
hance levels of VAM fungi and contribute
to the long term health of the soil and sus-
tainability of the agricultural system.
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Figure 3. Percentage root length of bahiagrass colonized while grown in soil from
CONV/MP plots with and without a cover of hairy vetch. Soil was collected on October 5,
1993 and May 5, 1994. Bars represent means of 8 observations + SEM.
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