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The effect of dandelion or a cover crop on mycorrhiza inoculum
potential, soil aggregation and yield of maize

Z. Kabir, R.T. Koide∗
Department of Horticulture, The Pennsylvania State University, University Park, PA 16802, USA

Received 16 April 1999; received in revised form 24 August 1999; accepted 25 August 1999

Abstract

A field experiment was conducted to observe the influence of a cover crop (winter wheat,Triticum aestivumL.), and a
perennial weed (dandelion,Taraxacum officinaleWeber ex Wigg.), on vesicular-arbuscular mycorrhiza (VAM) inoculum
potential, soil aggregation, and maize yield after one season. Mycorrhizal colonization of maize roots was higher following
the autumn planting of either winter wheat or dandelion compared with fallow. In the dandelion plots maize had significantly
higher P content, shoot dry weight and yield relative to the winter wheat plots. Winter wheat and dandelion both improved
soil aggregation. ©2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Vesicular-arbuscular mycorrhizal (VAM) fungi col-
onize the roots of most agricultural crops and weeds.
They can significantly increase the uptake of P through
extra-radical hyphae (Smith and Read, 1997). Each
centimeter of well-colonized host plant root may be
associated with 50–150 cm of extra-radical hyphae
(Harley, 1989). This extensive hyphal network also
plays an important role in soil conservation by improv-
ing soil aggregation (Miller and Jastrow, 1992). Pro-
duction of organic compounds by mycorrhizal hyphae
and other microorganisms in the mycorrhizosphere
may help to bind microaggregates into macroaggre-
gates (Tisdall, 1994).
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Since VAM fungi are biotrophs, the viability of hy-
phae declines drastically in the absence of host plants
such as during fallow (Chilvers and Daft, 1982; Addy
et al., 1994) or when non-host species occur in the
cropping schedule (Black and Tinker, 1977; Thomp-
son, 1987; Harinikumar and Bagyaraj, 1988). This
problem may be exacerbated by adverse winter con-
ditions (Kabir et al., 1997). Mycotrophic winter cover
crops can improve the VAM fungal inoculum potential
of the soil (Boswell et al., 1998), resulting in increased
P uptake by the subsequent crop (Boswell and Koide,
unpubl.). Moreover, in the presence of winter cover
crops, mycorrhizal spore densities have been shown
to be increased (Galvez et al., 1995). Spore viabil-
ity, however, may be low after winter in the absence
of host plants (Dalpe, unpubl.). Thus colonized roots
and hyphae appear to be the most important inoculum
sources for subsequent crop establishment (Boswell
et al., 1998).
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The use of winter cover crops may not always be
practical. Disruption of the spring planting schedule
may occur (Wyland et al., 1996), and the planting and
germination of the following crop may be complicated
by the presence of undecomposed residues (McCalla
and Duley, 1948; Papendick and McCool, 1994). The
costs of growing cover crops may be prohibitive when
considering seed, herbicide, labor, equipment, fuel etc.
One way to receive the benefits of cover cropping
without using cover crops might be to manage existing
weed populations.

In particular, perennial mycotrophic weeds such
as dandelion (Taraxacum officinaleWeber ex Wigg.)
may be effective as overwintering hosts of mycor-
rhizal fungi. Dandelion can be suppressed but not
killed before planting the summer crop allowing it to
be used in subsequent years as a winter cover. The
present study was conducted to test the hypothesis
that both winter wheat and dandelion grown over the
winter will result in greater VAM fungal inoculum
potential, soil aggregation and subsequently maize
P content and yield in comparison with a fallow
treatment after one season.

2. Material and methods

The experiment was conducted at the Pennsylvania
State University R.A. Larson Agricultural Research
Center, Rock Springs, PA, USA. The soil is a silty
loam with a NaHCO3-extractable P concentration of
approximately 12.10mg g−1 of soil. The pH (water)
of the soil was 6.38. In the summer of 1997 the entire
field was fallow.

A randomized complete block design with three
treatments and five replications was used. All plots
were 5 m× 6 m. The treatments were winter wheat
(Triticum aestivumL. cv. ‘Freedom’), dandelion (T. of-
ficinaleWeber ex Wigg.; Valley Seed Service, Fresno,
CA, USA) and fallow. On 5 September 1997, the
entire field was disked. Winter wheat and dandelion
seeds were broadcast on 9 September, at the rate of
2.8 kg and 1.5 kg ha−1, respectively. The fallow plots
received no seeds.

On 15 October 1997, weed species were identified
and percent cover estimated in five, 22 cm diame-
ter circles placed randomly in each plot. The weeds
were Thlaspi arvenseL., Lamium amplexicauleL.,

Chenopodium albumL., Portulaca oleracea. L., Med-
icagosp., Centaureasp.,Stellariasp., Polygonum pen-
sylvanicumL. and Poaceae spp. in both dandelion and
winter wheat plots.Thlaspi arvenseandLamium am-
plexicaulecomprised approximately 90% of the weeds
present. Approximately 19–30% of the surface area of
the dandelion and winter wheat plots was bare ground.
The fallow treatment was lightly hoed to remove
weeds resulting in approximately 95% bare ground.

On 14 May 1998, NH4NO3 was broadcast on the
surface of each plot at the rate of 450 kg ha−1. On 15
May, all the plots were disked to suppress the vege-
tation in the winter wheat and dandelion plots. On 18
May, maize (Zea maysL. cv. ‘Temptation’) was sown
in rows spaced 75 cm apart in each plot at the rate of
54 000 seeds ha−1. Seedlings emerged by 24 May.

Root samples were taken randomly from each plot
at Day 8 (1 June), Day 25 (18 June) and Day 54 (29
July) after emergence. Four plants were selected from
each plot on each date and the entire root system was
excavated. Shoot samples were also taken randomly
from each plot at Day 8 (1 June) and 25 (18 June)
after emergence. Shoot and root samples from each
plot were pooled. At Day 54 ear leaves from four
randomly-selected plants were taken from each plot.
These from each plot were pooled for nutrient analysis.

At the end of the season (13 August, 1998), plants
and ears were counted and height of the plants were
measured from a 4 m2 area randomly located at the
center of each plot, avoiding places where earlier har-
vests occurred. Marketable ears per plot were also
counted. Ears were considered marketable when free
from damage and full of grain (<8% of the top of
the ear was without grain). Shoots, ear leaves and ears
from each of the plots were oven dried separately at
65◦C to constant weight.

Oven-dried shoot, ear leaf and grain samples were
weighed and ground to pass a 0.5 mm sieve. Sam-
ples were digested for 1 h at 400◦C using concen-
trated H2SO4 and 30% H2O2. Phosphorus concentra-
tions were determined by the method of Watanable
and Olsen (1965) and N concentration by the Nessler
method (Jensen, 1962).

Root systems were washed on a 1 mm sieve un-
der running water and cut into 1–1.5 cm pieces. The
washed roots were preserved in a formaldehyde-acetic
acid-ethanol (FAA) solution until processing. The root
samples were removed from FAA, rinsed with water,
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autoclaved in 10% KOH for 15 min and stained with
trypan blue for at least 24 h. Total root length and my-
corrhizal colonization was assessed by the line inter-
sect method (Koide and Mooney, 1987).

The proportion of soil as water stable aggregates
was determined according to Kemper and Rosenau
(1986) as modified by Angers and Mehuys (1993).
Five grams of field-moist soil between 1 and 2 mm
were spread on a 250mm sieve. The height of the
sieve of the wet sieve apparatus (Five Star Scien-
tific, Twin Falls, ID, USA) was adjusted so that all
the soil remained immersed in water during its move-
ment (35 vertical strokes per min for 10 min). Soil

Fig. 1. Mean percent of root length colonized by (A) mycorrhizal fungi and (B) mycorrhizal colonized root length at Day 8, 25 and 54
after emergence of maize plant in the fallow, winter wheat and dandelion plots . Error bars are±1 s. e. m.,n= 5.

particles that passed through the sieve were consid-
ered to be the soil fraction that is unstable in wa-
ter. Soil remaining on the sieve was dispersed with
25 ml 5% sodium hexa-metaphosphate to separate the
water-stable soil fraction from coarse materials. The
proportion of water-stable soil aggregation was calcu-
lated as a percentage of weight of the stable fraction
to the total soil weight.

Statistical analysis was performed using the pro-
grams of Statgraphics Plus (STSC, 1991). Data were
analyzed using single and two-factor analyses of
variance. Least significant difference (LSD) tests were
performed to compare treatment means atp< 0.05.
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Linear regression analyses were performed to estab-
lish the correlation between percent of root length
colonized by mycorrhizal fungi and maize shoot P
content (at Day 8 and 25 after emergence), and be-
tween percent of root length colonized by mycorrhizal
fungi and percent of water stable soil aggregates (Day
54 after maize emergence).

3. Results

There was no significant difference in the percent
of bare ground in the winter wheat and the dande-

Fig. 2. (A) Mean shoot P content and (B) shoot dry weight at 8 and 25 days after emergence of maize plants in the fallow, winter wheat
and dandelion plots. Error bars are±1 s. e. m.,n= 5.

lion plots on 15 October 1997. This averaged 27%
in the winter wheat and 26% in the dandelion plots.
The number of dominant weeds (Thlaspi arvenseand
Lamium amplexicaule) was not significantly different
between winter wheat and dandelion plots. On aver-
age, 33T. arvenseand 13L. amplexicaulewere present
per m2 in the winter wheat plots and 39T. arvenseand
20 L. amplexicaulewere present in the same area in
the dandelion plots. The density of all the other iden-
tified weeds taken together (excludingT. arvenseand
L. amplexicaule)was significantly higher in the dan-
delion plots (11 plants m−2) than in the winter wheat
plots (4 plants m−2).
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Table 1
Mean (±1 s. e. m.a) phosphorus concentrations (%) of various parts of maize plants

Treatments 8-day shoot 25-day shoot Ear leaf Grain

Fallow 0.37± 0.01bb 0.34± 0.01b 0.20± 0.01b 0.34± 0.02a
Winter wheat 0.50± 0.02a 0.35± 0.01b 0.23± 0.04b 0.35± 0.01a
Dandelion 0.47± 0.02a 0.39± 0.01a 0.35± 0.02a 0.36± 0.01a

aStandard error mean.
bDifferent letters indicate a significant (p< 0.05) difference between treatment means,n= 5.

Fig. 3. (A) Linear relationship between percent of root length colonized by mycorrhizal fungi and shoot P content at 25 days after
emergence of maize plants in the fallow, winter wheat and dandelion plots. (B) Linear relationship between percent of root length colonized
by mycorrhizal fungi and percent of water stable soil aggregates at 54 days after emergence of maize plants in the fallow, winter wheat
and dandelion plots,n= 15 (five replicate blocks and three treatment combination plots per block).
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There was a significant interaction between treat-
ment and sampling time for percent of root length
colonized by mycorrhizal fungi and colonized root
length. Therefore, for simplicity, the effects of treat-
ment at each sampling period are described. Percent
of root length colonized by mycorrhizal fungi (Fig.
1A) and colonized root length (Fig. 1B) were signifi-
cantly greater in the winter wheat and dandelion plots
than in the fallow plots 8 d after maize emergence.
At Day 25 and 54 after maize emergence, percent of
root length colonized by mycorrhizal fungi and colo-
nized root length were higher in the dandelion than in
the winter wheat plots and fallow plots were always
significantly lower.

Maize shoot P content was significantly higher in
the dandelion plots than in the winter wheat and fal-
low plots 8 and 25 days after emergence (Fig. 2A).
Phosphorus concentrations of maize shoots were sig-
nificantly higher in both winter wheat and dandelion
plots than in the fallow plots at Day 8 (Table 1). How-
ever, only dandelion plots differed from fallow plots
in shoot P concentration at Day 25. The same was true
for the ear leaf. The percent of maize root colonized
by mycorrhizal fungi was not significantly correlated
with shoot P content at Day 8 (results not shown) but
it was significantly (R2 = 0.75 andp< 0.0001) corre-
lated at Day 25 (Fig. 3A). Phosphorus concentration

Fig. 4. Mean percent of water stable aggregates at 54 days after emergence of maize plants in the fallow, winter wheat and dandelion
plots. Error bars are±1 s. e. m.,n= 5.

of grain was not significantly affected by treatment
(Table 1). Shoot, ear leaf and grain N concentrations
were also not significantly influenced by treatment.
Mean shoot N concentration was 3.31% at Day 8 and
5.62% at Day 25 after maize emergence. Shoot ear
leaf N concentration was 1.57% and mean grain N
concentration was 1.56%.

Fifty-four days after maize emergence, the percent
of soil as water stable aggregates was significantly
greater in the winter wheat and dandelion plots than
in the fallow plots (Fig. 4). The percent of soil as
water stable aggregates was also positively correlated
(R2 = 0.47 andp< 0.005) with the percent of root
length colonized by mycorrhizal fungi at Day 54 of
maize growth (Fig. 3B).

At Day 8, maize shoot dry weight was significantly
lower in the winter wheat plots than in the dande-
lion plots. Maize shoot dry weight was intermediate
in the fallow plots (Fig. 2B). At Day 25, maize shoot
dry weight was significantly greater in dandelion plots
(by 30%) than in either winter wheat or fallow plots.
Maize shoot dry weight was also significantly corre-
lated with the percent of root length colonized by my-
corrhizal fungi at Day 25 (R2 = 0.64 andp< 0.0001).
The length of the root system was not significantly
affected by treatment at any period of sampling (data
not shown).
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Table 2
Mean (±1 s. e. m.) of height, grain weight, plant density and ear production for maize plants

Treatments Height (cm) Grain dry wt. plant−1 Plants ha−1 Marketable ears plant−1

Fallow 168± 2.2ba 29.13± 1.2b 48545± 1695a 0.56± 0.04b
Winter Wheat 162± 0.8b 28.93± 1.3b 31255± 2899b 0.76± 0.10ab
Dandelion 174± 2.1a 35.33± 0.6a 45885± 2443a 0.92± 0.049a

aDifferent letters indicate a significant (p< 0.05) difference between treatment means,n= 5.

Dandelion plots had significantly greater maize
height than winter wheat plots (Table 2). Maize plant
density was also significantly greater in the dande-
lion plots than in the winter wheat plots (by 46%).
Maize dry weight per plant and marketable ears per
plant were 22 and 75% significantly greater, respec-
tively, in the dandelion plots than in the winter wheat
plots. The mean number of ears per plant was not
significantly different among the treatments.

4. Discussion

The work here shows for the first time that a myc-
orrhizal perennial weed (dandelion) could be used as
a winter vegetative cover to improve the mycorrhizal
inoculum potential and establishment of the follow-
ing crop of maize. Dandelion also had a more posi-
tive effect on mycorrhizal colonization, P content and
growth of a subsequent maize crop than winter wheat.
Our conclusions, however, are based on results from
one season and one field. Dandelion develops an ex-
tensive root system and in the years following the ini-
tial planting it may begin to compete with the main
crop. Careful management of any weed would there-
fore be necessary in order to have its beneficial effects
outweigh its detrimental ones.

Eight days after the emergence of maize, percent of
root length colonized by mycorrhizal fungi was not re-
lated to shoot P content. At this stage of maize growth,
shoots were probably receiving P primarily from their
seeds (Evans and Miller, 1988) and thus during early
development, mycorrhizal colonization may not con-
tribute much to shoot P content. By Day 25, however,
percent of root length colonized by mycorrhizal fungi
was significantly correlated with shoot P content, in-
dicating that plants were probably more dependent on
VAM fungi.

VAM hyphal networks can increase soil aggregate
stability (Miller and Jastrow, 1992). Thus it was not
surprising to find that the percent of soil as water sta-
ble aggregates was greater in the winter wheat and
dandelion plots than in the fallow plots in which my-
corrhizal inoculum potential was lower. Mycorrhizal
hyphae may have contributed to improved soil aggre-
gation by the production of glomalin, a glycoprotein
which may act as a cementing agent for soil particles
(Wright and Upadhaya, 1996). Likewise, mycorrhizal
hyphae may directly improve soil aggregates by pro-
viding a skeletal structure which physically binds soil
particles (Miller and Jastrow, 1992). VAM fungi also
may indirectly improve soil structure by providing
carbon for other microorganisms which produce soil
binding chemicals. Andrade et al. (1998) found that
total bacteria and P solubilizing bacteria were greater
in the presence of VAM fungi. Because maize root
length was not significantly different among the treat-
ments at any period of sampling, differences in soil
aggregation do not appear to be influenced by maize
roots. However, the presence of old wheat and dande-
lion roots may have improved soil aggregate stability.

Seeding establishment was worse in the wheat plots
than in the dandelion plots. This was probably because
winter wheat plants were quite vigorous and the spring
disking did not chop the winter wheat stocks suffi-
ciently. In contrast, dandelion plants were relatively
soft when they were disked in the spring and thus they
were easily chopped. Consequently, the planting of the
maize seeds at the appropriate soil depth was easier in
the dandelion plots.

In conclusion, living vegetative cover during the
winter improved the inoculation potential of VAM
fungi, which increased P content and yield of maize.
High levels of inoculum were associated with im-
proved soil aggregation. Dandelion performed better
than winter wheat as a vegetative cover because it
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did not impede maize germination and promoted my-
corrhizal inoculum potential to a greater extent. In
practice, the planting of weeds may not be necessary,
but proper management of some existing mycorrhizal
weed populations, such as dandelion, could be prof-
itable both financially and ecologically.
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