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EFFECT OF NO-TILL AND CONVENTIONAL TILLAGE ON

MYCORRHIZAL COLONIZATION IN SPRING WHEAT

S. SCHALAMUK, S. VELAZQUEZ, H. CHIDICHIMO and M. CABELLO1

Summary: The total root colonization of arbuscular mycorrhizae (AMF) at different stages of
wheat growth was evaluated under conventional tillage (CT) versus no-tillage (NT), with or without
N fertilization. The percentage of hyphae, arbuscule and vesicle and the propagule number of
arbuscular mycorrhizae were determined at tillering, flowering and grain filling of a wheat crop in
La Plata (Buenos Aires, Argentina). We observed that tillage and N fertilization significantly reduced
root colonization by mycorrhizae and the number of propagules In soil as well. Accordingly, an
increase In root AMF colonization was detected at flowering and grain filling stages In the NT
management system that lacked N fertilization. We conclude that the management system has a
significant Impact on root colonization by AMF.
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Resumen: Efecto de siembra directa y labranza convencional sobre la colonización micorríclca en
trigo de primavera. Se evaluó el porcentaje de colonización de hongos formadores de micorrlzas
arbuscualres en diferentes estadios fenológicos de trigo bajo labranza convencional y siembra
directa, con y sin fertilización nitrogenada. Se determinaron los porcentajes de hifas, arbúsculos,
vesículas y el número de propágulos infectivos de hongos micorrizicos durante las etapas de
macollaje, floración y llenado de granos en un cultivo de trigo en La Plata (Buenos Aires, Argenti¬
na). Se observó que la labranza y la. fertilización nitrogenada redujeron significativamente la coloni¬
zación radical así como también el número de propágulos infectivos del suelo. Coincidentemente, se
detectó un incremento en la colonización durante los estados de floración y llenado de granos en el
tratamiento de siembra directa sin fertilización nitrogenada. Se concluye que los sistemas de la¬
branza tienen un impacto significativo sobre la colonización mlcorrízlca-arbuscular.

Palabras clave: labranza, trigo, fertilización nitrogenada, colonización mlcorrícica, ¡nfectividad.

INTRODUCTION indigenous AMF in the field through appropriate
agricultural practice may be an effective means for
improving P uptake by crops, thus reducing P
fertilization requirement.

Tillage practices used for wheat production in
Argentina are still based on conventional
cultivation where the soil is tilled 2 or 3 times prior
to sowing. However, the long-term use of such
practices leads to á decline in soil health, as seen

by the loss of soil organic matter (Grace et al., 1994),
loss of soil structure (Steed et al., 1993), higher risk

of soil erosion (Packer et al., 1992) and loss of
beneficial soil biota (Gupta et al., 1994). All these
disadvantages are resulting in the increasing
adoption of more conservation-oriented agricultural
practices. A key component of these practices is
the use ofminimum or zero tillage coupled with the
retention of crop residues (Cornish & Pratley, 1987).

Improvement in the phosphorus uptake by
arbuscular mycorrhizal (AMF) colonization has been

well documented in many crop plants (Gerdemann,
1968; Mosse, 1973). Beneficial effects of AMF on

host plants can be partially explained by the
increased effective root surface area beyond nor¬

mal absorption zones. This is essentially due to the
fact that fungal hyphae extend further than non-

mycorrhizal root into the soil. At present, broad
scale inoculation is unlikely because of high costs

of inoculum production. Therefore, manipulation of
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The long-term benefits of these practices have been
evaluated in the Pampa region in Argentina
(Alvarez etal., 1998).

Several changes in soil properties have been
reported withno-till management systems: improved
aggregate stability, moisture availability with
residue retention, changes in the distribution of
organic matter residues down the soil profile; e.g.
more even distribution of organic matter in
cultivated soil compared to that in minimum tilled
soil where residues are concentrated on the surface
(Alvarez et al., 1998). Many studies have shown
that an important characteristic ofno-till systems is
the accumulation of phosphorus near the soil
surface (Thomas, 1986). This happens because
broadcast applications are usually applied in no¬

tillage management systems, and phosphorus is
slow to move down through the soil horizon. In
addition,*natural cycling of nutrients due to plant
uptake can lead to surface stratification of
phosphorus. This occurrence usually results in
lower levels of phosphorus in lower portions of the
original tillage zone. One of the biggest changes in
no-tillage fertilization methods should be the
nitrogen management (Fox & Bandel, 1986). The
protective cover of crop residue causes several
changes in soil, also affecting nitrogen fertilizer
efficiency. The surface cover reduces runoff,
increases infiltration, and reduces evaporation
(Griffith et al., 1986). In addition, there seems to be
lower soil temperatures as the surface cover

increases (Gupta et al., 1981). These factors lead to

higher soil moisture contents inno-tillmanagement;

this fact increase leaching losses of nitrogen.
Little is known about the changes of soil

microbiological properties regarding the new
agricultural management. Soil disturbance such as

tillage can dramatically affect the function of
mycorrhizae in an agricultural system. Miller et al.,

(1995) documented an interesting case where
disturbance of an arable, no-tilled soil resulted in
the reduced AM development and subsequently
less absorption of phosphorus by seedlings of
maize in the field. Many nitrogenous fertilizers have
been reported to decrease colonization both in pots

and in fields using conventional tillage (Lanowska,

1966; Chambers et al., 1980; Land et al., 1993). In a

field experiment inGermany,Land et al. (1993) found
that increased N fertilization caused marginal
inhibition of mycorrhizal infection and sporulation
on winter wheat.

Research dealing with mycorrhizal fungi in
agricultural systems is valuable both in determining
appropriate management strategies and as a back¬
ground against which inoculation techniques will
be developed (Sieverding, 1991).

The effect of two tillage systems (no-tillage and

conventional tillage) and nitrogen fertilization on
the dynamics ofmycorrhizal fungi colonization was

analyzed. Also, the influence of these factors on
the mycorrhizal soil infectivity was evaluated.

MATERIAL AND METHODS

Soil characteristics, management and experi¬

mental design

The field experiment was carried out at the
agricultural experimental station “Ing. Agr.,
Hirshhom” (La Plata, Buenos Aires, Argentina; Lat.:

34° 59’ S, Long.: 57° 59’ W). The soil examined was

an Argiudoll with light internal drainage deficiency
and the following characteristics : 3.9-4.1% organic
matter, 0.179-0.191% N, 10.1-11.3 ppm P. The
previous crops were: 1993 soybean; 1994 com; 1995
to 2001 wheat. The field study performed in 2002
was composed of two tillage treatments: no-tillage
(NT) and conventional tillage (CT) -autumnplowed
and disked before planting. The fertilization
treatments were: control without nitrogen (NO) and
90 kg/haN at the time ofplanting (N90). Urea was

used as N fertilizer and applied randomly. The
treatments were arranged in a randomized, split plot
design, and replicated three times.

AMF colonization studies

Root samples were collectedusing a composite
random, serpentine method (Dick et al. 1996). In
those places where each sample was collected, we

pooled 5-6 sub samples in a square of 3 m2. The
samples were taken from different treatments at three
different crop stages: tillering, flowering and grain
filling. To determine AM colonization, the roots were

cleared and stained (Phillips & Hayman, 1970) and
the different intraradical fungal structures such as:

hyphae, entry point, arbuscule and vesicle
percentage observed under a microscope
(McGonigle etal., 1990).

Plant root phosphorus content analysis was

carried out at flowering stage, when phosphorus
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without N fertilizer (NO) showed higher hyphae plus
entry point percentage at this stage. However at

flowering and grain filling stages NTNO was the
only treatment evidencing significant differences.

The arbuscule percentage (Fig. 3) was about ten¬

fold higher in the non-tilled treatment without
fertilization at tillering and flowering stages, whereas
the latter showed a significantly lower arbuscule
percentage in CTN90 than that in the other
treatments. At grain filling stage, few arbuscles were

found, and there were no significant differences
among the treatments.

At tillering, few vesicles were observed in all
the treatments (Fig. 4), and significant differences
were not detected among them, whereas at flowering
and grain filling the vesicle percentage was higher
in NTNO treatment, when compared to that of the
other treatments.

P content in plant root (Fig. 5) was found to be
significantly higher inNTNO treatment.

The propagule level or mycorrhizal soil
infectivity (MSI50) (Table 1) showed significant
differences among treatments of conventional tillage
and no-till management, whereas no significant
difference was foundbetween nitrogen-fertilized and
non-fertilized treatments.

accumulation could reach more than half of the to¬

tal plant phosphorus throughout the cycle
(Chidichimo, unpublished data).

The AMF propagule levels were determined by
a bioassay based on Plenchette et al., (1989). Soil
samples of each treatment (CTNO, CTN90, NTNO,
NTN90) were air dried, and then passed through a

2-mm-mesh-sieve. Four dilutions were made of each
treatment by thoroughly mixing the original soil in
various quantities (100, 30, 10 and 3 %) with the
same autoclaved soil (1 h at 120°C repeated three
times after a 24 h interval) to provide a logarithmic
scale of concentration. Plastic containers were filled
with 150ml ofeach soil or soil dilution andreplicated
four times. Leek (Allium porrum L.) seeds were

surface sterilized by soaking in household bleach
(5.5 %NaOCl) diluted withnine parts of sterile water

for 5 min, and then carefully washed with sterilized
water. After five days of germination in sterilized
sand, ten plantlets were planted in each pot
containing,soil dilutions of each treatment. The pots

were placed in a greenhouse at 24 + 1°C day/20 +
1°C night, and 16 h photoperiod provided by
halogen lamps. Leek plants were colonized
depending oh the inoculum level of different soil
treatments. Four weeks after planting, the leek
plants were harvested and root colonization
evaluated (Phillips & Hayman, 1970). The
mycorrhizal soil infectivity (MSI) was calculated
using regression analysis (Plenchette etal., 1989).

Statistical analysis was performed using the
ANOVA procedure, and means separated using
least significant difference (LSD) test in Statgraphics
plus version 3.0. Colonization, hyphae plus entry

points, arbuscule and vesicle percentages data were

arcsine transformed prior to running the ANOVA
procedure.

DISCUSSION

It this experiment it was observed that no-tillage
management system positively affected the
colonization of wheat crop. Tillage and other types
of disturbance reduce the population of viable
propagules of AMF (Jasper et al., 1989a; 1992)
through the disruption of the hifal network Miller
& Jastrow (1992).

Although a number of different propagule types

exists (spores, hyphae and infected roots), they may .

not be equally effective at producing new infection
units. In undisturbed soils, it would be expected
that new infection units primarily arose from

extraradical hyphae, being spores less important.
The reason is that spores would take longer to

germinate and make contact with roots as opposed
to the runner infecting hyphae from a well-
developed extraradical mycelium (Klironomos &
Hart, 2002). Tommerup (1983) showed that erratic
germinationof spores might be related to dormancy,
since the spores are dormant when first formed,
but after storage dormancy is overcome; the spores

RESULTS

It was found that during tillering stage, the

colonization percentage was higher in non-tilled
treatments (Fig. 1). During flowering and grain
filling, in NTNO the colonization was significantly
higher than that of other treatments, which did not

differ significantly among them.
Hyphae plus entry points percentage (Fig. 2)

was two-fold or higher in NT than CT at tillering
stage. Significant differences were also found among
the N fertilization treatments, since the treatment
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Fig. 1. Percentage of root length colonized in wheat crop at the three stages analyzed. Values are means ± SE for

the three separate samples. The same letter above the bars within stage indicates that values do not differ

significantly by one-way ANOVA and LSDoor CTN0: Conventional tillage without nitrogen fertilizer; CTN90:

Conventional tillage with nitrogen fertilizer; NTN0: No-tillage without nitrogen fertilizer; NTN90: No-tillage
with nitrogen fertilizer.
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Fig. 2. Hyphae plus entry point percentage. Same notations as in Fig. 1.
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Fig. 3. Percentage of arbuscles. Same notations as in Fig. 1.
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Fig. 4. Percentage of vesicles. Same notations as in Fig. 1.
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Table 1. Regression curve characteristics and estimation of infectivity of the treatment studied. Note: a. Y -axis;
b, slope; r2. Within columns, values not followed by the same letter are significantly different at the 0.05 level of
probability. Since slopes are different, a Y- intercept comparison is not required.

2
MSI5()/100 g soilr ba

CTN0 0.74 -0.077 0.29 b 3.47

CTN90 0.80 -0.12 0.29 b 4.90

NTN0 0.86 0.027 0.52 a 12.30

NTN90 0.90 0.036 0.52 a 12.75
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On the other hand, the increase in the number

of vesicles is coincident with the last stage of wheat

culture where plants become senescent. Vesicles
are resting structures (Bonfante-Fasolo, 1984); their

number is increased in old or dead roots.

Agricultural practices directly affect soil

propagules, fact that is more evident during tillering.

In the present study tillage and fertilization practices
affected the colonization dynamics. The lack of

tillage and fertilization supplied the most

appropriate conditions for the establishment of the

symbiosis between the plant and the fungus, and

also showed an enhanced phosphorus concentration
in the root. It must also be noted that the complexities
of field situations, namely physico-chemicalproperties
of soil, different species of fungi andplants coexisting

with other soil organisms, couldbe scarcely controlled
in this study.

become capable of germinating rapidly and fairly

synchronously under appropriate conditions of

moisture and temperature. This agrees with other

investigations showing that periods of storage in

dry soils or at low temperature increase the

percentage germination, depending on the species

(Tommerup, 1984; Gemma &Koske, 1988).Disturbed

soil might result in damaged hyphae that are non-

infective (Jasper et al., 1989b). In such a case, spores

might be the preferred method of propagation
(Klironomos & Hart, 2002). Nevertheless, in

conventional tillage systems, the top part of the

soil rich in propagules, spores included, might be

diluted by the propagule poor subsoil (Sieverding,

1991).
The rate of initiation ofprimary colonization from

propagules in soil is influenced by the availability
and density of inoculum. At the first crop stages

(e.g. tillage) the percentage of colonization depends
on the propagule density of the soil. The results of

colonization and hyphae plus entry points corres¬

ponded to mycorrhizal soil infectivity (MSI) in all

the treatments, estimated following the method of

Plenchcttc'e/ al., (1989). These results agree with
the findings of Smith & Walker (1981) and Carling

et al., (1979) who showed a linear relationship
between the number of entry points and the density

ofpropagules in soil.
The percentage of arbuscles at tillering and

flowering stages was higher in non-tilled treatment

without nitrogen fertilization, and this could be

related to the highest root P accumulation at the

flowering stage in this treatment. The arbuscule is
an important structure; it plays an important role in

nutrient transfer between the symbionts (Smith &

Smith, 1989). An important characteristic in no¬

tillage management system is the stratification of

nutrients with low mobility, basically P and K, in

the first centimeters of soil, due to the lack of

incorporation. This accumulation in the surface

could limit the plant P uptake (Thomas, 1986). The

highest colonization and presence of arbuscles in

non-tilled treatment without nitrogen fertilization

indicate that under these conditions the plants
become mycotrophic. Bevenge & Bowen, (1975)

and Brundrett et al., (1985) observed that the
arbuscule formation in Triticum aestivum takes 2-3

ACKNOWLEDGEMENTS

The authors wish to thank Dr. M. Aón and N.

Tedesco for the critical review of the manuscript
and D. Gentilini for P root analysis. S. Schalamuk

and S. Velázquez are recipients of a scholarship
from Comisión de Investigaciones Científicas de la

Prov. de Buenos Aires (C.I.C). M. Cabello and H.

Chidichimo are researcher from C.I.C. This research

was supported by a grant from CIC.

BIBLIOGRAPHY

ALVAREZ, R., M, E. RUSSO, P. PRYSTUPA, J. D.

SCHEINER & L. BLOTTA. 1998. Soil carbon pools
under conventional and no-tillage systems in the

Argentine Rolling Pampa. Agron. J. 90: 138-143.

BEVENGE, D. 1. & G. D. BOWEN. 1975. Endogone strain
and host plant differences in development of vesicular-

arbuscular mycorrhizas. In: SANDERS, F. E„ B. MOSSE
& P. B. TINKER (eds.), Endomycorrhiza, pp. 77-86.

Academic Press, London, UK.

BONFANTE-FASOLO, P. 1984. Anatomy and

morphology of VA mycorrhizae. In: POWELL, C. L.

&. D. J. BAGYARAJ (eds.), VA Mycorrhizae, pp. 5-33.
CRC Press, Boca Raton, Florida, USA.

BRUNDRETT, M. C., Y. PICHE & R. L. PETERSON.

1985. A developmental study of early stages in
vesicular-arbuscular mycorrhiza development. Cañad.
J. Bol. 63: 184-194.

days and the whole arbuscular cycle around 7 days.

In our experiment, arbuscles were observed for 60

days, till flowering; this fact suggests this is a

dynamic process.

18



S. Schalamuk et a/., Mycorrhizal colonization in spring wheat

JASPER, D. A., L. K. ABBOTT & A. D. ROBSON. 1992.

Soil disturbance in native ecosystems -the decline and

recovery of infectivity of VA mycorrhizal fungi. In:

READ, D. J., D. H. LEWIS, A. H.FITTER. & 1. J.

ALEXANDER, (eds.), Mycorrhizas in Ecosystems, pp.

151-479. CAB International, Wallingford, UK.

KLIRONOMOS, J. N. & M. M. HART. 2002. Colonization
of roots by arbuscular mycorrhizal fungi using different

sources of inoculum. Mycorrhiza 12: 181-184.

LAND, S., H. von ALTEN & F. SCHONBECK. 1993.
The influence of host plant, nitrogen fertilization and •

fungicide application on the abundance and seasonal

dynamics of vesicular-arbuscular mycorrhizal fungi in
arable soils of northern Germany. Mycorrhiza 2: 157-

166.

CARLING, D. E., M. F. BROWN & R. A. BROWN. 1979.

Colonization rates and growth responses of soybean

plants infected by vesicular-arbuscular mycorrhizal
fungi. Cañad. J. Bot. 57: 1769-1772.

CHAMBERS, C. A., S. E. SMITH & F. A. SMITH. 1980.
Effects of ammonium and nitrate ions on mycorrhizal

infection, nodulation and growth of Trifolium
subterraneum. New Phytol. 85: 47-62.

CORNISH, P. S. & J. E. PRATLEY. 1987. Tillage, new

directions in Australian agriculture. Inkata, Melbourne.

DICK, R. P., D. R. THOMAS & R. F. TURCO. 1996.

Standarized methods, sampling, and sampling treatment.

In: DORAN, J. W. & A. J. JONES (eds.), Methods for
assessing soil quality, pp. 107-121. Soil Science of
America, Madison, WI.

FOX, R. H. & V. A. BANDEL. 1986. Nitrogen utilization

with No-tillage. In: SPRAGUE, M. A. & G. B.
TRIPLETT (eds.), No tillage and Surface tillage

agriculture. The Tillage Revolution, pp. 116-148. John
Wiley & Sons, New York.

GEMMA, J. N. & R. E. KOSKE. 1988. Seasonal variation

in spore abundance and dormancy of Gigaspora

gigantea and in mycorrhizal inoculum potential of a

dune soil. Mycologia 80: 211-216.

GERDEMANN, J. W. 1968. Vesicular-arbuscular
mycorrhiza and plant growth. Annu. Rev. Phytopatol.

6: 397-418.

GRACE, P. R., J. N. LADD & J. O. SKIIEMSTAD. 1994.

The effect of management practices on soil organic
matter dynamics. In: PANKHURST, C. E/, B. M.

DOUBE, V. V. S. R. GUPTA & P. R. GRACE (eds.),

Soil biota: Management in sustainable farming systems,

pp. 162-171. CSIRO Press, Melbourne.

GRIFFITH, D. R., J. V. MANNERING & J. E. BOX.

1986. Soil and moisture management with reduced
tillage. In: SPRAGUE, M. A. & G. B. TRIPLETT

(eds.), No tillage and Surface tillage agriculture. The

Tillage Revolution, pp. 19-58. John Wiley & Sons,
New York.

LANOWSKA, J. 1966. Influence of different sources of
nitrogen on the development of mycorrhiza in Pisum

sativum. Pamietnik Pulawski 21: 365-386.

McGONIGLE, T. P., M. H. MILLER, D. G. EVANS, D. G.

FAIRCHILD & J. A. SWANN. 1990. A new method
which gives an objective measure of colonization of
roots by vesicular-arbuscular mycorrhizal fungi. New

Phytol. 115: 495-501.

MILLER, R. M. & J. D. JASTROW. 1992. The application
of VA mycorrhizae to ecosystem restoration and

reclamation. In: ALLEN M. F. (ed.), Mycorrhizal

Functioning, pp. 438-467. Chapman & Hall, London,
UK.

MILLER, M. H., T. P. McGONIGLE & H. D. ADDY.

1995. Functional ecology of vesicular-arbuscular
mycorrhizas as influenced by phosphate fertilization

in an agricultural ecosystem. Crit. Rev. Biotech. 15:

241-255.

MOSSE, B. 1973. Advances in the study of vesicular-

arbuscular mycorrhiza. Annu. Rev. Phytopathol. 11:

171-196.

PACKER, I. J., G. J. HAMILTON & T. B. KOEN. 1992.

Runoff, soil loss and soil physical property changes of
light textured surface soils from long-term tillage

treatments. Austr. J. Soil Res. 30: 789-806.
GUPTA, S. C., J. K. RADKE & W. E. LARSON. 1981.

Predicting temperatures of bare and residue covered

soils with and without a corn crop. Soil Sc. Soc. Am.
J. 45: 402-412.

PHILLIPS, J. M. & D. S. HAYMAN. 1970. Improved
procedures for clearing roots and staining parasitic and

VA mycorrhizal fungi for rapid assessment of infection.

Trans. Br. Mycol. Soc. 55: 158-161.

PLENCHETTE, C., R. PERRIN & P. DUVERT. 1989.

The concept of soil infectivity and a method for its

determination as applied to Endomycorrhizas. Cañad.
J. Bot. 67: 112-115.

GUPTA, V. V. S. R., M. M. ROPER, J. A. K1RKEGAARD

& J. F. ANGUS: 1994. Changes in microbial biomass
and organic matter levels during the first year of
modified tillage and stubble management practices on

a red earth. Austr. J. Soil Res. 32: 1339-1354.

JASPER, D. A., L. K. ABBOTT & A. D. ROBSON. 1989a.

Soil disturbance reduces the infectivity of external
hyphae of vesicular-arbuscular mycorrhizal fungi. New

Phytol. 112: 93-99.

JASPER, D. A., L. K. ABBOTT & A. D. ROBSON. 1989b.

Hyphae of a vesicular-arbuscular mycorrhizal fungus

maintain infectivity in dry soil, except when the soil

is disturbed. New Phytol. 112: 101-107.

SIEVERDING, E. 1991. Vesicular-Arbuscular Mycorrhiza
management in Tropical Agrosystems. Deutche

Gesellschaft für Technische Zusammenarbeit, GTZ N°

224. Eschborn.

SMITH, S. E. & N. A. WALKER. 1981. A quantitative
study of mycorrhizal infection in Trifolium: separate

determination of the rates of infection and of mycelial

growth. New Phytol. 89: 225-240.



Bol. Soc. Argent. Bot. 39 (1-2) 2004

Tillage Revolution, pp. 93-115. John Wiley & Sons,
New York.

SMITH, F. A. & S. E. SMITH. 1989. Solute transport at

the interface: ecological implications. Agricul. Ecosys.
Environ. 28: 475-478.

TOMMERUP, 1. C. 1983. Spore dormancy in vesicular-
arbuscular mycorrhizal fungi. Trans. Br. Mycol. Soc.

81: 37-45.
STEED, G. R., A. ELLINGTON & J. E. PRATLEY. 1993.

Conservation tillage in the south-eastern Australian
wheat-sheep belt. In: CARTER, M. R. (ed.),

Conservation tillage in temperate agroecosystems.

Development and adaptation to soil and climatic
constraints, pp. 231-250. Lewis, New York.

THOMAS, G. W. 1986. Mineral nutrition and fertilizer
placement. In: SPRAGUE, M. A. & G. B. TRIPLETT Recibido el 27 de Noviembre de 2003, aceptado el 6 de Abril
(eds.), No tillage and Surface tillage agriculture. The de 2004.

TOMMERUP, I. C. 1984. Persistence of infectivity by
germinated spores of vesicular-arbuscular mycorrhizal
fungi in soil. Trans. Br. Mycol. Soc. 82: 275-282.

20




