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To investigate the growth response of various crop species to mycorrhizal inoculation, arbuscular mycorrhizal fungi were
applied to Glycine max, Vigna angularis, Senna tora, Hordeum vulgare var. hexastichon. Zea mays, Sorghum bicolor, Allium
tuberosum, Solanum melongena, and Capsicum annuum. The biomass of the inoculated crops was measured every two weeks
for the 12-week growth period. By measuring biomass, we calculated the mycorrhizal responsiveness of the nine crop species.
Among the nine crop species, four species showed a significant response to mycorrhizal inoculation. The shoot biomasses
of V. angularis, C. annuum, A. tuberosum, and S. fora significantly increased with mycorrhizal inoculation.
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Arbuscular mycorrhizas (AM) are mutualistic symbioses Asch., Zea mays L., and Sorghum bicolor (L.) Moench),

between fungi in phylum glomeromycota and most terres- one species in Liliaceae (Allium tuberosum Rottler ex
trial plant roots (Schuessler ef al., 2001; Smith and Read, Spreng.), and two species in Solanaceae (Solanum melon-
2008). There is increasing evidence that arbuscular myc- gena L. and Capsicum annuum L.).

orrhizal fungi (AMF) promote plant growth by improving Soil collected from a tobacco arable field site in Chun-
plant uptake of water and inorganic nutrients, especially gbuk was used as the inoculum source for mycorrhizal
phosphorus (P). Additional benefits include increased tol- fungi. Seeds for each host plant species were sowed in

erance to environmental stresses such as nutrient deficient 15 cm x 17 cm pots, with each pot containing 20 g of inoc-
soil, drought conditions, salinity, and pathogens (Kurle ulum and equal parts, by volume, of autoclaved sand/soil
and Pfleger, 1996). The potential use of AMF in agricul- mixture. The plants were watered with distilled water as
ture has received much attention in the past decades needed and supplemented with 200 m/ of quarter-strength
because they reduce the use of chemical fertilizers and Hoagland solution (2.8 g H,BO,, 3.4 g MnSO,-H,0, 0.1 g
pesticide (Harrier and Watson, 2004; Sharma et al., 1997). CuSO,'5H,0, 16.22 g ZnSO,7H,O, 0.1 g (NH,);MO,0,,

Most plants have an association with at least one type 4H,0, 5 ml H,SO,, 6.72 g Na,EDTA, 5.58 g FeSO,, 0.94 g
of mycorrhiza (Smith and Read, 2008). For some plant Ca(NO,),4H,0, 0.52 g MgSO,-7H,0, 0.66 g KNO,, 0.06 g

species, the association with mycorrhizal fungi is indis- HN,H,PO,) weekly. The average temperatures, light inten-
pensable, while some plants show no significant response sity and relative humidity in the greenhouse during the
or negative growth response to mycorrhizal inoculation. experiments were maintained as 35°C, 85% and above

Safir (1987) characterizes plants as independent and facul- 50%, respectively. The heights of the plants were mea-
tatively or obligately dependent on AMF for mineral nutri- sured every two weeks. After 12 weeks of growth, roots
ent uptake; the degree of dependence varies with plant and shoots were harvested and dry weights were mea-
species, and particularly with root morphology and soil sured after being dried at 60°C for 48 h. The mycorrhizal
conditions. responsiveness of each plant species was expressed and
There is little information on the response of crop the formular is like this (Hetrick et al., 1996):

plants to mycorrhizal inoculation in Korea. In this study,
the growth responses to mycorrhizal inoculation of sev-
eral important crop species are reported. Nine species of
crops were selected for this study: three species in Legu-
minosae (Glycine max (L.) Mert, Vigna angularis (Willd.)
Ohwi & H.Ohashi, and Senna tora (L.) Roxb.), three spe- Data regarding the dry weights of plants were ana-
cies in Gramineae (Hordeum vulgare var. hexastichon (L.) lyzed using SPSS for Windows, version 10 (SPSS Inc.,

Chicago, IL, USA). Comparisons of the growth responses
*Corresponding author <E-mail : eomah@knue.ac.kr> of crop plants to AMF were conducted using t-test of the

Mycorrhizal responsiveness (%)
= [mean biomass mycorrhizal plant
—mean biomass non-mycorrhizal plant)/
—mean biomass mycorrhizal plant] % 100.
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Table 1. Means and standard errors of plant dry weights in
mycorrhizal and non-mycorrhizal treated plants”

Non-mycorrhizal Mycorrhizal

Mean SE Mean SE

Plant species

Glycine max
Shoot 10.13 131 1272 129
Root 294 046 381 0.55
Total 13.07 179 1653 1.76
Vigna angularis
Shoot 2.71 051 7.80 1.17 **
Root 126 021 146 023
Total 396 0.69 926 1.38 **
Senna tora
Shoot  0.55 0.07 504 158 *
Root 0.13  0.03 1.86 0.78
Total 0.68  0.09 6.90 233
Hordeum vulgare
var hexastichon
Shoot 5.80 335 3.58 0.89
Root 386 252 0.73 0.19
Total 9.66 5.86 431 1.05
Zea mays
Shoot 1044 287 14.64 140
Root 458 1.57 6.84 1.17
Total 1502 443 2147 244
Sorghum bicolor
Shoot 4.06 127 870 1.71
Root 201  0.59 457 090
Total 6.06 185 1327 261
Allium tuberosum
Shoot  0.07 0.02 145 039 **
Root 0.13  0.03 059 0.13 *
Total 020 0.05 2.04 0.52 **
Solanum melongena
Shoot 11.80 1.07 1021 135
Root 486 0.52 4.08 0.76
Total 16.66 1.59 1429 2.08
Capsicum annuum
Shoot 049 0.08 827 0.70 ***
Root 026 0.05 226 0.25 ***
Total 0.75 0.13 10.53 0.92 **x*

"Asterisks on the bars indicate that mean biomass of inoculated plant
was significantly different from non-inoculated control as determined
by two-sample student t-test at P <0.05 (*), <0.01 (¥¥), <0.001 (***).

relative growth rates of plants inoculated with AMEF.

The growth responses of 9 species of crop plants were
investigated after inoculation with AMF in greenhouse
cultivation. Staining roots with Trypan blue (Koske and
Gemma, 1989) confirmed mycorrhizal colonization of crop
plants inoculated with AMEF. Also, mycorrhizal coloniza-
tion was not observed in the root of the plants not inocu-
lated AMF, indicating no contamination with AMF during
the experiment. The biomasses of plants were measured
every two weeks during a 12-week growth period. A total
of four of the 9 plant species used in this study signifi-
cantly responded to mycorrhizal inoculation (Table 1, Fig.

1). Growth of both roots and shoots in A. fuberosum and
C. annuum was enhanced significantly by inoculation
with AMF. Only the shoot dry weights of V. angularis, S.
tora, C. annuum, and A. tuberosum inoculated with AMF
were significantly higher than those without AMF. The
total biomasses of the plant species V. angularis, C.
annuum, and A. tuberosum showed significantly high
mycorrhizal responsiveness. Five species of crop plants-
G max, H. vulgare vat hexastichon, Z. mays, S. bicolor,
and S. melongena-showed no significant response to myc-
orrhizal inoculation in this study.

In this study, the extent of the plants’ responses to
AMF inoculation ranged from highly positive to highly
negative (Fig. 2). The results agree with the hypothesis of
Johnson e al. (1997), that mycorrhizal associations con-
sidered symbiotic range functionally along a parasitism-
mutualism continuum, and various environmental condi-
tions determine the position of any one case of AMF
symbiosis along that continuum. Growth of crop species
belonging to Leguminosae tested in this study, except G
max, was enhanced by mycorrhizal inoculation. G max is
one of the most important crop species in the world and it
has shown mycorrhizal dependency in most previous
reports (Eom et al., 1994; Khalil ef al., 1994). The result
for G max in this study could be due to the mycorrhizal
community composition of the soil used as inoculum in
this study. Soil factors, such as P levels, should be consid-
ered in future studies.

In plant species belonging to Gramineae-such as H.
vulgare vat hexastichon, Z. mays and S. bicolor-differ-
ences in relative growth rates between mycorrhizal and
non-mycorrhizal treatments were low and there was no
significant response to mycorrhizal inoculation. However,
A. tuberosum in Liliaceae showed a significant increase in
plant growth due to AMF inoculation. Root morphology
and architectures, as well as environmental conditions
such as soil nutrients, influence the mycorrhizal respon-
siveness of host plants (Hetrick ef al., 1991). Plants with
thick, poorly branched roots that possess few root hairs,
such as those in Liliaceae, are usually more dependent on
mycorrhizae for normal growth and development than plants
with thin, highly branched roots, like those in Gramineae.

Both the dry weight and relative growth rate of C.
annuum inoculated with AMF were significantly higher
than those not inoculated with AMF. C. annuum is an
important vegetable in South Korea and worldwide and it
is well known to have a significant positive response to
AMF inoculation (Davies Jr. et al, 2002; Park et al.,
1999). Results from this study agree with those of previ-
ous studies. However, S. melongena, which belongs to the
same family as C. annuum (i.e., Solanaceae), showed no
significant growth response to AMF.

The present study aimed to evaluate the responsiveness
of important crop species to AMF inoculation in field soil
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Fig. 1. Growth responses of plants to mycorrhizal inoculation. Mean+SE at 12 weeks after planting. AM (open circle),
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Fig. 2. Mycorrhizal responsiveness of plant species used in
this study. GM; Glycine max, VA; Vigna angularis,
ST, Semna tora, SM; Solanum melongena, CA,
Capsicum anuum, AT, Allium tuberosum, HV; Hordeum
vulgare vart. hexastichon, ZM; Zea mays, SB; Sorghum
bicolor. Asterisks on bars indicate significant responses
to mycorrhizal inoculation at P =0.05. * MR =Mycor-
rhizal responsiveness (%) =[mean biomass mycor-
rhizal plant — mean biomass non-mycorrhizal plant)/
mean biomass mycorrhizal plant] x 100. Asterisks on
the bars indicate that mean biomass of inoculated
plant was significantly different from non-inoculated
control as determined by two-sample t-test at P <0.05.

and under greenhouse conditions. The host species showed
differential growth responses to AMF. A number of fac-
tors can affect the growth response of host plants to AMF
colonization, including the genotypes of host plants and
environmental conditions (Sensory et al, 2007). Different
levels of responsiveness among different genotypes in the
same crop species have been demonstrated in previous
studies (Declerck et al, 1995; Linderman and Davis,
2004). This study did not account for the factor of host-
plant genotype, but it should be considered in future
study.

There have been many reports that different species or
genotypes of AMF prompt different levels of growth
response (Klironomos, 2003; Sensoy et al., 2007; van der
Heijden er al., 1998). The soil used in this study as AMF
inoculum included a mixture of several AMF species, but
the taxa of the AMF used in the study could have affected
the responses of host plant species in ways that other
AMF mixtures may not. Also, it has been widely accepted
that high P levels in soil reduce mycorrhizal colonization
of host plants and negate AMF’s potential growth
enhancement (Smith and Read, 2008). Conventional agri-
cultural practices involve a high fertilizer input that can
cause low mycorrhizal inoculum potential and therefore a
loss of effective AMF response. This study did not con-
trol the amount of P in the potting medium; instead, it

used soils collected from agricultural field soil as an AMF
inoculum. The P level in the pots of soil could be one rea-
son for the insignificant responses in several species of
host plants and this factor should be addressed in future
study.

The benefits of AMF association to plant species present
great opportunities for current agricultural practices; the
proper use of these symbiotic associations is important to
maintaining sustainable agriculture. The results in this
study demonstrate the enhanced growth of several crop
species inoculated with AMF; they therefore suggest the
possibility that AMF could be applied to these 9 com-
monly cultivated crop species in Korea.

Acknowledgments

This work was supported by a grant from Agricultural R
& D Promotion Center, Korea Ministry of Agriculture and
Forestry (#107031-03).

References

Davies Jr., F. T., Olalde-Portugal, V., Aguilera-Gomez, L., Alva-
rado, M. J., Ferrera-Cerrato, R. C. and Boutton, T. W. 2002.
Alleviation of drought stress of Chile ancho pepper (Capsicum
annuum L. cv. San Luis) with arbuscular mycorrhiza indige-
nous to Mexico. Sci. Hort. 92:347-359.

Declerck, S., Plenchette, C. and Strullu, D. G. 1995. Mycorrhizal
dependency of banana (Musa acuminata, AAA group) culti-
var. Plant Soil 176:183-187.

Eom, A.-H., Lee, S. S., Ahn, T. K. and Lee, M. W. 1994. Ecolog-
ical roles of arbuscular mycorrhizal fungi in two wild legume
plants. Mycoscience 35:69-75.

Harrier, L. A. and Watson, C. A. 2004. The potential role of
arbuscular mycorrhizal (AM) fungi in the bioprotection of
plants against soil-borne pathogens in organic and/or other sus-
tainable farming systems. Pest Manag. Sci. 60:149-57.

Hetrick, B. A. D., Wilson, G. W. T. and Leslie, J. F. 1991. Root
architecture of warm-season and cool-season grasses: Relation-
ship to mycorrhizal dependence. Can. J. Bot. 69:112-118.

Hetrick, B. A. D., Wilson, G. W. T. and Todd, T. C. 1996. Mycor-
rhizal response in wheat cultivars: Relationship to phosphorus.
Can. J. Bot. 74:19-25.

Johnson, N. C., Graham, J. H. and Smith, F. A. 1997. Function-
ing and mycorrhizal associations along the mutualism-parasit-
ism continuum. New Phytol. 135:575-586.

Khalil, S., Loynachan, T. E. and Tabatabai, M. A. 1994. Mycor-
rhizal dependency and nutrient uptake by improved and unim-
proved corn and soybean cultivars. Agron. J. 86:949-958.

Klironomos, J. 2003. Variation in plant response to native and
exotic arbuscular mycorrhizal fungi. Ecology 84:2292-2301.

Koske, R. and Gemma, J. N. 1989. A modified procedure for
staining roots to detect VA mycorrhizas. Mycol. Res. 92:486-
505.

Kurle, J. E. and Pfleger, F. L. 1996. Management influences on
arbuscular mycorrhizal fungal species composition in a corn-
soybean rotation. Agronomy Journal 88:155-161.

Linderman, R. G. and Davis, A. E. 2004. Vaired response of



76 Eo and Eom

marigold (Tagetes spp.) genotypes to inoculation with different L.) genotypes to inoculation with two different arbuscular myc-
arbuscular mycorrhizal fungi. Sci. Hort. 99:67-78. orrhizal fungi. Sci. Hort. 113:92-95.

Park, H--M., Kang, H.-W., Kang, U.-G, Park, K.-B., Lee, S. S. Sharma, S., Madan, M. and Vasudevan, P. 1997. Biology and
and Song, S.-D. 1999. Effects of arbuscular mycorrhiza inocu- applications of mycorrhizal fungi. Microbiologia 13:427-36.
lation and phosphorus application on early growth of hot pep- Smith, S. E. and Read, D. J. 2008. Mycorrhizal Symbiosis. Aca-
per (Capsicum annum L.). J. Kor. Soc. Soil 32:68-75. demic Press, London.

Schuessler, A., Schwarzott, D. and Walker, C. 2001. A new fun- Van Der Heijden, M. G. A., Klironomos, J. N., Ursic, M., Mou-
gal phylum, the Glomeromycota: evolution and phylogeny. toglis, P., Streitwolf, E. R., Boller, T., Wiemken, A. and Sand-
Mycol. Res. 105:1413-1421. ers, I. R. 1998. Mycorrhizal fungal diversity determines plant

Sensoy, S., Demir, S., Turkmen, O., Erdinc, C. and Savur, O. B. biodiversity, ecosystem variability and productivity. Nature

2007. Responses of some different pepper (Capsicum Annuum 396:69-72.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


