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Due to recent interest of the consumers on safe farm products and the government’s political support for
eco-friendly agriculture, organic fruit production has been growing continuously. This research was
conducted in order to study the effect of cover plants on soil microbial community on cover plants and
establish an organic fruit cultivation method through choosing optimal cover plant. As a result of investigating
soil microbial population density, the bacterial density in soil showed an increasing trend in June compared to
April, and there was a decreasing trend in bacterial density of the soil in August compared to June. The density
of actinomycetes in soil increased around 1.6 times in June compared to April when the soil was covered with
hairy vetch. The increase of filamentous fungus in crimson clover group was 6.1 times higher in June
compared to April and in hairy vetch group, the increase was 4.9 times higher in June compared to April. As
a result of analyzing DNA extracted from the soil categorized by different types of cover plants using DGGE
method, soil collected from April had higher number of bands detected from different locations according to
different types of cover plants. Diversity of the bands from the soil collected from August showed higher range
of reduction. As a result of analyzing soil microbial community by different period and the types of cover
plants using Pyrosequencing method, microbes were detected in the order of Proteobacteria, Acidobacteria,
Actinobacteria, Bacteroidetes, Chloroflexi, and Firmicutes. Distribution rate of Firmicutes increased in the
soil collected in August compared to June and this was shown in all types of cover plants by twice the amount.
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Table 1. Soil chemical properties in pear orchard covered with barley, crimson clover hairy vetch and rye.

Exch. Cation

Parameter Month pH EC OM Aail. P,Os T-N
Ca K Mg Na
1:5 dS m” g kg'l mg kg'l b I cmol, kg‘1 ------------------
Apr. 7.20 0.39 22.47 286.3 0.17 11.39 1.12 422 0.16
Barley Jun. 7.15 0.44 26.26 296.6 0.24 10.34 0.85 3.66 0.15
Aug. 7.26 0.43 21.89 375.1 0.23 11.18 1.22 4.09 0.07
Apr. 7.10 0.36 15.00 91.1 0.14 9.42 0.36 2.72 0.10

Crimson

clover Jun. 7.41 0.79 41.09 449.9 0.27 14.53 1.56 3.63 0.17
Aug. 7.39 0.78 35.55 1285.4 0.43 17.44 1.57 5.38 0.05
Apr. 7.21 0.39 18.56 176.6 0.16 10.72 0.80 3.64 0.10
Hairy vetch Jun. 6.69 0.81 33.50 285.3 0.28 10.94 0.96 3.66 0.15
Aug. 7.13 0.46 24.56 312.2 0.24 10.06 1.25 3.75 0.04
Apr. 7.38 0.59 25.69 3338 0.25 13.51 1.39 4.78 0.15
Rye Jun. 7.40 0.63 34.42 485.3 0.29 15.32 1.17 4.46 0.13
Aug. 7.33 0.42 19.35 284.4 0.25 14.20 1.16 5.48 0.07

Table 2. Number of microbes in cover plant treated soils of pear orchard.

Month

Cover plant

Microbes

Barley Crimson clover Hairy vetch Rye
Apr. 276+5.8" 136+28.9 110+10.0 306+45.1
Bacteria
( 106) Jun. 340+34.6 650+26.5 946+40.4 830+65.6
X
Aug. 166+11.6 165+19.7 16249.1 107+13.7
Apr. 46.6+2.5 374+5.3 28.3+2.1 78.3+4.5
Acti t
¢ “(mf(’){)c ees Jun. 5024.0 362.5 4623 1843.6
X
Aug. 14+2.0 9+2.5 17+3.1 9+0.0
Apr. 76+3.1 61+6.5 55+2.6 105+5.3
Fungi
( 105) Jun. 78+4.0 373+4.0 271£14.0 3242.6
X
Aug. 62+5.7 113£7.6 86+2.9 96+9.5

?colony forming unit(CFU) g fresh weight +standard deviation from three replications.
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Fig. 1. DGGE analysis of 16S IDNA V3 region obtained after
PCR amplification with eubacterial primers 352T and 519r.
DGGE profile for April (a), June (b) and August (c) pear
orchard soils covered with with badley, crimson clover hairy
vetch and rye. M, DGGE marker II (Wako, Tokyo, Japan).
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Fig. 2.Comparison analysis of relative abundance of microbial phyla in the June and August pear orchard soils covered with
bardey(a), crimson clover(b), hairy vetch(c) and rye(d). OTU, operational taxanomic unit.
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Fig. 3. Analysis of bacterial species diversity in the June and
August pear orchard soils covered with barey, crimson
clover, hairy vetch and rye.
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Conclusions

Z|Zo| 2HIAEE] Hd ksl thet AR AR
AR Mg sl tiet APz {7 A Al A
LAom W] gt} & Aot uE A= 7] v
Ao B gishd gl A7 Em| A=l tieh vl A
ol HEAES EYnAEY 2 el £
off ofgt Al Shsharal 434 ik

HEAES W A AEE, Sy T A= 2
HEZ2He SRS o= sl wijaklofAl
HEx o] ot BRI E Wil A7 - EAEE
Zfol5 Ut B¢F pHE 6.7~7.4 He=A 7] uj
el Yl e] pHOJ ISl HlsshAY tha =2 A
ZAPE QIS FAMEE SEEERHY HS 68 EYl
vlgl 8d Efo] iyt s 927t e AR A
o 7l S 15 - ALL g/kg RISIZ AZIE - 954
= Zol7t Sl= Aor, AT ol Hi waof
Hj8l w2 Zlo® Ao EdvdE 2EE =AM
I Alet A EE 49 B H]g) 6 Eo] F7loh=
S UL, sUESS 68 Bl Hls| skl
o}, soje A= &3S uf 49 oo Bls| 69 =
oA At =L oF 1.6vl o] F7FHTE At
o A5 ™S =He} lojefHAl oA 4E Ege] H]
3 6 EFoll Al oF 61812} 4.9 S7IRE Ao 2AMESL
EGO = E DNAS F=310] DGGE Y
23} 4 EdolME HEAEEE A
S5= band®] 7F W2 A o' A
Heh 69 BG4S 49 Bl HIsiA HEAEER AR
AA7F A= band7} @Wo] HEHIAN HEAZER
ALt w7} T band 5% ASE- Fo2 Vet
89 EPOIAE band®] Thpye] ol Famt AR £
A=A}, Pyrosequencing WO = A7 - BB B
OIS AL BXSE A}, Proteobacteria, Acidobacteria,
Actinobacteria, Bacteroidetes, Chloroflexi, Firmicutes ‘s
o vehgon, 64 ool vjs) 89 =N EuulE
o] Z718t AL Firmicutes2 A HE TEZZofA] 20 A
© Z7bsHe 20 Uehith wEaRS o] 8%t uirke)
Eopul YA G BHZET slolel AN Bl ¢
gIE A7) §71E Bl 71olske WAlate] S7F
H AoR AR sojeH A7} M & HEAERE o
= Qi

References

Cardina, J. 1995. Biological weed management. In: Smith, A.E.
(Ed.), Handbook of Weed Management Systems. pp. 279-341.

Marcel Dekker, New York, USA.

Celette, F., A. Findeling, and C. Gary. 2009. Competetion for
nitrogen in an unfertilized intercropping system: The case of an
association of grapevine and grass cover in a Mediterranean
climate. Eur. J. Agron. 30:41-51.

Choi, H.S., L. Xiong, W.S. Kim, Y. Lee, and H.J. Jee. 2011.
Comparison of soil physic-chemical and microbial characteristics
in soil of ‘Niitaka’ pear orchards between organic and
conventional cultivations. Korean J. of Org, Agric. 19(2):
229-243.

Ditsch, D.C., M.M. Alley, K.R. Kelley, and Y.Z. Lei. 1993.
Effectiveness of winter rye for accumulating residual fertilizer
N following corn. Journal of Soil and Water Conservation
48:125-132.

Duxbury, J.M., M.S. Smith, and J.W. Doran. 1989. Soil organic
matter as source and a sink of plant nutrients, In: Colenman, D.
C. et al. (eds.). Dynamics of soil organic matter in tropical
ecosystems, pp. 33-68. Univ. Hawaii Press, Honolulu, USA.

Eo, J.N,, S.B. Kang, K.C. Park, K.S. Han, and Y.K. Yi. 2010.
Effects of cover plans on soil biota: A study in an apple
orchard. Korean J. Environ. Agric. 29:287-292.

Evans, J.R. and I. Terashima. 1987. Effects of nitrogen nutrition
on electron transport components and photosynthesis in
spinach, Aust. J. Plant Physiol. 14:281-292.

Fisk, J.W. and O.B. Hesterman. 2001. Weed suppression by
annual legume cover crops in no-tillage corn. Agron. J. 93:
263-298.

Gardener, B. and B. M. 2004. Ecology of Bacillus and
Paenibacillus spp. in agricultural systems. Phytopathology 94:
1252-1258.

Hunt, HW., D.C. Coleman, E.R. Inham, R.E. Ingham, E.T.
Elliott, J.C. Moore, S.L. Rose, C.P.P. Reid, and C.R. Morley.
1987. The detrimental food web in a shortgrass prairie. Biol.
Fertil. Soils 3:57-68.

Kim, C.G., H.G. Jung and D.H. Mun. 2013. Actual condition of
products and market prospect for eco-friendly farm products in
domestic and foreign country. KREI Agri-Policy Focus 55,
P25.

Kuo, S. and U.M. Sainju. 1997. Winter cover crop effects on soil
organic carbon and carbohydrate in soil. Soil Sci. 61:145-152.

McGill, W.B., K.R. Cannon, J.A. Roberson, and F.D. Cook.
1986. Dynamics of soil microbial biomass and water-soluble
organic carbon in Breton L after 50 years of cropping to two
rotations. Can. J. Soil. Sci. 66:1-19.

NIAST. 2010. Methods of Soil Chemical Analysis. National
Institute of Agricultural Science and Technology, RDA,
Suwon, Korea.

Petersen, J. and A. Rover. 2005. Comparison of sugar beet
cropping systems with dead and living mulch using a
glyphosate-resistant hybrid. J. Agron. Crop Sci. 191:55-63.

Ongena, M. and P. Jacques. 2007. Bacillus lipopeptides: versitile



Young-Ju Oh, Soo-In Sohn, Yang-Ik Song, Seok-Boem Kang, and Jin-Ho Choi 35

weapons for plant disease biocontrol. Trends in Microbiology
16:115-125.

Ramos, M.E., E. Benitez, P.A. Garcia and A.B. Robles. 2010.
Cover crops under different managements vs. frequent tillage
in almond orchards in semiarid conditions: Effects on soil
quality. Appl. Soil Ecol. 44:6-14.

Roberts, R.K., J.A. Larson, D.D. Tyler, B.N. Duck and K.D.
dillivan. 1998. Economic analysis of the effects of winter cover
crops on no-tillage corn yield response to applied nitrogen.
Journal of Soil and Water Conservation. 53:280-284.

Sakamoto, K. and Y. Oba. 1993. Relationship between available
N and soil biomass in upland field soils. Jpn. J. Soil Sci. Plant

Nutr. 64:42-48.

Shannon, C.E. 1948. A mathematical theory of communication.
The Bell System Technical Journal 27, 379-423 and 623-656.

Suh, J.S., J.S. Kwon, and H.J. Noh. 2010. Effect of the long-term
application of organic matters on microbial diversity in upland
soils. Korean J. Soil. Fert. 43:987-994.

Wyland L.J., L.E. Jackson, W.E. Chaney, K. Klonsky, S.T.
Koike, and B. Kimple. 1996. Winter cover crops in a vegetable
cropping system: Impacts on nitrate leaching, soil water, crop
yield, pests and management costs. Agric. Ecosyst. Environ.
59:1-17.



