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Soil microbes are widely well known to play an important role for sustainable agriculture in terms of crop
healthy cultivation and environmental conservation. In this context, the distributional characteristics of soil
microbes according to cropping systems were investigated underrice (R)-rice (R), rice (R)-badey (B)-rice (R),
and soybean (S)-barley (B)-soybean (S) cropping condition to get basic informations for sustainable agriculture,
where barley was grown for winter, in mid-mountainous loam paddy located at the altitude of 285 m above sea
level in Sangju area from 2014 to 2015. Estimating from microbial communities by fatty acid methyl ester
(FAME) method, a total biomass of bacteria, actinomycetes, and fungi in R-B-R plot was 37% and 40% higher
than that in S-B-S and R-R plots, respectively (p < 0.05). In especial, bacteria and fungi were more in R-B-R
plot than those in any other ones. B. japonicum, AMF, and mesophilic Bacillus sp. were also greaterin S-B-S
plot than those. In the community distribution, however, bacteria and actinomycetes showed comparatively
high values in S-B-S plot relative to either R-R or R-B-R plot including rice, in which fungi outstanding. In the
correlation between microbial biomass and soil properties changed by the cropping, bacteria was positively
correlated with C:N ratio; actinomycetes with exchangeable Ca; fungi with available P,Os (p < 0.05). While
these microbes showed negative response to water stable aggregates of soil.

Key words: Microbial distribution, Cropping system, Rice, Soybean, Barley

Microbial biomass, on the basis of fatty acid contents, as affected by cropping systems in mid-mountainous paddy soils
from 2014 to 2015".

Cropping records T-FA Bact. G(-) G(+) Acti. Fun. AMF  G(-)/G(+) F/B
nmol g'I
Rice 352% 194 162 50° 17 31¢ 5 32 0.16
Soybean 271° 142° 111° 41" 16° 26° 74 2.7 0.18
Rice-Barley 395° 225° 186° 61° 16° 40° 8¢ 3.1 0.18
Soybean-Barley 347 206 177 56° 15 24 11° 32 0.12
Rice-Rice 489° 280° 222° 80" 25° 32° 8¢ 2.8 0.11
R-Barley-R 668" 377 301° 107* 33° 49° 17° 2.8 0.13
S-Barley-S 476 296" 224° 78" 27° 30° 27" 29 0.10

TT-FA, total fatty acid from FAME; Bact., total bacteria; G(-), gram-negative bacteria; G(+), gram-positive bacteria;
Act., actinomycetes; Fun., fungi; AMF, arbuscular mycorrhizal fungi; R, Rice; S, Soybean.
*Numbers followed by the same letter within a column are not significantly different (Duncan test, p < 0.05).
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Introduction
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Materials and Methods
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Results
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Table 1. Microbial biomass, on the basis of fatty acid contents, as affected by cropping systems in mid-mountainous paddy soils'.

Cropping records T-FA Bact. G(-) G(+) Acti. Fun. AMF G(-)/G(+) F/B
nmol g'1
Rice 352% 194° 162 50° 17¢ 31¢ 5 32 0.16
Soybean 271° 142° 111° 41" 16" 26° 7 2.7 0.18
Rice-Barley 395° 225° 186° 61° 16 40° 8¢ 3.1 0.18
Soybean-Barley 347 206 177 56 15 24 11° 32 0.12
Rice-Rice 489° 280° 222° 80° 25° 32¢ 8¢ 2.8 0.11
R-Barley-R 668" 377 301° 107" 33° 49° 17° 2.8 0.13
S-Barley-S 476 296° 224° 78" 27 30° 27" 2.9 0.10

TT-FA, total fatty acid from FAME ; Bact., total bacteria; G(-), gram-negative bacteria; G(+), gram-positive bacteria; Act.,
actinomycetes; Fun., fungi; AMF, arbuscular mycorrhizal fungi; R, Rice; S, Soybean.

*Numbers followed by the same letter within a column are not significantly different (Duncan test, p < 0.05).
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Fig. 1. The populations of Bacillus sp. and Pseudomonas sp. as affected by cropping systems in mid-mountainous paddy soils .

TR, Rice; S, Soybean; B, Barley.

R-Barley mS-Barley MmMRR ERBR 5-B-S

Pseudomonas sp.

T

*Numbers followed by the same letter within a column are not significantly different (Duncan test, p < 0.05).

Table 2. Microbial communities as affected by cropping systems in mid-mountainous paddy soils’.

Cropping records Bact. G(-) G(+) Acti. Fun. AMF
%
Rice 55.1 46.0 14.2 4.8 8.8 1.4
Soybean 524 41.0 15.2 5.9 9.6 2.6
Rice-Barley 57.0 47.1 15.4 4.1 10.1 2.0
Soybean-Barley 59.4 51.0 16.1 43 6.9 3.2
Rice-Rice 57.3 454 16.4 5.1 6.5 1.6
R-Barley-R 56.4 451 16.0 49 7.3 25
S-Barley-S 62.2 47.1 16.4 5.7 6.3 5.7

'See footnotes to Table 1.
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Table 3. Symbiotic potentials of Bradyrhizobium japonicum
populations in a 10-fold-diluted(10™) whole soil inoculum
as affected by cropping systems on G. muax cv. Chamol.

Cropping records No. of rhizobia Soybean shoot dry wt.

cells g plant’
Rice 0.6" 1.9°
Soybean 17 23®
Rice-Barley 10° 1.8°
Soybean-Barley 580° 2.5°

TSoybean plants were cultivated in jars contained with
vermiculite for 6 weeks.

*Numbers followed by the same letter within a column are
not significantly different (Duncan test, p < 0.05)
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Discussion
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(quality) il E— 3312 7| AW A (Herrick and Wander, 1997)
n o] BEDF] Zagt oyrder Fa3t] (He et
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2008; Fontaine et al,, 2007; Sun et al,, 2011; Lee et al,,
2011). AAl= vid BligS gol & E2dei el v 2|7}
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& Z FAME gFeg2 o9} ¥] 53t 4258 B Itk (Table 4), ©]
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Table 4. Soil chemical and physical properties as affected by cropping systems in mid-mountainous paddy soils’.

Exch. Cations Bulk Water stable
Cropping records pH O.M. CN  Av. P,Os .
Ca Mg density aggregate
(1:5) g kg' ratio  mg kg' —ereeeee cmol. kg~ ------mmmmm- g ecm” %

Rice 6.8 25° 7.4 99° 09" 11.1¢ 3.1 1.34% 51.3°
Soybean AN 20° 6.2° 58° 0.9™ 11.4%¢ 3.0% 1.55° 48.6°
Rice-Barley 7.0™ 27 92°  134° 1.0™ 11.5%¢ 3.4 1.13 50.8"
Soybean-Barley 6.9™ 21 10.2° 79 09" 10.4° 3.0 1.26® 56.7"
Rice-Rice 6.7° PV bk 96° 0.9"™ 11.9% 2.8 1.54° 29.14
R-Barley-R 7.1% 21 124 115° 0.9"™ 12.4° 2.9% 1.48° 43.7°
S-Barley-S 7.3 15 10.5° 80° 11" 13.5° 3.5° 1.42% 27.4°

'See footnotes to Table 1.
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Table 5. The comrelation coefficients between soil microbial biomass and soil physicochemical properties as affected by cropping

systems in mid-mountainous paddy soils'. (n=21)
Items T-FA Bact. G(-) G(+) Acti. Fun. AMF
pH 0.17 0.23 0.16 0.19 0.35 0.15 0.74
OM. -0.15 -0.23 -0.15 -0.20 -0.42 0.27 -0.82%
C:N 0.83* 0.86* 0.87* 0.87* 0.71 0.49 0.45
Av. P,0s 0.49 0.46 0.52 0.44 0.20 0.80* -0.12
Exch. K 0.10 0.22 0.15 0.13 0.21 0.03 0.71
Exch. Ca 0.61 0.66 0.57 0.62 0.80* 0.39 0.81*
Exch. Mg -0.32 -0.24 -0.30 -0.32 -0.21 -0.13 0.37
Bulk density 0.25 0.20 0.13 0.27 0.51 -0.06 0.16
Water stable aggregate -0.48 -0.54 -0.45 -0.53 -0.68 -0.12 -0.60
"See footnotes to Table 1.

*Significant at 5% probability level by DMRT.
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% FAME oA AA|oh= Alet, WHATte] E328]E0] o]
*—4 B FEF eflet vE2 A F-Re]-F 2] FA
A|7F ey -Ee]-w ZHELo] B | Hot A LElst

]34

PC1(44.2%)

Fig. 2. Principal component analyses for microbial communities
and soil physicochemical properties as affected by cropping
systems in mid-mountainous paddy soils.

The variance explained by each principal component (PC) axis
is shown in parentheses. PC analysis shows loading values for
the individual microbial biomarkers. The bars represent one
standard deviation of the mean. Means by the same letter
within a column are not significantly different at 0.05
probability level according to Duncan’s multiple range test.
R, Rice; S, Soyben; B, Barley.

=4 (Table 2), 0] W2HE<] F9] &%—EAMFE!DP oz}
A, o] BT B 2L FTS 710 =
3= AS 2 A=) (Germida and Siciliano, 2001; Sun
oal, 201, oefeh 23 FAAY S0l il
EFY WrAdEE, f71E, AR 2w Y 488

A= ZRIE 4= QIS (Fig. 2). 748 E40lA=
AL Eo] 44,29, A Ho] 27,992 AP AR Ay
= 57 ago R FESPHA A 72,1%2) A=nE A F

_1
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e, AlFdfollA F-Hef-F AFEGS H-H, ¥-
selw] AEekl feldel Aols el (o <
0.05), AN g e Fol g

FHoIUT THe 0 R A2y T, % A, GramPA Al
# Solt}, Te)3 AP ROINE GramS4 Al
Aato] RS 71 A F—He] A7} F Q<] 2F -9
29l 2polE HAAL, o5 F Ael= E B AufR|e} Zol5
HRATE Lee et al, (201)+= ZdA 2 2] HoFA] Bli= 7Hed|
pH7} 6,103 87| E3}efo] 32 g kgflo] OFE Leof ELZ3}

AE2] F FAMEZO] 505 nmol g ' 0] Itkal Bk,
e BAowA A 27410 W H@7l2o] 10,5Co| T
G718 ol 26 g kg 'l AEAY AR B AJEA B

AR Gl 285m, ~20154 51 ) 145 F
FAMEZFo] o] Hr} W& 489 nmol g & Bt T1efuf 22
AAZA] wof| o]o] Ago| HelE AulstaL ojoj HE tf
A] AN At FAMERo] AdA| o] O tmrk e
668 nmol g & UEPN T} (Table 1), o] 7|40t EZo]
uES] Ao o Belsheieke chake oA ol
EAFE Y 5 3L, Uo7HAl<= Grayston et al, (1998)9]
HuAg ndE 3o ohefehe 7| 4= Q= A o= A
23 e,

EGuEY U4 o752 AR S SXAI7| L
(Antunes et al., 2012; Kang et al,, 2006) ESF U] F-&A] ©
B G735} (Park et al., 1999; Rengel and Marschner,
2005) A=0] )AL} vAagEo] Ao 2 EYTE
£ "HHEo] £33l o}y 2} (Cosentino et al,, 2006; Ellouze et
al,, 2014), WY=E F2ro] ARG} ZAFAE-E F3lA
ZHE-0] Wt T3S EoJ5+= (Casida, 1992; Lawrence and
Casida, 1986) 5 FHT Ao deA 9}, 182
Foll A ] ZARAAE T = L aol8-2 Eokf’]”‘%—i
ROl TN GIE TR o, Ao ALY
T 37 = Ao 2 I A Q1= (Cosentino et al., 2006;
Dias et al., 2015; Park et al., 1993), & A& oA = ¥-H
- S P& o] B iFo] B Azte] visl 14% S
o] ZRRlE It (Rp& wdhEE), F 3 =E oAl FRt Aul
e e} F-welS o] w B ) FEAAS WAele
B japonicum®| AAHUET} =11 F AT B 2 A0R
| QAT (Table 3), O]FA| & wff =Eoke] BA=o] 0]
e HRAAE YRS wash AR A £
ol 7101a 4= Sz EQuIAIES] <715 A vy
o Ao g AZEeh

O

Conclusion

S 285 mO| FARIA| =R A B Az, Bl-Ke]-8,
T-He-Fo| ARAA N wE EdvdEe] BEELS

N

A}f& ATk bt okc) vlgEe] AL 2] 7]t

AR PAF, AT 2] 5 FAME FE vf-1e)
—tﬂ AT Tome-F AeAsh v Az Ech Zizt
37%2}+ 40% H U“"E} (p<0.05). 2P Hz & uff B-H
oo AR & AlRTH AR, AR o), B
—3 e R|o| A= EFat Bradyrhizobium japonicum}; v
L4+ Arbuscular mycorrhizal fungi, -4 Bacillus sp. 2]
L7 ohE AR fold oz w30t (p<0.05). 218
L} & FAME 3FeF tju] A2t Wit otRo] Hzu|e-o o
wrh 3 F400) 3-2el- ARG o Bk A
e v ] F41e] AREeeld ekt 1 Felk
-1 A7) e A R ol e

r°1'

AF] Fe =] CNE, AR F B, AT
2 GEQIAN 217} o) JTUAZ BAO (p<0.05),

2 RE vl
Sl

2Ao] Y lukat | e o
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