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Response of Soil Microbial Communities to Applications of
Green Manures in Paddy at an Early Rice-Growing Stage

Eun-Seok Kim and Young-Han Lee*

Gyeongsangnamdo Agricultural Research and Extension Services, Jinju 660-370, Korea

Applications of green manures generally improve the soil quality in rice paddy in part through restructuring of
soil microbial communities. To determine how different green manures affect soil microbial communities
during the early stages of rice growth, fatty acid methyl ester (FAME) profiles were used to the effects of
different management practices: 1) conventional farming (CF), 2) no-treatment (NT), 3) Chinese milk vetch
(CMV), 4) green barley (GB), and 5) triticale in paddy field. With applications of green manures, soil organic
matter was significantly higher than CF, while soil Na concentration was significantly lower compared with
CF (p<0.05). Total soil microbial biomass of CMV was higher (p<0.05) than NF by approximately 31%. The
highest ratio of monounsaturated fatty acid to saturated fatty acid was found in the GB plot, followed by CMV
and triticale compared with CF (p<0.05), possibly indicating that microbial stress was less in GB and CMV
plots. Populations of Gram-negative bacteria and arbuscular mycorrhizal fungi also were significantly higher
green manures than CF (p<0.05). Our findings suggest that GB should be considered as optimum green
manure for enhancing soil microbial community at an ealy growing stage in paddy field.

Key words: FAME, Microbial community, Paddy, Green manure, Green barley
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2|20l B nEES] & B4 fIsliAl =& MIDI
7|40 Wo| o] &E|3l 9t} (Buyer and Drinkwater, 1997;
Cavigellie al,, 1995; Fries et al., 1997; Ibekwe and
Kennedy, 1998; Macalady et al,, 1998), £3] t}&fe] &
& ARE HwA 7hdstal waA] 24T 4= Qle Fatty
acid methyl ester (FAME) W2 ARE5lo] EQFS] nlAy
= A B9 oty mE S fGA EAE
At} (Frostegird and Badth, 1996; Macalady et al.,
1998; Pennanen, 2001; Rajendran et al,, 1994; Schutter
and Dick, 2000).
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S5971E4Y AP EA (35°12'26"N, 128°07'06"E) ©|& 1]
APCFE (e 9.1, HlA}F 73,0, HE 1797004 XSS
ANEFZToR AAste] 20104de] S=astsict. AlE717tel
6ol 7Y 5U7HA] Bt 7122 22.3C, Z9H2 62 mm
Aot B FAEE e w8 At (N-P,Os—Ko0 =
90-45-57 kg ha )9} FAE| 7, 0] g0 24, F
Hel, ECEAY AR Uhro] bAoAy sukEe.
2 ATt HHEES AIE AdEe] 200990 hatd
A9 99 2000 30 kg, HH e}t EREAYLS 109
189l 22t 220 kg& THESHITE 8 AP AR
= Ager Eoko] Fstlal EEAYS 49 15¢Y
AF & AP A 59 300l A2 3t 10 em 219]
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oA 287 RAEIIT A ugE AlaEE AR MIDD
software program package (MIDI, Inc., Newark, DE)<
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(Hamel et al,, 2006; Pankhurst et al, 2002), & A4
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(Macalady et al,, 1998; Schutter and Dick, 2000), 12} &
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8319t (Bradleya et al., 2006)., T3 ZA|HPAF 16:1w5c=
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Table 1. The chemical properties of soil before addition of fertilizers to field.

pH oM Avail. P,Os Exch. Cation Fe Mn Zn NH4-N
K Ca Na
15 g kg'1 mg kg'1 ------------------ cmol, kg'1 mg kg'1 ------------------------
6.4 26 194 0.41 6.3 0.24 221 44 1.2 26.9
Table 2. The concentrations of selected green manures applied in the paddy experimental fields.
Cover crop Dry weight T-N K0 T-C C/N
g m’ %
Chinese milk vetch 931 2.84 2.92 42.86 153
Green barley 1,300 0.85 1.91 42.47 50.4
Triticale 280 3.10 4.78 39.79 12.9
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(Balser et al., 2005; Frostegdrd et al,, 1993; Olsson et al.,
1998), 183 1 oA At 1 oA Al B,
cyl7:02} 16:107c H]-&, cyl9:0¢} 18:1w7c H]-& W E3x3}

AYAE (MUFA) Y} 8} AAE (SFA) Bl EollA] n]AY
& 2EY A XEZE ARSI (Bossio and Scow, 1998;
Grogan and Cronan, 1997; Guckert et al,, 1986; Kieft et
al,, 1997).

ChHHZ M2 2 U SARM  HN® =9 5
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AL SAS X273 9.1.3 WA (20060 ARSI B
5 5%
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oF @ nAE S 5% $Fo)A LSD HALS sk z+
Zre) mAE R & AlAt gl tigt %= WA skl
T/ Bl ARgaRlth

27| = EY SBIE U4 olF 7] = e
B8}4) WIBH: Table 83} 2tk E9kY] pHi 2429 X2
ollA] 6502 FAT 6,80 Hl3) )2l Gag het

Wol EFe] Fe oHd-2 2% S7H Hlth (p£0.05).
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AR Lee et al, (2009)0] X 11t v} Zo] &
Agol W walEy] 48 HES Y ASe A8
Eope] pH} woldith Auel Axseth, EoF 418
fre Ane, EelEAY, Aed 59 Huls AgHe
2 ol ula) £2j2ie] 2715 ek (Reganold et al.,
1987). A& AgTte FEEet EYEAY Aol H]
o) B f71E W0l We 528 metd oy 4
e wgo] AHoR Wi Balh 47 Yolvt A
2 I}t (Khalil et al,, 2005; Trinsoutrot et al,,
2003), b e AR ofel Huls ALgsio] 4t
Ao grgo| e 2zo|g o) Wil TS wEh
WREA Bo7t =8 He 5448 BT (Miedaner et
al,, 2001). =H|E A|RE o2 EoFO] UER TlEEe 00
Q] 8 UeT} (20.05), ol2ie AFE 718 A
g3tow oJoleel UEgT FHTeR moe] disES
Xtz Zhong et al. (2010)2] Axke} U251t

EY OdE & =9 A8 e 27] = EYY
a) A=A ﬂaﬁi’% AHPAF SheFo] vl&-2 Table 49} At} &
FAME &k 2189 Aa]7L7} 320 nmol g O FA g

Table 3. The chemical properties of soil at an early rice growing stage.

Treatment pH oM Avail. P,Os

Exch. Cation Fe Mn /n NH;-N

Ca Mg Na

(1:5) gkg'  mgkg & -

Conventional farming 6.7 26 174 0.36
No-treatment 6.8 29 143 0.35
Chinese milk vetch 6.5 28 166 0.38
Green barley 6.6 32 170 0.32
Triticale 6.7 32 145 0.42
LSD (p<0.05) 0.20 0.8 10.4 0.088

6.9 2.0 0.60 198 35 1.6 252
6.4 2.0 0.60 184 41 1.0 22.5

5.7 1.7 0.47 269 26 1.3 29.8
59 1.9 0.42 201 29 0.8 25.8
6.5 1.9 0.48 217 36 1.1 30.9

0.63 0.17 0.072 434 67 NS 7.10

NS, not significant.

Table 4. Soil microbial biomass of soil expressed as nmol (nmol g") at an eadly rice growing stage.

. Conventional Chinese milk .
Biomass . No-treatment Green barley Triticale LSD (p<0.05)
farming vetch

Total FAMEs 287 244 320 299 291 57.1
Bacteria 86 77 104 99 89 20.0
Gram-negative bacteria 39 37 48 50 41 9.4
Gram-positive bacteria 38 33 44 39 39 9.5
Actinomycetes 4.1 33 42 43 36 NS
Fungi 36 31 39 37 38 NS
Arbuscular mycorrhizal fungi 34 29 5.0 5.1 4.7 1.01
Gm(-) to Gm(+) bacteria 1.0 1.1 1.1 1.3 1.1 0.19
Fungi to Bacteria 0.42 0.40 0.38 0.38 0.42 NS
cyl7:0 to 16:1w7c 0.28 0.34 0.30 0.22 0.34 NS
cyl9:0 to 18:1w7c 0.71 0.62 0.55 0.55 0.54 NS
MUFA to SFA 0.71 0.71 0.74 0.83 0.73 0.093

TMUFA, monounsaturated fatty acids; SFA, saturated fatty acids. iNS, not significant.
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244 nmol g 'of M| FolHOZ =gkoLt (p<0.05) T
I} ThE 4] Aok Aozt glglet 1elar - Al &
o, 1Eed Al T, " Y Al e S FAME
gt fARRE Ak UERic) olggt dake B /7]
=9 FFo|x= B8l Zhang et al, (2010)0] H.I1gt |}
of o] 69 21Yof A8 A|ZA Y] FFo= = QY
EoFo] At Rkt Fgo] S =H] Al T
o Aol vlsf w2 ZgFolglont fojA’l ato|7t ¢
Aok Ty WAEEe] e AR 51 nmol g,
424 5.0 nmol g, EEAY 4.7 nmol g o2 ¥
3.4 nmol g '} F4]2] nmol g ol v} FolFel 7S
ERTE (p€0.05). ]t A2 F71E AlEoRE Bk
WATHEt geFo] 34 F7kettal E1%E Wright and
Upadhyaya (1998)9] ZAutel dx|stqict. 53] WA+
2 B A4S UAsHAY EY gaE Atk ndE
2A AT wie- Fagh IS = AoR dHA
Qo] FHe|, 22, EEAY 9 =HE Ao F
a3t Zog gotEiet (Rillig et al., 2001).

EoFo] IS Al TRk AlRtel vleS HH e
A 7t & Aeltel] vls] oA o® =t (p40.05).
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SRR AlS moke] ool REa A9 uhe wigtel
Al ¥-3310] AfAlG7F 4k} (Guekert et al., 1986; Kieft
et al,, 1997), webA] o]2fgt Ail= Table 29} o] HHe]
O] Aol thE Aol visl wAdEe] HolQl gkt F
wajol TS Al Bl Wold Aow wekegcy
B S GFA 2B A A#E AREE cyl7:07
16:107c & 18]I cyl19:07} 18:107c HIE-L A os
s Fgde] TS R AeFolA 22 B
nglor} the Aaipet olel Hol It (Bossio and
Scow, 1998; Kieft et al,, 1997), WhHof goFze] AEH|
2 ARE AR BESAMARL ISR RO
HIge Al Aol oe Aelrel wel foldel 271
£ R} (Bossio and Scow, 1998; Grogan and Cronan,
1997; Guckert et al,, 1986; Kieft et al,, 1997), o]&|gt 7
2 Bossio et al, (1998)0] §7]5S A8 0R B &
ESHAT o] FoNeickn waet Ao} AAssi,

EY DN 2T FNE A ku] A8 g
v

Table S. Soil microbial community of soil expressed as % total FAME at an early rice growing stage.

. Conventional Chinese milk Green . LSD
Biomarker . No-treatment Triticale
farming vetch barley (p<0.05)
Bacteria 29.76 31.64 32.33 33.01 30.56 2.058
Gram-negative bacteria 13.64 14.97 15.20 16.61 14.16 1.692
Gram-positive bacteria 13.21 13.46 13.80 13.08 13.32 NS
Actinomycetes 1.42 1.36 1.30 1.44 1.23 NS
Fungi 12.58 12.62 12.23 12.42 12.96 NS
Arbuscular mycorrhizal fungi 1.16 1.18 1.57 1.69 1.62 0.277
pC1’ -1.02 -0.31 0.29 1.42 -0.37 1.135
PC2 0.42 -0.22 -0.46 0.16 0.10 NS
+PC, principal component. iiNS, not significant.
20 i i 20 r
A ©OConventional farming
o reamart B
WGreenbarley :bacteria
10 } ATriticale 1.0
: Actinomycetes
| e
) = 19:0:18: 17 g
g ‘ Al g i . Arbusﬁh{lar” X
b OO r mycorrnjzal fungi
Q —f— } & a0 Total bateria G(“)'%((.l)
& :
N
O
£ 2
1.0 [ -1.0
cy17:0:16:1w7c
2.0 2.0 s L .
-2.0 -1.0 0.0 1.0 2.0 3.0 -2.0 -1.0 0.0 1.0 2.0 3.0

PC1 (38.3%)

PC1 (38.3%)

Fig. 1. Principal component analysis. A: soil microbial communities amended with different cover crops. Bars represent
one standard deviation of the mean. B: Principal component analysis showing loading values of individual microbial

biomarker given in A.
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7 HERiTE (1€0.05). ol=et Ak frled] 35S
B2 O Al 2otk 283 Alete] Sl 71%1E A
o7 Uil HAlet 555019 S e AgqtollA
Tdulgol] Hiszskeleh, ey WSS RS
Aue, EYEAY, AR&Y A7t w2
Hsl| FojA oz A UEbdTh (2€0.05).

1] Aol T B nE 39| AolE Hlwsr| ¢
sto] ZEZRl mE HERlES FAAE 40 AMSSH
At} (Drenovsky et al,, 2004; Steenworth et al,, 2003),
T4 PC 12 nAE 9] 38.3%5 AW 4= sl =
A& PC 2= MIAE 29 21.3%5 Arste] HA| 59.6%
= A% 4= Ak (Fig. 1A and 1B). PC 104 AR 2]o}
AR Aelats Y 2 Bl v w3y EgEA Y
A AT E &9 @ UERlc (Fig. 14). 53] JH
2] A= Table 50 UERdH HEQ} Zro] PC 104 22,
TP W EYEAA ATt o4 AolE B
o} (p£0.05). el PC 2= M= A2|tollA f-o2Ql 2t
o7} Ak, FIE EA0A PC 10 7P & FFS mIzl
S 1 Al Ao&E YERTE (p40.05). 1
A O Al 2R Alete] HddlE, EESHA
WAk} sESRRHPARS] ALAJE]EE PC 1o 4o Fres o
% HHH, eyl7:02F 16:107c Bl&, 55°]2F FA
o] H]& 183 cyl9:01} 18:1w7c H]&L 29 o=z
n)zl Aoz yebdth (Fig, 1B).
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