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Green manure crops have been well recognized as the altemative for chemical fertilizer, especially N fertilizer,
because of its positive effect on soil and the environment. Hairy vetch and green badey are the most popular
crops for cultivation of rice in paddy field. This study was conducted to evaluate effects of hairy vetch and
green barley on soil microbial community and chemical properties during short-term application (three years).
For this study, treatments were composed of hairy vetch (Hv), green badey (Gb), hairy vetch + green barley
(Hv+GDb), and chemical fertilizer without green manure crops (Con.). Hv+Gb treatment showed the highest
microbial biomass among treatments. Principal component analysis (PCA) showed that PC1 (73.0 %) was
affected by microbial biomass and PC2 (21.5 %) was affected by fungi, cy19:0/18:107c¢ (stress indicator).
Combined treatment with hairy vetch and green bardey could be more efficient than green manure crop
treatment as well as chemical fertilizer treatment for improvement of soil microorganisms.
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"Hv: hairy vetch, Gb: green barley, Hv+Gb: hairy vetch + green barley

Principal component analysis of the PLFAs extracted on the paddy soil treated with different green manures.
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Introduction

=

A7l & B =93 EAY ndEE] 54 Al
A& o)t} (Choi et al,, 2010; Jeon et al,, 2010; Mac Rae
et.al,, 1985; Mandal et al_, 2003). 2= ZJujE £Jet A
SAE o8 A BEYY ol3feky 54 W), A= A
5 9 o] nA|= FEoll el A3 E o] ghon, 53]
2hE Aol Sa3 a4l A4 WEud 2 FETA
5ol W3t thekst AtEo| AP oj2itt (Aulakh et al.,
1998, Aulakh et al,, 2001; Choi et al,, 2010; Kim et al,,
2002; Seo et al,, 1998), E3 GI}& 9] £ASZES] o]&
S 9 WY FABGEY N, T} wojgEe] A4
H ma, SRR £ g 9 £ 48 5 o
FEX $YE Ut (Kim et al,, 2013; Stope et al., 1996;
Tosti et al,, 2012).

53] oA B AuiA] daHm RAHE e EA
AER o] gE= dflojeu A= wkE A7), s 9
ASE A SHE g SR 28 7%, = #
Foll A= A 3 Bqfeae] v|Al= JF 59 A7t
Sks] A=t (Cho et al,, 2012; Jeon et al,, 2011;
Kim et al,, 2004),

YES Aol EYY A8 aR AE9 s
of T23% J&S kL Rlem, DNA ZFA°Ju} PLFA 5%
o] &3t B nAES Feut nELY 2 5o At
3= Qlt} (Zhang et al., 2006), o]&g WS F9
F714 9 f71An| R AREAmlesE B nlEd
Atz o] Halol| Tt A-5o] HFPEen, oA
] 9 A9 m g ET Rl weE AA dR
Z] Qi) (Bossio et al., 1998; Peacock et al., 2001; Zhang
et al,, 2007; Eo et al,, 2010; Kim et al,, 2015; Kim et
al,, 2011), = = BES the g oF njEaiaze]
et At 1A R A8l ot ¥ W EARE
g, AP el o3t 27| ngELRSte] ko]
F2 o|RojHt (Daquiado et al,, 2013; Kim et al.,
2011), ey F71EH = A S8l =ollA] Eol o]-8-5
3L e SllofeHlA| 9] ALA Q] 2 9 EAFH kY] &
T7h B ngEEe) 7 9 m e FAare]| mjA=
FaFol Wt A= ALY S A QAT

ojof] & Aol = BE Aulishs =&l 3|zt 8
ojgjH|A], EAFEY W FojHx|e} EASHE St
sto] ghlsolS o EGE R el miA= 4
e goh A} sHgicth

= e oo

Materials and Methods

AEEZE & XAHSEE M 2 Jd4= A= ¢
A A A=kt AESHAFEZA (N 30°50'15”,
E: 127°02'81")0l A 3E|gleh. Ald A BEge AXE
FARAB)Z total N1.2 g kg |, 712 21.8 g kg ', Av.P,Os

89.4 mg kg ', Av.SiOy= 92.4 mg kg o]tk FAl W &
T2 Fo = 2012WKE 2014d71] 3zt Ajulsteict.
ZF A2)e] WA 198 m” (5.7<34.7 m) o2 GEA R 8}
Aom, EYGRALE 3k AlEAfF= 3712] F3EE5 (subplot)
oA 3RO R AAJSIHLY,

A EASRES FoleH| et EATEEE o851
on, A= EASES sk gL ) Av| et
A8t Con, dlojg|H|A|ek 35 Hy, FASE T 3¢
gk Gb 18]l Fojejux]et EAFR S 50:502] HIER
Safste] EqFo] 33 Hv+GbE Ad8tict. EAER =
O] EoFehlyt R 7o Algof o3t EYF nAdE o F
H329| 2ol H7| 9Joto] EASRES S A=
F71A8| 55 AH]|SFA] oFar Ausoict,

FAEHES ¥ 8 T 10 =0 FfolgH|#] 6~9 kg
102, 78R 14 kg 10a & Zu}3lo] ] o] 25 A
59 F)ol ZEZE o] 83}l 2,000 kg 102 $FC
Eofo]| Shsttt. A Flojgj|x] o] A4 T
2 3.4%, ZekA TEFS 41 7%E CNSo] 12,3091, EA
SREo] 2L T 11%, T8 FHFS 42.4%2 ON
£0] 3859}t EAEAES TS Aol F71dH]

E AlE5HA] &AL Con ATt EEAH|RF (N-P0s5—
K20=9—4.5-5.7 kg 10a )o|| &3}o] 77| &u]| &S A|u]akg]
a1, 7]ef Aujes 52303 ¥ 22 Aol =5k%
t} (RDA, 2015),

Eo ME 2H B4
el WAL G 2ARP] S1F EOF 2014 B 4
3 4% @D 2 el 78 8 4olA 0-15 om 2ol
(AEe] mpe Ao, HH AEEE 31
ARE T35ty AR o]8515H T} PLFA (phospholipid
fatty acid)@] =1} 42 Frostegard et al, (1991)2]
S ufth E9FA|& 2 g chloroform 1,9 mL, methanol
3.8 mL, citrate buffer 1,5 mL, Bligh and Dyer reagent 2
mlE ZFsto] vortex § AR SRGich Aol
chloroform¥} citrate bufferS Z7}sf YAE] 3l 87]
i} 3= A|A 3 40°Co|A] H=A|Zt}. Chloroform2
715k A3} o silica column (SUPELCO, Pennsylvania,
USA)S ©]-243| neutral—, glycol— % phospho—lipid® £
2J5}it}. Z2]% phospholipid Al 25 537t ¥ ester 1L
RS- AR Wl 15571 37°CE 7183t H acetic acid2};
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chloroform& #7}ske] & E2|A]7]1L, chloroform &

S wpEslo] oA ARAZT. HexaneO® A|RE &
SN walo] ol gtk

AR AT A=RS MIDI software (Microbial ID,
nc., Newark, DE, USA)E o] 83}, A4l okl 3t
4R 19:0 APFARS 08813t GC-MIDIoA & ]2
SOl aa=7E 10710014 20711 QIR A4t gF 5 v
e AR E EA0 ARE A AAE A= 670 0]
&) Algol A FAlOl HEE A3 At F 2F s o
o3t 7} @QIaB-eAdT: 14:0, 16:0, 18:0, 16:1 20H,
16:1wdc, 17:1w8c, 17:0 cyclo, anteiso 17:1w9c, 18:1wT7c,
20:1w9c, 20:4w6,9,12,15¢, @ 1MFAITE: 14:0 iso, 15:0,
15:0 iso, 15:0 anteiso, 16:0 iso, 17:0, 17:0 iso, 17:0
anteiso, @EZ3} A|HWFAk 15:1 w6e, 16:1 w9c, 16:1 w5c,
17:108¢c, 18:109c, 18:1w7c, 19:1w9c/19:1w1le, 20:109c, 20:1
o7c, @ZFFA AL 13:0, 14:0, 15:0, 16:0, 17:0, 18:0,
20:0, @A 18:0 ante/18:2 w6,9c, 18:1w9c, 18:3w6e
(6,9,12), 20:0, ®H=}AF: 16:0 10 methyl, 17:0 10 methyl,
Do 16:1w5c, @3F3H4t: 16:0 10 methyl, 17:0
cyclo (Bossio and Scow, 1998; Daquiado et al., 2013; Eo
et al,, 2015; Frostegard and Baath, 1996; Kaur et al,,
2005; Li et al., 2006; Park and Kim, 2010; Zelles, 1999).

EO S5 SN /8220 d o3 £
sapa] SAWBLE 2ASH] 9Jsh ] 8k ¥ R AR
E

FudE 24 A% ARt FLRE AT 22
=18 %

A
HolA] ko w St wope] slaka) B4 F4
F 2 mm AS Bt BOARE o|8d BERAETHY Eo
sfshE Aol Fato] HAJEIGITE (NIAST, 2000). pH (1:5)

£ axTgen S, 71 31 B4 1
7] (Vario MAX CN, Elementar, Germany)= 415}

S84 Lancasterd, & 4AHS IN NaOAs
(pH 4.0) 2 2&3}o] 244 =7| (Cintra 404, GBC Scientific

Equipment Ltd,)= =75}t

SA 2o ES uiE 3 B4 32 R Z20d
3.2.1 HA (2015)L ©]-83}0] ANOVA B4 & 4§03}
A7 (LSD, Least Significant Difference) 2 H7F 82
d (P<0.05)< A3

Results and Discussion

Ojd=E 2HEE &Y 8= 7 Gllof=HiA,
FAFE)S} el (=R, EFA o] =Ede

HO
nE R B4 nAe JEFS dobiy] IR A
AFEA (PLFA)] ZTH= Table 17} 29kc), AHml4% A4
& (FAMEs)& EAFAHEC] 2HAE A 247F 771 88| &0t
AlH]E A gjate] Blsl & ghe BYlon, 53] Hv+Gb A
g oA 7 =2 3kS Bk Hv+Gbt (552 nmol g )
> Gbt (504 nmol g ) > Hv (475 nmol g ) > ConH| 2]+
(425 nmol g ). Z}Z+e] S A = A, AHFE, A
o 4 koA EASAHEC] S Ag]TrollA
71HH|EREE AJ8SE A2l vl o] =2 7S HSirh
ol A= =50k ZE3 AR oA EOF n|APE-L
EF7IEY FFs Ton I o FRol weh ndE
THEE 540 AR o m JS Hherhal dERl oA
o] ANE} FARSE FeFS H ATt (Campbell et al., 1991;
Choi et al,, 2010; Robinson et al,, 1996), £3] X &1L
A= sllofeful x|t EAFEE 27 T8t A
slojejHz|er EAFEYE SuRt X277t vdE A
o 2710 o] & IS v|x= Al R ZAMERIT) Carrera
et al, (2007)0] oJstd sllojefux|ef Fi-& Egol 22t
T eiel Ay P wf ST A olA nlE F
o] S7H= ATkt shl E% FIASAEY 7SR A]
Az o 549 e E83t Bfolxut A= o
£ 545 A sojeuiA| e EAREYE EFE dol

rlr

Table 1. Microbial biomass of paddy soils influenced by green manure crops.

Pl FAMEs TB. G- G+  Act. Fungi AMF
ot

Unsat. Sat. SRB G-/G+

Fungi/  cy19:0/

Unsat/Sat
Bacteria 18:107¢c fsaua

nmol g soil

ratio

Hv  475* 247° 166* 80.6° 26.1™ 103 7.50™
Hv+Gb 552* 292° 197° 958 293 115 835
Gb  504® 256> 180 75.5° 248 124*° 778
Con.  425° 212¢ 151° 61.1° 207 108 7.4l

94.6° 139* 228%  206°  0.42° 0.33° 0.68"
117° 168  26.0°  2.05°  0.40° 0.38* 0.61°
102% 150 247 239* 049 0.38" 0.78"
954> 127° 18.1° 246  0.51° 0.37° 0.75°

"Hv: hairy vetch, Gb: green barley, Hv+Gb: hairy vetch mixed with green barley, T.B.: total bacterial, G:Gram-negative
bacteria, G': Gram-positive bacteria, Act.: Actinomycetes, AMF: Arbuscular mycorrhizal fungi, unsat: monounsaturated, Sat:

saturated, SRB: sulfate reducing bacteria.

*Values are expressed as means followed the different regular letters in a column are significantly different (P <0.05) by the

least significant different (LSD) test.
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Table 2. Results of principal component analysis of microbial communities on paddy soils.

PCs PCI PC2 PC3 PC4
Eigen value 9.98 3.18 3.07 0.00
Proportion of variance 0.71 0.23 0.06 0.00
Cumulative proportion 0.71 0.94 1.00 1.00
Eigenvectors
Total FAMEs 0.313 0.069 -0.092 -0.099
Total bacteria 0.307 0.110 -0.147 -0.044
Gram negative bacteria 0.281 0.231 -0.227 0.111
Gram positive bacteria 0.307 -0.134 -0.010 -0.060
Actinomycetes 0.304 -0.146 -0.096 -0.195
Fungi 0.127 0.496 -0.263 0.179
Arbuscular mycorrhizal fungi 0.298 0.124 0.274 -0.373
G-/G+ -0.225 0.393 0.035 -0.415
Fungi/bacteria -0.259 0.322 -0.013 0.357
cy19:0/18:1w7c¢c 0.045 0.490 0.507 -0.247
Monounsaturates 0.284 0.149 0.382 0.629
Saturates 0.312 0.095 0.019 0.031
Monounsaturates/saturate -0.228 0312 -0.455 -0.060
Sulphate reducing bacteria 0.294 0.048 -0.391 -0.041

*G-:Gram-negative bacteria; G+: Gram-positive bacteria.
"Boldface eigenvectors are considered highly weighted.

*Bold-italic factors correspond to the indicators which are considered highly influential on soil microbial community.

T SR T nEAE Sl 9849 dFe

A Fol| ek Wh= PCL (73.0%, 7t2Z)ol|A] Con 2]t
9} Hv+Gb A 2|7} 71 & 2tolE Rtk (Table 2). BHA
Hyv A2]Le} Gb A 2|4l PCIFo = & Alol& HolX]
SIA|RE, PC2 (21.5%, M2 A= & Zfol& Hirt,
E Aol A= A biomass®} cy19:00/18:107¢2] ZF
o] Gb AHz|tellAl Hy Az]tol vlal =2 3he HSl=t|
(Table 2), ©] & @%lo] 4T EFFA]] aFo| biplot’d2)
PC2Zo)| Al Gb 2|79} Hy 2]t Alo]e] zjolo] =3k
P X AR e o= EAFE A= 8|
e x]of) v]af] vlaA ulE Eali7} of 2 21} v
AE2 oA ko] Ted| (Ferreira et al,, 2014; Kivaisi
et al,, 1990), olg]gt 2AL Gb Ao AMHE $41S
S7HA1Z1 A o8 HRIt (Neely et al,, 1991), E3F 3fof2]
H| 21 & gt Hve} Hv+Gb A 2| toll A= EASE 2}
glojeH|R]e] C/NEo] 3138 Worng w AHgx7]o 3
ojg|H| 2] o] Faj7F thFE o] Fo]A (Lee et al,, 2002) 4>

1 4
+
Con . HVGb

PC2(21.5%)

L 4
-3 4 Hv
-5 T T T T T 1
-6 -4 -2 0 2 4 6
PCA1(73.0%)

Fig. 1. Principal component analysis of the PLFAs extracted
on the paddy soil treated different green manures. Hv: hairy
vetch, Gb: green badey, Hv+Gb: hairy vetch mixed with
green badey.

7o) At biomass FHgo] Gb A2t Yozl Ze
2 e Sl

PC2o| A v|AE FHEE7 A ok giglS 2ol
£ E g2 F90l02 283} cyl9:00/18:107c= Macdonale
et al, (2004)1} Petersen et al, (2002)°] W =2H EoF & &
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Table 3. Chemical propetties of paddy soils influenced by green manure crops.

Plots pH T-N OM. Av.P,0s Av.SiO, Ex. cation(cmol. kg™)
1:5 g kg'I mg kg'I ---------- K Ca Mg
Hv 5.85" 1.21° 22.8% 91.0° 52.0° 0.20° 4.43° 0.70"
Hv+Gb 5.90™ 1.19° 23.0" 97.4® 65.1° 021" 4.57% 0.75"
Gb 5.87° 1.14% 22.4° 104.9° 7 0.32° 3.55° 0.84°
Con. 6.00" 1.03° 21.9° 104.7° 60.9" 0.20° 4.56™ 0.70°

"Hv: hairy vetch, Gb: green barley, Hv+Gb: hairy vetch mixed with green barley, O.M.: organic matter, T-N: total nitrogen,

Av.: available.

*Values are expressed as means followed the different regular letters in a column are significantly different (P <0.05) by the

least significant different test.

N
Hﬂ

njEe] Hs AEF A A2 o] gErkal
ALt {i_ Tol A= sllofeH| ] A et Al v A el
S FEEE HE]S UEiislet ole W Asz710 9
oI A7} 2710 EafEle SR Qsf B 27|71
a s ol HIX ol Er5He Ao vhE &
Hoh 28y B e dE
&= EOW“ 0‘0} Ol ol thsf
ofo] o
X]-—&] o= S3igjojo & Aog
LEO‘“’H SHAE EASAES
5749 Apolof| Y= =
™, slojeH Ay EAEE ] & EB}L 5/30] thE 3lo]
H2|e} EAFHY S E3sto] ol&she Aol wAEY]
A S7tel Feid Aoz Az

= 75

i

R

1__

EQo| BI5HN EA I EAEo Belo] o mo
o 35ty BAATHE Table 37} 29kth, Bk $71% ¢
o Con Aelol Hla| EABLES BAT M TA

5% gogor Zrjstglon] sl A SUT Hel
Hv+Gb 2] 70] 97188l Gb At Z7hes 7
S BT 2 A7) o g Sofelul el EABRL e
CINEL 747t 1237} 38,52 slolelMlA|e] O/NGo] gk
o} EAZREe} Hlaste] O/NRo] W Fofelu 7t W
A BafElo] 1 At dojeul g st Hel o) §71%
sepo] @b AT wrt 7] ekt Zlom Azt
F24 Sepoll A Gb 270k Con Hel77ke] §014
| QolAet EASEE A2l 7ot Con Helzholis o
21 ol7} QISIT. Stopes et al, (1996)0] J5Ha Fat £7]
S22 S MR} ETte] FASAE Seuct W
shepo] 17l AL shelist] £ Aol A folHel
Aoli= HolA] RIAT 7} EABAZ Fofelu|XS
STt AT (Hy, HviGD)] FA4 o] F715He 4
ke wolth olelet Aae] ATy mAE TR}
Az ThE e U] ek n)Fek Az i

o

¢

it

o

EoollA] ool ojgt fol4el ATHE A7) ML E o
47129l @77} Aol Aok TekaL Aziect,

Conclusion

R4 wol
Zlo

= 2

o] gE= dlofeu| =] 2} 7%742-%?494
Selo] ] A} 5 Eope] 1Y 2AEA 5
)z = ke AHESIYLH EoF $U|& Zjl—ﬁ\_}_ﬂoﬂ
Z7}5= fungi/bacteria, unsaturated/saturated®] H]
22 BIIUNRE AS Con HEIT FABR B

U oAl A LEpton), FASNe Belat
Aol Al mgE R 2B A4l cy19:00/18!w7c
7h slofeHA] Aelatiet =4 et EASAES g
UG AP R AR ST AT S 2
BN AZ 02 L Yehhson S5l FABAE
Ag| 7ol = sllofefu| x|} EAFE S E83t A2
A ErgAEloh thE 2UEAS Lehfoltt, EAS N

HE
el

=2

] el G012 9] 2poli= QAT nER|G ZTlol|E B
|A g F7Fe= HES eI
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