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Effect of Mixed Cultivation with Green Manure Crops and
Liquid Pig Manure on Rice Growth

Se-Won Kang*, Dong-Cheol Seo*, Jong-Hak Han, Young-Jin Seo, Sang-Gyu Lee, Ik-Won Choi,
Weon-Tai Jeon', Ui-Gum Kang', Jong-Soo Heo’, and Ju-Sik Cho*

Department of Bio-Environmental Sciences, Sunchon National University
'National Institute of Crop Science, Rural Development Administration

’Division of Applied Life Science, Gyeongsang National University

The effect of mixed cultivation with green manure crops and liquid pig manure on rice growth was investigated.
Field experiment in site 1 (Astragalus sinicus 1.) and site 2 (Lolium multiflorum Lam.) were designed with
control (non-green manure crop), PLM 100 (non-green manure crop + liquid pig manure 100%), A(L)PLM 0
(green manure crop + PLM 0%), A(L)PLM 50 (green manure crop + PLM 50%), A(L)PLM 75 (green manure
crop + PLM 75%), and A(L)PLM 100 (green manure crop + PLM 100%). The results of 1,000 grain in rice
plant were in the order of APLM 100 = APLM 75 = PLM 100 = APLM 0 = APLM 50 = control for site
1 and LPLM 100 = LPLM 75 =LPLM 50 = PLM 100 = LPLM 0 = control for site 2. The yields of rice in
site 1 and site 2 were 636 kg 10a" (increasing yield 10%) for APLM 100 and 775 kg 10a™ (increasing yield
12%) for LPLM 100, respectively.

Key words: Green manure crop, Liquid pig manure, Rice growth, Astragalus sinicus L., Lolium multiflorum Lam.
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T 9lon 3 Hale F4skel 218H o] tist Wa H11 gl AAolt} (Anonymous, 1991; Thorup—Kristensen,
Ao| A3 Z71E Q7] ulie] &7 HL sk} 1994; Thorup—Kristensen and Bertelsen, 1996).
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7O] TIA| Lol T2 FAH Y BAE Y 4 9l o4t kg 02 UWHAQ] =g oke] Fhekul GARIITH

9] wheto] & Ao|c}, wfzba 2 AFL Ln| AT} 5 A ERNN| O] 3}5FA EAJL Table 204 Hi ule}

ofu] T8zl v Lo nAe ENE A Y8 Zro| 7|2of| ERMN|O] 17 B H|RA R} SAL

Len|ZHEo] EHOIHE f2H R E]ste] Ho| g B4, 5t A7+ Wt} (Jeon et al,, 2003; Lee et al., 2010a;

Sk A Q4 B Eoko] A7 5k EAS ALl Lee et al,, 2010b), E=5-oHu] 2= T-N F=EL 2 515 mg kg '
o7 A o|¢jof Qi Wl ZelE thek Fheslar glo] HlR

= 2 g ZA9] 7R ZEElGT

ZAX[S 50|22} ERou]| o] Zgaul7} o] AY
ol vz BIE AIFsH] 915 A S Fig, 10]4]
Hi= vie} o] A A A H&]of g AR
o AHRA] (Site 1: 34°56'23"N, 127°20'09"E)&} gfo] et~
AR (Site 2: 34°56'05"N, 127°19'12"E) & A& U z}o]
Tk AR 9] WAL 7kt 2,582 m” D 1,700 m*o| Yirk,
SAME 2 Aol AMEEH FA BER 2011y 49
3040l A2 9 gho| 1k AufR| oA ZE2E 2| FHEFA S
] 3}5}2] EAJL Table 10f|4] K Hpe} Zro] EQko] pH:
A 9 Efo] ek Aol 2zt 5,86 W 5,948 B
T oFst AMJEFOISITH OM RF site 1 9 204 2z}
286 g kg ¥ 30,9 g kg 0|, T-N Tk 2o ¥
gho] 1k AJufilof A 242t 3,183 mg kg ¥ 3,653 mg

Stte 1 (ASAS)
(Are\a\: 2582

A\

SH|ARE =R E] S gAfulol] ARG AR (Astragalus
sinicus L) =4 A9 FAE AHEStG o, 2ol
A (Lolium multiflorum Lam, )= o|&2|et 2o 1gtA &
A AMESEGITE, TLeal W Afjufol] ARSE W SR =
Mol 5}t ol ekl B el ARSI,

Al
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2 Xg]3t= Table 33} Z+0] control, PLM 100, A(L)PLM O,
A(L)PLM 50, A(L)PLM 75 2 A(L)PLM 1009] 67} A& +&
Uik, Aol AR =R H] Y] BT 34 EY
BopdAol] ot AaAulES VjEoR Eieu] o A
25 SHisto] Ao AR AgE FUsks WS AN
F3iet. Control Ae]+= HH|AET EEHHE AMES)

ol

Z] @93, PLM 100 A &G+ =S glo] =R
100% (3.6 L m ) T8k om, A(PLM 0 X 2] Lol A=

Site 2 (LOLMU)
(Area: 1,700-m)

by

Fig. 1. Location of sampling sites. ASASI, Astragalus sinicus L.; LOLMU, Lolium multiflorum Lam.

Table 1. Chemical properties of experimental soils in sites.

Exch. Cation
Sites pH EC oM TN Avail. P,Os
K Ca Mg
(1:5) dS nt' [ — mg ke’ o100 D —

Site 1 5.86 0.322 28.6 3,183 40.2 0.125 2.719 0.396
Site 2 5.94 0.254 309 3,653 98.6 0.148 3454 0.763
Table 2. Chemical properties of liquid pig manure used in the study.

pH EC T-N P,0s K0 CaO MgO

dS m' mg kg’
7.56 7.38 2,515 958 1,630 406 151
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Table 3. Treatment conditions of green manure crops.

Sites Treatment’

Control Liquid pig manure 0%
PLM 100 Liquid pig manure 100% (3.6 L m’)
APLM 0 ASASI + Liquid pig manure 0%
ASASI + Liquid pig manure 50%
site 1 APIMS0 e )
ASASI + Liquid pig manure 75%
M
APLM 75 (27 L md)
ASASI + Liquid pig manure 100%
M 1 .
APLM 100 (3.6 L m?)
Control Liquid pig manure 0%
PLM 100 Liquid pig manure 100% (3.6 L m”)
LPLM 0 LOLMU + Liquid pig manure 0%
LOLMU + Liquid pig manure 50%
Site 2 LPLM 50 (18 L m?)
LOLMU + Liquid pig manure 75%
LPLM 75 .
7 27 L m?)
+ Liauid o o
LPLM 100 LOLMU ; Liquid pig manure 100%
(3.6 L m")

TASASL Astragalus sinicus L.; LOLMU, Lolium multiflorum Lam.;
PLM, Liquid pig manure; APLM, ASASI + Liquid pig manure;
LPLM, LOLMU + Liquid pig manure.

L ZHE + EHOH] 0%, A(LPLM 50 H2]TtollAls )
A+ EENH] 50% (1.8 L m ), A(L)PLM 75 A 2|7Lo]| A
L =n2RE B HOlE] 75% (2.7 L m ) Y A(L)PLM 100 #|
2| ol A Hul R+ ERA] 100% (3.6 L m ) E 229
AR M= 59 169, 2ol 1ekA AufR|ofAl= 59 6Y
of Z¥zt F]lsheirt.

Site 19414 -5 2] EFEQ] A biomass A4S APLM
0, APLM 50, APLM 75 2 APLM 100 & &]7tof|A] Z+2F 152
kg 10a", 159 kg 10a ", 174 kg 10a " 2 182 kg 10a ‘0|1l
site 204 EGFEY A gro]18kA 9] biomass AJAHFS
LPLM 0, LPLM 50, LPLM 75 ¥ LPLM 100 #]&]7o)| 4] Zzt
696 kg 10a ", 734 kg 10a”", 932 kg 10a " & 978 kg 10a”
o]t

SHAEO] EoFEele wH|AEY] 27|Ealol ot
a7k W2 Foll Bagh Hashe] 7|7k areate] A
4 gho| kA AufR|of| A 242t 5 28U e AASHH oH,
S A EAE Hdelx
He 2EE Zol 29l
HH] FQlgol w2 8ol Al B Aol mlA]= &
53}17] ¥ 9] T-N, T-P, SiO,, K0, CaO ¥ MgO FeF
S FoERE 2ARBI,

A7)0l mhE EFaAls ARG AR Eoke] 759 649
8d % 104 204, fo]1eks AulA] EFe] 79 64 8
4109 2690 ZHzF ERE A|Fte pH, EC, OM, T-N
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TP, Si0y, K0, CaO, MgO 3, B % =&H| 9] 213}
z{j' 5@% }_45-].7] _?4?}‘_]— _‘1:_;/5‘_0_ l-—._:.x]%‘%o OF wl A]
=4 24K (NIAST, 2000)0f &=5ke] 2418k, A=Al
AR (HSOs + HCIO) 0.2 A3 2]510] T-N2 Kjeldahl
W (AAAEEA]7], Gerhardt autosampler Vapodest 50
carouse, Germany) 0 & EA415]9977 T-PX= Vanado molybdate
¥ (UV2550PC, Pekinelmer) 02 E43}%0H SiO= 5
FHo = 3k K0, CaO E MgO $f-2 AFOo =2 HAZ
% o] ICP (ICPE-9000, Shimadzu) S AFE-a1o] E418}
Ak

E4FO] pH ¥ ECE AT S ARS8l e, T-N &
A2 Kjeldahl (AAAEE A7), Gerhardt autosampler
Vapodest 50 carouse, Germany)< ARSI, G814 &
4.8 Lancaster®] (UV2550PC, Pekinelmer)2 AME3SIITH &
71E A4S Tywin o= 53lar, 2|ghy oFol2-2 IN-
NH,OAc Mo 2 2ZSE 3 ICP (ICPE—9000, Shimadzu)
5 ALgsto] HAsATE

Eyolue] pH W RoE ZAAIUL AFEIACH,
Epoule] BAARE SARAM (HSO + HIO)OE
AA 2 sto] T-N2 Kjeldahl®] (AAA5E47], Gerhardt
autosampler Vapodest 50 carouse, Germany) &2 2415191
11, P,Os= Vanado molybdate®] (UV2550PC, Pekinelmer) 2.
2 B4 0H KO, Ca0 U Mg0O2] gk ICP (ICPE—
9000, Shimadzu)E ARE-8te] EA5H3ATE,

2

SH EMYE A4 SAS 9.1.3 WA (2006)&

ARglo] Wel St U sekpAlese] AnE 5w fol
Z:o]|A] Duncan’s multiple range testZS 43§35} c}.
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ol 4] Esou] Fqlafel e 47| o] 29l 7]
A3 L Fig, 2004 B v} ek Site 1914 Hl]
TN gpe $9Jo] Aeiglo] RE Hel oA 2,36~3.10%
WSR2 Aol giglon], FeE T-N Fape glut W]
H me Aow AL site 2004 Ble] TN ek
site 13} AR AL R 1.71~2,40% M= 2 2ol U
o, Site 1 % 20141 ZAE B2 10, FHL site 19] 27
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Fig. 2. Distribution of Inorganic element contents by rice plant with different treatment. PLM, Liquid pig manure;
APLM, ASASI+ Liquid pig manure; LPLM, LOLMU + Liquid pig manure.
o 919] 79- 217} 6.04~11.29% H 8.34~11,90% " $1°13) 2 A3 Equiell = TR el S7HES] whi
a1, site 28] &719} Q19| 7 22} 5.62~8.53% H 7.04~ 2w
13.68% 41011k, 27| ¥ 2] T-P 2 site 10141 & 51 A T-P 3=f
2317] B9 KO S site 14 B7] = A = @ = o] Z7] L 9] T-P Fako] u]a) Ok o, Aol A

o) o7 =9rom %£7]|9] K0 L control, PLM
100, APLM 0, APLM 50, APLM 75 ¥ APLM 100 *|2]=%o]
A Z¥zF 1,39, 1.26, 1.26, 1.39, 1.33 4 1.65%= ErolH]
Qo] W= APLM 100 A 2] tofl Al 7H =34l site 20
A 4817] 819] KO FHL: site 19] KO Tk} vl 4
Folglet. ol SuAE Exou] gt T
H A7 A9 glo] A A Q] vlal= =1, Kang et al,
(2003)9] FUBEEHGAS AT Aot vlms) 2 0 &
ATATHY B] B TR B € A7l us) oz
2o e Bolth o)t SularEa EXolu|e] Egu

25t T-P de =R Fovko] 7P B2 APLM
100 AT 7 =A AL Site 2014 8]
H O] T-P =2 AollA 7H =ken, Ae+-E T-P
22 LPLM 100 = LPLM 75 = LPLM 50 = PLM 100
= LPLM 0 227 $O.2 £941, S| 22| E8
SQJago] e Hel ol T-P Faol
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AM71E EYo 3lstd EY A2 E gho]aeks A
Hiz]ofjA] EReu] FEqieol] whE A7 BEgF] 3ok &
35 AR Ail= Table 404 Hi= vke}l Lt} Site 10]]
A 2] B9 5 OM 2 e A 2|70l 4] 2,45~3,20%
HHRE FAIEF] {715 dhegol Hls) =] Folggo]
W APLM 50, 75 W 100 A 2]Ftof|A] oF7k Z7tet gl
ol ERMHof FE F71E Tegol 7] HEo R wet
Htk. Yook et al, (2011)2 9-=HHA1G A A} & A
o FARE AE Bk v Qlok

S817] EO] pHi 4.96~5.40 W2 (290 BFE
Yo Qlste] pH7E Wobxl A o& HE|glom| site 19]
HE AErollA] T-N g2 9k o8 muzEo] EoF
S0l =EH] Eqieko] WSS okl Aol
(Kim et al,, 2004). Site 104 69 8Uol| ZAFE Avail, P.Os
SRl EHAH|E 293k = A FLo)|A] 59.9~68.7 mg
kg W19|E RIS F2U5HA] ¢FE control W APLM 0
2] Lol Hl3) Avail, P,0s 3FFo] #=9Uth (Kim et al., 2004),

1099

olo} o] EHAM| Felzro] B A TURS T HH

At

Site 29] - EEHH] T4 T 6Y 8o AR EF 5
T-N e BE HEqro|A] 0.27~0.35% |01,
27| BEoFO ESRE T-N &F2 HE HeftoflA] 0,39~
0.48% HAAR At S7IET +=87] E 5 Avail, P:Os
ke WE @) FollA] 105,2~163.6 mg kg | WeE 2
ato] glo] v]s=seint.

27| B4R pHi= Aol Aatglo] 5,21~5.37 9=
ato]1ep10] BeoR QI8 pH} o7k Yol A0 ek
Hch, $8l7] £9Fe] OM §H-S control, PLM 100, LPLM
0, LPLM 50, LPLM 75 @ LPLM 100 #|2]5tof|A] 2+t 3,36,
3,51, 8.51, 3,57, 3.67 W 3.75%% =ENu] =QlzFo]| 7}2¢
W2 LPLM 100 A|+tollA 7H =3kom, =37 E9F &

Avail, P;0s5, Ca, Mg 3 Na =2 =] Fed-rol 4

Table 4. Changes of chemical characteristics in the soil with time and different treatment.

Exch. Cation

Sites Date Treatment’ pH EC OM TN  Avail. P,Os
Ca Mg Na
m/d (1:5) dS m' % ----—-- mg kg'l ------------- cmole kg'l -------------
Control 6.18 0.15 2.30 0.19 28.6 0.26 6.20 0.79 0.19
PLM 100 5.95 0.26 2.72 0.27 59.9 0.64 6.30 0.88 0.23
APLM 0 6.30 0.28 2.67 0.29 41.0 0.29 7.58 1.00 0.23
o8 APLM 50 6.26 0.26 2.93 0.33 60.7 045 7.58 0.98 0.24
APLM 75 6.20 0.24 321 0.37 68.7 0.55 6.41 0.89 0.20
) APLM 100 6.43 0.17 3.30 0.34 64.6 0.42 6.18 0.93 0.24
ste 1 Control 5.40 0.36 245 0.15 317 0.20 7.55 0.95 0.10
PLM 100 5.08 0.82 2.78 0.26 64.1 0.21 7.53 0.81 0.13
APLM 0 5.28 0.44 2.96 0.36 54.3 0.12 6.53 0.72 0.08
10720 APLM 50 4.96 0.69 3.09 0.41 51.3 0.16 5.80 0.64 0.16
APLM 75 5.36 0.25 3.09 0.46 55.7 0.09 5.93 0.69 0.09
APLM 100 5.39 0.31 3.20 0.48 63.7 0.16 5.73 0.74 0.09
Control 6.22 0.12 245 0.27 100.0 0.85 6.21 1.02 0.19
PLM 100 6.52 0.10 332 0.29 109.1 0.78 5.81 0.93 0.20
LPLM 0 6.53 0.12 3.25 0.31 1322 0.96 5.81 0.99 0.20
o8 LPLM 50 6.32 0.16 3.34 0.30 1594 1.17 5.40 0.93 0.18
LPLM 75 6.55 0.14 344 0.29 168.1 1.25 5.51 1.09 0.22
. LPLM 100 6.44 0.15 3.55 0.35 164.8 1.33 5.06 0.93 0.20
Site 2 Control 533 0.51 3.36 0.39 115.2 047 7.85 1.16 0.13
PLM 100 5.36 0.51 3.51 0.41 105.2 0.39 6.53 0.88 0.17
LPLM 0 5.21 0.51 3.51 0.40 124.9 0.38 5.55 0.81 0.13
10726 LPLM 50 5.21 0.53 3.57 0.44 146.6 0.40 6.15 0.86 0.15
LPLM 75 5.37 0.42 3.67 0.42 144.1 0.40 5.95 0.88 0.14
LPLM 100 5.23 0.44 3.75 0.48 163.6 0.53 4.60 0.73 0.13

'PLM, Liquid pig manure; APLM, ASASI + Liquid pig manure; LPLM, LOLMU + Liquid pig manure.
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Hglo] vlseek oI, 7V, 223 o)Ak 1,000 % W 22ZS 717 69.9 cm,
18.3 cm, 10,87}, 23.3 g W 636 kg 10a & RAFE QO

He| +& & £EAE 24 v SRS A= 2 control X270 H]3)] F 58 kg 10a ' HEQ] $FF 2712
ole M =4k MY W o5F 5 2 A e 40 LRSI (Fig, 8). 53] & 52 control A 2]=-o]| H|s}
ofsijxl AR ETt (Yook et al., 2011). H[ZE2] -2t = o] APLM 50, APLM 75 9 APLM 100 A2t A] oF 6~
o] o] EQiepe] whE EEAlA 27] wio] f gl 1027} SElon], & 5-283= Sohn et al. (2004)¢]
T 8AE AR A3k Fig. 3 Y Table 594 K= Aol ARG}, o]eF e A= EEHH] d-go] 1
ke e, Site 10414 =u)2kEo] {79} =R o] £ Aol mlAl= Gl dial Hargh Lee et al. (2010a)9] 2
ol I ot =R Byl S whet e} GAFSIS Peter and Amoto (2002)+= =5k 9]
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Fig. 3. Yield of rice plant with different treatment. PLM, Liquid pig manure; APLM, ASASI + Liquid pig manure; LPLM,
LOLMU + Liquid pig manure.

Table 5. Yield components of rice plant with different treatment.

Sites Treatment’ Culm length Panicle length No. panicle per hill No. grain per panicle 1,000 grain
cm g
Control 67.50" 16.7a 9.1b 96a 22.1a
PLM 100 68.7ab 16.4a 9.2b 101b 22.6b
. APLM 0 68.6ab 16.3a 8.la 95a 22.5b
Site 1 APLM 50 67.5a 18.5b 10.1cd 106¢ 22.3ab
APLM 75 69.7ab 18.1b 9.9bc 110cd 22.6b
APLM 100 69.9b 18.3b 10.8d 113d 23.3b
Control 59.7a 17.7abc 9.9a 94a 21.2a
PLM 100 56.5a 17.1ab 10.6ab 96ab 21.9ab
. LPLM 0 59.1a 16.6a 10.3ab 95ab 21.7a
LPLM 50 64.4b 18.0bc 11.8ab 99bc 22.9b
LPLM 75 66.5b 17.2ab 11.1bc 102cd 22.9b
LPLM 100 65.1b 18.8¢c 12.7¢ 105d 24.6¢c

'PLM, Liquid pig manure; APLM, ASASI + Liquid pig manure; LPLM, LOLMU + Liquid pig manure.
*Means by the same letter within a column are not significantly different at 0.05 probability level according to DMRT.
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7] o] EHO] Ao Qg ABFAS 1}
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Site 20]4] =EHB]S] FFFol| w2 sFTARE T
2 control, PLM 100 W LPLM 0 #| 2]l 4] 56,5~
59.7 cm HY =2 & x}o] gigle, LPLM 50, LPLM 75 9
LPLM 100 &7 7F3-S 247} 64.4, 66,5 2 65.1 cm& =
H| 20 =t F]leo] S71ete] wet v o] Fof
AL GO BT} Site 2004 $=87] W] 714 o4k
T, AT W S site 17} PRZIA| 2 =] FQlRF
o) s 2716k AU, control Halo] 71,
O]4F= 1,000 W 2 717+ 59 7 cm, 9.97, 21.2 g
9 695 kg 108 '0|ck, LPLM 100 Azl 8] 768, ol4l,
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