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Study on Environment-friendly Rice Production System by
Use of Effective Microorganism

Yoon, Seong-Tak - Park, Sang-Hun - Kim, Young-Whi

Coming with the well-being era, consumer’s demand for safe agricultural products
is increasing. So, it is urgent to develop an environment-friendly rice production
system. Accordingly, this study was conducted to develop an environment-friendly
rice production system by using Amo known as EM(effective microorganisms) and
also known as being effective in environment-friendly rice production with several
other environment-friendly agricultural materials. The highest number of tillers per
hill was obtained from level 2 of EM treatment (48.8 tillers per hill), while the
lowest was obtained from the control plot (41.0 tillers per hill). Leaf area per hill
at heading stage was the highest in level 3 of EM treatment (3228.5cii), while
control was the lowest leaf area (2264.7cii), which is 70.2% compared to the level
3 of EM treatment. The highest effective tillers was obtained from the control
(63.7%), while the lowest effective tillers was obtained from the level 3 of EM
treatment (55.4%), which were treated with higher amounts of environment-friendly
agricultural materials. Level 3 of EM treatment showed the highest number of
panicles per hill (20.9), while the control showed the lowest number of panicles
per hill (19.3). In the spikelets per panicle, level 2 of EM treatment showed the
highest number of spikelets (85.2), while the control showed the lowest number of
spikelets (81.9) and there was a statistically significant difference among the three
levels and control. The highest grain filling ratio was obtained from the control
(85.0%), while level 3 of EM treatment was the lowest grain filling ratio and there
were no great difference between treatment levels. Regarding the 1000 grain
weight, the control showed the highest 1000 grain weight (21.7g), which is heavier
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by about 1g compared to treatment levels. Level 2 of EM treatment showed the
highest rough rice yield per 10a, while level 3 of EM treatment was the lowest
and they also showed a statistically significant difference among treatment levels.

Key words : effective microorganisms, environment-friendly rice production system,
environment-friendly agricultural materials, rice, cultivation, photo-
synthetic bacteria
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AFZ4E 9ste 25 A3 H U ATFVE F AFE P BE FF LY S
A AAE BAEC] Q7Y AL JEY AR A A we anAEL F4E ¢
A #3l 1 ol HRrROE B FAL /1A Hth A2 sdEgol 849 #
e BRe festgne A 3 U FHAEJY 4L A 8835 A%
US98 =¥ Eo] FUNME BLEA o]lFARX T UTHE F, 2001). 25 ¢ ¥
AE i 2] 879 AR &L A3 A HA FEE $H A} F8 B4
A7F H03, FHECIMNE B0 U3 22E HA FHA 1EFD AU EE F
1= 599 P2 Wstso] 7ka kel 5, 2006). ol $Ele] F2 o2 FAEF MR
S AL JYe &2 FA$E d9d = gtk s AL FF-HE T
122 SFEHL AT 183 gL B8 FH9 ngsie Q249 watA o
2 FAE ARA BAF L Ansr] dAs sAESALAT il F29 198

4o, MY UFE B Aol AEs Wt syt E & Aok E=F HZ
=7 ARAGE P4 A8 LI =89} A QAFAE AT FULTFIE A
Holl el 1§F & AAAA o] AT AAott = FHEEY FYH2004)>
of 43z 279 Yoz A AT 7862 4WY DY 55% AEol, 2L & Y U
TE 45339, 57k 161152 & AA 9 242 24.6%, 273%E, g2 AF 1Y ¥
S(Esf)ol s, =T B2 gAY dolA s =8 Fddolth

wetA B A7E FEQ S9Ae] 183 & A4r|e BAstY T B A
13 187 FAA FAUABEAAA Amo 5 Z 7HA IAFATAAE o] &3t WA
8 BAAAE FEEA FPF d4E Rt blolt.
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B AEL 20068 9 HAA BHA 7HAE 28] &4 A =X 6009 JUist A
AR B FEL FUIEE olgdtgen, ANAYE 6322 580lYIIE o83
A2 A2 30x14cmZ 3te] 33YHE 5¥ 28Y oAt FAUANEAA Amo T 1ET
TAA HEe AYFE 3FELR 3] AYuix) 3WE 0 2 T FAEL &
-8}8H3 E442 Table 19148} o] EAL 4|gEo|on pH 6.4, 718 &F 3.1%°] A
ov, EC7t 5212 B4 vlud #Ert 8 =EFo|NUTh

ARFEAA Aele FAUNPEAANQ] AmoE H]RF Amo-bokasi, T4t u], FFAF
S & 87HA TR IFAEAANE Table 29} 2ol F71H 02 AF3AT. AL EY
MFA 5€ 209, HEAZE 52 239 F 5€ F&5EH 4 wAAE 2 AL JldEE A
71ol) gtao] Ao, =F AR Table 2004 B nle} At

71r £ 2 FYFo HE) A, ZxdAl 5 BEgdes FEAEH 2F2A4Y
of &9t

Table 1. Physico-chemical characteristics of soil used in this experiment.

pH OM Av. Electx.w' ~ Ex. cations(cmol /kg) Soil
(1:5) %) P,0s conductivity texture

) (ppm) (dS/cm) Na Mg K Ca
6.4 3.1 242 52.1 0.35 0.26 0.007 0.37 | Clay loam

Table 2. Several environment-friendly agricultural materials including EM treated in this

experiment.
. Level of Date of .
Materials treatment treatment Ingredients Remarks
I 200kg/10a

ice b dregs, b
Amo-bokasi | 11 | 300kg/i0a | May 25 | o on Sesame GIEES, beal Soil treatment

cake, fish meal, shellfish

Il | 400kg/10a
I 0.51/10a
t fungus bacteria (Candid,
Effective yeas gus ac‘ ena'( e fl Paddy water
. . I 11/10a Jun. 5 Valida) and lactic acid bacteria
microorganisms treatment

1 151/10a (Lactobacillus paracasei)
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. Level of Date of .
Materials treatment treatment Ingredients Remarks
I 10 1/10a hotosvnthetic bacteri
Photosynthetic phofosynthetic bactera . Paddy water
. 1I 201/10a | Jun. 10 | (Rhodopseudomonas Palustris,
bacteria Rhod domonas Spheroides) treatment
| 301/10a oaepet P
I | 200kg/10a
. rice bran sesame dregs, bean .
Amo-bokasi I | 300kg/10a { Jun. 20 Soil treatment
cake, fish meal, shellfish
I | 400kg/10a
[ | 051/10a . ,
. yeast fungus bacteria (Candida
Effective . . . Paddy water
. . 11 11/10a Jun. 29 | Valida) and lactic acid bacteria
microorganisms Lactobacillus ardcasei) treatment
| 151/10a (ac P
I 10 1/10a hotosvnthetic bacteri
synthetic bacteria
Photosynthetic profosyntetic . Paddy water
. II | 201/10a | Jun. 30 | (Rhodopseudomonas Palustris,
bacteria Rhod J Spheroides) treatment
odopseudomonas eroides
I | 301/10a P i
I | 20cc/20 1
Calcium liquid
Il | 40cc/20 1 L7 | Ca Leaf treatment
manure
Il | 60cc/20 1

2. A%z

BEEAR 2AE FYT 2 HEF9 37 2 HYTE2RE BHEE PYFH o 3=
I AEE AAH =AY BEXE 1HEo2 S9th HFPF D SPAD(SPAD-502,
Minolta, Japan) #& 97120063 8Y 17¥)ll g o 23, A5, GHAL-
3000, USA LI-COR, Inc.) @ A4% AEZE o] T 20URE 109 02 Zr|Hog
ZA4 ST 7F 2 FEFETAHLAE 20069 10Y 139 BEE AHASS FE5E, F
FEF, 100085 5 24 2459

3. 2w 24

F2LA ZAE oY F 359 BAT D ) £F AT wAY FFA A
e Inf MAE Aol 194 B Jd4 A2E AYs] AP F2E 45T Az
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A2 7ot BYT HKHEAL Table 3914 HE nigh 2o} £97](84 17?4_)011 EL
2L Y7 AT 35F EF 110cm Y2 g3 gUch 2 2L5E FauA)
TAHE 2, 3 TF0] 47 488, 4730 2 Yo, YT} 41002 JHF A ol &
7¥A Amo-bokasi ¥ FVAEFAA Aol % H&zFe] Adetn YzEoh. $97)9)
ABHL RAUYE AT 3 £F0] 32285ci2 713 Bkow, 1, 255873 2 Aol
AT YT 226472 7P GEHC] & AT 3527 wwEte] 70.2%e] Bt
o Zo)7t e, ol% MM E B 1A I8 FAA A o W Eolgty Az
O AAF AEFL BYFIL 557522 A1 FHglen, AYTe HEAFE tdE izt
AN, GHU(SPAD)S AT 35FT7} 3922 7H3 Bokon), BP7r} 366202 1A
ey, HAAHOZE Choi 5200009 APAF9} vlstH SPAD Fe & Holt)
3 (200602 AAA B Fol| @2 Qo] AbAuFo] BL42 SPAD Fol BT, EF
Bels 2uE7E dEuRg E3ta Sgen, 8 AP % Amo-bokasi 5 7] &0
8 VA FAAE Bol AT 71 SPAD ol Ut AEPSE B D AT
el fojAdo] gISith FERASTE BY T} 63.7%2 7HE BtoH, A8ASAA} 7}
Z "ol Add Mg 35¢ET7) 554%2 7HE Ak 8 d7xe AL F, 197)E

Table 3. Growth characteristics of paddy rice as influenced by EM treatment.

T 0,
Plant | g0 o0 [ Leat area | TP O ot color| PR | 26O
height(cm) | oy | (i) | iy | SPAD) | e eaves | tillers
Control 113 | 410 | 22647 | 557 36.6 152 63.7
llevel | 1085 | 455 | 31570 | 602 376 155 58.5
EM
Zlevel | 1118 | 488 | 32002 | 60.1 37.7 5.5 58.9
treatment
Ilevel | 1103 | 473 | 32285 | 605 392 16.0 55.4
LSD(0.05) nst 254 | 59336 | 423 1.23 ns 386

Tns : not significant.
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B9 SEEAY Hlo] 74-88%) HAE HW AL PAHD B AP ASE YU
Ho| =@l et fERAS Mgo] AYHeT Atk olF AV A&F4l A
FE 2% 128 B o) FANPE 5 AVAAA Ao ot we] FFYFol 27
=12 v (photo 1), olol et BdF R guF A7t AR WA ojd B FAEISF
uge Fashs Ao
=@ olo F 209%E 10U FHALE BEE Al 24 FHT 2% % BITE
Fig. 1914 Bi vie} 2ok 23e ol T 30U RE 60Y7HA FAsHA BRI 2H, o
A —— T :
w Stovel AT ) ¢ 3level T - %&

Fig. 1. Time course changes of plant height and number of tillers during rice growing
periods as influenced by EM treatment.

20 DAT 50 DAT
Photo 1. State of growth of control and treatment at 20 and 50 days after transplanting
respectively.



UIYEAAE o] & JBA W AaAA BF a7 213

4 F 0YFHE o] T3hH0] 70U olFREE 2ANRo| A FX &) BYT
R XT3 2L Fig 19149 2ol A9 A FE2 AT BAFE oY ¥
209 °1F F43] oyl 0UAA SuE S7HAEE RY o, oY F 60U EE 70
7R FAEA F7HEL s0dole BLS U 2238 ZasgEd, o= 2% &
o ¥e HEJ} "esies Add

Ael b BLF UM EE HEl 7Y 2, 35F0] B AL Byoen, Y7 AL
Z&o| At

HE3 g AGE AEFY BN F74EL Fig 20149 2o} gHAY FAge
BYTE NIRRT YT 35E EF v5F AL YTk Halztels A 35480
7HE M) Hou, BATE oY F 50U o]Fo= FiFos AN Z/AFL
et 7 dB A A0 & T A 35ELE2A oY ¥ 709744 Ft
Aol FREAoH, £ ol F 709 JHF 2 #e BYo, ojFe Zasts A
RE #YTE old F 70Y olF ZadE AL Vel AR HEFL o]
F 20¥ 58 80¥7HA AN A 714 FE Yehidlen, AEztdle A 1450 AF
L AESE YA
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Fig. 2. Time course changes of leaf area and top dry weight during rice growing periods
as influenced by EM treatment
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8¥ 20¥ = AT 8Y 219K} 1Y ¥ 53k 2 Aol flAT o]&= AT
A A8 AA A 7 FEFYo] Hol JYPATIte] F718 wEo] ohdst Azt
FRFTE AEd 3:ETFIF 20902 71 g@gken), #YUt 193712 1 AQen
FAHLER Fo7 o] YEMNUTE Table 304 K& ule} o] ]l B8 T
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o FYo g Yol FAste] RaEL] HEFA dHH oL =37 W
S % AT F 5(2006)2 AHIANIA HAHAALE A FNA &2 (hill/3.3n)T
BEELDT7} 14.8~19.670 oI =d, o9} vlw3tA B AN FAELTE v
otk E=F A 5(2000) L85 AFARAA FFeETE 17 27H%i1:b_ 3t
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Table 4, Yield and yield components of paddy rice as influenced by EM treatment.

Heading | 1O: Of | No-of | Grain |0 oo |RoUEh Heel vy
date panicles | spikelets filling weight(g) yield index

per hill |per panicle| ratio(%) (kg/10a)
Control Aug. 20 19.3 81.9 85.0 217 643.6 100.0
1 level | Aug. 21 203 83.6 829 20.9 648.6 100.7

EM
2 level | Aug. 21 20.7 852 82.5 20.4 654.3 104.3
treatment

3 level | Aug. 21 20.9 81.7 81.8 20.6 636.1 98.8

LSD(0.05) 0.61 1.87 086 0.73 14.59

THEFE AT 243277} 8528 M4 ggton, @YUt 81.9ME s Ho &
23 Aol g YEPAN LY HE D= 97 Zol7t AR HIAT. 28 F F(2006)9] 4
HAuAl 2P AALE FHAFe A9 Chung $5(2003)9] FAA o) A|g d+2
IE HH YFH o2 £FHF7F 242 90 W9 83 80.6~91.170 ¢ HLle vlm3sd
2 AN £985E HL "ol

SEE€2 YT 85.0%E 7MY ®hon, Xele 35:ET7) 81.8%E 7 wgton,
A g3tolle izt Ut ole} Zo] X771 #YP o) His] T5-80) FUP AL AT
7t ZA QA R 93 FHAHE BokE wj o] oyt BAHY, FF EF ¢ @
< JdTHEJ 9 astelgln AZEn Bhuiyan $(2006)2 A E 2 3l g £}
Hol g g eiFo) X FFAA T8 ATl 71.4~86.1%2) HHE BP=H,
2 AEAFAE olEY HEA vt E 1-2% EUT W 5(1996) ¥ FFE Folv)
AMME A9 E T F3rE BA e Aol T8, Y357 BA 48 $58°] A
StE = §o A8dAVE o1 daed, E AQdAE Ze 4 el 10009

TE PIRIVIAZ #9771 217322 g AL H, AT AvFHo g o 1g AE @
< AFE R, ok AR Myl FEFYLE Aste] A Aol W
A3Z 100085 0] wold 2oz Aztdd. a8y 1 5(1966)2] 2AE B 100085
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23.6~24.0g HHE YRR oH, F 5(2006), = F(2006), Lee $(2002) 18I Chung 5
(2003)9] Ao A= 21.3~28.1g2] WM S JehlEnl, B A3 1000828 ozt de
23-E et 22y Hong 5(2000)9 S-E9¥d o2 w Al¥23420.1~20.3g/1000
H)ot 2 F2001)8 SEYS Ao ©hE FFA o AFAFH209-21.5) HILEA HlS:
g &)k

10a8 Hx &S Mel 79 24FT0A 6543kg 2 71 Bten, 713 FHL F= A
279 3FET oA 636.1kgol Ao o] F FtollE 23 xto)7t AAHUT wekA 5
FATE B BYTE 10022 & o, Ml 79 25F 77} 104322 73 3] gte
o, O tgo] IFETEA 1007, 283 M HAR F& M7 35:E024 BYT
Hos 22 9888 YeRNAE A 52001)2 EAE A8 L ASNEHF AQA =3
Ho Az FE EA ue} Aol oy 613~798kg/10a2] WA E UYERSN=H], £ A
9 FFL o9 BHA A= AFsAh. 28U A 52000)2 L2)FHANA F=x
TEFE BY 432%g/10a2A] B NFY FHFE o9} HwEH 48%7F B FFoIh

3. F2uA

TR 2UF 3 A2EL 134 5~6F, 93N 34F A= 1894 FxE 1, ED
Anl, AutAE R oftE Folglen A FxEe UsAE, &7 L dAr] Feld
o AL FL AZAE A BYFol vsle FAUYEAA 5 ¥ FAAE
AT AToA H FxFol AAHA SAYFo] BATtHTable 5). 2 F(1996) 3¢5
N@F Ao FAL 218N APZA, 13 YL AAE, SAE] g%
on, AN FEE UEAE T BUThT e, & AFdAE 24 FxFL v
<3 2AE YT 53] 99 A& olY F 359 &A% dEF S FFTUL 191y
moll B3] el 13 XHEFE 034/ o2 B 7o vls) 2u) 7S Bo A FE
HRon, o] 7t A E AAHUT A 5(1996) EYZ S0 W& Big} 1|9 Fo}
& NP2 2kg/ai O] L2 EFFET} ROl A ¥ BoE o] Folg At Ay
O3 s, B Adde gl 23l s FauYEn 3Ue 53 v 2o}
AAE A So B2 A7 AEV "estey AGE. B2 GA B3P Fo) wiF)
JAJFeAA A7 1, 295EFY Aeolle o 45% X B2 TAFE HFoH, Aln}
AZE ATY 1, 257F7Y 35 B3P T v o 60% ©13 @) SIS e F
Z2F2 #YF) HIgk that AR e, =T AT 13 HEFEE F2EPFL Uit
At

YT Z T UEAEL BYTol vd A8A5AA Hel+7t & 69% F=, 247
T 28~51% AE 283 wl&A7]E 200-252% BE Zhzh ol wrAlslge). 1A A2 &
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3 24 2 dagge] FEUA EFE YA R, 9o Fe-E YA R
H7F AYrh ols tE AFAFNME vl FFYE ¢ 4 ATHChoi et al, 2006). 1
A A F2Ed R E AXAE AsiA gL e 1HE FBPdAEY
7} e ANY Ao=E podTh

Table 5. Weed dry weight of paddy rice field as influenced by EM treatment.

Weed growth(Dry weight, g/ nf)"

Annuals Perennials
E. M. A. R. L. E. S.
. ST . . Others | . . . .
crusgali | vaginalis | japonica | indica japonica |ruroguwai|maritimus
Control 1.91 0.16 0.20 0.12 0.09 0.13 0.65 0.25
1 level 341 0.22 0.35 0.18 0.11 0.22 0.95 0.54
EM
2 level 324 0.23 0.30 0.20 0.11 0.23 0.98 0.63
treatment

3 level 332 0.19 0.27 0.24 0.08 0.22 0.83 0.50
LSD(0.05) 0.48 0.04 ns’ ns - 0.03 0.07 0.07

1 : 35 days after transplanting
F : ns : not significant

V. F 2

LY S} A GRAFAE) tF FUNLTFIF AXVID Jew, ol weE I
37 & JAAA Aol HAF Aot} wetA B AFE T AV E AR ¢
AR Qe FEUNYEAAA Amo, TEAA Amo-bokasi 5 B 7HA A#FFAAE ©l
g3ta] 18R B YAANAES FEIA £33 A7EAAE Q%3E I 2

1. 3% BEdS4Es SaAnAERNE 2, 3550 242} 488, 473712 Bstew, #3Y7r}

2. 4%‘7]91 dHFH L FAUYEAE T 35F0] 32285aiR /M B}ow, #HFF=
2264.7ci2 71 FRHo] & AT 35E Histd 70.2% °lAH.

FEELATE BPT7) 63.7%2 /M B%od, A#FeAA7 718 Bl Aed A
g 3FET7} 554%= 7HE AU

Z2354s A7 35277 20902 AR gtes, #3337 19342 73 F
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