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Effects of Application Rates of Liquid Pig Manure on
Rice Growth, Quality and Soil Properties

Ryoo, Jong-Won

The effects of liquid pig manure (LM) on the yield and quality of rice as well as
soil chemical properties were determined in the field of sandy loam soil under the
different fertilizer management. Treatments consisted of 100%, 130% and 160% N
application rates of liquid manure as calculated on the basis of the recommended
rate of nitrogen (9 kg N/10a) for rice cultivation. Chemica fertilizer (CF) was used
as control. Concentrations of T-N and T-P in paddy water were measured by 5-day
intervals up to 20days after application. LM treatments significantly increased T-N
concentrations in paddy water proportionally with increasing rates of LM (13.2 to
25.7 mg/L). Similarly Total-P content in paddy water was increased right after LM
applications but was well below the quality standard of wastewater and manure.
Plant height and tillers in 100% and 130% N LM treatments were lower than
those in CF control. In the 160% LM treatment, however, plant height and
numbers of tillers were higher than those in the CF control. Yields in 100% LM
and 160% LM plots were decreased by 3 and 5%, respectively, as compared with
422 kg per 10a in the CF plot. Rice protein contents were similar between 100%
LM and CF control (about 6.8%) but it was increased to 7.2% and 7.7% in 130%
LM and 160% LM treatments, respectively. Toyo-taste value in the 100% LM
treatment was higher than in CF control plot. The proportions of perfect grain of
the brown rice were lower in 130% LM and 160% LM treatments than that in CF
control. Soil organic matter content, heavy metal and exchangeable cations were
highest in the 160% LM plot. Thus considering yield and quality of rice and
heavy metals contents in soil, 130% N basal application of liquid manure can be
recommended for rice cultivation in this experiment.
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o] &3k 2] AP St R E9Adh] Holle EYHISE Ao B3 <l
oAtk A 02 TtEERTE A& T8 YUl Hi EUY S
< IERE 4HA S

7tEEEE SHl27 o] &3td FEHIEE A & F A=
o]th(Bouwman and Booij, 1998). 7}&E s 2 E9] 7IX U= A
& Al % dkgo 71od@dtHMooleki et d., 2002). 7ERERE 4F JUYE
Rl AEAEES ZAANIIH, B £ 3184 AHEaH 9@ EF T A= 2453
of ¥37F = Ao 2 Bauxu JTHRDA, 2002).

Vo] AR S7EEl wel SRR 9% t7], £, EYe e A=
7FstaL ‘};\ (Gerber et d., 2005). 3 7t5E s SHIEA #E HA goW 74, EY,
7ol 2 = 93 (Burton and Turner, 2003), I =3k Al &2 Eofo] A4, Qo] =
Z FoH(Stumborg et al., 2005).
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FEoll wol7t i, AEY] ¢ a7Fl XA BT} FE w37 olE R %l
AHKlausner et a., 1994). A F7HA] 7t&5EEE EHF 02 ALE3l7] 98] A&l ua Al
|87 EG3A vXe 9F 55 T A9 3} A7 ©ol o] FojA 1 dth(Kwon et
al., 2010; Lee et d., 2010; Yang et a., 2008). ol tgk =& HH|o] AFE Al&FF Al
|AN719 AEZE AU (Pak et d., 2001), =R HH] Al go] W A F HJEF FEo|
A= FEFo] ZAEHASH(Pak et d., 2001), 7}t A& mE dAkEe] FH7L
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tEE s Adsste o] 88 4 JTH, ojE MEER AXAAUA S Fdlshe uvt

e i FEAOE &85 == Zloth(Lee e 4., 2010).
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Aate] Aol FAL sk At Jvkal B skith(Lee et al., 2010).
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Table 1. Chemical properties of liquid pig manure used in this experiment

Components Mean
pH (L:5) 7.9
T-N (%) 0.37
P05 (%) 0.14
K20 (%) 0.38
MgO (%) 0.07
3. 2AR} A

Fo ZAGFOR W AGEARAN 24, LS, FETHLE, FEFE 2AS A4E
A & Eke] 58ty EFE ARSI Hol A& = =

NFAT 2A7]F(RDA, 2013)0 F59Th 2343 BAFE oY F 30
ZF A TelA 1574 dojr EE FE3 FHSATE 954 SH(SPAD values)>
qE %—Wﬂx](Mmolta Japan SPAD- 502); Agstel BodZzAlel e Al7)of AAEHY

[¢]

) 54 375 AF st ARSI oH, AR
THOE AR FAIEA L SASStatistical andlysis
7t "R+ Duncan's Multiple range tet2 #-2]43S 7

HHE g 100575 83 5 10a
system ver. 9.1)& ©]83}9 L A
st

4. A2 8l A

Al B2 ALF Aot 2T e s A&TE A =48] A&
= Ho A AAALEQ 9 kg N/10aS 7]1F 22 100%, 130%, 160%0] 31 H5 &= =il
Hl Fo] Hu|e] AFES 7HIE A&ttt senl st A4, IMHEE9 ARlEFS a4,

_‘|

|A401u 9} Ayl S Abgste] AR FO R 10ad 247 9.0, 45, 5.7 kg2 EEAHiH
Fatgon, Aiel s 7Het FHIE 7.32 HERE, QJAke BE J|H|Z Al &3t
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ERAHe} =50 7} &0 EAUHE Hr|E FAHAFHY Standard Method(APHA,
1998)ol| whe} E2A43}Ith pHE ORION modd 420A-8 AH&3he] o] 274 = (lonic dectronic
method), EC(Electronic Conductivity)= TOA moded CM-7Bo.Z A3l th T3, FHA
(T-N)+= spectrophotometric method 2.2, Z<1(T-P)2 Ascorbic acid method(Ministry of Envi-
ronment, 2007) 2.2 #A3 AT EF AlEe B AN A AE F ARFEHE 107 4ol A
10 cm ZololA AFH st HAZEgE &, T-N2 Kjeddah o2 #4381t & A4 Lancaster
Ho g HlA7|(Varian cary-50, Mulgrave, Austrdia) S AH-8-3le] SAH3sIH o, 9ol 22l K,
Ca, Mg, Na2 AAS(Varian SF-200, Mulgrave, Austrdia)S AH&3to] A 23t th.

B4 B Z A= Grain Inspector(Cervitec TM 1625, Foss, Sweden)S o] &-3to] 944
| AEwE] Y asy FoE FEston, Ao vl ek gl opdw =
}eF-8 Grain Andyzer(1241, Foss, Sweden) S ©]-83t] ZALSIAT Amx] B4 & A8

ol

33 g2 10E-3F #HWH3E 3 Toyo U] =UE(MAQOA, Toyo, Japan) #4717 5 o] &3] 435}
Atk
&) 53] = (Alkali Digestion Value; ADV)= E<E9] fle A5 1.4% KOH 10 mLE
2 $ 30C g27]dl 2443t B¢ AA ¢ & g5 ] 5)E 713 A

N o

EORE S
AF71(RDA, 2003)°l oJste] sttt wel 23 542 S =S4 (Rapid
Visco Anadyzer, Model RVA-3D, Newport Scientific, Warriewood, Augtrdia) & AH8-3t9 =3
skt

EEAH] Al T 1Y =E9 T-N &2 =E4H] 100%, 130%, 160% Al-&-T-2} 3}
skl g AlgToll A ZHZ) 13.2, 194, 257, 10.3 mg/LE Au] Al &Fo] =S&4E A el
O m(Table 2) A& & TN F43] ol 2098 Fol] BE Al&FlA 0ol 7M7he e
S YT =59 FQd e (ng/L)S =EUH] 100%, 130%, 160% Al-&7-9F 33hH =
A&l Al 242 30, 5.2, 82, 415 YERI L A& 209 Fof] 0.8~22% 27 AHgTollA
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Table 2. Effects of liquid manure (LM) on T-N and T-P of paddy water in a rice field as
measured up to 20 days after application (DAA)

Nutrients Treatments’ 1DAA | 5DAA | 10 DAA | 15 DAA | 20 DAA
100% N LM 13.2 15 05 02 0
TN 130% N LM 194 18 07 03 0
(mg/L) 160% N LM 25.7 2.0 1.0 03 0
Chemica fertilizer 10.3 12 11 0.1 0.2
100% N LM 30 30 1.8 14 0.8
T.p 130% N LM 5.2 34 25 15 1.2
(mg/L) 160% N LM 8.2 42 31 2.8 22
Chemica fertilizer 4.1 4.0 26 26 21

“The amounts of LM application were determined on the basis of a recommended rate of N application
of chemica fertilizer (9 kg/10a): thus 100% LM had the same amount of N as chemica fertilizer, while
130 and 160% LM contained 30 and 60% more N than chemica fertilizer, respectively.
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Table 3. Growth characteristics of rice plants depending on the application rates of liquid
pig manure

Plant height (cm) No. of tiller per hill SPAD values

Treatments
25 Jun. | 23 Jul. |25 Aug.| 25 Jun. | 23 Jul. |25 Aug.| 25 Jun. | 23 Jul. |25 Aug.

100% N LM 48.6b° | 75.4b | 90.1b | 330c | 330b | 31.0b | 334c | 324b | 27.2b

130% N LM 50.5b | 795a | 942a | 350b | 342ab| 311b | 37.8b | 329b | 285Db

160% N LM 545a | 82l1a | 9.1a | 385a | 354a | 345a | 398a | 352a | 328a

Chemical fertilizer | 54.2a | 80.3a | 95.8a | 345b | 336b | 31.7b | 37.6b | 325b | 27.2b

?The same letters are not significantly different with DMRT at 5% level.
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ERfATE 28y EEAH] 160% AT 3EHIE tiH] 5% 2 Ao ® UEgET
ERHH Ao Al g 2 FFF P F SHEEN AHFo] Wolxl Ho] Yjlez B
Ity EEHH|= AFEA] ol FAakeFo] 30~70%°l ©] 23 (Sommer and Hutchings, 1995;
Meisinger et a., 2001) 4H] Z4-0] 50%2! F71EH & 47t 7718 A& Bl o] & &
A= AAa FFFo| 3shn s B} #of(Peter and Amoto, 2002) B A e Aol =E-1] 130%
He1e] Algo] o]Fojxjol FEtu|m o} thEd AitEo] JHeE AL R Kt

Table 4. Yield components and yield of rice as a function of application rates of liquid pig

manure
Treatments Iglegt?l T:nnig('zlhe Panicle. 1o Spikelet.no. I.:’ercgnt 10\?\/%3;?“ M”)I/iegldr o
(cm) (cm) per hill |per panicle| ripening © (kg/109)
100% N LM 86.0b 17.0b 19.1a 60.2b 85.5a 20.8a 410ab
130% N LM 87.6b 17.3b 20.1a 61.7b 85.3a 21.2a 420a
160% N LM 89.8a 18.9a 19.7a 65.1a 83.2b 19.1b 402b
Chemica fertilizer | 86.2b 17.7b 19.3a 59.9b 84.8a 20.4a 422a

?The same letters are not significantly different with DMRT a 5% level.

RN ASFS Gty HE AMEIE S W 2| o]5shy HEFEFL Table 59
2ok, ol e ERAH] 100% Al-SToll A 6.8%, ESHHIE A e o A= 6.9%E Al
H] 130, 160% A&7+ Z+2 7.20, 7.67% THS F3tal 9o =L FFo)
AT o] whuld gt AxA o] B4 (Parick et d., 1974) F7MEtHE &3
A 3HeATh Gl g g FA I whe] &r)ol Gao] qlo] Tl o] BEFE o)

Joiz Au]7} st TH(Ishima et ., 1974).

Table 57 Zo] amylose= 19.9~20.6%= & xo|& UERA] Lshth ofd 22 ke =
Eon] 100%, 130% A2l 77F Z+2F 20.2, 20.6%, 3StHlF A&l A 19.9%=Z UERTH
AukA 0 7 ol Z ~(amylose)= FHWHA S E B wte] Axol] IS 7AW U9
TEZ Ao oldZ 2 S 17-20% FEOE FA(Son et d., 200253l Uth Al eF
A7F A E GANE dukA o2 #Ae] Fatewol o] e Iy EILADV)E EE
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= 69.7, ERAH] 160% 2] T= 66.9E 71 Wte Fo|dt)

Table 5. Physicochemical characteristics of milled rice influenced by application rates of
liquid pig manure

Treatments Alkali d('g??t)';/ e value Amylose (%) Protein (%) Toyo-taste value
100% N LM 6.30" 20.2a 6.80b 73.7a
130% N LM 6.3b 20.6a 7.20b 72.0ab
160% N LM 6.6a 19.9a 7.68a 67.1c

Chemical fertilizer 6.3b 20.3a 6.90b 69.7b

ADV : Score 1: low, 7: high
Y The same letters are not significantly different with DMRT at 5% level.

EEGH Aol whe dr] F91 54 249 Aibe Table 63 2o Ao FAHA
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Table 6. Quality characteristics of brown rice as affected by application rates of liquid pig

manure
Trestments Perft(a;z) grain Grezr:;rnm(a;rmt Brokt(a;))grain Damag(;;od) grain Red grain (%)
100% N LM 91.54" 2.6b 4.4a 1.5a 0.0a
130% N LM 90.9ab 37b 4.0a l4a 0.1a
160% N LM 88.9b 5.9a 3.6a 1.6a 0.0a
Chemica fertilizer 922a 0.6c 5.4a 17a 0.0a

?The same letters are not significantly different with DMRT a 5% level.

2 2 ol H] 100%, 130% =] & Tl A 76.7~
3k Al g ol Hs) %9}2131 JEE v Fo] Yokt Iy =
A ZFZo] tga "ozl Ao Z YEGTtH(Table 7).
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Table 7. Quality characteristics

of milled rice influenced by application rates of liquid pig

manure
Milled/brown| Proportion | Less than More than Broken Damaged

Treatments rice rate of perfect | hdf chalky | haf chaky grain grain
(%) grain (%) | grain (%) | grain (%) (%) (%)

100% N LM 91.6a 78.0a 12.4b 17a 5.6a 21a
130% N LM 91.5a 78.3a 12.6b 1.0b 5.9a 21a
160% N LM 90.9a 76.7a 12.7b 2.1a 5.4a 3.1a
Chemical fertilizer 91.7a 74.0b 15.4a 17a 6.6a 2.3a

“The same letters are not significantly different with DMRT a 5% level.

b

=2 dn] Algol wE Wrle] 33 E(RVA) 542 Table 89 YeRAT. HaH
(pesk viscosity)9} A% E(tough viscosity)s EEH] 100%, 3HHIE A&l A 2t
135.1, 136.1°] A o1} =4 H] 160% A&7+ 119.2= St #Mu o] RVA 4404 =
HH] 100% A&7 BSHIRE AET9 A7t gigl o EEH] 160% FEolA =
2 Aol gt

WA &

Table 8. Pasting properties of milled rice by rapid visco-analyzer as a function of applica-
tion rates of liquid pig manure

Initial Peak Tough Final Breskdown| Setback Pasting

Treatments pasting viscosity | viscodity | viscosity | viscosity | viscosity |consistency
temp.(°C) (RVU) (RVU) (RVU) (RVU) (RVU) (RVU)
100% N LM 67.54" 192.7a 135.1a 230.1a 57.7a 9%4.7a 37.9a
130% N LM 67.4a 191.8a 134.5a 229.2a 57.3a %.7a 37.4a
160% N LM 67.3a 173.5b 119.2b 209.9b 54.3b 90.8b 36.4b
Chemical fertilizer| 67.5a 192.9a 136.1a 231.3a 56.8a 95.2a 38.4a

?The same letters are not significantly different with DMRT at 5% level.

5. & =l
EAnE Alg3te] Auid dAr]e] FrAES B3 A= Table 994 HE uvlo)
Z=EMH] 100% AlE&TFolA 0.92%=2 sEH|BA LT 593 xpo|7t
¢l Z=BH] 100% A&
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Table 9. Nutrient and heavy metal contents of rice grain at different application rates of
liquid pig manure

N P K Ca Mg Fe Cu Mn Zn
(%) (%) (%) (%) (%) | (mg/kg) | (mg/kg) | (mg/kg) | (Mg/kg)

100% N LM 0.92b° | 0320 | 0.61b | 0.03a | 0.08a 90.3b | 10.4a 783b | 212a

Treatments

130% N LM 094b | 0.27b | 0.64b | 0.04a | 0.09a 97.3b | 11.3a | 1183a | 22.3a

160% N LM 099 | 03% | 0.72a | 0.03a | 009 | 120.3a | 115a | 1153a | 19.0a

Chemical fertilizer| 0.93b | 0.30b | 0.66b | 0.03a | 0.09a |105.3ab| 9.3a 57.7c | 20.3a

?The same letters are not significantly different with DMRT at 5% level.

EwgH Aol IE AQY G F FT5F TS S Ei(Table 10). Fde] 2
AL 0.66-0.96% Helol AATH ERAE] 100% A&7 Fa FFLE 0.64%= 313}
A&7 0.77% Hoh gtk 22y ERHH] 160% Al§TllA Aol Ak, A4k
F2 BeHl g AlET Bk =9kt AH g} S1ShH| g A 2T Atolol] AAaE Rl At
= e YT A ANEFNAE A ghruo} F4b) Ao Faf Bl o

ol Aoz AZ-E v Sommer and Hutchings, 1995).
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Table 10. Nutrient and heavy metal content of rice straw as influenced by application
rates of liquid pig manure

N P K Ca Mg Fe Cu Mn Zn
(%) (%) (%) (%) (%) | (mgkg) | (mg/kg) | (mg/kg) | (Mg/kg)

100% N LM 064bz | 0.18 2.80 0.36 011 270.2 91 1,006 35.7

Treatments

130% N LM 0.66 0.19 2.89 0.38 011 278.3 130 1,537 54.0

160% N LM 0.96 0.21 3.48 0.39 0.13 280.0 133 1,660 56.2

Chemical fertilizer | 0.77 0.19 293 031 0.10 400.7 9.0 785 36.0

“The same letters are not significantly different with DMRT a 5% level.
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Table 11. Nitrogen deposition in rice plant as influenced by application rates of liquid pig

manure
Nitrogen input Nitrogen deposition (kg N/10a) N Baance
Treatments ka N/1 (Deposited - Input,

(kg N/10g) Grain Straw Total kg N/10a)
100% N LM 9.0 6.10° 6.4c 12.5¢ 35
130% N LM 11.7 7.2ab 6.9c 14.1b 2.4
160% N LM 14.4 9.2a 11.7a 20.9a 6.5
Chemica fertilizer 9.0 7.0ab 8.1b 15.1b 6.1

“The same letters are not significantly different with DMRT a 5% level.
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Table 12. Chemical properties of the soil 10 days after experiment

Tretrments (Fl):) (dgfn ) (2/_ :lg : (;l_kNg) Ap\gl : Ex. cation (cmol/kg)
. (mgkg)| Ca Mg K Na
100% N LM 638 | 0.12c | 20.2b | 1180 96b 1.96c | 0.20bc | 0.21b | 0.15b
130% N LM 6.2a | 019 | 24.3a | 1.21b | 106b | 246b | 0.23b | 0.26b | 0.19b
160% N LM 6.2a | 034a | 27.3a | 133 | 175a | 380a | 0.32a | 0.36a | 0.40a
Chemical fertilizer | 6.7a | 0.08c | 20.8b | 1.21b 89%b 155c | 0.17c | 0.17c | 0.14b
Before experiment | 6.2a | 010c | 204b | 111b | 105b | 1.75¢c | 0.47c | 0.20b | 0.14b

“The same letters are not significantly different with DMRT a 5% level.
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Table 13. Effect of application rates of liquid pig manure on heavy metal content in soil

Soil heavy metal content (mg kg™)

Treatments
Zn Ni Hg As Cu Cr Pb Cd

100% N LM 61.0& 13.0a 0.03b 0.25b 2.3b 0.2a 5.0a 0.1a

130% N LM 65.4a 13.5a 0.08a 0.36b 2.6b 0.3a 5.9a 0.1a

160% N LM 67.7a 13.5a 0.08a 0.53a 4.2a 0.3a 6.3a 0.la

Chemicd fertilizer | 52.6b 6.2b 0.03b 0.13c 2.8b 0.2a 4.8a 0.1a

? Same letters are not significantly different with DMRT at 5% level.
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