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ABSTRACT

Received: February 23,2018 This study was conducted to investigate the application effect of liquid fertilizer using pig cadavers on potato
Revised: February 28, 2018 and corn cultivations in upland field. Field experiments were designed with control (Cn), liquid fertilizer (LF),
inorganic fertilizer (IF), and LF + IF treatments. Crop yields in potato and corn cultivations were higher in the
order of LF +IF 2 IF 2 LF > Cn treatments. The potato and corn yields in LF + IF treatment were 237% and
29% greater than those in Cn treatment, respectively. Following crops harvest, soil status was improved,
showing greater soil chemical properties in the LF treated areas compared to those in the Cn treatment. In
addition, total CO, fluxes in LF + IF treatment during potato and corn cultivations were significantly increased
compared with Cn and IF treatments. Therefore, these results suggest that LF application was effective on
crop cultivation and improvement of soil fertility.
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Introduction

F =Rt op et A AlAIA o = 7] e raslet B B IHWRE Foll RS g sk gL, Ao F
ALS] AJ&ARQ1 A 0 & 7150] tisk A2 &, et ARl - A4 o7 A= 2l QITt (Seo etal., 2011;
Shin et al., 2017).

Syt sESAAER R TS AGH A ol Al 15 79 WA Al 98] S ERIE S5t
Sl 7he-& A EetaL Al56] A=le Za AIATSEAL QIeh (MIFAFF, 2010). ©]2F 2o] ZF ytollxl= Al=2] g

of| whe} 7157 A8 Y Al S SR 9 A A O] SRS flaliA] Aol okt A2 E WAISkL At 2
7hE S Q= 71, ARRlA of A, 2P A Hoh 52 Alefsto] AR 71 ARAE Ao el Akt i
O 2 XS okal YA, thHE A4z 2 ofjgo] ARk .0 2 SPs|ix] Il Qlrh (USEPA, 2000; USDA/NRCS, 2002).
= A2 FRP = o[-&5tAY 9, 27, nPpiEA 2] 5 of =] A2 et
0] At ﬂgﬂ Ql ;q Elﬂ E7Fsoltt daH o= AME 715S e 7, 3t viEA] ARgo] £t
™, ePgHo A 24t wiER] A 71l 2R wkE A= o] 238k ZFEjolt} (Cho and Kim, 2012; MIFAFF,
2015). T3 s 1Y F AR AEST, GFIY 52 Y B Aok, oFd 522 S e dS Yo

1 It} (Kim et al., 2011; Choi et al., 2012b).
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HISFE XA 5HAR Z-8 7Fs32 ARG 712 A77F3% HE ATk (Choi et al., 2012a). EE X 5 F4k
=0 ME o83 TR RO AEAG Al tiet 7| & At aE Rl o SRS S} H A7} glo]
AAO] 58S 5 75; XHZ%’Q et FFFA O AAA R AHDe} A7} E a9t A7Jo]c} (Chung and Jeong, 2017).
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Materials and Methods

BAl B 2 AP HeEhds FdA] Fodg Al ol fixIeh oA AAlstela, Aful A1 el ZARE FA]
Eo] 2] - 35t 5442 Table 19 YFERAQITE EYR] 4= 1.42 Mg m™, 3282 46.4%°|312, E4 pH
£6.92 F400 7PHItE EFECE0.22 dS m™, OM &3-210.9 g kg o]9l.0H, EYF CECE 9.5 cmol. kg' 02
ZAFE|ATE Aol ARSE -FA] 22 A} (Solanum tuberosum L.), 37 (Zea mays L.) S A8t

Table 1. Physicochemical properties of experimental soil used in the study.

Bulk density ~ Porosity pH EC oM T-N Exch. cations (cmol, kg™)
Mg m? % 1:5 IR (R — -] < J— K Ca Mg CEC
1.42 46.4 6.9 0.22 10.9 0.94 0.10 7.0 1.95 9.5
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2 Al oA HHRAEA] et ABIA|2E AR AR (F)STIONA Al g 71-Eol 23] 2 AulA| 2744
ARESISITE. HHAAA O] Folli= G| 7HEol A E of-8-5to] =iRIARA 320 kg, 1A KOH 25 kg, &> FHH
219] 80%, 5= 90°CE FAIRF 270004 A7 52t 2olistairt. =AIARA] a2 o] A| 272 5 ARg-Sto]
HI3} A7 0, HH| S -2 siAIARA] woll o] 40 L, 720 LE TU5I L, 7152 0.4 L min”, WHkSE=
5 rpm, 25+ 32°C Z2Z10|Je}k WEE 57] YR vlA=-2 Lactobacillus acidophilus, Saccharomyces cerevisiae

9 Bacillus subtilis 352 2351 U510 W, 15487 g A)A Aol AF85FIct

F

12 oo m{m
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AP SRARA dH] Algo] 2R AR B Bl H|X]= k& ZAKE] S1R A2 FA A (Cn,
control), HHAAEA] HH] 2 2] (liquid fertilizer, LF), Y4 2] (inorganic fertilizer, IF) 2 SHAJALA] HH|e} 77
e 55 SR A2 (LF + IF) 2] 44275 ]It} 771 &8 &.9] AJH|E=2 527187 2 AlH| A7 ]%el
w2t A4 (N), Q4 P), 2] (K)ZS 10aF ZAR= 10-10-12 kg, 255 14.5-3-6 kg2 AlH]51H1, 7iEhe ]9

A2 3501 18] 500819 2 L m>E A HZAF S13L0f| At 712 =2017E 3€ 178-6Y 1697H4] 91 59
Aol at, 5= 39 179-79 1497H4] 119¢ 52t AEhsk it

HH| A gof| wh2 ZHE-0] itk Z gt 7F A 2 RG] plantd $-8FFS 750 &2 BrF6lg) 1, HH|A]
8ol kg EFe] sfota] B2 A0 Asel A4 02 JkS T BF (5-15 ecm)= AFIote] ARSI O H,
ESe5 Ao miAl= G AR | 18 A171E CO, =S ZAKSHSIH

EMUY EARCASE B, AeA B ] E42 w28 0 B 3 A=A 249 (NIAST, 2000)°]
=oto] EA5I, E =282 core 2= SA5ISIH: E pH % EC= pH meter@} EC meter (S230 Mettler
Toledo)S AF85131, OM E45-8 HJAR] (UV2550PC, Pekinelmer), EF2] T-N £4-2 Kjeldahl'H-& A8
o} AFA Fol @ (K, Ca¥', Mg>* 5) T2 IN-NH,0Ac §H.0 2 &3 T ICP (ICPE-9000, Shimadzu) S AH
Stof ZAskT.

7 oiH] O] pHE pH meterE AFESHAL, T-N 2 T-P= 541238 (H,S0,4 + HCI0,) % Kjeldahl'H % vanadate
(UV2550PC, Pekinelmer) -2 AR5 .01, oFol&, mjeFdA 9 S51¢49] 9FRS- ICP (ICPE-9000, Shimadzu)
£ ARgste] 24k

LA7A YRR ALE closed chambert-S- ©]-86151.0 1, LAVEA A= 7Y 7HA 0 2t @A 11-124] A
lofl =R AL, ZHFHFA-20, 20, 40+ 01T, CO, w432 7H~A = 0tE TTef0] (GC-2014, Shimadzu)E ©]-8-5}
A, CO,0| HAY=ES Egs. 13} 22 o]-gs}o] AFgslich

O

F=p x (V/IA) x (Ac/Ab) x (273/T) (Eq. 1)

o714, F= 2A7IA BIET, p= CO, Uk (mg ecm™), V= AHE D] (m?), A= AHAH (m?), Ac/At= 7145
Z7H (gm? hr'h), T= ¥ W A% (°0).

n

Total fluxed CO, = Y (Ri < Di) (Eq.2)

i
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1714, Ri= i) Az 5] Al710l CO, HIET (kg m?), Dix= i¥14] Alm 5] 114

S EAu 57 1AL SPSS (V22.0, USA) B/ TR 1S ARgate] 5% o4 ol Aae 919

Duncan’s multiple range test= =545t

Results and Discussion

£ Jhdgh Hn]o] afeba £E/4J2 Table 29 ATk HH] O] T-N oF&22.26%, K T2 6.12% =2
ZAFEQAL, o] Qo o o] ule 2= o] QI Rall/dE]l As, Cd E He o] 2 AZEA] ¢h3tar, Pbe]
Feh20.11 mg kg 02 w5 HEE|GITE £5], 12 A-tollA] 7 =H2 A Y2 AR AHE|
FAEY o S ARENE 7R AH|9} HI WSS ] AT 2 g skl A8 (Ryoo,
2009; Kwon et al., 2010; Ahn et al., 2012). 0|2}
A ol w71 et ]l KOHES AR 7kl 5197 el A 0= ekert (Seo et al., 2011).
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Table 2. Chemical properties of liquid fertilizer used in the study.

pH T-N T-P K Ca Mg Na B Cu Fe Mn Ni Zn As Cd Hg Pb

% mg kg
102 226 0.11 6.12 0.004 0.003 0.11 ND* 1.04 939 ND 023 201 ND ND ND 0.1l
*ND, not detected.

NUEQ| MK EN 2 A[HoNA ] Algof 2 AHE0] S8Rk AR M= Fig. 194 Hi=vket 2t 7t
Zpo] L8t A g] ol AEglo] LF 427l A 306 g plant™, IF #2704 343 g plant”, LF + IF Z]2] o] A]
395 g plant' © & Cn A= (117 g plant )0l ¥]al WLt LF, IF 2 LF + IF Aol 4] ik 7izte] f=afwke
Cn 2] 2] 7ol At 221l HIsl 2F 161, 193 D 237% 2 T $- -8 S718-8 H ¢t} AAH| 7 5 shupel =Ry
O] A1-8-2 2] F57t -golote] AHEC] S ST B vt 9t (Jokela, 1992; Daliparthy et al.,
1994; Lee et al., 2006). 0|9} T2 o] F-2, H{AAHA] HHIE 2|85 A ] Lol A] Z2t2] AE0] control #2]7-e]] H]3]
S71=9ar, Aot 3 Aol 7k x| ¢okd 2o 2 wohEch

B 0] 8RS ZARE AVH=Fig. 17 20] Cn A2 71ellA] 166 g plant”, LF A 27|A] 199 g plant™, IF #]]
ol 200 g plant” Z LF + IF 2 2]7Lo|A 214 g plant © & RH|X-& 2] e} 27| AH] 2 2] Lol|A] ZAkE 4=
ke F2to] glgith. S, dujet f718u] = o] SghA e oA AAHE $<4== Cn, LF % IF #]=]7of H]5) oF
29,8 9 7%2] Z7HAIE Bt B Aot 2154 490 vl ws PEAT A2 o2 el o] RS B3t A83t Han et
al. (1991) 9 Jin et al. (1996)2] -] oot T E47re] F52H8-0 2 Qlaf| EgFe] staha] E4Jo] 7iAE]o] 2H&
o] f==Fo] JWA=| ek Bt v et
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*Means by the same letter within a column are not significantly different at 0.05 probability level according to Duncan’s
Multiple Range Test.

Fig. 1. Yield of crop with different liquid fertilizer application (Cn, control; LF, liquid fertilizer; IF, inorganic fertilizer; LF + IF,
liquid fertilizer + inorganic fertilizer).

2 AFoAE deet BB R B GOl nldlE S, EY S5 S, 121l ES ofelAQl SHol
7=l o] Aot £4=4=0] =S5O LF + IF Aol A 7F =9k Ao 2 et I 7I5AKIE v 2 A1
8ot 2= Aulet A2} §I7] whEel T A7] A, 2 ATtollA] i o] o] Al8-2 Aot S
O] it del 5784 % GRS PR = A LR THE| Qi SHA|TE £4p4m0] 79 ThA et Efo M A A= 5
A (Varco et al., 1989; Utomo et al., 1990; Power et al., 1991)°] Q17| uf2o]] Z4A}e]| thgt Al 8-a 77} o] Zl o, &
ZIAHA] ] Al G2 2FEE R gofo] ThE A 02 Atm T

E950] Sf8H8 S4 Wt 218 4515 ko) 51512 54 WakS ZARE ZTR: Table 37} ek 2448t
o pH= A8 A E9l Wl R 2wl o] AL§o] W Ael et ol Helow, EC IF Aol n
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CFLF Aol =2 3% . 2 Al 2 Bt | wotle o s A oA ol 43
S UGl Lim et al. (2009)-2 98] 9 staha|= A8 A] 217] 9] Zate]| whehi] B 5 /7] Tako] Rolxitt
1 B gHEE QIeh EOF T-N §ERe 22|z o) AFglo] 0.43-0.48 g kg 92 ZAFE] ). Yang et al. (2008)2

Table 3. Changes in soil chemical properties after crops harvesting.

Crop Treatment™® pH EC oM T-N Exch. Cations (cmol. kg™)
1:5 dSm™ gkg! K Ca Mg CEC
Cn 6.3%%* 0.38° 6.2° 0.43? 0.16° 9.4° 2.29° 12.3%
LF 6.6° 0.51° 6.5° 0.43° 0.20° 8.9° 2.454 12.6%
Potato b b a b a b a
IF 6.5 0.41 6.3° 0.45 0.16 8.8 2.26 12.1
LF +IF 6.7° 0.57¢ 6.4° 0.48° 0.13 8.9° 1.68° 12.7°
Cn 7.2° 0.46° 7.0° 0.49° 0.33¢ 9.0° 2.17° 11.7°
LF 7.4° 0.67° 7.3% 0.61° 0.13° 9.8% 1.76° 1.7
Com a b b C d a a a
IF 7.2 0.66 7.6 0.67 0.41 10.0 1.65 11.7
LF +IF 7.2° 0.65° 7.6° 0.72¢ 0.31° 10.4° 1.69* 11.8°

*Cn, control; LF, liquid fertilizer; IF, inorganic fertilizer; LF + IF, liquid fertilizer + inorganic fertilizer.
**Means by the same letter within a column are not significantly different at 0.05 probability level according to Duncan’s
Multiple Range Test.
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EUSEZ W3l A7 5 EOlA CO, TS AR A= Fig. 2014 Hi= v} Lk 2AP]
=0t CO, WAYEES Cn A 2] Lol A 0.33-2.10 g m > hr2 9], LF A2 7Lof|4] 0.23-2.95 gm>hr? ¥, IF 2]
210.41-2.58 gm?hr? ¥, 12]3L LF + IF #2704 0.27-3.24 g m>hr? {2 ZARE I}, A7 17 5
Fel & CO, AR HHIAGof| T2 7-0/d-& 71| H, oH] A8 =]4E7} TohE A 2fte] Hlsl 2 o]
2 CO, WYl 5 QRlo|tt(Kang et al., 2016). 2 A o] ARE-H HX|AA] HH]=

S ey 2R niEe] Efr o] glo] EY Ul rAE ] 84S SXIAA F CO, WAZ] S7H=IE A
= T

LA R] ol A AR CO, AT ARl A ol A ZARE Aot AR Foko = ARG O H, olfH] A1-§-
of| w2 G-oJA-S Bt A7 CO, WS Cn, LF, IF @ LF + IF A& TollA] 22} 0.08-1.53, 0.29-2.11, 0.09-
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*Means by the same letter within a column are not significantly different at 0.05 probability level according to Duncan’s
Multiple Range Test.

Fig. 2. Changes in CO, emission rate in crop cultivations (Cn, control; LF, liquid fertilizer; IF, inorganic fertilizer; LF + IF,
liquid fertilizer + inorganic fertilizer).
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Conclusions

EAFE 7S GE o= AAE | 7IEAR 9 221 @ B-S WAISL, 5P 82 flote] HiAAAIE HH]
2 AZSIR, 1 AR AEAEE 5ol Bkl Al X%EHL% FA 2T (Cn), HAAHA] Hu]x2]
(LF), TEIA 2L (IF), HiRIARA] du]et 271 8u 25 287t A2 (LF + IF) = W3l o™, ARtet S5 Al

SHOITt. At Lapapo] eoleke Xd‘?lﬂfzi LF+IF = IF = LF > Cn 22 Z7}5}= #3k0|91 1, LF + IFO|A]
AT AL 854 Cn A 2ot v w ekl 1237 2 29%2°] S5 80E Bl 2=l & EU3leH
k= 2HEof| Adaglo] HHE Al-8513 UH EY 9}% “Jo] A== ArE H3ieh AARuR]ellA AR F
CO, WY MU Gof| T2 Folid-2 Bl om, oH] Al-gA 2|77} ohE A 2]to] Hlof =2 3ol T, S
ARl ofl A ZARE CO, WA AR A oA ZARE éﬂi} AR Ao g2 ZARE|QI) ool s w|F
o] & of], & A-ellA i Arl= ZEAElol] BafAo]gloH, ke TESA AHYSHE QIR 71 E2AtE R B8]
Vs o= e
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