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ABSTRACT

In this study, we evaluated the nitrogen (N) mineralization potential and Nitrogen use efficiency (NUE) of
oil-cake, compost, hairy vetch and barley, which are the most widely used organic amendments in South Korea.
The N mineralization potential (No) for organic fertilizers treated soil was highest for the hairy vetch treatment
with a value of 18.9 mg N 100 g'l, followed by oil-cake, barley and compost. The amount of pure N
mineralization potentials in hairy vetch, oil-cake, barley and compost treatments were 8.42, 7.62, 3.82 and 3.60
mg N 100 g", respectively. The half-life (¢;) of organic N in soil amended with oil-cake fertilizer mineralized
quickly in 17 days. While, 7, values of organic N for the compost and barley treatments accounted to 44.4 and
44.1 days, respectively. Oil-cake was good in supplying nutrients to plants. Compost and barley inhibited plant
growth in the beginning growth stage and this is attributed to N immobilization effect. The results of this study
highlight that compost and barley could be used as potential slow release fertilizers in conventional agriculture.
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Cumulative N mineralization over 20 weeks in soils treated with organic amendments.
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Introduction

T, B S, B G 5 ofe]
1

357 0] AFE-2 A} A

02 HT AT OF 59%2] Ad7%S SFlth. X EAE S AP 32012 715 6380 HeEl o] = A

3 11.3%% FE3 S7HFAIE Bolal 3t (IFOAM, 2004). -2 Hzte] #7152 1970 ol &=
A of2f AE HA2-21,210 ha= Zofl =17 QIA|RE(NAP, 2014) F7] 54HE2] S51-22008'd o] -2 A7
HolEqi o]t 22 7 st S0l A oY 0 = f71 5O B4 (70.3%), B2 B84 (21.6%) &

o] HA=|ITh (KREIL 2013). ‘s4F= A4 S F7 s g o B/ aad /il 2 37 FEgeiet sk

F7lse] ExA3u med AlE fleiA] ARl = 20079RE 5715 AN FAAEE A8 okl 9le
o1, 201614 71 1439%:2] 7] 527 E B AL, ol FolHE EQP T A28l AT A} 4650
7P 2 Hle 2SI QIHH(RDA, 2016). 1241 5734 Bl S| Bl 220 i 32 Flsl A1 718 2=l
ol &=L A= 7 IE U AR B4, 1, EAE 2t gl o= A itk

25| Ut R EOP S5 NS B0 2 A 715 A1) G B4 (Mader et al, 2002;
Lee et al, 2014) 2! 3} 7H2F (Diacono and Montermurro, 2010; Park and Seo, 2012; Lee and Hwang, 1984) ~12]
3 uAE EA (Joa et al., 2012; Manma and Singh, 2001) 5717 -2 Al G- a7} Fgof] Tt 2 77 25| of
et 2 Rt 7 1Fs AR ARl thiet Bl dES Aol A1t ASAI7 |1 A3 232 Sl A+ 8
Aoz njget ddolrt. Bl AeE f7 12 ks 2 B Ul nld=e] s 7719k, F715k e
o o185 slo] 2H2 A8l ol SIc whebd] §71AHA0] 18} iRl 7|8k AL A1 710k A g%
23 A5 GG 5 9IS Flolrk

AN = Bl 7, EH], EAEAE (Slol2HA], EAFE S tVder da F7]okat o8&
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Materials and Methods

SAEY 7152 A4 F718kea o8-8 7E Aol ARSRT B B H E AP T EAte]
of] YAt A537gof| ] AESste] 571 & ARSI, FAIESS] olefels] E442 5231878 E Al &
5to] pHE 1559 (BS54, viv), BEAL HISAMY, 58242 Lancaster 'Y (0.33M CH3CHOOH, 0.15M
Lacticacid, 0.03M NH4F, 0.05M (NH.).SOx, 0.2M NaOH)FZ&3t & vl X]|gH] oFo]2-2 M NHi-Acetate
buffer (pH7.03%) 2 52 5 ICP (Inductive coupled plasma spectrometer, Atomscan25TJA, USA)Z A= 245}
At (RDA, 2003). SAIEFS] o]atsl2] E4-2 Table 19]14] Ha= v} 2.
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Table 1. Characteristics of the soil used in the experiment

pH TN oM Av. P,Os Ex. cation (cmol( kg™) ,
1 1 1 Soil texture
(1:5) (gkg") (gkg") (mgkg™) K Ca Mg
6.6 6.7 165 658 0.4 5.8 1.7 Sandy loam

BN S7IXHRH  E Aol AREH 712 -4} (Oil-cake), EJH] (Compost), SIO12]#| 2] (Hairy vetch) 12]
A 3715 He2] (Barley)E AHSIAT -rEbT EH]= AlFollA 'ITEELL T 9l AZe 0] & 7 %5l ARgs}elr),
Hairy vetch®} barley= AAMEE AFA] 71315 AAokY. U] Al 2230l 4] A8l 3 48ksto] AR5t Algel
AR 7|2 72°Col 297 A% 5 Bafislo] AL-8819ar BPE-8-2 CNS2000 (Leco, USA)Z BAI5Hg .0,
QI BIPJE2 AEA] 2l (HCI0H,0:H,80:=9:4:1) 2 & X131 ¢1etS 514510 Pi= Vanado-molybdate
H, K, Ca, Mg=ICPE EA5150Th ZA] §7121A19] ok 3Fk2- Table 20 YERHQIC

Table 2. Nutrient contents and C:N ratio of the organic amendments

Nutrient contents (g kg'l)

Organic amendments C:N ratio
N P K
Oil-Cake 50.1 42 8.6 4.5
Compost 21.4 12.8 11.3 13.0
Hairy vetch 333 43 28.5 12.7
Barley 12.1 1.1 5.2 31.6
QIR ZAX EART|ZHE "It ATV H71E 95l 3ke A4S Stanford and Smith7}F A ]?} Ht

wHof| what A4S Z18Ys1Att (Stanford and Smith, 1972). 2 mm A& 52 ??}Zjﬁ_’: E100 g2 A4 SF 7=
7120 11 mg N2 2 235} (Table 3). Z12]37 0.45 um cellulose acetate membrane EE|7} F2HE]o] Q1=
250 mL -87] (Corning, USA)°f| ¥ 17 2057} 25°CoflA] -2 2513t =2 71t gk 287321 65%
2 A A AATSHE f71RAY] da Friske 58& 918 B W 771 A4 (NH-N+NOs-N)+=
Non-destructive ] T2t 0.01M CaCl,-82 100 mL=- 87101 3713t o3 25 HIE o]-8oto] FE5H3Th 771
AAE F2 5 AATT Aeld F7] JUH (N-free solution : 0.002M CaSO4-2H,0, 0.002M MgSO4, 0.005M Ca
(H2PO4)-2H,0, 0.0025M K>S04) 25 mL-& 375t I S S/-E o-8sto] Al2leh & oo A =[513]
E’r(Stanford and Smith, 1972). A|&90] & A7|= X2 T2 5 1,2,4, 6, 10, 14, 18 1312054 Z 83| A4 A
Alsttt. 2 A& W NH4-N+= Indophenol-Blue HJAH (RDA, 2010), NO;-N+= Brucine H[AHH (RDA, 2010)=
ol-g5to] A5k

NADT|S BHMD SAEAS FH A48 &5 A4 ()9 A D475} EEAE (V)L stanford

9} smith (1972)7F AR Al (1)el oJaiA] Alxt=] it

N= Ny[1—exp(—kt)] (1
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oI7]A N2 ARE (0ol A4 57198, Noe 25V A4 571915, ke o779t 58 Quledt.
tyre AR R 77| Al ¥, S Npgkol 120] Ble Lo UEhdiY, tha 4l(2) & o185l ol 3tk

th)s = 0.693/k @
9] el AojlA] Z}zte] mhetu]ef= SAS Proc. procedures 018510 TS

Table 3. Upland condition fertilization rates used for the chamber experiment

Fertilization (mg 100g")

Treatments
N P05 K20
Control - - -
Oil-Cake 11 0.9 1.8
Compost 11 6.0 5.7
Hairy vetch 11 1.3 9.6
Barley 11 3.5 28.4

lo

=

S led A= AR

r

HAIBEE AMIEE2 50007 a TEOA AE-S AP o AH]TF
7)Z0] whE AR EEAH[EF (N-P,05-K,0=10-5.9-6.4 kg 10a™)2] A4 gks 715%s10] (712412 AR5k
T A=A B EH| 25 Ae]olgl om, 772 9] A8 Rt Aol of mhE P05, KO gFdo] HEi-2 77

vz 2 thAotTt (Table 4). A5 552 elvetolA 7P thEAR] Lactuca sativa L2 AT A5+
201613 79 16% THE51] 357F S F 50007 a EEC] o]X5te] Ag Fgstglet. WE XEOf shfo] A 1
T2 oAl om, AdF= A7) Ho] QA S Qfal] o] 4] 7 15, 30, 454 5L AYS & 58519 BE A

L 3 dkE o 2 A5lo] 28w}

(o]

—_

F

—_

Table 4. The amount of fertilizer applied for the lettuce growth experiment

Fertilization (kg 10a™)

Treatments N P20Os KO

organic inorganic f total  organic inorganic  total  organic inorganic total

Control - - - - - - - - -
Urea 10 - 10 59 0 5.9 6.4 - 6.4
Oil-Cake 10 - 10 0.8 5.1 59 1.6 4.8 6.4
Compost 10 - 10 6.2 - 6.2 5.7 0.7 6.4
Hairy vetch 10 - 10 1.2 4.7 59 8.8 - 8.8
Barley 10 - 10 0.8 5.1 59 4.1 23 6.4

JrAdjusted additional chemical fertilization in response to different ingredient of organic amendments.
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FF= iR 2t & A1A, 2 AlAste] At 1ke] BFERS Btk 11 & 75°ColA x5t 40
o|5}2 Bafjet & Aol ARRSIATE A=A U T-N &3 CNS2000 (Leco, USA) £A417] 5 o]-g5}o] HAgl
T 2(3)= FollA HAo]-8-& (Nitrogen use efficiency; NUE)S STt

N (fertilized crop uptake ) — N (unfertilized crop uptake )

NUE= N( fertz'lzerinput) ®)
Results and Discussion

QIIXY XMzloll oIt BA RI|E "It -FVIAANE DA F18F AR AR o) EA O] 2 4%
& Hh= 7 0 2 VRERTH (Fig. 1). %i%l A4-0] H]7} e G5} (Oil-Cake) 1} o] 2]H] 2] (Hairy Vetch)= 2]2]% 1
F 234 71 o A4 FU)okFS B on, A2 H e} ﬂ‘ﬂ% 225 6FA) 7V 2o HAa FU|SFS
ERAQIE 221 A7) 12094 BE °71?<}1H AHalFol A A Fr|slke Tz e} vlset 3 LR
o} E=AE Heo] B¢ Az 25714 TXH (Control)7£o] HI3H W& A4 F7]olke H Yt} 7 EH o] 49

3

N
B>
>

C:INE°] 31,6202 B2 o] & Foll osii] ndizo] ofet a1z 7S] A=) HlsiA W2

Ml

71 © & mekElth (Hoffland, 2010). Im (2015) 5-0] & EoF Z 7104 Gute] A4 B71512ke 912 1444 ZTizks
HAArk BH, = Bl A o] fHre] A B8k A9 354 7 =2 2 0= UEITE (Lee, 2012). ©]2F o]

i g 2 i F7]eh & 210l Hols A2 Atelel e xol|d f71Ee] 719 S #folof 7]l A
O & ekt
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Fig. 1. Changes in inorganic N in soils treated with organic amendments.

G712 Aol w20 S22 A A4 R7131ERS GHtolA] 18.3 mg N 100g ' 0.2 71 27| Uehton, th&
© 2 Flofe|H|x], =S Ha], 58] I8 FAg] =07 717} 17.9, 13.6, 13.3, 10.3 mg N 100g ©]ITh (Fig. 2). &
7IAANE A2t B 5718k AaggolA FA42]9] da 573k Wl A Fr]5le faY, sflof=2jH|%], &

o
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ASr ] EHo|4] 212+ 8.0, 7.6, 3.3, 3.0 mg N 100g " 0] 21,01 o]= A A F9leko] 73, 69, 30, 27%0] =]
+ #ho= U 18|31 EAE K9] e A7 56 47HA] FA|g]of] Hlste] W =4 A4 BI|5kRS vE
%At} ©l+=Hoffland et al. (2010) AFellA C:N-& 20 V9] 77 1Ea A7 st8le w Uehthe da- F58 /9

A 71915 7 © 2 mhekElch waba] EAE Helel o] C:NEo] 22 47 |AAE A4 GFE 0 & o] 8A] ZHzE0] AY
5 Z7)of| A 7|0t 4= FEAE o s A o= A2,

25 -

Control (soil)
Qil Cake
Compost
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B4Ce
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Fig. 2. Cumulative N mineralization over 20 weeks in soils treated with organic amendments.

Table 5. N mineralization potential and other characteristics of soils that received organic amendments.

Treatments NO 1 k.] 1 1?2
(mgN 100g™) (mg 100g" day™) (day)

Oil-Cake 18.1 0.041 17.1
Compost 14.3 0.016 44.4
Hairy vetch 18.9 0.021 32.5
Barley 14.1 0.016 44.1

A F718kE 794 (Al(1)oll SJolA S5 A A4 F718kE (No)-2 sllof2H]
A|7F PR A e o w, EAF HejolA 73 WA bt (Table 5).

715 QA Aol ofet HAA =24 B7181F (N, = N treatment - Ny control )= 72}, EJH], sloj2]#]#], B
ZollA 717+ 7.62, 3.82, 8.42, 3.60 mg N 100g™ O & LFERGITE. 0132053} -2 AJ@ofl A A4 71 g4t 5]H], 5]
ofe|H 2], £AFH o] A4 7 mau 92.5,120.6 107.5, 102.8%°l ol = 3Ac}. B EQFo|A] 7152 EH| <] A
&4 7| Sfekat AA) B718)e0] 1801 97~107% (Yun et al., 2010)3] 71E0] A AR CH= ThA -2 73%F
Bt 45718t S5 (k= e A2 7oA 0.041 mg 100g" day ' 2 TH2 A ej7-So] H]a] whe g 4T 7] s}
=5 HYlom, o] ATM= 71E Im (2015)9] ol 4] LR 0.040 mg 100g day ' Z{H - 2fol5 Holz] getth
EJH]9} 2] A2 Lo A= 0.016 mg 100g” day ' 2 AA 02 =2 A4R7)5} &5 2 510151y o H, E=E 9ol A

Aleget 7128 BH])9] 27|35 0.015 mg 100g” day’ (Yun et al., 2010)2} 5521 2] E[H] (Hernandez et al.,

G715 A1 ol
O

ol X

J
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2002)°14 £AFSH 2VHE S1Isick, B9 A g Ei §7120] A Blotebl St 718910 S8l 1
357 9J9ES WR=TH (Janssen, 1996). 571AF %5734] 24| 2A] A Fo1skare] 1/20] 5718} whe 7R (1)
St el ol A 7P WhE 17.1 22 e o n, o] ZES Im (2015)5:90] A7ATIeL 5 7S Bt vt

4 ZAEH ] A FolM=44.4, 44.1 42 YERGTE RN f71F g

F 79 4 71APe) Ul £8 4] g0 Wad sl 2 Bekdch

re
<
X
)
B>
e
0
,
=
pi=s
HH
N,
o
T
o
it
>
oo

ok

RIIX XMzlof w2 HAOI8=E "It F7IAE AAdor Ego Algste] 713 2] SFeFAE
717te]| thE 50 S WIISHAT (Fig. 3). 771 &HI =Rl 845 A8’ A2+ 159 A= 50 A5
10.9 g pot & 7 7 oM, 0]F 30, 4598 AR5 B2 247575, 121.5 g pot ' 2 A2 3 AA
7P e 50l 57 RISl 84 B HloflA] A8 24 oj/go] §718} =11 YA o
o] dart F71ekEr o= AEo] s 2710 B 9] 4E & & 4 7] "hiEeltt (Baldi and
Toselli, 2014). 712 T 7712157 7P wEE R} 2] 2] qhol A /d5-0] A7 7 P wha Al rebe, 4T
2] 450 A8 AP0 AZF2 112.8 g pot ' 2 84 A2 7ot GAlH kS B lt) B]H], EAE Be] g9
Ao L3 2715} 3p4o] oJsto] 15U} 4-81eke 217} 4.8, 3.4 g pot”' 2 FA 2] AF A%<91 6.12 g pot Tt
) 27 E|lom, o5 45AAF A5 AF-L Eulet FAE Kl Ael ol 217 84.4, 81.1 g pot ' 2 Q4 AT
of| B]51e] 2F69.5, 66.7% R3LTh

[oe]
>
r\l
=
i)
r jug

160 - I 15 day

[ 30 day
A

qan | I 45 day

Lettuce Fresh Weigth (g pot™)

Control Urea Oil-Cake Compost Hairy vetch Barley

Fig. 3. Effect of organic amendments on lettuce yield over time (15, 30 and 45 days). Statistical analysis of organic
amendments over 15 days (italics), 30 days (lowercase) and 45 days (uppercase) were tested by factorial ANOVA test.

Table 6. Comparison of the N use efficiency by lettuce at different harvest times and treatments.

Treatments N use efficiency (%)
15 days 30 days 45 days
Control - - -
Urea 9.99 51.7 68.2"
Oil-Cake 5.13 46.7 59.5°
Compost -1.67 16.1 35.7°
Hairy vetch 1.96 35.4 50.9°

Barley -5.04 6.05 31.4°
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7 A ek 717*"“ R AR0] - o] -8 WP 2132 o]-gate] ARISIATH (Table 6). A1F 545
U AFF0] A 0] 8-8-2 F7) A 7l @4 A2)FolA 68.2% 2 7P =7 eRg o, F15 204 31.4%
2 7P VA YERd T lﬁi AL B8 &5t 7P w2 -FEF Ao A Q4et Hlsgh A4 o] -85 e
Ak T Aol A Aseo]] gt 771 H]m 0] A4 o] 8-8-2 OF40% 2 B 1E]] O T (Tei, 1999), G5 A]-&of| wt
2 o AfufeflA] A 0]-8-8-239.4-51.6% 2 LHE|ITH (Kim et al., 2014). 57120 42| T 1544 Ej¥]et ZA
5 B Aol A i o882 77 - 1.67% U —5.04% UERE oM o= BE|o] 58 Bhd-go] oJgh W4 7o}
A} T O 2 THETE (Yun et al., 2010; Hoffland et al., 2010).

Conclusion

2 A= feuEelA 7HE tii 2] 0 & AR E= 4, B4, sloj2jH|A] T12jal EAE Helo] A 8F Y
S 914 7713k o[ 8-8-2 55 V08 W7t sIgieh A A4 T 18k (Np)2 sl

ElHﬂ'L 5, =S B, Bu] Azl oA ZhzE8.42, 7.62, 3.82, 3.60 mg N 100g 0] ]ck. AaRr1eh &= (k)9}
A7 (11,)= 58 2270l A 0.041 mg 100g " day ™, 17192 7}” 2] LR, §HH B8], EAF B 2

TN (t12) = 22 44.4, 441 D2 WS- & 7715} S5 Bk {712 5 fEke 7713 vl E ot fAreE
A4 o8-S Ry om, HH|et S e A EHLC‘ﬂHh _%71 Aol A A 71oFAS LRI whebA 7]
sYolA EH|et FAE RS AL & F¢ 27] A 7)ot @S FEaP] HlaiA fet e 484 5712
Algol Hast 7o g wicher,
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