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We evaluated the effect of mixed liquid fertilizer (MLF) on growth responses of plants and soil chemical
propetties. A pot experiment with red pepper (Capsicum annuum L.) using loam soil was conducted for 81 days
in a temperature-controlled glasshouse, and four N fertilization treatments were laid out in a completely
randomized design with three replicates: control (C), chemical fertilizer treatment (CF), and two rates (MLF-0.5
and MLF-1.0) of MLF treatment. Soils were periodically sampled and analyzed for pH, EC(Electrical
Conductivity), total N, inorganic N and total C, and some growth characteristics of red peppers were measured.
During the experimental periods, the pH of MLF soils was higher than that of CF soils. Soil EC increased right
after application of CF or MLF, and the intial increase persisted in CF and MLF soils at the end of experiment.
Soil total-N increased right after application of CF or MLF, and this initial increase persisted only in MLF-1.0
soils. Soil inorganic N content initially increased in CF or MLF-1.0 soils, but the initial increase disappeared in
56 days after transplanting. Soil total-C was maintained higher in MLF-1.0 soils and lower in CF soils than in
control soils, and the intial increase in MLF-1.0 soils finally disappeared to the level of control soils. Plant
height, dry weight of plant organs (shoots, roots and fruit), and the number, diameter and length of red pepper
fruits were greatest in CF plants. On the other hand, the effect of MLF-application was different depending on
the rate of application. However, no consistent effect of N treatments on some major elements of the organs of
red peppers was observed. The amounts of N taken up by plants were 1.3 g for CF, 0.8 g for MLF-1.0, 0.5 g for
MLF-0.5 and 0.4 g for control treatments. The results of this study showed that mixed liquid fertilizer (MLF)
could appropriately serve as an altemative to chemical N fertilizer in red pepper cultivation.
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Contents of some major elements at red peppers.

Major elements

Plant parts Treatment” C N K Mg Ca
(g ke (g ke (g ke (g ke (g ke
C 441.8 a’ 5.1 a 390 a 1.7 a 7.6 a
Shoots CF 4374 a 7.8 a 316 b 14 b 8.0 a
MLF-0.5 4239 a 8.1 a 37.0 ab 1.8 a 85 a
MLF-1.0 4332 a 7.0 a 35.5 ab 1.9 a 7.8 a
C 383.8 a 9.9 a 218 a 1.4 ab 22.1 a
Roots CF 3532 a 11.7 a 11.1 b 1.6 ab 222 a
MLF-0.5 4109 a 10.5 a 159 ab 13 b 22.1 a
MLEF-1.0 346.0 a 10.3 a 14.3 ab 1.7 a 20.7 a
C 467.7 a 17.7 a 322 a 14 a 1.4 ab
Fruit CF 467.3 a 213 a 305 b 1.4 ab 20 a
MLEF-0.5 465.6 a 17.5 a 31.8 ab 13 b 1.1 b
MLEF-1.0 469.5 a 216 a 32.0 ab 1.3 ab 1.3 ab

“C: no fertilizer as control, CF: application with chemical fertilizer, MLF-0.5 and -1.0: application with mixed liquid
fertilizer at 0.71 and 1.43 g N pot”, respectively.
*Means in the same column with different letters differ significantly by Duncan’s Multiple Range Test (p<0.05).
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Introduction

el o Ao das s FrI7F a4, AAR S
2 W71%E Ao et 11A17F k=3 glek (IMO, 1996;
Westerman and Bicudo, 2005), -F7]5AME-2 Algare] 2
49} 9l T3 $UIRkAE BHpekL Q7] uhel] Sie)
Aol fEEUE A9 re B429L oplst
Ak, Eoko Mg 4
Utk olFlE 2L QI} (Garcia et al,, 1992). oo w2}
714N o83t BB, B JEA 5o= whee] &
$5h AT} RO 2 2|7 Ik (Goeschl and Leo,
1998; Kwon et al., 2010; Seong et al,, 1998).

A 8, vle SAA = 71FARES] A Al A
7} 743t o], ofof g5kl fijt thakRt A2 WRo] A+t
T3l ) (Aracon et al., 2005; Artiola and pepper,
1992; Casado—vela et al,, 2007; Dauden and Quilez,
2004; Flores et al,, 2009), o]2|gt A|AQ AL g3Fol &
Bro] EUTOINE RS th TS Sl A
7S HRE E88ks A4 skl ok 1
% fARlo RN Be7bsA0] B A1ERe] Aok
of et A-+7F BUSHA o] FoiA L QUtt (Kang et al,,
2004; Kwon et al., 2010; Ro et al., 2008).
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S AN T Holule thlglo] Eopskeby
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Materials and Methods

B U MEOMBERAH  FAEFS AT
P1EY TN A AO02, EHE FE (oam: W
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Results and Discussion

ZulEEFn] A & EoF pHis Ao ftofl #
o 10]9lch (Table D, Alg 27 spshug 22
OF pH= Zjué =4, ol R | g A
o] Hakstarge] o3t AoR sl om (Bolan et
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Table 1. Temporal variations in pH and EC of the soil after cultivation of red peppers.

2 pH (1:5) EC (dS m’)
Treatment -
14 DAT’ 56 DAT 81 DAT 14 DAT 56 DAT 81 DAT
C 7.9 a* 82 a 8.1 a 0.11 ¢ 0.08 b 0.08 b
CF 77 b 7.6 ¢ 79 b 0.30 a 0.09 ab 0.10 ab
MLEF-0.5 79 a 79 b 8.1 a 0.13 ¢ 0.11 ab 0.11 ab
MLEF-1.0 7.8 ab 79 b 79 b 0.20 b 0.12 a 0.13 a

“C: no fertilizer as control, CF: application with chemical fertilizer, MLF-0.5 and -1.0: application with mixed liquid fertilizer
at 0.71 and 143 g N pot'l, respectively.

*Days after transplanting.

*Means in the same column with different letters differ significantly by Duncan’s Multiple Range Test (p<0.05).

2} o] o8 Z71sIelont, 717} 0.20 dS m 9} 0,30 dS m’’ BoleiA4 shere] 79 ORA|2lel MLF—0.572]o] ol
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A gatefo] ol Uehd 4= Q= 7He A% lrkal ek
g 4= 9t} (Novoa and Loomis, 1981),

CFAEle] ol EoF W TetA gk WobHth (Table
3). e Azu|PEEotoln] At A FekAoEF
O] W3} QP Aelarol| whek Ittt MLF-0.54] 2]+
A= z2710] CAElTtEe SVt ou e = ARl
81dofl= AEIRE Wb, MLF-1.042]ts A37|7Hs
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S

Table 2. Temporal variations in concentrations of total N and inorganic N after cultivation of red peppers.

Total N (g kg")

Inorganic N (mg kg'l)

+

+

Treatment” , NH; -N NO;-N NH; -N NO;-N NH; -N NO;-N
14 DAT" 56 DAT 81 DAT
14 DAT 56 DAT 81 DAT
C 0.11 ¢* 0.09 b 0.08 ¢ 0.16 ¢ 7.70 ¢ 0.61 ¢ 0.07 b 0.14 ¢ 0.15 ¢
CF 0.20 a 0.14 b 0.13 b 45.16 a 21.68 a 283 a 1.74 a 0.14 ¢ 013 ¢
MLF-0.5 0.16 b 0.13 b 0.14 ab 017 ¢ 7.55 ¢ 0.94 b 037 b 3.03 b 0.84 a
MLF-1.0 0.20 a 0.19 a 0.18 a 6.80 b 16.30 b 1.67 b 1.74 a 546 a 049 b

“C: no fertilizer as control, CF: application with chemical fertilizer, MLF-0.5 and -1.0: application with mixed liquid fertilizer at
0.71 and 143 g N pot”, respectively.

"Days after transplanting,

*Means in the same column with different letters differ significantly by Duncan’s Multiple Range Test (p<0.05).
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Z7star 434 )t (Larney and Angers, 2012;
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Table 3. Temporal variations in concentrations of soil total C
after cultivation of red peppers.

Total C (g kg')

Treatment”
14 DAT’ 56 DAT 81 DAT
C 2.83 ab" 2.38 ab 2.69 a
CF 238 b 2.03 b 2.08 b
MLF-0.5 2.48 ab 2.63 ab 2.33 ab
MLEF-1.0 2.99 a 3.08 a 2.59 a

“C: no fertilizer as control, CF: application with chemical
fertilizer, MLF-0.5 and -1.0: application with mixed liquid
fertilizer at 0.71 and 1.43 g N pot’,
"Days after transplanting,

respectively.

*Means in the same column with different letters differ

cm, MLF-0.5%2]FRof|l4] 121.8 em= CFA|2|RollA] 71

2L, 718 8 AETE CRAZ|FolA fefdor 7 7]
ok THAle] S oA cRAElL s5NR T wekE
MLF-1.04 2|7+ 337, MLF-0,54 2|72} CHZ|4= 1874
gou], FHe] 73 Zo] oA L2 P B
MLF-1.0#]2)7= CRAE|7ef gt dagfo] F=9l
SOl 3150] A ko] Az}, o] shshu]R e}
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© Bz yEEu] A2 S0l uet foldel ol

At (Table 4), FH] A=g, w5, 27, LoloA
MLF-1,04 277} MLF-0,54 2|75t} 24 0 2 %7 1}
ehgom], MLF-0. 54 2)7-e] 3 A2 cAHel el vl%:

Tk polleh, wheha] MLF-0, 53 2]712] AJH] a0 vlj-¢-
wtof CX%EHLS&P 2ol 5 Ho|x| ke Ao wherel 4= 9l
Aet.

713 E FE (g, A, ZE, v, 299 99

> gk AgFo] ¢l (Table 5). o=
B A toflA AREH Hl o] T U Al8RF 10 FQ
FE 24 FIFS Ulilﬂ QokaL, Apul 717set 4 A
FEJ—'E;H//\E{-H]/\7]_ 0101]4_;(] oF
et SRR H| =] FHel A
B2 Atatet Aolst
Yo u|H 7} AS S| Z
94 SRS 74 171‘% 7”\4 a1l S @51

HaAF o A (Hwang et al., 2004)7F Q1= WHH, 2
SH| R} =Rk H| o] AlgEFo| mE} BEulEeL Qo)) 4t
8] FIFS FA Yotk AT (Park et al,, 2010,
2011) A= ik,

AP)g Te] Ak Foo W 0|88 BE CPAYT

ol 717 S3kek (Table 6), W]z A2lo] djak A T4
£ OPAfelE, MLE-1LORR 3 MLP-0.53/elnof ) 22
0.8 g plant ™', 0.5 g plant & x}o]7} whr}.

1.3 g plant ,
A Fde 139 AR AdEeR HESe

signficantly by Duncan’s Multiple Range Test (p<0.05). =7t
Table 4. Growth characteristics of red peppers.
Plant height Shoot Root Fruit
Treatment” dry weight dry weight Dry weight Number Diameter Length
(cm) ® ® © (ca) (mm) (mm)
C 1124 v 234 b 7.1 b 20.8 ¢ 18 ¢ 148 ¢ 9438 ¢
CF 144.7 a 525 a 11.0 a 45.1 a 55 a 16.0 a 1263 a
MLF-0.5 121.8 ab 248 b 6.8 b 164 ¢ 18 ¢ 149 ¢ 953 ¢
MLF-1.0 134.3 ab 329 b 7.8 ab 278 b 330D 153 b 112.0 b

“C: no fertilizer as control, CF: application with chemical fertilizer, MLF-0.5 and -1.0: application with mixed liquid fertilizer

at 0.71 and 1.43 g N pot’, respectively.

*Means in the same column with different letters differ significantly by Duncan’s Multiple Range Test (p<0.05).
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Table 5. Contents of some major elements at red peppers.

Major elements

Plant parts Treatment” C N K Mg Ca
(g kg') (g kg') (g ke') (g ke') (g ke')
C 4418 o’ 51a 39.0 a 1.7 a 7.6 a
CF 4374 a 7.8 a 316 b 14 b 8.0 a
Shoots
MLF-0.5 4239 a 8.1 a 37.0 ab 1.8 a 85 a
MLF-1.0 4332 a 7.0 a 355 ab 19 a 7.8 a
C 383.8 a 99 a 21.8 a 1.4 ab 221 a
CF 3532 a 11.7 a 11.1 b 1.6 ab 222 a
Roots
MLF-0.5 4109 a 10.5 a 159 ab 13 b 22.1 a
MLF-1.0 346.0 a 103 a 143 ab 1.7 a 20.7 a
C 467.7 a 17.7 a 322 a 14 a 14 ab
Fruit CF 4673 a 213 a 305 b 1.4 ab 20 a
rui
MLF-0.5 465.6 a 175 a 31.8 ab 13 b 1.1 b
MLF-1.0 469.5 a 216 a 32.0 ab 1.3 ab 1.3 ab

“C: no fertilizer as control, CF: application with chemical fertilizer, MLF-0.5 and -1.0: application with mixed liquid fertilizer
at 0.71 and 1.43 g N pot’, respectively.
*Means in the same column with different letters differ significantly by Duncan’s Multiple Range Test (p<0.05).

Table 6. The amount of N uptake and N efficiency for red HH|o] H4x o] gFo| WA H Ao weErh dvkE e
peppers after experiment. 2 AL o852 50%5 A @i S, Wi 22 R
Treatmont N uptak]e N efficiency ZHEL oF 3399 A A o] 852 Holrh (Hirel_ et {id,, 2007;

(g plant™) (%) Raun and Johnson, 1999), =Hx HH|S 2|5} uj
C 04 ¢ NA* Aol g-Eo] Futoll M= 14.7-26.8%, EIHEAM= 16.0-
CF 13 a 629 a 36,7%°| )31 (Park et al., 2010; Shin et al, 1998) AY=H|
MLF-0.5 05 ¢ 14.1 ¢ AeEddu|e] HEErEe] digh Aol 8E2 10%0] 3
MLF-1.0 08 b 280 b T} (Park et al,, 2015), Wehy] 13l HFS EnlE BT %
“C: no fertilizer as control, CF: application with chemical o) AEEgtold|of tjal] A4 o] 8-Eo] 3oy thE A4i
fertilizer, MLF-0.5 and -1.0: application with mixed liquid o] olulo] T3t A4 o] L ERTI= tha Uk}

fertilizer at 0.71 and 143 g N pot", respectively.

[0k, Az ETeE SRl S
YMeans in the same column with different letters differ ) © N = B °=

L

significantly by Duncan’s Multiple Range Test (p<0.05). o8 AGOHAE A, L3 A oF 2/3 < (BI9t
*Not available. H| & 8] B A5 62.6%, 24 A5 61.6 %, T4 4

60.0%)°1aL, A o]-8F AA| 2F5Ha| & thH] 44 5% 7=
O 7F HEare] A Shak s0@ ool Ao 3 ojir}, AxuBETINRE 7|ET Hot A ASRS
oetart cxE] 7o) AA okl Aeler Mago g 749 (MLF-0,5)0l= &4 o8& H 1159 & §hgo]
B 75t A4 o] 98 o] A ek upaslx| R orA A astolet, 1eu Azu eSS A

u|zo] o] ohlet §714 BUY £YOR Eop
BE G} QI mhebd 1ol AR gEEl
AR 79 SRR} Th 7 Aol st
olgBol JrjH oz ons ] Aulstel W £

o 2483 Bask gk

)L, MLF-1,04 )7 % MLF-0,542)7 %02 74313
on) 7}7} 62.9%, 28.0%, 14.1%°]9ick. whebA] skshu] R of
) YzuPEEFu|el ;3o didh a4 o8BS
22.4-44 5%, o= AgHFSo| = Ir)2 whedE|o] Ajzm]
AEEFN] AeelA sshE o] A AEge
47.2-62.6%, A ASHFS 36.1-61.6%= YEGTE &5t
R Ak Bl Aas o] HAN YRuYeEdt Conclusion
o] oF 409 Tro] Hre] Aaolx, U] 78 da

o] 7137} ]2 &2 (Lee et al., 2012b) AZ0|APEES}

e B o pomx

[o

2
a
£
By

0
iR
mﬂ‘.

Faslo] ghE A zu| R Estolt] (MLF)
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o aE Brtelr| flgte], Y& (loam) 2 FXI7t ZEO
113 (Capsicum annuum L) BEES Ao & S-2]24]

Al 81959t 5-0] BEHRGI} BBl ol A= FRF
= Ikl ZEAYS 74 (0), g8t =A g (CF)
290 Azn|gEEeoH| A 2] (MLF-0,5 4 MLF-1,0)
HHEo = P ] ujx|stiet, A7 52t B
7|1A o8 YFfste] 3feHd (pH, EC, T84, FrIeida,
TS BN, 5= Al TR F 2T 85k
545 AR B pHis MLFA 2|0 A CFA] 2
TRt =8kt B9 EC= Al Z7]0ll CFA| 2]+-e} MLFA|
gtol A FTIs ey, SVt AFERA] CRA|)+t
oAl AR WhE MLFA 2] Ftof| A= A& 9t B &
Aax= CFA 278} MLFA] 2ol 4] Al 27]9] 571613l e
L, AIFERAl MLF-1,032]5-5 Al&jstal S7Faart A
25t BRI A AE Al@ 270l CFA 2|2t MLF-1,0
Aol oJsff FIstR o, A2 3 569 Aol S7HaIH=
AT B S8ae CHETE ESET MLF-1,04] 2
oAM= =ekey CRA Eo A= RSkt T2y MLF-1,.0%
o] s 270 F7IRt TS A F=& Al CHEF 5
7R "o}, a15=0] =a1 7|3l HES, W]
217 9 Zdol= CFAZtolA 7HE =3y, MLFA 2|+
oxe] A= AlRlgEol wet IRl ey 1159 7]
o 39 sl nAe Aeave ojudt 5483t
kel itk 57 St = HA0] o2 CRA|E o]
Al 1.3 g, MLF-1,032]e]4] 0.8 g, MLF-0.53|2]°l|4] 0.5
gololom, Ai ol §E2 717} 62,9%, 28.0% Y 14,1%°]
Ark o9t Ze AuE Fslol & uf, ety
(MLF)= ERISEE dLefsto] A4 AlRgithd a5
Al Al Bt RS AT 4 e HEAYe R AN

4 qke Aloleh ke 4 glgich

T

e
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