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Evaluation of Winter Green Manure Crops as Alternative of
Expeller Cake Fertilizer on Environment-friendly
Red Pepper Production

Choi, Jang-Yong - Yun, Yeo-Uk - Lee, Jin-Il -
Hong, Ki-Heung - Kang, Young-Sik

This study was conducted to find out that winter green manure crops could be
efficient replacements of expeller cake fertilizers, which were mostly imported, on
environment-friendly red pepper production. Four treatments were compared under
the condition of plastic film house: 1) barley (B); 2) hairy vetch (HV); 3) mixtures
of barley and hairy vetch (B/HV); 4) expeller cake (EC). Total nitrogen content in
hariy vetch was 3.6%, which was higher than 1.5~1.8% in barley and mixtures of
barley and hairy vetch. P,Os and K,O contents were similar in all green manures.
Supplying amount of nitrogen from B, HV and B/HV plot, which were 172 kg
ha', 193 kg ha', and 198 kg ha’, were higher than amount of basal nitrogen
required by soil testing but were lower than that of total nitrogen, respectively.
Among the green manure crops, C/N ratio of HV was the lowest at 11.8, showing
a similar value to that of expeller cake, but that of B was the highest at 30.6.
Total yield was no significant difference in all treatment plots although B/HV plot
showed the highest yield, but initial yield in B plot with high C/N ratio was lower
than that in EC plot.
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280 ARE A% 010 EF BG4
I.M =

I (Capsicum annuum L) $-2UEte] 83 FdAQLE 22 ZAadA ud FAgH

HI g9 F7]1AAE ol &3t A=, H5g FYor EF o] i EvFol 25

71% SHoh(Park et al., 2009). ¥ 1Y FAHEAIT A3t & AsA 13 EH
54 570d Al gol we} had S8t E AMEFE 2025\ 714 233 kgE AEShe HEE A
Aotal, ol& f8l XA A A AHOE F71ARIRE 35S A 98kl JTHMAFRA,
2021).

71885 FAHEN ol vlE)] T B £83A4A 540 o
E7tol A e Wx%lﬂli AHEE 31 JTHKim et al,, 2018). F-71 @029} AASIe] B
ATAEC] A71ENES HIE A8 BX B4, EYSE /A 2 AE A STt v
A= GEES HI7F SFATHYun et al., 2011; Kim et al., 2014; Kim et al., 2018). A& f4F2
AR A M A FTHATIAEE, A7) A8 AR oA B fr1E] T
Hs}7b v H)SES] a(Lee, 2009), A71F 71 AHI S 9] Frh A8 Al HY G SEHE F
ALy B Y dFHAE 2 4 AthLee et al., 2004; Lee et al., 2015). ]2} 3Hl
AA o] &H= 9 HlEE AdE7F R FAH o] ol& tAIE] 9 EAEAE
< &8 G 3 AA FS5o dig 28Ado] AVIEI ATHAN et al., 2019).
el

A 5715 G AWIFORM)H Codex?] F7141F 48 B Lo FA9 28 9
al EAEZE AE EFAeE A sl M (Ryoo, 2008), FElUEtE XIS E
oYl §4 B f71A4F 5o BEA L B HE o 2AT IFETFLE 2 AF
Y 5ol A3 MFAA SH(THEAEFEAYY A A2017-328)0 wet 77] F
2HE Al Al FR2HE, EARAE 55 ol &8t AHSHA SAAIEE oldEeE 14

st Tk AN =] 7] T EY FEHEE YA FE IEEEN 0% Y
Z1A¥ 5 (39%) 5o AAME F= AHESAL EAFAE A(3%) 8-S tha A X3 TH(Lee
et al., 2018).

FAEAES B 293 A/, A71edE SX, e A3 B /A
A A% T OFE FHNA ZEHI UTHCho et al, 2011). EAFHER o] &HE T3
=& oA, A, Uk s 5ol Ut o] AEse FTELE AATFOEA 4
AW A FEFo] =il ONEo|] Yol Efo kst &2 7|1t Bl =o] s &

wot7] WZol Edel Be AAE FFT 5 oy stEFARE v A Fo] Ak
(Cho et al., 2010; Kim et al., 2013; Hwang et al., 2015). 3}232-52 B 9, Fdag)
2 5ol A 7] AFEETE w2 Qe 7|to] Zojd4E ONEo] o BEY R7l=

A afHolg $A4E AS27)d dar]ot@ide] AT ¢ Qlo] ©E AL Al 79
}F 27 EtKCho et al., 2011; Kim et al., 2013). =4 FHAZEL R A5 S5}
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W AP FEAGES AU e &2} FHAEL] FobA Fyo] /T 9
on, % 44T 1A WS Rr)52 2US FHEE SR 4BE Ak 5
7} 7 o] Fo] F7HE 4 Th(Jeon et al., 2009).
weba] B AFE HI7FEEe2oA ALEH Farl A FAEZER] sl e}
HIE AT T B BAFORN FHOT nF VWA A A FEHOT fut vl
88 AT 5 A Lohund FYskch
1. W2 9wy
1 Az
2 AN TG EsH7IsdodA 243 v sh -2 A@EA oA ALEL FAE
ZHE-S sk, o] 53l Boll FASHES B U3 & 1FE Anjstih sig Al
AEAAL 2T 2 o] B2 X3 FHB|E AMEste IFE AN 2Z0 2 AFEA
EoFssty B A Table 13 o] B¢ pHe}F X84 ZaTHFS tha %2, EC,
B 2$d Zed o] AR VFET ta e Bl
Table 1. Chemical properties of soil before the experiment
. + -1
Treatment pH EC oM Av. P,Os Ex. cation (cmol™ kg™) Soil
(1:5) | (ds m") | (g kg") |(mg kg") K Ca Mg | texture
Barley 8.1+0.1 |0.88+0.31| 25.3+1.3 | 315466 | 0.42+0.10 | 10.1£0.8 | 1.7+0.1
Hairy vetch 7.8+0.1 |1.03£0.37| 24.4+2.7 | 384449 | 0.47+0.10 | 9.9+0.4 | 1.9+0.1
Mixtures of barley
. 8.0+0.1 |0.78+0.18 | 24.3£3.0 | 328+34 | 0.39+0.10 | 10.1+0.7 | 1.7+0.1
and hairy vetch Loam
Expeller cake 7.6£0.0 |1.26+0.18| 24.4+1.8 | 382434 | 0.44+0.04 | 10.1+£0.2 | 1.9+0.1
Optimum range
6.0~6.5 <2.00 |25.0~35.0| 450~550 | 0.70~0.80 | 5.0~6.0 | 1.5~2.0
for hot pepper”
Note: “Each value is in the mean of + standard deviation.
Y NIAST(2010).
2. FAE2E Aot b Al
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TH7NEYAA FF FFS BNk, g uAE AT FEHI A= TAE T
Yt AFEEtATE A8 e du, sloj el X gk, Bej/s|olelwx] 9k
EATAES ekl ¥ 13 A FEbs AERE 7 A8 F 448 E TR
o, 7 A= G 3NtEo g YAt FAELLES 20179 1€ 30€ FF3HA
om, 2FFE had Kl 180 kg, dloJEMX|= 60 kg 2F3tR L He)/s|of x| &
= BE] 60 kgt soJ M| 40 kg& 38t utFste] o] 53l 49 27kA] 123€3t
AR, EFEY A 1 m’e] AEAE FEet ST A EAY] TR T

3l _?;5_ H 5

% 2P =S Fe 2 A 4%

3. %} 3 AEAS FAYE B4

EF 9 AEA 77 > FE
ATH(NIAST, 2000)0l &3t AASIAT EYA
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22 IN NHsOAc (pH 7.0) &58&Ho =2 &3t
730-ES, Varian, USA)Z #4319 21 &4 42 FAE 3719 35 87)0 A EAE
70C oA AZ3 F B33 ASE 4F B3] §A(HCIOLH,S0=10:1)0.2 2] Bafste] A
A A+ Kjeldahl'H(Kjeldahl, 1883), $14F2 Ammonium vanadate™(Gerick and Kurmies, 1952),
FNARAEL =2 dZef=nE 333 A (ICP-OES 730-ES, Varian, USA)Z #2413} t}.

4, 313 Au|

53 HAAL FASAE EY Y 2552 2018 4€ 16Y0l 1F L) EF 90
HE Y x40 150x40 cm AAAZZE 1 ha® 16,66052 2| A5G Th A6~ 59k 2
E BFE QA 13 doll dHBFALE A5 B BEE st o, HalF A=
dut 7 A A o) ko] WalS BAY Al A7) BASE T 15 s 79 4Y
FE 102 2097HA] H4 & 233 TIFE 83 et Axg § 27 238714 5
st FAG 27 FFHL F FES Uro]l Bk A2 959 ol 24, 1M, A7,
AT 5 T ASEL S AR e, 34 EHoR2E 8o #gd S AR

HEZ 3HE AR BA A Elskant A7)
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B Alge] BAEAL SAS 9.4 (Statistical Analysis System Institute Inc. Cary, USA) 2
I & o]g3te] EA4stH oM, Al b §294d-2 Duncan’s Multiple Range TestE ©]-83}
AR,

7

FIAR stek g As FFE

=
N

o

FASAES Vs ek FEde FA] As) B SdA 2AR FUIHE &
5 C/NEL Table 29} 2t T84 FEF2 T3 IASA=S o= wA7t 3.6% +E&
Z SR EAFHES Belek BE/EolguAs :

1.8%K 0 =AUt 14t Ze] e BE % —E—Z}%OM H]
(2011)2] A& A Afuf7]zte] HdH A 3
SHEF 0.99~1.20%, ZH2] & 4.68~4.76%C.2 B AR wkoy 1
Kang 5(2013)9] Auj7]zte] ARG sl|ojgu x| e} Bejoxe i 3
SHF 0.38~0.47%, Ze] T 1.45~240%% 2 AP o] Avte}l H)$=3kAth NS %H—S—TZ}
EZ T3 slojgulX 7} 11.82 74 Yol Sk} v=3 S Ry EHe BHes
30.60.2 714 =gtk

2
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Table 2. Nutrition composition and C/N ratio of green manure crops and expeller cake

fertilizer
Nutrition composition (%)
Treatment C/N ratio
T-N P,0s K,O

Barley 1.5+0.1 0.5+0.1 1.840.1 30.6+2.4

Hairy vetch 3.620.1 0.4+0.1 2.1+0.1 11.8+0.1

Mixtures of barley and hairy vetch 1.8+0.1 0.4+0.1 1.9+0.1 24.4+1.0
Expeller cake 4.5+0.1 2.0+0.1 1.6+0.1 8.3+0.1

Note: * Each value is in the mean of + standard deviation

FAERE AESFHS Table 39 2t By ©upe}l Baj/s|ojgux] Exfol| A ztz)
11,280, 10,830 kg ha' = FiFo] wrom, T3l sojgu| x|l 4] 5430 kg ha' = 7} &
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FFS Bt o] Axs stEAEo] I AulE EAZE A TolA AT
=T Yang 5(2011)7 Kim 5(2013)8] A} X8t on, d=59 xtol& Auj~7|xt
e ekg of xpol 2 A= ATt Table 298] A2+ A4 AR $=FF Table 39 AEF
183t 33 7He st A4S Ak A3 Bej/s|ojgu x] Sk 4] 198 kg ha-12
To] 7 B sojEu x| Tabt, B ©@hakt =ollom, dloj e A] Tt
AEFo] By dapgto] Al FEo|AAT AL o] Hol i FFFS 1y
chub T Wlkth o] Ao BE FASZE AT TdA 3EE 2
AR R QFHE F AL QT 269~289 kg ha' Roh= YA, 7
AA 27 148~159 kg ha' 2t} =9kt
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Table 3. Dry weight of green manure crops and nitrogen supply amount by different

treatments
Dry weight NSA' ABNR” ATNR'
Treatment
kg ha’
Barley 11,230+810" 172+4 15549 282+17
Hairy vetch 5,430+120 19346 148+9 269+17
Mixtures of barley and hairy vetch 10,830490 198+10 159+6 289+10
Expeller cake - 262+11 144+6 262+11

Note: * Each value is in the mean of + standard deviation.
" NSA: nitrogen supply amount, ABNR: amount of basal nitrogen required by soil testing, ATNR : amount
of total nitrogen required by soil testing.

2. 2% 3hek4 Wit

F Al A Ei(Table 1)74 Hlaste] fHpAN] Bl IASAEE B Sl & AFE
sle] Afu gk o] EoF 38k W3S ARG A= Table 49F 2Uh B pHE Al
Al AA 71EET 23 EGO R 15 AHE pHE 7.5~7.72 BEE AT TolA
e AFE HYoH, Bert o Bl dubgel Bej/soleux] Eakell A pH
0 24393, EYY dF wE9 4 FEE v UA S BATh U1E
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Table 4. Chemical properties of soil after this experiment

pH EC OM | Av. P,Os Ex. cation (cmol" kg™') Soil
Treatment 1:5 d 1 ko' ke'!
(1:5) | (ds m”) | (g kg) |(mg kg") K Ca Mg | texture
Barley 7.6£0.1% | 0.63+£0.0 | 29.0+£2.9 | 288454 | 0.67+0.12 | 9.2+0.6 | 1.8+0.2

Hairy vetch 7.7£0.1 | 0.52+0.0 | 26.9+4.7 | 272419 | 0.42+0.08 | 8.8+0.2 | 1.740.1

Mixtures of barley | 5 01 | (5801 | 28.843.1 | 293467 | 0.56+0.11 | 9.540.7 | 1.9+02
and hairy vetch Loam

Expeller cake 7.5+0.1 | 0.53+£0.1 | 26.846.9 | 305+42 | 0.30+£0.07 | 9.1£0.5 | 1.7+0.1

Optimum range

6.0~6.5 <2.00 |25.0~35.0| 450~550 | 0.70~0.80 | 5.0~6.0 | 1.5~2.0
for hot peppery

Note: “Each value is in the mean of + standard deviation.
Y NIAST(2010).

jug

1528 e BAEH, pH Zas ALl Ca FF a9k Bdol 3l
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ZFETH(Cho et al., 2018).
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A7) 159 27, 3, BAT 2 A7 ZARE Table 59 Zth. 1159 24 oA He
g7 SlojelulA] Sakgtel Be/sojelulx] ST ET e ge Blow, 1, 4

2 A AA Al F 7oA Zpolrt gl o), B Tuatr) ASo] 2AY tha B A
< BT Yang 5(2011)8] 11F ASGZAF ZHoME 22 HAFES HP O™, Torbert &
(1996)3 Seo 5(2000)-> C/NE©°] H2 23 FAFAES EYolA &l A 414 A4

Zob @ AgoA B WER FAEY 27] A% AFL B+ Yvky Sk

%+
M,

Table 5. Growth characteristics of hot pepper (95 days after transplanting)

Plant height Trunk height No. of internode Stem diameter
Treatment
(cm) (cm) (ea./plant) (mm)
Barley 196.6 b* 336 a 158 a 16.5 a
Hairy vetch 208.6 a 355 a 159 a 169 a
Mixtures of barley

i 2063 a 340 a 159 a 17.0 a

and hairy vetch
Expeller cake 202.9 ab 347 a 158 a 16.7 a

Note: “Different letters indicate significant differences according to Duncan’s multiple range test (p<0.05).
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Table 62 EFol] 3
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7,210 kg ha' 2 7P g@gkor, B 9y 5530 g ha' 2 7P B S
e By/sloigulx] 971 22,350 g ha' 2 7 BRI o2 A g
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Table 6. Fruit size and yield of hot pepper

Fruit size” Yield”
Treatment : I i : :
Fruit length | Fruit diameter | Initial y{?ld Total yl_?ld Yield index
(cm) (mm) (kg ha™) (kg ha™)
Barley 13.8 a* 180 a 5,530 b 20,450 a 97
Hairy vetch 134 a 185 a 7,210 a 21,700 a 102
Mixtures of barley
) 14.0 a 183 a 7,000 ab 22,350 a 106
and hairy vetch
Expeller cake 135 a 16.8 a 7,220 a 21,160 a 100

Note: “Fruit characteristics were investigated on July 23, 2018.
Y Initial yield: Jul. 4.~Jul. 23, 2018, Total yield: Jul. 4.~Oct. 20, 2018.
* Different letters indicate significant differences according to Duncan’s multiple range test (p<0.05).
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