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Evaluation of Growth Characteristics and Nutrient Production
between Rye (Secale cereale) and Hairy Vetch (Vicia villosa)
Varieties in the Northern Region of the South Korea

Bang, Jeong Hwan - Lee, Cho-Rong - Hwang, Hyun-Young -
An, Nan-Hee -+ Jeong, Jeong-Ah - Lee, Sang-Min

North Korea is experiencing difficulties in food production due to its agricultural
structure being dependent on the international community and lack of agricultural
materials and technology. In North Korea, efforts are being made to develop
organic farming technology and utilize organic resources to improve soil fertility
and crop productivity. Therefore, this study evaluated growth information and
nutrient production between rye and hairy vetch varieties to select green manure
crops considering the climatic characteristics of the northern Korea. As a result of
the study, the survival rate and growth status after wintering were high in
Seedgreen and Gogu of rye and Cheongpoongbora of hairy vetch. There were no
significant differences in dry biomass between rye varieties, whereas nutrient
productivity was highest in Daegokgreen of rye. In the case of hairy vetch, the
Cheongpoongbora variety showed high dry biomass and nutrient productivity.
Therefore, Daegokgreen of rye and Cheongpoongbora of hairy vetch can be useful
green manure crops in the northern region of Korea, where the average tempera-
ture is low. The results of this study can be used as basic data to improve soil
fertility and crop productivity by utilizing organic resources for stable production
of food in places where soil nutrients are not supplied smoothly.

Key words : green manure crop, paddy field, Secale cereale, South Korea, Vicia
villosa
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BFATHNIAS, 2021).
22 54A ESHY SHdA we Fastith IAE AES &85 T
= d TS AMESA ¥aL AEARE ol 8ot E¢fel HIE BHE & T
FAA EY AR 35 A sHMEAE EAE 5+ JHKim et al., 2016). E
5 AEH 2 /7] NEFAL &8 EY F71E FE(Soil organic matter) 2 2HE2]
S-S JNAs] % 7P AAlAola Az ol A& T3t e dE T shioltt
(Nair and Ngouajio, 2012; Li et al, 2019). AP AT = FAE S S8t EFY
838 & JMASHEA 7S 35T ¢ ol IR AES EY F o E
Frd WA, BH 24 T EYH v AHESE S BAsE o2 dEA AtkJeon et
al, 2011; Cho et al, 2012). ZHAM= ZAF FE< 83 ¥ A AFelA danls
A7y 3ot E¢F A g Sxlo g A2 #7F B s AR TH(Yang et al., 2009; Cho et al.,
2012), Nt BH X Hox &8 ol gk A= F53 dA ot
dutA o g FiI EFAF A= & Aol A 2glal W3 FAE e BEYG =
gA M ZHolA o] Fg&% 3 ATHChoi et al., 2010; Bak et al., 2018). 3o ] 1] X|
(Vicia villosa Rothy= 37| T3] EAE AEolH, AEA 2.5~4.0%2] Hi FE0]
23E0 o] SEHIEE thAsAY HIE AHEEFE s Y 5 ATKLim et al, 2018).
ol F3E Foju A o] A, o5l 48 T sofeul Ao i 1A FL 138 kg/ha
O]Et] o] 53l 5¢ Foll= 207 kgha o &2, Aufr]gte] ZAojd ¢ A4 14 Fo] F1En
31 A Ah(Jeon et al., 2009). S WX & EFl AT -, v T2 5,449 kg/ha
o7 3eHHlg FTFE=AM] ATt FYS S R Y tHLee et al, 2011). T (Secale
cereale L.)®] 73, M3 EAF AEol™ Ughgdo] w1 Auj7Izt St A& A4kl
ol EY 3 Al f71E FHE =ol1 SHHEE U= @37F 9 th(Fageria et al.,
2005; Lee et al., 2010; Lim et al., 2012; Won et al., 2012). =3} FAE ZEL 7% E4 Oﬂ
wel T 7t ke Ao xolE BY & Uth(Maul et al., 2011). kA Ah
2 P72l W2 53 A d3ke] HAAGANA o] & EAF AE F
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Fig. 1. Changes in precipitation and average temperature in the northern region (Study site)

and southern region (Jeonju) of the Korean Peninsula.
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Ao A7) &2 12~15C oo, AZFF L 1,226~1,930 mmE FIEFFIL o] - A
Hop 55 Adel A it 7120] Sa Fio] AL S4o] Qv 71F ARE 7184
1=
‘:IT‘

AFste A7 A - A vo|HE AH8-3F A (https://www.weather.go.kr/),
g AHe] 7|FH B FIEAAT 2NN AFshes F7HAXNEE EFAAHRY AFE
AH-8-3} 3 THhttp://www.cybernk.net/). A7+ thdA12] Ald H Bk 3184442 pH 7.1, A7]14
S5(EC) 0.3 dS/m, FEF(TN) 19.9 gkg, FHA(TC) 1.7 gke, FEALHAV.P,05) 255 mg/ke,
XA ol 2(Ex. K, Ca, Mg)2 27} 0.6, 10.9, 0.7 cmol/kgZ YERY BIE Aufst7]ol] &
oo Eof EAS HYTKNIAS, 2022).

il

(
=

S (Secale cereale)> W7o tEZQ1 FAF ZHEE WAl 11 EYY =319
A& JNdstkedl o] &FHaL o, oW X (Vicia villosa)ye a1 SEo] = HE
ARl T FAF AER /M &840 L 2 E|TH(Won et al,, 2012; Lim et al., 2018;

Kim et al, 2019). etA] 2 A= Y 3FF(Seedgreen, Gogu, Daegokgreen)¥} 3| o]
2w X] 63FZF(H3, Cheongpoongbora, Namoi, RM4, Common vetch, Woollypod vetch)& 37
5 AEE ARSSHATE TS B AYS J9sty] Mo T ol HAES Fal doks
o] & TAE o E AFS YAt
AT fH*PXl iow ?JE% A5e 918 2020 10€ 13U FAE FAE| TAE IF
mx3.0 n1/plot°]‘11 3WHEC 2 AETE 244t
T AEER S S Fotatr] S8 TAE
o] 343} ol YRES SAHSAT. IAE A=

1.4
»}ﬁ%”ﬂi A2 141011 FEHE 4%
29 st 1169E #53 F 27¢

o] 9% I A% FS UEPE] 918 €% A(20. 11. 9)F ALo] Ay o] &) &
C21. 4. 8, 4. 21, 5. 10)°ll EAE 2E2] =7 (em )—°— 43] 243190, €5 & =& =4
= 231(21. 3. 17, 4. 8) RARE AR BHgE ASE(UEHFAEHME ARSI
3. EY 9 AHEA B4
EFF AEA ARe s8] B4 vlrds o835t EA3HATHNIAS, 2000).
Soil augerE AH&std AFHI EY Alme EF &40 AHESIA A, pH, ECE 115 (EY:S

) &2 &3 AI5E pH meter (Orion Star A215, Thermo Scientific, USA)$} EC meter
(Orion Star A212, Thermo Scientific, USA)E ©|&3ld ZA3IATh TN, TC= ﬂiv‘?‘@ﬂ |
(Vario Max CN, Elementar, Germany)E ©]835} Dumas o2 HA3515 31, FHEQALHAV.

P,05)> UV-Vis spectrophotometer (Analytikjena, SPECORD-200 PLUS, Germany)TE: ]85t
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ek 51 2 G| A 5 (Secale cereale) T} &l 21 W X (Vicia villosa) 3% 2] A5 B4 2 &

Lancaster§ 0.2 ZA3t ) X84 Fol2(K, Ca, Mg) ICP-OES (GBC Scientific Equip-
ment, INTEGRA XL DUAL, Australia)Z ©]-&3}o] 22443} t).
EAE AEY AE ALES E487] A8 AEFEE 2% Biomassoll dia) A F

< =243 5 70C Azl 2¥ o) AT H AEFTS SHIAT FAE AE B
AbeEs B35 Q8] xR AEA ARE 2 240 AFS-SFATE Nitrogen(%) S &4
7] 93l YA 7] (Vario Max CN, Elementar, Germany)ZE ©]-8-3}4] Dumas® 0.2 #43}

%31, P,0s(%)<2 UV-Vis spectrophotometer (Analytikjena, SPECORD-200 PLUS, Germany)E
0] &3} Vanadate® &2 B3I TH Ky0(%) T2 ICP-OES (GBC Scientific Equipment,
INTEGRA XL DUAL, Australia)E ©]-83t A3t £AE 2HE0] 7% & A4t
FHkg/plot) AEF(kg/plox 2 EA 2] N, P,0s, KoO(%) Fd< o83t Akettt

ZE A9 bolHE R ZE I3 (version 4.2.2)% o] 43t SAEAS 133 th Az
e

o
TRk ApelE mlwstr] fls]l ANOVA 45 38k fFol4d0] e B-+P<0.09),
al

2g
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2HEo] T YRES FTo wet ggstAl UrEkaE}(Taue 1,2). 8 3%,
] 77.3% (Daegokgreen)°ll A 80.2% (Seedgreen)@ L EF O W EF Jtoll= /23 2}
At QiAo Fojgu x| 2] JREL FF (ol AolE Hgi_qrt] H3 (70.7%)° A
| VFEFSAL, RM4 (45.1%)°1 4 7H8 2A GERRTHP <0.05). Y B+ A& +8=F
= 23 A% 74 o]thRehmani et al., 2023). 2HE2] F7/79F 5o wet FA+

BAa3lgtEo g 2fol 2 R Eo] ZEbd & 91 2 1(Graham, 2008; Rehmani
et al,, 2023), T4 FHY FHH FAAE Y2 Yo FFE T JEE Zo|E oo
= ATHLiu et al., 2022; Wang et al., 2022). & A FA3}o| A Fojgux] FF Fo Namoi
(49.7%)2}F RM4 (45.1%)N A dEE&o] 433 3A Uetston, ojggt Aas= 7]0] vo}
A A= AGetA] &2 02 FAAG APAFoME EAE FE9
Aul 7Hsd 255 FESE AH] A S A =o] AR THKim et al., 2015), 2=

of webA = AHl AL HE Blojus 497F Yehdthal B8kt (Yun, 2007). ©]
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Table 1. Seedling establishment rate (Mean = SE) by Rye varieties

Variety Seedling establishment (%)
Seedgreen 802+29 a
Gogu 76.7+4.7 a
Daegokgreen 773+19 a

Note: Different lowercase letters indicate significant differences between treatments (P <0.05).

Table 2. Seedling establishment rate (Mean + SE) by Hairy Vetch varieties

Variety Seedling establishment (%)
H3 70.7+5.7 a
Cheongpoongbora 64.1+1.7 ab
Namoi 49.7+6.8 ab
RM4 451+57 b
Common vetch 54.6+6.2 ab
Woollypod vetch 67.5+£6.0 ab

Note: Different lowercase letters indicate significant differences between treatments (P <0.05).

2. *71

o S [e] o, & 3
Age 45 F AEE 2 A4S 3%

(i

e

FAE AEY 45 T ASEL FFvH thgSsiAl UESTHTable 3, 4). SEAA =
Seedgreen (86.8%)°] 7Fd &2 AEEE B, Daegokgreen (71.6%) A 7Hd vrAl YEr
WTHP < 0.05). =3 3ojg]ulX] FF Sl A= Cheongpoongbora (68.1%)2] AjE&o] 717+

o

20 i Ao & ZAE T VR AL B Ee 223 FHo) v &Y
# AThHalford et al., 2011). =3k A GEZ M2 T2 58 FF 7ol Ulgtgo] o2 3
£ B3k o & £, vt gAlol H5RHY 3 FTL S5 ALl A3 540]
Ko, vx FH} Y 39 FFL FHHOE 2343 AL & Agk= EAol 9
TH(Bahrani et al., 2019). Ku et al,, 2014 Aol W=, U3 oA FFTE2 WA
o] ¢fetAY BH A&o] AHstxo] =u] Asabgo] BT wiHol, Iujol A AdE
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B0l &1 w3 ZH| Aol ra 4EA

%5
otk whebA £ oa Aol U5 F AEE SHolA oM nTHE o] yjayel
of )

A FAE =0l S HoFH, s uX] Fol A= Cheongpoongboras A| 2]t
YA FFE2 ALH e 7|=0] E2 FF AFoA e A7t o FEOE
Nidaeci=

Table 3. Survival rate (Mean = SE) after wintering by Rye varieties

Variety Survival rate (%)
Seedgreen 86.8+2.2 a
Gogu 842+42 a
Daegokgreen 716+1.6 b

Note: Different lowercase letters indicate significant differences between treatments (P <0.05).

Table 4. Survival rate (Mean = SE) after wintering by Hairy Vetch varieties

Variety Survival rate (%)
H3 20.7+£3.0 be
Cheongpoongbora 68.1+3.1 a
Namoi 129+25 ¢
RM4 13.4+25 ¢
Common vetch 171£2.0 ¢
Woollypod vetch 333+64 b

Note: Different lowercase letters indicate significant differences between treatments (P <0.05).
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oheFeHAl Wﬂ"fa\LE}(Fig. 2). s o] FF FoAA= Gogud =% O] Daegokgreenl"%_

Al YEFSATHP < 0.05). Mﬁﬁm‘?oﬂfﬂt— —;%7%%— 8ol EX 37 2o HAiE Txow
MEEe] Wghde e FEolv 7] A4 E48 RS ¥ (Mothapo et al., 2013),
Aol wet e R FF e AEEO|U ASFEF o] bEA YEET w}a}/\i £
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a) Rye (Secale cereale) b) Hairy Vetch (Vicia villosa)
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(20-11-9)  (21-4-8)  (21-4-21) (21-5-10)

1st survey 2nd survey 3rd survey 4rd survey
(20-11-9)  (21-4-8)  (21-4-21) (21-5-10)

Fig. 2. Growth status (plant height, cm) of green manure crops after wintering.

a) Rye, b) Hairy Vetch. Different lowercase letters indicate significant differences between
treatments (P <0.05).

w
]
A
i
3
i
o
E)
na
o
Y
o
N2
02
Mo
o
e
o

INE A=l e AAFE FFTrT 2polE HATH(Table 5, 6). £ 2] -9, Gogu ¥+

T AeTol w4 g AT FF = ol x]-O]l: otk W solgwx] E

% %o A= Cheongpoongbora’} TFE EEo] Hla] AEZF zho] 433 =4 UERITHP <

0.05). FAF Zr=o & AHFE AE Yol & FTAA A vehves BFS
[e)

B S THTable 6). A ALEF] 75, oWl =] 9] Cheongpoongbora (68.2 kg/plot) &l

A 7 =4 JEg e H UymA FFEAE 4Ee 2elE BHAP<0.05), T FF F
of| A= Daegokgreen (41.5 kg/plot)oll Al 7} =4 YEFSTHTable 5). U4t 2§ At
A AabES HlSgh Aeke Btk sojguixe e SatE ol sASt 7] &
HAa 14 FY0] Qo] EFe F53 HAE FastH(Jang et al, 2013), slojHA ] =

< Biomass BAHFH(SF 4~5 Mg/ha)d o AA st sa%
22lo] & 4= JAti(Enrico et al., 2020; Rodriguez et al., 2023). T3+ 3| o] 2] WX Biomass2]
Aaghde 2w A3 viste] S7tsts Aol o $2=o dadds 7ot
3 & A A TH(Poffenbarger et al., 2015; Finney et al., 2016). 2 A2 A & o] 2] W] X] 9

F2 CONES IAE FEY 7HIAE
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Table 5. Dry biomass and nutrient supply (Mean + SE) by Rye varieties

Variety Dry biomass N P K N+P+K
(kg/plot) (kg/plot) (kg/plot) (kg/plot) (kg/plot)
Seedgreen 2.64£0.03 a 29.6+22 b 11.8£0.6 b 0.28+£0.00 a 417+£24 b
Gogu 275+025 a | 33.7+2.7 ab| 12.8+13 b 028+0.02 a | 468+33 b
Daegokgreen 236+0.09 a 415+1.7 a 182+1.0 a 036+0.11 a 60.0+£0.8 a
Note: Different lowercase letters indicate significant differences between treatments (P <0.05).
Table 6. Dry biomass and nutrient supply (Mean = SE) by Hairy Vetch varieties
Variety Dry biomass N P K N+P+K
(kg/plot) (kg/plot) (kg/plot) (kg/plot) (kg/plot)
H3 035+0.14 b | 122+50 b 22+09b | 0.04+0.02 ab | 145+59 b

Cheongpoongbora 2.03+040 a | 682+13.7 a 134+29 a | 0.27+0.06 a 81.9+16.6 a

Namoi 0.26+0.11 b 83+3.7 b 14+0.6 b | 0.14+0.08 ab 99+43 b
RM4 0.20+0.09 b 6.6+3.1b 12£05 b | 0.09+0.05 ab 78+3.7 b

Common vetch 0.25+0.09 b 9.0+38 b 1.7£0.7 b | 0.02+0.01 b 10.7+4.5 b

Woollypod vetch | 0.51+034 b | 16.0£105 b 34£23b | 0.06+£0.04 ab | 19.5+128 b
Note: Different lowercase letters indicate significant differences between treatments (P <0.05).

A7 BHET7Io] W HA RN I AR 20219 AP 7|2 A
< B 715 % FARE e 2, 5o deidE st ek @ 7%
42 Btk et J1F B0l fAR d@el W7 AT B FR AL
28§ /15T Aoz wodn

V. H L+
B ATE Seue BY A9l TuA Belwo] A3 =olA] 4B g A
2 A% FAR AR ML A3} AR AR Y5 FE FIFE YA
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W %] €] Cheongpoongbora F&olA EA Uetgth. 49 A9, A= AAFE FF Tl

23k Aol7) FAA T, oFE AYAFEFo A= Daegokgreen F35°| 7 =4 e o
g x9] A, AE A4EF FE AY4HEF ZF Cheongpoongbora #5°] =4 UERSGTH
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IHECE &§ Jhesitta AddEn B AFEAAE AE PR Ak SHlA g
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7] AdE 283t EY WS 2hzo] A Fxe 71d 4 Qdoh
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