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Abstract: For organic cucumber cultivation, nutrients are supplied through organic matter
such as compost, organic fertilizers, and green manure crops. Unlike chemical fertilizers,
organic matter is influenced by factors like soil and dimate, making nutrient management
challenging. This study examined green manure crops like rye, hairy vetch, crotalaria,
and sudangrass, as well as green manure treatment methods, nutrient utilization, and
liquid manure applications. The results showed that mixing rye and hairy vetch for
winter green manure crops produced 4,870 kg/10a, with nitrogen supply estimates
of 16.2 kg/10a for rye, 23.1 kg/10a for hairy vetch, and 29.5 kg/10a for the mixed
sowing. For summer crops, crotalaria produced 4,232 kg/10a and sudangrass 7,824
kg/10a, providing around 15 kg/10a of nitrogen. When over 20 kg/10a of nitrogen
was supplied via green manure, nitrogen absorption averaged 33.5 kg/10a, with a
nitrogen use efficiency of 71.9%. To optimize green manure for the fall cropping period,
early cutting of crops is needed for quick decomposition. Advancing the planting season
or providing thermal insulation measures at night will help achieve the desired green
manure quantity.

Keywords: Cucumber, Green manure, Organic farmming, Nutrient supply, Soil manage-
ment
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A ASAE Udl B, EY, TR ¥ 5 AEAA] B2 Alofo] mEIL Qlof o]t e A Aoks s st
AT A W A7 @o] o] Fo]A|aL UTH7.8].

AR Al BEAulol A= A3, B, QA Blg 59 HA G2 dRAA 4 EYYE = F, A=Y o EES
A, T 7=, 54 ol 54 8 5o ?l’s Aok o B AP HRlo] 4= UeH9-13]. M KA H oA =
FEAEE Al FHE], f71E vlgm, EAFAE 55 ARkl AEAES EY 24T sledS sk Fx #4,
Bl FElste BEUIAHS %W*Vl% T2 ool UrH14-16]. SHATE F7IA ] A s7IolA= EAFAEY
Hejo] BRE AlZhof ERIEA] e¥al Aol SA| kot :‘%ﬂ—“‘g Aok fJA 79 7FsE f714 HlEe] &St /o
EAES o8 FEHY Al AR TV A, BVIAEY BF ZAFAE olF F7F &0l i S5 wAI7E EASH

ol ZAEAE AE 71¥ste dAo] ‘%}"33}51 cil‘:‘r[6]-

Q0|(Cucumis sativus L.)= vl o
3 o™ 20004 o] AldAjHl = oF 457HE o] 4 *"*}%O] 7= o] %‘:}[17 18]. 201% i
Heat 7k AdS of-gsto] A, BESAAH, AAAH 5 ot o= A9AQl SEFES Sl ’%‘4}0 2 Stisto
e AE2 273 TH19-21]. Q01 95-96%7 SR OE olsol4 Qo] or wyd, Hleky
Lol Eo] hEg w9 HA0R Hol ol8H T AcHIsM). ANOR F2 ANSHE 9ol s1Ee] SHohE, SRS ABTRE
B ETRE f714ue adol e ok ¥ 4 Utk

Q019] §71AE AL B, 971 i, FABLE 5 48T S7192 ol8sjo] FE FIsfolol o1, B
$71%2 B3 BHS AN ¥ FpoT TIT 4 Atk 7129 o8 AL B A% 24 5 ofel 290 4%S
A Tonmg AAT FEEE o] ool Atk 20] 71 el A T3}, SfEael F2 EAFAE AlE Al ARl e
20l AA ol BEof gt A vHRE A4t weEbA & AFolME RASAES B85l f7ls Q015 EHew
AJAFSE7] Yol S (Secale cereale), S| EH|X|(Vicia villosa), UTFEEH Crotalaria juncea), F~H 182 (Sorghum sudanease) 5
o FABHAE ANAG, FASHE PUAE, FASIEY R 01§ £, AUIE o187 FUE 5 JRue ATL 29
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SAM=
2 Ao AFEE AIE EYS AYER pH 6.9, §718 T2 20.0 g/kg, F-R U4 291 mg/kgﬂi SRI=]I. sleh| &
(N-P,05-K,0 = 20-10-12 kg/10a)= Q4 (F A 46%), A1 (A4 17% 5), AIFEF(ZE] 60%)S S5 Ao A8t

A FASEE U FojyH|R], sHA EAEEE FHIEA, %’H(Avena sativa), - (Brassica napus)’s ©1-&StATH A&
o] AMRS HlREE E-Gute gulz T (o} 7] 8H; 47%, THEEF 23%, 7 20%, AEGEF 10%), HH]E= An et al. [30]°]
A AIGE o] Bulg M| S A Folo] AR20o|A 90U7F HAEAIZ] AAE HH[E= pH 6.0, A& A 10.0 g/L, QNAF 1.01 g/L, ZHF 2.71
g/Le] 3o g gRlE it

ZHERE A

FASAE ANAFE 20149 HSHE e FFT ol TS AT ) HIDsHeLAA 2017 427 S
sisick 50 JAS4E S AcfebA 108 FO}—v—%' wuheh BuE TUL 12 kyloa, Sl AL 5 ky/loaz BET
Gom, Eulo] 49 27} S 122 HENTE UF T 39 DA oH T TUT dolulX o AR AAF, EABAE)
ALY AL Botol Qo] S e IAFFFLS SN 71 2] 00] AN Aat A FASHABS dnby

6 kg/10a, STHIFA 5 kg/10a, A2] 12 kg/l0a, 94 3 kg/10a2 79 % TE T 89 & Ao Salrk
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2742 X2 Wl Al71E 201 K7ITHEH AlE

FAEAE A PHol mE FEF AHE vusy| {3 ZAFEES ARt Foll 20158 FE 2017974 & - 7R

2010] 71 AHE stk 201580l EASHE] BT At 0] EEAHEe] Ak 7|E0 2 AY ALt
Eopol Este] B A7lol 5 wu, sloleu|x] it Tledolelu|X] kAT, Shobu]R(N-P-K: 20-10-12 kg/10a),

s 79} B watgch 20159 B Qolt 39 & TEsle] 3HA Qo|R(cv. 2SS OF B F, 20 cm 7HH O
GAsto] 5 2 A, LAY 3L X, H4] T o F HHoR RS NS 20158 74 Aol
dlER Seiers, A9, 94, BAN-PK), FHI 7 HEsolrk 78 2ol 74 319 HEdte] FHF QolH (. Ut
Ahyste] 89 259, 20 cm (MR A ste] B A7\ FUsA 24T EASIECE

201649 % - 7 Q0] 714 A] Al Z ol 83k FHMPHS AT 20159 FASAE AW ATE B2 FASA
A Az 3ol ¥ BANAY B o] ANE At EASARL TSl Exf, 1S FASHABE Ui
Fo} FoIetAS ol §3lth. Hel EAB+O], EASTHE, HHTOR 20 ky10a0] W2T FFHe S BY
(N-P-K)T} T 70k W ITh. F7heke BT Sujolu]o] WL AT 10 ke/loa BFOR AL ]
Zule 4 209 AR F 18] Agatdek 20179 B 20] AMOIAE 201637 FA5HA AH|S o 83 Fr] AHL A3}
gow, B A7 AP FAS, FAB+ERF, EAS], BHN-P-KT Fu1 79} HILSIGT 71 H7]ole ARA A

2 S WIS 98 EASIEPER), TR, EARGUIL), BYN-P-K)F Fr 7 umstsc
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S st AEA B4 5HsHY AEAE4H(Rural Development Administration, 2000)°f T2} 4154
£ 60°C 7t 1 & 2712 ARE ZAISH C/N AHE-E-4]7](Variomax
CN, Elementar, Germany)E 0]-85}0] g4:9} HA9g2 Foto] BEES AUl ZAFAEY A=A ZATHES A=A
Wawir BHS Bo b TRES 2AGUL. ABA BREAL 27 AeiTEe 520 o 27 9 4 B 58 248
Rom Qo] £ FAIE Bt FAE itste] F4 BAES ALY £AE &8 Al F7 °ol& A EYEAa
T W 2AE 900 20168 A FAS A T FEIF Pl 12 B 0ol 4% RS AATY] 12 A4 o8

F-8(Nitrogen use efficiency)2 T3 22 402 AAFSIH thFig. 1).
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Fig. 1. Nitrogen use efficiency calculation formula.

A ArAHFollE ASH HE, AR EAF 23E A4LHS T3lsto] Axletgon, 54 ZAEAHE AL
AHT 2710 3~42 7H4, o]Fo)= 149 7HHo g M A7t B 109 WA EF & S A4 deRe ARSI
EFE 10 cm Fol2 Aot SEFYEA 7] (Flow Injection Analysys: FIA, QC8500 s2, HACH, USA)E ©]&-5}o] ZAte]
HAANO;-N)I FEYole| A4 (NH-N)E S45HA T

A4 24

EA 4L SPSS EAZZ1F(SPSS Inc., Release 18, IBM, USA)Z 0|85} Duncan’s New Multiple Range TestZ 95%
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OIS - 72H £HSNE MEAY
20154 & Q0] AuiE Pt €5 ZASAT 5 SD sofH A, TE+s|oj A A Trof| A AR BAFS 22t
2,740 kg/lOa 3,990 kg/10a, 4,870 kg/10aS YEFU o] S U +3]|oj2]w| 2] 22|04 4,870 kg/10a2 7FF W BAS Yepitt
(Table 1). Park et al. [23]2 Q] XAFE AA|FFO| 2,570 kg/10a5 UEFHTIY EHsto] B A Avel fARE LIRS
UEeHAT) ol24 3274 FA FFFL 50| 16.2 kg/10a, 3o | X 23.1 keg/10a, T3} AJofl= 29.5 kg/10aZ =4 %] 0] Seong
et al. [24]2] dloj2]H| x| e} O] Eufu]gof thet A ATt fAFSII 7] 2aE ST W, 2EH ofHx| £t
Al AT AT 9 Aa IFF°] SHEC] 201589 54 EASAE 2 TEI FolHAIE st AAISHIH-
7Fe 20] AHiE {1tk sHA EAEEE AHiAIRS 201587 2017 0] 35EI o, 2015 7S 20| AHiE {13t SHA
=y Qo g% 17 e &5+t AR AT Hupdst 4,232 kg/10a, 1A 7,824 kg/10aZ
FES G2 FET 5 A AEET AEA AAaTF 242 59l FE AaTFEE 15 kg/10a WL ATH(Table 1). Jeon
et al. [24]9] YmPERO] AAFHT 13 kg/10a, Cho et al.[7]9] HWHERS] AAEH 18.3 kg/10a2 T3 A5 Aot &
Aol A= 145 kg/10a2 F7gE]0] 20]9] HA HFAHTFRI 20 kg/10akth Foto v g REg A4 Fw2 919t A {elo]
 23k9ich.
20169 & Q0] A& st 54 EASAHAEKETHS AAE Tuk(2740 kg/10a, 3,990 kg/10a)2] 28jo] 7}7k2 6,751 kg/10a
Ao 2 ERIEALE. AEE L A EA AATFOZHE 43 A4 TFHF2 243 kg/10aZ AL 29.5 kg/10aE tH=
A Fg BHYPoU AJEAN] Qo]9] A HE AHFRI 20 kg/10aZ IA AJ3|5te] & Qo] Aule] A FFo] A7t
R Aoz wE
2017 SHA| EASAES] BS MR, 1A E 369 § £ A, AR ATl 2A AAaska A I35
2 Lim et al. [26]9] 10.4 kg/10a, Lim et al. [27]2] 9.5 kg/10aE B 15t AT} F-AFSH 10 kg/10a O]5t= FH U EAEO|
Sflof=]EI=] 11,991 ¥HH YRR 17.628 AiZ o0& Fof E5j7} slojefu=]of vl @ 7|7t F7]3fgo] a3t AL
B ARET28,29]. FF SHAEATS D7IAH Al A 409 o4, F7HAQl FEEE, EASAEY FUeE S ftt SE
S AT ZH7E He% Zog wohEh

oo

o

XHEHES 8o 5 - 712 20| T U HLA0|27E He}

FH|LE Eobolo] 2,459~5,846 kg/lOaE ol x] EAE(FEHIL S| R E X5 Tt
oF H]=3t 2 FOE SRIE U TH(p<0.05, Table 2). T FEAS(HFI) Y] -2 3,685 kg/10aE FH|FLL} H|S=5HA] E2lx]
AL, Ha FFFO] 295 kg/10a= 7H EU™ oﬂ(ﬂﬂﬂﬂﬂ% TU(ET) Ao Qo] 2 4,370 kg/10aE Jeon et al. [25]2]
At o] Q9] A4t 20]9 *“*PE*% 275k ARAGEC] d 5 & Ao=E wotdnh o2t A4 w5 tiH]
7k Aol 7R OIEU 25, 7F T AT Fofsto] A& 7HY] Zpol7h TS Ao g AbmErh M & 217]9]
NS AP Ad et i UG E —Ol st oH Q0o]9] BRole & Aol e A=k 20159 & A7) A9 A

Table 1. Production of green manure crops and amount nitrogen supply for cucumber organic cultivation in summer and winter

Winter Summer
Single crop Multiple crop Single crop
Green manure crops
Rye H.V.* Rye + H.V. Crotalaria Sudangrass Oat Rape
2015 2015 2015 2016 2015 2017 2015 2017 2015 2015
Plant fresh weight (kg/10a) 3,990 2,740 4,870 6,751 4,232 2417 7,824 4,590 1,440 1,028
Plant dry ratio (%) 26.5 215 26.5,21.5 14.1,11.9 138 109 13.8 9.4 14.8 10.2
Nitrogen concentration (%) 1.54 3.92 154,392  2.30,3.50 249 2.98 1.48 217 2.08 3.07
Amount of N supply (kg/10a) 16.2 231 29.5 243 14.5 79 159 9.3 44 3.2
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Table 2. Fruit Yield of organic cultivated spring cucumbers cultivated by winter green manure crops (2015)

Treatment” Fruit number (no./plant) Fruit weight (g/plant) Fruit weight average (g) Fruit Yield (kg/10a)
Rye 83+19b 1110.0+260.6 b 132.5+2.3 ab 3685.0+901.2 ab
HV.* 12.6x1.1a 1770.0£182.5a 140.0+4.4 a 5846.3£1556.6 a
Rye +H.V. 10.0+2.5 ab 1310.0+350.0 ab 131.0+3.6 ab 4370.7+£1270.1 ab
N-P-K 12723 a 1720.0£3989 a 134.7+£9.7 ab 5668.3+1513.8a
Control 6.5t13b 816.7£169.2 b 127.0+0.0 b 2459.3+430.4 b
F-value" 6.069* 5.987* N.S 4.085*

* Test result is statistically significant at the P=0.05 level(*), 0.01 level(**), 0.001 level(***); N.S=Not Significant result.
Y The result is according difference by treatment, Lower case letters. a>b>c.., + H.V. : Hairy vetch

HF(N-P-K) tfH] 34 ZAF A= 7715 20| Aue] BE=AHF sigote ST A4E EY0l 558 =+ o,
S Aol 2lol A WA B e F3 = 209 AE] FUIAETE 7he T Aom daEnt
20164 & A7|HE = ofF 7 2=Y £E 5 @ ARt HE st ARER 7PEAE] HAE E017] A
o]

Im Ao AFAIHE FiL A[FFE HiAste] Aot o, A Ete AolstA A4S, &L A&
I EY S FUHAEA S AHEJYT 20161 SOl ¥ X9t o] Exp AuE EASAE YA oF 1.39H] "7}°P
6,751 kg/10a2 FE3F G AYAkslo] 24.3 kg/10a8] AATFHFS FUSME oY, Lt ARE 5 Wofso] TA g 5lo] 20154
] & a2 =YA= EoHth(Table 3).
EY $ F7HAA g #aE AuE 23, #(N-P-K) A= S| RE 7|8, FH|3 Ao gdstA BEF 5
4 o ¥ 7Y A UEiHTE 9 Q0] B 82 BYP(N-P-K) > EAF+AH] > TAZ+EGFH > A4
AT =082 RIS, AT Al & A EYo] &Het & S0 s AHE Aot A4 = HP(N-P-K) A2
] EQF R A A FFASIES AAY v S0 R ERIEle 24, AF, 9 T B3 IP(N-P-K) A7}

AN

A
FH| A2 stk g to] g $ Qo]9] £ 10.87]0] B|s] Hytol] 77he 54702 SRIEUT, EF F FIH Aa
ol 7P R HskrS Bt 20166 B Q0] AIF A3, EAET HuIE FHIFE AL An et al. [30]9] HH[F 0|
o3t A& FRIFOE HHP(N-P-K) the] 90%2] =T GE7t 7Hsd A0 2 gRleo] EAZAES 58 YRI5
FH7F & Qo] {71 7 giof gold Zo® W)
20154, 20161 35 LAY R Qg 20174H & 20] AFEFTE et BAYE E52E AR E5= Adsialy
Hols Aol A1 oA HAIE AAlste] Ads] wEstlom, A BKE2A A3 5m o7 £717F A46tdaL vl
= 607 W2 ER1% 9 tH(Table 4).
20179 & A719] A4 ol 7& 4 ZI(Fig 2), WIN-P-K) A7 L FH5FL2 332 kg/10aE I, A

F5 dHE F

rOlt

Table 3. Fruit Yield of organic cultivation spring cucumbers by the method of cultivation of green manure crops and additional
fertilizer use (2016)

Treatment Plant height (cm) Stem diameter (mm) No. of nodes (no.)  Fruit number (no./plant)  Fruit yield (kg/10a)
Green manure 507.8+15.9a 83+03ab 57.1+08 a 87+20a 3308.14247.8 ab
+ Oil cake
Green manure 491441492 7.8+0.8 ab 52.8+3.0ab 954064 3599.2+1954 a
+ Liquid fertilizer
Liquid fertilizer 495.9+56.8 a 8.8t1.0a 53.7+4.3 ab 83%1.9ab 3114.24935b
N-P-K 520.3+31.1a 8.6+0.7 ab 55.1£34a 10.8+1.2a 3559.3+£109.5 a
Control 41224487 b 7.2+09b 474455b 54+£1.8b 2165.4£70.7 c
F-value” 3.851* N.S N.S 4.678* 40.845%**

* Test result is statistically significant at the P=0.05 level(*), 0.01 level(**), 0.001 level(***); N.S=Not Significant result.
" The result is according difference by treatment, Lower case letters. a>b>c.
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Fig. 2. Changes in inorganic nitrogen concentrations in soil by treatment of green manure and nutrient seeding methods (2016).

o]-§ A& 735%%E & T 9,159 kg/10aZ 7Y W2 Qo] $=7fo] St EQITH(Table 4, 5). TAF Aull & g E]

st 2L SF oo FHSHA e FAZ BETE s81%E MY £ Ak ol§ TS Bom, BIN-PK)
A7t A Kol AL grolh. FAST EFFH, AR|S FH|E AGI AT 42 57.8%, 69.8%] Dk 0] §
B82S0 Ao TAYS) A% TATAN £ UF 0] BUY F ANIS Fu12 4G Helol4 358 byt
Vg el Ak Fowpow BT ST 25 Hee b FHES FUsle] AR Ak o]82S WK 27449l
Aol WA Aoz Amdc
AR SR, AE AT Aok FBOLK) AT W) 5 749274853 kg0a) SFOL A}
714 20]9] FETE AL FAEAST 6}741%74% 52 olgle] SR F2 EPo| AL 437] AL
9% 37t PR oHE FFohe o] £ o] gold oz WoHch

=21
78 kg/10a8] 30 72 EQ1E] I TH(Table 6). 33 (N-P-K)
2 QIgt y3jg Atz =)
IFE v Aor wE

= I

BERHRUTE), AulS Fu12 A83te] 00)9 As EEANFS I 2,
34
L]-

[o

o]
Sor Folsglon A
BP0 AT A AslE FuIoHe Ao] B U4ES] 2719} 1 Sgol FHAY
cH31].

Table 4. Fruit Yield of organic cultivation spring cucumbers by the method of cultivation of green manure crops and additional
fertilizer use (2017)

Treatment Plant height (cm) Stem diameter (mm) No. of nodes (no.)  Fruit number (no./plant)  Fruit Yield (kg/10a)
Green manure 508.6+42.2 a 14.0+0.7 a 56.9+39a 19.2t14a 7853.7+557.0a
Green manure 489.7+389 ab 147+14a 5554392 1844352 7492.7+14364 a

+ Oil cake
Green manure 5163+37.3 2 149+13a 56.3+2.9a 189+1.6a 7657.0+7495a

+ Liquid fertilizer
N-P-K 547.0£199a 13.7£09a 61.1£20a 224+3.1a 9159.7+£1275.1 a
Control 415.6£72.0b 12.7£1.7 a 15.0£14b 10.1£1.8 b 4118.0+£737.8b
F-value" 3.533* N.S 122.546*** 10.693** 10.316**

* Test result is statistically significant at the P=0.05 level(*), 0.01 level(**), 0.001 level(***); N.S=Not Significant result.
" The result is according difference by treatment, Lower case letters. a>b>c.
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Table 5. Amount of nitrogen uptaken and Utilization rate by nutrient supply method in organic cultivation of cucumber (2017)

Treatment Amount of nitrogen supply (kg/10a) Amount of nitrogen uptaken (kg/10a)  Nitrogen use efficiency (%)
Green manure (Single crop) 21.1 327 88.1
Green manure + Oil cake 3141 321 57.8
Green manure + Liquid fertilizer 31.1 358 69.8
N-P-K 26.0 332 735
Control - 14.1 -

Table 6. Fruit Yield of organic cultivation autumn cucumbers by the method of cultivation of green manure crops and additional
fertilizer use (2016)

Treatment Fruit number (no./plant) Fruit weight (g/plant) Fruit weight average (g) Fruit yield (kg/10a)
Green manure 7.1£1.2b 926.7+153.7 a 131421052 3144.04572.8 a
+ Oil cake
Green manure 7.9+06 ab 1013.3136.1a 1283187 a 3371.34531.2a
+ Liquid Fertilizer
Liquid Fertilizer 8.7+0.4 a 1083.3+135.8a 123.6+104a 3478.3+245.7 a
N-P-K 7.8+0.4 ab 990.0+£529a 127.2+1.6a 3380.0+181.2a
Control 6.9+0.3 b 873.3+68.1a 126.2+7.8a 2874.0+202.3 a
F-value” 3.545* N.S N.S N.S

* Test result is statistically significant at the P=0.05 level(*), 0.01 level(**), 0.001 level(***); N.S=Not Significant result.
Y The result is according difference by treatment, Lower case letters. a>b>c.
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(Table 8).
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Table 7. Fruit Yield of organic cultivation autumn cucumbers by the method of cultivation of green manure crops and additional
fertilizer use (2017)

Treatment Plant height (cm) Stem diameter (mm) No. of nodes (no.)  Fruit weight average (g) Fruit yield (kg/10a)
Green manure 371.0£17.4ab 14.20.7 ab 42.4+38a 1633x11.0a 2350.34682.5 2
(Crotalaria)
Qil cake 372.0+47.4 ab 15.2+03 a 41.9+3.5ab 144.0+13.5ab 1979.74915.7 ab
Green manure 389.0+4.9a 14306 ab 423+19a 170.7485a 2442.74200.1 a
(Sudangrass)
N-P-K 375.0+£19.9 ab 14.7+0.5a 43.1+04 a 149.3+17.6 ab 1839.0+447.0 ab
Control 333.0+9.8 b 13.3+0.8 b 374+1.4b 135.0+17.1b 922.7+403.3 b
F-value” N.S 4.428* N.S N.S N.S

* Test result is statistically significant at the P=0.05 level(*), 0.01 level(**), 0.001 level(***); N.S=Not Significant result.
Y The result is according difference by treatment, Lower case letters. a>b>c.

Table 8. Comparison of the quality of cucumber in the management of nutrients using Green manure and liquid fertilizer (2017)

Treatment Nitrogen content Beta-carotene Vitamin C Total flavonoid Total polyphenol
(%) (ng/100g) (mg/100g) (mg/100g) (mg/1009)
Green manure 32a 1149a 7.23b 529a 11.04a
(Single crop)
Green manure 33a 97.6a 10.88 ab 429ab 1240a
+ Liquid fertilizer

Liquid fertilizer 36a 1529a 1239a 5.14a 12.23a

N-P-K 33a 1508 a 8.98 ab 491 ab 11.33a

Control 29a 107.1a 8.75ab 3.36b 10.54 a
F-value” N.S N.S N.S N.S N.S

* Test result is statistically significant at the P=0.05 level(*), 0.01 level(**), 0.001 level(***); N.S=Not Significant result.
Y The result is according difference by treatment, Lower case letters. a>b>c.
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