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Abstract

This study was performed to select cultivation systems best-suited for cultivation of asparagus
(Asparagus officinalis) cultivar ‘Atlas’ in Korea. Bud break, spear yield, and underground part growth
characteristics under two different cultivation systems (rain-shelter and open field) were investigated.
Asparagus grown in the rain-shelter greenhouse emerged from dormancy about 10 days earlier than that
grown in the open field, and demonstrated a 3-fold higher yield in terms of the number and weight of
spears, which increased with increasing plant age. In the analysis of the growth characteristics of the
underground part, the mean bud diameter of asparagus grown in the rain-shelter greenhouse was 1.7-fold
thicker than those of grown in the open field. Roots of asparagus grown in the open field were lighter but
longer than those of asparagus grown in the rain-shelter greenhouse. The higher fresh and dry weight of
the roots and larger bud size of asparagus grown in the rain-shelter greenhouse are expected to lead to
higher yield in the following year. Selection of cultivation systems that can accelerate bud break and
increase spear yield will contribute to increasing farming income. Therefore, growing the ‘Atlas’ cultivar in
the rain-shelter house is expected to lead to higher yield, and will contribute to increasing farming income.

Additional key words: bud size, cultivation system, seedling age, spear, sprout emergence
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bt ha A A=}l oFAuFEA 2 dsparagus officinalis L.)y= OFAIO, otHl2l7t, 4, ofZe}7t,
LAofo} 52 thfRt 2| ol A A= AL ATh(Ku et al., 2007). ©1F A FolMe F2 A Al
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Ao, T A= ] el Al o BH ] 112 o5t 719 21 9 9= Qlof| o] Aol 5] Q1o = AYiteto]
LHKChoi et al., 1981). 0] 0] &2 Ifjof| 4] ofATElA AL 22 H7FeleA Al E 5l Qct. v]7Fd ek AjHlE 5}
A 2] ApEfek AR 2R 74, spear(-73-415) 9] 7H4, bud(e-29)9] A 2 He] 2] Ziert B BE(Kim et al.,
2016), sprouting("ol-H52F) 20| 5 -6 7HF w2, itk 78% AHke 54 7.0 2 YERITH(Seong et al., 2001).
ol ZA Al7]e]l A U2 7o) QLW correlative inhibition T/ = Q1of| §-7d 0] 4-8%7] H71A| the 1739] Aol
A= B2 H7FSReA A= 2] A Ee} wot 33t 57 o] Aol X1k o] £ 17 Ulof 72 & 5 Q= 1739
W47} Z7Vsto] AAteFo] Z7ketck(Feller et al., 2012; Ku et al., 2018). oFATRE}A A L] ABATEES. 1=0] 7)5-0} 51 7] 9} A ]
g3t Yo H(Woolley et al., 2008), 2] /g7 -2 = of Fol| AV A4 e 357 A|2FE| o] 7F27H2] X13)H
THRobb, 1984; Haynes, 1987).

ofAmREAL AH) Al ALH Y| 2 2702 FH Fof o] 5ol ol &3 ek o] itk 5] 71% 204 A
&)= of A A A A AV FHE7 8l o] AR =, o] Eof] FHERE 1ol 42427 @ FEtHKu et al.,
2007; Nie et al., 2016). FHERT} *{2] 5= 0-10°C el 5°C7F 7 & o2 olth(Ku et al., 2007; Lee et al.,

2013; Nie et al., 2016). X A7) 2JahH A2 20Co| A 30U7E, 5°ColA] 4587 25138 o 2°Coll A 15, 5°Col|A]
309 o|5t= Hgjet Ao v]sle] FHElP & ]H%ED:](NIC etal., 2016), ‘Jersey Supreme’ 252 5°COl|A] 45 o} %]
2212] P& A2]7|7o] Aas 574 9 Aol FX1E Atk Lee et al., 2013). AHl 227} 10°C oJotd e 22 7 He

of wheh FrHetet 49 A7 EEA] 11 20°C ool Q‘?ﬂ 2222 717k TAglo] ot E3 o] WP = Ark(Ku et al., 2007;
Ku et al., 2008).
oA 2 A AR RS A710] 40517 W] RS ol AL o] $i 71 270l )
Bl 2] ol 2ot FE-5 Afufisof itk TRt FHo] B st A egof whet wot ZH O] A7 |7 ofof whet A4t
ol a7} 917 Tho] o nfelr 2 A A] o} el 4 B0 EAS A wjorsha 28 A7) ot B8 ek
o] a5t ofAuEtA L A E7 ol A= ok e S A9 0 7% 205 A9l =2 UC157° ¥} Grande” F5=
Aulistal QIthLee et al., 2015). ZZol= 5 5718 SAH R 40| £ Jiko] =2 71072 IH7 ‘Atlas’ 25
(Benson et al., 1996; Cueto and Lesnick, 1999; Gonzalez, 2007; Cermetio et al., 2008) 2] A A| skl Sy, Z1=d], of
A e FFol wet A B4 9 ATl @ 9] GRS A Wt vl 2 uiellA] AiE Alestal Yl
‘Atlas’ E50l tgt 7= - wl gt A7 oo} 2 Al Atlas” FE-9] HI7FIoR-A 0 L 2] Afafol i ot &3, 774
o] At 8 3] 279} Aol et 7|2 AR E A S

2z 2 Y
2 A7 st A ko] viztlske-At e 2ol A 20161 9BRE 201919 5E71R] =aotoiet. oF = T3 B
ol ‘Atlas’ EE-& 508 22|71 Edlo]of| Al AE(LulE 2| A ATE, Sanglim, Korea) S 81 1FE51911, H7F6k9- A8
olssto] Az, 1 5 77182017 4 )Aoll= Bto|E(olZ2to] E, 2RI4TY, Korea)2t FHTE, JE, EHIE
SR BES P2 EAE EE(F 59em x 0] 38cm)°l AR S 7 FS| Lol A Al IS Gk 1 5 12771E

(20179 9E)Aloll= ofATRIALE BIZFSHEARL I 2 of] ZF2E 1554 Lol £ 91 2] fj 253t

ofAufefA A E gl ol Afe T3l oH, w2 17701920189 2¥) Aol e AollA] ofAukebA 0] 21
5247} Fefoto] AVSRE A AT HI7Foke-20F e 2] 0] 25 W9k mietstr] 91512018\ 1€ 1958 39 29714
Hortplus datalogger(Micro Logger, Dallas Semiconductor, USA)E ©]-85}0] 2] EHOA] 1m £l =510 30 7HA S
2 FORE P25 g S5t Fig. 1). ASE FH7I &8 B7FEokeA W Wt 25 = 57 11.5°C, °KF-0.6°C, o
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o=

A Wit 2= 7 1.2°C, o -4.3°CHTh H7 sk oAk }LXW ZHHHQ ofAvEtA A ot 92 =51 flsto]

29T T E ARSI, Hoh S 25 Al <fet Afaeh o] GRS 2] 97] flol EF-2-57371(6440FS, Spectrum
Technologies, UK)E ©]-85t] 77|14 0 2 15cm Z10]2] EY w@%“% 7ot A4 SR8 40 - 50%E FAISH
tKFig. 2).

of kel o] o S H}-§ 70 AL 115 5 1071220184 42) 2 3071220194 39 ok AnebA LS Tl
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Fig. 1. Temperature of both rain-shelter house (A) and open field (B) during the experiment.
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Fig. 2. Soil water content of ‘Atlas’ plants grown in both rain-shelter house and open field during the experiment. The soil
water content was measured by Time Domain Reflectometry (TDR).
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oo

=51t 739 272 20em Z 0|2 A2 sl ol A 1em Y5 HY o] 7423 2(CD-20APX, Mitutoyo, Japan) 2 =4
SFAAL, 11739 77h= A4 =(HS210A, Hansung, Korea)= 0185 7511t

A ARl w2 <Atlas’ $E-9] 2] 7i4=et 7], He] Q] Lol AYAIE-2 11 3071 H ofATAL S td o=
ZAREE =9) 7H4et A7) crown(F k) Yol Shs &2 AA T 2 4B AR, olF /M EANE AR &
s H AR 27S S5 & BarghS APt e o] AYAIE-2 ] T80l Sle B2 AT & S5t 18
F2 QFAZI)(VS-1202D2, Vision Scientific, Korea)ol| Y1l B2 E 60°COlA 10Q47F AZSH & =451t

ofATlEFA A= HZ7FEoR- A} e 2] A2 UHrRo] X2 i 159HE 0 2 2P ¢l oJulix] sFoirt. =0] 2, Ji<r, Bele] 4
o, AFI} TEF-2 A2F 455 A7goto] Zafsto] B4t = Aol FojXl A5 SPSS 2 13 (Version
24.0, SPSS Inc., Chicago, IL, USA)S 0]-835}0] T-testE 95% Al Z|5=oll A 28] 7+9] G012 v w skt

AE

=)
2=

2

H|7F Sk 28} e 2] Al o] 2 i=7.6°C 2FolE Ho(Fig. 1) opAutepAA0] miolEd-2 AUl of WA e Avto] ¢l
o} 27} H7F ok 2ol A e 2] A E o} sot E3 o] SR Qie). mh 5 197047 30701  ofAutebA A “Atlas’
50 ot A2 H7Fs A0 A Afafek Zo] 2] Aufie] Bl ZF2 10U B 15 whEA] YestthFig. 3). okAutetA
2 Al A Hjof o] ZX1%H 778 9] Aol kx| 1 4817 |7t ol ekt o Sl 789 NG S kste] Ak S
7¥slH(Feller et al., 2012; Lee et al., 2013; Lee et al., 2015), §78-= 2740] 7Tmm oV & H-255 A7 H2|7F=tH(Roth
and Gardner, 1990; Gonzélez and Pozo, 2002)= FolA "ot &8 Al7]= S 281 AL Qlet. d6h2] 0 =2 ofAxtet
2 ljop 2 AL 224 2] 2L of A2 2] 717t gt olE/do] A (Ku et al., 2007; Nie et al., 2016), 220l 274 717 2F
S S A Aol whet 73 0 o] 'BAYsH, 20°C oo Aot wot Ed o] F41E Wt ohet-f-73 0] A4t
o] 27 Z7FIH Dufault, 1996; Dean, 1999; Krug, 1999; Ku et al., 2007; Ku et al., 2008; Gasecka et al., 2009). 122
& 52 Aol Y= =HlolA ofAmtetA L Au) Al o S-S 918 A A 2l BaAolet & 4 Sl 2 A Azt
SRS W] 2= A2 430 S23 2= A7 Ao ot o) 3 2H8-5 ¢ A 0 & eIt ofAuetAAE H
7F5e-A0t e 2ol A S Azt oS w, BI7 Sk Al e x] A E et wol E3 0] 39 7HE SR QT Ak
2t} 7H7to] F7Fot I TH Seong et al., 2001 )= HL T3 2 A Avteh-{ARICE wata] ofATEAA <Atlas” 2] =]
A A] ot £ B4 the 55 2 23] 941, HI7FSReA Al Alof] SR v Abdo] ER1E| QI
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Fig. 3. Days to bud break of ‘Atlas’ plant grown in both rain-shelter house and open field cultivation at 19 months (A) and
30 months (B) after planting. Vertical bars represent + standard deviation (n = 15). Different letter above each bar is
significantly different by T-test at p< 0.05.
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oo

ofATRIAL ‘Atlas’ FE-& HI7FAGHAC} e Aol 42 Afjufet At 574 ) Flea= BI7Foke-A Aufiol A 2.8 -3.3
) 2o 7 0 2 UePdthFig 4). 15 5 19719 B “Atlas’ 0] 974 7i5 v7Fdske Aol gt A 13702 2]
A 470} 3 387 EQITE 1 S 3070 B (k) o 578 A A ARe] s/ ok HlZF S0l A 14702 2,84
7H o ESkTt H7F ok ol A Al 32 o) A7 ol PAIglo] § 9 WG A0 2 et o] 2 A=
H] 7151920l A Aulgh ofAnfebA A s b 2] Al E o-G79] 757 EQTHE Lee et al.(2013)2} Seong et al.(2001)2] 4
T AT LA|F. “Atlas’ FE-2 232 EH 7] B o] S7F5 774 9] 77 H 7 RRTh= Cantaluppi(2012) 2] B
1ot FARE S YRt
OPATRIAL “Altas’ F5-o HI7FoF-A0) e 2] & “HEolA Zuieh Axt A 574 0] 2782 197019 A7t 3071

A B v7F sk o2 Aol M F A o= VR TH(Fig. 5). HIZ7FSRe-200lA AHgt opAutetr A 7 0] 2782 uhkE %
19711 H F(#k) 78-%-9.8mm= 2] APEHETH L.6mm7F 2.2 H, 30708 H F(#5)= 9.9mm= 2] AR} 2. 4mm7 &
27102 veidth SUiel A= A7 14 - 20mme] 578 Aok, HZFoke- Ao ARt opAmREA A= e 2] AfHlE
u}%q 2740] FA B ol £ 7HA L Fa gt Holtk. §749] Aol wolke 774 9] 77t A o Akgo] Hold
T S, HI7FEsk Ao A At opAukeEA A 749 7H = 2 oA AuRRE Aol Hleh 2.8 - 3.3817F WA Lehd

Fig. 44 ZE 12 uf Atlas’ 2] HI7FoR-A Al 57 9] A4 SHollA &bl A oS & 4 ek
OFATIIAL ‘Altas’ B35 H|7FAoR A0} L 2ol 4] 22} ZHHH ot A}, 579 AAE-2 v7Fok- A Aol A 3.1 -

A % B 2
20 . " 20 a
4 >
@ 15 a2 15
o
..g k<1
el 10 2 10 b
= b
0 0
Rain-shelter house Open field Rain-shelter house Open field
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Fig. 4. Spear number of ‘Atlas’ plant grown in both rain-shelter house and open field cultivation at 19 months (A) and 30
months (B) after planting. Vertical bars represent + standard deviation (n = 15). Different letter above each bar is
significantly different by T-test at p< 0.05.
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Fig. 5. Spear diameter of ‘Atlas’ plant grown in both rain-shelter house and open field cultivation at 19 months (A) and 30
months (B) after planting. Vertical bars represent + standard deviation (n = 15). Different letter above each bar is
significantly different by T-test at p< 0.05.
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o (o yS)

438 FAL A 02 UePidthFig. 6). £78 2] AT HI7Fok-2 Bt 107g 0 & e 2] 35g RT3, 18] B FofobA] =5k
3, 3070 F(#p)olA F72) A2 vI7FISE 2 Bt 150g 22 2] 35gH T} 4,38 A= 5051 =9ttt “Altas’
FE-2 200135 F 20039712 Hgo| Z71e-5 5742 7ot atedo] 571t Gonzalez, 2007)= HATAH H|7H
SRg-2of| A gt 749 19719 -2 10716 30719 A2 1502 0.2 7Tt Teut lex]of| A Afefet 22 g o
E2tol7}F Skt ol Aol A At A 2] A9 57 9] At 217 o] Zpo|7t 27] 9] wZ o2 A7)

ofATIAL ‘Atlas’ Fg-= HI7FHoR-20t e Aol A Aot wig: 2 3070 wfje]l 9] 72t 271, Hhaf o] dojep 7+
A ZARRE A= Table 10 WP =9] 74 HI7FGR20fl A ARt -9 4470 = 2] Al 3170]) B ket
1=9] 97] T3 H|7FEE Aol A ARt o] 12.3mmE 2] Afefl 7.0mmel H]&H G-2l51A] 2Tk 1] g7t g ol =
717} 2 wot E@ F 773 9] i o] Al 2|7 o] Fof ofAubepA A 0] AkRFo] F7FRITH Woolley et al., 2008; Ku et
al., 2008)+=FollA] H]7Fole-2 Al o] f-85hS Wbl Arpelnt. ofAnfeiA A 0] A v -2 Hajeh IR o]
Utk ofATREAL (2 AFEC] b g Rt op ek Bel o] o S5 FolA = AT B K51t 15 -30%, 9
78 ) 70% A 2 ol 5ol 174 0= Aot R g F S nix| 1 b & 23 Tt vl Se itk

H|7 ok 2of| A Ajlgt e o] 3 7] e A Koy 301 £S5 0w, 2] ofl A ARt Bie] o] Zoli= |7 sk AR 2
Ah(Table 1, Fig. 7). 1 A] Afafigt ofAubafr] A 0] Bal= Hit | 14emE H|7FE5H-AH T 23em | At Balo] doj=
L 2|9 H7FIoRe-A B OF Im 71 Aol R & of AR A0] gt F - 1 S5 SlollA 1m Zol= Aot 7
RN ‘UC157 <] BE30cm o1 Zo| =2 AAoHa A7) Z1o] 10em, 20emE Tt 774 ] W47 Ao gt f7d ©
Z1730] FA| 2L APAAF o] oIt MeCormick and Thomsen, 1990; Gonzélez and Pozo, 2002). 2] 9] A A|5-2 H] 7+
SR2ofl A Bt 990.5g 0 = e 2] Aef 506.6gH T OF 1.9 A =qLom, Belo] HEF-2 vl7Fsk-A ol A Zugt Zio]
506.4g 0= Aol AulRt 163.4g KTt 3.0817F A Hejol] A o] BE Aow FAHE I ofAnfepAA
crown(Z k) 2] 271= 773 9] Aatat 2P g-o] Aol DAt Aol 9o, Feke-o] 7|7t S8 AR S &
ZIAZ) 2L 38 oFo] S7tsled 5782 A4, A, 278, AAtEFo] S71scH(Krzesinski et al., 2008; Gasecka et al., 2009).

olge] ATME FgolH, ofATFAA Atlas’ F5-2 WOl Al S T2 £ (Lee et al., 2015)2] ofAT A A}
N7 E2) &2 H]7F k-0l A gl Wi 2] Afafio]] sl ol Ed do] WE Y, §749] 47 Ear 21 o] F.om A
Aol FAKA. =) MGe Wil F#9). 0w, e o] A Eot FAL 7 0 2 et t-<o] H]7hake-2of A At of
ATRAAE LA oA Afafet AE ot =g S o] o Wrh= BalE(Feller et al., 2012; Lee et al., 2015; Kim et al.,
2016; Ku et al., 2018)% Itk WebA] “Atlas’ $-5-2] HI7FA SRR Aal) A] Akt 252 FIAIE 4= l& A 0 = A7t
U Al 2|8 of| whE A4 I 9 are x| ojof gitk

1o o r

210 210
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a
— cl
=) =
= 140 a = 140
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Fig. 6. Spear weight of ‘Atlas’ plant grown in both rain-shelter house and open field cultivation at 19 months (A) and 30
months (B) after planting. Vertical bars represent + standard deviation (n = 15). Different letter above each bar is
significantly different by T-test at p< 0.05.
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Table 1. Bud diameter, bud number, root length, root fresh weight and root dry weight of asparagus cultivar grown in both
rain-shelter house and open field cultivation at 30 months after planting

Culture system Bud diameter (nm)  Bud number (no.) Root length (cm)  Root fresh weight (g) Root dry weight (g)
Rain-shelter house 12.3%a" 44a 91.6a 990.5 a 506.3 a
Open field 70b 3la 1143a 506.6 b 163.3b

“Each value is the mean of four replications per treatment.
*Different letters within columns indicate significantly different by T-test at p < 0.05.

Rain-shelter house Open field

Fig. 7. Crown size and root length of ‘Atlas’ plants grown in both rain-shelter house and open field cultivation at 30 months
after planting.
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109 oV Bsitt. B7Fsh 2ol a7 2] 272 A ek F AL 178 ) et Al Al et 36l o] Eek
o0 Bigo] T71E= 742 Aot FAV 7. okimpA Lo Ao S E FARE 23, HI7F skl A
ARt 2 271 LAl E et 178 2. A]efl A Apiet Bl Bl7 sk oL R o AT G2 v 2] of Lo 7149
T}, BI7FS|p-2eofl A ARl ofAubbA A e A] A E o Frel o) AAIFI AEF ] il o] 2717 AL got o5l
Aol w& Aoz ddnh mebA ‘Atlas’ F5-2 SlolA Al F41 ThE S0 vRIZIA 2 B7F SR Afjefe] o
S e Y & e Aoz AZEn
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