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Abstract - The study was performed to investigate basic tree growth and fruit characteristics of ‘Nero’ black chokeberry
(Aronia melanocarpa) depending on the different cultivation regions and altitudes in 2014, 2015. Tree growth and change
of developmental stages of ‘“Nero’ were similar regardless of meteorological environment of the four cultivation regions
(Danyang, Okcheon, Yeongdong, and Geumsan) in 2014. Fruit characteristics of ‘Nero’ were significant differences in
berry weight and anthocyanin content among the four orchards due to difference in cultivation techniques and relatively
wide daily temperature range just before harvest, respectively. Tree growth and change of developmental stages of ‘Nero’
grown at the two orchards with different altitudes appeared to be similar during the successive years 2014 and 2015. Soluble
solids content of the berries cultivated at low altitude (117 m) was higher than at high altitude (342 m). Acidity showed an
inverse pattern with soluble solids content. Anthocyanin content increased progressively until at the middle of August,
2014-15 and then it decreased. Our results showed that black chokeberry is a species adaptive to the domestic environment
as there were no differences in tree growth and change of developmental stages of ‘Nero’. Considering fruit quality of black
chokeberry such as soluble solids content, acidity, and anthocyanin content, our results suggest that optimal harvest period
of black chokeberry ‘Nero’ is August 8 to 19.
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Table 1. Information for ‘Nero’ black chokeberry orchards located at four different regions in Chungcheong-do in 2014

Region Tree age (year) Altitude (m) Latitude Longitude

Danyang 4 117 36°57'04.5"N 128°18'02.1"E
Okcheon 4 123 36°1820.6"N 127°3527.9"E
Yeongdong 4 115 36°09'35.5"N 127°48'47.5"E
Geumsan 5 187 36°03'05.2"N 127°33'41.0"E

Table 2. Information for ‘Nero’ black chokeberry orchards located at two regions with different altitudes in Danyang-gun

Region Altitude (m) Latitude Longitude
Danseong-myeon (High altitude) 342 36°54'11.3"N 128°19'05.3"E
Jeokseong-myeon (Low altitude) 117 36°57'04.5"N 128°18'02.1"E
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Fig. 1. Maximum air temperature (A), minimum air temperature (B), mean of air temperature (C), daily temperature range (D), and
rainfall (E) at the four cultivation regions in Chungcheong-do from May to August 2014.
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Fig. 2. Air temperatures at the two ‘Nero’ black chokeberry orchards with different altitudes in Danyang-gun from May to August

2014, 2015. A and B, high altitude; C and D, low altitude.
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Fig. 3. Rainfall (A, B) and solar radiation (C, D) at the two ‘Nero’ black chokeberry orchards with different altitudes in Danyang-gun

from May to August 2014, 2015.
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Table 3. Dates for developmental stages of 4- or 5-year-old ‘Nero’ black chokeberry trees grown at four different regions in

Chungcheong-do in 2014

Region Full bloom Fruiting Veraison Harvest
Danyang Apr. 30 May 14 Jul. 23 Aug. 13
Okcheon Apr. 25 May 09 Jul. 24 Aug. 11
Yeongdong Apr. 25 May 07 Jul. 21 Aug. 11
Geumsan Apr. 28 May 10 Jul. 24 Aug. 11
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Table 4. Date for developmental stages of 4-year-old ‘Nero’ black chokeberry trees grown at the two regions with different altitudes
in Danyang-gun in 2014, 2015

Year Altitude (m) Full bloom Fruiting Veraison
2014 High (342) May 02 May 10 Jul. 23
Low (117) Apr. 30 May 14 Jul. 23
2015 High (342) May 02 May 10 Jul. 17
Low (117) May 01 May 11 Jul. 14
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Table 5. Shoot length and number of leaves per shoot of 4-year-old ‘Nero’ black chokeberry trees grown at the two regions with

different altitudes in Danyang-gun from June to August 2014, 2015

Year Month Altitude (m)

hoot length
Shoot lengt No. of leaves per shoot

(cm)
2014 Jun. High (342) 30.3 114 NS
Low (117) 26.6 10.8
Jul. High (342) 30.5 NS 126 °
Low (117) 28.9 10.7
Aug. High (342) 322 NS 127 *
Low (117) 30.6 10.7
2015 Jun. High (342) 28.7 NS 10.9 NS
Low (117) 28.6 10.7
Jul. High (342) 30.0 NS 10.9 NS
Low (117) 29.6 9.6
Aug. High (342) 31.1 NS 10.1 NS
Low (117) 28.8 09.3

NS, *, ** indicate nonsignificant, significant at p < 0.05, or p <0.01 between different altitudes at the investigation dates by #-test.
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Different letters indicate significant differences between the different altitudes on the same sampling date (p < 0.05).
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Fig. 8. Soluble solid content (A, B), total acidity (C, D), tannin content (E, F), and anthocyanin content (G, H) of ‘Nero’ black
chokeberry fruits sampled from the two orchards with different altitudes in Danyang-gun during harvest season in 2014 and 2015.
Vertical bars represent mean + SE. NS, *, ** *** indicate nonsignificant, significant at p < 0.05, p <0.01, or p <0.001 between
different altitudes at the sampling dates by #-test.
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s} Aol ], 12 Qe el e Atk B

QJCHEXf and Proctor, 1987; Forshey, 1982; Jackson, 1984).
2 Aol A 6-7Y 722 A0 7 A2} 4] A%
o] A 79 89| 7] 22 20 & Qlaf Azt g

0] ko] FolE Ao R Kol S H]|2] ‘Nero’ |
A2 A] 7= -8R W= QchFig, 1, Fig, 4).
Sz 4] ‘Nero’ 9] A9 4870 24 EAJS 24}
St A3} A= 9F10-13 g A= .2 , Strik et al. (2003)
2349 B S 2|29 BHF-21.0-2,6 g0 & HAIEI]
£ S k= o] of FAFITHFg, 54), T, S, F4b
2 FY ARl ol 7 flglom, F59.98 g0 = 7MWkt
(Fig. 54), T4 2732 A0 A3t A9 fARIe Alx%
T} A E3F FEolA 7P Roke, 20149 4749 =AY
AFF2 ZV7F ok 1.6 kg/5F, S 1.6 kg/F, 5 5.8ke/F, =
AF 3.3 kg/F3=Hl BEol BAH ol H]sf 2fatgo] gol o] =

3
QR FIFFE 2ol Zpol7k Qiom, Aul 274 H k= Aul
719 Aol = AZE I, 7M1 E A= 7129 9
Fe T2 on 712o] F7FE Y TR ES
S7FokaL ke agittal A FtHMarguery and Sangwan,
1993; Tomana, 1983), & ol A =2k A Auf 2 7|22
ARt om(Fig, 1), 7H-3 & A e AR E 24
Q1 zto]7} glgict. ebd-2 wl, 7, Ak, Al2(Atanassova and
Christova—Bagdassarian, 2009; Ryugo, 1969; Taira et al.,
1997) 5 theFRt Hhalof e o Qlom, Bkt 240l uf
2h Sz 2= 1.0-2.0%9] Bhds et Aoz deA
UK Won et al., 2017). A2 B Fef2 13 A9 f
Afstion], AuiAlE F-22Q1 ApolE Kol dQiTHFig.
6C). M ] QFEAJobd RS F4 aglof 2A 2957
Ok A2 dut, UV-B, 4 75 5 e adlof g3
=H(Shil et al, 2001; Ubi et al., 2006; Xie et al, 2011), &
2920} 28 QR Alae] 4 SHEAlohd Slake 3
Aok So) 4, iAok B0 Apke BeithLee,
1999; Shil ef al,, 2001), 1 G170 4] Tioko] QhEAJobd lefo
felH 02 A et e 8k 1 el g50] sl
2919 Ao 249t}

= Sz TP Nero’ 9] Al 54d& AR 23},
= 7IRE HAZIEA] e des 2014 83-85Y
2015\ 75-77U R 2 Zo]7} §lglom, HAZ|71R] 20 A
= 2015d0] 6-9% o] A=, W7 YAzt 2015
o] & 27 et Q= Alobd Aol 43}
A= AHLee, 1999; Shil et al,, 2001).

ko] wet Sz I B4 ZjolE Hoirt
(Fig. 7, Fig. 8). A2 2014-154 ¢k 11-18 g©] 9|2 Uet
whom, 201492 1At (342 m) O] A F0] =L, 201510
A A H(117 m) 7} =9 chH(Fig, TA, B). I @ljofl A% A7t AL

[e]

o=
S FARE A3 UEaL(Fig. 7C, D), $817] F2t 2
79| Wsl7 AQE A2 Al o] & ThA|of] HofEo] Aol
E351E Q7] W2 o2 AZFE I tHMowat et al,, 1997; Nakano
etal,, 1997). TA 0] A= B 7| 7} 2oj A= kst
(Elgar et al., 1999; Nakano et al., 1997), A= 7]-2-0] Ll
W7} =& Aol Af AR 2H A7) =rkar HarE gl
(Cho et al., 2010; Kim, 1990), & Lol 4] EdZTH|g]= 4=
A7) 7} ekl whet 7 s Astlal, o] whE A=
£ 201437} 20154 7]0] =& A A o] 2 w7} 7]20]
W A At =7 2ALEQITHFig, TE, F). 9%

Ae] ] Hwof T3t A= A5t o]t AAH F71H3

\=1Ye}

folo] =7 A8k, I AK7] 9] &, 3, 79t
22 71daRlo] W2 J3ks FthMarguery and Sangwan,
1993), =2 QRO = ARtk 257 Ea5 Y 7HE
dagEo] w3, vl 2o wE 7 F &2 Aol 7t
ST H A E It (Tomana, 1983), & ¢1HollAl= 7]20]
=2 AR ol Al AR Sz 2] 0] 7R Eo] LA
hEeh =QUTh(Fig. 8A, B). ARE| Al Ath7} Eobdes
Z7}8}9(Cho et al,, 2010), Hi= 310 2] a1-2-0] S0 2| H Ak
7F gragittal B s itk (Tomana, 1983), o= S8 2J3)
Ato] ARy wjFo|gtal E1E S =d|(Park and Yoon,
2005; Park et al., 2005), & Aof| A %= 2| 2|t o] AR 7} 117
(342 m) Hrk Wofom AAth o] & 7]&o] B T F-S
S7HF7] Wit o ' 2= QIek(Fig, 8C, D). Mladin et al.
(2011)-2 2= 2] B e 3W7E §-9J2 Q1 Afo 7}
AT HArskGl=t), 2 Aol Al B ke o) 4
7100 whef 212191 Aol 7t glof Bhd & Afuleb o %k
& WA o= o2 55 tHFg. 8E, F). 223429
QFEA|ob FHE kA 717} et whel 942 7R St
s}l o]% FsISitial B 1w itk Bolling et al, 2015; Jeppsson
and Johansson, 2000). & ol A 201483} 2015 8% =4~
7HA] QFEAJOP Bleko] Frlslthrh A ® Aol glont
oS 5E ke Ak Hlon(Fig. 8G, H), QHEAloRd
ol gashes ol W9 stz FEEU HaE vt
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