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Differences in Yields, Antioxidant Compounds, and Antioxidant Activity of Ethanolic
Extracts among 11 Adzuki Bean Cultivars (Vigna angularis L.) Cultivated on a
Somewhat Poorly Drained Paddy Field

Hyen Chung Chun', Ki Yuol Jung', Young Dae Choi', Sanghun Lee', Seok bo Song? Jee Yeon Ko? Ji Myung Choi’,
and Yun Woo Jang"'

ABSTRACT This study investigated the changes in yields, antioxidant compounds, and antioxidant activities among 11 adzuki
bean cultivars cultivated in a paddy field with somewhat poorly drained soil. The adzuki bean cultivars were cultivated in the
paddy field from 2015 to 2016 in Milyang, Gyeongsangnam, Korea. Average soil moisture content was 16.5% in 2015 and 31.0%
in 2016 at the experimental site during adzuki bean cultivation. As the soil moisture content increased, most of the adzuki bean
cultivars showed deceases in stem height, first setting pod node, number of pods, 100 seed weight, and yield. Chungju-pat
produced the greatest yields among the 11 cultivars in 2015 and 2016, whereas Hongeon had the smallest yields. Adzuki bean
yields after paddy field cultivation was lower for all cultivars than for adzuki bean yields from the same cultivars after upland field
cultivation. Chungju-pat and Chilbo-pat showed the smallest decreases in yields after paddy field cultivation, whereas Hongeon
and Kumsil showed the greatest yield reductions. There were no significant differences in proximate composition. Some mineral
components (P,0s, Ca, and Mg) were statistically different across cultivars. Chungju-pat had the highest Ca and Mg contents, but
antioxidant components (polyphenol and flavonoids) and antioxidant activities (ABTS and DPPH) were highest in Saegil and
lowest in Jungbu-pat. PCA and clustering analyses, based on the growth, yield, and antioxidant component measurements,
performed to identify which variables contributed the most to separating adzuki bean cultivars or to grouping cultivars with similar
characteristics. These analyses showed that the antioxidant components and antioxidant activities had the most influence on
grouping cultivars together. Among the 11 cultivars, Saegil was statistically different from the other cultivars, but the other 10
cultivars were not significantly different under paddy field cultivation. Soil moisture content affected adzuki bean yield and
antioxidant component contents. An increase in soil moisture led to a decrease in yield, but an increase in antioxidant components.
These results provide information that will improve the selection of an appropriate adzuki bean cultivar for use in paddy fields.
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Fig. 1. Soil profile at the experimental site.
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Table 1. Description and physical properties of the soil profile at the experimental site.

Drainage Horizon Depth Hardness Soil color Soil moisture Bulk density Conductivity
class (cm) (mm) content (%) (g em™) (ecm d™
Ap ~15 18.6 10YR 4/3 42.4 1.5 127.7
Somewhat Bl 16~25 26.0 10YR 4/3 37.8 1.5 144.0
Poorly B2 25~35 20.3 10YR 3/2 27.2 1.5 191.0
Drained Cl 36~60 20.5 10YR 3/3 31.1 1.6 171.7
C2 61~ 16.5 10YR 4/1 41.8 1.5 182.5
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Fig. 2. Daily soil moisture values during the adzuki bean
cultivation period in 2015 and 2016.
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Table 2. Results of analysis for chemical properties for the soil profile at the experimental site.

Drainage Horizon pH EC_1 Organic matter Avail. P%]os K Ca Mg Na
class (1:5) (ds m™) (%0) (mg kg™) (cmolc kg™

Ap 5.7 0.4 2.3 57.6 0.2 4.8 0.9 0.2

Somewhat B1 7.0 0.2 1.2 16.1 0.1 5.7 1.4 0.2

Poorly B2 7.1 0.3 1.2 12.0 0.1 52 1.5 0.1

Drained Cl 73 0.2 0.45 5.1 0.1 43 13 0.l

C2 7.0 0.3 0.61 5.4 0.2 4.4 1.2 0.1
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Table 3. Growth and yield characteristics of the 11 adzuki bean cultivars in 2015.
. Stem Stem Number of  First setting Number 100 seed .
Cultivar Lodging length diameter branches pod node of pods weight Yield 1
(0-9) (cm) (mm) (plant™) (order) (plant™) (@) (kg 10a )
Yeonduchae 7 70114 6.7+0.8° 1.9+0.9¢ 9.5+2.1 34.0+9.3% 11.6+0.2¢ 175+12%®
Kumsil 5 6011 5.940.6°¢ 2.0+1.3¢ 8.7+1.7 31.0+12.3%  12.320.2° 171x11™
Yungum 5 76£11  7.2+1.2° 3.2+1.2° 9.1+2.3 52.0£12.7°  11.9+0.2° 17849
Arari 3 43+6° 5.6+£0.5% 3.940.9 12.3+1.2 24.0+7.0f 16.1+0.8° 168+11™
Saegil 5 83+17° 6.3£0.7% 4.2+1.3% 9.8+2.0 27.0+£6.9 17.0+0.7* 174+9%
Hongeon 1 36+4" 5.2+0.5" 1.2+1.1° 10.6+2.0 22.0+4.4" 14.9+0.2¢ 144£10°
Chungju-pat 5 67+9° 6.0+0.7f 3.2+1.1° 8.3+2.4 26.0+7.2° 16.2+0.3 180+10*
Jungbu-pat 5 90+21° 5.6+0.6° 3.1%1.0° 8.7+1.9 40.0£11.7" 9.2+0.4" 16111
Kyungwon-pat 1 48+9° 6.3£0.7°* 4.0+1.7° 10.9+1.8 26.0+£6.6° 14.7+0.4 173+11*
Chilbo-pat 7 87£17° 6.5+1.1% 5.7£1.5° 9.5+2.0 40.0£11.2°  17.6+0.9° 17346
Geomguseul 7 81£17  6.6+0.7" 5.5+1.5° 8.142.2 37.0£9.0% 13.6+0.4¢ 18017
a,b,c,d,ef: statistical difference at 95%
Bold letters: statistical differences between 2015 and 2016. Probability level = 95%
Table 4. Growth and yield characteristics of the 11 adzuki bean cultivars in 2016.
. Stem Stem Number of  First setting Number 100 seed .
Cultivar Lodging length diameter branches pod node of pods weight Yield q
(0-9) (cm) (mm) (plant™) (order) (plant™) (2) (kg 10a )
Yeonduchae 9 42+8° 4.9+0.8° 3.242.6% 4.5+3.5 21.6£8.2° 10.6+0.4° 139+16™
Kumsil 0 26+4" 4.0£0.6° 2.3+1.6% 3.5+2.6 12.8+4.8% 9.9+0.4" 46+13¢
Yungum 7 3245¢ 4.3£0.6° 4.1£1.8° 3.0£2.6 21.8+8.4° 8.5£0.5° 103+53%
Arari 1 28+4f 4.6+0.4¢ 2.7+1.1¢ 4.0£2.3 10.2+3.6° 14.3+0.8° 59+3%
Saegil 9 39+7¢ 4.7+0.6 2.1£1.3" 5.3+2.5 13.8+4.3*  14.0+0.8° 98+23%
Hongeon 0 24+4¢ 4.8+0.9% 2.6+1.1% 2.6£2.5 11.0£3.6*  13.2+0.6"™ 43+7°
Chungju-pat 5 60+8" 4.9+0.5 3.6+1.4% 2.8+2.1 29.449.6°  12.7+0.4° 159+22°
Jungbu-pat 9 44+4* 5.240.5" 3.0£1.0% 4.2+2.1 25.2+7.1° 6.9+0.7° 114+12%
Kyungwo-pat n 0 32+4° 4.8+0.6% 3.0£1.3¢ 5.0+£5.2 14.0+4.2¢  12.4+0.6° 82+16%
Chilbo-pat 9 44+5° 5.10.5" 3.4+1.0™ 3.5£2.0 21.9+6.1° 14.1£0.7"%  136+20™
Geomguseul 1 38+5¢ 4.8+0.6% 3.8+1.3% 5.1+2.6 21.2+7.7°  10.6+0.7° 105423
a,b,c,d,e,f: statistical difference at probability level of 95%
Bold letters: statistical differences between 2015 and 2016. Probability level = 95%
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Table 5. Summary of the growth and yield characteristics of
the 11 adzuki bean cultivars in 2015 and 2016.
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Table 6. Proximate composition results for the 11 adzuki bean
cultivars under paddy field cultivation in 2016.

. 2015 2016 Yield change . Proximate composition (%)
Cultivar - 5 - - Cultivar - -
Yield (kg 10a™) Yield index (%) Moisture Ash Protein
Yeonduchae 175 139 21 Yeonduchae 8.2+0.1 3.3+0.1 2.7+0.2
Kumsil 171 46 73 Kumsil 8.0+0.2 3.2+0.3 2.6+0.2
Yungum 178 103 42 Yungum 8.1+0.2 3.240.3 2.240.1
Arari 168 59 65 Arari 8.3+0.5 3.1£0.5 2.4+0.5
Saegil 174 98 44 Saegil 8.3%0.1 3.2+0.3 2.7+0.2
Hongeon 144 43 70 Hongeon 8.9+1.6 2.5+1.6 2.1+0.2
Chungju-pat 180 159 12 Chungju-pat 8.2+0.2 3.2+0.2 2.7+0.2
Jungbu-pat 161 114 29 Jungbu-pat 8.2+0.0 3.1+0.2 2.6+£0.4
Kyungwon-pat 173 82 52 Kyungwon-pat 7.9+£0.2 2.8+£0.2 2.3+0.2
Chilbo-pat 173 136 22 Chilbo-pat 8.3+0.0 3.1+£0.2 2.240.5
Geomguseul 180 105 42 Geomguseul 8.2+0.3 3.2+0.2 2.5+0.2
Table 7. Mineral composition results for the 11 adzuki bean cultivars under paddy field cultivation in 2016.
Mineral composition
Cultivar P,Os K Ca Mg Na
mg 100g
Yeonduchae 862474 1015180 738" 170£11% 25+1
Kumsil 965+43* 1115+60 80+9° 161+12° 2243
Yungum 819+44° 1071211 1000+21° 173+28% 27+7
Arari 849491 119424 87+£20% 175+15% 2642
Saegil 899+67% 1015+180 88+10% 167+13° 2246
Hongeon 924+79%® 1161+103 86+7° 17710 26+6
Chungju-pat 921+93%® 1141496 99+14% 198+12° 29+2
Jungbu-pat 93349 1036+86 86+5% 156£9° 23+6
Kyungwon-pat 898+57% 1023+148 874 157+11° 223+4
Chilbo-pat 924458 1000+175 86+3% 154+23° 28+8
Geomguseul 907+20% 108+100 84-+4% 161+11° 2642

a,b,c,d,e,f: statistical difference at probability level of 95%
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Al FEZE0f A ABTS radical 272442 550~1130 mgTE/
100 g Ato] 9] gk HSItKFig. 3(c)). 201549 Auje &=
% 520l 758 mgTE/100 g=2 7 & g5 Hlal a4
o] 550 mgTE/100 g2 7F3 o zho] uUpeldt). 20160
L Q23 gELol Z 1130 I} 1129 mgTE/100 g2 714
2 78 7k 2202 ey EH o] 685 mgTE/100
g&2 7 W& gk UEth Al 1 A el R &
T8, A7 5ol =2 ABTS radical 2AZZEE 2t}
i R g o g FAlo] 800 mgTE/100 g, T4 817
mgTE/100 g, 7Y% 818 mgTE/100 g &0 & o ABTS
radical 2AYGLS 71 15 o|F8lh oA &4
DPPH radical 2784 S #E 522l Trolox®} H| nL5}o]
mg TE/go =2 ®&st A1} Fig. 3(d)o] YERt) 2 DPPH
radical 27 ZAJZFL 244~738 mgTE/100 g HYS 2l
20154¢ AujE 5 = 5Ado] 7V =2 DPPH radical &
AL YER L 2016\ 0= AZo] 7Y =4t §F
H o2 20153 9l= F40] 244 mgTE/100 g, 2016 off
ZHo] 257 mgTE/100 gl &2 7P W¥Qka =53, o
A7t vt FEERth W& DPPH radical &A%
Atk AEETE 5 Mol tE TR FHs] =2
RN I AL Y o) Rt g
Ao g2 g g AEA
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(e}
=
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Fig. 3. Total polyphenol (a) and flavonoid (b) contents, and the ABTS (c) and DPPH (d) radical scavenging activities of the
11 adzuki bean cultivars cultivated in a paddy field in 2015 and 2016.
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Table 8. PCA eigenvalues for yield, lodging, 100 seed weight,
SPAD value, mineral components (K, Ca, Mg, Na,
and P»Os), polyphenol and flavonoid contents, and
ABTS and DPPH radical scavenging activities.

Eigenvalues of the correlation matrix

Factor

Eigenvalue Difference Proportion Cumulative
1 4.259 0.730 0.304 0.304
2 3.527 1.169 0.252 0.556
3 2.359 1.115 0.169 0.725
4 1.244 0.297 0.087 0.814
5 0.951 0.381 0.068 0.882
6 0.569 0.125 0.032 0.954
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Fig. 4. The phylogenetic tree cluster analysis results for the
11 adzuki bean cultivars.

Table 9. PCA eigenvector values for yield, lodging, 100 seed
weight, SPAD value, mineral components (K, Ca, Mg,
Na, and P,Os and protein), polyphenol and flavonoid
contents, and ABTS and DPPH radical scavenging

activities.
. Eigenvalues
Variable Factor 4
Factor 1 Factor 2 Factor 3
Yield 0.101 -0.027 0.539 -0.312
Lodging 0.179 -0.140 0.450 -0.383
100 seed weight  0.220 0.333 -0.251 -0.355
SPAD 0.183 -0.196 0.345 0.393
DPPH 0.444 0.077 -0.073 -0.053
ABTS 0.433 0.077 -0.073 0.205
Flavonoid 0.442 -0.041 -0.151 0.164
Polyphenol 0.444 0.119 -0.126 -0.126
Protein 0.101 0.117 0.424 0.356
K -0.128 0.444 -0.075 0.038
Ca 0.075 0.283 0.135 0.113
Mg 0.028 0.489 0.170 -0.128
Na -0.072 0.450 0.201 -0.086
P,0s -0.247 0.267 0.073 0.479

Bold values: selected factors for the eigenvector calculation

Bold letters: selected factors for the eigenvector calculation
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O 2 zto|E HolA| grou A4 Aol Holm tE Al & AEHAE FISHAY BAF ARE Ae dAAl
T2 o|FSlth ol 4+ 1°] DPPH, ABTS, &2t 7k 7Hde] w2 AR 57 F UERtHWoo er al., 2014; Woo
olt, Eu=o| gt o8 ZAEHA Ajdo] o] 4 et al., 2015). o|¥ QoA FA=(FIE), TA9] 3
25 Wl OE T3 A AolE K] wiie] olet AR 9 M7 BE alEE T LHskel
e AN U A2 wdET = U= ohHE 24 43} ARl 5 A &
gt ZpolE Hol= Q10 & UEI 1008F0] tho =
I = il ko] oy oo & UENTH of¥ Ao A &3l
s Yetd+= 33e 42 dAdRd A g 5
=oflA B A =R 23 A S 5ol & He 7k 2bo|7F FAA LR YEA] ot AEEEE F
B viaeEd S o Aoy Faaclor 7|E A = HeES 14T o A4 > da> 7T £0E =
Toll A BF& FthHodgson er al., 1989; Cho er al., 2005; EgolA Al Al ke FF=0l vlste] sFaart A9l
Kanwar ef al., 1988). EofHo] i 16.5% 2=}t 1 SRASIA R =171 Ak ot o] 8 gEA Eor &
31.01%= A544e7t o ol fAE A AdEg= ol kgt Aoz At Holoh dAA7IA] A-F L
T o &3 5Fo| fastes AgE Bk S35t 2 NFE AHLE, otete|et AL =EYoA e FF
Aol Ao Zdo] A5o= QI s H o A St BE A= o U2 ARE BYou uFt g4l
0| 7H Foh dvtd o g g v Ed 25 5 S+ 2 B3 A= Tl T ke 23 YEhA] o
(Z5 AH)o] dut ¥ BE¢F Aujo] 4=5fx} vl usto] oF 20% AUtk olof] wet =EFAAN = S8 A F2 5
o] g=5F a7t Vet v A Ey TE(EL, okt 0] R FAYLE Sl Aol o Ageit Aul
2 9F 70%9] 45 At YT Noh e al. (2003)0] 4] Al B Y Fost= Alo] sFHAE A3 T Ao
=35 vie} o] At FFof uhet T2 AufjA] F=Ao] 2 o gE)
ABtEo] o] doju} s AS doFivtal YEh
P24 BY A B5ol osto] Ao Zrop|ar AL H
of B9 vt Ga4 BY =E5S HaA7|HA
g AAE & AeR udH 2 A B2 H dARER = Bl Austr] ska
o] Aol T3t A = Eo] B F5EE 9 =AY 2 EF5EAS oF g8E, A FUIEE,
Fe VA= SHOR S EHES B4 FARHE 9 et RS BURE 2 o
53t Ao Bl B3 A A FE0t S 2t
S48 el Zolg F= AR YE oYy oY FF
atol7t A ARSI R WAL Al dobE Skt 1. B =2 2 A7)zt 5<t 2015d o= 53d
T AETES vl W o] tE FEEHT ¢ A7E 1640 2016H 0= 49U0]%lal Ht E
A3 & A= Atk S A2 A5 B4 AufE & TEE 20160 F HiAE ¢ =Skth
e o eI S e FEEel vl ¥ 2. 20153} 20161 29| S vt A1 FA o
8] Zithk. Woo et al. (2010)2 #= e & F5=2 4 B SFEY s, AR B2 oS HAth
HHIE 3 23} ARTL it A7 geFo] 7MY =9k % 153 = BEY S NE o Favt e
1 AR, gAo] o w2 W FREo| 7MY 2 St Al
UEelsth ol A-tolA = EFY Hg AEH AR Qs 3. B0 TAY iR 2 FUIAEE g A U
of & HE FEeolA FAEHIEe] S8k B B EPLbA] okt B MR 5 & Edesd &
Qo F7HE2 AjdBo] 7P A R tE FEE2 gtH ol P2 Ajdo] thE FEHEERth g6
AT e F7HES UEAl &tk 29 4tk A4 UL HAEo] o ® B B2 S Hel
o A% o =iEeS HastH oL 3 FFo] 45 FEE THEol 7P RaL AHE, AEEo] v
8] =& A ES HolAY 27 w3t mE HAkst o2 Ioith &3t i 2 gAl Aol 7
8 B3 E3 dAHT AFS HolA Ut Woo er al., =% AAEo] oo E =tk
2010; Woo et al., 2014; Woo et al., 2015). THIF 2] zjuj 4. SHASIA By SIS A B sheRS T )55 Bk
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