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Variation Analysis of Phenotype and Quality of Mung Bean

Germplasm under Different Ecological Conditions in Shanxi Province
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Abstract: Mung bean (Vigna radiata) is a characteristic crop in Shanxi Province. Exploring the impact of ecological conditions in
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different planting areas on the phenotype and quality of green bean germplasm resources is of great significance for optimizing
planting strategies, improving green bean yield and nutritional quality. The comprehensive analysis of agronomic traits and nutritional
quality of 10 mung bean germplasm from Yuci, Huairen, and Linfen in this study showed that the average number of pods per plant in
Huairen area (30.87) was significantly (P<0.05) higher than that in Yuci (24.07) and Linfen (20.70), while the plant height in Linfen
area (66.14 cm) was significantly (P<0.05) higher than that in Yuci (47.46 cm) and Huairen (42.36 cm). In terms of quality, the average
protein content in Linfen area is the highest (26.80%), significantly (£<0.05) higher than that in Huairen (23.82%) and Yuci (23.19%).
The starch (47.35%), fat (2.49%), total polyphenols (3.30 mg GAE/g), total flavonoid content (2.34 mg RE/g), DPPH (55.55 umol/g),
and ABTS free radical scavenging ability (28.75 umol/g) in Yuci area were significantly better than those in Huairen area (P<0.05) and
Linfen area (P<0.05). Spearman correlation analysis found that the height, fat, total flavonoids, total polyphenols, vitexin, and
isovitexin content of mung beans are closely related to the climatic conditions of the production area. The relatively low temperature in
Huairen area can promote the accumulation of total flavonoids in mung beans; The higher relative humidity in Yuci area may inhibit
fat synthesis; The research results can provide guidance for the quality breeding of mung beans, as well as important theoretical
support for the cultivation and production of high-quality mung beans.

Keywords: mung bean; agronomic traits; nutritional quality; climatic conditions; correlation

2. (Vigna radiata ) 7&— 4 HICEMEY), NEEHRIL GBS OM, BAAKIHE. T @Eht
W Ry 02 BRUER . AR RERAYESIAE Rl S E L UL, gEh RGP & il
FEHEE, JCHRHI R R RE, g REUAN . SO PUB ORI SSME s, BLR S
TIHAC H LB 52 PR 47 104 s, IEIZHT RO 2 ) LA ) LB B (R i SR YR

DR, AP B X, R S AR A R R BAE TR . Bl40, Zhu S0 UABLURE
HEPEAK lunasin &85 H I, HIRZRGEZE EAR, SEKERIEIR. A IRIEFRFE X R F3A
b U TR S A IPNIER: 4= I7i I s N - B (e S GRS NS w1 B ER LY I B -4 S ViR =R d e S8 N1
WES% ETHE RS, & sad KNGS ETHES, HARLEF AT R Bha ks R e &
AAFE R0, £ A G WA ST, Oikawa 55 AR BUSCRAT U8 S A0 6 S8 FR o B B35
QR Ak, SR EAE KA K A B e R S 2 R RO e 0 ELE TS VO iR
AIRT VA PR B 25 5 B AR A B P oK 23 & R b T T U3, o SO R RIS 1 SR B AR IR 0 A s sk B A
fEZE SR,

i Pa A IR SR ARG X, P AR 20 0l 2 5 A [ B 7% 5%U050, 4% i AR L A AR
HIEE, PG S SR X ] 7 N B D, PRI, RIEREIX B RN X N g i g X 1),
REEX M PP RE R, AR ZE R B3, AR E Lty T, EEEARIRIE AN AT AL
wmRE, HFLW, AREE: LEymEmX, BEEKERDIT. Bk, 47 i RS SRR
PORAR SR IR ARG, AR R 10 4k S BHIRAE L P R R R X o« vk
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Tablel Test material

M5 HR
Number Name

1 1114-8-1-1-2
2 1318-5-2
3 1116-18-3
4 1416-4-1-3
5 1416-6-3-3
6 1415-3-1-2
7 1111-3-1-2
8 1109-14
9 1496-2-5-3
10 1540-6-2-1

WA S BRRREE. KA. WM. AT, iR, M. M. WHIEERRN. B’
HBSEE R~ 7). IR R A Z8E (95%) « KK ZEE (CaH100) « AilifE (CnHano) « EAAAN. #h
TR Wb HEE (70%/50%) « UKEHR (65%) kS (70%)  KaS20s. 1, 1-Z2RFE-2 I (DPPH) .
2, 2-BRA-T (3-Z -6 TR « Ak EY (ABTS) « NaxCOs ¥ 7T WETIR. K. 5%
RS ERAN I . 10% A VA T -

Bt ST R JA2003A BUGp AT RS FW-200 fod 73 ek iedl . HHS FLRVIE IR /K B . 42 H 3hdLIR
TR RIRHHRE . TS (WA RED « BRSO, ERKEH . BRERTEM. TDL-5A
B0l BRI YeR . HAWR TR AUREIRIRG A B RO B R A RAN. AR,
1.2 W75
1.2.1 HEFME KSEMET 2022~2023 M T IRV P (36°14'N, 111°54’E) Mk ZRFH (37°54'N,
112°68'E)  PMZF4 (39°92'N, 113°26'E) =M. KM RIBENLIX AHS, =RER, MXHEHA
10m?, 417X, 478E 50cm, #REE 12em~15cm, AR RGBS B bt [F)— ORI 3. @I Isck 5 Fh, AR
(% P TR BRI AN B bR ) 81, HEATRRE . BAMREE. EORIE A R ER MR A AL 8.
WKL T it BRI
1.2.2 MEMXSEKZIFEE AR, S=AFEXEGH PR BRKE. AP E. B



AR B H BB R BAR AT T VR R A i %

1.2.3 EXEFRROME S8 EE PN K5 BIE 73 75 2 8 NY/T 11-1985 511 1% 558 2 61%[19]
GB 5009.5-2016 (b2 E b i EETNE) FLIKEZZERY. GB 5009.6-2016 (& ih %4 [
FArAE B R AR E Y 2 aUHERIARY. GB 5009.3-2016 (& EEARME & &Ko mlE) HE
BT IREPME .

1.2.4 =HEMIBONE 2 XUN ER 77752, FHREREENE S 25 . 88D E TRRMEE O
AEPRERNZE . I 1 mL AEATER AR AEAR AR BRI AT 7.5%NaxCOs BN S, SR 5 H 70% I #s
P2 10mL. E=IE &M N#ERM 2h, BEJELL 3000 rpm 38 #5920 10 mine 7F 765 nm 3K R X6
BEATIE . 45 R AR ORER iR B TIRINZE 50 8 (mg GAE/g) RE R .«

Z 8 LEE 281 7ARY Mg ol DA T A el mlbr il 4. BURE 1 mL, #3670 4 5%E
SR BN VRN 10% AL SRR I T AR, RIS INJE T RLRE 21 0F TR T B 6 min. S35 TN 4%
NaOH &, JFH 70% BB 2 10 mL J5#E5), HE TEI T 12 min. £ 510 nm BT HIEOG R %
ATIE . S5 RFRES T T & 8225 2 & (mg RE/@FR.

IR ZOR S AL IR 3R A i 0 E Y HPLC VRS20, 1 R AR R 3R S A 9P 3R PO MR A VAR 20 o) ) e i 2%
VR TEWE, BREES, SN 50% F EE 8 75 402 15 mine RJ5 LA 10000 rpm H#EEES 0> 10 min,
W& LG B, VIEPEIMAREREERAS 15 min, &I LIEREH 2R MER. @RS E R o
WE T AR e, T 5 H S S R A SR 3R A R R 1 A
1.2.5 IMAEWIEMME DPPH & &R E 21 Jiaqi L MIRF 70732, FHIE SRR, DOKIEE4EE &R E

(Trolox) JUbRHEREIR, AR IRECHI A R ORI, IR M ARHERCE R 2 | mL. BHJS, 10T 2%
JE B & NN 1 mLDPPH ¥R, #8567 i T REDGHR B 20 mine 517 nm ORI FH BTl o B4
Pl AR i Ze i SR 4 b DPPH &5, B4R Fpumol L! trolox g ™! IR .

ABTS I 5E 2 R — IR 158 77 VA28, [FFEIE F Trolox fEAbRAES:, WREEFHE N 0~80 ng/mL, H 7
0% FEEE 25 %8 1 mLo SRS 108 255 B0 43 SN 4 mL ABTS ¥, #ESIFF =R FEDLFFE 6 mi
n. 7E 734 nm WA IR RO . KOEBEEEARN BRI 2 1 5 ABTS &, 45 Humol L' trol
ox gl F#R.

1.3 BRSO

¥ {5 ) IBM SPSS Statistics 22.0 ¥ EAT 75 22 4341, KA Duncan’s B LL B4 ) 22 57 35 (P<

0.05) , KH spearman AHOGYEZHTAEAY, Z3 M UG4S S K b A5 SEAR SR 1
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21 IIAE=MXSERRSH

GBS (B D 2R, M ChER XD SEARNy s A 28 Add, AKEIH
PRI FE B AT IA 29.50 °C, TR 23.79 °Cs HAUR HAEIERILE 3.70 °C~21.10 °CZ[H], “F¥{E A
12.72°C; HEFg/KEH AN 80.70 mm, “F¥HEKER 3.57 mm; HHER P 8.21 h, HFHIAHXHE
FEF-319 66.37%. MM-HLIX CALFAIEREXD SO AKMA S A MR 8 M, AKWH PR EEA
29.20 °C, PSRN 23.50 °C; HAUR HEZEEHTE 3.60 °C~19.60 °CZ i, “F{EN 12.13 °C; HFFK
HREIS 8520 mm, “FHEIKEN 5.05 mm: FEH HEEACH 7.56 h, P2 HFAHE R 53.48%.
Iy L X (DU AR AR D) SREAERKWID 6 H T A2 8 A 9 AW, AKIMIH P& =L 32.80 °C,
P42 27.39 °C; HAHR HEEVEHAE 2.50 °C~16.30 °CZ &, “F#54 9.50 °C; HBE/KFEHEHN 69.1 mm,
SFEIN 3.21mm; P H BB ECA 6.46 h,  HPIIARXHE T EIME A 64.24%.

TR A R IR O X H PR AR AT B R K E RIS, (EH AR H A H H RO H A xS
TR AT A Py M d s P IX P RN H B AR RIS, (H 2 H K s I i dblX
PR R, (R HAR BBE . HFEKEAH B R BT R P BRI
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a: Daily average temperature changes in three regions during the growth period of mung beans; b: The daily temperature variation in the three regions during the
growth period of mung beans; c: Changes in daily precipitation in three regions during the growth period of mung beans; d: Changes in sunshine hours in three

areas during the growth period of mung beans; e: Daily average relative humidity changes during the growth period of mung beans
1 MR MoFlER =X R T £ KBNS IEIRR

Fig. 1 Climate conditions during the growth period of mung beans in Yuci, Huairen, and Linfen

22 IIAH=MXAEZREHFFERZHKEER

REMRG BT (2 2) R, I X RGOk A A R e, PIME S 2 66.14 cm Hl 6.46 g,
BERTHCHA (P<0.05) o Iy X kSRR D, T IME DA 20.70 Ao PAZHE X 4% S bk SR
THARM I ZE R B2 (P<0.05) , “FIMEIN 30.87 4>, Lyl hIX ) 1.5 1%, JFHHH&ARMEATILH] 38.10
Ao A CHL X TR SR G AR AR SR T T B R R I . T BRI Hr, R I v Hh X FRE 48 5 1318-5-
2 AERRE AN E R R IO, 05108 73.10 em A1 7.30 g5 PRMCHBIX FRHE 4R S 1109-14 76 S0 K
Hh B R SE R T
#2 WAE = HRGEHEREMR

Table 2 Agronomic traits of mung bean resources in three regions of Shanxi Province

PR e 1R/ N Il 4>
Traits Item Yuci Huairen Linfen
H Cem) i 40.70~56.50 36.80~48.10 58.00~79.00
Plant height
FEMAE 47.46° 42.36¢ 66.14°
Bt 2 4.90 3.79 6.11
AR R (%) 10.32 8.96 9.23
PR PN 18.20~29.70 25.30~38.10 15.50~25.30
Number of pods per plant
SFIME 24.07° 30.87° 20.70°
FritE i 2 4.56 4.04 2.93
B R (%) 18.95 13.10 14.13
FIRLE () Plen i 5.40~7.60 4.70~7.00 5.20~7.40
Hundred-grain weight
FIME 6.420 5.86° 6.46"
Bt 2 0.77 0.82 0.76
AR (%) 12.06 13.94 11.70

BEEARNEFRRRIEREREMREZRE 5%k FLEREE, TH

Different lowercase letters after the data indicate significant differences in mung bean germplasm resources from different sources at the 5% level, the same as

below

23 WAEZHXARIZEFFEEAEFRERIH

IR T (R 3) SERER=IXHIE A B ek AE
FUR S E A4 R R Im i IX s B H R

iR BN ER . SRR BT
EEam HE T AP ZE R B3 (P<0.05) , “FHHEAN

26.80%, I ik 28.65%, HAEAF S EML MM XIRE T 16.00%; Mk X 4% 5 5 [ FS s E



I ¥ 2 18], ¥JME N 23.82%;

21.25%~25.97%.
FIRVERT &

BE, PYIMEN 47.35%, JEM ST RE 43.19%~51.70%; &7 X JER & = EH

=3

PAZ X 2% G A B R A

FHIME N 23.19%, A S EVEE A&

BN REY: UGB XSG 3R & /T (p<0.05) MiEEHH#IX (p>0.05)
=2 18], B{E N

45.86%, 5[ /& 43.16%~47.74%; A HL X JEM & 2R AK, YE N 43.66%, 7k & & Vi 2 39.86%~48.33%.

= b b 5 B YR AR T
B9 2.49%, FEWie
Uy H X g 5 25 e A I

IV M X AP [P 22 5 1416-4-1-3 RS
3 WAE=AMMXARZEE

Table 3 Nutrient content of mung bean in three regions of Shanxi Province

AL =

Y

FHNEE

Mrat R, Mk IX &8 S eI &
JO L 1.55%~3.25%; P HL X JIE

AL T MR AN V3 2 8],
SEYMEA N 1.14%, JEEITE 0.80%~1.54%2 [f],

E LA g BRI MR M X A I 4% 5 1109-14 SEM AR B & &/, 7

ERNFEE, HIA 28.65%.

R (p<0.05) m MR HIX, 3
SPEMEAN 1.39%; I

FAN 50.75%F0 3.25%;

BIRGY mH iR 7y Il ¥y
Nutrient composition Item Yuci Huairen Linfen
KIr ) Yt 6.940.02~8.90+0.02 6.4120.03~7.79+0.03 6.13£0.02~10.28+0.07
Hydration
FEMAE 7.7 6.93: 7.44°
PRt i 22 0.74 0.45 1.16
BRERE (%) 9.54 6.42 15.61

AW (%)

Protein

W (%)

Starch

RElG (%)

Fat

Blet=

LT

bR 22

A5 RE (%)

Flet=s

LT

bR 22

A5 RE (%)

Blet=

LT

bR 22

A5 RE (%)

20.9440.15~25.88+0.21

23.82°

1.55

6.50

43.1940.13~51.70+0.15

47.352

2.88

6.08

1.55+0.29~3.25+0.22

2.49*

0.54

21.73

21.25+0.14~25.97+0.06

23.19°

1.39

6.00

39.86+0.94~48.33+0.50

43.66°

2.70

6.18

0.91£0.15~1.89+0.18

1.39°

0.32

22.89

24.30+0.03~28.65+0.23

26.80*

1.32

4.91

43.16+0.88~47.74+1.72

45.86*

1.27

2.78

0.80+0.13~1.54+0.24

1.14°

0.26

22.44

B J5A RN B RERORA FRIR A G B BRAE 5% KF LERES, TH



Different lowercase letters after the data indicate significant differences in mung bean germplasm resources from different sources at the 5% level, the same as
below
24 WAE=MXFEZFEHFNAUBS RIS LB

PUEM B KBTI T 45 R Bon = Hh SR G 2 Wy, MK ER . 413013, 41303, DPPH jhFRAE /1A
ABTS {ERRBE N HFE—EER (R4 .

SHURRR BHE R 2 B A BT AR R M X ST R 2 A ER T WG X E R R (p
<0.05) , BZE &8N 3.30 mg GAE/g, JEEITE 2.37 mg GAE/g~3.77 mg GAE/g 2 [al; Ifi¥yHiX &
LS R TR -2 06, FEIMEN 2.54 mg GAE/g; MM X G 8 B2 W& BRI, FHHE N 2.49
mg GAE/g.

SRR PR B A T A R M X S T B I S BT A ZE S B (p<0.05),
MIEHF YA BN 2.34 mg RE/g, JuHE7E 2.06 mg RE/g~2.58 mg RE/g 2 [8]; P HhIX B3 E % &8N
2.12 mg RE/g, BrFMRAIEY 2 18], v X B 0 B S, “F¥I{EN 1.95 mg RE/g.

SO IR R AR R SR T R IR X AR R A AR R S RN = s,
FHEC T HoA P 22 AN B2 (p>0.05) , ~FHIEE 08 0.81 mg/g. 0.76mg/g, JuHH 4 AI1E 0.47~1.27 mg/
g+ 0.43~1.19 mg/g ZIa]; MR HBIX AR Z A 4 2 & 520 08 0.81 mg/g M1 0.74 mg/g, AT MAZHIlE ¥
ZIE) ;s MM XA IR B A R 3R S B R, 308 0.68 mg/g F10.62 mg/g.

MR B R DPPH S5 BRBE J1 TS SRR Mk Hh X DPPH 75 [ 6 0 i HLAH b T LA i b 2 57 16
# (p<0.05) , “F¥IN 55.55 umol/g, {HiZIh[X 4EE DPPH J& R HE 128 7 REUEIE 7.99%, 1t W JEHE 1 5h
R IR HIX DPPH &Rk BE 11—/, “FHME N 52.39 pumol/g: MM [X 4% S DPPH i& R RE J1 ik, P
84 50.54 pmol/g.

ZHURR R BEIE ABTS SRR BE TS SRR M X ABTS 5 M 66 0 e HLAH b T LA i i 2 5 16
# (p<0.05) , P4 28.75 umol/g; M- HhIX ABTS iEFRAE 1M 27.41 pumol/g, A7 FHIKAIGE Y 2 18); I
Urh X ABTS i kR Ui fi, 9 27.25 umol/g.

A VL LT A BB MVOB X RIS S 1116-18-3 B2 8y, M i FHHRER KT M AL Thae &N
Rith, BZ8&EN3.77 mg GAE/g, SEETFRIE 5584 2.58 mg RE/g, DPPH #1 ABTS ZhfE(HAK KA
61.32 pmol/g A1 29.31 pmol/g; M- HLX TR EHIZE S 1540-6-2-1 I B R MRS ERANES, 20N
1.35 mg/g M1 1.21 mg/g, FIRHAEDHTEER O XA R A S AR R S B AR, (H2

DCHEFRER AR R CV E R TR G b IX, R PR3t DR R AR R S AR E
T4 WA MERTEZEMEURSSE. MEKENE

Table 4 Antioxidant content and antioxidant activity of mung beans in three regions of Shanxi Province

PRy BiH ik A= Wi 3

Antioxidant component Ttem Yuci Huairen Linfen




B2 (mg GAE/g)

Total polyphenols

M3 (mg RE/g)

Total flavone

HIER (mg/g)

Vitexin

SHIFE (mg/g)

Isovitexin

DPPH & R&AE7) (umol/g)

DPPH Clearing capability

ABTS FRAES) (pmol/g)

ABTS Clearing capability

Blet=s

T

bR 2=

B R (%)

Flet=s

T

bR 2=

B R (%)

Blet=s

T

bR 2=

AR R (%)

Flet=s

T

bR 2=

AR AR (%)

Blet=

T

bR 2=

AR AR (%)

Blet=

T

bR 2=

AR AR (%)

2.37+0.17~3.77+0.21

3.30°

0.45

13.73

2.06+0.07~2.58+0.01

2.34

0.16

6.61

0.31~1.28

0.81°

0.27

33.07

0.29~1.26

0.74*

0.26

34.94

49.53~61.32

55.55°

4.44

7.99

26.93~30.22

28.75%

1.09

3.78

2.01£0.18~2.96+0.13

2.49°

0.27

10.74

1.89+0.12~2.57+0.04

2.12°

0.24

11.51

0.50~1.35

0.68°

0.24

34.78

0.49~1.21

0.62°

0.21

33.73

48.34~52.08

50.54°

1.29

2.55

26.02~29.42

27.41°

1.02

3.73

2.1240.15~2.90+0.25

2.54°

0.22

8.51

1.58+0.18~2.20+0.06

1.95°

0.17

8.90

0.47~1.27

0.81°

0.26

32.05

0.43~1.19

0.76*

0.24

31.98

50.17~54.82

52.39°

1.39

2.66

25.33~28.55

27.25%

0.84

3.09

B J5A RN B BERORA FRIR A G B BRAE 5% K P LERES, TH

Different lowercase letters after the data indicate significant differences in mung bean germplasm resources from different sources at the 5% level, the same as
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Fig. 2 Correlation analysis of agronomic traits, nutritional quality and climatic conditions of mung bean
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