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Yield and character changes of mung bean varieties in China based
on 14 consecutive years of national mung bean variety regional trials
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(1. State Key Laboratory of Crop Stress Biology for Arid Areas, College of Agronomy, Northwest A&F University,
Yangling , Shaanxi 712100, China; 2. National Agricultural Technology Extension Service Center, Beijing 100125, China)

Abstract; GGE biplot, coefficient of variation, correlation analysis, multiple regression and cluster analysis
were used to analyze the variation of growth days, plant height, number of main stem nodes, branch number of
main stem, pod length, pod numbers per plant, seeds per pod, 1000—grain weight and yield of 130 mung bean va-
rieties provided by 29 breeding units in 12 main producing provinces ( municipalities/autonomous regions) of mung
bean of Inner Mongolia Autonomous Region, Heilongjiang Province, Jilin Province, Liaoning Province and Shanxi
Province during the 14 years of national mung bean varieties regional trial from 2003 to 2016. The variation of quan-

tity in spring and summer sowing groups was compared, and the correlation between characters and the difference of
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characters of mung bean varieties from different breeding institutions were compared. The results showed that the
yield of mung bean in spring and summer sowing groups increased by 14.0% and 25.4% respectively from 2003 to
2016, with an average annual increase of 1.0% and 1.8%, respectively. The number of main stem branches de-
creased by 12.0% and 15.9% respectively. The changes of other traits were not obvious.The coefficient of variation
of main agronomic traits of mung bean in spring sowing group ranged from 5.14% to 17.01%, with an average of
11.33%. The genetic diversity index ranged from 1.91 to 2.08, with an average of 1.99. The coefficient of variation
of main agronomic traits of mung beans in the summer sowing group ranged from 5.96% to 19.99% , with an average
of 12.52% , and the genetic diversity index ranged from 1.98 to 2.17, with an average of 2.07. Correlation and par-
tial correlation analysis showed that yield was positively correlated with pod length, pod numbers per plant and
seeds per pod, but not significantly correlated with other traits. In the summer sowing group, the yield was positive-
ly correlated with pod numbers per plant and seeds per pod, and negatively correlated with plant height, branch
number of main stem and pod length. Multiple regression analysis showed that growth days, plant height, branch
number of main stem, pod length and pod numbers per plant together determined 60.9% yield variation of mung
bean in spring sowing group. Plant height, branch number of main stem, pod numbers per plant, seeds per pod and
1000—grain weight of mung bean in summer sowing group jointly determined 87.7% variation of yield. The cluster
analysis based on the breeding area showed that 65 spring sowing group varieties were divided into 4 categories, and
the comprehensive performance was better in Beijing, Hebei, Shanxi, Henan, Shandong, Jilin and Shaanxi prov-
inces. The 65 summer sowing group varieties were divided into 6 categories, and the comprehensive performance
was better in Henan Province, Hebei Province and Shandong Province. From 2003 to 2016, the yield of mung bean
varieties in each round of national regional trials increased steadily, indicating that the level of mung bean breeding
in China improved to a certain extent. However, the genetic foundation of mung bean varieties was narrow, the di-
versity of breeding methods was low, and there was no breakthrough variety.
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Table 1  Spring sowing group and summer sowing group mung bean cultivars tested from 2003 to 2016
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Continued table 1  Spring sowing group and summer sowing group mung bean cultivars tested from 2003 to 2016
. N - A (T X) SR Cultivar
=) 2 N
Jiv? B d"q ﬂli{% " Province ( municipality/ FExA kA
” reecine st autonomous region ) Spring sowing group Summer sowing group
PNy ARG T A B pres FRIE4E T Chifenglvdou (CFLD ) ; K ST
9  Chifeng Seed Management Station, I ;[K ol ILIBAZE 2 %5 Tianshanmingly 2 Ch'f¥ ly:i (CFLD)
Inner Mongolia nmer Vongota (TSML2) Hengivaou
BB B Mk b . o o e
10 fj riﬁl\/[a;fﬁ %ﬁi@iﬁﬂ Agricul REgn 75 2 4% 5. Naimanlvdou (NMLD ) ;  RE4k5
> > “ul- . s e
ural Technology Fxtension Center Inner Mongolia 2180 £k 52 2180 Lvdou(2180LD) Naimanlvdou(NMLD)
e Ay M
11 Coi;;ﬁ%ﬁiﬁi&lnncr Mongolia WSS R AL
Agricultural University Inner Mongolia Qingshuihelvdou( QSHLD) Qingshuihelvdou( QSHLD)
L o i - e
. ’ 4 - N 7N
12 lelg an League lnalllutﬁé of Agricultural Tnner Mongolia Xinglv 1(XL1) Xingly 1(XL1)
Sciences, Inner Mongolia
13 PISEIOCERLATR 2 WS PeFLR 1T PeFLk 1T
Inner Mongolia Xingfeng Seed Industry Inner Mongolia Xingfenglv 1(XFLI) Xingfenglv 1(XFLI)
PSR T e m -
14 Inner Mongolia Zhalut Banner Inner Mongolia Minglv 1(ML1) Minglv 1(MLL1)
Seed Company
PSR RIS e 1
15 Tongliao Academy O.f Agricultural Sci- Inner Mongolia Tonglv 1(TLL) Tonglv 1(TLI)
ences, Inner Mongolia
Bep A AR AR AT B
16 Yulin Institute of Agricultural Sciences, Shaanxi YX-1-04 YX-1-04
Shaanxi Province A
17 Sher'lmu‘ County A~grlcul‘tural Technology Shaanxi Shenmulvdou( SMLD) Shenmulvdou( SMLD)
Station in Shaanxi Province
o PECRHRHE b s
Northwest A&F University Shaanxi - ) - :
T IR AR R BRST - 1A% 935 Baily 935 (,BQL%S ViFIERS s 035 Baily 935(BLO3S) ; F14%8
o . . . i 5 Bailv 8(BL8) ; 14k 11 5 Bailv . o A
19 Jilin Province Baicheng Agricultural Jilin 11 (BLI1): BLOSSIO; B4 10 2 Bailv 8 ( BL8); FH %% 11 5 Bailv 11
Research Institute Baily 10( BI’lO) > (BL11)
FMELORRER A T gk
20 Dry Farming Center, Jilin Academy of ;‘]in ¥k 9531 Tao 9531(T9531)
Agricultural Sciences
FEHEACILRREB ik 1 9947 Tao 9047 6(TINT6): ok 0047-6 Tao 9047-6(T9947-6) ;
21 #i4kt 99036 Jilv 99036 (JL99036) ; 7
Jilin Academy of Agricultural Sciences Jilin 426 2 Jilv 6(JL6) 5 £k 65 Jilv 6(JL6)
ST AT W -
22 Nenjiang Agricultural Research Institute o
of Heilongjiang Province Heilongjiang Nenlv 1(NLI) Nenlv 1(NLI)
PEIRITAS T L A RS T g ] ]
23 Cash crop Research Institute of Tailai AJEIL ARt AORAREL
I . Heilongjiang Tailailvdou(TLLD) Tailailvdou (TLLD)
County, Heilongjiang Province
YN & = 76
24 College of Arts and Science, Shanxi Shanxi 1-159 1-159
Agricultural University SHamt
WIPE B BB 28 TR T o y
25 Cash Crops Research Institute, Shanxi ;}Jl-lﬁ gi? ,.:,2? l‘leglvd(;lz ;é];?;)]) 2) 313 B4k 3 5 Fenlvdou 3(FLD3)
Academy of Agricultural Sciences am =42 Tenivdou
Pl BB e R - e -
26 Institute of Alpine Crops, Shanxi Acad- S ) . S .
emy of Agricultural Sciences Shanxi Datonglvdou( DTLD) Datonglvdou( DTLD)
L TERN R EBA TS - . ,
i T4 7 5 Lic .
27 Crop Research Institute, Liaoning A- h.’fT. ) J_‘gj7 o Liaoly T(LLT) 3 12003525y 3555 g
cademy of Agricultural Sciences somng
N N N - JpEgtk 04-23 Sulv 04-23(SL04-23);  F4k 04-23 Sulv 04-23(SLO4-23) ; /i
TP N I . 4l ol 3 >0 ;
28 “Vrﬁffﬂﬁﬂ%&f'rf? ?Fﬁ i HDN TEE2 5 Sulv 2(S12) ; Fhsk 11-8  £4%2 5 Sulv 2(SL2) ; 774k 11-8 Sulv
egetable esearch ‘nshiulte, Hangsu Jiangsu Sulv 11-8(SL11-8) ; #4¢ 14-6 Sulv  11-8(SL11-8) ; 314 14—6 Sulv 14—6
Academy of Agricultural Sciences 14-6(SL14—6) (SL14-6)
v I AL TILZY R
A ARLABISER ] #ER0106 Jilv 0106(JL0106) s 4% 1y py ;o o
29  Ji’ an Agricultural Science Institute of Jiangi 2 iy 1(JL1) ek 15 Jilv 1(JLI1)




55 1 3] LHR T 2% BT IELE 14 AF [ 5 St b DX a6 A v R A S R B AR AR AL 5

1.2 PAEIERR

S B (o T 0 U A LTS R B A v )
PEAFNIE T e A R bR E L
ZEO SR R AR R TR
9 AR,
1.3 BB AE

K H Excel 2016 # A AR AMBFHE A LS
EEN-PN 7 SN N S % G NI R S
JERL TEREL TR RN 7 o AR A MRS 9 3
(B bR AR S R A R R R 1
JHRIET x64 4.0.4 2545 56 DX 50 11 X 43
F15 /R FME S Origin 2021 B2 4 5 X
IR A MR A SR AL AR 18T, FH TBM SPSS Sta-
tistics 24 ARPEHEATAS IR & Rl A7 5 SR ) SR 2K
S3HT, FH Ward 647 32, DX (A1 & 5 1 5 577
NRECHEES . F IBM SPSS Statistics 24 #4F #E47 41 %
PR HT LA K™= i 5 45 A 2R 22 R 1) 22 0 4 M Tl
=537 .

2 R

2.1 &E(W.XK)SREFEEMIBERSEIT
2003—2016 4, 130 MK A 12 A~ (7T,
X)) /9 29 AR AL Frh b WA N
Sl IR IX AT AR B 15 D F R B4 Rt T
26,19 .21 Fl 14 DS Rl 48 5 XA i P
SR 61.5%, FHIEL 1 AN, R4 2 ok LR LA
o654~ RH 1240 (T X)), &4 (7 IX) #24it
A AP BRI . NS AR X (12) ST (11) >
FRE (9)>TTRG A (8) >AL i (5) > ARA (4) =
IHPEAE (4)=VT0048 (4) >BRPE4E (2)= BIRITA (2)
= 10T (2) = 1L (2) . EARHSE T AR 7 3

_— = =
=R
—

—

b Ff % Number of varieties

(=

281Nk H 12 ME X, &8 (X)) B AE L FhogR
PR AL (15) > A (11) >N AR X (9)
SHEHTHI(7) >TEMAE (5) >IIARE (4)=1LHE (4) >
BV (3)= hPEA (3) >BIITA (2) >ILTH (1)
= VLVUA (1), 3 a B4 5 b i B8 vl U 1Tt
B THEE NE N AR X AEREX 4 4 (IX)
BT FP S T i, A DX 3 6 2 8t T o 2 B
A
22 BREESMEERZUERRFENSHNE

S

2003—2016 4EF KA gk LB AR LR AR
SRKHN 5.14% ~ 17.01% , PI{E N 11.33% , % PEIR
FAR S RN KBRS 3 2550 S8 bk ™
B KRB BFRE G A B2 2R 0 (L 2Rk
BHCN 1.91~2.08, H1{H N 1.99, &Mk Hie gt i 2k
PEFRBONK B MR N Fe K AT KRB, TR E B
(SIS T VA NS0 2 G R N T
(F£2), HFEHARE FBEREMERNZER 2N
5.96% ~19.99% , HI{H N 12.52% , & VAR MR B/ IME
WK 2550 38 7 B FRAR ISR bR 2R R
TR e AT KRB ISR G B RS T R 3
BUR AR 8L ZREHEAREOCN 1.98 ~2.17,F 8
1 2.07, MR MK B/ IMRIR Ry B bk S8 36 ™
ZENE(E3) . BRAMEREA LT KB
LB 5 2R B R/ U B S5 3 Atk 22
SR B2 BN AR S R BURCR, U B Z MR
FIAS S R w, R ) R B 4 Hop gk
1R TR R SIERI Y AR S AR O, 1 B T
s AP R R VR A U S RIS B B s

1% #% Spring sowing

B = 4% Summer sowing

Lath WAk WA ARE AEE BRI WA BIEILH g TR RE LA

Beijing Hebei Henan Shandong Inner Shaanxi Jilin Heilongjiang Shanxi Liaoning Jiangsu Jiangxi

Mongolia

4 iy Province

TE AE LRSI AR

Note: The figures in the bars represent number of varieties.
1 2003—2016 £ &H (1. X)) RENEBNEHERE RFH

Fig.1 Number of spring and summer sowing mung bean varieties provided by different provinces

( municipalities/autonomous regions ) from 2003 to 2016
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Table 2 Variation of yield and agronomic traits and genetic diversity index of

mung bean in spring sowing group from 2003 to 2016

PR EHRE PR FETH EESTH B3N kIR SR KL TR E FohE
TA i Growing Plant Node Branch Pod Pod numbers Seeds 1000—grain Yield
a duration/d height/cm numbers numbers length/cm per plant per pod weight/g  /(kg - hm™2)
#/ME Min 75.00 34.80 6.20 2.10 8.10 19.20 9.40 46.60 855.40
R Max 97.00 74.75 11.60 5.80 12.30 42.00 13.30 74.20 1929.10
TFHI{E Mean 85.89 54.84 9.09 3.84 10.20 28.34 11.05 60.80 1365.79
2% Range 22.00 39.95 5.40 3.70 4.20 22.80 3.90 27.60 1073.70
FrifE2 SD 4.41 8.37 1.00 0.65 0.99 3.91 0.69 5.68 195.81
J—
x#f{éﬁl 5.14 15.20 11.05 17.01 9.75 13.80 6.24 9.34 14.33
CV%
BHEZHE
PEFEEL 2.05 2.01 2.01 1.94 2.08 1.92 1.91 2.04 1.98
H/
£3 2003—2016 FEBEAFEEMREERNERREESFEEY
Table 3 Variation of yield and agronomic traits and genetic diversity index of mung
bean in summer sowing group from 2003 to 2016
etk HEHRE PR TRV EESTH B3N HRRIERL JERLEL ThLHE s
Trait Growing Plant Node Branch Pod Pod numbers Seeds 1000—grain Yield
a duration/d height/cm numbers numbers length/cm per plant per pod weight/g  /(kg + hm™2)
#/ME Min 55.00 42.50 7.90 1.70 8.40 14.60 8.70 44.90 833.70
HAAE Max 79.00 87.50 13.70 4.60 11.70 32.50 12.00 72.20 2108.80
FEIH Mean  68.10 60.39 10.62 2.85 9.81 23.58 10.45 60.77 1474.45
2% Range 24.00 45.00 5.80 2.90 3.30 17.90 3.30 27.30 1275.10
brufE2E SD 5.01 9.80 1.17 0.57 0.74 4.12 0.62 5.17 273.33
R R
V% 7.35 16.22 11.01 19.99 7.59 17.47 5.96 8.51 18.53
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Note: The dots in the figure are the abbreviations of the participating varieties, and the corresponding variety names are shown in Table 1. BL522
(Bailv 522), B942-34 (Bao 942-34), BL942 (Baolv 942), and JL2 (Jilv 2) are the control varieties. HEB; Harbin; BC: Baicheng; TN Tao-
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XF; Xifeng; NN; Nanning; NJ: Nanjing; GZL: Gongzhuling; FY; Fenyang; KS: Keshan; QQHE; Qigihar; FS: Fangshan; JA; Ji’ an; TL: Tongli-
ao; WLMQ: Urumgqi; BJ: Beijing; LY Luoyang; ZB. Zibo.
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Fig.2 Discriminativeness and representativeness of spring and summer sowing groups from 2003 to 2016
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Continued fig.2 Discriminativeness and representativeness of spring and summer sowing groups from 2003 to 2016
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Fig.3 Performance of various mung bean characters in spring sowing group and summer

sowing group in each round of regional trials from 2003 to 2016
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Fig.4 The cluster analysis of mung beans cultivars in different provinces ( municipalities/autonomous regions )

®4 BRANMEBRAZKSIEERZERBERE

Table 4 The correlation between main characters of mung bean in spring and summer sowing groups

Pk B R PR EEVH BN ek ARRIERL SR KL TR =
. Growing Plant Node Branch Pod Pod numbers Seeds 1000—grain R
Trait . . . Yield
duration height numbers numbers length per plant per pod weight
B R
Growing 0.552** 0.445" -0.265" " 0.016 -0.182" -0.233" " 0.096 -0.228" "
duration
3= . . . . . .
. 0.645 0.548 -0.071 0.261 -0.394 0.263 0.142 -0.392
Plant height
EETH 0.460 " * 0.802" " -0.016 -0.110 -0.024 0.250* * 0.090 -0.111
Node numbers
Yo sy
EZHIH 0.285" * 0349~ 0.507 "~ 0.219* " -0.224" " 0.311"" -0.125 -0.310" "
Branch numbers
Fef . . . . . . . .
0.348 0.436 0.380 0.314 -0.341 0.266 0.437 -0.305
Pod length
Ly =3
Pod numbers  0.022 -0.096 -0.025 0.167 " -0.138 -0.120 -0.305" " 0.783" "
per plant
sekus
Seeds 0.279" " 0.272" " 0.467 "~ 0.452" 0.457" " 0.196 " -0.073 0.022
per pod
ThiE
1000-grains  0.169 * 0.289" " 0.199 " 0.039 0.615" " -0.319" " 0.136 -0.126
weight
FEH Yield  —0.145 0.089 0.117 -0.082 0.242" " 0.367" " 0.244" " 0.039
TE HUAEC A B R 2 R 2 VA DR B AL AR o R A g MR Z AR B, » RRTE P<0.05 /K 2EF B, « + R

1E P<0.01 KRB E,

Note; Bold numbers indicate the coefficients of correlation between traits of spring sowing group mung bean ; non-bold numbers indicate the correlation

coefficient between traits of spring sowing group mung bean. * indicates significant level at P<0.05, #* = indicates significant level at P<0.01.
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Table 5 The partial correlation between main characters of mung bean in spring and summer sowing groups

EA-PN ¢ 3=
Growing Plant Node
height

PR

Trait Branch

duration numbers numbers

FETH B

Thi
1000—-grain
weight

E3IS PRI
Pod Pod numbers
length

S -
Yield

per plant per pod

AH R

Growing 0.341" " 0.355" " -0.159"

duration
e
Plant height
FEEH
Node numbers
FEEG R
Branch
numbers
FK
Pod length
BARRSERL

Pod numbers

0.516" 0.392" " -0.395" "

-0.171" 0.739 "~ 0.221"*

-0.084 -0.047 0.314"

0.163 " 0.143 -0.149 0.260 " *

0.216" * -0.094 —-0.098 0.285" "

per plant
Seeds
per pod
TR E
1000—-grain
weight

7 Yield

0.229" " -0.303" " 0.351" " 0.181"

-0.058 0.075 -0.010 -0.130

-0.382" " 0.176 " 0.045 -0.360 " "

0.144 -0.111 -0.436" " -0.158 " 0.050

0.274" -0.080 0.324" " -0.131 -0.227" "

-0.469 " * 0.294" " 0.339" " 0.375"* -0.147

0.259" " 0.105 0.299 " * -0.207" " -0.104"*

0.164 " 0.307 " * 0.556" * -0.164"

-0.208 " -0.354 -0.386" " 0.759* *

0.314" " 0.136 -0.299" " 0.451**

0.557" " -0.143 -0.101 0.246" "

0.331" " 0.488" * 0.122 -0.100

TE AL AECT N A R 4 SR Z TR AT O 280 AR LA R T AR H S T MOR Z I AR R, + RIRAE P<0.05 K2R EFE, + *

FIRTE P<0.01 K2R B3,

Note: Bold numbers indicate the coefficients of partial correlation between traits of spring sowing group mung bean;non-bold numbers indicate the partial

correlation coefficient between traits of spring sowing group mung bean. * indicates significant level at P<0.05, * * indicates significant level at P<0.01.
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