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Photosynthetic Characteristics and Comprehensive Evaluation of
Different Mung Bean Varieties (Lines)

YANG Xuele, WANG Suhua, ZHANG Lu, LI Jiguang, WANG Yanlan, HU Liqin, HE Luqiu

(Crops Research Institute of Hunan Province, Changsha 410125, China)

Abstract: [ Purpose] To select the mung bean varieties (lines) with strong photosynthetic ability
and high yield. [ Methods] The photosynthetic characteristics of 32 mung bean varieties (lines)
were investigated at the flowering and pod stage. The correlations among photosynthetic characterist-
ics and between photosynthetic characteristics and yield were analyzed, combining with yield-related
traits. [ Results ] There were significant differences in photosynthetic characteristics among differ-
ent mung bean varieties(lines). Principal component analysis showed that: the cumulative contribu-
tion rate of the first two principal components was 91.361%, the first principal component mainly re-
flected the information of transpiration rate (7}), stomatal conductance (G,), intercellular carbon diox-
ide concentration (C;) and water use efficiency (WUE), and the second principal component mainly
reflected the information of net photosynthetic rate (P,). The 32 mung bean varieties (lines) were clus-
ted into three groups by cluster analysis, six materials from group II with higher P,, G,, C; and

T,. [ Conclusion ] The mung bean varieties (lines) of Jilyu No.3 and Jilyu No.2 show better photo-
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synthetic characteristics and yield traits, and they are suitable for popularization and application in

production.

Keywords: mung bean; photosynthetic characteristics; yield traits; principal component analysis;

cluster analysis
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Tab. 1 Mung bean varieties (lines) for test
T Ui W5 5T 44 F5 £ Ly i W5 LU

number germplasm name number germplasm name number germplasm name number germplasm name
Yeeka's SER3S H k6T TRE%942

LD-0L - (yeilyu No.4 LD-09 Bailyu No.6 LD-17 JilyuNo.6 LD-25 Baolyu 942
HEaEs S SER 5= J3E%08-7 Las's

LD-02 \Weilyu No.s LD-10 Bailyu No.8 LD-18 g iyu 08-7 LD-26 | aolyu No.8
HERTS 495 F1£%04-23 FIFHERE

LD-03 Weilyu No.7 LD-11 Bailyu No.9 LD-19 Sulyu 04-23 LD-27 Nanyang mung bean
LRSS HE105 EST30 VAT TGS

LD-04 Weilyu No.8 LD-12 Bailyu No.10 LD-20 Lyuzhenzhu No.2 LD-28 Anhuanglyu No.1
LR S HEk11 FhLka's Mek1s

LD-05 Weilyu No.9 LD-13 Bailyu No.11 LD-21 Elyu No.4 LD-29 Xianglyu No.1
ks s F£%522 2T WBH 1S

LD-06 Zhonglyu No.5 LD-14 Bailyu 522 LD-22 Jilyu No.2 LD-30 Liuyanghe No.1

4845 FHE35 CEL TS

D07 ERSE LD-15 it D2y SAKITEEE D31

Zhonglyu No.8 Jilyu No.3 Zhangjiakou Yinggelyu Jilyu No.7
k115 HL4R45 545 FHE%09-8

LD-08 PRILS LD-16 N "G LD-24 *ﬁﬂi RE LD-32 AR

Zhonglyu No.11 Jilyu No.4 Yulin mung bean Sulyu 09-8
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IR 17.2 ¢, AP FoKE 1361.6 mm, X5+
g, WICEIR, HEEDTE, AU CEY,
AR
1.2.2 WA it

KAV AT, 3RER, /NXHEH
10 m* (2 mx5m), 1047X, 17BN 50 cmx
33 em. KK, BOURE S~6 KiFh T, frgkaRKH
FOEfG, B7OEN 2 bk, B/NXEE 120 Bk, Ire
RN LY 12 Jbk. HAbAR SRS R
1.2.3 St fatailE

TESR T AEIEN, A OE G400 & fE bk
PIEE TR . B/ NXIERC 4TS 5 BRCH
—EAE AR TN , RERRELRNE 3 AR
P, W AR Sy FE 2R = A iy ] N
2 PR ELFEEGE MK (net photosynthetic rate,
P)). "L (stomatal conductance, Gy). fifi[f]
CO, ¥ & (intercellular carbon dioxide concentration,
C,) FNZ& /5 MK (transpiration rate, T,), JFHZHRA
2 P /T x100 THE/K 53 F R (water use efficiency,
WUE).
1.2.4 P EAHRMRI E
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bR ) VAT, TR RN BEALE 5 PRk
AL E A, BRI R R R
JEREL . JER . EORLTT R AR A 5 AR
1.3 HEgr 500

HIH Excel 2007 X 58 B #4777 22 70 #r
HIH SPSS 21.0 FEATAH BT . RSB Al
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R TAR AL AL PR S P31 T 5 b, R
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240 £, 1.53 4%, 2.10 f5H0 1.75 1%, ULPAAS RSk
TR (R) WA HEREREERER, BEHERE
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2.2 ARZEERF (R) AR E

ME3IA: P Y G T, 2% %EIEM
X, ML RE R 0.700 F10.620; G, 5 G,
T, BN EFIEME, 5 WUE 2R & AH5e,
KRB K 0.857, 0.793 FI—0.552; C, 5 T, &
W IEAIE, 5 WUE B4 8 & fAHSE, He
ZE3 R 0.731 #1-0.765; T. 5 WUE 24 3%
AR, FEREC 0841, KRG T M (R)
ML AR A SRR, AR bR RS B
B, WA LERHZEE I EXHEE IR
BEATPEAR .
2.3 AFESEE R (R) JaB MR I 2RSS 44T

M 4 AL FERTE £, AT 2 N ER
I BTk R N 91.361%, X 2 s
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it fE B Hrb, 51 RS TTERR
71.746%, TEZEWSH, G, CH T, AHGRE
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M TTERFEN 19.614%, TEZEMIH, P, AR
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2% 1 5) M LD-25 (Ff4k 942) Li & R, H
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LR (R), EERE P, G, C R T, ¥4
ik, H WUE &, ZRaHE%%ER
2.5 ARZSGEHM (R) B2 HER

H 2 6 . 32 NSRS Al (FR) 18] Y BBk



551 Wl A5 ARISRE MR (R) BOCH R R 2R S 21

R2 RNMFEEREM (R) AR

Tab. 2 Photosynthetic characteristics of 32 mung bean varieties (lines)

s S Rts: Il SALT R B CO, ik E/ AMEER/ Uil E
number (umol-m™?-s™") P, (mol'-m™-s™") G, (umol-mol™) C; (mmol'-m™*s™) T, (umol-mmol ) WUE
LD-01 31.46+2.22 ab 0.44+0.09 ab 220.79£15.14 ab 5.954+0.71 be 5.3240.29 b
LD-02 25.68+1.25¢ 0.2240.02 ¢ 158.16+£14.78 ¢ 3.91+0.28 d 6.59+0.38 a
LD-03 27.35+0.79 be 0.37+0.05 be 223.01£10.99 ab 5.9440.64 be 4.65+0.38 cd
LD-04 27.68+2.84 be 0.30+0.06 be 191.84+£9.59 b 5.4240.79 ¢ 5.14+0.24 bc
LD-05 32.78+1.31 ab 0.41+0.04 ab 205.24+14.21b 6.80+£0.30 b 4.83+0.30 be
LD-06 31.26+1.29 ab 0.48+0.03 ab 231.35+£2.81 ab 7.41£0.22 ab 4.22+0.06 cd
LD-07 31.474+0.69 ab 0.41+0.03 ab 211.29+8.23 b 6.634+0.46 be 4.76+0.27 be
LD-08 29.92+0.81 b 0.36+0.02 be 206.68+£6.14 b 5.81£0.23 be 5.16+0.19 be
LD-09 27.69+2.63 be 0.39+0.10 b 223.07+18.90 ab 5.98+1.03 be 4.71+0.45 be
LD-10 2431£1.41 ¢ 0.25+0.01 ¢ 194.82+14.64 b 4.65+0.14 cd 5.24+0.37 be
LD-11 30.73+2.69 ab 0.39+0.08 b 208.44+£9.05 b 6.10+0.78 be 5.06+0.20 bc
LD-12 29.00+3.70 be 0.42+0.14 ab 217.66+29.12 ab 6.20+1.56 be 4.87+0.77 be
LD-13 29.10+0.83 be 0.44+0.06 ab 231.27+£10.58 ab 6.64+0.50 be 4.40+0.23 cd
LD-14 29.64+2.79 be 0.42+0.06 ab 226.80+8.50 ab 6.08+0.55 be 4.88+0.25 be
LD-15 30.29+1.22 ab 0.50+0.07 ab 239.38+8.96 ab 7.0240.16 ab 4.3140.09 cd
LD-16 32.58+0.55 ab 0.46+0.03 ab 221.24+4.26 ab 6.99+0.28 ab 4.66+0.12 ¢
LD-17 27.94+1.02 be 0.41+0.07 ab 230.94+17.04 ab 6.2140.68 be 4.55+0.48 cd
LD-18 32.21+0.71 ab 0.44+0.05 ab 217.88+9.62 ab 6.19+£0.43 be 5.2240.25 be
LD-19 30.63+1.68 ab 0.45+0.04 ab 229.01+4.62 ab 6.90£0.30 b 4.44+0.06 cd
LD-20 28.46+1.16 be 0.45£0.06 ab 237.99+£8.81 ab 7.144+0.53 ab 4.00+0.21d
LD-21 29.30+2.64 be 0.40+0.11 ab 214.77£21.08 b 7.11+1.39 ab 4.23+0.55 cd
LD-22 31.05+1.64 ab 0.52+0.04 a 241.52+1.42 a 7.814+0.36 ab 3.97+0.03 d
LD-23 29.99+0.14 b 0.43+0.04 ab 223.18+12.51 ab 7.184+0.32 ab 4.19+0.18 cd
LD-24 25.23+1.13 ¢ 0.27+0.02 be 195.24+£5.96 b 5.46+0.28 ¢ 4.63+0.08 cd
LD-25 32.40+0.86 ab 0.47+0.03 ab 222.89+4.70 ab 8.07+0.55 ab 4.03+0.21d
LD-26 27.71£1.18 be 0.37+0.02 be 220.54+10.46 ab 6.82+0.30 b 4.07+0.29 cd
LD-27 25.77+1.96 ¢ 0.37+0.02 be 231.51£17.46 ab 6.88+0.30 b 3.76+£0.43 d
LD-28 30.99+1.41 ab 0.49+0.03 ab 235.44+2.19 ab 8.21+0.17 a 3.77+0.09 d
LD-29 26.00+4.42 ¢ 0.33+0.06 be 216.02+14.73 b 6.4440.79 be 4.03+0.36 d
LD-30 33.98+2.35a 0.36+0.13 be 203.92+£13.79 b 7.77+0.96 ab 4.41+0.29 cd
LD-31 29.644+2.34 be 0.47+0.06 ab 236.09+6.02 ab 7.77+£0.47 ab 3.82+0.18 d
LD-32 27.67+1.78 bc 0.34+0.07 be 207.77£19.41 b 6.47+0.90 be 4.32+0.39 cd
*F- ¥4 mean 29.37 0.40 217.99 6.56 4.57
FfH F-value 3.19 2.53 3.67 4.35 7.02
5 28 %

coefficient of variation 8.26 17.94 7.87 14.41 12.87

W SR BERORTE0.05KF LEREE: TR
Note: P,. net photosynthetic rate, G,. stomatal conductance, C;. intercellular carbon dioxide concentration, 7. transpiration rate, WUE. water use efficiency;
different letters in the same column indicate significant differences at 0.05 level; the same as below.

£33 RERM (R) AGTERAOBER M

Tab.3 Correlation of photosynthetic characteristics of mung bean varieties (lines)

W EHE P, SIS G, M COLIKEE C; MG T,
AL G, 0.700%*
HaICOLIKEE C; 0.321 0.857%*
MBEE T, 0.620%* 0.793%* 0.731%*
K53 FI % WUE -0.136 —0.552%* —0.765%* —0.841%*

e oo RORIE AR (P<0.01),
Note: “**” indicates extremely significant correlation (P<<0.01).
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Tab.4 Eigenvectors and eigen values of
principal component analysis

£S5 RNIRESM (R) ERFEOREGHF
Tab. 5 Principal component score and comprehensive
ranking of 32 mung bean varieties (lines)

S8 i) principal component
parameter PC1 PC2

#CEHEE P, 0.630 0.758
SALRIE G 0.926 0.219
MM COLMEE C; 0.890 -0.259
IR T, 0.947 -0.018
KA FIF % WUE -0.802 0.540
FEEMH eigen value 3.587 0.981
irﬁ;jﬁfli‘?on rate 71.746 19614
Rt TR 2% 71.746 91.361

cumulative contribution rate

JER . PRIERIEL . FEK . ORI aE BRI
R EES . HXMESER. P,. G,
C. T, 5/ & 2 IEME (FHE R 5510 0.082,
0.036. 0.038 #10.217), WUE =255 (F
KEHCN-0201), HAMEMARE ., 5 1 K8
Hr, LD-18 WYk I . Bubkohs it it 7 B AT 41,
AT A AT b T HRARKF ;. LD-05 By Btk
JER. PATERIEL, JER N BARRRL R HE A S
I AR FT AL F Ak, 55 T288FT, LD-15
1 LD-22 HYFARRIERL . FRIERBUR PR 5T i HE
ZAERT, WA R BT HEASEG 5 LD-06 [ IR
B, JEK . BRI R HE A AR AT,
117 PRRR JERCHE A R b o 55 T2EHER, LD-04 Al
LD-10 Py YER R . S A E b it i HE 24 SE AT,
Hor LD-10 W ER RN T8 —. ZZGKE,
R AT M (R) e EHR S AR —
EMLR, A MEREIE A (R) K8k
R TIBLF, WA HREN R (R) K
FraE R R R — g2, Hp LD-15 (F 4k
35 Fil LD-22 (34t 2 5) WOt A Motkofn = vk
RFEFE S
3 g

[] — R VR4 AN 6] it R (DG A PR 25 Sk
Ui B A 5T B R ) st A Y B T, st A% fR B
EUDR RO AR R 2R BN AR TR
HeAMERIEAT /T, SR T R R RLE
P,. G,. G, T,F1 WUE % 03 ; HEHKSEN
R AR EM A P, G, CH T,

T ki GEfs et
number principal component score comprehensive compreh'enswe
PC1 PC2 score ranking
LD-01 -0.22 1.47 0.15 17
LD-02 —6.23 1.12 —4.65 32
LD-03 -0.75 -0.73 -0.74 25
LD-04 —2.65 0.10 —2.05 29
LD-05 0.13 1.55 0.43 13
LD-06 1.84 0.29 1.51 5
LD-07 0.03 0.96 0.23 16
LD-08 -1.31 0.79 —0.86 27
LD-09 -0.57 —-0.50 —0.55 24
LD-10 —3.82 -1.04 -3.22 31
LD-11 -0.76 1.00 —-0.38 23
LD-12 -0.35 0.22 -0.23 22
LD-13 0.72 -0.35 0.49 12
LD-14 -0.06 0.32 0.02 18
LD-15 1.80 0.01 1.42 6
LD-16 1.10 1.24 1.13 7
LD-17 0.05 —0.63 —-0.10 19
LD-18 —-0.02 1.64 0.34 14
LD-19 1.10 0.26 0.92 9
LD-20 1.48 —-0.98 0.95 8
LD-21 0.43 -0.31 0.27 15
LD-22 2.80 -0.03 2.19 1
LD-23 0.99 —-0.18 0.74 11
LD-24 -2.71 -1.30 —2.40 30
LD-25 2.20 0.56 1.85 3
LD-26 0.12 -1.13 —-0.15 21
LD-27 0.41 -2.21 —0.15 20
LD-28 2.77 -0.25 2.12 2
LD-29 —0.68 -1.76 -0.91 28
LD-30 0.74 1.39 0.88 10
LD-31 2.16 -0.71 1.54 4
LD-32 -0.77 -0.79 —0.78 26

ZRWBE, AU, 32 MG EF (R) W
P,. G,. C,. T, Hl WUE H17F7E & %5, M
A MR R E AL, e .

P, 52 SO AE YOG AR FH o 55 1Y B 2R AR 2
—, XWAFEERRCE MR R . e HR
HHAMCE SR AR B ARG .
A BN Y b X AN [) K AR e A PR
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Fig. 1 Cluster diagram of 32 mung bean varieties (lines) based on comprehensive evaluation value
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Tab. 6 Yield components of 32 mung bean varieties (lines)

e B SERL SR S Kefem ¥ oL g TR g
number pod number of per plant seed number of per pod pod length seed weight of per plant 100-seed weight
LD-01 36.40 b 12.80 ab 9.84 be 11.88 be 515¢g
LD-02 36.00 b 11.80 be 9.64 ¢ 11.15bc 540 f
LD-03 3540b 13.20 ab 9.60 ¢ 12.56 be 5.60 ¢
LD-04 3520b 13.80 ab 11.24 ab 11.78 be 571e
LD-05 25.60 be 9.80 ¢ 8.60 cd 873 ¢ 595d
LD-06 31.40 be 13.20 ab 10.48 be 13.26 be 6.52b
LD-07 25.20 be 13.00 ab 10.52 be 9.76 be 6.19 ¢
LD-08 40.20 be 12.00 be 10.48 be 13.01 be 5.87 de
LD-09 33.80 be 12.20 b 10.08 be 13.70 b 541fF
LD-10 18.60 ¢ 14.00 ab 11.88 ab 8.50 ¢ 6.71 a
LD-11 32.80 be 13.80 ab 9.84 be 14.16 ab 538f
LD-12 29.40 be 11.00 be 11.08 b 11.18 be 5.60 ¢
LD-13 42.40 ab 13.00 ab 7.92d 11.14 be 3.89j
LD-14 33.00 be 1220 b 10.55 be 11.47 be 5.78 de
LD-15 43.00 ab 12.60 ab 10.92 be 18.96 a 5.53 ef
LD-16 21.60 be 12.20b 11.56 ab 9.14 be 6.05 cd
LD-17 30.60 be 14.00 ab 9.60 ¢ 12.60 be 516¢g
LD-18 52.60 a 12.40 ab 9.40 ¢ 18.76 a 4521
LD-19 41.60 ab 12.00 be 9.92 be 12.76 be 490 h
LD-20 27.20 be 13.50 ab 942 ¢ 9.05 be 5.60e
LD-21 25.20 be 10.20 ¢ 9.96 be 9.74 be 536 f
LD-22 51.00 ab 13.40 ab 9.60 ¢ 15.10 ab 4331
LD-23 39.40 ab 13.20 ab 8.88 cd 11.07 be 471h
LD-24 20.00 ¢ 12.40 ab 12.64 a 8.54¢ 6.48b
LD-25 14.40 ¢ 10.80 be 9.56 ¢ 578 ¢ 6.04 cd
LD-26 26.80 be 1220 b 9.88 be 10.58 be 5.26 fg
LD-27 34.60 be 1420 a 10.52 be 11.12 be 489h
LD-28 34.60 be 11.00 be 9.72 be 12.00 be 5.60 ¢
LD-29 32.60 be 13.40 ab 10.96 be 11.19 be 6.03 cd
LD-30 38.20 ab 13.00 ab 10.40 be 14.68 ab 6.39b
LD-31 23.80 be 12.40 ab 10.40 be 10.02 be 5.85de
LD-32 27.60 be 12.00 be 8.64 cd 7.67 ¢ 515¢g
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