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Abstract: In order to determine the suitability of Phaseolus aureus as interplanting crops, field experiments and
pot trials were conducted under full natural light, and 30 and 72% shading to test the shade tolerance of two
Mung bean varieties, including Small Robinia-flower Round-leaf (SRRPA) and Big Lace-leaf Mung bean(BL-
PA) in 2015. The photosynthetic parameters, chlorophyll content, and RuBPCase activity in leaves of the
Mung beans were measured during the first bloom stage. In addition, the response of growth and nutritional
quality to weak light was studied. The results showed that, the net photosynthetic rate (P,), stomatal conduct-
ance (G,), transpiration rate (T,), water use efficiency (WUE) and RuBPCase activity of BLPA significantly
decreased by 24%, 18%, 12%, 13%, and 21 %, respectively, than that under full light, whereas these param-
eters showed no significant change at 30% shading in SRRPA in response to shading. Photosynthetic parame-
ters, including P,, G,, T., and WUE, in the two Mung bean varieties were significantly decreased by more
than 11% under 72% shading. Vegetative growth of BLPA was significantly inhibited, but that of SRRPA re-
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vealed no significant change at 30% shading. In addition, vegetative growth of the Mung beans was significant-
ly inhibited at 72% shading, and dry matter yield decreased by more than 34%, compared to those under full
light. Shading treatments significantly reduced seed yield by over 37% compared to that under full light. These
results indicated that SRRPA had the ability of resisting shade, and could tolerate 30% shading, which was
suitable for intercropping.

Key words: Phaseolus aureus; shade tolerance; photosynthesis parameters; chlorophyll; photosynthetic en-

zyme; nutritive components; yield
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2k 5 (Phaseolus aureus) 5& — P f — 17 — 25 3 F
MEEY T R ARAR B P E R R B
Y, B bAEE IR OB B, SO BE 2RI A Tk Y 5
RIS T EERE AT B AT T 2 ORRL R 1 L KLAR i .
B HORLA 4E & 5 B, J2 AR 4 0% 1 k) A
BT R P AR AR TR N AR A Y oA 1 AR
— EHIRAE B AT IR R T L, 6 4
BT SR B ARG . 2009 — 2011 4F 8 — i i1y L 4% 0 %
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A BESE A DA S T R R R O T G T3S T R
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Late) [AEI 2k 5 5 2k 1 55 F1 F8 A5 4k KL iy Fh
VI M SRR AR (Gossy pium ) — 4% 5 e A3 8] VE AR 2 M Hi 42
PER R HEAT T WRFEE s AR I AR RS SR 52 00 4%
PSR GOEEYERE R AR K R T AT 7O L & B g

[ 52 % W FREAL T SO - WA B E L M TR
RAMREA A W G AR KA B EA R,
N TIRA T e GAEAREC R AT 4 7 g
A 58 XF /N B A6 el i 2% & (Small Robinia-flower
Round-leaf mung bean) (& M- &Y, 3= & Fho F1 K A€ 1
T 4% (Big Lace-leaf mung bean) (f£ M B AL R 5 FiO
HEAT TR R AL B, Sy 4 ek TS EAE Y RIE A E
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1 #REEE

1.1 #FEk

AR A A G R BT U 2 5 | A Y T A S L
Tt ANBRAE Tl 0 2 SRR AL BT T4 5,
1.2 K5 H R

TR0 AV T2 0 RURH B ORF S04 L 18 A 1 R I
VEY U5 L 7 F 32°52.869 N.117°33.699" E.
AEFA R 14.9 °C L AF H BRETEL 2 249 h, EFEH 212 d,
RV KR 904 mm. HHEOWIE B m Y EAE 1, pH
6.2, A HLBT & 25.0 g« kg, B 0SB 98.0
mg « kg ' A S N 49.9 mg » kg 'L HAHN &
oM 244 mg « kg !,
1.3 Rk

T 2015 A 4 A —7 At A LS, 308 3
JEALER, 43 ) R 4 O IR GEE R 000, X D L3l O R
30 Y0 A 72 %6 (P Tk G AR 52 N &R T Y
RO LTE 2014 AFFEAT T MW, 2015 4R 50 & 3
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HE L BANEE 1 AN NXER K 3 mX4 m, 3
18 AN/INIX, FiAE HITAS it A, R B X AT HE =40 em X 50
em s K BEE RN 3~4 ki, S R W P AR . R
FEAR R b By AT AR 4 R E R B —
TIREW 6 kg(Bh = =1+ 1, AWM. 3 3ER 8
B, R BT 3 k. 3 B AL B 43 IR B 6 2D I A
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S (GO I CO, WP (Co) Rz 1 3 (T ) Bl
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an il E 12 R (ChD 5288 8 b 3K (Car) 3% 5 A B -
1,5- B MR R 1L (RuBPCase) 1 1 . ff 1 th g i 24 %
HRME RS EH 5% S BRI, 7E 665,649 A
A70 nm KT 722 B4 66 BT E WO B L AR i
AW TG4 % a (Chl 2) F4kE b
(Chl b) fiZE# % M X & & RuBPCase 7% 1 A
Tris-HCL % sl 4 6 H IR EDTA IR G W HE 8L, 78
340 nm K A 60 B e Y

1.4.4 HEFRARKEA  LF R S S 00E0 I EARw.
R A3 H L I R TR R O T T R A
B, [ 0 R R N ZEH s 7Rk kAR B A —
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F Excel 2007 #E47 8(48 115, F SPSS 18.0 # 4
AT ZE T 2o MEE I,

2 HBRESH

2.1 ERIEk GOk A 1

Wi o SIS S 23 0 3G s T A 2t L el /N A A [l -
MK FHREMEERCE 2 FTRBEHGE D,
Horp AL ¥4 G T BRSO, G 3000 & A
T XA LG MR B ST P, G R T, R RER
W% (P>0.05) MM KAEM F 45 P, .G, #1 T, 735l &
FZETRMET 24%.21% M1 12% (P <C0.05) ; EER 72%
AR NRAE TR 0 S SRR AR T ) P G, M
T, TR 23R 24 % F1 58 % .25 Y% i1 58 %, 11 % Fil
32% . ZEELRW R X KR F ek BN A ER M
LN PO WANY i A e ) =

PEORE RO AR B ChLE R B 8] I A i
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Table 1 Photosynthetic parameters of the P. aureus in the pot trial
st 7o P,/ G,/ T./ WUE/ G/

| S/ | |
Variety pmol * (m* » ) " mol+ (m* *+s) ' pmol * (m* +s) ! g+ kg! pmol « mol
0 19.3140.51 0.2840.01 3.97+0.13a 4.86+0.17a 220.00£4.90a
AINBRAE i 15 ‘ ‘ i ) )
SRRPA 30 19.29+0.43a 0.27£0.01a 3.85+0.15a 5.01£0.13a 222.10£5.80a
72 14.6340.38b 0.214+0.02b 3.524+0.11b 4.16+0.15b 230.30+6.10a
. 0 20.5540.60a 0.2440.02a 4.02+0.18a 5.11£0.25a 214.30£4.80c

KA F 452

BLPA 30 15.634+0.55b 0.194+0.01b 3.534+0.13b 4,434+0.20b 228.6043.30b
’ 72 8.67+0.44c 0.1040.01c 2.75+0.14c¢ 3.15+0.16¢ 249.20+6.40a

T« ) — RN R AR RN B R R AR B ) 22 5 8 3 (P<T 0.05), Sr, 6%, Py, b & 3R G, AL R B T, , 2816 3% ; WUE, 7K 43 1 FH 2%

G, JIE CO, WREE, T,

Note: Different lowercase letters of same cultivar within the same colum indicate significant difference among different treatments at the 0.05 level;

S, . shading rate; P, . net photosynthetic rate; G, stomatal conductance; T,, transpiration rate; WUE, water efficiency; C;, intercellular CO; con-

centration; SRRPA, Small Robinia-flower Round-leaf Mung bean; BLPA, Big Lace-leaf Mung bean; similary for the following tables.
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Hii) Chl a/b AT 34 58 459 09 it BABE F1 . 5 X B 1L
MRS Wi fP 4% & Chl B3 fm B Chl a/b 5 %W 2
(P<C0.05), At 2 30 25 55 (3R 2) L 3% 30 o s
ANBRAE T 2 SRR AE 4% 5 Chl a/b 43 5k 2>
T 58 M 4206 5 G 7200 BF, AP Y Chl a/b 43
BT 62% F AT Y05 Fi b RAEH T 4 506 A
(RuBPCase) 1 PE7E 86 30 %0 FE G 72 %5 43 51 4 %) IR
AR 21 % 1 36 % (P <0.05) , 1 /N A6 e i 48
FERAN @3 (P >>0.05), 45 R0, /N AE el nf 4 5
XiF 55 06 Y 3 1 B ) S
2.2 WEPIRF LRk EE A KA

FEEE 30 %0 2 F T, 5 6 BEAH EL, /N B AE [ il &
AR L E R T 20% (P <C0.05) , 1 K AE T4k
SRS E (P >>0.05), (& 3) . /N AEFE -4 5 1)
ZEHIRRCA B E WM RN TG MM B ERIKT
19%0 s FEMEIE 7290 10 o > G 5 & il 19 Bk o 5 X
HE 800 S 3 L (E 250 He X R 43 ) S S BRI T 33 %0 N
A3 0 s M/ 5 LR % 55 0 B BURR Y 4 bR 2 — D0

30 Yo A it I A G T 5 Bl B AR /5 L 4y ) e AR T
17% 1 26 %, 6 72 % Al fi 2 W REAR 1 22506 F1
32 %% 5 EBAXT AR B9 AR KA AN RS, 7R O 30 %0 4%
PET s /N AE el it 2 5 1% R 938 fif 7 A % BB AIK T 4%,
MRAENT F o 5 F AR T 35%, 6 R 72% &A%
T W 0 AR TR i o A X R ) i L E AR T 90 %
F92%.,

BRI g Gt AR (P <<0.05) (R 4), W
Fofr £ T I R JEE R 7R 8O 30 Yo N A X R 43 1) I 3 AR
T 1626 R 17 26, ARG 72 Yo IR BR 43 i b 2 A
T 2206 F0 32 Yo 5 38 B AR % ot B UL 9 b 4
O R B AR I 30 Yo I BN BR 43 il 2D 10 06 (P>
0.05) Fl 22 % (P<C0.05) , 7E3ME N 72 6 B 485 X B 43 531 ik
BT A8 % FN 60 % (P <C0.05) 5 M B i AU 3= R B AR
AN TR R Y 25 5 7RI ' 30 Y0 Bt i 5 T AR BL X R
N Y 72 06 i i S kD s AE T T AT
Py T R A AR T T 5 it A [E] R A 3R ()35 A R R L /AR A
Pl il 2 A B30 0 B 5 6] RG22 5, T R AR T

R2 BARFEHEHPAXESEEEE R RuBPCase iE 1%
Table 2 Content of photosynthetic pigments and activity of RuBPCase in fresh leaves of the P. aureus in the pot trial
) RuBPCase
fin i Chl a/ Chl b/ Chl(a+b) Car/ o
] Sr/ % Chl a/b activity/
Variety mg e g ! mgeg ! mg e g ! mg+g ' )
pmol + (g + min) ™
+ + + +0.5 + 5.10+
LB T 0 1.854:0.18¢ 0.47x0.17c 2.321£0.35¢ 3.94+0.51a 0.49£0.05a 45.1042.31a
-_ 30 2.614+0.12b 1.56£0.14b 4,174+0.26b 1.67+0.28b 0.3840.03b 43.51+1.92a
72 3.05+0.13a 2.02+0.18a 5.07+0.31a 1.5140.39b 0.3540.04b 41.64+2.23a
. 0 1.46+0.13c 0.3640.07¢ 1.824-0.20c 4.0640.21a 0.444-0.10a 46.71+2.67a
KA T4k
BLPA 30 2.69+£0.11b 1.14+0.08b 3.83+0.19b 2.36£0.30b 0.4440.07a 37.13£2.30b
72 3.20+0.09a 1.4940.06a 4.69+0.15a 2.15+0.33b 0.464-0.05a 30.0242.10c¢

VE :Sr. il YEE ;Chl a, M4 % a;Chl b, &% b; Chl(a+b), 4% E & ;Chl a/b, Chlorophyll a/b;Car, 2588 %,
Note: Sr, shading rate; Chl a, chlorophyll a; Chl b, chlorophyll b; Chl(a+b), chlorophyll (a+b); Chl a/b, chlorophyll a/b; Car, carotinoid.

®3 ERAMNEHREEREERMIREORME
Table 3 Effect of shading on roots, stem and root nodules of the P. aureus in the pot trial
i ol FwWU/ FWO/
" St/ % Ph/cm Sd/cm Bq R/S Wr/g
Variety g+ pot ! g+ pot !
L 39.22+1.71b 0.66+0.06a 8+1la 20.904+1.51a 114.01£6.10b 0.1840.0la 3.5740.29a
/NERAE el it -
5T SRRPA 47.13+1.90a 0.61+0.05a 8+1la 19.0441.32a 129.93+4.41a 0.15£0.01b 3.4140.23a
LK S
2 41.03+2.10b 0.44+0.03b 5+1b  10.6741.10b 78.034+5.32¢  0.14+0.01b 0.3540.10b
e 0 38.92+1.32a 0.63+0.07a 8+1la 20.304+1.20a 107.514+8.40a 0.1940.02a 3.654+0.21a
t
4G BLPA 30 41.00£1.56a 0.51+0.03b 7+la 13.5940.89b 99.30+6.90a  0.1440.01b 2.3840.26b
x5 BL
72 39.84+1.52a 0.3640.01c 4+0b 5.41+0.78c 40.82+£5.50b  0.13+£0.01b 0.3140.15¢

E - Sr, 6 Pho Bk 5 5 Sd, 22 ML Ba AL EL FW UL B T #3685, FEO, L i fif 55 R/S AR /5 ; Wr, B 2RI

Note: Sr, shading rate; Ph, plant height; Sd, stem diameter; Bq, branching quantity; FWU, f{resh weight underground; FWO, fresh weight over-

ground; R/S, root-shoot ratio; Wr, fresg weight of root nodule per pot
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Table 4 Effect of shading on leaves and dry matter accumulation of the P. aureus in the field experiment
sy 7o ‘ EDM/
) Sr/ % Leq La/cm® Lt/mm Lai DM/kg * hm *
Variety kg« (hm* « &) !
_ 0 734 6a 57.2243.00b 0.37+0.02a 4,18+0.20a 2 050.32485.12a  50.00%£2.30a
/KR AE el it
. 30 66+ 6a 67.3343.31a 0.31£0.01b 4.4440.23a 2 162.14489.01a  50.30£2.11a
&5 SRRPA _
72 38+3b 41.0141.90c 0.25+0.02¢ 1.56+0.10b 1 344.23+54.23b  29.90+1.52b
St T 0 88+5a 45.60+1.80b 0.36+0.03a 4,01+0.19a 2 039.34492.05a  45.30£3.33a
425 BLPA 30 69+6b 49.93+1.21a 0.30£0.02b 3.44+0.15b 1 728.21+81.17b  36.00%£2.81b
x5 BL
72 35+4c 27.52+1.12¢ 0.284+0.02b 0.96+0.11c 740.09449.23¢ 14.50+1.62c

1 Sro i Leq, SRR 40 La, M R 1B Lo, 1 R )2 B 5 Lai, M 18 BUES $0; DML T4 i 7= & EDM, T4 BB B3R .
Note: Sr, shading rate; Leq, leaf quantity; La, leaf area; Lt, leaf thickness; Lai, leaf area index; DM, dry matter yield; EDM, efficiency of dry

matter accumulation.
T2 L T 0T R R T A SRR SR AR T A ) B X R
BEAR T 15 % F 21 % (P <0.05) , 7E 38 72 % I, 5 Fh
S ST BT R T R AR B AR (R
1), Z5 TR B X K AL v B TR IR A K S e
R /IR AL T 4 0 L 3 Y 72 V6 1) R T R T Ok
309019,
2.3 RISk G SR KRR

8 F X & 0 A B A KA AR R B A O R
F 38 0 L A0 4 30 3 HER (P <C0.05) 4 38 30 %4 I 4 Fif
RGArHIHER 2 3 d, DG 72 D0 I A £ 5L 43 i) 4
R 46 d(FR 5) 5 3 Al 46 W 47 2 R B 1 35 4
G 30 0 I WA &k 4 4 L 3 A S dL D 72 )0
Sy NG 6 R 8 s MGl T AR A 4 RO S K
5835 /0, 5 HERE B, G5 G 30 D6 B T b 4 K AR K
SN0 T 25 %N 49 % L EETEBOE A T 26 %A 53 %,
JERW AT 1100/ 21 % 3858 72 % By /b8 22 B+
77 A R JHE D' T Y 5 R AR L O 30 06 s 19 A ¢ 2 b 1
PR IR T 37 % A 67 %, 8O 72 % I 43 ) R AR

T 76 Y0 88 Y6 s L 4x Ak T AN T 5 E 3 1 U 5 % R
2R AR E(P>0.05),
2.4 JERIESE S HE RO

A T 50 R, 2 B0 MR R fef R R
W (P<C0.05) (£ 3) i A RRAMEA TR B
FRFE(F 6, G 30 % IF, P R & Y Ui B 4 R
SRR T 13% M 17 %, B 72 % 4y
FIRBE T 32%0 0 40 %05 WEYE 30 %0 I, R 4k 5 KL AR
FL a0 B4 00 0 3 R R T 10% R 16 %6, GO
72900 TR R L, i A AR 1 D) i 3 O AR R AN [ i 5
A b 5 T3 11 KL 1 24 R D % S A D 30 Do B R
HR AR AN 38 (P =>0.05) , T 3 Y6 72 %6 B 45 %) IR i 2
WAT 20% 2, BB R AR R RO O R OR [R]
T AT A R 2 38 1) R ARG L 3l 56 30 %6 sk, /N B AE Bl - 4 B
BT O RIS 2 %6 (P =>>0.05) . 1 K AL M+
23 M FEAR T 28 %6 (P <C0.05) 3 EE 72 Yo I, 10 il & o
P4 1 0T 7 e A R R A3 SRR T 46 %0 Rl 7496 (P <<
0.05) (R 6),

K5 ERXMBEREEEEEKPZNE

Table 5 Effect of shading on reproductive growth of the P. aureus in the field experiment

o
D”ﬁ St/%  Ef/d Fe/d Wg/d Fp Pp Pl/cm TW/g Sy/kg * hm™?
Variety

I 28 B 41+0c 184 1a 64+ 1a 40+ 2a 3842a 11.10%0.30a 35.3241.49a 842.18+41.10a
4G SRRPA 4340b 15+1b 65+ 1a 30+2b 28+2b 9.93+0.51b 35.214+1.33a 532.23422.21b
72 45+0a 1240c 65+ 1a 16+1c 13+1c 8.731+0.39¢c 34.93+1.72a 206.18+13.11c

S e T 0 45+0c¢ 21+1a 71+ 1a 37+2a 344 2a 8.62+0.6la 44.61£1.89a 745.124+31.02a
%5 BLPA 30 48+0b 16+1b 72+ 1a 19+1b 16+1b  6.81+0.40b 42.80+1.61a 244.35+20.07b
72 51+1a 13+0c 72+ 1a 11+1c 8*t1lc 5.44%+0.33¢c 43.53%1.12a 93.36+18.24c

2 Sro R EL, i — WAL REG Fe B S REG We, 24 T W Fp, MR T AL Pp, R R PL 36K TW, TRLE ; Sy, 777 &,

Note: Sr, shading rate; Ef, emerging to first bloom; Fc, flowering continuously time; Wg, whole growth stage; Fp, flowers per plant; Pp, pods per

plant; Pl, pod length; TW, thousand-grain weight; Sy, seed yield.
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Table 6 Content of nutritive components in fresh-grass of the P. aureus in the field experiment

#
g

i A
) Sr/ % Water/ % Aa/% Cp/% Cf/% EE/% Yep/kg « hm 2
Variety
0 82.3341.30 1.6640.11 2.96+0.16 3.914+0.22 0.64+0.05 342.77+18.10
N A i 45 ¢ ‘ ‘ ‘ o ¢
SRRPA 30 82.9241.41a 1.4540.08b 2.65+0.11b 3.82+0.19a 0.63+0.04a 335.01+14.57a
; 72 83.414+1.43a 1.1340.05¢ 2.29+0.13c 2.9340.18b 0.5140.02b 185.39416.33b
. 0 82.8241.33a 1.7940.09a 3.15+0.12a 3.73+0.16a 0.65+0.04a 373.38+15.61a
KIEtFat
BLPA 30 83.03+1.12a 1.4840.07b 2.66+0.09b 3.56+0.13a 0.59+£0.04a 270.37+11.32b
) 72 83.114+1.20a 1.0740.04c¢ 2.25+0.10c 2.8940.21b 0.4940.03b 98.49+12.09c¢

TE : Sro AR W F K ks A, iE B @I Cp ML s CLMLET 2 s EE . B AR 3E KL Yop, 36 K.

Note: Sr, shading rate; W, water content; Aa, amino acid; Cp, crude protein; Cf, crude fiber; Cft, crude fat; Ycp, yield of crude protein.
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Al R S LA 25 S, DG 72060 I TR Sk B AR .
2R M AR W 3E R R T O 3000 WA R T Ak T
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{FL R A 308 99 Ak P 45 35 5% 38 52 26 1) Ak B ) B AS
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