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Abstract

Aims In order to determine the adaptability of legumes as the interplanting crops in fruit yards, field and pot
experimental treatments with full natural light and weak light (48% of full natural light) regimes were conducted
in 2014 to test the shade tolerance and physiological mechanisms of four legume species.

Methods The leaf photosynthetic characteristic parameters, photosynthetic pigments contents and the activities
of ribulose-1,5-bisphosphate carboxylase (RuBPCase) were measured during the first bloom stage. The responses
of growth to weak light were likewise studied.

Important findings The results showed that the maximum net photosynthetic rate, light saturation point, light
compensation point, apparent quantum yield and dark respiration rate of the four legume species changed into
those of shade-tolerant plants under the weak light stress. The weak light reduced the net photosynthetic rate,
stomatal conductance, transpiration rate, water use efficiency and RuBPCase activity of the legumes. In contrast,
the weak light increased intercellular CO, concentration significantly. Contents of chlorophyll (Chl) a and Chl b in
leaves of Vigna cylindrica (VCS) and Vigna radiata (VR) increased significantly, while Chl a/b in the leaves de-
creased dramatically after shading. Other two species changed photosynthetic pigments contents after shading.
The weak light changed the growth of the four legume species, such as reducing stem diameter and branching
quantity, reducing root nodule and root-shoot ratio, decreasing dry matter yield and dry matter accumulation effi-
ciency, debasing leaf area and leaf thickness, reducing leaf quantity and leaf area index. Crotalaria assamica (CA)
can not bloom under the weak light stress. Flowers were not strong enough to seed for Senna occidentalis (SO)
under the weak light. The weak light also changed reproductive growth of VCS and VR significantly, such as
debasing flowers quantity and flowering time, as well as decreasing seed yield. In conclusion, according to the
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responses of photosynthesis and growth to weak light regime in the legumes, we concluded that the shade toler-
ance ranking of four legume species from high to low is as follows: VCS, VR, SO and CA. VCS and VR are suit-
able for orchard interplanting. However, SO and CA are not suitable for orchard interplanting.
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Table 1 Characteristic values of P,-PAR fit lines for the legumes in the pot experiment (mean + SE, n = 3)

Ff Species KJbPE Treatment TN ) riing U, L, SeHuF s LSP SRS LCP BT RF HE NP H . Ry
(nmol COym s (umol-m’z-sfl) (umol*lrfz's’l) AQY (mol'mol™)  (umol COym>s™)
gy SR CK 21.09 £0.51° 1041 = 30° 42.6+3.1° 0.0251+0.012° 1.069 + 0.078*
Vigna radiata W] Shading 13.63 +0.84° 806 + 48° 30.9+2.9° 0.0314+0.011° 0.969 + 0.073"
=N X CK 25.5240.33° 1130 +24° 382+ 1.7 0.0313+0.015° 1.196 = 0.052°
Vigna cylindrica ] Shading 19.52 40,45 958 + 37" 237413 0.0384+0.009° 09110047
KR X CK 24,36 +0.41° 1116 +41° 492 32" 0.026 5+0.013" 1.304 + 0.065"
Crotalaria assamica iy Goding 1146 +0.93° 761 + 66° 438434 0028240015 1236+ 0.081°
YTH XHE CK 21.87 +0.42° 1113 +39° 46.9+0.5° 0.027 1 + 0.005% 1.272 £ 0.069"
Senna occidentalis W] Shading 11.75 £ 0.59° 767 + 74° 408 +1.8° 0.028 4 + 0.023° 1158 £0.111°

B 5 AN R FRER R A — AR AN IR AL BRI 22 7 S5 3 (p < 0.05)
Different letters denote significant differences between treatments (p < 0.05). AQY, apparent quantum yield; LCP, light compensation point; LSP, light saturation
point; Pymax, maximum net photosynthetic rate; Ry, dark respiration rate.

R2 AR ERMER ARSI S B PR 22, n = 3)

Table 2 Gas exchange parameters of the legumes in the pot experiment (mean + SE, n = 3)

Fh P Wtz P, AL G MIRICOMKEE C MR T, IR ES
Species Treatment (nmol COym s (mol H,Om %57 (umol CO, ‘mol™)  (umol H,0m>s")  WUE (mol'mol™)
gy R CK 17.55+ 0.56° 0.221 £0.017° 2229457 3.98+0.18° 4.4140.18°
Vigna radiata W] Shading 10.12 +0.33° 0.138£0.011° 2444 +5.1° 2.73+0.12° 3.71+0.14°
=N X CK 19.16 +0.25% 0.257 +0.015° 194.0 +4.2° 4.45+0.08° 431+021°
Vigna cylindrica W] Shading 14.11+033° 0.203 +0.005" 224.6+2.1° 3.5240.05° 401 +0.20°
KIER X CK 20.26 + 0.70° 0.328 + 0.023° 188.7 +4.8° 4.66+0.17 4354036
Crotalaria assamica ey Gpoing 10.24 = 0.34° 0.205 +0.018" 2226£93° 3.74£0.19° 2.74+0.29°
WY W CK 17.72 + 0.39° 0.228 +0.012° 201.9+7.4° 4244021° 4.18 4 0.22°
Senna occidentalis HEY] Shading 10.85 +0.43° 0.158 + 0.006° 234.1+3.9° 3.15+0.14° 3.44+0.13°

et J5 AR 7 BER R 7] — VR AN R Ak 28 ) 22 57 1 3 (p < 0.05).
Different letters denote significant differences between treatments (p < 0.05). C;, intercellular CO, concentration; G, stomatal conductance; P,, net photosyn-
thetic rate; T, transpiration rate; WUE, water use efficiency.

R3 AT EMEDEE O RS RALEIRE-1, 5- T BRI R LB (RuBPCase) WG TECP IR E IR 2, n = 3)
Table 3 Content of photosynthetic pigments and activities of ribulose-1, 5-bisphosphate carboxylase (RuBPCase) in fresh leaves of the legumes in the pot
experiment (mean + SE, n = 3)

i A3 e ESS A ESS P58 KHAE b F# Chla/b RuBPCaseiffi
Species Treatment Chla (mg-g™) Chlb(mg'g") Chl(a+b)(mgg') Car(mgg’) RuBPCase activity
(umol-g-min™")
4 S CK 1.87+0.14° 0.40+0.12° 2274026 042+0.05°  4.68+0.55" 45.6£2.2°
Vigna radiata HEY] Shading 3.16+0.17* 174 023" 4904035 042£0.10°  1.82+035° 367416
LSy INE) Xt CK 1.83+0.02° 0.35+0.01° 2.18+0.03° 0.58+0.02°  5.23+047° 483+ 1.9°
Vigna cylindrica MR Shading 3.38+0.20° 2.14+0.25° 5.53 +0.54° 037+0.08"  1.58+0.32° 402+13°
KIERE X CK 2.19 4 0.08 0.63 + 0.08 2.82+0.16" 0.75+0.14°  3.50+0.23° 52.8+ 1.7°
Crotalaria assamica ey Ghoding 1.5940.14° 0.34 = 0.05" 193 +0.23 0.59+0.04*  4.68+0.31° 235+3.1°
YYTH X CK 1.12£0.08° 0.28 +0.04° 1.40+0.12° 0.51£0.06°  4.00+0.38" 50.1+ 1.5
Senna occidentalis gy Shadin 2.08+0.11° 0.54+0.09° 2.62+0.20° 0.54+0.11°  3.840.49° 3144230
g

Kl Ja AN A P RS ] — AR AN R AL BRI 2257 (8.2 (p < 0.05).

Different letters denote significant differences between treatments (p < 0.05). Car, carotenoid; Chl, chlorophyll.

Bogb BRI IRIN1/5-1/4, Sl TRIEAR 75 WG REA, THEBOM & SeRom> 22 1/3-1/4, 3%
B E PR Rh 7 B XHR—I/6), IR, 5 K TR AR R B AR (R 7 2 B Xt
SLE AR SR B4R, A eI ats  MI1/5); KR GAE R A Fa B K S L, ANRE
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Table 4 Effect of shading on roots, stem and root nodules of the legumes in the pot experiment (mean =+ SE, n = 3)

il Vs P E il MR HURIERRE M e M/t bt REAARIR T
Species Treatment Plant height Stem diameter Branching  Fresh mass un- Fresh mass Root-shoot Mass of root
(cm) (cm) quantity derground part  overground part ratio nodule per pot
(gpot) (gpot) (®
Gy W CK 374+18  0.62+0.03" 7+1° 22.7+1.6 1162+9.1°  0.195+0.013°  3.43+0.28"
Vigna radiata Y] Shading  39.6£2.0°  0.41£0.04° 4+0° 10.9+1.0° 821453  0.133+0.009°  0.39+0.09°
BEE Y CK 457+2.1*  0.75+0.06" g+1° 29.6+1.1° 1448 £82°  0204+0.017° 2.76+0.17°
Vigna cylindrica WEP] Shading 483 £2.6"  048£0.02° 5+0° 14.8+0.8" 108.1+4.7°  0.137+0.008° 047 +0.06°
KIS X CK 67.7+33°  0.88+0.05" 19+3" 349+13° 173.7£94*  0201£0.015*  1.94+0.19°
Crolalaria assamica ey o ding  413£1.9° 0332003  5+1° 63£0.7° 52045 0.121£0007°  0.25+0.04°
YT X CK 63.5+2.0° 1.00+0.08 15+1° 383+ 1.4° 192.7+9.8° 0.199+0.012*  2.39+0.31°
Senna occidentalis Y] Shading  55.8+14°  0.51£0.01° 6+1° 8.4+0.6° 672+5.6"  0.125+0.006°  033+0.10°

Kl J5 AN A P RS ] — AR AN R AL BRI 2257 (8.2 (p < 0.05).

Different letters denote significant differences between treatments (p < 0.05).

RS WP ) GRMEY TR B IR CP bR R 22, n = 3)

Table 5 Effect of shading on leaves and yields of the legumes in the field experiment (mean + SE, n = 3)

F sl HpR R mE )RR RRIAR Wi ese SRR TYR TR RN
Species Treatment Leaves quan- Leaf thickness  Leaf area Leaf area Fresh-grass  Dry matter g/ield Efficiency of dry
tity (mm) (cm?) index yield (kg-hm’z) (kg'hm™)  matter accumulation
(kg-hm >d ™)
5%y I CK 6745 0344003  583+33 391£022° 120704483 207683 49.4+22°
Vigna radiata S Shading 414> 026+001° 297+17° 122+0.01° 8503+344° 1386=56" 355414
(5,51 5 M CK 9146 0294002 512+29° 466+026° 15411+614° 2435+97° 60.9+2.7°
Vigna cylindrica HEIY] Shading 5142°  021+001° 394414 2001+0.13° 11562+451° 1769 69" 442+20P
KR R CK 89+6'  033+002° 36.0+1.9° 320+0.18 181354785 2956+ 128"  462+3.8°
Crotalaria assamica .y Shading 39+3° 0.16+0.01° 129+1.0° 050+0.10" 5487 +308" 856 + 48° 13.4+12°
T *HE CK 168+9°  0.17+£001° 23.6+1.6 396+£0.19° 19379+£706° 4089+ 149°  54.5+3.8"
Senna occidentalis w1 Shading 8248 013+001° 140+1.5° 115£0.15° 7020+322° 1397=64° 159+ 1.0°

Bt S5 AN P REOR [ AEY A TR Ak B ) 22 57 5 2 (p < 0.05).

Different letters denote significant differences between treatments (p < 0.05).

6 WP W) GRMEY AR R I CT- SRR ZE, n = 3)

Table 6 Effect of shading on reproductive growth of the legumes in the field experiment (mean + SE, n = 3)

Tif s HE—WIE R RIIRrEE R E EEW ORI R kK THRLE Ty 7= gk
Species Treatment Emerging to Flowering con- Whole growth Flowers per ~ Pods per Pod length Thousand-grain Seed yield
first bloom (d) tinuously time (d) stage (d) plant plant (cm) weight (g) (kg'hm™)
545 X CK 42 +0° 21 +1° 68 +1° 35+2° 33 +2° 92+0.7" 432+20" 757 +43°
Vignaradiald i Shading 39+ 1° 120 60+ 1° 941" 7£1°  69+05" 346+16  125+12°
LN X CK 40 +0° 37+1° 83+1° 34 +2° 30+£2"  15.8+0.6" 99.5+£22% 1595 + 87°
Vigna N . a b a b b b b b
cylindrica JELH Shading 40+ 1 33+0 82+1 11+£1 8+1 13.1+£0.5 909+ 1.5 341 +26
KA X CK 64+0 27+1 107 £1 238+ 15 225+15 5.0+03 16.2+0.6 969 + 61
Crotalaria N .
assamica MEW] Shading - - - - _ _ B _
EEbING] X CK 75+0° 36+ 0° 123+0 280+ 14"  264x14 11.7+09 17709 2326105
Senna - . a b b
occidentalis Y] Shading 88=1 11+0 - 5+1 - _ _ _

Bl G AN A REROR ] AR AN R AL B ) 22 57 W 2 (p < 0.05)

Different letters denote significant differences between treatments (p < 0.05).

A6, BT, ARTE RN S BILH IR AN, R KA AR, NREETE N, BT,
KITE, FCMFFER I R25R, THAEBAR D, 18 AREseER L.
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Sy % B e, EEE N — E (1 55 IR B (LCPE
ik, OIS e PR RE4ERL A T MR B R,
11— Bfe ). EHJE, SULE. SR
i [ LSPHILCPY) W 2 FRAR, SR LAEY &
HUMIAESS O N HEAT T 38 24 1 1 3% DLIE W 55 )6 31 355,
AR ELCPIMAS AR s E5906 F, B S
A EHFFUES B (Pamaxs LSP, LCP, Ry, AQY)Y4 1)1 B
YN, SEEAANSE. BTR3NS HUA TN
B ARAL, 10K R ALAS S HUR B W AR
P AT TP A3 H B AR A0 5506 1038 Y. 8 ) 7
BTG > 2G>V R> K R .

LAY A R I A BN RS AL R
AN E . AL ECFEG. TG, GA R
FAALTF R, TlACRE ) B, SIS A] Y CO,
HTHANRERZ, 00 T RINEHRIBZE, Gt
AR T, BT AP, — M 5 GO T A B35 1E
K R (RIS, 2006; 220055, 2007; X RAGSE,
2010). ARSI AR AEYI 2 anth, AR R21T H,
P, 5 Gy THIAHC R A5 1150.864 0 (p < 0.01)FH
0.895 7 (p < 0.01), iR J51EYGERESI 0 R
B ER B, MP S CIIK ALK E L,
WRPSCIEA K, BAFLFE Y 3 S
FP, T B[R] I 14 B o G 38 n (A %), Tt
W AR AL DA 2= R 45 7 A 9 K B4 H (Farquhar &
Sharkey, 1982), ASE i (3R2), S/ YI7EuEE o
P, NI R RHEEpE A G 23, BP, 5 G
I ZRECH-0.877 5 (p < 0.01), XPEHIP, F&EiL
AR EG K. A EEPAEILE RS
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RGN, DL A 54 T % F e 2 3 45 AT
I A B AL ML (YR 2, 2006; 5K #3745, 2013).
oA 0 % F 34U H5Chl a. Chl bHICar, Chl aff) =221
e UG SOV, Chl b LI fE T 2R UEE L RE,
7E9906F, Chl b & & WA E L, KFIMChl a/bfH
SR R BRI 2R AR 2 —, Chl a/bBFfIRAH)
TR, X% FAE Y IE N 55 85
() IE S (R4S, 2006; 22005E, 2007); Carff) L)
fie - E AL OGS PRERUS B G RE, w54
0, Br kS PR (R A5, 2006; 221K
25, 2007), fE590E R, CarBfGANEZ, Nif, b
Car & A7 M) T 4 B U AL AR A D6 5 Bl LA
RuBPCasefix 4GB, Hm & 5 H-Sr AR v 5
50%—60% (244, 2006), [XfiRuBPCaseidi P&t
e I B FRERR(Stitt & Schulze, 1994; F2%%s,
2006). AL, SULEIEER S, M IChl ay
Chl bFIChLE & 52534 1, Chl a/bFlICar ¥ fAEHE Y]
Jo S 2 PRAR, R B I B PE RE; 4R SR Car
Ab, ChlFE RIS S BTG AL, RILH h 4%
(TR 3P R, SRV e A0 B S AR Chly ot i 3 1
BIMAChL a/bFICar B ACAH &, i 916 77 L i 2 A4
Wy 22—t WY BN R GG E T AR A
&, Witg TSR AR, HHRE R AERK K
B EZMH. &R S REY Y S,
RuBPCaseif ¥4 i 3% £k, RuBPCaseifi It 5 P,
W 25 IEMI DL R (r = 0.922 4, p < 0.01), IXEEfEhR
HUE I AL = AL S ARMED FIL b A
T

PEBe R AT R U 2%, 2013), 24ChliE> 3.8
mg-g ' Chl a/bfEi< 3.2, W LUK AP HERY . %
3R, 5906 N IS UL E AR E AT A IXANMRE, RIS
6 IR 2B E B GG HLR CL28 I B A A 5 A2

WG 1 S ARMEDTER R TE RS IR FoA
MY AL G (R, 2006, 2205, 2007; X
TMEEE, 2010; 5K 2%, 2014), R4, k%
Wb, PR BN R ARG, M LRI,
AR /ARG, I ORI T R R RO b 5. i
AR ] OR L AR, A BRI E SR A1) B
K52 IGIHAR AR B 2 R, IX 2 AP0 590
WS IEH RNV . 7EUL E SRR bR S TR bR, X
T 5 i R A B K IR TR R H(LAD), A5
H(KS), LAIS T = 2 MR Er = 0.774 6 (p
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< 0.05), 5T BRCEMAHL R L = 09189
(p<0.01), BEHILAIE TAEMIBHA GG Re ). A
RGBSR, 5996 1 S RHEDTER RA KIS )
I, AR 1) A A 52 21 5 T R0 o (k2> 22 1/6-1/8),
WIS R ILHL B 0, AR — PR, gl
M5 BB P E A KA B S5 T TN T, L
w: SERMEMAESSIE N, T AR R, A
WK 53 00 R I3k, 70066 r= W R AN 2 PR 1 10
T, B IR AR S B g b bR DUARAIE 25 R A K
TERR RFAF I E TR A= J >« AR RIS ) BRI
O, AR 2 KE D .

556 W8 X AR AE Y (0 AR i AR K AT 2 A
TER, IS B, By & B 2 K
R4, (HAFEDEARIFRIL: S I
5 BCAIEAE T, (AR % O IR RT . 4R
WAGE P AT R BT R AN S, KIER G A
Tk

MNAEE P b (RS, AN DAY R A B,
T F> KRG R T >S5 >4 0 M990 N & El
G, BULESE GBI > KGR G, AT
FEE(ROE, A NI E R, Mt Y
S e, XU, N4 S RHEY T,
FIRGA )b 3

FRAE BERAED 6 SRR R AR KR B X 590611
Wi N AREAE, DL RSB 5 = e AR A, A3 AR R
BHEDXS 59 6 PE N e HE P SO>S >
TLR> KRG BULE MGG, EE M
Bil, 596 T ATy B 4ERE i I i R R T4 T AR R
UK, RESCHARTE B, EHS Bk Mife. AR i
MRS A F= AR Ta] A A5 My RV T R KR PR L5
g, W R AR E M EZ, 6w AT
JRR B0 % 0 3 B AR FLAS RE A5 FF, AN B AE DB
EW)

EEWME BRAZMEAALCRL)FFERZ TR
H(201103005), B ZRAEMF R TR 6 1E4TR S
3 H (2012-019), YE 4 A¥ i 3 R Ak 47 F= ) B 2R A
(NB2013-2130135-34).
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