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Figure 1- Effect of Luteolin at different concentrations on the induction activity of nod genes in R. meliloti in alfalfa. The
extended bars represent +standard error.
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oalaiw! u9.h) s :C ‘):b‘ 6‘9»4 &9 ).:\g ubu:); W J)g)lf E ey e j owd VO Lg)yu :515 ‘)‘L‘\ @au “9) u.J}f);J m.o.umc .\)g)ls L oaals Lf)}“’ é]aw :So
(Lol sl ;)

e @oa )dy Gl 5 g oSy ()98 Lulyd 3 g 2les
390 Y dme Sy o rals plas sl el S g adyy j
e Sog Gl )9 Lulpd > D9 S ine ady) ) Jy
(Farissi et al., WS o (g5l (pom! mbal 2 1) ogo i
w2 Same gl i@ 2014; Zeng et al., 2015)
XV BN I lacglaw oS Jbs g3 cul 785 50X 0 (650w
w3 Jixe slaye pre il sdimd Ll 4 Wyl i
sl ye <SHlie (e iy (Zeng et al., 2015) cul (g ol

paciliy 9 asaw (5 gl
b Gillao o5 A5 gy Ay 9 S )3 G4 e ge3S Sl
Zeng et al. (2015); Farissi et al. (2014);, Wang et al. zs
Adyy pliil 5 (g0 zesd .9y (2012); Ghoulam et al. (2002)
s S 1y (oygh i &S Cawl ol gl Ay gy Sy 3l i
Lug oS oo islejl ;> .(Wang et al., 2012) aas o Fwb
Al 5l iy ddyy )0 padw eod A plsl Zeng et al. (2015)



QY . Se3glgimd luogas 0,8 gl (GoucSWI I (o)

Farissi et al., ) oy sy wawly wls p Na© ST 00
Beta LS Iy alie zl .(2014; Dadkhah, 2011
vulgaris L. (Ghoulam et al., 2002), Lycopersicon
Schinopsis 5 esculentum Mill. (Juan et al., 2005)

Sl oad 55 35 quebracho (Meloni et al., 2008)
Colby wlio (olg0 scoln 1 by b Llgh o mdw (piced
TN (s 30ml a5 )3 ol s (LOkhande et al., 2011) s
Zeng et ) deb o yioS i cpl (gye Ll b addl &S conl

[(al., 2015

10
Leaves
£ 5
=
og
)
E
g 4
3
S 2
0 | L_|
LS0 LS15

ol 5 Wang et al., (2012) lws (gjeml mulad jo  Sise
Liwd Jlute (Sglie bld 5l Sise sy xesd ol odd
53 a8 Sl 29500 Bpae bl i sl o 550 s
Zeng et al., ) cuwl 5L JI clcdgean! 5w sy & cuwl
Lulys oS s S cbhcdsenl Sise slags (2015
(Zeng et al., 2015) wily o zozs J5sSTy 43 (gyaud
Chly Sl Sy ady) 0 by jlde ()9 kulyd )
TYA g IYY st Sy g ddy jd ials cpl (5 90 sla JSK3)
ol ) pial ol s B )k Sl s g odsBig) 3 )8 g
9 Sp by lge SRl 4 poxie jod Lulyd )3 9 3)S
(550 aSa) 35 sbsine ialdl ol 45 wad olS ay,

ESI5 Cs50 Csi15

Treatments

Wig Sy e Sl 2 (55980 9 ()1 SLronSWI 5L Y JSUS
Figure 3- The effect of inducers and salinity on sodium content of alfalfa leaves
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Table 1- Analysis of variance for the effects of salinity and inducers on some traits of alfalfa

Shoot dry Root dry - The number Chlorophyll

SYOAY) d.f weight weight Height of nodule Chlorophyll a b
Rep 2 0.049 0.088 76.53 15.38" 46.54" 390.12
Salinity (S) 1 1.977 5.23"7 8738.26" 10479.26™ 3529.53” 2189.19”
Inducers (T) 3 0.22” 0.39** 181.52" 4775.03” 11.13™ 134.24"™
Alfalfa cultivars (V) 1 0.007™ 0.022"™ 6.20™ 10.01™ 29.34™ 99.87™
Strain of Bacteria (R) 1 0.023™ 0.067™ 46.62" 10.01™ 24.76"™ 101.98"™
ST 3 0.074™ 0.16" 78.94” 253.87" 19.04"™ 139.64"™
SxV 1 0.002"™ 0.015™ 11.76™ 2.34™ 14.17™ 87.65™
SxR 1 0.006™ 0.057™ 102.30” 2.34™ 17.56™ 127.85™
TV 3 0.035" 0.094" 10.58™ 3.95™ 23.24"™ 132.76"™
TxR 3 0.007™ 0.009™ 3.40™ 3.01™ 18.45™ 87.53™
VxR 1 0.007™ 0.005™ 17.001"™ 3.76™ 10.81"™ 90.73™
SxTxV 3 0.021™ 0.05™ 15.96™ 2.01™ 34.45™ 152.63"
SxVxR 1 0.021™ 0.002"™ 12.9" 0.01™ 21.65™ 138.98"™
SxTxR 3 0.001™ 0.009™ 88.26™ 0.39™ 15.17™ 78.54™
TxVxR 3 0.010™ 0.017™ 22.18™ 0.59"™ 29.54"™ 134.74"™
SXTxVxR 3 0.010™ 0.045™ 1.43" 2.12™ 30.18™ 149.23"
Error 62 0.012 0.029 10.39 3.28 44.17 99.01
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*, ™ and ™: significant at 1% and 5% levels of probability, and non- significant, respectively
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Table 2- comparison of some traits of alfalfa under salinity and inducers

Shoot dry Root dry Heiaht The Chlorophyll a Chlorophyll b
Treatments weight weight ( cr%) number of content content
(g.plant™) (g.plant™) nodule (mg.g FW? (mg.g FW?
SeEVIR, 0.15 ™K 0.26 IK 22.33® 23.66° 0.57° 0.48%®
SoE\ViR,, 0.17 9K 0.30 "ok 23.66 24.33° 0.59° 0.47%
SoE\V,R;, 0.22 fan 0.32 et 23.00 @ 23.66 ¢ 0.60° 0.50°
SoE\V,R,, 0.22 fan 0.31 "o 25.33 % 24.33° 0.59° 0.51,
SoP ViR, 0.44 Pece 0.65 ™ 27.66 ™ 42.00° 0.58? 0.49%
SoP\ViRm 0.71° 0.96® 36.332 43.66 ® 0.60° 0.52
SoPIVoR), 0.42 Pece 0.63 28.00 ™ 42.00° 0.59° 0.52°
SoP\V,R 0.38 oo 0.55 ¢ 32.66 % 4433 % 0.58? 0.45%
SoP ViR, 0.44 Pece 0.67 ™ 25.33 43.00° 0.59° 0.52°
SoP ViR 0.51 0.68 30.66° 42.66° 0.62 0.502
SoP VR, 0.56 & 0.75 "™ 27.66 ™ 4400 0.61° 0.53%
SoP VLR 0.58 ® 1.072 30.66° 46° 0.60° 0.55°
SpshaViRy, 0.29 etn 0.42 oo 17.66° 22.66°¢ 0.56° 0.48%
SeshaViRp, 0.30 e1" 0.49 coern 22.00 23.00°¢ 0.58? 0.53
SpshaV,Ry, 0.34 %1 0.52 ceet 25.00 « 24.00°¢ 0.60° 0.52
SeshaV,Rp, 0.36 o 0.59 coet 23.00 @ 24.33°¢ 0.63? 0.55
SisE\ViR, 0.07 % 0.08 6.53 9" 10.00 ® 0.30° 0.26°
S1sE\ViRm 0.03¥ 0.04 % 4259 8.00°¢ 0.32° 0.29°
SisE\V,R, 0.02¥ 0.02 ¥ 4509 8.33°¢ 0.32° 0.31%
S1sE\VoRm 0.05 X 0.04 ¥ 5.00 9" 9.00° 0.33" 0.30™
S1sP\ViR;, 0.08 0.15 ' 7.66 ™" 17.33¢ 0.32° 0.32™
S1sP\ViRm 0.12 ' 0.13 ¥ 5.50 9" 17.33¢ 0.33° 0.34™
S1sPV,R; 0.08 0.10 * 9.33™ 15.66 ¢ 0.34° 0.32™
S1sP\VoRm 0.13 MK 0.12 ¥ 7.16 ™" d18.33 ¢ 0.34° 0.30™
S1sPViRy, 0.10 ¥ 0.11 K 127 16.00 ¢ 0.32° 0.33%
S1sP ViR 0.12 ' 0.17 ' 9.33™ 16.00 ¢ 0.34° 0.35™
S1sP VR, 0.15 MK 0.21 MK 8.66 ™" 18.00 ¢ 0.32° 0.34™
S1sPV,Rm 0.23 "o 0.15 ' 7.75 ™" 17.00 ¢ 0.31° 0.37™
SisshaViR, 0.07 ¥ 0.07 ¥ 4.00" 9.33°¢ 0.30° 0.28°
SisshaViRpy 0.06 0.09 * 9.33™ 8.66° 0.30° 0.30™
SisshaV,R, 0.08 0.10 ¥ 7.83 ™" 8.00 ¢ 0.32° 0.26°
SisshaVoRpy, 0.08 ¥ 0.12 ¥ 6.83 ™" 8.66 ° 0.33° 0.22°
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.
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Introduction

Luteolin is one of the most important flavonoids, which release from seeds during the first four hours of

imbibition. On the other hand, at present, salinity is one of the most important factors in reducing crop
production. The results of some studies show that the use of external flavonoids increases expression of nod
genes, yield and nodulation in some legumes species under stress conditions. Therefore, this experiment was
conducted with the aim of investigating the effect of luteolin and alfalfa seed exudates external inducers on the
expression of Rhizobium nod gene and the yield and nodulation of alfalfa in normal and salinity condition.

Materials and Methods

We studied the effect of luteolin on the induction of nod genes in R. Meliloti carrying a plasmid with a
translational fusion between R. Meliloti nodA and lacZ of Escherichia coli, and the expression activity was
measured by B-galactosidase activity. Luteolin strongly induced the expression of nod genes inhibitory effects.
We further studied the effect of luteolin and Seed exudate on alfalfa (Medicago sativa L.) yield and nodulation
under optimal and salinity condition. One greenhouse was conducted to determine whether the pre-incubation of
Rhizobium meliloti with luteolin and application of luteolin and seed exudate directly on to the seed surface can
increase alfalfa nodulation and yield. The factorial experiment was arranged based on randomized complete
block design, with three replications. Treatments were two cultivars, two bacterial strains (Sensitive and resistant
strains), two levels of salt (0 and 15 dS.m™ of NaCl) and two levels of application of inducers along with control.

Results and Discussion

The results from this experiment clearly indicated that inoculation of alfalfa seeds with luteolin and seed
exudate increase alfalfa nodulation (47%) and yield (30%) significantly under salinity condition that these treats
affect on traits more under normal condition. But significant effect was not observed on chlorophyll content. In
this experiment a significant difference was not observed between the control and pre-incubation of R. meliloti.
Also, salinity increased proline four times compared to normal condition. Luteolin and seed exudates increased
proline 1.66 and 1.35 times respectively in salinity condition, but under normal condition they did not have
significant effect. Salinity increased the content of sodium in the leaves (7 times) and roots (8.5 times) and
decreased the content of potassium 29% and 24% in these organs of the plant, respectively, that, luteolin and
seed exudate partially moderated these changes.

Conclusions

The results of this experiment indicated that luteolin and seed exudate can be used as exogenous inducers to
improve the growth and nodulation of alfalfa under salinity and normal condition. Flavonoid inducers act in low
concentration, and their negative effects relate to reduced germination and growth. In general, it seems that the
application of flavonoid inducers is more suitable to improve nodulation, but the direct application of them in
agriculture should be used only in specified cases and when flavonoids are as a limiting factor.
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