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Table 1. ANOVA Results (means squares) of Plant Height, Node Number per Stem, Branch Number per Plant, Pod Number per Plant, Seed Number per Pod, 100-Seed

Weight, Green Pod Yield (t.ha'l), Grain Yield (t.ha™) and Biological Yield (t.ha'l). (A and B: inter and intra row spacing respectively).
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ns, *, **, non significant, and significant difference at 0.05 and 0.01 probability level, respectively.
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Table 2. Mean comparisons of inter- and intra- row spacing interactions for branch number per plant, pod number
per plant, green pod yield (t.ha™), grain yield (t.ha™) and biological yield (t.ha™)
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Fig. 1. Relationship between plant density and pod number/m’ (a), seed number/pod (b), seed number/m’ (c),
100seed weight (d), dry matter yield (e) and green pod yield (f)
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Fig. 2. Relationships between grain yield and pod number/m’ (a), seed number/ pod (b), seed number/m’ (c),
100seed weight (d), plant density (e) and green pod yield (f)
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Abstract

Spreading faba bean (Vicia faba) cultivation can enhance the sustainability of cropping systems and
have other important benefits. However, there is little information on the various aspects of production
management for this crop. Then, this experiment was carried out to study the response of some agronomic
characteristics of faba bean cv Barakat to inter- (15, 30, 45 and 60 cm) and intra-row (5, 10 and 15 cm)
spacing. The experiment was conducted at the Research Field of Gorgan University of Agricultural Sciences
in 2009-2010 growing season in a randomized complete block design as factorial arrangement with three
replications. The results of analysis and variance indicated the significant effects of inter- and intra-row
spacing, and their interactions on green pod, grain and biological yield. The yields reduced as inter-row and
intra-row spacing increased with an exception about 15 c¢cm inter-row spacing in which the lowest grain and
green pod yield was attained from 5 cm intra-row spacing. There was no significant difference between 10
and 15 cm intra-row spacing in 15 cm inter-row spacing. In this study, the yields increased with increasing
plant density between 11 and 67 plants/m’, and with more uniform planting arrangement in even plant
density, generally. Among yield components, the effect of experimental factors on the seed size was not
significant, the seed per pod only affected significantly by intra-row spacing, while the pod number per plant
affected by both factors. The change in the pod number/m” was the main reason for the yield alteration. The
obtained results indicated the substantial response of faba bean yield to inter- and intra-row spacing, and the
necessity of investigating the interactions between these factors and other factors such as planting date and
genotype.

Key words: Faba bean, Grain yield, Green pod yield, Inter- and intra- row spacing

* Corresponding Author: golchin811@yahoo.com, Mobile: 09113742465
Y.



Iranian Journal of Pulses Research
Vol. 4, No. 1, 2013, p. 21-30

PNT— T (81,55 PR 30 09 3 (LS (ol gisay OY gl Clils (L3 5!
I il 55 oyt 3

" oS53 e 9 " gogemme puST Ao Sooljautic i po 5,80 Lo Plase ' ollis wos!

Ao (o gD yd oINS (57 ygliS caSliile sole clud glacl )
Olg s a1y  codwl .>|)'T oGl code Ciud guac -Y
Ol =L 3 50 o Jlonls sl 3 900 (53,98’ lidiond oSt ol Ciond guine Y
3 yg5ms — Ol ( Jlods (Ll 35 010 Hg0l g ruub b Olidiod o Koy | bl )5 -F
WA Bl il o fu

AAREYARVAR SERPPROr TRt

TN 1

- SoeYg b 5,5 (Sidaas g Sis gblio ;o a5 was o lis Gl 51 S sloow)p b
95 S s 5l eolaal b Jleis lul 3 0 (posS= i) ode et gl (o9l e j0 OV5h o550l
UL‘—“‘" B ln.bf—:dLmS.a a;uy 9 lb..\.lf—gg‘d.%lc Sl ‘ro..\.lf—uu..\c ‘ro..\.lf—o}'ﬁd ‘ﬁd.lf—ubj ‘rm.\.lf—'nd.lf J.ol.u: AJL.uj.)
o5 o 3D Jlo ez b (59l 18 ool ol 5ol 5 gmeebopibio Slaios olfingl) Jlod ool >
ul_ﬁbLS u,uLo}».l u,o.iiLuo or )b A ‘).‘>‘ dJLuy) Lstu é)jé 50 g_,JlS )é 9 (\VA‘:—/\O GC‘)) JLw B AYYAY-AY
3 9 9g2 UY}OA U’”L"}u )l u,u.».: 51-:.\.»5/ u,ol.ns.u aS o0 cdslin YYAY-AY 9 YYAV-AY LSC‘)) JLw 9o 4o U’“‘"T L)")i'l"’
J_.J asle oj._ij.o.c)_.la;)‘ o 099y 42;5)5 0924 uul.a}u )‘W}uwdﬁs Sile uul.a}u dxJlao S0 ;_AY}Q.) O
039 (a0 0 ;0 . SAYIY o APIA L ol 5a) 0955 g (wae o,8e 51 Gion (mo e 50 50 0,5109/9) paiS o Sloc
58 il Sl SYgame J.._)Lu:u P< e 140) sl ire jobas (ol 5,90 90 40 paiS o Slae (uSKilie o]
50 eS8, Shee g 050 Lajles b 51 i (g oo 10 m, 5 VA A) paiS- ol Jled jo pauS o ,Slee 28,5
2l 5l Gt oS i e o, Sloe U lo sine gl (il poud 3 paiS-Sile 5 paiS- o slojles
el daog Lol Jools (e ;0 o5V /F) 0 ,Slae ) a8 paiF-paiS [los j0 a5 Jbo o w0g o jlens
olaly bl o il (5Kl Iails GalS plyiea anlsy Sile 5 puae HLS dusyo s calol>

S5 e Jlas

Sl o, Slas «uie Gl ol gl s guuds” grejlg

ol Slg> Gl g 3 & i
WAY ol foi « VA=Y dmino 5 ,lois Fuls

(i 893 5 Sl il paiS & g0 L o5 (slaplls
S ol Sl as aoal s cogb (sl 38 o Slej
e S S S lasl 4y wils 0,95 ol Jsb 4o Sk
lgs oo ol o 5o (Sl e o) o B AL Jlade 5,53
SIS el o0k 9> Bl v Lo Jpame g8 Sy
Alizadeh & Koochaki, 1986; Rashed Mohassel & )
.(Koochaki, 1990
rie Sl (s Dtsilys Dygor il ol vg2s b
uals ¢ (Halvorson et al., 2000) yislw,d iolislas
Syzge SLa )i mls a5 sbar 19d S (g rlol>
Sl GgeslannST 5 (ol § donis )5 o5 Cul (]l S

AR

doddo
Ll s 5o plwst Jdsan ol oo gblos 25T 50
09— )|¢)55)g @ls s.:L..) )‘ oHle o)il.o.c 9 \.\.»Jy ‘@lﬁju]
i Lo (5 53 o865t s oy iz
2 9 9] e Cwddss Joame 455z Lo 8 S
5 0y Shes g9z D53 enlio (03 Jdody ol 5l oo
(blis (pl jo ail oo g L L (o DY gass adg

ceode b g LS Mol 5 el 09,5 cale Cn gie 1 ghawnd odiaws g
ol yod e (g8 olKils (63,5LiS 0uSisls oy ylals
nezami@um.ac.ir .« 110V FYYFA



QY gl dows 15 oty Fuler /ot @Ugad SR 9 3 3 /... cuslS byl £yl )0 g collis

Jls 10) samie YL jo saipll iolesl gl aS oy
il o)y oS-y iy sl pllss a5 ols Lss (sSTs
CoilS L aiwlie ;o S O laie (malS gl e
o &l iy pasS el pllss Uy g posS Jlge
o ymsd 5 ganleds Jg (Badaruddin & Meyer, 1989)
o 5 Ve il o8 g5z Ys5 4T ail,d s a5 cal
e o, Shoe ialS o g ool rals |, S ol ol
Utomo et al., 1987; Schlegel & ) wig—is co am Jluw ;o
McGuire et al., ) )y 55 s 3| (Havlin, 1997
oS-y el a0 az p as ol Las (1998
oS- iyl el sy Cond S 5 oyt Cush,
SySles (59) 2 Coxdy (nl pae Sl AsS e gk 4l
Baz wn Jlo ) Job po sl (Sl Jedsa pusS
ssal i 55 sbye (s o o Giolesl 5l (B y0 0 S
winl ls OYe i hwg sadadss Ol a5 ol sals
Badaruddin & ) el osgs ol 8,50 50 ol Glals b asliee
.Meyer, 1990; Badaruddin & Meyer, 1989

Oleeds Sz 3blie jo el g )T o o HeiS o
7S 2l Slgo 0 lie qie 55 5 (g SIS S
Bl oo Slasy i cdlad SO lgiear W g el ks
» sole Js—ol 5l (g5l Sl sla Lo o a5 (50925 L
B &S sy o0 Sl (Jg el oad o)l Lo (55 55La8
plosl Lwly o o sl 00,0 iz coal (38, oyl
poiS ol Ol (Rl 4 e o Glidos colad 4355 50
978 335 S grlol> sgne g Lai> g mus bl o
w5l LSl sy B Uy v ol 13 0l e
Somigy aiile) glddsle 5 (Luos 5 0936 aile) clails Yy
el o ol Jlos olul >

g, g olge
Al 55 (29l5 o5 i aalllas jolaie & gy ()
Sbla i e (i 0955 (i il oS- pusf el
ot ol il o paS- LS, fgy 5 paiS- slabsle
10 ol dls sl (ol e ot olSi ]
54> ,00Y 5 Jlol a8 B0VA g 4> 0FY) 5 5o —COlew
bogia U Lo s 5 ) YO gl )| 5 5, didoVY
=y Jb b S (b (w50 o deaVA (Sl
ool B35 90 JlB 1o o VWAF-AD el,; JLu b \FAV-AY

A% 1l allogs

Yy

ey SLAC b ;0 aB3S ()8 Jol dad Jsbo 0 S ]
il alS ooV U e (Sl JT 8ok e S5 ]
=y Y gaxe cilS (28ls o (Haas et al., 1957) el
e Llpd o S a5 058 e el Gl ol Jlisas s
delas Luyl,8 o0 Bk 5l g 9,5 )18 (I slge &5 sl
Black et al., 1981; ) 05,5 xal, 8 3.5 S sle,d lp
l, T olgo lal wunsy ol g (Pannkuk et al., 1997
Aase et al, 1996; Rasmussen & ) oS o & s
aS ogdhe ol plls G 4y olows 14 (Parton, 1994
&l 5 ol 5l S gralols g pais o Slas (ol o
Bagheri ef al., ) ceul 5,9,20 il 5,65 5 ogllae
Lo Seisdos 3blis 5l S o Ll uen ;0 .(1997
ez plyedn (DY Sl (65 (ot Dl
Ygame adgi o ol ol s 0 ST Ll Sl
Durutan ) el oo plxil S (g sdlol> 09 9 £l)5
et al., 1990; Biederbeck et al., 1993; Badaruddin &
=l sle plda o Y58 a1, 5 «Meyer, 1990
s (Sarrantonio & Gallandt, 2003) 35 505 cois 3,k
o Slos 3 SB gjuihol> dgpy o S ST olge ol
S5 551, S inld Sl od 5 Jyane
Sheaffer & Seguin, 2003; Schlegel & ) sls s alys
.(Havlin, 1997

Wlwgs oyl adosl (oel)) slaplls gl (o)
5 Sile g e w02 o5 SIS (o ST oS
Ol a5 50 paiS L (Gl 23Rl plalS plyiear) 055
s> 9 SSI5 Ll SYsame L dislie jo OYed a5 ol
NSIBE -“)‘Kgsf’ b Jlo pasS 6l 1) (g Cugb,
SySlos Jobe Lo Y5 ds 5l am a8 o Shos il
Jsmam 5 aslllas ol aghis ol 035y iy 5l oy puiS
aiile GYg i a5 Colw (attie jd Do SYeb slacols
Sl (embie Y gaze (il § Sl w0950 (ie
S 5o ol Jldsan 5 atis 558 nl o (il (3Kl
ol 5 il el 5l LS laY/F sgam o Jlu) + 5l oS
S8 eoliiul 8y50 (BYgd) (0 30lar &S lawg )58
s el Ygame b igle] ol s elol ;28§
ool el Jgmaze g mhans (2lg sl SBLe g 095
Nl dogh oA Sl ity ot 6l Bble sl
.(Durutan et al., 1990)

Sl pSae eizran il Jlw o Y5y 5
2 e Glp poren B O GalS s o] Bras 5k
35y s Jlio jsbay ans 2alS |y ol 055 5 55 an Jlo



QY gl dowi 18 )louis Fuler /oo ot b gad S i g 39 a3 /... iS5 ¢y 1500 g ol

D955 s Sl gy JalS Sa) ey 0 g S
= g olesawl o 5 SILCA82 8, (Cicer arietinum L.)
J=l (Fams; Oloj 39 5 CiS @peyie ;0 ¥ (ST b
2 0SS oy LS Lz 52 sl e A3 Sl
Aol gt it O S e clS 5l b ogl 055 S
oS 5y slocile a5 45,5 s a SLTD i ok,
Slakd 5 raglacile 32,4-D iscile b ols &j90 0 pass
0 i | lakad 5 aslacale aiad Bds ciws g, pgS)
Ol )3 )0 5l Sjg0 50 9 ke )9 )b Sews Lawgs
RNy Loty
WSS Cagh; (Sig eys St by jlaiean
el Jgmame <283l J8) by o S (65 aiged
Voofo gooTe Gae jl 1SS 93 o Lo, S 5l plaS o
25 et s ) S gl o s i ol (5 n 5
NP A
S Cush; (Sig e =
sk ye S (js=Sas SB- i) [ Sas SB- i X V-

ClS g 5 lime 9395 polie el g el lekoc

SLiizs o] sloaragi 5 o)ls ol 5 (o5 plals
el lawlgl jo lal (gilweslel wldes (gl 2l gz sl
555 JiSo 13 oS5 LP+ Jolao 5 4 035 Jo,5 2 05
Loy e 15 g g o 5 255 o Sl
sad assyS Ly s nf ol oy g el S8 b
5)) pASS AL SelS Ojgo (ol i (ol DY g
L b, o (oloydD) 5l 25l o 55 Gens Lawgs (5100
2 e eSSV bl 1 g 00l e iluV 0 alols
U s sl S s, oloj 0 5 S S
ools yaoy 4y oygl 055 LS o p SISV Jolae o S
= g oleasi il jo (Medicago scutellata) IS dxsg .ol
Seo B dd> e o g S LS 50 j0 59 kS ) ¢ el
,» (Vicia villosa) Lgl:\_.is?ﬁ Sile ol culls y  pAlS
5 oS LS 53 )0 0 S skST e lime alel 2 g olonii]
(Lens culinaris) wos .o Cilsy 235 oo 00+ dl> e

aLcm|)d é)/.a)...o 5 d.:yv“ps‘)a wu‘ﬁshb)émoéﬂs

Hods ol 3 33 LT Grosily (1aSlso 5 2155 Sl Jlez (b Wlale (Sl g gazme g ailble slod uSilho— ) Sy
Table 1. Monthly mean temperature and rainfall during four years of experiment in Sisab, Northern Khorasan

Long term Ave. 2005-2006 2004-2005 2003-2004 2002-2003
Rain Temp. Rain Temp. Rain Temp. Rain Temp. Rain  Temp. Month
(mm) 9] (mm) 9] (mm) (¢C)  (mm) (C)  (mm) (WY)]
104 16.2 9.0 18.7 5.9 15.6 1.9 15.8 1.0 19.7 e
23 Sep-22 Oct
31.4 10.4 63.9 9.3 19.5 11.8 45.6 11.4 30.9 11.5 ob!
230ct-21Nov
18.0 4.8 10.9 6.1 39.0 4.2 24.9 4.1 24.5 2.2 !
22Nov-21Dec
19.6 3.0 38.1 0.1 37.0 1.3 19.3 4.1 28.5 2.5 &2
22Dec-20Jan
28.8 22 21.6 4.7 30.2 0.6 19.2 52 374 2.6 o
21Jan-19Feb
35.0 5.9 12.5 8.2 78.8 8.0 27.2 6.9 77.8 4.7 i
20Feb-19Mar
437 114 472 121 440 95 691 102 795 102 o295
20Mar-20Apr
336 163 231 179 194 171 363 167 483 137 )
21Apr-21May
16.4 21.0 9.9 21.8 69.4 20.9 1.7 20.5 21.0 18.7 Mt
22May-21Jun
4.9 24.6 8.6 25.8 0.0 25.7 12.0 234 0.0 24.6 e
22Jun-22Jul
13.0 25.1 0.0 25.5 18.1 243 31.5 253 0.0 24.8 310 yo
23Jul-21Aug
9.7 223 14 21.8 0.1 22.0 0.0 22.0 0.0 22.1 29
22Aug-22Sep
264.3 246.2 356.4 288.7 348.4 Total
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Table 2. Biomass and yield (g.m'z) of substituting crops for fallow in two stages of rotation
during 2002-2003 and 2004-2005 growing season in northern Khorasan

WAAT el Jle ouals oS
il o Slos ologw &AT

JLw 99 (SSleo
il o Slos uoLo,.H

WAY-AF <, Jls
als o Sloe  wlogms

Two years average 2004-2005 2002-2003 f: RPN
allow substituting

Yield Biomass Yield Biomass Yield Biomass crops
0.0 145.2 0.0 153.8 0.0 136.6 A9
Medic

0.0 253.1 0.0 268.8 0.0 2374 S-als
Vicia

86.8 246.0 85.0 2743 88.7 217.7 e
Lentil

159.9 470.8 163.7 4433 156.1 498.3 P
Wheat

83.3 180.5 62.0 163.7 104.7 197.3 S

Chickpea
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Table 3. Biomass and yield (g.m'z) of wheat after substituting crops for fallow in two stages of rotation
during 2003-2004 and 2005-2006 growing season in northern Khorasan
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. R . . . . Rotation
Yield Biomass Yield Biomass Yield Biomass
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Fig. 1. Wheat yield in wheat-wheat based system during four years growing season in northern Khorasan
Vertical lines indicate standard error (SE).
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Table 4. Moister percentage in 0-30 and 30-60 depth (cm) of field soil before crop planting
in each growing season
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Abstract

Long term use of fallow in wheat-based cropping system of dry and semi-dry lands can increase erosion
and decrease soil fertility. Legumes as substituting crops for fallow could improve sustainability in this area.
This study was conducted to evaluate the substituting of some legumes for fallow in a 2-yr wheat rotation at
Research Stations in North Khorasan Province (Natural Resources Research Station of North Khorasan,
Sisab-Bojnord) from 2002 till 2006. Six cropping systems, follow-wheat, wheat-wheat, chickpea-wheat,
lentil-wheat, vicia-wheat and annual medic-wheat, were used on three rephcatlons Accordlng to the average
data from biomass and yield of substituting crops, wheat biomass was more than the legumes biomass in
2002-03 and 2004-05, and among the legumes, v1c1a and lentil biomass was more than that from chickpea
and annual medic. Also, wheat yield (159.9 g.m™) was more than lentil and chlckpea yield (86.8 and 83.3
g.m?). Average wheat yleld on the two rotation cycles (P<0.05) affected by previous substltutmg crops,
significantly. The most and the least wheat yield was achieved on the fallow-wheat (180.8 g.m™) and wheat-
wheat (110.4 g.m™) rotations. However, the wheat yield on the lentil-wheat and vicia-wheat rotations had not
significantly different from wheat- Wheat cropping system. According to the results, it seems that lentil and
vicia could be introduced as a crop candidate for substituting for fallow at the North Khorasan province.

Kew words: Lentil, Rotation, Sustainable production, Vicia, Yield
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Table 1. Evaluating and scoring method of quality attributes in bean collection accordance with IPGRI descriptor
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Table 3. Mode, Shannon index of variation for the quality traits in the bean collection

ol (2030 &y (o gsﬂ")é) sl glgil (3l e Ry ™ ouud ylasbivw! ¢ygilds
Traits Of view (the percent relative Fagade (Score) Shannon Shannon standardized
abundance) ¢ index index
S (76.92)7: (23.07)3 7 3.873 0.99
Pod color
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Pod transect
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Table 4. Simple correlation coefficients of quantitative traits in bean collection

wlae 1 2 3 4 5 6 7 8 9 10 11 12 13

39 0,5 dlaxi-y

Lol 4l
Number of
nodes per
main stem

G jg, olasi-¥

B 0.377%* 1
Days to
flowering

a5 glis ¥
Plant height

0.336** 0.330** 1

ool Job-f 0.377** 0.082 0.239* 1
Inflorescence

G 39, olasi-8

P 0393+ 0725%  0376%  0258%* 1
Days to pod
emergence

U 39, olaxi-#

LN oy 488*F 0.644%F  0405FF 0389 (0.822%* 1
Days to pod
maturity
e Jgb-V
Pod length

-0.132 -0.024 -0.030 -0.304** 0.051 -0.082 1

W o pe-A
Pod width

0.063 -0.029 -0.101 -0.039 -0.089 0.028 0.203* 1

39 S olasi-4

Ay
Number of
pods per
plant

0.094 -0.125 0.098 0.058 -0.016 -0.059  -0361**  -0.191 1

0 oy olawi-Ye
e 0.085 0.253* 0.027 -0.095 0.081 0014 0.334** 0.055 -0.243 1

Number of
seeds per pod

50 ailo slaxi-1)
Ny
Number of

seeds per
plant

0.063 -0.046 0.101 0.016 -0.040 -0.135 -0.219* -0.117 0.712%* 0.009 1

Ald Voo y39-1Y
100 seed 0.064 0.033 -0.111 0.109 0.029 0.088 -0.025 0.207* 0.065 -0.095  -0.345%* 1
weight

iy oS lacI¥

WSS 0.052 -0.063 0.002 0.107 -0.059 -0.093  -0.197* 0.044 0.683* -0.005  0.585%* 0.507** )
Seed yield per
plant

*&**: Significant at 5% &1% Ao y0) 50 Jleizl o 1o o sire ol Sy, g
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Table 5. Path coefficient analysis for seed yield per plant in the collection of beans

G25b 5l oy i1

T L;(;........».lla :.’ o s 1 Indirect effect
. orrelation . . i . . . . . .
Traits coefficient Direct effect gy BMUE ol &ildYee 39 Agy o dild Sl
Number of pods per plant 100 seed weight Number of seeds per plant
Sz 2 B Sl 0.683 0.656 - 0.031 -0.004
Number of pods per plant
JoY e e oy
oY o 0.507 0.654 -0.044 - -0.103
100 seed weight
s o s slass 0.585 0.482 0.328 -0.225 -

Number of seeds per plant

Logd GgamsdS 50 Jgl (Shol allgo (b (o Lol )lg 3 0329 Sloyl0 2 0329 yolio —F Jgu
Table 6. Eigen values, Eigen vectors and the relative variance of six main components in the collection of beans

e Jol 4dlge pgo adlge pow adlgo ol 4l
Traits (First) (Second) (Third) (Fourth)
kol il 3 0,5 sl 0.3690 0.0940 -0.0680 0.0050
Number of nodes per main stem
(BT g, sl 0.4370 -0.0830 0.0500 0.2050
Days to flowering
ol |
Sy €l 03230 0.0760 0.1990 0.0130
Plant height
il 1B
o3 o 0.2640 0.1530 -0.1470 -0.3490
Inflorescence
(BIBEL g, slaad 0.4850 -0.0390 0.0400 0.0820
Days to pod emergence
Bl (e b 5y, olas 0.5010 -0.0400 -0.0650 -0.0630
Days to pod maturity
S sk -0.0590 -0.3390 -0.0140 0.4670
Pod length
S 2 -0.0260 -0.1270 -0.4210 0.2350
Pod width
s N sl
gt > S Sl -0.0180 0.5600 0.0580 0.1020
Number of pods per plant
AL s b sl
U2 sl 0.0690 -0.1800 0.1070 0.5870
Number of seeds per pod
g 3 4l slaad -0.0320 0.4770 0.3250 0.2970
Number of seeds per plant
A 039 0.0340 0.0780 -0.7290 0.0400
100 seed weight
eSS 3 9 5hee -0.0260 0.4910 03110 0.3270
Seed yield per plant
o5y ade 32128 2.6217 1.5602 1.3965
Eigen value
PRz e s 0.2470 0.2020 0.1200 0.1070
Proportion of explained variance
2 e e Ly 0.2470 0.4490 0.5690 0.6760

Cumulative of explained variance
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Fig. 1. Dendrogram of cluster analysis of 52 accession of bean using morphological traits
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Abstract

Genetic diversity in bean collection can be used in breeding program for selection of genotype with
desirable agronomic traits. Fifty two accessions of common bean (Phaseolus vulgaris) has been evaluated for
genetic diversity of agronomic traits, grain quality and determination of association between grain yield and
some morphological traits at Research Farm of National Plant Gene Bank of Iran, Seed and Plant
Improvement Institute in Karaj during 2011. Complete randomized block design with two replications has
been used for conduction of experiment and statistical analysis. According to Biodiversity International
descriptors traits understudy has been recorded. Descriptive statistics results of traits analysis indicated
considerable diversity regarding node number on main stem, 100 seed weight, seed number per plant and
pod number per plant. Variation for traits of seed number per plant, 100 seed weight, days to maturity and
seed yield per plant ranged between 32-150 seeds, 14.8-74.22 g, 46-96 days and 11.2-55.1 g, respectively.
Coefficients of variation for genetic and phenotypic were high regarding traits of node number on main stem,
pod number per plant, seed number per plant, 100 seed weight and seed yield per plant. All traits except days
to flowering (22.3%) and days to forming pod (7.9%) had high heritability between 62.8-82.9%. Based on
cluster analysis genotypes understudy classified in tree groups among them two had highest single plant seed
yield. Among qualitative characters maximum variation has been observed for pod string and minimum for
pod tip curve. According to results of simple correlation, multiple regression and path analysis; pod number
per plant, 100 seed weight and seed number per plant as components of yield had the greatest impact on
performance of single plant seed yield. During principal component analysis 67.60% of recorded traits
variations were due to four factors.

Key words: Agronomic traits, Common bean, Genetic diversity, Heritability, Morphological traits,
Multivariate analysis
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Abstract

Chickpea (Cicer arietinum L.) is mainly cultivated in arid and semi-arid agricultural systems. Drought
stress is a major factor delimiting maximum yield. This research evaluated the effects of drought stress
treatments on expression of Cu/znSOD as a gene involving in drought tolerance by Real time PCR technique.
To find the probable relationship between the molecular and physiological effects of treatments, total soluble
leaf protein and enzyme activity of SOD (EC: 1.15.1.1) were measured. Drought stress was applied by 30%
of field capacity in flowering stage. Sampling was arranged on three times; pre stress, 48 hours after stress
and 24 hours after recovery period. This study conducted as a factorial experiment in randomized complete
block design with three replications. Real time PCR data analysis indicated that the expression of Cu/znSOD
between the two genotypes, candidate for tolerance (MCC696) and sensitive genotype (MCC759) was not
significantly different from control condition. But the gene expression of Cu/znSOD in international
genotype (MCC877) was more than other two genotypes in control condition. Consistent with some previous
research results, gene expression levels of Cu/znSOD was reduced in two days after drought time than
control, and increased in recovery stage compared to control plants. The measurement of total soluble leaf
proteins and SOD enzyme activity under drought condition treatments revealed no significant difference
compared to control conditions.

Key words: Chickpea, Drought stress, Enzyme superoxide dismutase, The gene Cu/znSOD
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Table 1. Soil physical and chemical properties of experimental location
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Table 2. Water chemical properties of experimental location
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Abstract

In order to evaluate the efficiency of inoculation of chickpea seeds with Mesorhizobium and application
of nitrogen on yield and yield components of chickpea an experiment was conducted in Research Station of
Neishobour, Khorasan-Razavi. The experiment was conducted in randomized complete block design
(RCBD) with four replications and 13 treatments including Mesorhlzoblum (SWRI 1,2,3,6,9,12, 13, 14,
15), nitrogen levels (70 and 140 mg/Kg from urea source), zinc (25 Kg. ha from zinc sulphate source) and
the control. Results showed that differences of graln and biological yield among treatments were significant
(P<0.01). The highest grain yield (1026 Kg.ha') and biological yield was obtained from SWRII2
inoculation. That was 7 to 13 percent greater than control for grain yield while for without inoculation was
25 to 40 percent greater. Maximum number of nodes was obtained SWRI12 treatment (12.75 node per plant),
while minimum number of nodes was obtained from 70 mg/Kg N (3.5 node per plant). Maximum nitrogen
content was obtained from SWRII12 treatment (4.5 percent). Combine analysis of two years result showed
that inoculation treatments increased dry weight, N percent and yield.

Key words: Chickpea, Nitrogen, Rhizobium, Yield
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Oemped b el o sae jeba pile () o (a0l
e 025 4 bonpe (audS 00,300 b 59, Sl 2eS
5 Sy Dol A a3 Dolas (il () JS2) o9 o
Ll ol 00,5 oo aihain 4 lsl ilizes slos 15500
(Keating & Cooper, 1983; Ortega ,Liixe pluw gl
s Slgxes et al., 1996)
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Fig. 1. Interaction effect of drought stress and cultivar
on day to 50% flowering in chickpea cultivars
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J=oS5 59,0 52 (Sl 995 0t 698 ol e
o bgrye (i pas Ll )3 0 5550 Job (n ReS 050
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Fig. 3. Interaction effect of drought stress and cultivar
on day to maturity in chickpea cultivars
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fertilizer on day to 50% podding in chickpea cultivars
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Fig. 4. Interaction effect of drought stress and cultivar
on number of branch per plant in chickpea cultivars
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Fig. 5. Interaction effect of drought stress and cultivar
on first pod distance in chickpea cultivars
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Table 1. Analysis of variance (mean squares) for phenology and morphological traits in chickpea cultivars under
drought stress and nitrogen fertilizer

Olapo (1255 (MS)

. as Ll olosy X
a0 S 000 Gy, S0 y00¢ Gy, G 39, el X gl alold S ySlos .
Ol i’ @bo _ _ o B R P C) . . il o Sloc
SOV &9l5 PSS (GBI Sy g 5 o) 5l SN S oolo Grain
o dfr Day to Day to Day to Plant # First pod Biomass yield
flowering podding maturity height Branch distance yield
per plant
NS5 Replication 2 5.5 77.5 30.1 21.14 12.9 0.7 418114.1 938519.3
S5t i Drought stress (A) 2 504" 600" 954" 872.9" 30.6™ 68" 38766584  25713402.7"
a gl Error a (Ea) 4 6.7 10.4 15 9.9 9.35 2.56 62798.3 970269.4
539y 095 N fertilizer (B) 1 15.1™ 0.01™ 201 3.5 8.22™ 7.77" 3698713™  816011.1™
o5 Cultivar(C) 3 567" 956" 2108" 522" 132 1046.2" 1504421™  4155662.9™
095 icd AxB 2 8.3 94.8" 32 1.94" 0.12™ 0.51™ 1203572™ 2797527 ™
595% ) BxC 3 31.9" 104" 376" 7.46™ 2.36™ 0.87™ 460928 ™ 200018.5™
o8 X G AxC 6 29.6" 20™ 70" 13.7™ 8.4" 27.05" 605401.1™  936594.4™
o8 X095 x s AXBxC 6 1.73™ 35" 101” 12.9™ 0.98™ 3.91™ 450704.7™  2826761.1"
b slas Error b (Eb) 42 11 14.78 12.8 369 31.2 3.08 23061040 181122.41
POV SO %CV 6.2 59 3.8 10.6 29.2 10 25.8 25.8

ao o) mhu ol gixe PAPRWESRY B e * IS Se e NS
ns :Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

W9y 095 9 (S (A byl pd i 0956 B 50 S 3el9d 90 Do gas 9 ($3eled Ul e (il dmlio Y Jgur
Table 2. Mean comparisons for phenology and morphological traits in chickpea cultivars under drought stress and
nitrogen fertilizer

a5 L olowy
QoyoBe Bigy  Swoyobe bjs, U 39y eyl . gl alold S Sdos .
. . _ PLyeSC . als 5 ,Slos
(P Traits IR PO S Sy Ay o ooy e s oobke Grain
Day to Day to Day to Plant * First pod Biomass yield
flowering podding maturity height Branch distance yield
per plant
Drought stress:
RNy No stress (S0) 58¢ 70° 99° 36.5° 7.66° 19.4* 277 2229.6°
Lusgio i Moderate stress (S1) 52° 60° 92° 28.3° 5.8° 16.7° 2654.8° 1196.3
Syl S Severe stress (S2) 49° 62° 86° 24.8° 5.56° 16.2° 1771.2° 815°
LSD 2.08 2.58 3.17 2.53 2.45 1.84 200.8 558.2
(339558085
N fertilizer:
Bpan 9 No fertilizer (N0) 52 64.3 92 30.1 6.71 17.8 2972.7 1388.8°
EH Used fertilizer (N1) 53 64.33 93 29.6 6.03 17.16 28.29 1438.3°
LSD 1.57 1.7 1.52 2.45 0.83 390.5 120.6
e
Cultivars:

o3 Azad 54° 64° 87° 28.4° 6.09" 16.9° 2777 1518.3°
Cism Bivanij 46¢ 59¢ 85° 26.7° 7.11° 11.2¢ 2047 1675.5°
ol Hashem 60° 74 108* 37.8° 5.33° 28.3° 3279.2° 914.4°

ILC482 1LC482 51¢ 58° 88" 27.5° 6.96" 13.4° 2600.6° 1546.1°
LSD 2.23 2.58 24 2.15 1.25 1.18 552.3 170.5

il go LSD fyge3T ol y auojomty grhas 50 (gbol o cire glds (glls oS e B> S5 a8l pyolie ¢yginw 12 0
In each column, amounts without one common letter are significantly different (p<0.05) based on LSD test.
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Table 3. Mean comparisons for interaction between stress, nitrogen, cultivar for seed yield (kg/ha)
in chickpea cultivars under drought stress and nitrogen fertilizer

Control Moderate stress Severe stress
O o9 busgia G5 Syl e
Bl . 595 U oo . 295 U oo . 385 O pao
Cultivars 395 B pan pas . 395 b pan pas L 395 B pao pus L.
No fertilizer Application No fertilizer Application No fertilizer Application
of fertilizer of fertilizer of fertilizer
N Azad 2583° 2000° 1130%" 1356 %" 923°"e 1116%"
zss2  Bivanij 2106™° 2730° 13435 1696 1143%" 1033
wils  Hashem 1580 def 2196 670 733 1568 150¢
ILC482  ILC482 2076™° 2563° 1280°%" 1360°°%" 1066 93(°"e

il go LSD fyge3T ol s auoyomty zrbas 50 (g bo] o cire cglds (gl s oS e B> S5 a3l pyolie ¢yginw 12 0
In each column, amounts without one common letter are significantly different (p<0.05) based on LSD test.

Aoel Glad o e Sl 4Bl 201581 55 ails g Siseole 410 0 Sloe b G 59098 590 9 SO 590908 Wlao  Siwaod

2l e Selsid Sliogas Cute Dl il a5 28
ol 33l L 5 el ) olialh ol asly coze Sl als o Sles
Aols o] Jlooas a5 Cowl ol jotr i3 3925 pae g oS 0,
Baao i g 4l alidl 5 SLs a5l e sl
5y Shos edayl i ol jo aS aab o Ll Cude  Swaon
slass g elas )| rolidl .l a8l o8l 50 als 5 Sis-bole
45 wilos ol yan K25 anle 5 Shos al3hl L agy o asls
3 5 AR el E S Gy il il o 52 5 BT ()
L gl ol atthoo 25 Lol 558 0 apas 15 Lyl
(El-Gizawy & Mehasen, , 50 oladss ;| Jol> mls

Sy llas 2004)

aS 220 oo Ll fadge (pl og o S g Cute S oole
U Sis ool 5, Ko wsils o, Shae b8l Gl 5o
ol Jlooas a5 o Sas oole odgs Ll 4 e ol p0
(e 5328 5L A5 Wb oo i3l 0wl o Slee
(Plancqaert et al., 1990; Singh, a_il oo 50 cpl Cuie
(25 L5 59, 0ol .1995; Salam et al., 2006)
Aoel j0 g Seid dole o, Slee b S, g 2O
Ol 38l i il o pme g Cate  (Siwen &l o Sles
Lyl b sases s lis Saww, 9 20 (25 U 5, slass
Lo Jelss boy55 5 (g olS g 952 oLS 00 (sl gl
o, Shae o] Jlsods g 00,5 o, g olgs anld g

4539 75 395 3 Sb i bl b o 0955 6,1 S 3lsd 90 3 Kl Dl (s (Ko ~F Jga
Table 4. Correlation between phenological and morphological parameters of chickpea cultivars

under drought stress and nitrogen fertilizer

Day to Day to Day to Plant Branch First pod Biomass Grain
flowering podding maturity height per plant distance yield yield
PS50 )30 U3, Day to flowering 1
poMews 000 B9, Day to podding 0.89" 1
Sy U 59 Day to maturity 0.89™ 0.89™ 1
Sy gl Plant height 0.91™ 0.90™ 0.94™ 1
W 50 (£,8 a5l olaai Branch per plant -0.14™ -0.18™ -0.19™ 0.07™ 1
03 3 OME gl alols First pod distance 0.88™ 0917 0.92™ 0.82" -0.46™ 1
S oole 3, Slas Biomass yield 0.65 0.77" 0.82" *0.65 0.69 0.79” 1
ailo o Slas Grain yield 0.88™ 0.89" 0.92" 0.79" 0.56 0.77" 0.96™ 1

ns :Non-significant , * and **: Significant at 5% and 1% probability levels, respectively
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Abstract

This study was performed in order to evaluate the effects of drought stress and nitrogen fertilizer on
phenology, morphology and yield of four cultivars of chickpea. This experiment was performed in a split-
factorial using randomized complete block design with three replications. Drought stress treatment stood in
main plots (in three levels) consisting of no drought stress (control), moderate drought stress (irrigation at
planting and early flowering) and severe drought stress (no irrigation). Combination of nitrogen fertilizer (in
two levels Okg N/ha and 25kg N/ha) and cultivar treatment (four cultivars Azad, Bivanij, Hashem and
ILC482) stood in sub plots. Results showed that drought stress had significant effect on phenology and
morphological traits, biomass yield and grain yield. Increase of drought stress lead to reduce of growth
period, plant height, biomass yield and grain yield. Among cultivar treatments, Bivanij had shorter
phenological stages time as complete ripening and prepared of harvesting in 82 day in high water stress and
had a highest biomass and grain yield. Hashem cultivar had a maximum growth length. Also, Nitrogen
fertilizer had a positive effect on grain yield in non stress condition.
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December
e 8.6 5 112 2.99 24 68 -
January
o 4.8 -16 14 0.16 27 74 -
February
S 525 48 218 5.36 18 57 -
March
¢12295° 90 7.8 18 6.95 8 60 512
April
Sl 4.1 0 24 10.4 0 53 146.7
May
3155 9 02 282 15.35 1 43 2118
June
> 6.2 38 36 20.29 0 37.77 2433
July
31 yo 0 48 328 19.46 0 41 286.1
August
9P 14.4 1.8 32 16.33 0 32 232.6
September
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Table 2. Analysis of variance for measured attributes in some chickpea lines

laypo (Sileo
Mean of squares
VP DF DP DM PHT 100SW Yid
S.0.V d.f CTR
(%) (day) (day) (day) (cm) (€] (g/m’)
i 1 8.50™ 1.03™ 3.269™ 2.126™ 10.28™ 15.38" 17.55™ 4650.27™
Rep.
oy 65 340.723" 3.59" 5.134" 11.9” 8.52™ 46.626™ 5.50" 321592.42"
Entry
GUaa'
i lojl 65 245.6 1.54 5.545 24 12.88 1.78 11.55 170842.8
Error

B PEEPIUIRRVEIRS IRV, R WSS R S (S PRI PVR: « PR R

+, *, ** and ns: Significant at 10%, 5%, 1% and non significant levels, respectively.
§ S Sy B 3, olaas DM ¢ 20ME b 59, olaws DP ¢ 2alS b 55, slass :DF tlo s 4y Jozxs &> )5 :CTR 6sli; ao )0 VP s(golil az o df ol s alin 8.0V wl lazs|
ails o Slose :Y1d ailo) « + 155 :100SW a5y glis,| PHT
Abbreviation: SOV: Sources of variation; df: degree of freedom; VP: Viability Percentage; CTR: Cold Tolerance Rate; DF: Days to flowering,
DP: Days to podding; DM: Days to maturity; PHT: Plant height; 100SW: 100 Seed weight, Y1d: Yield

axdlao 090 0956 Y 10 ol g S oIl Wlhs (WSl -F Jgu

Table 3. Means of chickpea lines for measured attributes

ol Y CTR P PHT 100SW Yid
No. Entry (cm) (® (g/m’)
1 FLIP 00-39C 2 240 14 315 151.7
2 FLIP 01-40C 3 239 20 31 108.3
3 FLIP 02-61C 3 241 115 25 117.5
4 FLIP 02-69C 2 240 22.5 28 131.6
5 FLIP 02-81C 3 239 21.5 27 85.0
6 FLIP 03-1C 2 234 25 22 180.0
7 FLIP 03-2C 3 237 11 20.75 120.0
8 FLIP 03-3C 4 239 22.5 28.5 75.0
9 FLIP 03-5C 3 239 19.5 31 103.3
10 FLIP 03-6C 3 234 27 325 141.7
11 FLIP 03-7C 2 239 245 36.5 205.0
12 FLIP 03-8C 3 241 20.5 27 143.3
13 FLIP 03-9C 3 241 27.5 19.5 153.3
14 FLIP 03-11C 1 234 20.5 23 181.6
15 FLIP 03-12C 4 239 23.5 22.5 108.3
16 FLIP 03-13C 2 234 21.5 30.5 169.9
17 FLIP 03-14C 2 241 22 35 191.6
18 FLIP 03-80C 4 234 22.5 28.5 81.7
19 FLIP 03-89C 2 237 20.5 29 143.3
20 FLIP 03-133C 2 241 18 35 181.7
21 FLIP 99-26C 3 241 25 29.5 151.7
22 ILC 8262 4 239 36 23 155.8
23 ILC 8617 2 239 20 255 131.6
24 FLIP 97-118C 3 237.5 22 30.5 63.3
25 FLIP 99-45C 4 235.5 18 33 111.7
26 FLIP 01-7C 1 235.5 27 29 121.6
27 FLIP 02-51C 5 239 15 26 58.3
28 FLIP 02-52C 4 239 14 16 50.0
29 FLIP 02-55C 2 237 23 25.75 91.7
30 FLIP 02-59C 2 237.5 24 25.5 86.7
31 FLIP 02-80C 3 236.5 18 24.5 95.0
32 FLIP 02-83 6 239 11 26.5 45.0
33 FLIP 02-84 6 236.5 28 19 81.7
34 FLIP 02-85 6 238 25 25.5 78.3
35 FLIP 03-16C 5 238 24 25 86.7
36 FLIP 03-68C 5 235.5 27 31.25 123.3
37 FLIP 03-78C 3 241 27 30.25 78.3
38 FLIP97-120C 3 236 22.5 32.5 100.0
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39 FLIP04-2C 1.67 234.67 15.3 31.67 115.5
40 FLIP04-33C 2 236 19 29 106.6
41 FLIP04-34C 3 234 18 33 40.0
42 FLIP04-35C 3 235 19 30 68.3
43 FLIP04-36C 5 236 31 30.5 69.5
44 FLIP04-37C 1 234 25 26.25 90.0
45 FLIP04-38C 1 236 26 29 85.0
46 FLIP05-13C 2 236 17 33 145.0
47 FLIP05-36C 1 240 31 3225 150.0
48 FLIP05-37C 2 239 235 25 383
49 FLIP05-38C 5 235 24 335 51.7
50 FLIP05-39C 6 241 23 35 119.0
51 FLIP05-45C 2 235 19 37.5 81.7
52 FLIP05-49C 1 241 24.5 30.75 98.3
53 FLIP05-77C 2 234 20.5 36.5 108.3
54 FLIP05-81C 4 236 22 33.75 73.3
55 FLIP05-84C 3 240 31 28 128.3
56 FLIP05-89C 2 237.5 23 31.5 141.7
57 FLIP05-91C 1 235 27 30 101.7
58 FLIP05-94C 2 235 23 30.5 116.7
59 FLIP05-95C 1 240 27 34 135.0
60 FLIP05-101C 3 236 20 29 46.7
61 FLIP05-127C 2 241 19 32 126.6
62 FLIP05-137C 1 237.5 22 27 163.3
63 FLIP05-141C 1 234 27 28.5 116.6
64 FLIP05-146C 2 234 21 355 146.6
65 FLIP05-171C 2 235 25 36.5 151.6
66 ILC533 6 240.5 20.75 10.615 36.9
LSD (5%) 248 3.08 2.66 6.78 82.542
Mean 2.84 237.44 222 28.81 111.16

See table 2 for abbreviations

ool o8,  FLIP04-34C FLIP05-37C sla Y o
5 gy 0 p,SYO LY.l jo a5 wb canlin ILCS33

Eoyoyn 30 0 8YVe LFLIP03-7C Y o o Slas oy i
@S G 9ban 09 13,95 5 (3L £95 3l s g il 0g:
Oy =S D50g e ye SSLWYVIO U Y ¢l Y elas
FLIP02-61C oY aw jo e i) s L asg el
Lo ase gl o i s FLIP02-83 4 FLIP03-2C
ST elas | acils 0929 ILCB262 (Y o yie SOLWYV/D
isle B e LLYVIO BV lawgie als jo lacyY
=5 RS ) gun LaV wlo) +» (59 Dl il diels
B YO lawsio aials jo lapp¥ cdel 0g 0,57 510 5l canlis
O JSs) acsls J18 0 SYY/O
S Dlao o oole Sen 4350 5l Jol> gl
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Fig. 1. Variations in studied characteristics of chickpea lines
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CTR: Cold Tolerance Rate; DP: Days to Podding (day); SW: 100 Seed Weight (g); PHT: Plant Height (cm); yld: Yield (g/m?)
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Table 4. Correlation coefficients among the studied traits in chickpea lines

Characters VP CTR DF DP DM PHT 100SW

CTR -0.805"

DF -0.005 -0.01

DP -0.106 0.168 0.199

DM -0.213 0.241 0.133 -0.037

PHT -0.024 -0.059 0.061 -0.031 -0.085

100SW 0.313" 0.312" 0.12 -0.189 -0.097 0.04
SY 0.481" -0.477" -0.141 0.102 -0.012 0.171 0.258"

* and ** significant at 5% and 1% levels, respectively

See table 2 for abbreviations.
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Fig. 2. Hierarchical cluster analysis of chickpea lines based on Ward's method using standardized means of traits and
Euclidean distance measures
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Abstract

Winter sown chickpeas produce more yields in comparison with spring type. This function is hampered
by the sensitivity of the crop to low temperature. In order to study and identify high yielding and cold
tolerant chickpea (Cicer arietinum L.) lines, 65 entries along with one susceptible check variety namely
ILC533 were evaluated in a randomized complete block design (RCBD) with two replications during
2010-11 cropping season at Saral Agricultural Research Station of Kurdistan province, west of Iran. Cold
tolerance was investigated via viability percentage and cold tolerance rate parameters. Analysis of variance
revealed that there were significant differences among the lines for plant height, 100 seed weight, seed yield
and cold tolerance rate. Significant negative and positive correlations were found among yield and cold
tolerance rate and viability percentage, respectively. The cluster analysis, categorized the lines into three
distinct groups. According to this study, 14 lines having 3 and less than 3 of cold tolerance rate, 80-95
viability percentage and more than 141g/m”seed yield recognized as superior lines for cold tolerance.
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Table 1. Chemical characteristics of vermicompost
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Table 2. Mean comparison of characteristics related to bean root and shoot morphological, physiological and
biochemical features at different salinity levels
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Means in each column, followed by at least one letter in common are not significantly different statistically,
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using Duncans Multiple Range Test (P< 0.05).
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Fig. 1. Interaction between vermicompost and salinity on the leaf area/root area of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Table 3. Mean comparison of characteristics related to bean root and shoot morphological, physiological and
biochemical features at different vermicompost concentrations
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2.177¢ 1.036¢ 6.248a 3.232¢ 2.690e 0.777e 70.0ab 53.6b 0.821a 0.813d 0
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Means in each column, followed by at least one letter in common are not significantly different statistically,
using Duncans Multiple Range Test (P< 0.05).
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Fig. 2. Interaction between vermicompost and salinity on the Root/Shoot of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 3. Interaction between vermicompost and salinity on the membrane stability index of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 4. Interaction between vermicompost and salinity on the relative water content of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 5. Interaction between vermicompost and sal inity on the leaf sodium of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 6. Interaction between vermicompost and salinity on the leaf potassium of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 7. Interaction between vermicompost and salinity on the leaf calcium of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 8. Interaction between vermicompost and salinity on the root sodium of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 9. Interaction between vermicompost and salinity on the root potassium of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Fig. 10. Interaction between vermicompost and salinity on the root calcium of seedling of bean
Columns with the same letter(s) are not significantly different at P< 0.05 probability.
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Abstract

Vermicompost can improve physicochemical traits of soil having desirable effect on plant growth and
development due to its structural traits and having macro and micro nutrients, plant growth regulators and
favorable microorganisms. In order to investigate the effect of interactions between ratios of vermicompost
and saline stress on some morphological, physiological and biochemical traits of Phaseolus vulgaris L. cv.
Light Red Kidney cultivar, an experiment was conducted in randomized complete block design with three
replications at the Research Greenhouse, Faculty of Agriculture, Ferdowsi University of Mashhad, in 2010.
The treatment levels were considered including five volumetric ratios of vermicompost and sand (0:100;
10:90; 25:75; 50:50 and 75:25) and four saline levels including 0.00 (control), 30, 60, 90 and 120 mM NaCl.
Bean seeds were cultured in plastic pots, the seedlings being sampled 28 days later. The results showed that
vermicompost under stress and without stress had significant effect (P< 0.01) on all traits including ratio of
leaf area/root area, root/shoot ratio, membrane stability index, relative water content, amounts of sodium,
potassium and calcium found in leaf and root tissues. In this experiment, vermicompost caused increase in
potassium and calcium intake and decrease in sodium intake, in saline stress, due to its structural traits and
the materials it. Therefore, it seems that vermicompost can ameliorate undesirable effects of salinity on bean
seedlings.

Key words: Nutrient elements, Phaseolus vulgaris L., Salinity stress, Vermicompost
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Table 3. Comparisons means of evaluated values of experimental treatment in Vicia faba L. var. Barekat

U 39, > Sdas ; 8 ySlos olusy "
il oigy  TTIRTIT s Stk sas C I Gtz st IS fo\G ;
.5 (20,9 ) o) ‘. (el o Cls o, aw 55 5load
Gs) g Protein (&rere * e Pods #) Treatment at three dates
Days to (i percent Seed 100seed Seed length Pods on of sowing
Maturity Protein (%) yield weight (g) no. per (cm) Stem
(day) yield (g/m?) (g/m) plant
233 a 186.6 a 28.7a 652.3 124.6 3.8 14.7 19 Control wali
228 b 168.6 b 269b 623.7 124.8 3.7 14.1 20.1 ouiililis il Jglne
Desiccant app.

2 Oct Feo)e bl b
2393 a 175.8 26.9 653.2 130.7 39 15.1 18.2 Control asla
235.5b 160.7 25.6 622.4 131.1 3.7 142 212 2ullSlS Al gl

Desiccant app.

17 Oct ¥ cedlS 6
2323a 203.1a 282a 7204 1283 4 14.4 215 Control wala
2263 b 191.4 b 26.6 b 716.3 127.8 3.9 14.3 22 ittt e

Desiccant app.

1 Nov ij\o il 6
273a 180.7 a 309a 583.3 114.6 3.65 14.8 1742 Control asls
2233 b 153.4b 28.7b 532.4 115.4 3.64 13.9 17.0b e e

Desiccant app.

5505 00300 Jleizl mhas ;0 LD 5031 Jas 51 (5,l5 e ciglds e jlo S e B> a8 oo jlad (gt 2 00
Means by the uncommon letter in each column and treatment are significantly different according to LSD tests (p<0.05).
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Table 4. Comparisons means of evaluated values of experimental treatment in Vicia faba L. var. Barekat

[E 3 Sdos oy
% ’ als 5 Shas doyon oo BRI
bl Rty R _ ailoYeeyig ails slaws M s
. » 5 . Ny (o s5ilo) . cisls &b
Gsy) » 5 (32,3 (oo (55 SUE o Pods Wgyd (&8
Days to (gyor Protein S é(;’p‘tmld 100seed Seed no. length Pods on Date of sowing
Maturity Protein percent e:g /3’1;; weight (g) per plant (cm) Stem
(day) yield (g/m?) (%)
2355a 160.7 ab 255b 622.4 ab 1312a 3.74b 14.2 21.2a 2 Oct o)
226.27b 1914 a 26.62 a 7164 a 127.8b 393a 143 22.25a 17 Oct YL
223.72¢ 1535b 28.67 a 532.4b 1154¢ 3.64b 13.96 17.05b 1 Nov oLl
(0y0) & pan ylo
Application time
226.7b 1445b 243b 5943 b 118.7b 3.8 14.1 19.85 60
2302 a 192.6 a 27.58a 698.1 a 130.8 a 3.74 14.16 20.46 40
(Kgha') & pao jluiie
Concentration of usage
230.5a 1899 a 2792 a 680 a 126.03 a 393a 143 a 20.1 0.2
2283 b 171.2b 2691b 634.7b 127.07 a 3.81b 14.2 ab 19.6 0.4
226.6 ¢ 1445 ¢ 26.06 ¢ 556.4 ¢ 121.3b 3.58¢ 13.98 b 20.74 0.6

5505 0,00 Jlezl s 50 LSD 5031 JLis 5l (g )lo cime gles el )ls 5 e By 4 sl Lo g 0 40
Means by the uncommon letter in each column and treatment are significantly different according to LSD tests (p< 0.05).
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Table 5. Comparisons means of evaluated values of experimental treatment in Vicia faba L. var. Barekat

[ S ySlos RV . Treatment Lo
’% ] ’ aloo,Shas  wisveeryzs Lo . s ...
. " 05 4l slass ML e
Clols o9 R < _ . .
- »e 5 e (sl . S o o
(o) » e (32,) . ey Ay S A
(&0 %0 100seed Pods (ao,) D )
Days to (a2t Protein g, yield weight Seed no. length Pods on Applicati Date of sowing
Maturity Protein percent (@/md) (© per plant (cm) Stem pplication
(day)  yield (gm?) (%) time
234.0b 130d 24.56 5258 ¢ 127.5b 3.71 14.12 20.76 60 2 Oct Ve
237.0a 191.5b 26.64 716.3b 1349 a 3.79 14.28 21.58 40 il
223.6¢ 170.2 ¢ 26.14 650.1 a 1203 ¢ 4.0 14.31 21.76 60 17 Oct o
229.0 ¢ 212.6a 27.11 782.6 a 1354 a 3.86 14.3 22.76 40 il
2228 f 133.4d 28.34 4694 f 108.8 d 3.69 13.93 17.04 60 1 Nov Ut
224.7d 173.6 ¢ 29.0 595.4d 122.1¢ 3.6 14.01 17.07 40 o
=] lade
e CuBlS Gy
(kg-ha”) Date of sowing
Concentration
238.0a 183.6 26.63 686.7 132.2 3.95 14.23 a-d 19.2 bed 0.2
235.0b 162.7 25.6 630.8 131.9 3.83 14.05 b-d 21.1 abe 0.4 2 Oct o)
233.5b 136.0 24.57 549.7 129.4 3.46 14.32 a-c 232a 0.6
228.5d 210.3 27.63 760.2 129.5 4.12 14.7 a 2343 a 0.2
226.0 e 198.8 26.9 737.6 131.1 39 14.51 ab 20.77 abc 0.4 17 Oct oV
2243 ¢ 165.2 25.35 651.3 122.9 3.77 13.7d 22.57 ab 0.6
225.0f 176.0 29.52 593.2 116.4 3.71 13.98 b-d 17.77 cd 0.2
2240¢g 152.2 28.23 535.8 118.2 3.72 14.01 b-d 16.93 d 0.4 1 Nov oLl
2222 h 132.2 28.27 468.2 111.8 3.5 1391 cd 16.47d 0.6
=] lade
)'An)_l (900) I o 3o
(kg.ha™) DT
Application time
Concentration
229.0 ¢ 164.0 ¢ 27.20 603.8 119.2 40l a 14.39 20.44 ab 0.2
2263 ¢ 143.8 d 26.16 549.2 121.2 3.89 ab 14.06 20.11 ab 0.4 60
2250 f 1259¢ 25.67 495.0 116.1 35¢e 13.91 19.04 b 0.6
232.0a 2159a 28.66 756.3 132.8 3.84 be 14.22 19.87 ab 0.2
230.3b 198.7b 27.64 720.2 132.9 374 cd 14.32 19.09b 0.4 40
228.3d 164.1 ¢ 26.46 617.8 126.6 3.66d 14.04 2244 a 0.6

3505 00300 Lozl mhas ;0 LD 5031 Jlas 51 (5 ,ls cime cglds e jfo S e B> a8 ol jlas (gt 2 00
Means by the uncommon letter in each column and treatment are significantly different according to LSD tests (p< 0.05).
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Table 6. Comparisons means of evaluated values of experimental treatment in Vicia faba L. var. Barekat

Ol Jae (s o pd 5 diledigo ez | (g 0,Skes
g |, Ol 5 oYL ao s alusly 398 Juw a5 ols

S ySlos Treatment Lo
cle e Gy o oy o7 VP Jj-b Slosy -
2009 ‘;:&3/}”‘ U"jU’J" I ‘a;) als AJ‘Q\NQ)Q FHORIRY A G
G52 25 (p5) G e W o
D 2 (e F2 ) ; ao o S g,
ays (o (e i 100sced  Seed Pods ©9 ) -
Maturity Protein Protein Sf’ed wei ;ie( ) :: ll;(l)l.t length Pods on Kgha™ = Date of
(day) yied P v Eniel perp (cm) Stem ~ Concomraion  APPECON goying
> (%) (g/m’)
(g
2393 a 1758 i 2693 c-g 6533d-f 130.7bed 3.95bc 15.12a 18.16 f-h - - 20ct o)
2323 ¢ 203.1b-d 282b-e 7204b-d 1283 c-f 4b 14.44 a-f 21.46¢ - - 170ct eV
2273 h 180.8 d-g 30.96 a 583.4 f-i 11461 3.65e-f 14.79a-c 17.4 gh - - 1Nov bl
237.0b 150.2 4 25.7 f-h 585.6 f-1 128.3 c-f 3.98 be 1425b-g 19.8c-g 0.2 60
233.0d 125.9 jk 24.56 hi 52514j 1274c-g  3.84b-e 138le-g 21.13c-e 0.4 60
232.0e 111.2k 2341 4749 j 126.6 c-g 33h 1428b-g 21.33cd 0.6 60 20ct \
239.0a 2169 a-c  27.56cf 787.8ab 136.1 ab 3.93 be 1421b-g 18.6d-h 0.2 40 »e
237.0b 196.8 c-e  26.63d-h  736.7b-c  136.3 ab 381 b-e 1428b-g 21.06c-e 0.4 40
235.0 ¢ 160.8f-i 2573 fh  624.5e-f 132.1abc  3.62e-g 1436a-g 25.06ab 0.6 40
22601 186.7d-f  27.1c-g 689.6c-e  121.3 g-h 426a 1486ab  24.33 ab 0.2 60
223.01 172.1ei 2643 e-h  6504d-f 124.1fg 3.94 be 1427b-g 21.2c-e 0.4 60
221.6 m 151.9 h+j 249 g-i 610.4 fg 115.3 h-i 3.81 b-e 13.8e-g 1973 c-g 0.6 60 17 Oct Yo
231.0f 283.8a 28.16 b-e 830.7 a 137.7 a 3.99b 1452a-e 22.53bc 0.2 40 s
2290¢g 225.6ab  27.36 c-f 824.8 a 138.1a 3.84b-e 1474ad 2033c-f 0.4 40
227.0 h 178.5d-h  25.8 f-h 692.2c-e 1304 b-e 3.73 c-f 136l g 254 a 0.6 40
224.0k 154.9 g-j 28.8 a-d 536.2 h+j 108.1 3.8b-f 14.04b-g 17.06 gh 0.2 60
223.01 130.6 jk 27.53c-f 4723 jk 112.1j 3.88b-d 14.08 b-g 18 f-h 0.4 60
2213 m 1145k 28.7 a-e 399.6 k 106.2 j 3.38 gh 13.65 fg 16.06 h 0.6 60 1 No it
226.01 197.1¢c-e  30.23ab  650.2d-f 124.6d-g 3.63e-g 1392d-g 1846¢-h 0.2 40 Voo
225.0j 173.8 -1 2893 a-c 5993fh 1243d-g 3.55fg 1394dg 15.86h 0.4 40
223.01 150 jj 27.83 c-f  536.7 g-j 117.3 hi 3.62e-g 1416b-g 16.86h 0.6 40
5505 00,00 Jlezl las 50 LSD 5031 JL5 5l (g )ls cime gles el )ls 5 e By 4 ol Lo o5, 40
Means by the uncommon letter in each column and treatment are significantly different according to LSD tests (p< 0.05).
axdllio )50 iyl b (dwly yudio) (g p 8 y5dos pBaplS (ygumw )5 ) 4 525 =V Jgur
Table 7. Stepwise regression analysis of protein yield by other evaluated traits
Collinearity Statistics s o, Lol
oubz Mol (s g b - - - - 6 ? — gyl wlas Jue
Adjusted R square oslly 98 o pd J T B Traits Model
VIF Tolerance
0.876 —71.4925 Inception Towo 31 o e .
1 1 0.284 Seed yield PHEYCI PP
-1618.58" Inception Towe 31 2y
0.996 1.01 0.99 0.273" Seed yield a3ls 8 ySlos 2
1.01 0.99 5928.73" Protein percent oy gy w0 yd
-1744.28™ Inception Towe 31 (25
2.45 0.41 0.267" Seed yield ails 8 ,Sdas
0.997 - 3
1.29 0.77 6080.02 Protein percent  cyii gy Juoyd
2.59 0.38 0.983" 100seed weight &1Yer 039
o)) g a0 Jleil gl )8 ls e g ls gixe pué o Sy x 5 * ns

ns: none significant; *: Significant at 0=0.05; **: Significant at a=0.01
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Abstract

Faba bean is one of the proper crops for cultivation in Guilan climate conditions in rotation with rice.
One of the limiting factors in development of cultivating this plant is late maturity and synchronizing of its
ripening with rice transplanting. To investigate the effect of planting date, timing and consumption rate of
paraquat herbicide on the ripening, grain yield and some of the agronomic traits of Vicia faba L. (var.
Barekat), a split factorial experiment was conducted in a complete randomized block design with 21
treatments and three replications at Rice Research Institute of Iran (Rasht) in 2009-2010 cropping season.
Experimental treatments were three planting dates of 2 and 17 October and 1 November as main factors,
consumption rate of paraquat in three levels of 0.2, 0.4 and 0.6 Kg. ha' of active ingredient and two
application times of grain moisture content of 40% and 60% for pods in one third of plant bottom as sub
plots as well as three control treatments of the planting dates of 2 and 17 October and 1 November. The
results showed that there is not statistical difference between the use of desiccant and control in grain yield
and yield components. Although, the use of desiccant had negative effects on protein percent and protein
yield. Among the studied treatments, maximum gram and protein yields were obtained in planting date of
17 October, consumption rate of 0.2 and 0.4 Kg ha' of active ingredient in application time of 40% of grain
moisture w1th average of 830.7 and 824.8 g/m’, respectively. Plantmg date of 2 October, consumptlon rate of
0.6 Kg.ha™' of active ingredient in application time of 60% of grain moisture had the lowest grain and protein
yields. Maximum and minimum growth duration were obtained for control treatment in planting date of
2 October with average of 239 days and plantlng date of 1 November, spraying in the step of 60% of grain
moisture and concentration of 0.6 Kg.ha' of paraquat active ingredient with average of 221 days,
respectlvely Based on the obtained results, it seems that consumption of the desiccant had no negative effect
on grain yleld and can be used for early harvestmg faba bean. Planting date of 17 October, consumption rate
of 0.4 Kg.ha™ of active ingredient in application time of 40% of grain moisture reduced the growth duration
(4 days) and is recommended as better treatment.

Key words: Desiccant solution, Early maturity, Paddy fields, Protein yield, Stepwise regression
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Table 1. Morphological characteristics of Fusarium solani isolates obtained bean from Zanjan Province

615 e adlaio 55 K5, G5 9 50 031l G S f}‘:'\-" alas pb
Region of sampled Colony colour Microconidia Macroconidia Isolate
(um) (pm)

Kheirabad - obi ps 5z oK Pale pink - (X yos) 57 90 7.5x2.5 45.5x4.1 7,
Amidabad -obioges Cream -ps5 7.5x2.5 42.5. x4.2 7,
Amidabad - sbiswes Cream -5 7x2.5 42.5x4.2 7

Kheirabad - sl ps 5 Uiz oK Pale pink - (S yo5) 55 90 7.5%x2.5 47.5x4.8 7y
Kheirabad - b y5 Pale pink - (S yo5) 5 y90 10 x2.7 45x4.6 Zs

Kheirabad —obT s 5linixs ol Yellow - ,; 8x 3 44 x 4.6 Zs

Hidaj - zow» Cream -5 6.2 x2.5 37.5x4.1 v/
Nasirabad -sb yai White - s 8.7x2.7 38x3.4 Zs
Nasirabad -obf yai Cream 4,5 7.5 X 2.4 37.5x3.4 Zy

Kheirabad - obi ps iz ol Cream —p 5 7.7%x2.5 44 x 4 Zyo

Sonbolabad - b Juww Cream ¢ 5 5.7x2.7 37x3.2 71
Soltanieh - aslale Yellow -»,; 11.2x3 45x4.2 71,
Saeenghaleh —asl o lo Yellow -o,; 9x 3.7 475x5 73
Kheirabad -sb4i pus 5 Uiz oK Pale pink - (& yo5) 55 90 8x 3 42.5x4.8 74
Khorramdarreh —o,0p ,5 Cream -5 5.6x2.5 36x3.4 VAT

Kheirabad - st yus 5l oK Pale pink - (X yo5) 55 90 7.7x2.7 44 x 4.2 Zss
Amidabad - sbTowes Pale pink - (& yo5) 55 g0 7x2.8 37.5x4.2 Zy7
Nalbandan - yloiuds White - i 12x3.7 50x5.4 Zs

Kheirabad -1 y5 5 ligdiog oK Cream -ps5 7.9x 2.5 44 x 4.5 7o
Kheirabad - sbi ,.5 Pale pink - (< 505) 5 30 7.5%x2.5 40 x 4.4 Z

Kheirabad -sbi ps 5 Uiz oK Cream —¢ 5 8x3.2"° 46.5x4.4 YN

Hidaj -zu» White —aiw 7.5%x2.5 42.5x4.6 7y,
Nasirabad - o yoai White - ouiw 11.2x3.7 475x5 7
Nasirabad -obi yuas Cream -ps5 8.7x3 45x3.8 74

Kheirabad - obi ps iz ol Pale pink - (X yo5) 5 90 8x3.5 45x4.5 Zos

Sonbolabad - sbT Juiww Cream -p 55x25 38 x3.2 Zss
Nalbandan - ;luiuds Cream -5 6.2x2.7 35x3 7y
Khorramdarreh -o 50,5 Cream -ps5 7x2.5 40 x 3.7 Zs
Yoosofabad -sbTiwgs Cream -ps5 7x2.5 42.5x4.8 7y
Kheirabad - sb yus 5o ol Yellow -o,; 75x%x2.7 45x4.2 73
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Table 2. Name and sequence of RAPD and ERIC-PCR primers used for study of genetic diversity of
Fusarium solani isolates in Zanjan province

(5°-3%) S50 g K3 el
Sequence of primer Primer Name

GATAACGCAC RCO9 1

CAGGCCCTTC OPA-01 2

CAAACGTCGG OPA-19 3

TGCGCCCTTC OPB-05 4

GTGCCTAACC OPG-06 5

GGGCGGTACT OPL-12 6

AGCGTCACTC OPN-13 7

CAGCACCCAC OPA-13 8

5S’ATGTAAGCTCCTGGGGATTCAC3’ 5’ AAGTAAGTGACTGGGGTGAGCG 3’ Egig; 9
Sy 35 0,5 a3V YITY g st ao 2V YIYY (590 toxs g gl
2Bl o8 pe 4355 (pl (19,0 $8 » (Bl Wl oo ladsloe zB ool

Waslaz 21506 low b dumlio g 11305 boms (39031

s GL 8)) 30 ,8lugd (53, )8 alissben o9l 0nl 5o
2 adgledle ploa Cundlys suld Siale 5B e, L]
Ll lalos 0S5 slsul we oads snalive Lugl (o 4c 50
Ay, S ot giale )8 5 ool (LA ) (5 ke mdle
S9y = Laaslaz (Sl jlen ot i 5lass sjlelae Ll
A odnlie balas o 6o sxe Dglas U 03, 50,8l

Slyo akals 905
poS ol kb ¢ sy 9590 LS (5l ge3l ol o
Sod g ol lid 1y dda ) (ceg)lie8 (Soms 5 lem e
5 Kap 48 baylee &y (¥ JS0) 050 yoo o] 5o (5)le
Wde gy CebdS 5l as oy Fabaceae solgls glacl
s 5 B Jy b 55 s g At o Dl
asols ol 1) LS i (69,5 5 489k g 4y (udisloge
(lajs oS g9 a5 ols (lad (ib)ly 45 gl (Y JSC2)
TSP B AWV VRN P SV (Y PP
Sy laplie oloe 53 (1 J3ar) (p=0.001) el ez,
5 9975 ML 59, »2 P<0.05) 5 lery Dol (2 SV canlllae
O 50 <0.05) g lews Guls o mb al sselice uas
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Fig 1. Microscopic characteristics of Fusarium solani on CLA culture medium; A: Abundant microconidia;
B: Macroconidia; C: Single and catenulate chlamydospores; D: Macroconidia on conidiophores

W\ ¢



QY Jgl dows 15 oy Fuler /ot @ gad SO 3 4y /... oo 995 £ 05 10y 150 g ABlas

bgloo jguml (ygmmilomgan b oadizeadli oLSA (595 2 dduyy g a3sb (09251598 (S )lom e -Y S
izl (D ¢ o 1C 0950 1B DBL A Jold Gl oLFR d35b g aly ) (59 » SIS Wyl yo Fusarium solani ala=\+
poS Jlw ol i1 cazigs tH ¢y yuu! G ¢ 30 ,8Lug) 1 F toiwlygl :E
Fig. 2. Disease symptoms of Fusarium root and crown rot on nine plants inoculated with 10 isolates of

Fusarium solani, under greenhouse conditions; A: Fababean, B: Chickpea, C: Lentil, D: Pinto bean,
E: White bean, F: Red bean, G: Sainfoin, H: Alfalfa, I: Healthy wheat plant
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Fig. 3. Comparison of mean disease severity on nine plants inoculated with Fusarium solani under greenhouse conditions
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Table 3. Analysis of variance for Fusarium root-rot disease severity on nine plants

S.0.V. (d.f) (S:S.) (M.S.) F (pr)
Host 8 60.666 7.5833 <0.001 *
Error 18 11.333 0.6296

Total 26 72.000 26

* Significant at p<0.01
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Fig. 5. DNA fingerprinting of Fusarium solani isolates from bean plants using RAPD-PCR (right) and ERIC-PCR (left)
Lane M: High range DNA Ladder (0.5 to 10 kbp linear scale, Jena Bioscience)
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Genotypic, phenotypic and pathogenicity variation of Fusarium solani
isolates, the causal agent of bean root rot in Zanjan province
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Abstract

Bean root rot caused by plant pathogenic fungus, Fusarium solani, is considered one of the most
important diseases of bean in the world and in Iran. Because of economic importance of bean and the lack of
information on population diversity of the pathogen in Zanjan province, a research was conducted to study
phenotypic, genotypic and pathogenicity variation of pathogen isolates and to assess pathogen host range
among several commonly cultivated crops in the studied region. Plants with disease symptoms were sampled
from 11 fields of province and totally 30 isolates of F. solani were obtained. After disease proving, host
range experiment and phenotypic investigations, polymerase chain reaction (PCR) was conducted on total
DNA by using RAPD and ERIC primers. The results showed no significant difference in pathogenicity of
isolates, but there was phenotypic and genotypic diversity among them. Among 9 inoculated plants including
wheat, alfalfa, white bean, red bean, pinto bean, sain foin, faba bean, lentils and chickpea, only wheat
showed no disease symptoms. DNA fingerprinting patterns from both molecular markers demonstrated high
genetic diversity of isolates on bean in Zanjan. However RAPD PCR based on using single primer (OPA 13)
produced more reliable products, but grouping based on this marker was considerably consistent with
grouping based on ERIC marker. There was no association between geographic regions and genetic groups.
Also there was no consistency between phenotypic and genotypic diversity of isolates.

Key words: Bean (Phaseolus vulgaris L.), Fusarium solani, Genetic diversity, Host range
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