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ABSTRACT

Four field experiments were carried out in 2003/2004 and 20042005
seasons at Demo Research Station, Faculty of agriculture, Fayoum University 1o
study the response of 16 genotypes of faba bean to effect four Rhizobium inoculation
under variable salinity soil conditions. Mean squares due to main effects salinity (),
Rhizobium treatments (R), genotypes(G) and Sx R, Sx G, RxGand SxRx G
interaction were significant for most studied characters in both seasons. Broad sense
heritability estimates were low fo moderate for all recorded traits and ranged from
I15.6 and 37.0% for plant dry weight to 62.8 and 58.4% for 100-seed weight in the
Jirst and second seasons, respectively. Salinity stress affected most tralts studied in
both seasons. Seed yield and other characters were significantly decreased by soil
salinity. Most fuba bean characters were significantly increased by seed inoculation.
Wide range and significant differences were observed between genotypes for various
traits recorded in both seasons, suggested the presence of significant genetic
variability. The lines no. 15, 12, 13 and 14, are promising for improving seed yield.
The interaction between different treatments under study showed significant effects
on most characters in both seasons. Positive and significant correlation coefficient
was found between seed yield/plant and each of plant dry weight and number of
pods and seeds/plant under normal amd saline soil conditions. Significant positive
correlation was found between all possible pairs of traits under normal and saline
soil. Plant dry weight, number of seeds/plant and number of pods/plant, respectively,
were considered the most important selection criteria for improving faba bean seed
yield, which had the most prominent direct positive effects on seed yield/plant in the

path coefficient analysis.
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INTRODUCTION

Faba bean (Vicia faba L.} is considered the major food legume
crop in Egypt. This is not only for protein source with relatively low
price but also its role in enriching and improving soil proprieties. The
legume-Rhizobium symbiosis is a highly integrated system. Soil based
stress may act on the symbiosis indirectly by reducing plant growth and
available photosynthesis, or by directly affecting the infection process
and/or nodule function. Nassef er al (2005) reported that plants
inoculated with Rhizobium increased seed yield of faba bean by 27.4
and 11.9% in Minia and 21.7 and 41.8% in New-Valley in the first and
the second seasons, respectively. Also Saleh er a/ (2000) found that
inoculation with Rhizobium increased faba bean yield by 0.28 ton/ha



(8.8%)- compared with uninoculated treatments as well as Hassem of af
(1997) who reported that the Rhizobium inoculatian. increswed soed and
straw yields of faba bean by average of (.69 ton/ha and 198 son/ha,
respectively. Many stodies indicated that Rhizobines inoosiation
increased seed and straw yields of faba bean (Abo El-Somd o af2004
and Mekhemar et al 2005). Wide varfability among faba beaa grsstypes
regarding salinity tolerance was reported by several warkers sach as
Yousif and Salih 1989, Dua et al 1989, Melesse and Cacsar 1992 and
Darwish et al (2003). Soliman et al (2005) reported that the respoase of
genotypes for salinity was highly different for seed yicki and yield
attributes characters. Also, Pessarakil 1991 stated that safinity has becn
recognized as a major agricultural problem in and amd sesi-and
regions. Salt tolerance of plants is of great economic amd sciemtific
importance. The economic impetus for research and dewclopod dierives
from the fact that salt affected soils accupy about 10% of the wold's
arable land (Tanyi 1990).

Comrelation and path coefficient” analysis are helpfl w the
breeder to determine the relative importance of yield arilwates in
influencing seed yield. The phenotypic correlation to seed yackd was
previously reported by Saad and El-Kholy (2000). Also, Farag {2007}
who reported that number of seeds per pod and 100-sced weight
appeared to the principle yield attributes for indirect selection auteria.

The aim of this study is to determine the effect of soil salinity
and inoculation with different strains of Rhizobium legwimosarum
biovar. Vicine on yield and some other agronomic taits of sixtcen
genotypes of faba bean hoping to select the more sait toleramt gemotypes
which responsed to Rhizobium inoculation.

MATERIALS AND METHODS

Four field experiments were carried out during 2003/2004 and
2004/2005 seasons at Demo Research Station, Faculty of Agnicuinme,
Fayoum University. In each season two experiments were comducted at
normal and saline soil effected soil conditions. The physical and
chemical praperties. of soil of the experimental site showed that, the soil
is sandy loamy in texture with EC 2.47 ds/m (1581 ppm) and 2.90 ds/m
(1856 ppm) of nommal soil conditions in first and secomd seasoms,
respectively, and 4.84 ds/m (3098 ppm) and 4.20 ds/m (2688 ppm) of
saline smleundlﬂonsmtheﬁrstandsecondmwdy
Preceding crop was peanut in the 1% season and maize in the 7 ane.
The genetic materials used in each experiment consisted of sixteen
genotypes which included seven cuitivars, namely; Sakha X1}, Giza 40
(2), Giza 429 (3), Giza 3 (4), Nubana 1 (5), Giza 843 (6) axd Giza 716
(7) and nine promising mutant lines selected in 6* mutent genevation
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coded: 248 (8), 258 (9), 244 (10), 252 (11), 278 (12), 332 (13), 336 (14},
285 (15) and 163 (16). These lines were derived from irradiated the seed
of the varieties, Giza 461, Nubaria 1, Giza 643, Giza 461, Giza 717,
Giza 714 and Giza 2, in the same order as shown in Table (1).

Four treatments of Rhizobium leguminosarum i.e. control (R1),
F.b. ARC 200 (R2), F.b ARC 201 (R3) and F.b. ICARDA (ARC) 448
{R4) were used as seed inoculants. The experimental design was laid out
in split-plot design with three replications for each experiment
Rhizobium inoculation was assigned in the main-plots and genotypes
were arranged in the sup-plots. The experimental plot consisted of four
ridges, 3m in long and 60 ¢m apart. Plants spaced 20 cm within the row
and one plant was left per hill in two sides of the ridge. Seeds were
treated with inoculants in the field directly before sowing as
recommended. Normally cuitural practices were foliowed as usual in
faba bean fields. Faba bean seeds were sown on 19 and 8 November in
both seasons, respectively. At harvest, 10 guarded plants per plot were
sampled for recording the following characters: plant dry weight
included roots (g), number of branches/plant, number of pods/plant,
number of seeds/plant, seed yield/plant (g) and 100-seed weight (g).

Table 1. Mutant lines used in the study, their parents and gamma-

ray doses
Line code number Parents y-ray doses

248 Giza 461 JKr
258 Nubaria 1 JKr
244 Giza 643 12 Kr
252 Giza 461 6 Kr
278 Nubaria 1 3Kr
332 Giza 717 6 Kr
336 Giza 714 3Kr
285 Giza 643 9Kr
163 Giza 2 3Kr

Statistical procedures

In each season, combined analysis of variance over normal and
saline experiments was done according to Snedecor and Cochran (1992) for
all studied traits. Phenotypic, genotypic and environmentai coefficients of
variation and broad sense heritability (h%,) were calculated using variance
components method (Fehr 1987). Phenotypic correlation coefficient over the
two seasons, genotypes and Rhizoium inoculation treatments under notmal
and saline soil conditions for seed vield/plant and other characters were
determined as shown by Singh and Chaudhary (2004). Partitioning of
phenotypic correlation coefficient to direct and indirect effects were made
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Dewey and Lu (1959), to estimaic the relativve: imgpottanwe ([ 9%4) of each
variable to the: total yield varation vader sowml s s five soill aerdSiboes.

Analysis of vaxisnce compencats

The sipnificance of mean squaves off comibimi] s ower saline
sail conditions during 200372004 and 2004/ 2005 ssons i presestiod in
Table (2) Soil salmity highly sipnificasslly afffoxtin] 1l moxcendindl tits o
both seasons except 100-seed weipht im e it sewom =mll me of
pods/plant, secdsfplant and sced yichdfplat im tie seoomdl scesom.
Concorving Rhizobiws: treatmends, all cheasartras; diiffared] iglily sipnificant
or sipnificant im both seasons except mn. off lemtiesifibnt: im dhe forst
scasone. Highly significant difftrences wenr dbworcedl anung fibe bean
genotypes for all characters in both seasows:. The ffiats off the mteaciton
berween different factors in this stady wese il ttn e Higtlly sipmiffcant or
sigmificant for all traits recorded i both seasms, exoyt off TR imesacion
for 100-sced weight in the first scasom Thaese nesndlts imticared] dhe wade
mMﬂtﬁhmmmtﬂmgﬂmm

amther Moreovey, the environmental ooslitions siggiifientlly afffesed the
performance of faba bean genotypes as prowed thy diiffererit megmitndie of
variance and sigmificance that was pot comssest hetvween Hetth ssmsoms. The
sensitvity of faba bean to environmestall effciss s mooordizt by ([Dharwasih
and Abdalla 1994 and Abdalla and Deswindk 199%). These meulls are in
agreement with those obtained by FIL-Hosary anll Fetttom (1990) and
Alghamdi and Ali (2004). Darwish et of (280F5) mexondbel thett s imity lewels
characters. Mkneover, faba bean peantypes meactisdi diffromtily 10 wambots
levels of salinity, which offered opportamitics off ssisting am agynopriate
genotype for certain salinity level

and broad sense heritability are presented im tie: same: Ttike (). The reseits
itlustrated that the magnitude of envirosmrened! waris: was geser than
that of genotypic variance for all stadied trits: i betth szasons, exrept mo of
branches/plant and 100-seed weight m iler st s, os welll 38 mo. of
pods and seeds/plant and 100-seed weighs im the st sozesom . Boosd] snse
heritability estimates were low 1o modoate fior Al e te ts snd] mmeed
from 15.6 amd 37.0% for plant dry weiphtt t &2 8 il FR4P% fier 1100-s00d
that the enviromacnt had a wide effect om inbenitme off sudh claacters
(Omar 2003).



Table 2. Significance of mean squares, phenotypic (oph), genotypic (og) and
environmental (oe) coefficients of variation and broad sense heritability (ll2 N
for recorded traits of combined analysis over two soil salinity levels during
2003/2004 and 2004/2005 seasons.

Plant Seed 100-
S0V DF  gry Branches/ Pods Seeds yield seed
weight plant /plant /plant /plant weight
&) (2
Salinesoil (S) 1 378279 ** 1068 ** IB454 ** 14660.7 ** 83152 ** 259
Replications 4 634 0.8 35 374 235 45.1
Rizobyme (R) 3  281.0 ** 0.6 217 ¥ 800 * 520 * 5865 *
SXR 3 7065 ** 1.2 99 4+ 703 * T27 * 612
Error 12 379 0.3 28 15.1 9.6 61.2
Genotype (G) 15 7908 ** 159 ** 1746 ** 8438 ** 2531 ** 221543 **
SXG 15 3512 +*+ 22 **  3TRO** 2322 ** 1044 ** 1831 **
RXG 45 210 1.6 W 212 #1557 1009 ** 976 **
SXRXG 45 4109 »** 2.4 ** 240 ** [675 [15.2 *+ 957 =
Error 240 1191 0.5 7.5 513 339 510
oph 141.1 1.1 13.3 77.3 40.7 137.3
og 22.1 0.6 5.8 26.0 6.8 862
e 119.1 0.5 7.5 513 339 510
h3, 15.6 536 43.7 33.6 16.7 62.8
Second season
Saline soil (8) 1 1825 ** 279 ++ 41 21 3.1 20313 **
Replications 4 208 03 2.8 13.5 5.9 334
Rizobyme (R) 3 670.4 *¥ 0.8 * 585 ** 260.7 ** 149.6 ** 5470 **
SXR 3 6132 126 ** 683 *+ 2877 ** 120. ** 1684 *
Error 12 10 0.1 12 48 2.5 45.4
Genotype (G} 15 4274 ** 8.5 666 ** 3280 ** 1250 ** 12627 **
SXG 15 726 ** 2.6 W60 298 ** 132 ** 1409 **
RXG 45 1065 ** 11 w85 ¢ 47D ** 263 **r 150.0 **
SXRXG 45  88.0 ¥ 1.2 ** B0 ** 480 *+ 222 ** 1813 **
Error 240 239 0.3 1.9 9.6 5.0 34.2
eph 37.9 0.5 44 221 9.5 82.2
aG 14.0 0.3 15 12.5 4.5 48.0
ce 239 0.3 L9 9.6 5.0 34.2
hi 37.0 48.8 57.6 56.5 47.1 58.4

* and ** denote significant differences at 0.05 and 0.01 of probability levels, respectively

Effects of soil salinity

Normal and saline soil and Rhizebium inoculation effects on traits
recorded are presented in Table (3). By exposing faba bean plants to salinity
stress, all traits studied in both growing seasons varied significantly, except
100-seed weight in the first season and no. of pods and seeds/plant and seed
yield/plant in the second season. Seed yield/plant and other agronomic
characters significantly decreased under salinity conditions by about 46.56,
16.50, 41.07, 47.29, and 46.36%, for plant dry weight, no. of branches/plant,
no. of pods and seeds/plant and seed yield/plant, respectively, in the first
season and 6.29, 9.96, 6.21%, for plant dry weight, no. of branches/plant and
100-seed weight, respectively, in the second season. This proved that the
studied genotypes exhibited variable degrees of reduction in their traits as a
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Table 3. Mean performance of studied tralts under ncrmal and saline soils and Rkizobipm treatments during 2003/2004 and

2004/2008 seasons,
_First season Second season First season Second geason
Character Rhizobium Rhizoblum
Sail LSD Sell LSD llmulntlon LQD Inoeulatloﬂ LSD
N__ B 068 N_ B 008 B§ ¥ 0,08 _ R v

Plant dry weight 426 238 14 2189 1206 0.9 32 ‘' 34 7 Qé ﬂ 30 § 18 14 3 i! 0 18 6 20;7 1.0
Branehes/plant 64 83 61 84 489 o1 &8 680 66 &8 63 8532 63 &1 66 6.1
pads/plant 167 63 04 S8 66 NS BO B1 91 88 065 68 61 49 59 63
seeds/plant 361 138 6.8 136 131 NS {88 208 313 188 13 148 133 188 138 67

§sedylsldlalant 3.1 1084 87 61 98 NS 153 188 164 146 18 163 988 34 8§ 05

N ore ——Frammewl
¥ Rizohig mseulaﬂaﬂ : R3: ) Ri:-Eb: TEARBA (ARE)
Ri-Eentrsl  E:BARE300 Ri:K:bARED] 448
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consequence of reaction to salinity level (Darwish ef af 2003). These results
confirmed the results obtained by Soliman et af 2005.
Effects of Rhizobium inoculation

With respect to Rhizobium inoculation treatments, results in Table
(3) exhibited significant effects for all tested traits in both seasons. In the
first season, plants inoculated with strain ARC 201 had significant increase
of no. of branches, pods and seeds/plant and seed yield/plant compared to
uninoculated plants. For plant dry weight, plants inoculated with strain ARC
200 significantly exceeded the uninoculated plants. Saleh er af (2000)
reported that inoculation with Rhizobium increased faba bean seed yield
compared with uninoculated treatments. Contrarily, in the second season, all
characters studied were significantly increased in the case of control
treatment than the Rhizobium inoculation treatments except, 100-seed
weight and no. of branches/plant that were Significantly increased with
inoculation by strain ARC 200 and ARC 201 ( no. of branches/plant).

Mean performance of genotypes

Wide range and significant differences were observed between
genotypes for various traits recorded in both seasons as shown in Table (4),
suggesting the presence of significant genetic variability. Darwish et a/
(2003), his studied genotypes reported varied in the magnitude of relative
performance of various traits. In the first season, promising lines no. 15, 12,
8 and 10, were superior for plant dry weight than the other lines and check
varieties. For number of pods and seeds/plant, promising lines no. 13, 12, 13
and 8 gave the highest mean values. For seed yield/plant, superior and
significant values were recorded by promising lines no. 15, 12, 13, 10 and 8.
On the other hand, variety no. 5 and line no. 13 gave higher no. of
branches/plant, while varieties no. 5 and 1 gave the highest mean values for
100-seed weight. In the second season, promising lines no. 15 and 8 were
superior for plant dry weight. line no. 13 and variety no. 5 for no. of
branches/plant, promising lines, no. 15, 13, 8 and 12 for no. of pods and
seeds/plant, lines no. 15, 8, 13 and 12 for séed yield/plant and variety no. 5
for 100-seed weight these genotypes had significantly higher mean values
for these traits than the other lines and check varieties.

From these results, it could be concluded that the following
promising lines no. 15, 8, 13 and 12 may have prospects in faba bean
breeding for improving seed yield and its important components. Generally,
seed vield/plant superiority for each of these lines may be attributed to high
potentiality of more than one of the yield attributes. Darwish er al (2003)
reported that faba bean genotypes varied in performance and traits were
differently reacted in saline - affected soil. In addition Omar (2003) revealed
highly significant differences between his studied faba bean genotypes for
yield and its attributes. These data agreed with those reported by El-Hosary
et al (2002).
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Tabled4. Mean performance of sixteen faba bean genotypes during 2003/2004 and 2004/2005 season.

First season (2003/2004)

Character Genotypes LSD

Sk, G. G. G. M. G. G. L. L. L. L. L. L. L. L. L. 0.05

2 40 429 3 1 343 716 248 258 244 252 278 3 336 285 163
Plant dry weight (g) 262 305 336 IS5 2958 273 2.3 378 363 37.1 324 395 365 30.7 43.3 25.0 6.2
branches/plant 6.6 5.0 56 5.0 7.6 5.1 53 55 6.0 5.6 6.8 6.1 72 53 62 5.1 0.4
pods/piant 52 102 102 7.2 48 6.9 4.1 %.6 8.5 9.9 7.0 129 130 96 10.4° 6.2 1.5
seeds/plant 125 245 233 175 122 161 W1 220 20,2 22.8 164 277 307 12 259 153 4.1
Seed yield/plant (g} 122 163 167 148 124 132 89 17.3 162 18.2 135 201 187 IS5 20.8 122 33
100-seed weight (g) 9.3 661 719 838 980 2.7 36,8 76.4 30,9 79.2 8.8 744 60,9 68.2 81.8 78,9 4.0
Second season (2004/2005)

Plant dry welight (g) 150 186 182 168 191 L5 {43 748 187 113 3.0 239 30 139 300 3.8 8
branchewplant B8 43 44 44 6D [ Xi} 48 sl 51 47 52 49 63 a4 84 8l 0.3
pods/plant i3 66 K1 44 34 a4 36 "6 40 &9 6l (2 I Y| 69 A 6 0.6
seeds/plang T4 14F 11 90 R4 LA 7.9 164 101 120 138 161 184 163 184 14:0 I8
Seed yield/plant (g) 58 K6 T8 68 73 88 62 137 %6 87 9% o4 105 163 143 98 i3
100-seed weight (5) 4 874 684 734 B6d 784 781 783 753 733 69:3 65! 893 674 9 738 33
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‘he interaction between soil salinity and Rhizobium inoculation

Data in Table (5) revealed that the effect of interaction between soil
alinity levels and Rhizobium inoculation. Treatments significantly affected
Il traits except, 100-seed weight in first season. Nassef et al (2005)
ecorded significaut differences in seed and straw yields when plants were
aoculated with RFizobium. Generally, Rhizobium inoculation treatments
ignificantly exceeded all traits studied under normal soil conditions
oompared to soil salinity conditions. These increases could be due to the
ole of R legumin. for increasing the growth due to N2-fixation by faba
sean plants (Abdel-Wahab and Said 2004). Cordovilla e af (1999) recorded
hat R. legumin. strain GRA 19 formed ineffective and effective symbiosis
with faba bean under saline and nonm-saline conditions. Inhibition of
nodulation in legumes under salt stress is due to a large extent, to the
inability of Rhizobium to survive in the growth medium (Zahran and Sprent
1986).

Table 5. Response of faba bean plants to normal and saline soils and
Rhizobium inoculation for recorded traits during 2003/2004

and 2004/2005 seasons.

First season (26{5/2004) Second season (2004/2005)

Normal soil Saline soil Normal soil Saline soil
Character *Rhizobium inoculation LSD[  * Rkizobium inoculation LSD
R-! R-2 R-3 R4 R-I R2 RJ R4{005|R-1 R2 R3 R4 R-1 RZ R-3 R4 005
Plant dry weight (g) 45.1 46.8 41.0 37.7|183 225 25.0 23.3] 2.7 | 268 194 288 207 |21.8 24.7 151 206 15
Brauches/plant 62 65 65 6454 52 55 53|02[(55 50 58 53 )49 54 44 48 02
Pods/plant 10.6 180 11.3 109|53 62 63 68 |67({ 74 49 58 5562 73 44 62 05
Secds/plant 26.2 26.4 26.8 25.1{1L.7 13.5 155 144| 1.7 [ 160 10.7 118 11.9 (136 158 98 130 1.0
Sced yield/ plaat (g) 21.0 20.4 206 18.3|95 105 122 109) 14|14 82 80 389191 110 67 B89 07

100-seed weight (g) 81.2 80.1 77.7 76.8)83.8 79.7 79.6 75.5| NS [ 727 774 698 763 167.2 714 632 760 3.0

* Rizobium inoculation : - R1-Control R2-F.h.ARC200 R3-F.b.ARC201 R4-F.b. TCARDA (ARC) 448

The interaction between soil salinity and genotypes

The interaction between soil salinity levels and faba bean genotypes
was significant for all traits studied in both seasons (Table 6). The
variability among these genotypes increases the chance of selecting salt
tolerant genotypes. Differences among varieties may be due io the
~ differences in number of nodules formed and consequently nitrogen
fixation. Singh er al (1992) reported dry matter accurnulation to be different
between faba bean varieties. Generally, results indicated that most
genotypes were superior under normal soil conditions for most traits



Table 6. Response of sixteen faba bean genotypes to normal and saline soils for all traits recorded during 2003/2004 and

2004/2005 seasons.
Character First season (2003/2004) LSD
Genotypes
Soil Sk G. G. G N. G. G L. L. L. L L. 1 L L. L 005
2 40 429 3 i 843 716 248 258 244 252 278 332 336 285 163
Plant dry weight (g) N 358 389 449 389 398 352 308 SL3 50.0 47.5 445 507 446 489 534 272 87
§ 165 221 223 320 193 195 139 238 227 268 203 283 284 125 332 229
Branches/plant N 73 50 66 51 84 55 61 63 63 60 75 66 80 55 69 53 0.6
S 59 50 46 49 69 46 45 48 58 51 60 55 64 51 55 49
Pods/plant N 64 125 132 79 58 82 52 123 113 120 94 174 154 145 127 68 212
S 41 80 73 65 38 57 31 69 57 18 446 B84 106 47 82 5.6
Seeds/plant N 162 319 315 188 151 203 134 299 284 291 228 371 378 353 333 172 57
S 88 170 151 162 94 118 69 142 121 164 100 183 236 9.0 185 134
Seed yield/plant (g) N 165 212 226 157 159 166 1.8 235 226 225 184 263 227 251 261 135 4.7
S 79 113 108 138 89 97 59 111 99 138 86 140 146 59 155 108
100-seed weight (g) N 1008 660 71.5 825 1018 832 881 770 B0O0 762 805 706 60.2 703 787 754 5.7
S 87.8 66.2 723 850 94.2 822 855 758 81.8 821 850 78.1 616 66.1 849 82.4
__ Second season (2004/2005)
Plant dry weight (g) N 164 185 193 195 (86 197 175 293 22.0 221 251 234 235 247 315 203 3.9
S 137 188 17.0 141 197 234 131 265 154 205 209 245 225 231 284 273
Braaches/plant N 64 46 49 42 72 55 48 56 54 52 57 48 64 53 54 53 0.4
S 51 40 40 47 53 45 48 46 48 42 50 50 63 56 54 49
Pods/plant N 34 61 53 47 30 47 42 76 57 56 63 81 76 740 88 52 1.1
S 32 71 61 4086 39 62 31 75 43 63 60 76 81 68 87 17
Seeds/plant N 77 145 108 t01 73 t04 85 166 112 119 135 164 181 150 190 104 2.5
S 71 150 14 79 95 131 72 171 9.0 122 135 158 17.8 155 193 17.6
Seedl yield/plant (g) N 61 89 81 74 6! 83 72 130 82 88 95 107 105 104 148 8.0 1.8
S 56 82 72 56 85 94 53 123 69 86 95 101 105 101 135 11.8
100-seed weight (g) N 789 608 750 72.6 848 793 B34 794 748 T4} 715 648 593 694 797 I3 4.7
S 780 540 &#19 723 RRO 71O TN TIND TRA A KKe KEE sha som cas sns



compared to saline soil conditions in both seasons. Some lines (nos. 15, 12,
and 13) significantly exceeded the others in seed yield/plant under normal
and saline soil conditions. Wide variability among faba bean genotypes
regarding salinity tolerance was reported by several workers such as;
Darwish ef af (2003) and Soliman et al (2005) who revealed that the
investigated genotypes varied in tolerance/susceptibility to salinity from
trait to another. But it seems that the most productive genotypes under low
salinity conditions are highly susceptible to high salinity. As for the first
order interaction between RXG, significant effects were found for ali traits,
The second order interaction between soil salinity, Rhizobium
inoculation and genotypes.

Results in Tables (7&8) revealed that, the response of sixteen faba
bean genotypes to soil salinity levels and Rhizobium inoculation during
2003/2004 and 2004/2005 seasons caused significant effects for all traits
recorded in both seasons. Generally, from the results in Table (7), it is
worthy noted that, in the first season, under normal soil conditions, plants
inoculated by strain ICARDA 448 showed superiority with one or more
from these genotypes no. 14, 13, 12 and 15, respectively, for number of
branches, number of pods and seeds/plant and seed yield/plant followed by
plants inocuiated by strain ARC 200 which had the highest mean values
with promising lines no. 13, 14, 15 and 12, respectively, for number of
seeds/plant and seed yield/plant. In the second season Table (8), under
normal soil conditions, the interaction between, control treatment of
Rhizobium inoculation with promising lines no. 15, 12, 14 and 8,
respectively, significantly exceeded the others in most characters, i.e. plant
dry weight, number of pods and seeds/plant and seed yield/plant. Whereas,
under saline soil conditions, the interaction between plants inoculated by
strain ICARDA 448 with promising lines no. 8, 12 and 15 came in the first
rank which recorded highest mean values for number of pods and
seeds/plant and seed yield/plant followed by plants inoculated by strain
ARC 200 with promising lines no. 13, 11, 15 and 14 for seed yield/plant,
number of pods and seeds/plant.

Correlation and path-coefficient analysis

Values of phenotypic correlation coefficient estimated over all years,
Rhizobium inoculation and genotypes between seed yield/plant and some
agronomic traits of faba bean under normal and saline soil conditions are
presented in Table (9). Results showed that positive and highly significant
correlation was found between seed yield/plant and each of plant dry weight
and number of pods and seeds/plant under normal and saline soil conditions.
Meanwhile, highly significant positive correlation between ail possible pairs
for all traits of phenotypic level under normal and saline soil conditions,
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Table 7. Response of sixteen faba bean genotypes to normal and saline soils and Rhizobium inoculation for recorded
traits during 2003/2004 season.

Character Rizo First season (2003/2004) LSD
Soil bium Sk G. G. G N. G G L L L L L L L L L o008
2 40 429 3 1 843 716 248 258 244 252 278 332 336 285 163
R1 429 372 447 563 554 50 252 870 371 720 447 382 287 342 374 298
Normal R2 295 423 412 279 435 311 441 580 553 344 505 63 551 655 622 453
R3 434 486 '502 447 431 325 299 240 509 472 548 467 348 348 603 103
Plant dry weight R4 274 276 434 268 17.0 272 239 360 565 364 279 55 597 610 353 233 175
R1 152 189 153 227 168 116 143 196 118 257 223 235 291 9.1 424 272
Salinity R2 184 315 208 490 133 186 11.3 186 132 196 214 343 232 180 314 173
R3 10.1 200 319 298 307 185 140 195 324 357 184 372 2349 87 233 346
R4 223 181 213 266 165 292 159 376 335 260 190 181 264 142 358 125
R1 70 4.0 7.0 55 8.0 6.0 5.5 7.0 7.0 6.0 5.0 6.0 8.0 5.0 1.0 5.0
Normal R2 8.0 55 6.0 50 8.0 5.5 6.5 75 5.5 6.0 8.0 8.0 7.5 5.5 6.5 55
R3 7.0 50 75 4.0 95 5.0 7.0 5.0 55 60 100 70 1.5 5.0 7.0 55
Branches/plant R4 7.0 55 6.0 6.0 8.0 55 5.5 55 7.0 6.0 7.0 55 9.0 6.5 70 50 1.2
R1 7.5 6.0 4.5 4.5 7.0 4.0 5.5 4.5 5.5 6.0 55 55 6.5 4.0 5.0 5.0
Salinity R2 5.0 5.0 55 4.5 6.5 4.0 5.0 35 55 4.5 55 55 70 6.0 5.6 55
R3 5.5 50 4.5 55 6.5 5.5 3s 6.0 6.5 6.0 6.5 5.5 6.0 4.5 6.0 4.5
R4 5.5 4.0 4.0 5.0 7.5 5.0 4.0 5.0 5.5 4.0 6.5 5.5 6.0 6.0 6.0 4.5
R1 68 108 145 88 82 125 48 202 85 172 88 124 99 119 76 6.5
Normal R2 45 139 105 58 47 4.4 57 121 8.7 1.5 9.1 165 166 158 130 10.7
R} 87 164 134 114 73 81 65 73 122 138 135 175 137 122 156 2.8
Pods/plant R4 55 90 142 54 30 78 36 97 158 95 62 233 215 179 145 70 44
R1 38 67 83 46 32 33 29 56 40 69 43 74 90 38 80 6.6
Salinity R2 4.1 10.9 6.7 8.2 .7 5.9 2.8 5.7 4.1 6.0 5.0 9.6 8.3 6.1 9.1 4.2
R 2% 70 101 64 59 55 31 48 79 94 S51 99 138 35 64 76
R4 54 7.2 7.2 6.7 34 7.9 37 114 68 8.9 3.8 69 111 52 9.3 39



Tahle 7. Cont.

Character Rizo First season {2003/2004) LSD
Soil  bium Sk G. G. G, N. G, G. L. L. L. L. L. L. L. L. L. 0.05
— 2 40 429 3 1 843 716 248 258 244 252 278 332 336 285 163
R1 177 293 323 21,1 226 347 11.7 504 233 442 235 253 224 261 187 16.
Normal R2 129 351 270 147 99 9.1 15 284 195 177 244 429 468 463 433 293
R3 21,7 412 335 257 29 207 173 181 31 M3 291 400 3T 2<0 387 640
Seeds/plant R4 124 220 332 138 69 167 97 225 397 243 141 402 513 449 326 174 115
R1 7.5 162 103 1.9 6.6 7.4 6.9 10.2 6.8 158 12 160 22.0 6.6 189 145
Salinity R2 9.7 226 122 262 6.5 123 5.0 12.3 7.4 11.9 1.5 213 190 120 183 23
R3 5.6 157 224 133 155 119 7.5 112 185 23 11.5 236 303 67 144 195
R4 122 135 156 143 89 156 8.0 230 156 176 7.7 122 231 106 223 10
R1 182 21.0 233 183 262 281 100 408 177 364 183 183 139 186 146 122
Normal R2 130 229 192 119 95 3.2 128 223 176 129 199 329 294 336 351 250
R3 2.1 274 247 223 215 168 160 139 262 213 247 261 178 151 300 38
Seed yield/plant R4 125 3.6 234 1.4 6.4 134 84 171 291 195 167 276 300 333 248 132 93
R1 71 106 7.6 10s 7.3 6.9 6.0 7.1 6.2 13.2 94 121 138 4.2 175 129
Salinity R2 8.5 136 92 227 58 98 4.4 9.6 58 100 98 162 119 81 149 83
R3 4.5 114 158 110 143 89 7.3 9.0 155 189 838 188 190 4.7 11.8 149
R4 114 94 106 11.0 8.1 132 6.0 186 119 133 6.6 8.9 136 6.5 178 7.2
R1 1027 717 729 868 117.1 81.1 899 811 752 823 790 724 618 708 788 756
Normal R2 967 653 7i.2 811 942 898 847 780 874 722 82t 764 628 732 811 850
R} 1026 654 721 865 1033 811 91.2 730 B840 702 844 653 576 647 715 636
100-Seed weight R4 101, 614 698 758 G226 808 865 759 734 802 765 682 586 726 7TIS TS
R1 931 628 738 961 1073 925 822 693 919 823 879 777 626 635 952 891 114
Salinity R2 883 o604 764 860 863 787 863 779 773 825 939 784 626 694 798 902
R3 793 716 708 825 915 751 985 772 840 904 767 820 626 704 823 790
R4 90.6 700 682 755 914 827 751 789 741 731 B8l 745 585 610 822 Tl4
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Table 8. Response of sixteen faba bean genotypes to normal and saline soils and Rhizobium inoculation for recorded traits
during 2004/2005 season.
Character Rizo First season (2003/2004) LSD

Soil biom Sk G G. G. N. G. G L L L L L L L L L o005
2 40 429 3 | 843 716 248 258 244 252 278 332 336 285 163
Rl 126 203 250 278 232 257 244 271 278 226 297 283 308 309 495 228
R2 224 190 163 124 182 129 217 252 214 155 250 195 205 209 229 2176
i 3 R3 128 (39 180 205 194 288 120 311 194 181 252 218 224 236 278 1256
Plant dry weight R4 177 205 178 174 135 192 121 330 192 322 203 239 201 233 258 160
RI
R2
R3
R4

Normal

214 124 230 125 265 249 112 159 193 239 153 236 206 247 347 387 7.8
136 310 233 144 195 332 172 287 126 243 348 172 325 286 317 318
126 187 75 75 200 25 142 213 93 1S 97 243 154 245 2.5 128
7.2 210 143 218 127 151 9.7 399 203 234 237 329 216 46 259 261
RI1 58 4.3 5.0 3.8 8.0 58 4.0 5.0 5.8 6.0 73 5.0 6.8 55 55 5.0
Normal R2 55 50 4.8 4.0 6.3 4.8 6.3 6.0 55 4.5 20 3.8 5.5 4.8 4.0 4.8
R3 73 48 4.8 5.0 73 6.0 4.3 6.0 5.0 53 6.0 53 1.5 6.3 6.5 65
Branches/plant R4 1.3 4.5 5.0 4.0 73 5.5 4, 5.5 5.5 5.0 4.5 £0 5.3 4.5 53 4.8 0.8
Rl 50 4.0 4.3 4.5 4.5 4.8 4.8 4.5 5.5 4.0 4.5 4.5 6.8 6.5 5.3 5.0
Salinity R2 5.0 5.0 4.5 5.0 6.3 5.0 4.8 5.0 6.0 4.0 5.8 6.5 6.5 6.0 63 4.8
R3 55 3.0 33 4.0 4.5 As 5.0 4.3 38 4.0 85 4.5 53 5.0 5.0 4.5
R4 4.8 4.0 4.0 5.3 6.0 4.5 4.5 4.5 4.0 4.8 4,3 4.5 6.5 4.8 53 53
R1 34 7.2 7.5 6.5 33 6.4 5.9 7.6 7.3 5.0 8.5 1.5 103 9.1 130 57
Normal R2 3.6 5.6 3.6 3.2 32 33 4.7 6.5 4.8 3.2 5.2 6.6 6.0 7.1 5.9 5.3
R3 32 47 83 S0 32 45 22 74 63 56 64 57 717 53 98 50
R4 33 7.0 4.8 4.0 2.1 4.4 4.0 9.0 44 B.6 50 8.4 6.3 6.3 6.5 4.7 2.2
Pods/plant RI S} s 69 3% 47 58 31 S0 45 67 48 63 71 69 IL5 126
Salinity Rz 27 Hb 95 46 34 95 37 78 45 79 85 58 122 85 86 82
R3 25 34 29 24 54 55 32 60 30 39 34 15 43 68 62 37
R4 25 87 4% 54 22 38 23 ILZ 82 67 714 107 86 50 86 62

Salinity




‘Table 8. Cont.

Character Rizo First season (2003/2004) LSD
Soit bwm Sk G G G N G G. L L. L. L. L. L. L. L L. 0.5
2 40 429 3 1 843 716 248 258 244 252 278 332 336 285 163
R1 7.2 15.1 16.5 13.6 83 14.9 13.0 17.7 14.3 2.7 172 208 256 198 299 11,9
Normal R2 10.0 14.1 2.0 73 7.9 340 11.1 12.5 83 84 1Ll 14.3 14.6 136 136 6.8
R3 6.8 11.2 7.7 10.3 Tl 10.4 3.9 1.9 13.5 109 145 127 17.9 18 19.6 12,9
Seeds/plant R4 6.7 17.6 1.1 9.2 58 84 6.1 19.3 8.6 185 112 17.6 144 148 129 10.0 5.0
R1 12.0 1.6 14.3 85 Ll 14.5 58 1.5 116 16.0 8.8 124 17.5 139 227 260
Salinity R2 6.1 24.1 172 7.0 7.9 19.1 93 16.8 78 135 217 11.9 273 190 220 219
R3 538 82 52 49 13.0 113 35 125 54 63 8.1 16.4 94 184 150 90
R4 4.5 16.0 9.1 111 6.0 7.6 5.2 28.5 1L1 129 155 224 170 106 174 138
Rl 5.2 9.7 114 103 6.9 11.6 1.7 129 11.2 64 11.4 145 13,7 138 223 9.7
Neemal R2 B8 10.1 7.0 53 6.3 5.9 9.0 11.6 6.6 6.9 8.7 9.5 102 2.1 1.2 5.4
R3 4.1 55 55 7.6 6.2 B9 33 12.0 922 7.7 92 73 9.2 84 14.0 10.2
Seed yield/plant R4 6.1 1.2 8.2 63 5.1 6.9 4.7 15.7 59 14.2 8.9 11.4 9.0 103 127 6.8 3.6
R1 9.0 53 2.3 4.9 112 11.4 4.3 6.0 %.0 103 5.2 83 6.0 838 16.7 16.6
Salinity R2 4.9 143 1.6 54 7.7 12.9 6.8 14.2 49 8.8 16.7 82 17.1 14.1 181 14.9
R3 52 4.7 2.7 3.7 1.1 7.6 6.6 9.9 4.2 4.6 4.8 10.9 5.7 1.9 9.5 6.2
R4 3.3 8.6 59 58 50 58 34 9.2 9.5 10.6 11.1 13.2 9.5 6.8 12.6 9.6
R1 728 641 68.6 757 831 780 897 728 190 649 661 697 536 697 T45 815
Normal R2 837 710 778 T28 799 7.1 813 929 806 B43 792 6606 696 669 748 B804
R3 60.6 500 722 740 888 856 839 .6 679 7.7 632 %5 513 713 T7L1 79.4
100-Seed weight T 922 582 B13 681 872 825 785 814 718 767 718 663 626 698 984 479 9.4
R1 76.1 454 688 574 996 743 752 571 743 648 596 671 547 634 739 64.1
Salinity R2 76.7 594 6le 780 910 678 738 B4S 631 627 T80 694 625 764 692 682
R3 882 573 527 769 783 686 774 786 787 730 581 668 612 5901 631 687
R4 709 537 644 766 829 733 657 676 862 818 715 S88 585 641 726 T8
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Table 9. Values of phenotypic correlation coefficients estimated over all
treatments between seed yield/plant and some agronomic traits
of faba bean genotypes under normal and saline soils.

. Normal soil
Studied characters x1 x2 x3 x4
Plant dry weight (xI)
Branches/plant (x2) 0.043
Pods/plant (x3) 0801 »* 0.136
Seeds/plant (x4) 0814 ** 0.064 0,986 **
Seed yield/plant (x5) 0.958 ** -0.096 0.909 =+ 0.916 **
Saline soil
Plant dry weight (x1)
Branches/plant (x2) 0.232
Pods/plant (x3) 0812 ** 0.055
Seeds/plant (x4) 0.825 0.092 0.988 =*~
Seed yield/plant (x5) 0.962 *+ 0.165 0.913 *+ 0.931 =**

indicating that selection practiced for the improvement of any one of a set of
correlated characters, would automatically improve the other. The most
important relationships was that between seed yield/plant and plant dry
weight which gave values of (0.958**) and (0.962**) followed by number
of seeds/plant which gave values of (0.916**) and (0.931**) under normal
and saline soil conditions, respectively. These results indicated that such
traits had a greatest influence on seed yield respective stress environments.
These results agreed with those of Saad and El-Kholy (2000) and Abdalla ef
al (2001).

Partitioning of phenotypic correlation coefficient estimated over all
years, Rhizobium inoculation and genotypes between seed yield/plant and
some agronomic traits of faba bean under normal and saline soil conditions
are presented in Table (10). The results revealed that the direct effects of
plant dry weight and number of seeds/plant on seed yield/plant was positive
and high under normal and saline soil conditions. The indirect effects of
number of seeds and pods /plant via plant dry weight, number of pods/plant
via no. of seeds/plant and plant dry weight via no. of seeds/plant under
normal and saline soil conditions, these indirect effects had positive and
high values on seed yield/plant. The total contribution could be arranged of
phenotypic variation as follows: plant dry weight, number of seeds/plant and
number of pods/plant under normal and saline soil conditions.
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Tablel0. Partitioning of phenotypic correlation coeflicients between
seed yield/plant and some agronomic traits of faba bean
genotypes over all treatments under normal and saline soils.

Source of variation Normal soil Saline soil
Plant dry weight vs. szed yield/plant
Direct effect 0.631 0.617
Indirect effect via branches/ plant 0.001 -0.005
Indirect effect via pods/plant 0.133 -0.165
Indirect effect via seeds/plant 0.192 0.516
Total correlation 0.958 0.962
Branches/ plant vs. seed yield/plant
Direct effect -0.031 -0.023
Indirect effect via plant dry weight -0.027 0.143
Indirect effect via pods/plant -0.023 -0.011
indirect effect via seeds/plant -0.015 0.057
Total correlation -0.096 0.165
Pods/plant vs. seed yield/plant
Direct effect 0.167 -0.203
Indirect effect via plant dry weight 0.505 0.501
Indirect effect via branches/ plant 0.004 -0.041
Indirect effect via seeds/plant 0.233 0.617
Total correlation 0.909 0.913
Seeds/plant vs. seed yield/plant
Direct effect 0.236 0.625
Indirect effect via plant dry weight 0.514 0.509
Indirect effect via branches/ plant 0.002 -(.002
[ndirect effect via pods/plant 0.164 -0.201
Total correlation 0.916 0.931

Coefficient of determination (C.D) and relative importance
(Ri%) of both, direct and joint effects between seed yield/plant and
some agronomic traits of faba bean genotypes over all years, Rhizobium
inoculation and genotypes under normal and saline soil conditions are
presented in Table (11). The main sources of seed yield/plant variation
in order of importance were the direct effect of plant dry weight (39.83
and 19.73%) and number of seeds/plant (5.59 and 20.27%) under
normal and saline soil conditions and its joint effects with each of
number of pods/plant (16.84 and 10.56%) and number of seeds/plant
(5.72 and 33.01%) and joint effect between number of pods/plant and
number of seeds/plant (7.77 and 13.3%) under normal and saline soil
conditions. This pattern of multivariate analysis is in harmony with the
finding of other investigators. Farag and Darwish (2005) concluded that
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Table 11. Coefficient of determination (CD) and relative importance
(RI%) of both, direct and joint effects between seed
yield/plant and some agronomic traits at phenotypic
correlation coefficient of faba bean genotypes under
normal and saline soil.

Source of variation Normal soil Saline soil
b RI% D RI%

Direct effects

Plant dry weight X1 0.398 30.829 0.197 19.727
Branches/plant X2 0.001 0.098 0.000 0.029
Pods/plant X3 0.028 2.778 0.021 2.145
Seeds/plant X4 0.056 5.535 0.203 20.272

Indirect effects

(X1) via (X2) 0.002 0.168 0.003 0.347
(X1) via (X3) 0.168 16.843 0.106 10.561
(X1) via (X4) 0.057 5,715 0.330 33.009
(X2) via (X3) 0.001 0.142 0.000 0.027
(X2) via (X4) 0.001 0.095 0.001 0.139
(X3) via (X4) 0.078 7.767 0.130 13.025
Residual 6.210 20,981 4.007 0.718
Total 1.000 100.600 1.000 100000

number of seeds per pod, pod weight, and 100-seed weight appeared to
yield attributes for which selection can be effective also, Farag (2007)
reported that number of seeds per pod, pod weight and 100-seed weight
appeared to be the principle yield attributes for indirect selection
criteria.

In general conclusion, the results obtained from correlation and
path-coefficient analysis studied under normal and saline soil conditions
indicated that plant dry weight, number of seeds/plant and number of
pods/plant could be used effectively as selection criteria for screening
and isclating high yielding genotypes under the environments of the
present study.

Conclusion

Five promising mutant lines number 15, 13, 14, 12 and 8, proved
superior under normal soil conditions and promising mutant lines
number 8, 12 and 15 under saline soil conditions, like wise same five
promising lines with strains ICARDA 448 and ARC 200 under normal
and salinity soil conditions. Therefore, these mutant lines could be
directly used or incorporated in breeding programmes to develop high
yielding varieties under normal and saline soil conditions.
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