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ABSTRACT

This investigotion was conducted to explore the stability of performance of 16
Juba bean genotypes. These genotypes included seven cultivars, (Sakha 2, Giza 40, Giza
429, Giza 3, Nubgria 1, Giza 843 and Giza7l16} and nine promising mutant lines coded
(248, 258, 244, 252, 278, 332, 336, 285 and 163} across sixteen diverse environments. The
emvirgnmental conditions were the combinations of two levels soil salinity (normal and
safine) affected and four Rhizobium inoculations (control, F.b. ARC 200, F.b. ARC 20!
and F.b. ICARDA 448) during 2003/2004 and 20042005 seasons. The field trials were
carried out at Demo Research Station, Faculty of Agriculture, Fayoum University, Two
parameters of stability, i.e. regression coefficient bi and deviation from regression §°d
were ised for measuring stabillty for plant dry weight (g), mumber of branches/plant,
namber of pods/plant, number of seedsiplant, seed yield/plant (g) and 100-seed weight

=

The stability analysis of variance revealed highly significamt differences for
emvironments, genotypes and GxE interaction for all studied traits. This proved evidence
thet the studied foba bean genotypes differed in response o the investigated
exvironmenis. Highly significant linear effect of emvironments and genotypes x
emvironmenis interaction and pooled deviation were recorded jfor number of
Sranchesplani, number of pods/plant, number of seeds/plant. The partition deviation
Jrom regression due 1o each genotype were highly significant or significant for most
Srwits across studied environments. The stability parameiers revealed that the mutant
lines 235, 278, 332 and 248, respectively, are the most stable genotypes for seed
yield/plamt and for studied components under tested environmental conditions.
Thercfore, these lines may be recommended fo for grown under wide range of
environmenis.
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INTRODUCTION

Faba bean (Vicia faba L.) is the most important pulse crop grown in
Egypt. The acreage of this crop is 175,353 feddan according to the
Agricultural Statistics of 2006. The crop is used for human consumption,
animal feeding, and green manuring, industry. ...... etc. The importance of
faba bean in Egypt lies not only in its multiple uses in preparing diverse
local dishes but also to its important role in the crop rotation. The obscure
impact of genotype-environment interaction (GxXE) on the relative
performance and stable genotypes across environments is so important that
it forms challenging difficulty to the breeder in developing superior
cultivars (Eberhart and Russell 1966). Furthermore, Freeman and Perkins
(1971) stated that the basic cause of the differences between genotypes in



their yield stabiiity is the wide occurrence of genotype x environment
interaction.

On the other hand, stability may in fact, depends on holding certain
morphological and physiological attributes steady as long as possible and
allowing others to vary. Several investigations had attempted to estimate
GXE numerically for several genotypes of different crops such as maize
(AbdEl-Aziz 2000), sorghum (Mostafa 2001), wheat (El-Marakby et al
2002 and Tawfelis 2006), ryegrass (Ahmed et al 2004), Rice (Abdel-Hafez
et al 2007), cotion (El-Kadi er al 2007). Eberhart and Russell (1966),
developed two estimates for stability, the first is the regression coefficient bi
of a line on environmental indices that estimate its response to favorable
conditions while the remainder sums of squares after the regression $d
illustrates the latter un-described interaction effects. They defined a stable
cultivar as one which had a regression coefficient bi equal to 1.0 and with
$%d equal to, or does not deviate significantly from 0.0. Apparently, a
cultivar that did not meet both qualifications would be closed as unstabie.
However, an ideal cultivar would have both a high average performance
over a wide range of environments plus stability.

The major objectives of this work are to estimate degrees of stability
of 16 faba bean genotypes grown under 16 diverse environments for seed
yield/plant and some agronomic traits utilizing the two stability parameters.

MATERIALS AND METHODS

Four field experiments were carried out in 2003/2004 and 2004/2005
seasons at Demo Research Station, Faculty of Agriculture, Fayoum
University. In each season two field trials were conducted in both normal
and saline soil conditions. The soil was sandy loamy in texture with E.C. of
2.47 ds/m (1581ppm) and 2.90 ds/m (1856 ppm) at normal conditions in
first and second seasons, respectively, and 4.84 ds/m (3098 ppm) and 4.20
ds/m (2688 ppm) at salinity conditions in first and second seasons,
respectively. Preceding crop was peanut in the 1% season and maize in the 2
™ season. Each trial was devoted as RCBD with 3 replications in split - plot
arrangement. Four Rhizobium inoculation treatments were assigned in the
main-plots and 16 faba bean genotypes were arranged in the sub-plots. The
Four treatments Rhizobium leguminosarum were the control (R1) and three
strains, i.e., F.b.ARC 200 (R2), F.b.ARC 201 (R3) and F.b. ICARDA 448-
ARC (R4). Seeds were treated with Rhizobium strains in the field directly
before sowing as recommended. The sixteen faba bean genotypes used in
the study included, seven local cultivars, Sakha 2, Giza 40, Giza 429 , Giza
3, Nubaria 1, Giza 843 and Giza 716 and nine promising mutant selected
lines. These lines coded: L. 248, L.258, L. 244, L. 252, L. 278, L. 332, L.
336, L. 285 and L.163. The mutant lines, their parents and gamma ray doses
used are displayed in Table (1).
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Tabie 1. Mutant lines used in the study, their parents and gamma-ray

doses.

Line code number Parents y-ray doses
248 Giza 461 3Kr
258 Nubaria 1 3Kr
244 Giza 643 12 Kr
252 Giza 461 6 Kr
278 Nubaria | 3Kr
332 Giza 717 6 Kr
336 Giza 714 3Kr
285 Giza 643 9 Kr
163 Giza 2 3Kr

The experimental plot consisted of four ridges, 3 m long and 60 cm
apart. Plants were spaced 20 cm within ridge and one plant was left per hill
in both of the ridge. Sowing date was on 19 and 8 November in the two
respective seasons. The recommended cultural practices for faba bean
production were followed. At harvest, 10 guarded plants per plot were
randomly taken to determine plant dry weight included roots (g), number of
branches/plant, number of pods/plant, number of seeds/plant, seed
vield/plant(g) and 100-seed weight (g) .

Statistical procedures; Phenotypic stability parameters were computed
according to Eberhart and Russell (1966) and used tw describe the
performance of each genotype over the sixteen environments. These
environments were the combination of two seasons, normal and saline soil
conditions and four Rhizobium treatments.

RESULTS AND DISCUSSION

Significance of mean squares

Mean squares due to different sources of variation of combined
analysis over sixteen environments are presented in Table (2). The mean
squares of environments were highly significant for all traits, suggesting that
the environments affected differently the faba bean studied traits. The
genotypes were found to be highly significant source of variation for all
studied traits, reflecting the presence of genetic diversity regarding recorded
characters. Highly significant GXE interaction was detected for all
characters which, provide evidence that the studied faba bean genotypes
differed in their response to the various environmental conditions. In this
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Table 2. Stability analysis of variance for seed yieki/plant and etiher
agronomic characters of sixteen faba bean pemstypes wader

different environmental conditions.

5.0V dr Plant dry Branches Pody/ Serds  Sewd yl D el
weight (g)  /plant /plant /plant ipleetyy)  waighti(gh
Environments(E} 15 467182 ** 1862 ** 24051 ** 177004 ** FISAAS “~ ERI7dM *~
Genotypes (G) 15 94881 ** 2183 ** 20895 ** 10246 ** JMEYY ** BRI *~
GXE 225 23150+ L76  ** 17.60 ** HIL3IT ** RS v M -
Env. + (GxEnv.) 240 50902 ** 281 ** 3153 ** 21599 ** IJRSE ““ RIS
Env. (linear) 1 7007730 ** 27925 ** 3607.58 ** 2655214 ** ITRERAR “* DTELSE
GxEnyv. (linear) 1S 28184 nos 383 ** 5601 ** 2539 ** MM w= IEEGH
Poold deviation 224 21366 **  IS1 1393 ** 9353 = Smep W EWLSR -
Sakha 2 14 1289 * 1,79 ** 398 ns 2921 = I7TER == 2EIR
Giza 40 14 11047 s 125  ** 1439 ** 0 ~ NT w OB~
Giza 429 14 6030 s 108 ** 424 ps 224% ms IEWD == BAMEF
Giza 3 14 35162 ** 122 +* 851 * 8082 ** &7% ** NEIZ *»
Nubarial 14 17490 ** 149 ** 727 ns 5852 * SLEE > DESH
Giza 843 C14 12887 * 096 ** 1191 Y 9RJZ *> SRAEP *~ HERSE
Giza 716 14 7271 as 228  ** 337 uos 2182 = KM = e
line248 14 55288 ** 206 ** 33.62 ** 20642 ** IMAW ~ RN
line258 14 19432 ** 149  ** 947 ** S48 ** WM *~ MOLW =~
line244 14 24781 ** 106 ** 1691 ** 11641 * FSP > EDRGR
line252 14 12511 0+ 367 ™ 9RD ** 5144 * BAZY * WIE
line278 14 19128 ** 144 ** 2331 ** 939 "™ SLES * TEOE *~
line332 14 21408 **  LI0  ** 23.04 ** 16281 ** €I ** M2 =
line336 14 35123 ** 190 *t 1691 ** 16842 ** LMIF * TN =
line285 14 22153 * 063 ns 1515 ** 106ST ** TRET ** MOLWE -
line163 14 28777 ** 048 * 2098 ** 1875 Y TRME ** MHEET =
Poold error 480 69.01 0.39 4.55 29.49 my ST

* and ** denote significant at 5% and 1% level of probability, respectively

respect significant differences among environments, genotypes aad GXIE
interaction items were recorded for seed yield and its ativibutes by atier
authors (Ibrahim and Rukenbauer 1987, Abdalla ef al 1998, Darwxsk ef aff
1999, Omar et al 1999 and Awaad 2002). The linear effect of envisomments;
and genotypes X environment interaction exhibited highly sapmilicant
variation the linear interaction for plant dry weight, seed yachd/plantt amd
100-seed weight. The pooled deviation from regression was kiglilly
significance for seed yield/plant and other agronomic sindied wrais. TFhis:
indicated that the faba bean genotypes differed considerably widh vespert: to:
their stability across the investigated environments. The mean squave due t
variation from regression of all genotypes for studied traits showed widi:
variability. In other words, these variation varied widely in sigmificamce wmdi
magnitudes. Eight, four, one and three genotypes recorded sipmificant M
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deviation for line 248 and varieties, Giza 716 and Nubarial and three
characters out of six ones, respectively. These results proved that the
investigated faba bean genotypes responded differently to the tested
environments. This suggesting the inconsistency performance of these
genotypes over the sixteen environments. The absence of significance for
one to five traits over the sixteen environments, indicated the consistency of
their performance regarding these traits. In this respect, significant
differences among environments, genotypes and GxE interaction items were
recorded for seed yield and its attributes by many researchers (Abdalla et a/
1998, Due 1998, Darwish er al 1999, Omar et al 1999 and Awaad 2002).

Stability parameters

The mean performance as well as regression coefficients bi and
deviation from regression $°d as two parameters of stability of faba bean
genotypes across the 16 environments are presented in Table 3. According
to Eberhart and Russell (1966} method the mean performance with the
regression coefficient values bi and deviation from regression S *d provide
useful parameters to identify the adapted genotypes. Guilan et af (1990)
reported that the deviation from regression seemed to be very important for
estimating the stability. When average stability associated with average
yield over all environments, genotypes may be described as having general
adaptability and vice versa. Moreover, bi values significantly more than unit
1.0 identify genotypes benefit response to more inputs, while genotypes
having bi values significantly less than 1.0 don't response to more inputs of
favorable environmental factors. Also, the test of significance of each $%d
for values differed from zero indicates that the genotypes in question have
specific adaptability. Therefore, in this research a genotype will be selected
if it has; higher mean performance than the grand mean, bi > 1.0 and smaller
$°d value. Mean performance and stability of different genotypes for the
characters studied will be reported as follows:

Plant dry weight

The results of mean values for plant dry weight (biomass weight)
ranged from 18.82g for the variety Giza 716 to 36.63g for the mutant line
285 with an average of 26.98g. Concerning stability parameters, bi values
did not differ significantly from unity for all genotypes exhibiting general
adaptability across different environments, except bi values for the check
variety Giza 40 and mutant lines 332 and 285, were significantly and greater
than unity for the line 285, indicating the higher responsive of this line
under good environments. However, the variety Giza 40 and mutant line
332 had bi values less than umty, indicating the higher responsive for poor
environments. Concermng S2d, their values differed significantly from zero
for genotypes with various magnitudes except Giza 40, Giza 429 and Giza
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Thalel. Meass and steliilly pocesstions ffor seell pidiifjibott il et
agremensi clvnsctims off sines ffdiwn Heean gpamxtyyyess undiar dilEmemit

cmviresssernitel candiiieas;.

Phoust dey waiighet _ Bhemmaitood/ bt Hnliefltem
Genotypes Mesn  Bii A Mowm Wi i MEoun Hii S
Sakba2 2858 A 2 4266~ &BE 006 O <~ 405 O3 aw
Giza40 PASE @3B HcdP  4aE  (GES OO0 ~ Bl 1IB a8
Gizad29 2588 10 W77 0 HMP 095 00 e AN ILS L%
Giza 3 %13 My HRIGEE7 w477 (5480 U7 FTH 07l p-L
Nubarial 243% Lo Lot i <) n7® Wik6 = 4z e Ziw
GiaSid M QB DEE~ SEB OTZ-O00 = GIK 70 Rl
Gira716 1RRX Q7 S S @78 48 =~ B IS (110}
Line248 3246 pat IR 00 GOEES wee 172 HAEIT
Line258 758 L% GO =~ S35 (D6 00IFG == GTE 113w DED -
Line244 922 LI BRI - SES 1085 000X *~ T2 11200 EI e
Line2S2 2767 LI TGN (eG4 GG (087 p-1. .
Line2T8 L2 L2 DA W ST H2Z2D I 13N 1887 TId
Line3}32 PO IR e CTHER e TR W27 0~ 100400 F96 TIDE ~=
Line336 7 L2 NIE7A ™ R 3RO =~ S§Al 11557 SR e
Line285 63 LOG ™~ TR~ ez -0 90680 0097 HTL o=
Linel63 240 a5 TR - B3 -01L =~ 30 0015% [
Mean 2695 b I
LCD ) 352 . palr0

Sexds/ipllnat Sl wi bl fpiberatt 11005 seeel) weipitt
Sakha2 9% QM B DAl FIB W6 UTH G-
Giza 40 s L2R 80N ~~ DM K107 BdéM 174 11w IR >
Giza 429 1722 AWl T 2 NG M6 TOES (08I HL I -
Giza 3 1325 daba2 UbadEl * MR (0TS XA1999 v TRRIE 113 TRBT -
Nubarial WM 04 BT *~ WNEF I 221685 ~ 921 110 R,
Giza843 139 an FO7H %~ el 00TTG IDTIM Y TR (DSR2 B w~
Giza716 199 046 [ ™ ¥ ST SRSN0 098 4R I7 -
Line248 DA LR GRAT] *= BN 11086 HBITT7 v+ THOES 00663 SHROF7 =~
Line258 1586 LI  ZNET 4~ BN  [LEDINGE v+ THOE 0TM METD
Line244 1739 LIP RIS ““ WIS NZDZTH)  THTS HUR  JOED =~
Line252 149 A8y A ~ T R 007 = TEROE U7 KX | Raad
Line278 ILET LT JORT v Ry M IROE3 M (@9THC 10 p 1
Line332 M La% SN v ENST 1106 21080 e GE0Y7 S 15
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Linc285 ILS2 LIS RIP ** WIME 10992 - TG IR SHHTIR -
Linel63 M6 3 4825 “ MlE ©062Z6001 ~ 7HEd 100 4B~
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716, indicating considerable variation in the degree of stability among
genotypes for this trait. From parameters of stability for plant dry weight, it
is worthy to note that, promising lines 285 and 278 had the highest mean
values of 36.63 and 31.72g with unit linear response (bi =1.06 and 1.12) and
least deviation from linearity (S*d =73.51 and 63.43), indicating these lines
having heavier plant dry weight in favorable environments. Otherwise, the
bi values deviated significantly from one and less than unity and high S%d
value in promising line 332 which appeared to be more adapted to less
favorable environments for this trait.

Number of branches/plant

The estimates of phenotypic stability parameters for number of
branches/plant indicated that mean values of this trait ranged from 4.66 for
the variety Giza 40 to 6.94 for the variety Nubaria 1 with an average of 5.51.
The linear component bi of G x E interaction was not significant for all
tested genotypes, showing similar response of genotypes to changes in
environmental conditions and its general stability for this trait. Whereas,
non-linear component of GxE interaction; the $°d values significantly
differed from zero for all genotypes except the line 285. Generally, across
the sixteen environments studied, the varieties Nubaria 1 and Sakha 2 and
lines 332 and 285 are considered of highly stable performance under good
environments, since their high mean values for number of branches/plant,
regression coefficient approximately equalled one and the deviation from
regression was small.

Number of pods/plant

The mean values for no. of pods/plant ranged from 3.88 for the
variety Giza 716 to 10.40 for the line 332 with an average of 7.20. The
regression coefficient values bi of the number of pods/plant ranged from
0.16 for the line 163 to 1.87 for the line 278 and all genotypes gave non-
significant bi values, with few exceptions, indicating the linear response of
these genotypes with tested environments. However, non-linear values of
portion S°d of GXE interaction were significant for all genotypes, except
values of varieties Sakha 2, Giza 429, Nubarial and Giza 716, respectively,
which were non-significant. According to the parameters of stability, it is
noticed that, the promising mutant lines 332 and 278 were the most desired
and stable under better environmental conditions, since both had the highest
number of pods/plant over all environments (10.40 and 10.36), regression
coefficients were not significant and higher than unity (bi = 1.56 and 1.87)
and the deviation from regression was smatl (S°d =7.35 and 7.44). On the
other hand, lines 285, 248 and 252 may be classified as highly adapted to
stress environments because the bi estimated values were less than unity.
Awaad et al (2002) revealed that, the faba bean genotypes; Giza 402 and
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Giza 461 were classified as haghly adapted to favorable environments for
number of pods/plant.

Number of seeds/plant
The estimates of phenotypic stability parameters for number of

seeds/plant indicated that the values of faba bean genotypes ranged
from 8.99 for variety Giza 716 o 2433 for line 332 with an average of
16.39. The regression coefficients bi values did not differ significantly from
unity for all genotypes and varied from 0.35 for promising line 163 to 1.55
for promising line 336, cxibiting general adaptability for different
genotypes across different emvironments. On the other hand, $°d values
significantly differed from for all genotypes except the varieties Sakha
2, Giza 429 and Giza 716, considering these varieties were the most stable
for this character than the other genotypes. The promising mutant lines 285
and 278 gave higher number of seeds/plant (22.52 and 21.87, respectively,)
than grand mean, having bi valoes not deviating significantly from unity
(1.15 and 1.47, respectively,) and lower vatues of S°d (35.19 and 30.97,
respectively,) indicating that the two promising lines proved to be the most
desired and stable under betier environments. On the other side, line 332
had more number of seeds/plant (24.33), bi value not deviating significantly
from unity (1.45), but value of S°d was large (53.94), so this line appeared
to be most desired and less stable under good environments.

Seed yield /plant

Mean values for seed vield/plant ranged from 7.54¢g for Giza 716 to
17.48g for the line 285 with am average of 12.05g. The estimates of
phenotypic stability parameters for seed yield/plant indicated that, bi values
were not significant for all genotypes, indicating stability of these genotypes
under studied environments and genotypes that may be recommended for
poor environments (had b value less than unity) included the varieties
Sakha 2,Giza 3, Nubarial, Giza 843and Giza 716 and lines 252, and 163,
whereas, those that may be recommended for high favorable environments
(had bi value higher than unity) comprised Giza 40 and Giza 429 and lines
248, 258, 244, 278, 332, 336, and 285. On the other side S’d values
significantly differed from zevo for all genotypes except the varteties Sakha
2, Giza 40, Giza 429 and Giza 716, considering these varieties as the most
stable ones for this character. The promising mutant lines 285, 278 and 332
proved 1o be the most desired stable lines for seed yield/plant, since these
three lines had the highest sced yacld/plant (17.48, 15.27 and 14.57g,
respectively,), bi valucs mot devistimg significantly from unity (1.09, 1.34
and 1.06, respectively,) with lower S$7d values (24.22, 16.93 and 21.60,
respectively,), thus, they could be comsidered as the most desirable and
stable. Awaad ef af (200Z) revealed that, faba bean varieties Giza 402 and
Giza 461 were classificd as highly adapted to favorable environments for
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sced yield/fad, whereas, Giza Blanca and Giza 429 performed well under
Khattara region as less favorable conditions for seed yield/fed. Darwish et af
(1999) stated that the response of yield and yield components varies from
genotype to another across different environmental conditions.

100-seed weight

Mean values for 100 - seed weight ranged from 60.07g for the
mutant line 332 to 92.19g for the variety Nubaria 1 with an average of
75.47g. As for bi stability parameter the tested genotypes could be classified
into two groups, i.e. responsive to low (had bi value less than unity) or high
productive conditions (had bi value higher than unity). The group that may
be recommended for poor environments includes the varieties Giza 429,
(Giza 843 and Giza716 and the lines 248, 258, 332 and 336, whereas,
genotypes that may be recommended for high favorable environments
comprised varieties Sakha 2, Giza 40, Giza 3 and Nubaria | and lines 244,
252, 278, 285 and 163. These results are in agreement with those reported
by Khalil et af (1996) and Darwish et al (1999). On the other side, S*d
values differed significantly from zero for all genotypes except lines 332
and 336 which had low and insignificant S*d values, suggesting that these
two genotypes show high degree of stability and vice versa for other
genotypes. Awaad ef al (2002) reveated that the variety Giza 714 was
classified as highly adapted to favorable environments for 100-seed weight.

Finally, it could be concluded that the promising mutant lines 285,
278, 332 and 248, characterized by high seed yield/plant and its components
compared with the other lines and check wvarieties under tested
environmental conditions, could be recommended for wide range of
environments.
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