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EVALUATLON OF PERFORMANCE AND STABILITY
OF SOME SOYBEAN GENOTYPES UNDER
DIFFERENT ENVIRONMENTS

Wafaa', W. Mohamed; A.M. EL-Marakby’, A.A. Abdel-Halim'
and Afaf M. Tolba?

ABSTRACT

Eleven soybean genotypes were evaluated for mean performance and stability of
seed vield. pod number per plant and 100-seed weight under two sowing dates; mid-
April and mid-May and five fertilization levels including biological inoculation with
Bradyrhizobium japonicum and mineral nitrogen fertilizer durning 1998 season (at
Benha, Kalubia Governorate) and 1999 (at Kotour, Gharbia Govern.). Wide varia-
tion existed among genotypes for the 3 studied traits. Sced yield and 100-seed
weight were higher in favor of mid-April, while pod number was increased in mid-
May date. Rhizobium inoculation only produced the highest pod number and seed
vield at Benha site, while adding inoculum + starter N of 15 Kg/fed produced the
highest values in poorer soil at Kotour site. Phenotypic stability according to Kang
and Magari (1995) indicated that L70 and L29 lines and cv. Crawford were the
most stable for seed yield. Line L29 was also the besi yielder across the 20 environ-
ments and thus deserve to be distributed as a commercial cultivar.

Key Wards: Soybeans, Sowing dates, Inoculation, N-fertilizer, Stability.

INTRODUCTION sumption are increasing, In Egvpt, the
soybean initiated its production in 1970
The sovbean, Glycine max (L) in an area of 3261* fed. and reached its

Merrill. is the world’s leading source of
vegelable oil and protein meal. The oil
extracied 1is uscd for cooking oil, marga-
ninc and salad dressings. The protein mcal
remaining s processed and used mainly
as fced for poultry and livestock. but
products processed for human con-
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peak in 1983 by growing 147155 fed.,
then declined progressively till it reached
12678 fed. in 2001. Therefore, increasing
the devoted land for soybean eiiher in old
or in newly reclaimed lands, as well as,
mcreasing vield per unit area, is indispen-
sable to restore the prominent rank of this
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viable crop in Egyptian Agriculture.
Choosing the promising lines or varicties
and planting them in the proper date with
applying the optimum biological and
mineral nitrogen fertilizers are among the
most important factors affecting the pro-
duclivity of soybean. The majority of
investigators cither in Egypt or abroad
reported that delaying sowing date re-
duced seed yield and seed index but in-
creased pod number per plant in some
genotypes (Hussein et af 1978; Eid et al
1979; Zeyada ef al 1980; Beaver and
Johnson, 1981; Sarmah e al 1984; El-
Attar, 1993, and El-Karamity, 1996).
With regard to the effect of fertilization,
several workers like Saad ef af (1980);
Papakosta & Veresoglou (1989) and
Starling et al (1998) reported that appli-
cation of a starter N (1520 Kg / fed)
along with inoculation with rhizobia pro-
duced the highest sced yield.

Stability of performance is one of the
most desirable properties of a genotype to
be released as a variety for wide cultiva-
tion. A number of statistical methods are
now known for estimation of phenotypic
stability. Recently, Kang and Magari
(1995) proposed an integrated yield and
stability of performance statistics (Ysi)

for simultancous selection for yield and
yield stability.

The present study was designed to
evaluate the performance of eleven soy-
bean genotypes under two sowing dates
and five fertilizer levels and to detect the
highest yielding and stable genotype
across 20 environments,

MATERIAL AND METHODS

Two field experiments were carried
out in 1998 and 1999 growing scasons. In
the first season, the trial was conducted at
Benha Agric. Res. Station, Kalubia Gov-
ernorate. In the second season, the trial
was conducted at Kotour,located at the
north of Gharbia Governorate to evaluate
the performance and stability of 11 soy-
bean genotypes under two sowing dates
and five fertilization levels in two sea-
sons. Prior to sowing, the physical and
chemical proprties of the soil of the two
experimental sites were analyzed me-
chanically and chemically. The charac-
teristics in both sites are presented in Ta-
ble (1). Preceding crop at Benha site was
clover, while it was cabbage at Kotour
site.

Table 1. Mechanical and chemical analysis of soil at Benha and Kotour sites at a depth

of 30 cm
Mechanical analysis
Site Season Coarse Fine Silt Clay Class
Sand % Sand % % %
Bertha 1998 5.88 12.26 22.98 58.88 Clay
Kotour 1999 5.36 15.41 24.83 54.40 Clay
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Chemical analysis
S pH EC Soluble cations Me/L Soluble anions Me/L
ite

25:% Ds/m ++Ca ~+tMg +Na +K -850, €1 -HCO,
Benha 8.3 1.1 4.0 0.8 6.5 0.2 2.3 4 5.2
Kotour 8.5 25 6.5 31 17.6 0.6 6.85 15 6.0

S Main clement ppm Micro elememnt ppm
ite
N P K Mn Zn Cu Fe

Benha 71 55 528 23 0.06 1.7 1.4
Kotour 37 8 232 2.0 0.06 13 0.92

The genetic matenials used in ¢ach season
consisted of 5 cultivars commercially
grown in Egypt, viz, Clark, Crawford,
Giza 82, Giza 21 and Giza 35 and 2 culti-
vars introduced from Minois, U.S.A,
namely; Holiday and DR 101. The mate-
rials confained also 4 lines, namely; L70,
129, H22 and MBB 80-133, the latter
was introduced from Illinois. The 11
genotypes were subjected to ten different
environments in each season as combina-
tion between two sowing dates (D) and
five fertilization levels (F). The two
sowing dates used were mid-Apnl (D1)
and mid-May (D2) in each season. Bi-
oloigcal feriilizer as inoculation with
Bradyrhizobium japonicum and mineral
nitrogen fertilizer were used as follows:

{1) FO: Unfertilized control

{2) F1; Inoculum only

{(3) F2: Inoc. + 15 Kg N/ fed.
(starter N) at 1* irrigation

(4) F3: Inoc. + 15 Kg N at 1% imga-
tion + 15Kg N at 2™ irrigation

(5) F4: Inoc.+ 15 Kg N at 1" irriga-
tion + 45 Kg N splitted into two
parts, each part was added at 2™
and 3™ ones.

Seeds were treated with inoculem in
the field directly before sowing asrec-
ommended and nitrogen was added as
ammonium nitrate 33.5%N.

Split plot design with four replications
for each sowing date was assumed. Fer-
tilization levels were allocated to main
plots and genotypes 10 the sub-plots. The
experimental plot consisted of one row,
4m in length and 60 cm apant. Plants
spaced 5 ¢m within the row and one plant
was lefi per hill.

Al harvest ten guarded individual
plants were randomly taken for recording
data on the following taits: 1- Number of
pads per plant. 2- Weight of seed vield per
plant (gm) and 3- 100-sced weight (gm).

Statistical analysis for split pilot de-
sign was scparately carried omt for cach
sowing date as well as combined analysis

Annals Agric. Sci. 47(2), 2002




624

over both sowing dates in each growing
season was performed according to Sne-
decor and Cochran (1981). L.S.D was
computed to compare differences among
means of sowing dates, fertilizer levels
and genotypes and their interactions at
5% level. Combined analysis of variance
was also made for stability analysis as-
suming 20 environments (2 sowing dates
x 5 fertitizer Ievels x 2 scasons). Homo-
geneity of variances for the two seasons
was tested using Bartlettes test for ho-
mogeneity of variance as outlined by
Steel and Torrie (1980) .

Kang and Magari (1995) procedure
that depended only on Shukla (1972) was
used to investigate the degree of stability
of higher performance via three statistics;
ie. 8%, o® and Yi that were confounded
into one measure called Ysi where:

Wafaa; El-Marakby; Abdel-Halim and Afaf

S%= Cultivars variance over environ-
ments before removing residual effects.

o°= Cultivars variance over environ-
ments after removing residual effects.

Ysi= Yield stability statistic for culti-
vars number [, the cultivars greater than
Ysi is characterized by stability of high
performance i.c. stable and high yielding.

RESULTS AND DISCUSSION
A- Performance of genotypes

Mean squares of analysis of variance
over the two sowing dates and five fer-
tilization levels in 1998 and 1999 seasons
for seed yicld, pod number per plant and
100-seed weight of 1l genotypes are
given in Table (2).

Table 2. Mean squares of combined analysis of variance aver 2 sowing dates (D) and
fertilization levels (F) in 1998 and 1999 for the studied characters of soybean

genotypes (G).

Sourceof g Seed yield / planit Pod mumber / plant 100-sccd werght
vanance 1998 1999 1998 1999 1998 1999
F 2 21900°%  239.17%% 3047.92%° 2990.10°* 6.32%% 22.64°*
Error 12 229 3.05 19.70 46.54 0374 136

G 10 1636.88%* 310.33** 9907.74** $29.30°*  78.158%* 122.51%*
FG 40  204ns  4.45%%  24147**  B0.6Y°*  6.69**  420%°
D 1 991* 11668%* 2848ns  9361.07** 15.05** 893.85**
D 4 398ns 9.25%*  405Ins  255.19%* 2.13**  8.46**
GD 10 74.39%%  3662** 1074.82%% 45947**  928**  10.88**
DFG 40 2.13ns  4.17**  15130%*  7847** 506  3.18**
Error 315 189 238 77 34.49 0.47 0.683

*** : Denote significant differences at 5% and 1% levels , respectively
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Examining this Table, it was found
that fertilization levels (F) mean squares
were highly significant in the two seasons
for the three traits studied Mean squares
of genotypes (G) were highly significant
for all traits in both seasons, suggesting
the presence of wide range of differences
between genotypes concerning all traits.
Mean squares of sowing dates (D) were
also significant for the 3 traits except pod
number in the first season. Most of the
first order interactions were significant.
Also, second order FxGxD interactions
were significant except for seed yield in
the first season.

A test of homogeneity of error vari-
ances was made using error mean squares
of the two seasons for the 3 traits, which
revealed that error mean squares are het-
erogeneous. In such case, combined
analysis over seasons is expected tobe
misleading. So the data of each season
should be discussed separately.

1. Seed yield per plant

Means of seed yield per plant (gm) as
affected by sowing dates, fertilization
levels and soybean genotypes and their
interactions for 1998 and 1999 growing
seasons are recorded in Table (3).

The analysis of variance of the first
season revealed that the effects of main
sources of variation; Le. sowing dates
(D), fertilizer levels (F) and genotypes
(G) on this trait were significant, whereas
all first and second order interactions
were insignificant, except DXG interac-
tion which was significant. On the other
hand, analysis of wariance of the second
season revealed that all effects of the
main sources; D, F and G and all ranks of
interactions were significant.

With regard to the effect of sowing dates
on seed yield per plant in 1998 season,
the mean seed yield obtained from mid-
April  and mid-May sowing dates
amounted to 30.6 and 30.3 gm respec-
tively, showing aslight increase in favor
of mid- Apri over mid- May but the
small difference reached the level of sig-
nificance. Im 1999 season, the mid- April
date also surpassed mid- May date, giving
mean values of 22.5 and 214 gm, re-
spectively.

Wide differences in sced yield / plant
between the eleven genotypes existed in
the combined analysis of the two sowing
dates as well as within cach sowing date
in both seasons. The combined analysis
of 1998 season indicated that L29 geno-
type followed by Crawford outyiclded the
other genotypes giving mean values of
39.7 and 37.6 gm, respectively. These
two genotypes showed the same superi-
ority and ranking in mid- April and mid-
May sowing dates. The combined analy-
sis also showed that Giza 21 and Giza 35
produced relatively high seed yields of
34.3 and 34.2 gm, respectively. On the
other hand, Holiday and MBB-80-133
produced the lowest seed yield/plant with
respective values of 19.7 and 20.8 gm as
displayed by the combined analysis.

In 1999 season 129 genotype proved
to be again the best yielder with mean
seed yields of 30.1, 253 and 27.7 in D1,
D2 and combined, respectively. DR101
which gave low yield in the first season
ranked second in the 1999 season with
mean values 0£25.0,23.2and 24.2 gm in
D1, D2 and combined, while MBB-80-
133 gave the lowest yield in the second
season with mean values of 155, 16.9
and 162 gm in D1, D2 and combined,
respectively,
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Table 3. Response of seed vield per plant (gm) of different sovbean genotypes (G) to
sowing dates (D) and fertilization levels (F) in 1998 and 1999.

1998 season

Genotype (G

pe () FO Fl F2 F3 F4 Mean

Mid-April (D1}
Clark 272 327 314 302 298 303
Crawford 35.1 39.8 383 382 37.1 377
Giza 82 296 339 333 313 317 31.9
Giza2l 324 37.0 364 353 348 352
Giza 35 29.7 349 337 318 323 325
L70 285 325 325 304 309 309
L29 37.1 425 40.8 39.5 403 40.0
MBB 80-133 21.0 257 256 243 21.1 23.5
H22 298 340 329 322 327 323
Holiday 17.5 19.8 19.2 186 18.7 18.7
DR 101 228 2351 251 236 227 238
Mean 28.2 325 31.7 30.5 30.2 30.6
Mid-May (D2)
Clark 304 350 347 334 3338 334
Crawford 332 39.7 392 3717 382 376
Giza 82 278 296 318 299 302 298
Giza2l 323 349 343 325 328 333
Giza 35 333 373 384 353 350 359
L70 289 31.5 303 297 30.1 30.1
L29 - 37.0 41.0 404 39.1 395 394
MBB 80-133 6.6 189 19.1 117 179 180
H22 26.1 309 312 309 294 297
Holiday 183 216 215 212 20.9 207
DR 101 224 26.6 276 258 262 257
Mean 27.8 3.6 31.7 303 30.3 303
Combined

Clark 238 338 33.1 318 318 318
Crawford 341 397 38.7 38.0 376 376
Giza 82 287 31.7 325 306 31.0 309
Giza2l 323 36.0 353 339 338 343
Giza 35 315 36.1 36.0 336 336 342
L70 287 32.0 314 300 305 305
L29 ) 37.0 41.7 40.4 393 399 397
MBB 80-133 188 223 223 210 19.5 208
H22 279 325 320 315 311 310
Holiday 179 20,7 203 199 198 19.7
DR 10t 226 238 26.3 247 244 248
Mean 28.0 32.0 31.7 303 30.3 305
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Table 3. Cont.
1999 season
Genotype (G) Fo F1 2 F3 F4 Mean
Mid-April (DV)
Clark 19.3 214 236 20.2 198 209
Crawford 19.0 235 24.0 204 21.0 216
Giza 82 19.9 216 235 20.5 212 213
Giza 21 218 247 26.7 244 22.8 24.1
Giza 35 19.0 230 256 21.5 19.1 21.6
L70 229 226 251 239 218 233
L29 26,7 30.0 341 298 297 301
MBB 80-133 13.9 14.5 19.0 15.0 15.0 5.5
H22 18.1 234 247 208 223 219
Holiday 19.2 20.2 247 21.9 232 21.8
DR 101 233 246 279 248 250 251
Mean 20.3 22.7 25.3 22.1 21.9 22.5
Mid-May (D2)
Clark 19.0 202 239 19.8 19.8 20.5
Crawford 218 225 248 - 223 25.6 234
Giza 82 17.8 185 205 19.9 19.6 19.2
Giza 21 19.5 219 237 209 204 213
Giza3s i8.4 18.7 21.9 21.5 210 203
L70 204 25 238 204 21.1 216
L29 230 26.7 212 26.1 23.6 253
MBB 80-133 154 174 186 17.7 156 169
H22 18.9 20.5 245 24.0 239 224
Holiday 183 198 24.6 21.9 218 213
DR 101 21.3 222 26.0 24.1 234 234
Mean 19.4 21.0 23.6 21.7 21.4 21.4
Combined

Clark 19.1 208 238 20.0 19.8 207
Crawford 204 23.0 244 214 233 225
GizaB2 188 200 220 20.2 20.0 20.3
Giza?2l 207 233 252 226 21.5 227
Giza3s 18.7 20.8 237 215 20.0 21.0
L70 21.6 22.5 24.4 222 215 224
L29 249 283 306 28.0 266 277
MBB 80-133 14.6 16.0 18.8 16.4 153 16.2
H22 18.5 220 24.6 224 231 221
Holiday 18.7 200 24.6 219 225 215
DR 101 223 234 268 24.4 24.2 242
Mean 19.8 21.8 245 21.9 21.7 21.9

* FO = Unferulized contral
F4 = [noc. + 60 kg Nited.

L3D 5% 1998
D

F 0.65
DF

G 087
DG

G NS
DFG

FI = Inocuiation

1559

092

103

230
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1958

044

IS

F2 =Inoc. + 15kg N/ fed

1999

07

035

190

F3 =Inoc + 30 kg N.fed

1998
0.26
0.45
NS
060
0.852
N5
NS

1999
019
057
0.64
Q68
G696
151
214
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Effect of fertilization levels on seed
yield / plant was clear in both seasons.
The combined analysis of D1 and D2 in
1998 scason revealed that the highest
sced vield / plant of 32.0 gm was pro-
duced from plants fertilized with Brady-
rhizobium only (F 1) without application
of any N fertilizer, whercas gradual re-
duction in seed yield was attained when
adding N with the rates of 15,30 and 60
Kg N/ fed. On the other hand, the unfer-
tilized control (Fo) which received nei-
ther rhizobium nor N fertilizer produced
the lowest sced yield / plant of 28.0 gm.
This trend was noticed in D1 and D2 As
for 28.0 gm. This trend was noticed in D1
and D2. As for the second season 1999,
the soybean genotypes showed different
response to fertilization treatments as
compared to the first season, The com-
bined analysis revealed that the highest
sced yield/plant of 24,5 gm was obtained
form plants fertilized with Bradyrhizo-
bium -+ starter N of 15 kg / fed (F 2 level),
while the lowest yicld of 19.8 gm was
obtained from the unfertilized control.
The same trend was observed in D1 and
D2. Observations were made on roots of
plants of different fertilization treatments
indicated that abundant numbers of nod-
ules were formed on the roots of plants
biofertilized with Bradyrhizobium and/
or plants inoculated and later received
mineral fertilizer of 13,30 or 60 kg N/fed,
while very few nodules were formed or
rarely found on the roots of the uninocu-
lated or unfertilized control which may
explain the lowest yield or the lowest
number of pods per plant produced from
the unfertilized control in both seaseons.

It is Known that soybeans like other
legume crops benefits from nitrogen fix-
ing sympiosis formed with Bradyrhizo-
bium  japonicum. Effective bacterial

strains that are capable of fixing large
quantities of atmospheric nitrogen poten-
tially can satisfy all of or a great part of
the nitrogen requircments of soybeans
and thus preclude the need for chemical
fertilizers. Unfortunately, the Egyptian
soils are devoid of this sort of bacterium
which nodulate soybeans. Thus, from the
result obtained herein it is important to
inoculate soybean with B. japonicum es-
pecially in old land having no history of
cultivating soybeans or in new land in-
tended for soybean production,

The data recorded in Table (3) also
indicated that the overall mean of the
eleven genotypes across sowing dates and
fertilization levels amounted to 30.5 gm
for the experiment grown in 1998 scason
at Benhaand 21.9 gm for the experiment
grown 1n 1999 at Kotour, giving a reduc-
tion of 28.2% in seed yield/plant at the
latter site. This reduction in yield may be
explained by the analysis of soil con-
ducted prior to sowing at the two sites
(Tablel) which indicated that the soil at
Benha is relatively fertile, being higher
in the major nutrient clements (NPK) and
micro elements (Mn, Zn, Cu and Fe). Ec
as anindication of salinity level was also
lower at Benha in addition to that the
preceding crop at Benha was clover while
it was cabbage at Kotour, This analysis of
soil may explain, in part, i addition to
weather seasonal fluctuations, the higher
yield in favor of Benha as compared to
Kotour. The higher N level at Benha site
may explain also why inoculation with
rhizobium was sufficient to produce
maximum yield at Benha and the need for
applying starter N of 15 Kg / fed. at
Kotour to maximize seed yield per plant.
However, applying excess nitrogen as
30,60 units or more seemed to be detri-
mental to the efficiency of rhizobium in
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fixing atmospheric nitrogen and hence
reduced yield as mentioned
earlier. :

The interactions D x G in 1998 sea-
son and D xF, Dx G, FGand D xFx G
in 1999 scason were significant, indicat-
ing that in the first season the line L29
gave the highest seed yield/plant (42.3
gm) at mid —April sowing date when fer-
tilized with B. japonicum only, while the
lowest yielding genotype was MBB 80 —
133 giving 16.6 gm at the late sowing
date of mid— May and at the unfertilized
control. Again in the second scason, the
line L 29 gave the maximum seed yield
(34.1 pm) when grown in mid- April and
fertilized with rhizobium +15kg N/
fed, meanwhile MBB-80- 133 pro-
duced the lowest seed yield (13.9 gm)
at mid —April with no fertilizers ap-
plied.

The higher seed yield per plant in this
study in favor of April than May sowing
dates was also reached by Hussein e af
(1978); Zeyada et al (1980) and El-
Attar (1993). Other investigators espe-
cially in foreign countries began sowing
soybeans mostly in May and found that
delaying sowing date than May caused
reduction in seed yield (Beaver and
Johnson, 1981 and Sarmah e&f al
(1984).

With regard to the effect of fertiliza-
tion, Starling et af (1998) reported that
application of starter N of about 15 to 20
kg/fed. along with inoculation produced
the highest sced yield which agree with
our second season results. Also, Papa-
kosta and Veresoglou (1989) reported
that cultivars generally performed better
when they were inoculated than when
received mineral N application only,
which  confimn our first season
data.

2. Number of pods per plant

The mean values of number of pods
per plant of eleven soybean genotypes as
affected by sowing date, fertilization lev-
els and their interactions in 1998 and
1999 season are presented in Table
{4). The combined analysis of the two
sowing dates in 1998 indicated that mean
number of pods of the late mid-May date,
amounted to 92.3 pods per plant which
was higher than the early mid-Aprit date
with a mean value of 91.8 pods but the
difference between the two dates was not
significant. In 1999 season, mid-May
sowing date surpassed appreciably and
significantly mid-April in pods/plant with
mean values of 72.0 and 62.7 pods, re-
spectively. -~ - _

With regard to genotype effects in
1998 seasonr, each of Crawford and L 29
showed higher number of pods/plant in
the combined analysis of 108.7 and
108.4, respectively, and both were con-
sistently high in D1 and D2, Giza 21
tended to produce high pods in D1 and
combined and Giza 35 in D2 and com-
bined analysis. On the other hand, the
determinate  genotypes Holiday and
DR101 as well as the indeterminate
genotype MBB 80-133 produced the low-
est pods /plant. In 1999 season, L70 and
L29 gave the best number of pods / plant
over D1, D2 and combined while Craw-
ford and  Clark gave high numbers only
in D2, On the other hand MBB 80-133
and DRI101 produced the lowest pods/
plant in the second season

Fertilization levels markedly affected
number of pods /plant in both seasons.
In 1998 season the data pointed cut that
the highest number of pods/ plant
was attained at the application of
Bradyrhizobium only (F1 level) and this

Annals Agric. Sci. 47(2), 2002
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Table 4, Response of number of pods per plant of different soybean genctypes (G} to
sowing dates (I) and fertilization levels (F) in 1998 and 1999. .

1998 season
Genotype (G) FO Fl F2 F3 F4 Mean
Mid-April (D1}
Clark 748 93.1 914 93.6 853 876
Crawford 89.3 109.7 1164 1054 100.3 1043
Giza 82 817 954 102.1 949 87.5 923
Giza2) 963 ) 117.5 107.3 1176 103.1 1084
Giza 35 30.6 104 .4 1003 975 90.1 946
L70 822 941 08..7 107.8 106.7 979
L29 110.7 131.5 101.8 108.4 108.3 112.2
MBB 80-133 658 8435 100.0 83.7 86.0 840
H22 a1.5 104.9 108.3 1056 993 101.9
Holiday 578 66.5 62.6 574 59.7 60.8
DR 101 655 62.9 64.8 60.9 722 65.3
Mean 81.5 96.8 958 93.9 90.8 91.8
Mid-May (D2)
Clark 78.7 1138 115.7 116.6 101.4 105.3
Crawford 107.2 121.5 106.6 1145 1159 113.1
Giza 82 837 91.0 97 81 933 94 4 920
Giza 21 87.6 108.8 93.0 914 104.0 96.9
Giza 35 92.0 1176 120.1 105.7 100.3 107.1
L 70 101.2 1094 58.1 39.1 998 5995
L29 101.5 1179 1046 104.3 : 95.1 104.7
MBBE 80-133 622 609 89.6 7ns 70.2 70.9
H22 848 91.8 96.9 92.8 86.6 90.6
Haliday 553 698 728 723 64.0 66.8
DR 101 66.0 73.1 700 66.1 64.1 67.9
Mean 83.7 97.8 96.8 92.5 20.6 92.3
Combined

Clark 76.8 103.5 103.6 105.1 933 96.5
Crawford 983 115.6 I11.5 1099 108.1 108.7
Giza 82 827 932 100.0 94,1 90.9 92.2
Giza2l 920 1132 100.2 104.5 103.6 102.7
Giza3s 86.3 i11.0 110.2 101.6 952 100.8
L70 91.7 101.7 98.4 98.5 103.2 98.7
L29 106.1 124.7 103.2 106.3 i01.8 108 .4
MBB 80-133 64.0 727 94 8 77.6 78.1 774
H22 88.1 983 102.6 962 93.0 96.2
Holiday 56.5 68.1 67.7 649 618 63.8
DR 101 65.8 68.0 67.4 63.5 68.2 66.6
Mean 826 97.3 96.3 93.2 90.7 92.0
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Table 4. Cont.
1999 season

Genotype (G} Fo Fl F2 F3 F4 Mean
Mid-April (D1)
Clark 61.1 59.8 65.6 59.2 51.8 59.5
Crawford 55.5 61.2 66.4 64.2 58.2 61.1
Giza 82 63.0 63.9 68.7 579 569 62.1
Giza2l 60.5 56.9 68.4 57.0 57.5 60.0
Giza 35 52.7 57.3 74.6 61.0 51.0 593
L70 70.6 68.0 31.8 735 619 71.2
L29 69.9 7i.4 83.9 73.9 72.4 74.2
MEB 20-133 483 479 65.5 51.9 49.8 52.7
H22 558 64.9 723 58.0 66.3 63.5
Holiday 57.5 56.3 76.0 62.4 62.6 63.0
DR 101 65.4 64.8 67.5 619 582 63.6
Mean 60.0 61.% 71.8 61.9 58.8 62.7
Mid-May (D2)
Clark 73.2 T6.9 91.5 75.0 732 77.9
Crawford 69.0 708 888 76.4 853 78.0
Giza 82 62.5 66.2 812 67.6 70.7 69.6
Giza2l 63.2 54.1 83.7 63.8 67.1 67.4
Giza 35 58.2 61.5 777 61.0 736 66.4
L70 72.0 85.1 82.9 783 75.1 78.7
L29 67.5 74.1 94.3 736 63.5 74.6
MBB 80-133 62.8 61.8 79.0 815 70.2 71.1
H22 68.0 648 88.0 769 78.5 753
Hoiiday 60.5 70.1 77.1 759 729 713
DR 101 56.9 583 65.6 64.8 61.1 61.3
Mean 64.9 67.6 82.7 72.7 71.9 7.0
Combined

Clark 67.1 68.4 78.5 67.1 62.5 68.7
Crawford 622 66.0 716 703 71.7 69.6
Giza82 627 65.1 74.9 62.8 63.8 65.9
Giza2l 61.9 555 76.0 629 623 63.7
Giza 35 55.5 59.4 76.1 61.0 623 62.8
L70 713 76.6 82.3 75.9 68.5 749
L29 683 728 : 851 73.7 68.0 744
MBB 80-133 555 54.9 723 66.7 60.0 61.9
H22 619 64.9 80.2 67.5 724 69.4
Holiday 59.0 63.2 76.6 69.2 677 671
DR 101 61.1 61.6 66.5 63.3 59.6 62.4
Mean 62.4 64.4 77.3 67.3 63.4 67.4
* FQ = Unfertilized control F1 = [naculation F2=Inoc. + 15kg N/ fed

F3 =Inoc. + 30 kg N/fed.
F4 = Inoc. + 60 kg Nifed.

L5D 5% 1998 1999 1998 1999 1998 1999
D NS 110
F 237 14 L73 279 15 223
DF NS 2.45
G 3.09 358 3.06 367 247 2.57
G 3.49 3.64
FG 8.69 8.01 6.84 8.18 199 557
DFG 781 813
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trend was true in mid-Aprl (D1), mid-
May (D2) dates and their combined with
mean values of 96.8, 97.8 and 97.3 pods /
plant, respectively. On the other hand, the
unfertilized control (FU) gave the least
numbers of pods in D1, D2 and combined
with respective values of 81.5, 83.7 and
82.6 .pods per plant. The F2, F3 and F4
levels which contained 15,30 and 60 kg
N / fed in addition to inoculation with
Bradyrhizobium produced lower numbers
of pods as compared to the F1 treatment
(Inoculation only). Data of the effect of
fertilization levels in 1999 season showed
a different trend to that of 1998 season,
since the highest numbers of pods/plant
were aitained at the F2 level, i.e., inocu-
lation with rhizobium in addition to ap-
plying 15 kg N /fed. (Starter N) giving
mean numbers of 71.8,82.7and 77.3 in
D1, D2 and combined, respectively.

All first order interactions were sig-
nificant in 1998 season, except D xF.
The second D x F x G was significant
~ indicating that the highest number of
pods per plant of 131.5 pods was ob-
tained in mid-Apiil date for 1.29 genotype
when only inoculated with rhizobium
(F1), while in 1999 season the same L29
genotype produced the highest number of
943 pods in mid-May when received
starter N in addition to rhizobium (F2
level).

The inrcrease of pods/plant in favor of
late sowing in mid-May was also found
by Eid ef al (1979) and EI-Karamity
(1996) who found that some genotypes
gave higher pods in first April while other
- gave higher pods in first May dates. On
the contrary, Zeyada et af (1980) and El-
Attar (1993) reported that delaying
sowing date decreased number of pods
per plant.

With regard to the effect of fertiliza-
tion, Mohamed (2000) obtained signifi-
cant increase in pod number per plant of
the inoculated seeds of cv. Giza 21 by
adding starter N of 15 kg/fed. ascom-
pared to zecro N level which agree with
the data of the second season of this
study.

3. 100-sced weight

Analysis of variance for 1998 season
(Table, 5) indicates that 100-seed weight
was significantly affected by sowing date,
fertilization levels and genotypes and
their interactions, except F levels in mid-
April. In the second season 1999 the three
main sources, D, F and G and all ranks of
interactions were significant,

In both scasons, the early dates of
mid-April produced heavier seeds than
mid-May dates especially in the second
season. Mean values in 1998 season were
16.9 and 16.5 gm for D1 and D2, respec-
tively while the mean values in 1999 sea-
son were 17.7 and 15.1 gm in the same
order.

With regard to the effect of geno-
types, the data of the combined analysis
of the two sowing dates in 1998 season
indicated that the determinate genotype
DR101 followed by L29 genotype gave
the heaviest seed weight with 100-seed
weight of 18.6 and 18.5 gm, respectively,
while the lightest seeds were obtained
from MBB-80-133 with a mean value of
13.5 gm. These three mentioned geno-
types proved to be consistent in D1 and
D2, while some genotypes like Crawford
and Giza 21 showed inconsistency being
heavy in onme date and moderate in the
other exhibiting G x D interaction. In
1999 season, the same trend was
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Table 5. Response of 100 sced weight (gm) of different soybean genotypes (G) to
sowing dates (D) and fertilization levels (F) in 1998 and 1999.

1998 season
Genotype (G) FO F1 F2 F3 F4 Mean
Mid-April (D1)
Clark 18.2 17.6 174 16.0 17.5 17.3
Crawford 19.6 i8.1 16.5 18.2 18.5 18.2
Giza82 18.1 17.8 16.3 16.5 18.2 174
Giza2l 16.8 15.7 17.0 15.0 169 16.3
Giza 33 18.4 16.7 16.8 163 179 17.2
L 70 17.0 173 16.5 14.1 18.9 16.8
1.29 16.8 16.2 20.0 18.3 18.6 18.0
MBB 80-133 15.9 152 12.8 14.5 123 14.1
H22 16.3 16.3 152 15.3 164 159
Holiday 15.1 16.1 153 16.2 15.6 15.7
DR 101 17.6 20.0 19.4 194 15.7 184
Mean 173 17.0 16.7 16.3 17.0 16.9
Mid-May (D2)
Clark 193 154 15.0 143 16.7 16.1
Crawford 16.6 16.4 18.4 16.5 16.5 169
Giza 82 163 16.1 16.2 16.0 160 16.1
Giza2l 184 16.1 184 17.8 158 17.3
Giza3s 18.2 15.9 16.0 16.5 i7.5 16.8
L70 143 151 15.5 16.6 15.1 15.3
L29 18.3 174 19.4 18.8 20.8 189
MBB 80-133 134 15.5 10.7 12.4 12.7 12.9
H22 15.4 169 16.1 16.7 17.0 16.4
Holiday 16.6 15.5 148 14.7 164 15.6
DR 101 169 182 19.1 19.5 20.5 18.8
Mean 16.7 16.2 163 163 168 16.5
Combined
Clark 18.7 16.5 16.2 15.2 17.1 16.7
Crawford 18.1 17.2 17.5 173 17.5 17.5
Giza 82 17.2 169 16.3 16.3 17.1 16.9
Giza 2t 176 159 17.7 16.4 16.3 16.8
Giza 33 183 163 16.4 16.4 17.7 17.0
L70 15.6 16.2 16.0 154 17.0 16.0
L29 17.5 168 19.8 18.5 19.7 18.3
MBB 80-133 14.6 153 11.7 134 12.5 13.5
H22 159 16.6 15.7 16.0 16.7 16.2
Holiday 159 158 15.0 i5.5 16.0 15.6
DR 101 17.3 19.1 19.2 19.5 18.1 18.6
Mean 17.0 16.6 16.5 16.3 16.9 16.7
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Table 5. Cont.
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1999 season

Genotype {G) Fo Fl F2 F3 F4 Mean
Mid-April (D1}
Clark 15.9 179 18.1 17.2 19.2 17.7
Crawford 16.7 19.2 183 18.7 18.0 18.2
Giza 82 158 16.8 17.0 17.7 18.7 17.2
Giza2l 18.1 218 19.6 214 199 202
Giza 35 18.1 20.0 174 i76 182 18.2
L70 16.2 16.7 153 16.3 17.6 16.4
L29 193 21.0 204 204 203 20.3
MBB 80-133 144 152 14.5 14.5 150 147
H22 16.2 17.8 17.1 18.0 16.9 17.2
Holiday 167 130 16.2 17.5 185 174
DR 101 17.8 19.0 206 20.1 20.7 19.6
Mean 16.8 182 17.7 181 185 17.7
Mid-May (D2)
Clark 13.0 13.2 13.1 13.2 13.5 13.2
Crawford 158 159 140 147 15.1 15.1
Giza 82 135 14.0 126 14.9 14.0 13.8
Giza2l 154 202 14.2 15.2 153 16.1
Giza 35 15.8 152 14.1 17.6 142 154
L70 14.2 13.3 144 13.2 14.1 13.8
L 29 17.1 180 144 184 186 173
MBB 80-133 123 14.1 11.8 10.9 11.2 12.0
H22 14.0 i5.8 140 156 154 15.0
Holiday 15.1 14.2 15.9 14.5 150 14.9
DR 101 18.7 19.1 19.9 19.1 19.2 19.2
Mean 15.0 157 144 15.2 15.0 15.1
Combined

Clark 14.5 156 156 15.2 16.4 154
Crawford 163 176 16.1 16.7 16.5 16.6
Giza 82 147 154 14.8 16.3 16.3 15.5
Giza 21 167 210 169 183 176 181
Giza 35 17.0 17.6 158 17.6 16.2 16.8
L70 151 15.0 14.9 14.7 158 15.1
L 29 18.2 19.5 174 19.4 19.5 188
MBB 80-133 133 4.6 13.1 127 13.1 13.4
H22 15.1 169 15.5 16.8 16.1 16.1
Holiday 159 16.1 16.1 16.0 16.7 16.2
DR 101 183 19.1 20.2 19.6 20.0 19.4
Mean 15.9 17.2 16.0 16.7 16.3 16.4

* Fo = Unferulized control

F4 = Incc. + 60 kg MNifed.

LSD 5% 1993
D

F NS
DF

G 043
DG

FG 0.96
DFG

1999

043

050

L1l
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E3 = Inoc. + 30 kg N fed.

1998

0.25

044

086

Fi = Inoculation

1999

037

053

119

1998
013
0.02
0.13
0lsg

GIg
043

F2=Inoc +15kg N/ fed

1959
015
038
035
038
031
043l
115
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observed since the combined analysis
indicated that DR10} followed by L29
gave the heaviest seedsof 19.4 and 18.8
gm, respectively, whereas MBB-80-133
gave the lightest seeds of 13.4 showing
consistent permanence in D1 and D2 and
stability in both seasons.

The differences in 100-sced weight
due to fertilization treatments were small
but significant in both seasons, except in
the case of DI in 1998 season which was
not significant.

All the first order interactions in the
two seasons were significant as well as
the second order interactions DxFx G
indicating that in the first season the 129
genotype produced the heaviest 100-seed
weight of 20.8 gm in D2 and under F5
level, and 21.8 gm for Giza 21 in D1 and
under F1 level in the second season.

Previous studies on the effect of date
of sowing on 100-seed weight reported
by Hussein et ol (1978) and Eid ef al

635

(1979), have shown that April sowing
gave heavier sced weight than other
dates, which agree with the present re-
sults, while El-Attar (1993) found that
100-sced weight was not significantly
affected by sowing date.

With regard to the effect of fertiliza-
tion, inoculation was reported to be im-
portant by Saad et al (1980) who found
that seed index increased by increasing N
level up to 60 kg / fed. but N had no sig-
nificant ¢ffect on seed index when it is
combined with rhizobia.

B. Stability analysis

Stability analysis of variance for seed
yield, 100-seed weight and pod number
per plant was made according to Kang
and Magarn (1995) who upgraded the
procedure of Shukla (1972). The results
are given in Table (6).

Table 6. Stability analysis of variance for yield and its components according to Kang

and Magari,
Mean of squares

Source DF Seed yield Pod number 100-seed weight
Total 219
Genotypes 10 1373.63 ** 676680 ** 18552 **
Environments 19 950.41 ** 8864.02 *=* 5592 **
Interaction 190 3861 ** 40593 ** 585 *x
Heterogeneity 10 522.17 ** 374958 ** 14.89 **
Residnal 180 11.74 ** 22017 *=* 535 #*
Pooled error 600 2.16 33.09 1.64

* and ** : Significant at .05 and .01 levels, respectively
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Examining this Table. it was found
that all variance sources are highly sig-
nificant, it implies that genotypes, envi-
ronments and genotype X environment
interactions are highly significant, It
means that genotypes are genetically
different with variable performance from
environment to another. Residual and
pooled error was significantly different.

" So, conclusions will be made using both
SOUICES.

Necessary statistics for evaluating
cultivars according to Kang and Magari
(1995) for seed yield, pod number per
plant and 100-seed weight are givenin
Table (7).

This Table includes means, stability
variance, 8. squares, ecovalence and Ysi.
It should be noted here that, the main
statistic 15 Ysi that expresses stability of
high performance and ranks of Ysiare
given as positive and negative values,
however, it is preferable to express Ysi as
positive ranks. These positive ranks are
given in Table (8) on pooled error (P)
basis as well as on residunal basis (R).

Cultivars with the ranks 1, 2 and 3 are

categorized as good stable, whereas those
with ranks 9, 10 and 11 are considered
weak stable cvs. Theranks 4, 5,6, 7 and
8 denote medium stability. Inspecting the
ranks in Table (8} it is obvious, inthe
casc of seed yield per plant, that the two
lines L70 and L29 and cv. Crawford arc
good stable since they occupied the ranks

Wafaa; El-Marakby; Abdel-Halim and Afaf

1, 2 and 3, respectively, while DRI10I,
Holiday and MBB 80-133 with respec-
tive ranks 9, 10 and 11 are weak stable.
The other genotypes cccupied the me-
dium stable category. With regard to pod
nwnber / plant, some changes in ranking
existed where L29 ranked first, Crawford
second and L70 ranked third. 100-sced
weight showed additional changes in
ranking but with L29 being the first It
could be concluded that L70, L29 and
Crawford are the best stable but among
the three genotypes L29 is considered
to be the most important from the
breeding standpoint, since it is good
sta