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ABSTRACT

The combined analysis of variance over the Upper and Lower Egypt
locations indicates significant differences between locations for all the studied
traits. Highly significant differences among the effect of genotype x location
interaction were detected for all studied traits except pod length. It would be
necessary to test genotypes in more than one environment with great emphasis on
location testing in the general breeding program to select the best genotype
suitable for particular environment. There is an urgent demand for breeding of
new genotypes with higher yield of better quality under the Upper Egypt
conditions. Victory Freezer and Master B cvs. could be used directly or through
breeding program in improving pea productivity under the investigation regions.,
The maximum significant heterosis in desirable direction was recorded for fresh
pod yield/fedd followed by earliness in El-Gharbia (Lower Egypt) location and
both fresh pod yield/fedd. and number of seeds/pod in Upper Egypt. Different
types of dominance were exhibited in both locations for all traits except plant
height, pod length and number of pods/plant, which exhibited partial dominance
in all crosses of both locations. The predominance of additive and additive x
additive types of gene action were not influenced by environmental changes and
intra population selection would only be effective for improving the earliness.
However, the improvement in either plant height or number of pods/plant in El-
Gharbia location may be achieved by delaying the selection to later generation
when dominance gene actions disappear and the additive gene accumulation
increase through recurrent selection.

INTRODUCTION

Pea (Pisum sativum L.) is considered on¢ of the most important crops for
both local consumption and exportation. Many efforts are devoted nowadays to
increase its productivity through genetical improvement. The improvement of pea
yield depends upon a better understanding of the type of gene action controlling
yicld and its attributed components. Since the breeder practices selection in one
environment and his selections are grown commercially in other ones, evaluation
of breeding materials under different environments is necessary. Under the
conditions of investigation regions, previous studies were directed mainly to
either evaluating limited number of selected cultivars in different environments or
studying the type and extent of gene action controlling certain traits (Shalaby,
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1974; Zayed, 1988 & 1998; Zayed and Faris, 1998; Abdou ef al., 1999akb;
Zayed et al., 1999; Ibrahim, 2002; Mahmoud, 2004). The aims of the present
study are to determine the response of some parental and F1 populations of pea to
locality changes as well as the effects of genotype x environment interaction.
Among the objectives, also was to study the type of gene action controlling yield
and its contributing characters in Fland F2 populations, and consequently identify
the most efficient breeding procedure leading to maximum genetic improvement
for these quantitative characters under both Upper Egypt and Delta (Lower

Egypt) regions
MATERIALS AND METHODS

Two field trials were carried out at two different locations which differ
in soils and climatic factors i.e, private farm (new reclaimed soil, Qeft, Qena
governorate) in Upper Egypt region and farm of El-Gemmeza Research Station,
(clay soil, Gharbia governorate) in Delta region during the seasons of 1999/ 2000,
2000/2001 and 2002/2003. Three cultivars of pea (Pisum sativum L.) namely
Lincoln, Victory Freezer and Master B were used. The three parents were crossed
on 1999/2000 and 2000/2001 seasons to produce seeds of the following 4 F’s
with at least 120 seed were obtained per F) hybrid:

Cross 1-Lincoln (P1) x Master B (P3)
Cross 2-Master B (P3) x Lincoln (P1)
Cross 3-Master B (P3) x Victory Freezer (P2)
Cross 4-Victory Freezer (P2) x Master B (P3)

Next season (2001/2002), F1 plants were grown to produce F2
populations’ seeds. Additional F1 hybrids were, also, obtained during that season
(2001/2002) by sowing the parents and crossing took place by hand pollination.
In the winter season of 2002/2003 (3rd week of October) seeds of parents, F1
hybrids and F2 populations were planted at both location [Qena (L1) and Gharbia
(L2) governorates] in a randomized complete block design with three replications
to evaluate these populations. Each of the parents and F1 hybrids were
represented by a single row, while the F2 population was represented by 6 rows
per plot. The row was 70 cm. wide and 5 meters long (about 20 plants/row). All
cultural practices were applied according to the recommendations of Ministry of
Agriculture. The individual plants of the investigated populations were screened
for the following traits: plant height, flowering date, both fresh pod length {cm)
and width (mm), number of both seeds/pod and pods/plant as well as fresh pod
yield (ton/feddan).

Statistical analysis:

The data of parental and F1 genotypes were subjected to statistical analysis
for each location separately according to Steel and Torrie (1980) and combined over
both locations in order to study the locality effect and the relative magnitude of
genotype x location interaction. The combined analysis of variance was calculated as
outlined by Little and Hills (1975). Estimates of variance components, both
phenotypic (PCV) and genotypic (GCV) coefficients of vanability and heritability
percentage were obtained from the mean squares of the combined analysis of variance
according to the methods described by Burton (1952).
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Estimates of the arithmetic and geometric gene action were calculated
according to Powers and Lyon (1941). Relative potence of gene set was used to
determine the direction of dominance according to Mather and Jinks (1971).

RESULTS AND DISCUSSION

The studied genotypes exhibited significant variability in all characters
examined at both locations of study. Comparison of L1 and L2 locations,
indicated the superiority of L, over L, in most of genotypes for all studied traits.

Locality effect:

The combined analysis of variance over the two locations indicates
significant or highly significant differences between locations for all the studied
characters (Table 1). It is interested to note that, some genotypes behaved
constantly at both locations, i.e., P3 with most traits, cross 1 and cross 2 in
number of seeds/pod (Table 3). Some genotypes fluctuated from one location to
another with certain traits, i.e., mean of days to flowering for P2 was 54.6 days in
the first location while it was 49.2 days in the second one, in spite of having the
same rank. Also, number of sceds/pod for the same parent was 4.6 in the first
location and 7.3 seeds in the second. and nost of genotypes fluctuated in number
of pods/plant from location to another. Highly significant differences among the
effect of genotype x location interaction were detected for all studied traits except
for pod length, reflecting the drastic effect of varying environments among
locations besides the differential response of genotypes in these environments.
However, the insignificant effect of G x L interaction for pod length makes it is
possible to improve this trait through selection in both locations. Furthermore,
location had the major effect on the relative genotypic potential of these traits, in
which the genotype x location interaction was highly significant, these results
indicate the importance of testing genotypes in more than one environment, i.e.,
year, location, with great emphasis on location testing to select the best genotype
suitable for particular environment.

The best genotype which ranked the first in most vegetative and pod
traits was genotype P3, in both locations followed by cross 3 in plant height and
both length and width of pod in locality 1 while the cross 1 in the earliness and
both length and width of pod in locality | and 2, respectively. Also, P2 and the
cross 4 and cross 3 produced the heaviest yield in both locations, while cross 2
and P3 in jocality 1 and 2, respectively. Chetia and Yadav 2003 reached similar
results, and reported significant differcnces for all studied characters among the
different pea genotypes, while the genotype x environment interaction was
present for most traits. Abdou et al., 1999 and Mahanta ef al., 2002 showed low
environmental influgnce on the most of the studied pea traits .

Genetical effect:

The pertinent variance components in addition to genotypic (GCV) and
phenotypic (PCV) coefficients of variability are presented in Table 2. Genelic
variances (0° g) were Jarge in magnitude compared to error one (o° €) in ail
studied traits, reflecting the genetic differences among genotypes. These results
indicated that substantial amounts of genetic variance were detected for all
characters. Moreover, it is obvious that 62 g was large or comparable in
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magnitude compared to o’ g x | in all characters, representing the importance of
genotypic variance in evaluation pea performance. Estimates of the phenotypic
and genotypic coefficients of variability were determined with slight differences
between them for all characters referring to highly genotypic variances and
resulted in high or moderate estimates of broadsense heritabilities which, in turn,
suggesting that phenotypic selection could be efficient. In this regard, Zayed et
al., 1999 found that the genetic variances (a° g) were large in magnitude
compared to error one (s’¢) for most studied characters at both years reporting
that substantial amounts of genetic variance were obtained for most characters in
some environments. Ibrahim, 2002 and Sharma et al, 2003 found that all
characters, i.e., yield per plant, plant height, seeds/pod, pods/plant, flowering date
and pod length exhibited significant variability, and the values of heritability,
genetic advance and GCV for both pods/plant and yield/plant indicated that
selection would be effective for further improvement, Our results were in
accordance with these results of both authors. On the basis of the preceding
results and discussion, there is an urgent demand for breeding of new genotypes
with higher yields of better quality under the conditions of Upper Egypt and
Delta, Finally, both parents 2 and 3 could be used directly or through breeding
program in pea productivity under the investigation regions.

Mode of inheritance:

The range of the mid-parent heterosis and number of superior crosses
showing significant desirable heterosis for each studied traits were examined and
the results indicated that the expression of heterosis varied with crosses and
characters investigated.

Table (1): Mean square values for Combined analysis of variance for studied
traits in different genotypes cpuants and f1's over two locations
plant | Flowering| Pod | Pod Ne. Na. \
5.0V |df height date | length | width i pods Yield
40697 | 14776 | 4301 [ 2746 | 6.088 | 20183 [ 10.894
0.052 { 01223 | 0247 | 0,037 | 00101 | 0060 | 0008

Location (I} | 1
Error () | 4 - .. . a - ..
Genotype(G)! 6 | 38521 [412.309" {74197} 3.367 | 6.589" | 20868 | 1.793
GiL 6 | 13.0617 | 1056997 | 0.1562 | 0.7487 | 2.473 | 280487 | 0.602
Evvor (B) | 24 | 0143 | 02197 | 0.108 | 0.026 | 0.0052 | 0.1802 | 0.0033

. Significant at 0.05 and 0.01 % probability levels, respectively.

[

Table (2): Pertinent variance components, genotypic (GCV) and phenotypic
(PCY) coefficients of variability and heritability % from combined
analysis of variance for studied traits over two locations,

plant | Floweri| Pod Pod No. | No.

Parameter height | ng date | length | width | seeds | pods | Y9

Genotypicvmianoeo:F 62024 51102 | 1211 | 0437 | 0686 | 30.106 | 0.198

p

Phenotypic variance 64202 | 68718 { 1237 | 0561 | 1.098 | 34781 | 0.299
Error variance o’ e 0.143 | 02197 | 0.108 | 0026 | 0.005 | 0.180 | 0.003
Locality variance o’ | 1316 | 65330 | 0197 | 0095 | 0172 | 8275 | 04%0
Interaction 6 g x 1 4306 | 3516 | 0016 | 0241 | 0.823 | 9289 | 0.200

Phenotypic C. VarisbPCV | 12235 | 18481 | 12381 | 5581 {14184 | 24379 | 14531
Genotypic C. Variab. GCV | 12026 | 15937 | 12250 | 4922 | 11211 | 22682 | 11.840
Broad S heritability * | 96.6% | 744% | 979% | 778% | 62.5% | 866% | 664%
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Table (3): Mean performance of parental, F1 and F2 pea populations for growth
and quality characters in both L1 and L2 localities of study.
Treit Plant | Flowering | Pod Pod | No seeds’'| No. pods/ Yeid
dawe width | plan | Plant

Genotype
112 M1 )12 | LS (12|01 |2 [ LA (B2 |01 |12 |00 |12
Parent 1 783174815941554 (72518.16]|119[130[47 |71 |258{27 [3.15{345
Parent 2 03|76(5461492(7.161725{131{138146 {73 [351/366]3.771435
Pateat) 493(516]/308/308]102)1061154]145] 89 | 82 [178]181] 24 {400

Croml [6381668[5251360]/89619.94]128]140] 781 7.7 [186{222[309{3.77
Crons?  [6511663]53.9{33.7(8.09[9.78{128{135{ 79 {78 [1881220]2.18)369
Crom3 [618{684[528(33319.10]9671133]136) 76| 81 7189[200}13.56]529
Cromd  [630]647]526]M0]8.97[976[131[13.5] 7.5 | 82 [190(299[3.62[534

¥, Population
Croes 1 | Mena [ 7385551 600145.0]631[857] 124 1321435 | S&[29.7[ 3891 3371444
450(355(404|340[4.1015.70]121]1L0] 20 1430]210] 170]2.10]2.99
Ree l51.0] 75 | 00]600/820]120{ 128} 180} 70 [8.90[488[34.0[420]5.94
Mesm | 68.3166.7] 609 44,5 5.90|9.54| 12.3] 11.6] 44 | 785]28.7(23.9] 342]4.41
Crem 120(420380]280{390({730]12.1] 90 | 30 [470[21.0] 17.0]2.80]2.90
Remg | 20.0{59.0{700[60.0/7.90] 11.0} 12.8} 16,0 6.0 |9.50] 470 30.0| 4.40] 6.64
Wioam | 65.463.1]61.142.815.75] 983 | 124142495 |804|22.5|27.7| 368] 4.5
Crosd 3001420]3901250]4.90] 70 |119]11.9] 30 [622[150(17013.10{3.11
Reeg | 23.0(800| 72.0(75016.50{11.7] 128]155] 8.0 |9.70/280! 38.0]4.30) 5.99
Moo [ 6471614 160.1]43.2]6.23] 7.86] 125|130} 46 | 776]25.7] 33.3| 1.98|4.48
Crom 4 31.0]500]310280]540[4.50]114] 85 | 30 |6.00]210|300]340]3.00
Rwe | 280|770{700] 57.0]6.80] 11.5] 12.9{15.1] 60 [9.50{34.0[49.0{4.30]{6.00

When the observed F1 mean for plant height of all crosses was
compared with that of the two parents, there was a partial dominance towards the
longest parent in both locations except cross 1 in Upper Egypt locality (L1) which
lay berween both parents. This would indicate. also. a positive heterosis of longest
plant over the shontest one (Table 4) This was confirmed by potence ratio.
indicating partial of dominance. A great variation was manifested in F2.
indicating the existence of genetic and environmental variations affecting this
trait. Highly significant heterosis for flowering date ranged from —14.9 % (cross 4
in L2) to 23.7 %f{cross 3 in L1) for F1 hybrids over mid-parent was found.
Desirable negative MP heterosis was observed in all crosses of locality 2. but
non-of the crosses showed negative one in the locality 1 for this trait.

Regarding pod length, the magnitude of significant positive heterosis
was up to 4.8 % in locality 1(Upper Egypt) and 9.7 % in locality 2 (Delta). Out of
4 crosses, cross 3 and cross 4 in both locations as well as cross 1 and cross 2 in
locality 2, showed significant positive heterosis for this trait. The heterotic
expression for pod width varied with extreme values ranging from -80%10 17
% for both locations (Table 4)

Only one cross recorded significant positive MP heterosis in locality 2
All crosses of the first location and the remainder crosses of the second one
showed significant negative MP heterosis The important direction of heterosis
for this trait either 1n positive or negative depends on the breeder’s paint of view
in respect to produce short or tall pods.
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Tabie (4): Expected means of F1 and F2 populations and quantitative genetic
parameters obtained for all studied traits.

Arithmetic Geometric mean Potence

o 7 ] 7 Heterosis ratio
L1[L2/L1[L2/L1fL2{L1fL2) Lt |L2 | L1]L2
638 [633 {638 (650 [621[622 (629 {644 (004 ]553 {000 [030
638 |633 |644 648 [621]622 |636 642 |208 (4747 (009 (026
598 1622 |608 |653 [58.91613 603 |64.7 |337 |9.97 |0.19 |0.59
598 (622 {614 [63.5 [58.9|61.3 [60.9 1630 [5387 [4.12” |031 |025
4508 |4309 [4879 1395 [428(413 [474 [386 [165 |-164 {050 |-060
4508 {4300 {4899 {384 {4281413 1476 1373 {1747 2177 050 {-080
4268 | 1999 | 4774 | 367 |41.0|389 [460 [360 [23.7™ |-166" {090 |-0.70
4268 3999 4764 | 370 1410389 [364 [364 |2337 [-1497 {080 |-0.60
873 [936 |B.84 |964 |8601028 |&78 960 {27 |63 [020 [0.50
873 |93 |8.86 1957 |8.60(928 {879 953 [30 |45  |020 |o40
868 (390 |389 {929 (855|875 |88 [920 |48™ |87 |03¢ |050
868 (890 |8.83 |9.39 {855{875 [876 |924 |33° [97 |020 |050
136 138 [132 1139 135137 {131 139 |64 117 |-049 7028
136 138 [132 {136 |135]|137 (132 [136 | 60" |2 047 1039
142 |14.1 |137 139 j142)140 |13.7 |139 {67 |-38
142 (141 [137 |138 |142(14.1 [136 {138 |80 |56~ |-1.00 {-1.80
678 | 764 [629 {768 [643|761 [609 [T76 (151 |12 [048 [0.16
678 1764 1736 |771 1643761 715 |70 {1727 | 19" {054 |036
677|775 (718 1794 |643 (774 (598 [793 1217 1497 |039 (08}
6.77 1775 [1.15 [997 {64317 74 1696 1796 11127 |57 {036 |09
21.8 [22.5 [202 T224 [214[22.1 Teso (2210 |-147 [-1.62 |-0.80 [-008
218 |225 (203 {223 |2144221 (2000 (2200 |-1387 |25 075|013
264 {274 (.7 (282 (250257 |2170 [2730 (2857 |59  .[-0.87 |0.18
264 |274 |27 {286 1250[25.7 |2180 (270 )-2827 (93 (086|028
277 (373 (293 (375 [275{3 72 [291 [3% [t1s [11 [085 [015
277 1373 (293 671 |27503.72 (296 {370 | 147 [-10 |109 [D.14
309 (418 1332 473 3011417 1327 1470 1537 2677|069 634
309 |4.18 (335 (476 |301]4.17 (330 472 {1737 1218|078 |664

. Significant at 0.05 and 0.01 % Probability levels, respectively

Tralt

i

iz | 47

iz

i7

Yield

Heterosis for number of sceds/pod varied from 1.2 % to 17.2 % when
both locations are considered non-of the crosses showed negative MP heterosis in
any locations for this trait. For number of pods/plant, the most important yield
component, significant positive heterosis was up to 9.3 % over MP. Two crosses
in El-Gharbia location (L.2) showed positive MP heterosis and all crosses of Qena
location (L1) exhibited significant negative heterosis. Concerning fresh pod
yield/fedd., significant heterosis up to 26.7 % over MP was recorded. Out of the
studied crosses, 4 in Qena location and 2 in El-Gharbia showed positive heterosis
for fresh pod yield

As shown in Table 4, the most important MP heterosis was exhibited for
yield (both locations) foliowed by number of seeds/pod and earliness in Qena and
El-Gharbia locations. respectively The maximum significant heterosis in
desirable direction (26. 7%) was recorded for yield followed by earliness (21 7 %)
in El-Gharbia location (L2) and both yield per feddan (17.3 %) and number of
seeds/pod (17 2 %) in Qena locauon Similar findings were reported by Lejeune-
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Henaut ef al., 1992, Prakash et al., 1993, Sarawat ef al., 1994 and Tyagi and
Srivastava, 2003,

Potence of gene set (Table 4), which measure the average degree of
dominance over all loci, was found to be less than unity for plant height, pod
length and number of pods/plant (all crosses) in both locations and for number of
seeds per pod and flowering date in Qena and El-Gharbia location, respectively.
This revealing that such traits showed partial dominance. However, the potence
ratio was greater than unity for pod width and yi¢ld (2 crosses) in El-Gharbia,
indicating the role of overdominance in the inheritance of these traits. On the
other hand, complete dominance was found in the inheritance of flowering date,
pod width, yield (one cross for each trait) in Qena location and number of
seeds/pod (one) in El-Gharbia. These results agree with those reported by Zayed,
1988, Srivastava and Singh, 1988, Rana and Gupta, 1994; Zayed, 1998 and Zayed
and Faris, 1998.

As shown in Table 3, transgressive segregations were observed in both
directions of the F2 populations (all crosses) for all characters in El-Gharbia
locality except yield (crossl} and number of pods/plant (cross 4) which have
tendency towards the better parent as well as plant height, flowering date (crossl)
and pod length (cross 2) which segregated in direction of the worst parent. In the
mean time, transgressive segregations were, also, observed in both directions of
the F2 populations in Qena region for plant height (all crosses), yield and number
of pods/plant (cross 1) and tendency towards the high yielding parent (crosses 2,3
and 4) and number of pods/plant (cross2). On the contrary, F2 populations for
flowering date, number of seeds/pod, pod length (all crosses), pod width (crosses
3&4) and number of pods/plant (cross 3} segregated in direction of the worst
parent in Upper Egypt region. Significant differences were observed in comparing
the observed F2 means vs. the arithmetic geometric means (Table 4), indicating
that additive and non-additive genetic variances were involved in the genetic
behaviour of pod length, pod width, number of seeds, yield (all crosses) and
number of pods/ plant (crosses 1&2) in both locations, as well as plant height in
cross 2 and cross 4 (Qena region) and cross3 (El-Gharbia region). Therefore, the
existence of both additive and dominance effects demonstrated that a
considerable amount of readily fixable variations present and available for the
plant breeder to manipulate.

On the other side, the observed F2 means in flowering date (all crosses)
and number of pods/ plant (cross 4) in both locations, plant height (crosses 1&3)
and number of pods/ plant (cross 3) in Qena as well as plant height (cross 2) in
El-Gharbia were, relatively, close to the calculated arithmetic mean than to the
geometric mean, indicating that additive gene effects were mostly important than
other types of gene action. Also, F2 mean of plant height (crosses 1&4) and
number of pods (cross 3) in El-Gharbia were closer to the geometric mean rather
than the arithmetic one indicating that dominant gene effects mainly controlled
the inheritance of these two traits. These results are on line with Singh 1995,
Singh et al., 2001; Kummar and Jain, 2002; Sawicki and Baros, 2002 and Singh
and Mishra, 2003,
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Finally, it could be concluded that the magnitude of additive and
additive x additive types of gene action for plant height {crossl) and number of
pods/ plant (cross3) varied from one location to another. On the other hand, the
predominance of additive gene action for flowering date was detected in both
locations for all crosses, indicating that additive and additive x additive types of
gene action were not influenced by environmental changes and intra population
selection would only be effective for improving the earliness. However, the
improvement in any of both plant height and number of pods/plant in EI-Gharbia
may be achieved by delaying the selection to later generation when dominance
gene actions disappear and the additive gene accumulation increase through
recurrent selection. These resulis are in harmony with those obtained by Sharma
et al., 2000; Singh ef al., 2001 and Kaur et af., 2003,
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