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ABSTRACT

Gene action, maternal effects and some other quantltatlve
genetic parameters as well as the population density and location
effects on Phytomyza atricornis Mg. and Thrips tabaci (Lind)
infestation were mvestlgated in four pea crosses, i.., “Master x
Victory Freezer”, “Victory Freezer x Master”, “Master x Lincolen”
and “Lincolen x Master Genetic x eavironment interaction and
carliness were found to be affecting the infestation. The results
showed that the maximum abundance of the leafminer larvae took
place towards the end of January in most of the studied genotypes.
Both additive and non-additive genetic variances were involved in
the genetic behaviowr of all the studied traits. Therefore, it is
demonstrated that there are wvariations among the parents involved
and dominant effects are present. Different types of dominance
were detected in the studied crosses. .

The combined analyses of wvariance for infestation showed
the significance of locations. Generally, genotypes sustained less
infestation in El-Gemmeza than Behera location by P. atricornis
and reverse results were obtained by 7. tabaci. The cultivar
Lincolen had the lowest and highest infestation by P. atricornis and
T. tabaci, respectively in both locations. It is noted that the low
and/or moderate values of infestation were associated with
earliness.

INTRODUCTION

Pea {(Pisum sativwm L.) is one of the most important legume
crops in Egypt. It is attacked by several insects such as Phytomyza
atricornis Mg. which causes damage in pea yield as well as Trips
tabaci (Lind) which causes considerable damage to pea plants.
Thus, improvement of pea cultivars resistant to both insects
resistance together with earliness is of a great importance to
breeders and farmers. Fewer genetic studies have been made on pest
resistance Prasad, er al. (1984); Rangaih and Sehgal (1986); Sheton
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and North (1987); Goyal, er al. (1992), El-Sayed, et al. (1993);
Padmanabhan (1994); Abd-El-Aty (1997); Mishra, et al. (1998),
Tunc er al (1999) and Fadel (2001), they reported that both insects
were the major insect pests infested pea plants at different stages of
development. Moreover, Waly ez al. (1983);, Maxwell and Jennings
(1980) and Faris e al. (1997) studied the inheritance of insect
resistance on different crops. However, several authors made
genetical studies on earliness (Arndt, 1980 and Zayed, 1988)
reported the nature of gene effects, heterosis, inbreeding depression,
estimates of heritibility and its relations with the expression of trait.
Since breeder practice selection in one environment and evaluated
selections in another one. Therefore, evaluation of breeding
materials under different environments became necessary. It"is
important to understand more fully the nature of genotype x
environment interaction to make tests and select the most efficient
genotypes. Therefore, the objective of this investigation was to
study the genetic system controlling both P. atricornis and T. tabaci
infestations as well as the inheritance of the days to flowering.

MATERIALS AND METHODS

The present study was conducted in two regions; El-
Gemmeza (Gharbia governorate) as location (A) and Behera
Governorate as location (B). Three cultivars of pea (Pisum sativum
L.) namely Master (P;), Victory Freezer (P2) and Lincolen (P3) were
used. Seeds of these parental cultivars were planted in hills, 25 cm
apart, on 70 cm wide rows. In 1999/2000 and 2000/01, the
following crosses were produced: -

Cross 1: Master x Victory Freezer
Cross 2 : Victory Freezer x Master
Cross 3 : Master x Lincolen
Cross 4 : Lincolen x Master

Seeds of the parents, F, and F of the above crosses were
sown at both locations (El-Gemmeza and Behera Research stations,
Agriculture Research center) in a complete randomized blook
design with three replications in 16™ October during the winter
season of 2001/02 to evaluate the populations of P. atricornis larvae
and 7. tabaci nymphs under natural conditions of infestation. Each
plot consisted of four rows of parent, a single row of F, and 8 rows
of F; progenies. The row was 70 cm wide and S meter long (about
20 plants / row). All cultural practices were applied according to the



J.\Agric. Res. Tanta Univ., 29(3) 2093 477

recommendations of the Ministry of Ageiculture the experiment was
kept free of insecticides:

Assessments:
A- kmum
. On the 7™ week afier planting date, samples of 10 random
leaves fromt emch plant in case of parests and their F; progeny and
from each piant (at least 45piants) in case of Fy, populstions in esch
replicate were collected and examined weekly over 8 weeks using &
binocular microscope to estimate the number of P. atricornis lervae
and T. tabaci
B-1- Flowem Masthemoqusmm:gdnem
50% flow

B-Z-Drymdym‘d’/phm ng

Statistical smalysis:-

The genetic analyses mcmndommamymmbuu,
using the following methods:

1- Mean, standard esror, coefficient of variation among
genctypes were calculated according to Semedecer (1956).

2- The combined analysis and the components of variation weee
calculated as outlined by Little sad Hills (1975).

3- Estimates of Mmﬂgmgmw&mul’om
and Lyon (1941).

4- Relstive potence of gene set was determined according to
Smith (1952).

5- Heterosis over mid-parent (MP), over the best parest (HP)
including the cross and (HP) over the best parent over all
parents were calculated.

6- Inbreeding depression according to Mather and Jinks (1971)
as follows:-

ID= FZ -Flnm

K
7- Heritability values in broad sense were determined using the
fornula:

2p a2
w=55-8E :2 Ff B 100
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RESULTS AND DISCUSSION
Phytomyza atricornis Mg infestation:

By examination data in Table 3, it is apparent that the number
of larvae/leaf of different genotypes ranged from 1.08 to 1.62 and
0.89 to 1.82 for parents in the first and second locations,
respectlvely and from 1.23 to 1.76 and 1.38 to 2.07 for Fy in the 1*
and 2™ locations respectively with a mean value (for all genotypes,
parents and F; crosses) of 1.46 over the both locations of study.

The combined analysis of variance for this character showed
significant locations mean squares (Table 1). The results obtained
from single location indicated that most genotypes sustained less
infestation in location A than location B, and parent 3 had the
lowest infestation in both locations. In the Fy crosses, 1x2 and 3x1
had the lowest and moderate infestation over both locations,
respectively and both 1x2 and 2x1 had the lowest infestations in the
locations B and A, respectively. It is noted that the low and/or
moderate values of infestation, in these genotypes, were associated
with earliness (Tables 2).

Table (1): Magnitude and significance of mean squares for
combined analysis of variance for both infestations,
seed yield and flowering date over two locations.

Mean squares Dry seed

S.O.V. dF. P. T Flowering yield
. atricornis tabaci date plant
Location L 1 0.1142" 1.1336 1633.1 55.620
Error (Ea) 4 0.0016 0.046 0.186 0.711
Genotype (G) 6 0.3897" 1.17217 468.1" 7.821
GxL 6 02183 3.3236" 98.6" 2.241
Error (Eb) 24 0.0012 0.0157 0.143 0.658

™ Significant at 0.01% probability

Again, the variation among the two locations of study was
significant, the combined analysis revedled that the effects of
genotype x location interaction was statistically significant,
reflecting the drastic effect of varying environments besides the
differential response of genotype, in rank performance in the two
locations. In other words, genotypes responded differently in rank
performance in the two tested locations and significant of the G x Y
interaction effect emphasizes the necessity for evaluation in more
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diverse environments to select for tolerance. The relative
magnitudes for of the variance components (Tables 2) indicate the
relative importance of the corresponding sources of variation. The
values of genotype variance (o”g) was high in magnitude compared
to error one (c’e) reflecting the genetic difference, among the tested
genotypes for this trait. Furthermore, the value of broad sense
heritability was some what low, indicating a remarkable
environmental effect on this character while confirm the above
resuits. '

Table (2): Variance components, PCV, GCV and heritability %
from combined analysis of variance for studied traits.

Item P T Flowering | Dry seed
atricornis | tabaci date yield g/plant
o’g 0.029 Zero 61.6 0.82
o’e Zero Zero 73.1 1.12
o’gL 0.072 1.103 32.8 0.61
c’e 0001 |- 0.016 0.14 0.66
PCV % 17.6 18.5 19.5 19.5
GCV % 11.7 Zero 17.3 16.7
Heritability % 44 Zero 78.9 6.7

Genetic studies:

As shown in Tables (3 and 4), the relative potency of gene set
(Table 4) confirmed the over dominance of the tolerance in the
following cases; in location A, the crosses 1x2 and 2x1 while the
crosses 1 x 3 and 3 x 1 exhibited the over dominance in the
susceptibility direction.

In location B, only the cross 1x3 gave over dominance of
susceptibility over tolerance, while all the other crosses exhibited
partial dominance. The arithmetic and geometric means of the F,
and F, (Table 3) in both locations were close to each other for all
crosses, revealing the existence of both additive and non additive
gene effects. These results, are in general agreement with those
obtained by Benepol and Hall (1967). On the other hand, the F; and
F, means were higher than the mid or best parent, in most
combinations. This figure suggests the preponderance of non-
additive type of genetic variance in the expression of this trait.
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" The heteeotic experession for asumber of larvae/ieaf varied with
crosses investigated. The important direction of heterosis for this
trait, is asgstive. Estimates of the three types of heterosis (Table 4)
varied between —1.6% and 141 3% in both locations. Only one out
of four crosses showed significant negative MP heterosis, while non
of the crosses exhibited Wm HF or BP heterosis. In location A,
all crosses exhibited heterosis in positive direction. On the other
hand, the significant inbreeding depression values ranged from —
28.1 (1x3) to 41 8% (2x1) in El-Gemmeza location while only 2x1
exhibited significant negative values in Behera location. This agree
with that obtained by Asadt {1980), Faris ef a/. (1997) and Zayed
and Faris (1998).

Table (3): Observed and expected means of infestation for four pea
crosses by both insects in El-Gemmeza and Behera

) Expected means
Character | Location I Fhow Arithmvetic | Geometric
P 7 Fa Fy Fr F F;

12 | 162 115 | 143 | L10 [-138 ] 141 | 135 | 1.37
El- Gemoama! 2xt 1.1 1.62 123 1 1s3 | 1381 131 ) 135 | 1.23

(A)  Ix3 } 162 1.08 176 1113 | 135 | 1.56 | 1.31 | 1.47
b . Ixl b 1.08 163 | 156 | 096 | 135 | 146 { 131 | 1.42
‘atricornis 12} 1.82 144 138 | 121 { 1.63 | 1.51 | 161 | 146

Boheen (D) Xl | 144 1.82 207 {154 163 1.76 | 1.61 | 1.82
1 113 § 182 089 | 149 1541136 | 142 | 1.26 | 1.36
3x1 | 089 1.82 147 | 135 | 135 | 141 | 1.26 | 1.36

2] 29 | 23 | 35 {25 | 26 | 3.1 | 26 | 30 |
El-Gemsmieza| 2x1 } 23 { 29 | 18 | 28 {26 | 22| 26 | 22
7Y 3| 29 | 32 | 23 | 23 |308) 27 J305| 27
3xt | 32 | 29 | 19 | 34 |305] 25 |305]| 24

T tobact 2| 11 | 13 | 22 |16 | 12 | 135 | 12 | 162

Bel 2wt | 13 | 11 | 34 |17 ]| 12 |245) 12 | 202

®) 13 | Ll 14 | 37 |22 [125]248 ) 124 | 214

e e § 11 ] 25 [14 (125]|138 12417
18D E-Gom. Beh. Ei-Gem. Beh.
0.05 0.06 0:03 0.09 0.10
.01 900 204 0:99 0.36

Tripe tabaci infestation :

It is appesont fromt data in Tabie (3), that the values of
nymphs/pea leaf of different gemotypes ranged from 2.3 to 3.2 and
1.1 to 1.4 for parents in the first and second locations, l‘espeotlvcly,
and from 1.8%0 3.8 sad 2.240 3.7 for F) in the 1" and 2™ locations,
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respectively, with a mean value (for all genotypes, parents and F;
crosses) of 2.4 over both locations of study.

The combined analysis of variance for this character showed
the significance of locations (Table 1). Results of a single location
for this character indicated that, genotypes, generally sustained less
infestation in location B than location A parent 3 had the lowest
infestation in location -B whereas, parent 2 had the lowest
infestation in the location A, over both locations. Among the F,
crosses, 3 x 1 had the lowest infestation over both locations and
both 2 x 1 and 1 x 2 had the lowest infestation in the locations A
and B, respectively. It is, once more, noted that the low value of
infestation in these genotypes, was associated with earliness (P; and
P3%P; in Behera and P,xP; in El-Gemmeza locations. The combined
analysis revealed that the effects of genotype x location interaction
was significant reflecting the drastic effect of varying environments
besides the differential response of genotypes in rank performance
in both locations. Negative genotypes variance (o° g)/and o°L
were obtained for this trait. However o’gl and error variance
(c®e) estimates were large in magnitude, reflecting the great effects
of genotype x location interaction. On the other hand negative
genotypes variance (o’g) was considered to be zero, resulted in
negligible value for heritability estimate, then this trait was
reviewed to be strongly affected by environment.

Genetic studies:

Relative potency of gehes set (Table 4) confirmed the over
dominance of the tolerance to this insect in all crosses at El-
Gemmeza location except the cross 1x3 which exhibited the over
dominance of the susceptibility as well as the complete dominance
in Behera location. The arithmetic and geometric means of the F;
and F, (Table 3) in both locations were close to each other for all
crosses, revealing the existing of both additive and non-additive
gene effects. The ranges of the three type of heterosis are given in
Table (4). The heterotic expression for-number of nymphs/ pea leaf
varied with extreme values ranging from -37.07% to 236.4%. Three
-out of four crosses exhibited -significant negative (important
direction) MP heterosis as well as MP heterosis and two crosses
showed significant negative BP heterosis in El-Gemmeza location.
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The maximum significant #rue heterosis in desirable direction
(-21.7) was recorded for 2x1. At location B, none of the crosses
exhibited significant desirablg heterosis. The significant inbreeding
depression valuet ranged from - 44% (3x1 ia Behera) to 78.9 (3 x1
in El<Gemmeza) at oll crosses excegt 1x3 which was not exhibiting
any value for inbeeeding depression at El-Gemmeza location. This
agree with tlwt obtained by M €1980) and Faris et af (1997).

Table {4): Gemm mmﬁrmfeswmoﬁampacmmby
: MWsmEmmmms

08is % Potence

Charagter | Location Pq:b W!L Hip e, L D ratio

12 1" |2 | ni8 8.8 2.4

El- Genmneza 2x1 30" | 4217 | 6307 418" 66

(A) 1 18 940 | 811 | 136217 | -28a" 3.0

F oy 3 lasyee]| 417" | 68" 213" 14

aericemnly ‘;aa B 3;1& 154 ?iz"' 5.0 01

) 1 17 | 4" | 14 3 241 03

Been®) | 5 2437 | 8137 | 137 14 16

] 74" | 656" | 656” 2.4 0.6

FY™] s | 522" | Ry 286 3.0

El- Gonuneza Ixl 30‘:“ 2177 | 2177 556" 27

(A) 13 286" | 2077 | pero zero -5.0

[ 4 ‘ w1 | 3177 § 345" | 74" 789" 1.7
tabaci . | 833 [ 1000 | 10090 | -273 10

1 m1 1937 | 209.17 | 20917 50.0™ 22

Bebers B | 13 | 1967 | 23647 | 23647 | 0" 163

3 | 3007 | 12737 ] 12737 | 440" 83

Flowering date:

As illustrated in Table (5), this trait significantly differed
among the tested genotypes in both locations of study. Master cv.
held its level of superiority in eazliness of flowering time at both
locstions. In both locatiens, the ranking of the genotypes for their
potutxdﬂowamgdﬁeumtmnmstent
wheh, data obtumd cloarly mﬁrmadthemmntyoﬂhe
location A over B ome almost in all parents and F) crosses except
Master cv. which gave the same value in both locations.

The combined amalysis of variance (Table 1) revealed that the
differences between locations sad the effects of genotype x location
interaction were mucaﬂy significant, indicating that some
genotypes differed ia their number of days to flowering from
location to docation. Estimates of the partitioning variance
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components, genotypic and phenotypic coefficients of variability
are presented in Table 2. The relative magnitudes of these
components indicate the relative importance of the corresponding
sources of waristion.

F, populstions exhibited high values of the coefficients of
variability indicating- that the effects of both esvironment and
genetics were involved in the inheritance of this trait. However,
~ transgressive segrogation was observed and a tendency towands the
late parent in all F, crosses of both locations except both ceosses
1x3 and 3x1 inlocstion A was observed. The last two crosses were
close to the late parent, respectively. The observed F; means
(Tables 5) were slightly close to arithmetic mean to the geometric
one in all crosses of both locations indicating that additive gene
effects were mostly important than other types of gene action. In the
mean time, F, mpan values of the all F; crosses in location A were
found to lic betweon the mid-parent and the high parest values,
suggesting non-additive gene action for this chamacter. It could be
concluded that both additive and non-additive gene actions were
involved in the inheritance of this trait. The relative potency of gone
set confirmed the partisl dominance of the earliest parent in ali
crosses of location A and of the latest one in location B.

Data obtsined on heterosis types (Table 6) indicated that the
heteretic expression for number of days to flowering varied with
crosses and locations. The important direction of heterosis for this
trait is negative. Estimates of the three types of hetervsis, regarding
location A, varied between — 21.17% to 20.13%. All crosses
showed significant negative MP heterosis, while none of the crosses
recorded HP or BP desirable heterosis in this lacation. However, in
location B, none of the crosses exhibited significant negative
heterosis for this trait. On the other hand, the significant inbreeding
depression values ranged from 28.35% to 32.4% in the location A
and none of the crosses recorded significant inbreeding depesssion
values in the lpcation B.

Estimates of heritability in broad sense (Table 6) were high
for this trait in all crosses at both locations. This may give
indication that selection can be used for improving this trait. These
results are in agroement with the findings of Dobhal and Ram
(1981), Gupta (1942), Fasis ¢f of. (1997) and Zayed (1988).
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Table (5): Observed and expected means for flowering date of four
pea crosses in El-Gemmeza and Behera locations.

Locstion Crosses Observed means Expectod means
Arithmetic Geometric
Pa Pb Fi F; F, | Fa Fy F

| 12 30.8 49.1 334 442 | 399 | 366 | 388 [ 36.0

El-Gommeza 2x1 49.1 308 | 328 | 421 | 399 | 363 | 388 | 357
A i3 30.8 56.3 343 451 | 435 | 389 | 416 | 378
3x1 56.3 30.8 370 | 484 | 435 | 402 | 416 | 392

1x2 308 60.0 52.8 61.1 454 | 49.1 | 429 | 476
Bohera 2x1 600 | 308 | 526 60.7 454 | 490 | 429 | 475

®) 1x3 30.8 59.4 529 61.0 4350 | 489 | 427 | 475
3x1 59.4 308 52.5 60.0 450 | 487 | 427 | 413

LSD El-Gem. Beh.
0.05 11.0 13.2

Table (6): Genetic parameter for both the flowering date and seed
yield of four ped crosses in El-Gemmeza and Behera
locations.

. Heterosis % % Potence
Character |  Location Paxpb o Hp | be LD. ratio n
: 12 | -196 | 8.4 84 | 324 0.7 96.7
El-Gemmeza | 2x1 | -1797] 65 | 65~ 2&4: 0.7 94.1
A .. 13 | 2127 11.57) 1157 ] 313 0.7 96.1
. - 3xl | -1507] 2017 ] 201" | 30.7" £0.5 81.3
Flowaring B [ ) 1637 | 714 | 1.4~ 18.7 0.5 94.1
: - 2x1 159" | 708" | 708" 153 0.4 95.8
Bebore®) | 13 {1747 g~ | s~ | 152 os | 973
3x1 16.5 | 705" | 70.5" 14.3 0.5 96.7
1x2 67 | 34 | 34 | 352 0.1 40.1
El-Gemmeza | 2x1 1297 | -43" | 43| 325" 03 59.5
(A 13 | 673" 33.6‘_' 47| 251" 02 41.1
Dry sood 3x1 | 684" | 385" | -2.8° 13.6 0.5 71.3
yield 1x2 -12;5:’ 472 | 472 | -1083" 0.1 96.3
Bel 2x1 31 205 | 205 | -348" 0.4 91.7
® 13 196" | 27.07| -27.0"| -55.5" 0.3 88.4
3x1 [ 23.77] 245" 245 | -202 0.3 87.7
Dry seed yield:

As illustrated in Table (1), this character significantly differed
among the tested genotypes in both locations. The combined
analysis of variance revealed that the difference between locations
and the effects of gxL interactions were significant, indicating that
some genotypes differed in their yield from location to location.

The range of variation for seed yield in the material studied
was quite large. Seed yield per plant of parents varied from 17.2 to
39 g with the mean of 30.05 g. The F; hybrid means were 31.05 and
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24.56g in both ElGemmems and Behers locstions, respectively
which confiemed the superigrity F)-seed yield of El-Gemmeza over
Behera.

The data of the ¥y gemeration of studies crosses in both
locations (Yable 7), mdicued that additive and non-additive genetic
variances were inrvolved im the genctic behaviour of this trait. The
F, distributions s the values of coefficients of variability revested
that dry seed yield was inherited in a quantitative pattern. The
relative potency of gene st {Eabie 6) confirmed the existence of the
partial dominance in the isheritance of this trait in both locations.
These resuits sre m agreement with those of Gupta (1982), Loamig
(1982) and Venmkateswarks and Seagh (1982). Heterosis value, for
this trait in both locstions indicated that all crosses exhibited
significant positive heterosis relative to the mid-parent except the
cross I1x2 which showed som-significant value in the first location
and significant megative one in the ctber locstion. In the mean time
all crosses exhibited sigmificant negstive heterosis relative to the
best paremt in both locations except the cross 2x1 in Behera which
showed insignificant negative value.

- Tabile (7): Observed and expected mean dry seed yield per plant
for four pea erosses in El- Gemmeza and Bebera
1Croms Obesrved means Expected means

§ § Arithmetic | Geometric

L R L L1} ¥, F | K

ix2 | 189 390309 200 | 290 |299| 272 | 290

El-Gemmesa|2x1 | 390 | 1891327 22.1 | 290 | 308 272 | 298

(A) 1x3 |189]17.281302] 226 | 181 |24.1| 180 {233 |

3Ixt 11721 m9i304] 263 | 181 |242] 180 }234

x2 19861 [190| 183 | 21.8 |204] 164 | 1.7

Bebera [2x§ [36.11199({287 180 { 218 | 253 164 |27

@ i3 [weineias| 179 | 207 [227] 159 | res
J}x! S P56 | 148 | 207 [232] 159 [ 202

0.0 93 o 561

The maximum Seterosis value, over mid-parents being in the
crosses 3x1 followed By I x3 in El-Gemmeza location whereas in
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the cross 2x1 followed by 3x1 in Behera location. On the other hand
the inbreeding depression was ranged from 13.65% to 35.28% with
mean of 26.67% for all crosses in the first location and from —
20.27% to —108.31% with mean of 54.75% for all crosses in the
second location.

; Results are in accordance with those reported by Dhillor and
chahal (1981); Hobbs and Mahan (1982) and Ranalli (1982).

As presented in the same previously (Table 6), heritability
values in broad sense were found to range from 40.1 to 71.3% in
location A and from 87.7% to 96.3% in location B. High heritability
value is evident in agreememt with that previously reported by
Lonnig (1982) and Zayed (1988). On the contrary Escriban et al.
(1994) in bean and Helal et al (2000) in cowpea reported lower
estimates of broad sense hesitability for seed yield. This result
revealed that -there was a strong to moderate effect of the
environment in location A for this character. Therefore, selection
may be moderatly effective in breeding for higher values of this
. character under El-Gemmeza conditions in the crosses 2x1 and 3x1.
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