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ABSTRACT

Two field experiments were carried out at the Experimental Station, Fac. of
Agric., Mansoura Univ. during the growing seasons of 1997/98 and 1998/99. This
investigation was aimed to evaluate heterosis estimations of different seed yield, its
components and some related traits in some canola parents and their hybrids under
different plant population density. The genetic materials used in this investigation
included four lines of canola representing a wide range of diverse origins. These four
lines are Drakkar, Fido, Serw 4 and Serw 6. These four parental genotypes were
made according to a complete diallel matting design to produce 6 F; hybrids and 6 F1
reciprocals. A split plot design with three replicates was used to evaluate canola
parents and their hybrids at different plant population density. It could be summarized
the main findings as follows:

The cross combination between S 33 X S 30 also recorded the highest
heterosis values over the mid-parents for leaf area index (LAIl), number of siliqua per
plant, seed yield per plant and seed yield (t/fed) in most of cases. While, the cross
combination S 33 X S 34 showed the best cross for oil percentage. Also, the Fi,
hybrid S 33 X S 30 recorded the highest heterosis value over better parent for seed
yield per plant and seed yield (t/fed). The F; hybrid S 30 X S 34 recorded the highest
values of percent heterosis over better parent for number of primary branches per
plant and 1000 seed weight. In the case of oil percentage, the cross combination
between S 33 X S 34 recorded the best heterosis values over better parent.

It could be concluded that maximum seed yield of canola at Dakahlia district
could be gained by planting the Fi-hybrid S 33 x S 30 at dense plant population of 20
plants/m? (84000 plants/fed).

INTRODUCTION

Rapeseed (Brassica napus, L.) is one of the important oil crops all
over the world. It has the third position in world oil production crops, second
position in total world area for oil crops and the fifth in world international
trade for crops. Canola is grown mainly for its edible oil, providing good
quality oil, meal, straw and honey.

Heterosis may be defined as the increases in percentage of the F,
hybrids performance above the average of its parents or better parent .The
majority of international research reports indicated that most of F; hybrids
were better or such as their parents for yield and its components. In this
respect, Davik (1997) carried out a 4 X 4 diallel cross and a 4 X 9 factorial
mating design using 13 cultivars of Brassica napus sp. rapifera. Better parent
heterosis of dry matter yield (on average 10.5%) and marketable yield were
found for the majority of hybrids. Parkash et al. (1997) found an appreciable
increase in oil content of toria (Brassica campestris L.). Six hybrids showed
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heterosis over their better parent and heterosis was the highest (10.67%) in
the cross (White flower X TS61).

Thakur and Sagwal (1997) evaluated 36 Fjhybrids which were
produced from nine diverse inbred lines of Brassica napus L. Estimates of
heterosis over the better parent (BP) for the various traits were significant for
seed yield (-14.8 to 82.8%), primary branches (-26.0 to 193.6%) and number
of siliqua per plant (-21.9 to 162.0%). The cross (GSB7027 X HNS8803)
gave the highest positive heterosis for seed yield per plant. Yadav et al.
(1997) evaluated 6 lines and their 15 F; hybrid for yield components. The
cross (White flower X TC113) gave the highest negative heterosis (being
desirable) for plant height. The crosses (White flower X TS61), (THE8 X
TC113), (White flower X Sangam) and (White flower X TS61) were the best
for seed yield.

Varshney and Roa (1997) estimated heterosis in yellow sarson
(Brassica campestris L.) for 11 quantitative characters. Heterosis over better
parent was highest for siliqua per plant (162.9%), followed by economic yield
per plant (129.4%), biological yield per plant (118.7%), and primary branches
per plant (88.1%)._Yadav ef al. (1998) evaluated crosses between © female
and 3 male sarson (Brassica campestris) parents for 7 yield components.
Eighteen hybrids exhibited significant positive heterosis. Highest heterotic
response for seed yield was observed in (DBl X Pusa Kalyani) and (BSIK1 X
BSIK2).

MATERIALS AND METHODS

The genetic material which were used in this investigation included
four canola (Brassica napus, L.) lines, S 30, S 32, S 33 and S 34, which
refers to inbred lines of Drakkar, Fido, Serw4 and Serw6, respectively.
Drakkar and Fido are French and English homozygous lines, respectively.
While Serw4 is a homozygous line obtained via anther culture and Serw6 is a
homozygous double haploid line obtained from natural haploid plant. All these
iines were supplied by the Oil Crop Research Section, Agricultural Research
Center, Ministry of Agriculture and Land Reclamation, Giza, Egypt.

During the growing season of 1996/97 at El-Serw Experimental
Station, A. R. C. Seeds of these lines was sown. At the flowering stage, all
possible combinations among these four parental lines were made according
to a complete diallel cross. Hybridization was done by hand. Bud of female
plants were emasculated 2-3 days before flower opening and bagged to
avoid out—crossing. Crossing was practiced 2-3 days after emasculation
according to artificial pollination method. At maturity, the hybrid seed was
obtained.

The seed of the six F, hybrids and their reciprocals in addition to
selfed seed of the four parents were evaluated in 1997/1998 and 1998/1999
growing seasons at the Experimental Station, Fac. of Agric. Mansoura
University. In each season of 1997/98 and 1998/99, the experiments were
conducted at three plant population densities i.e. 42000, 63000 and 84000
plants / fed (10, 15 and 20 plants / m?as D, D, and D;respectively). In each

6600



J. Agric. Sci. Mansoura Univ., 27 (10), October, 2002.

experiment, the four parents, 6 F; and 6 F, reciprocals were grown in a split-
plot design with three replications. Each plot area consists of 6 ridges 3.5
meters length and 50 cm in row width occupying an area 10.5 m® The
distance between hills were 10, 13.3 and 20 ¢cm apart and plants were
thinned before the first watering to secure one plant per hil. Normal
agricultural practices as recommended by Ministry of Agriculture and Land
Reclamation were followed. In both seasons canola preceded by corn (Zea
mays L.). Canola seeds were hand sown with the usual dry method (Afir
planting) in Nov'™" and Nov'™®" in 1997/98 and 1998/99 winter seasons,
respectively.

The studied characters were leaf area index, number of days to 50%
flowering, number of primary branches per plant, number of siliqua per plant,
1000 seed weight, seed yield per plant, seed yield per feddan and seed oil
percentage

The amount of heterosis was estimated as percentage increase for
every single cross over the average of its parents and above the better
parents. Therefore, the values of heterosis could be estimated from the
equations:

Heterosis from the mid — parents (M. P.):
H(F,,M.P.)%=(F,-M.P.)/M.P. X 100

Heterosis from better parent (B. P.):
H(Fy,B.P.)%=(F,-B.P.)/B.P.X 100

All obtained datd were subjected to the statistical analysis of the split
plant desing as desribed by Gomez and Gomez(1984).

The differences between any two means were tested for significance
using the least significant difference value (LSD) at both 5% and 1% levels of
probability .

RESULTS AND DISCUSSION

Heterosis over the mid-parents:

The estimated amounts of heterosis were determined for all studied
traits through three plant population densities in the two seasons of 1997/98
and 1998/99 and the results are presented in Tables 1, 2 and 3 for the first,
second and third plant population density, respectively in 1997/98 season
and Tables 4, 5 and 6 for the first, second and third plant population density,
respectively in 1998/99 season.

The results cleared that the cross combination between S 33 X S
30 recorded the highest heterosis values for leaf area index (LAI), number of
siliqua per plant, seed yield per plant, seed yield (t/fed) in most cases with
values ranged from 29.3% for number of siliqua per plant to 71.36% for
leaf area index (LAI). The F; hybrid S 30 X S 34 showed the highest values of
heterosis percentage for number of primary branches per plant in the first
season with the values of 36.6, 47.7 and 16.0% for 10.15 and 20 plants/m?
respectively. While, the F, hybrid S 30 X S 33 recorded the highest values of
percent heterosis in the second season especially for the second and third
plant population density. In the case of 1000 seed weight, the cross
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combination S 30 X S 34 appeared to be the best one especially for the first
and third plant population density with values ranged from 3.84 to 6.89%.
While, its reciprocal combination S 34 X S 30 recorded the highest amount of
heterosis in the second plant population density with the values of 5.25 and
3.83% for the first and second seasons, respectively. Furthermore, the F;,
hybrid S 34 X S 30 recorded the favorable values of heterosis for seed yield
per plant and faddan for the plant population densities in both seasons.
Regarding

Table 1: The amount of heterosis over the mid-parents estimated from
means of Fy hybrids and F, reciprocal for all studied traits at
the first plant population (10 plants/m®) in 1997/98 season.

Days to No;iof No. of :223 Sieeel: Seed
Hybrid | LA | 50% | PT | siliqual o fylam yield | Oil %
flowering ; plant g P (t/fed)

/plant (g) (g)
30X32| 3.59 13.9** -2.7 -3.3 - 6.67* 8.9 6.19 4.0*
30 X 33152.06**| 10.2** 5.7 280" |- 10.63*] 30.6* | 37,18 -3.5*
30 X 34]26.02°| 11.2** 36.6** -5.8 4.89 219 |37.37"| -29*
32X 33| 12.24 10.6** -14.8* | -30.3"™ |- 17.79**| - 30.6** | 2.24 -44*
32X 3415134 76™ 13.6* 74 |[-1453™] 193 |29.85**| 54*
33 X 34 |41.16*"| 9.0** -19.8* | -23.4"|-9.60"™ | -19.3 - 3.98 16.7
32X30 | 4.04 14.4** -89 -8.8 |-10.14**| 3.1 1.73 P
33 X30 |50.77*| 14.4* 189" | 322" 1207 390" 4881 | -2.1*
34 X 30 |47.43**| 8.0** 9.9 174 | =122 | 337" | A593"] 54"
33X 32| 21.17 126" -5.6 -3.9 |-8.26" 4.9 14.34** -0.5
34 X 32[33.33**| 6.6* 333" 4.5 |-17.09"] 4.2 17.86** | 2.1
34 X33 | 25.71 4.7 -10.4 26.6" |-20.62**| 116 14.16** | 12.8™
*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.

Table 2: The amount of heterosis over the mid-parents estimated from
means of F, hybrids and F; reciprocal for all studied traits at the
second plant population (15 plants/m?) in 1997/98 season.

’ Days to No. of pri h_l?. of ;223 } Seed Seed
Hybrid | LAI 50% bra;'l Iplan't siliqua/ weight yield/plant | yield | Cil%
flowering ’ plant (@ (g) (t/fed)
30X32| 545 13.5 4.3 -6.5 - 8.97 14.6* -3.39 | 58"
30 X 33| 63.97** 9.8 15.8* 203" |-1205" g3Jr.2™ 34.28™ | -0.7*
30X 3414925 | 11.7* 47,7 8.5 4.26 252 23.97** |- 2.6*
32 X33]22.79* | 10.5* -54 -23.7** |- 18.90"*| -22.7* -479 [-50*"
32 X 34 | 50.99** Barer 14.4* 10.8 [-12.11* 13.2 19.80** | 4.6™
33X 34| 37.97* 8.0 -15.1" -25.8™ |- 12.04"*| -16.4" -2.04 |16.2"
32 X30 | 32.74** | 156* 5 -53 |-10.91** 29 -2.81 | 2,8%
33 X30 | 71.36"* 14,5 34.4* 39.0* |- 14.16™" 42.6** 44 .42** | . 3.5*
34 X 30| 65.36™* 8.3" 11.4* 23.9" 5.25 36.5" 37.96" |- 3.8
33X32|21.77 | 12.5* 8.7 0.2 |-1576" 44 557 |-21"
34 X 32| 36.26" 0= 14.4* -0.9 |-10.56"" 8.3 18.07** | 0.7
34 X 33| 37.70* 4.3 -7.0 14.1 |- 20.99** 0.5 12.86"" | 11.6**
*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.
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Table 3: The amount of heterosis over the mid-parents estimated from
means of F, hybrids and F, reciprocal for all studied traits at the
third plant population (20 plants/m®) in 1997/98 season.

Days to No. of oul No. of ;2:3 Seed Seed

Hybrid LAI 50% bra;1 i {:\n-t siliqua/ weldht yield/plant| yield Oil %
flowering| " 2 P plant (99; (@) (t/fed)

30X32| 12.44 15.0" 4.2 -10.8* | - 5.66* 6.3 13.18= | S0

30X33| 58.26" | 11.0" 11.0 36.8* [-14.69"| 352" | 45.16* | 29*

30 X34 | 44.58™ | 14.3" 16.0"* 12.0 3.84 23.8* 2497 | 37

32X33) 35.81™ | 11.4* 0.0 ~Z7A™ =179 ] -29.1" | =869 | 35"
32 X34 | 39.45™ 9.5 7.3 4.6 -5.41° 37.0"™ 31.56™ | 4.8
33 X34 | 33.26" 82" -18.8* | -23.2* | -6.73*"" | -19.0" -7.75 T
32 X30 | 3247 | 17.7** 13.1* -13.8 |-15.09" 0.6 5.87 0.7

33 X30 | 66.96™ | 15.3™ 13.4* 47.5" 1-18.63" ] 37.6™ | 4239" | -3
34 X 30 | 64.62* 9.8** 13.6* 36.7" 2.46 384" | 52.11™ | -7.8*

33X32| 33.95" [ 14.0* -3.6 -7.5 |-12.65" 0.6 -3.05 -0.5
34 X 32 | 48.37* 8.8** 1.2 45 |[-11.82" 3.0 121 1.0*
34 X33 |128.75™ 8.5 -5.0 38.2*" -17.51" 11.0 6.88 14.2*

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.

Table 4: The amount of heterosis over the mid-parents estimated from
means of F; hybrids and F, reciprocal for all studied traits at
the first plant population (10 plants/m?) in 1998/99 season.

Hybrid | LAl D:%':'/;o ok 3;:';':& s’;ll?tiL?afl mg:&‘:“; yigl?rgla ‘sﬁ:e;g oil %
flowering plant nt(g) | (tfed)
30X32 | 1850 | 10.3~ 1927 | -86~ | -4.027 | 106 |-10.38"| 34"
30X33 | 59.41 | 1157 | 27.9" | 176" | -822" | 289" |27.26™ | - 16~
30X34 | 5522 | 101" | 264" | -44 | 689" | 184 |37.52* | -32
32X33 | 2464 | 96" | -139" |.267"|-16.49" | -24.4* | -869" | -6.5"
32X34 | 60.70" | 7.8™ 147+ | 44 |-1569" | 169 |1061"| 5.9+
33X 34 | 37.207 | 84" 58 |-2457 | -1022 | -21.4 |-12.88" 169"
32X30 | 28.41** | 150" 13 |-11.3*| -048" | 03 [-11.46~] og
33X30 | 52.47+ | 129™ | 187+ | 317" |-12.18" | 33.0* 4378 | .52
34X30 | 64.20" | 6.9 328" | 21.1* | -210 | 224 |50.70" | -5.3"
33X32 | 2417 | 123" .24 .13 |-1622% | 64 |-1554" -4.4
34x32 | 3770 | 7.8 17.0% | 81~ |-1569" | 101 1847 -1.0"
34X33 | 20.06° | 427 44 328 | -2155~ | -1.7 |-12.97| 1381

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.

Oil percentage, the cross combination S 33 X S 34 showed the best
cross for all densities in both seasons and the amount of heterosis ranged
from 16.2 to 17.5%. However, the F, hybrid S 32 X S 30 recorded the highest
values of heterosis percentage for number of days to 50% flowering for all
densities in both seasons with the values ranged from 14.4 to 17.7%.
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Table 5: The amount of heterosis over the mid-parents estimated from

means of F, hybrids and F, reciprocal for all studied traits at
the second plant population (15 plants/m?) in 1998/99 season.

) Days to No. of pri. h_lo. of ;223 _ Seed Sped )
Hybrid LAI 50'/._ bran./plant siliqua/ weight yield/plant| yield Qil %
flowering plant @ (g) (t/fed)

30X32| 11.79" | 9.1* 178" |- 1287 =704 5.0 - 8.96 3.5
30X 33| 45.38* | 10.7* 31.2™ 124™ [-11.141**| 30.3* | 25.99** | -1.7*
30X34 | 4491 | 11.0™ 16.6™ -7.9 L 16.0 24.10** | -41*
32X33| 16.94* | 9.7 -6.2 -24.1** |-19.56" | -24.6" |-13.90* | -58"
32X 34| 49.94* | 82* 239" 8.4 |-12.28™ 16.3 10.47 4.7
33X34| 28.99" | 8.8* -6.9 -19.8* |- 12.24**| -186 -13.94 | 17.2"
32X30 | 25.98* | 15.4** -086 -9.8** [-11.73" 1.8 -7.78 0.7

33X30 | 58.55" | 12.8** a2 29.3" |=14.62*] 335" 32.81** | -5.0"
34 X30| 60.91** | 6.9 259" 153> | 383%™ 39.9* 55.83"* | -4.8*
33X32] 18.03" | 10.2** 13.3** -1.8 |-17.36" 29 -11.84 | -3.9*
34X32| 33.20** | 5.8 22.6* BT =126 5.7 13.22 -2.27
34 X33 | 15.96* 32 6.9 152" |-21.79" =17 - 8.05 13.6™

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.

Table 6:The amount of heterosis over the mid-parents estimated from

means of Fy hybrids and F; reciprocal for ali studied traits at
the third plant population (20 plants/m?) in 1998/99 season.

_ Daysto [No.ofri.| No.of | 1990 | seed | seed |
Hybrid LAI " 50‘/3 bran./ | siliqua/ weight yield/plant | yield | Oil %
owering | plant plant (@) (@) (t/fed)
30x32 | 628 | 84 55 [-21.6™[-557"[ 3.1 289 | 47"
30 X33 | 59.94** 9.8" 252" | 344 [-1536*| 33.5" 32.43* | -0.7"
30 X34 | 29.65* 12.2™ 6.3 -25 5.3 23.0* 18.79* | -2.8*
32 X 33 6.56 0.8 -1.6 =24.5™ 1-19.77*} -255" |-14.75"] -7 0
32 X34 | 26.45" 8.8 9.1 -14 |-6.60* 16.0* 24:08% | 4.4
33X34 | 19.27 i =38 1=2B2F|-7B3™ | =235 IS10F2% ST
32 X30 17.712 15.6™ -5.8 -0.6 (-16.10** -1.6 0.13 2.0
33 X30 | 63.33" 0.8 15.9* 57.6** |-17.47**| 36.4* 34.79* | -4.2"
34 X30 | 56.01* 6.6 20.7** | 49.8"" | 5.24** 41.6** 43.01** | -4.0™
33X32 |29.59* | 10.7* -13.3* | -6.2 [-16.91* -20 -10.04**| -4.0"
34 X32 |29.27 B.1** 239 =25 |-857 8.8 11.20" | 2.5
34 X33 | 11.81* 3.9* 3.3 29,7 | = 3.44™ 6.0 -5.21 13.8™

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.
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Concerning the results from combined data over all densities in the
first and second seasons (Tables 7 and 8, respectively), the amount of
heterosis over the mid-parents ranged from — 24.47 to 63.03% for seed yield
per plant and leaf area index (LAl), respectively in the fist season and from —
25.10 to 60.40% for 1000-seed weight and leaf area index (LAl), respectively
in the second season. The results cleared that the cross combination
between S 33 X S 30 recorded the highest heterosis values for leaf area
index (LAI), seed yield per plant, seed yield (t/fed) in the first season, and
number of siliqua per plant in both seasons. The Fy hybrid S 30 X S 34
showed the highest values of heterosis percentage for number of primary
branches per plant in the first season with the value of 33.34%. While, the F,
hybrid S 30 X S 33 recorded the highest value of percent heterosis in the
second season with the value of 28.10%. In the case of 1000 seed weight,
the cross combination S 30 X S 34 appeared to be the best one with the
values of 4.33 and 5.32% in the first and second seasons, respectively.
Regarding oil percentage, the cross combination S 33 X S 34 showed the
best cross in both seasons and the amount of heterosis were 16.80 and
17.07% in the first and second seasons, respectively. However, the F,, hybrid
S 32 X S 30 recorded the highest values of heterosis percentage for number
of days to 50% flowering in both seasons with the values of 15.90 and
15.33% in the first and second seasons, respectively.

Heterosis over better parent:

The amount of heterosis over better parent for all studied traits were
obtained at three plant population densities and the results of the first season
of 1997/98 are presented in Tables 9, 10 and 11 as well as the results of the
second season of 1998/99 are presented in Tables 12, 13 and 14 for the first,
second and third plant population density, respectively.

The results indicated the cross combination between S 33 X S 30
recorded the highest values of heterosis percentage for leaf area index (LAI)
and number of siliqua per plant for most plant population densities in both
seasons. Also, The F;, hybrid S 33 X S 30 recorded the highest heterosis
percentage for seed yield per plant and seed yield (tfed) for most plant
population densities in the both seasons. The F, hybrid S 30 X S 34 recorded
the highest values of heterosis percentage for number of primary branches
per plant especially in the first season with the values of 25.2, 41.3 and
14.6% for the first, second and third plant population density, respectively.
However, the cross combination between S 30 X S 34 recorded the highest
values of heterosis percentage for 1000 seed weight especially for the first
and third plant population density.

The results also showed that the F,hybrid S 32 X S 30 appeared to
be the best cross for number of days to 50% flowering with amount of
heterosis ranged from 13.6 to 16.7%. In the case of oil percentage, the cross
combination between S 33 X S 34 recorded the best heterosis values for all
densities in both seasons with values ranged from 14.5 to 17.5%.
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Table 7: The amount of heterosis over fhe mMid-par
combined data over all densities of F; hybrids and F, reciproca

studied traits in 1997/98 season.

ents estimated from
| for all

. Days to No. of pri. No. of ;223 Seed Seed o3
ybrid LAI 50'/3 bran.Jplant siliqua/ weight yield/plant| yield Oil %
flowering plant (g) (t/fed)

30X32| 7.16 14.13** 1.93 -6.87 | -6.43" 9.93 5.33 4.93*
30X 33| 58.10™ | 10.33** 10.77 31.37* |- 12.46**| 34.33** | 38.87** | - 0.43*
30 X34 | 39.95** | 12.40" | 33.43" 4.90 4.33 23.63* | 28.77** | -3.07™
32X33| 23.61* | 10.73" -6.73 |-27.03**|-17.95**| -27.47" | -3.75 | -4.30™
32X 34| 47.26* | 8.43" HMar 760 |-10.68"| 23.17* | 27.07** | 4.93**
33X34 | 37.46 | 7.73" | -17.90** |-24.13**| -9.46™ | -18.23 -459 | 16.80™
32X30 | 22.98** | 15.90* < iy I -9.30 |[-12.05* 220 1.60 1.53*
33x30 | 63.03* | 14.73** | 22.23* | 39.57** |-13.95**| 40.03** | 45.14* | -3.87"
34X 30| 59.14™ | 8.70" 11.63 26.00** 2.16 36.20** | 42.00** | -5.67*
33X 32| 25.63* | 13.03* -0.17 =378 |=12.20 3.30 562 | -1.40"
3dx32| 3932 | TAI™ 16.30" 270 |-13.16™ 547 1271 | 127
34X33| 3072 | 54T -7.47 25.63* |-19.71** 7.70 11.30" | 12,87

* ** Denote significant at 0.0

5 and 0.01 levels of probability, respectively.

Table 8: The amount of heterosis over the mid-parents estimated from
combined data over all densities of F; hybrids and F,
reciprocal for all studied traits in 1998/99 season.

Days to K. dt st No. of ;223 Seed Seed
Hybrid LAI 50% bra;l A i‘:m-t siliqua/ il yield/plant| yield Oil %
flowering P plant ( 9) (g) (t/fed)
DX32]| 12149 9.27* 14.07** |-14.23""| - 5.54™ 6.23 -5.48* | 3.87"
30X 33| 54.91" | 10.67*" 28.10™ 21.47* |-11.56**| 30.90** | 28.56** | -1.33""
30X 34| 43.26™ | 11.10** | 16.33"™ | -4.93 | 532" 19.13 26.80** | -3.37**
32 X33 | 18.05™ | 10.03** -7.23 -25.10**|-18.61**| -24.83" [-12.45"| -6.43""
32X 34 | 45.70* B.2T* 15.90*" 3.80 |-11.52" 16.40 15.05" | 4.90*"
33X 34| 2852 | 813™ -550 |[-24.17**|-10.03**| -21.17 |-12.51* | 17.07*
32 X30 | 24.03** | 15.33" -1.70 -7.23"™ [-12.44* 0.17 -6.37** | 1.20"™
33X30 | 58.12** | 12.17** | 21.93" | 39.53** (- 14.76"*| 34.30** | 37.13"" | -4.80""
34 X 30 | 60.40* 6.80** 26.47** | 28.73" 2.3 34.63** | 49.85" | -4.70*
3332 23.93* | 11.07* -0.80 -3.10 |-17.27**| 243 -12.47* | -4.10™
34 X 32| 33.39" | 6.57* 21are 210 |[-12.61* 8.20 14.20** | - 1.90™
34 X33 | 15.94™ | 3.77*" 4.87 25.90" |- 15.59"" 0.87 -8.74 | 13.74™
* **Denote significant at 0.05 and 0.01 levels of probability, respectively.
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Table 9: The amount of heterosis over better parent estimated from
means of Fy hybrids and F,; reciprocal for all studied traits at
the first plant population (10 plants/m?) in 1997/98 season.

;ggg Seed |Seed
weiaht |vield/pl |yield |0l %
(g)g ant (g) |(t/fed)
30X32[2.90 [13.2" |-44 |-12.0° |-12.50" |00 |[4.02 |04~

30 X 33 |33.48" |6.7** 1.8 126" |-16.84™ (28.8* |36.48** |[-2.9**
30X 34 (5.20 6 i 26.5"™ |-95 {3.00 15.3 27:86% -4

Daysto |No.of |[No.of
Hybrid (LAl |50% pri.bran. |siliqua/
flowering |/plant plant

32X33|-2.00 |7.8** - 20.0** |- 41.7** |- 18.45** |- 37.5" [1.00 -4.6*
32X 34 |25.39" [4.3* 1.7 -2.6 |-18.49* (3.1 18.73™ |34
33 X 34 |33.53* [8.4** -23.8" |- 30.1** |- 14.44* |-22.7 |-11.07* |14.6**

32 X30 |29.18* [13.6** -104 |- 14.1* |- 15.76* |-6.1 -0.20 1.3™
33 X30 (26.24* |10.8** 14.6* ([16.3* |- 18.18** [38.0** |47.85** |-3.8™
34 X 30 |23.08 |4.0** 0.9 12.7 -0.60 26.4* [26.50** |-6.6"

33 X32 |5.79 0.7 -11.3 1-19.7* |- 12.50** |- 5.6 1275 L
34 X32 [10.47 |3.3** 10.4 =02 F20:92" [-1000. 777 0.5
34 X33 {18.56 |4.1** - 14.9* |15.6* |- 24.87** |7.0 -4.51 10:7°*

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.

Table 10: The amount of heterosis over better parent estimated from
means of F, hybrids and F, reciprocal for all studied traits at
the second plant population (15 plants/m?) in 1997/98 season.

a0 ”;‘;i“ No.of | 1990 | seeq | seed
Hybrid | LAI " | siliqua/ yield/pl| yield | Qil %
flowerin | bran./pl plant weight ant(g) | (tfed)

g ant (g)
30X32 [ -458 | 125 32 | -11.7 |-11.27*] -0.7 | -8.96* | 4.4

30 X33 [54.68*| 5.6** 13.0" 162 |-16.81""] 34.8°* | 20.31™ |-2.3*
30 X34 [30.07| 7.3** 413" | 786 1.60 22.9° . 11.53% [-55*
32X33 | 2.29 Tar -84 |-31.2*"|- 19,37 |- 29.2** | - 13.40** | - 5.2
32X 34 120.95"™| b5.2* 8.4 54 (-18.21**| 0.0 2.26 2.8
33X34 127.09"™| 7.9* |-17.1* |-33.8**[-18.80**|-19.4*| -8.75 |145™
32 X30 (11.97*| 14.6** 4.2 =10/6-]=16.03%| -~ 77 | = B41* | 1.4

33X30 |61.66™ | 10.1** | 31.5™ | 24.9" |- 18.80**| 40.1** | 39.08** |-5.1"
34 X 30 |44.44*| 4.0* 6.5 - $22.9™ 256 [33.0™ ] 2442 | .57
33X32 | 4.40 8.3* 5.3 -14.4 |-16.24™| -44 ~-3.66 [-24*
34X32 | 9.15* il 8.4 -5.7 |-16.76"| -44 0.78 - 1.0

34 X33 |26.85**| 4.2** -9.1 1.8 |-27.07*] -3.1 |-13.88*]10.0*
*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.
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Table 11: The amount of heterosis over butter parent estimated from
means of F; hybrids and F, reclprocal for all studied traits at

the third plant population (20 plant/m?) in 1997/98 season.
No. of
Hybrid | LAl —_ X iy . s';ll?é:z:f :ﬁgh’t"é‘; yielsdel;?ant 3::5: il %
flowering it plant (9) (t/fed)
30 X 32 7.70 14.0* 2.4 -136 | -9.09" -1.6 401 | 23"
30X33 |4143"| 7.6 11.0 162 |=1802* | 327+ |43.06* | 1.2%
30X34 | 2747 | 0.3 14.6* 2.7 -3.59 154 | 15.93* | -7.5*
32X33 | 16.86* | 7.4* -24 |-396"|-17.42* | -33.2** |-14.95"| - 4.9™
32x34 | 1847 | 51 35 -6.8 | -15.15" 189 | 12.94* | 3.2*
33X34 | 3085 | 59* |[-19.8"| -294* | -16.82* | -29.8* |-15.56"| 17.5"
32X30 | 2660 | 167 | 118" | -164 |-18.18*| -6.8 =270 | -1.9"
3330 |4921% | 1057 | 13.4% | 253 |-1892* | 354 (43347 | -75"
34X30 | 4476 | 5.1* 122* | 253" | -4.90 27.2* | 40.34** |- 115"
33Xx32 | 15.26* | 10.2* -89 |-230%|-1281* | -53 |[-0.69" |-20"
34X32 | 2573 | 5.0 -24 -68 | -2091" | -105 062 | -05
34X33 | 26.41* | 6.2* -62 | 252" | -26.43" 1.8 297 | 142t

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.

Table 12: The amount of heterosis over better parent estimated from
means of F, hybrids and F,4 reclprocal for all studied traits at
the first plant population (10

plants/m®) in 1998/99 season.

1000

Hybrid | LAl Dgff..m :r‘;'nf,;{;’ri;t s?l?ci:afi :;Z‘:“ yielsdeJ':‘ljant 333 Oil %
flowering plant (@) (g) (t/fed)
0X32| 891 | 98~ | 136~ |-148"|-973" | 10 |-24457| 13~
30X33 | 55.93" | 75" | 247 | 41 |-14.96"| 268 | 1581 | -4.2
30X34 | 36.80" | 52 | 174 | -7.8* | 408" | 136 |23025" | -7.3"
322X33| 648 | 64 | -153" |-389" [-15.14*| -31.9" [-16.15%| 7.2
32X34 | 24.20" | 3.4 22 .| -58 |-1865*| 29 [-1077| as+
33X 34| 23357 | 75" | -143" |-31.0" |- 14.70"| -2345 |-24.50"| 15.0"
32X30 | 18.02* | 145* | -34 |-17.3"|-1486"| -84 |[-2536"] -1.1°
33X30 | 49.15™ | 88~ | 158" | 166 |-1864*| 30.9* | 30.85* | -7.8"
34X30 | 4479" | 220 | 237" | 169" |-466™ | 174 |4272+ | -93
33x32| 607 | &7 .46 |-17.8" |-1622| .42 |-2244] .51
4X32| 648 | 34 43 .25 [-1949"| -31 | -467 | -3.2
34X33| 789 | 32" S50 | 214" |-2546"| -42 |-24577| 11.9"

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.
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Table 13;: The amount of heterosis over better parent estimated from means
of F, hybrids and F, reciprocal for all studied traits at the second
plant population (15 plants/m®) in 1998/99 season.

Days 15 No. of pri. No of ;ggg 3 Seed s.° od
Hybrid | LAl ﬂofvoe.ﬁng bran./plant snl:qutai weight yieid/plant| yield Oil %

plan @ (9) (tfed)
30X32| 484" 8.4™ 15.6" | -154" |- 12.43" -39 |-1843"| 14"
30X 33| 35.78" 6.3 255 -14 {-16.25"| 20.3" 20.23* | -4.2™
30X 34| 27.89" 6.4 112 -10.9*" 125 9.1 11.41 -7.6"
32X33)| 272 5.2 -8.5" -35.3* |-19.34**| -32.0*" |-19.43*| -6.3"
32X34 | 2432 4.4 19.6** 1.5 1-19.06* 0.33 -9.96 2.9
33X 34 ||21.35" o -7.44 -27.5™ |=19101**| -229 [=25.88" | 15.8™
32 X30 | 17.92* | 145" -1.0 -12.7** |- 16.85** -6.9 =A47.37" L =14
33 X30 | 48.07** 8.4" 25.82** 13.4** |-19.56"| 32.41* 26.73" | ~74™
34X 30| 42.02™ 24 200 g b < i 1.56 312 39.89* | -8.3"
33X32| | 368 6.6** 10.6* -16.3" - 1713 -7.2 <HB0N | Ssdae
34X 32| 11.04* 241 19.0 -5.8 |-19.33**| -8.82 -7.72 -3.9"
34 X33 | 9.09* 2.9 6.3 4.1 - 27.82** -6.8 -20.80* | 12.2*

* ** Denote significant at 0.05 and 0.01 levels of probability, respectively.

Table 14: T"he amount of heterosis over better parent estimated from means
of F, hybrids and F4 reciProcal for all studied traits at the third plant
)

population (20 plants/m

in 1998/99 season.

1000
Days to No. of Seed Seed
No.of pri.| seed
Hybrid LAI 50% siliqua/ _ yield/plant| yield Qil %
_|bran./plant weight
flowering plant (g) (t/fed)
(@)
30 X 32 -2.7 % i 5.2 -24.7* [-10.20™ -5.2 -6.10" 3.7
30:X33 | 52.3* 54" 21.4* 15.5* |-21.29" 29.8™ 29,12 | 2.0
30X34 | 21.14™ B2 0.34 -32 -1.31 16.5 82" | =10:.0™
32X33| -6.6 6.1 -4.2 <FT 2 L2151 =305 | =-20.35™) =7F2"
32X34 8.7 5.6 34 -59 |[-16.76" 0.0 4.57 2.0™
33X34| 16.8" 6.7 -6.5 ~379%™ [-21.01*] -20.8™ }[-20.07"] 153"
32 X30 7.8 14.8" -6.1 -44 |[-2029" -9.5 -8.62* | -1.0"
33 X30 | 55.4* 6.4* 12.4 a5.5™ |-3228%| 32.6M™ 3142 | =54
34 X30| 45.7* 2.8 13.9 28,1 -1.63 34.1* 01 ] =6.8"
33X32| 135" 6.9** -15.6" |-22.0*|-18.77*" -8.6 - 1595 | 4.7
34X32| 114° 3.0 17.4* -7.0" |-19.41™ -6.2 -6.28* | -4.5"
34 X33 9.5 33 0.5 122 |[-29.13" -2.8 544 124

* ** Denote significant at 0.05 and 0.01 levels of probability, respectively.
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the values of 14.97 and 14.60% in the first and second seasons,
respectively. Similar results were obtained by many investigators such asfaik
et al (1999), Hari et al (1995), Davik (1997), Parkash et al. (1997), Thakur
and Sagwal (1997) and Varshney and Rao (1997).

It could be concluded that the amount of heterosis in most of studied
traits was higher at the dense plant populationi.e-20 plants/m* This might be
attributed to heterozygosity in hybrid plants, which make them much efficient.
The efficiency of these heterozygous plants clearly shown under more
competition between plants for water, nutrients and for light compared with
homozygous plants.

Table 15: The amount of heterosis over better parent estimated from
combined data over all densities of F, hybrids and F,
reciprocal for all studied traits in 1997/99 season.

H Days to No. of pri. No of ;223 ¥ Seed s.e ed -
ybrid| LAI 50%3 Bran./plant siliqua/ weight yield/plant | yield | Oil %
flowering plant (@) (g) (t/fed)

30X32| 2.01 13.23" 0.40 -12.43 |- 10.95™ -0.77 -0:31 1 237
30X 33|43.20*| 6.63** 8.60 15.00 |-17.22**| 32.10"™ |36.28"|-1.33*
30X 34| 20.81* | 7.90* P-4 i | 0.27 0.34 17.87 18.44** (- 5.73*
32X331 572 750" -10.27 -37.50** |- 18.41**| -33.30" -9.12* | -4.90*
32 X 34| 21.50* 507 4.53 1.33 |-17.28™ 33 11.31" | 3.28™
33 X 34| 30.49*| 740" -20.23** |-31.10**|-16.69**| -23.97* |[-11.79*|15.53**
32 X30 | 22.58** | 14.97** 1.87 -13.70 |-16.32" -6.87 -3.77 | 027
33 X30 | 45.70*" | 10.47** 19.83" 22.17** |- 18.63"| 37.73" 43.42** | -5.47*
34 X 30| 37.43**| 437 6.53 20.30* | -0.98 29.17* 30.58** | -8.27*
33X32| 8.48 9.73™ -3.97 - 19.03* |- 13.88*" -5.10 -0.20 |-2.07*
34 X 32| 15.12* | 4.00™ 5.47 -5.90 |-19.53" -8.30 3.06 | -0.33
34 X 33| 23.94* 4.83** -10.07 14.20 |- 26.12* 1.90 -5.41 |11.63*"

*, ™ Denote significant at 0.05 and 0.01 levels of probability, respectively.

Concerning the results from combined data over all densities in the
first and second seasons (Tables 15 and 16), the amount of heterosis over
better parent ranged from — 37.50 to 45.70% in the fist season and from —
37.13 to 50.87% for 1000-seed weight and leaf area index (LAIl) in both
seasons, respectively. The results cleared that the cross combination
between S 33 X S 30 recorded the highest heterosis values for seed yield
(t/fed) in the first season and leaf area index (LAI), number of siliqua per plant
and seed vyieid per plant (t/fed) in both seasons. The F, hybrid S 30 X S 34
showed the highest values of heterosis percentage for number of primary
branches per plant in the first season with the value of 27.13%. While, the F;
hybrid S 30 X S 33 recorded the highest value of percent heterosis in the
second season with the value of 23.87%. In the case of 1000 seed weight,
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the cross combination S 30 X S 34 appeared to be the best one with the
values of 0.34 and 1.34% in the first and second seasons, respectively.
Regarding oil percentage, the cross combination S 33 X S 34 showed the
best cross in both seasons and the amount of heterosis were 15.53 and
15.37% in the first and second seasons, respectively. However, the F,, hybrid
§ 32 X S 30 recorded the highest values of heterosis percentage for number
of days to 50% flowering in both seasons with

Table 16: The amount of heterosis over better parent estimated from
combined data over all densities of F, hybrids and F,
reciprocal for all studied traits in 1998/99 season.

Days to No. of pri No. of ;ggg Seed Seed
Hybrid | LAI 50% 2 " | siliqua/ 4 yield/plant| vyield Oil %
flowering Bran./plant weight (t/fed)

plant (@ (g)
30X32| 3.62 8.63"* 11.47* |- 18.30"*(-10.82**| -2.70 |[-16.33**| 2.13""

30X 33| 48.00** | 6.40** 23.87*" 6.07 |-17.50**| 28.63* 21.72* | - 347

30X 34| 28.60** | 6.60™ 9.65 - 7.30* 1.34 13.07 16.83** | - 8.30"
32X33| 0.87 6.13™ -9.33 |-37.13"|-18.68* | -31.47** |- 18.64"| - 2.10*
32X34 | 19.10* | 4.47* 8.40 -3.40 [-18.16*" 1.08 =539 | 2.80*

33 X34 | 20.50** | 6.50** -9.41  [-3213"|-18.24* | -2538* |-23.48"| 15.37**

32 X30 | 14.58* | 14.60* -3.50 1-1147"-17.33"| -8.27 |-17.42*( 147
33 X30 | 50.87** | 7.87** 18.01** | 21.83** |-23.48*| 31.97* 29.67* | - 6.87**
34 X30 | 44.17* | 2.47* 19.23** | 19.17" | -1.58 27.5T SLET™ ) ~BAT™

33X32| 7.75 7.40™ -3.20 |-18.70**|-17.37**| -6.67 |-18.63"| -4.70*
34X32| 9.54* 2.83" 13.57* -510 |-19.31**| -6.04 6.22 - 3.87*
34X33| 883 3.13* 0.60 12.57** [-27.47**| -4.60 [-20.17**| 12.07"*

*, ** Denote significant at 0.05 and 0.01 levels of probability, respectively.
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