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Extended Abstract

Background: Oilseed rape is a major source of vegetable oil in the world, and its seed contains
more than 40% of oil. The meal obtained from oil extraction contains more than 35% of protein.
Currently, it ranks third among oil plants after soybean and oil palm in the world.
Environmental stresses, such as drought stress, cause a significant decrease in oilseed rape
yields. Therefore, breeding for drought tolerance is very important, and creating high-yielding
and early maturing or drought-tolerant cultivars is one of the important goals of breeders. This
study aimed to determine the best general and specific combiners and the heterosis level
compared to the superior parent in spring rapeseed using line x tester analysis in two normal
irrigation and drought stress conditions.

Methods: Seven high-yielding rapeseed lines were crossed with five testers with a range of
early maturity in 2018-2019. The first-generation hybrids along with 12 parents (47 genotypes
in total) were evaluated in a randomized complete block design with three replications in two
conditions of normal irrigation and end-season drought stress (irrigation cut off at the beginning
of the podding stage) in 2019-2020. The studied traits included physiological maturity date,
plant height, the number of pods per plant, pod length, the number of grains per pod, height of
the first pod from the ground, 1000-seed weight (TSW), seed yield, oil percentage, and oil yield.
Results: The results of ANOVA in both normal irrigation and drought stress conditions showed
significant differences between hybrids for all investigated traits, which indicated a significant
variation between the genotypes. In analyzing the effect of hybrids into the relevant
components, the interaction effect of line x tester was significant for all traits under normal
irrigation and drought stress conditions, except for the height of the first pod from the ground
and oil yield. The effect of parents versus hybrids was significant in normal conditions for all
traits, except for the number of seeds per pod under normal irrigation conditions and except for
plant height, pod length, and the number of seeds per pod in drought stress conditions,
indicating the existence of heterosis for these traits. For the physiological maturing trait, line 6
among the lines showed the highest negative general combinability under normal irrigation and
drought stress conditions, and tester 5 showed the highest negative general combinability among
the testers under normal irrigation and drought stress conditions. Tester 5 contributed to the
early maturing T5 x L3 hybrid under drought stress conditions. L1 and L5 in both conditions,
T2, L3, and L4 in normal irrigation conditions, and T1 in drought stress conditions were
identified as the best general positive and significant combiners for the number of pods per
plant. The hybrids T5xL1, T1x L5, T2xL4, T4xL4, T1xL7, T1xL6, T2xL7, T3xL2, T5xL7,
and T4xL3 were the best specific combiners to increase the number of pods per plant in both
experimental conditions. T4 was the most significant positive general combiner under normal
irrigation and drought stress conditions for the TSW trait. The highest positive and significant
specific combinability for this trait was observed in the hybrids T2 x L7 and T3 x L7 in both
conditions, hybrids T1 x L7 and T5 x L4 under normal irrigation conditions, and hybrids T1 x
L6 and T3 x L5 under drought stress conditions. The most significant positive general
combinability in grain yield was determined in T5, L1, and L6 in both conditions. The best
significant positive specific combinability were T2 x L7 and T3 x L7 in both conditions. The
highest positive and significant general combinability of the oil content belonged to T3, T5, and
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L6 in both experimental conditions, T4 and L7 in normal irrigation conditions, and L5 in
drought stress conditions. T1 x L6, T5 x L1, T2 x L5, T3 x L1, T5 x L3 and T4 x L4 were
among the best hybrids in both conditions. In normal irrigation conditions, T2 x L3, T4 x L3,
T5x L1, T4 x L6, and T5 x L3 in drought stress, T5 x L1, T2 x L3, T2 x L4, T4 x L4, T4 x L3,
T4 x L5, and T2 x L7 presented the highest heterosis level in the positive direction for the
number of pods per plant. The highest heterosis level for the number of grains per pod trait was
recorded in T2 x L3, T4 x L3, T5 x L1, and T2 x L5 under normal irrigation conditions, and
T5 x L6, T3 x L6, and T5 x L3 under drought stress condition.

Conclusion: The estimation of traits' combinability showed that T5, L1, and L6 were the best
general combiners in increasing grain yield. T3 x L7 and T2 x L7 hybrids were the best specific
combiners for increasing grain yield under normal irrigation and drought stress conditions. For
the TSW trait, T3 x L6, T4 x L1, T5 x L4, and T1 x L1 hybrids under normal irrigation
conditions, and T3 x L7, T1 x L6, T2 x L6, and T3 x L3 hybrids under drought stress
conditions showed the highest heterosis level. The T2 x L3, T4 x L3, and T5 x L1 showed
significant positive heterosis levels for the number of pods per plant and the number of grains
per pod under normal irrigation conditions. Therefore, their parents can be suggested in
production programs for hybrid varieties.
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Table 3. Analysis of variance of some agricultural traits in oilseed rape genotypes line xtester method under normal

irrigation and drought stress conditions

ar

Oess 2 Al ol s . et s el L0l d oL
; o> Jsb Dy 53 (2 pp i Gy gl Seislgsid (S J 2 e
Numbe[)ggsseeds n length of pods Number of pods per Bush Bush Height Physiological Maturity ‘%‘}U S.O.V.
oA Jeoy sl oA Jloy k] o s Jloy sl A Jeoy k] oh Jloy sk
<is Normal 25 Normal D U‘H‘ _ Normal Sis Normal s _ Normal
Drought irrigation Drought irrigation S{E:s% t irrigation Drought irrigation Drought irrigation
stress stress stress stress
4.88 ™ 3.62" 0.20™ 1.39" 3892.52™ 72.12™ 19.89"™ 12252 88.88 ™ 110.09™ 2 . ?"&5
Replication
14.54™ 19.46 ™ 078" 167" 14024.22" 15281.23™ 131.58 ™ 185.49 52.07™ 59.04™ 46 Sless
Treatments
18.54 26.76 ™ 0.49 M 2.68™ 4031.16™ 6483.19™ 96.21" 230.68 ™ 37.54" 47727 11 PLa):eAjn‘i
2 ey
22.50 ™ 495" 0.15"™ 3.06 184495.00™ 235727.86™ 155.76" 775.53™ 128.54™ 105.79 ™ 1 S99
Parents vs.
Crosses
13.01" 17.53 ™ 0.89 ™ 130" 12243.42" 11643.93™ 142.32™ 153.52™ 54.52™ 61.32" 34 CL:(;sfs}e,;
13.09 " 19.59 ™ 0.60 "™ 0.74™ 5451.10™ 16828.09™ 76.72" 236.31" 62.82" 65.26 ™ 6 Liﬁé\é
7.41 3.78 ™ 121" 5.55 " 21060.05™ 8073.14 ™ 379.15™ 367.73™ 49.82" 10322 4 Tegi;f
oYX s
13922 19.31™ 091" 0.74™ 12472.07" 10943.02" 119.25™ 97.12™ 53.22™ 53.35™ 24 LinesxTeste
rs
8.29 4.68 0.43 0.21 720.99 544.39 53.83 84.27 16.68 65.12 92 Er%:r
Syt o 5
12.03 8.53 9.28 6.24 12.57 9.56 6.97 4.90 1.77 1.64 CV. (%)

Gy gme pas g o[+ 0 g [N Jlein] paw 53 5 dme GBI S 54y NS g %
** * and ns: significant difference at the probability level of 0.01 and 0.05 and non-significance, respectively
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Continued Table 3. Analysis of variance of some agricultural traits in oilseed rape genotypes line xtester method
under normal irrigation and drought stress conditions

a2t oyl )]

@

09 J;J.u- Oy oy &l J)Stlac 45 o9 o5 ol i @lio
Oil yield Oil percent Seed yield 1000-seed weight height of the first pod df} SXOAYA
a%ove the ground
- d)l:ei
o Jesehd s S S PP R N, O NPT ¥,
> Normal < Jly O Normal . Norma oS Normal
Drought irrigation Diought iNormal Drought irrigation Droug . | Drought irrigation
stress rought jrrigation stress ht irrigati stress
stress stress on

2697255.61™ 1173918.94™ 18.96™ 24.45™ 4998923.67™ 2384930.55™ 0.18 " 0.13 ™ 100.87" 301.94™ 2 Replica{;ﬁ
143443.41" 184661.14™ 16.78™ 10.89™ 708577.66™ 846679.93™ 032" 0.30™ 146.01™ 151.33" 46 Trealmérl:li
95232.37 " 107722.31™ 8.45™ 19.03™ 505981.48" 891968.37" 0.37™ 0.31™ 243.77 361.93 11 Pair;\]t'g
2 el
555829.14™ 537657.26" 25.64" 3.14" 3796561.66™ 2280576.28" 0.74" 0.58" 494.20 ™ 399.39 ™ 1 bS5
Parents vs.
Crosses
146912.10™ 199170.87™ 19.22" 8.48" 683300.43" 789854.36 0.29™ 0.29™ 104.14 " 75.90 ™ 34 C‘:J‘i’e’;
292319.82" 344027.83™ 9.28™ 14.60™ 1423622.16™ 1284466.23 ™ 023" 0.27" 19.15" 30.53 ™ 6 Liﬁ;\;
146912.64 ™ 213164.06 ™ 41.07" 5.96™ 1041330.85 ™ 1829878.32™ 0.41" 0.39™ 33232 243.66 ™ 4 Tes{:;
oYX s
110560.08 ™ 160624.43" 18.06™ 7.31™ 438548.25" 492864.07™ 0.29™ 0.28™ 87.35M™ 59.28 " 24 LinesxTeste
rs
75175.66 88436.21 0.14 0.14 237177.99 199798.71 0.13 0.10 59.32 69.29 92 Er?:;r
33.72 31.77 1.03 1.02 24.11 19.10 9.02 7.75 13.26 9.32 “""é“"v“‘(’%

S gire pas g o[+ g o [N Jlain] aw p3 )b e AWA] (3 Sy NS 4 %

** * and ns: significant difference at the probability level of 0.01 and 0.05 and non-significance, respectively
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Table 4. The best general combiner of lines and testers for some traits of oilseed rape under normal irrigation and
drought stress conditions

. . Jey &l . R

25 A3 A ohals/ a8l Cado

Drought stress Normal irrigation Increase/Decrease Ttrait
T3xL5(-6/55™"), T4xL1(-5/86"), T5xL3(- TAXL1(-6.42"), T2xL3(-5.58""), T4xLA4(-4.59"), T3xL7(- Sals S255l558 (S
5/514™), T2xL3(-5/181), TaxL4(-4/92") 2507), L7xT4  (-2.027) decrease Phys'&'gtg'figl
T2xL3(-8/66 ), TSXL7(-8/50'), TLxLT(- TAxL5(-11.96™), T1xL4(-6.76™), T5xL7(-4.17"), TxL7(- Lals Lo £lis)
1/80™), T4xL7 7 . oie 5 gl
2.807), T3xL7  (-0.327) decrease Bush height

(-1/56™), T5xL7(-1/51"7),
T5xL1(94/06™), T3xL2(77/88™),

TaLATU52"), ToLA(64/59"), T5xL1(118.037),T3xL2(72.187), T2xL4

141.05™), T1xL6(39.52™), T1xL5(38.79™), T4xL3(38.277), gy 13 s s

= = Ll
T1xL6(59/39"), T1xL5(58/80"), M - - Sake Number of pods per
T4xL3(36/10"), T2xL7(28103"), TaxL4(34.547), T%Iigz(igi) T1xL7(23.48™), Increase bish
T5xL7(14/61™), T1xL7(0/73™) 51

TLAL7(0/367) TIxL6(2/627), TIxLA(1/85™), T2xL5(1/608"), Sl s b
T3xL1(1/207"), T4xL6(1/077) Increase length of pods

o . - . . IR Oy &b ol

T1xL7(5/28") T2xL7(3/94"), T1xL6(3/30™), T2xL4(3/19%), T4xL6(2/75) S Number of seeds in
Increase pod

. 3 omag ol gl

TAaxL7(6/01"), T2xL7(7/67") T3xL7(4/25™), T2xL7(3/87") ol . o) glaw
Increase height of the first

pod above the ground

T3xL7(0/52"), T2xL7(0/24™), - - - " 21530 ab)a o
K . T2xL7(0/24°"), T3xL7(0/22"), T1xL7(0/15™), T5xL4(0/47 S IR 09
T1xL6(0/44"), T3xL5(0/45") <7(0/247), T3L7(01227), T1LT(0/15 ), ToLA(0/AT) Increase 1000-seed weight

T3xL7(698/08"), T2xL7(172/45™), T3xL7(572/09"), T4xL7(162/35™), T2xL7(112/26™), Sl &l 3,Slee
T3xL5(601/79"), T4xL4(583/05") T5xL1(630/37") Increase Seed yield
T5xL7(4/237), T2xL2(3/737),

T4xL4(2/68™), T1xL6(2/37™), T1xL6(2.627), T3xL7(2/19™), T5xL1(1/64™), . )
T3xL4(2/377), T3xL1(2/267), T2xL5(1/608), T3xL1(1/20™), T5xL3(1/12™), o 0E9) 4232
. o . Increase Oil percent
T5xL1(2/02"), T2xL5(0/88"), T4xLA4(0/54™)
T5xL3(0/83"),
T3xLT7(421/177), T2xL7(23/677), - - - 5158 sy 3Skae
. T3xL7(586/157), T2xL7(7/72"), T4xL1(426/82 ke [ty
T4xL1(388/17") HL7( ) T2xLT(11727), T ) Increase Oil yield

(S re pas g o[+ 5 o) Jlain] pdaw 3 I dme M) (o5 Sy e i
** *: significant difference at the probability level of 0.01 and 0.05 and non-significance, respectively
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Table 5. The best specific combiner of hybrids for some agricultural traits of oilseed rape under
normal irrigation and drought stress conditions

JL“)" LS)L:.).T

RS} A ol i3l Céuo

Drought Stress Normal irrigation Increase/Decrease Ttrait

. . - - salS Soielsnied (S
L6(-2/83), T5(-2/35 T5(-3/66™), L6(-2/78 R NP D (2 de)
( ). TS( ) ( ). L&( ) decrease Physiological Maturity
- - " . - - . s ls g el
T1(-4/697), L5(-4/31"), T2(-4/20 T2(-5/417"), L6(-4/637), L4(-3/63"), T1(-2/94 S &)
( ) LS( ). T ) ( ). L&( ) LA ). T ) decrease Bush Height
L1(33/03™), T1(27/00™), T2(33/40™), L3(30/877), L1(29/00™), L5(26/39™), o33l By yd Cpyed i
L5(19/64™) L4(17/67™) Increase Number of pods per Bush
. - 5ol580 . S Jobo

- T4(0/74™), L4(0/31 o O
( ). L4( ) Increase length of pods
- L1(1/89™) o8l Osmygs > &l Sl
Increase Number of seeds in pods
" - 515l ooy gdam 3l (p 95 (gl 145
T5(5/20™) T5(5/247) Ir%:éie height of the first pod above the
ground
X . 5 )58 “'3]3)‘}“ 059
T4(0/1 T4(0/22 e _ k

(0/167) (0/227) |meroase 1000-seed weight
L1(444/44™), T5(382/72"), o = - 2380 &l 3)Slas
L6(267/34°) T5(452/19™), L6(384/04™), L1(273/93") | ;c"‘r‘egi . Seed yield
T3(1/76™), L6(0/99"), T5(0/92™), L6(L/96™), L7(0/55™), T4(0/35™), T3(0/28™), a3l 9y Aoy
|-5%0/91 % '|'5(2)/26 ) Increase Oil percent
L1(203/50™), L6(142/92") L6(222/19™), L1(183/43") oIl Ofg) 28les
Increase Qil yield
Syl pas g /o0 g o/ Jlois] o )3 )l gime BB o eyt e

** *: significant difference at the probability level of 0.01 and 0.05 and non-significance, respectively
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Table 6. Estimation of heterosis of hybrids compared to the superior parent for some agricultural traits of oilseed rape under normal and drought stress planting

Drought stress

Jl‘)"d‘ﬂ:ﬂ'
Normal irrigation

L5(12.63™)xL3(-16.57""), T1xT2 L5(-17.71"),xT2

L4(93.36™), xL4(93.707"), T4xL3(121.747"), T2xL1(149.197), T2xT5
L1(54.90™), xL7(59.05™), T4xL5(62.29™), T2xL3(91.20™), T4xT4
L7(40.07"),xL.2(42.26"),T5xL4(49.28™), T3xL1(51.64 ™), T5xT3
L5(36.99)xT2
L5(8.037),xT3 L4(10.00™),xT1 L3(10.55™),xL7(11.49™), T1xT1
L1(4.03™),xT5 L2(5.06™),xT1 L3(5.08™),xT2 L4(8.02"),xT5
L5(1.777)xT4 L4(3.18™),xT4

L3(10.84™)xL6(11.22"), T5xL6(29.65™),T3xT5

L2(14.127)xL6(16.46"), T5xL6(21.717), T5xT3
L3(1.517),xL6(1.56™), T3xL6(3.34™),T2xL7(5.27"), T1xT3
L1(0.70")xT2

L1(4.097),xL3(4.257), T5xL1(6.96 "), T5xL.2(8.06 "), T3xT5
L7(1.84™),xL3(2.287),T3xL2(3.79™), T1xT2
L6(0.717)%T3

L4(-8.68"),xL7(09.43"), T2xL4(-13.97"), T1xL6(-14.69™), T1xT2
L5(-8.56")xT4
L6(120.85™)xL1(130.53"), T4xL3(131.037"), T5xL3(133.14™"), T4xT2
L2(78.52™),xL5(88.98™), T2xL5(103.78™), T4xL3(118.82""), T2xT5
L1(56.78™),xL6(62.68™), T3xL1(67.64"), T2xL5(69.62""), T2xT3
L7(46.52"),xL.2(49.407), T2xT3

L7(0.77")xL4(1.077), T2xL1(1.26 ™), T3xL1(2.22™),T5xT3

L2 xL5(103.78"), T2xL1(130.537), T2xL.3(131.03™), T5xL.3(133.147"), T4xT2
L2(36.12")xL6(62.68""), T5xL1(67.64™),T2xL5(69.62"), T2x(78.54™"), T3

L1(0.65")xL4(1.87™), T1xL1(2.537), T5xL6(4.34™), T4xT3

L6(4.073™), xL6(5.217), T2xL.2(5.597), T3xL3(8.47 ™), T4xT5
L2(1.247),xL7(1.90), T5xL6(2.34™),T3xL3(2.67""), T5xT2
L4(0.746")xL3(1.07™),T2xT4

ohals/ a8l Cido
Increase/Decrease Ttrait
EERATIRCIW

decrease ,:alS L SNIPRS (O
o Physiological maturity
decrease,zals S5 ¢35}
o Bush height

Increase )58l Dy )3 (29> s

Number of pods per bush

Increase, ;3! o Jb
o length of pods
Increase, 2);3! Ot 2 o 2l
oRF Number of seeds in pods
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