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Abstract
A primary challenge to proding numerous field crops, especially Brassica napu&. (B. napusL.) is
the water deficitThe aim of the study is to develbmh yield and oil cultivars in water deficit conditions.
Nevertheless, genetic analysis is essential to produceylglging crop varieties for adverse conditions,
such as combining ability. Hence, an experiment was condtaidentify the bestvater $ress tolerant
and high yielding genotypes through genetic analysis. In this context, six high yielding water stress resistant
rapeseed cultivarand their respectivé5 F1 hybridswere sowrfor further genetic evaluatioof General
CombiningAbility & Specific CombiningAbility under water stress conditioi®tal two treatments were
set, 15 treatments normalhaving(four irrigations;atvegetativeblooming podsdevelopmen& maturity)
whereashe 2™ treatmentis water deficit at pods developmemaving (two irrigations; atvegetativeand
blooming). The GCA andSCA variances were substantial for various characteristics investigated,
containing seed vyield per plant undmth environmens, displaying the maximunattributes thatvere
regulated by bothdiitive and noradditive genesThree cultivars Rainbow, Rhi Sarson and ANRC
Sarson found exceptionfdr GCA impact on majority of the characters investigated. The above three
genotypes may demonstrate to be tremendous improvements for rapeseed gamtispiar water deficit
environment.Whereasthe excellentresults of hybrids for SCA recorded by CbrR.Sarson, Hyola
401xRainbow and RainbowxR.Sarson in normal and water deficit environments for all the studied
parametersin the future, society andcientific communities could benefitom thesewaterresistant
genotypes impotential breeding prognas.
Keywords: Combining ability RapeseedSeed oil Seed yield Water stress

Introduction B. NapusOil ranks as the'8positionedible
The B. Juncea2n=4x=36 is achief crop oil after palmand soy oiworldwide The oil
variety cultivatedusualy in subtropical and of B. mapus has beenused extensively in
tropical countries as major oilseed cridp. everyday meals in recent yearkipids,
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tocopherols, pgphenols and phytosterols
are the rich components @freseed oillso,

a perfect supply of vegetable @ilas found,
as well as an effectivimtermediary battling
insulin  resistance and cardiovascular
disorders has also been identifiedrom
rapeseed oi[2, 3]. Therapeseeseeds tend
to have 4046% oil from their seedswhile
they possess higher oil in comparison maize
(15%), soya (20%) and cotton (25%)
whereast is actualnearetto sunflower (40%)
for its oil properties. It is commonly
cultivated due to its excessive oil ration
numerouscountries.B. napushas 18-22%
amount of proteinalongsideits oil content.
Although cotton is not a traditional oilseed
crop, it does generate most of the local oil in
Pakistan. Some plants, includihtglianthus
anruusL. andZeamaysL. grown for their oll
yield. However,on the other hand, rapeseed
contributes the highest oil amongst the
conventional oil seed crops]. According to
[5], the top seven countries in 2017 were
Russia, Ukraine, Australia, India, China,
Canada antnited. In[6], Pakistan produced
1.94 million tons on around 2.11 million
hectaresPakistan met 20% demand from
local producersDuring [7], On average of
1009 Klo gram per hectaravas produced
from 494 million acres of rapeseed and
mustad, vyielding 190 million tons of
production. During [8], In Pakistan, total
availability of edible oil was 4.011 MT
whereas,just 0.502 MT, i.e., 3% of the
overalledible oil weregeneratedocally and
90% weretrade inat a cost of 320.893 billion
rupees[8]. There is a significant difference
between  Pakistan's  production and
consumption and this difference extends
every yearPakistan's production of edible oll
is insufficient due to increased demand and
therapidly increasingeopleg9].

In Pakistan ath some other countries, the
production of the rapeseed plant is restricted
by water stress, while rape oil demand for
food-conscious consumers igsing daily.
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Therefore, A farmer's primary goal is to
enhance grain yieland oil content along
with maturity for a variety and increase
production of oilseeds and vyield by giving
farmers highly competitive varieties. The
greatest challenge for decades to come will
therefore beo cultivate genotypethat rise
food at a lower cosin drought resistance
environmenh especially in territories with
little resources of water and landPlant
breeders have acknowledged the difficulty of
achieving a genetic improvement in output
under these circumstances, even when
favorable conditions result in a much higher
grain yield[10]. The B. napushasenormous
genetic distinctions to contribute to the
genetic rangefor seed yield and drought
tolerance. The development of crops and
subsequent progress in crop breeding are
largely dependent on genetic diversity. There
are excellentchances to grow this crop
through genetic variation analysis and
application [11]. The breeding efforts to
boost yield are successfully maoessible by
assessing genetic characteristics. The
necessary requirement for successful crop
cultivation is genetidiversity. Thus, there
are plenty of opportunitiesto grow this
valuable croplt is imperative tcclassifythe
dissimilarity into countless clusters for
evaluaing thegeneticassociationssingwild
progenies which hasa primaryinfluenceon

the develpment of cultivated crop$12].
Creating stress tolerance through breeding is
one of the economical and efficient ways of
minimizing loss of yield produced using
numerous abiotic stress factors. The
occurrence  of required features in
constrainecconditionsis a big challenge and
critical assignmentgor plant breedind13].
Combining ability is thecapacityof parents

to pass on somsuperiorqualities totheir
progeny The common result carrying
genotypesin different hybrid patternsis
reported as GCAwhile its vice versa is
referred aspecific combining ability (SCA)
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[14]. Combining ability in plant breeding is
becoming more popular since it provides
valuable informatiomf geneticcombinations
concerning the parents andraits under
investigation. Furthermore, the capacity to
combine provides information regarding
nature to extent the genedevelopment
intricatedto regulate theraits are inherited
such as the yield and yie#ttributes which
may help in future breeding strategyor
decision[15]. The current experimentwas
planned torecognizethe best combinersn
terms of GCA and SCAof rapeseed
genotypes with respect to wateteficit
environment

Materials and Methods

The existinginvestigation wagonductedo
evaluate drought resistance of rapesk
cultivars for genetic basisRegarding this
screened ouhe highly potential six drought
resistance cultivarsPUnjab Sarson, Rohi
Sarson, NARC Sarson, Hyet01, Rainbow
and Conl) and crossed ihalf diallel 6 x 6
fashion [16]. Then for the assesgjnof
agronomical and physiological traits these 6
parental lines and their 15; Fhybrids of
rapeseed were grown in water stress
conditions. The study took place atthe
experimentakite of Botanical GardenSAU,
Tando jam. The traits were explored
containng days to 75ercentflowering and
90 percent maturity, plant height in
centimetersnumber of branchesper plant,
numberof pods pemlant numberof seeds
per pod pods length in centimeters seed
yield per pods in(grams) seed yieldper
plant, indexof seed(1000 seed weight in
gramg, SPAD chlorophyll content relative
water content, oil contenpercentageand
protein content percentage All the
agronomical practices were donEghe soll
analysis was also carried out, which included
soil texture

Factors

Factor A:lrrigations treatments &)

Factor B:Genotypes (2

313

Experimentation plan
RandomizedComplete Block Design with
Factorialarrangements

Replication: 03
Plans distance: 10 cm
Rows distance 30cm
Irrigations treatments = 03

1. Normal condition = 04 irrigations

i) Stem growng period

i) Floweringperiod

iii) Silique formperiod

iv) Maturing period
2. Water stress condition = 02 irrigations

i) Stem growng period

i) Floweringperiod
Total 10 plans of individual cultivars from
individual replication werechosen andiata
wererecorded of the trait@re given below.
Days of flowering on75%
Data wasdocumentedafter planting dgs
until 75% of thebloominginitiated andfacts
were noted independentty every replicated
genotype
Days of maturity on 90%
Data was doamented after planting days
until 90% of the plants flattered yellow
coloredandfacts were noted independently
of every replicategenotype
Height of Plant in centimeters
Plants length was measureth centimeters,
when plants become mature, the length was
measuredbase to theip of anthesis
Branches per plant
After harvestingthe numberof limbs per
plant was counted.
Pods per plant
The pods per plantvere countedrandomly
tenplantsfrom each replication
Seeds per pods
Every silique that was chosen damly had
its number noted.
Pods length (cm)
The length of siliquein centimeterswas
measuredrom base to tip of a silique.
Seed yield per pods (g)
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All seedswereweighedin grams (g) which
wereproduced by @ypical silique

Seed yield per plant (g)

Whole seeds ofindividually selectedplant
were threshed by handand an electronic

Rao et al.

Protein content (%0)

The standard procedure to calculate crude
protein concentration, referred to as the
combustion technique, \tas reapproved in
1997 through the Society of American Oil

balance was put to use for assessing the seed Chemists (AOCS)19]. With this method,

in grammes.

Weight of 1000 seeds, in grammes (Seed
index)

For seed index]000 seeds were countad
ten randomcultivars of each replicatedand
data were observed using theectronic
balance in grames.

Chlorophyll (SPAD)

With the help of Chlorophyll
Chlorophyllwasobserved
Relative water content (%0):
The[17] approach was employed to calculate
the relative water conte(RWC%).Ten fully
developed leaves from each of the four
replications were used for the testhe
freshleaf sample was weighed (BW
allowed to wilt forfour hrsin purified water,
then measured theirgid weight (TW). The
leaves were then dried at 72 f@ twenty

four hours to gain their dry weight (DW). The
formula utilized to determinBWC givenas
follows.

RelativeWaterContent% = [(FreshWeight

Dry Weighf) / (Turgid WeightDry Weigh)]

x 100

Oil content (%)

By using the Soxhlet extract methodg]
examined the oipercentagevia drying the
five to tengrammes ofkernelinstancesn an
oven. After that, make packets individually
using two to three grams of dried seed
samples. Then, the dried packets were placed
inside the Soxhlet device. Subseqlgrill

the chemical flask with petroleum ether and
add it to the Soxhlet apparatusihe
specimens were taken out of the apparatus
and allowed in dry air. In the end, find the
interpreting using the method below.
Firstreading- lastreadingfirst reading<100

meter
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grain material was crbgd and heated to an
extremelyexcessiveéemp (900 °C) under the
oxygenexistence Nitrogen, water, an€O;
emitted during this ignition. Applying the
6.25 factor, the determined nitrogen level
finding was translated as the raw protein
percentage. The propion of the findings
was given, Nrogerx6.25.

Examination of soil

The following factors have be@valuated as
the soil watersubstancematerial of organic
pH of the soi] ECin the soi|] and the ability
to retain water at Soil Salinity and
Reclamatio Research Institute, Tandojam
(Table 1)

a) Soil texture

Utilizing a Bouyoucos hydrometer technique
[20], the appearance of sdilistribution of
portions), involving the dispersal of soil
fragments using a ten percent hexameta
phosphate of sodium solutioNext, using a
hydrometer, the soil solution thickness for
both silt + clayand just for claywas
determined. The silt clay loam was classed
along with its texture andwas measured
using a typical triangle.

b) Soil EC

Electrical conductionof solution wa noted
using an Electrical @nduction gauge
employing a 1:2 ratio of groundwater
extraction (soil: distilled water in this case)
methodby [21]. The data was displayad
dsm.

c¢) Potential of hydrogen

Reaction of soWwasmeasuredtby thepH with

a 1:2ratio of groundwater extraction (soil:
distilled water)methodby [21].

d) Material of organic

Soil natural matter measured in the swiith
Titration process as referred [#2].
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e) Soil water content

Using a gravimetric approach, the water
substance inthe soil was determined.
Samples of soil have been collected from the
field of experimentation using an appropriate
auger and promptly placed in a humidity
cansterthat was praveighed and had a tight
fitting capto recordmeasurements. As soon
as possile, measure the sathoist carister.
After removing thecap keepin the ovenon
105 centigraddill its massremains constant
for 48 hours. The caster was subsequently
taken out of the oven, quickly covered by a
cap and allowed for cooling in a desitoa
The carster bearing a cover that contained
the ovendried soil was measured and
documented after drying. At last, conclusions
were determine(Table 2) with the soil water
content formula afllowing.

Massof canister+ cap= Mc (Q)

Massof Moist sal + canister+ cap= Mscc

(9)

Massof dry soil +canister+ cap= Dscc(g)
Massof water loss #Mscc- Dscc= Mw (Q)
Mass of oven dry so# Dscc— Mc = Mods
(9)

Moist bymass= (Mw/Mods) x 100 Sy (%)

f) Water holding capacity

Through transpiration, thguantity of water

in the soil was measured. In order to obtain

Table 1. Soil analysis of experimental field

data, soil specimens were extracted from the
site of the study using an appropriate auger.
The dust was then allowed & dry before
being ground using a pestle and screened
using a 2.0 mm sieve. Place filter papers into
3 funnels and mark these A, B, and C, in that
order. The filters were set on weighing
cylinders once they had been labeled.
Following that, insert thedabes A, B, and C
with 50 grams of dried, grainy soll
specimens. Next, gradually add 50 ml of
water to every funnel. After the water flow
via the tube endeand the volume of
filtered water wasmeasured. At last, results
were determineqTable 2) with fornula as
given below.

Weight of soil = (X)

Volume of water poured = (Y)

Volume of water collected in measuring
cylinder = (2)

Volume of water retained by the soil =-@&)

Water holding capacity of the soil in
percentage = (3Z)/Xx100

Meteorological factors

Agro-Meteorological Statistics Area

Agromet Center Tando jam provided climate
information such as temperature and rainfall.
Monthly data given as in (Table 2).

Distance Soil Electrical Potential of Natural Water Water
Trials (Inch) Consistenc Conduction hydrogen matter content holding
y (dSm™) (1:2) % capacity%
1 0-125 Silt Clay Loam 0.53 78 0.45 21.24 48.8
2 0-125 Silt Clay Loam 0.78 8.1 0.64 21.66 50.6
3 0-125 Silt Clay Loam 0.57 7.7 0.38 21.40 49.6
Table 2. Temperature and rain data were noted of several season
Rain in mili meter Temp
Monthly overall Average Minimum °C Maximum °C
Overall Avg Overall Avg
1-10-2019 0.001 0.001 629.0 204 1122.5 361
1-11-2019 0.001 0.001 463.0 156 864.0 287
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1-12-2019 0.001 0.001 276.0 88 731L.5 235
1-01-2020 0.001 0.001 201.0 6.6 694.5 223
1-02-2020 0.001 0.001 291.0 101 820.5 282
1-03-2020 0.001 0.001 443.5 14.2 1003.0 321

Statistical examination

The examination of variation was done
shownaccording td23]. Diallel analysis was
carried out according to [16] numerical
approach asassumedthrough [24]. The
variations that were additive and nen
additive have been found by these studiss
Impacts on numerous characteristidhe
mean squareBased on combining ability
analysis and the assessments were
determined using scher2e Modell of [16]
which covers parents algrwith their F1s.
The given model of statisticalas applied.
Yij=u+gi +gi +sij +ri|j 1/ b
The following formula was used to determine
the general and specialized combining ability
mean squares (GCA and SCA, respectively):
Sum of Squarefor GeneralCombining

Abilty= 1/ n+2 P-E(Wi Y2Y. i
Sum d Square for specific Combining
Ability S 2L /jn+2 FYii) (2Y i
+2/(n+1) (n+2) Y.

Sum of Squarefor error =sum of Square
Error/r

Results and Discussion

Combining ability estimates
Understandingtf many ways t
function facilitates the identification and
selection of suitable parents for the crossing
approach to generate superior fybrids.
Analysis of Combining skills are crucial
reproduction techniques and provides
information about desed parents as well as
the type and strength of each gene activity
that regulates the inheritance of numerical
parameter$25]. Griffing's diallel evaluation
method has been effective in identifying
parents for crossombinations since
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assessments for mats' GCA and SCA
impacts, and the findings show an
excellentassociation  [26]. Numerous
researchers have recently estimated the
prospective for inheritance of crop varieties
using diallel mating pattern for a variety of
agricultural crops, particularly veat [27-
29], cotton[30-32], maize[33, 34], rice[35,
36], millet[37], sorghun{38], sunflower 39,
40], mustard[41, 42] and chickpeal43].
Variance analysis of combining ability
indicated significant variations side mean
squares associated withe@ernl Combining
Abilily > and jPledific Combining Ability

( p = O .fd 5o)erall investigated traits
excludingseed vyieldper podsin normalas
well as underwater deficit environments
indicatingtheir respective functions fdroth
monadditive and additive genesmpacts
(Table 3). Although the averagesquaresof

. SCAweredominantalsomore significanas

compared to the5CA and SCA of every
characteristic(Table 4) The capacity of
combining impacts of general combining
ability and specific combining abilityare
utilize as the main marker imany crops to
hedpt detegmene and €hoose potential inbred
lines and in Brassica speciesto produce
hybrids and genotypes that are widely
fertilized [44]. Combining ability impacts
was effectively utilized in rapeseed to choose
parental cultivars as hybrids[26, 45, 46].
Significant mean squares indicate the impacts
of GCA and SCA upon early maturity
between different rapeseed spegies
morphological and vyieldattributes were
statedby [47, 48].
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Table 3. Mean squares of different parameters of parentage & Fi crosses of b. napuscultivars in normal and water deficit

environments

Geno (df G x T (df | Parents F1 crosses P vs C (df Errors (df
SOV Rep (df 02) 020)( Treat (df 01) 020)( (df05) | (df 014) 01) ( 082)(
75 percentflowering 1.68 683.46" 2130.56" 8.97 1407.23" 459.60" 198.66" 4.5
90 percentmaturity 1.87 151.107 2877.22° 6.47" 281.644" 112.69" 26.15" 217
P. height 433 1968.70" 1598.34" 1218 1883.22" 437.07" 23838.93" 8.83
Branchegerplant 0.2975 12.56" 40.783 0.107 3.3901" 1.8%" 206.99 0.123
Podsperplant 163.5 32231.9" 3026.3" 582.5™ 2583.7 4077.4" 574817" 415.0
SeedyerPods 0.424 102.517 309.28" 0.3&" 53.68" 39.231" 11928117 0.599
Podslength 0.0634 40.3@" 37.17r° 0.113 2.908" 10.864" 640.62" 0.067
Seed yielperPods 1.38 0.00&%" 0.0127" 2.58" 0.0007" 5.787" 0.078" 1.913
Seed yielderplant 0.19 126.14" 355.@23" 0.588" 2.6241 22.92" 2188.@1" 0.3%
1000 Index of seed 0.01® 14,9222 194903" 0.2911" 0.0187s 2.91%" 257.73F" 0.02L
SPAD Chlorghyll 1.118 133.813" 729.81" 2.743 62.8261 17.04~ 2124.97" 1.343
RWC 0.03 290.334" 887.88" 2.876" 108.87/5" 13.527 5080.461" 2.821
Oil content 0.0245 20.528" 67.9®5" 0.1334" 0.9121" 2.7464" 367.5B6" 0.0134
Protein content 0.00& 57.623" 7.0742" 0.2232" 63.223" 37.195" 313.%67 0.021

** * gignificarceat 1& 5% of probale values howevemsdenotesionsignificance
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Table 4. Average squares of both general and specific combiners for yields and physiology
parameters in normal as well as water deficit environment

Control Water stress
GCA SCA Errors GCA SCA Errors
SOV (Degree of | (Degree of | (Degree of | (Degreeof | (Degreeof | (Degree of

freedom freedom freedom freedom freedom freedom
05) 015) 040) 05) 015) 040)
75 percent flowering 104.46" 141.04" 1.80 111.20° 110.72 1.09
90 percent maturity 15.01° 38.05" 1.16 14.13 27.00° 0.68
P. height 211.21 414.03* 4.00 170.2T 395.20° 2.78
Branches per ptd 0.55" 3.15" 0.06 0.41" 2,51 0.01
Pods per plant 1083.09* 6179.48 258.01 437.77 8901.38 5.03
Seeds per Pods 13.55" 19.45" 0.18 13.79 18.87" 0.22
Pods length 2.06" 10.01° 1.02 2.24" 9.20" 0.02
Seed yield per Pods 0.01 0.01s 7.70 0.02 0.02 3.99
Seed yield per plant 4.34" 28.99 0.20 459" 28.17" 0.04
1000 Index of seed 1.017 5.11 1.00 1.14° 3.40 0.00
SPAD Chlorophyll 1.36 26.22 1.03 4,18 38.53" 0.67
RWC 6.95" 59.55 0.18 5.57" 75.70° 1.73
Oil content 1.04” 5.02 1.00 1.10 6.11" 0.01
Protein content 14.07" 9.09" 1.01 15.00° 10.02" 0.00

** * significarceat 1& 5 percentof probable values, however ns denotes significarce

Early maturity and agronomical traits

Earlier maturity is preferredhence, adverse
impacts of capacity to combine are effective
in the improvement of brassica napus
inhabitants through premature maturation
[49]. In the current study, the genotype Rohi
Sarson exhibited negative GCA impacts for
earliness (75 percent flowegnand 90
percent maturity) in control and water deficit
environment, pursued by parents Hyola,
P.Sarson and Ceh (Table 5a). Among
fifteen F crosses, six f crosses Con
1xHyola, ConlxRainbow, Con
1xR.Sarson, CofxP.Sarson,
HyolaxRainbow and Rainbowxgarson)
displayed adverse specific combining ability
impacts for maturation and blooming in
(control as well as water deficit) environment
(Table 6a) Such cultivars (parents and
hybrids) constitute suitable breeding
resources in constructing early matured
cultivars for control and water deficit
environment.[50] Stated similarly positive
findings for maturing indicating that 2 of the
5 parents had adverse GCA impacts, but
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surprisingly, none of theiFcrosses showed
adverse SCA impacts in control environren
One of the most significant traits of rapeseed
plants is their height, that is closely correlated
with the length of the period until flowering
and the plant grows longer during its main
stem's growth phasg51]. The parents
(N.Sarson, Rainbow & Coeh) and 9 k
hybrids (ConrlxRainbow, CorlxR.Sarson,
Conl1xP.Sarson, CoefxN.Sarson, Hyola
401xP.Sarson, Hyold01xN.Sarson,
RainbowxN.Sarson, R.SarsonxN.Sarson and
P.SarsonxN.Sarson) disclosed both
positively General and Specific combining
impacts for heighof plant in both normal as
well as water deficit environments (Table 5a
& 6a), demonstrating their critical
importance to enhancing it priceless quality
of brassica napusRegarding the current
research of plant height agreed with previous
research which nidicated that significant
genotypic variations were found between
parental cultivars and:fybrids of rapeseed
[41,51]. In plant breeding, yieldelated traits
are typically significant since they help to
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boost crop production in an indirect way. The
curent research elaborates different yield
related factors, including branches on each
plant, pods per plant, seeds per pods, pods
length, seed yield on each pod and 1000 seed
weight. For several yield variables, distinct
cultivars (parentage and crosses)wéd
promising General and Specific combining
impacts In control and water deficit
environment, the parentageSarson & Con

1, however I hybrids Corlx Hyola401,
Con1xRainbow, CorlxR.Sarson, Con
1xP.Sarson, Hyold01xR.Srason and
RainbowxR.Sarson e#hited higher &
positively impacts of specific combine
capacity for branch of each pldiiable 5a &
6a). Likewise, cultivars P.Sarson & R.Sarson
as well as a total of fifteen 1Fhybrids
exhibited positive combining ability in both
control and water defitienvironmentsfor
Pods per plant (Table 3 &). Separating the
topmost ranker general and specific combiner
in both environmental conditions for seeds
per silique, the highest genotypes are
R.Sarson and Rainbow, & highesttybrids
are ConlxN.Sarson, Hgla-401xRainbow,
Hyola-401xR.Srason, Hyold01xP.Sarson,
Hyola-401xN.Sarson, RainbowxN.Sarson,
R.SarsonxP.Sarson &P.SarsonxN.Sarson
(Table 5a &6a). The maximum General &
Specific combining capacity impacts for
length of pods in (both control & water
deficit) environments, whereas genotypes
Hyola & Rainbow remained highest rank for
impacts of general combine capacity, while
hybrids RainbowxP.Sarson,
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RainbowxN.Sarson, R.SarsonxP.Sarson,
R.SarsonxN.Sarson & P.SarsonxN Sarson
indicated higher ranks for specifcombire
capacity impacts (Table 5a &a). The
parentage (R.Sarson, Hyel@1 & Rainbow)

& hybrids (ConlxR.Sarson, Con
1xP.Sarson, Hyola-401xP.Sarson,
R.SarsorP.Sarson, R.SarseN.Sarsomand
P.SarsorN.Sarson) disclosed the greatest
general and specificombiner for 1000 seed
weight under control & water deficit
environmentgTable % & 6b). The top SCA
effects of hybrids incorporating lowxlow
general combiners could result from gene
action mechanism of owelominance or
dominancexdominance. Heterotigebding
might make use of these hybridis.brassica
breeding procedure, the above stated
cultivars would be chosen since they manage
to demonstrate a required potential to
combine traits in subsequent generations with
adequate executiorAdditionally, favorable
and considerable combining ability was
identified for yield enhancing characteristics
by [52] for branches per plant and pods
length;[53] for pods of each plant & number
of seeds of each podgi8] for branches of
each plant & pods lengtti54] for branches

of each plant, pods of each plant, 1000 seed
weight & number of seeds of each pods)]

for branches of each plant, pods of each plant
& number of seeds of each pod5] for
branches of each plant, pods of each plant,
number of seeds of eachgs, legth of pods

& 1000 seed weight anfb1] for length of
pods & 1000 seed weight.
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Table 5a. Impacts of general combining capacity on Brassica napudor 75 percent flowering, 90 percent maturity, height of
plant, branches per plant, pods per plant, seeds per pods and length of pods in control and water deficit environment

7f|505veerrci$12]t gr?wstGUr:ii;t Plant height Brar;cigﬁi per Pods per plant Seeds per Pod Pod length (cm)

arens Normal Wa_te_r Normal Wa_te_r Normal Wa_te_r Normal Wzi_tgr Norma Wa_te_r Normal Wa_te_r Normal Wa_te_r
deficit deficit deficit deficit | deficit deficit deficit

P.Sarson -1.13 1.14 -2.00 -2.02 1.01 1.04 1.12 1.10 19.09 | 13.05 1.00 1.02 -1.02 -1.01
R. Sarson -5.11 -5.03 -1.04 -1.00 -4.11 -5.02 -1.00 -1.03 6.10 4.02 2.13 2.05 -1.03 -1.04
N. Sarson 5.03 5.08 2.11 2.10 6.13 4.02 -1.21 -1.00 -5.02 -5.00 -1.14 -1.12 -1.09 -1.01
Hyola-401 -4.02 -5.11 -1.21 1.02 -1.05 -1.10 -1.00 -1.23 | -16.34 | -9.02 1.22 1.17 1.04 1.21
Rainbow 3.21 3.05 2.21 2.03 5.12 5.09 -1.01 -1.04 -6.10 -1.02 2.01 2.03 1.14 1.06
Conl 4.02 2.01 -2.13 -3.02 4.12 3.01 2.13 1.21 2.02 -4.04 -3.05 -3.21 -1.01 1.02

grti::d(zz;j 1.01 1.02 1.11 1.10 1.04 1.02 1.11 1.00 6.06 1.01 1.02 1.02 1.02 1.01
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Table 6a. Impacts of Specific combining capacity for Brassica napuson days to 75 percent flowering, 90 percent maturity, P.
height, branches of each plant, pods of each plant, no of seeds of each pods & length of pods in control and water deficit

environments

1?065;5?5 gragfur:ii;t Plant height Bragﬁgﬁi per Pods per plant Seeds per Pod Poiclﬁ:;gth
F1 Crosses Normal Wa.te.r Norm thgr Normal Wa_te_r Nor Wa_te_r Norm Wgtgr Norm thgr Norm Wa_te_r
deficit al deficit deficit | mal deficit al deficit al deficit al deficit
Con1xHyola-401 -1313 -10.63 | -7.03 -5.36 -10.00 | -11.06 | 1.39 0.73 52.34 33.18 1.83 1.52 0.59 0.49
Con1xRainbow -14.63 | -14.21 | -8.78 -8.20 5.59 5.84 1.02 1.02 41.77 51.05 1.31 1.21 -0.13 -0.32
Con1xR. Sarson -8.42 -6.88 -3.82 -3.86 11.75 16.76 | 1.47 1.35 67.63 69.84 -0.28 -0.85 1.22 1.35
Con1xP.Sarson -0.51 -0.71 -4.03 -0.11 4.64 3.07 1.80 1.27 70.72 78.56 1.62 2.14 1.59 1.42
Con1xN. Sarson 5.29 2.87 3.14 451 11.75 8.66 0.73 0.90 34.05 56.46 2.15 2.35 0.86 0.98
Hyola-401xRainbow -6.46 -6.96 -3.07 -1.07 3.97 -0.45 | 0.94 0.88 36.29 49.11 4.10 3.93 0.18 -0.03
Hyola-401xR.Srason 1.08 0.04 0.55 -0.74 11.13 9.89 1.16 1.28 55.82 65.57 2.56 2.49 0.90 0.77
Hyola-401xP.Sarson 2.33 1.54 2.35 0.68 7.35 8.23 0.89 0.86 47.24 58.29 3.60 3.78 1.69 1.48
Hyola-401xN.Sarson 10.12 6.79 451 3.64 16.13 16.72 | 0.59 0.61 38.58 57.52 3.49 3.89 1.74 1.52
RainbowxR.Sarson -8.09 -7.88 -1.86 -3.24 12.39 12.53 | 1.09 1.00 52.91 58.44 0.63 0.42 1.73 1.70
RainbowxP Sarson -5.51 -6.38 0.60 -2.15 -1.39 -0.69 | 0.72 0.68 22.67 30.49 1.71 1.78 1.99 1.97
RainbowxN.Sarson 3.29 1.20 3.43 3.14 7.39 9.33 0.42 0.38 20.00 39.06 2.53 1.46 2.31 2.13
R. SarsonxPSarson 6.37 5.62 1.22 -0.82 12.77 10.33 | 0.44 0.50 27.86 31.29 2.64 241 2.73 2.52
R. SarsonxNSarson 10.16 8.87 4.39 3.80 24.88 2419 | 0.01 0.09 3.19 18.52 -1.77 -2.39 2.32 2.19
P. SarsonxNSarson 11.41 9.70 5.85 3.89 15.44 13.87 | 0.03 0.07 -0.38 13.24 4.05 4.14 2.54 2.36
SE (si) 1.19 0.93 0.72 0.73 1.61 1.48 0.22 0.09 14.24 1.99 0.38 0.42 0.14 0.11
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Seeds and oil yield traits

The highest grduction of seed and oil yields a
goal and strategy of every breeder. In plant
breeding, the impacts of general and specific
combining capacity are significant markers for
identifying potential parental populations in
cross combination$49]. Some elite pants
have been identified in current research with
higher positive effects of GCA for seed yield.
The genotype Hyola and Rainbow reported by
substantial positive GCA impacts for seed yield
in control and water deficit circumstances
(Table 5b), reflectinghat these parents will
improve the grains production in their; F
crosses. Nevertheless, distinguished hybrids of
seed yield per plant for SCA effects were
adopted byCon1xR.Sarson, CofixP.Sarson,
Hyola-401xP.Sarson, R.Sars®R.Sarson,
R.SarsorN.Sarson and P.SarsofiN.Sarson
(Table 6b), demonstrating the crosses
significance and improvement strategy in
brassica crops, exclusively in water deficit
environment. Therefore, for seed yield the F
crosses are considered excellent specific hybrid
combinations wh an outstanding mean
performance and consist of lowxlow and
highxlow general combiner  capacity
genotypes. Lowxlow GCA produced the most
excellent SCA forbrassica napuscultivars,
stated a$51, 50]. Similarly, for seed yield, the
Parents andiFgeneratns were found to have
favorable GCA and SCA impacts in rapeseed
stated a$49, 51, 54, 55] and[50]. The relative
water content of a leaf is a key marker of a
plant's resilience against stress also shows the
leaves water and healf6]. The absorption of
chlorophyll could be utilized as a marker for the
capacity to produce photosynthesis. Reduced
chlorophyll absorption is a restrictive aspect
used for photosynthatd$7]. The genotypes
R.Sarson, N.Sarson & Hyola illustrate the
positive impacts of generabmbining capacity
for RWC and chlorophyll in both control as
well as water deficit environments (Table 5b).
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Such cultivars could potentially be utilized in
crossing design for purpose to development
and enhancement in physiological parameters
for water raistant in rapeseed. Nonetheless, F
hybrids Con1xN.Sarson, Hyola-
401x\.Sarson, RainbowN.Sarson,
R.SarsomP.Sarson, R.SarssN.Sarson &
P.SarsorN.Sarson) disclosed highest and
positive SCA effects in normal and water stress
environments for RWC and arbphyll (Table
6b).Hybrids R combinations having minimum
one genotype by good general combining
ability impacts may improve the crop
production and improve the prevalence of
genes that show promise. The collaboration of
dominance as well as recessivenge of high
and low combiners would be responsible for
this [50]. Oil content is an incredibly valuable
parameter to estimating the economic worth of
brassica napus In B. napus breeding,
genotypes and hybrids with positive effects of
general and specificombining capacity are
extremely preferable. In this study, important
impacts of general combining ability in normal
and water stress environments shown by
R.Sarson & N.Sarson for the oil content (Table
5b), recommending that these variations could
play animportant role for enhancement of
favorable alleles for oil between the: F
combinations (Table 6b), the hybrids like Con
1xHyola, Hyola-401xRainbow,
RainbowkR.Sarson, RainbowP.Sarson &
RainbowN.Sarson founded important impacts
of specific combiner, exhited these such
collection to subsequent generations might
have a positive development of oil content.
According to our findings,[50] stated that
impacts of positive general combiner for 2
cultivars & positive impacts of specific
combiner for 8 hybrids ni saline stress
environments, howevef54]| also reported 7
genotypes for positive impacts of general
combiner & 11 hybrids for positive impacts of
specific combiner in normal environments for
oil content.
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Table 5b. Impacts of general combining capacity on brassica napus for yields of seeds per pods, yield seed per plant, 1000 seed
weight, SPAD chlorophyll, RWC, oil content & protein content in normal and water deficit environments

Yield of seed per | Yield of seed per 1000_ seed Chlorophyll RwWC Oil Content Protein Content

pod plant weight
Parents Normal Water Normal Water | Norma | Water | Norma | Water | Norma | Water | Norma | Water | Norma | Water
deficit deficit | deficit | deficit [ deficit | deficit | deficit
P.Sarson 0.001 -0.001 -0.17 -0.57 -0.36 -0.35 | -0.15 -0.39 -0.64 -0.71 | -0.09 -0.11 0.35 0.32
R. Sarson 0.011 0.010 0.22 -0.14 0.24 0.26 -0.41 -0.32 0.74 0.38 0.23 0.29 -2.10 -2.00
N. Sarson -0.012 -0.011 -2.00 -1.03 -0.32 -0.27 0.13 0.42 1.12 1.01 1.13 1.02 2.31 2.04
Hyola-401 0.011 0.014 1.39 1.22 1.32 1.09 1.37 1.09 1.51 1.28 -0.19 0.08 -2.13 -2.03
Rainbow 0.013 0.010 2.19 2.05 1.47 1.22 1.39 1.16 -1.72 -1.24 -0.22 -0.13 2.25 2.05
Conl -0.019 -0.013 -1.54 -1.23 -0.25 -0.16 -1.29 -1.11 -1.54 -1.28 -1.42 -1.21 -1.24 -1.02
Standard Error (gi)) 0.021 0.012 1.22 1.15 0.32 0.19 1.23 1.08 1.26 1.10 0.22 0.13 0.21 0.14

Table 6b. Impacts of Specific combining capacity of rapeseed genotypes for yield of each pod, yield of each plant, 1000 seed
weight, chlorophyll, RWC, oil content & protein content in normal and water deficit environments

Yield per pod Yield per plant 1000 seed weight . RWC Qil content Protein content
chlorophyll

F1 Crosses Wate
Norm Water | Norma | Water | Norma | Water Norm Water | Norma | Water | Norma r Norma | Water
al deficit deficit | deficit al deficit I deficit | defici | deficit

eficit
Con1x Hyola401 0.032 0.031 0.74 1.08 0.72 0.44 2.33 1.84 3.34 4.54 2.13 2.17 2.26 2.41
Con1xRainbow -0.002 | 0.000 0.85 0.61 0.07 -0.21 -0.39 -0.31 0.62 3.01 0.37 0.58 2.16 2.66
Con1xR. Sarson 0.008 0.007 3.33 3.08 1.10 0.79 2.28 2.52 3.28 2.98 0.61 0.51 2.05 2.16
Con1xP.Sarson 0.016 0.014 3.76 3.42 0.67 0.37 2.06 3.21 3.70 3.11 0.71 0.92 -0.67 -0.74
Con1xN. Sarson 0.007 0.009 0.93 1.14 1.12 0.90 3.10 3.64 6.86 7.26 0.86 1.09 0.38 0.44
Hyola-401xRainbow| 0.010 0.016 2.33 2.48 1.08 0.83 0.71 0.90 2.27 3.55 1.45 1.42 3.59 3.59
Hyola-401xR.Srason| 0.006 0.007 2.19 2.78 0.93 0.60 0.60 0.80 3.16 4.04 0.98 0.90 -0.14 -0.19
Hyola-401xP.Sarson| 0.009 0.009 4.69 3.20 1.47 1.23 2.53 1.78 3.78 3.40 0.55 0.76 -0.51 0.54
Hyola-401xN.Sarson| 0.015 0.016 2.73 2.59 1.60 1.31 4.04 4.17 3.28 4.18 0.67 1.03 -0.86 -0.96
RainbowxR.Sarson | 0.019 0.010 2.11 2.38 1.11 0.85 0.10 0.10 1.55 2.47 1.43 1.48 3.77 3.75
RainbowxP Sarson | 0.026 0.024 2.58 2.98 1.66 1.37 2.46 2.11 1.78 0.76 1.69 1.80 1.53 1.68
RainbowxN.Sarson | 0.025 0.020 1.75 2.20 0.47 0.22 3.66 5.20 5.86 6.30 1.62 1.97 1.85 2.08
R. SarsonxPSarson | 0.027 0.023 4.53 5.00 1.65 1.36 3.05 3.73 3.38 3.79 0.90 0.90 0.26 0.21
R. SarsonxNSarson| 0.024 0.021 3.33 3.06 0.82 0.56 5.31 6.20 5.93 7.27 0.32 0.36 -0.14 0.31
P. SarsonxNSarson | 0.024 0.023 3.77 3.47 1.14 0.90 3.92 6.29 7.42 7.57 0.90 1.34 -1.73 -1.79
SE (si) 0.002 0.002 0.40 0.17 0.10 0.02 0.43 0.73 0.38 1.17 0.05 0.07 0.10 0.04
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Conclusion

With the conclusions, it has been observedt th

three genotypes Rainbow, R Sarson, and N

Sarson, were exceptional in having enhanced
GCA results fovariouscharacteristics examined.

Not just in managed environmentsut alsoin
water deficit environmenhencethreecultivars
can be exceptional in the improvement of
brassica napusrops,especiallyin water deficit
environmentConcerning the SCA, th& hybrids
ConlxR.Sarson, Hyola401xRainbow &

RainbowxRSarson demonstrated appropriate

impact of Specific Combining capacityfor total
traitsin control and water deficit environmerso

these crosses could be favored for more rapeseed

stress breeding.
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