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Abstract

To evaluate the ten promising lines Bifassica napus against the shattering tolerance, the experimerte
carried out in split plot design in the researodaanf Barani Agricultural Research Institute; ChakwiPakistan
during two rabi growing season 2011-12 & 2012-18arainfed conditions. The main plot was harvested
five different harvesting dates including: HarD Harvesting at physiological maturity of crop,rBg= 7 days
after the first harvesting of each promising linkayDs= 15 days after the first harvesting of each pramidéine,
HarD,= 21 days after the first harvesting of each pramgidine, HarR= 30 days after the first harvesting of
each promising line. The difference of grain yiékg/ha) of each promising line in different harwegtdates
with compare to its grain yield (kg/ha) in firstrisasting date (HarPHarD,) were measured as indices of
shattering. The combine analysis of variance of ywar revealed that all the promising lines wegmigicant
different for harvesting date, harvesting date onising lines interaction effect and also year ésdhteraction
effects to each study factors. In the present éxyent, the promising line 12CBN008 & 10CBN004 hadig
yield 1089 kg/ha & 897 kg/ha respectively. The #igant difference of genotypes x harvesting dasfirmed
different level of shattering of all promising lmeén different harvesting dates. The magnitude rafrgyield
shattering loss was increased fhanhd %' harvesting dates. On the basis of shatteringants among all the
promising lines the 11CBN010 was more tolerantattering and 11CBNOO5 were relatively more susbhpt
to shattering.
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Introduction

Rapeseed is an important oilseed crop in the Rakend in most of the worlds. For enhancement aihgyield
potential of rapeseed, the important breedingesias are the good knowledge and utilization ofphological,
physiological and genetic basis of grain yield agged attributes in different climatic conditiorfBruceet al.,
2002; Bangat al., 2011). Resistance to shatter is an importarnibaté for rapeseed grain yield enhancement
because the crop ripens and is harvested under waminonment and normally windy summer conditions
(Rameeh, 2013). In rapeseed grain yield loss isllysdivided into two periods, shattering beforedaituring
harvesting (Liuet al., 1994; chandleet al., 2005). Weather conditions prior to and duringvkating are the
main factors in the field that influence the leweélshattering (Tamt al., 2006). Typically grain yield losses are
varied from 10 to 25 percent (Priekal., 1996). Seed losses of as much as 50% of estingméen yield have
been observed when unfavorable weather conditi@hsydd harvesting (Macleod, 1981; Child and Evans,
1989). Links between pods and other canopy comgenduring windy summer conditions have also been
implicit to contribute to shattering in the fieléturthermore, insect-pest and disease damage calt nes
accelerated ripening and pod shattering (Rameel3)2®rakastet al., (1998) and Peng-Fet al., (2011) in
their studies reported that in Brassica speciekedalosses of grain yield is due to shatter durragurity and
harvesting. Moreover the shed seeds may remairevidilring a number of years and germinate to preduc
plants, which represent weeds in the following stophattering involves detachment of the pod valwdsch
include the seed, from the replum. It could takacplin ripe standing crops under windy conditions tb
contact from other plants and in windrows from iimpact of harvest machinery. (Meakin and Rober&80).
Overseas research suggests that genetic variatiqgroél shattering resistance exists amBragsica napus lines
(Wen et al., 2008). Recently, (Peng-Fet al., 2011) studied 68 lines d8rassic napus for pods shattering
resistance using a ‘ripping’ method and demongdritat ripping force varies from 0.59N to 2.75Ndifferent
Brassica napus genotypes. He also further revealed that the itdrese of shatter resistance was determined by
two genes, with heritability of 50%. This study eeled that significant genetic gain can be madeuttn
conventional breeding methods in rapeseed. Howdueher development is required to avoid the né&ed
windrow. Morganet al., (1998) observed that resistanceBirassica napus was recessive and mostly governed
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by additive genes. In their study, correlation oflp shattering resistance with important agronaatticbutes
was low, signifying that it would be viable to iogress the shatter resistance characters into ihgeédes.
Furthermore, they also demonstrated the absengerddtic linkage of pod strength with other pod abters
such as erect/ horizontal or short/long pod. Thiggested that by combining these characters, itldhadso be
achievable to improve pods shattering resistancngit al., (2007) observed that lines derived from complex
crosses made for development of yellow seeded aastawed better shatter resistance than stariitasdica
napus varieties.

Selection of Brassica napus promising lines agashstttering tolerance is intricate because podgesiray
attribute is also control by factors other than gemetic factors such as temperature, drought, sifr@wing,
timing of pod senescence, pod maturity, methodtamithg of harvesting. The aim of the present studye to
evaluate the degree of genetic variability for satg tolerance irBrassica napus promising lines and also
relationship of pods shattering in different hatirgsdates.

Materials and M ethods

To study the genotypes of Brassica napus agaiasshihttering tolerance, experiments were carriedrothe
research area of Barani Agricultural Researchtlitsti Chakwal located in Pakistan under rainfedddmns.
The research material comprised of 10 lines of sepé including one approved variety viz 10CBNOO1,
10CBN002, 11CBNOO05, 11CBNO005, 11CBNO006, 11CBNO01QCBNO013, 12CBNO004, 12CBNO008 and
“Shiralee” were grown in a split plot design withuf replications. The main plot was harvested\e fiifferent
harvesting dates including Hay[> Harvesting at physiological maturity of crop,rBg= 7 days after the first
harvesting of each promising line, HaeD15 days after the first harvesting of each pramgidines, Har= 21
days after the first harvesting of each promisimgd, HarR= 30 days after the first harvesting of each
promising lines. All the treatments (HarPlarD, HarD; HarD, and HarR) were harvested and threshed by
hand. Each sub plot comprised of similar promidings along with local approved variety “Shiraleafid
consisted of 5 rows of 1.8 m long with plant tontland row to row distance was kept at 10cm anam5
respectively. All the cultural practices are addpédike for all the plots as per requirement of tnep. The
difference of grain yield (Kg/ha) of each promisilige in various harvesting dates with comparetsograin
yield (Kg/ha) in ' harvesting date (HasEHarD) were considered as indices of shattering toleraawd
calculate by using the formula give as Rameeh,3201

Shattering tolerance index= (HarBlarD)

Shattering tolerance in percentage with compafé'trarvesting date can be calculated as;
Shattering Resistance (%) = [(HarBarD)/HarD,] x100

Where “HarD)” is the grain yield (kg/ha) of each promising liivethe ' harvesting date and “HafDis the
grain yield (kg/ha) of each promising line in folling harvesting dates. The combine analysis ofanae on the
basis of split plot design was calculated by ushegStatistix software version 8.1.

Results and Discussions

From the inference of present study, combine arsbfsvariance on the basis of split plot designdgiain yield
represented that each promising line was diffesagificantly from each others. Also different hesting dates
had significant effects on grain yield (Kg/ha). @e other hand, the different harvesting datesoxning lines
interaction had significant effects on grain yi@ltlich indicated that variation in grain yield ofopnising lines
were varied in different harvesting dates (TableThe Table-2 showed average grain yield (Kg/hajim year
results of each promising line in different haruggtdates. The promising line 12CBNO008 showed lsghe
average yield (kg/ha) in all the harvesting dated bbwest average yield (kg/ha) was found in 10CBMNO
However, this average value decreases in all tbeniging lines in subsequent harvesting dates. mtex of
shattering tolerance was shown in Table -3. Thiertifce of grain yield of all the advanced linelthand 2°
harvesting date varies from 46 kg/ha in 12CBNO0087@kg/ha in 10CBNO01 & 11CBNO0O05. This result
indicates that the 11CBNOO5 is more susceptibkhtitering as compare to 12CBNO008. Others genofikees
10CBNO002, 10CBN004, 11CBN006, 11CBN010, 11CBNO1BAZBNO004 and Shiralee are also susceptible to
shattering. Wengat al., (2008) and Rameeh, (2013) also studied thattgewmariation are present for pods
shattering resistance in Brassica napus lines. Vékialuate the difference of grain yield 6fand 3 harvesting
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dates, promising lines showed ranged from 95 kiph&65 kg/ha in 11CBN010 and 10CBNOO1 respectively.
Highest average yield kg/ha was determined forl®@BNOO1 followed by 11CBNO0O05. This analysis reeeal
that the promising lines 10CBN001 and 11CBNOO5moge susceptible to shattering index. The diffeecot
mean value ofSland 4" harvesting dates (HagEHarD,) diverse from 145 kg/ha to 234 kg/ha in 11CBNO®E a
11CBNOO5 respectively. This result investigated thBCBNOO5S is more susceptible to shattering tHatha
others promising lines. The difference of averagie of £'and %' harvesting dates (HagBHarDs) were more
varies then all the others differences, so on trseshof this outcome, the (HagblarDs) index is main source for
the assortment of promising lines against the shat tolerance. The difference of grain yield &fa(D;-
HarDs) index were significant varies from 209 kg/ha @bXg/ha in 11CBN010 & 11CBNO0O5 respectively. On
the basis of present conclusion from (HBDs) index, the 11CBNOO5 is more susceptible to shatighen all
the other promising lines. In addition, the peragetof grain yield shattering with compare toharvesting date
revealed that grain shattering ifl® Zharvesting date ranged from 4.18 to 7.37 perceni2CBNO008 &
11CBNOO5 promising lines respectively. on the othend, grain shattering if“34"™ and %' harvesting dates,
the genotype 11CBNO010 showed lowest percentagerah ghattering while genotype 11CBNO005 showed
highest percentage of grain shattering in thessetharvesting dates (Table-4). The present consegsare in
corroborated with the findings ®Fice et al., (1996) who studied grain yield losses rangethfid® to 25 percent
in Brassica napus lines. Macleod, (1981) and Ciild Evans, (1989) also verified that grain yielssks are up
to 50 percent when adverse weather situation delagevesting.

In present study, the genetic variation for podattehing tolerance was found among all promisimgdi of
rapeseed. However, different methods were usesttioly the inheritance of shattering resistancedblaying in
harvesting date in compare to physiological matustalso practicable method for the estimatiorsiudittering
tolerance of rapeseed promising lines under nonliralatic conditions in rainfed areas. As the infere from
the present study, the difference of grain yieldlband %' harvesting dates (HagBHarDs) were more varied
therefore, it is useful tool for the screening apeseed promising lines against the shatteringatode. Among
all the advanced lines the 11CBNO010, 11CBNO006, 12Q®B and Shiralee were more tolerant to shattdtiag

all the others advanced lines. 11CBN005, 10CBNA@CBNO002, 10CBN004 and 8CBNOO1 were relatively
more susceptible to shattering. So the line witlrartolerant to shattering characteristics can el Uy plant
breeders in their breeding program for developméshattering tolerance Brassica napus varieties.
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Table-1: Results of combine analysis of variance of twarge?011-12 & 2012-13

Source of Variation Degr ee of Freedom MS F. test P. Value
Y 1 1936653** 1114.52 0.0000
HarD 4 547848** 150.50 0.0000
Y x HarD 4 15629** 5.04 0.0006
Error 1 18 1351 - -

PL 9 10999** 32.92 0.0000
Y x PL 9 15060** 34.49 0.0000
HarD x PL 36 4771* 1.89 0.0067
Y x HarD x PL 36 5533** 2.56 0.0001
Error 2 120 1771 - -

* and ** Significant at 5% and 1% level respective
Y: Year, R: Replication, HarD: Harvesting date, Promising line

Table-2: Average grain yield (kg/ha) of Brassica napus peamgi lines in different harvesting dates during two
rabi seasons 2011-12 & 2012-13

Promising 1% Harvesting 2" Harvesting 3"YHarvesting 4™ Harvesting 5" Harvesting

Lines Date (HarD,) Date (HarD,) Date (HarD3) Date (HarDy) Date (HarDs)
10CBNOO1 1044 974 879 817 748
10CBNO002 1044 984 920 842 753
10CBNO004 897 832 765 706 638
11CBNO005 944 874 784 710 639
11CBNO0O06 962 908 855 803 748
11CBNO10 985 938 890 840 777
11CBNO13 1053 1001 943 879 798
12CBNO004 1003 946 897 841 768
12CBNO008 1089 1044 981 915 849
Shiralee 988 933 883 825 767

HarD, = Harvesting at physiological maturity of crop,rBg= 7 days after the first harvesting of each prongjsi
line, HarD,= 15 days after the first harvesting of each pramgiéines, HarD= 21 days after the first harvesting
of each promising lines, Haeb 30 days after the first harvesting of each prargisines
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Table-3: Least Significant Difference (LSD) for mean grgield (Kg/ha) shattering of Brassica napus
promising lines during two rabi seasons 2011-12082213

Promising Lines (HaD.HarDy) (HaD,.HarDy) (HarDy.HarD,) (HarDy.HarDs)
10CBNOO1 70 165 227 297
10CBNO002 60 124 202 291
10CBNO004 65 132 191 259
11CBNO05 70 160 234 305
11CBNO06 54 107 159 214
11CBNO10 48 95 145 209
11CBNO13 52 110 175 256
12CBNO004 57 106 162 235
12CBNO008 46 109 174 241

Shiralee 55 105 163 221

* and ** Significant at 5% and 1% level respectivel
HarD, = Harvesting at physiological maturity of crop,rBg= 7 days after the first harvesting of each prongjsi

line, HarD,= 15 days after the first harvesting of each prangiéines, Har= 21 days after the first harvesting
of each promising lines, Hagb 30 days after the first harvesting of each prargisines

Table-4: Percentage of average grain yield (Kg/ha) shatjesf Brassica napus promising lines during twi ra
season 2011-12 & 2012-13

Promising [(HamD,. [(HamD,. [(HamD,. [(HaD,.
Lines HarD,)/HarD,]x100 HarD3)/HarD,]x100 HarD,)/HarD,]x100 HarDs)/HarD,]x100
10CBNOO1 6.70 15.80 21.74 28.40
10CBN002 5.75 11.84 19.31 27.84
10CBNO04 7.19 14.72 21.25 28.83
11CBNOO05 7.37 16.91 24.80 32.33
11CBNO06 5.61 11.12 16.53 22.25
11CBNO10 4.82 9.64 14.72 21.17
11CBNO13 4.94 10.45 16.57 24.26
12CBNO004 5.68 10.57 16.15 23.43
12CBNO08 4.18 9.96 15.98 22.08
Shiralee 5.52 10.58 16.46 22.33

HarD, = Harvesting at physiological maturity of crop,rBa= 7 days after the first harvesting of each promngjsi
line, HarD,= 15 days after the first harvesting of each pramgiéines, HarD= 21 days after the first harvesting
of each promising lines, HaeB 30 days after the first harvesting of each prargisines
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