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Abstract

In order to estimate variability, heritability, g&it advance and relationship of grain yield withes
yield related attributes, the experiments wereiedrout in field research Area of Barani AgricuilResearch
Institute, Chakwal, Pakistan during two rabi grogveeasons 2011-12 and 2012-13. The experimentarialat
were comprised of 40 genotypes of safflower andevemwn in randomized complete block design witledhr
replications each year. The analysis of varianaewvsld that all the safflower genotypes were sigaifity
different for all the traits studied except days poysiological maturity. Among the attributes stdlithe
estimates of phenotypic coefficient of variatiorC{® were generally higher than the genetic coedfitiof
variation (GCV). Highest GCV was found in graifirfi rate plant (49.34 & 48.25) followed by seed yield
plant® (49.09 & 48.18) during 2011-12 & 2012-13 respealijv Grain filing rate plant showed maximum PCV
(49.78 & 48.96) followed by seed yield pldn(49.64 & 49.44) during both years (2011-12 & 201)-
respectively. The high heritability coupled wittghigenetic advance was measured in biological y&dt,
harvest index (%), number of heads pfaretind seed yield plaht These results revealed that high estimates of
heritability and genetic advance for these traituld be helpful for the plant breeders to seleet shitable
combination and to achieve the enviable level afdsgield potential in safflower under arid envircemh
conditions. The correlation results of two yeadis revealed that seed yield plahid significant and positive
relationship with days to maturity, plant heightolbgical yield plant, number of seeds hejd1000-grain
weight, grain filing rate plalt effective head weight, number of primary branctant' and plant height. On
the other hand, days to 50% flowering, days to joygical maturity, number of seeds hdadeed weight head
! and 1000- grain weight showed low heritabilitylwiow genetic advance.
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Introduction

Safflower is one of the most important annual @tserop which have a high adaptation to variouk soi
conditions such as salinity, drought and viableeéarown in rainfed and irrigated areas Saéhal. (2012). It is
a multipurpose crop for oil, medicinal and industises Ahmadzedeady al. (2012). In Pakistan, the production
of safflower is low as compared to other oilseedpsrdue to lack of resources and non-availabilftyigh
yielding cultivars. The development of new varistis based principally on the collection, identfion,
assembly, multiplication, assessment and conservati genetic materials, which are used for thetireg of
desirable characters of safflower. The final ohyecbf most of breeding program is to raise thedsgeld.
Golkar (2011).

Appearance of several traits often changes as hamging breeding material and environment.
Consequently, the information of characters astiocicbetween the traits themselves and with seettl yis
important for the breeding program subject to s&lacfor high yielding genotypes Igbat al. (2006), Omidi
Tabrizi (2002). As certain trait are more affecfeam genotypic and environmental difference. Eacketer is
tackled with various environments in which his @r breeding program is to attain results Arsala®0g3.
Hence, an assessment of heritability should berm@ied for the optimum breeding program Camas and
Esendal (2006). Kuvargt al.(2001) and Camas and Esendal (2006) found hdityafmr plant height, number
of primary branches per plant, head diameter, peethead and 1000-grain weight in safflower asA8321, 69
and 81% respectively. Manju and Sreelathkumary Zp0®8ported that h(broad sense heritability) value for
plant height, Primary branches per Plant, 1000ngve¢ight and yield in safflower as 87, 39, 93 arg%:9
respectively. Arsalan (2007) computed broad seesitability for yield and yield related attributas safflower
and found that plant height, primary branches pantpheads per plant. Head diameter, seeds per, 1680
grain weight and seed yield have high heritabilif).
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Cassatcet al. (1997) observed positive and significant corfelatbetween seed yield and number of
heads per plant in safflower. Omidi Tabrizi et @002) studied that grain yield had positive arghicant
association with grain weight and number of heaels glant in safflower. Plant height, number of paim
branches per plant, number of heads per plant, aumbseed per head, seed weight per head and graf0
weight are the most imperative characters in safflofor improvement of grain yield Omidi TabriziQ@5);
Rao and Ramachandram (1997) examined positive igmificant relationship of grain yield with headsrp
plant and 1000 grain weight, also emphasized toitaérole of the number of heads plartnd head weight in
enhancement of yield in safflower.

The present study was carried out for the assessshéeritability in broad sense{h genetic advance
and interrelationship between grain yield and ottedated attributes and thereby to identify suiaplant
attributes for selection to improve the grain yiefdsafflower under rainfed conditions.

Materials and M ethods

In order to assess the relationship of grain yieitth other yield related attributes, the field esipents
were carried out in the research Area of BaraniidMfural Research Institute, Chakwal, Pakistanrdutwo
rabi growing seasons 2011-12 and 2012-13. The pireyaveather conditions during two rabi season are
summarized in Table-1. The experimental materiaseveomprised of 40 genotypes of safflower and weren
in randomized complete block design with threeioagpions and a plot size of 5x1.2m. Seeds were satvad
cm spacing between the rows of"afd3°October each year respectively. Plant to planadist was kept 10cm
within rows by performing the thinning process afteur weeks of sowing. As per requirement of crogtural
practices such as weeding, hoeing, pest and igsettol were carried out during whole growing seessarhe
data on following traits were recorded: days to S@vering (DFF), days to physiological maturityND, plant
height in cm (PH), number of primary branches ptaBP), stem diameter in cm (SD), number of hedaistp
Y(HP), head diameter in cm (HD), effective head Wweig gram (EHW), number of seeds héggH), seed
weight heat in gram (SWH), grain filling duration in days (GROyrain filling rate plantin gday* (GFRP),
1000 grain weight in gram (TGW), harvest index @rqentage (HI), biological yield plahtn gram (BYP), and
seed yield plaftin gram (SYP). Grain filling duration was computasl days from flowering to physiological
maturity. Grain filling rate (g/day) determined Oividing the seed yield to grain filling duratioHarvest index
(%) was also calculated by dividing the seed yieldiological yield.

Analysis of variance (ANOVA) and correlation coeféint for characters studied was performed by
using Statistix software version 8.1.The herité#piéind genetic advance were measured by followingtSand
Chaudhry (1979).

Heritability in Broad sense th= GV/PV
Where, GV is genotypic variance and PV is phenatypriance.

Genotypic, phenotypic and environmental coeffigewit variation were calculated by using formula as

under;
Genotypic Coefficient of Variation (GCV) #6¥/Mean af ¥ x 100
Phenotypic Coefficient of Variation (PCV)-£¥/Mean ofX x 100
Environmental Coefficient of Variation (ECV)#EV/ iess aof X x 101
WhereX is the grand mean of the particular attribute
Genetic advance was calculated by formula followiiiggh and Chaudhary (1979).
Genetic Advance (G.A) = K2h/P¥

Where K is Constant = 2.06 at 5% selection intgn§&enetic advance expressed as percentage of mean
by using formula;

Genetic Advance (GA %) = GAllean of X x 100
Results and Discussions

The results of analysis of variance (ANOVA) sepalsafor each year are presented in Table-2.The
analysis of variance showed that all the safflogemotypes were significantly different for all ttraits studied
except days to physiological maturity. This invgation revealed that high genetic variability ieg#nt among
the genotypes under rainfed conditions. Thoughemehasized on traits that have significant relstdm with
grain yield in the rainfed conditions. Significargriation in all investigated attributes are marportant source
for selection among genotypes and helpful for teiobreeding programmes. Individually, all thetgratudied
have particular role in the rainfed conditions. Niemof heads per plant, number of seeds per head,seight
per head, effective head weight and 1000 grain lweige the most prominent yield associated traitswould
be more effective to upturn the grain yield in kafler Alizadeh (2005). Phenotypic coefficient ofriaion
(PCV), genotypic coefficient of variation(GCV), eéronmental coefficient of variation (ECV), heritéity in
broad sense fhgenetic advance (GA) and genetic advance as menfemean (GA %) for the characters
studied during 2011-12 &2012-13 are summarized abl@-3. Genetic coefficient of variation (GCV) raxg
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from (0.34) to (49.34) and (0.13) to (48.98) amdhg traits studied during 2011-12 & 2012-13 respebt
whereas phenotypic coefficient of variation (PC\gnged from (0.85) to (49.78) and (0.52) to (49.44)
respectively (Table-3). Among the attributes stddlering both the year, the estimates of phenotypéfficient

of variation (PCV) were generally higher than then€tic coefficient of variation (GCV). Highest GGvas
found in GFRP (49.34& 48.25) followed by Seed Yid¥hant' (49.09& 48.18) during 2011-12& 2012-13
respectively. GFRP showed maximum PCV (49.78 &4Bfllowed by Seed vyield Plaht49.64 & 49.44)
during both years (2011-12 & 2012-13) respecti@gble-3).

The high heritability coupled with high genetic adee was measured in biological yield pfant
harvest index, heads pldntand seed yield plahtstudied during 2011-12 &2012-13 (Table-3). Thisule
revealed that high estimates of heritability andedie advance for these traits would be helpful tfer plant
breeders to select the suitable combination arathieve the enviable level of seed yield potentier arid
environment conditions. The present results ardircoatory with the findings of Akbar and Kamran (3);
Arsalan (2007) and Kuvauet al. (2001). Also high heritability assessments wetafl in effective head weight,
grain filling duration, head diameter, number ofnmry branches palitand stem diameter. The high
heritability estimates indicated that these traite under additive genetic effects and carefulctele will
definitely lead towards improvement for greaterdurctivity. These results support the findings ofvii et al.
(2001) and Camas and Esendal (2006). On the othret, ldays to 50% flowering, days to maturity, nuntfe
seeds healj seed weight heddand 1000 grain weight showed low heritability witlw genetic advance. This
investigation indicates that the selections fos¢h&aits must be delayed till late generationhaklkand Kamran
(2006) also reported low heritabilities for thessts in safflower.

The results pertaining to association of first ystadied (2011-12) showed that seed yield pidatd
highly significant & positive relationship with dayo maturity, plant height, biological yield plannumber of
seeds hea 1000 grain weight and significant & positivelyroelated with grain filling rate plaiit effective
head weight, number of primary branches ptaatd number of heads pldnfTable-4). There was a positive
and significant correlation between biological gliglant' and days to maturity, grain filling rate pldnplant
height, seed weight heddnd seed yield plant This result revealed that indirect selection tigio enlightening
these traits would be helpful for boost in graielgiin the safflower genotypes under rainfed cood#t. Some
earlier researcher Arslan (2007); El-Lattief (201Qplkaret al.(2011); Golparvar (2011); Golkag al. (2012);
Mozaffari and Asadi (2006) and Naserirgtdl. (2013) also observed the similar results in eafdr.

On the other hand, in second year results (2012¢gt&n yield correlated highly significantly &
positively with effective head weight, grain filinrate plant, 1000 grain weight, heads pldntnumber of
primary branches plant plant height and significant & positive with bigjical yield Plant, days to maturity
and number of seeds hedddable-5). This result showed any positive improeat in these attributes in the
superior genotypes would enhance the grain yialil& trend for these attributes were also obsgérve El-
Lattief (2012); Eslanmet al. (2010); Begwan and Ravikumar (2011); Golparva@Q1() and Omidi Tabrizi
(2006). However, negative correlation amongst gyéétd and days to 50% flowering is justifiabletime arid
conditions because the genotypes endure warmtldamayht stress due to lengthier lifespan of crolizafleh
(2005) also showed the similar inference in hisligtsion safflower genotypes in dry land conditions.
Conclusion

From the consequence of current investigationgs @oncluded that grain yield in safflower can be
enhanced by selecting the superior genotypes havioig number of primary branches plnplant height,
number of heads plahteffective head weight, number of heads ptaag well as number of seeds héa00-
seed weight and biological yield plant
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Table-1: Rainfall (mm), Minimum & Maximum Temperatur&Q) and Humidity Mean (%) data during  two
Rabi growing season 2011-12 & 2012-13
Rainfall (mm) Minimum Maximum Humidity M ean
Temp.(°C) Temp.(°C) (%)
Rabi Season 2011-12
October 16.50 14.75 29.95 54.70
November 12.70 9.11 24.89 70.36
December 0.00 2.28 19.31 69.80
January 22.10 0.53 13.50 69.95
February 19.85 1.86 16.82 66.31
March 4.10 7.33 24.50 47.99
April 23.05 15.08 26.22 59.23
Rabi Season 2012-13
October 16.30 13.31 27.69 60.99
November 01.00 14.99 28.83 53.46
December 28.30 03.25 15.58 55.39
January 00.00 01.50 15.86 62.05
February 213.40 07.61 16.82 79.71
March 17.90 10.76 23.99 65.30
April 20.95 06.38 23.65 58.85
Table-2: fnalysisof Wanance for yield and yield related attributes in Safflower genotypes studied during 2011-12and 2012-13
Souxce IF Vear BYP IFF i EHW GFD GFRP TGV HD HI HFP FEF FH IH 3T TWH IYP
Rep 2 2011-12 34393 17.66 3521 0.61 333 138 370 0.1a 267.81 1298 .57 1.03 19143 6.83 0.07 023 1a17.70
2012-13 4481 493 6.01 0.01 0.1z 002 2520 0.0z 0.56 22876 603 2336 1511 0.04 0.26 48310
Var 9 2011-12 IT12.00#8%  52]% 475 l4guer 13 4quek T 7Geek 10 4Tdek ) SEdek 47 Sheek 1004 DOmek 3 SQeek T30 gQwek T AGeE QOFeek 0 FTHek 11426 10%%
2012-13 4386 448 4 5% 241% 1Tguex 13 gasek T oageek QR 3hdek [ Shde QT4 flvek 1644 TOwek g T4vek TR4 Qfeek 3 408k QTR [Tl [4536.00%%
Emox TS 2011-12 2340 01 I.00 023 3.09 015 4.85 0.0z 3154 2083 045 42.02 26,19 0ol 029 252.60
2012-13 1457 234 234 0.7 1.03 021 508 0ol 15.29 TOEL 060 3197 20.17 0ol 04 270.10
(A 2011-12 568 LA6T 1.34 1838 4.55 1179 531 8.73 863 15.66 16.63 6.08 16.23 8.55 19.00 1278
2012-13 4.00 11= 0oz 1604 310 1440 569 5.26 525 12.50 1721 527 1570 TAT 002 1167

* and ** Signifiant at 0.05 and 0.01 lewel respectively Eiological Yield Flant* (EYP), Days to 50% FAowerng (DFF), Dayws to Phys iological Maturity (DM), Efective Head Weight
[EHW), Grain Filling Duration (GFD), Grain Filling Fate Plant* (GFRF), 1000-Grain W eight (TGW), Head Diameter (HD), Harwest Index (HI), No. ofHeads Flant (HF), No. of Frimary
Eranches Plant= [PBP), PlantHeight [PH), No.ofSeeds Head [3H), Stem Diameter (3TD), Seed Weght Head" [(FWH), SeedYields Plant [5¥F).
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Tahle-3: Genotypic Coefficient of Vaviation (GCWV), Phenotypic Coefficient of Variation (PCV), Erndiroravental Coefficient of Vaviation (ECV), Heritahility in
biroad sense (he), Fenetic Advance (G ) and Genetic fckance as percert of mean (G4 %) for the chararters studied during 2011-12 & 2012-13 in Safflower
genotypes
Fource Vear BYF GFF L] EHI EFD EFRF TEW HD HI HP FBF FH =H ETO SHH VP
BCY TAT12 AT A0 0550 O.80 23570 4800 4830 €320 1888 18410 Eil.ca] AEI0 EREE] T2880 1267 14040 35080
2213 40.X0 0580 0430 21840 4130 4850 6430 1953 12400 24160 |XO 10120 15000 1100 12.260 48 180
ECY 2M1-12 5.0 1.670 1340 18400 4550  11.990 £.F0  E.180  B.630 15,680 16.560 6060 16,230 9470 13900 12,780
M3 4000 1430 0830 15000 3100 14.470 5.E0 4500 550 12500 17.50 5.0 15700 7.790 20230 11.570
ey mM1-132 4130 1110 0850 SES0  5.470 49.780 6140 00 10.070 32560 26660 0.470 15830 1421 17.750 49,540
M 13 40320 0880 0520 23730 4500 48660 7.2 210 12850 2.610 36,660  10.560 18180 1181 15880 48,440
W 2M1-12 99,372 760 15700 3160 7AO90 0248 75.023 E8.00 93183 42 |/E E6.H50  B7.599 &.|0  §3.33 62500 a7.789
M3 99,670 42370  19.770  BAFIO0 B4.2X0 97119 795 9470 9443 us.725 9260 91.699 77.660  BEOG 52740 9g.142
&4 1132 7200 060 0M0 1.0 338 350 3830 0770 23540 = .4a0 1830 18180 5760 0.0 0.50 124330
13 78530 1040 0 0410 1.0 3500 3100 5020 0840 1880 46,170 3140 21.400 10550 0.Z0 0530 140,730
A% 21112 E4.630 0570 0.B0 44170 B0 100620 0430 3640 36620 1,600 4790 A7.0E0 2440 77 2280 100,000
M3 B2790 0750 0080 41540 700 97.8F0 11780 W0 24800 8.540 f9.810  19.960 M@0 21.02 1830 99,860
Tahle-4: Correlation coefficient for wieldand yield related characters in safflower genotypes studied during 2011-12
BYP DFF DM EHW GFD GFRP TCW HD H HP PEP PH 5H 5TD 5WH
DFF -0.0z28
D 0.174* 0.0%4
EHW  0.138* 0107 0.183*
GFD -0.196% a0z 0084 0073
CFEP 0.208 0017 0.203* 0,525+ 0.144#
TOW 0.108 -0.059% 0.017 0.0s7 -0.231* 0.225*%
HD 0275%F 0043 0157+ 0.0s5 -0.181 0.106 -0.135
HI 02504+ 0.1z1*  0.109 0.057 -0.050 0.00z2 0.223* 010
HP 0078 -0.050 0. 294+ 053154 0.025 03754+ 0121 0.0% 0042
FEP -0.133 -0.043 0.105 0117 0.155%* 0.4 S5 0123 0036 0.083 0435+
FH 0.145#% -0.004 0.131 0045 0.175% 0.165* 0.145 0056 0274+ 0335+ 02454+
5H 0092 -0.028 0.228%+ 0083 0.101 0.17%* 0.0a1 000 0157+ 0.353 0.125 0. 2654+
5TD -0.217* 0.03& -0.0&7 0228+ 0185+ -0.108 0237+ 0072 0260 -0.055 0.20%* -0.025
SWH  0.138# 0.074 0,170+ 07574+ 0.094 0.5034:* 0.055 0115 -0037 0.305%* 003l 0003 -0.188+
5VP 0.175% -0.008 0.3 0.19g4+ 0083  0.001 0.a834+ 0135+ 0.154* 0.0sg 0526+
" T
Tahle-5: Correlation coefficient for wieldand wield related characters in safflower genotypes studied durng 2012-13
BYP DFF DiL EHW GFD GFRP TCW HD HI HP PEP FH 5H STD 5WH
DFF -0.115
Dr 0.05% -0.134
EHW 0185 -0.015 -0.007
GFD -0.21%* 0.11% 0.00% 0045
GFRP  0.154* -0.0g2 0.155% 0.57e*+  0.059
Tew 0081 -0.145 0018 0.24e4k 0192 0. 3254
HD 0231+ -0.123 0.037 -0.003 -0.231* 0115 -0.100
HI -0 595k 0165+ -0.073 -0.085 0111 -0.153 0. 198+ -0.185*
HP 0.047 -0.083 0.235% 0.125* 0122 0 a6+ 0.172* 0.070 -0.076
PRP 0045 -0.001 0.138 00901 0.082 0525+ 0251%+ 0019 0.099 0 a0
PH 0.131 0.08% 0217+ 0.144 0.1g1* 0331 0139 -0.088 -0.055 047+ 0318+
5H -0.011 -0.018 0.10% -0.082 0.103 0.1&g* 0.102 0.005 0.072 03544 0128 0,295+
5TD -0.21%* 011z 0028 -0.047 0.228%  -0035 0178+ -0.138 0233+ -0.045 0.043 0.1aa 0.00&
SWH 0109 -0.044 -0.004 00sl 0.092 0.06% 0.03% 0.08g -0.105 -0.088 -0.071 -0.118 0075 -0.10%
5YP 0185+ 0.55]%* 0.02% 09324k 0283+  0.075 -0.17&* 0a@5%k 0555+ 031 0.185*% -0.058 0082
3 ¥ EELED TFF). Dms PR = == T e
W . of Pemesy ¥ ed ™! cd !
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