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Abstract: The prime objective of wheat breeding program is to increase economic yield. In this regard the
current research was conducted during 2013-14 at The University of Agriculture, Peshawar to evaluate the
performance of F  recombinant inbred lines (RILs) to generate more comprehensive information on inheritance5:9

and association of some production traits. Thirty four F RILs and two check cultivars Atta Habib and Janbaz5:9

were evaluated in 6x6 alpha lattice design with two replications. Significant differences among recombinant
inbred lines indicated the presence of sufficient genetic variability as reflected form its wide range from 25.5 to
53.2 cm  for flag leaf area, 156.0 to 172.0 days for physiological maturity, 84.8 to 121.9 cm for plant height,2

2017500 to 3982500 for spikes ha , 33.0 to 72.0 for grains spike , 1.5 to 3.4 g for grain weight spike , 39.8 to1 1 1

54.5 g for 1000-grain weight and 3745.6 to 6711.4 kg ha  for grain yield. Higher magnitude of genetic variances1

than environmental variances resulted in high heritability (>60%) for flag leaf area (72.8%), physiological
maturity (75.1%), plant height (92.6%), spikes ha  (60.9%), grains spike  (70.01%), grain weight spike1 1 1

(69.17%) and grain yield (70.4%) accompanied by high genetic advance (10.9, 5.3, 15.1, 9924470.5, 10.5, 0.5 and
1054.7, respectively). These results indicated the prevalence of additive gene action in the inheritance of these
traits and hence, amenable for simple selection. Furthermore, the study showed that spikes ha , grains spike1 1

and grain weight spike  could be used as most reliable selection index for yield improvement in wheat since1

they manifested notable contribution towards grain yield.
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INTRODUCTION In self-pollinated crops like wheat, the principle

Wheat, the “king of cereals” holds significant performance and high economic yield. Countless research
importance among cereals and is the major cultivated work has been done to explore areas of wheat breeding
cereal and most important staple food of  Pakistan. It through genetic manipulation, still increasing population
holds significant position in the cropping pattern of the in the country necessitate the breeders for additional
country. Pakistan ranks 8  among top ten leading wheat breakthrough in this food crop. Hence, in this regard plantth

producing countries in acreage [1]. In 2013-14, the average breeders assess the extent of transmissibility for  yield
national yield of Pakistan was 25.6 million tons with an and yield attributes from parents to offspring in order to
average yield of 2797 kg ha  from 9.09 million  hectares, bring improvement in heritable characters. In addition, it1

in which our province, Khyber Pakhtunkhwa contributes also ascertains breeding stratagem to be pursued while
1.13 million tons from 0.73 million hectares with an improving a population. The assessments of broad sense
average yield 1550 kg ha  [2]. Its share in gross domestic heritability facilitate in envisaging the behavior of1

products (GDP) is about 2.2% and 10.3% in the total value succeeding generations by planning suitable selection
added in agriculture. criteria and calculating the level of genetic gain

breeding aims are to develop cultivars with consistence
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(improvement). Thus, higher estimates of heritability Flag leaf area was calculated according to Francis et al.
accompanied by high genetic advance offer fruitful early
generation selection with desirable characteristics. Further
explanation by Memon et al. [3] and Mangi et al. [4] also
specified that assessment of heritability alone offers no
genetic improvement, so it had to be coupled with
significant amount of genetic advance. 

In wheat, grain yield is the outcome of countless
developmental and physiological events and is
determined by major yield attributes like spikes plant ,1

grains  spike   and 1000-grain weight [5]. In this regard,1

Kyosev et al. [6] reported in their findings regarding
correlation studies that spike length, grain  weight
spike , grains spike  and 1000-grain weight showed1 1

notable contribution towards grain yield, while, Rahman
et al. [7] pointed out that plants m  and spikes m  are2 2

important traits, affecting grain yield significantly.
Therefore, the present research was planned to evaluate
genetic  diversity  among  recombinant  inbred  lines
(RILs) and to generate information on inheritance and
association of yield and yield associated traits and  also
to identify superior lines for further testing across multiple
locations.

MATERIALS AND METHODS

Description of the Research Area: This experiment was
executed at field experimental area of Department of Plant
Breeding and Genetics, The University of Agriculture,
Peshawar-Pakistan during 2013-14. Its geographical
coordinates are 34.0198° N, 71.4685° E. Winter in
Peshawar starts from mid-November to the end of March.
Summer months are May to September. The mean
maximum temperature in summer is over 40 °C (104 °F) and
the mean minimum temperature is 25 °C (77 °F). The mean
minimum temperature during winter is 4 °C (39 °F) and
maximum is 18.35 °C (65.03 °F) [8].

Treatments and Design: A set of 34 F  selected5:9

recombinant inbred lines (RILs) and two check cultivars,
Atta Habib and Janbaz were included in this experiment.
The experiment was laid out in 6×6 alpha lattice design
and was replicated twice. The experimental material was
sown on November 15, 2013. Each entry was planted in
four rows with row length of 4 m. Spacing between rows
were kept 0.3 m.

Crop Management and Data Collection: Standard
agronomic necessities (irrigation, weeding and fertilizers
etc.) were fulfilled as and when required. Observations
were recorded on eight quantitative traits for  evaluation.

[9]. Days to physiological maturity was recorded on plot
basis by counting days from date of seeding to the date
when more than 80% of spikes in the plot ripened. Plant
height  was  recorded  at  maturity from ground level to
the tip of last spikelet excluding awns. Spikes ha , grains1

spike  and grain weight spike  was assessed by1 1

following formulae of Sayre et al. [10]. Thereafter, one
thousand cleaned grains were taken randomly from the
bulk seed of each recombinant inbred line and check
cultivar and was weighed using electronic balance to
record 1000-grain weight. Finally grain yield (kg ha ) was1

calculated using the formula given below:

Grain yield (kg ha ) = [Grain yield plot   (kg)  /1 1

Area harvested (m )] x 10, 0002

Statistical Analysis: Observations for all the traits were
tabulated and mean data were subjected to the analysis of
variance technique as outlined for alpha lattice design by
Patterson et al. [11]. Least Significant Difference (LSD)
test was also applied for the separation and comparison
of means.

Genotypic, phenotypic and environmental variances
were assessed using the formula of Uguru, [12] and
heritability was estimated from these variance
components according to Burton et al. [13]. Heritability
values  were  characterized  as  low  (0-29%),  moderate
(30-59%) and high (60% and above) [14]. Moreover,
expected genetic advance (gain) with one cycle of
selection were estimated using formula of Panse et al.
[15]. The genotypic and phenotypic correlation
coefficients were assessed according to Al-Jibouri et al.
[16].

RESULTS

Genetic Variability and Mean Performance: The
differences  among  recombinant  inbred  lines  (RILs)
were significant for all the studied traits, indicating
sufficient genetic variability for effective selection. It was
observed  that  most  of  the  RILs  had  higher mean
values than check cultivars in terms of examined yield
attributes. Wider variation among RILs were observed for
flag leaf area, which ranged between 25.5 cm  (AUP-13114)2

and  53.2 cm   (AUP-00214) with an average leaf area of2

39.5 cm . It was pointed out that the earliest maturing line2

was  AUP-22314, which took 156.0 days, followed by
lines, AUP-00914, AUP-02714, AUP-01314 and AUP-
10414, which took 165.0 days to maturity, respectively
(Table 1). Plant height ranged from 84.8 cm (AUP-21014
and  AUP-21314)  to  121.9 cm   (AUP-16714).  Spikes ha ,1
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Table 1: Mean values for flag leaf area (cm ), physiological maturity (days), plant height (cm) and spikes ha  of RILs and check cultivars.2 1

Genotypes Flag leaf area (cm ) Physiological maturity (days) Plant height (cm) Spikes ha  (no.)2 1

Janbaz 30.0 168.0 109.3 2595000.0
Atta Habib 29.6 167.0 106.4 2790000.0
AUP-00214 53.2 168.0 103.4 3307500.0
AUP-06614 47.9 167.5 109.0 2692500.0
AUP-00814 43.1 166.0 104.2 3015000.0
AUP-00914 51.6 165.0 105.2 3435000.0
AUP-22314 46.9 156.0 85.4 2430000.0
AUP-21314 46.5 169.0 84.8 3270000.0
AUP-22014 47.8 172.5 86.1 3562500.0
AUP-10814 41.6 169.0 113.3 2925000.0
AUP-01114 41.7 167.0 106.2 3330000.0
AUP-06514 38.4 167.0 111.9 2017500.0
AUP-21014 47.7 168.5 84.8 2805000.0
AUP-09614 40.5 171.5 102.4 2565000.0
AUP-22214 44.4 169.0 91.0 3075000.0
AUP-10414 35.1 165.5 107.8 3165000.0
AUP-10114 38.9 169.0 101.7 2362500.0
AUP-07614 30.2 166.5 109.9 3030000.0
AUP-13114 25.5 163.0 119.8 2827500.0
AUP-01314 47.2 165.5 105.4 3915000.0
AUP-01514 41.7 164.0 103.8 2737500.0
AUP-14214 47.2 168.5 99.6 2865000.0
AUP-23214 45.2 168.5 90.4 3630000.0
AUP-05114 39.6 167.0 109.9 3412500.0
AUP-04314 33.7 166.0 113.5 3232500.0
AUP-07714 38.3 164.0 106.1 2550000.0
AUP-08614 42.5 162.0 107.8 2745000.0
AUP-14014 38.4 162.0 98.3 2745000.0
AUP-16714 37.2 164.0 121.9 3555000.0
AUP-20014 34.8 162.5 103.8 3292500.0
AUP-02714 30.4 165.5 116.1 3202500.0
AUP-20614 31.1 159.0 111.4 2722500.0
AUP-17414 31.4 162.5 118.4 3615000.0
AUP-15614 34.5 162.0 115.6 3180000.0
AUP-20214 37.5 163.0 110.1 3982500.0
AUP-01914 31.3 168.0 116.3 3390000.0
Mean 39.5 165.8 105.3 3054792.0
LSD 11.3 1.2 2.4 868065.5(0.05)

grains spike , grain weight spike  and 1000-grain weight higher return per unit area. Highly significant (P  0.01)1 1

are the main components of yield. The variability mean squares for RILs indicates the existence of
observed among recombinant inbred lines for these traits considerable amount of genetic variability in respect grain
was high, which ranged from 2017500.0 to 3982500.0 for yield and that also reflects wider range from 3745.6 to
spikes ha , 33.0 to 72.0 for grains spike , 1.5 to 3.4 g for 6711.4 kg ha  with an overall mean of 4900.4 kg ha  for1 1

grain weight spike  and 39.8 to 54.5 g for 1000-grain the said trait (Table 2). The most superior lines in respect1

weight. AUP-01914 (3982500.0) and AUP-01314 of grain yield were AUP-02714 (6711.4 kg ha ), AUP-
(3915000.0) manifested utmost spikes hectare  followed 10814 (6529.5 kg ha ), (AUP-07614 6432.5 kg ha ) and1

by AUP-17414 (3615000.0), while AUP-10114 produced AUP-10414 (6082.5 kg ha ).
maximum 72.0 grains spike , followed  by  AUP-065141

(66.0)  and AUP-09614 (66.0). The maximum grain weight Heritability, Genetic Advance and Correlation: The
spike  (3.4 g) was recorded for AUP-10114 with a mean assessment of heritability and expected genetic advance1

value of 2.4 g, while, the highest  1000-grain  weight (54.5 are presented in Table 3. In the present study, it was
g) was observed for AUP-13114,  followed  by  Atta pointed out that genetic variances were higher in
Habib  (53.6   g)  and AUP-14014 (52.2 g). The principal magnitude than corresponding environmental variances,
objective of any wheat breeding program is to achieve resulting  in  high  heritability  (>60%)  for  all  the  studied

1 1

1

1 1

1
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Table 2: Mean values for grain weight spike ,  grains spike ,  1000-grain weight and grain yield of RILs and check cultivars1 1

Genotypes Grain weight spike  (g) Grains spike  (no.) 1000-grain weight (g) Grain yield  (kg ha )1 1 1

Janbaz 2.0 42.0 48.0 4349.5
Atta Habib 2.2 40.3 53.6 4881.2
AUP-00214 1.9 42.1 46.0 4667.9
AUP-06614 2.6 55.7 45.9 5204.3
AUP-00814 2.3 46.8 48.5 5510.9
AUP-00914 2.3 45.5 49.6 4972.0
AUP-22314 2.7 60.1 44.3 3761.5
AUP-21314 2.3 51.5 44.6 5201.7
AUP-22014 2.3 52.8 43.0 4471.9
AUP-10814 2.9 63.5 45.7 6529.5
AUP-01114 1.8 41.8 43.7 5397.7
AUP-06514 3.0 65.6 45.5 5138.9
AUP-21014 2.2 50.3 44.1 4267.7
AUP-09614 3.1 65.7 46.7 5014.8
AUP-22214 2.4 54.4 43.6 4732.8
AUP-10414 2.9 63.6 45.8 6082.5
AUP-10114 3.4 72.2 47.1 4425.6
AUP-07614 2.9 62.2 47.0 6432.5
AUP-13141 2.6 48.1 54.5 4956.3
AUP-01314 2.6 56.0 46.4 5274.8
AUP-01514 2.9 59.7 48.7 5663.9
AUP-14214 2.4 49.8 49.0 4385.8
AUP-23214 2.4 55.1 43.3 4447.7
AUP-05114 2.2 50.2 44.5 3745.6
AUP-04314 2.2 50.2 44.5 4495.2
AUP-07714 2.3 45.7 50.6 4982.4
AUP-08614 2.5 51.8 48.4 4657.1
AUP-14014 2.1 40.5 52.2 4724.4
AUP-16714 1.5 33.0 45.4 3876.3
AUP-20014 2.0 49.4 40.2 3941.9
AUP-02714 2.5 58.0 43.5 6711.4
AUP-20614 1.9 47.0 41.5 4287.8
AUP-17414 2.1 48.1 44.6 4891.4
AUP-15614 2.0 42.2 47.4 4540.1
AUP-20214 1.8 46.0 39.8 4492.7
AUP-01914 2.2 48.6 45.9 5297.9
Mean 2.4 51.5 46.2 4900.4
LSD 0.5 9.9 5.0 953.2(0.05)

Table 3: Mean squares,  CV (%),  genotypic variance ( g),  phenotypic variance ( p),  broad-sense heritability (h ) and genetic advance (GA) for various2 2 2
 (BS)

yield traits of RILs

Agronomic traits Mean squares CV (%) g e p h  (%) GA2 2 2 2
(BS)

Flag leaf area 116.3 11.3 73.1 19.8 53.2 72.8 10.9**

Days to physiological maturity 26.5 1.2 16.3 4.1 12.2 75.1 5.3**

Plant height 163.5 2.4 86.5 6.3 80.2 92.6 15.1**

Spikes ha 402000.0 19.5 8.56E+13 3.34E+13 5.21E+13 60.9 9924470.51 *

Grain weight spike 0.3 9.7 74.5 22.9 51.5 69.1 0.51 **

Grains spike 114.5 9.3 0.2 0.1 0.1 70.0 10.51 **

1000-grain weight 18.2 5.3 13.6 5.9 7.6 55.9 3.6**

Grain yield 1125693.0 9.4 722809.0 213283.0 509526.0 70.4 1054.7**

*, **= significant at 1% and 5% level of probability,  respectively
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Table 4: Phenotypic and genotypic correlation of grain yield with other traits of 34 RILs

Correlation coefficient
---------------------------------------------------------------------------------------------------------------------

Traits Phenotypic correlation (rp) Genotypic correlation (rg)

Plant height 0.2* 0.3
Flag leaf area 0.0 -0.2
Spikes hectare 0.5** 0.4*1

Grain spike 0.4** 0.4*1

Grain weight spike 0.4** 0.5**1

1000-Grain weight 0.1 0.2

*,  **= Correlation is significant at the 0.05 and 0.01 level of probability, respectively (2-tailed)

traits, except 1000-grain weight (55.9%). The magnitude of material. But, Johson et al. [24] stated that traits with
heritability ranged from 55.9% for 1000-grain weight to higher magnitude of heritability should be accompanied
92.6%   for   plant height, while genetic advance ranged by  high  genetic advance. Furthermore, Larik et al. [27]
from 0.5 g (grain weight spike ) to 9924470.5 spikes stated that high heritability accompanied by high genetic1

(spikes ha ). Similarly, the assessments of correlation advance for a trait simplifies the selection procedure for1

revealed  that  grain  yield  manifested  positive  and plant breeders. High heritability and genetic advance
significant association with spikes ha  (rp= 0.5: rg=0.4), values for flag leaf area (72.8% and 10.9), days to1

grains spike  (rp= 0.4: rg=0.4) and grain weight spike physiological maturity (75.1% and 5.3), plant height1 1

(rp=0.4: rg=0.5) at both levels (Table 4). Plant height had (92.6% and 15.1), spikes ha  (60.9% and 9924470.5), grain
positive correlation with grain yield at phenotypic level weight spike  (69.1% and 10.5), grains spike  (70.0%
(rp=0.2), while the association was non-significant at and 0.5), 1000-grain weight (55.9% and 3.6) and grain yield
genotypic level. For rest of the characters the correlations (70.4% and 1054.7) during this evaluation pointed out the
were negative and non-significant. prevalence of additive nature of genetic variation, which

DISCUSSION suggested that traits which had high heritability and

The extent of genetic variability in any crop is in selection breeding as these traits were mainly
considered to be necessary for selection of superior influenced by major effects of additive gene action.
genotypes over the present cultivars [17]. In the present Higher estimates of heritability accompanied by higher
study 34 recombinant inbred lines were studied to assess genetic advance values were reported earlier by  Ali et al.
their genetic potential. The mean squares due to [28, 29] for flag leaf area, Khan et al. [30] for physiological
genotypes were significant (P  0.05 and P  0.01) for all maturity,  Rahman  et  al.  [7]   for   plant   height   and
the studied traits. Genetic variability studies on wheat 1000-grain weight, Baranwal et al.  [31]  for  grains
crop have already been reported by [18-23]. In the present spike ,  Kysev et al. [6, 32] for grain weight spike  and
research, the variation exhibited by 34 RILs along with 2 Wahidy et al. [22, 33] for most  of the traits studied
checks manifested that selection for several of these traits including  grain yield. In order to bring upsurge in grain
would be more fruitful. However, the effectiveness of yield of wheat, selection should be  made  on  the
selection is related to the extent of trait`s transmissibility performance  of its component traits. The correlation of
and genetic advance [24]. Assessment of heritability yield component traits with grain yield thus assumes
without genetic advance (gain) would not be of practical special  importance, as a more efficient approach for
importance in selection based on phenotypic  appearance. selecting high yielding genotypes. The present study
So, genetic advance should be considered along with pointed out significant correlation of grain yield with
heritability in coherent wheat breeding  programs  [25]. spikes ha , grains spike  and grain weight spike  at
Traits exhibiting high heritability may not necessarily both genetic and phenotypic levels. Some early literature
manifest high genetic advance. In this regard, further supports  these  findings as reported by [19, 34, 35].
explanation of Sardana et al. [26] suggested that high Similarly, significantly positive correlation between plant
heritability may not necessarily lead to high genetic gain, height and grain yield at phenotypic level confirms  the
unless sufficient genetic variability existed in the breeding findings  of  Nukasani et al. [36]. 

1

1 1

is less influenced by environment. These results finally

genetic advance values should be given due importance

1 1

1 1 1
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CONCLUSIONS 9. Francis, C.A., J.N. Rutger and A.F.E. Palmer, 1969. A

Hence, it is concluded from the present findings that Crop Sci., 9(5): 537-539.
RILs used in this study had significant genetic variability 10. Sayre, K.D., S. Rajaram and R.A. Fischer, 1997. Yield
for all the traits for effective selection and need to be used potential progress in short bread wheat in Northwest
in future wheat breeding programs. Characters like flag Mexico. Crop Sci., 37: 36-42.
leaf area, physiological maturity, plant height, spikes ha , 11. Patterson, H.D. and E.R. Williams, 1976. A new class1

grain weight spike , grains spike  and grain yield of resolvable incomplete block designs. Biometrika,1 1

manifested high heritability accompanied by high genetic 63: 83-92.
advance, hence more importance should be given to these 12. Uguru, I.M., 2005. Crop Genetics and Breeding
traits during selection breeding in wheat. Since notable (Revised  Edition).  Ephrata Press, Nsukka, Nigeria,
contribution were manifested by spikes ha , grains pp: 113.1

spike  and  grain  weight  spike   towards  grain  yield, 13. Burton G.W. and E.H. Devane, 1955. Estimating1 1

so emphasis should be given on these traits to improve heritability in tall Fescue (Festuca arundinacea) from
grain yield in wheat. Furthermore, recombinant inbred replicated clonal material. Agron. J., 7: 478-481. 
lines AUP-02714, AUP-00914,   AUP-21314,   AUP-10814, 15. Panse, V.G. and P.V. Sukhatme, 1965. Statistical
AUP-07614 and AUP-01314 showed superiority for Methods for Agricultural Workers. Indian Council
maturity and yield traits, hence these lines could be Agri. Res. New Delhi.
recommended for further testing across multiple locations 16. Al-Jibouri, H.A., P.A. Miller and H.F. Robinson, 1958.
in Pakistan. Genotypic  and  environmental  variance  in an
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