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Abstract: Genetic analysis was carried out in 55 genotypes (10 parents and 45 F1s) through diallel mating design
excluding reciprocals in bread wheat. Analysis of variance showed appreciable variability among the breeding
material for almost all the traits under study. The highest value of phenotypic coefficient of variation (PCV) and
genotypic coefficient of variation (GCV) was found for flag leaf area (PCV=18.82, GCV=17.74), biological yield
(PCV=12.98, GCV=11.70), grain yield (PCV=11.90, GCV=10.39) and harvest index (PCV=10.39, GCV=10.05).
Highest heritability with highest genetic advance was estimated for flag leaf area (h?=52.24, GA=34.64), biological
yield (h?=15.04, GA=21.71), harvest index (h?=18.19, GA=20.01), peduncle length (h?=31.72, GA=15.96) and
spikelets per spike (h?=34.92, GA=12.96), therefore selection will be effective based on these traits. Grain yield was
found significantly correlated (at <1% level of significance) with productive tillers (gr=0.3283**, pr=0.4347**), spike
length (gr=0.1959**, pr=0.2203**), spikelets per spike (gr=0.4342**, pr=0.3813**), grains per spike (gr=0.7188**,
pr=0.4918**), biological yield (gr=0.6101**, pr=0.6616**), harvest index (gr=0.3518**, pr=0.3227**) and thousand
grain weight (gr=0.5232**, pr=0.3673**). Similarly path coefficient analysis estimates for biological yield (g=1.0524,
p=1.0554), harvesting index (g=0.8862, p=0.8291), thousand grain weight (g=0.0588, p=0.0269), grains per spike
(g=0.0496, p=0.0074), spike length (g=0.0209, p=0.0289), days to maturity (g=0.0142, p=0.0127), productive tillers
(g=0.0186, p=0.0147), peduncle length (g=0.0123, p=0.0157), days to 50% flowering (g=0.0093, p=0.0072) and
plant height (g=0.0042, p=0.0020) showed high positive direct effects on grain yield indicating that due importance
should be given to these traits during selection for high yield.
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INTRODUCTION that grain yield is determined by several component
traits and it is a highly complex character as reported
by Sajjad, et al. (2011). They observed that these com-
ponent traits affect the grain either directly or indi-
rectly. Development of high yielding varieties is a ma-
jor objective of any breeding programme for but suc-
cess depends upon the presence of genetic variability
in germplasm, extent of transmissibility of characters
under consideration and traits associations with grain
yield and among themselves. The genotypic and phe-
notypic coefficient of variation is helpful in under-
standing the clear cut picture of existing variability in
X : ) the material. Several researchers have reported genetic
France, Russia, Canada, Australia, Pakistan, Turkey, variations for different yield contributing traits in

UK, Argentina, Iran and Italy. These countries contrib- wheat genotypes (Dhananjay e al., 2012, Kumar et al
ute about 76 % of the total world wheat production. 2013: Bhushan et al.. 2013: Singh.)et al. ’2013). N

India holds second position in terms of both in area
and production after china. At global level, India's
share in world wheat area is about 12.5%, whereas it
occupies 12 % in total world wheat production (http://
Directorate of Wheat Research 2013-2014). Genetic
analysis in wheat for yield improvement had shown

Wheat (Triticum aestivum L.) is the largest grown
cereal in the world and it supplements around 19
percent of our total calories. It is one of the principal
crops cultivated in India as a staple food commodity
for a majority of Indians that also contributes to the
overall food security of country. India holds the pres-
tigious position of being second largest wheat produc-
ing country for many years and has it a share of about
36 percent to the country's total food grains production
(Anonymous 2014, Sharma et al., 2013). The major
wheat producing countries are China, India, USA,

Correlation coefficient is a measure of relationship
between any two characters but that does not indicate
anything about the cause and effect relationship. Yield
is the most economic trait which is the result of overall
contribution of several characters from the beginning
of germination to the final development of the crop.
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Thus yield is primarily a dependent character wherein
many other characters show association with grain
yield. Thus in order to determine contribution of vari-
ous characters towards yield, it is necessary that the
relationship between yield and its component charac-
ters undergoes partitioning into a series of direct and
indirect effects revealing specific forces which are
acting to build up a given correlation. The estimates of
heritability and genetic advance provide the indices of
transmissibility of characters while correlation coeffi-
cient and path analysis gives the information about the
characters association and relative contribution of both
direct and indirect effects of components traits on grain
yield. The direct selection based on just yield cannot
be effective, but selection via yield and its components
traits has been more efficient. For effective selection,
information on nature and magnitude of variability in
population, association of characters with yield and
among themselves are necessary. Therefore the main
objective of the present investigation was to study the
genetic variability, heritability, genetic advance and
characters association of grain yield and other impor-
tant agro-morphological traits in wheat through half
diallel mating design.

MATERIALS AND METHODS

Ten genotypes of bread wheat namely, Raj 3765, K
9162, PBW 373, K 9423, K 7903, Unnat-Halna, NW
1014, HUW 560, NW 1076 and UP 2425 were sown
during rabi 2011-2012 for attempting crossing pro-
gramme in a 10 x 10 diallel fashion excluding recipro-
cals. In the next crop season rabi 2012-2013, experi-
mental material consisted 55 genotypes (10 parents
and 45 F;s) was sown in a randomized block design
with three replications. Each of the parental lines and
crosses were sown by dibbling of seeds in two row plot
of 2 meter length at spacing of 10 cm between plants
within a row keeping row to row spacing at 23cm. All
the standard agronomical practices (dose of fertilizer,
irrigation at all critical stages) were followed to raise
normal crop from sowing to till harvest of crop. Obser-
vations were recorded on five randomly selected plants
in each replication for fourteen characteristics namely;
days to 50% flowering, days to maturity, plant height
(cm), number of productive tillers per plant, flag leaf
area (cm?), spike length (cm), number of spikelets per
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spike, number of grains per spike, 1000-grain weight
(g), biological yield per plant (g), grain yield per plant
(g), harvest index (%) and gluten content (%). For flag
leaf area (cm?), length and the maximum width of flag
leaf was measured and the area was calculated using
the following formula suggested by Muller (1991) as
Flag leaf area = leaf length x maximum leaf width x
correction factor (0.74). The analysis of variance was
based on the model suggested by Panse and Sukhatme,
(1967). Coefficient of heritability (in narrow sense) in
Fys generation based on component analysis was calcu-
lated as proposed by Crumpacker and Allard, (1962).
The genetic advance was worked out by the formula
proposed by Robinson et al. (1949). Genotypic and
phenotypic coefficient of variation was calculated by
the formula given by Burton and De vane (1953). The
genotypic and phenotypic correlation coefficients were
calculated as suggested by Al-Jibouri et al. (1958). In
path analysis; direct and indirect as well as residual
effects were calculated. All the analysis work was
done in Microsoft Excel as per the procedure given by
Singh and Chaudhary, (1985).

RESULTS AND DISCUSSION

Analysis of variance: The presence of sufficient ge-
netic variability among the parental lines is essential
for planning a successful breeding programme. Analy-
sis of variance for parents and their F;s crosses showed
highly significant differences (at1% level of signifi-
cance) among all the 55 treatments for the traits except
days to 50 % flowering in parents and grains per spike
in parents and F;s revealing existence of variability for
the traits namely; flag leaf area, productive tillers per
plant, spike length, number of spikelets per spike, pe-
duncle length, plant height, thousand grain weight,
harvest index, biological yield and days to maturity.
Similar findings on the presence of variability were
reported by Singh et al. (2012), Bhushan ez al. (2013),
Singh et al. (2013), Kumar ef al. (2014), Ramesh et al.
(2015) and Kumar et al. (2015) for different agro mor-
phological traits in wheat crop at different locations in
India.

The effectiveness of any selection scheme depends
upon the presence of genetic variability among the
genotypes. The understanding of variability and ge-
netic architecture of population is essential for the im-

Table 1. Pedigree and other available details of the parental lines used in crossing programme.

Genotype Species Parentage Centre developed
Raj 3765 T. aestivum HD 2402/VL639 R.A.U. Rajasthan
K 9162 T. aestivum K 7827/HD 2204 C.S.A.U. Kanpur
PBW 373 T. aestivum ND/VG1944//KAL/BB/3/YACO'S’/4/VEE#5'S’ P.A.U. Ludhiana
K 9423 T. aestivum HP 1533/Kalyan Sona/UP 262 C.S.A.U. Kanpur
K 7903 T. aestivum HP 1982/K 816 C.S.A.U. Kanpur
Unnat-Halna T. aestivum - C.S.A.U. Kanpur
NW 1014 T. aestivum HAHN'S’ N.D.U. A.T. Faizabad
HUW 560 T. aestivum - B.H.U. Banaras
NW 1076 T. aestivum OPATA/KILL N.D.U.A.T. Faizabad
UP 2425 T. aestivum HD 2320/UP 2263 G.B.P.U.A.T. Pantnagar




352

"A1oAnoadsar ‘[oAd] Ajiqeqold o4 | pue 9 G Je JUROYIUSIS 4y ‘4

SIIT0 d
yo1e0 D AD
#*+€L9€°0  «89L1°0 d
#*%CECS0 08€1°0 5 MOL
*%xLTCE0 96€0°0- S9¥0°0 d
*+816€°0 9vC0°0- 98L0°0 D IH
*%x9199°0 LIST'0  #xTT8T0  #x198%°0- d
*x1019°0 wsreo 06L£°0 LETS 0~ D Ad
*x816%°0 9¢r0'0  %x00LE0 T0ET°0  #x6S€E°0 d
*x88[L°0 11090 9L89°0 1061°0 96LY°0 D SdD
#*+€18€°0 09200  #xCPLYO €850°0  xx0€8T0 #*%x£998°0 d
*xCVEV'0 L6EY0 L9TL0 €650°0 9¢€Te0 LO8L0 D SdS
*x£0CC0 02900  %x0SST0 *LL81°0 9vc0°0 #x9€C9°0  xx8L¥9°0 d
#*%6561°0 LT6S°0 LYTyo 0850 SYL00- 18€€°0 S99¥°0 D 18
#xLVEV'0 L9S0°0  %xCL9E0 *x091T°0  xx850CT°0 #x0VSE°0  xx0SLYV'0  #xP08E0 d
*%€8CE0 €CLT0 6EvS 0 L18CT0 52070 Srs90 ¢SELO 0€19°0 D Ld
6L20°0- L980°0- 0590°0 *CLLT0" S¥80°0 8600°0- €E11°0 €160°0  %xL98C0 d
9050°0- LL800- €0CI'0 er81°0- S8L0°0 €L00°0 a8LT0 91v1°0 LTLEO 5 VH
#*%860C°0-  %9591°0- 66000~ %%L,9CCT0- LI€00-  #x€CST0-  +888I°0-  #x9€€C0- 0S€0°0-  *x6CE0 d
#*xSCLT0" €LY 0- 0600°0 8€9T°0- 91+0°0- 60" €6LT 0" S0s€- ¥$¥0°0- Seveo0 D 1d
*S6L1°0" yIvio- 19200  xx6€0€°0- $990°0 8780°0- SIV0'0- %+ I¥ECO0- LT90°0-  #«¥91CT0  #xL61T0 d
*16CC0" 0s€€0- 0190°0 12€€0- 0090°0 €150°0- €000°0 ¥60€°0- CIs0°0- LELTO LLTTO D Hd
¥€80°0 €vc0'0 L86T 0~ (42480 0L€0°0- 1650°0 650170~ €080°0 80€0°0- 86L0°0-  #x991C0-  #x661CT°0- d
8SET0 65500 809¢°0- L691°0 CLT00" SSETo €coro- 6600 ¥100°0 €L01°0" 19vC0- 08LT0- 5 NWLA
LSLO0-  %S991°0- 800~  #x[L9C0- 6£€1°0 12200 1€10°0 69¢1°0- 9101°0- €600 #xC9SCT0  #xLI1E€0  %xCISTO- d
£680°0- LETE0- L¥80°0- 100€°0- 0991°0 61+0°0 8200 6561°0- 010" 9Y10°0 S6LT0 £15¢0 1s2€0- O JdLd
AD ) MDL IH Ad SdD IS IS Ld V1 1d Hd LA JesL

Pradeep Kumar et al. / J. Appl. & Nat. Sci. 8 (1): 350 - 357 (2016)

‘("] wnaysap ] ) yedym pealgq ul SI9J0BIRYD JUAIPIP 10 SUSIOJI09 uoned11od sidArouayd pue o1dAjousd Jo sojewnsy € dqe.L

RIS
-oadsar ‘oad] Ayjiqeqord o, [ pue 94 G 1B JUBOYIUSIS 4y 5 WYSIOM UIRID PUBSNOY]- DL XOPU] ISoAIRH -[H ‘PIOIA UIRID -AD ‘PIoI [ed150jolg -Ad ‘Midg 1o surern -§d0 ‘@yids
Tog s1o[ou1dg -SdS ‘YBua oidg IS ‘SI9[ILL 9ANONPOI] - Ld ‘BOIV JeoT Sefd -VId ‘WSUST dpounpad ~Id WSIoH Jue[d -Hd “AIIney 03 sAe -ALA ‘Sutomord % 0 03 sked -ALd

Ll 0T'¢C €51 LY'L 1781 9T'C 0C'0 LO0 8’y 660 vy 80 19°T 801 louyg
#x10°6SS  xxPP 991 #*%SSCST  xxCO'IVII #xSTLYLI #x[C10C  %%x€6'S  +x8C'V +VC'ST #xLECYV  wxLELIT  %x8T°E€TC *LL'L 10 Sty sSA syuared
%919 #x76°01 #x6£° 6 *%x5918 SY'LI #xV8 'L %850 4xSE€0  4xC06EI #xL1'1C #%x00'8S  #x9T Sl %xx6E9Y 144 g
wx LS L1 %98 #6701 +%£8°86 11°8¢C *S6'V  #x6C1  %x99°0 #x6L'8S +xS8°0€  xxCV'6CI x0T 1S91 60 sjuated
#%0€°81 w5V C1 #x7€°89 #xV 1701 #*x9C 1S #x76°01  %x08°0 %870  #x¥S ECI #xL1°€C #%x£0°CL  #xE€L'El  %x69°0F 149 Sjusuweal],
4% 1€0 L9°0 SI'T1 86’71 L1I'C 8C°0 710 454 SLO +89°C1 9L'1 91°0 0 uoneor[doy

AD MOL IH Ad SdO SdS 1S Ld vV1d 1d Hd LA ALd Ad AOS

xenbg Jo wing uwdA

(1 wnaysav 1) yeaym pealq ul p[aIk ureid pue sidjoereyd [eo13ojoydiow-0i3e JUdIQJIP I0J dOUBLIBA JO SISA[BUY T d[qBL



Pradeep Kumar et al. / J. Appl. & Nat. Sci. 8 (1): 350 - 357 (2016)

353

"K1oA130adsal ‘[oA9 Aj1qeqoid o [ pue 9 G I8 JUBOIIUSIS 4y ‘4

#x€L9€0 69000 €100°0 9L00°0 6600°0 LT10°0 6900°0 6600°0 L1000  €000°0-  LOOO0O  0800°0- €200°0- d
zezso 88500 91000 €¢C00 ¥010°0 LTr00 05200 02€0°0 IL00°0  S000°0 9€00°0 C1e00- 0500°0- D MOL
wxl7zE0 98800 1628°0 0€0¥'0-  6L01°0 €870°0 9¢C1°0 86L1°0  69Y1°0- 6L81°0- 0TSTO- 96110 SICTo- d
grsc’o L6900 79880 IY9%°0-  S891°0 §Cs00 98¢C0 L6vT0  Pe9I'0-  BEETO-  €v6T0-  vOST°0 099C°0- D H
«%9199°0 8L6TO  0¢IS0 12350 SYseo L86T0 65200 €LITO 16800  +¥€€0°0-  COLOO  06£0°0- eIyio d
1019'0 086¢£0  TISS0- ¥so'l LY0S°0 90v€0  ¥8LO0-  L9CO0 97800  8ev0'0-  CE900 9820°0- LYLTO D g
«816v°0 L£C00°0 01000 §200°0 ¥L00°0 ¥900°0 9%00°0 92000  T000°0- 6100°0- 90000-  t000°0 20000 d
g81L'0 IPE00 60070 8€C0°0 96100 L8E00 89100 §ce0’0 0000  0CC00-  SC00°0- £900°0 1200°0 1) SdD
«x€18c°0 YP00°0-  S000°0- L2000~ 18000~  +¥600°0- 19000~  S¥00°0- 11000~ 81000 ¥000°0 010070 1000°0- d
ey Yrc00-  02000-  6010°0- 9200~ 9¢€0°0-  LSTO0-  L¥CO'0-  0900°0-  ¥600°0 000070 ¥€00°0 60000~ 1) SdS
«x€0zz0 YLOOO  ¥S00°0 L0000 0810°0 L8100 68¢0°0 0TT0'0 92000  8900°0-  8900°0- £200°0 0+00°0- d
6S61°0 080000 ¥S00°0 9100°0-  0L00°0 L600°0 60200 8CI0°0  0£00°0  €L00°0- €9000-  v¥00°0 1+00°0- 1) 1S
wxlbsto  YS0000 - €000 0€00°0 ¢s00°0 0L00°0 96000 L¥Y10°0 v00'0 S000°0-  6000°0-  S000°0- S100°0- d
¢gzeo L0100~ €500°0-  $000°0-  CCIO0-  L£100-  ¥IT0°0- 981070~ 69000~ 80000 01000 00000 61000 1) 1d
6,700~ 800000 TO00- 1100°0 1000°0- #1000 1000 9¢000 92100  T¥00°0 L2000 01000~ 9000°0 d
90500~ 100000 100070 00000 0000°0 1000°0 1000°0 <0000 90000 0000 1000°0 1000°0- 00000 1) V14
#%x8507°0- 0000~ 9€00°0-  S000°0-  O¥00°0-  0£00°0-  L£0O00- 90000~  TSO00  LSI00 €000  +¥€00°0- 0¥00°0 d
szLzo- 10000 €€00°0-  SO00°0-  $S00°0-  +€00°0-  €¥00°0-  9000°0-  €¥00°0  €CI0°0 8C00°0  0€00°0- ¥€00°0 1) 1d
«S6L1°0- 10000 900070~ 10000 2000°0- 1000°0-  S000°0- 1000°0- #0000 0000 02000  ¥000°0- 9000°0 d
167z0- £0000  ¥100°0- €000°0  2000°0- 000070 €100°0-  <000°0- L0000 01000 000 ¢100°0- S100°0 1) Hd
rego'0  8£00°0-  8100°0 ¢000°0- L0000  €100°0- 01000  ¥000°0- OI00°0- LZOO0- 82000 LT10°0 ¢e00°0- d
gcero 15000~ ¥200°0 ¥0000- 61000  +¥I00°0-  0€00°0 00000  S100°0- S€00°0- 6£000- 100 91000~ D LA
15L0°0- 90000~ 610070~ 01000 20000 10000  0T00°0- LO0O'O-  +000°0  8100°0 000 8100°0- ¢LO00 d
€¢go'0- 30000~ 8200°0- S100°0 ¥000°0 €000°0  8100°0- 0100°0- ¥000°0 92000 €€000  0€00°0- €600°0 1) I1d
AD MDL IH Ad SdD SdS 1S Ld V14 1d Hd JARKC 41d Jely,

“(*7 wnaysav 1) yeaym pearq ur juefd 1od p1o1k urers uo s10)19IRYD JUIIIPIP JO S199JJ9 JOAIPUI PUE ([RUOSERIP) JOAIIP JO SAjewnsH “p dqeL



Pradeep Kumar et al. / J. Appl. & Nat. Sci. 8 (1): 350 - 357 (2016) 354

Table 5. Mean, range, PCV, GCV, heritability and genetic advance for 13 characters in bread wheat.
Trait Mean Range PCV  GCV _ Heritability GA as %

Parents Fis Parents Fis h? (ns) of mean
DTF 92.23 91.77 89.00 - 95.67 86.66 - 98.33 4.16 3.93 5.81 7.63
DTM 139.50 140.47 137.00 - 141.00 136.00 - 144.66 1.61 1.48 10.80 2.79
PH 94.38 91.40 86.07 - 106.93 84.83 -105.20 5.68 5.20 26.31 9.79
PL 34.03 32.72 28.86 - 39.60 28.13-40.10 8.79 8.25 31.72 15.96
FLA 34.68 35.69 27.90 - 42.66 25.60 - 49.40 1882 17.74 52.24 34.64
PT 6.79 7.21 6.10-7.43 6.60 - 8.13 6.46 5.14 51.30 8.44
SL 9.97 10.46 8.87-11.15 9.84-11.36 6.10 432 50.30 6.29
SPS 17.89 20.76 16.08 - 19.86 17.29-24.42 11.22 8.40 3492 12.96
GPS 50.57 59.01 44.88 - 55.26 53.62 - 63.66 9.41 5.77 17.94 7.30
BY 42.94 49.76 37.25-50.99 41.72 - 61.43 12.98 11.70 15.04 21.71
HI 4435 47.56 34.71 - 59.71 39.87-57.50 10.39  10.05 18.19 20.01
TGW 39.84 4245 37.38 -43.02 38.87-45.55 5.81 4.61 20.73 7.54
GY 18.72 23.49 15.99 - 22.97 20.63 - 26.59 11.90 10.39 3.78 18.68

*, #* Significant at 5 % and 1 % probability level, respectively.

plementation of systematic breeding method. The gen-
eral mean of F| crosses were greater than their corre-
sponding parents for all the characters except days to
50% flowering, plant height and peduncle length. The
range of variability of F;s cross combinations was also
greater than their corresponding parents for all the
traits under study except plant height, spike length and
grains per spike.

Estimation of coefficient of variation: The results
indicated that the estimates of PCV were slightly
greater than GCV for all the characters which exhib-
ited role of environment in the expression of these
traits. High estimates of GCV and PCV were recorded
for the traits namely, flag leaf area (17.74% and
18.82%), biological yield (11.70 % and 12.98%), grain
yield (10.39% and 11.90%) and harvest index (10.05%
and 10.39%), which comes under the category of mod-
erate type of GCV and PCV (10 - 25%). Similar find-
ings for high PCV and GCV in wheat crop at different
location of India have been reported by Kumar et al.
(2013) for harvest index; Bhushan et al. (2013) for
biological yield, Singh et al. (2013) for grain yield,
Kumar et al. (2014) for biological yield, grain yield
and harvest yield, Ramesh et al. (2015) for grain yield.
The results of the present study indicated that useful
variability in progenies may be utilized while making
selection of suitable genotypes on the basis of different
genetic parameters to improve yield in wheat.
Heritability and genetic advance: Both heritability
and genetic advance are two important direct selection
parameters independently but estimates of high herita-
bility coupled with high genetic advance in a character
are more effective for making selection due to the fact
that expression of these traits is controlled by additive
gene action. In the present study, highest value of
heritability in narrow sense (more than 10 %) was ob-
served for flag leaf area (52.24%) followed by produc-
tive tillers per plant (51.30%), spike length (50.30%),
number of spikelets per spike (43.92%), peduncle
length (31.72%), plant height (26.31%), 1000 grain
weight (20.73%), harvest index (18.19%), grains per

spike (17.94%), biological yield (15.04%) and days to
maturity (10.80%). Similar results on heritability were
reported by Tazeen et al. (2009) for peduncle length;
Singh et al. (2012) for productive tillers, plant height,
grains per spike; Kumar et al. (2010) for flag leaf area
in wheat crop at different locations in India.

In the present study, high genetic advance (mare than
10 %) was observed for flag leaf area (34.64%), bio-
logical yield (21.71%), harvest index (20.01%), grain
yield (18.68%), peduncle length (15.96%) and
spikelets per spike (12.96%). Similar results on genetic
advance have been reported by Prasad et al. (2006) for
flag leaf area; Dhananjay et al. (2012) for harvest in-
dex, Singh et al. (2012) for spikelets per spike,
Bhushan ef al. (2013) for biological yield and grain
yield, Kumar et al. (2015) for biological yield, grain
yield and harvest index in wheat crop at different loca-
tion of India.

It is well recognized that estimates of genetic advance
are not effective without the estimates of heritability
and thus knowledge of heritability and genetic advance
existing in different yield parameters is a prerequisite
for effective plant improvement programme. High
heritability with high genetic advance was found for
flag leaf area followed by biological yield, harvest
index, peduncle length and spikelets per spike that
indicated presence of additive and additive x additive
type of gene effects in the expression of these traits.
This also means that for improvement of these traits
any type of selection scheme aimed at exploiting addi-
tive genetic variance would be helpful. Genetic ad-
vance has an added advantage over heritability as a
guiding factor to the plant breeder during selection
programme, where the character is to be improved
through the series of selections in segregating genera-
tions.

Correlation coefficient: In the present study all possi-
ble phenotypic and genotypic correlations were
worked out in all possible combinations involving 13
traits with grain yield. Grain yield is a very complex
and highly variable trait and is a result of cumulative
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effects of all its component traits and therefore, direct
selection for grain yield may not be very effective.
Moreover, all yield components may not be always be
independent in their action but may be correlated.
Therefore selection should be made for a particular
trait that may also bring simultaneous change in other
trait which may or may not be desirable. In all the
cases, genetic correlations were similar in direction
and magnitude than phenotypic correlations. It was
also revealed that significant phenotypic association
between attributes which primarily may be due to ge-
netic cause could lead to pleiotropic effects and link-
ages. There shortlisting or identification of useful yield
components and information about their association
with each other would be of practical value in exerting
selection pressure for the improvement of these com-
ponent traits. It may also be associated with yield in
desirable direction and be useful in developing the elite
genotype resulting in to higher productivity. In the
present investigation, all possible genotypic and phe-
notypic correlation coefficients were estimated to
know the degree of association among 13 traits. A
close relationship appeared between genotypic and
phenotypic correlations in most of the traits thereby
indicating low environmental effects on the degree of
association between various traits.

Grain yield had positive and significant correlation (at
1% level of significant) with productive tillers per
plant, spike length, spikelets per spike, grains per
spike, biological yield, harvest index and thousand
grain weight at both genotypic and phenotypic level.
This reflected that by improving these traits, grain
yield could be improved. However, it showed signifi-
cant and negative correlation (at 5% level of signifi-
cant) with plant height and peduncle length. Similar
results on association between yield and its contribut-
ing traits in wheat were also reported by Yao et al
(2014) for productive tillers per plant and grains per
spike in China; Singh et al. (2012) for biological yield,
thousand grain weight and harvest index; Kumar ef al.
(2012) for spikelets per spike; Kumar et al. (2014) for
harvest index and thousand grains weight, Das (2014)
for spike length, grains per spike, thousand grains
weight, harvest index, Avinashe et al. (2015) for spike
length, thousand grains weight, harvest index, biologi-
cal yield, Ramesh et al. (2015) for grains per spike,
spike length, Bhattarai et al. (2015) for 1000-grain
weight and spike length whereas negative association
was also reported by Bhushan et al. (2013) for plant
height in wheat at different locations of India. This
also indicated that selection for short stature may be
effective for high grain yield. However positive asso-
ciation between grain yield and plant height in wheat
were also reported by Bhattarai ef al. (2015) in Nepal
which is contrary to the result of present study.

In the present study, genotypic correlation coefficients
were higher than phenotypic correlation coefficients
for the traits namely, spikelets per spike, grains per

spike, harvest index and 1000-grain weight and
revealed inherent association among traits. In any
breeding programme, simultaneous improvement for
many characters would only be useful if positive corre-
lation among them is in desirable direction. In the pre-
sent study, the characters namely, productive tillers per
plant, spike length, spikelets per spike, grains per
spike, biological yield, harvest index and thousand
grain weight exhibited positive correlation among
these and directly related with grain yield which may
be considered as most important characters for grain
yield improvement in bread wheat through selection.
Path coefficient: Correlation coefficient provides
measures of relationship between any two characters
but they do not say anything about the cause and effect
relationship. Yield is the most economic trait which is
the result of overall contribution of several characters
from the beginning of germination to the final develop-
ment of the crop. Thus yield is a dependent character
and many other characters show association with yield.
Thus in order to determine how much contribution of
various characters towards yield, it is necessary that
the relationship between yield and its component char-
acters undergoes partitioning into a series of direct and
indirect effects revealing specific forces which are
acting to build up a given correlation.

Only direct yield contributing traits should be used for
yield improvement by path analysis. In the present
study 11 traits namely, biological yield, harvest index,
thousand grain weight, grains per spike, spike length,
days to maturity, productive tillers per plant, peduncle
length, days to 50% flowering, plant height and flag
leaf area showed positive direct effects on grain yield
whereas, negative direct effect was observed for rest of
the traits. The present results on path coefficient analy-
sis in wheat crop are similar to the earlier findings of
Singh et al. (2012) for spike length; Bhushan et al.
(2013) for productive tillers per plant, 1000 grain
weight, biological yield and harvest index; Kumar et
al. (2014) for spike length, thousand grain weight, har-
vest index, biological yield, Das et al. (2014) for 1000-
grain weight, harvest index, grains per spike, Avinashe
et al. (2015) for spike length, thousand grains weight,
harvest index, biological yield, days to maturity at dif-
ferent locations of India and Sobia et al. (2014) for
flag leaf area. Hence, these traits should be considered
while exercising selection procedures for improvement
in grain yield. All the characters have direct and indi-
rect effects on grain yield through several other charac-
ters. Therefore, traits which showed positive direct and
indirect effects on grain yield except days to flowering,
plant height and days to maturity (where negative ef-
fects is desired) should also be used for the improve-
ment of grain yield. It means these are the best charac-
ters by which we improved the grain yield per plant by
improving these characters, because these traits have
positive direct and indirect effect on grain yield with
positive and significant correlation coefficient. The
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findings of the present study were in accordance to the
findings of Singh et al. (2012) in wheat crop in India.

Conclusion

The traits namely flag leaf area, biological yield and
harvest index showed highest heritability coupled with
highest genetic advance and also highest PCV and
GCV therefore selection will be effective based on
these traits due to the maximum contribution of addi-
tive gene action. The traits such as productive tillers
per plant, spike length, grains per spike, biological
yield, harvest index, and 1000 grain weight showed
positive and significant correlation coefficient and also
have high direct effects on grain yield at both geno-
typic and phenotypic level, indicated that we might
improve grain yield by improving these traits and thus
emphasis should be given on these traits for the selec-
tion of elite genotypes from the segregating genera-
tions. It is evident that genotypes developed might
serve as good source of material for further breeding
programme. Therefore information generated on ge-
netic parameters namely; coefficient of variation,
heritability, genetic advance, correlation coefficient
and path coefficient analysis could help the breeders to
develop suitable cultivars within a short time.
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