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ABSTRACT

An experiment was carried out at Kisan (P(G) College, Simbhaoli during rabi season 2021-22 to access
the correlation, path-coefficient and genetic variability 1n 40 morphological diverse accessions of wheat
(Triticum aestivum L.} under rainfed condition. The analysis of vanance showed highly significant differences
among the geno tvpes for all the characters. The highest estimates of the phenotvpic coefficient of variation
(PCV) and genotypic coefficient of vanation (GCV) were observed for gramn wield'plant, tillers/plant
andbiological vield/plant. Grain vield/plant, biological yield'plant and harvest index showed high herttability
coupled with high genetic advance as percent of mean indicating the influence of additive gene effects.
Biological vield/plant, harvest index showed positive and significant correlation with grain vield/plant and
exerted positive and high direct effect on grain vield/plant. D analysis grouped the 40 genotypes into six
clusters. The maximum inter cluster distance was observed between cluster V and VI Hence, the genotypes
belonging to cluster V and VI can be utilized in crop improvement programmes and for the development of

high vielding varieties under rain-fed conditions.
INTRODUCTION

Wheat (Triticion aestivim L.) of family Poaceae 1s agronomically and nutritionally most important
cereal crop grown worldwide. It 15 a self pollinated crop and second most important staple food crop of
world after rice. Wheat 1s considered as king of cereals accounting for 20% of human consumption of
calories and 1s an important source of protem, vitamins and minerals. Three species of wheat i.e. Triticion
aestivim, Triticum durum and Triticum dicoccum are presently grown as commercial crop in India. India 1s
the second largest producer of wheat after Chuna_ In India wheat occupies an area of 31.05 million hectare
with production of about 107.18 million tons during 2019-20 {(Anonymous, 2020). Uttar Pradesh 1s the
largest wheat producing state in India and accounts for 33.97% of total area under wheat cultivation i India.

Wheat 13 widely cultivated in India mainly under wrnigated condition; however a large area 13 covered
under rainfed Out of an estimated 140 3million hectare net cultivated area of the country, 79 44 million
hectare (57%) 1s ranfed, contributing 44% of the total food grain production (Mishra er @l 2014). Hence,
the productivity in rainfed region can be enhanced by the development of cultivars that are well adapted to
drv conditions. The magnitude of genetic variability present in a population 1s essential for effective genetic

improvement. Correlation and path coefficient analysis provide a better understanding of the association of
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different characters with grain vield The gramn yield was positively correlated with biomass yield, harvest
index_ thousand kernel weight, plant height and number of grains/spike (Khanal er al.. 2020). Khokhar
et al . (2021) found positive direct effect of dayvs to maturity on grain yield Singher al . (2021) reported
posttive direct effect of biological yield per plant on grain vield. Hence, these traits could be used in breeding
for gramn yield in bread wheat.

Cluster analysis helps to understand the genetic relation between the genotypes and also facilitate the
selection of genetically diverse parents in hvbridization programme. Hence, the present investigation was
carried out to determine the genetic vaniability, heritability, genetic diversity anddirect and indirect effects of

various characters on grain vield in bread wheat under rainfed conditions.

MATERIALS AND METHODS

The experimental material consisted of forty genotypes of wheat (Triticiom aestivien L) (Table 1) were
obtained from Indian Institute of Wheat and Barley Research Kamal, Haryana The expeniment was laidin a
randomized block design with three replications dunng winter (rabi) 2021-22 under rainfed conditions at
Experimental Farm of Kisan (PG) College, Simbhaoli, Hapur (UP). In each replication, the genotypes were
evaluated 1 single row of 3m length with row to row and plant spacing of 25¢m and 10cm respectively.
During expentment only pre- sowing wrigation was applied to ensure proper seed germination. The data
were recorded from five randomly selected plants from each genotype on eleven distinct morphological
characters viz., days to heading, davs to maturity, plant height (cm), number of effective tillers/plant, spike
length (cm). number of spikelets/spike, number of grains/spike, 1000-gram weight (g), grain vield plant{g),
biological vield/plant (g} and harvest index (%), Standard statistical procedure were used for the analysis of
variance, genotypic and phenotypic coefficient of variation, hertability and genetic advance. The path
coeffictent analysis was done according to the method by Dewey and Lu (1939). Cluster analysis was done
based on Mahalanobis D° method (1936).

Table 1. List of genotypes

5 No. 5.No. 5. No. 5. No.
1. DBW 88 i1. HUW-468 21. Lok 01 31. PEW 1763

2. | DBW-222| 12 HUW-234 22. | PEW-703 | 32 PEW-B77

3. |DBEW-303| 13 KE-10048 23. | PEW-723 | 133. PEW-34

4. |DBEW-137| 14. K-1317 24, | PEW-730 | 34. Raj-3763

5 HD-3059 | 15 K-0307 25. | PBW-701| 35. Sumai-3

6. C-306 16. | NIAW-1415| 26. |PBW-7i2| 36 WR-544

I HD-3118 | 17. NI-5439 27. | PBW-725 | 37. | DPW-621-50

8. HD-2824 | 18. NW-1014 28. | PEW-658 | 38. WH-147

9. HD-22246 | 19. NW-5054 29. | PEW-702 | 39. WH-730

10. | HD-3035 | 20. NW-2036 30. | PEW-5530 | 40. WH-1105
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RESULTS AND DISCUSSION

Analysis of variance and coefficient of variation : The analysis of variance for different characters 1s
presented 1n Table 2 indicating significant differences among the geno types for all the characters under
study. The estimates of mean_range, genotypic coefficient of vanation (GCV) and phenotypic coefficient of
variation (PCV) for various characters studied are presented in Table 3. The PCV values were higher than
GCV values for all the characters indicating the influence of environment on the expression of characters.
High PCV and GCV values were observed for grain yield/'plant (33 .92) and (32 80), tullers/plant (32.76) and
(29.96). biological vield/plant (30.19) and (29 46). harvest index (27.31) and (26.09) indicating better
opportunity for improvement in these traits through selection.

However, moderate PCV and GCV was observed for grains/spike (14.53) and (14.08), 1000 grains
weight (11 86) and (11.61), spike length (9.62) and (7.38), plant height (7.65) and (7.03). The magnitude of
PCV ranged from 3 .38 for days to maturnity to 33.92 for grain vield/plant. The characters with high phenotypic
coefficient of variation indicated more influence of environmental factors. Simailar results on variability for
different characters were reported byMchapatra er al . (2019). Shah er al_, (2019), Yadav er al__ (2021),
Olbana ef al_. (2021). Prasad et al_, (2021), Hassani et al_, (2022).

Heritability and expected genetic advance : The estimates of heritability and expected genstic advance
for various characters studied are shown in Table 3. Hertability estimates were highest for 1000 grains
weight (95.85). followed by biological vield/plant (95 22). grains/spike (93.89), grain vield/plant (93.30),
harvest mdex (91.31). days to heading (90.20). High heritability mndicated that the characters were least
influenced by environmental factors. Fellaht er al | (2013), Devesh er al _ (2018), Thapa et al._ (2019) and
Havadar ef al., (2020) also estimated high heritability for important morphological traits. Lowest heritability
was observed for spike length (538.83).

Highest value of expected genetic advance expressad as percent of mean was observed for gramn yield/
plant (63_34), biological vield/'plant (39 23)_ tillers/plant (56 44) and harvest index (31.36). High heritability
coupled with high genetic advance (per cent of mean) was observed for gram vield/plant, biological yield/
plant and harvest index which suggested that these characters can be considered as favourablefor improvement
through selection. Grains'spike and 1000 gramn weight showed high heritability coupled with moderate
genetic advance while high heritability with low genetic advance was observed for days to heading and days
to maturity. Low heritabality with low genetic advance values was found for spike length and spikelets/spike
tndicating slow progress through selection for these characters. Similar findingswere also reported bv Arva
et al _(2017). Vaghela er al , (2021) and Lamara et ai , (2022).

Correlation and path coefficient analysis : Correlation analvsis estimates the degree and direction of
the relationship between variables and are widely used in breeding selection programs. The phenotypic and
genotypic correlation for all the characters 1s presented in Table 4. Genotypically, the grain vield/plant exhibited
highly significant positive correlation with biological vield'plant (0.639). 1000 grain weight (0.467). tillers/
plant (0.466), harvest index (0.428), grams/spike (0.328), spike length (0 278) and plant height (0 269). Harvest
index showed negative and highly significant relationship with biological vield/plant (-0.384), tillers/plant
{-0.301) and number of spikelets/spike (-0.282). Biological vield ‘plant exhibited positive and highly significant
association with tillers/plant while a negative and highly significant correlation with days to heading and davs
to maturity at both phenotvpic and genotvpic level Similar findings were also reported by Kandel ezal _ (2017),
Oyha ef al , (2018), Rathod er al.. (2019), Maurya ef al., (2020) and Semahegn et al., (2021).
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Path coefficient analysis measures the direct influence of one varable upon the other and allow
partitioning of correlation coefficient mto components of direct and indirect effects. Estimates of direct and
indirect effect are presented in Table 3 and 6. Genotypic path analysis (Table 3) revealed that biological
yield/plant showed maximum direct effect (1.0014) on grain vield/plant followed by harvest index (0.8242).
Days to heading, spike length and spikelets/spike also exhibited positive direct effect while days to maturity,
plant height, tillers/plant, grains/spike and 1000 grain weight showed negative direct effect on grain vield/
plant. Tillers/plant showed maximum indirect effect (0.7594) on grain vield/plant via biological yield'plant.
Similar results were also observed by Baye et al_, (2020), Elahi et al | (2020), Smgh er al _ (2021) and Ezici
et. al_, (2022).

Phenotypic path analysis (Table &) showed that biological vield/plant had highest positive direct effect
{0.9715) on gramn vield'plant. Days to heading, plant height, tillers/plant, gramns, spike and 1000 grain weight
showed negative direct effect on grain yvield/plant. Tillers/plant showed maximum mdirect effect (0.6793)
on grain vield/plant via biological yvield/plant.

Table 2. Mean squares from analvsis of variance (ANOWVA) of eleven characters in forty
genotvpes of bread wheat

Grain
Mo of 1000
Plant | Tillers | Spike X o Grainz : Biologiezl | Harvest | wvield
Source of Daysto | Daysto s spilelats grain
3 o.F i Height pEr fengzh per i vield per index pEr
o SECNE (- metuEEy [cm) plant [em} per spike 1-\.'EI.=1: plant (=] (8] plant
spike izl (&)
Replication 2 1.88 0L7E 0.22 0.36 0.01 0.31 B.16 82 0.36 6.20 .06
Treaument 33 &7.57** " b b e 89.08** | 2.28% | 1.75** 4.24%= 139.22% | 32,74 7428 179,195 | 741
Error 78 2.36 2,32 .01 014 0.33 0.64 2.96 0.47 i.22 5.51 0.17
*_ ** significant at 3% and 1% level, respectively

Table 3. Mean, range, GCV, PCV, Heritability and genetic advance for eleven characters of
bread wheat

Heritab | Genetic
Genotypes GCV PCV ility advance | GAas Qg
| Mean Min Max (%0} (%) (%&) (GA) of mean
Days to Heading | 7413 67.00 g6.00 6.29 6.62 90.20 9.12 12.30
Days to maturity | 11013 | 10433 | 12167 3.30 3.58 85.07 6.91 6.28
Plant Height {cm) | Tadd 6249 94.63 7.05 7.65 g4.85 10.05 13.37
Tillers per plant | Z.82 143 2.30 29.96 32.76 §3.62 1.59 3644
Spike length (cm) I 9.33 714 10.66 7.38 0.62 58.85 1.09 11.66
No of spikelets per spike | 1735 1313 19.63 6.38 7.90 65.19 1.82 10.60
Grains per spike | 47.85 3010 53.87 14.08 14.53 93.89 1345 28.11
1000 grain weight {g) | 28.26 19.80 32.78 11.61 11.856 95.85 6.62 2341
Biclogical yield per plant [g) 16.75 504 30,43 29.44 30.19 95.22 0.92 59.23
Harvest index (36) | 29.16 1225 47.60 26.09 2731 91.31 14958 3136
Grain yield per plant (2] | 474 221 8.10 32.80 33.02 93,50 3.00 65.34
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Table 5. Direct Effect (Bold Values) and Indirect Effect for Different Characters on Grain
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Table 6. Direct Effect (bold values) and Indirect Effect for Different Characters on Grain
Yield at Phenotvpic Level

Plant Tillers Spilee HNo of Girains lﬂll:!ﬂ Biological Harvest R '-'-'Ii_th
Characters Pityr= 10 At Height er length spikelets Br ol ield per index iEn
Heading | maturiy {cm] ]:li:anl [Lmj pEr spike 5]p:li|n.' Weight :‘lz.m'l FE:] 4] yleld per
(] plant ()
P?:;:i:; -.0,0137 | 0.0035 | -0.0099 | 00017 | 00047 | 00051 | -oo028 | 00076 | -00515 | 04713 | 0101
::’L’:;fy 00002 | 00052 | 00082 | 00017 | 00034 | 00050 | -0.0020 | 00052 | -0.0938 | 01854 | 0.099
PLHHL . - br b tE]
Height (cm) | 00024 | 00008 | oo | 00070 | 00095 | 00064 | 00018 | -00081 [ 04107 | -00793 | 0270
Millersper | o010 | -0.0004 | -0.0175 i 00065 | 00073 | 00019 | -00079 | 06795 | 02172 | o427
plant 0.0229
Spike 00026 | 0.0007 | -0.0222 | -0.0061 | 0.0246 | 00140 | -0.0056 | -00102 | 03524 | -00692 | 0.276%
length {cm)
Mo of
spikelets | -0.0027 | 0.0010 | -0.0143 | -0.0066 | 00135 | 00254 | -0.0062 | -0.0043 | 03835 | 01688 | 02200
per spike
i :
Grainsper | o027 | o008 | 00073 | 00031 | oo09s | oo113 00004 | 04139 | -0.0760 | 0332*
splhke 0140
L[TJ: f:?;;' 20036 | 00009 | 00159 | 00062 | 00086 | 00038 | 00002 | -00291 | 03237 01583 | 440"
Biological
vieldper | 00007 | -0.0005 | -0.0242 | -00160 | 00089 | o0to0 | -nooso | -0.0097 | 0715 | 03072 | oe2se
plant (g}
if;::ii y | 00029 | 00012 | 00056 | 00061 | -00021 | -0.0053 | 00013 | 00057 | 03669 | 08134 | 0445

Residual effect = 0.0597
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GENETIC DIVERGENCE

On the basis of D* values, all the 40 genotypes were grouped in 6 clusters (Table 7). Among the six
clusters, cluster III was the largest, comprising of 10 genotypes followed by cluster II with 8§ genotypes,
cluster I with 7 genotvpes, cluster IV with 6 genotypes. cluster V with 5 genotypes and cluster VI with 4
genotypes. The clustening pattern revealed that the groups of genotypes which were together in a cluster also
indirectly proved their stable performance.

The inter and intra cluster distance among the genotypes 1s presented in Table § The maximum intra-
cluster distance was observed in cluster I (2.342) followed by cluster VI (2.197) and cluster V (2.168)
indicating differences in genotypes within the cluster. The least intra-cluster distance was found n cluster [
{1.939) indicating close resemblance between the genotypes presented in this cluster The highest inter-
cluster distance was observed between cluster Vand VI (6.039) indicating a high degree of genetic diversity.
The lowest mter- cluster distance was observed between cluster Il and IT1 (2 413) followed by cluster [and I
(2.635) ndicating that these clusters were relatively iess divergent.

The cluster mean for each character 1s tabulated in Table 9. Highest mean values for days to heading
(82.30) and days to maturity (116_78) was observed in cluster [V while least mean values for these characters
was found in cluster Vand VI Cluster VI exhibited the highest mean values fortillers/plant (4 27), spikelets/
spike (18.22), 1000 grain weight (30.76), biological vield/plant (24.84) and grain vield/plant (6.91). Highest
mean values for gramns/spike (51 49) and harvest index (34 68) was recorded 1n cluster IV. Cluster V exhubited
lowest mean values for plant height (67 95}, tillers/plant (2.23). spike length (7.82), spikelets/spike (15.40)
and grams/spike (38.82). Singh er al., (2019), Majd and Dar (2020), Kumar ef al., (2021).Tanveer et al.,
(2021) and Chaudhary et al_, (2022) also studied the genetic divergence in bread wheat.

Table 7. Clustering Pattern of 40 Genotypes of Bread Wheat on The Basis of D’ Statistic

" Cluster | No. of ‘ Genotypes in cluster
No. genotypes
I F DBW 303, HD 3086, HUW 4588, NW 1014, NW 2036, PEW
780.WH 147
II g K 1317, NIAW 1415, PBW 723, PBW 698, PBW 550, PBEW .

701, PBW 677, DPW 621-50

Il ' 10 HD 3118, HD 2824, HD 3226, K 1006, K 0307, NI 5439,
NW 5054, PBW 34, Sumai 3, WH 730

v 6 DBW 88, DBW 222, DBW 187, C 306, Lok 01, WH 1105
v 5 HD 3059, HUW 234, PBW 703, PBW 712, WR 544
A 4 PEW 725, PBW 702, PBW 1763, Raj 3765
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Table 8. Inter and Intra-Cluster (Bold Values) Distances Involving Forty Genotvpes of

Bread Wheat
Clusters II II IV Vv Vi
I 1.939
11 2.655 | 2.080
III 2964 | 2413 | 2.342
v 4107 | 3.693 | 3.312 | 2.167
Vv 3.565 | 4948 | 4222 | 5.317 | 2.168
VI 4413 | 2.765 | 2953 4.69{}.5.{}59 2.197

Table 9. Cluster Mean for Eleven Characters in Bread Wheat

1000 Grain
Plant Tillers Spike No of Grains . Biological Harvest vield
Days to Days to 3 = grain ’ .

Clusters Headi s Height pEer length spikelets pEr it vield per index per

i} aturity {em]) plamt {em} per spike spike L EIE'E plant (g) %) plant
=)
! 7319 10881 7425 145 9.05 1731 £9.02 401 15.31 2197 3.27
! 72.92 10942 7606 3.28 10,04 17.85 47.32 30.00 18.72 2I.61 215
111 73.27 109.00 78.20 275 957 1663 4339 28.58 17.27 34,40 5.86
w g2.50 116,78 377 .27 354 17.81 51,49 30.40 1484 34.6E 5.03
v 70.53 | 10873 [ 6755 2,23 7.82 1540 38.52 1626 133 | 33.27 338
Vi 72.25 10842 7815 4.27 9,35 1822 48,88 30,76 | 2484 2832 BB
CONCLUSION

From the present study it 15 concluded that the analysis of variance showed highly significant
differences among the genotvpes for all the characters studied under rainfed condition. PCV values were
higher than GCV values but the difference variability between these two estimates for all the characters was
very close. The characters grain vield/plant. biological vield/plant and harvest index were recorded with
high heritability and genetic advance values. Correlation analysis showed posttive and highly significant
association of grain yield with biological yield’ plant followed by thousand grain weight, tillers/plant and
harvest index. Cluster analysis revealed highest inter cluster distance between cluster V and VI mndicating
genetic diversity among the genotvpes.
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