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Association of physiological and morphological traits with grain yield under
moisture stress conditions in bread wheat (Triticum aestivum)
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Developing high yielding wheat (Triticum aestivum L.)
cultivars under drought conditions in arid and semi-arid a
region is an important objective of breeding programme
(Leilah and Khateeb 2005). Simulating performance of wheat
under soil moisture deficit presents special challenge for
wheat modelers, due to wide variation in grain yield under
normal and water stress conditions (Gupta et al. 2001). The
uncertainty of water availability and of temperature conditions
during the crop growth period calls for better resilience
under fluctuating water and temperature regimes (Richards
et al.2002.). The ideal genotype for moisture stress condition
must combine a reasonably high yield potential under varied
environmental conditions with specific plant characters which
could buffer yield against severe moisture stress (Condon et
al. 2002). This study was conducted to clarify the relationship
between grain yield in wheat and its components under
drought conditions. The aim was to provide information to
the wheat breeders regarding genetic correlations of the
main agronomic characters along with the physiological traits
that influence the wheat productivity under drought
conditions.

Field experiments were conducted at Indian Agricultural
Research Institute, New Delhi, India in two agronomic
conditions (rainfed and restricted irrigation conditions) during
crop season 2008-10. Material for the present study comprised
150 genotypes of bread wheat. The experiment was laid out
in & lattice design with two replications. The gross plot size
of the experiment was 1.38 m x 4.0 m, with rows at 23 cm
apart. The data were recorded on 10 plants from each plot on
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early vigour (EV), number of tillers, flag leaf area (FLA),
relative water content (RWC), canopy temperature depression
(CTD), days to maturity, grains/spike, 1000 kernel weight,
harvest index and grain yield/plot. The statistical analysis
was carried out using software MSTAT C (1989).

The genotypic variance for all the ten characters was
found highly significant for restricted irrigation and for
restricted irrigation conditions all the characters except
number of grains/spike thereby indicating the availability of
sufficient variability was present for making selection in all
the ten characters. The percent phenotypic and genotypic
coefficient of variation for all the ten characters studied
under rainfed and restricted irrigation conditions are presented
in the Table 1. Higher coefficient of variation was observed
at phenotypic level for both the agronomic conditions and
also the pooled analysis. The characters showing higher
values of phenotypic coefficient of variability (PCV) in pooled
analysis were early vigour, CTD, number of tillers, number
of grains/spike, grain weight/spike. Decrease in the PCV
values of pooled analysis in comparison to rainfed and
restricted irrigation were observed for traits grains/spike,
grain weight/spike and early vigour. In the present
investigation, the estimates of phenotypic coefficients of
variation were higher than the genotypic coefficient of
variation for all the characters under study. This may be due
to the fact that variability at the phenotypic level includes
both genotypic and environmental variability. In case of
characters which had deviation of genotypic coefficient of
variability (GCV) from PCV may be attributed to
environmental variables like photoperiod and temperature,
changing time sequence of flower initiation and concomitantly
affecting tillering behavior and grain size. In general, all the
characters showed high estimates of heritability for all the
characters except early vigour that had moderate estimates
of heritability. In rainfed conditions, high estimates of
heritability were recorded for days to maturity, harvest index,
grain weight/spike, CTD, 1000 kernel weight, days to heading
and number of tillers. Under the restricted irrigation conditions



—_
[\
W
e}

KALLESH ET AL. [Indian Journal of Agricultural Sciences 83 (11)

3 = - + — o — o also the similar trend was observed. In pooled analysis,
g A A ¥ a0 ® S a A . . I
5 El~lZ * i o ; & highest estimate of heritability was observed for 1000 kernel
= = 82+ 28 <22 v
S g weight, grain weight/spike, harvest index, days to maturity,
S — . . o
54 5 o | = &S w3 88g 329w P CTD, number of tillers. Moderate values of heritability were
z A £ 8 23 v 8 = = = observed for grains/spike, grain yield. Prasad et al. (2006)
'% g 29 8T =R R reported high heritability estimates for most of the characters
ég L~ S h g e NS which supports the results obtained.
“E £ A T - The expected genetic advance for ten characters is
s % Al S 8 a S B = o ;f- a o presented in the Table 1. The results indicated that characters
= N — — — — — . . . . .
é . § CTD, grain weight/spike, and number of tillers have higher
§ 8 9 | = @ o R Q % =y 3 5 PN 3 values and grains/spike, early vigour, grain yield, 1000 kernel
= Ne) — O . . . .
Q £ 889 = 8 ¥ 22 €2 weight and harvest index have the moderate estimates, while
= § 29 s ¥ 2283283 lower estimates of genetic advance was observed for days to
& | — | R > @ ] . . . o
% < g - % o I35 = heading, days to maturity under rainfed conditions. In the
= = - o o _ 4 - = o pooled analysis higher values were obtained for character
g gn % a2 2 g E 3 § PRI tillers, CTD and grain weight/spike and moderate values
S £ | £ a o= @ - o= o early vigour, 1000 grain weight and grain yield. The
8 é ; - "R 8888 3 a8 8 characteristics which had high genetic advance coupled with
- 2 | § Y o495 =288 cd high heritability estimates such as number of tillers, CTD
.% Ztg § NS AN o T T RS and grain weight/spike suggested that genotypic variation in
g f,’:” i I e T S the present material for these characters may possibly be due
> A n = = < D n A A X ... . . P
= g to high additive genetic variance. Character grain yield had
£ § I_g a | g T & 823 78 % moderate genetic advance coupled with moderate heritability
5 _‘5 § ARG S I estimates indicating the presence of positive alleles which
aqg) 3 ) v S oo e 8 R oo O are inherited from generation to generation and could be
o *§ § =12 2 SN o = = § improved by simple selection procedure
s & g, o T o o — e BN o A Table 2 shows the genotypic correlation coefficients
e L=l 2 8 =©n R 2= n der timel tricted irrieati d rainfed diti
£ S W F oot S 3o under timely sown restricted irrigation and rainfed condition.
;f’ = A perusal of table indicates positive and significant genotypic
o . . . . .
g Z | a 2RX28ERTZTII correlation of grain yield with early vigour (0.356*), number
E 2|5 SEA of tillers (0.623**), CTD (0.566**) under restricted irrigated
; % 3 2 T o gL oY Qg conditions. Under the stress conditions, the grain yield was
S 5| g e e = = = = = A= significantly correlated with early vigour, number of tillers,
g, = § © relative water content, canopy temperature depression, grains/
88 2 =13 222223 § 2 § spike, and 1000 kernel weight. Similar trend was observed
o = ) . . o
23 g e for the pooled analysis over the two agronomic conditions of
< . .. . .
z 8 2 £l.18 9 8 2 7 28 392 § sowing. Similar results were obtained by Sobieh et al. (2007),
38 é“i £ "Xy~ = § IS Kendice er al. (2009), Rashidi et al. (2011), Gowda et al.
= g ) . Lo
% Elzlel_le 2w 8 TE g e 2 (2011), Bilgen et al. (2011) and Xio-li et al. (2012) who
g |8 |EIFIS 8438 = 28 reported that drought stress caused marked reductions in
-S| 5|8 © = A N R
§ - | O |8 o « grain yield and most of its attributes.

2 5 o T 8 v w38 I o x . .
S -9 I a5 e aaq A perusal of the Table 2 shows that in the rainfed
g5 @ gaS s8¢ xd

= — - environment, early vigour, flag leaf area, relative water
Q = ] ’ gl
s 3 content, canopy temperature depression, 1000 kernel weight
& fg’ and harvest index had positive direct effects on grain yield/
S 8 plot. The high positive correlation of the above traits and
g g high positive direct effects give ample proof that these
= o~ = . - . . .
= 8 g & =t _ characters contribute most to the grain yield and they are the
g8 oo 2 B =2 ones to be given utmost consideration during genetic
5 3 e » 3 8 & B2 & 2 on & . . .

TS| 855§ E§E .38 E= improvement of the wheat crop under rainfed environments.

- % 2 B “Qa?; ° < é & _E) S These results are in agreement with Munjal and Dhanda
S —_— o= Ry 2] 3 . .

2 £ 2 % % g é‘ 2 £ S g = (2004) and Gowda et al. (2011). It is evident from the results

& S g 2 ﬁ EE8E 85 S E 5 presented in the Table 4 showing phenotypic and genotypic




November 2013] ASSOCIATION STUDIES IN BREAD WHEAT 1259

2 ° o o - path values of the pooled analysis that days to heading, flag
22 § 83 38 32 % 8w leaf area, relative water content, canopy temperature
5 gl e - ®2c 8 e 3 . . . . .
5] 8|S © 3 F 5 F S T S 3 depression, harvest index had high positive direct effect on
£zl 2 % gh p
CICH R rain yield. It was interesting to note that the residual effects
=S N g y g
Jes|lg < T e gz Q328 Q were more than 20% that infers that more than 98% of the
2 1A gl S =T <2 2o 8 total genetic variability in yield has been explained by the
= 5|3 © 8 S 8 9 S F S I .5 .
g O traits included in the study.
g Yy
= 2
212 2| o« ¥ ox ow EOE SUMMARY
o o | o > a X o % A * * wv
IEHEM I EEEE R R R NI
=Nia i 3 §|d s T3 F 23S Based on the GCV, PCV, heritability, genetic advance,
S S >~ correlation and path coefficient analysis (grain yield as
- = p y g y
2 s Bl % %% dependent variable) the selection on the characters had direct
= Eob| 2 a own ko ox QD x ok o»n P
2 S gl z2 g8 =239y effect on grain yield like, harvest index, CTD, relative water
. (‘5:) s s s 2 2 2 3Z<c content of wheat (Triticum aestivum L.). Selection could also
5 be done for those characters through which the indirect
g o &
s g effects of 1 000 grain weight, number of grains/spike and
.&o gl =~ o & —~ o o 8 ; . . > . .
= g g Nz S =328 32 § grain weight/spike were acting. The characters like effective
32 = 8|S S © S 9 < S o 3 tillers and phenological traits have scope of selection for
fot 3 £ p g P
= k= % better yield under high moisture stress conditions as indirect
] %) - L
a:> 218 Eleme =325 g g effects were reflected though them.
o | 8| R = =y =) poy )
IR |E|€ 3882385328388 REFERENCES
S o}
g _g Bilgen O, Korkut K Z, Baser I, Daglioglu, Ozturk I, Khamran T and
g JL:_% a % % ¥ s Balkan A. 2011. Genetic variation and interrelationship of some
=
S| 5|E 2l&d L8 &H 9 R 2 b 2 morphological traits in durum wheat. Pakistan Journal of Botany
S |~ z Sl= X O = T — I~ p g
= = E I S < g. S S S g S 43(1): 253-60.
fb 2 © ~ Condon A G, Richards R A, Rebetzke G J and Farquhar G D. 2002.
g = >l o Improving intrinsic water use efficiency and crop yield. Crop
S & Bl x ® 4 % %
E g SlE 23 R L g &g Science 42: 122-31.
s @] ¥ 28 8§ I X2 w90
% % <+ B S g s 22 s Gupta N K, Gupta S and Kumar A. 2001. Effect of water stress on
5 o|° ° < physiological attributes and their relationship with growth and
N“QO:‘; o yield of wheat cultivars at different stages. Journal of Agronomy
Q SIS o A o 0o o o and Crop Science 186(1): 55.
= g 2 o 8 S O = = = = g . . . . . .
.2 et el 2 - = 5 2 o = 9 3 Kandice V, Dodig D, Jovic M, Nikolic B and Prodanovic S. 2009.
5 5 S| S @ S 3 QD3I 33 I g
% £z £ ' The importance of physiological traits in wheat breeding under
g = irrigated and drought conditi Genetika 41(1): 11-20
5 = g ght conditions. Genetika 41(1): .
2 Bl |8|le v o 0 T = o = o Leilah A A and Al-Khateeb S A. 2005. Statistical analysis of wheat
& =g g8 =8 3agazs =88 yield under drought conditions. Journal of Arid Environments
S| g gl =595 <2 61: 483-96.
()
5 ; MSTAT C. 1989. MSTAT-C Software, Version 1.4. Crop and Soil
3 £ = a % % Science Department, Michigan State University, East Lancing,
en| S Sl 2 a0 ©o ¥ o n o >
2| E|E |l & =~ = &0 & © & MI.
a8 .E|= S|l w n = = © & = = 5
g‘ 4| &= E) S 13 S o 13 © o o o Prasada J, Kerketta V, Prasad K D and Verma A K. 2006. Study of
S|lg|ls2|& enetic parameter under different environment conditions in
o 5 5 g p
© [ o wheat (Triticum aestivum L.). Journal of Research (BAU) 18(1):
g Bl f o~ oo i ~ o 135-40
N > o ) .
S |g|l2gad8EFgc
_Lé % 2 55] S S ﬁ S S S S Rashidi V. 2011. Genetic parameters of some morphological and
= &) < < hysiological traits in durum wheat. African Journal of
phy g
= Agricultural Research 6(10): 2 285-88.
F_.:J . = Renu M and Dhanda S S. 2004. Association of heat tolerance
S 5 . o 20 in bread wheat. National Journal of Plant Improvement 6(1):
S P
= 'U T =% ¢ S 71-3
.2 § 8 258258 3.
# 2 8 & 2 E g 8 2 B Richards R A, Rebetzke G J, Condon A G and van Herwaarden A
b5} & = u = g, E = = . .. . . . .
5 5 o § ¢ > 2 2 7 & F. 2002. Breeding opportunities for increasing the efficiency of
g > © ., 5 g 2 £ o £ 2 water use and crop yield in temperate cereals. Crop Science 42:
g T s &5 5§ 2 E S 5% Y
o HZ K OAJT =TI 111-21.




1260 KALLESH ET AL. [Indian Journal of Agricultural Sciences 83 (11)

Robinson H. F, Comstock R E and Harvey P H. 1951. Estimates of Sobieh S E S, Moustafa R A K and El Gendy RW. 2007. Selection

genetic and environmental variability in soybean. Agronomy for drought tolerance in advanced generation of some bread

Journal 47: 314-18. wheat crosses. Egyptian Journal of Plant Breeding 11(3): 55—
Samrat Gowda DS, Singh G P and Anju M Singh. 2011. Relationship 68.

between canopy temperature depression, membrane injury, Xio-li W U and Wei-Kai Bao. 2012. Statistical analysis of leaf

relative water content with grain yield in wheat under hot water use efficiency and physiological traits of winter wheat

environments. Indian Journal of Agricultural Research 81(3): under drought conditions. Journal of Integrative Agriculture

197-202. 11(1): 82-89.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


