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Relationship between canopy temperature depression, membrane stability,
relative water content and grain yield in bread wheat Triticum aestivumn)
under heat-stress environments
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ABSTRACT

A study was conducted during wintealfi) of 2006—08 at New Delhi using 49 diverse whé&atiCum aestivuri.
emend. Fiori & Paol) genotypes and three sowing dates (15 November, 15 December and 5 January) to assess the
relationship of physiological parameters with grain yield under hot environment. From the analysis of normal, late and
very late sowing date, it is evident that all the characters are showing sufficient amount of variability in all three
environments among all the 49 bread wheat genotypes. All the characters expressed significant interaction with
environments, indicating that all characters respond to high temperature in different ways in different genotypes. This
variability gives sufficient scope for further selection of the traits under consideration. Maximum variation was observed
for characters, like canopy temperature depression and membrane injury. Most of the characters had high heritability
(broad sense) in pooled analysis. Traits, like canopy temperature depression (at anthesis), canopy temperature depression
(10 days after anthesis), membrane injury, had high heritability estimates and can be utilized as selection criteria in
stress environments. Grain yield showed positive and significant genotypic correlation coefficients canopy temperature
depression at anthesis, canopy temperature depression at 10 days after anthesis and membrane injury per cent. Based on
the genotypic coefficient of variation, phenotypic coefficient of variation, genetic advance and heritability, characters
canopy temperature depression at anthesis, canopy temperature depression at 10 days after anthesis, membrane injury
per cent and relative water content can be used as selection criteria for improving the grain yield in the hot environments.
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Abiotic stress, such as drought, temperature, salinity andsignificant improvement in the adaptation of wheat to stress-
nutrient imbalance reduce wheat yield in many environmentsprone environments (Trethowa al. 2002, Lanticaret al.
(Trethowan and Kazi 2008). Terminal heat stress can be &003). This success has largely been achieved through field
problem in up to 40% of irrigated wheat growing areas in based empirical selection for stress tolerance. Selection has
the developing world. High temperature at the time of grain been conducted both in target environments under managed
filling is one of the major constraints in increasing conditions where the intensity of single stresses can be
productivity of wheat in tropical countries like India (Rane manipulated (Trethowaet al. 2001).
et al. 2004). The effects of heat stress on wheat are dependent Several heat stresses related traits have received
on the intensity, type and duration of the stress. High considerable attention, in particular canopy temperature
temperature represents a major constraint affecting wheatdepression and membrane thermo-stability index. While a
particularly at the reproductive stage, in many parts of thesystematic understanding of the physiological basis of
world (Raneet al. 2003). differences in heat tolerance of wheat cultivars are lacking,

The genetic control to tolerance to abiotic stresses isa number of physiological traits are associated with
complex and to a large extent poorly understood (Worland performance under heat stress and may be used to increase
and Snape 2001). Nevertheless wheat breeders have madelection efficiency (Reynolds al 2002). Munjal and Rana

Based on complete MSc thesis of the first author submitted to (2003) have reported that cool canopy during grain-filling
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membrane thermo-stability and other physiological traits from each plot for grain yield, canopy temperature depression
with grain yield and yield-contributing traits under heat stress (at anthesis and ten days after anthesis), membrane
environments in wheat and identification of suitable thermostability, relative water content and yield contributing
genotypes for higher production and productivity in the target traits. After the physiological maturity, plots were harvested
environments. by Hege combine/harvester.
The canopy temperature depression (CTD) was measured
MATERIALS AND METHODS at anthesis and 10 days after anthesis of the unirrigated crop
Material for the present study comprised 49 elite using a portable infrared thermometer (Model AG-42,
genotypes of bread wheat meant for different agronomic Teletemp Corporation, Fullerton, CA) with a view of 2a5°
practices like timely-sown irrigated conditions, late-sown late morning to early afternoon in cloudless period. The data
irrigated conditions and also timely-sown rainfed conditions. for each plot were the mean of 10 readings taken at an angle
These lines were genetically diverse, released and pre releasaf 45°. The measurements were taken at the time of anthesis
wheat material developed by cooperating centers of All Indiaand 10 days after anthesis. Relative water content was
Wheat and Barley improvement project. The trials were determined following the method described by Weatherley
conducted at the experimental farm of the Institute. (1950). Membrane thermal stability was estimated using
Experiment was laid out during two seasons (2006—07 andprocedures as described by Blum and Ebercon (1981). The
2007-08) in a 7x7 double lattice design with two replications statistical analysis was carried out using software MSTAT C
and three dates of sowing. Sowing was done on 15(1989).
November; 15 December and 5 January. Each genotype was
planted with the help of self-propelled Norwegian seed drill. RESULTS AND DISCUSSION
The gross plot size of timely-sown experiment was 1.38  All the characters studied showed significant variation in
mx6.0 m with rows at 23 cm apart, whereas in the late andrespect of the genotypes under the present investigation. This
very late-sown experiments, the gross plot size was 1.08x6.@vas apparent from the significant to highly significant mean
m with row-to-row spacing of 18 cm. The standard squares (MS) values under timely-sown irrigated conditions,
cultivation practices prescribed for wheat under irrigated late-sown irrigated condition, very late-sown irrigated
conditions were followed precisely. No disease incidence conditions and pooled analysis of variance over the three dates
was noticed on the crop during growth seasons and the weedf sowings (Table 1)From the analysis of variance of first,
control was made manually. The field observations were second and third sowing dates, it is evident that all the
recorded in crop growing seasorhe data were recorded characters are showing sufficient amount of variability in all

Table 1 Analysis of variance (ANOVA) pooled over three dates of sowing

Source of variance d.f. Mean square
Grain yield CTD CTD (10 days Membrane Relative water

(at anthesis) after anthesis) injury (%) content
Location (L) 2 5224.04 7.18 3.04 270.81 1457.62
Replication (R) 1 15.53 0.44 0.0069 16.56 0.12
LxR 2 8.80 58.59 0.0018 9.53 0.19
Treatment (T) 48 131.33* 115 9.48** 24.46** 165.30**
LxT 96 18.48 0.027 0.081 8.19 32.97
Error 144 7.83 0.0073 0.017 3.03 2.49

* P=0.05, ** P=0.01

Table 2 Merit-wise performance of the selected wheat genotypes for five characters pooled over three dates of sowing

Grain yield Canopy temperature Canopy temperature Membrane Relative water
depression depression (10 days injury (%) content
(at anthesis) after anthesis)

‘DBW 17’ ‘DBW 14’ ‘DBW 14’ ‘CBW 12’ ‘URJA

‘HD 2922’ ‘CBW 14’ ‘DBW 16’ ‘NIAW 845’ ‘RS 950’

‘CBW 17’ ‘DBW 16’ ‘CBW 17 ‘NW 1014 ‘CBW 12’

‘DBW 16’ ‘RS 950’ ‘CBW 14’ ‘DBW 16’ ‘CBW 25’

‘CBW 25’ ‘URJA ‘CBW 23 ‘CBW 14’ ‘DBW 28’
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three environments. One of the reasons for this may be duafter anthesis), followed by membrane injury percentage,
to the fact that all the genotypes differ greatly with respect canopy temperature depression (at anthesis), relative water
to their parentage for which the material has been chosercontent and grain yield.
very carefully. Therefore there is scope for selection. This  Once the variability patterns are clear, it becomes
variability may be because all the genotypes selected in themperative to a plant breeder to assess the extent of variability
present experiment were genetically different with more for the characters under investigation. The results obtained
genetic variability for the traits under consideration. The from pooled analysis disclose the fact that all the traits were
results obtained from present study reveals that the teshighly significant. This observation clearly explains the high
genotypes behave differently for the studied characters undetevel influence of high temperature on different characters
high temperature. studied. All characters expressed significant interaction with
In order to estimate heritable portion of variability, environments, indicating that all characters respond to high
heritability and expected genetic advance were worked outtemperature in different ways in different genotypes.
from the genotypic and phenotypic coefficients of variation Selection is more important part of breeding programme .The
(GCV and PCV). The values of GCV, PCV, heritability and success of selection mainly depends on variability present
expected genetic advance are presented in Table 3. in the base population. In the present study, the estimates of
A perusal of Table 3 shows that higher coefficient of PCV listed in Table 3 were higher than GCV for all the
variation were observed at phenotypic level for all the characters studied. Phenotypic coefficient of variation was
characters when compared with GCV in three dates of sowinghigher in all cases because it includes both genotypic and
and pooled analysis. The highest phenotypic coefficient wasenvironmental variability.
observed for the character canopy temperature depression Maximum variation was observed for characters like
(10 days after anthesis) pooled over the three dates of sowingzanopy temperature depression, membrane injury. For the
followed by membrane injury percentage, canopy remaining traits, there was moderate variation. The GCV for
temperature depression (at anthesis), relative water contentnost of the characters suggests that major portion of PCV of
and grain yield. It was observed that the phenotypic these traits were due to genetic causes and environmental
coefficient of variability was lowest in the optimum sowing influence was negligible. The results are in conformation
conditions which increased in the stress environments. Thewith Shuklaet al (2001).
maximum genotypic coefficient of variability was observed  The heritability can be expressed as the proportion of total
for the character canopy temperature depression (10 daysariance that can be attributable to genetic cause and this is

Table 3 Heritability (%), genetic advance, genetic advance as percent of mean, genotypic coefficient of variation (GCxytgpitphe
coefficient of variation (PCV) for grain yield and physiological traits in normal, late and very late sowing.

Character Date of Heritability Genetic GA per GCV PCV
sowing (%) advance cent mean
Grain yield | 58.80 7.15 15.61 9.89 12.90
Il 93.60 10.08 26.23 13.93 15.23
I 87.00 9.26 29.68 15.45 16.57
P 70.60 7.51 19.52 11.27 13.41
Canopy temperature depression | 97.20 2.78 61.78 30.45 30.88
at anthesis I 98.20 2.79 64.29 31.45 31.74
I 93.80 2.82 71.03 35.65 36.81
P 96.10 2.72 63.73 31.55 32.19
Canopy temperature depression | 98.70 2.77 110.36 53.77 54.12
(10 days after anthesis) 1l 99.20 2.60 108.79 53.22 53.43
I 99.00 2.39 110.14 53.87 54.15
P 98.90 2.56 108.78 53.17 53.45
Membrane injury (%) | 99.40 40.62 78.12 38.03 38.15
1l 99.30 41.46 80.18 39.06 39.21
I 99.20 42.43 77.53 37.79 37.95
P 99.30 41.38 78.35 38.17 38.31
Relative water content | 97.90 7.95 10.05 4.93 4.99
Il 90.30 13.52 18.13 9.26 9.74
I 96.00 14.12 19.77 9.80 10.00
P 89.90 9.17 12.22 6.26 6.60

I, 15 November sowing; I, 15 December sowing; Ill, 15 January sowing; P, pooled
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the factor which determines the degree of resemblance fomembrane injury per cent and canopy temperature depression
the characters between parents and offspring’s. It also(at 10 days after anthesis). The amount of expected genetic
expresses the reliability of the phenotypic value as a guideadvance in the very late sowing was higher than the other
to the breeding value. Heritability in broad sense is the stress environment which is late sowing. Generally high
proportion of genotypic variance to phenotypic variance. It heritability percentage is related with higher genetic advance.
also indicates the relative success of selection. However, itBut there is deviation also from the above mentioned traits.
is worth to mention that the estimates of heritability are not The genetic advance expected from selection can be best
constant and are more valid for the population from which explained if the estimates of heritability and genotypic
they are estimated. From the results obtained for heritability coefficient of variation were considered together. These
which is shown in Table 3, it is evident that most of the characters which gave high GCV coupled with high to
characters studied had high heritability in pooled analysis. moderate heritability and genetic gain support the fact that
Genetic advance indicates the possible gains which carthere is scope of improvement for these traits, particularly
be expected from the character under investigation over thaunder high temperature stress conditions.
three environments. The expected genetic advance is defined Yield is a complex and highly variable character and is a
as the difference between mean of the progeny of selectedesult of cumulative effect of its component characters, so it
individuals and base population which is expressed asis not effective to go for direct selection as such for yield,
percentage of mean in the present study. It indicates the gaiparticularly under stress conditions like drought and terminal
which can be obtained for the character. Under timely-sownheat stress. The yield components are not independent in their
irrigated conditions, the maximum value for the expected action and are inter-linked and may also bring simultaneous
genetic advance was observed for canopy temperatureehange for other characters at phenotypic and genotypic level.
depression (at anthesis), followed by membrane injury perOne of the major objectives of this investigation was to study
cent canopy temperature depression (at 10 days aftethe association of grain yield with other morpho-
anthesis). Under stress environments (late and very lateghysiological and quality traits in stress as well as in normal
sowings), the similar trend of expected genetic advance ovelenvironments. The phenotypic correlation is the association
per cent of mean was observed. The characters which showebetween two traits that can be visualized directly and its
the maximum genetic advance as per cent of mean wa®stimation is done by simple correlation. The genotypic
canopy temperature depression (at anthesis), followed bycorrelation in true sense may be interpreted as the correlation

Table 4 Genotypic correlation coefficient among grain yield and physiological traits pooled over three dates of sowing

Character Grain yield

Date of sowing

Timely sown Late sown Very late sown Pooled correlation
Canopy temperature depression 0.232 0.487* 0.688** 0.514**
(at anthesis)
Canopy temperature depression 0.257 0.468* 0.662** 0.562**
(10 days after anthesis)
Membrane injury (%) -0.192 0.442* —0.598** —-0.456*
Relative water content -0.412* 0.254 —0.691** —-0.292

* P=0.05, ** P=0.01

Table 5 Genotypic path coefficient among grain yield and physiological traits pooled over three dates of sowing

Character Direct effect on grain yield
Timely sown Late sown Very late Pooled over three
sown dates of sowing

Canopy temperature depression 0.459 0.573 0.336 0.398

(at anthesis)
Canopy temperature depression 0.333 0.223 0.353 1.171

(10 days after anthesis)
Membrane injury (%) 0.175 -0.156 -0.214 0.144
Relative water content -0.228 -0.227 -0.217 -1.177
Residual effects 0.147 0.424 0.118 0.000

6]
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of breeding value. The phenotypic and genotypic correlationwater content. Under stress environment (late and very late
coefficients among all the characters under study aresowing), the grain yield significant positive correlation with
presented in Table A perusal of the Table shows that under canopy temperature depression at anthesis, canopy
stress environment (late and very late sowing), the grain yieldtemperature depression at 10 days after athesis, membrane
significant positive correlation with canopy temperature injury per cent and negative correlation with membrane injury
depression at anthesis, canopy temperature depression at Iier cent. Therefore, these traits can be utilized as selection
days after anthesis and negative correlation with membranecriteria under terminal heat stress for selecting genotypes
injury per cent. Therefore, these traits can be utilized aswith better yield potential. Based on GCV, PCV, genetic
selection criteria under terminal heat stress for selectingadvance and heritability, the characters, canopy temperature
genotypes with better yield potential. Similar results were depression at anthesis, canopy temperature depression at 10
also obtained by Balotat al. (2007), Kumariet al. (2007), days after anthesis, membrane injury per cent and relative
Reynoldset al. (2007) and Bahaet al. (2008). The water content can be used as selection criteria for improving
plant breeders argue that selection for yield componentthe grain yield in the stress environments.
is more efficient than the selection for yiglér se So it
can be concluded that significant positive correlation with
grain yield could be better with improvement of components gapar B, vildirim M, Barutcular C and Genc I. 2008. Effect of
under normal and stress environments (late and very late canopy temperature depression on grain yield and yield
sowing). components in bread and durum whakattulae Botanicae Horti
Path coefficient analysis is a standardized partial  Agrobotanici Cluj-Nepoc&6(1). 43—-7.
regression coefficient, which splits the correlation into direct Balota M, Payne W A, Evett S R and Lazar M D. 2007. Canopy
and indirect effects on independent variables on the temperature depression sampling to assess grain yield and
dependent variable. It reveals whether the association of these 9€notypic differences in winter whelrop Sciencél7: 1518-

.ch.aracters with yield is due. to. th_elr direct eﬁ?Ct on yield or Blum A and Ebercon A. 1981. Cell membrane stability as a measure

itis a consequence of th§|r indirect effec_t via some other of drought and heat tolerance in whe@iop Scienc@1: 43-5.

character, if the correlation between yields with other ymari m, Singh V P, Tripathi R and Joshi A K. 2007. Variation

Character iS due to direCt effeCt Of that Character. It reﬂects for Stay green trait and its association with canopy temperature

the true relationship between them and hence, it makes easy depression and yield traits under terminal heat stieyaMheat

to improve grain yield. But if character is due to indirect Production in Stressed Environmemp 357-63. HT Buclet

effect through another component trait, then selection is  al. (Eds), Springer Verlag. _

difficult and it has to be made for the later character throughkantican M A, Pingali P L and Rajaram S. 2003. Is research on

which the indirect effect can be extended. marginal lands catching up? The case of unfavorable wheat
. . o growing environmentsAgriculture Economic®9: 353-61.

Th_g genotypic path ana!ySIS for_the normal-sown I_rrlgz_ited Munjal R and Rana R K. 2003. Evaluation of physiological traits
condition shows that maximum direct e_ffect on grain yield 0" heat [riticum aestivumi_.) for terminal temperature
was due to canopy temperature depression at anthesis (0.459). tgjerance. i) Proceedings of the 10th Wheat Genetics
Negative direct effect was realized for the characters relative  symposiumpp 804-05, held at Paestum, Italy, Vol. 2, Section
water content (—0.228). 3, Classical and Molecular Breeding.

The genotypic path analysis for the late-sown irrigated Rane J, Chauhan H and Shoran J. 2003. Post anthesis stem reserve
condition is presented in Table 5 which shows that positive ~ mobilization in wheat genotypes tolerant and susceptible to high
and maximum direct effect on grain yield was due to canopy ~témperatureindian Journal of Plant Physiolodgpecial issue):

temperature depression at anthesis (0.573). Rar:?SSJ_SI.:’annu RK, Sohu VS, Saini RS, Mishra B, Jag Shoran
Thus, it appears that the present set of materials in the Crossa J, Vergas M, and Joshi AK. 2004. Performance of yield

form of test entrles_ for_the norma_l late and very I_ate SOWING — 5ng stability of advance wheat genotypes under heat stress
has enough variability in association or combination of traits  gpyironments of Indo-Gangetic plaitGrop Science7: 1561—
where from genotypes with proper combination can be 73

identified for suitability for their cultivation under different Reynolds M P, Saint Pierre C, Vargas M, Medani W and Condon
environmental conditions where change of any environmental  AG. 2007. Evaluating potential genetic gains in wheat associated
component will be taken care by combinations of traits in  Wwith stress adaptive traits expression in elite genetic resources
the genotypes. Through their direct or indirect effects, under  under drought and heat streSsop Sciencé7 (S3) S172-89.
such conditions of abiotic stress of high temperature, suchReynolds M P, Trethowan R, Crossa J, Vargas M and Sayre K D.
type of combinations with direct or indirect effects can be 2002. Physiological factors associated with genotypes by

. L . environment interactions in whedtield Crop Researclr5:
selected for their suitability to high temperature stress. 139-60 P

) . I . 3
_ Itcan be concluded in the present investigation that graingpia R S, Mishra Y and Rawat G S. 2001. Genetic analysis for
yield showed positive and significant genotypic correlation  screening of high temperature and moisture stress tolerance
coefficients under timely-sown condition with days to relative  attributes in wheatCrop Researct22(1) 63-8.
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