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ABSTRACT
Highly significant change in wheat production for irrigated timely sown, late sown and restricted irrigated timely sown trials
had been observed during 2008-09 to 2017-18 in the Central Zone of India under multi environment trials. BLUP’s of genotypes
yield were predicted by efficient factor analytic approach. Production elevated to the level of 52, 48 and 39q ha-1 for irrigated
timely, late and restricted irrigated timely sown conditions, respectively. Base yield levels in year 2008-09 were 4901, 4112 and
2405 kg ha-1. Significant straight line equations depicted the 0.48, 0.65 and 1.77q yield added trials over the years.
Keywords: G×E interaction, best linear unbiased predictor and residual maximum likelihood

G × E interaction must be considered in wheat
breeding programs as significant effects of interaction
observed in recent studies (Braun et al., 2010; Crespo
et al., 2017; Mohamed, 2013). Large number of studies
attempted to characterize genotypes performance in
response to varying environments (Yeater et al., 2014).
AMMI analysis is considered as a powerful multivariate
methodfor multi-environmental trials (Gustavo et al.,
2016). This procedure has showed an increase in
estimation accuracy by separating the pattern from the
noise in the residuals of the additive model. Moreover,
main and interaction effects were considered as the fixed
ones (Piepho et al, 2008). This feature may not be
suitable in analyzing multi environment trials conducted
at research centers across the country (Hu, 2015).
Prediction of random variables is commonly done by
Best Linear Unbiased Prediction (BLUP) (de Pelegrin
et al., 2017).Mixed model framework allows estimation
of genotypes as fixed and prediction of environments
and genotypes × environment interactions as random
(Mendes et al., 2014). BLUP maximizes the correlation
between genotypic and predicted genotypic values
(Piepho and Eckl, 2014). Recent and efficient modeling
technique for G × E interaction is the factor analytical
(FA) with heterogeneity of variances that uses the leading
principal components of the variance-covariance G×E

matrix yielding a more parsimonious variancecovariance structure (Burgueño et al, 2008; Smith et
al., 2015).
MATERIALS AND METHODS
Central Zone of India comprises Madhya Pradesh,
Chhattisgarh, Gujarat, Rajasthan (Kota and Udaipur
divisions) and Jhansi division of Uttar Pradesh. This zone
is known for premium quality wheat having typically
hard lustrous grains with high gluten strength. The
advanced varietal trials under irrigated timely sown, late
sown, restricted irrigated trials were conducted during
the period 2008-09 to 2017-18 at the major locations of
this zone. Details of genotypes and locations as per year
wise were reflected in tables 4, 5 & 6 for completeness.
Estimation of the variance parameters carried out by
using residual maximum likelihood (REML) along with
estimation or prediction of the fixed as well as random
effects. Quite popular and widely cited ASReml-R
package exploited to fit models which uses the average
information algorithm for REML estimation of variance
parameters. The implementation for FA models in
ASReml-R package handles the situations of where rank
of interaction matrix is of less than full rank. Regression
analysis was carried out by SAS software version 9.3.

Under MET g genotypes are evaluated in e environments and analyzed as per model
yijk= μ + τi + δj + (τδ)ij + γ (δ) jk+ εijk
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environment

δj Effect of
(τδ)ij Interaction
τi Effect
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effect
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42.64
3.02
0.96435
0.21564

<.0001
0.0049

t Value
CV
5.83520

StandError

Pr > |t|

<.0001
0.0007

Root MSE
2.55143
R-Square
0.2162
Pr > F
0.0049
F Value
9.10
MeanSquare
59.24885
6.50981
Sum ofSquares
59.24885
214.82367
274.07252
Estimates

Table 2: ANOVA for irrigated late sown conditions

Source
Model
Error
Total
Parameter
Intercept
Year

64.26
3.64
0.76277
0.13124

F Value
13.28
MeanSquare
78.78223
5.93297
Sum ofSquares
78.78223
255.11761
333.89984
Estimates
Source
Model
Error
Total
Parameter
Intercept
Year

Table 1: ANOVA for irrigated timely sown conditions

Pr > F
0.0007

R-Square
0.2359

Root MSE
2.43577

CV
4.73322

Year wise BLUP’s of wheat production was plotted
against the years to examine the coefficient of
determination (R2) and linear trend for assessing progress
in wheat production for irrigated timely, irrigated late &
restricted irrigated timely sown conditions. Regression
analysiswas applied to same data to test significance level
of the R2 value which was same as recorded in the linear
trend line. Regression analysis for production revealed
that under restricted irrigated timely-sown condition, the
R2 value was highly significant (P<0.01) and significant
for irrigated late sown trials (Table 3).Under the latesown conditions, area under cultivations had decreased
in zone so trials were discontinued for further years
though yield improvement was highly significant.
Significant improvement was also visible in restricted
timely-sown conditions of the zone.
Linear trend in the year-wise wheat production
indifferent conditions revealed an increase in average
production of promising genotypes in zone and by the
end of 2018. The production figures elevated to the level
of 52q ha-1 (Fig. 2) in irrigated timely sown, of 48q ha-1
(Fig. 4) under irrigated late sown and of 39q ha-1 (Fig.
6) for restricted irrigation under timely sown. However,
in 2008-09, average production was 46, 41 and 20q ha1
respectively and by the end of 2018, 0.48, 0.65 and
1.77q yield, respectively could be added in subsequent
trials. Although, higher yields of 56 q ha-1 (2013-14), 48
q ha-1 (2012-13) and 41 q ha-1 (2016-17) were obtained
in irrigated timely, late and restricted irrigation trials,
respectively. Moreover low value of R2 value justified
highly variable nature of production. Fitted straight-line
equations by SAS software displayed in corresponding
figures indicate that the linear growth was observed under
irrigated timely and late sown as well as restricted
irrigated timely sown conditions. During the year 200809, the base yield levels were 4901, 112 and 2405 kg ha1
(intercept of the equation). The straight line equations
depicted the linear trends in yield growth over years and
the equation also fitted well (maximum R2=0.6649***
for restricted irrigation timely sown) with the yield data.
More over yield increase in the zone progressed in linear
fashion with annual increment of 47.83, 65.05 and
176.76 kg ha-1 year-1 in irrigated timely, late and
restricted irrigated timely sown.

t Value

Highly significant change in wheat production had
been observed during the last ten years span for irrigated
timely sown, late sown and restricted irrigated timely
sown trials in the Central Zone of country as reflected in
ANOVA tables (1, 2 and 3). Significance of intercept
and slope of linear model had been reflected in tables
for three conditions.

StandError

Pr > |t|

RESULTS AND DISCUSSION

Comparatively large value of CV confirmed more
production had achieved under restricted irrigation
conditions as CV varies from 4.7, 5.8 to 11.7.
Under restricted irrigated timely sown conditions of
the zone, highly significant yield increase over years was
registered and the linear trend was noticed from the base
yield with annual increment of 1.76 q ha-1 along with
highest growth rate per year. Study revealed that last 10
years of wheat production in the zone had witnessed
remarkable progress in situations of hue and cry for
climate change and hot and dry conditions, wheat yield
has improved in three production conditions.

20.26
8.68
1.18685
0.20354

<.0001
<.0001

t Value
StandError

Pr > |t|
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CV
11.74239
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Fig. 1: Agro climatic zones of country for wheat coordinated trials

Fig. 2: Best linear unbiased predictors of promising genotypes for irrigated timely sown condition

Fig. 3: Regression analysis of BLUP’s of promising genotypes for irrigated timely sown conditions
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Fig. 4: Best linear unbiased predictors of promising genotypes for irrigated late sown condition

Fig. 5: Regression analysis of BLUP’s of promising genotypes for irrigated late sown conditions

Fig. 6: Best linear unbiased predictors of promising genotypes for timely sown restricted irrigations condition
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