
Contents lists available at ScienceDirect

Field Crops Research

journal homepage: www.elsevier.com/locate/fcr

An analysis of wheat yield and adaptation in India

Richard Trethowana,⁎, Ravish Chatrathb, Ratan Tiwarib, Satish Kumarb, M.S. Saharanb,f,
Navtej Bainsc, V.S. Sohuc, Puja Srivastavac, Achla Sharmac, Nitish Ded, Surya Prakashe,
G.P. Singhb, Indu Sharmab, Howard Eaglesg, Simon Diffeyh, Urmil Bansala, Harbans Barianaa

a The Plant Breeding Institute Sydney Institute of Agriculture, The University of Sydney, 107 Cobbitty Road, Cobbitty, NSW, 2570, Australia
b Indian Institute for Wheat and Barley Research, Agarsain Road, Karnal, 132001, India
c Punjab Agricultural University, Ludhiana, 141004, India
d Bihar Agricultural University, Sabour, Bhagalpur, Bihar, 813210, India
e Birsa Agricultural University, Kanke, Ranchii, 834006, Jharkhand, India
fDivision of Plant Pathology, Indian Agricultural Research Institute, New Delhi, India
g CSIRO Agriculture and Food, Black Mountain Science and Innovation Park, GPO Box 1700, Canberra, ACT, 2601, Australia
h Centre for Bioinformatics and Biometrics, University of Wollongong, Northfields Avenue, Wollongong, NSW, 2522, Australia

A R T I C L E I N F O

Keywords:
Genotype x environment interaction
Wheat
Multi-environment trials
Factor analytic models

A B S T R A C T

Multi-environment wheat trials provide valuable information on the extent of genotype x environment inter-
action, the stability of genotypes and define and confirm agro-ecological regions through associations among
sites. The All India Coordinated Crop Improvement Project on wheat evaluates candidates for release across the
wheat growing regions of India. To facilitate this process the wheat area is divided into six agro-ecological zones;
the northwestern plains zone (NWPZ), the northeastern plains zone (NEPZ), the central zone (CZ), the peninsular
zone (PZ), the northern hills zone (NHZ) and the southern hills zone (SHZ). Factor analytic (FA) models were
used to analyze the genotype x environment interaction for yield of 813 wheat genotypes evaluated at 136
locations across the six agro-ecological zones in 1307 individual advanced variety trials between 2008/09 and
2012/13.

Genotype x environment interaction was firstly assessed separately within each of the six established agro-
ecological zones. Key locations with a high genetic correlation with all other locations within each zone were
identified. Predicted genetic values of important cultivars that were represented in a wider range of environ-
ments within each zone were estimated and highly stable genotypes were found.

Genotype x environment interaction was subsequently assessed across agro-ecological zones. Only those
environments where the models accounted for> 99% of the genetic variance were retained for further analysis
and two smaller zones (NHZ and SHZ) with little or no genotype congruence with other agro-ecological zones
were removed. Thus 476 genotypes from 488 environments were included in the analysis. Fifteen clusters of
environments with similar patterns of adaptation were found. These clusters were then characterized based on
zonal classification, sowing time, irrigation regime, latitude and year and three regions broadly representing the
main wheat growing areas of India were identified. These regions represent a combination of the NWPZ and
NEPZ defined by latitude, a central region that combines CZ locations with northern PZ locations and a southern
region comprised of southern PZ sites. Further stratification of these zones was then possible based on sowing
time and irrigation practice.

One cluster of 29 environments had a high average genetic correlation (r= 0.75) with most other environ-
ments and production zones. These represent key locations where larger numbers of entries might be grown in
future seasons as they are the best predictors of yield across cropping zones.

1. Introduction

Yield evaluation of new candidate crop genotypes in multi-en-
vironment trials is a key component of most varietal release systems

globally. These multi-environment experiments also provide estimates
of genotype x environment interaction, genotype stability and the ge-
netic relationships among varieties and environments (Cooper and
DeLacy, 1994). However, large multi-environment data are rarely

https://doi.org/10.1016/j.fcr.2018.01.021
Received 20 November 2017; Received in revised form 18 January 2018; Accepted 22 January 2018

⁎ Corresponding author.
E-mail address: richard.trethowan@sydney.edu.au (R. Trethowan).

Field Crops Research 219 (2018) 192–213

0378-4290/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03784290
https://www.elsevier.com/locate/fcr
https://doi.org/10.1016/j.fcr.2018.01.021
https://doi.org/10.1016/j.fcr.2018.01.021
mailto:richard.trethowan@sydney.edu.au
https://doi.org/10.1016/j.fcr.2018.01.021
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fcr.2018.01.021&domain=pdf


balanced. Factor analytic (FA) models have been used to estimate
genotype x environment interaction in large unbalanced multi-en-
vironment data (Smith et al., 2015). The most general model for

estimating the between environment genetic variance matrix is an un-
structured form that estimates a genetic variance for each environment
and covariance between each pair of environments. However, as the

Fig. 1. Indian cropping zones and the location (blue dots) of AVT trials, 2008–2013. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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