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Abstract: The data set contains a portion of the International Heat Stress Genotype Experiment 
(IHSGE) data used in the AgMIP-Wheat project to analyze the uncertainty of 30 wheat crop models 
and quantify the impact of heat on global wheat yield productivity. It includes two spring wheat 
cultivars grown during two consecutive winter cropping cycles at hot, irrigated, and low latitude sites in 
Mexico (Ciudad Obregon and Tlaltizapan), Egypt (Aswan), India (Dharwar), the Sudan (Wad Medani), 
and Bangladesh (Dinajpur). Experiments in Mexico included normal (November-December) and late 
(January-March) sowing dates. Data include local daily weather data, soil characteristics and initial 
soil conditions, crop measurements (anthesis and maturity dates, anthesis and final total above 
ground biomass, final grain yields and yields components), and cultivar information. Simulations 
include both daily in-season and end-of-season results from 30 wheat models. 
 
Keywords: wheat, field experimental data, heat stress, simulations. 
 
1 ORIGINAL PURPOSE: The original purpose of this data set was to support model intercomparisons 

and improvements (Asseng et al., 2015; Maiorano et al., 2017) as part of the Agricultural Model 

Intercomparison and Improvement Project (AGMIP, http://www.agmip.org/; Rosenzweig et al., 2013). 

The field experimental data were selected from the four-year International Heat Stress Genotype 

Experiment (IHSGE) to cover the full range of temperature of the global network of field experiments. 

The IHSGE was carried out as part of a collaboration between CIMMYT and key national agricultural 

research system partners in warm wheat growing environments to identify important physiological 

traits that have value as predictors of wheat yield at high temperatures (Reynolds et al. 1994b).   
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2 FIELD EXPERIMENTS: Experimental locations were selected based on a classification of air 
temperature and relative humidity during the wheat growing cycle. “Hot” and “very hot” locations were 
defined as having mean temperatures above 17.5 and 22.5°C, respectively, during the coolest month. 
“Dry” and “humid” locations were defined as having mean vapor pressure deficits above and below 
1.0 kPa, respectively. The present data set includes data from six of the original 12 locations that 
were selected to represent a large range of temperatures (Table 1). At Obregon (first year only) and 
Tlaltizapán (both years), Mexico normal and late sowing dates were used to provide contrasting 
temperature regimes at the same location. Of the 16 cultivars originally included in the first two-years 
of the IHSGE, two (Bacanora 88 and Nesser) were selected for the AgMIP-Wheat model 
intercomparison. Bacanora 88 is a high-yielding Mexican cultivar (Sayre et al., 1997) and Nesser is 
considered heat and drought tolerant (Okuyama et al., 2005). Both cultivars have low photoperiod 
sensitivity and low vernalization requirements. Crop growth cycle durations ranged from 80 to 127 
days. Mean temperature for the crop growth cycle ranged between 20.1°C and 30.1°C, and grain 
yield from 1.9 ± 0.28 to 6.3 ± 0.38 t DM ha-1 (Fig. 1). 
All data were collected on experimental plots consisting of eight rows, 15 cm apart and 6-m long, 

arranged in -lattice designs with three replicates. All experiments were well-watered and -fertilized 
with temperature being the most important variable. Seeding rate was approximately 120 kg ha-1 at all 
sites, while the specific amount of N and P fertilizer applied and the irrigation varied from site to site. 
No irrigation or fertilizer data are available. Details of these factors, as well as information on soil type 
and weather necessary to run a wheat crop model are reported herewith. 
 

Figure 1. Final grain yield versus mean growing season temperature for six locations, two growth 
cycles, and two cultivars of the IHSGE experiment reported here. Data are for individual plots with 2 
to 3 replicated plots for each cultivar / site / year / sowing date combination. 

 

 
 
Mean of crop measurements have been reported in tabular format in CIMMYT internal reports 
(Reynolds et al., 1992, 1994a), with the exception of the experiment in Egypt, which has not been 
previously reported and it is here reported for the first year of the IHSGE. Measured crop variables 
include crop emergence date, anthesis date, maturity date, anthesis and final total above ground 
biomass, grain yield, plant number per square meter, spikes per square meter, grains per square 
meter, final average single grain dry mass, and plant height. In the first year, maturity dates for the 
late sown treatments for both cultivars at Obregon, Mexico were not available and were estimated as 
the average growing degree-days from anthesis to maturity of all other treatments. Similarly, anthesis 
date for Bacanora 88 in Egypt was not available and was estimated as the average growing degree-
days from crop emergence to anthesis of all other treatments. Biomass harvests at anthesis were 
made on a single date for the whole experiment. Missing data are indicated by “NA”. 
Correlations between replicates overall and the distribution within each cultivar across replicates were 
calculated. In cases where the cultivar x replicate effect was high and two replicates were much 
closer to each other than the third, the outlying replicate was excluded. Data are reported as mean 
and standard deviation. Figure 1 illustrates the range of yield and mean growing season temperature. 
Seasonal (defined based on observed phenological stages) mean air temperature was calculated 
from daily air temperature, which was derived from the sum of eight contributions of a cosine variation 
between maximum and minimum daily air temperatures as described in Weir et al. (1984). 
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3 SIMULATION OF FIELD EXPERIMENTS: Simulations for the 28 locations/years/sowing 
dates/cultivars combinations were carried out by 30 wheat model (see Supplementary of Asseng et 
al., 2015). Fifteen of these 30 wheat models also participated in a crop model improvement study 
(Maiorano et al., 2017) where the IHSGE data set was used as a validation data set (blind). For these 
15 models, simulation results are given for both the original and the improved versions. 
Model outputs include crop emergence date, anthesis date, maturity date, and grain number per 
square meter. They also include outputs of in-season time series and end-of-the-season for total 
above ground and grain biomass, leaf area index, cumulative evapotranspiration, and cumulative 
transpiration. Not all models simulated all variables. Variables not simulated are indicated by “NA”. 
Simulation results are reported for each individual model and for the multi-model ensemble median 
(e.median). 
Simulations were carried out using a standardized protocol and one step of calibration. All sowing 
dates, anthesis and maturity dates, soil type characteristics and weather data were supplied to the 
modelers to simulate the experiments. Other crop measurements were provided to the modelers for 
Obregon, Mexico only. Detailed soil information were not available for each individual experiment. 
Therefore, as water and nitrogen were managed to limit any stress effect, a unique set of soil 
parameters and initial conditions was used to simulate all 11 year/location/sowing date combinations. 
Some models used an unlimited water and nitrogen mode for simulating these experiments. Weather 
data were obtained from the AgMIP climate forcing data set based on the NASA Modern-Era 
Retrospective Analysis for Research and Applications (AgMERRA; Ruane et al., 2015): 
http://data.giss.nasa.gov/impacts/agmipcf/agmerra/ 
 
4 DATA FORMAT, STRUCTURE, AND AVAILABILITY: An overview of the main tables from the 
data set is given in Table 2. Experimental (mean and standard deviation of crop measurements) and 
simulation (model output) data are provided in tab delimited text files. The names of the variables 
(key) are explained in companion text files with their correspondence and conversion factors in the 
International Consortium for Agricultural Systems Applications (ICASA) standard (White et al., 2013): 
http://research.agmip.org/display/dev/ICASA+Master+Variable+List 
Model input (cultivar information and crop management), soil description and initial conditions for 
simulation set up are provided in a Microsoft Excel book in XML format following the AgMIP format for 
model input and in tabulation delimited text files. Daily weather data (global solar radiation, daily 
maximum and minimum air temperature, rainfall, wind run, dew point temperature, vapor pressure, 
and relative humidity) are provided in the ICASA format in space delimited text files. All text files are 
UTF-8 encoded. 
All data are available in Harvard Dataverse data repository (https://dataverse.harvard.edu/) with the 
identifiers “doi:10.7910/DVN/CJJBSR”. 

 
Table 2. Overview of the main data set tables. All files are provided in space (weather data) or 
tabulation (all others) delimited text format. The crop management husbandry parameters, the soil 
description and initial conditions are also provided in the Microsoft Excel xml format used in AgMIP. 

Table name Content 

XXXX0001.WTH Space delimited file of weather data. XXXX is the 
site name. 

ISGHE_AgMIP_measurement_key.txt Name, definition, and units of the measured 
variables with ICASA standard and conversion 
factor 

ISGHE_AgMIP_measurments_ave_sd.txt Tab delimited file of all available crop 
measurements (means and standard deviations) 

ISGHE_AgMIP_site_soil_crop_management.xml XML (Microsoft Excel 2003) file with crop 
management, cultivar description, site description 
and initial conditions 

ISGHE_AgMIP_model names.txt Tab delimited file with the full name, version, and 
two-letter code of the 30 wheat models 

ISGHE_AgMIP_ simulation_key.txt Name, definition, and units of the simulated 
variables with ICASA standard and conversion 
factor 

ISGHE_AgMIP_summary_simulations.txt Tab delimited file of the summary model outputs 
ISGHE_AgMIP_daily_simulations.txt Tab delimited file of the summary model outputs 

 

http://data.giss.nasa.gov/impacts/agmipcf/agmerra/
http://data.giss.nasa.gov/impacts/agmipcf/agmerra/
http://research.agmip.org/display/dev/ICASA+Master+Variable+List
https://dataverse.harvard.edu/


Martre et al. 2017, Open Data Journal for Agricultural Research, vol. 3, pg. 23-28  

28 
 

5 REFERENCES 
Asseng, S., F. Ewert, P. Martre, R. P. Rotter, D. B. Lobell, D. Cammarano, B. A. Kimball, M. J. 

Ottman, G. W. Wall, J. W. White, M. P. Reynolds, P. D. Alderman, P. V. V. Prasad, P. K. 
Aggarwal, J. Anothai, B. Basso, C. Biernath, A. J. Challinor, G. De Sanctis, J. Doltra, E. 
Fereres, M. Garcia-Vila, S. Gayler, G. Hoogenboom, L. A. Hunt, R. C. Izaurralde, M. Jabloun, 
C. D. Jones, K. C. Kersebaum, A. K. Koehler, C. Muller, S. Naresh Kumar, C. Nendel, G. 
O/'Leary, J. E. Olesen, T. Palosuo, E. Priesack, E. Eyshi Rezaei, A. C. Ruane, M. A. 
Semenov, I. Shcherbak, C. Stockle, P. Stratonovitch, T. Streck, I. Supit, F. Tao, P. J. 
Thorburn, K. Waha, E. Wang, D. Wallach, J. Wolf, Z. Zhao and Y. Zhu. 2015. "Rising 
Temperatures Reduce Global Wheat Production." Nature Climate Change 5(2):143-47. doi: 
10.1038/nclimate2470, http://www.nature.com/nclimate/journal/v5/n2/full/nclimate2470.html 

Maiorano, A., P. Martre, S. Asseng, F. Ewert, C. Müller, R. P. Rötter, A. C. Ruane, M. A. Semenov, D. 
Wallach, E. Wang, P. D. Alderman, B. T. Kassie, C. Biernath, B. Basso, D. Camarrano, A. J. 
Challinor, J. Doltra, B. Dumont, E. Eyshi Rezaei, S. Gayler, K. C. Kersebaum, B. A. Kimball, 
A.-K. Koehler, B. Liu, G. J. O’Leary, J. E. Olesen, M. J. Ottman, E. Priesack, M. P. Reynolds, 
P. Stratonovitch, T. Streck, P. J. Thorburn, K. Waha, G. W. Wall, J. W. White, Z. Zhao and Y. 
Zhu. 2017. "Crop Model Improvements Reduce Multi-Model Ensembles High Temperature 
Impact Uncertainties." Field Crops Research, 202: 5-20. doi: 10.1016/j.fcr.2016.05.001, 
http://www.sciencedirect.com/science/article/pii/S0378429016301368 

Okuyama, Lauro Akio, Luiz Carlos Federizzi and José Fernandes Barbosa Neto. 2005. "Grain Yield 
Stability of Wheat Genotypes under Irrigated and Non-Irrigated Conditions." Brazilian 
Archives of Biology and Technology 48:697-704. Doi: 10.1590/S1516-89132005000600004, 
http://ref.scielo.org/zs3s5s 

Reynolds, M. P., E. Acevedo, O.A. A. Ageeb, S. Ahmed, M. Balota, L.J. B. Carvalho, R.A. Fischer, E. 
Ghanem, R.R. Hanchinal, C. Mann, L. Okuyama, L.B. Olugbemi, G. Ortiz-Ferrara, M.A. 
Razzaque and J.P. Tandon. 1992. "Results of the First International Heat Stress Genotypes 
Experiment." Vol.  Wheat Special Report No. 14. CIMMYT, Mexico, DF, 
http://repository.cimmyt.org/xmlui/bitstream/handle/10883/1158/40636.pdf 

Reynolds, M.P., O.A. Ageeb, J. Cesar-Albrecht, G. Costa-Rodrigues, E. Ghanem, R.R. Hanchinal, C. 
Mann, L. Okuyama, L.B. Olugbemi, G. Ortiz-Ferrara, S. Rajaram, M.A. Razzaque, J.P. 
Tandon and R.A.  Fischer. 1994a. "The International Heat Stress Genotype Experiment: 
Results from 1990-1992 " Vol.  Wheat Special Report No. 32. CIMMYT, Mexico, DF, 
http://libcatalog.cimmyt.org/download/cim/55219.pdf 

Reynolds, MP, M Balota, MIB Delgado, I Amani and RA Fischer. 1994b. "Physiological and 
Morphological Traits Associated with Spring Wheat Yield under Hot, Irrigated Conditions." 
Functional Plant Biology 21(6):717-30. doi: 10.1071/PP9940717, 
http://www.publish.csiro.au/paper/PP9940717.htm  

Rosenzweig, C., J. W. Jones, J. L. Hatfield, A. C. Ruane, K. J. Boote, P. Thorburn, J. M. Antle, G. C. 
Nelson, C. Porter, S. Janssen, S. Asseng, B. Basso, F. Ewert, D. Wallach, G. Baigorria and J. 
M. Winter. 2013. "The Agricultural Model Intercomparison and Improvement Project (AgMIP): 
Protocols and Pilot Studies." Agricultural and Forest Meteorology 170(15):166-82. doi: 
10.1016/j.agrformet.2012.09.011, 
http://www.sciencedirect.com/science/article/pii/S0168192312002857 

Ruane, A. C., R. Goldberg and J. Chryssanthacopoulos. 2015. "Climate Forcing Datasets for 
Agricultural Modeling: Merged Products for Gap-Filling and Historical Climate Series 
Estimation." Agricultural and Forest Meteorology 200:233-48. doi: 
10.1016/j.agrformet.2014.09.016, 
http://www.sciencedirect.com/science/article/pii/S0168192314002275 

Sayre, K. D., S. Rajaram and R. A. Fischer. 1997. "Yield Potential Progress in Short Bread Wheats in 
Northwest Mexico." Crop Science 37:36-42. doi: 10.2135/cropsci1997.0011183X00370001 
0006x, https://dl.sciencesocieties.org/publications/cs/abstracts/37/1/CS0370010036 

Weir, A. H., P. L. Bragg, J. R. Porter and J. H. Rayner. 1984. "A Winter Wheat Crop Simulation Model 
without Water or Nutrient Limitations." Journal of Agricultural Science 102:371-82. doi: 
10.1017/S0021859600042702,  
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=4604484 

White, J.W., L.A. Hunt, K.J. Boote, J.W. Jones, J. Koo, S. Kim, C.H. Porter, P.W. Wilkens and G. 
Hoogenboom. 2013. "Integrated Description of Agricultural Field Experiments and Production: 
The Icasa Version 2.0 Data Standards." Computers and Electronics in Agriculture 96(0):1-12. 
doi: http://dx.doi.org/10.1016/j.compag.2013.04.003,  
http://www.sciencedirect.com/science/article/pii/S016816991300077X 

http://www.nature.com/nclimate/journal/v5/n2/full/nclimate2470.html
http://www.sciencedirect.com/science/article/pii/S0378429016301368
http://ref.scielo.org/zs3s5s
http://repository.cimmyt.org/xmlui/bitstream/handle/10883/1158/40636.pdf
http://libcatalog.cimmyt.org/download/cim/55219.pdf
http://www.publish.csiro.au/paper/PP9940717.htm
http://www.sciencedirect.com/science/article/pii/S0168192312002857
http://www.sciencedirect.com/science/article/pii/S0168192314002275
https://dl.sciencesocieties.org/publications/cs/abstracts/37/1/CS0370010036
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=4604484
http://dx.doi.org/10.1016/j.compag.2013.04.003
http://www.sciencedirect.com/science/article/pii/S016816991300077X

	The international heat stress genotype experiment for modeling wheat response to heat: field experiments and AgMIP-wheat multi-model simulations
	Mikhail A. Semenov, Christoph Müller, Soora Naresh Kumar, Bing Liu, David B. Lobell, Claas Nendel, Garry O’Leary, Jørgen E. Olesen, Taru Palosuo, Eckart Priesack, Ehsan Eyshi Rezaei, Dominique Ripoche, Reimund P. Rötter, Ann-Kristin Koehler, Claudio Stöckle, Pierre Stratonovitch, Thilo Streck, Iwan Supit, Fulu Tao, Peter Thorburn, Katharina Waha, Enli Wang, Jeffrey W. White, Joost Wolf, Zhigan Zhao, Yan Zhu, Giacomo De Sanctis, Matthew P. Reynolds, Senthold Asseng, Frank Ewert, Phillip D. Alderman, Davide Cammarano, Andrea Maiorano, Alexander C. Ruane, Pramod K. Aggarwal, Jakarat Anothai, Bruno Basso, Christian Biernath, Andrew J. Challinor, Pierre Martre, Jordi Doltra, Benjamin Dumont, Elias Fereres, Margarita Garcia-Vila, Sebastian Gayler, Gerrit Hoogenboom, Leslie A. Hunt, Roberto C. Izaurralde, Mohamed Jabloun, Curtis D. Jones, Belay T. Kassie, Kurt C. Kersebaum
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  


