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SESSION 1:  GLOBAL PERSPECTIVE ON WATER, CROPS, DROUGHT 

ID 1182 | Global drought-induced crop losses during 1983-2009 
Wonsik Kim* 

National Agriculture and Food Research Organization 
*E-mail: wonsik@affrc.go.jp

Droughts are a major climate extreme to 
reduces crop production. Nonetheless, the 
historical analysis of global crop losses 
associated with droughts is poorly investigated 
so far. In the near future, more severe and 
more frequent droughts are anticipated under 
climate change, understanding the 
vulnerability of crop production to droughts is 
therefore a key research priority to secure 
global food security. Here, we estimate the 
global drought-induced production losses of 
maize, rice, soy, and wheat during 1983-2009 
using a relationship among crop yields, a 
drought index, and annual precipitation. We 
find that approximately three-fourths of the 
global harvested areas—454 million hectares: 
161 Mha of wheat (75% of the world's 
harvested area), 124 Mha of maize (82%), 102 
Mha of rice (62%) and 67 Mha of soy (91%)—

experienced drought-induced yield losses 
over this period, and the cumulative production 
losses correspond to 166 billion U.S. dollars—
maize is associated with the largest economic 
loss ($58 B or 35% of the global total loss), 
followed by wheat ($47 B or 28%), rice ($37 B 
or 22%), and soy ($24 B or 14%). Our results 
also shown that crop production systems 
display increased vulnerability to drought 
according to decreases in per capita gross 
domestic production in the countries with 
extensive semiarid agricultural areas. This 
article is available 
(https://journals.ametsoc.org/doi/full/10.1175/
JAMC-D-18-0174.1) as open access in 
Journal of Applied Meteorology and 
Climatology, American Meteorological 
Society. 

ID 1262 | Is the importance of water-limited environments to global food supply 
growing? 
David Lobell*

Stanford University 
*E-mail: dlobell@stanford.edu

The importance of drought, relative to the 
many other factors influencing global food 
security, is not static over time. Understanding 
how this importance varies with time is useful 
for deciding, for instance, how much to further 
invest in improving drought tolerance. In this 
talk I will review the various factors that 
increase or decrease the frequency and 
severity of water limitations to crop growth, 
and discuss the empirical evidence on net 
changes over time. Genetic progress, 
especially over the past decade, has resulted 
in commercial release of several drought 
tolerant varieties of major crops. In addition, 

there is clear evidence that rising CO2 has 
improved the transpiration efficiency of 
vegetation. These two factors are reducing the 
risks of drought for local and global production. 
At the same time, key aspects of climate such 
as temperature, rainfall, and humidity continue 
to change because of greenhouse gas 
emissions, and management has continued to 
evolve in order to maximize the productivity of 
new varieties. Overall, my assessment is that 
the importance of water-limited environments 
is generally stable or growing, but evidence in 
many regions is still sparse. 

ID 1326 | Future perspectives - global strategies for crop research in water-
limited environments 
Renee Lafitte* 
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Bill and Melinda Gates Foundation 
*E-mail: renee.lafitte@gatesfoundation.org

The challenge of providing the right amount of 
water at the right time is as old as rainfed 
agriculture, but our changing climate brings 
new urgency to the problem. We anticipate 
more severe periods of water deficit, water 
excess, and high temperature. Increased risks 
will require farmers to adapt their production 
practices for greater system resilience, and 
this is especially critical for small-scale 
producers. Individual components of the 
system can be improved within the known 
range of biological feasibility through proven 
approaches such as improved varieties, 
suitable soil and fertility management, and 
effective weed control and belowground pest 
management. At the Bill and Melinda Gates 
Foundation(BMGF),our primary investment in 
crop research for water-limited environments 
is in support of effective, targeted breeding 
programs. This is mainly through partnerships 
with the CGIAR and NARS, with supporting 
grants such as Excellence in Breeding. For 
varieties targeted to water-limited 
environments, high-quality phenotyping under 
drought stress is essential. Advances in 
phenotyping technology help, but the primary 

challenge is to conduct excellent field 
experiments and to weight environments 
appropriately. The integration of climate 
models into the process can identify superior 
genetics for future environments. There is a 
need for validated phenotyping techniques for 
temperature response for breeding programs. 
Investments in technologies such as 
transgenes for agronomic traits or protective 
inputs should be viewed as higher risk and 
longer term; ex-ante estimation of required 
effect size can guide prioritization. Research 
over the past decade has not identified single 
transgenes that generate large step changes 
in tolerance to water deficit, with the exception 
of insecticidal compounds in roots. BMGF is 
not currently investing in projects to develop 
specific transgenes for drought, though we do 
have long-term investments in improving 
photosynthetic systems and biochemistry that 
may impact WUE and temperature response. 
Going forward, synthetic biology may offer 
promise if temperature optima for key 
enzymes can be extended or cellular 
structures can be stabilized. 

SESSION 2: OPTIMISING DRYLAND CROP PRODUCTION – CROP DESIGN 

ID 1058 | Emerging role of plant available silicon in mitigating drought stress 
in lentil  
Sajitha Biju*, Sigfredo Fuentes, Dorin Gupta 

School of Agriculture and Food, Faculty of Veterinary and Agricultural Sciences, The University of 
Melbourne, Parkville, Victoria-3010, Australia Sajitha  
*Email: sbiju@unimelb.edu.au 

Drought stress is one of the major constraints 
leading 60% in lentil, one of the most important 
grain legumes grown in the arid and semi-arid 
regions across the world. This study 
investigated the impact of silicon (Si) 
supplementation on the physiological, 
biochemical and molecular mechanisms of 
drought-stressed lentil plants along with the 
evaluation of nutritional potential and sensory 
traits of the seeds. Si supplementation studies 
were conducted on the selected drought 
susceptible and tolerant lentil genotypes under 
drought stress and non-drought stress 
conditions. The results from seed germination 
studies demonstrated the significant role Si in 

improving seed germination and alleviating 
drought stress in lentil seedlings by regulating 
osmolytes, hydrolytic enzymes and 
antioxidant defense system. In continuation, 
further experiments conducted in growth 
chamber and field provided compelling 
evidence for the protective mode of action of 
Si against drought stress through the 
regulation of photosynthetic mechanism and 
nitro-oxidative homeostasis in lentil genotypes 
together with the enhanced growth, 
development and yield even under control 
condition, thus suggesting its role as a plant 
nutrient. Gene expression studies were 
performed to better understand the molecular 



Interdrought VI | Abstracts 

3 / 70 

regulations and to find out the candidate genes 
behind Si-mediated drought stress tolerance 
in lentil plants. The results revealed that 
numerous differentially expressed genes 
belonging to photosynthetic, osmoprotective 
and antioxidant metabolism along with the 
biosynthesis of hormones and hormone 
signalling pathways are involved in Si-
mediated drought stress tolerance in lentil 
plants. Non-invasive biometrics from 

consumers demonstrated that Si 
supplementation to drought-stressed lentil 
plants did not have any negative effects on 
sensory characteristics. Overall, the current 
results suggest the potential use of Si 
application as sustainable management 
strategy to mitigate drought stress in lentil 
plants, together with the possibility of 
enhancing nutrient potential and sensory 
qualities of the seeds. 

ID 1082 | Silicon application improves drought and heat stress tolerance 
through physiological and biochemical mechanisms in wheat 
Waseem Ashfaq*, Graham Brodie, Sigfredo Fuentes, Dorin Gupta 

The University of Melbourne 
*E-mail: washfaq@student.unimelb.edu.au

Drought and heat are the primary abiotic 
stresses causing wheat yield and grain quality 
reduction in Australia. The present study 
investigated the impact of pre-sowing silicon 
(Si) application on two Australian wheat 
genotypes RAC875 (tolerant) and Kukri 
(susceptible) under individual and interactive 
effects of drought and heat stress. Stress-
tolerance efficacy of selected genotypes via Si 
application was tested against four stress 
treatments: i) drought (D) with 40%FC for 14 
days; ii) heat (H) maintained at 36/22°C for 
8/12 hours for 3 days; iii) drought-heat 
combined (DH) at grain-filling stage; iv) 
control. A set of physiological and biochemical 
traits, including plant canopy temperature (Tc) 
and crop water stress index (CWSI) using 
infrared thermal imaging were studied to 
ascertain the Si role for stress mitigation. 
Results showed that Si application 
significantly increased the photosynthetic rate 
under (H) treatment for both genotypes 
compared to their controls. Chlorophyll 
fluorescence disruption in RAC875 was 

reduced by Si supplementation under (D), (H) 
and (DH) conditions. Si application 
significantly improved RWC (7.74%), lowered 
Tc (9.91%) and CWSI (19%) for better 
adaptation to three stress treatments in both 
genotypes. Under (D), (H) and (DH), Si 
application significantly reduced accumulation 
of compatible solutes (proline) (15.47%, 
12.55) as compared to their control in both 
genotypes, respectively. 

Overall, a significant increase in grain yield 
was observed in response to Si application for 
the tolerant (29.58%, 17.32%, 4.73%) and 
susceptible (14.72%, 13.47%, 1.77%) 
genotypes under (D), (H) and (DH), 
respectively compared to their controls. The 
results of the present study showed that Si 
supplementation has the potential to mitigate 
(D) and (H) (individually or combined) for the
genotypes studied. These findings also
provide a foundation for future research to
investigate Si adaptation mechanisms in
wheat at the molecular level.

ID 1170 | Length and intensity of hydric stress affect the ionome before 
growth reduction in Triticum aestivum and Brassica napus  
D’Oria Aurélien1, Courbet Galatéa1, Lornac Aurélia1, Diquélou Sylvain1, Pluchon Sylvain2, 
MaillardAnne2, BilliotBastien2, Arkoun Mustapha2, Ourry Alain1 
1Normandie Université, UNICAEN, INRA, UMR 950 Ecophysiologie Végétale, Agronomie et nutritions 
N, C, S, Esplanade de la Paix, CS14032, 14032 Caen Cedex 5, France  
2Centre Mondial d'Innovation, CMI, Groupe Roullier, 18 Avenue Franklin Roosevelt, 35400 Saint-
Malo, France  
*E-mail: aurelien.doria@unicaen.fr

While plant ionome (i.e. contents of macro, 
micro and beneficial elements), is usually 

considered to be strongly regulated, it can 
nevertheless reveal the physiological state of 
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the plant according to Baxter et al. (2008), 
taking into account the numerous and 
complex interactions between nutrients. If 
many studies have been conducted on the 
physiological effects of water stress, very few 
of them explicitly consider the consequences 
for mineral nutrition of plants. Consequently, a 
controlled condition experiment was 
conducted with a winter wheat (Triticum 
aestivum) and a winter oilseed rape (Brassica 
napus), using a high throughput phenotyping 
platform. One month after sowing, plants were 
grown under non-limiting mineral nutrient 
supply and they were kept at 80% field 
capacity (FC) level (control) while watering 
was then restricted to reach a FC of about 40 
or 

20%. They were then kept under the same 
conditions for about 12 consecutive days, thus 
providing plants facing different water stress 
intensity and duration. Plants were sampled by 

separating different tissues (roots, leaves 
developed before or during the water stress) 
and analyzed by different techniques for their 
ionomic contents. Analysis of 13C 
discrimination of leaves was used as an 
integrative indicator of water stress intensity 
and duration. While growth was only reduced 
under the longest and the most intensive water 
stress condition, ionomic analysis revealed 
that uptake of macronutrients (N, P, K, S, Ca) 
was significantly lowered before any 
significant decrease of growth, N being the 
less affected macronutrient. More surprisingly, 
the uptake of some micronutrients such as Fe, 
Cu, Mn, Zn and Mo were even more reduced 
by water shortage. Overall results suggest that 
plant resilience to water shortage could be 
improved using relevant mineral fertilization 
and will be discussed according to potentially 
involved regulatory mechanism (specific root 
uptake systems, hormonal balance). 

ID 1195 | Legume crop design for higher water use efficiency: a special case 
or cause for concern? 
Caspar Chater*, Oswaldo Valdés-López, Guadalupe Zavala Padilla, Rosa Brianda De la Sancha 
Pérez, Coral Martinez Martinez, Alejandra Covarrubias Robles, Julie Elizabeth Gray 

University of Sheffield 
*E-mail: c.chater@sheffield.ac.uk, caspar.chater@gmail.com

Breeding for higher water use efficiency 
(WUE) in legumes could increase the 
sustainable intensification of global agriculture 
under climate change, requiring fewer water 
and fertiliser inputs. The reduction of stomatal 
conductance (gs) through lower stomatal 
density (SD) is a current target to enhance 
water use efficiency. This approach is being 
investigated to improve drought tolerance, 
particularly in cereal crops. Legume crops, and 
their associated rhizobial nitrogen fixing 
capacity, are known to be sensitive to water 
deficit. However, little is known about the inter-
relationships and trade-offs between water 
loss, fixed carbon for rhizobial symbionts, and 
the capacity for nitrogen fixation and transport. 

If, by reducing SD in legume crops we 
enhance WUE, does it come at the cost of 
nitrogen fixation and yields? As rhizobial 
symbiosis is central to legume nitrogen use 
and WUE, an understanding of the 
coordination between SD, gs, and root traits 
including nodulation, is essential if we are to 
develop novel legume crops for sustainable 
agriculture. Using a range of legume species 
and by inhibiting stomatal development 
pathways, we are beginning to dissect these 
issues, in the hope of aiding legume crop 
design for a drier world. Here we discuss our 
current results and their implications for 
breeding high WUE ‘Climate-Ready’ legumes 
for future food security. 

ID 1206 | Higher sowing density of sorghum and pearl millet saves water and 
increases crop productivity in semi-arid tropics regions. 
Raphaël Pilloni1*, Kakkera Aparna1, Vincent Vadez1, A. Ashok Kumar2, S.Gupta2, J.Kolova2 

1IRD  
2International Crop Research Institute in Semi Arid Tropics,  Hyderabad, India 
*E-mail: raphael.pilloni@gmail.com
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In the Sahel and India, sorghum and pearl 
millet are culturally sown under low to very low 
densities, and the demographic pressure on 
agricultural land calls for some sustainable 
intensification. This raises issues with regards 
to mineral and water resources. The limitation 
of water resources is a very constraining factor 
in semi-arid tropical areas, and raises the 
question whether intensification is possible in 
this context. Yet, higher sowing densities have 
shown positive yield responses in specific crop 
cultivars, opening an opportunity to make 
these staple foods more competitive against 
the riskier maize in dry environments. This 
work was carried out to measure crop 
productivity, water use, and water use 
efficiency in crops cultivars earlier shown to 
have differences in their response to an 
increased density. Experiments were done in 
lysimeters and in the field, at two densities, i.e. 
11 and 22 plants/m² (LD, HD). Although the 

HD treatment in lysimeters used more water, 
grain and stover productivity was higher and 
so was water use efficiency. HD plantation had 
a lower VPD within the canopy. A better ability 
to intercept light has also been demonstrated 
in field experiments. The light interception 
measurement in HD treatment not being total 
at flowering suggested density could be further 
increased. In the field the productivity in term 
of total biomass was also better for HD 
treatment. Moreover, a higher water status of 
the soil after harvesting in HD condition also 
suggested a less water costly cultivation 
practice. These results should be linked with a 
lower evaporative demand and a lower 
exposure of soil to evaporation (Pilloni 2018, 
master thesis, unpublished). Further works will 
have to focus on the architectural variations 
that can possibly explain the different 
responses. 

 ID 1241 | Designing sorghum cultivars to fit a water-constrained context and 
optimize economic return from a sorghum food/feed value-chain 
Vincent Vadez*, Andrew Borrell , Harvinder Talwar, R Madhusudhana, Jana Kholova, Michael 
Blummel, Surjit Vikraman, Parthasarathy Rao, Santosh Deshpande, Graeme Hammer, Erik van 
Oosterom, Emma Mace, David Jordan, Eric Huttner 

IRD 
*E-mail: vincent.vadez@ird.fr

Post-rainy sorghum is important for 5 M 
households in South India, where grain and 
stover residues play an equally important role 
in this value chain. Post-rainy sorghum 
production is constrained by water, a limitation 
that varies over time and space. The project 
aimed at genetic solutions to this limitation, 
informed by crop simulation to make better 
decisions, sound agronomic considerations, 
and knowledge of end-user demand for 
grain/residue quality/quantity. Using crop 
simulation (APSIM), five main stress scenarios 
were identified and three major sub-regions 
delimited the target population of 
environments (TPE). Proof-of-concept stay-
green introgressions displayed water-saving 
traits, i.e. transpiration limitation under high 
VPD, higher transpiration efficiency (TE), 
smaller canopy size at anthesis, and also 
higher capacity to extract water from the soil 
profile. Stay-green introgression also 
influenced crop residue quality traits favorably. 

Stay-green QTLs Stg3A and Stg3B were 
critical, but their effects were all dependent on 
the genotypic background. Modelling allowed 
to predict where underlying functions of 
staygreen could have the most beneficial 
effects across the TPE. An ex-ante analysis 
showed the benefit of the stay-green 
technology. Using robust modelling outputs 
rather than subjective informant responses, a 
revised ex-ante analysis showed a higher 
benefit from developing two different 
ideotypes fitted to district-specific end-user 
demand, rather than a one-fits-all technology. 
More efforts are now needed to streamline the 
assessment of quality traits along the breeding 
pipeline, to operationalize the technologies 
and approaches developed during the project 
in breeding programs, and to disseminate 
seeds of released products of this open-
pollinated crop in varied environmental/social 
contexts. 

ID 1263 | Effect of water stress on seed maize production 
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Baptiste Soenen*, Régis Doucet, Sophie Gendre, François Taulemesse 

ARVALIS Institut Du Vegetal 
*E-mail: b.soenen@arvalis.fr

The seed maize crops grown in France are 
almost entirely located in irrigated areas. 
Irrigation management rules are well 
described and mastered in the different 
production sectors. Nevertheless, the 
intrinsic sensitivity of parental lines to water 
stress is an important factor to be taken into 
account in order to obtain optimal yield and 
the required quality. 

A field trial was therefore carry out for three 
years, aimed at highlighting and explaining 
the effects of characterized water stress on 
the physiology (root system, LAI, 
establishment of reproductive organs and 
pollination), yield, yield components and 
quality of seed maize (germination capacity). 

By affecting LAI of the male and/or female 
parents, early stresses can induce 

disturbances in the pollination period. 
Similarly, by limiting for females the number of 
eggs (via the rings number) and the capacity 
of the eggs to be pollinated, they directly affect 
the grain number potential. These points show 
that the starting irrigation is very important in 
seed maize production. In the following phase, 
the most sensitive one, the water stress affects 
pollen emission: reduction in tassel size and 
pollen potential, and significant reduction in 
pollen viability. That's why during this phase 
irrigation must be well managed. Late stresses 
(post flowering at 50% grain moisture content) 
were less pronounced in our trial conditions, 
but nevertheless caused an increase in the 
number of aborted grains, accelerated foliar 
senescence, and reduction in grain weight. On 
the other hand, no effect of water stress has 
been shown on the germination capacity. 

ID 1278 | Comparison of traits relevant to drought resistance of NERICA, 
Asian rice and African rice and differences in effects of potash and 
phosphorus fertilizer 
Michihiko Fujii1*

1Faculty of Education, Shizuoka University, 836 Ohya, Suruga, Shizuoka 422-8529, Japan 
*E-mail: fujii.michihiko@shizuoka.ac.jp

Recently NERICA was developed by a 
crossing of African rice and Asian rice in West 
Africa, and is considered to be drought 
resistant, but drought resistance of NERICA is 
not clarified enough. In this research, NERICA 
(three cultivars and three lines), Asian rice 
(three cultivars and sativa parent of NERICA) 
and African rice (glaberrima parent of 
NERICA) were cultivated in the field under 
drought and traits relevant to drought 
resistance, stomatal conductance by 
porometer, soil water content by TDR method, 
SPAD values by SPAD meter and leaf 
thickness by micrometer, were measured and 
compared with dry matter production and 
yield. Effects of potash and phosphorus 
fertilizer were also compared among two 
NERICAs. Glaberrima parent of NERICA 
showed highest top dry weight but yield was 
low. One NERICA line, one NERICA cultivar 

and one Asian rice showed higher top dry 
weight and yield. Those NERICAs showed 
high leaf thickness and SPAD values and 
NERICA line showed high top dry weight 
maintained high stomatal conductance. In one 
NERICA line potash increased top dry weight 
and yield. Cultivar and line differences in yield 
(ear weight) were significantly correlated with 
those in stomatal conductance (r=0.537*) and 
those in leaf thickness (r=0.571*, for NERICA 
r=0.665*). Cultivar and line differences in 
stomatal conductance were significantly 
correlated with those in leaf thickness 
(r=0.765**, for NERICA r=0.751*). Cultivar and 
line differences in leaf thickness were 
significantly correlated with SPAD value 
(r=0.844**). Importance of maintaining high 
stomatal conductance and high leaf thickness, 
and effects of potash fertilizer under drought 
condition was clarified. 
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ID 1315 | Comparative multi-crop physiology: relationships between 
evapotranspiration and yield across multiple crop species 
Jose Rotundo*, Andrea Salinas, Andres Reyes, Tom Tang, Yinan Fang, Charlie Messina 

Corteva Agriscience 
*E-mail: jose.rotundo@corteva.com

The optimization of dryland crop production 
involves the identification of management 
practices to maximize productivity and water 
use. Crop species selection is the most 
fundamental management decision in this 
regard. Here we present a series of 
experiments in managed-stress environments 
designed to evaluate the relationship between 
evapotranspiration and yield across multiple 
crop species with special focus on elite 
materials. The crop species evaluated are: 
maize, sunflower, sorghum, canola soybean 
and cotton. Two different genotypes were 
evaluated for each crop allowing to test for 
differential S(species)xGxE yield response 
patterns to different water availability 

environments. Crops were evaluated in two 
locations under three levels of water 
availability. The level of water availability was 
defined by reapplying 100% (control), 75%, 
50%, or 25% (severe drought) of daily 
evapotranspired water. Numerical and 
physiological yield components were 
evaluated across this set of species and 
genotypes to dissect the species-specific 
constraints to high productivity in water limited 
environments. This information is critical for 
designing cropping systems that optimize 
water use. Detailed physiological data will also 
generate useful information for the 
development of species-agnostic crop 
simulation models. 

SESSION 3: PLANT PRODUCTIVITY UNDER DROUGHT: WATER CAPTURE,
TRANSPIRATION, AND TRANSPIRATION EFFICIENCY 

ID 1038 | Staying green: Changing how crops use water 
Andrew Borrell*, Barbara George-Jaeggli, Erik van Oosterom, Graeme Hammer, Emma 
Mace, Ian Godwin, Guoquan Liu, Albert Wong, Temesgen Matiwos, Kassahun Bantte, Jack 
Christopher, Lee Hickey, Hannah Robinson, David Jordan 

The University of Queensland 
*E-mail: a.borrell@uq.edu.au

Designer crops for a hotter and drier world are 
needed to combat climate change. This will 
involve developing plants with enough 
plasticity in traits that modulate water supply 
and demand, such that a range of ideotypes 
for different environments can be designed. 
Crop plants need water during grain filling to 
thrive under drought, so one of the key 
challenges is to increase access to water at 
this stage. Adapted genotypes have soil 
moisture available at that time, resulting in a 
stay-green phenotype which arises when the 
supply of water exceeds the demand during 
grain-filling. We demonstrate how sorghum 
lines with the stay-green drought adaptation 
trait can reduce water demand by modifying 
canopy development and increase water 
supply by modulating root architecture. Both 
canopy size and root architecture are partly 

controlled by members of the PIN family of 
auxin efflux carriers. The key stay-green 
region under selection in the Australian 
sorghum breeding program is Stg3b and 
SbPIN1 is a strong candidate within this 
region. SbPIN2 and SbPIN4 are also key 
candidates in the Stg2 and Stg1 QTLs, 
respectively. We demonstrated that these PIN 
genes do regulate expression of stay-green by 
developing the first sorghums in Australia 
transformed with key PIN genes in Tx430. 
Canopy and root traits also impacted the 
supply/demand balance in wheat and barley 
under drought. The impact of root traits on 
grain yield was examined in barley and 
sorghum trials. These outcomes should help 
crop improvement programs to develop better 
adapted genotypes for dry environments. 
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ID 1042 | Many paths to one goal: A diversity of rice root anatomical responses 
to drought 
Jenna E. Reeger*, Phanchita Vejchasarn, Amelia Henry, Kathleen M. Brown 

The Pennsylvania State University 
*E-mail: jer302@psu.edu

Rice yields are severely affected by drought, 
and drought-resistant lines are necessary to 
improve farmer yields. Plants with efficient root 
systems are a good target for drought-
resistance because roots are the main water 
uptake organ of plants, display wide variation 
in traits and trait plasticity, and are under-
studied in crop improvement efforts. Root 
anatomical traits are of interest because they 
affect the plant’s ability to access and conduct 
water to the shoot. Subsets of the Rice 
Diversity Panel and an IR64 x Azucena RIL set 
were grown under vegetative-stage drought 
stress in three locations (greenhouse, rainout 
shelters) to determine relationships between 
root anatomy and drought tolerance. The 
severity of drought stress differed among 
experiments and impacted the drought 
responses. Mean biomass reduction ranged 
from 35-71% in four experiments. Tiller and 
crown root number reduction was highly 
correlated with biomass reduction, with larger 
plants having greater reductions. Under 
drought treatments with 48% or greater mean 

biomass reduction, nodal root cross-section, 
stele, cortex, and mean metaxylem vessel 
areas were reduced in most individuals. Mean 
metaxylem area decreased in the greenhouse 
but increased in rain-out shelters in response 
to drought. In one location under severe 
stress, metaxylem vessel number reduction 
correlated with biomass reduction. 
Aerenchyma area (%) and root cross-sectional 
area explained variation in biomass under 
drought in at least two locations, while stele 
area and metaxylem vessel area and number 
were significant in other single locations. K-
medoids clustering determined anatomical 
trait combinations that resulted in high 
biomass under drought. In most clusters, 
anatomical traits except metaxylem vessel 
number were correlated with root cross-
sectional area. Some high-performing clusters 
exhibited few, large metaxylem, while others 
had numerous, small metaxylem. This data 
indicates that genotypes exhibit various 
successful strategies to manage drought 
stress. 

ID 1118 | Transcriptomic Approaches to Uncover the Molecular Mechanisms 
of Maize Nodal Root Growth during Drought in the Field   
Shannon K. King1,9*, Tyler McCubbin2,9, Cheyenne Becker2,9, Laura A. Greeley1,9, Sidharth Sen3,9, 
Rachel A. Mertz4,9, Shuai Zeng5, Jonathan T. Stemmle6, David Braun4,9, Trupti Joshi3,7,9, Melvin J. 
Oliver8,9, Scott C. Peck1,9, Robert E. Sharp2,9, Felix B. Fritschi2,9

1Department of Biochemistry, University of Missouri, Columbia, USA 
2Division of Plant Sciences, University of Missouri, Columbia, USA 
3Institute for Data Science& Informatics, University of Missouri, Columbia, USA 
4Division of Biological Sciences, University of Missouri, Columbia, USA
5Department of Electrical Engineering and Computer Science, University of Missouri, Columbia, USA 
6School of Journalism, University of Missouri, Columbia, USA 
7Department of Health Management and Informatics, University of Missouri, Columbia, Missouri, USA 
8Plant Genetics Research Unit, USDA-ARS, Columbia, Missouri, USA 
9Interdisciplinary Plant Group, University of Missouri, Columbia, Missouri, USA 
*E-mail: skk4k8@mail.missouri.edu

Drought is the most important factor limiting 
crop production across the globe. Therefore, 
understanding how plants adapt and survive 
drought conditions is critical for improving food 
production with lower water input. One such 
survival mechanism is the maintenance of root 
elongation, even in very dry environments. In 

maize, the nodal root system comprises the 
majority of the root length of the mature plant, 
and is therefore critical for sustaining water 
uptake. The shoot-borne nodal roots have the 
ability to maintain growth at low water 
potentials that inhibit growth of other plant 
organs.  Despite the vital nature of this 
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response to drought survival, the physiological 
and molecular mechanisms underlying this 
ability are poorly understood and are the focus 
of this work. To understand this phenomenon, 
we are utilizing transcriptomics to explore 
changes of the maize nodal root growth zone 
under irrigated and water-limited conditions in 
two inbred lines, FR697 and B73. These lines 
have contrasting abilities to maintain nodal 
root growth under water stress. We are 
characterizing these changes in both 
controlled-environment growth chamber 
conditions and in the field, utilizing a rainout 
shelter for precise control of drought 
imposition. This approach allows 
determination of the molecular and 
physiological changes during “real world” 

drought conditions, and to directly compare 
these changes with those from chamber-
grown samples. We have identified potential 
gene candidates involved in nodal root growth 
maintenance from data collected during two 
field seasons and replicated lab experiments. 
Making use of these datasets, along with 
additional proteomic and metabolic datasets, 
we narrowed the gene candidate pool 
considerably, allowing us to focus our follow 
up efforts on robust candidates.  These 
candidates are being examined in several 
genetic backgrounds and in analyses of 
different whorls of nodal roots to determine 
whether they are broadly involved in maize 
nodal root growth regulation during drought. 

ID 1129 | Combined studies of advanced high-throughput phenotyping and 
association mapping reveal the genetic architecture of maize drought 
tolerance 
Xi Wu, Hui Feng, Guoxin Dai, Wanneng Yang, Mingqiu Dai* 

National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 
430070, China 
*E-mail: mingqiudai@mail.hzau.edu.cn

Drought is harmful for plant growth and 
reduces crop yields. Understanding how crops 
respond to drought will be beneficial for 
breeding of drought tolerant cultivars. Using a 
high-throughput phenotyping facility, we 
detected 2069 image-featured traits (if-traits) 
for 368 maize inbred lines in drought 
experiments, of which 67 were from RGB and 
2002 were from hyperspectral imaging or CT 
scanning. Most of these if-traits could be 
separated between well-watered and drought-
stressed conditions based on principle 
components (PCs). Large variations of these 
if-traits were detected in response to drought 
in the populations, suggesting the bio-indicator 
potential of these traits in drought tolerance. 
We performed GWAS to these if-traits and 
identified 3,748 associated genes (or 3,494 
QTLs), of which 1612 (~43%) were colocalized 
with reported genes (based on reported 
QTLs). Particularly, several well-known genes 
that were cloned based on traditional traits 
(survival rates after drought), such as 

ZmVPP1, ZmNAC111, ZmPP2CA10 and 
ZmDREB2.7, were identified in our 
experiments, indicating the reliability of our 
analyses. The fact that 2136 (~57%) were 
newly detected genes indicates the 
advantages of these if-traits over traditional 
traits in detecting genetic loci in control of 
maize drought tolerance. As a proof of 
concept, the roles of two previously 
unidentified genes PG2 and PPK, encoding 
phosphoglucomutase 2 and 1-
phosphatidylinositol-4-phosphate 5-kinase, 
respectively, were validated via genetic and 
molecular studies based on their loss-of-
function mutants. We further generated 
regulatory networks of these genes based on 
transcriptomic assays of 200 inbred lines 
(selected from the same 368 inbred lines). A 
number of hub pathways and key genes were 
detected. Our study provides a novel approach 
for genetic dissection and rich genetic 
resources for maize drought-tolerance 
breeding. 

ID 1137 | Designer roots for future crops 
Lee Hickey1*, Samir Alahmad1, Charlotte Rambla1, Hannah Robinson1,2, Ben Hayes1, Eric Ober3, 
Michelle Watt4, Cristobal Uauy5, Rod Snowdon6, Christian Obermeier6, Manar Makhoul6, Cecile 
Richard1, Karine Chenu1, Jack Christopher1, Andrew Borrell1, Kai Voss-Fels1 
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1Queensland Alliance for Agriculture and Food Innovation, The University of Queensland, Australia 
2InterGrain, Perth, Australia 
3NIAB, Cambridge, UK 
4Forschungszentrum Juelich, Germany 
5John Innes Centre, Norwich, UK 
6Justus Liebig University, Giessen, Germany 
*E-mail: l.hickey@uq.edu.au

In 2018 and 2019, farmers in Australia and 
Europe experienced major yield losses due to 
severe and widespread drought and heat 
stress. Improving the root systems of future 
cultivars could enhance the ability of crops to 
capture water from deep soil layers, thereby 
minimizing or avoiding stress. Thus, to enable 
targeted genetic manipulation of modern crop 
varieties, understanding the value of different 
root systems in different environment types, as 
well as the discovery of key loci underpinning 
root development, is a high priority for 
research and pre-breeding programs 
worldwide. In this seminar, we highlight our 
recent breakthroughs in understanding the 
genetic controls of root system architecture 
and demonstrate the value of specific root 
architectures in water-limited environments in 

Australia, drawing on casing studies in bread 
wheat, durum wheat and barley. We report 
new breeding approaches that enable efficient 
modification of root systems by integrating the 
rapid generation advance technology ‘speed 
breeding’, high-throughput phenotyping for 
root proxy traits, and selection for target QTL. 
We also discuss opportunities to adopt an 
integrated predictive breeding framework that 
incorporates root trait information, including 
field-based canopy proxies for root system 
architecture. The new approach could be 
broadly applied across crops, and for the first 
time, opens the door for incorporating below-
ground trait information into the breeding 
process, thus has potential to increase genetic 
gain for yield in water-limited environments. 

ID 1138 | Emerging effects of root hairs and soil properties on transpiration 
and leaf water potential under soil drying and increasing VPD 
Tina Koehler*, Akos Botezatu, Sebastian Moser, Jana Kholova, Andrea Carminati, Mutez Ahmed 

University of Bayreuth 
*E-mail: tiekey94@web.de

Understanding the mechanisms that control 
water use of plants exposed to soil drying and 
increasing vapour pressure deficit (VPD) has 
important implications for crop growth in semi-
arid regions with low-input agriculture. In 
particular, the effect of belowground 
processes on transpiration and stomatal 
regulation remains controversial. Objective of 
this study was to understand the role of soil 
properties and root hairs (as an example of 
rhizosphere traits) on transpiration and leaf 
water potential. We hypothesize that root hairs 
facilitate the water extraction from drying soils, 
particularly at high VPD, and that this impacts 
the relation between transpiration rate and leaf 
water potential. We further hypothesize that 
stomatal regulation attenuates the drop in leaf 
water potential when the soil water flow cannot 
match the transpiration demand and thus 
emphasizes the importance of root hairs on 
transpiration rates during soil drying. We 
compared maize (Zea mays L.) with (wild-

type) and without (mutant) root hairs in three 
different soils (Alfisol, Vertisol and Sandy Soil). 
Transpiration and leaf water potential were 
monitored at varying VPD and soil moistures 
during soil drying. The hairless mutant showed 
a higher transpiration in wet soils but declined 
transpiration at greater water contents as 
compared to the wild-type. Under well-watered 
conditions, both genotypes had the highest 
transpiration rates in Vertisol. In Vertisol, both 
genotypes closed their stomata at relatively 
higher water content levels. The relation 
between transpiration and soil moisture 
strongly varied between soils. No obvious 
differences between the genotypes were 
visible in the relationship between leaf water 
potential and transpiration. This is explained 
by the prompt closure of stomata. This study 
provides experimental evidence of the strong 
link between stomatal regulation and soil-root 
hydraulic properties. 
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ID 1190 | Genetic Dissection of Root Architecture in Ethiopian Sorghum (S. 
bicolor, Moench) Germplasm  
Kassahun Bantte*, Temesgen Menamo, Andrew Borrell, David Jordan, Emma Mace, Colleen Hunt, 
Yongfu Tao 

Jimma University 
*E-mail: kassahunb@gmail.com

The root system architecture (RSA) of plants 
influences adaptation to water limited 
conditions and determines the capacity of 
plants to access soil water. We phenotyped 
about 2000 sorghum landraces collected from 
all sorghum growing regions of Ethiopia and 
varieties/lines using a high throughput root 
phenotyping platform which consisted of 
purpose-built root chambers (40 cm high, 35 
cm wide and 3 mm thick). A set of 940 selected 
landraces, representing both narrow and wide 
nodal angle genotypes were evaluated at two 
moisture stress sites to evaluate the 
relationship between root angle and grain yield 
of genotypes under moisture stress 
conditions. The same set of genotypes (940) 
were genotyped using genotyping by 
sequencing (GBS) to map genomic regions 
associated with root traits. Significant genetic 
variation was observed for root number, root 
angle, root length and root dry weight. Among 
these traits, wide genetic variation was 
recorded in nodal root angle among the 

genotypes, ranging from 16.6° to 26.4°, with 
high reputability of 78.9%. Root angle was 
negatively associated with grain yield under 
moisture stress conditions, indicating narrow 
root angle genotypes performing better than 
those genotypes having wide root angle. A 
total of 22 unique genomic regions associated 
with root angle, root number, root length and 
root dry weight were identified with a 
significant value of p = 8.09x-5 threshold on all 
chromosomes except chromosome SBI-10. 
These significant SNP markers were co-
localized with 192 previously identified QTLs 
for drought tolerance traits. Among these, 
quantitative trait loci for root angle (QERA8.7) 
and root length (QERL5.4) were co-localized 
with previously identified QTLs (QRTAN8.1 & 
QRTLN5.3) on chromosome SBI-8 and SBI-5, 
respectively. The results of this study suggest 
that root angle could be used for selection of 
genotypes for moisture stress tolerance both 
through conventional and marker-assisted 
approaches.

ID 1215 | Effect of film antitranspirant application on endogenous ABA 
concentration and yield components in spring wheat 
Wiza Mphande1*, Ivan Grove1, Aidan Farrell2, Laura Vickers1, Peter Kettlewell1 

1Drought Mitigation Group, Crop and Environment Sciences Department, Harper Adams University, TF10 
8NB, Newport, UK. 
2Department of Life Sciences, The University of the West Indies Trinidad, West Indies. 
*E-mail: wmphande@harper-adams.ac.uk

Drought stress reduces crop yields in part by 
causing reproductive sterility, especially of 
pollen grains. Application of the film 
antitranspirant, di-1-p-menthene, during 
reproductive-stage drought has been shown to 
ameliorate yield loss in wheat but the 
physiological processes involved are not 
understood. Using rain shelters to simulate 
terminal drought, we studied the possibility of 
a reduced endogenous ABA concentration as 
the likely mechanism. During two consecutive 
years, di-1-p-menthene was sprayed on spring 
wheat plants (cv, Chilham) at seven growth 

stages (GS33, GS45, GS 51, in 2018 and 
GS31, GS37, GS43, GS51 and GS65, in 
2019) in a randomised block design. Results 
showed that drought stress reduced stomatal 
conductance, transpiration and yield 
components but increased endogenous leaf 
and spike ABA. The effect of di-1-p-menthene 
differed depending on growth stage at 
application. With optimum timing, di-1-p-
menthene application reduced the ABA 
concentration in leaves by 33% and 40% and 
improved grain yield by 15% and 29% in 2018 
and 2019 respectively, averaged over all 
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times. Grain yield improvement was 
associated with increased grain number per 
m2 and increased fertile spike density but not 
pollen viability. The mechanism of drought 

stress amelioration with di-1-p-menthene may 
be related to reduced endogenous ABA, but 
further work is needed to understand the 
consequences for yield components. 

ID 1216 | Water stress effects on maize and soybean root growth and 
distribution in the US Corn Belt 
Raziel Antonio Ordonez*, Sotirios Archontoulis 

Department of Agronomy, Iowa State University, Agronomy Hall, Ames, IA 50011-1010, USA 
*E-mail: ordonez@iastate.edu

Quantitative measurements of root traits can 
improve our understanding of the inherent 
interactions between soils, roots, crops, and 
weather. Root data is very much needed to 
improve crop models capacity in simulating 
root traits. We collected and analyzed 274 
deep soil cores (0 to 210 cm depth) across 
multiple environments in Iowa, which covered 
10 soil types, four years weather data (2016–
2019), different management practices 
(rainfed, irrigated, nitrogen fertilizers) and 
genotypes. Across the soil profile and for every 
30 cm increments, we measured root mass, 
length, carbon and nitrogen contents, and 
estimated: root length density, specific root 
length, root to shoot ratio (R:S). These traits 
were measured over time in 20% of the trails 
while in the rest of the trails once; at mid-grain 
filling period. Results indicated a substantial 
site-year-management-sampling position 

influence on root traits. Maize root mass 
ranged from 1.2 to 2.8 Mg ha-1 and soybean 
from 0.8 to 1.9 Mg ha-1. About 75% of the total 
root mass was allocated in the top 60 cm soil 
profile, and its distribution was controlled 
primarily by soil moisture (water table depth). 
Maize R:S ratio ranged from 0.04 to 0.13 and 
soybean from 0.09 to 0.26. In general, our 
estimates are at the lower end of what is 
reported in the literature. Drought increased 
the R:S ratio mostly by decreasing the above-
ground biomass. We concluded that water 
stress (either drought or excess water) first 
affects the root front velocity and then the dry 
matter allocation to roots. Prediction of root 
phenotypes was not possible using a single 
factor analysis (e.g. soil types or crop 
biomass). Prediction using simulation 
modeling (APSIM) is in process. 

ID 1217 | Development of an ideal root system architecture for rice adapted to 
drought conditions 
Yusaku UGA* 

NICS-NARO 
*E-mail: yuga@affrc.go.jp

Global climatic changes have increased the 
incidence and intensity of drought and the 
extent of drought-prone regions in the last 
decade. Adequate root system architecture 
(RSA) is imperative for the successful 
production of crops in water-deficient 
conditions because the root is the primary 
water uptake organ in most crop plants. 
Genetic improvement of the RSA should be 
considered as an option to enhance 
production in crops under drought stress. We 
previously demonstrated that altering DRO1, a 
quantitative trait locus (QTL) for root growth 
angle, improves drought avoidance in rice. We 
recently isolated another QTL for root growth 

angle, qSOR1. We created four different RSA 
types in rice through QTL pyramiding of 
functional and non-functional alleles in the 
DRO1 and qSOR1 genes, indicating that a 
breeding line with the desired RSA could be 
developed without phenotypic selection in the 
field. To demonstrate this concept in the 
breeding process, we introgressed several 
root-related QTLs from ‘Kinandang Patong,’ 
an upland rice with deep RSA, into Colombian 
lowland varieties with shallow RSA. 
Preliminary results indicated that several lines 
selected only by DNA markers showed a 
deeper RSA than those of the original 
varieties. The application of root-related QTLs 
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will facilitate the development of a rice cultivar 
with wide adaptability in drought-prone 
regions. However, identification of the root 
traits critical for crop production under drought 
stress remains a challenge, primarily because 
the underground location of the roots inhibits 

visual analysis. To visualize the root system, 
we launched a non-destructive 3D root 
phenotyping platform using X-ray CT imaging. 
Using this platform, development of a design 
for an ideal RSA that is robust to drought 
stress is ongoing. 

ID 1222 | Targeting primary root growth to improve drought tolerance in pearl 
millet [Pennisetum glaucum (L) R. Br.] 
Grondin Alexandre1,2, de la Fuente Carla1, Debieu Marilyne1, Sine Bassirou2, Passot Sixtine1, Steffen 
Maxime1, Dinh Hang-Ngan1, Atkinson Jonathan3, Champion Antony1, Barrachina Celia4, Pratlong 
Marine4, Gantet Pascal1, Bennett Malcolm3, Kan Ndjido2, Guyomarc'h Soazig1, Gangashetty 
Prakash5, Wells Darren3, Vigouroux Yves1, Laplaze Laurent1,2  

1DIADE, IRD, Université de Montpellier, Montpellier, France 
2LMI LAPSE, Dakar, Senegal 
3University of Nottingham, Sutton Bonington, UK 
4Montpellier GenomiX, Montpellier, France 
5ICRISAT, Sadoré, Niger 
*E-mail: alexandre.grondin@ird.fr

In West Africa, global change characterized by 
extreme temperatures and dry spells reduces 
cereal yield endangering food security. 
Selection of varieties with improved drought 
tolerance and enhanced yield is therefore 
needed given the high prevalence of 
undernourishment in this region. 

Pearl millet is one of the most important dietary 
staples in arid and semi-arid regions of WA. As 
it is well adapted to dry climates, pearl millet is 
expected to have an increasing importance in 
the adaptation of agriculture to future climates. 
However, it lags behind other major cereal 
crops in its genetic development and its 
average yields remain low. 

Root traits represent potential new targets for 
breeding new varieties more tolerant to 
drought stress. Pearl millet root growth is 
characterized by a fast growth of the primary 
root after germination. Phenotyping of this trait 
in a panel of pearl millet inbred lines showed 
large natural diversity and high heritability. 
Field trials were conducted to investigate the 
importance of this root trait for crop 
establishment and drought stress tolerance 
after germination. Our recent results reveal a 
potential adaptive role for primary root growth 
in pearl millet adaptation to drought stress 
during early developmental stages. The 
mechanisms involved are being analysed 
using a combination of physiology, association 
genetics, QTL analyses in bi-parental 
population, and gene expression approaches. 

ID 1223 | Genome wide-identification of aquaporins in pearl millet [Pennisetum 
glaucum (L) R. Br.] 
Grondin Alexandre1,2, Tranchant-Dubreuil Christine1, Affortit Pablo1, de la Fuente Cantó Carla1, 
Pinguet-Poquet Théo1, Vadez Vincent1,3, Vigouroux Yves1, Laplaze Laurent1,2  

1DIADE, IRD, Université de Montpellier, Montpellier, France 
2LMI LAPSE, Dakar, Senegal 
3International Crops Research Institute for Semi-Arid Tropics (ICRISAT), Patancheru, India 
*E-mail: alexandre.grondin@ird.fr

Water absorption from soil to roots and its 
translocation to different plant organs are of 
major importance for many physiological 
processes. Aquaporins (AQP) are water 
channels that facilitate water flow in and out of 
cells and critical contributors to water 

transport. AQP are involved in adjusting plant 
water balance under different abiotic stresses. 
Under drought stress, modulation of root 
hydraulic conductivity (Lpr) through aquaporin 
function contribute to maintain/adjust 
transpiration and shoot growth. 



Interdrought VI | Abstracts 

14 / 70 
 

 
Pearl millet is the sixth most important cereal 
grain but it is a key cereal for food security in 
arid and semi-arid regions. Although it is well 
adapted to dry climates, its yield remains low 
and is drastically affected by drought stress. 
Recent studies have linked AQP expression 
to transpiration response under atmospheric 
drought caused by high pressure deficit in 
pearl millet (Reddy et al., 2017). 
 

We conducted a genome wide identification of 
AQP isoforms in this crop. Thirty-two AQP 
isoforms were identified and annotated. 
Expression profile of the different isoforms 
was studied in different organs and a 
pharmacological approach was used to 
estimate the contribution of AQP to root Lpr in 
two pearl millet inbred lines contrasting for 
transpiration efficiency. Overall, our results 
reveal diversity in AQP isoforms expression 
and contribution to Lpr suggesting diverse 
strategies for AQP regulation in pearl millet. 

 
ID 1225 | Understanding mitigation of drought damage to rapeseed (Brassica 
napus L.) from sprays of film antitranspirants at different dose rates 
Jie Xiang* 

 
Harper Adams University 
*E-mail: jxiang@harper-adams.ac.uk 
 
Drought has become the most devastating 
natural hazard that influences crop growth 
negatively, particularly in arid and semi-arid 
regions around the world. A huge loss of crop 
production in rapeseed (Brassica napus L.) 
occurs in many regions as a result of water 
stress. It is reported that film antitranspirants 
(ATs) have been applied particularly on some 
ornamental plants. ATs can create a 
waterproof layer to block the stomata 
mechanically, and thus reduce water loss 
through transpiration. There is also increasing 
evidence that ATs enhance the yield of crops 
subject to drought when sprayed at the critical 
stage compared to unsprayed controls. 
However, the physiological mechanism by 
which ATs mitigate the drought damage on the 

yield and yield component of rapeseed is not 
clear. Therefore, two pot experiments were 
carried out to investigate the effects of ATs at 
different dose rates on rapeseed under 
drought conditions at the flowering stage. Gas 
exchange including stomatal conductance and 
CO2 assimilation rate, as well as yield-related 
measurements, were taken both on droughted 
and well-watered plants. The results will be 
displayed on the poster in detail. Our results 
show that drought during the flowering stage 
can lead to a large yield loss of rapeseed. 
Application of ATs may be considered as a 
novel crop-management method to help 
rapeseed under drought reduce water loss and 
thereby ameliorating plant water stress. 

 
ID 1233 | Plant hydraulic mechanisms underlie greater productivity under 
drought in grain crops 
Louise Comas1, Sarah Drobnitch2, Sean Gleason1  
 
1USDA-ARS Water Management Research Unit, Fort Collins, CO USA 
2Soil and Crop Science Department, Colorado State University, Fort Collins, CO USA 
*E-mail: louise.comas@usda.gov 
 
Although there has been great interest in plant 
mechanisms related to crop production under 
drought, hydraulic mechanisms have rarely 
been explored. In maize, we find genotypes 
with the highest yield under drought in the field 
have the highest maximum hydraulic 
conductance, and highest maximum diurnal 
stomatal conductance. These genotypes have 
large diameter xylem vessels to facilitate this 
conductance. Interestingly, maize can lose 

>50% of its conductive capacity each day, 
resulting from xylem embolization, even under 
well-watered conditions. However, high 
yielding genotypes under drought also have 
greater root flow via root pressure following re-
watering. Immediately after stems are cut, 
there is no root flow from dry plants but after 
plants are re-watered and given an hour for 
recovery, there is substantial flow. Measured 
root pressures in maize can exceed 100 kPa, 
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which would allow the lifting of water to a 
height of approximately 10 m in a non-
transpiring plant. With extremely low nighttime 
transpiration and plant heights of 
approximately 2 m in maize, root pressures 
measured should effectively pressurize the 
entire vascular system of the plants and 
dissolve emboli. In sorghum, maximum root 

flow after re-watering was also higher in 
droughted plants than well-watered plants, 
suggesting an actively-regulated mechanism. 
We suggest hydraulic mechanisms may be 
key for maintaining growth of developing grain 
through reversing stem xylem cavitation, 
refilling potentially collapsed leaf xylem, and 
allowing for the resumption of carbon fixation. 

 
ID 1236 | Representing systemic and novel approach to assess drought 
adaptation in region specific peanut and to accelerate crop improvement 
program 
Seltene Abady1,2, Shimelis Hussein2, Sunil Chaudhari1, Surendra Singh Manohar1, Sunita 
Choudhary1, Rekha Baddam1, Subhash Degala1, Jana Kholova1 and Pasupuleti Janila1* 
 
1International Crops Research Institute for the Semi-Arid Tropics, Patancheru, India -502324 
2School of Agricultural, Earth and Environmental Sciences, Africa Centre for Crop Improvement (ACCI), 
University of KwaZulu-Natal, Pietermaritzburg, South Africa 
*E.mail: p.janila@cgiar.org 
 
Peanut is one of the important legume crops 
grown in semi-arid tropics of Asia and Africa 
under rainfed conditions where water stress 
due to insufficient and/or erratic distribution of 
rain is one of the major production constraints. 
Babile and Fedis districts are leading peanut 
producing areas in Ethiopia. A study was 
conducted to identity canopy growth traits 
using high-throughput phenotyping platform 
(LeasyScan) that can be used in peanut 
breeding to make selection decisions for 
adaptation to water-deficit stress. The study on 
peanut genotypes in field conditions in well-
watered (WW) and water-stress (WS) 
conditions to estimate the yield potential under 
WW and yield penalty under WS, and canopy 

growth traits, were studied to understand and 
identify the canopy growth traits contributing to 
WS adaptation in peanut that can be of 
potential use in peanut breeding to make 
selection decisions using high-throughput 
phenotyping platfrom. Further the transpiration 
efficiency and water-use efficiency of peanut 
genotypes under water-deficit stress was 
assessed at ICRISAT-Patancheru in 
Lysimeters. The duration, time and extent of 
water-stress at Babile and Fedis districts was 
estimated by using last 31 years of graded 
weather data of target environments of 
Ethiopia. Based on this the planting window at 
Patancheru was decided to mimic the target 
environments in Ethiopia. 

 
ID 1243 | A Rice RING Type E3 Ubiquitin ligase Oszf1 Enhances The Water 
Retention Capacity Under Drought Through Ubiquitination And Degradation 
of OsPIP2 
Shoujun Chen*, Kai Xu, Xiaosong Ma, Deyan Kong , Yi Liu ,Hongyan Liu, Lijun Luo 
 
Shanghai Agrobiological Gene Center, Shanghai 201106, China 
*E-mail: csj08@sagc.org.cn 
 
Water is a key resource for plant growth and 
survival. The transcellular water movement is 
facilitated by aquaporins (AQPs) to rapidly and 
reversibly modify water permeability. This is 
done by regulating the abundance and activity 
of aquaporins. The abundance of aquaporins 
is influenced by the aquaporins synthesis, 
redistribute, and degradation. The latter 
contains proteasomal degradation and 
autophagic degradation. Here we demonstrate 

a RING zinc finger protein 1 gene, Oszf1, 
possesses the E3 ligase activity and can 
modulate the abundance of OsPIP2 to 
remarkably enhances the drought resistance 
by reducing the water loss in rice (Oryza 
sativa). Oszf1 is a candidate gene from a rice 
drought QTL interval on the long arm of 
chromosome 4. The expression of Oszf1 was 
induced by drought. Oszf1 can ubiquitinate 
OsPIP2 and lead it to be degraded. The 
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content of OsPIP2 protein was decreased in 
Oszf1 overexpression (OE) plants. MG132 
can inhibit the degradation of OsPIP2. The 
Oszf1 OE plants, with higher leaf related water 
content (LRWC) and lower leaf water loss rate 
(LWLR), exhibit enhanced drought resistance. 

Whereas, the RNAi plants of Oszf1, with 
increased LWLR, were more sensitive to 
drought. These data illustrated that Oszf1 
positively regulates the rice drought resistance 
through promoting the degradation of OsPIP2 
protein to enhance water retention capacity. 

ID 1247 | Genetic variation in screening upper mid-south soybean lines for a 
drought tolerant trait: The limited transpiration rate (TRlim)  
Avat Shekoofa1*, Angela McClure1, Jason D. Gillman2 

1The University of Tennessee Knoxville, Plant Sciences Dept. 
2USDA-ARS Missouri 
*E-mail: ashekoof@utk.edu

Drought conditions in the United States are 
estimated to result in average annual losses 
in the range of $10 to $14 billion. Identification 
and integration of genetic traits enabling 
increased water conservation in plants could 
provide increased water availability and plant 
performance during drought. In the upper 
mid-south of the U.S., soybean is most often 
grown under rainfed conditions. Therefore, 
years in which drought and high evaporative 
demand occur can result in decreased final 
seed yield. The objective of this study was to 
develop a high-throughput protocol for 
phenotyping for drought-tolerance in soybean 
in the upper mid-south. An aquaporin inhibitor 
(i.e., silver nitrate) was used to determine the 
expression of the limited transpiration (TRlim) 
trait among soybean lines under high vapor 
pressure deficit (VPD). The advantage of the 
TRlim trait is that it allows plant water 
conservation to increase available soil water 
during late-season drought. A soybean 
population of 122 recombinant inbred lines 

(RIL) derived from crossing of Jackson× 
KS4895 was tested by applying 200 μM silver 
nitrate to de-rooted soybean shoots under 
high VPD (>2.5 kPa). Among 122 RILs, half of 
the population showed higher sensitivity to 
silver ion than KS4895 (a parent line). 
However, several lines showed no or limited 
changes in water loss with the silver 
treatment. It appears that the silver screening 
for RILs population DTR offers the initial 
capacity for discrimination among the studied 
soybean lines. Therefore, after initial silver ion 
screening 26 lines were selected for direct 
measurement of transpiration rate under 
varying levels of VPD. Among lines with the 
low DTR rates, 71% expressed the TRlim, 
with VPD BP ranging from 1.7 to 2.9 kPa, 
under high VPD. The soybean RILs 
expressing low DTR should be studied further 
under field conditions for evaluation as 
potential drought tolerant parents in a 
breeding effort. 

ID 1248 | How can we use computational models to extend our understanding 
of water relations in plants 
Lobet G*, Heymans A, Zhou X, Passot S, Couvreur C, Meunier F, Draye X, Javaux M, Leitner D, 
Pagès L, Schnepf A, Vanderborght J 

*E-mail: g.lobet@fz-juelich.de

In the recent years, many computational tools, 
such as image analysis, data management, 
process-based simulation and upscaling tools, 
were developed to help quantify and 
understand water flow in the soil-root system, 
at multiple scales (tissue, organ, plant and 
population). Several of these tools work 
together or, at least, are compatible. However, 
for the un-informed researcher, they might 

seem disconnected, forming a unclear and 
disorganised succession of tools. In this 
presentation, we present how different pieces 
of work can be further developed by 
connecting them to analyse soil-root-water 
relations in a comprehensive and structured 
network. This explicit network of soil-root 
computational tools informs the reader about 
existing tools and help them understand how 
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their data (past and future) might fit within the 
network. We also demonstrate the novel 
possibilities of scale-consistent 
parameterizations made possible by the 

network with a set of case studies from the 
literature. Finally, we discuss existing gaps in 
the network and how we can move forward to 
fill them. 

 
ID 1255 | Multiple integrated root phenotypes are associated with enhanced 
drought tolerance in maize 
Stephanie Klein*, Hannah Schneider, Alden Perkins, Kathleen Brown, Jonathan Lynch 
 
Pennsylvania State University  
*E-mail: spk185@psu.edu 
 
Drought is a primary limitation for crop 
productivity worldwide. Multiple root phenes 
have been identified conferring enhanced 
performance under water deficit stress. Here, 
we test the hypothesis that multiple distinct 
integrated root phenotypes are co-optimizing 
solutions to crop fitness under drought. Using 
shovelomics and laser ablation tomography, 
we phenotyped the root anatomy and 
architecture of 400 mature maize genotypes 
under well-watered and water-stressed 
conditions in the field. We found substantial 
variation in all 23 root architectural and 
anatomical phenes measured. A phenotypic 
bulked segregant analysis revealed that bulks 
representing the best and worst performers 
under water stress in the field displayed 
distinct integrated root phenotypes. In contrast 
to the bulk of poor performers, the integrated 
root phenotype of the best-performing bulk 
under drought consisted of greater cortical 

aerenchyma formation, more numerous and 
narrower metaxylem vessels, and thicker 
nodal roots. Partition against medians (PAM) 
clustering revealed several clusters of unique 
root phenotypes related to plant performance 
under water stress. Clusters associated with 
improved drought tolerance consisted of 
phene states that enabled greater soil 
exploration by reallocating internal resources 
to greater root construction (increased 
aerenchyma content, larger cortical cells, 
fewer cortical cell files), restricted uptake of 
water to conserve soil moisture (reduced 
hydraulic conductance, narrow metaxylem 
vessels), and greater penetrability of 
hardening, drying soils (thick roots with a 
larger proportion of stele, smaller distal cortical 
cells). We propose that integrated root 
phenotypes associated with improved 
performance under water stress merit 
consideration as breeding ideotypes. 

 
ID 1279 | Soil-root hydraulic constraints on transpiration and stomatal 
regulation in crops  
Mutez Ali Ahmed1*, Gaochao Cai1, Faisal Hayat1, Mohanned Abdalla1, Mathieu Javaux2, Andrea 
Carminati1  
 
1University of Bayreuth, Bayreuth Center of Ecology and Environmental Research (BayCEER), Chair of 
Soil Physics, Universitätsstraße 30, 95447, Bayreuth, Germany  
2Catholic University of Louvain, Belgium, Earth and Life Institute  
*E-mail: Mutez.Ahmed@uni-bayreuth.de 
 
Although 80 per cent of terrestrial 
evapotranspiration passes through stomata 
and transpiration represent by far the largest 
water flux globally, the fundamental question 
as to what triggers stomatal closure during 
drought remains controversial. Droughts is 
projected to increase in many regions as a 
results of climate change, yet current models 
are mainly empirical and hardly capture plant 
drought responses. It has been shown that 
closing stomata at high VPD, and hence 

conserving water early in the season, confer 
drought tolerance in specific drought 
scenarios. Thus, we urgently need to improve 
our understanding of stomatal response to 
water deficits in soil and atmosphere. 
 
We propose that stomata close when the 
water potential at the root-soil interface drops 
and the soil-plant hydraulic conductance starts 
to decrease. We used a root pressure 
chamber to measure the relationship between 
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leaf water potential (ψleaf) and transpiration 
(E) during soil drying in cereals (maize, pearl 
millet and barley) and herbaceous species 
(tomato). In wet soils, the relation between 
ψleaf and E is linear. In dry soils, the relation 
becomes nonlinear, with ψleaf rapidly and 
nonlinearly decreasing for small increases in 
E. We provide experimental evidence that 
stomata close when dψleaf /dE starts to 
decrease. Furthermore, we propose possible 
mechanisms that allow plants to respond to 
changes in soil-plant hydraulic conductance 
and to remain in the linear part of the E(ψleaf) 
relation. 

 
In summary, we show that soil-plant 
hydraulics constrains transpiration and we 
provide evidences that stomatal closure and 
transpiration are primarily triggered by below-
ground hydraulic traits, especially those at the 
soil-root interface. Our results and concepts 
highlight the coordination between below- 
and aboveground plant hydraulic 
conductances and allow to quantify the effect 
of root traits on the water use economy of 
crops during drought. 

 
ID 1281 | Root water uptake profiles in response to increasing soil water 
gradients 
Dagmar van Dusschoten*, Yannik Müllers, Johannes Kochs, Johannes A. Postma  
 
IBG-2, Plant Sciences, Forschungszentrum Jülich, Jülich, Germany 
*E-mail: d.van.dusschoten@fz-juelich.de 
 
Plant water use is for the most part demand 
driven but becomes source limited when soils 
become exceedingly dry. It is often assumed 
that the soil water potential is the limiting factor 
in root water uptake (RWU). However, soil 
water conductivity may also be a limiting factor 
as this variable reduces more strongly with 
diminishing soil water contend than does the 
increase in soil water potential (in absolute 
terms). Which of the two is more relevant can 
be addressed by modulating plant 
transpiration with light intensity. The light 
dependent RWU profile should not respond to 
a change of the soil water potential gradient, 
but is should depend on soil water conductivity 
heterogeneities when this parameter becomes 
limiting. 

 
Recently we developed a very precise soil 
water sensor that can measure changes of 
local soil water content with a precision of 
3.10^(-5) cm^3/cm^3 with 1cm vertical 
resolution while measuring along a soil 
column (depth 45cm, diameter 8cm). In 
combination with a fully controllable LED 
panel, light induced changes of the 
transpiration rate can be shown to affect RWU 
profiles in a distinctive pattern which is not 
only dependent on root length distribution, but 
in drying soil also changes with soil water 
content profiles. Our results clearly illustrate 
that soil water conductivity is relevant for 
RWU, without denying the importance of soil 
water potential. 

 
ID 1295 | Unraveling dynamic belowground phenotypes of cereal crops by 
focusing on fine root development and function 
Josefine Kant*, Vera Hecht, Marie Klein, Helena Bochmann, Charlotte Rambla, Heike Fassbender, 
Amelia Henry, Kerstin Nagel, Tobias Wojciechowski, Lee Hickey, Eric Ober, Matthias Wissuwa, 
Michelle Watt  
 
Forschungszentrum Juelich GmbH  
*E-mail: j.kant@fz-juelich.de 
 
Taking up water and nutrients and maintaining 
contact with the soil microbiota makes the root 
system irreplaceable for plant growth under 
suboptimal conditions. We focus on the finer 
root and hair components of root systems and 
their ability to flexibly and rapidly respond to 
soil resources and assimilate supply. Fine 

cereal lateral roots (branching off other roots; 
anatomical type-depended specificity; ca. 
0.05 to 0.5 mm diameter) and root hairs 
(epidermis-derived unicellular extensions; ca. 
0.02 mm diameter) make up the vast majority 
of root system surface area, although they are 
barely visible by eye. Critically, we are 
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discovering wide genetic and environmental 
responses of cereal fine roots to resource 
supply and soil conditions. For example, rice 
genotypes grown in phosphorus-limited 
solution produced more and longer root hairs 
as expected. However, in a phosphorus-
limited field this phenotype was not expressed 
and close examination showed that lateral root 
type was the best predictor of root hair 
development (Nestler et al. 2016; Kant et al. 
2019). Rice genotypes within a diversity panel 
in a droughted field followed by water resupply 
elongated leaves and produced roots at 

different rates (Klein, MSc thesis). We are 
exploring lateral root and hair longevity and 
dynamics upon water resupply as a 
mechanism by which shoot:root allocation 
varies through selective breeding (Bochmann, 
MSc thesis). More broadly, phenotyping in 
rhizoboxes showed wide variation in lateral 
root proportion to root system length in 
sorghum and wheat. Fine root development is 
thus an understudied and exciting opportunity 
to improve the resource efficiency of cereals, 
the major source of calories for the global 
human population. 

 
No ID | Improving Water Use Efficiency through alternation of stomata 
regulation 
Katarzyna Glowacka* 

 
University of Nebraska-Lincoln 
*E-mail: kglowacka2@unl.edu 
 
In the U.S. alone the agricultural loss caused 
by drought annually costs ~$29 billion. Most of 
the water absorbed by plant roots is lost via 
transpiration from stomata. However, to 
capture atmospheric CO2 during 
photosynthesis, stomatal pores need to stay 
open to allow CO2 to get into the leaf. It is 
estimated that ~200 water molecules are lost 
for every carbon atom that is fixed by 
photosynthesis. The higher the air and surface 
temperature, the more water plants transpire, 
which increases the demand for irrigation to 
secure crop production. One of the solutions to 
reduce the need for irrigation and secure yield 
under drought condition is to develop crops 
that require less water per unit mass of 
production. Our results collected on tobacco 
show that increasing, through genetic 
manipulation, expression of a photosynthesis-
related protein of photosystem II subunit S 
(PsbS) significantly suppresses stomatal 
opening with little effect on CO2 uptake and 

thus increases water use efficiency. The 
reduction in stomatal opening did not translate 
into a reduction of CO2 assimilation although 
the CO2 supply was slightly affected. Instead, 
modified plants showed an increase in 
photosynthesis capacity through higher 
maximum carboxylation capacity and the 
activation stage of RuBisCO. Since PsbS 
stimulates the thermal dissipation of excitation 
energy observed as nonphotochemical 
quenching (NPQ), we predict that increased 
expression of this protein decreases the 
chloroplast-derived signal for stomatal 
opening in response to light and decreases 
water loss at the leaf level. The PsbS 
overexpressing lines on average showed a 
25% decrease in the amount of water used for 
each molecule of CO2 fixed and 27% higher 
leaf area per water used. Under field 
conditions that limited wildtype growth, this 
alteration led to 20% higher biomass.  

 
SESSION 4: PLANT PRODUCTIVITY UNDER DROUGHT: VEGETATIVE AND 

REPRODUCTIVE GROWTH 
 
ID 1013 | Genotypic variation in whole-plant transpiration efficiency in 
sorghum only partly aligns with variation in stomatal conductance 
Erik van Oosterom*, Geetika Geetika, Barbara George-Jaeggli, Kurt Deifel, Greg McLean, Graeme 
Hammer 
 
The University of Queensland – QAAFI 
*E-mail: erik.van.oosterom@uq.edu.au 
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Water scarcity can limit sorghum production in 
dryland agriculture and increased whole-plant 
transpiration efficiency (TEwp, biomass 
production per unit water transpired) could 
enhance grain yield in such conditions. The 
objectives of this study were to quantify 
variation in TEwp for 27 sorghum genotypes 
and explore linkages of this variation to 
responses of underpinning leaf-level 
processes to environmental conditions. 
Individual plants were grown in large 
lysimeters in two well-watered experiments. 
Whole-plant transpiration per unit green leaf 
area (TGLA) was monitored continuously and 
stomatal conductance (gsleaf) and maximum 
photosynthetic capacity were measured 
during sunny conditions on recently expanded 
leaves. SPAD leaf chlorophyll measurements 
of the upper five leaves of the main shoot were 
conducted during early grain filling. TEwp was 

determined at harvest. Results showed that 
diurnal patterns in TGLA were determined by 
vapour pressure deficit (VPD) and by the 
response of whole-plant conductance to 
radiation and VPD. Significant genotypic 
variation in the response of TGLA to VPD 
occurred and was related to genotypic 
differences in gsleaf. However, variation in 
TGLA explained only part of the variation in 
TEwp, with some of the residual variation 
explained by SPAD readings, which were a 
reflection of photosynthetic capacity. 
Genotypes with different genetic background 
often differed in TEwp, TGLA, and leaf 
chlorophyll, indicating potential differences in 
photosynthetic capacity among these groups. 
Observed differences in TEwp and its 
component traits can affect adaptation to 
drought stress.

ID 1029 | Osmolyte accumulation plays important roles in the drought 
priming induced tolerance to post-anthesis drought stress in winter wheat 
Xiao Wang* 

 
Nanjing Agricultural University 
*E-mail: wangxiao209@126.com 
 
Winter wheat were subjected to moderate 
drought priming before anthesis and then to a 
severe drought stress after anthesis. The plant 
morphology, osmolyte accumulation related 
traits in both leaves and roots were analysed 
during the priming, the post-anthesis drought 
stress, and the recovery from the drought 
stress. The primed plants (PD) showed lower 
reduction in leaves dry weight and grain yield, 
higher maximum root length, compared with 
non-primed plants (CD). The PD maintained 
lower osmotic potential related to the higher 
contents of leaf proline and sucrose. The 
higher proline content could be resulted from 
the improved activities of Δ1-pyrroline-5-
carboxylate synthetase (P5CS) due to the up-
regulated expression of P5CS. The higher 

sucrose content correlated with the up-
regulated expression of gene encoding the 
sucrose-phosphate synthetase. No significant 
differences between PD and CD in contents of 
proline and sucrose of root were found. 
Meanwhile, the PD showed higher activities of 
antioxidant enzymes, which contributed to 
lower cell membrane peroxidation level as 
compared with the CD in both leaves and roots 
under drought stress. It is concluded that the 
enhanced tolerance to drought stress in 
primed plants were related to the enhanced 
osmolyte accumulation to maintain a better 
plant water status, which further resulted in 
relatively higher photosynthesis, lower 
oxidative stress damage and grain yield under 
the post-anthesis drought stress. 

 
ID 1030 | Parental drought-priming enhances tolerance to post-anthesis 
drought in offspring of wheat 
Dong Jiang* 

 
Nanjing Agricultural University 
*E-mail: jiangd@njau.edu.cn 
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Drought is the major abiotic stress that 
decreases plant water status, inhibits 
photosynthesis, induces oxidative stress, 
restricts growth and finally lead to the 
reduction of wheat yield. It has been proven 
that drought priming during vegetative growth 
stage could enhance tolerance to drought 
stress at grain filling in wheat. However, 
whether drought priming imposed at grain 
filling in parental plants could induce drought 
tolerance in the offspring is not known. In this 
study, drought priming was successively 
applied in the first, the second and the third 
generation of wheat to obtain the plants of T1 
(primed for one generation), T2 (primed for two 
generations), T3 (primed for three 
generations). The differently primed plants 
were then subjected to drought stress during 
grain filling in the fourth generation. Under 
drought stress, the parentally primed plants, 
disregarding the number of generations, 
showed higher grain yield, leaf photosynthetic 
rate and antioxidant capacity as well as lower 
O2.- release rate and contents of H2O2 and 

MDA than the non-primed plants, suggesting 
that drought priming induced the 
transgenerational stress tolerance to drought 
stress. Moreover, the parentally primed plants 
showed higher leaf water status, which may 
result from the higher contents of proline and 
glycine betaine, and higher activities of Δ1-
pyrroline-5-carboxylate synthetase (P5CS) 
and betaine aldehyde dehydrogenase 
(BADH), compared with the non-primed plants 
under drought stress. In addition, there was no 
significant difference among three generations 
under drought, and the drought priming in 
parental generations did not affect the grain 
yield of the offspring plants under control 
condition. Collectively, the enhanced 
accumulation of proline and glycine betaine in 
the parentally primed plants could have played 
critical roles in parental priming induced 
tolerance to drought stress. This research 
provided a potential approach to improve 
drought tolerance of offspring plants by 
priming parental plants.

ID 1143 | Trait targets of the Heat and Drought Wheat Improvement Consortium 
(HeDWIC) 
Matthew Reynolds*, Fernanda Dreccer, Simon Griffiths, Janet Lewis, Frank.Ordon 

International Maize and Wheat Improvement Center 
*E-mail: M.Reynolds@cgiar.org

Wheat is the most widely grown crop 
worldwide providing 20% of human calories 
and protein. It is imperative to build climate 
resilience into new varieties, which requires 
innovations in breeding, made possible by 
recent advances in understanding stress 
response mechanisms, remote sensing, and 
genomics. To capitalize on these approaches, 
CIMMYT and the Wheat Initiative initiated the 
Heat and Drought Wheat Improvement 
Consortium (HeDWIC) based on stakeholder 
consultation. Strategic use of these new 
technologies combined with proven methods 
will be applied within 3 main activities of 
HeDWIC: 

1. Applying molecular genetic tools, in
conjunction with detailed 
physiological and molecular 
characterization of heat/drought 
adaptive mechanisms, to identify 
molecular networks, genes and 
markers that will improve wheat’s 
performance under diverse heat and 

drought scenarios. This work will be 
underpinned by the wheat genome 
sequence and additional genomic 
resources; 

2. High throughput phenotyping -in
realistic field environments- of the
vast untapped reserve of wheat
genetic resources for use in pre-
breeding and gene discovery, and
validation of trait expression in new
germplasm.

3. Augmenting conventional wheat
improvement methods using these
outputs

In a pilot project, novel lines were developed 
by selecting for a range of physiological traits 
in parents and progeny -including more 
extensive root and the plant ability to store 
and remobilize stem carbohydrates- through 
collaboration between breeders and 
physiologists, resulting in improved varietal 
performance in heat stressed regions of 
Pakistan. HeDWIC considers a wide range of 
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physiological traits under two main 
categories, 1) Resource capture and 
utilization efficiency; aiming to maximize 
WUE and RUE; 2) Reproductive growth and 
resource partitioning; to maximize HI and 

nutritional quality. HeDWIC will coordinate 
globally dispersed skills and resources 
relying on wide consultation of experts to 
provide new technologies to wheat breeding 
programs worldwide. 

ID 1159 | Integrating aerial hyperspectral reflectance phenotyping and 
genomic selection for the prediction of wheat grain yield in water-limited 
environments 
Margaret R. Krause*, Lorena González-Pérez, José Crossa, Paulino Pérez-Rodríguez, Osval 
Montesinos-López, Ravi Singh, Susanne Dreisigacker, Jesse Poland, Jessica Rutkoski, Mark 
Sorrells, 
Michael A. Gore, Suchismita Mondal  

International Maize and Wheat Improvement Center 
*E-mail: m.krause@cgiar.org

Hyperspectral reflectance phenotyping and 
genomic selection are two emerging 
technologies that have the potential to 
increase plant breeding efficiency for drought-
stressed environments by improving grain 
yield prediction accuracy. Hyperspectral 
cameras quantify canopy reflectance across a 
wide range of wavelengths that are responsive 
to crop water status. Genomic selection 
models utilize genome-wide marker and/or 
pedigree information to predict the genetic 
values of breeding lines. We propose a multi-
kernel GBLUP approach to genomic selection 
that uses genomic marker-, pedigree-, and 
hyperspectral reflectance-derived relationship 
matrices to model the genetic main effects and 
genotype × environment interactions across 
optimal and drought-stressed environments 
within a bread wheat (Triticum aestivum L.) 
breeding program. We utilized an airplane 
equipped with a hyperspectral camera to 
phenotype differentially managed well-
watered and water-limited yield trials 
conducted by the Bread Wheat Improvement 

Program of the International Maize and Wheat 
Improvement Center (CIMMYT) at Ciudad 
Obregón, México over four breeding cycles. 
Multi-kernel models combining 
marker/pedigree information with 
hyperspectral reflectance phentoypes had the 
highest prediction accuracies overall, 
averaging 0.43. Improvements in accuracy 
over the single-kernel marker- and pedigree-
based models were the greatest for the water-
limited treatments, with the addition of 
hyperspectral data increasing accuracies by 
0.13-0.16 on average. However, these 
improvements were more marginal when 
correcting for days to heading, with the 
greatest reductions in accuracy observed for 
the water-limited treatments. Our results 
demonstrate the potential of using 
hyperspectral imaging and genomic selection 
to predict grain, though there is a need for 
further study of best practices to account for 
phenology when using hyperspectral 
reflectance phenotypes for grain yield 
prediction in drought-stressed environments. 

ID 1164 | Quantifying drought tolerant crop traits using sensing technologies 
to enhance selection in sorghum breeding trials 
A B Potgieter*, K Laws, B George-Jaeggli, C Hunt, S Reynolds Massey-Reed, M Lamprecht, J 
Liedtke, Y Zhao, S Chapman, A Borrell, E Mace, G Hammer, D Jordan 

The University of Queensland, Australia 
*E-mail: a.potgieter@uq.edu.au

Global food production needs to increase by 
more than 60% by 2050 to meet the projected 
demand. At the same time, yield advances 
have slowed at both a production, as well as, 
a genetic improvement level. To ensure further 

progress, a better understanding of the traits 
that lead to greater yield potential and better 
adaptation to challenging climatic conditions is 
needed, which is a major priority in the 
Australian sorghum pre-breeding program. 
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However, monitoring and capturing 
physiological and phenological traits within 
large breeding trials is time consuming and 
costly, especially when data has to be collated 
across various environments. For example, 
the current method for estimating 
characteristics like lodging and stay-green 
involves visually scoring lodging and stay-
green across thousands of plots. The advent 
of sensing technologies, however, has 
provided avenues to develop tools to assess 
such traits efficiently and cost-effectively. This 
study outlines the application and ability of 
proximal sensing technologies to enhance 
plant-breeding research outcomes. 
Specifically, we describe the design of a high-
throughput (HTP) software pipeline to capture, 

manipulate and analyse “BIG DATA” collated 
from proximal sensors on-board two 
phenotyping platforms. We discuss analyses 
and results from the use of high-resolution 
spatial characterisation of time-sequence 
data, obtained from multi-spectral sensors and 
reconstructed point-cloud data. Application of 
such an approach across breeding fields offers 
the potential to more accurately and cost 
effectively determine drought related traits like 
stay-green and lodging responses among 
genotypes. The deployment of these new 
technologies into breeding programs will 
enable more rapid genetic gain and hence 
faster delivery of adapted commercial hybrids 
with improved yield in water limited 
environments. 

 
ID 1203 | Comparative yield physiology of spring and winter wheat in a semi-
arid Mediterranean environment 
David Cann* 

 
La Trobe University 
*E-mail: D.Cann@latrobe.edu.au 
 
In semi-arid southern Australia, average 
autumn rainfall has been in decline since the 
early 1990s. As autumn is the optimal 
establishment period for spring wheat, early 
sowing has emerged as a management tool to 
establish wheat outside the period of declining 
rainfall and increase water-limited potential 
yield. Winter wheat has a stable flowering time 
across a range of sowing dates, making it 
more suited to early sowing than spring wheat, 
which if sown early flowers during a period of 
high frost risk. As winter wheat has not been 
prioritised in breeding programmes in 
southern Australia, phenotypic determinants 
of yield are not well understood. This study 
aimed to determine whether the phenotypic 
determinants of yield differ in winter and spring 
wheat sown in a semi-arid environment with 
Mediterranean rainfall distribution. It was 
hypothesised that biomass accumulation 
would explain more yield variation in spring 
wheat, whereas biomass partitioning traits 

would explain more yield variation in winter 
wheat. Following a partially-replicated pilot 
experiment in 2018, winter and spring lines 
derived from a Mace/Gauntlet (two high-
yielding southern Australian spring cultivars) 
cross and matched for heading date were 
sown in a fully replicated field experiment at 
Birchip, Victoria in 2019. Winter lines were 
sown earlier to achieve synchronous flowering 
between the two treatments. 2018 results 
found no difference in the amount of yield 
variation explained by traits in winter wheat 
lines compared to spring wheat. Grain number 
and dry matter at maturity explained most 
variation in yield (R = 0.73 and 0.58 
respectively). Harvest index and fruiting 
efficiency were weakly associated with yield (R 
= 0.16 and 0.10 respectively). Early results 
from 2019 suggest that biomass 
accumulation, particularly during vegetative 
growth, explain yield variation more 
significantly in spring lines than winter lines. 

 
ID 1207 | Using UAV Measurements to Phenotype Drought and Heat Stress in 
Wheat  
Karolin Kunz*, Yuncai Hu, Urs Schmidhalter  
 
Technical University of Munich 
*E-mail: kunz@wzw.tum.de 
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Wheat is one of the most important crops in 
the world. However, yields are highly 
affected by high temperatures in combination 
with little rainfall. In the future, such drought 
events are expected to happen more 
frequently. To meet the food demand of a 
growing world population, breeding of more 
drought tolerant wheat varieties is crucial. 

To screen and identify wheat varieties with 
such traits, a multi-year field trial was 
performed in Bălţi, in the Republic of 
Moldova. Due to the continental climatic 
conditions present there the summers are 
often arid. In the trial 40 wheat varieties were 
tested, 20 originated from Eastern European 
countries, 20 from Germany including lines 
and hybrids. The Eastern European varieties 
are well adapted to an environment with 
abiotic stress during summer, and can serve 
to compare yield levels to what can be 
achieved with a suitable genetic constitution. 
German varieties show a higher yield 
potential under more favorable climate 
conditions with sufficient precipitation. 
Phenotyping these varieties under realistic 
drought conditions, can help to identify and 

select wheat varieties with a high degree of 
drought and heat tolerance for future 
breeding programs. 

Thermal and multispectral measurements 
were conducted from anthesis until harvest, 
with both handheld devices and a drone. 
They can provide valuable information about 
the plants’ water status and nutrient uptake. 
Additionally, plant samples were cut to 
corroborate the findings from non-destructive 
measurements. 

Preliminary results showed good correlations 
between terrestrial and aerial devices. 
Significant differences between wheat 
varieties were observed in the grain yield and 
grain quality as well as in plant surface 
temperature. Varieties from Germany showed 
lower yield due to drought stress, and higher 
temperatures, indicating insufficient water 
supply. In a next step, the relations and 
correlations between the single 
measurements are analyzed and ranking 
sums are calculated to identify promising 
varieties. 

ID 1264 | Field high-throughput screening of natural genetic variation in 
photosynthetic traits in durum wheat under drought stress using Light-
Induced Fluorescence Transient (LIFT) 
Nicolas Zendonadi dos Santos*, Giuseppe Condorelli, Eder Groli, Maria Newcomb, Richard Ward, 
Fabio Fiorani, Marco Maccaferri, Roberto Tuberosa, Hans-Peter Piepho, Uwe Rascher, Onno Muller 

Forschungszentrum Jülich GmbH 
*E-mail: n.zendonadi@fz-juelich.de

Agriculture often faces multiple stresses. 
Ensuring food security will require the active 
release of cultivars with consistent high yield 
stability and improved resilience to water 
stress conditions. Field-based high-throughput 
phenotyping platforms (HTPPs) facilitate the 
screening of large populations to be able to 
evaluate and discover meaningful drought-
adaptive traits and accelerate the identification 
of superior genotypes in an accurate and cost-
effective manner. For doing so, the HTPPs rely 
on sensors to characterise either relevant 
traits or an integrative signal, e.g. 
photosynthesis, which may serve as a robust 
selection parameter for crop performance. 
Chlorophyll fluorescence (ChlF) has become a 
powerful and widely used non-invasive 
technique in plant ecophysiology for helping to 
elucidate the fundamentals of photosynthesis. 

Even though ChlF has often been proposed as 
suitable for screening drought, it has not yet 
been really adopted in breeding programs. 
This is partially due to the fact that the majority 
of the existing instruments measure at low-
throughput, with limited potential for 
automation, and are mainly constrained to 
controlled conditions. Recently the light-
induced fluorescence transient (LIFT) sensor 
has been shown to provide active ChlF data 
collected at a distance for rapid 
characterisation of photosynthetic traits, e.g. 
the operating efficiency of photosystem II 
(Fq’/Fm’). In the present study, LIFT was 
mounted on a manually pushed cart to 
measure over multiple days a large panel of 
252 elite accessions of durum wheat subjected 
to a progressive drought stress in a replicated 
field trial in Maricopa, Arizona, USA. 
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Integrating these measurements with high 
spatiotemporal resolution environmental data, 
the LIFT sensor helped to interpret the 

genotype x environment interaction, and to 
prospect drought-adaptive traits. 

 
ID 1270 | Genotype-specific growth responses of maize nodal roots to water 
deficit across multiple whorls 
Nicholas Baert1,3*, Cheyenne Becker1,3, David M. Braun2,3, Felix B. Fritschi1,3, Robert E. Sharp1,3 
 
1Plant Sciences, University of Missouri, Columbia, MO 65211, USA 
2Biological Sciences, University of Missouri, Columbia, MO 65211, USA 
3Interdisciplinary Plant Group, University of Missouri, Columbia, MO 65211, USA 
*E-mail: nwbbgk@mail.missouri.edu 
 
Drought is the leading abiotic stress factor 
limiting crop productivity worldwide. It has 
been demonstrated that maize nodal roots 
have a superior ability to continue elongation 
under water-limiting conditions relative to 
other plant organs. Nodal roots originate from 
multiple stem nodes successively over the 
course of several weeks and, along with their 
associated lateral roots, comprise the majority 
of the mature plant’s root system. Maize 
genotypes with a greater ability to maintain 
nodal root growth through dry soil will be better 
able to access water at depth, and thus may 
have a competitive advantage over genotypes 
with a weaker nodal root growth response. To 
identify genotypes that have a greater ability to 
maintain nodal root growth under water-
limiting conditions, a plant growth system was 

designed that allows for the characterization of 
nodal root phenotypes across multiple whorls. 
Several genotypes that were previously shown 
to have contrasting root system growth 
responses to water deficit were characterized 
for their nodal root phenotypes through the first 
five whorls. Initial data suggest that later-
emerging whorls of nodal roots have an 
increased propensity to maintain growth 
through dry soil compared to earlier-emerging 
whorls. Thus, having the capability to study 
multiple whorls of nodal roots is critical to 
understanding whole-plant root system growth 
responses to water deficit. Going forward, 
genetic mutants will be characterized in hopes 
of elucidating the molecular mechanism(s) 
involved in nodal root growth maintenance 
under water deficit. 

ID 1280 | Optical topometry and machine learning for high-throughput 
phenotyping of stomatal patterning traits applied to QTL mapping in a maize 
B73xMS71 RIL population 
Jiayang Xie* 

 

University of Illinois at Champaign-Urbana 
*E-mail: kevinxie@illinois.edu 
 
Stomata are adjustable pores on leaf surfaces 
that regulate the trade-off of CO2 uptake with 
water vapor loss, thus having critical roles in 
controlling photosynthetic carbon gain and 
plant water use. While key genes with major 
roles in regulating stomatal development are 
known, the lack of easy, rapid methods for 
phenotyping quantitative variation in 
epidermal cell traits have limited the use of 
mutant screens and association mapping to 
discover the genetic basis for variation in 
stomatal patterning. We present a new high-
throughput epidermal cell phenotyping 
pipeline and demonstrate its utility in 
quantitative trait loci (QTL) mapping in field-

grown maize B73xMS71 recombinant inbred 
lines (RILs). The boundaries of stomatal 
complexes and pavement cells on 20X images 
acquired by an optical-topometer from 
samples of adult leaves were automatically 
predicted with high accuracy and precision. 
Strong correlations were achieved between 
predicted stomatal complex density (SCD; R2 
= 0.97) and stomatal complex area (SCA; R2 
= 0.71) compared to expert human 
measurements. Genetic variation in epidermal 
traits were strongly correlated across field 
trials in two years. Interestingly, neither SCD 
nor SCA showed significant correlations with 
leaf gas exchange traits. But stomatal complex 
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width (SCW), stomatal complex length (SCL), 
stomatal complex length width ratio (SCLWR), 
pavement cell total area (PTA), stomatal pore 
area (SPA) and specific leaf area (SLA) did 
correlate with leaf gas exchange traits. Out of 
143 QTLs in total, 36 QTLs were consistently 
identified for a given trait in both years. And, 
24 hotspots of overlapping QTLs for multiple 

traits were identified. Orthologs of genes 
known to regulate stomatal patterning in 
Arabidopsis are located within some, but not 
all, of these QTL regions. This demonstrates 
how discovery of the genetic basis for stomatal 
patterning can be accelerated in maize, which 
is of considerable agricultural importance but 
where these processes are poorly understood. 

 
ID 1283 | Understanding legume response to drought: lessons learned and 
new steps forward 
Millicent Smith*, Idupulapati Rao, Andrew Merchant, Marisa Collins, RCN Rachaputi 
 
The University of Queensland 
*E-mail: millicent.smith@uq.edu.au 
 
Global demand for legume crops is increasing, 
yet production mostly occurs in rainfed 
systems where yields are low and the rate of 
yield improvement is stagnating. Therefore, 
understanding physiological responses to 
drought is a key priority to increase the 
productivity of future legume crops. We 
performed a series of experiments under 
controlled and field conditions using a panel of 
common bean (Phaseolus vulgaris L.) lines 
selected for improved adaptation to drought by 
CIAT. Notably, common bean is one of the 
most important grain legumes for human 
consumption and 60% of production is at risk 
of intermittent or terminal drought. To 
understand the impact of decreasing source 
strength on pod development and the effect of 
drought on seed nutritional content we applied 
a range of phenotyping techniques and 
technologies, including nuclear magnetic 
resonance sensors, gas exchange, stable 
carbon isotopes and detailed chemical 
analyses. Despite changes at the whole plant 

level (reduced photosynthesis, reduced 
biomass, reduced yield) manipulations of 
source strength in controlled environments 
and drought in the field did not influence the 
development of individual pods or impact on 
the concentration of key nutrients in the grain. 
Our results suggest that common bean lines 
pre-selected for drought adaptation have a 
degree of resilience in yield development and 
nutritional content. Understanding the 
physiological and genetic mechanisms that 
underpin this response is a high priority. To 
further advance our knowledge of source-sink 
dynamics in legume crops, we present a multi-
disciplinary research framework integrating 
legume physiology, crop modelling and 
genetics. Over the coming years, we anticipate 
this approach will provide knowledge that will 
guide plant breeding, improve crop model 
development and optimise management 
strategies for farmers to improve yield under 
drought. 

 
ID 1285 | Developing pearl millet parents and hybrids through integrated high 
throughput precision Phenotyping Pipelines to increase the genetic gain in 
highly drought-prone environments (A1 zone)  
M Govindaraj1, Sunita Choudhary1, Tara Satyavathi2, Jana Kholova1*  
 
1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru 502 324, 
Telangana, India  
2Project Coordination Unit (Pearl Millet), AICRP, Jodhpur, Rajasthan, India  
*E-mail: j.kholova@cgiar.org  
 
The inherent insufficiency of resources 
(economic cum agricultural) in the Thar 
dessert region of India coupled with the harsh 
environments urge the researchers to 
accelerate development of climate-ready pearl 

millet cultivars. In the future climate these 
regions are likely to see increase temperatures 
and erratic precipitation patterns of the 
monsoon rains that millions of farmers rely on 
to raise their crops. One of the interventions 
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which could alleviate this complex situation 
would be development of climate-ready 
cultivars. Despite a lot of novel technologies 
are in place, the actual deployment in the crop 
improvement might be challenging. Here, we 
will demonstrate the strategy to streamline and 
deploy the novel state-of–the art technologies 
enabled by the recent decade of research at 
ICRISAT (i.e. integrate genomics-phenomics-
modelling approaches) in order to 
systematically address the environmental 
complexity of the pearl millet production 
regions and so stabilize/increase the crop 
production in the A1 pearl millet agri-food 
systems (Rainfall below 400 mm). We will 

demonstrate how the HTP platform 
“LeasyScan” could be integrated to access the 
genetic variability of the current pearl millet 
breeding material for the physiological traits 
conferring drought and heat adaptions in the 
target region. Phenotyping strategized for 
early generation (F4-F5) of breeding material 
in hot season as well as in optimal conditions 
to assess the adaptation and full potential of 
genotype. In addition to that a weightage 
selection index is getting streamlined based on 
phenology, biomass, leaf area, leaf angle, leaf 
inclination and light penetration for most 
efficient selection for A1 type of environment. 

ID 1287 | A rapid and non-destructive method to modify root architecture in 
crops 
Charlotte Rambla1, Samir Alahmad1, Manar Makhoul2, Christian Obermeier2, Rod Snowdon1,2, Kai 
Voss-Fels1, Lee Thomas Hickey1 

1Queensland Alliance for Agriculture and Food Innovation, The University of Queensland, St Lucia, QLD, 
4072, Australia 
2Department of Plant Breeding, IFZ Research Centre for Biosystems, Land Use and Nutrition, Justus 
Liebig University, Heinrich-Buff-Ring 26-32, 35392 Giessen, Germany 
*E-mail: c.rambla@uq.net.au, charlotte.rambla@gmail.com

A challenge for plant researchers and plant 
breeders is the lack of efficient phenotyping 
techniques to enable screening and selection 
for desirable root traits associated with 
improved crop yield and yield stability under 
water-limited conditions. New approaches that 
enable direct selection in crop improvement 
programs are required. To help to overcome 
this bottleneck, we have developed an 
innovative sequential phenotypic screening 
platform for multiple root traits, where selection 
can be applied for different configurations of 
root system architecture (RSA). This is 
achieved using a “proxy” approach based on 
measuring two key traits, root angle and root 
biomass, on the same plants. Visual scoring of 
traits enables rapid non-destructive 
phenotyping and plants displaying desirable 
root trait combinations can be tracked, 

selected and crossed within the same plant 
generation. The clear pot method (Richard et 
al., 2015) has been integrated in the pipeline 
to measure seminal root angle, along with a 
semi-hydroponic assay to evaluate root 
biomass. To validate the approach, we 
demonstrate that visual scores are highly 
correlated with actual measures that are 
destructives. Moreover, speed up selection 
the rapid generation advance technology 
‘speed breeding’ can be used to advance plant 
populations and selection accuracy can be 
improved by incorporating selection for major 
QTLs using KASP markers. The new 
approach and toolkit will empower researchers 
and plant breeders to optimise the 
belowground components of future wheat 
varieties to improve productivity in the face of 
increasing environmental fluctuations. 

ID 1290 | Phenomics of Stomata and Water Use Efficiency in C4 Crops 
Andrew Leakey*

University of Illinois at Urbana-Champaign 
*E-mail: leakey@illinois.edu

Water use efficiency (WUE) is a key target for 
crop improvement. This is because water 
availability is the primary limitation to crop yield 

globally and irrigation uses the largest fraction 
of our limited freshwater supply. The exchange 
of water and CO2 between a leaf and the 



Interdrought VI | Abstracts 

28 / 70 

atmosphere is regulated by the aperture and 
pattern of stomata. Mechanistic modeling 
indicates that stomatal conductance could be 
reduced or stomatal movements accelerated 
to improve water use efficiency in important C4 
crops such maize and sorghum. While 
molecular genetics has revealed much about 
the genes regulating stomatal patterning and 
kinetics in Arabidopsis, knowledge of the 
genetic and physiological control of WUE by 
stomatal traits in C4 crops is still poor. 
Understanding of natural diversity in stomatal 
traits is limited by the lack of high-throughput 
phenotyping methods. Two novel phenotyping 
platforms were developed. First, a rapid 
method to assess stomatal patterning in three 
model C4 species grown in the field – maize, 
sorghum and setaria has been implemented. 
The leaf surface is scanned in less than two 

minutes with an optical tomographer, 
generating a quantitative measurement of a 
patch of the leaf surface. An algorithm was 
designed to automatically detect stomata in 
10,000s of these images via training of a 
neural network approach. Second, a thermal 
imaging strategy, to rapidly screen the kinetics 
of stomatal closure in response to light has 
been developed. We identified genotype to 
phenotype associations for stomatal 
patterning, leaf gas exchange and canopy 
water use through quantitative trait loci and 
genome wide association studies. 
Transgenically modified expression of 
stomatal patterning genes has produced 
sorghum with greater WUE. These plants were 
grown in a new field facility for comprehensive 
evaluation of leaf, root and canopy WUE traits 
under Midwest growing conditions. 

ID 1291 | Abiotic stress on PhénoField platform 
Katia Beauchene 

ARVALIS Institut Du Vegetal 
*E-mail: k.beauchene@arvalis.fr

In order to evaluate the impact of water deficit 
in field conditions, researchers and breeders 
must set up large experiment networks in very 
restrictive field environments. Experience 
shows that half of the field trials are not 
relevant because of climatic conditions that do 
not allow the stress scenario to be tested. The 
PhénoField® platform, part of French Plant 
Phenotyping Network, named PHENOME-
EMPHASIS, is the first field based 
infrastructure in the European Union to ensure 
protection against rainfall for a large number of 
plots, coupled with the non-invasive 
acquisition of crops’ phenotype. In this 
presentation, we will highlight adaptation 
strategies of wheat and maize under water 
deficit conditions using the PhénoField® 
capabilities. Firstly, PhénoField® automatic 
mobile rainout shelters allow fine management 
of rainfall and irrigation. This management is 

based on micro-meteorological 
measurements coupled with a simulation of a 
carbon, water and nitrogen crop balance. 
Furthermore, high-throughput plant-
phenotyping is enabled through phenotyping 
gantries equipped with various optical 
sensors. This combined approach provides a 
particularly interesting model giving access to 
innovative traits in a dynamic point of view, 
highlighting plant adaptation strategies to 
water deficit. The interactions between 
genotypes and the environment can be 
deciphered using curve parameters like 
growth rate, maximum of height, area under 
curve of vegetative index, senescence kinetics 
... All these specificities of the PhénoField® 
platform open the way to improve various 
types of crop models and the fine 
characterization of variety behavior throughout 
the growth cycle. 

ID 1301 | Traits measured in a phenotyping platform account differentially for 
the genetic variability of yield under heat and drought scenarios 
Claude Welcker*, Italo Granato, Santiago Alvarez Prado, Emilie Millet, Llorenç Cabrera 
Bosquet, Alix Allard, Raphael Perez, Aude Coupel-Ledru, François Tardieu 

LEPSE, INRA, Univ. Montpellier, SupAgro, Montpellier, France 
*E-mail: claude.welcker@inra.fr
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Phenomics allows dissection of the genetic 
variability of adaptation traits. However, the 
relevance of phenotyping under controlled 
conditions is questioned (Araus et al. 2018). 
We aimed at testing to what extent a cross-
scale analyses allows better understanding 
of the allelic diversity of traits for drought 
tolerance understood with a probabilistic 
approach (Tardieu et al. 2018). 

Functional and architectural traits, gene 
expression and response curves to 
environmental variables acquired in a 
phenotyping platform were analyzed by 
genome-wide association mapping in a 
panel of 244 maize dent lines crossed with a 
common flint parent. The resulting set of 
QTLs was analysed for co-localization with 
QTLs for grain yield (GY) in 29 fields, 
clustered in six environmental scenarios 
combining temperature and soil water status 
during flowering time as measured in each 
field (Millet et al. 2016). 

35% of QTLs for GY co-localized with traits 
measured in the phenotyping platform, but 
with patterns of co-localization depending on 
the environmental scenario in a studied field. 
The cumulative effect of trait QTLs 
accounted for an appreciable proportion of 
the additive genetic variance for scenario-
dependent GY. These results provide 
insights for understanding the genetic basis 
of drought tolerance. Furthermore, these 
genomic regions may be useful for designing 
maize plants adapted to specific drought-
prone European regions. 

_______ 
Araus et al (2018). Trends in plant science, 
23(5), 451-466. 
Tardieu et al (2018). Annual review of plant 
biology, 69, 733-759. 
Millet et al (2016). Plant Physiology, 172(2), 
749-764.

ID 1313 | Drought and heat stress precision platform for wheat phenotyping 
Carolina Saint Pierre1*, Hassan Ouabbou2, Andrea Visioni3, Gemma Molero1, Michael Baum3, Hans 
Braun1 

1International Maize and Wheat Improvement Center, Mexico. 
2INRA, Morocco 
3ICARDA, Morocco 
*E-mail: c.saintpierre@cgiar.org

Precision field-based wheat phenotyping 
platforms have been developed with the 
support of the CGIAR WHEAT Program and 
co-investing national agricultural research 
institutes, to generate phenotypic data on 
prioritized traits. Within this network, a new 
phenotyping platform has been established for 
the evaluation of drought and heat stress 
tolerance in wheat, under controlled field 
conditions and using lysimeter facilities. The 
platform is placed in a semiarid environment in 
Central Morocco, at INRA Station in Sidi El 
Aydi- CRRA Settat. The lysimeter main 
structure was completed in July 2019, and it is 
currently under a final round of fine-tuning. The 
lysimeter is expected to be fully functional in 
2020, with capacities for a precise and 
continuous record of physiological variables. 
Projects to be soon implemented aim to test 
night transpiration in wheat lines under high 
night temperatures and different water stress 
levels. Previous studies in wheat reported high 

genetic variability for night transpiration under 
drought, non-linear responses between day 
and night transpiration, and differential 
acclimation strategies between different 
genotypes. Based on this, primary goals for 
the platform will be to (i) determine genetic 
variability in wheat responses to day-night 
variation on water transpired, (ii) estimate the 
effect of environmental parameters on night 
transpiration (in particular, VPD and 
temperature), (iii) measure the impact of the 
night transpiration on yield and yield 
components, (iv) compare field and lysimeter 
protocols, and (v) identify if any surrogate, 
such as canopy temperature, can be used to 
predict night transpiration to identify lines with 
enhanced drought and heat tolerance. It is 
expected that the generated information will 
contribute to rapid advances in breeding for 
semiarid regions, building on efficiency and 
capacity for research. 
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ID 1320 | Ecophysiological screening of cotton genotypes under drought 
Diane Wang*, Scott Mackay, Carmela Guadagno, Brent Ewers, Duke Pauli 

Purdue University 
*E-mail: drwang@purdue.edu

Rising incidence of extreme drought and heat 
events in combination with diminishing 
freshwater resources associated with climate 
change threatens the global security of plant-
based food, fiber and fuel production. Field-
based efforts to unravel the genetic basis of 
drought response as a path to accelerate 
breeding are challenged by often-prominent 
genotype by environment interaction (G x E). 
It has been suggested that process-based 
modeling can be utilized as a tool to 
understand the (context-dependent) 
mechanisms that could underpin G x E in 
water-limited scenarios. In order to later 
leverage these approaches for cultivated 
upland cotton, Gossypium hirsutum L., a pilot 

field trial was undertaken in Summer 2019 to 
first assess the extent of genotypic variation in 
common parameters found in eco-
physiological process-based models. We 
evaluated traits related to photosynthesis, 
growth and development, and water relations 
in a drought experiment in four genotypes 
(DP1549, PD3, VIR Coker, and Tipo Chaco) 
with different breeding histories at Maricopa 
Agricultural Center (Maricopa, Arizona, USA). 
Our results will be used to help parameterize 
and improve model development of a 
hydraulics-centric process-based model called 
Terrestrial Regional Ecosystem Exchange 
Simulator (TREES) for adaptation to cotton. 

No ID | Use of drought tolerance traits within the CIMMYT maize breeding 
program for stress prone environments in eastern and southern Africa 
Jill E Cairns*, Cosmos Magorokosho, Johannes Martini, Mainassara Zaman-Allah 

International Maize and Wheat Improvement Centre 
*E-mail: j.cairns@cgiar.org

At current yield levels, the area of maize 
cultivation in sub-Saharan Africa must 
increase by 184% by 2050 to meet future food 
security needs. Investment in maize breeding 
for stress prone environments in eastern and 
southern Africa (ESA) have increased over the 
past 15 years. The first evaluation of genetic 
gain for grain yield under abiotic stress in the 
International Maize and Wheat Improvement 
Centre (CIMMYT) ESA maize breeding 
program estimated gains comparable to other 
regions of the world, however absolute maize 
yields remain low. There are extensive efforts 
to increase the rate of genetic gain in yield 
under stress within the CIMMYT ESA maize 
breeding program using a range of 

technologies. Earlier research showed the 
potential of secondary traits to increase the 
efficiency of selection for grain yield in maize 
breeding programs targeting stress prone 
environments. The CIMMYT ESA maize 
breeding program operates across a large 
geographic region and the measurement of 
secondary traits, particularly at early stages, 
are time-consuming and costly.  Proximal and 
remote sensing tools provide new avenues to 
rapidly characterise “breeder preferred traits” 
at limited cost, while removing the use of 
qualitative scores. Here we will investigate the 
use of different approaches to increase 
selection efficiency in stress breeding in ESA. 

SESSION 5: BREEDING FOR WATER-LIMITED ENVIRONMENTS 

ID 1002 | Dissecting the genetic variations in control of ABA signal 
transduction and small RNA expression in maize drought response 
Mingqiu Dai*, Xiaopeng Sun, Zhenghua He, Yanli Xiang, Jinfeng Wu 

Huazhong Agricultural University 
*E-mail: mingqiudai@mail.hzau.edu.cn
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Drought is a major abiotic stress that causes 
maize yield loss worldwide. ABA is a 
phytohormone and plays important roles in 
plant drought tolerance. Small-interference 
RNAs (sRNAs, 20-24 nt) have broad roles in 
regulation of plant stress responses. However, 
the natural variations of ABA signaling and 
sRNA expression in maize drought response 
remain elusive. Recently, we performed 
sRNA-seq and RNA-seq to ~340 maize 
natural accessions (collected worldwide and 
with broad genetic diversities) treated with or 
without drought stress. We detected large 
amounts of differentially expressed sRNAs 
and sRNA clusters, whose expression profiles 
were highly variable in the maize populations 
in response to drought. We further detected 
large-scales of eQTLs associated with 
sRNA/sRNA cluster expression. Through 
complicated genetic, molecular and transgenic 
studies, we showed that an eQTL hotspot, TE-
IRiC8 (TE-formed inverted-repeat structure in 
Chr8), regulated maize drought tolerance via 

sRNA-mediated PTGS. We further 
demonstrated that IRs were vital genome 
structures in control of sRNA expression in 
maize drought response. In other projects, we 
studied the roles and genome wide variations 
of 13 ZmPYL genes, encoding ABA receptors, 
and 13 ZmPP2CA genes, encoding clade A 
phosphatase and involved in ABA signaling, in 
maize drought tolerance. Transgenic studies 
revealed that ZmPYL8, 9, 12 positively, while 
ZmPP2CA2, A6, A10 negatively regulated 
maize drought tolerance. Natural variations or 
haplotypes of these genes in drought 
tolerance had been discovered. For instance, 
the deletion allele of -338 in ZmPP2CA10 
promoter resulted in the loss of ERSE 
(endoplasmic reticulum stress response 
element), and further the reduced 
ZmPP2CA10 expression and enhanced 
drought tolerance. These genetic variations 
have the potential to be used as molecular 
markers in drought-tolerant maize breeding.

 
ID 1004 | Wild emmer introgressions reshape root-to-shoot architecture to 
improve wheat drought tolerance 
Zvi Peleg*, Harkamal Walia, Harel Bacher 
 
The Hebrew University of Jerusalem 
*E-mail: zvi.peleg@mail.huji.ac.il 
 
Drought is the major environmental factor 
limiting wheat production and sustainability 
worldwide. The wild emmer wheat (Triticum 
turgidum ssp. dicoccoides) genepool harbors 
a rich allelic repertoire for numerous important 
traits, including drought tolerance. In the 
current study, we investigated the potential of 
wild alleles for enhancing drought tolerance. A 
set of adapted Near Isogenic Lines (aNIL) was 
developed by introgression of wild emmer 
accession Zavitan into elite durum wheat (T. 
turgidum ssp. durum; cv. Svevo). The NILs 
were genotyped and anchored to the Zavitan 
and Svevo genomes. The population was 
phenotyped using high-throughput image-
based phonemics approach and resulted in a 
wide range of drought adaptive strategies. 
Cluster analysis of morpho-physiological traits 
revealed five clusters of drought-responsive 

strategies, resulted from a shift in plant growth 
rate, architecture, and water-use-efficiency. In 
parallel, we tested these NILs under 
contrasting water availabilities in the field for 
yield components. Highly productive NIL with 
enhance drought adaptation was selected for 
further characterization. Using high-resolution 
lyzemeters platform we inform the specific 
physiological changes from the shoot and root-
soil water uptake. A significant shift in 
resources allocation between root and shoot 
was found, which was supported by enhancing 
photosynthesis capacity under drought. The 
identified genetic factors underscore the 
potential benefit of introducing wild alleles into 
modern cultivars and is likely to be useful for 
the selection of drought-adaptive lines in future 
breeding programs. 
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ID 1011 | Introgression of wild alleles reshape root to shoot architecture and 
alters water-stress responsiveness dynamics 
Harel Bacher1,2*, Harkamal Walia2, Zvi Peleg1 

1The Robert H. Smith Institute for Plant Sciences and Genetics in Agriculture, The Hebrew University of 
Jerusalem, Israel 
2Department of Agronomy & Horticulture, the University of Nebraska–Lincoln, USA 
*E-mail: harel.bacher@mail.huji.ac.il

The wild emmer wheat (Triticum turgidum ssp. 
dicoccoides) genepool harbors a rich allelic 
repertoire for numerous important traits, 
including tolerance to water stress. In the 
current study we investigated the potential of 
wild alleles for enhance productivity under 
water stress. A set of Isogenic Lines (IL) was 
developed by introgression of alleles from the 
wild emmer accession Zavitan into elite durum 
wheat (T. turgidum ssp. durum) cultivar Svevo. 
The ILs were genotyped and anchored to the 
tetraploid wheat genomes and phenotyped 
using high-throughput image-based 
phonemics approach. The results highlight a 
wide range of stress responsiveness 
dynamics, which were clustered into five 
morpho-physiological groups. IL20-2 that 
exhibited plasticity response and high 

productivity was selected for further 
physiological characterization. Interestingly, 
while the IL showed significant reduction in 
shoot biomass as consequence of water 
stress, the root biomass increased, as 
evidence by the high root-shoot ratio. This shift 
in resources allocation between root and 
shoot, contribute to enhance photosynthesis 
capacity under stress. Transcriptional analysis 
of the roots revealed several candidate root-
specific genes, which were enriched metabolic 
pathways associated with plant adaptations to 
water stress. The identified genetic factors 
underscore the potential benefit of introducing 
wild alleles into modern cultivars shed-light on 
“left behind” drought-adaptive mechanisms 
and will serve as basis for future wheat 
breeding programs.

ID 1032 | To manage the negative impact of the Climate change by redefining 
the new normal and use of advance tolls in Breeding for crop improvements 
Bijendra Pal*

BIOSEED Research India 
*E-mail: bijendra.pal@bioseed.com

Challenging task for the breeding community 
is to improve the climate resilient in cultivated 
plant species for longer sustainability. On a 
positive note, climate change and cultivar 
developments move together as every next 
breeding cycle and selection fall in the 
changed climate. I believe very strongly, that 
world will never go hungry if we continue to 
improve the productivity by genetic gain, 
reducing harvesting tools, improve plant 
nutritional use efficiency, and continue 
improvement in crop diversification and 
development of new plant type. In this article I 
have tried to cover all these aspects where we 
need to challenge ourselves and try to redefine 
our existing system process in order to 
increase the efficiency and help world to be out 
from the fear of food security. Increase in 
temperature and evapotranspiration can be 
taken care of very well during the breeding 
process as the entire breeding nursery planted 

in open field and generation advancement 
happen in natural climate. Effect of Drought 
and water logging condition can be taken care 
through screening and selection in the 
targeted conditions. In breeding process, it is 
important to develop the methodology for root 
trait selection enabling technology, use of 
plant physiology in plant breeding, Screening 
of the early generation material under stream 
climatic conditions, off season screening, use 
of weather and climate change information for 
design the breeding schemes, breeding in 
targeted ecology and designing nutrients use 
efficient plant architecture. In this article I have 
tried to cover all of these aspects where we 
need to challenge ourselves and try to redefine 
our existing system process in order to 
increase the efficiency, continues genetic gain 
and help world to be out from the fear of food 
security. 
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ID 1067 | Genomic Basis of Climatic Adaptation in Sorghum Landraces of 
Ethiopia 
Temesgen Menamo*, Andrew Borrell, David Jordan, Emma Mace, Colleen Hunt, Yongfu Tao, 
Kassahun Bantte 
 
Jimma University  
*E-mail: temesgen2008@hotmail.com 
 
Sorghum is the most variable of all crops 
grown in Ethiopia containing tremendous 
genetic diversity and growing in different agro-
ecologies. Exploration of the genome 
environment association through advanced 
technology is important to identifying adaptive 
loci and predicting phenotypic variation. 
Therefore, the objective of this study was to 
better understand the genome-environment 
association of 940 Ethiopian sorghum 
landraces using SNP markers for adaptive 
traits (altitude, annual temperature and 
precipitation variables). The Ethiopian 
sorghum germplasm was comprising 12 
subpopulations (groups) with high levels of 
admixture (47%). Redundancy analysis 
indicated that a larger proportion of SNP 
variation was not explained by either agro-
ecology or geographical locations. Only 13% 
was explained by either agroecology (7 %) or 
geographical location (3%) with collinearity 
(3%). Most of the subpopulations belonged to 
the durra botanical race and none of the 
subpopulations belonged to the kafir botanical 

race. Durra sorghum was distributed 
throughout most of the agroecological zones. 
Genome-environment association (GEA) 
study was identified 18 significant SNP 
markers for adaptive traits. These significant 
SNP markers were co-located with previously 
identified drought and cold adaptation QTLs. 
There was a significant enrichment of GEA 
SNP markers with a priori candidate QTLs for 
drought and cold adaptation. Several priority 
candidate genes were identified around the 
significant GEA markers (0.7kb to 3.3Mb) 
which have homologous genes in Oryza sativa 
Japonica genome with the function of stress 
tolerance. The associated GEA and candidate 
genes significantly improve the understand of 
the genetic control of adaptive traits in 
sorghum. Therefore, the Ethiopian sorghum 
germplasm collection could be a source of 
adaptations to extreme environments (cold 
and drought) which could be a source of traits 
for abiotic stresses adaptation for future 
breeding programs.

 
ID 1072 | Growth and transpiration response of contrasting sorghum 
genotypes to progressive soil drying 
Zeleke Wondimu1*, Walelign Worku2, Andrew H. Paterson3, Kassahun Bantte1 
 
1College of Agriculture and Veterinary Medicine, PO Box 307, Jimma University 
2College of Agriculture, Hawassa University, PO Box 05, Ethiopia 
3Plant Genome Mapping Laboratory, University of Georgia, Athens, Georgia 30602, USA 
*E-mail: zeles2005@gmail.com 
 
Sorghum, a major food crop of the semi-arid 
tropics, is often exposed to late season 
drought, and plant traits that allow soil water 
conservation during the vegetative stage has 
been hypothesized to increase yield under late 
season drought stress. In this study, a total of 
40 (20 early and 20 medium flowering) 
genotypes, and among the most contrasting in 
terms of late season drought tolerance in the 
field were tested for growth and transpiration 
response under well watered (WW) and water 
stress (WS) conditions in a semi-controlled 
condition. In both groups, shoot growth and 

total water use under WW conditions were 
lower in tolerant than in sensitive genotypes; 
this difference was however largely leveled 
under WS conditions. In contrast, the variation 
in root growth did not discriminate tolerant 
from sensitive genotypes both under WW and 
WS conditions. Tolerant genotypes also 
exhibited a decline of transpiration at high 
fractional transpirable soil water threshold 
compared to sensitive genotypes in both 
maturity groups. These results suggest that 
conservative use of water early in the cropping 
cycle, explained partly by lower shoot growth 
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and water use under WW conditions correlate 
with the late season drought tolerance of 
sorghum 
 
ID 1073 | Genome-wide association studies for plant production traits 
under drought in Ethiopian Sorghum (Sorghum bicolor L. [Moench]) 
landraces 
Zeleke Wondimu1*, Walelign Worku2, Andrew H. Paterson3, Kassahun Bantte1 
 
1College of Agriculture and Veterinary Medicine, PO Box 307, Jimma University 
2College of Agriculture, Hawassa University, PO Box 05, Ethiopia 
3Plant Genome Mapping Laboratory, University of Georgia, Athens, Georgia 30602, USA 
*E-mail: zeles2005@gmail.com 

 
Ethiopia is the center of origin and diversity for 
sorghum and as such has tremendous 
variability for a wide range of traits. However, 
little is known regarding the genetic basis of 
these traits. Here, 300 Ethiopian sorghum 
landraces were phenotyped for ten agro-
morphological traits at two water limited 
environments. Subsequently, these 
accessions were genotyped using genotyping-
by-sequencing to obtain a total of 79,754 
robust single-nucleotide polymorphisms 
(SNPs) markers. Principal component 
analysis and ancestry estimation identified six 
distinct groups across the Ethiopian landrace 
collection used for this study. We performed 
genome-wide association studies (GWAS) to 
identify loci associated with each trait and 
understand the genetic interactions between 
traits. We detected a total of 64 genetic loci 
associated with these traits, of which seven 
were shared between at least two traits. The 

loci identified through GWAS explained ~30 % 
of the phenotypic variance, on average. When 
compared with our GWAS results, we 
observed that there were 10 overlapping 
regions between our significant SNPs and 
previously identified QTL for days to flowering 
(DF), panicle exsertion (PE), grain yield per 
panicle (GYP) and hundred seed weight 
(HSW). Most of these SNPs are located near 
candidate genes with putative functions 
spread across several categories. In addition, 
two trait-associated 
 
SNPs showed strong selection signals and 
loss of genetic diversity. This study provides 
a fundamental resource for sorghum genetics 
research and contributes to the 
characterization of genes and alleles 
controlling agronomic traits, and will serve as 
a source of markers for molecular breeding. 

 
ID 1076 | Mapping Quantitative Trait Loci (QTL) for Drought Tolerance in 
Sorghum [Sorghum bicolor (L.) Moench] Using Three Connected F2:3 Mapping 
Populations 
Techale Birhan Mekonnen*, Hongxu Dong, Andrew Paterson, Kassahun Bantte  
 
Jimma University  
*E-mail: eyulast1@gmail.com 
 
Identifying quantitative trait loci (QTL) of 
considerable effects that are expressed in 
diverse genetic backgrounds of different 
mapping populations can significantly 
complement the conventional breeding efforts. 
However, so far the majority of QTL studies in 
sorghum were undertaken using individual 
mapping population with limited marker 
coverage. The purpose of this study was 
therefore to map QTL related to drought 
tolerance using three connected mapping 

populations of different genetic backgrounds. 
Three bi-parental populations each with 207 
F2:3 lines were evaluated using alpha lattice 
design with two replications under two 
moisture stressed environments. QTL for 
drought tolerance traits were computed 
separately within each population using 
composite interval mapping. A total of 106 
QTLs were identified from the three individual 
mapping populations for all traits studied. All 
the QTLs identified from individual populations 
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were projected on the combined consensus 
map for meta QTL analysis. The meta-analysis 
then reduced the total number of QTLs from 
106 to 16 meta QTLs. As a result, 4 mQTL for 
grain yield per plant, two for days to maturity, 
one for days to flowering, two for leaf 
senescence and three for plant height were 
detected on chromosomes 2, 3, 5, 6 and 9. 
The consensus map allowed us to map a 

larger number of markers than possible in any 
individual map and to obtain a more complete 
coverage of the sorghum genome. Therefore, 
the consensus map can be used as a 
reference resource for genetic studies in 
different genetic backgrounds and the QTL 
identified in this study could be used for 
marker assisted breeding programs in 
sorghum. 

 
ID 1078 | Breeding drought tolerant maize for Asian tropics - What worked and 
what need to be fixed? 
Pervez Zaidi* 
 
International Maize and Wheat Improvement Center 
*E-mail: phzaidi@cgiar.org 
 
About 80% of the maize in Asian tropics is 
cultivated as rain-fed crop and hence prone to 
climatic variability and associated weather 
extremes that leads to deficit moisture (or 
agricultural drought) at critical crop stages. 
CIMMYT’s Asian regional maize program, 
based in ICRISAT campus, Hyderabad, India, 
in partnership with public and private sector 
maize programs in the region, has been 
focusing on development of drought tolerant 
maize germplasm, trait donors and high 
yielding drought tolerant maize hybrids for 
current climate, and maintain a germplasm 
base and product pipe-line to effectively feed 
the requirement of future climatic situations. 
The accelerated development and deployment 
of drought tolerant maize hybrids is based on 
carefully undertaken field-based precision 
phenotyping through managed-stress 
screens, understanding the genetic 
architecture of the target trait, coupled with 

application of modern breeding tools, including 
genome-wide association studies (GWAS), 
genomic selection (GS), and double haploid 
(DH) technology, and effective partnerships 
with committed national programs and seed 
companies in the region for effective 
deployment and delivery of drought tolerant 
cultivars. Good progress has been made and 
promising drought tolerant hybrids are being 
licensed to the partners for large scale 
deployment and scaling-out of drought tolerant 
hybrids in stress-prone agro-ecologies. 
However, in view of the climate change 
mediated weather variability/uncertainty the 
biggest challenge is to achieve an improved-
stable performance across locations/years. 
This need a further intensified and concerted 
efforts to minimize genotype x environment 
interaction effects to develop maize 
germplasm with improved-stable 
performance. 

ID 1097 |  Combining real time transpiration phenotyping to omics: the key to 
mine biodiversity for water use efficiency? 
Sebastien Carpentier* 

 
Bioversity International 
*E-mail: s.carpentier@cgiar.org 
 
Banana responds very early to a reduced 
water content at root level and/or increased 
Vapour Pressure Deficit by reducing its 
transpiration. Once the stomata are closed, 
root pressure becomes the dominant force 
supplying water to the shoot. With this reaction 
banana is able to survive longer periods of 
water deficit but the disadvantage is that 
production is very sensitive to water deficit. 
This mechanism applies across the Musa 

genetic diversity but we show that there is 
genetic variability! We phenotyped 32 
genotypes. All analyzed ABB genotypes (8) 
had a lower maximal transpiration rate, kept 
the maximal transpiration for a shorter time 
and consumed less water per day (van 
Wesemael et al., 2019). Stomatal responsivity 
is key to plant productivity and water use 
efficiency (WUE). We focused on 5 genotypes 
and show the impact of the light driven 
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stomatal conductivity (gs) on photosynthesis 
(A) and WUE. All genotypes showed a strong
coupling of A and gs, confirming the priority of
water conservation over CO2 assimilation.
However, significant differences in kinetics
were observed. By combining phenotyping to
transcriptomics and proteomics, we identified
in a pilot study allele specific differences (van
Wesemael et al., 2018). By analyzing the
guards cell proteome and transcriptome
(Geilfus et al., 2018; Dittrich et al. 2019) we are
currently extending this technology to banana
and are identifying key players in stomatal

opening and closing and so in WUE. 
Germplasm collections provide valuable 
genetic resources. Bioversity International 
manages a banana collection holding over 
1500 accessions. To unravel the true value of 
this collection, we designed an affordable 
climate-controlled growth container to 
simulate certain climates. The container grows 
504 plants simultaneously for 6 weeks and 
enables us to do a fast screening for potential 
genotypes. Combining phenotyping with 
omics is a promising strategy to mine the 
biodiversity for WUE.

ID 1104 | Increasing root biomass production in European winter wheat for 
improved drought-stress tolerance 
Stjepan Vukasovic* 

Department of Plant Breeding,University of Giessen 
*E-mail: stjepan.vukasovic@agrar.uni-giessen.de

Widespread drought stress affects crop yields 
in many relevant agricultural regions 
worldwide. Agriculture, as the biggest global 
water consumer, therefore faces an enormous 
challenge to increase water use efficiency, 
whilst simultaneously maintaining productivity 
and yield stability under increasingly 
challenging climate conditions. In this context, 
there is a great need for a strategic 
development of varieties that achieve higher 
yields under erratically occurring drought 
phenomena. Recently, this has led to a 
growing interest into the understanding of the 
root system, as the organ for water and 
nutrient uptake. However, knowledge about 
the development of wheat roots and their 
genetic control is insufficient. This is primarily 
due to difficulties in measuring of root 
functions compared to above-ground 
phenotyping. Reliable molecular makers for 
relevant root traits can enable breeders to 
overcome difficulties with underground 
phenotypic selection. In this study we create 
near-isogenic lines (NIL) of European elite 

winter varieties that carry introgressions of a 
major QTL which confers a larger root system. 
Backcross progenies are being subjected to 
foreground selection, using kompetitive allele 
specific PCR markers (KASP) for the desired 
QTL alleles. Selection of the elite background 
is done by the use of genome-wide markers. 

We are investigating the relevance of an 
increased root growth for enhanced water 
acquisition by the recently established unique 
phenotyping facility DroughtSpotter XXL. 
This system allows to track genotype-specific 
water uptake in 90 cm deep soil filled 
containers in up to five minutes intervals over 
the entire lifecycle. Preliminary results show 
a significant higher water use efficiency of the 
donor line compared to standard elite 
varieties. Moreover, field trials integrating 
different nitrogen fertilizer regimes, 
contrasting crop rotations and divergent 
irrigation scenarios allow us to investigate the 
effect of an altered root system under 
practical field conditions.

ID 1114 | Manipulating stomatal patterning to improve water use efficiency in 
wheat 
Jennifer C. Quebedeaux1*, Samantha S. Stutz1, Thomas E. Clemente2, Andrew D. B. Leakey1 

1Department of Plant Biology and Institute for Genomic Biology, University of Illinois at Urbana-
Champaign, Urbana, IL 
2Department of Agronomy and Horticulture, Center for Biotechnology, Center for Plant Science 
Innovation, University of Nebraska- Lincoln, Lincoln, NE  
*E-mail: quebede2@illinois.edu
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Stomata mediate the exchange of carbon 
dioxide and water between plants and the 
atmosphere. Understanding the control and 
response of water use efficiency (WUE) - the 
amount of carbon gain relative to water use - 
to environmental perturbation is key to 
understanding future plant function. 
Manipulating water use efficiency by breeding 
or biotechnology is a key target for improving 
crop performance. It has been hypothesized 
that one way to manipulate water use 
efficiency is by reducing stomatal density. 
Previous experiments in Arabidopsis, rice, 
barley and poplar have supported this 
hypothesis because stomatal conductance 
was reduced without a decrease in 
photosynthetic CO2 assimilation. However, for 
photosynthesis to be maintained when 

stomatal conductance is reduced would 
require some currently unknown mechanism 
to compensate for reduced CO2 entry to the 
leaf by increasing photosynthetic capacity or 
mesophyll conductance. To explore these 
questions in another major crop, transgenic 
wheat was designed to alter expression of a 
gene involved in stomatal development. Using 
optical topometry, we observed approximately 
a 20% reduction in stomatal density compared 
to wildtype. Furthermore, we observed a 
reduction in stomatal conductance and 
intercellular [CO2] without any decrease in 
photosynthesis. Overall, an increase in 
intrinsic water use efficiency was detected. 
Detailed mechanistic studies of the processes 
limiting photosynthesis are now underway.

ID 1146 | Effect of Trait Heritability, Training Population Size and Marker 
Density on Genomic Prediction Accuracy Estimation in 22 bi-parental 
Tropical Maize Populations 
Ao Zhang*, Hongwu Wang, Yoseph Beyene, Kassa Semagn, Yubo Liu, Shiliang Cao, Zhenhai Cui, 
Yanye Ruan, Juan Burgueño, Felix San Vicente, Michael Olsen, Boddupalli M. Prasanna, José 
Crossa, Haiqiu Yu and Xuecai Zhang 
 
Shenyang Agricultural University  
*E-mail: zhangao7@vip.qq.com 
 
Genomic selection is being used increasingly 
in plant breeding to accelerate genetic gain per 
unit time. One of the most important 
applications of genomic selection in maize 
breeding is to predict and select the best un-
phenotyped lines in bi-parental populations 
based on genomic estimated breeding values. 
In the present study, 22 bi-parental tropical 
maize populations genotyped with low density 
SNPs were used to evaluate the genomic 
prediction accuracy (rMG) of the six trait-

environment combinations under various 
levels of training population size (TPS) and 
marker density (MD), and assess the effect of 
trait heritability (h2), TPS and MD on rMG 
estimation. Our results showed that: (1) 
moderate rMG values were obtained for 
different trait-environment combinations, when 
50% of the total genotypes was used as 
training population and ~200 SNPs were used 
for  

 
ID 1165 | Marker-Assisted Selection for Drought Tolerance in Wheat 
Pushpendra Kumar Gupta*, Harindra Singh Balyan, Pradeep Kumar Sharma, Tinku Gautam and Anuj 
Kumar 
 
Department of Genetics and Plant Breeding, Meerut University 
*E-mail: pkgupta36@gmail.com 
 
Marker-assisted backcross breeding was used 
for transfer of a major grain yield QTL 
(Qyd.csdh.7AL) that was found to be 
insensitive to drought after its introgression 
into each of a number of Indian wheat cultivars 
(HUW234, HUW468, K307 and DBW17). The 

donor genotype SQ1was a high abscisic acid 
expressing breeding line, which also carried 
desirable attributes other than drought 
tolerance. Therefore, no marker-assisted 
background selection was performed, so that 
desirable attributes other than drought 
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tolerance from both the parents could be 
brought together and high yielding drought 
tolerant genotypes could be recovered. The 
QTL contributed ~20% to the variation for 
grain yield under drought. Among advanced 
lines, one line gave 25.5% higher yield relative 
to the corresponding recipient genotype 
HUW234 under rainfed condition. Similarly, 

three lines gave 14.9% to 25.7% higher yield 
relative to the corresponding recipient 
genotypes HUW234 and DWB17 under 
irrigated condition. The high yield in the 
selected lines was attributed to a number of 
traits including grains per ear, grain weight, 
tiller number, biomass and lower canopy 
temperature. 

 
ID 1166 | Meta-QTLs and Candidate Genes for Drought Tolerance in Wheat 
Pushpendra Kumar Gupta*, Harindra Singh Balyan, Pradeep Kumar Sharma and Anuj Kumar 
 
Department of Genetics and Plant Breeding, CCS Meerut University 
*E-mail: pkgupta36@gmail.com 
 
Meta-QTL analysis for drought tolerance in 
wheat was conducted utilizing BioMercator 
V4.2. For this purpose, information about ~374 
QTL involving 43 drought-responsive traits 
was collected from 14 earlier studies 
conducted in the past using different mapping 
populations of bread wheat. However, for final 
analysis, only 62 of the above 374 QTLs were 
retained by the software due to inadequate 
information for remaining QTLs. A consensus 
map with 5,680 markers (SSRs, RFLP and 
DArT) was prepared using two reference maps 
available in GrainGenes database. The 62 
QTLs were projected onto this consensus 
map, resulting in the identification of 18 
MQTLs (designed as MQTL1 to MQTL18) 
located on seven different chromosomes (1D, 
3B, 4D, 5A, 6D, 7A and 7D). The number of 
QTL associated with each MQTL ranged from 
2 (for MQTL12) to 30 (MQTL 8, 9, 10, 11). 
Confidence intervals (C.I.) for meta-QTL 

ranged from 2.07 cM (MQTL10) to 19.46 cM 
(MQTL12), which are narrower relative to the 
corresponding intervals carrying the original 
QTLs, suggesting that MQTLs are relatively 
robust, and are associated with closely linked 
markers. Therefore, the MQTL identified 
during the present study should prove useful 
in breeding programmes aimed towards 
development of drought tolerant wheat 
cultivars. The 18 MQTLs were also used to 
identify >100 candidate genes, which encoded 
proteins including glycosyl-hydrolases, protein 
kinases, zinc finger proteins, the transcription 
factors, etc. These proteins are known to be 
involved in abiotic stress tolerance. We 
propose to validate these candidate genes 
through qRT-PCR expression analysis in 
seedlings of drought sensitive wheat cultivars 
and the corresponding tolerant wheat 
genotypes grown under moisture stress. 

 
ID 1174 | Introduction of a novel platform for the selection of improved 
cultivars with increased yield under drought 
Julian Northey* 

 
Frontier Agri-Science Inc. 
*E-mail: julian_northey@mac.com 
 
Yield increase under water-limiting and/or heat 
conditions was the ambition for this project. 
Rather than simply seeking individual lines 
from a single variety to fulfill our goal, we 
sought to develop a platform technology that 
could be used ubiquitously for international 
wheat improvement programs, if successful. 
After a five year process, we believe we have 
successfully developed a novel platform for 
the discovery of new abiotic stress varieties. 
This included two back to back years of field 

trails in the Okanagan Valley, Canada, as well 
as concurrent controlled greenhouse 
experiments that have confirmed a 15 to 24% 
increase in yield depending on the 
drought/water-limiting conditions imposed. 
 
This means that we can theoretically start with 
any mutagenized wheat variety, process the 
M2 population through our platform and find 
new cultivars with improved yield under water-
limiting conditions. This is not accelerated 
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breeding or any other type of technology that 
would seek to introgress markers from other 
lines, but rather begins with a forward genetics 
screen. This screen took us six years to fully 
elucidate and validate genetically and rather 
than screen in the field, we conduct our initial 

screen in the lab. Collaborators involved in the 
greenhouse testing (and genomics) are Drs. 
Marcus Samuel (UCalgary), Raju 
Soolanayakanahally (AAFC), and Sateesh 
Kagale (NRC). 

 
ID 1187 | Genome-wide association study Identified Genetic Variation in 
ZmTIP1 Contributes to Maize Root Hair Elongation and Drought Tolerance 
Feng Qin* 

 

China Agricultural University 
*E-mail: qinfeng@cau.edu.cn 
 
Maize production is frequently threatened by 
drought stress on a global-scale. Identification 
of the genetic components underlying the 
drought tolerance in maize is of great 
importance. Previously, through a genome-
wide association study (GWAS) of maize 
drought tolerance at the seedling stage, we 
identified 83 genetic variations which were 
resolved to 42 candidate genes. Here, we 
report on comprehensive genetic and 
functional analysis indicating that ZmTIP1, 
which encodes a functional S-acyltransferase, 
plays a positive role in regulating the length of 
root hairs and the level of drought tolerance in 
maize. Enhancing ZmTIP1 expression in 
transgenic Arabidopsis and maize increased 
root hair length, as well as plant tolerance to 
water deficit. In contrast, ZmTIP1 transposon-

insertional mutants displayed the opposite 
phenotype. Importantly, a calcium-dependent 
protein kinase, ZmCPK9, was identified as a 
substrate protein of ZmTIP1, and that ZmTIP1-
mediated-palmitylation of two cysteine 
residues facilitated the ZmCPK9 PM 
association. Increasing the level of ZmCPK9 
expression consistently enhanced root hair 
elongation and drought tolerance. Collectively, 
the results of this research enrich our 
knowledge about ZmTIP1-mediated protein S-
acylation modifications in relation to the 
regulation of root hair elongation and drought 
tolerance. Additionally, the identification of a 
favorable allele of ZmTIP1 also provides a 
valuable genetic resource or selection target 
for the genetic improvement of maize. 

 
ID 1192 | Wheat breeding for biotic and abiotic stresses tolerance at ICARDA 
targeting CWANA and SSA regions 
Wuletaw Tadesse* 

 
ICARDA 
*E-mail: w.tadesse@cgiar.org 
 
The wheat breeding program at ICARDA uses 
conventional and molecular approaches such 
as the Focused Identification of Germplasm 
Strategy (FIGS), mega environments, shuttle 
breeding, doubled haploids, marker-assisted 
selection, genomic selection, speed breeding 
and key location phenotyping to develop elite 
genotypes with high yield potential and 
resistance to the major biotic and abiotic 
stresses. Yield levels of the top yielding elite 
spring bread wheat genotypes ranged up to 
6t/ha at Wadmedani station of Sudan under 
extreme heat stress, 7t/ha at Merchouch 
station of Morocco under terminal moisture 
stress (260 -300 mm) and 11 t/ha at Sids 

station in Egypt under optimum conditions. 
Genetic gain analysis from 1980 to 2017 
showed 2.5, 1.3 and 2.3%year -1 increment at 
Merchouch, Wadmedani and Sids stations, 
respectively. Association mapping identified 
14 associations related to grain yield on 
chromosomes 5B (4), 4B (3), 3B (2), 5A (2), 
1B, 2B and 7B (1) under moisture stress. 
Significant MTAs for yield under heat stress 
have been also identified through genome 
wide association mapping studies. Wheat 
genotypes carrying the cytosine base at the 
wsnp_Ex_c12812_20324622 and 
wsnp_Ex_c2526_4715978 markers out-
yielded the ones carrying the alternative bases 
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by 15% while genotypes carrying the cytosine 
base at only one of the two markers increased 
their yield by 7.9-10%, suggesting the 
importance of using these markers for MAS in 
breeding programs to increase yield under 
heat stress. Pedigree analysis showed that 
resistance sources for heat and drought 
tolerance in such elite wheat germplasm were 
introgressed from synthetic wheats and wild 

relatives mainly T. dicoccoides. ICARDA 
distributes yearly more than 400 of such 
genotypes to its partners through international 
nurseries. In the last 5 years alone, more than 
60 bread wheat varieties of ICARDA origin 
have been released by National Agricultural 
Research System (NARS) in the CWANA and 
SSA regions. 

ID 1193 | Discovering favourable gene resources for improving drought 
tolerance of wheat 
Ruilian Jing*, Long Li, Xinguo Mao, Jingyi Wang, Chaonan Li 

National Key Facility for Crop Gene Resources and Genetic Improvement/Institute of Crop Sciences, 
Chinese Academy of Agricultural Sciences, Beijing, China 
*E-mail: jingruilian@caas.cn

Developing drought-tolerant wheat varieties is 
an economical and effective strategy to cope 
with drought stress, which depends on the 
pyramiding of favourable gene resources. 
However, the identification of elite genes from 
a large amount of wheat germplasm resources 
is a daunting challenge due to its huge and 
complex hexaploid genome. Here, we take 
several genes as examples, such as 
TaSnRK2s, TaPP2A and TaSPLs, which are 
involved in the regulation of drought tolerance 
and grain yield. The functions of candidate 
genes were identified in transgenic plants, and 
functional markers were further developed 
based on their sequence polymorphisms in a 
wheat panel with higher genetic diversity. The 
favourable alleles of target genes were 

detected by combining linkage and 
association analysis, and their contribution 
and pyramiding effect for phenotypic 
variations were dissected. Our results 
demonstrated that a number of favourable 
alleles of drought-tolerant genes hide in 
germplasm resources. They have been 
concentrated in wheat varieties by 
“unconscious selection” in the history of wheat 
breeding. However, the frequencies of 
selection and utilization for different 
favourable alleles varied remarkably. 
Therefore, functional marker development 
and recombination of elite gene alleles will 
facilitate accurate selection for parental 
materials and progenies, thereby improving 
the breeding efficiency. 

ID 1197 | Exploiting African rice germplasm to breed for reproductive drought 
tolerance in upland ecology 
Mamadou Fofana* 

International Institute of Tropical Agriculture 
*E-mail: ma.fofana@cgiar.org

There are two cultivated rice species; Oryza 
sativa L. (Asian rice) and Oryza glaberrima 
(Africa rice). Oryza glaberrima was the only 
rice species cultivated in Africa until the 
Portuguese introduced O. sativa from Asia. 
However, O. glaberrima is considered as an 
important rich reservoir of genes for tolerance 
to various indigenous biotic and abiotic 
constraints. Thus this specie is highly 
adaptable to local rice cultivation conditions in 
Africa. Probably due to such adaptability, O. 
glaberrima is still cultivated in some areas of 

West Africa. Such resistance to multiple 
constraints is a highly desirable character for 
rice cultivated by resource-poor farmers, who 
cannot afford to adopt intensive agronomic 
measures against such constraints in the 
rainfed ecology in Africa. To address the 
shortage of rice caused by yield reduction, 
African countries reverted to importation of rice 
with consequence significant loss of foreign 
exchange to the tune of 2 billion dollars per 
year for those countries already indebted. To 
meet the ever-growing demand for rice by 
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2030, a significant increase of at least 35% in 
yield is needed). One of the least expensive 
alternatives to meet this demand is the 
development of appropriate drought tolerant 
cultivars ensured with yield stability and 
adapted to environmental conditions in the 
region. During the past five years, the entire O. 
glaberrima accessions (~2500 accessions) of 
AfricaRice have been screened for 

reproductive drought tolerance in upland 
ecology. Six (6) lines with exceptionally high 
level of tolerance are being identified. They 
showed at least 30% yield gain over tolerant 
checks from Asia and Africa under severe 
reproductive-stage drought. The 6 lines with 
exceptionally high level of tolerant to drought 
could be good donors for breeding programs 
focus on high yielding and drought tolerance. 

 
ID 1198 | Development and evaluation of Trifolium repens x T. occidentale 
interspecific hybrids for drought tolerance 
 Syed Wajid Hussain*, Shirley Nichols, Prue Taylor, Jim Crush 
 
AgResearch 
*E-mail: wajid.hussain@agresearch.co.nz 
 
Trifolium repens (white clover) is a natural 
allotetraploid hybrid between the diploid 
species T. occidentale and T. pallescens. T. 
occidentale is adapted to dry, saline coastal 
habitats and transfer of drought and salt-
tolerant traits to white clover could be valuable 
if interspecific hybridisation can be achieved 
efficiently and leads to fertile hybrid 
populations. To achieve hybridisation, 4x 
plants of T. occidentale were generated 
through chromosome doubling techniques. 
Interspecific 4x F1 plants were then produced 
without embryo rescue, followed by F2 
populations and first and second backcross 
hybrids to white clover. Although male and 
female fertility were lower than T. repens, they 
were adequate to produce large amounts of 
seed from small numbers of inflorescences. 
Cytological studies on the hybrid plants have 
shown that chromosome pairing is occurring 
not only between T. occidentale and T. repens, 
but also between the ancestral sub-genomes 
of T. repens. Thus, interspecific hybridization 
has the potential for major genome 
recombination and opens the way for 

introgression of traits from T. occidentale into 
T. repens. 
 
Forty-five hybrid families, comprising of BC1, 
BC2 and their inter-crosses, were evaluated in 
the field and compared with eight commercial 
T. repens cultivars under three natural 
summer drought periods. Data were recorded 
on visual growth and recovery after the dry 
months. Plants selected based on growth 
scores were included in an inter-crossing 
protocol to further reshuffle the interspecific 
chromosomes for introgression. A set of eight 
BC2 intercrossed families are currently being 
evaluated under well-watered versus 
controlled seasonal drought conditions in a 
rainout shelter facility for plant traits relevant 
to improved drought resistance, and variation 
among families. Traits measured include 
growth, plant spread, nodal rooting, stolon 
morphology, and stolon elongation rates. 
During drought stress leaf samples were taken 
for relevant biochemical traits including 
osmolality and 13C discrimination. 

 
ID 1211 | Targeted mining of germplasm banks 
Sarah Hearne*, Terry Molnar, Ed Buckler, Juan Burgueño, Jiafa Chen, Denise Costich, Jose Crossa, 
Kate Dreher, Jorge Franco-Duran, Daniel Gates, Matthew Hufford, HuiHui Li, Jing Li, Garrett Janzen, 
Cesar Petroli, Kevin Pixley, Awais Rasheed, Ruben Rellan-Alvarez, Fausto Rodríguez Zapata, 
Alberto Romero, Jeff Ross-Ibarra, Dan Runcie, Patrick Schnable, Ruairidh Sawers, Samantha 
Snodgrass, Kai Sonder, Martha Willcox, Cristian Zavala  
 
International Maize and Wheat Improvement Center 
*E-mail: s.hearne@cgiar.org 
 
Germplasm banks worldwide are reserves of 
untapped native genetic variation. Despite this 

the use of germplasm bank materials by 
breeders is woefully limited. This is not due to 
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a lack of desire for new variation for crop 
improvement rather significant challenges 
related to accession use including linkage 
drag, photoperiod incompatibility, poor 
adaptation and lack of useful documentation of 
germplasm bank resources. The relative 
affordability of sequence based genotyping 
has ushered in a new era in germplasm bank 
exploration. Initiatives in the three major 
commodities exemplifies this interest. In 
maize, CIMMYT together with Mexican and 
international partners has fully characterized 
the CIMMYT international germplasm bank 
maize collection using sequence based 
genotyping. Past and ongoing exploration of 
this data together with climate and phenotypic 

data reveals new paradigms and opportunities 
for variant discovery and allele mining 
opportunities extending the value of 
germplasm bank collections not just as 
resources for novel variation but as test-beds 
for identification of high value standing 
variation in elite breeding materials. 
Combination of these resources is ushering in 
a new era of germplasm bank mining and pre-
breeding for drought breeding; generating new 
understanding of high value genetic variants 
and providing access to novel variants in high 
quality bridging germplasm for direct breeding 
application. 

ID 1213 | Transcriptomic analysis of photosynthesis related genes regulated 
by alternate wetting and drying (AWD) irrigation in flag leaves of rice 
Jianhua Zhang*

Faculty of Science  Hong Kong Baptist University 
*E-mail: jhzhang@cuhk.edu.hk

Alternate wetting and drying (AWD) irrigation 
has been widely used to replace continuous 
flooding (CF), which does not result in yield 
loss while improving water productivity. 
However, how this practice affects gene 
expression to regulate physiology and 
morphology is largely unknown. In this study, 
we found that photosynthetic rate (Pn), 
stomatal conductance (Gs), transpiration rate 
(Tr) and chlorophyll (Chl) content significantly 
decreased when soil water potential 
decreased to -15 kPa in the AWD irrigation 
regime. We then analyzed the differences 

between AWD and CF irrigation practices in 
transcriptomic profiles for flag leaves. Genes 
were found to be differentially expressed in 
photosynthesis related pathways namely, Chl 
biosynthesis, photosynthesis - antenna 
proteins pathway, photosynthesis process and 
Abscisic acid (ABA) signal transduction 
pathway. The study provides important 
information on the morphological adaptations 
observed in the flag leaves in response to 
AWD irrigation, which will act as a basic 
framework to conduct molecular studies for 
improving rice cultivation. 

ID 1231 | Discovery of germplasm and genomic regions to improve soybean 
drought tolerance 
Clinton J. Steketee1, William T. Schapaugh2, Thomas R. Sinclair3, Mandeep K. Riar3, Thomas 
E. Carter Jr.4, Zenglu Li1*

1Institute of Plant Breeding, Genetics, and Genomics, University of Georgia, Athens, GA, USA 
2Department of Agronomy, Kansas State University, Manhattan, KS, USA 
3Department of Crop and Soil Sciences, North Carolina State University, Raleigh, NC, USA 
4USDA-ARS, Raleigh, NC, USA 
*E-mail: zli@uga.edu

Drought stress is the most important abiotic 
constraint affecting soybean [Glycine max (L.) 
Merr.] yield in rain-fed production areas. 
Combating this stress requires soybean 
plants which possess physiological 
mechanisms to tolerate episodic drought 
stress, because less than 10% of U.S. 

soybean production areas are irrigated. 
Evaluation of physiological traits that relate to 
drought tolerance can be used in breeding 
programs to identify genomic regions 
associated with the traits and genotypes with 
favorable combinations of alleles. The 
objective of this research was to evaluate 
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drought tolerance related traits in two 
populations in order to identify germplasm 
and genetic loci to improve soybean drought 
tolerance. A panel of over 200 genetically 
diverse soybean accessions genotyped with 
the SoySNP50K iSelect BeadChips was 
phenotyped for canopy wilting, carbon isotope 
composition (δ13C), nitrogen concentration, 
nitrogen isotope composition (δ15N), and 
transpiration response to AgNO3. 
Additionally, 130 recombinant inbred lines 
(RILs) derived from ‘Hutcheson’ × PI 471938 
genotyped with the SoySNP6K iSelect 

BeadChips were evaluated for canopy wilting. 
Genome-wide association analyses and 
composite interval mapping revealed genomic 
regions controlling these drought related traits 
in soybean, and new soybean accessions 
were identified with high numbers of beneficial 
alleles and favorable breeding values for the 
traits. The germplasm and genomic regions 
identified through this research are being 
used to better understand the genetic 
architecture for these traits and be 
incorporated into elite germplasm to improve 
drought tolerance in soybean. 

ID 1238 | Selection of drought tolerance lines for water limited environment in 
maize 
Jungheon Han*, Sihwan Ryu 

Maize Research Institute 
*E-mail: wjdgjs9908@korea.kr

The impact of climate change is affecting the 
magnitude of rainfall and its distribution, which 
in turn has adverse effects on crop production. 
Plants exhibiting high drought tolerance are 
the most suitable targets of drought-related 
research and are the most promising sources 
of drought-related gene and gene regions to 
be used in the improvement of modern crop 
varieties. Maize, with its high photosynthetic 
rates and yields, is a particularly valuable 
agricultural resources, serving as a food 
source for human and livestock as well as a 
biofuel. However, continuously diversifying 
demands for maize production has led to the 
constant need for genetic improvement of 
various agriculturally and economically 
important traits. In this challenging scenario, 
molecular approaches offer novel 
opportunities for the dissection and more 
targeted manipulation of the genetic and 
functional basis of yield under drought 
conditions. In present study, we intend to 

dissect genetic factors contributing to drought 
tolerance in maize based on Genome-wide 
association studies (GWAS). Our objective is 
to 1) Identify maize genotypes for tolerance to 
drought stress, 2) Identify genetic regions 
contributing drought tolerance based on 55K 
SNP chip. We evaluated 150 maize inbred 
lines. The germination, survival and recovery 
rate were measured and we observed a 
significant difference between genotypes 
under stress environment. We shortlisted 15 
maize inbred accessions categorized based 
on a) drought tolerant b) moderately tolerant c) 
drought susceptible. Our further step is to 
perform a GWAS scan on the shortlisted 
inbred lines. This will enable us to identify 
marker-trait association with candidate genes 
related to traits under drought conditions. 
Functional annotations of these putative 
candidate genes will give a valuable insights 
for maize breeding under drought conditions. 

ID 1239 | Drought screening of rice diversity panels and the bridge to breeding 
Amelia Henry* 

International Rice Research Institute 
*E-mail: a.henry@irri.org

Genebanks are stewards of the world’s crop 
diversity, and represent large potential for 
sources of stress tolerance. Using material 
from the IRRI Genebank, we have 
characterized diverse sets of rice varieties 

under drought stress with two aims: 1) to 
identify new potential sources of drought 
tolerance that can be used in breeding, and 2) 
to test hypotheses about inter-relationships 
among physiological mechanisms. One 
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example is our work with a panel of ~200 aus 
genotypes. We identified several genotypes 
with high and stable yield under reproductive 
stage drought, we observed that leaf rolling 
under drought was more related to leaf 
morphology than to drought tolerance, and we 
are working on describing how different root 
traits show stable or plastic responses in the 
genotypes with highest yield under drought. 
From these experiences we learned that 
drought tolerance in rice can be conferred by 
many different combinations of physiological 
traits. Furthermore, we learned that the 
relatively subtle variation across large diversity 
panels may result in different conclusions than 

in studies using small numbers of highly 
contrasting genotypes. 
 
Our next step is to use our physiology datasets 
on rice diversity panels to contribute to 
breeding for drought-prone environments. We 
aim to identify traits/genes/accessions that 
could improve yield under drought and that are 
not already present in the elite breeding pool. 
We are currently comparing our most 
interesting lines from diversity panels with the 
elite breeding pool for direct-seeded and 
rainfed environments with an aim to select 
accessions that will best complement the 
existing pool of drought tolerance among elite 
breeding lines. 

 
ID 1253 | Ratio of kernel ∆13C/δ18O improves the selection potential of bread 
wheat for increased grain yield under different water regimes: A physiological 
perspective for direct application in wheat breeding 
Jatinder Singh Sangha1*, Ron Knox1, Richard Cuthbert1, Yuefeng Ruan1, Raju Soolanayakanahally2 
 
1Swift Current Research and Development Centre, Agriculture and Agri-Food Canada, Swift Current, 
Saskatchewan, Canada S9H 3X2 
2Saskatoon Research and Development Centre, Agriculture and Agri-Food Canada, Saskatoon 
Saskatchewan, Canada S7N 0X2 
*E-mail: jatinder.sangha2@canada.ca 
 
A doubled haploid (DH) bread wheat 
population “B0767&” (Carberry/ AC Cadillac) 
comprising a set of 208 lines was grown for six 
years under irrigated and dryland 
environments to explore the potential of using 
the ratio of ∆13C/δ18O of mature kernels for 
selecting wheat germplasm with higher grain 
yield. Through principal component analysis 
(PCA) over 50% of variation in grain yield was 
explained by growing environments, with a 
major contribution by irrigated environments. 
PCA biplot analysis was used to select ten DH 
lines with contrasting grain yield for 
physiological characterization. Analysis of 
mature kernels for ∆13C and δ18O for 2016‒
2018 showed that grain yield was positively 
correlated with ∆13C under irrigated 
(R2=0.67) and dryland (R2=0.31) conditions, 
whereas it was negatively correlated with 

δ18O under irrigated (R2=0.74) and dryland 
(R2=0.68) conditions. Use of kernel ∆13C / 
δ18O ratio to predict grain yield, increased the 
coefficient of determination value in both 
irrigated (R2=0.91) and dryland (R2=0.61) 
environments. The line B0767&AG075 with 
high ∆13C/δ18O ratio and high grain yield also 
demonstrated cooler canopy and lower spike 
temperature, compared to the line 
B0767&AD028 with low grain yield, under both 
environments. Flag leaf stomatal conductance 
(gs) was lower in high yielding lines under 
dryland conditions showing a linear negative 
correlation with grain yield, but this relationship 
was polynomial under irrigated conditions. Our 
results indicate that the kernel ∆13C/δ18O 
ratio can reliably select wheat germplasm with 
high yield potential in both irrigated and 
dryland environments. 

 
ID 1254 | Multi-environment genome prediction of winter bread wheat in 
response to French drought stress 
Delphine Hourcade* 

 
ARVALIS Institut Du Vegetal 
*E-mail: d.hourcade@arvalis.fr 
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Drought is one of the main abiotic stress 
limiting wheat (Triticum aestivumL.) growth 
and productivity around the world. Even if the 
European temperate climate is supposed to 
be less subject to severe drought events, 
recent studies show that water deficit events 
have led to reduce the yield progression of the 
last two decades. Furthermore, many studies 
have been published about the increase of 
frequency and intensity of this abiotic stress. 
New high yielding and stress-tolerant cultivars 
are necessary to help farmers to maintain high 
productivity and this requires an improved 
understanding of the basis of physiological 
and genetic response to drought stress. 
 
In the framework of the Breadwheat Project, a 
panel of 176 European elite cultivars, mostly 
French, German and English, has been 
evaluated in 32 field experiments (combination 
of years, location and treatment). 
Physiological traits, yield and yield 
components have been scored for each trial. 

A crop model was performed with detailed 
climatic conditions and soil water status, to 
identify the timing, intensity and history of 
stress for each combination of genotype/trial. 
Four scenarii of water deficit have been 
identified in this trial network. Tolerance stress 
index and reaction norms for 
genotype*environment interaction were 
calculated for each genotype regarding 
environment clustering. All cultivars were 
genotyped with the 420K SNP chip. 
 
By using multi-environment mixt models and 
bayesian models, we performed genome 
wide association and genomic prediction 
studies on tolerance stress index. Several 
QTLs have been identified and estimation of 
allele effects shown that some loci are 
positively correlated with yield potential in 
drought stress conditions. Models accuracy 
will be detailed and the use of those results 
for post-registered varieties characterization 
or breeding programs will be discussed. 

 
ID 1256 | Characterization of the genetic diversity of Chilean quinoa 
(Chenopodium quinoa Willd) germplasm using genome-wide association 
analysis 
Kathryn E. Dumschott*, Andres Zurita-Silva, Archis Pandya, Dalma Castillo, Christian Alfaro, 
Nathalie Wuyts, Fabio Fiorani, Björn Usadel  
 
RWTH Aachen Univeristy 
*E-mail: dumschott@bio1.rwth-aachen.de 
 
Quinoa (Chenopodium quinoa Willd) is a 
pseudo-cereal belonging to the 
Amaranthaceae family, originating in the 
Andean region of South America. In recent 
decades, quinoa has gained global attention 
for its exceptional nutritional content, including 
high-quality protein and a range of important 
vitamins and minerals. Quinoa is well-adapted 
to marginalized soils and is able to tolerate 
abiotic stressors such as drought and high 
salinity, making it an excellent candidate for 
cultivation in drought-prone regions. While 
quinoa holds great potential for future food 
security in the face of climate change, the 
genetic diversity of this pseudo-cereal remains 
to be unraveled. Elucidating this diversity and 
identifying genetic variants related to relevant 
traits including yield and stress resistance will 
be crucial for future breeding programs. 
 
This study was performed on a unique and 
diverse collection of germplasm consisting of 
local Chilean genotypes belonging to 

lowland/coastal ecotype which has been 
developed and is maintained by the Instituto 
de Investigaciones Agropecuarias (INIA) in 
Chile. The collection was sequenced and 
polymorphisms were identified in order to 
provide insight into adaptations. Genome 
wide association studies were carried out and 
the underlying genomic regions were 
investigated in order to identify potential 
candidate genes for improved breeding 
strategies. Significant SNPs were identified 
for traits including time to maturity and plot 
yield so that potential candidate genes could 
be investigated. 
 
Quinoa’s high nutritional content coupled with 
its resilience to abiotic stressors makes it an 
important crop for achieving global food 
security. Harnessing the genetic diversity of 
quinoa is an important step for bringing quinoa 
into the forefront of modern breeding 
programs. 
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ID 1267 | Empirical experience from CIMMYT of molecular marker-assisted 
breeding for maize drought stress tolerance improvement 
Xuecai Zhang* 

 
International Maize and Wheat Improvement Center 
*E-mail: xc.zhang@cgiar.org 
 
Drought stress has long been recognized as a 
major constraint to maize yield production in 
the developing countries, which affects 
approximately 20% of the tropical and 
subtropical maize in any given year. In the past 
several decades, tremendous efforts had been 
made by CIMMYT in conventional breeding to 
increase genetic gain for tolerance to drought. 
However, the generation of multilocation 
phenotypic data in conventional breeding is 
expensive and laborious. Modern genotyping 
technologies have made genotypic data for 
plant breeding relatively inexpensive, and 
molecular breeding offers the ability in 
reducing total breeding cost and improving 
breeding efficiency. In order to identify 
environmentally stable QTL under well-
watered and drought-stressed conditions to 
deploy marker-assisted-selection, association 
mapping was performed in a collection of 300 
tropical and subtropical maize inbred lines, 

and in more than 15 bi-parental populations 
consisted of more than 2500 genotypes, 
genetic architecture of grain yield, flowering 
time, and plant/ear height under well-watered 
and drought-stressed conditions were 
revealed. Linkage mapping was applied as 
well in multiple bi-parental populations 
developed in eastern and southern Africa and 
in Latin American. The stable drought-stress 
tolerance QTL detected in these genetic 
studies was proposed to deploy into the 
marker-assisted recurrent selection to enrich 
the allele frequency for a few desired traits. 
Empirical evidence showed that marker-
assisted recurrent selection and genomic 
selection have similar performance as 
phenotypic selection, but at a lower cost, 
which should be incorporated into maize 
breeding pipelines to increase breeding 
program efficiency. 

 
ID 1268 | Overexpression of a Maize Transcription Factor in Maize Increases 
Grain Yield in the Field 
Jeff Habben* 

 
Corteva Agriscience 
*E-mail: jeffrey.habben@corteva.com 
 
Increasing maize grain yield has been a major 
focus of both plant breeding and genetic 
engineering to meet the global demand for 
food, feed, and industrial uses. MADS-box 
transcription factors have been shown to 
regulate genes involved in controlling 
numerous plant growth and development 
characteristics. We have increased and 
extended the expression of a maize MADS-
box transcription factor gene, zmm28, under 
the control of a moderate-constitutive maize 
promoter. The resultant transgenic maize 

plants have increased plant growth, 
photosynthesis capacity, and nitrogen 
utilization. Overall, these positive attributes 
are associated with a significant increase in 
grain yield relative to wild-type controls that is 
consistent across years, environments, and 
elite germplasm backgrounds. We conclude 
that alteration in expression of a single native 
maize gene in maize can improve both 
resource capture and resource utilization, 
resulting in a significant improvement in grain 
yield, the ultimate complex quantitative trait. 

 
ID 1271 | The role of cis-regulatory variation in adaptive drought responses in 
chickpea 
Susan M. Moenga*, Vincent Vadez, Douglas R. Cook 
 
University of California Davis  
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Gene expression regulation is an important 
component in facilitating plants to mount 
appropriate responses to environmental 
stresses like drought. While drought is the 
most limiting factor to crop production, the 
relative proportion and importance of cis- and 
trans¬-regulatory mechanisms in regulating 
gene expression in drought adaptive 
responses is a largely unexplored resource in 
breeding for drought tolerance. F1 hybrids 
generated from reciprocal crosses between 
wild (Cicer reticulatum) and cultivated (Cicer 
arietinum) were grown under unstressed 
control and declining soil moisture conditions 
along with parents. Implementing leaf 
RNASeq and read-backed phasing, binomial 
tests for deviations from 1:1 haplotypic 
expression ratio at any F1 locus was used to 

identify and characterize cis-effects while the 
difference in the F1 hybrid ratio from the parent 
1: parent 2 expression ratio was used to 
estimate the trans effect per locus. Overall the 
F1 global hybrid transcriptome was distinct 
from either parent as estimated by principal 
component analysis (PCA), recapitulating 
variations in changes in transpiration rate 
under increasing drought stress between 
parents and hybrid progeny. This suggests 
novel allelic combinations in the hybrids 
resulting in unique expression profiles with 
potentially distinctive physiological outcomes. 
The proportion of this transcriptome 
differentiation that is due to cis and trans 
regulation, their expression effect sizes and 
associated biological pathways will be 
presented. 

ID 1277 | Low-cost, multi-species iSelect XT bead chip array for enhanced 
scale of physiological and pre-breeding trait research and linkage into 
breeding programs for in-field impact 
Jayfred Godoy* 

 
InterGrain 
*E-mail: jgodoy@intergrain.com 
 
The combination of reference genome 
assemblies with more ready access to precise 
phenotyping and genotyping tools operating at 
larger scale will accelerate the rate of trait 
dissection and gene discovery underpinning 
physiological adaptation to environmental 
stresses. To help assist research communities 
leverage the power of these genomes and 
enable integration of research across time and 
genotyping platforms, an advanced 
imputation-enabled multispecies Illumina XT 
40K SNP chip for wheat and barley has been 
developed. This chip is based on published 
reference genome assemblies for each 
species and comprehensive genotypic 
datasets created for globally diverse 
germplasm. We show very high (>95%) 
accuracy for imputation from XT chip to wheat 
exome and barley whole genome SNP 
density, with imputation up to 581 693 wheat 
and 322 695 barley SNP. The chip also 
includes SNP content that directly links it to 
legacy genotyping platforms (e.g. iSelect 90K 

SNP and Axiom 35K SNP chip in wheat and 
iSelect 9K SNP chip in barley) plus legacy 
GWAS/QTL studies. Due to the low unit cost 
and its’ high call rates across diverse 
germplasm, the imputation-enabled 
multispecies Illumina XT 40K SNP chip for 
wheat and barley can be deployed globally on 
larger populations by physiological and 
associated pre-breeding researchers working 
across a wide range of germplasm such as 
diverse landrace, wild and progenitor 
germplasm pools. Further, implementation at 
scale of the low-cost Illumina XT 40K SNP chip 
at the linkage interface between research and 
breeding programs will drive genomic 
enhanced trait introgression. Breeders will 
then use these traits and genomic tool in 
recurrent genomic breeding to deliver 
enhanced impact of research activities in the 
grower’s field as improved varieties. This chip 
will be made accessible via a third-party 
agreement to researchers and breeders 
globally in 2020. 

 
ID 1292 | Responsiveness of introgression lines derived from wild and exotic 
sorghum germplasm to farmer demands and climate change challenges  



Interdrought VI | Abstracts 

48 / 70 
 

Colette Ouindyam Ouedraogo1,2, Frederick Weltzien Rattunde3, Eva Weltzien3, Baloua Nebié1, Aly 
Boubacar4, Benjamin Kilian5, Aboubacar Touré1, Mamourou Sidibé1, Mahamoudou Sawadogo2  
 
1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Bamako BP 320, Mal  
2Université Ouaga I Pr Joseph Ki-Zerbo Ouagadougou Burkina Faso  
3University of Wisconsin-Madison  
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*E-mail: O.Collette@cgiar.org 
 
Sorghum is vitally important for food security 
in semi-arid West Africa. The introgression of 
wild-and high transpiration efficiency 
genotypes may contribute genes for abiotic 
stress tolerance or novel traits. Engaging 
farmers in the process of varietal evaluation 
can help researchers to understand farmer’s 
criteria for choosing new varieties and 
increase the probability of retaining progenies 
that will eventually be adopted. The objectives 
are to determine if BC1F5 lines derived from 
wild sorghum and high transpiration efficiency 
donors can be identified that outperform their 
recurrent parent for grain yield in the Sahelian 
zone and establish if introgressed progenies 
can be obtained with high farmer appreciation 
and suitable flowering time for adoption and 
resilience to climate stress. A total of 104 
BC1F4 progenies derived from introgression 
of two wild parents, 47 from introgression of 
high transpiration efficiency donors, the 
farmer preferred landrace varieties used as 

recurrent parent, CSM63E, and 8 local- and 
improved check varieties were tested in both 
on-Station and on-Farm trials in Mali over two 
years. The rainfall ranging from 600 to 820 
mm over the five test environments. A total of 
21 progenies were retained by farmers, most 
of which (17) were derived from introgression 
of the wild-donors with the remainder (4) from 
the high transpiration efficiency donors. The 
five highest-ranking progenies for yield 
included three wild-introgressed progenies 
with grain yield ranged from 1110 to 1210 
kg/ha followed by the local check with 1070 
kg/ha and CSM63E with 1040 kg/ha. The 
three top yielding progenies combined high 
farmer appreciation overall and for panicle 
type, high grain yield, and acceptable 
flowering time compared the local recurrent-
parent CSM63E. These progenies contribute 
to increasing the diversity of varietal in the 
context of climate change in the Sahelian 
zone of West Africa. 

 
ID 1293 | Evaluation of near-isogenic lines of rice introgressed with 
DEEPER ROOTING 1 and Stele Transversal Area 1 under different water 
availability and soil compaction 
Akihiko Kamoshita*, Vivek Deshmukh, Phoura Y, Poornima Ramalingam  
 
University of Tokyo, Japan 
*E-mail: akamoshita@anesc.u-tokyo.ac.jp 
 
Deep and thick root systems have been 
considered to help rice adaptation to drought 
environment: deep root morphology may help 
acquisition of soil moisture from deeper layers 
and thick root linked with thick stele may better 
conduce water from rhizosphere to shoot. 
Three sets of experiments have been 
conducted at Nishitokyo, Japan, for a high 
yielding indica variety IR64 and its 3 near 
isogenic lines (NILs) with DEEPER ROOTING 
1 (DRO1) and/or Stele Transversal Area 1 
(Sta1) (Dro1_NIL, Sta1_NIL, Dro1Sta1_NIL); 
Exp 1 with all the 3 NILs under 3 different water 
availability (flooded lowland, water-saving 
lowland, rainfed upland) in 2013 and 2014, 

Exp 2 with Dro1_NIL under different soil 
compaction (none, moderate, hard) in 2013 
and 2014, Exp 3 with Sta1_NIL in greenhouse 
and fields of different water availability (well-
water, water deficit) in 2017 and 2018. The 
main findings are as below. (1) Dro1_NIL had 
14% higher yield than IR64 across the 3 water 
availability due to higher harvest index, 
aboveground biomass, leaf area index, and 
number of grains in Exp 1, while Sta1_NIL just 
had higher harvest index and the combination 
of DRO1 and Sta1 did not surpass the 
increment from the effects of DRO1 alone. (2) 
Proportion of deep roots measured by basket 
method, which was correlated with root length 
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density at 30 to 60 cm, was larger in Dro1_NIL 
than IR64, but the difference was small under 
hard compaction, with a significant genotype × 
compaction interaction in Exp 2. (3) Sta1_NIL 

had larger stele transversal area than IR64 
(37,800 vs 35,400 μm2), maintained higher 
mid-day leaf water potential and showed 
tendency of higher yield in Exp 3. 

 
ID 1294 | Interactions between stomatal and mesophyll function in wheat with 
reduced stomatal density 
Jennifer C. Quebedeaux1*, Samantha S. Stutz1, Thomas E. Clemente2, Andrew D. B. Leakey1 
 
University of Illinois at Urbana-Champaign  
*E-mail: quebede2@illinois.edu 
 
Stomatal pores control the exchange of carbon 
dioxide (CO2) and water between plants and 
the atmosphere, determining plant productivity 
and water use efficiency (WUE). Reducing 
stomatal density can lead to greater WUE in 
wheat. Optimizing increases in WUE without 
unwanted trade-offs in photosynthetic carbon 
gain and biomass production would 
theoretically result from increasing 
photosynthetic capacity and mesophyll 
conductance while maintaining low stomatal 
conductance (gs). But, the interactions 
between stomatal and mesophyll processes 
are poorly understood. To explore these 

questions, transgenic wheat was designed to 
alter expression of a gene involved in stomatal 
development. Using optical topometry, we 
observed approximately a 15-20% reduction in 
stomatal density compared to wildtype. The 
decrease in stomatal density translates to a 
decrease in gs and greater WUE, as in 
previous reports. Experiments are on-going 
that combine photosynthetic gas exchange 
measurements with tunable-diode laser 
absorption spectroscopy to test for changes in 
biochemical capacity and conductance to CO2 
in the mesophyll. 

 
ID 1300 | Did a common genetic gain across environmental scenarios increase 
drought tolerance of hybrid maize (1950-2015)? 
Nadir Abusamra Spencer*, Claude Welcker, François Tardieu 
 
LEPSE, INRA, Univ Montpellier, Montpellier, France 
*E-mail: Claude.welcker@inra.fr 
 
Past retrospective studies have shown 
substantial genetic gain for grain yield in 
Maize (Zea Mays L.). Within a European 
context, we quantified grain yield genetic gain 
in relation to distinct environmental scenarios, 
and further identified phenotypic changes 
associated to this genetic progress. Sixty elite 
maize hybrids released between 1952 and 
2015 were tested in a European network of 
field trials. Experiments were assigned to 
scenarios of temperature and soil water 
availability based on environmental 
conditions measured at field level. 
 
Grain yield genetic gain of 100 Kg.ha-1.year-1 
was observed across environmental 
scenarios, and was associated with an 

increased grain number. This gain was 
observed in all scenarios. Delayed male 
flowering with no associated change in total 
cycle length was observed across 
generations, indicating longer vegetative 
phase duration for more modern hybrids. 
Crucially, this phenological change was found 
to account for a third of the increase in grain 
number observed across generations of maize 
hybrid release. 
 
Overall, the genetic gain observed for the 
period 1952 to 2015 is the result of selection 
on constitutive traits, providing hybrids with a 
similar yield advantage across diverse 
environmental scenarios, but no specific 
advantage under drought conditions.

 
ID 1302 | Meta-QTL and Candidate Genes for Drought Tolerance in Wheat 
Pushpendra K Gupta, Harindra S Balyan, Pradeep K Sharma*, Anuj Kumar 
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Department of Genetics and Plant Breeding, Chaudhary Charan Singh University, Meerut 
*E-mail: pks264@rediffmail.com 
 
Meta-QTL analysis for drought tolerance in 
wheat was conducted utilizing BioMercator 
V4.2. For, information about ~374 QTL 
involving 43 drought-responsive traits was 
collected from 14 earlier studies conducted in 
the past using different mapping populations of 
bread wheat. However, for final analysis, only 
62 of the above 374 QTLs were retained by the 
software due to inadequate information for 
remaining QTLs. A consensus map with 5,680 
markers (SSRs, RFLP and DArT) was 
prepared using two reference maps available 
in GrainGenes database. The 62 QTLs were 
projected onto this consensus map, resulting 
in the identification of 18 meta-QTLs (designed 
as MQTL1 to MQTL18) located on seven 
different chromosomes. The number of QTLs 
associated with each MQTL ranged from 2 (for 
MQTL12) to 30 (MQTL 8, 9, 10, 11). 
Confidence intervals for meta-QTLs ranged 
from 2.07 cM (MQTL10) to 19.46 cM 

(MQTL12), which are narrower relative to the 
corresponding intervals carrying the original 
QTLs, suggesting that MQTLs are relatively 
robust, and are associated with closely linked 
markers. Therefore, the MQTL identified 
during the present study should prove useful 
in breeding programmes aimed towards 
development of drought tolerant wheat 
cultivars. The 18 MQTLs were also used to 
identify >100 candidate genes, which encoded 
proteins including glycosyl-hydrolases, protein 
kinases, zinc finger proteins, the transcription 
factors of WRKY family, cytochrome P450, 
proline dehydrogenase, etc. These proteins 
are known to be involved in abiotic stress 
tolerance. We propose to validate these 
candidate genes through a study of expression 
of these genes in seedlings of drought 
sensitive wheat cultivars and the 
corresponding tolerant genotypes grown 
under moisture stress. 

 
ID 1303 | Leveraging information from managed stress trials: Selection indices 
for breeding for stress-prone environments 
Johannes Wolfgang Robert Martini*, Amsal Tarekege, Jill Elizabeth Cairns, Mainassara Abdou 
Zaman-Allah, Cosmos Magorokosho, Kate Dreher, Claudio César Ayala Hernandez, 
Rumbidzai Matemba-Mutasa, José Crossa, Giovanny Covarrubias-Pazaran, Maruthi Prasanna 
Boddupalli, Dagne Wegary, Kevin Vail Pixley, Gary Atlin 
 
International Maize and Wheat Improvement Center  
*E-mail: j.martini@cgiar.org 
 
The use of selection indices (SI) is widely 
established in the animal breeding sector. SI 
summarize the overall genetic merit 
(concerning multiple traits) of a selection 
candidate in a single quantity and thus 
facilitate an objective ranking. To construct a 
SI, usually economic weights for each trait 
have to be defined and the genetic covariance 
between these traits has to be known 
approximately. Having defined the weights 
appropriately, selecting for the SI instead of 
for individual traits leads to a maximized 
selection gain in the economic value of the 
population under selection. The incorporation 
of estimated genetic covariance among traits 
enables the optimal use of indirect selection to 
achieve the highest overall response. 
 
Despite these theoretical advantages and its 
proven value in animal breeding, the use of SI 
is less common in plant breeding. Difficulties 

in assigning economic weights to -for instance- 
stress resilience or nutrition traits, differences 
in population structure, and challenges 
generated by changes in genetic covariance 
may have limited the implementation of SI in 
plant breeding. 
We use multi-year data of advanced maize 
hybrid trials of CIMMYT and partners’ 
Southern Africa program to estimate the 
genetic covariance of yield under optimal 
conditions, managed low nitrogen stress, 
managed drought stress and random stress. 
We discuss difficulties, such as the definition 
of economic weights or the estimation of 
genetic covariance, and the potential benefit 
for accelerating genetic gain when leveraging 
the different sources of information in a SI. In 
particular, the formalized indirect selection 
provided by the incorporation of genetic 
covariance may make the use of SI attractive 
for breeding for stress-prone environments. 
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ID 1305 | Genetic gain in Sorghum bicolor (L.) Moench in the US semiarid 
region 
Charlie Messina*

*E-mail: charlie.messina@corteva.com

Sorghum [Sorghum bicolor (L.) Moench] is an 
important staple food and source of animal 
feed in the semiarid regions of the world. 
Sustained rates of genetic gain are necessary 
to supply food and feed to a growing 
population. However, there are no reports on 
the rate of genetic gain in commercial breeding 
programs for sorghum. A five-year study that 
evaluated 86 genotypes commercialized 
between the decades of 1960 and 2010 was 

conducted in nineteen locations within the 
Sorghum belt of the United States. Yield varied 
between 3 and 12 Mg/ha. Preliminary results 
suggest an average rate of genetic gain of 
0.024 Mg/ha/yr. However, substantial variation 
was observed among sites and years. 
Understanding the causes underpinning the 
variability in gain among locations and sites 
can inform the design of breeding programs to 
accelerate crop improvement. 

ID 1307 | Managed-Environments: Taking aim at the Target Population of 
Environments 
Mark Cooper* 

The University of Queensland 
*E-mail: mark.cooper@uq.edu.au

Crop yield is a phenotypic outcome of an 
interplay of genetics and environment for the 
developmental, growth, partitioning and 
adaptation traits that determine crop yield 
potential and tolerance to biotic and abiotic 
stresses. Genomic sequences of crops, the 
ability to identify sequence polymorphisms 
among individuals and functional genomic 
technologies have opened up the opportunity 
for deep investigations of trait genetic 
architecture within the reference germplasm 
populations of breeding programs. The Target 
Population of Environments (TPE) for a 
breeding program is the environmental 
complement of trait genetic architecture. The 
TPE defines the range and biophysical 
characteristics of environmental conditions 
that crop genotypes are expected to 
encounter. In a drought-prone TPE, complex 
genotype-by-environment (GxE) interactions 
are commonplace for trait contributions and 
yield across environments. Therefore, 
significant research efforts have been invested 
by many disciplines into the study of trait GxE 
interactions and into the design of breeding 
strategies to enhance rates of genetic 

improvement in the presence of GxE 
interactions. An important component is the 
design of Multi-Environment Trials (METs) in 
which different genotypes are tested and 
compared across a sample of environments 
from the TPE. A practical MET design principle 
is to align the composition of the sample of 
environments included in the MET with the 
structure of the expected environmental 
composition of the TPE. Randomly sampling 
environments across locations and years can 
often result in poor MET-TPE alignment. 
Phenotyping costs and sampling logistics 
impose significant constraints on the design of 
METs to achieve the optimal MET-TPE 
alignment. Managed-Environments have been 
widely proposed and in some cases 
successfully used to stratify the sampling of 
environments and improve the MET-TPE 
alignment over alternative sampling 
strategies. The quantitative genetic principles 
for design of Managed-Environments to 
enhance MET-TPE alignment are discussed 
and examples of application of these design 
principles are reviewed. 
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ID 1310 | Identification and Mapping of QTLs Associated with Drought-
Responsive Traits in a JUG-03 X Valencia-C Peanut Population Measured in 
the Field and Root Cylinders 
Soni Pooja1,Puspesh Joshi1, Jyostna Devi Mura2, Vincent Vadez3, Janila Pasupuleti1, Surendra 
Singh1, Manish Pandey1, Rajeev Varshney1, Paxton Payton4, Mark Burow5, Naveen Puppala2* 
 
1International Crop Research Institute for Semi-Arid Tropics, Patancheru, Telangana, India 502324. 
2New Mexico State University, NMSU-ASC at Clovis, 2346 SR 288, Clovis, New Mexico -88101, USA 
3Institut de Recherche pour le Development (IRD), Université de Montpellier, UMR DIADE, 911 
Avenue Agropolis, BP 64501, 34394, Montpellier Cedex 5, France 
4USDA-ARS, Cropping System Research Lab, Lubbock – 79415; Texas-USA 
5Texas Agrilife Research, 1102 E FM 1294, Lubbock – 79403;Texas- USA  
*E-mail: npuppala@nmsu.edu 
 
A recombinant inbred line (RIL) population 
comprising of 286 lines was developed by 
crossing JUG-03 × Valencia-C for mapping the 
QTLs and identifying the genomic regions 
associated with different components of 
drought tolerance. GBS (Genotyping-by-
sequencing) approach was employed to 
generate genotyping data. A high-resolution 
genetic map was developed with 1323 SNP 
loci mapped on 20 linkage groups spanning 
2003.13 cM with an average marker density of 
1.53 cM. QTL analysis using multi-location 
phenotyping with a dense genetic map and 
genotyping data identified 27 major-effect 
QTLs with phenotypic variation explained 
(PVE) ranging from 10.9-61.6% for traits 

measured under field conditions and total 4 
QTLs with PVE ranging 5.2-7.4% for the traits 
measured utilizing root cylinders. Major QTLs 
were identified for different components of 
drought, such as haulm yield, protein content, 
100 pod weight, test weight, SPAD, palmitic 
acid, and stearic acid. Only minor QTLs were 
identified for harvest index, transpiration 
efficiency, total transpiration, and haulm 
weight. Identification of QTL regions will 
uncover important genes and transcription 
factors shown their involvement in different 
components of drought tolerance and followed 
by marker development, which can be 
deployed to enhance groundnut yield under 
drought stress. 

 
ID 1312 | A transcriptomics approach to discern molecular differences in 
distant durum varieties that have been commercially grown in Canada 
Paula Ashe*, Hamid Shaterian, Leonid Akhov, Gopalan Selvaraj 
 
National Research Council Canada 
*E-mail: Paula.Ashe@nrc-cnrc.gc.ca 
 
Much of Canadian wheat is produced in 
Saskatchewan, where drought and heat stress 
during anthesis and grain-filling periods have 
a significant negative impact on yield. The 
prevalent practice in varietal development in 
Canada is influenced by grain quality and 
agronomic standards that has generally 
limited sourcing beneficial alleles from wheat 
lines capable of producing a crop in the short 
growing season of spring cultivation. Our 
study is focused on two durum wheat cultivars: 
Pelissier, an Algerian drought tolerant line that 
is >100 years old and Strongfield, an elite 
Canadian cultivar. Pelissier has been a parent 
at multiple points in the pedigree of 
Strongfield. Thus, interrogation of the genetic 
and molecular differences in two cultivars (and 
their segregating population) is likely to reveal 

the comparative and contrasting aspects of 
two distant varieties that have been 
commercially grown in Canada. Pelissier is 
known to produce a larger root system in 
general and this is also true in comparison 
with Strongfield under both un-stressed and 
water deficit conditions; it also withstands a 
drought stress that is detrimental to 
Strongfield. Pelissier demonstrated 
photosynthetic stability under water stress as 
well as heat stress conditions. Given these 
contrasting phenotypes, flag leaf and root 
tissue was collected from these cultivars 
grown in rhizotrons (PVC tubes, 7.5 cm 
diameter, 120 cm length) under well-watered 
(95% holding capacity) and drought (30% 
holding capacity) conditions. The 
transcriptome revealed differentially 
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expressed genes. These results were 
considered in light of the challenge in 
imposing drought conditions in a 
phenologically germane manner for the plants 
to experience stress at or soon after booting. 
Furthermore, the differential developmental 

aspects of wheat were also taken into 
consideration. The results are presented and 
discussed in light of these critical aspects that 
are often missed in interpretations of global 
gene expression profiling. 

ID 1322 | Genomic basis of drought adaptation in West African sorghum 
Geoffrey Morris*, Fanna Maina, Jacques Faye, Bassirou Sine, Jack Akata, Niaba Teme , Cyril 
Diatta, Aissata Mamadou, Ndiaga Cisse, Falalou Hamidou, Daniel Fonceka 

Kansas State University 
*E-mail: gpmorris@ksu.edu

Drought is pervasive in semi-arid regions of 
West Africa, so increasing yield under drought 
is a top priority for the region's sorghum 
breeding programs. Phenotypic selection is 
stymied by the diversity of drought scenarios 
encountered, while genotypic selection is 
limited by our poor understanding of the 
genetics of drought adaptation. Based on 
evolutionary models of sorghum in West 
Africa, we hypothesized that its drought 
adaptation has an oligogenic basis (few genes 
of moderate effect) suitable for marker-
assisted selection. To test this hypothesis and 
identify drought-adaptive alleles, we formed a 
regional collaborative network (breeders, 
physiologists, geneticists) to conduct a series 
of genome-wide association studies (GWAS). 
We established a West African sorghum 
association panel (landraces and breeding 
lines), genotyped >400,000 single nucleotide 
polymorphisms, and phenotyped drought-
related traits under managed water stress in 

field (Senegal) and lysimeters (Niger) over 
several years. The quality of managed stress 
phenotyping was evidenced by (i) moderate to 
high trait heritabilities and (ii) significant 
crossover genotype-by-environment 
interactions for canonical pre- and post-
flowering drought tolerant lines (Tx7000 and 
BTx642). GWAS identified marker-trait 
associations for several putative drought-
adaptive traits, including panicle weight under 
water stress. While the findings are consistent 
with the oligogenic hypothesis, we continue to 
consider alternative hypotheses such as 
confounding population structure and/or 
polygenic variation. Additional field and 
modeling experiments are underway to test 
the hypothesis that off-season managed 
stress is relevant to rainy-season on-farm 
conditions. These studies form the foundation 
of a genomics-enabled breeding network to 
improve sorghum adaptation in West Africa. 

ID 1328 | Breeding for drought tolerance – what have we (not) learnt? 
Marianne Bänziger*

International Maize and Wheat Improvement Center 
*E-mail: mariannebanziger@gmail.com

Drought tolerance is one of the best-
researched topics, its analysis spanning 
decades, yet there is surprising little evidence 
in which crop improvement programs drought 
tolerance is systematically being pursued as a 
breeding goal, and with what benefits. 
Investments and achievements in augmenting 
the drought tolerance through breeding seem 
to be disproportionally less than overall 
drought research investments. This is 
concerning given the well-described future 
impacts of climate change on the frequency of 
drought, particularly in tropical crop production 

environments. The complexity of drought 
tolerance, the large number of genes involved 
and the likely GxE interactions, seem to take 
breeders away from combining breeders, 
physiologists and geneticists insights into 
applied breeding programs. Breeders have 
been successful in making systematic yield 
gains in variable environments, i.e. for the trait 
“yield” that is likewise determined by many 
genes and affected by GxE interactions. The 
same can be true if the highly polygenic nature 
and GxE interactions are taken as facts when 
designing drought breeding programs. 
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CIMMYT’s maize breeding program is among 
the best-documented breeding programs that 
has made steady progress for improving yields 
in drought environments. The presentation will 
summarize insights from environmental, 
genomic and physiological studies that have 

guided and further optimized the breeding 
approach. It encourages crop breeders to 
make a renewed and rational effort to 
incorporate drought breeding into their 
breeding strategy where relevant. 

 
ID 1329 | Genetic analysis of yield in drought-prone areas with a scenario-
dependent probabilistic approach 
Francois Tardieu*, Boris Parent, Italo Granato, Nadir Abu Samra Spencer, Llorenç Cabrera 
Bosquet, Claude Welcker 
 
INRAE, LEPSE, Montpellier, France 
*E-mail: francois.tardieu@inra.fr 
 
Yield results from month-long feedback 
processes, whereas mechanisms of drought 
response operate over minutes following 
changes in transpiration demand. Evolution 
has constrained these mechanisms into 
strategies for stabilizing the water status of 
leaves and reproductive organs in rapidly 
varying environmental conditions. These 
constraints differ from those maximizing yield 
because of trade-offs between carbon 
accumulation and the risk of deleterious plant 
water status. Breeders successfully selected 
for high and stable yield across environments, 
including dry environments, but in doing so 
they selected for constitutive traits. An analysis 
of the genetic progress showed that the allelic 
diversity that governs drought acclimation was 
left largely unexploited because it results in 
positive or negative effects on yield depending 
on drought scenarios. We propose a 
probabilistic approach where the benefits and 
risks of alleles combinations are estimated for 
the most likely drought scenarios in each 

region, under current or future climates. 
Integrating 
 
phenomics, modeling and genomic prediction 
allowed us to identify the combinations of 
alleles with positive effects on yield in each 
drought scenario. For this, we identified traits 
genetically linked to yield in each scenario 
with experiments in phenotyping platforms 
and field networks. One third of the yield 
variance in a given environmental scenario 
was accounted for by QTLs of traits 
measured in phenotyping platforms that co-
located with yield QTLs. We converted these 
traits into model parameters, which were in 
turn predicted based on allelic values for new 
genotypes, and allowed yield prediction in 
100s fields. This strategy may allow exploiting 
new alleles for yield in dry regions by explicitly 
taking into account those alleles that optimize 
adaptive responses in expected 
environmental scenarios for each region. 

 
ID 1330 | Development of biotechnology tools to improve maize drought stress 
tolerance 
Juliana E.C.T. Yassitepe1,2*, Fernanda R. Fernandes1,2, Isabel R. Gerhardt1,2, Ricardo A. Dante1,2, 
Rafael S.C. Souza1,3, Jaderson S.L. Armanhi1,3, Viviane H. Silva1,3, Ana P. Ribeiro1,3, Pedro 
Barreto1,3, Paulo Arruda1,3 
 
1Genomics for Climate Change Research Center (GCCRC), Campinas, SP, Brazil 
2Embrapa Agriculture Informatics, Campinas, SP, Brazil 
3University of Campinas, Campinas, SP, Brazil 
*E-mail: juliana.yassitepe@embrapa.br 
 
The Genomics for Climate Change Research 
Center (GCCRC) is a joint research center 
created by the State University of Campinas 
(UNICAMP), and the Brazilian Agricultural 
Research Corporation (EMBRAPA) devoted to 
creating biotechnology assets to help 

developing plants with increased drought 
tolerance. The GCCRC uses genomics tools 
for gene discovery and unravels the plant 
microbiome interaction. Gene editing and 
transgenesis is used for developing maize 
plants incorporating novel traits associated 
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with drought tolerance. The GCCRC activities 
are executed through the biotechnology 
platform “from gene to trait” that spans from 
gene discovery to proof of concept under field 
trial conditions. Unexplored and unknown 
genes associated with responses to abiotic 
stresses have been discovered and 
transformed into sugarcane and in the maize 
B104 inbred line. Synthetic microbial 
communities (SynCom) composed of 

beneficial bacteria isolated from sugarcane 
has been constructed and evaluated in maize. 
Inoculation with SynCons has shown a 
significant impact on maize yield in stressful 
conditions in both controlled conditions and in 
the field trials. Sequencing and assembly plant 
genomes and their associated microbiome of 
the rupestrian fields are using the discovery of 
new genes and microbes that help plants 
adapt to extreme environments. 

 
ID 1333 | Deployment of large-effect drought tolerance QTLs in rice cultivar 
development at IRRI 
John Damien Platten*, Amelia Henry, Sankalp U. Bhosale 
 
International Rice Research Institute 
*E-mail: j.platten@irri.org 
 
Decades of excellent research has been done 
in identifying major QTLs contributing to 
reproductive-stage drought tolerance in rice.  
Yet the benefit of these loci still remains to be 
realized in routine breeding operations, with 
the frequency of most in elite material 
remaining below 5%.  Contributing factors to 
this are lack of reliable, high-throughput 

marker systems, lack of availability in elite 
material, and lack of information on their 
effectiveness in a diversity of elite 
backgrounds.  Efforts to address these 
concerns are described, as well as principles 
to avoid the same situation occurring with 
future trait development efforts. 

 
SESSION 6: MANAGING CROPPING SYSTEMS FOR ADAPTATION TO WATER-

LIMITED ENVIRONMENTS 
 

ID 1017 | Conservation agriculture increases maize production in the dry 
regions of Mexico 
Simon Fonteyne*, Nele Verhulst, Antonio Lopez Ramirez, Avelino Espinosa Solorio, Juan Jose 
Garcia Rodriguez, Leodegario Osorio Alcala, Enrique Andrio Enriquez, Miguel Angel Uribe 
Guerrero, Mario Alberto Dzul Caaich, Juan Manuel Rojas Cruz, Francisco Javier Santoyo Avila, 
Luis Alberto Noriega González, Nora Honsdorf 
 
International Maize and Wheat Improvement Center 
*E-mail: s.fonteyne@cgiar.org 
 
In the semi-desert areas of Mexico, farmers 
often produce maize in conditions that are not 
generally considered suitable for the crop, 
because it is an essential part of their daily diet 
and culture. Rainfall in these areas is low and 
erratic, leading to low yields and high risk of 
crop failure. Conservation agriculture is a 
production system based on minimal tillage, 
soil cover with residues or crops and crop 
rotation, which has been shown to improve 
maize yields under rainfed conditions where 
water is a limiting factor. However, these 
general principles have to be adapted to the 
local reality, which can be difficult in low rainfall 
areas because of low crop residue production. 

In order to adapt conservation agriculture and 
other sustainable agriculture practices to the 
diverse agro-ecological conditions, CIMMYT 
set up a network of over 60 collaborative trials 
across Mexico, starting in 2010. Seven of 
these trials are located in regions that 
generally receive less than 600 mm of rainfall 
during the growing season. The results of the 
trials indicate that conservation agriculture can 
be adapted to maize production in low rainfall 
conditions. At all sites, conservation 
agriculture improved maize yields compared 
to conventional tillage based systems but the 
profitability of even the highest yielding 
treatments remained low. Challenges include 
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providing enough residue cover and finding 
suitable rotation crops for each region that are 
competitive with maize. 

ID 1048 | Combining eco-physiology, phenomics and crop modeling to 
enhance daytime and nighttime water-saving in cereal crops 
Walid Sadok1, James A. Anderson1, Michel E. Ghanem2, Remy Schoppach1, Thomas R. Sinclair3, 
Brian J. Steffenson4, Bishal G. Tamang1, Claudio Zucca5

1Department of Agronomy and Plant Genetics, University of Minnesota, Saint Paul, MN, USA 
2International Center for Agricultural Research in the Dry Areas, Rabat, Morocco 
3Crop Science Department, North Carolina State University, Raleigh, NC, USA 
4Department of Plant Pathology, University of Minnesota, Saint Paul, MN, USA 
5International Center for Agricultural Research in the Dry Areas, Amman,Jordan 
*E-mail: msadok@umn.edu

Under Mediterranean conditions, drought 
tolerance is often associated with enhanced 
water availability during seed-fill. Over last 15 
years, it has been established that water-
saving traits based on transpiration rate (TR) 
responses to increasing evaporative demand 
or to decreasing soil moisture could lead to 
improving water-limited yields. Yet, the 
extent of natural variation for these response 
curves remains unknown. In addition, the role 
of other traits, such as nighttime water-saving 
by decreasing nocturnal transpiration (TRN) 
remains unknown and even controversial. 
Furthermore, information on yield gains 
arising from such traits is limited, especially 
for small, food-insecure countries. Here, we 
describe investigations on wheat and barley 

describing i) a high-throughput approach for 
phenotyping TR responses to evaporative 
demand, revealing substantial diversity 
among over 100 genotypes and ii) an 
extensive natural variation in TRN, along with 
evidence of its circadian control and 
influence on daytime gas exchange. 
Evaluating these traits using simulation 
modeling for Tunisia, where wheat drought 
tolerance is critical to food security, we 
identify regions where yield gains could 
reach 30% dependently on the trait. Critically, 
even for such a small country, our integrated 
approach highlighted the need for location-
dependent breeding for cultivars equipped 
with different trait combinations to 
significantly improve drought tolerance. 

ID 1169 | Spectral assessment of chickpea morpho-physiology from space, air 
and ground 
Ittai Herrmann* 

The Hebrew University of Jerusalem 
*E-mail: ittai.herrmann@mail.huji.ac.il

Chickpea (Cicer arietinum) is an important 
grain legume in semi-arid regions and water-
stress is a major constraint to its productivity. 
There is a growing demand for chickpea grains 
but climate change toward greater aridity 
results in higher precipitation instability and 
risks yields. The ability to assess water 
potential can support irrigation decisions and 
may enable more efficient irrigation. We aimed 
to assess water potential, leaf area index (LAI) 
and grain yield by spaceborne, airborne and 
ground spectral sensors. During the growing 
season of2019, field experiments were 
conducted in two locations, representing 
different agro-ecologies in Israel. Five 

irrigation regimes were applied: 50%, 75%, 
100%, 120% and 140% of Penman-Monteith 
evapotranspiration were implemented. Plants 
were characterized weekly for water potential 
and LAI, and grain yield data was obtained at 
the final harvest. Canopy reflectance was 
acquired with a VENµS MicroSatellite, a drone 
mounted multispectral camera and 
hyperspectral ground level spectrometer. Leaf 
water potential (LWP), LAI and grain yield 
values differed between most irrigation 
treatments. The VENµS data based on partial 
least squares regression (PLS-R) analysis for 
water potential, LAI and grain yield resulted in 
R2 and RMSEV of 0.8 and 0.217 MPa; 0.63 
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and 0.74 m2m-2; and 0.82 and 0.44 t ha-1, 
respectively. The PLS-R analysis for 
hyperspectral data for LWP, LAI and grain 
yield resulted in R2 and RMSEV of 0.74 and 
0.18 MPa; 0.80 and 0.89 m2m-2; and 0.84 and 
0.45 t ha-1, respectively. The multispectral 5 
bands imagery was used to calculate 
vegetation indices. The best vegetation index 

for LWP, LAI and grain yield were OSAVI, 
NDVI and TCARI, respectively, R2 and RMSE 
values of, 0.56 and 0.168 Mpa, 0.69 and 0.78 
m2m-2, 0.874 and 0.38 t ha-1, respectively. 
Field experiments during 2020 will serve to 
assess the repeatability of the predictions and 
validated the reported correlations.

 
ID 1191 | Long-term evaluation of tillage methods in fallow season for soil 
water storage, wheat yield and water use efficiency in semiarid southeast 
of the Loess Plateau 
Min Sun*, Ai-xia Ren, Zhi-qiang Gao, Pei-ru Wang, Fei Mo, Ling-zhu Xue, Miao-miao Lei 
 
Shanxi Agricultural University 
*E-mail: sm_sunmin@126.com 
 
Fallow tillage methods play a major role in 
improving soil water storage and hence wheat 
yield in Loess Plateau. However, the efficacy 
and stability of such methods need to be 
further validated in long-term field observation. 
A 7-year field experiment (2009–2015) was 
established in winter wheat fields at Wenxi, 
semiarid southeast Loess Plateau. The 
objectives were to determine the responses of 
soil water storage, and yield to three different 
tillage methods: including deep ploughing, 
subsoiling and no-tillage. Results indicated 
that compared to no-tillage, the soil water 
storage (0–300 cm) was averagely increased 
by 7.8% and 6.0% during fallow season, 
13.7% and 9.8% in growing season under 
deep ploughing and subsoiling respectively. 
Furthermore, the increasing magnitude in soil 
water due to deep ploughing and subsoiling 
was, on average, 10.1% and 5.5% higher in 
dry season than that in wet one. Improved soil 
water condition under deep ploughing and 

subsoiling significantly increased the ear 
number and yield by 20.2% and 15.9%, 30.8% 
and 25.8% respectively, but did not affect seed 
number and weight of seed over the 
experimental seasons. Moreover, yields under 
deep ploughing and subsoiling were averagely 
increased by 35.2% and 24.8% in dry season, 
28.7% and 20.6% in wet season respectively. 
Accordingly, WUE and precipitation use 
efficiency were increased by 12.1% and 31.9% 
under deep ploughing, 11.1% and 25.0% 
under subsoiling respectively. Critically, we 
found that with an increase of 10% water 
storage efficiency during fallow season, ear 
number, yield and WUE could be increased by 
0.2 million ha−1, 241.1 kg ha−1 and 0.6 kg 
ha−1mm−1 respectively. Results indicated 
that deep ploughing in fallow season should be 
adopted as a promising strategy to retain soil 
water availability and hence boost wheat 
productivity in semiarid Loess Plateau. 

 
ID 1194 | Effects of whole soil-plastic mulching with hole-sowing on soil 
temperature, moisture and yield of buckwheat in arid lands  
Fang Yan-Jie*, Zhang Xu-Cheng, Yu Xian-Feng, Hou Hui-Zhi, Wang Hong-Li, Ma Yi-Fan 
 
Institute of Dry-Land Agriculture, Gansu Academy of Agricultural Sciences / Key Laboratory of High 
Water Utilization on Dryland of Gansu Province, Lanzhou 730070 
*E-mail: 147640834@qq.com 
 
To provide a theoretical basis for exploring a 
high-yield and high-efficiency technique for 
buckwheat (Fagopyrum tataricum [L.] Gaertn.) 
in semiarid areas of China, we carried out 
long-term field experiments (2015 to 2017) at 
the Dingxi Experiment Station of Gansu 
Academy of Agricultural Sciences in the Loess 

Plateau of northwestern China. Two planting 
patterns, namely whole field soil-plastic 
mulching with hole-sowing (FMS), and hole-
sowing on bare soils (CK), were set to 
investigate the effects of FMS on soil 
temperature, moisture, yield and water use 
efficiency （WUE） of buckwheat. Compared 
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with CK, FMS increased soil water storage 
(SWS) of 0 to 300 cm layer in normal (2015) 
and dr years (2016) by 2.91% (16.9 mm) and 
5.79% (25.59 mm) (P < 0.05). However, no 
significant difference was found between them 
in the wet year of 2017. FMS increased 
average soil temperature (Ts) in 0−25 cm layer 
by 2.27  and 2.20  in normal and wet years, 
respectively. While in dry year with higher 
temperature, FMS lowered Ts during 
branching to filling stages. Similarly, FMS 
appreciably decreased seasonal mean Ts of 0 
to 25 cm layer compared with CK. On average, 
FMS increased crop water consumption in 0 to 

300 cm soil layer by 3.89% during the three 
consecutive years, but the difference was not 
significant (P > 0.05). Nevertheless, FMS 
increased yield by 7.26% to 95.25%, and WUE 
by 7.59% to 87.08% (P < 0.05). The results 
demonstrated that the high-yield and high-
efficiencyof FMS were more significant during 
drier years. In conclusion, FMS could increase 
SWS prior to sowing, decrease Ts during high-
temperature periods, prolong filling stage, 
resulting in the promoted the development of 
plants, and the significantly enhanced yield 
and WUE of buckwheat. 

 
ID 1200 | Effects of top dressing with reduced nitrogen fertilizer and density 
enhance-ment on water use efficiency and growth of potatoes planted in mini-
ditch on ridges with plastic mulching 
Yu Xian-Feng*, Zhang Xu-Cheng*, Fang Yan-Jie, Wang Hong-Li, Hou Hui-Zhi, Ma Yi-Fan 
 
Institute of Dryland Farming, Gansu Academy of Agricultural Sciences / Key Laboratory of High Water 
Utilization on Dryland of Gansu Province, Lanzhou 730070, Gansu, China; Gansu Agriculture 
Environment Protection Station, Lanzhou 730000, Gansu, China 
*E-mail: 147640834@qq.com 
 
The optimization of ridge-furrow construction, 
plant density and fertilizer application are three 
promising ways to increase rainwater use 
efficiency, crop yield and water use efficiency. 
A long–term field experiment was carried out 
in semi–arid area of northwestern China from 
2015 to 2017, using potatoes planted in mini-
ditch on ridges with plastic mulching, to 
explore the effects of fertilizer application and 
plant density on soil temperature, water 
consumption at different growth stages, yield 
and water use effi-ciency. Two plant densities 
(low density of 49,500 plants ha– 1, and high 
density of 64,500 plants ha–1) and three 
fertilization methods (traditional fertilizer 
application, PM; reduced chemical fertilizer 
dressing, PMN; and organic fertilizer 
substitution, PMO) were set up as treatments, 
using randomized block design with three 
replications. The high density lowered water 
consumption in pre-flowering stage, above-
ground biomass per plant, and water use 
efficiency. However, LAI and water 

consumption were improved in post–flowering 
stage. Compared with low density treatments, 
LAI in high density increased by 3.64%–
15.01%, and water consumption in tuber 
bulking period increased by 6.50%–48.52%. 
PMN and PMO decreased water consump-
tion during pre– flowering period, but 
increased it during post–flowering period, 
resulting in a 6.95%–49.85% increment in 
above-ground biomass at bulking stage. On 
average, PMN increased potato tuber yield 
and WUE under low density by 9.96%–20.87% 
and 13.64%–17.61%, 5.46%–20.81% and 
13.25%–45.24%, respectively, compared with 
PM and PMO. Consequently, the increment of 
plant density did not affect potato tuber yield 
and WUE. However, PMN and PMO promoted 
potato water utilization in post–flowering 
period and increased LAI, resulting in 
significant incremen of potato tuber yield and 
WUE, showing an efficient way for fertilization 
management of potato in semiarid loess 
plateau of northwestern China. 

 
ID 1201 | Effects of Micro Ridge-Furrow with Plastic Film Mulching and 
Bunching Seeding on Water Consumption Characteristics and Water Use 
Efficiency of Winter Wheat at Semiarid Areas of Northwest Loess Plateau 
ZHANG Xu-Cheng*, HOU Hui-Zhi  
 



Interdrought VI | Abstracts 

59 / 70 

Institute of Dry-land Agriculture, Gansu Academy of Agricultural Sciences/Key Laboratory of Northwest 
Drought-Resistant Crop Farming, Lanzhou, 730070; Gansu Academy of Sciences, Lanzhou, 730000  
*Email: gszhangxuch@163.com, 867298381@qq.com

The precipitation is inadequate in arid and 
semiarid areas of Northwest Loess Plateau. 
How to use this part precipitation sufficiently, 
is the key method to increase the rainfall use 
efficiency and yield stably of winter wheat in 
this area. To understand the effect of PRF on 
soil water storage, water consumption 
characteristics, yield and water use efficiency 
of winter wheat. A field experiment has been 
conducted from 2011 to 2015 on Northwest 
Loess plateau (104°36′ E, 35°35′ N) . The four-
years average soil water storage of PRF at 
sowing and re-green stage was higher than 
PMS, SM, CK by 24.3, 38.8, 7.4 mm and 18.2, 
26.9, 67.8 mm, respectively. PRF averagely 
increased wheat evapotranspiration from 
heading to filling stage by 36.0 mm than PMS. 
As compared with SM and CK, it increased by 
12.1 mm and 16.7 mm, 40.8 mm and 37.6 from 
re-green to heading and from filling to maturity 
respectively. The yield of PRF was highest 

among four treatment, it reached to 4 373.6-4 
950.0 kg·hm-2, increased by 2.4%-12.7% than 
PMS, the significant difference were observed 
in 2012-2013 and 2014-2015. It significantly 
higher than SM (except for 2012-2013) and CK 
(increased by 35.8%-43.8%) in four 
experimental years. The water use efficiency 
of PRF increased by 0.4%-12.8% as 
compared with PMS, the significant difference 
were observed except for 2013-2014, it also 
significantly higher than SM (except for 2014-
2015) and CK (significantly increased by 8.1% 
-42.1%) in four experimental years. PRF could
increased soil water storage in 0-200 cm
profile in sowing and re-green stage, resulted
in the increment of grain yield and water use
efficiency. Consequently, was the better
cropping patterns for high yield and efficiency
of winter wheat on semiarid areas of
Northwest Loess Plateau.

ID 1204 | Half a world away: How the success of winter wheat in the Pacific 
Northwest can increase wheat yields in semi-arid southern Australia 
David Cann*, William Schillinger, James Hunt, Felicity Harris, Kenton Porker 

La Trobe University 
*E-mail: d.cann@latrobe.edu.au

Wheat (Triticum aestivum L.) is the most 
widely-grown crop in the Mediterranean semi-
arid (150 – 400 mm) cropping zones of both 
southern Australia and the inland Pacific 
Northwest (PNW) of the United States of 
America (USA). Low precipitation, harsh 
winters and heat and drought conditions 
during late spring and summer limit wheat 
yields in both regions. Due to rising 
temperatures and reduced autumn rainfall in 
southern Australia since 1990, cropping 
conditions in these two environments have 
grown increasingly similar. This presents the 
opportunity for southern Australian growers to 
learn from the experiences of their PNW 
counterparts. Wheat cultivars with an obligate 
vernalisation requirement (winter wheat) are 
an integral part of semi-arid PNW cropping 
systems, but in Australia are most frequently 
grown in cool or cold temperate cropping 
zones that receive high rainfall (> 600 mm 
p.a.). Despite research showing that early-

sown winter wheat cultivars can increase 
water-limited potential yield in semi-arid 
southern Australia, there has to date been little 
breeding effort invested in winter wheat for the 
region. The genotype x management 
strategies developed over 120 years of winter 
wheat agronomy in the PNW highlight the 
potential advantages early-sown winter wheat 
offer growers in low-rainfall environments. The 
increased biomass, stable flowering time and 
increased late-summer establishment 
opportunities offered by winter wheat 
genotypes ensure they achieve higher yields 
in the PNW compared to later-sown spring 
wheat. Traits that make winter wheat 
advantageous in the PNW may also contribute 
to increased yield when grown in semi-arid 
southern Australia. Specific traits present in 
winter wheat genotypes that give them an 
advantage in semi-arid cropping environments 
and management practices that best exploit 
this advantage are also discussed. 



Interdrought VI | Abstracts 

60 / 70 
 

ID 1208 | ASALEE, a conception tool for farmer crop rotation concerning water 
quantity availability  
Sophie Gendre, Sylvain Marsac, Rémy Brioude 
 
ARVALIS Institut Du Vegetal 
*E-mail: s.gendre@arvalis.fr 
 
In France, 1.5 million hectares are irrigated 
using 3 billion of m3. Climate change 
increases pressure on water resources for 
agriculture and risk for farm profitability. 
Considering this unpredictable context, 
farmers ask for tool to help them choose crop 
rotation depending on their soil, climate 
conditions and risk behaviour. The objective 
of ASALEE is to compare crop rotations in 
rainy or irrigated conditions, considering 
water quantity management, economic and 
climate variability on technical and economic 
indicators : net margin, work time, water use... 
Crop rotations are defined in co-conception 
meetings with farmers and advisors in order 
to adapt their management to local issues. 
ASALEE is built in 2 units, a user interface 
and a calculation engine coupling: 
 

(1) Irré-LIS®, a water balance with a 
progressive TAW according to 
rooting; 

(2) Production functions of the form 
y/Y=f(RET/MET) with y = yield with 
water stress, Y = yield without water 
stress, RET = real evapotranspiration 

and MET = maximal 
evapotranspiration, to estimate yield 
losses; 

(3) Price variability model (500 scenarios) 
based on historical references and 
economic database; 

 
Both units are linked to database for price, 
climate, crops, soils… Simulations are made 
on climatic series (20 years). Mean, median, 
2nd decile and 8th decile of the indicators are 
presented in the results. The occurrence to 
reach the return objective of farmers can be 
assessed with this analysis. The model has 
been used for Boutonne area (17), a French 
watershed in Western France. Farmers 
wanted to test diversification, integration of 
high value crops and systems representing 
complete break with their actual practices 
(relay cropping, three crops in two years…). 
The tool can be used as a basis for a group 
discussion or to produce an operational 
diagnosis at a farm level. It was developed in 
collaboration with INRAE, Terres Inovia and 
Chambre Agriculture 17. 

 
ID 1224 | Effects of mycorrhizal inoculation on drought tolerance of African 
rice (Oryza glaberrima) 
Grondin Alexandre1,2*, Effa-Effa Branly1, Ndoye Mame Sokhatil2,6, Peralvarez Maricarmen3, 
Quiroga Gabriela3, Daniel Moukouanga1, Mbodj Daouda4, Luchaire Nathalie5, Cabrera-Bosquet 
Llorenç5, Welcker Claude5, Manneh Baboucarr4, Diedhiou Abdala6, Kane Aboubacry6, Barraud 
Fabrice7, Champion Antony1, Gantet Pascal1, Laplaze Laurent1,2, Aroca Ricardo3  
 
1DIADE, IRD, Université de Montpellier, Montpellier, France 
2LMI LAPSE, Dakar, Senegal 
3CSIC, Granada, Spain 
4Africa Rice Center, Saint-Louis, Senegal 
5LEPSE, INRAE, Université de Montpellier, Montpellier, France 
6Université Cheikh Anta Diop, Dakar, Senegal 
7Premier Tech Horticulture, Angers, France 
*E-mail: alexandre.grondin@ird.fr 
 
In West Africa, rice is the most consumed crop 
and countries are developing programs to 
achieve perennial rice self-sufficiency. 
However, rapid population growth in the 
region and global changes associated with 
uncertainties in rainfalls will inevitably 

increase the pressure on water resources for 
agriculture. In that context, it is necessary to 
adapt rice cultivation to reduced water input 
and increase its tolerance to drought. 
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Establishment of symbiosis between rice roots 
and arbuscular mycorrhizal fungi (AMF) can 
lead to improved rice drought stress tolerance. 
Recent evaluation of AMF-inoculation effects 
in a small panel of rice varieties adapted to 
different agrosystems suggested a rice 
genetic control of AMF-symbiosis beneficial 
effects (Diedhiou et al., 2016). However, the 
genetic, molecular and physiological 
determinants controlling improved rice 
performance after AMF-symbiosis 
establishment, particularly under drought, 
remain elusive. 

Using a high-throughput phenotyping platform 
(Cabrera-Bosquet et al., 2016), we quantified 
drought response in a panel of 150 sequenced 
Oryza glaberrima genotypes after inoculation, 
or not, by an AMF. Shoot growth and 
transpiration was followed daily through 
imaging and weighing, respectively, which 
allowed estimation of water use efficiency at 
harvest. Our recent results reveal large 
variability in AMF-inoculation response. The 
mechanisms involved are being analyzed 
using a combination of physiology, association 
genetics and gene expression. 

ID 1242 | Drought adaptation: Insights from species comparison among C4 
cereals 
Vincent Vadez*, Sunita Choudhary, Jana Kholova, Mark Cooper, Charlie Messina, Anand 
Pandravada 

IRD 
*E-mail: vincent.vadez@ird.fr

Maize is considered more “drought-sensitive” 
than sorghum and pearl millet, mostly for its 
longer duration and larger leaf area, but 
rigorous trait comparison among these crops 
is scant. Transpiration efficiency (TE) was 
compared, across seasons varying in VPD, 
water regimes, soils, and in plants where 
reproductive organs were removed. Traits 
determining water usage – i.e. transpiration 
response to increasing VPD and soil drying, 
and canopy development in high/low VPD 
conditions - were also compared. 

Maize had higher TE than sorghum and pearl 
millet across VPD seasons and water regimes, 
except under severe stress and high VPD. 
Under low VPD maize yielded more under 
stress but water usage was similar among 
crops, suggesting plant density, rather than 
water, was limiting sorghum and pearl millet 
yield. Maize conserved water preferentially by 
restricting transpiration under high VPD and 
higher soil moisture, consistent with its higher 

TE, whereas sorghum and pearl millet 
conserved water mostly by reducing leaf area 
and somewhat by restricting transpiration 
under high VPD. Removing panicles 
depressed TE in maize and sorghum, but not 
in pearl millet, suggesting source-sink 
relationship influenced the control of stomata 
opening. Soil had a strong effect on TE, 
depending on VPD and crops: TE differed 
among soils but only under high VPD, and 
there, TE differed among soils in maize but not 
in sorghum and pearl millet. This could be 
consequences of hydraulic conductivity 
differences in the soil-plant continuum 
affecting the transpiration response under high 
VPD in a crop-specific manner. Based on 
these results, “less-bred” pearl millet and 
sorghum should have their sowing density 
increased, be bred for TE and higher density, 
and be fitted to soils and VPD conditions that 
give them a comparative TE advantage over 
maize. 

ID 1249 | Savings of irrigation water and N fertilizer inputs for direct-
seeded rice in dry and wet seasons during El Niño period in Central 
Colombia 
Akihiko Kamoshita*, Vivek Deshmukh 

University of Tokyo, Japan 
*E-mail: akamoshita@anesc.u-tokyo.ac.jp
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In Colombia where rice is mostly dry-drill 
seeded without puddling with high input of 
inorganic nitrogen (N) fertilizers, little 
quantitative information is available for 
designing strategies to reduce N fertilizer and 
irrigation water inputs in different seasons. We 
conducted on-station field experiments within 
the framework of SATREPS project between 
Japan and Colombia (2014-19) to quantify the 
effects of reduction of N fertilizer and irrigation 
inputs on grain yield of drill-seeded rice 
(FEDEARROZ60 variety) on zero-level field in 
Saldaña in dry (2015) and wet (2016) 
seasons, which turned out during El Niño, with 
5 N levels (220, 180 [two sources], 140, and 0 
kgN ha−1) and 3 irrigation strategies (every 3 
day water supply [conventional], mild saving 
with short-extended interval, strong saving 
with long-extended interval). The main results 
were (1) mild water saving during the wet 
season improved water productivity (as 
calculated per total water supply) without yield 

penalty but not during the dry season of only 
14 mm rainfall from establishment to post-
flowering stage with higher evapotranspiration 
(in spite of similar soil water status), (2) rice 
crop in the wet season had higher 
photosynthetic parameters (e.g., stomata 
conductance, transpiration, carbon isotope 
discrimination), and agronomic parameters 
(e.g., water productivity, N recovery, N uptake, 
radiation use efficiency, grain N 
concentration), (3) reducing the N application 
rate from 220 to 140 kgN ha−1 did not reduce 
yield in either season in all irrigation strategies 
in spite of slightly reduced N uptake. These 
results indicate successful water savings 
depending on seasonal conditions and large 
potential for improvement of N fertilizer use 
efficiencies in direct-seeded rice in the tropical 
lowlands of Colombia. The other 
achievements in the project are also 
discussed including root system manipulation 
for resource acquisition.  

ID 1250 | Agroecological characterization of drought-prone rice production in 
non-system tanks of South India 
Akihiko Kamoshita*, Vivek Deshmukh 

University of Tokyo, Japan 
*E-mail. akamoshita@anesc.u-tokyo.ac.jp

Absence of large rivers and uneven seasonal 
rainfall historically developed “tank irrigation 
rice ecosystem” in South India. Two non-
system tanks with different sizes (28 vs 16 ha 
of catchment area) in the same rain shadow 
region in Virudhunagar district, Tamil Nadu 
(9°N, 78°E), were monitored for 6 years from 
2012 to 2017 to assess vulnerability of 
“samba” rice production which is planted 
between August and February as a single 
crop. The historical rainfall after 1985 during 
the rice growing season was ca. 560 mm, 
which recently declines (e.g., 246 mm in 
2012). Drought caused crop failure in 2 years 
(i.e., 2016, 2017) out of the 6 years in the 
smaller tank and 1 year (i.e., 2016) in the 
larger tank. Field based grain yield was lower 
in the smaller tank (n=74), with larger spatial 
and yearly variability, compared with the larger 
tank (n=106). Shortage of rainfall in 2012 

reduced numbers of irrigation from the tank 
and increased borewell irrigation in both tank, 
but the small tank depended more on borewell 
(ca. 60%) than the larger tank (ca. 30%) with 
more unharvested field numbers (35%) than 
the larger tank (7%). Yearly and spatial 
differences in grain yield in the smaller tank 
(i.e., 1.1- 4.5 t/ha) were associated with N 
fertilizer application rate (i.e., 90-150 kgN/ha). 
Carbon isotope discrimination was negatively 
related with total water use, yield and water 
productivity in the smaller tank in 2014. Grain 
yield at the head and middle in the tank 
ecosystem was higher than the tail in both 
tanks. Shorter duration ANNA4 and JGL 
varieties attained higher yield and water 
productivity than longer duration BPT variety. 
The variable fragile ecosystems should be 
strengthened by development of adoptable 
water-saving technologies. 

ID 1258 | Maize grain yield in contrasting production systems of Argentina: 
drought occurrence and kernel number determination 
María E. Otegui*, Miguel Maximiliano Riglos, Jorge Luis Mercau 
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Before market release of genetically-modified 
(GM) insect-tolerant maize (Zea mays L.), 
most part of the Argentine production of this 
staple was concentrated in an area of ca. 3-4 
mill has located in the humid region of the so-
called Central Pampas that range between 32-
36 ºS and 58-64 ºW. Additionally, most part of 
those crops were traditionally sown the earliest 
possible in spring to minimize the risk of 
summer water deficits around flowering. GM 
maize allowed to delay sowing, a practice that 
had three main effects: (i) to place critical 
periods for kernel set in environmental 
conditions less prone to water deficits, (ii) to 
increase the area cropped to maize in sub-
humid and semi-arid regions of the country, 
and (iii) to reduce yield potential in years with 
no water stress. Currently, temperate maize in 

the Pampas is sown in an almost 50-50 % 
distribution between early (ca. mid Sep-mid 
Oct) and late (late Nov-Dec) sowing dates, 
including some double-cropping among the 
latter. These alternatives expose the crop to 
multiple climatic scenarios, which combined 
with the broad variation in soil types modify the 
occurrence and intensity of water deficits 
along the cycle. In our presentation we will 
analyze maize response (i.e. grain yield as 
well as its physiological determinants and 
numerical components) to water deficits 
across humid and sub-humid mid-latitude 
environments of Argentina considering the 
described management alternatives. Special 
emphasis will be given to kernel number 
determination. 

ID 1259 | Optimizing genotype x agronomic management interaction to 
enhance wheat land and water productivity in a Mediterranean rainfed 
environment 
Mina Devkota* 

ICARDA 
*E-mail: m.devkota@cgiar.org

Wheat is the main staple food crop grown in 
the Mediterranean rainfed regions in Morocco, 
but production is unable to meet the demand. 
The existence of large attainable yield gap 
shows potentiality to increase wheat yield in 
the region. However, high variability in inter- 
and intra-seasonal rainfall presents a big risk 
for the farmers to invest in best practices. 
Optimizing genotype selection, seeding time, 
and crop demand-based water management 
have the potential to alleviate the risk 
associated with rainfall variability and enhance 
the stability of yield. The objective of the study 
presented here was to explore the best 
combination of genotype and management 
practices to enhance yield and water 
productivity (WP) of wheat in the 
Mediterranean rainfed environment. Ten 
advanced durum wheat genotypes were 
evaluated at two seeding dates (November 
and December) and two water management - 
rainfed and crop demand-based irrigation for 
three growing seasons (2016/17-2018/19). 
Combining appropriate genotype and 

management is more effective than solely 
relying on choice of genotypes. Effect of 
seeding time on yield and WP was influenced 
by rainfall amount and distribution. In low 
rainfall year (270 and 181 mm versus 440 mm 
long-term average), early sowing enhanced 
yield and water productivity by 45-100% 
compared to late seeding. Similarly, in dry 
year, the application of supplemental irrigation 
increased yield by 2.1 to 2.5 t ha-1 (72-90%). 
More than 50% yield variability was explained 
by variation in rainfall followed by 
supplemental irrigation (by 14%), and seeding 
time (by 12%). The contribution of the 
genotype on yield variability was insignificant. 
The response of genotype on grain yield and 
water productivity varied with seeding time and 
rainfall patterns. Selection of appropriate 
genotype, adjustment in seeding time, and 
application of crop demand-based 
supplemental irrigation help to enhance the 
stability of yield and WP of wheat under 
Mediterranean rainfed environment. 
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ID 1265 | Characterizing abiotic stresses to assist/direct/inform cultivar 
evaluation and agronomic recommendation – A case study for French winter 
wheat 
Jean-Charles Deswarte1*, Katia Beauchêne2, Gaëtan Touzy3 

1ARVALIS-Institut du végétal, 91190 Villiers-le-Bâcle, France  
2ARVALIS-Institut du végétal, 41240 Ouzouer-le-Marché, France 
3BIOGEMMA, Centre de recherche de Chappes, Route d’Ennezat, 63720 Chappes, France (current 
address: RAGT 2n, 12510 Druelle, France) 
*E-mail: c.vannier@arvalis.fr

France is a major bread wheat producer, 
relying on high yields. However, despite 
mostly favourable conditions, variations in 
soils characteristics and weather conditions 
create large yield ranges across the country. 
Drought is often a major concern for farmers, 
although significant drought periods are not 
the only cause of yield loss. It is thus 
necessary to provide an objective, 
pluriannual and localized water stress 
description to provide sound cultivar 
recommendation to farmers. 

We performed a characterisation of water-
deficit scenarios and other main abiotic 
stresses impacting winter wheat. We relied 
on a similar methodology as Chenu et al 
(2011), using our own crop models and 
databases; we sought a dynamic description 
of water stress, considering potential impact 
on N uptake, heat stress exposure and 
potential compensation during grain filling. 
The typology highlighted several scenarios, 
differing on the extent of water stress 
intensity during stem extension and grain 

filling. Situations with no or limited water 
stress during the cycle represent almost half 
of the situations, with large year-to-year 
differences. Some situations with pre-
anthesis water stress appear, with or without 
end-of-season rainfall and possible 
compensation. This characterisation 
becomes a useful tool to describe with similar 
metrics water-stress scenarios across the 
country. 

We also applied the characterisation process 
to a set of field trials. It appeared that trial 
conditions failed to represent homogeneously 
the various water stress scenarios: some 
scenarios were frequently under-represented 
in the trial network. Thus, a precise cultivar 
characterisation for drought tolerance is 
difficult without using specific tools such as 
dedicated platforms. This work indicates that 
environment characterisation is an easy-to-
access tool, valuable for breeders, 
agronomists and advisors, and can be 
developed from custom-made crop indicators 
or simple crop models. 

ID 1266 | Results from farmers’ fields: technologies developed to improve 
maize productivity 
Nele Verhulst, Andrea Gardeazabal, Samuel Flores Galarza, Luis Vargas Rojas, Bram Govaerts 

International Maize and Wheat Improvement Center 
*E-mail: n.verhulst@cgiar.org

Over the past ten years, CIMMYT has been 
working on innovation in maize- and wheat-
based systems in Mexico through hubs that 
comprise (i) research platforms to develop 
research-based recommendations for farmers 
, (ii) modules with side-by-side comparisons in 
farmers’ fields to fine-tune recommendations 
at the field scale, and (iii) extension areas 
where farmers apply new technologies. This 
infrastructure is used to build relationships and 
feed-back loops among actors and for capacity 
development with farmers, farm advisors and 

local researchers. In modules, farmers and 
farm advisors register data on field operations, 
costs and yield for the conventional practice 
and the innovation treatment that the farmer 
decided to apply. Here, we analyze the yield 
results of 801 comparisons from modules in 
areas of Mexico with an average precipitation 
of less than 600 mm per year and where 
farmers innovated for at least two years. The 
innovation treatment included at least the use 
of an improved variety, conservation 
agriculture or improved fertilization. Three 
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crops were included: (i) maize with 679 
comparisons divided over 20 states, (ii) 
common bean with 62 comparisons divided 
over 7 states and (iii) barley with 62 
comparisons in three states in Central Mexico 
(Tlaxcala, Hidalgo and the state of Mexico). 
Average yields in the conventional practice 
were 3.81 t/ha for maize, 0.74 t/ha for bean 
and 2.46 t/ha for barley. The innovation 

treatment increased maize yields on average 
0.83 t/ha or 22% compared to the conventional 
practice. For beans and barley yield increases 
were 0.21 t/ha or 28% and 0.14 t/ha or 6%, 
respectively. Farmers can increase crop yields 
in dry areas, but more research is needed to 
help farmers decide on the most cost-efficient 
option for their conditions. 

ID 1284 | Visualization and quantification of nocturnal water fluxes in soil and 
roots 
Mutez Ali Ahmed1, Faisal Hayat1, Mohsen Zarebanadkouki1, Thomas Buecherl2, Andrea Carminati1  

1University of Bayreuth, Bayreuth Center of Ecology and Environmental Research (BayCEER), Chair of 
Soil Physics, Universitätsstraße 30, 95447, Bayreuth, Germany 
2Radiochemie München, Technische UniversitätMünchen, Garching, Germany 
*E-mail: Mutez.Ahmed@uni-bayreuth.de

Drought is one of the main factors limiting plant 
growth and food production worldwide. 
Understanding what processes allows plants 
to maintain root water uptake and root growth 
during drought is of paramount importance for 
designing drought tolerant crops. Hydraulic lift, 
defined as the transport of water from deep, 
wet soil layers to dry, upper soil layers through 
the root system, has been hypothesized to 
allow plants to maintain root growth and 
transpiration during drought spells. Although 
Hydraulic lift is well accepted, its visualization 
and quantification remains challenging. Here, 
we used neutron radiography to trace the 
transport of deuterated water (D2O) from 
deep, wet soil layers to dry, upper soil layers 
through the root system of maize plant. The 
experiments were carried out with maize 
grown in silty soil in quasi 2-D aluminum slabs. 
The soil was partitioned in two layers 
separated by a coarse sand layer that allowed 

the roots to grow through but limited the water 
redistribution between the layers. We injected 
D2O in the bottom soil layers and imaged the 
root system in the upper soil lays overnight. 
We found that when the top layer was dry, 
water was taken up from the deep soil layers 
and it was released during night by the roots in 
the upper dry layer. Interestingly, we also 
found that the hydraulic redistribution within 
the root system, up to 50% of the water that 
was taken up from deep soil, enables the 
growth of new roots in the upper dry soil 
layers. This information is of fundamental 
importance to understand how root growth is 
maintained during drought. In summary, we 
successfully combined isotope with neutron 
radiography to visualize and quantify hydraulic 
lift, redistribution of water within the root 
system and maintenance of root growth in 
drying soils. 

1286 | Re-designing intensive cereal systems for protecting the blue water in 
irrigated DryArc 
Mangi Lal Jat* 

*E-mail: m.jat@cgiar.org

DryArc is the world’s direst agricultural region 
consisting of 2 billion hectares of arable land 
and supports 1.7 billion of human population in 
nearly 70 countries across Asia and Africa. 
The region is facing serious multiple 
challenges of land degradation, water 
shortages, loss of biodiversity, food insecurity, 
malnutrition etc which are compounding 
further due to growing complexity of climate 

change. Water availability is a major driver of 
agriculture in any regions but it’s much serious 
concerns in the DryArc. The irrigated DryArc 
systems though consists of only 15% acreage 
(312 mha) of the DryArc region but inhabits 
over half (0.9billion) population of the region. 
The growing pressure of population in the 
irrigated DryArc have already led to serious 
challenges of depleting ‘Blue Water’ resources 
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in the region. There is a net negative balance 
in evapo-transpiration by crops and rainfall in 
the region, thereby more use of the ‘Blue 
Water’. For example, the rice-wheat system of 
the Indo-Gangetic plains, the key irrigated 
DryArc system to feed the billions, there are 
serious sustainability concerns specially 
related to over use of Blue Water which is 
prone to be used more intensively with 
projected climate change scenario. Therefore, 
technologies and strategies for protecting the 
blue water in the irrigated DryArc is crucial for 
future food security and agricultural 
sustainability. Over past several years, we 
have been intensively working on ‘Re-

designing the intensive cereal systems’ for 
protecting the blue water and overall 
agricultural sustainability. The approaches 
and practices include, optimizing/re-designing 
cropping systems using CA-based 
management and appropriate cultivar choices, 
layering precision water&nutrient 
management portfolio in existing and newly 
designed systems. Synthesis of scientific 
evidence indicated that redesigning of 
intensive cereal systems can help in achieving 
the future food and nutritional security while 
protecting the blue water, conserving the 
natural resources and minimizing 
environmental foot prints.

ID 1298 | Conservation agriculture improves nitrogen use in semi-arid 
climate in central Mexico  
Nora Honsdorf*, Luis Vargas Rojas, Ana Rosa García López, Nele Verhulst 

International Maize and Wheat Improvement Center 
*E-mail: n.honsdorf@cgiar.org

Nitrogen is a limiting factor in agricultural 
production in many regions of the world. 
Fertilization could greatly improve yields, but 
proper timing and good agronomic 
management are essential to achieve best 
use of nitrogen and reduce the risk of 
leaching. In semi-arid climates, water 
availability limits nitrogen use efficiency of 
crops. Conservation agriculture, based on 
minimum tillage, crop residue retention and 
crop rotations can significantly improve water 
availability under such conditions compared 
to agronomic management with conventional 
tillage. 

An experiment was established at CIMMYT’s 
experimental station El Batan in central 
Mexico, investigating the effect of different 
modes of nitrogen application on maize and 
wheat yields with and without tillage. Data 
were collected in four years. The experiment 
was divided into two main blocks consisting of 
tillage treatments; permanent beds (PB) and 
conventionally tilled beds (CB). The blocks 
were subdivided by crop rotations maize-
wheat, wheat-maize and wheat monoculture. 

Four N treatments were applied; (1) control 
treatment without N fertilization, (2) 80 kg/ha 
basal banded, (3) 80 kg/ha at first node stage 
for wheat and at 4-5 leaf stage for maize, (4) 
80 kg/ha divided between basal banded and 
first node/ 4-5 leaf stage. 

Maize yields were higher with PB than CB. 
Nitrogen fertilization improved yields 
compared to the control treatment under PB. 
Under CB no yield improvement was 
observed with any of the fertilized options 
compared to the control. In wheat the results 
were similar. Yields were highest with 
conservation agriculture, followed by yields on 
PB with monoculture. Fertilization improved 
yields on PB but not on CB. 

Our results suggest that investing in 
inputs only makes sense when those 
inputs address the factors most limiting 
production. In the semi-arid environment 
studied here, addressing water stress 
through conservation agriculture had a 
larger effect on yield than N fertilization. 

ID 1304 | Saving important water quantities through water management 
techniques and physiological thresholds in irrigated potatoes 
David A. Ramírez1*, Javier Rinza1, Johan Ninanya1, Cecilia Silva1, Michael Friedman2, Thiele 
Graham2 
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1International Potato Center, Apartado 1558, Lima - Peru 
2CGIAR Research Program on Roots, Tubers and Bananas (RTB), International Potato Center, Apartado 
1558, Lima – Peru 
*E-mail: d.ramirez@cgiar.org

Global fresh water is being dramatically 
reduced by the intensification of 
anthropogenic activities like agriculture which 
takes more than 70% of this resource. Thus 
also, global warming will promote the increase 
of extreme events raising water scarcity 
problem in the future. To guarantee 
sustainable intensification as a part of Climate 
Smart Agriculture, the growing of important 
worldwide crops like potato will need to save 
water through innovative technologies. In this 
poster, we will summarize two experiences 
related to water saving agriculture efforts: i) 
partial root-zone drying (PRD) i.e. the 
alternated watering of furrows and ii) the use 
of crop water stress index (CWSI) threshold 

values to define irrigation timing. Taking 
experiences from Peru, Ethiopia and China, 
our results indicated that PRD allows 50% of 
water saving being more economic and 
environmentally friendly even than drip 
irrigation. Irrigation timing when potatoes are 
close to 0.4 of CWSI allowed 609±29 and 
459±31 m3/ha of water saving under furrow 
and drip irrigation respectively with no yield 
penalization.  It is possible to save an average 
of 2055±178 m3/ha combining CWSI 
threshold and drip irrigation with low yield 
reduction. The scaling the presented 
technologies need to be addressed in futures 
studies.   

ID 1306 | Physiological basis of genotypic response to management in dryland 
wheat 
Amanda de Oliveira Silva*, Gustavo A. Slafer, Allan K. Fritz, Romulo P. Lollato 

Oklahoma State University 
*E-mail: silvaa@okstate.edu

A great majority of dryland wheat producers 
are reluctant to intensify management due to 
the assumption that lack of water availability is 
the most critical factor limiting yield and thus, 
the response to management intensification 
would be limited. We conducted on-farm field 
experiments in Kansas using 21 modern 
winter wheat genotypes grown under either 
standard (SM) or intensified management (IM) 
systems. The goals of this study were to (i) 
determine whether the SM adopted is 
adequate to reach achievable yields by 
farmers in the region and (ii) identify 
differences in responsiveness to IM among a 
range of modern genotypes. Across all sites-
years and genotypes, the IM increased yield 
by 0.9 Mg ha-1, outyielding the SM system 
even in the lowest yielding conditions. As 
expected, the yield response to IM increased 
with the achievable yield of the environment 
and genotype. Across all sources of variation, 

the yield responsiveness to IM was related to 
increased biomass rather than harvest index, 
strongly driven by improvements in grain 
number (and independent of changes in grain 
weight), and by improvements in N uptake 
which resulted from greater biomass and 
shoot N concentration. Genotypes varied in 
their response to IM, with major response 
patterns resulting from the combination of 
response magnitude (large vs small) and 
consistency (variable vs consistent). 
Genotypes with high mean response and high 
variability in the response to IM across years 
could offer greater opportunities for producers 
to maximize yield as those genotypes showed 
greater yield gain from IM when conditions 
favored their response. For the background 
conditions evaluated, intensifying 
management could improve wheat yield in 
between c. 0.2 and 1.5 Mg ha-1 depending on 
genotype. 

ID 1321 | Climate resilient Cropping systems for water-limited environments in 
an acidic Inceptisols of Assam, India 
Pallab Kumar Sarma*, Prasanta Neog, Rupam Borah, Digambar Sarma, Manoj Sarma,  
Palakshi Borah, Samiran Dutta, Arunjyoti Sonowal
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Assam Agricultural University 
*E-mail: sarmahpk@gmail.com

The North Bank Plains Zone of Assam 
experiences delay in onset of monsoon, 
drought, high intensity rainfall, flood etc. 
thereby affecting production and productivity 
of winter rice. Significant decrease in trend of 
monsoon rainfall with increasing rainfall 
variability in June, September and October 
might be linked to intermittent dryspells during 
rice growing season. A drought prone village 
with 165 households of Lakhimpur district was 
adopted for implementation of National 
Innovations on Climate Resilient agriculture 
project under AICRP for Dryland Agriculture, 
Biswanath Chariali Centre under CRIDA. The 
soil of the village belongs to hyperthermic 
family of Fluventic dystrudepts under land 
capability class II and III. The village receives 
average rainfall of 450mm and 1800mm 
respectively during pre monsoon and 
monsoon season, which is harvested in 13 
nos. of renovated farm ponds (max. capacity: 

8000 cub. m) and efficiently used for raising 
paddy nursery before third week of June and 
as supplemental irrigation in winter crops. A 
participatory on farm trial was conducted to 
find out best suited cropping sequence in 
upland and medium lands as an adaptive 
measure during 2014-15, 2015-16 and 2016-
17. In upland condition, improved short
duration rice cultivars followed by winter crops
(potato & toria) were cultivated. Likewise, in
medium land situations, medium duration
improved winter rice varieties followed by
winter crops were cultivated. The results
revealed that short duration rice - potato
sequence is most profitable with highest
Benefit: Cost ratio and RWUE followed by
Dishang- rapeseed. In medium land
situations, highest ratio and RWUE was
observed in winter rice - rapeseed sequence
followed by Sali rice - potato.

ID 1324 | Drought-induced nitrogen deficit amplifies the effect of water stress 
Taise Kunrath, Gilles Lemaire, Victor Sadras, and Ignacio Ciampitti* 

Instituto de Zootecnia SP, Brazil 
Honorary Director of Research INRA, Lusignan, France 
South Australian R&D Institute and The University of Adelaide, Australia 
Kansas State University, Department of Agronomy, Kansas, United States 
*E-mail: ciampitti@ksu.edu

Supply of water and nitrogen (N) are critical to 
crop yield. Multiple interactions between 
water and N need to be untangled for 
understanding crop performance in a context 
of interactions between genotype (G), 
environment (E) and management (M). We 
used an allometric framework to quantify the 
dynamic relationships between crop growth, 
transpiration and N uptake in annual crops 
(maize, sorghum) and perennial forages 
(fescue, alfalfa). 

We show a two-fold effect of drought a direct 
effect whereby crop growth is reduced 
proportionally to the reduction in transpiration, 
and an indirect effect mediated by a drought-
induced N deficit. Reduction in crop N 
nutrition by drought can 

be assessed as N nutrition index (NNI), the 
ratio between actual and critical plant N 
concentration (the minimum plant N 

concentration for maximum crop mass). The 
N nutrition of alfalfa was reduced by drought 
exactly in the same way as tall fescue, 
indicating that drought affected N2 fixation 
and N mineral absorption similarly. Sorghum 
maintained NNI and transpiration efficiency 
(biomass per unit of transpiration) whereas 
both NNI and transpiration efficiency declined 
in drought-stressed maize in comparison to 
well-watered crops. Nitrogen uptake per unit 
of transpiration (N/T) appears as a valuable 
trait for quantifying the combined effect of 
water and N deficit on water use efficiency 
(biomass per unit of evapotranspiration, ET). 
However, as both N/T and crop N 
concentration decline allometrically with crop 
biomass, these traits would be biased unless 
they are scaled by crop mass. Analysis of 
GxExM interactions on water use efficiency of 
crops would benefit from consideration of 
drought-induced N deficit. 
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ID 1331 | Transformational agronomy: exploiting synergies in management x 
genotype interactions to increase water productivity in grain production 
systems 
James Hunt*, John Kirkegaard, Bonnie Flohr, David Cann, Julianne Lilley, Zvi 
Hochman, Kenton Porker, Allan Rattey, Corinne Celestina, Felicity Harris 
 
La Trobe University 
*E-mail: j.hunt@latrobe.edu.au  
 
Past increases in crop water productivity have 
rarely been attributable to individual 
innovations in technology or farming practice. 
Increases have occurred when new and old 
technologies and practices combine to form 
improved systems. We argue that focusing 
research on developing synergistic systems to 
overcome current and future production 
constraints will accelerate increases in water 
productivity whilst meeting the goals of 
sustainable intensification and challenges of 
climate change. This will require coordinated 
effort from multidisciplinary teams, and 
contrasts to the discipline-focused structure of 
much current research. 
 
Here we use the grain production systems of 
south eastern Australia as a case study 
showing how transformational change can be 
achieved. In this region, rainfall is low and 
variable and since 1990 has declined further. 
Despite this, growers have maintained yields 
by increasing water productivity. 

 
This has been achieved by implementing 
synergistic systems consisting of (1) soil 
water conservation (2) diversity of crops and 
practices (3) earlier sowing to fit crop lifecycle 
to seasonal conditions and (4) increased 
applications of nitrogen fertiliser. For some 
growers there still exists a yield gap, and 
water productivity could be further increased 
through adoption of best practice. Leading 
growers have closed the exploitable yield 
gap, and increased water productivity 
requires an increase in water limited potential 
yield. Such increases could be achieved by 
the development of cultivars with stable 
flowering and improvements in temperature 
tolerance, allowing growers to respond to 
variable timing of planting rains by sowing 
even earlier but maintaining yields at late 
planting. Collaboration between agronomists 
and commercial crop breeders has led to 
development of such cultivars which are in 
early phases of testing and adoption. 

 
No ID | Genetic diversity of plant responses to environmental constraints for 
current and future E x M scenarios 
B Parent*, S. Lacube, C. Welcker, P.Martre, F. Tardieu 
 
INRA-LEPSE. 2 place Viala, 34060 Montpellier, France 
*E-mail: boris.parent@inra.fr 
 
Each genotypic trait/allele associated with 
tolerance to any constraint can have positive 
or negative consequences on crop production, 
depending on the environmental scenario and 
management practices (G x E x M). It is 
therefore essential to identify in which specific 
scenarios a given combination of traits values 
(ideotype) results in a comparative advantage 
on crop production. We developed a 
conceptual framework for predicting the 
impact of the genetic diversity of adaptive traits 
in current and future environmental scenarios 
and management practices, based the 
coupling between phenotyping and crop 

modelling. In this talk, I focus on the responses 
of leaf growth and development to 
environmental conditions: (i) we developed a 
phenomic-based model of leaf development 
and expansion (elongation and widening) for 
which parameter values can be obtained in 
phenotyping platforms for hundreds of maize 
hybrids. (ii) We parametrised 254 maize 
hybrids maximising the maize genetic diversity 
(iii) we simulated the optimum crop cycle 
duration in current and future European 
environments and (iv) determined ideotypes of 
leaf growth adapted to the different 
environmental scenarios. Overall, we provide 
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elements on “where and when” a combination 
of trait values can give a comparative 
advantage on yield, together with the 

boundary of possibilities within the current 
genetic diversity. 

No ID | Dissecting G×E and QTL×E of maize yield in contrasting scenarios of 
light, heat and water deficit 
Millet EJ1, Kruijer W1,2, Coupel-Ledru A2, Alvarez Prado S2, Cabrera-Bosquet L2, Lacube S2, 
Charcosset A3, Welcker C2, van Eeuwijk F1, Tardieu F2*

1WUR, Biometris, Department of Plant Science, Wageningen, The Netherlands 
2INRAE Laboratoire d’Ecophysiologie des Plantes sous Stress Environnementaux, IBIP, Montpellier, 
France 
3INRAE GQE-Le Moulon, Université Paris-Sud, CNRS, AgroParisTech, Université Paris-Saclay, Gif-sur-
Yvette, France 
*E-mail: francois.tardieu@inra.fr.

With climate changes, crops will encounter 
more frequent climatic accidents. Continuing 
progress in yield requires considering new 
method to characterize the comparative 
advantages of varieties under drought and 
high temperatures. Genomic prediction can 
assess the performances of thousands of new 
varieties based on genotypic information, but 
faces the difficulty of large variations in 
performance due to the genotype × 
environment interaction (G×E). The progress 
of phenomics opens new avenues to tackle the 
difficulty of dealing with the G×E: the rapid 
progress of sensor networks and of modelling 
makes it possible to characterize 
environmental conditions in any field, and to 
take them into account in genomic prediction. 
We have studied maize grain yield in 25 fields 
over Europe, with irrigated and rainfed 

treatments in each location. A panel of 246 
maize hybrids genotyped with 832K 
polymorphic SNPs was analysed in these 
experiments, together with a characterization 
of phenology in a phenotyping platform. By 
combining information coming from the field 
and the platform, we have estimated the 
responses of yield components to 
environmental conditions via a regression 
analysis over the whole dataset. We have 
identified in this way large effects of 
temperature and water deficit at flowering 
time, and of intercepted light during the 
vegetative stage. The slopes of these 
responses largely differed between hybrids 
and were used to predict grain yield of new 
hybrids in new fields. This work therefore 
opens new perspectives for plant breeding 
under climate change. 

No ID | Understanding crop environments to adapt management practices and 
assist breeding 
Karine Chenu1*, Behnam Ababaei1, Bangyou Zheng2, Scott Chapman2, Graeme Hammer1 

1The University of Queensland, the Queensland Alliance for Agriculture and Food Innovation (QAAFI), 
QLD 4350, Australia  
2CSIRO, St Lucia, QLD, Australia 
*E-mail: karine.chenu@uq.edu.au

While abiotic stresses limit crop production in 
major production regions worldwide, their 
frequency and intensity is projected to rapidly 
change with climate change. This will impact 
genotype × environment interactions that are 
already impeding progress in plant breeding. 
Crop modelling can be used to quantitatively 
characterise the stresses that crops are 
experiencing in breeding trials and more 
largely in targeted production environments. 

They are also valuable to assess how stresses 
have evolved over time (e.g. shift over the last 
decades), and how they are projected to 
change in the near-to-mid future. 
Understanding the crop environment is an 
important step to define appropriate strategies 
to adapt management practices and assist 
breeding. Example of different case studies 
will be presented to illustrate the value of 
envirotyping for crop adaptation. 
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