Characterization of the Morphological Adaptation of the
Sorghum Root System in Response to Drought
Emily Eix, Dr. Lise Pingault, Dr. Marc Libault

Introduction
The ability for plants to grow under drought conditions is becoming increasingly important. As climate change leads to more frequent occurrence of droughts, crops must be able to withstand these conditions, and droughttolerance is a desirable trait (Comas et al 2013). Sorghum, in addition to being a major food crop in the U.S., is adapted to grow in water-limited areas, and is therefore a good model for studying drought-tolerant phenotypes
(Sanchez et al. 2002). The root system is specialized in the uptake of water. Hence, in this project, we characterized morphological root traits important in the ability of a plant to adapt to drought conditions. These traits were
studied by crossing drought-resistant and drought-susceptible sorghum parental lines to create recombinant lines with a mixture of traits from each parent. Using these recombinants, changes to the root morphological system
were evaluated in response to both drought (DR) and well-watered (WW) conditions. The purpose of this study is to analyze phenotypic adaptations to drought stress, to eventually be used to create crops that can withstand
drought conditions.
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Figure 1: The root-shoot ratio is indicated on the yaxis.

The root-shoot ratio values of each RILs
are higher than 1, and 79% of values are
greater in DR than WW, indicating root
growth as a primary response of sorghum
to drought conditions.
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Figure 3: Ratio of DR to WW results for each RIL and morphological root traits. The blue line is located at 1, which
indicates no difference between DR and WW. The RILs similar to BT-642 are highlighted in red, while the RILs similar
to RT-7000 are highlighted in blue. RILs that follow a similar pattern to BT-642 across 3 or more traits are denoted
with an asterisk.

The BT-642 root system is not phenotypically affected by the drought (DR/WW ratio are
close to 1 for nearly all traits). In contrast, the morphology of the RT-7000 root system is
strongly affected by the stress (DR/WW ratio are above 1 for nearly all traits). This indicates
that the BT-642 root system could be pre-adapted to DR while RT-7000 must be engaged in
a rapid morphological adaptation to the stress. The root morphological traits of the RILs
fluctuate. These phenotypic data are now integrated with QTL datasets.

3. Root collection and data analysis
Use of the WinRhizo software to analyze morphological root traits including
primary root length, total root length, surface area, average diameter, root
volume, length per volume, root tips, and length of lateral root.

Figure 4: Principal components analysis (PCA) biplot for
individual RILs as well as variables.

Root-Shoot ratio measurements taken
Figure 2: Correlation analysis between replicates 1
and 2. The value for replicate 1 of each RIL is on
the x-axis while the value for replicate 2 is on the
y-axis.

The positive correlation between the
two replicates indicates that the data
produced in the first batch was in some
extent replicated in the second.

Conclusions

*

The results indicate that in DR conditions, root growth is prioritized over shoot growth by the plant. In water-deficient conditions, plants will maximize root growth to better
uptake the limited water resources. Specific morphological root traits were found to be more prone to adaptation to enhance plant response to DR: length of lateral root,
number of tips, surface area, and root volume. Ultimately, the adaptation of root morphology leads to a larger root system, and thereby increased access to water. This
phenotypic characterization of traits involved in drought response can be used in further studies to help identify genes involved in drought adaptations, and can be applied for
agricultural purposes to breed drought resistant crops.

The relationship between the morphological
traits and the parental lines indicates that
the root volume and average diameter are
linked to BT642, the drought resistant
parental line. This shows that increased root
volume and diameter could be advantageous
traits for plants in drought conditions.
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