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Short-Term Memory Induction, a Method for
Improving Drought Stress Tolerance in
Sweetpotato Crop Wild Relatives
Introduction
Sweetpotato crop wild relatives (SP-CWR) (Ipomoea
series Batatas (Choisy) D. F. Austin) are a poorly studied
group of species potentially useful in crop improvement
programs breeding for drought stress tolerance. In
sweetpotato, several physiological traits have been used
for screening drought tolerant genotypes such as
chlorophyll
concentration,
canopy
cover,
leaf
temperature and 13C discrimination. Previous studies in
other plants such as Arabidopsis thaliana, potato,
cassava, wheat, and grasses have shown that an
exposure to stress in early development stages
“prepares” the plant for a subsequent exposure to the
same stress. The aim of this study was i) to determine
potential short-term memory induction in SP-CWR and
its manifestation in ecophysiological traits like
senescence, foliar area, leaf-minus-air temperature and
leaf 13C discrimination and ii) to identify the memoryinduced physiological mechanisms related to the
development of drought tolerance in SP-CWR.

Eight individual plants per accession were distributed
at random in both screenhouses. Four individual
plants per accession were randomly assigned to two
experimental treatments: priming and non-priming
(Figure 1). The priming process consisted of three
water restriction periods of increasing length (8, 11,
and 14 days) followed each by a recovery period of
14 days with full irrigation.
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Short-term memory (STM) occurrence was calculated
based on ecophysiological indicators such as
senescence (STMS), foliar area (STMFA), leaf-minus-air
temperature (STMdT), and leaf 13C discrimination
(STMΔ). Based on total biomass production, resilience
capacity (RCI) and production capacity (PCI) were
calculated per accession to evaluate drought tolerance
(Thiry et al. 2016).

Results
Increase in foliar area, efficient leaf thermoregulation,
improvement of leaf photosynthetic performance, and
delayed senescence were identified in 23.7, 28.8, 50.8,
and 81.4% of the total number of accessions,
respectively (Figure 2).

Material and Methods
A pot experiment was conducted in two screenhouses
from July 13th to December 18th, 2018 at the
experimental station of the International Potato
Center (CIP) located in the tropical Andean region of
Central Peru (San Ramón, Junín, 850 m a.s.l.). Fiftynine SP-CWR accessions were selected from CIP’s
genebank. The plant material included four
accessions of cultivated hexaploid I. batatas (L.) Lam,
two accessions of wild tetraploid (4x) I. batatas (L.)
Lam. and 53 accessions encompassing ten species
of the series. The SP-CWR assessed in this study
were: I. australis (O'Donell) J.R.I. Wood & P. Muñoz
(5), I. cordatotriloba Dennstedt (1), I. cynanchifolia
Meisn. (3), I. grandifolia (Dammer) O’Donell (5), I.
leucantha Jacquin (2), I. ramosissima (Poir.) Choisy
(8), I. splendor-sylvae House (3), I. tiliacea (Willd.)
Choisy (2), I. trifida (H.B.K.) G. Don (16), and I. triloba
L. (8).
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Figure 4. Boxplot of short-term memory (STM) effect on leaf 13C
discrimination (STMΔ) for each cluster. Red dashed line indicates
the STM occurrence (STMΔ > 1). In each cluster’s boxplot: inside
black line represents the median value. Boxplot contains the
variation between 25 and 75%.

Conclusion
Figure 2. Boxplot of STM values per CWR species and sweetpotato
cultivars (orange boxplots) for senescence (STMS) (A), foliar area
(STMFA) (B), leaf-minus-air temperature (STMdT) (C) and leaf 13C
discrimination (STMΔ) (D). Red dashed line indicates the STM
occurrence.
PCA analysis showed that under a severe drought
scenario, a resilient response included more long-lived
green leaf area (24 accession forming cluster I) while a
productive response was related to optimized leaf
thermoregulation and gas exchange (four accessions
from cluster II) (Figure 3). The enhancement of drought
tolerance was supported from a physiological point of
view since clusters I and II contained the highest number
of accessions with STMΔ occurrence (Figure 4).

Potential short-term memory induction constitutes a
promising method to enhance physiological responses
in SP-CWR. We showed that SP-CWR developed
drought tolerance through two basic mechanisms: i)
resilience, by developing more leaves with an
increased time to fix carbon and ii) productivity, by
optimizing leaf thermoregulation and gas exchange.
The use of resilience capacity and productivity
capacity, simultaneously, allowed us to easily identify
genotypes from Group C (Fernandez et al., 1992), a
group of plants expressing a relatively higher
performance under stress conditions, which is highly
appreciated by breeders. Our results set a precedent
in stress memory in SP-CWR and demonstrates that
this group constitutes a potential and untapped source
of valuable physiological traits for sweetpotato
improvement programs.
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Figure 1. Timeline showing irrigation treatments: non-primed plants
(no water restriction) and primed plants (water restriction). Gray and
white blocks mean full irrigation and no irrigation, respectively.
Duration of every period during the priming process is indicated in
days within the blocks. The priming process started after flowering
onset (FO).
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Figure 3. Clustering analysis and 2D ordination of sweetpotato
cultivars and its CWR species based on Principal Component
Analysis.

