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Plant growth is often limited by drought stress

Areas of physical and economic water scarcity

[Z=7] Little or no water scarcity

I Physical water scarcity
D Approaching physical water scarcity

Source: IMWI report, Insights from the Comprehensive Assessment of
Water Management in Agriculture, 2006 / p8
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Reduced
L oss of turgor cell elongation and
enlargement

Diminished growth
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even mild drought stress reduces yields

Mild drought stress reduces the rate of
photosynthesis and growth, whereas
extreme drought stress is lethal.
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https://publicaffairs.llnl.gov/news/news_releases/2007/NR-07-03-09p.html

A larger root system contributes to drought tolerance

Drought Drought
Wild-type tolerant Wild-type tolerant
2 :

A ’B\

Breeding plants
for larger root
systems can
help them grow
in drought-prone
regions.

Seedlings Mature plants
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Drought stress inhibits lateral root
osrowth.
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Heading
Sorghum Root Development
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Drought stress
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Drought stress immediately before flowering can
cause floret abortion (blasting).
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Drought | ——| Water deficiency \ - | ABA N — ?

Osmosensor? ABA sensor?
e . or/and (RNA-binding protein)
: metabolic sensing \
\ Signaltransduction
Signaltransduction (cADP-Rib, NAADP,
(PLC; InsP,; Ca?) Ca?+)
TF: DREBs; CBFs TF: bZIP
cis-elements: ik
DREs; LTREy S menies
I Response ‘ Response

]

ADAPTATION (short and long term)
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RWC

Photosynthesis

Respiration
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Regulation of pool of active cytokinins under

drought stresse

EYTGI{NNSE ; CYTOKININS
CKX

CKX
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Water deficit stimulates leaf abscission
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Yields of corn and soybean crops in the United States

Crop yield (percentage of 10-year average)

Year Corn Soybean

1979 104 106

1980 87 88 Severe drought
1981 104 100

1982 108 104

1983 77 87 Severe drought
1984 101 93

1985 112 113

1986 113 110

1987 114 111

1988 80 89 Severe drought

Source: U.S. Department of Agriculture 1989.
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Water deficit limits photosynthesis
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Plant response to stress
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Stress resistance

Abiotic
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Altering a single gene can increase plants’ drought tolerance

Well-watered 10 days drought 20 days drought After re-watering
| J
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Water Stress
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Water availability (number of days with
optimum water during growing period)

PLANT PHYSIOLOGY , Third Edition, Figure 3.1 © 2002 Sinauer
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Critical Stage
0.4 Critical Stage
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Figure 1. Daily water use by corn. Figure 3. Corn yield reduction due to moisture stress.
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Physiological changes
due to dehydration:

Abscisic acid accumulation < _
Fig. 3.12
Solute accumulation d

Photosynthesis Responses
to deal

Stomatal conductance i
with stress

Protein synthesis
Wall synthesis

Cell expansion

-0 -2 -3 -4
Water potential (MPa)
Y AN L -
Y Y Y >
Bure watar Well-watered Plants under Plants in arid,
plants mild water desert climates

stress

PLANT PHYSIOLOGY , Third Edition, Figure 3.12 © 2002 Sinauer Associates, Ine
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