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Hypothesis:

Objectives:

Reducing the irrigated root volume does not cause water stress in grapevines
as long as water is supplied to some portion of the roots.

• Determine the effect of reduced root volume on vine water status
• Determine the effect of water redistribution on longevity of drying roots

What we think we know
Plant roots can redistribute water from wet soil areas to dry soil areas and as a result hydrate roots in dry soil. In addition, it is thought that grapevines may redistribute water
laterally across the trunk. However, knowledge about root longevity during drought and how grapevines cope with a reduction of the irrigated root volume is lacking. A typical
example of such a reduction in irrigated root volume is the conversion of a vineyard from furrow irrigation to drip irrigation. Another example when only a portion of the root system
is irrigated is partial root zone drying (PRD), an irrigation method that exploits the physiological response to spatial water limitation, which conserves water and controls canopy
growth. The use of alternative irrigation systems is the motivation for understanding water transport mechanisms and root longevity in the long term.

Irrigated root volume

Dry root hydration via the phloem

Treatments, pot-grown Merlot (Fig. 1)
➢ Fully irrigated (control, 1)
➢ Non-irrigated (2)
➢ 1/2 irrigated roots (3)
➢ 1/3 irrigated roots (4)
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Figure 1. Treatment set up in potted Merlot:
well-watered control (1), non-irrigated (2),
1/2 irrigated roots (3), 1/3 irrigated roots (4)

Measurements
➢ Midday leaf water potential (Ѱleaf,
Fig. 2A)
➢ Leaf gas exchange (Fig. 2 B, C, D)
• Stomatal conductance (gs)
• Transpiration (E),
• Photosynthesis (A)
➢ Root viability as electrolyte leakage
relative to freeze-killed roots (REL,
Fig. 3)
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Figure 2. Midday leaf water potential (A), stomatal conductance (B), transpiration (C),
and photosynthesis (D) measured twice a week over 54 days during water withholding
in potted Merlot.
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Figure 3. Root samples (A) for electrolyte
leakage measured with EC meter (B)
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Figure 6. Girdled Merlot trunk
(A) with heavy water application
to 1/3 of the roots (B) and
destructive sampling (C).

Importance of the phloem
Girdling greatly reduced heavy water enrichment in
root and soil samples, which demonstrates that the
phloem contributes to water redistribution from roots
in wet soil to roots in dry soil.

Take away points

Grow, 121 g; Alive, 62 g;
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➢ Merlot in 3-way split pots with wet, dry intact and
dry girdled compartments (Fig. 6A)
➢ Heavy water (2H2O) applied to wet compartment
every other day (Fig. 6B)
➢ Soil, root and trunk tissue samples (Fig. 6C)
Soil and tissue sampling:
▪ 1 week of irrigation with 2H2O
▪ 2 weeks of irrigation with 2H2O
▪ 4 weeks of irrigation with 2H2O
➢ Additionally, roots were harvested 2 months after
water withholding to dry compartments (Fig. 5)

Figure 4. Root electrolyte leakage compared
with freeze-killed roots (REL) over 54 days of
water withholding
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Figure 5. Difference of Merlot roots after
2 months of water withholding in 3-way
split pots (irrigated wet compartment vs.
dry intact and girdled compartments).

➢ Merlot grapevines with decreased irrigated root
volume did not experience more water stress
than fully irrigated vines as long as water was
available to a portion of the root system.
➢ Even a small portion (1/3) of the root system can
fulfill vine water needs by increasing water use
efficiency.
➢ Water moves from wet roots to the leaves via the
xylem and from the leaves to dry roots via the
phloem. This water redistribution may keep drying
roots alive for a while.
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