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Motivation 

• Plants requiring more water

• Growers having less water available for 
irrigation

Climate Change

• Water Act 2003

• Water Framework DirectiveLegislation

• Research which can develop tree 
production practice and promote 
tree establishment

• Irrigation volumes may be too high in 
tree nurseries (e.g. Fini et al 2008)

Development of 
Practice



Research Aim and Hypothesis 

Establish if novel water management techniques can be 
used to provide a more sustainable approach to amenity 
tree production.

Deficit irrigation can be applied to Betula pendula to 
reduce water use in tree production while maintaining 
tree quality.

Deficit irrigation can be used to promote physiological 
modification(s) which enhance resistance to 
subsequent water deficits.



Irrigation Control



Irrigation Treatments







Year 2

• Evaluate tree physiological reaction to irrigation
– Gas exchange (net photosynthesis, stomatal conductance)

– Physiological modification which might enhance resistance to 
future water deficits. 

– Non-hydraulic signalling between roots  and shoots



Wilkinson, S. (2004)





Treatment Control 30-40%

10.09m3



Treatment Control (20-30%)

12.28m3



Schulze et al 2005 
Plant Ecology

Ψpd Before Rehydration 



Tree Water Use Efficiency
• 3½ weeks; 1 alternation of PRD 

– * indicate significant differences (p≤0.05), bars represent SE of mean
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Shoot ABA Analysis
* Indicate significant results (p≤0.05); bars indicate SE of mean



Tree Water Use Efficiency
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• 6 weeks; 3 alternations of PRD 
– * indicate significant differences (p≤0.05), bars represent SE of mean



Shoot ABA Analysis
* Indicate significant results (p≤0.05); bars indicate SE of mean



Tree Water Use Efficiency
• 1 week of all treatments irrigated as control (30-40%WW)

– bars represent SE of mean (20-30% and 30-40% data collected on consecutive days)
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Physiological Modification?

• Water Potential
– Turgor Pressure (+) ΨP, 

Osmotic Potential (-) Ψπ

– Water Potential if the 
‘driving force’ behind 
water uptake

• Osmotic Adjustment

• Elastic modulus of cell 
walls
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Pressure Volume Analysis



Tissue Water Relations

RWCP 0 ΨP 0 Ψs 100 Ε(Mpa)

13/05/09

10-20ww 88.5 (±0.5)     14.3 (±0.0) 11.1 (±0.32)     6.473 (±0.27)

30-40ww 89.5 (±0.5)     14.3 (±0.0)  11.1 (±0.08)     6.877 (±0.67)

09,10,11/06/09

10-20ww 91.5 (±0.5)    14.3 (±0.0)  9.2 (±1.09)      4.344 (±1.07)

10-20prd 92.0 (±0.0)  14.3 (±0.0)  9.3 (±0.38)     4.270 (±0.44)

20-30ww 91.5 (±0.0)  14.3 (±0.0)  10.9 (±0.67)     5.889 (±0.33)

20-30prd 92.0 (±1.0)      14.3 (±0.0)  10.5 (±0.24)     6.017 (±0.49)

30-40ww 91.0 (±1.0)      13.4 (±0.9)     9.9 (±0.57)     5.126 (±0.38)

30-40prd 91.5 (±0.5)     14.3 (±0.0) 10.8 (±0.48)     6.411 (±0.47)

01,03,08/07/09

20-30ww 92.25 (±0.75) 14.29 (±0.0) 9.98  (±0.54) 5.147 (±0.65)

20-30prd 91.25 (±0.75) 13.81 (±0.48) 10.56 (±0.04) 6.279 (±0.21)

30-40ww (n=1) 95.5 (±0.0) 14.29 (±0.0) 10.59 (±0.0) 6.681 (±0.0)

30-40prd 91.5 (±1.0) 14.29 (±0.0) 10.67 (±0.14) 6.411 (±0.84)

~20%



Resource Allocation Response

30-40% Treatment Group
• WW – 647.8 g
• PRD – 490.8 g

• Betula sp. exhibit drought 
avoidance not drought 
tolerance.

ns



Hypothesisõ revisited 

Deficit irrigation can be applied to Betula 
pendula to reduce water use in tree 
production while maintaining tree quality.

Deficit irrigation can be used to promote 
physiological modification(s) which enhance 
resistance to subsequent water deficits.
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Mean %

Mean Diff 

(%) PRD-d PRD-w

10-20ww 15.36% 4.04%

10-20prd 8.14% 7.70% 17.90%

20-30ww 42.50% 17.17%

20-30prd 18.46% 10.47% 30.32%

30-40ww 31.69% 3.80%

30-40prd 8.58% 15.52% 24.00%

Table 4: Soil data for 03-06-09 collected with the HH2 (Delta-T Devices). n=2



Mean %
Mean Diff 
(%) PRD-d PRD-w

10-20ww 23.57% 10.56%

10-20prd 12.62% 7.42% 9.33% 15.92%

20-30ww 23.63% 5.26%

20-30prd 15.09% 3.52% 12.59% 17.59%

30-40ww 33.57% 10.25%

30-40prd 15.81% 6.81% 14.05% 17.57%

Table 1: Soil moisture data – 24-06-09 (n=14)

Mean %
Mean Diff 
(%) PRD-d PRD-w

30-40ww 27.79% 4.76%

30-40prd 15.77% 3.93% 14.30% 17.23%

Table 2: Soil moisture data – 25-06-09 (n=11)



Mean %

Mean Diff 
(%) PRD-d PRD-w

30-40ww 28.71% 3.83%

30-40prd 18.91% 6.97% 15.42% 22.39%

Mean %

Mean Diff 

(%) PRD-d PRD-w

10-20ww 33.39% 9.98%

10-20prd 22.14% 13.36% 19.82% 24.46%

20-30ww 34.04% 7.20%

20-30prd 24.67% 15.10% 23.11% 24.29%

Table 1: HH2 data 13-07-09; 30-40% only (n=16)

Table 2: HH2 data 13-07-09; 10-20% and 20-30% only (n=16)


