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1. Summary:  

 
Project Title: Determining optimal irrigation initiation time 
 
Principal Investigator(s): Alexander D. Levin, Viticulturist and Assistant Professor, 
Department of Horticulture and Southern Oregon Research and Extension Center, 569 Hanley 
Rd., Central Point, OR 97502; E-mail: alexander.levin@oregonstate.edu; Telephone: (541) 772-
5165 
 
When to initiate irrigation is a critical, annual management decision that has a large impact on 
the current season’s production. Delaying irrigation initiation can have many positive direct and 
indirect effects on grapevine growth and development, and ultimately on fruit and wine quality. 
Thus, it is economically favorable to delay the initiation of irrigation just enough to create a 
slight water deficit. The overall objective of this proposed research project is to determine the 
optimal irrigation initiation time by delaying initiation time using declining stem water potential 
thresholds, and relating crop yield and quality metrics to those thresholds. Our central hypothesis 
is that growers can substantially delay irrigation initiation time without any negative effects on 
current or future production. 
 
At present, the pilot phase of the project has been successfully completed. Sites that represent a 
transect of soils and climates were identified and assessed for field variability. Using midday 
stem water potential (Ψstem) data collected at veraison, statistical analyses were conducted to 
assess presence of spatial variability of selected blocks. In addition, pilot Ψstem data were used to 
identify ideal experimental design using pre-determined levels of precision. Experimental plots 
were laid out at all three sites, and installation of custom irrigation systems will begin in 
February/March to be ready for the experimental phase of the project in the 2021 and 2022 
growing seasons. 
  



2. Annual or Final Report:  
 
Annual report 
 
3. Project Title and UGMVE proposal number:  
 
Determining optimal irrigation initiation time (2020-2447) 
 
4. Principal Investigator/Cooperator(s):  
 
Alexander D. Levin, Viticulturist and Assistant Professor, Department of Horticulture and 
Southern Oregon Research and Extension Center, 569 Hanley Rd., Central Point, OR 97502; E-
mail: alexander.levin@oregonstate.edu; Telephone: 541.772.5165 
 
5. Objective(s) and Experiments Conducted to Meet Stated Objective(s):  
 
Determine optimal initiation time for irrigation using departures from non-stressed baseline 
stem water potential values 

1.1. Pilot phase (end of 2020 growing season) 
1.1.1. Identify grower-collaborator(s) and study site(s)  
1.1.2. Identify data vines for field variability assessment 
1.1.3. Measure vine water status at veraison and harvest 
1.1.4. Determine appropriate experimental design from pilot data  

1.2. Experimental phase (2021 and 2022 seasons) 
1.2.1. Layout plots based on predetermined experimental design (year 1)/maintain plots 

(year 2) 
1.2.2. Measure vine water status regularly from late-May to harvest 
1.2.3. Impose treatments 
1.2.4. Collect agronomic data at harvest 
1.2.5. Correlate agronomic data with initiation times and applied water amounts 

 
6. Summary of Major Research Accomplishments and Results by Objective 
 
Identify grower-collaborator(s) and study site(s)  
 
Three grower-collaborators and study sites were identified prior to veraison in 2020. All three 
sites were within a 30 min drive from the research station ensuring convenient access for data 
collection going forward (Fig. 1). Moreover, while plant material and vineyard design are nearly 
identical at all three sites (Table 1), soils and climatic conditions are different (Table 2), ensuring 
appropriate experimental control over plant-related variables, and improved inference across 
diverse environmental conditions. 
 
 
 



Identify data vines for field variability assessment 
 
Sites were reviewed in consultation with vineyard managers and winemakers, and appropriate 
blocks were selected based on irrigation zones. Blocks were scouted at veraison by walking rows 
and vines were assessed for overall vigor. At each site, six panels (row sections in between line 
stakes) in each of five rows were selected for sampling and measurement. Sampling panels were 
arranged in a grid pattern, with first panel skipped to avoid overly vigorous end vines (Fig. 2). 
 
Measure vine water status at veraison and harvest 
 
Midday stem water potential (Ψstem) of 30 vines was measured at approximately 50% veraison at 
each site in 2020. Harvest measurements were not made due to wildfires. Veraison 
measurements took place over three consecutive days under similar environmental conditions 
(Table 3). Vines at Dancin were most stressed (Ψstem = -10.4 bar) and data had highest standard 
deviation (1.11 bar), while vines at St. Laurent were least stressed (Ψstem = -6.6 bar) and data had 
lowest standard deviation (0.72 bar) (Fig. 3). To confirm that Ψstem was not changing over the 
measurement period at each site (and contributing to observed variability), a regression analysis 
was conducted of Ψstem over sample number (Fig. 4). Because only start and end time were 
noted, it was assumed that time per sample was approximately equivalent across all samples. 
Thus, sample number was merely a proxy of time. Nevertheless, there were no significant effects 
of time on Ψstem (p > 0.05). 
 
Determine appropriate experimental design from pilot data  
 
Further regression analyses were conducted with both panel and row number as predictor 
variables to determine whether there were any significant spatial effects on Ψstem (Figs. 5 and 6). 
There were no significant effects of panel or row on Ψstem (p > 0.05), suggesting that there is 
minimal spatial variability at all sites – at least within each 30-vine sampling grid – and a simple 
completely randomized design (CRD) could be used instead of a slightly more constrained 
randomized complete block design (RCBD).  
 
However, understanding that these measurements capture only a snapshot in time, and are 
certainly subject to random error, we cannot be certain that meaningful spatial variability does 
not exist. Application of a CRD – though more statistically efficient at the outset – is more 
limiting during post-hoc analyses of data insofar as dropping replicates while maintaining a 
balanced design. Accordingly, using an RCBD is preferred should any meaningful variability 
arise as the study progresses (e.g., if large sections of vineyard are removed due to virus). 
Furthermore, utilizing a common design across all sites will allow for a unified analysis of the 
data upon study completion to make better recommendations to growers. 
 
Sample size determination. Stein’s Two-Stage test was used to iteratively determine the optimal 
sample size (n) required to obtain a 95% confidence interval about the sample mean no longer 
than 0.1 MPa or 1.0 bar. This confidence interval was chosen so that any variation about the 
mean would remain within the range of operator/gauge error. The following formula was used:  
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where s = the sample standard deviation, d = the half-length of the 95% confidence interval – in 
this case 0.05 MPa or 0.5 bar – ⍺ = 0.05, and associated t-value is found in a statistical table. 
Since n is on both sides of the equation, the procedure requires an iterative approach beginning 
with a chosen n.  
 
Unfortunately, the results indicated that the appropriate n for the desired level of precision would 
be impractical, ranging from 11 to 22 (Table 4). The smallest n was estimated to be 11 at St. 
Laurent – the most uniform site. This number of replications (let alone the 20 and 22 determined 
for Irvine and Dancin) would be impractical in the field for many reasons, most notably that the 
measurements of Ψstem would potentially over-extend past the appropriate midday measurement 
window. Fortunately, there are diminishing returns in terms of statistical precision relative to 
experimental effort once the number replications increase beyond eight. Therefore, it was 
determined that eight replications would be sufficient for this study. 
 
Layout plots based on predetermined experimental design (year 1) 
 
An example plot layout is shown in Figure 7. Although the study was proposed initially with 
only four treatments, a fifth treatment was added to extend the period of time prior to irrigation 
initiation, and effectively increase drought stress even more. Thus, each site is laid out with 40 
plots (five treatments * eight replications = 40 plots). There will be 4 to 5 data vines within each 
plot. At the time of this reporting, plots at all three sites have been laid out and marked. 
 
7. Outside Presentations of Research:  
 
At this point in the project, there have been no outside presentations of this research as the 
experimental phase has yet to begin. However, the experimental phase will begin in the 2021 
growing season, thus there will be preliminary results to share with industry within a year. 
Primary outreach instruments will be OWRI newsletters, OWS educational sessions, and OSU 
outreach events such as OWRI Grape Day and the Southern Oregon Grape Symposium. Notably, 
the Southern Oregon Wine Grape Field Day will showcase the experiment at one of the field 
sites. As the field day typically occurs in late-July, it is anticipated that most (but not all) of the 
experimental treatments will be applied at this time. Thus, attendees will have a good visual 
example of various levels of drought stress across the block. 
 
8. Research Success Statements:  
 
Currently, the main research successes include the identification of grower-collaborators, site 
assessments, pilot data collection, and ultimately experimental design and layout. Irrigation 
system parts to retrofit sites have been purchased, and the outlook of success going forward is 
extremely positive. We anticipate that after the 2021 season we will have data to share with 



industry and after the 2022 season, we will have clear recommendations regarding the optimal 
time to initiate irrigation. 
 
9. Funds Status:  
 
Since the first 50% of funds ($10,309.50) were deposited on to the Agricultural Research 
Foundation account on 10/16/2020, $7,051.34 have been spent as follows: $1240.14 on 
supplies/materials, $3210.42 on technician salary, and $2600.78 on technician OPE. Since a 
majority of the supplies have been purchased, it is anticipated the remainder of expenditures will 
be on personnel. 
 
  



Tables 
 
Table 1. Vineyard design and plant material characteristics of experimental sites. 

Site Rootstock Cultivar Clone Pruning Year Planted Spacing 
(row x vine ft.) 

Dancin 3309C Pinot noir Pommard Spur 2014 7 x 4 
Irvine 3309C Pinot noir Wadenswil Cane 2012 7 x 4 

St. Laurent 3309C Pinot noir Pommard Cane 2017 7 x 4 
 
Table 2. Soil characteristics of experimental sites. 

Site Location Elevation 
(ft.) 

Soil 
Series 

Texture 
Class 

Depth (in.) to 
Restrictive 

Feature 
Taxonomic Class 

Dancin Jacksonville 1675 Ruch gravelly 
silt loam >60 to bedrock 

Fine-loamy, mixed, 
superactive, mesic 
Mollic Palexeralfs 

Irvine Ashland 2059 Darow silty clay 
loam 20-40 to bedrock Fine, smectitic, mesic 

Vertic Argixerolls 

St. Laurent Eagle Point 1495 

Agate loam 20-30 to duripan; 
>60 to bedrock 

Fine-loamy, mixed, 
superactive, mesic 
Typic Durixerepts 

Winlo gravelly 
clay loam 

7-15 to duripan; 
>60 to bedrock 

Clayey-skeletal, 
smectitic, mesic, 
shallow Typic 

Duraquolls 
 
Table 3. Environmental conditions during veraison measurements. 

Site Date Start 
time 

End 
time 

PPFD 
(µmol/m2/s) 

Air 
temperature 

(ºC) 

Relative humidity 
(%) 

VPD 
(kPa) 

Dancin 8/4/2020 1400 1447 1854 32.5 32.1 3.32 
Irvine 8/3/2020 1445 1535 1544 31.0 25.7 3.34 

St. Laurent 8/5/2020 1430 1515 1726 31.8 34.5 3.08 
 
 
 
 
 
 
 
 



Table 4. Stein’s Two-Stage test results for n estimation with a 95% confidence interval of 1.0 
bar and starting with an initial n of 5. 

Site Initial n t value Calculated n 
Dancin 5 2.776 (2.776)2(1.11)2/0.52 = 37.66 

 38 2.026 20.06 
 20 2.093 21.40 
 21 2.086 21.26     

Irvine 5 2.776 (2.776)2(1.06)2/0.52 = 34.38 
 34 2.035 18.46 
 18 2.110 19.85 
 20 2.093 19.54     

St. Laurent 5 2.776 (2.776)2(0.72)2/0.52 = 15.94 
 16 2.131 9.39 
 9 2.306 11.00 
 11 2.228 10.27 
 10 2.262 10.58 

 
 
  



Figures  
 
Figure 1. Experimental site locations in the Rogue Valley.

 
 
Figure 2. Sampling layout at St. Laurent site that was also representative of all sites. 

 
 



Figure 3. Frequency distribution of Ψstem measured at veraison at each site. Means are given 
above histograms with standard deviation in parentheses. 

 
 
Figure 4. Response of Ψstem measured at veraison to sample number (a proxy for time). Samples 
were collected within a 45–50-minute window between 1400-1600 hrs. PST. 

 
 

10.42(1.11)

7.81(1.06)

6.57(0.72)

dancin irvine stlaurent

6 8 10 12 6 8 10 12 6 8 10 120

2

4

6

8

10

12

14

�stem (�bar)

C
ou
nt

dancin irvine stlaurent

0 10 20 30 0 10 20 30 0 10 20 30

6

8

10

12

sample

Ψ
st
em

 (−
ba
r)

Slope = 0.03, 
p = 0.215, R2 = 0.05

Slope = 0.01, 
p = 0.742, R2 < 0.01

Slope = -0.001, 
p = 0.909, R2 < 0.01

~45 min



Figure 5. Response of Ψstem measured at veraison to panel number. Samples were collected from 
the middle vines of six consecutive panels spanning 120 linear feet at each site. 

 
 
Figure 6. Response of Ψstem measured at veraison to row number.  
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Figure 7. Plot layout at Irvine site. Layout shows five treatments arranged in eight completely 
randomized blocks. Layout is the same at all sites. 

 
 


