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Measuring the percentage of vineyard floor shaded by the vine canopy at midday allows 
one to accurately calculate the irrigation crop coefficient; a method is presented which 
makes this measurement practical for commercial operations. 

A rapid method for measuring vine canopy shaded areas 

 Over the past year, I have been developing a rapid 
and practical method for measuring the midday shaded 
area underneath a grape canopy. The midday shaded area 
measurement is of interest because it allows one to calcu-
late the irrigation crop coefficient (Kc), and therefore esti-
mate vine water use, based on the following relationship1:  

     Kc  = 0.017 * Percent shaded area - 0.008 

The crop coefficient then converts the local reference 
evapotranspiration (ETo) measured by weather stations to 
vine evapotranspiration (ETc) by the following relationship: 

    ETc = Kc * ETo 

 In the past, measurements of the shaded area be-
neath a vine canopy have been achieved by relatively labor 
intensive methods which limited their practical application. 
The simplest method is to place a large board on the 
ground surface such that it intercepts the entire width of the 
shade strip at solar noon; the board has a grid of small 
squares drawn on it, and the sun/shade state of each 
square is assessed visually. An advancement of this 
method is to take a digital photograph of the board area, 
and to use a computer program to calculate the proportions 
of light and dark areas of the board. Lastly, one can meas-
ure the width of the shade strip on the ground relative to the 
row width, assuming the boundary between shaded and 
un-shaded areas on the ground is very uniform and distinct. 
The above three methods generally require a large amount 
of time to take accurate measurements, and thus have 
seen little practical application in commercial vineyards. 

 In my work I have tested the viability of certain so-
lar panels as more practical shade-measuring devices for 
use in commercial vineyards. The basic concept is simple: 
the amount of electrical current produced by a solar panel 
is related to the amount of direct sunlight which strikes the 
panel; thus, the more the panel is shaded, the less electri-
cal current produced. A solar panel has the potential to in-
tegrate the sunlight and shade characteristics of a large 
and complex surface area into a single, easily measured 
electrical current value.  

 For this work I have 
been using amorphous silicon 
solar panels; in this type of fab-
rication, the photovoltaic mate-
rial is laid out in a very thin film 
over a flexible plastic or metal 
substrate. This type of panel is 
much lighter and more durable 
than the more common rigid 
crystal/glass types. 
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Figure 1. August 2005; the original single solar panel under 
the midday shade of a loosely positioned VSP canopy. The 
panel is mounted to a wheeled frame made of PVC tubing.  



Figure 2. January 2006; a large composite panel, made from four 
flexible panels, each measuring 1.75 m x 0.3 m. The panels are 
mounted to a wooden frame and carried by hand.  

Figure 3. A composite panel, now mounted on an aluminum frame 
with wheels for easier movement; shown beneath a horizontally 
divided canopy in May 2006. 

Table 1. Evolution of the crop coefficient at one Syrah 
planting with a VSP trellis on north-south rows. Shoot 
positioning occurred between 6/14/06 and 7/5/06.  

Date Shaded area (%) Calculated Kc 

5/17/06 9.4% 0.16 

5/31/06 14.9% 0.26 

6/14/06 22.0% 0.38 

7/5/06 18.3% 0.31 

7/26/06 19.3% 0.33 

 With the solar panel method, all of the partially-
shaded readings are compared to full sun (0% shade) ref-
erence readings taken at nearly the same time; thus it is 
necessary that consistent sunlight conditions occur when 
measurements are made. For this reason, measurements 
can only be taken when the sky is clear, as obstructions of 
sunlight by even the smallest of clouds will result in unreli-
able readings. 

 Using a solar panel to take measurements is much 
faster than the earlier manual methods, allowing one to 
sample a relatively large number of locations. When I esti-
mate the shaded area of a block, I typically take readings at 
40 separate locations between vines; this large sample size 
helps ensure that the calculated crop coefficient is truly rep-
resentative of the planting. 

 Initial work developing the method began in August 
2005 using a single solar panel (Unisolar™ US-64) with 
dimensions of 1.3 m x 0.7 m (4 ft x 2 ft). The panel was 
mounted on a wheeled frame of PVC tubing and moved 
around the test vineyard like a cart. The relatively short 
length of this panel worked well with VSP trellises, but was 
not long enough for  measuring large sprawl canopies or 
horizontally divided canopies (see Fig. 1 on previous page).  

 In January 2006, I tested a larger solar panel in 
Argentina; this panel measured 1.75 m x 1.2 m (6 ft x 4 ft). 
It was made up of four separate 1.75 m x 0.3 m (6 ft x 1 ft) 
flexible solar panels (PowerFilm™ R15-1200), mounted to 
a  wooden frame. This arrangement was light enough to be 
readily carried by hand by one person throughout the test 
vineyards; it also offered the advantage of having a length 
sufficient enough to measure large sprawl and many di-
vided canopies (see Fig. 2 ). 

 In May 2006, the same four flexible panels were 
mounted to an aluminum frame with wheels, similar to the 
original 2005 system. This larger panel weighed less than 
the original 2005 system, but had more than twice the 
measurement area (see Fig. 3). Measurements at ten vine-
yards in the Paso Robles area began in mid-May, and have 
continued at bi-weekly intervals during the season; see Ta-
ble 1 below for example data from one vineyard. 

 This solar panel method offers much faster data 
collection than possible with any of the manual methods; 
however, there are still limitations with using these de-
vices: the individual data values need to be read and re-
corded manually at each test location, and maneuvering 
the larger solar panels around the vineyard can be physi-
cally difficult, especially on rougher surfaces. A major 
limitation is the requirement to maintain the panel uni-
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Figure 4. July 2006; the prototype Paso Panel in use by the author. The 
panel is read automatically as it is walked down the row. A manual discon-
nect switch allows the device to be maneuvered around vine trunks with-
out generating erroneous  readings. 

Figure 5. A view of the Paso Panel. The datalogger is housed below the 
right carrying handle. The manual disconnect switch is incorporated into 
the right handle. The bubble level is located on the frame midway between 
the two carrying handles.  

 

formly level for all measurements; taking readings on 
variably sloping ground is slower because of the 
need to level the panel prior to each reading. 

 In June 2006, I developed a different ap-
proach with the solar panels in response to the above 
limitations. In the earlier systems, the panels were 
positioned beneath the canopy on the ground, a sin-
gle reading taken, and then the panel was moved to 
the next position for another single reading (this be-
ing repeated 40 times in each block measured). In 
my new approach, a long, narrow panel is read auto-
matically at high frequency while being moved along 
the shaded area between two vine trunks (Fig 4). In 
this design, a single flexible 1.75m x 0.3m solar panel 
is mounted to a rigid aluminum frame, and an inex-
pensive datalogger  is configured to automatically 
read and record the electrical current every second. 
This device is carried horizontally by hand while 
walking down the vine row, with the panel oriented so 
that it intercepts the entire width of the shaded area. 
When one needs to maneuver the device around a 
vine trunk, a manual switch disconnects the electrical 
current, so that erroneous measurements are not 
recorded while the panel is outside the shaded area. 
A bubble level helps the user keep the panel horizon-
tal during measurements. The entire device weighs 
3.4 kg (7.5 lbs) (Fig. 5). 

 This latest device (dubbed the “Paso Panel”) 
allows for very easy and rapid assessments of the 
canopy shaded area in a wide range of systems. Of 
all the methods developed so far, this most recent 
method can take the largest number of measure-
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ments in the least amount of time with the least 
amount of physical effort, and also requires the least 
amount of data processing time on the computer af-
terwards. Overall, the method has worked extremely 
well in recent use, and it has completely replaced all 
the earlier solar panel methods in my field work.  

 Example measurements at one test block 
with the Paso Panel are shown in Figure 6 on the 
following page, with further calculations from this 
same data shown in Table 2. An initial full sun refer-
ence reading (0% shade) was made for ten seconds, 
and then the panel began recording along the first 20 
vine-to-vine locations as it was walked along the test 
row. The panel was then moved to the adjacent row, 
and measurements were made along 20 more be-
tween-vine locations while moving back towards the 
starting point. Finally, a second full-sun reference 
reading was made for ten seconds. The whole proc-
ess took a little over 6 minutes, and during this time 
185 individual canopy shade readings were made 
over the 40 between-vine spaces, for an average of 
4.6 readings between each adjacent vine. The vine 
spacing at this site was 6 ft, so readings were taken 
approximately every foot of row length, subtracting 
the trunk region. As the width of the solar panel is 
approximately one foot, this sampling measured vir-
tually all of the shaded area not obstructed by the 
trunks. 

 Our currently available crop coefficients are, 
by necessity, averages of a number of different 
blocks in different locations for any given trellis sys-
tem. As such, they may not be representative for all 
plantings, particularly those that have notably more 
or less canopy growth (and therefore more or less 
shaded area) than is average for that trellis type. As 



Table 2. Calculation of the crop coefficient from the 
data in Figure 6.  
Average full sun reading 13.91 mA 

Average of 185 shaded readings 9.54 mA 

Average % shade of panel 31.5% 

Row spacing 2.7 m (9 ft) 

Average % shade of block 20.4% * 

Kc 0.35 

Figure 6. Data recorded as the 
Paso Panel was moved along 40 
vine spaces at a VSP-trellised 
block of Zinfandel. Full sun refer-
ence readings are taken at the 
beginning and end of the measure-
ment set. Whenever the device is 
maneuvered around a trunk or 
when crossing rows, the readings 
drop to zero because the manual 
switch is disengaged.  

an example of the differences seen within one type of trellis 
system, the shaded area and crop coefficients calculated at 
four adjacent blocks at one vineyard are presented in Table 3. 
All vines are the same age and are grown on the same VSP 
trellis system with the same row spacing and row direction, but 
they differ notably in the size of their canopies, which is obvi-
ous to the casual observer. This visual difference is reflected 
in the different measured canopy shaded areas and thus in the 
calculated crop coefficients.  

 To determine the most accurate crop coefficient for a 
given block, it may be useful and prudent to measure it locally; 
the solar panel methods under development for determining 
midday canopy shaded areas holds considerable promise for 
making such measurements truly practical.  

 A relatively small percentage of growers currently use 
ETo-based calculations for their irrigation scheduling. With the 
increasing availability of accurate crop coefficients calculated 
from local measurements, more growers can be expected to 
take advantage of the benefits of the ETo approach . Some 
growers may use the resulting ETc data directly to estimate 
how much to irrigate, while others may use the data after-the-
fact as a reference value to judge how irrigations scheduled by 
other methods, such as vine observations, leaf water potential, 
or soil moisture monitoring, compared to the reference value. 
Examples of this after-the-fact evaluation will be presented in 
a future article, along with more detailed information on the 
assembly and use of the Paso Panel. 

* % shade of block = % shade of panel * (panel length/row width) 

Table 3. Estimated shaded area and calculated 
crop coefficients (Kc) measured in adjacent 
blocks at one vineyard near Paso Robles, CA, 
July 7, 2006, using the Paso Panel. All four blocks 
are the same age and have the same VSP trellis 
system, row spacing and orientation. Different 
letters following the crop coefficient indicate that 
the values are significantly different. 

Variety 
Root-
stock 

Shaded 
area (%) Kc 

Petite Sirah 5bb 23.3% 0.40 a 

Merlot 1103P 22.5% 0.38 a 

Merlot 1103P 18.0% 0.31 b 

Cab. Sauv. 101-14 14.6% 0.25 c 

References: 

1. Williams, L.E. and J.E. Ayers. 2005. Grapevine water use and the 
crop coefficient are linear functions of the shaded area measured 
beneath the canopy. Agricultural and Forest Meteorology 132:201-
211 
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A simple method for installing cylindrical soil moisture sensors at depths up to 4 feet is described. 
On suitable soils, it has proven to be an extremely rapid way to install sensors at depths that would 
otherwise require a backhoe or an impractical amount of handwork. 

Percussion probes for quick installation of soil moisture sensors 

 Installing soil moisture sensors can often involve a 
lot of physical work, especially if a shovel is the only tool 
available. Small-diameter coring tools do not work very 
well (or at all) in many vineyard soils, due to the high per-
centage of rocks and pebbles often present. Easier and 
more rapid installation methods would encourage the 
broader use of sensors, and thus enable vineyard manag-
ers to have improved soil moisture status information.  

Figure 1. Farm Advisor Assistant Ryan Cooper shown holding a 
five-foot long percussion probe in his left hand, and a soil mois-
ture sensor attached to the bottom of a 4.5 foot long PVC pipe 
in his right hand. This sensor was installed at a depth of four 
feet in the soil. Percussion probes of shorter lengths can be 
seen on the ground. When making deep holes, the shortest 
probe is used initially, gradually changing to longer probes as 
the hole becomes deeper; this keeps the hammer swings below 
the cordon, preventing  damage to the vine. 

 Simple manual percussion probes have proven 
to be very useful for installing soil moisture sensors at 
depths up to four feet. The method has been used to 
date with the Watermark™ granular matrix sensors, but 
it will likely work for any cylindrical sensor with similar 
dimensions, such as tensiometers and some types of 
gypsum blocks. 

 Rather than excavating large holes with a 
shovel, auger, or backhoe, this method creates small-
diameter installation holes by hammering a pointed steel 
shaft (the percussion probe) to the desired depth. Soil is 
not removed when making the hole; it is compressed 
around the hole. Depending on the depth of the hole 
desired, one or more probes of different lengths can be 
used to reach that depth. The diameter of the probe cre-
ates a finished hole that closely fits the soil moisture 
sensor and the PVC tube onto which the sensor is at-
tached. 

Installation steps: 

1. Prepare the sensor beforehand by gluing it to 
the desired length of ½” PVC pipe; 

2. Using one or more percussion probes as re-
quired, hammer the probes down to the desired 
depth, using a 3-lb hand sledge or similar; 

3. While hammering the probe, occasionally stop 
and ensure that the probe can rotate freely in 
the soil, using pliers or a small pipe wrench; 

4. Once the final depth is reached, grasp the top 
end of the probe with large pliers or a pipe 
wrench, rotate the probe several times, and ex-
tract it by slowly lifting while rotating; 

5. Add a prepared soil slurry (mixture of water and 
fine soil) into the hole; this will serve to form a 
tight seal between the sensor and the soil; 

6. Insert the soil sensor assembly into the hole; 

7. Fill in any gaps at the surface with loose soil, to 
prevent surface water from running down the 
gaps to the sensor. 

 

 At one test site, sensors were installed at four 
locations in a block; at each location, four individual sen-
sors were installed in separate probe holes, at depths of 
1, 2, 3, and 4 feet deep. The sixteen sensors were in-
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stalled in less than one hour by two people working to-
gether.  

 The percussion probes are made from appropriate 
lengths of 7/8” diameter hot-rolled steel; this inexpensive 
material is commonly available at steel supply businesses. 
One end of the probe needs to be formed into a shallow 
point; this can be accomplished relatively quickly with a 
machine lathe, or more slowly with a grinding wheel. An 
abrasive cutoff wheel set to cut at an angle could be used 
to form a rough point by making several cuts, reducing the 
work with a grinding wheel. Depending on how deep the 
sensors are to be installed, it may be useful to have several 
probes of different lengths; for this work, probes 2, 3, 4 and 
5 feet long were made.  

 Installation in other soils may not be as easy as this 
particular test site, which had a sandy loam texture with 
moderate amounts of easily fragmented sedimentary rocks 
at deeper depths; soils with higher contents of pebbles, 
gravel and rocks may make installation more difficult, or 
impossible, with this method. The moisture content of the 
soil at installation time will also have a large impact on the 
ease of probe entry, and for maintaining the integrity of the 
bored hole as the probe is removed and the sensor in-
stalled. The method will likely work much better in the early 
spring while soils still have a considerable moisture content 
as opposed to when they are drier later in the season. 

 Like any soil moisture sensor installation method, 
some disruption of the soil structure occurs. This method 
compresses the soil around the hole, increasing the density 
and reducing the porosity in the area immediately adjacent 

Figure 3. Four soil moisture sensors installed at one location; each PVC pipe extends 6” above the soil 
surface. From the left, the sensors are installed at 1 ft, 2 ft, 3 ft, and 4 ft depths. The wires are now 
ready to connect to a datalogger that will read and record the sensor values hourly. Note that only one 
small shoot was knocked off the vines during the installation process.  

to the hole. However, due to the relatively small diame-
ter of the hole (7/8” or 22 mm), it is likely that the over-
all degree of soil structure disruption is relatively small 
when compared to other methods that remove and re-
place relatively large volumes of soil.  

 These simple percussion probes have proven 
to be very handy for installing soil moisture sensors at 
depths up to four feet  in several vineyards. When used 
in a suitable soil at proper moisture content, they are 
perhaps the quickest and easiest method available to 
install compatible sensors in the soil. Future experi-
ments will determine if the method is suitable for install-
ing sensors at even deeper depths. 

Figure 2. Tip of a percussion probe after several dozen uses. 
This tip was formed with a small machine lathe.  
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Vines infected with Pierce’s Disease in cool climates may not show the same 
type of visual symptoms that are typically associated with the disease in warmer 
areas; this makes the visual diagnosis of the disease more difficult. 

Pierce’s Disease symptoms in cool coastal climates 

increased knowledge regarding the distribution of PD in 
the area and its symptoms will be important to maintain 
the integrity of existing and future plantings of these va-
rieties. 

 Currently, the insect vectors responsible for 
spreading PD in the area are likely to be the native sharp-
shooters such as the blue-green sharpshooter and green 
sharpshooter. However, the glassy-winged sharpshooter, 
while not yet present in the winegrape areas north of the 
Santa Ynez Mountains, is a serious potential threat as it 
is currently established in the southern portion of Santa 
Barbara County.  

 For additional information on Pierce’s Disease 
and its management, see: 

 

UC IPM Pest Management Guidelines 

 

ANR Publication 21600, Pierce’s Disease 

 A number of vines have been observed dying at 
various locations throughout the cooler coastal areas of 
Santa Barbara County without any obvious cause. The 
most common symptom is very stunted growth over one 
or more seasons, eventually leading to vine death. In vir-
tually all cases, the leaf and shoot symptoms do not re-
semble the symptoms that are typically associated with 
Pierce’s Disease (PD) in other parts of California. As 
such, other possible factors leading to the death of the 
vines are usually suspected. However, a recent survey of 
these stunted vines at several locations indicated that PD 
was in fact the causal factor. Of the 40 suspect vines 
tested at three different vineyards, 26 or 65% were posi-
tively identified as having the PD bacteria, Xylella fas-
tidiosa. Thus, the incidence of PD in this area is likely 
much higher and more widespread than has been sus-
pected in the past, and it can probably explain vine death 
in many cases where the symptoms do not suggest PD 
as the obvious cause. The two most widely planted varie-
ties in the coastal areas, Chardonnay and Pinot Noir, are 
both considered to be highly susceptible to PD; as such, 
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Figure 1. A Pinot Noir vine infected with Pierce’s Disease in coastal Santa Barbara County, photo taken 
in mid-August 2006. The vines do not show the marginal leaf necrosis, leaf blade drop, or uneven shoot 
maturation that is typically associated with the disease in warmer areas. Many of the surrounding vines 
had already died and have been removed. 
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UC ANR Publication:  
Wine Grape Varieties in California 
 

This beautifully illustrated book is a “must-have” for growers, vintners, 
and enthusiasts. Inside you’ll find information on ripening periods for 
53 varieties grown in California, ripening dates of varieties by period 
and growing district, detailed illustrations of grapevine structure, a 
glossary, and a bibliography. The 36 major wine grape varieties grown 
in the state are discussed, covering synonyms, source, physical char-
acteristics such as clusters, berries, and leaves, harvest periods and 
methods, and winery use. Each variety is highlighted by close-up pho-
tography of its clusters, leaves and leaf shoots – 107 color photos in 
all.  

 

Price: $30.00 
This book can be ordered online, or by calling (800) 994-8849; it is 
also available for purchase at local Cooperative Extension offices. 

The University of California’s 64 Cooperative Extension 
offices are local problem-solving centers. More than 400 
campus-based specialists and county-based farm, home, 
and youth advisors work as teams to bring the Univer-
sity's research-based information to Californians. UCCE 
is a full partnership of federal, state, county, and private 
resources linked in applied research and educational out-
reach. UCCE tailors its programs to meet local needs. 
UCCE's many teaching tools include meetings, confer-
ences, workshops, demonstrations, field days, video pro-
grams, newsletters and manuals.  

To simplify information, trade names of products and/or company names may have been used. No endorsement of named products and/or 
companies is intended, nor is criticism implied of similar products and/or companies which are not mentioned. 

The University of California prohibits discrimination or harassment of any person on the basis of race, color, national origin, religion, sex, gender 
identity, pregnancy (including childbirth, and medical conditions related to pregnancy or childbirth), physical or mental disability, medical condition 
(cancer-related or genetic characteristics), ancestry, marital status, age, sexual orientation, citizenship, or status as a covered veteran (covered 
veterans are special disabled veterans, recently separated veterans, Vietnam era veterans, or any other veterans who served on active duty during 
a war or in a campaign or expedition for which a campaign badge has been authorized) in any of its programs or activities.  University policy is intended to be 
consistent with the provisions of applicable State and Federal laws.  Inquiries regarding the University’s nondiscrimination policies may be directed to the 
Affirmative Action/Staff Personnel Services Director, University of California, Agriculture and Natural Resources, 300 Lakeside Drive, 6th Floor, Oakland, CA  
94612-3550, (510) 987-0096. 

You can subscribe to this free online newsletter at the following website: 
http://cesanluisobispo.ucdavis.edu/newsletterfiles/newsletter363.htm 

About the UC Cooperative Extension Mark Battany 
Viticulture/Soils Farm Advisor 
 
2156 Sierra Way, Suite C 
San Luis Obispo, CA 93401 
 
805-781-5948 phone  
805-781-4316 fax 
mcbattany@ucdavis.edu 
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