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Summary: 
 
     A study was initiated during the 2001-growing season at three different sites to 
determine the interaction of different irrigation amounts and several canopy management 
practices on leaf, stem and cluster water relations, berry characteristics and productivity.  
The irrigation amounts were various fractions of estimated vineyard evapotranspiration 
(ETc), the specific amounts were agreed upon by each grower/cooperator.  The canopy 
management practices included the use of different trellis systems, vine and row 
spacings, row direction, cluster exposure and leaf removal.  The vineyard sites chosen 
were in the Napa, Livermore and San Joaquin Valleys.  The two cultivars used were 
Cabernet Sauvignon in Napa and Livermore Valleys and Merlot in Madera County.  
 
     At the Napa Valley vineyard site, crop coefficients developed in the 2000-growing 
season for a lyre and VSP trellis on 9-foot rows and a VSP trellis in a 1 x 1 m planting 
density appeared appropriate for irrigating those treatments in 2001.  Calculated ETc was 
greatest for the 1 x 1 m planning density followed by the lyre and then the VSP.  Berry 
weights were different among the three-trellis/spacing treatments only when no water 
was applied.  However, there were no significant differences in berry weight among those 
trellis/density treatments when comparisons were made at each individual irrigation 
amount (i.e. at 25, 50 and 75% of estimated ETc). 
 
     Cluster water potential was highly correlated with leaf water potential on a diurnal and 
seasonal basis.  Water potential of sunlit clusters were more negative (more stress) than 
shaded clusters at the time of measurement.  Cluster water potential was also a function 
of date, trellis, and irrigation amount.  The above data would indicate cluster water 
relations might also play a role in affecting berry characteristics when canopy 
management procedures are used to provide more light into the fruiting zone.  Further 
analysis is needed to determine exactly the effect cluster water relations do have on berry 
characteristics under such conditions. 
 
     Canopy management and irrigation affected berry characteristics to differing degrees 
at all three locations.  In most instances increased applied water amounts affected berry 
weight, soluble solids (oBrix) and titratable acidity similarly at all locations and among 
canopy management treatments.  Comparison of the effects of canopy management 
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treatments on berry characteristics could not be made due to the fact that those treatments 
were not the same at each location.  Berry color and several other constituents can be 
significantly affected by water stress and light. Unfortunately, berry anthocyanins, 
phenolics and tannins have not been analyzed as of the date this report was written.  The 
response of yields to applied water amounts at all three locations was similar in many 
respects to those I’ve measured in past studies.  In general water application amounts 
greater than 75% of estimated ETc maximized yields in Madera County and the 
Livermore Valley.  Yields were dependent upon trellis/density treatment used in Napa 
Valley.  The greatest yields at all irrigation treatment amounts at that location was at the 
1 x 1 density followed by the lyre trellis. 
 
Objective of the Research: 
 
 Determine the interaction of irrigation amounts and several canopy management 
practices on grapevine water relations, fruit and wine composition and vine productivity 
of wine grapes grown in the North Coast, Central Coast and San Joaquin Valley of 
California. 
 
Experimental Procedures to Accomplish Objective: 
 
Site 1: 
 
     The Cabernet Sauvignon vineyard used at Site 1 was located near Oakville, California.  
Two trellis types and two row spacings were used in the experiment: a.) A VSP trellis on 
a 5 by 9 foot vine and row spacing, b.) A lyre trellis on a 5 by 9 foot vine and row 
spacing and c.) A VSP trellis planted on 1 by 1 m spacing.  The vineyard rows were 
situated in an east/west row direction.   The irrigation treatments were applied water 
amounts at 0, 0.25, 0.5 and 0.75 fractions of potential vineyard ETc.  The differing 
irrigation amounts were imposed by using different numbers, with different flow rates of 
emitters per vine.  It had previously been determined that the application of water at 75% 
of full ET would maximize yields at this location using a VSP trellis.  The seasonal crop 
coefficients (kc) used to schedule irrigations for each trellis/spacing treatment were 
developed in the 2000-growing season at this site (See Project Proposal).  Potential ET 
(ETo) was obtained from a CIMIS weather station located approximately 2 km away at 
the UC-Davis, Dept. Viticulture and Enology’s Oakville Experimental Research Station.  
Irrigation amounts at 100% of vineyard water use (ETc) were determined from the 
following equation: ETc = ETo x kc.  Irrigations did not commence until midday leaf 
water potential reached a value of -1.1 MPa.  Canopy management practices used at this 
site included the trellis/spacing treatments mentioned above and leaf removal (or no leaf 
removal on all trellis types) only on the north side of the trellis. Due to lack of adequate 
shoot growth, no shoot positioning treatment was included for the lyre trellis as had been 
planned. 
 
     Vine water status was determined by taking measurements of midday leaf water 
potential and cluster water potential using a pressure chamber on several dates during the 
growing season.  In addition, diurnal measurements of leaf and cluster water potential 
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were made at berry set, veraison and prior to harvest.  Canopies were characterized by 
measuring shoot length and estimating total vine leaf area, canopy leaf area per unit 
length of canopy, canopy surface area and shaded area beneath the vine at solar noon on 
three phenological dates (bloom, veraison and harvest).   Pruning weights were measured 
during the dormant portion of the growing season.  Light (photon flux density; PFD) was 
measured above the canopy and within the fruiting zone using a ceptometer.  Point 
quadrant and canopy gap measurements were not determined.  Cluster (or berry) and 
canopy temperatures were measured with an infrared thermometer and with 
thermocouples (inserted into grape berries) attached to a datalogger.  Lastly, evaporative 
demand within the fruiting zone was determined with an atmometer or measuring relative 
humidity and temperature with probes also attached to a data logger. 
 
     Berries were sampled at fruit-set, veraison and prior to harvest and weighed.  They 
will be analyzed for soluble solids, titratable acidity, malate and tartrate, anthocyanins 
and phenols at the beginning of 2002.  Anthocyanins and phenols will be measured using 
the procedures of Matthews and Anderson (1988) also at the beginning of 2002.  Berry 
characteristics will be expressed on a concentration and per berry basis. 
 
     Vines were harvested at a pre-determined soluble solids value (established by the 
grower/cooperator).  All treatments were harvested on the same date in 2001, however.  
Small wine lots were made on all irrigation treatments in the 1 x 1 m trellis/spacing and 
the 50% irrigation treatments for the Lyre and VSP trellis systems.  The must and wine 
was analyzed for the standard components and while the wine will be evaluated by the 
Robert Mondavi Winery tasting panel. 
 
     The experimental design was a split, split plot factorial, using completely randomized 
blocks distributed in contiguous rows.  The main plot was trellis treatment with the first 
split comprising irrigation amounts.  The second split for several of the components 
measured was leaf removal or exposure (measurements taken on the north or south sides 
of the canopy in each trellis).  Each experimental unit of the main treatment and irrigation 
sub-plots consisted of an entire row with border rows on either side of the data row (to 
minimize movement of water in the soil profile from treatment to treatment).  The 
number of vines per row was dependent upon within row vine spacing.  Each treatment 
was replicated four times.  Data were analyzed with SAS® Version 8 using ANOVA, 
ANCOVA and Duncan’s multiple range test for comparisons of the means.  Regression 
analyses were performed using CoHort Version 6 statistical software. 
 
Site 2: 
 
     The second vineyard site (using Cabernet Sauvignon) was located in the Livermore 
Valley.  Two trellis/training treatments were analyzed in the study: a.)  A VSP trellis 
system and b.)  A Smart/Dyson trellis/training system.  The vine and row spacings were 6 
and 6 feet, respectively, and row direction was north/south.  Irrigation treatment amounts 
used at this location were 0.37, 0.56, 0.75 and 1.12 times full ET and applied with a drip 
irrigation system.  The seasonal crop coefficients for the Smart/Dyson trellis/training 
system were established at this location (and in other vineyards) in 2000.  Potential ET 
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was obtained from a CIMIS weather station located in Walnut Creek.  No canopy 
management treatments (such as leaf removal) were included in the study as cluster 
exposure was excessive in both trellis treatments.  Data collected and other experimental 
procedures were similar to that at Site 1 (see above text). 
 
     The experimental design was a split plot using completely randomized blocks.  The 
main plot was trellis and the sub-plot was irrigation amount.  The irrigation treatments 
were applied randomly across rows with a border row between treatments.  Each 
individual plot consisted of 18 vines (with two vines within the row serving as borders 
between treatments).  The main plot was replicated six times.  Statistical analyses were 
conducted as described above for Site 1. 
 
Site 3: 
 
     The third vineyard site was located in Madera County.  The cultivar used was Merlot 
and the trellis was a cordon wire at a height of 42 inches and a foliage catch wire 12 
inches above that.  Vine and row spacings were 7 and 12 feet, respectively. The vineyard 
rows were east/west and the vines were drip irrigated.  The irrigation treatments were 
fractions (0.4, 0.8 and 1.2) of full ET.  The seasonal crop coefficients used were those 
calculated using the percent shaded area technique (Table 1).  The canopy management 
treatment included throwing the shoots on the north side of the canopy over the top at 
either berry set or veraison.  Data collected and other procedures were similar to those at 
Site 1. 
 
     The experimental design was a split plot factorial using completely randomized 
blocks.  The main plot was irrigation amounts and they were split for cane throwing 
either at berry set or veraison.  A control also was included (no cane displacement).  The 
irrigation treatments were applied randomly across rows with a border row between 
treatments.  Each individual plot consisted of 9 data vines (with one vine within the row 
serving as a border between treatments).  The main plot was replicated five times down 
the row.  Statistical analyses were conducted as described above at Site 1. 
 
Summary of Major Research Accomplishments: 
 
     The crop coefficients utilized at Site 3, the Madera Merlot vineyard, were determined 
by measuring shaded area beneath at least four replicate vines on several occasions 
during the 2001-growing season (Table 1).  The kc on a specific date was calculated by 
multiplying the percent shaded area by 0.017.  The maximum seasonal kc calculated was 
0.66.  It should be noted that irrigation amounts for the control vines were also used to 
irrigate the vines in which the shoots on the north side of the canopy had been thrown 
over the top of the vine (canopy management treatments).  Since the shaded area 
(effective leaf area) of the canopy management treatments were less than the controls, 
applied water was greater than actually needed.  This is reflective in midday 
measurements of leaf water potential (Figure 1).  Once irrigation treatments were 
imposed, vines in which the canes had been thrown had leaf water potentials less 
negative than the controls irrigated at the same amount of water. 
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     Vines at the Madera site were only irrigated once a week at a time when the cost of 
electricity was reduced.  Therefore, the irrigation event took place on the weekend.  In 
order to determine the effect of irrigating the vines once a week with a large amount of 
water on vine water status, leaf water potential was measured on Friday and then the 
following Monday.  For example, on July 13th midday leaf water potential of the control 
vines irrigated at 40% of estimated ETc was -1.15 MPa, while on July 16th, after an 
irrigation over the weekend, its value was -0.86 MPa (Figure 1, between DOY 190 and 
200).  In fact, leaf water potential of all irrigation treatments were greater (less negative) 
after a weekend irrigation event.  Therefore, it is expected that the water status of all 
vines responded as such over the course of the growing season. 
 
     Irrigation treatments at the Livermore site were initiated the first week of July.  Prior 
to that time, vines were irrigated at 75% of estimated ETc for the respective trellis 
treatments by the grower/cooperator.  It appeared that vines in the Scott Henry 
trellis/training block were under-irrigated for a few weeks at this time.  This was reflected 
in leaf water potential measurements on DOY 188 (Figure 2).  Once the irrigation 
treatments commenced, vines in the Scott Henry trellis/training block received more 
water than was necessary, compared to the VSP trellis.  Midday leaf water potential of 
vines irrigated at 37, 56 and 75% of estimated ETc in the VSP block were more negative 
than those in the Scott Henry block (Figure 2). 
 
     Irrigations were initiated at Site 1 (Oakville) when midday leaf water potential 
approached –1.1 MPa.  Therefore, irrigation for the 1 x 1 m treatment commenced the 
week of June 3rd while that for the Lyre trellis commenced the week of June 11th.  
Midday leaf water potential of the VSP trellis on 9-foot row spacings did not reach –1.1 
MPa until July 10th, at which time irrigations commenced.   Midday leaf water potential 
measured just prior to harvest was reflective of the date irrigations commenced.  Midday 
leaf water potential of vines in the VSP trellis treatment at all irrigation amounts was 
greater than similar irrigation treatments in the other two trellis treatments (Figure 3). 
 
     Leaf, stem and cluster water potentials were measured in all three vineyards at berry 
set on a diurnal basis.  This growth stage was prior to the initiation of the irrigation 
treatments at all sites.  The diurnal course of cluster water potential mimicked that of leaf 
water potential.  Cluster water potential was approximately 92% the water potential 
measured on sunlit leaves, when averaged across the three locations (Figure 4).  
Conversely, cluster water potential was more negative than stem water potential at any 
time throughout the day (data not given).  Similar measurements were made on a diurnal 
basis at veraison and prior to harvest however, no such analysis has been conducted as of 
the date this report was written. 
 
     One of the major objectives of this study was to determine how various canopy 
management practices, including those that open up the fruiting zone, affects the water 
relations of the cluster.  The measurement of cluster water potential is somewhat more 
difficult than measuring leaf water potential.  In many instances the peduncle of the 
cluster is not long enough to protrude from the pressure chamber so it takes longer to find 
the right cluster.  In addition, once the berries become larger, a typical cluster may not fit 
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inside the pressure chamber or berries may be crushed once the chamber is sealed.  
Lastly, regardless of trellis system, it is difficult to find a cluster that is not partly shaded.  
Despite these limitations, I was able to measure cluster water potential (on both sunlit and 
shaded clusters) on several occasions in the Madera Merlot vineyard and at berry set in 
the Oakville Cabernet vineyard. 
 
     Water potential of shaded clusters at berry set (for both cultivars) and at veraison (for 
Merlot) were significantly higher than those growing in direct sunlight (Tables 2 and 3).  
The differences in water potential between sunlit and shaded clusters were between 0.1 
and 0.2 MPa (1 to 2 bars) depending upon time of day measurements were taken.  This 
difference is less than the differences in water potential between sunlit and shaded leaves 
measured at the same time (data not given).  The significance of different factors on 
cluster water potential taken throughout the growing season at Oakville is given in Table 
8.  As expected, cluster water potential was significantly related to leaf water potential 
and canopy temperature.  Both leaf water potential and canopy temperature would be 
affected by irrigation, as was cluster water potential. 
 
     Cluster and canopy temperatures were measured throughout the growing season in the 
Oakville Cabernet vineyard and several times at the other two sites.  At the Oakville site 
most of the factors affecting cluster temperature similarly affected canopy temperature 
(Table 8).  It is interesting to note that cluster temperature was affected by irrigation 
treatments only when interacting with cluster exposure and trellis.  This is also 
demonstrated in Table 4.  Cluster temperature on July 13th in the Oakville Cabernet 
vineyard was affected by both irrigation amount and exposure and was close to having a 
significant interaction between the two.  There was a significant interaction between 
irrigation amount and exposure on measurements taken at 1600 h but not a 1000 h in the 
Cabernet vineyard in Livermore Valley (Table 5).  The interaction at 1600 h was due to 
the fact that the temperature of sunlit clusters at the lower irrigation treatment was higher 
than that of those in the 112% irrigation treatment.  The same was true at Oakville on 
July 13th (Table 4). 
 
     The evaporative demand within the fruiting zone was measured on several occasions 
in all vineyards.  Evaporative potential (measured at the Oakville site with an atmometer) 
was significantly affected by leaf removal but not trellis or irrigation amount (Appendix).  
Evaporative demand in the fruiting zone and above the canopy in both trellis treatments 
at Livermore did not differ.  These results would indicate that the evaporative demand in 
the fruiting zone of the trellis systems used at Oakville and Livermore are very similar to 
the ambient conditions.  All of the data measured in the Madera Merlot vineyard have not 
been analyzed as of this date. 
 
     The final berry sample of the season for the Merlot vineyard was taken at the end of 
August and the vines were harvested on September 4th (Table 6).  Berry weight was 
significantly lower at the 40% irrigation treatment when compared to the other two 
irrigation treatments.  Soluble solids were significantly affected by both irrigation and 
canopy management treatments.  The control vines had higher sugar concentration than 
treatments in which the canes were thrown while as irrigation amounts increased, soluble 
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solids decreased.  There were few effects of the treatments on juice pH.  Titratable acidity 
(TA) was higher for the control vines compared to the other two canopy management 
treatments.  TA also increased as applied water increased.  Anthocyanins, phenols and 
tannins have not been measured as of this date.  The lowest irrigation level significantly 
reduced yields compared to the other two irrigation treatments.  The canopy management 
treatment (throwing canes over the vine) imposed at berry set also significantly reduced 
yields compared to the other two treatments.  Cluster number per vine for this treatment 
was also significantly lower than the other two canopy management treatments.  It is 
assumed that this procedure at berry set knocked clusters off the shoots while at veraison 
this was not the case.  Mean yield at this location was equivalent to 8 tons per acre (18.1 
tons per ha). 
 
     Berry weight on the final sample date in the Livermore Cabernet vineyard was 
affected by trellis and irrigation amounts but there were no interactions (Table 7).  The 
smaller berries of the Scott Henry trellis may have been due to more stress earlier in the 
growing season.  There was a significant interaction between irrigation amount and trellis 
type on soluble solids.  Brix was higher at the lower irrigation amounts for the Scott 
Henry trellis.  However, Brix was higher for the VSP trellis at the higher irrigation 
amounts.  Titratable acidity was affected by irrigation amount and trellis type and there 
was a significant interaction between the two on juice pH.  Anthocyanins, phenols and 
tannins have not been measured as of this date.  Only irrigation had a significant effect on 
yield.  Mean yield at this location was equivalent to 6.6 tons per acre (14.6 tonnes per 
ha). 
 
     The only berry characteristic measured at the Oakville site when this report was 
written was berry weight. The analysis of other berry characteristics will take place after 
the first of the year. There was a significant interaction between irrigation amount and 
trellis type (Figure 5).    The VSP trellis on 9 foot rows had the greatest berry weight 
when not irrigated, followed by the 1 x 1 m spacing.  The lyre had the lowest berry 
weight when not irrigated.  At the other irrigation levels there were little differences in 
berry weight among trellis treatments.  As applied water amounts increased, yield 
increased for the lyre and 1 x 1 m treatments (Figure 6).  There was little effect of 
irrigation treatment on yield of the VSP trellis.  Small wine lots were made of fruit from 
all of the irrigation treatments in the 1 x 1 m spacing and at the 50% irrigation level from 
the lyre and VSP trellises by the Robert Mondavi Winery.  Sensory evaluation of these 
wines have not take place as of yet. 
 
Outside Presentations of Research 
 
     I have given no presentations to date.  However, I am scheduled to give two 
presentations in March 2002. 
 
Research Success Statements 
 
     Once this study is completed we should have a better understanding of the effects of 
canopy management practices on cluster water status and whether this might contribute to 
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the perceived effects of light on fruit quality in the field.  The data may also indicate that 
a higher priority should be given to irrigation management in the vineyard.  Proper 
irrigation scheduling with the appropriate water amounts may result in a canopy where 
little or no canopy management practices are necessary. 
 
Funds Status: 
 
     All monies obtained for this study have been expended or encumbered. 
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Table 1.  Measured shaded area per vine and the calculated crop coefficient used in the 
Merlot vineyard in Madera County during the 2001-growing season.  Shaded area was 
estimated using a grid placed on the ground beneath the vine’s canopy.  Vine and row 
spacings in the vineyard were 7 x 12 feet (2.13 x 3.66 m = 7.8 m2

  per vine), respectively. 
Calendar Date Control Treatment Thrown Canes Treatment 

 % shaded area kc % shaded area kc 
     

May 1 12.5 0.21   
May 14 23.4 0.40   
May 21 31.2 0.53   
May 30 36.0 0.61   
June 14 37.6 0.64 24.7 0.42 
June 27 34.7 0.59 24.2 0.41 
July 2  0.66   
July 9  0.66   
July 16 39.0 0.66 27.8 0.47 
July 22  0.66   
July 29  0.66   

August 2 38.3 0.65 26.7 0.45 
August 12  0.66   
August 19  0.66   
August 26  0.66   

     
 
 
Table 2.  The effect of exposure (sunlit vs. shaded) on cluster water potential of Merlot 
grapevines grown in the San Joaquin Valley.  Measurements were taken on May 30 2001, 
(berry diameter averaged 3.5 mm) and July 13th (veraison; approximately 35% color).  
Each value is the mean of at least 5 individual cluster replicates on May 30 and 8 
replicates on July 13. On both dates vines were irrigated at the 80% level.  Means 
followed by a different letter within a row are significantly different at P < 0.05. 
  

Date Time (h) Sunlit Cluster Shaded Cluster 
   ---------------------------(MPa)------------------------------ 
    

May 30 1300 -1.13 b -0.94 a 
    

May 30 1500 -1.13 b -1.00 a 
    

July 13 1000 -0.58 b -0.45 a 
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Table 3.  The effects of exposure (sunlit vs. shaded) on cluster water potential of 
Cabernet Sauvignon grown in Napa Valley.  Measurements were taken on June 5 2001 
between 1230 and 1350 hours.  The vines had not been irrigated as of that date.  Each 
value is the mean of 10 individual replicates (5 from vines on the rootstock 5C and 5 
from vines on 110R).  Mean leaf water potentials measured at the same time were -0.94,  
-1.11 and -0.85 MPa for the Lyre, 1 x 1 m - spacing and VSP, respectively.  The 
interaction was only significant at the P = 0.08 level. 

 Trellis/Spacing Treatments Ave. Effect of 
Exposure Lyre 1 x 1 m VSP Exposure 

   
  - - - - - - - - - - - - - - - - - - - -( MPa )  - - - -- - - - - - - - - - - - - - - 
     

Sunlit -0.90 -1.13 -0.79 -0.94 
     

Shaded -0.81 -1.08 -0.77 -0.86 
     

Ave. Effect of 
Treatments 

-0.85 -1.08 -0.77  

     
 LSD0.05     Exposure = 0.027     Trellis = 0.033     Interaction = ns 
     
 
Table 4.  The effects of irrigation treatment and exposure (sunlit vs. shaded) on canopy 
and cluster temperature of Cabernet Sauvignon grown in Napa Valley.  Measurements 
were taken on July 31 2001 in two lyre treatment blocks.  Irrigation treatments were 0 
and 75% of estimated vineyard ETc.  Temperature was measured with a hand-held 
infrared thermometer. Ambient temperature at the time of measurement was 22.3 oC .  
Each value is the mean of 16 individual replicates.  (Interaction P = 0.06) 

Time of Organ  Irrigation Treatment Ave Effect 
Day (h) Type Exposure 0 % 75% Exposure 

      
1300 Canopy Sunlit 25.0 22.9 23.9 

  Shaded 21.3 20.3 20.9 

        Ave. Effect Irrigation 23.2 21.6  

                    LSD0.05     Irr. = na1     Exposure = na     Interaction = 1.0 
      

 Cluster Sunlit 28.1 26.5 27.3 
  Shaded 22.6 21.9 22.3 

        Ave. Effect Irrigation 25.3 24.2  

                   LSD 0.05     Irr. = 0.54    Exposure = 0.54     Interaction = ns 
      
1 not applicable (na) as there was a significant interaction between Irrigation treatment 
and exposure level. 
2 not significant 
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Table 5.  The effects of irrigation treatment and exposure (sunlit vs. shaded) on canopy 
and cluster temperature of Cabernet Sauvignon grown in Livermore Valley.  
Measurements were taken at 1000 and 1600 hours on July 28 2001.  Irrigation treatments 
were 37 and 112% of estimated vineyard ETc.  Temperature was measured with a hand-
held infrared thermometer. Ambient temperatures at the times of measurements were 
21.4 and 31.2 oC at 1000 and 1600 hours, respectively.  Each value is the mean of 8 
individual replicates. 
 

Time of Organ  Irrigation Treatment Ave Effect 
Day (h) Type Exposure 37% 112% Exposure 

      
1000 Canopy Sunlit 27.1 23.1 25.1 

  Shaded 21.0 20.1 20.5 

        Ave. Effect Irrigation 24.0 21.6  

                    LSD0.05     Irr. = na1     Exposure = na     Interaction = 1.0 
      

 Cluster Sunlit 31.2 30.8 31.0 
  Shaded 21.7 21.9 21.8 

        Ave. Effect Irrigation 26.5 26.4  

                   LSD 0.05     Irr. = ns2    Exposure = 0.8     Interaction = ns 
      

1600 Canopy Sunlit 31.5 28.4 29.9 
  Shaded 29.8 27.1 28.4 

     Ave. Effect Irrigation 30.6 27.8  

                  LSD0.05     Irr. = 0.49     Exposure = 0.49     Interaction = ns 
      
 Cluster Sunlit 36.7 35.0 35.8 
  Shaded 32.0 31.5 31.7 

        Ave. Effect Irrigation 34.3 33.2  

                   LSD0.05     Irr. = na     Exposure = na     Interaction = 0.60 
      
1 not applicable (na) as there was a significant interaction between Irrigation treatment 
and exposure level. 
2 not significant 
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Table 6.  Characteristics of berries sampled August 22, 2001, in a Merlot vineyard in 
Madera County.  Vines were irrigated at three levels; 40, 80 and 120% of estimated full 
ETc.  Canopy management practices included throwing the canes on the north side of the 
canopy over the top either at berry set or veraison and a control, canes not thrown.  Yield 
data collected on September 4th is also included. ns = not significant. 

Canopy Irrigation Amount Ave. Effect 
Management 40% 80% 120% Can. Man. 

 Berry weight (g 100-1 berries)  
Control 136 143 150 143 

Berry Set 136 146 140 141 
Veraison 134 143 145 141 

Ave. Effect Irr. 135 144 145  

 LSD0.05      Irr. = 6.0     CM = ns     Interaction =  ns 
     

 Soluble Solids (oBrix)  
Control 23.4 22.9 22.1 22.8 

Berry Set 23.7 21.8 21.0 22.1 
Veraison 22.6 21.1 20.7 21.5 

Ave. Effect Irr. 23.2 21.9 21.3  

 LSD0.05      Irr. = 0.59     CM = 0.59     Interaction = ns 

 pH  
Control 3.62 3.61 3.61 3.61 

Berry Set 3.63 3.68 3.68 3.66 
Veraison 3.64 3.68 3.68 3.67 

Ave Effect Irr. 3.63 3.66 3.66  

 LSD0.05      Irr. = ns     CM = 0.04     Interaction = ns 

 Titratable acidity (g L-1)  
Control 5.62 5.98 6.47 6.02 

Berry Set 5.15 5.64 5.98 5.59 
Veraison 5.25 5.64 6.05 5.65 

Ave. Effect Irr. 5.34 5.75 6.17  

 LSD0.05      Irr. = 0.28     CM = 0.28     Interaction = ns 

 Yield (kg vine-1)  
Control 13.7 15.4 15.6 14.9 

Berry Set 12.0 13.4 13.4 12.9 
Veraison 12.9 15.2 15.3 14.5 

     
Ave. Effect Irr. 12.9 14.7 14.7  

 LSD0.05     Irr. = 1.2     CM = 1.2     Interaction = ns 
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Table 7.  Characteristics of berries sampled September 7, 2001, in a Cabernet Sauvignon 
vineyard in Livermore Valley.  Vines were irrigated at four levels; 37, 56, 75 and 112% 
of estimated full ETc.  Two trellis systems were used: a vertical shoot positioning (VSP) 
trellis and a vertically split canopy trellis (Scott Henry). Yield data collected on 
September 24th is also included. 

Trellis Irrigation Amount Ave. Effect 
System 37 56 75 112 Trellis 

 Berry weight (g 150-1 berries)  
VSP 159 170 177 189 173 

Scott Henry 145 154 160 167 156 

Ave. Effect Irr. 152 162 168 178  

 LSD0.05      Irr. = 5.9     Trellis = 4.2     Interaction =  ns1 

     
 Soluble Solids (oBrix)  

VSP 23.8 23.4 23.2 22.4 23.2 
Scott Henry 24.7 23.9 22.5 21.3 23.1 

Ave. Effect Irr. 24.3 23.7 22.9 21.9  

 LSD0.05      Irr. = 2     Trellis = 2     Interaction = 0.69 

 pH  
VSP 3.95 3.96 4.02 4.04 3.99 

Scott Henry 4.03 4.10 4.04 3.94 4.03 

Ave Effect Irr. 3.99 4.03 4.03 3.99  

 LSD0.05      Irr. = 2     Trellis = 2     Interaction = 0.11 

 Titratable acidity (g L-1)  
VSP 3.28 3.32 3.39 3.57 3.39 

Scott Henry 3.16 3.16 3.25 3.55 3.28 

Ave. Effect Irr. 3.22 3.24 3.32 3.56  

 LSD0.05      Irr. = 0.012     Trellis = 0.01    Interaction = ns 

 Yield (kg vine-1)  
VSP 4.48 4.75 5.18 4.83 4.81 
Scott Henry 3.96 5.14 5.23 5.48 5.08 

Ave. Effect Irr. 4.22 4.94 5.20 5.41  

 LSD0.05      Irr. = 0.7    Trellis = ns     Interaction = ns 
     
 
1 not significant 
2 not applicable (na) due to significant interaction between irrigation amount and trellis.  
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Table 8.  Significance of different sources on cluster and canopy temperatures and cluster 
water potentials of Cabernet Sauvignon grown near Oakville in Napa Valley.  In addition 
the effects of different sources on evaporative demand and pruning weights are given.  
The trellis treatments included a Lyre system using 9-foot row spacings, a VSP trellis 
planted 1 x 1 m and a VSP trellis using -9 foot row spacings.  The exposure treatment 
included measurements taken on the south and north sides of the trellis systems planted to 
east-west rows.  The leaf pulling treatment consisted of removing leaves from around the 
cluster on the north side of the canopy.   Irrigation treatments included water applications 
at amounts equivalent to 0, 25, 50 and 75% of estimated ETc for each trellis/spacing 
system. 
 

Measurement Source P 
   

Cluster Temperature Date < 0.0001 
 Trellis < 0.0001 
 Exposure < 0.0001 
 Trellis x Leaf pulling  0.048 
 Trellis x Exposure   0.0027 
 Irrigation x Exposure 0.047 
 Irrigation x Trellis x Exposure   0.0024 
 Canopy Temperature < 0.0001 

   
Canopy Temperature Date < 0.0001 

 Trellis < 0.0001 
 Irrigation < 0.0001 
 Exposure < 0.0001 
 Trellis x Exposure < 0.0001 
 Leaf Water Potential < 0.0001 
   

Cluster Water Potential Date < 0.0001 
 Irrigation < 0.0001 
 Date x Trellis < 0.0001 
 Canopy Temperature < 0.0001 
 Leaf Water Potential < 0.0001 
   

Evaporative Potential Irrigation ns 
 Trellis ns 
 Leaf Removal    0.0185 

   
Pruning Weights Replicate < 0.0001 

 Trellis < 0.0001 
 Irrigation ns 
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