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Summary: 

 

Project Title: Interaction of red blotch virus (GRBV) and deficit irrigation on grapevine water 

relations, disease development, and vine productivity 

 

Project co-PIs: Achala N. KC and Alexander D. Levin 

 

The second year of a field experiment with two irrigation treatments – wet (W) and dry 

(D) – and two vine disease statuses – healthy (GRBV-) and infected (GRBV+) – was continued 

in a commercial vineyard to understand the interaction between GRBV infection and deficit 

irrigation on disease development, vine productivity, and fruit quality. W vines were irrigated at 

100% of crop evapotranspiration (ETc), while D vines received water at 50% ETc. Within each 

irrigation treatment, GRBV- and GRBV+ vines (split-plot) that were previously identified in 

early 2017 based on symptomology data from 2016. The identified vines were confirmed as 

GRBV+ and GRBV- by PCR-based assays. GRBV- vines from 2017 were re-tested in early 

2018 to confirm disease status. 

In both years, measurements of vine water status (midday stem water potential; stem) 

were made at regular intervals throughout the growing season beginning just after berry set until 

just before harvest. Similarly, disease severity was recorded every week after the first symptom 

appearance was observed on GRBV+ vines. At harvest, berry samples were collected for berry 

size and compositional analyses; and vine yield and yield components were determined. 

 With respect to vine water relations and gas exchange, there were no significant 

interactions among experimental treatments. Irrigation treatment and disease status both 

impacted these aspects of vine physiology, but they acted independently, with water deficits 

consistently reducing vine water status, and GRBV infection consistently increasing it. In other 

words, GRBV infection had the same effect on vine water status (stem water potential) under 

both well-watered and deficit conditions. However, the significant impact of GRBV infection on 

vine water status only arose post-veraison – at the same time that foliar symptoms became 

visible. The increase in post-veraison water status under GRBV+ conditions was likely a 

consequence of reduced stomatal conductance, which in turn reduced net photosynthesis.  

 Berry development was similarly impacted by the treatments independently, with 

consistently larger berries in W and GRBV+ vines. This was observed at nearly every sample 

date in each year, but differences between vines of different disease status only became 

significant post-veraison. TSS were also only significantly different between GRBV- and 

GRBV+ vines post-veraison, and there was a limited impact of irrigation treatment. In contrast, 

pH and TA were more variable among treatments and years, suggesting that GRBV has a limited 

effect on organic acid metabolism. 

 Irrigation treatment and disease status impacted skin and seed phenolic concentrations to 

varying degrees over two seasons. Whereas irrigation treatment and disease status impacted skin 

phenolic concentration together, disease status alone impacted seed phenolic concentration. In 

both years, skin anthocyanin concentration was increased with deficit irrigation – in both GRBV- 

and GRBV+ vines – but only increases in GRBV- vines were statistically significant. 

Conversely, skin tannin and iron-reactive phenolic concentrations were variably affected by 

treatments, and results were not consistent between years. In seeds, there were no effects of the 

irrigation treatments, but disease status significantly reduced both tannin and iron-reactive 

phenolic concentrations. This effect was consistent between years. All together, these results 
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suggest that the genetic control of phenolic metabolism by GRBV infection is stronger than the 

environmental control due to vine water deficits. Furthermore, experimental results suggest that 

keeping vines well-watered may mitigate some of the negative effects of GRBV infection, but 

ultimate changes in secondary metabolism due to GRBV infection may necessitate using infected 

fruit for different wine programs (e.g. rosé and/or sparkling) or blending with lots from healthy 

vineyards. 

In contrast to 2017 data on disease severity, significant differences on rate of disease 

progression as well as disease severity were observed in 2018 between the wet and dry 

treatments. The vines in wet irrigation treatment showed significantly low disease severity at 

harvest and two weeks prior to harvest. The differences were observed as significant increase in 

vine canopy in irrigation treatment compared to vines in dry treatment; as a result percent of 

symptomatic leaves in wet treatment vines were less compared to dry treatment vines. Even 

though, the virus expression remained same (symptomatic) within wet and dry treatments, it 

would be informative to assess the status of virus (quantity) within each treatment. Furthermore, 

the carry over effect of less severe vines on vine health as well as fruit qualities would be an 

additional information on long-term management of GRBV infected vines.   

The removal of the experimental vineyard site between 2018 and 2019 precluded some of 

the confirmatory and deeper data collection that was originally planned. Unfortunately, this is an 

all too common occurance with respect to recent research efforts on GRBV. The new site was on 

a heavier soil, thus irrigation differences were not manifest until just prior to harvest. However, 

several of the vine physiological responses to GRBV infection that were observed at the first site 

in 2017 and 2018 were also observed at the new site in 2019. These included: (1) higher water 

status, (2) lower photosynthetic rate and stomatal conductance, and (3) lower sugar and color in 

fruit. Additionally, there were no effects of GRBV on yield or yield components, as in 

2017/2018. These consistencies across the two sites underscore the main effects of GRBV on 

grapevines and future research efforts should be targeted at exploring the underlying mechanisms 

behind them. 
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Objectives and Experiments Conducted to Meet Stated Objectives 

 

Objectives 

 

The overall short-term objective of this research was to generate preliminary data 

regarding the interaction of Grapevine red blotch-associated virus (GRBV) infection and deficit 

irrigation on vine physiology and productivity. Specifically, the work involved manipulating the 

water status of GRBV-infected and healthy vines by withholding irrigation water in a 

commercial vineyard with known GRBV infection. Vine water status was monitored over the 

course of the season and compared between infected and healthy vines. Red Blotch disease 

symptom development and severity was monitored over the course of the season and compared 

among vines of varying water status. Finally, this work investigated any possible interactions 

between vine water status and disease severity on fruit yield and quality. The long-term objective 

of this study will be to provide data for the development of irrigation management strategies in 

GRBV-infected vineyards. 

 

Experiments 

 

Location and plant materials. The experiments for year 1 and year 2 was conducted in a 

small section of a 12-acre commercial Vitis vinifera L. cv. Pinot noir vineyard located in the 

Rogue Valley AVA near Jacksonville, Oregon (43° 31’N, 122° 96’W) planted in 2009. The 

vines are grafted on 101-14 Mgt. rootstock. The rows are oriented north-south with a row 

spacing 9 ft. and a vine spacing of 6 ft. for a vine density of approximately 807 vines per acre. 

The vines are trained to bilateral cordons and spur-pruned, with a vertically shoot positioned 

(VSP) trellis.  

In year 3, the vineyard was pulled by the owner and was no longer available for research. 

So, we moved the entire experiment to another commercial vineyard located in the same AVA 
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near Jacksonville, Oregon. (Include the details of the vineyard). The treatments in this vineyard 

were arranged in similar design as the earlier vineyard.   

Experimental treatments and design. A split-plot field experiment with two irrigation 

treatments, wet (W) and dry (D); and two vine statuses, healthy (GRBV-) and diseased (GRBV+) 

were arranged in a randomized complete block design with five replications. Six rows in highly 

infected area of the vineyard were selected for the experiments. The two outer rows at each end 

were considered border rows. The irrigation treatment main plots were randomized in each block 

and replicated down the rows. The treatments were characterized by varying water application 

rates based on estimated vineyard ET and imposed by varying the number of emitters per vine. 

In 2017, W treatments received water at 100% of estimated ETc (four 1 gal/hr. emitters per 

vine), while D treatments were irrigated at 50% ETc (two 1 gal/hr. emitters per vine). An inline 

water meter was used to quantify applied water amounts.  

Within each irrigation treatment, diseased and healthy vines were identified in 2017 

based on symptoms data in 2016. The identified vines were confirmed for red blotch virus 

positive (GRBV+) and negative (GRBV-) by PCR-based assays. In 2018, GRBV- vines were 

retested to confirm negative status. The primer pairs CPfor and CPrev; Repfor and Reprev; and 

GVGF1 and GVGR1 were used following the protocols explained by Krenz et al. (2014) and Al 

Rwahnih et al. (2013) for DNA-based diagnosis of GRBV. The healthy vines were again tested 

for confirmation at the end of the experiment. At least four diseased and healthy vines were 

included per treatment per replication except for block 1 treatments as not enough diseased vines 

were detected in the block. Vines of different disease status (diseased/healthy) were treated as 

subplot treatments. In 2019, 287 vines were tested for the presence of GRBV at fruit set in new 

commercial vineyard research plot. Out of which 36% vines were tested positive and 64% vines 

were tested negative. Based on this statistics, 45 positive and 48 negative vines were selected 

that were randomly blocked into four replicate sets for wet (W) and dry (D) irrigation treatments.  

Quantification of GRBD progression and severity. The progression and severity of 

GRBD symptom expression to the irrigation treatments was quantified in infected and healthy 

vines. In year 1 and 2, data on disease severity was collected every two weeks after the 

appearance of first symptom until harvest. Horsfall-Barratt scale was used to quantify the disease 

severity as Horsfall-Barratt category based on percentage ranges of symptomatic tissues per vine. 

The category data was converted to midpoint values for analysis. Area under disease progress 

curve (AUDPC) was calculated for every treatment and subjected to analysis of variance using 

GLIMMIX procedure in SAS 9.4. Additionally, disease severity was regressed over number of 

days to calculate the rate of symptom development. In year 3, final disease severity was assessed 

on the 93 treatment vines at harvest and the severity data was subjected to analysis of variance 

for the comparison of treatment means. The dry treatment included 22 negative and 23 positive 

vines and wet treatment included 26 negative and 22 positive vines randomly blocked into four 

replicate sets.   

In year 1 and 2, the activity of three cornered alfalfa hopper was monitored throughout 

the vineyard. Even though the vector was detected in the vineyard no significant vector damage 

was observed in the vines within experimental block.  

Vine responses to water deficits. To quantify responses of vine water relations to 

treatments over time, measurements of vine water status (midday stem water potential; Ψstem) 

were made at regular intervals throughout the season. Ψstem was measured with a pressure 

chamber (Model 600, PMS Instruments, Corvallis, OR) using a modified method of Williams 

and Araujo (2002). Specifically, Ψstem measurements were taken between 1300 and 1500 h 
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Pacific Daylight Time (PDT). Leaves chosen at the time of measurement were fully expanded, 

mature leaves exposed to direct solar radiation. Leaf blades were covered with an opaque Mylar 

bag, quickly sealed, and allowed to equilibrate for 30 minutes. Once leaves were excised from 

the plant, time between leaf excision and pressurization was between 10-15 seconds. Two leaves 

from each subplot were measured and used for data analysis. In addition, net photosynthesis 

(Anet) and stomatal conductance (gs) were measured throughout the season using a portable gas 

exchange system (LI-6400XT, LICOR Biosciences, Lincoln, NE). 

Interaction of disease and water deficits on fruit yield and quality. Fruit was 

sampled at regular intervals throughout the season to evaluate possible interaction effects of red 

blotch disease and water deficits on berry development. Fruit was harvested at commercial 

maturity according to the grower’s contract with the purchasing winery. Just prior to harvest (on 

the same day), berry samples were collected (20 berries per vine * 4 vines per subplot = 80 

berries per subplot), brought back into the lab and stored at 4ºC. At harvest, yield components of 

cluster number, berry weight, and berries per cluster were determined along with total yield per 

vine. Sampled berries were weighed, pressed, juice collected and centrifuged, and total soluble 

solids (TSS; °Brix) measured using benchtop refractometry. Titratable acidity and pH were 

determined using an auto-titrator (T50, Mettler Toledo, Columbus, OH). Skin and seed 

polyphenolics were determined by Harbertson-Adams assay as described in Casassa et al. 

(2015). Data were analyzed via a two-way ANOVA for a split-plot design using R statistical 

software. 

 

Summary of Major Research Accomplishments and Results by Objective: 

 

 After analysis of 2017 data, irrigation treatments were modified such that the “Dry” 

treatment was irrigated at a reduced rate in order to create larger differences between “Wet” and 

“Dry” vine. Applied water amounts were successfully manipulated through the imposition of 

planned irrigation treatments. As a result, Ψstem also was successfully manipulated, and 

significant differences in Ψstem were observed between irrigation treatments. Similarly, there 

were a substantial number of both diseased and healthy vines identified, and they were fairly 

uniformly distributed within the irrigation treatment main-plots, with only slight imbalance in 

subsample (individual vine) number. Thus, the field plot setup of all experimental treatments was 

a success.  

Disease progression and severity rating over time was carried out successfully, as was 

periodic assessments of vine water status, gas exchange, and berry development. All harvest data 

(yield, yield components, juice composition, polyphenolic analyses) was successfully collected 

and has been analyzed as of this writing. Analyses of weekly berry samples (to determine 

potential interactive effects over the course of berry development) have not yet been completed 

on phenolic parameters, though only a few samples remain. Finally, replicated wines were made 

from all four treatment combinations by Dr. James Osborne at the OSU Pilot Winery in 

Corvallis. While not a part of the original proposal, Dr. Osborne generously donated his 

resources to take the experiment one step further in 2018 (non-replicated wines were produced in 

2017). The wines are finished and are awaiting subsequent analyses. 

 Total accumulated growing degree days measured at the AgriMet weather station located 

at SOREC (< 2 miles from study site) were 3179 and 3177 (base 50ºF) for the growing season (1 

April to 31 October). Budbreak, bloom, veraison, and harvest occurred on 10 April, 12 June, 8 
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August, and 21 September, respectively in 2017, and on 17 April, 5 June, 7 August, and 7 

September.  

Evaporative demand (reference ET; ETo) during the growing seasons followed typical 

patterns for the Rogue Valley AVA with 35.2 and 34.1 inches in 2017 and 2018, respectively. 

However, total precipitation for the two water years were quite different with 31.7 and 12.5 

inches in 2017 and 2018, respectively. These values represented 150 and 60% of normal seasonal 

rainfall.  

 In 2017, irrigation commenced on 5 June, and irrigation treatments were imposed on 3 

July (Fig. 1). Irrigation of the vineyard ended on 21 September 2018. Total estimated ETc for the 

growing season (from 1 April to 31 October) was 429 gallons/vine, while total applied water for 

W and D vines was 167 and 118 gallons/vine, respectively. In 2018, irrigation commenced 

together with treatment imposition on 9 July 2018, and irrigation of the vineyard ended on 18 

September 2018 (Fig. 1). Total estimated ETc for the growing season was 416 gallons/vine, 

while total applied water for W and D vines was 249 and 124 gallons/vine, respectively.   

 Stem water potential. There were independent significant effects of irrigation treatment 

and disease status on Ψstem in each year of the study, but there were no significant interactions 

between experimental factors. Ψstem was significantly influenced by irrigation treatment in both 

years (Fig. 2). In each year, there were significant differences in Ψstem between "Wet" and "Dry" 

vines beginning in early- to mid-July through to harvest in early- to mid-September. In addition, 

there was a strong, significant effect of disease status on Ψstem in 2018, and a marginally non-

significant effect in 2017 (P = 0.0534). This difference in Ψstem between GRBV- and GRBV+ 

vines was manifested after veraison in both years, wherein Ψstem of GRBV+ vines was 

significantly higher (less negative) than that of GRBV- vines (Fig. 3). 

In 2019, there was no effect of irrigation treatment on vine water status. This is likely 

attributed relatively high soil water supply throughout the season. Consequently, there were 

nearly no effects of irrigation treatment on any of the other physiological variables nor fruit 

composition variables. There was, however, a significant difference in water status between 

disease statuses at some sample dates (Fig. 4). RB+ vines had significantly higher water Ψstem at 

harvest and one week prior to harvest. Again, the few differences detected in water status 

between RB+ and RB- vines is attributed to a relatively high soil water supply up until closer to 

harvest. Still, the late effect of disease status is consistent with trends observed in 2017 and 2018 

at the original experimental site. 

 Gas exchange. There were strong significant effects of disease status on net 

photosynthesis (Anet) and stomatal conductance (gs) in 2018. There was also a strong significant 

effect of irrigation treatment on gs, and a marginally non-significant effect on Anet. However, 

there was no significant interaction effect between factors on either parameter. Though 

significantly lower Anet was observed GRBV+ vines on the first measurement date on 22 May, 

Anet was not significantly different among vines of differing disease status until after veraison on 

8 August (Fig. 5). Post-veraison, Anet was consistently and significantly lower in GRBV+ vines. 

It should be noted that the depression in Anet from mid-July to early-August was a result of non-

saturating light conditions brought on by heavy wildfire smoke in the area. Similarly, gs was 

significantly lower in GRBV+ vines at all sample dates post-veraison (Fig. 6). Stomatal 

conductance was also significantly reduced by the "Dry" irrigation treatment beginning in mid-

July (Fig. 7). 

In 2019, gas exchange was measured at one time point post-veraison (23 August) (Table 

1). There were highly significant differences between disease statuses. Specifically, RB+ vines 
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had significantly lower Anet (P < 0.001), gs (P < 0.001), and E (P = 0.001). Light-response curves 

were also generated from gas exchange data collected on 27 August. The only significant 

difference was in Amax, corroborating the lower rate of photoassimilation observed on 23 August. 

The lack of differnces in light-compensation point and slope of the linear portion of the light 

curves between RB+ and RB- vines suggests that GRBD does not impact the efficiency of 

photosynthesis. Rather, differences in photosynthetic rate are likely a consequence of CO2 

limitiations resulting from lower gs. 

Quantification of GRBD progression and severity. There was a significant correlation 

between symptoms and PCR based assays. The vineyard was mapped based on red blotch 

symptoms for two consecutive years and 95% of the symptomatic vines tested positive for virus. 

Similarly, 96% of the asymptomatic vines tested negative. The remaining 4% of the vines that 

were marked asymptomatic in previous years exhibited symptom in 2017 and were tested 

positive for the virus. Similarly in 2018, 11% of vines that were asymptotic and GRBV negative 

in 2017 tested positive in 2018 with severity ranging from 20 to 75%.  In 2019, 27% of the vines 

that tested negative (50 out of 183 vines) during fruit set were tested positive during harvest. 

This also included the data vines that were selected for disease severity assessment. Once the 

final virus testing results became available at harvest, the disease status of the vines were 

adjusted accordingly and subjected to analysis.  

In 2017, no significant interaction between irrigation treatment and vine health status was 

observed for disease progress over time. Irrigation treatment alone did not significantly affect the 

health status of vines in both diseased and healthy vines. The rate of disease progress was 

slightly higher in dry irrigation treatment compared to wet irrigation treatment within diseased 

vines however was not statistically significant (Fig. 9 and 8A). In contrast, in 2018 significant 

effect of irrigation treatment were observed on disease progress over time as well as disease 

severity at harvest and two weeks prior to harvest (Fig. 9 and 8B). The rate of disease progress 

on infected vines within dry treatment was significantly high compared to the wet treatment 

(p<0.05). During the onset of first symptom (8/6/2018), the disease severity in vines within both 

treatments were similar. It remained same two weeks after the onset of first symptom. However, 

the differences started to become apparent 29 days after the onset of first symptom and at harvest 

(Fig. 8B). The differences were observed as significant increase in vine canopy in irrigation 

treatment compared to dry treatment; as a result percent of symptomatic leaves in wet treatment 

vines were less compared to dry treatment vines.  

In 2019, similar to 2017 results, no significant interaction between irrigation treatment 

and vine health status was observed for final disease severity. The average disease severity on 

positive vines on dry irrigation treatment were 22% and on wet irrigation treatment were 18%, 

however these numbers were not statistically significant (Fig. 8C). Three out of 26 (11.5%) 

positive vines in dry treatment, and 6/25 (24%) of the positive vines in wet treatment exhibited 

no symptoms during harvest. The highest disease severity (63%) was recorded in only 11.5% of 

the vines both treatments, resulting relatively low disease severity as observed in earlier years 

and in different vineyards.    

 Yield and yield components. There were consistent effects of the treatments on vine 

yield in both years. W vines had higher yields than D vines, and GRBV+ vines had higher yields 

than GRBV- vines (Table 2). However, there were no significant treatment effects on cluster 

number per vine. The higher yields in GRBV+ vines were a result of higher cluster FW values, 

though those means were only significantly different among treatments in 2018. The larger 
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clusters were a result of more berries per cluster and larger berries in GRBV+ vines. Berry size 

was consistently larger in W and GRBV+ vines with no interaction between factors. 

 Fruit maturity. Total soluble solids were consistently and significantly higher in W and 

GRBV- vines with no significant interaction between factors (Table 3). These results corroborate 

what was observed in the berry growth curves. In contrast, there were few significant differences 

in juice pH and TA, and no consistent trends. The most important factor was year. For example, 

there were no significant differences in juice pH among any treatment combinations, but pH was 

lower in 2018 compared to 2017. Also, there were no significant differences in TA among 

treatments in 2017, but TA values were significantly higher in GRBV- fruit in 2018, regardless 

of irrigation treatment. 

In 2019, there was as significant interaction effect between irrigation treatment and 

disease status for vine yield and cluster number, but no significant differences for cluster weight, 

berries per cluster, or berry weight. There was a highly significant effect of disease status on TSS 

(P < 0.001), with TSS values 2.7 °Brix (10%) lower in RB+ fruit. There were significant 

differences in pH as a function of irrigation treatment (P = 0.0662) and disease status (P = 

0.0475) independenly, with deficit irrigation and disease both lower pH. TA values were also 

significantly different between irrigation treatments (P= 0.0433), with higher values in deficit 

irrigation vines. 

Berry size. There were strong significant effects of disease status on berry fresh weight 

(FW) measured over both growing seasons. There was also a strong significant effect of 

irrigation treatment on berry FW in 2018 (P < 0.001) and a marginally non-significant effect in 

2017 (P = 0.0538). However, there was no significant interaction effect between factors on berry 

FW in either year. Berry FW in GRBV+ vines was higher at nearly every sample date in both 

seasons, though means were only significantly different post-veraison (Fig. 9). Similarly, berry 

FW was consistently higher in "Wet" vines at all sample dates, but differences were only 

significantly different at the ⍺ = 0.05 level in 2018 (Fig. 10). However, differences were 

statistically significant at the ⍺ = 0.10 level in both years. 

 Total soluble solids. There were independent significant effects of irrigation treatment 

and disease status on berry total soluble solids (TSS) in each year of the study, but there were no 

significant interactions between experimental factors in either year. Interestingly, TSS were 

consistently and significantly higher in "Wet" vines towards the end of the growing season in 

2017 (DAA > 80). In contrast, TSS were only significant higher in "Dry" vines in 2018 at a few 

early sample dates (DAA < 80), and then trended lower compared to "Wet" vines (Fig. 11). 

Compared to their response to irrigation treatments, TSS were consistently and significantly 

lower in GRBV+ vines at nearly all sample dates post-veraison (DAA > 60) in both growing 

seasons (Fig. 12). 

 pH and TA. Responses of berry pH and TA were generally inconsistent across years and 

experimental treatments. The only consistent pattern was the expected increase in pH and 

decrease in TA over time. There were no significant interactions among treatments in either year 

for either parameter. It should be noted that though pH wasn't consistently higher in GRBV+ 

vines, it did trend higher at some sample dates in both years, which is the opposite of what has 

been reported previously. Similar responses were observed with TA (i.e. TA was lower in 

GRBV+ vines. 

 Anthocyanins. GRBV infection significantly reduced skin anthocyanin concentration in 

both years, but the effect was stronger in 2017 (Table 4). Fruit of D vines had higher skin 

anthocyanin concentration compared to that of W vines in both years. Skin anthocyanin 
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concentration trended higher in D+ vines compared to W+ vines in both years, but values were 

not significantly higher in D+ vines compared to W+ vines. This suggests that deficit irrigation 

has limited to no capacity to improve color in infected fruit. 

In 2019, there were no effects of either irrigation treatment or disease status on 

anthocyanins, though they trended higher in RB- vines. 

 Skin tannins and iron-reactive phenolics. In general, responses of skin tannins and 

iron-reactive phenolics (IRPs) were less consistent year to year, relative to that of seeds. Though 

skin tannin and IRP concentrations were higher in 2018 compared to 2017, treatment effects 

were variable within years. Skin tannins were highest in D- vines in 2017 and in W+ vines in 

2018. Conversely, GRBV- fruit had significantly higher skin IRP concentrations in 2017, but 

there were no significant differences among treatments in 2018. 

In 2019, GRBV infection tended to increase skin tannins and IRPs while deficit irrigation 

lowered these concentrations. However, the differences were only statistically significant for 

skin tannins as a function of disease status. 

 Seed tannins and iron-reactive phenolics. Response of seed tannins and IRPs were 

consistent between the two years, with strong effects of disease status, and little impact of 

irrigation treatment. Both parameters were significantly reduced in GRBV+ fruit in both years, 

and there were no significant effects of irrigation on seed tannin and IRP concentrations. There 

was also no significant effect of year on seed IRP, and a marginally significant effect of year on 

seed tannin. Finally, there were no significant interactions of any kind among experimental 

factors with each other or with years. 

In 2019, the effect of disease status on seed tannins and IRPs was consistent with the 

prior two years. RB+ vines had significantly lower seed tannin and IRP concentrations. 
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Research Success Statements: 

  

 The results indicated irrigation treatment significantly alter vine response to disease 

severity. However, the carry over effect of less severe vines need to be assessed further.  

Additionally, the negative impacts of the disease on fruit yield and quality can be somewhat 

mitigated by keeping vines well-watered. It was also supported by the fact that midday stem 

water potential of vines was significantly higher on diseased vines under wet treatments. 

However, this phenomenon was only observed post-veraison. Gas exchange analysis indicates 

that the higher post-veraison water status was due to a lower stomatal conductance. Furthermore, 

the reduced stomatal conductance was a likely cause of the reduced photosynthesis.  

 

Funds Status: 

 

 A full time Biological Research Science Technician II was hired and half time Faculty 

Research Assistant (FRA) was supported from this funding. Supplies and expenses included 

consumables and reagents for virus testing, field tags, and irrigation supplies. Travel expenses 

included travel by FRA and PIs to trainings and meetings. In 2019-2020, total funding of 

$30,154 were requested to support salary and benefit for half time Biological Research Science 

Technician II , supplies and travel expenses. These activities left balance of $8,996 which will be 

planned for remaining of the funding cycle (June 30, 2020) to wrap up data analysis and 

publications.    

 

Item 
Request 

2019-2020 

Remained balance 

as of 01/31/2019 

Personnel $15,447 $5,647 

Employee Benefits $11,585 $3,348 

Supplies and Expenses $1,000  0  

Travel $2,122  0  

   

Total  $30,154  $8,996  
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Figure 1. Cumulative applied water amounts for “Wet” (W) and “Dry” (D) treatments and 

estimated crop evapotranspiration (ETc) in 2017 and 2018.  

 
 

 

Figure 2. Response of midday stem water potential (Ψstem) to irrigation treatments over time. 

Data are means (averaged over red blotch disease status) ± one standard error (n = 5). Means 

underneath '***', '**', '*', or '.' are considered significantly different at the ⍺ = 0.001, 0.01, 0.05, 

or 0.10 levels, respectively. 
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Figure 3. Response of midday stem water potential (Ψstem) to red blotch disease status over time. 

Data are means (averaged over irrigation treatment) ± one standard error (n = 5). All other 

information is as in Figure 2. 

 
Figure 4. Response of midday stem water potential (Ψstem) to red blotch disease status over time 

in 2019. Data are means (averaged over irrigation treatment) ± one standard error (n = 4). All 

other information is as in Figure 2. 
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Figure 5. Response of net photosynthesis (Anet) to red blotch disease status over time in 2018. 

Data are means (averaged over irrigation treatment) ± one standard error (n = 5). All other 

information is as in Figure 2. 

 
 

Figure 6. Response of stomatal conductance (gs) to red blotch disease status over time in 2018. 

Data are means (averaged over irrigation treatment) ± one standard error (n = 5). All other 

information is as in Figure 2. 
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Figure 7. Response of stomatal conductance (gs) to irrigation treatment over time in 2018. Data 

are means (averaged over red blotch disease status) ± one standard error (n = 5). All other 

information is as in Figure 2. 
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Figure 9. Response of berry fresh weight (FW) over time as a function of red blotch disease 

status. Data are means (averaged over irrigation treatment) ± one standard error (n = 5). All other 

information is as in Figure 2. 

 
Figure 10. Response of berry fresh weight (FW) over time as a function of irrigation treatment 

status. Data are means (averaged over disease status) ± one standard error (n = 5). All other 

information is as in Figure 2. 
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Figure 8. (A) and (B) 2017 and 2018 Disease severity over time; (C) year-end disease 

severity: WP is the average disease severity of diseased vines within wet treatments, DP is 

the average disease severity of diseased vines within dry treatments, WN is the average 

disease severity of healthy vines within wet treatments, and DN is the average disease 

severity of healthy vines within dry treatments. 
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Figure 9. 2017 and 2018 area under disease progress curve as affected by the treatments on 

infected vines : each bar represents an average of 20 vines per treatment. 
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Figure 11. Response of total soluble solids (°Brix) over time as a function of irrigation treatment 

status. Data are means (averaged over disease status) ± one standard error (n = 5). All other 

information is as in Figure 2. 

 
Figure 12. Response of total soluble solids (°Brix) over time as a function of red blotch disease 

status. Data are means (averaged over irrigation treatment) ± one standard error (n = 5). All other 

information is as in Figure 2. 
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Table 1. Leaf gas exchange measured on 23 August 2019. Data were collected from W plots 

only. 

Date 
RB 

Status 
A (µmol CO2 m-2 s-1) gs (mol H2O m-2 s-1) E (mmol H2O m-2 s-1) 

8-23-2019 

RB- 14.9 0.183 6.19 

RB+ 10.6 0.133 4.90 

p-value <0.001 <0.001 0.001 
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Table 2. Response of yield and yield components to treatments over two growing seasons. W-, 

W+, D-, and D+ indicate combinations of “Wet” (W) or “Dry” (D) irrigation treatments and red 

blotch negative (-) or positive (+) vines. Values are means ± one standard error (n=5). Means 

followed by the same letter are not statistically different at P < 0.05. 2019 data are from the new 

site (n=4), and were not included in the Treatment Mean calculation. 

Parameter Treatment 
Year 

Treatment Mean 
2017 2018 2019 

yield 

(kg vine-1) 

W- 4.8 ± 0.8 ab 5.9 ± 0.8 ab 2.83 ± 0.33 a 5.4 ± 0.7 ab 

W+ 6.9 ± 0.8 b 8.1 ± 0.8 b 3.68 ± 0.33 a 7.5 ± 0.7 b 

D- 4.4 ± 0.8 ab 5.6 ± 0.8 ab 3.26 ± 0.33 a 5.0 ± 0.7 ab 

D+ 4.7 ± 0.8 a 5.9 ± 0.8 a 2.94 ± 0.33 a 5.3 ± 0.7 a 
 Year Mean 5.2 ± 0.5 a 6.4 ± 0.5 b 3.18 ± 0.33 a   

          

clusters vine-1 

W- 31 ± 3 a 35 ± 4 a 27 ± 2 a 33 ± 3 a 

W+ 36 ± 4 a 40 ± 4 a 33 ± 2 b 38 ± 4 a 

D- 29 ± 3 a 33 ± 3 a 30 ± 2 ab 31 ± 3 a 

D+ 33 ± 4 a 38 ± 4 a 28 ± 2 ab 36 ± 4 a 
 Year Mean 32 ± 2 a 36 ± 3 b 29 ± 2 ab   

          

cluster FW 

W- 133 ± 11 a 163 ± 11 ab 106 ± 5 a 148 ± 10 ab 

W+ 173 ± 11 a 203 ± 11 b 109 ± 5 a 188 ± 10 b 

D- 150 ± 11 a 152 ± 11 a 108 ± 5 a 151 ± 10 ab 

D+ 151 ± 11 a 153 ± 11 a 104 ± 5 a 152 ± 10 a 
 Year Mean 152 ± 7 a 168 ± 7 b 107 ± 5 a   

          

berries cluster-1 

W- 116 ± 5 a 139 ± 6 a 104 ± 5 a 127 ± 5 a 

W+ 140 ± 6 b 168 ± 8 b 105 ± 5 a 153 ± 6 b 

D- 154 ± 7 b 163 ± 7 ab 106 ± 5 a 158 ± 6 b 

D+ 135 ± 6 ab 143 ± 7 ab 103 ± 5 a 139 ± 5 ab 
 Year Mean 136 ± 4 a 153 ± 4 b 105 ± 5 a   

          

berry FW 

(g berry-1) 

W- 1.14 ± 0.05 ab 1.11 ± 0.05 ab 1.02 ± 0.02 a 1.12 ± 0.05 ab 

W+ 1.25 ± 0.05 b 1.22 ± 0.05 b 1.04 ± 0.02 a 1.23 ± 0.05 b 

D- 0.98 ± 0.05 a 0.95 ± 0.05 a 1.02 ± 0.02 a 0.97 ± 0.05 a 

D+ 1.09 ± 0.05 ab 1.06 ± 0.05 ab 1.01 ± 0.02 a 1.08 ± 0.05 ab 
 Year Mean 1.12 ± 0.04 a 1.09 ± 0.04 a 1.02 ± 0.02 a   
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Table 3. Response of fruit maturity parameters to treatments over two growing seasons. All 

other information is as in Table 1. 

Parameter Treatment 
Year 

Treatment Mean 
2017 2018 2019 

TSS 

(Brix) 

W- 23.9 ± 0.3 c 23.5 ± 0.3 c 24.3 ± 0.39 c 23.7 ± 0.2 c 

W+ 22.4 ± 0.3 b 22.0 ± 0.3 b 22.2 ± 0.42 ab 22.2 ± 0.2 b 

D- 23.0 ± 0.3 b 22.6 ± 0.3 b 23.8 ± 0.39 bc 22.8 ± 0.2 b 

D+ 21.5 ± 0.3 a 21.1 ± 0.3 a 21.1 ± 0.39 a 21.3 ± 0.2 a 
 Year Mean 22.7 ± 0.2 a 22.3 ± 0.2 a 22.9 ± 0.39 b   

          

pH 

W- 3.41 ± 0.04 a 3.33 ± 0.04 a 3.38 ± 0.02 a 3.37 ± 0.04 a 

W+ 3.43 ± 0.04 a 3.35 ± 0.04 a 3.33 ± 0.02 a 3.39 ± 0.04 a 

D- 3.35 ± 0.04 a 3.27 ± 0.04 a 3.42 ± 0.02 a 3.31 ± 0.04 a 

D+ 3.46 ± 0.04 a 3.39 ± 0.04 a 3.37 ± 0.02 a 3.43 ± 0.04 a 
 Year Mean 3.41 ± 0.03 b 3.33 ± 0.03 a 3.38 ± 0.02 a   

          

TA 

(g L-1) 

W- 3.52 ± 0.14 a 4.83 ± 0.19 c 6.08 ± 0.15 a 4.12 ± 0.14 a 

W+ 3.56 ± 0.14 a 4.30 ± 0.17 ab 5.86 ± 0.15 a 3.91 ± 0.14 a 

D- 3.37 ± 0.13 a 4.63 ± 0.18 bc 6.13 ± 0.15 a 3.95 ± 0.14 a 

D+ 3.41 ± 0.13 a 4.12 ± 0.16 a 6.46 ± 0.15 a 3.75 ± 0.13 a 
 Year Mean 3.46 ± 0.11 a 4.46 ± 0.14 b 6.13 ± 0.15 a   
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Table 4. Response of berry phenolic parameters to treatments over two growing seasons. Anthocyanin units are malvidin-3-

glucoside equivalents per gram berry fresh weight (FW). Tannins and iron-reactive phenolics units are catechin equivalents per 

gram berry FW. All other information is as in Table 1. 

  Skin  Seed 

Year Treatment Anthocyanins Tannins 
Iron-reactive 

phenolics 

 
Tannins 

Iron-reactive 

phenolics 

2017 W- 0.67 ± 0.05 a 0.85 ± 0.04 ab 1.88 ± 0.09 b  1.58 ± 0.12 bd 4.38 ± 0.36 b 
 W+ 0.55 ± 0.04 a 0.92 ± 0.05 ab 1.58 ± 0.07 a  1.31 ± 0.10 ac 3.11 ± 0.30 a 
 D- 0.98 ± 0.08 b 0.99 ± 0.04 b 2.23 ± 0.10 c  1.53 ± 0.12 cd 4.29 ± 0.36 b 
 D+ 0.59 ± 0.05 a 0.80 ± 0.04 a 1.88 ± 0.09 b  1.28 ± 0.10 ab 3.03 ± 0.30 a 
    

         
2018 W- 0.80 ± 0.06 ab 0.99 ± 0.04 a 2.02 ± 0.09 a  1.84 ± 0.14 bd 4.40 ± 0.36 b 

 W+ 0.67 ± 0.05 a 1.24 ± 0.04 b 2.14 ± 0.10 a  1.53 ± 0.11 ac 3.13 ± 0.31 a 
 D- 1.01 ± 0.08 b 1.13 ± 0.04 ab 2.04 ± 0.09 a  1.79 ± 0.13 cd 4.32 ± 0.36 b 
 D+ 0.83 ± 0.07 ab 1.12 ± 0.04 ab 2.17 ± 0.10 a  1.49 ± 0.11 ab 3.06 ± 0.30 a 

             

2019 W- 2.10 ± 0.12 a 1.31 ± 0.17 a 4.02 ± 0.28 a  2.55 ± 0.12 a 5.73 ± 0.39 ab 

 W+ 1.91 ± 0.12 a 1.90 ± 0.17 b 4.50 ± 0.28 a  2.30 ± 0.10 a 5.12 ± 0.39 ab 

 D- 2.08 ± 0.12 a 1.30 ± 0.17 ab 4.06 ± 0.28 a  2.65 ± 0.12 a 6.16 ± 0.39 b 

 D+ 2.01 ± 0.12 a 1.43 ± 0.17 ab 4.11 ± 0.28 a  2.19 ± 0.10 a 5.05 ± 0.39 a 
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