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Growth and Fruiting of Young ‘Concord’ Vines in Relation to Reserve 
Nitrogen and Carbohydrates 

 
Lailiang Cheng 

Department of Horticulture, Cornell University, Ithaca, NY 14853.   
Phone 607-255-1779; email: LC89@Cornell.edu 

 
Introduction 
Any environmental factors or cultural practices that alter supply-demand relationships of nitrogen and 
carbohydrates (cropload, pruning, environmental stress, and diseases and pests, etc.) will likely affect 
reserve nitrogen and carbohydrate status of the vine, and consequently influence vine performance the 
following season.  Compared with other grape-growing regions of the world, we have a very short leaf 
retention period after harvesting the crop (anywhere between a few days to 3 to 4 weeks) in the Great 
Lakes area and the Northeast.  Reserve nitrogen and reserve carbohydrates may become more important 
for vine performance the following season in our area for two reasons.  First, because photosynthesis is 
limited after harvest vines may not be able to accumulate enough reserve carbohydrates.  Secondly, rapid 
drop of temperature or killing frost after harvest may significantly reduce or even stop mobilization of N 
from leaves back to the plants during leaf senescence and also decrease root activity for nitrogen uptake 
from the soil, leading to low reserve N status.   
 
Understanding the role reserve nitrogen and reserve carbohydrates play in growth and fruiting of vines 
has important implications for optimizing cultural practices to improve productivity of ‘Concord’ vines.  
Over the last few years, we differentially altered reserve nitrogen and reserve carbohydrate status by using 
foliar urea application in the fall alone or in combination with manual defoliation to examine growth and 
fruiting of ‘Concord’ vine in relation to reserve nitrogen and carbohydrates. 
 
1.  Effect of foliar urea application in the fall on reserve nitrogen and carbohydrates and growth 
and fruiting the following season. 
One-year-old ‘Concord’ vines were fertigated with 0, 5, 10, 15, or 20 mM nitrogen from June 22 to 
August 17 in 2001.  There were 24 vines at each N fertigation concentration. Half of the vines at each N 
concentration were sprayed with 3% foliar urea twice (September 20 and 29) while the rest served as 
controls.  After natural leaf fall, all the vines were over-wintered in a cold room (2 to 4°C).  Four vines 
from each treatment were destructively sampled on March 26, 2002 for reserve N and carbohydrate 
analysis. The remaining vines were used in the regrowth test described below (For details, see Xia and 
Cheng, 2004; Cheng et al., 2004). 
 
On a whole vine basis, total N increased with increasing N fertigation concentration (Fig. 1A).  Total 
reserve carbohydrates increased with increasing N fertigation concentration first, then leveled off with 
further rises in N concentration (Fig. 1B).  Foliar urea applications increased total N reserves but 
decreased total carbohydrate reserves at each given N fertigation level. 
 
For the regrowth test, vines were grown under either no N supply or sufficient N supply (10 mM N) from 
two weeks before bloom to one month after bloom.  When no nitrogen was provided during the regrowth 
period, both vine total leaf area and fruit yield increased with increasing N fertigation concentrations from 
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the previous year (Fig. 2).  Vines sprayed with fall foliar urea produced a larger total leaf area and a 
higher yield at each given N fertigation concentration. This corresponded well with the total N reserves at 
the beginning of the regrowth period.  Providing vines with sufficient nitrogen during the regrowth period 
significantly increased both total leaf area and fruit yield across the previous N fertigation concentrations.  
Vines with low N reserves responded more to current supply of nitrogen than those with high N reserves 
in terms of leaf area (Fig. 2A), but responded less in terms of yield (Fig. 2B).  Nonetheless, vines sprayed 
with foliar urea still had a larger leaf area and a higher yield at each given N fertigation concentration.  
Because the foliar urea applications did not affect vine dry weight at the end of the first growing season, 
this means that when vine size was the same, regardless of whether N was supplied during the regrowth 
period, vines with higher N reserves but lower carbohydrate reserves had more new leaf growth and 
higher yield than those with lower N reserves but higher carbohydrate reserves. 

                                    
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (Left). Total nitrogen (A) and carbohydrates (B) of Concord vines in response to N fertigation and 
foliar urea applications. 
 
Fig. 2 (Right). Total leaf area (A) and fruit yield (B) of Concord vines at the end of the regrowth period in 
relation to N fertigation concentrations and foliar urea applications during the previous year and the 
current season’s nitrogen supply. Circles represent vines that did not receive any nitrogen during the 
regrowth period whereas squares represent vines that received 10 mM N supply. Solid circles or squares 
represent vines that were only fertigated whereas open circles or squares denote vines that also received 
foliar urea application during the previous year. 
 
2. Effect of early defoliation and foliar urea application prior to the defoliation on vine reserve 
status and performance.   
The idea behind this experiment was that if the reduction in reserve carbohydrates caused by early killing 
frost were the main cause for the reduced growth in the spring, the defoliated vines would not show 
improved growth in the spring in response to foliar urea spray before the frost in the previous fall because 
foliar urea application increases reserve N but reduces reserve carbohydrate levels.  In contrast, if reserve 
N were the limiting factor, vine performance would be improved by foliar urea application prior to frost. 
So, a total of four treatments were used in this experiment: 1) Control; 2) 3% foliar urea sprayed twice at 
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weekly intervals in mid to late September; 3). Manual leaf removal in early October; and 4) 3% foliar 
urea sprayed twice in mid to late September, followed by manual leaf removal in early October.  Each 
treatment was replicated 4 times with 3 vines each in a completely randomized design. 
 
One set of vines (4 vines) from each treatment were destructively harvested before budbreak for reserve N 
and carbohydrate analysis.  The remaining vines were further divided into two groups. Starting from 
budbreak, one group received 10 mM N as 15N-ammonium nitrate in Hoagland’s solution twice weekly 
from two weeks before bloom to 30 days after bloom; the other group were not supplied with any 
nitrogen but received all the other mineral nutrients from a modified Hoagland’s solution.  At 30 days 
after bloom, vines were destructively sampled and total leaf area, new shoot growth, and fruit yield were 
measured. 
 
Manual defoliation in the fall significantly decreased both total nitrogen and total carbohydrates in the 
vine (Fig. 3). Foliar urea application increased the total amount of nitrogen, but decreased the total 
amount of carbohydrates.  
 
Regardless of whether N was provided in the current season, defoliated vines had a smaller total leaf area 
than non-defoliated vines (Fig. 4A). Vines sprayed with foliar urea the previous fall had a larger leaf area 
than those that did not receive foliar urea application. Supplying sufficient nitrogen in the current season  
also significantly increased total leaf area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Fig. 3 (Left). Effects of manual defoliation and foliar urea application in the fall on total nitrogen and 
carbohydrates of 3 year-old ‘Concord’ vines. CK: Control; DF: manual defoliation; FN: foliar urea 
application; FN+DF: foliar urea application followed by manual defoliation. 
 
Fig. 4 (Right). Total leaf area (A) and fruit yield (B) of ‘Concord’ vines at the end of the regrowth period 
under no N supply (solid bars) or 10 mM N supply (empty bars) in the current season.   
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When no nitrogen was provided in the current season, defoliated vines had lower fruit yield than the non-
defoliated vines (Fig. 4B) and vines sprayed with foliar urea had a higher fruit yield than those that did 
not received foliar urea. Providing sufficient nitrogen the current season significantly increased fruit yield 
across all the treatment combinations. Vines sprayed with foliar urea still had a higher yield than those 
that did not receive foliar urea application, but there was no statistical difference in fruit yield between 
defoliated vines and non-defoliated vines.   
 
These data indicate that (1) regardless of current N supply, both vegetative growth and fruiting are 
determined by reserve nitrogen, not by reserve carbohydrates; and (2) the current season’s N supply plays 
an important role in determining fruit yield.      
   
Summary 
Foliar urea application in the fall increased N reserves, but decreased carbohydrate reserves of potted 
‘Concord’ vines in sand culture.  Regardless of the current N supply during the spring, vines with higher 
N reserves but lower carbohydrates reserves had a larger leaf area and a higher yield than those with 
lower N reserves but higher carbohydrate reserves.  Manual defoliation/foliar urea experiment also 
showed that vines with higher N reserves but lower carbohydrate reserves in the foliar N treatment had a 
larger leaf area and higher fruit yield than those that did not receive foliar N application. Therefore, we 
conclude that vine growth and fruiting are mainly determined by nitrogen reserves, not by reserve 
carbohydrates. Foliar urea applications in the fall increased vine reserve nitrogen by converting some 
carbohydrates into proteins and free amino acids, consequently improved vine growth and fruiting the 
following season.  Our results also indicated that current season’s N supply plays a very important role in 
vine growth and development, especially for fruit growth. 
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Achieving Balance in Niagara Vines to Produce Highest Sustainable 

Yields 
 

Kasey Wierzba and G. Stanley Howell 
Program of Viticulture and Enology 

Department of Horticulture 
Michigan state University 

 
Introduction.   
Since the 1970’s this program has sought to define strategies and define cultural approaches for Niagara 
grapevines in Michigan.  Those early efforts were in close cooperation with William Grevelding of 
Lawton, MI National Grape Cooperative (NGC), Bob Fox at Westfield, NY (NGC), and the Welch’s fruit 
and juice quality production team. 
 
Those early efforts specifically sought to gain understanding of the impact of cropping system and crop 
load on fruit composition values (%SS, pH, and titratable acidity) and subsequent processed juice quality.  
Those efforts produced data supporting a thesis that had been derived from our early wine production 
experiences with Niagara – that sugar levels above 14%SS did not improve the quality of the subsequent 
processed product when compared with similar fruit harvested at 12-13 %SS fruit.  Indeed, fruit harvested 
above 15%SS commonly showed a sharp decline in fruit acidity and the development of undesirable 
flavor components.   
 
That hypothesis was tested when Niagara fruit was harvested at varying %SS from Single Curtain (SC, 
Umbrella Kniffen, UK) trained vines at the Rennhack Vineyard near Baroda, MI and Geneva Double 
Curtain (GDC) trained vines at the Meecham Vineyard near Hartford, MI.  Juices were produced by 
Welch’s personnel, shipped to Westfield and resulted in the determination that desirable Niagara fruit 
were produced at %SS lower that that deemed best for Concord. 
 
An impact of those data that has seldom been appreciated is the fact that lower acceptable %SS meant and 
continues to mean higher tonnages of ripe fruit for growers.  Based on figures derived from Concord, a 
3.0%SS reduction for quality fruit would mean about an additional 2.0 tons per acre with no additional 
cropping stress on the vines. 
 
The 1999-2003 Research Effort. 
Although Niagara has been grown for decades in Michigan, the most useful strategies for culture have not 
been elucidated.  The spring of 2004 marked the completion of our second major effort on Niagara and 
that spring concluded 5-years of experimental effort on GDC and SC trained vines at the Southwest 
Michigan Research and Extension Center (SWMREC) and a commercial vineyard near Scottdale, MI., 
respectively.   
 
Treatments. 
 SWMREC Vineyard (GDC).  96 mature, bearing vines, trained to GDC were subjected to different 
pruning treatments as follows: a) 20 + 20 (20 nodes retained for each pound of cane prunings); and fixed 
node numbers per vine as, b) 35; c) 70; and d) 105; plus mechanically pruned treatments as e) Hedged (15 



cm around cordon); and f) Minimally Pruned (MP) with shoot skirting at 76cm below cordon.  The 
experiment was designed and analyzed as a completely randomized block with mean separations via the t-
test and the type III P-value.  Appropriate regression and Least Square Means were also conducted and 
examined. 
 
Scottdale Vineyard.  192 mature, bearing vines, trained to one of three variants of SC were employed.  
The three SC systems included Hudson River Umbrella (HRU), UK, and the third a variant of these two, 
which was HRU with 2-3 long canes as characteristic of UK retained and tied to the bottom wire.   
This plot was designed as a split-plot with different pruning severities as main plots.  These plots were 
fixed nodes retained per vine as: a) 20; b) 40; c) 80; and d) 120.  Training systems were sub-plots.   
 
A separate study involved comparison of mechanically pruned vines and included: a) MP; b) MP – 1 
(thinned to a single basal cluster per shoot); c) MP – 2 ( thinned in similar quantity as MP – 1,  but 
removing equal numbers of basal and apical clusters); and d) Hedged as at SWMREC.  Experimental data 
analysis was similar to that for the SWMREC GDC data. 
 
Results. 
Experiment I.  Contrasting Head and Cordon Training of SC Vines. 

1. Detailed assessment of each individual year and the 5-year mean data showed no difference 
among the three SC training system treatments.  Grower choice would be based on circumstances 
of culture. 

 
Experiment II.  Impact of Different Number of Nodes Retained Per Vine on Vine Growth and 
Productivity of SC Trained Vines. 

1. Yield increased fairly linearly up to a point, but did not increase beyond 80-nodes retained/vine.  
2.   This result was a combination of impacts resulting from reduced clusters/node retained, fewer 

berries per cluster and reduced berry weight as node number retained exceeded 80/vine. 
3. Vegetative growth per vine as estimated by vine size, was reduced as nodes retained exceeded 

60/vine.   
4. There was no superiority in leaf area at veraison for vines with more nodes retained. 
5. Highest sustainable yields were achieved at 80-nodes retained on these SC trained vines. 

 
Experiment III.  Comparison of SC and GDC Response to Different Cropping Levels. (Scottdale vs 
SWMREC). 

1. GDC trained vines had the greatest yield potential. 
2. Both yield and vegetative growth of GDC trained vines recovered more quickly than SC vines 

when pruned to large node numbers retained.   
3. The difference between the two systems is primarily the result of doubling the cordon length of 

GDC trained vines.  This means that a GDC vine pruned to 100 nodes retained per 16-ft of 
cordon length would be the equivalent of an SC trained vine pruned to 50-nodes per 8-ft of 
cordon length 

4. Graphs of the system responses showed the yield responses of GDC trained vines to be linear 
while those of SC trained vines showed a curvilinear response with minimal yield change beyond 
80-nodes retained. 

5. Graphs of vegetative responses were the opposite of the yield response.  Vine size reductions 
were linear for SC while they became curvilinear for GDC at around 60-nodes retained per vine. 

6. GDC trained vines showed consistently higher yields and more vegetative growth across all node 
numbers. 

7. SC trained vines had higher %SS than GDC vines and that is attributed to lower yields of SC 
trained vines. 

8. Both SC and GDC trained vines met processor standards for %SS regardless of nodes retained. 



 
Experiment IV.  Assessing the Utility of Mechanical Hedging and Mechanical Pruned SC Vines. Used 
80-nodes retained as a Control value for 5-years data. 

1. The Hedged (H) treatment was the greatest concern. 
2. Over the 5-years of the study H had the highest yields and the greatest fluctuation in fruit 

composition (%SS). 
3. H treatment vines also had the lowest leaf area to fruit weight ratio among the treatments. 
4. The MP- 2 treatment vines were most consistently similar to the 80-node retained Control. The 

MP-2 had almost identical yield, clusters per vine, cluster weight, %SS, leaf area at veraison, and 
leaf area per unit fruit weight to the 80-node Control. 

5. The response of MP and MP-1 thinned treatments suggest that thinning alone cannot produce 
effective yield sustainability and vine balance (leaf area to fruit weight). 

 
Experiment V.  Impact of Training System and Nodes Retained on Vine Response to Spring Frost.   
In year-4 of the study there were two spring-freeze events that had impact on vine performance.  The goal 
here was to assess the impact of the stress events in the current growing season and to also assess the 
potential for second-years effects.  The data collected were across all treatments in the various 
experiments at both locations.   
 
Functional Nodes Retained.  To assess the impact of such events we developed a method of predicting 
vine productivity based on ‘Functional Nodes Retained’.  This was based on the differences among the 
three potential shoots in the compound grape bud.   
Much previous work by Partridge in Michigan, Shaulis in New York and also by our program have led to 
an understanding of differences in shoot productivity.  The premise is: a) primary shoots possess a 
potential for 100% potential production for that shoot in that year; b) a secondary shoot possesses only 
about 33% of that potential; and c) the tertiary has 0 potential for yield. 
 
For example, if we retained 100 nodes on a Niagara vine at pruning and there was some  
winter loss (nodes that did not produce a shoot; blind nodes) followed by a spring-freeze episode we 
might see something like this: 
 
Initial Nodes Retained:  100          Number of Blind Nodes: 7 
 
Number of Dead Primary Shoots due to Frost: 36 
 
Number of Dead Secondary Shoots due to Frost: 13 
 
Number of Dead Tertiary Shoots due to Frost:  4 
 
To estimate Functional Nodes Retained one would:   
 

100 - 7 = 93  blind losses  

93- 36 = 57  losses based on nodes losing a primary shoot.   

36 – 13 = 23 remaining secondary shoots without a primary shoot. 

23 (0.33) = 8 primary bud equivalents based on 33% productivity from secondary shoots. 

57 + 8 = 65% of initial crop potential, or a total of 65 Functional Nodes Retained. 

 
Based on an estimate of a 10 ton/acre crop, then the vineyard has a 6.5 ton per acre yield potential. 



 
Bud Mortality and Yield Response in Experiment V. 

1. While there were no significant bud mortality differences among the various SC training systems, 
the lower pruning severities (20 and 40 nodes retained per vine) had a higher % shootless node 
and frost losses than vines with higher node numbers. 

2. The most obvious response was due to the difference in site quality between the two sites.  The 
better air drainage at the Scottdale site resulted in a loss of 37% functional nodes while the 
SWMREC site showed losses of 47%. 

3. These losses when compared to a typical season  (e.g. the 2000 season) would have resulted in 
losses of 18% and 61% respectively. 

4. The year-2 effects suggest the utility of crop adjustment.  Importantly, the very low crop of 2001 
and 2002 resulted in very large crops in 2003.  This was especially true for the MP 
treatment/GDC trained vines at SWMREC.  That yield was in excess of 32 tons/acre and at 
11.5%SS.  The Hedge treatment was nearly as bad at 19.5 tons/acre and 11.5%SS.  T 

5. It seems abundantly clear that years following low crops due to either poor fruit set or spring frost 
should be monitored and crop adjustment considered based on those results. 

 
Conclusions: 

1. SC trained vines did not differ in productivity, fruit composition or sustainability regardless of 
vine configuration as HRU, UK, or  a ‘Hybrid’ configuration containing both cordons and a few 
long (12-15 node) canes. 

2. The equivalent of 80-functional nodes per vine provided the most satisfactory result with regard 
to consistency of production and fruit composition 

3. GDC trained vines had greater yield potential and vegetative growth was less negatively 
influenced by high cropping levels than were SC trained vines. 

4. Approached to mechanized pruning suggest that either Hedged or MP approaches are not 
satisfactory unless an ability and willingness to adjust crop lower can be employed to prevent 
excess cropping in some years. 

5. Large number of nodes retained, whether by hand pruning (up to 120 nodes per vine) or as MP 
can serve as a buffer against spring frost crop losses resulting from poor fruit-set (as in 2001) or 
spring frost damage (as in 2002).  But this option should not be considered unless there is an 
ability to crop adjust.   

6. Simulated MP with crop reduction as could be accomplished by machine thinning was the equal 
of the 80node treatment. 

7. There is no substitution for a good site when one considers the hazards of spring frost. 
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On-Farm Evaluation of Grape Insect Control Programs 
 

Rufus Isaacs, John Wise, Paul Jenkins, Steve Van Timmeren 
Department of Entomology, Michigan State University, 205 CIPS, East Lansing, MI 48824 

 
This talk will report on research conducted in Michigan juice grape vineyards in 2004 to evaluate new 
and registered insecticides for control of insect pests, particularly the grape berry moth.  
 
Research Station Insecticide Comparisons 
Trials at the Trevor Nichols research farm will be presented that compare experimental, newly-registered, 
and standard insecticides. These are showing the effectiveness of many standard products that growers 
had available for use this year, such as Danitol, Imidan, Capture, and Intrepid. They also show how 
effective some of the new products are that are not registered for use in grapes, such as Calypso, Rimon, 
Clutch, Venom, and Assail. These results will be used to provide the manufacturers with information on 
which products have potential for use in vineyards, and to direct our appeals to IR-4 for future 
registrations.    

 
In our 2004 trials, all treatment compounds provided good control of first generation grape berry moth. 
Control of the second and third generations tends to be more difficult as GBM populations build over 
time. In the 31 Aug evaluation Intrepid and Danitol+Intrepid were the only treatments to provide 100% 
cluster protection. All treatment compounds provided good control of the third generation GBM, although 
only Intrepid, Capture and Venom had significantly lower severity ratings for berry damage.  These data 
suggest that Calypso, Rimon (previously called Diamond), and Clutch are worthwhile candidates for 
future IR-4 minor use crop field residue trials and EPA registration. All other compounds in this trial are 
either already labeled for use in grapes or are currently in the registration process.  
 
On-farm Insect Control Program Comparisons 
We have also evaluated a selective insecticide program targeting the mid-late season insect complex at 
commercial vineyards for the past two years. Our results show that survival of grape berry moth larvae is 
lower when larvae are on clusters treated with Intrepid than on clusters treated with grower's standard 
insecticide program. Also, there was no significant difference between infestation of clusters with grape 
berry moth between the Intrepid-treated and Standard vineyards. In addition to the direct effects on grape 
berry moth, levels of biological control by parasitic wasps was consistently greater in vineyards receiving 
the selective insecticide program. The long-term effects of combined direct control of pest insects with 
added biological control will be discussed in relation to the long-term goal of trying to reduce the cost of 
insecticide programs while maintaining quality. 
 
The results of this project will be presented to describe the potential benefits of adopting a selective 
insecticide program. How new products might fit into a grape pest management program will be 
discussed. 



 
 

 
 
 
 

Evaluation of Fungicides for Phomopsis Control in Grapes 
 

Annemiek Schilder 
Department of Plant Pathology, Michigan State University 

East Lansing, Michigan 48824 
 
Disease description 
Phomopsis cane and leaf spot, caused by the fungus Phomopsis viticola is a disease of continued concern 
in Michigan grapes, particularly in ‘Niagara’ and ‘Vignoles’. The first symptoms of Phomopsis are 
usually small brown spots with yellow halos on expanding leaves. The leaves may be puckered around 
the spots. Later, dark brown to black lesions on shoots, petioles, and rachises appear. Infected tissues 
become brittle and break easily. Infected rachises turn brown and shrivel up, resulting in premature berry 
drop. Berry infection is usually first noticed several weeks before harvest. The fungus can infect the 
berry directly or through the berry stem. Infected berries turn brown and rubbery (not hard like black 
rot). 
 
Disease biology and control 
The fungus overwinters in diseased canes and pruning stubs. The spores ooze out from fruiting bodies on 
the canes during wet weather and are dispersed by rainsplash. Peaks in spore production usually occur in 
May and early June. The rachis is susceptible from the moment it becomes visible (when the first leaf 
has expanded) until harvest. In years with rainy springs, Phomopsis spores are exhausted by bunch 
closing. Since the fungus overwinters in diseased canes, rigorous pruning can help reduce overwintering 
inoculum. Early fungicide protection is crucial for control of rachis infections. A sensible approach 
would be to apply mancozeb from 1-3” shoot growth until bloom (at least 2 sprays in Concords and 3-4 
sprays in Niagara), and then switch to strobilurins or ziram from bloom to bunch closing. Strobilurins 
have consistently shown improved disease control after bloom than protectant fungicides, presumably 
because of better coverage of the clusters as the canopy fills in. In the past two years, trials with dormant 
applications of sulfur or copper have shown promise for reducing disease pressure. 
 
Fungicide efficacy trials in 2004 
Experiment 1 was conducted in a mature ‘Vignoles’ vineyard at the Clarksville Horticulture Experiment 
Station in Clarksville, MI.  Vines were spaced at 7 x 9 ft and were cordon-trained on a 2-wire trellis and 
hand-pruned.  Treatments were applied to 4-vine plots and were replicated 4 times in a randomized 
complete block design. The Lime Sulfur treatment of 17 Nov was applied with a handgun sprayer at 300 
psi and 250 gpa.  All other sprays were applied with an R&D Research CO2 cart-styled sprayer equipped 
with six bottles (0.8 gal each), a twin gauge Norgren pressure regulator set at 55 psi, and a single XR 
TeeJet 8002VS nozzle on a 5-ft spray boom.  Spray volumes in 2004 were initially 40 gpa.  Spray dates 
and approximate phenological stages were as follows: 17 Nov 2003 (dormant), 28 Apr 2004 (dormant), 
27 May 2004 (1-3 in. shoot), 16 Jun 2004 (12-16 in. shoot), 30 Jun 2004 (bloom), 14 Jul 2004 (1st  post-
bloom), and 28 Jul 2004 (2nd post-bloom).  Rainfall totals between 2004 sprays were 8.03, 2.39, 1.02, 
1.75, and 2.97 in. respectively.  Disease was assessed on 25 leaves and 15 clusters randomly collected 
from the center two vines of each plot on 29 Sep. Incidence denotes the % leaves, petioles or clusters 
with at least one lesion, whereas severity denotes the %  area affected on diseased plant part only.  
Overall severity was calculated as (incidence)(severity)/100. 
 



Table 1. Fungicide efficacy against Phomopsis in cv. Vignoles in Clarksville, MI, 2004.   
 Phomopsis on rachis  Phomopsis on cluster 

Treatment, rate/A 
Application 

timingz 

Incidence 

 % 

Overall severity  

% 

Incidence 

 % 

Overall severity  

% 

Untreated ...............................................  98 ay 36.6
x a 100 A 44.4 a 

702010 0.5% + 
    702010G 0.25%.................................

 
    2 

 
98 

 
a 

 
13.2 

 
  b 

 
100 

 
A 

 
21.6 

 
  b 

Sulfur 6L 10 pt ......................................     2 100 a 13.0   bc 100 A 23.1   b 

Lime Sulfur Flowable 10 gal/100 gal 
    Sulforix 1 gal .....................................

1, 
    2 

 
98 

 
a 

 
8.0 

 
  bcd 

 
98 

 
Ab 

 
18.7 

 
  bc 

Sulforix 1 gal .........................................     2 98 a 6.4     cd 100 A 19.2  bc 

Kocide 2000 1.5 lb ................................     2 93 ab 12.1   bc 98 Ab 23.6   b 

Dithane Rainshield 3 lb 
    Procure 8 oz.......................................

        3, 4, 
                5, 6, 7 

 
90 

 
  bc 

 
3.4 

 
        e 

 
92 

 
  bc 

 
11.2 

 
    c 

Dithane Rainshield 3 lb 
    Abound 2.08F 12 fl oz 
        Ziram 76DF 3 lb ............................

        3, 4, 
                5,    7 
                    6, 

 
 

85 

 
 
    cd 

 
 

8.8 

 
 
  bcd 

 
 

88 

 
 
    c 

 
 

15.8 

 
 
  bc 

Dithane Rainshield 3 lb 
    Procure 12 oz.....................................

        3, 4, 
                5, 6, 7 

 
80 

       
      d 

 
5.5 

 
      de 

 
88 

 
    c 

 
17.1 

 
  bc 

zSpray dates: 1 = 17 Nov 2003 (dormant), 2 = 28 Apr 2004 (dormant), 3 = 27 May 2004 (1-3 in. shoot), 4 = 16 Jun 2004 (12-16 in. 
shoot), 5 = 30 Jun 2004 (bloom), 6 = 14 Jul 2004 (1st  post-bloom), and 7 = 28 Jul 2004 (2nd post-bloom). 
yColumn means followed by the same letter are not significantly different according to Fisher’s Protected test (P#0.05). 
xColumn numbers are actual means; statistical analysis was performed on Log(x)-transformed data. 

 
 
Experiment 2 was conducted in a mature ‘Niagara’ vineyard in Lawton, MI.  Vines were spaced at 7 x 9 
ft and were cordon-trained on a 2-wire trellis and hedge-pruned.  Treatments were applied to 4-vine plots 
and were replicated 4 times in a randomized complete block design. Sprays were applied with an R&D 
Research CO2 cart-styled sprayer equipped with six bottles (0.8 gal each), a twin gauge Norgren pressure 
regulator set at 55 psi, and a single XR TeeJet 8002VS nozzle on a 5-ft spray boom.  Initially, spray 
volume was 40 gpa then increased to 50 gpa 21 Jul.  Spray dates and approximate phenological stages 
were as follows: 20 Apr (dormant), 29 Apr (1–3 in. shoot), 12 May (3-5 in. shoot), 9 Jun (immediate pre-
bloom). 21 Jun (1st post-bloom), 7 Jul (2nd post-bloom), 21 Jul (3rd post-bloom).  Rainfall totals between 
sprays were and 0.14, 2.04, 6.22, 4.81, 2.12, and 1.28 in., respectively.  On 15 Jul, 20 randomly selected 
canes and 25 randomly selected leaves from the center two pushes of each plot were assessed for 
Phomopsis. On 2 Sep, disease was assessed on 20 clusters randomly collected from the center two vines 
of each plot.  On 7 Sep, disease was assessed on 25 randomly selected leaves from the center two bushes 
of each plot.  In all cases, incidence denotes the % canes, leaves, petioles, rachis or clusters with at least 
some visible disease.  Overall severity was calculated as (incidence)(% area infected of diseased samples 
only)/100.   



Table 2. Fungicide efficacy against Phomopsis in cv. Niagara in Lawton, MI, 2004.  
 

Phomopsis 

Cluster  Rachis 

 

 

Application 
timingz 

Incidence        
% 

Overall severity 
%   

Incidence      
% 

Overall severity 
%  

Untreated................................  97.5y ax 23.1 a  93.8y a 11.8w a 

Sulfur 6L 10 pt ....................... 1 91.3 ab 13.4   bc  92.5 a 4.1   bcde 

Kocide 1.5 lb .......................... 1 91.3 ab 16.0   b  98.8 a 6.1 abc 

Topsin M WSB 1 lb ............... 1 90.0 ab 11.5   bc  88.8 a 4.3   bcde 

Microfine Sulfur 8.3 lb........... 1 86.3 ab 13.3   bc  92.5 a 8.7 ab 

Sulforix 1 gal.......................... 1 85.0 ab 12.7   bc  87.5 a 7.9 abc 

Dithane Rainshield 4 lb .......... 1 80.0 ab 11.9   bc  83.8 a 3.3     cdef 

Cuprofix 1.5 lb ....................... 1 69.8   b 9.7     c  81.6 a 5.2   bcd 

Dithane Rainshield 3 lb 
   Abound 2.08SC 12 fl oz 
      Ziram 76DF 3 lb...............

    2, 3, 4, 
                5, 
                    6, 7 

 
 

30.0 

 
 
    c 

 
 

1.3 

 
 
      d 

 
 
 

47.5 

 
 
  b 

 
 

0.9 

 
 
          f 

ProPhyt 0.3 % (v/v)................     2, 3, 4, 5, 6, 7 27.5     c 1.4       d  36.3   b 0.8           f 

Sulforix 1 gal 
   Dithane Rainshield 3 lb 
      Abound 2.08SC 12 fl oz 
         Ziram 76DF 3 lb ............

1, 
    2, 3, 4, 
                5, 
                    6, 7 

 
 
 

22.5 

 
 
 
    c 

 
 
 

1.9 

 
 
 
      d 

 

 
 
 

38.8 

 
 
 
  b 

 
 
 

1.8 

 
 
 
        ef 

Dithane Rainshield 3 lb 
   Abound 2.08 SC 12 fl oz .....

    2,    4, 
                5 

 
22.5 

    
    c 

 
1.7 

       
      d   

47.5 
 
  b 

 
1.1 

 
        ef 

Sulforix 1 gal 
   Dithane Rainshield 3 lb 
     Abound 2.08 SC 12 fl oz ...

1, 
            4, 
                5 

 
 

11.3 

 
 
    c 

 
 

0.8 

 
 
      d 

 
 
 

47.5 

 
 
  b 

 
 

1.7 

 
 
      def 

zSpray dates: 1 = 20 Apr (dormant), 2 = 29 Apr (1–3 in. shoot), 3 = 12 May (3-5 in. shoot), 4 = 9 Jun (immediate pre-bloom), 5 = 
21 Jun (1st post-bloom), 6 = 7 Jul (2nd post-bloom), 7 = 21 Jul (3rd post-bloom).   
yData did not pass Bartlett’s test for homogeneity of variance; assumptions of the ANOVA may have been violated. 
xColumn means followed by the same letter are not significantly different according to Fisher’s Protected test (P# 0.05). 
wColumn numbers are actually means; statistical analysis was performed on arcsin-transformed data.  

 
 
Conclusion 
Several fungicides and programs worked well for control of Phomopsis rachis and fruit infection. In 
‘Vignoles, a single dormant application with Sulforix in the spring was almost as effective as a program 
with multiple sprays. A program with Dithane and Procure was most effective numerically. In ‘Niagara’, 
most treatments reduced Phomopsis on the rachis and fruit, even single dormant applications. Among the 
dormant applications, rachis infection was numerically most reduced by Dithane, although Cuprofix, 
Sulfur 6L, and Topsin M were also effective. Seasonal programs provided the best control of rachis 
infections, particularly ProPhyt, and the Dithane/Abound/Ziram program. 



GRAPES.MSU.EDU The MSU Grape Website 
 

Al Gaus, Berrien County MSU Extension 
1731 Hillandale Rd, Benton Harbor, MI 49022 

(269)944-4126 gaus@msu.edu 
 
Grapes.msu.edu is a new, excellent web resource for grape growers developed by a team of MSU 
personnel. The main informational topics on this web site include current season information, weather, 
vineyard scouting, pest management, cultural practices, industry links, and study/training programs. 
Current season information contains summaries from scouting reports and other information. The 
Weather link includes links to the Michigan Automated Weather Network agricultural weather stations, 
articles related to weather conditions and climate and site selection. and other factors for vineyard site 
selection. The Vineyard scouting selection has links to information on common diseases, physiological 

and chemical disorders, insect and mite pests, and beneficial insects and mites. It also contains a link to 
where you can order the Pocket Guide for Grape IPM Scouting. The Pest management section has topics 
on successful pest management, grapevine biology, the biology of pests and beneficial species, effects of 
environmental conditions, susceptibility of pests to pesticides, avoiding pesticide resistance, and where to 
go to find control strategies. The Cultural practices area includes information on crop control, balancing 
growth/yield, diagnosing problems, pruning, variety selection, vine training systems, vineyard 
establishment, and winter injury. There is an area that has links to the major Michigan grape industries. 
The Study/Training contains information on MSU viticulture and enology study programs, and grower 
workshops. The Contacts link provides information on MSU personnel who work with grapes and 
contributed to this web site. 
 
Funding for this web site provided by Project GREEEN, American Farmland Trust, EPA Region 5's 
Strategic Agricultural Initiative program, The National Foundation for IPM Education, and the MSU 
Integrated Pest Management Program in collaboration with MSU Extension and the Michigan 
Agricultural Experiment Station. 




