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Summary 21 

Goals: Oregon Pinot noir growers prefer head training and cane pruning to cordon-training and 22 

spur pruning, referred to herein as cane and spur pruning, respectively. With decreasing labor 23 

availability and increasing production costs, growers are interested in transitioning to spur 24 

pruning to improve vineyard economics, as spur pruning requires less manual labor and is easier 25 

and more economical to mechanize than cane pruning. However, they are hesitant to adopt spur 26 

pruning due to fears of reduced and inconsistent yields, as they believe Pinot noir has unfruitful 27 

basal buds. We conducted a two-year field trial to compare Pinot noir cane and spur pruned vine 28 

productivity from dormancy to harvest in a vineyard trained to a unilateral Guyot training system 29 
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where vines were head trained and cane pruned to one, 10 node cane and one 2-bud renewal spur 30 

or cordon trained and spur pruned to 6 spurs of 2 nodes per spur. 31 

Key Findings:  32 

•  Primary bud fruitfulness was not different between pruning methods. 33 

•  Node position was important for dormant compound bud fruitfulness. The first, second, and 34 

third count nodes from the base of a cane or spur were fruitful, but node positions 4 and 5 had 35 

11% higher fruitfulness. 36 

•  There was higher compound bud fruitfulness and greater inflorescence primordia size in 37 

compound buds of dormant canes with greater weight and diameter, regardless of pruning 38 

method. 39 

•  Pruning method did not affect vine phenology, yield, or harvest grape ripeness (Brix, pH, and 40 

TA).  41 

Impact and Significance: Our study found no yield or grape ripeness differences between cane 42 

and spur pruned Pinot noir in a unilateral Guyot training system. Therefore, spur pruning is an 43 

option for producers who wish to reduce dormant pruning labor and who consider adopting 44 

mechanization for further cost savings. Additional shoot thinning passes may be required in spur 45 

pruned vineyards, as the older cordon wood resulted in greater growth of adventitious shoots in 46 

spring compared to cane pruned vines. 47 

Key words: bud fruitfulness, cluster morphology, floral primordia, practices, pruning, Vitis 48 

vinifera 49 

 50 

  51 
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Overview 52 

Oregon is known for quality Pinot noir wine production. The majority of Oregon’s Pinot noir 53 

acreage (80%) is grown in the Willamette Valley1, a cool climate viticulture region that is 54 

characterized by cool seasonal temperatures and high winter rainfall. Vineyards in the region 55 

typically require intensive canopy management to control disease and fruit quality due to high 56 

vegetative vigor; however, yields tend to be low and variable across seasons.  57 

Oregon’s cool climate has been purported as the cause of low yields as compared to warmer 58 

production regions. For example, the same Pinot noir clones grown in Oregon’s Willamette 59 

Valley had nearly 2-fold higher yields reported in Sonoma, California2. In addition, Oregon Pinot 60 

noir growers observe annual yield variation as reported in other cool climate wine grape 61 

regions3. Grapevines have more seasonal yield variation than other crops, with 60-70% of this 62 

variability attributed to differences in the cluster number per vine3. Multiple components 63 

comprise yield, including cluster number, cluster mass, berry size, and berries per cluster, but 64 

fruitfulness, defined as the number of inflorescences per shoot, is one of the most important 65 

contributors4. Understanding Pinot noir fruitfulness may allow us to better manage yield quantity 66 

and consistency under cool climate conditions; however, few studies have addressed the effect of 67 

pruning on bud fruitfulness. 68 

 Pruning is essential to grapevine productivity, as it reduces the number of fruiting buds, 69 

thereby allowing the vine to balance vegetative growth and yield relative to vine nutrient 70 

reserves5.  Pruning severity affects growth and yield, as early shoot growth is dependent on 71 

stored carbohydrate and nutrient reserves6. Studies have shown a reduction in shoot growth and 72 
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cane pruning weight with higher bud numbers left at pruning7 and larger vine size has been 73 

reported with more severe pruning8. 74 

Cane pruning involves selecting one or multiple one-year old canes with six or more nodes at 75 

pruning, and all other one-year old wood is removed. Spur pruning involves pruning back one-76 

year old canes to 1 to 3 buds on spurs along a semi-permanent extension of the trunk known as a 77 

cordon, and all other one-year old wood is removed. Oregon growers prefer cane pruning to spur 78 

pruning, as they believe spur pruning results in low yields, reduced fruit quality, high density 79 

canopies, and increased pest and disease pressures9. However, a vineyard case study reported 80 

similar yields, cluster sizes, and fruit ripeness in spur- and cane-pruned Pinot noir vineyards in 81 

the region9. Pruning accounts for 20-25% of annual canopy management costs, and 107 hr of 82 

manual labor per hectare (43 hr per acre) are required for pruning, brush removal, and cane tie-83 

down in cane pruned vineyards in Oregon10. Fewer steps are required for spur pruning compared 84 

to cane pruning, and spur pruning has the potential for greater cost reduction due to fewer 85 

manual labor hours and the potential to mechanize11. The spur pruning process can be partially or 86 

completely mechanized and decrease labor demands by 50 to 90% with mechanical pre-pruners 87 

accompanied by manual labor follow-up12. Spur pruning was effective in balancing vigor and 88 

yield, obtaining dependable bud break, and adequate fruit yield in California-grown Cabernet 89 

Sauvignon13. If appropriately applied, spur pruning may be effective in achieving vine balance 90 

and desired yields with or without the use of mechanization in Pinot noir. 91 

 Grape growers are often not able to take on the risk associated with adopting new 92 

methods or increasing mechanization, especially for those with small acreage and limited capital. 93 
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This is of particular concern for many growers in Oregon and the Pacific Northwest, as the 94 

majority are small producers14. Therefore, we conducted a multi-year dormant pruning trial in a 95 

commercial vineyard in Oregon’s Willamette Valley to compare Pinot noir bud fruitfulness and 96 

harvest yields under cane and spur pruning. This was a first step in helping growers make 97 

changes toward vineyard practices that hold mechanization potential with the hope of improved 98 

economic viability. 99 

Major Observations and Interpretations 100 

We evaluated two dormant pruning methods, unilateral cane pruning and unilateral cordon-spur 101 

pruning in a ten-year-old commercial Pinot noir vineyard that was planted to a spacing of 1.01 m 102 

between vines and 1.8 m between rows. Vines in both pruning treatments had 10-12 dormant 103 

buds left at pruning (cane = 10 buds per 1 cane and a 2-bud renewal spur; spur = 5-6, 2-bud spurs 104 

per cordon). We measured dormant bud fruitfulness during three dormant periods (2017-2019) 105 

and yield during two crop years (2017 and 2018) to determine whether basal buds of Pinot noir 106 

lack fruitfulness, and whether yields, ripeness, or phenology were altered by cane or spur 107 

pruning. 108 

Seasonal Weather and Phenology.  We evaluated three seasons of weather data (2016-2018), 109 

focusing on air temperature and heat unit accumulation during the seasons that would influence 110 

floral primordia development and bud fruitfulness the following year. The year prior to the onset 111 

of our study (2016) accumulated 268 GDD10 during bud break to bloom and 1440 GDD10 from 112 

bud break to harvest. Years one (2017) and two (2018) of the study had similar seasonal heat unit 113 

accumulation, but the 2018 season was considerably drier with 54 mm less rainfall than 2017 114 
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(Table 1). Both growing seasons were warmer than the long-term average of 1155 GGD10 115 

calculated based on public weather data from 1894-2012 (Western Regional Climate Center, 116 

McMinnville, OR)15. The growing season rainfall accumulation was 11% higher in 2017 and 117 

52% lower in 2018 than the long-term average of 285 mm (Western Regional Climate Center, 118 

McMinnville, OR, 1894-2012)15. We monitored phenological development of cane and spur 119 

pruned vines over the two growing seasons and found no differences in key phenological 120 

development stages, including bud break, bloom, and veraison. 121 

Dormant measures. Pruning treatments were first applied to unilateral Guyot-trained vines in 122 

Feb 2017; previously the entire block was spur pruned since 2013. Spur pruned vines had 25% 123 

greater dormant pruning weights than cane pruned vines at pruning the first year (Feb 2017) 124 

(p=0.0014) (data not shown). This was due to the spur pruned vines and having one more shoot 125 

per vine in their pruning weights, as the cane pruned vines utilized one shoot for laying down at 126 

pruning. Cane weights did not differ at the outset of the study. Spur pruned vines had 16-24% 127 

higher pruning weights than cane pruned vines following the 2017 and 2018 growing seasons, 128 

and this was attributed to 2-3 additional shoots per vine. However, cane weights did not differ by 129 

pruning method (Table 2).  130 

Cane and spur pruned vines had similar dormant compound bud fruitfulness, defined as the 131 

inflorescence number per bud, during two of three dormancy periods (2017 and 2018) (Table 3). 132 

Regardless of the pruning method, primary buds contained ~2 inflorescence primordia and 133 

secondary buds contained ~1 inflorescence primordia in 2017 and 2018, as is common for 134 

healthy V. vinifera dormant buds. In addition, there was no difference in the inflorescence 135 
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primordia size (integrated fruitfulness index, a sum of all the primordia diameters within a bud) 136 

between the pruning methods in those years (Table 3). However, bud fertility was lower in 2019 137 

than the prior two years with respect to both the whole bud and the primary bud. Cane pruned 138 

vines had 0.4 more inflorescences per bud than spur pruned vines, and the inflorescence 139 

primordia were 0.2 mm larger in buds of cane pruned vines. However, fruitfulness of the primary 140 

bud did not differ between treatments in 2019 (Table 3). 141 

Bud fruitfulness and inflorescence primordia size during dormancy was affected by node 142 

position and pruning method. In 2017, node three of spur pruned vines had 0.7 more 143 

inflorescence primordia (Figure 1) and were 0.3 mm larger than node three of cane pruned vines. 144 

In 2018, cane pruned vines had 0.2 more inflorescence primordia at node five than the same node 145 

in spur pruned vines, and in 2019, cane pruned vines had 0.2 mm larger inflorescences at node 146 

three than spur pruned vines at the same node position. There were no bud fruitfulness 147 

differences for other nodes when comparing pruning methods. Regardless of treatment and year, 148 

average whole bud fruitfulness at nodes one and two were 2.8 and 2.4, respectively, whereas the 149 

remainder of the buds averaged 2.9 inflorescences per bud. This seemingly small difference in 150 

bud fruitfulness could result in a 4-21% difference in vine yield. The first count bud position 151 

closest to the head of the vine or spur (node one), was consistently more fruitful than node two, 152 

and bud fruitfulness at node two was also lower than nodes four though eleven on cane pruned 153 

vines.  154 

Dormant canes used for bud dissections. There were no differences in dormant cane weights 155 

used for bud dissections at the outset of the study in 2017 (Table 4). However, canes from the 156 
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plots destined for the spur pruning treatments had larger internode diameters than plots destined 157 

for cane pruning treatments in Jan 2017. Following the two experimental seasons, cane pruned 158 

vines had greater cane weights than spur pruned vines. Internode diameters of canes from the 159 

two pruning treatments did not differ in either year (Table 4). Bud fruitfulness components had a 160 

positive linear relationship with measures of cane size in all years of the study. Primary bud 161 

inflorescence primordia size was larger with greater internode diameter in 2017 (Figure 2), and 162 

whole bud fruitfulness was higher with greater cane weights in 2018 and 2019 (Figure 3). 163 

Additionally, we observed larger inflorescence primordia size with greater cane weights in 2019 164 

(Figure 3).  165 

Fruitfulness, fruit set, and yield. Fruitfulness, as measured by inflorescence number and size, was 166 

quantified at each node post-bud break for buds retained on cane and spur pruned vines. 167 

Fruitfulness was measured on all data vines (10 per plot) by counting the number of shoots at 168 

each node when inflorescences were visible (5-7 leaf stage, BBCH 16) but before shoot thinning 169 

was conducted by the commercial vineyard laborers. Cane pruned vines had 0.6 more 170 

inflorescences per node than spur pruned vines in 2017 (Table 3). However, spring fruitfulness 171 

did not differ in 2018 (Table 3). We quantified the number of flowers per inflorescence and 172 

percent fruit set to determine whether bud primordia size at dormancy related to inflorescence 173 

size and number of berries after fruit set. Cane pruned vines had 37-47% more flowers per 174 

inflorescence pre-bloom and 24-33% more berries per cluster post-fruit set compared to spur 175 

pruned vines (Table 5). Pruning method did not affect percent fruit set in 2017 where both 176 
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treatments achieved ~50% set, but cane pruned vines had 6% higher fruit set than spur pruned 177 

vines in 2018 (Table 5). 178 

Whole vine yields were higher in 2018 than 2017, but there were no differences by pruning 179 

method in either year (Table 6). Spur pruned vines had four more clusters per vine than cane 180 

pruned vines in 2017 and 2018. However, cane pruned vines had 23-27% heavier clusters with 181 

10-15% more berries than spur pruned vines (Table 7). Although there were differences in 182 

cluster berry number, pruning method did not affect berry size or cluster compactness, a measure 183 

determined from the rachis length divided by the number of berries per cluster (Table 7). 184 

Regardless of treatment and year, cluster number per vine affected yield more than cluster 185 

weight. Additionally, cluster weight was influenced more by berry count than berry weight. 186 

Bud fruitfulness data were compared with yield component data in 2017 and 2018 using multiple 187 

linear regression analyses to determine whether bud fruitfulness or floral primordia size could 188 

serve as a predictor of inflorescence size, cluster size, and harvest yields. However, there were 189 

no significant statistical relationships found in either year. 190 

Vine growth. We monitored shoot and canopy growth, as growers were concerned about spur 191 

pruning leading to more dense canopies than cane pruning. Spur pruned vines had six more 192 

shoots per vine compared to cane pruned vines prior to shoot thinning in spring 2018 (Table 8). 193 

Cane-pruned vines had longer shoots than spur-pruned vines when measured after shoot thinning 194 

but before bloom both years (Table 8). In 2017, cane pruned vines had 24 cm longer shoots than 195 

spur pruned vines at bloom time, but this difference did not exist in 2018 (Table 8). We observed 196 

more shoot length variability in cane pruned vines than spur pruned vines; however, growth rate 197 
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was similar under both pruning treatments (data not shown). Cane pruned vines had 12% less 198 

leaf area per vine at bloom in 2017 compared to spur pruned vines despite having longer shoots 199 

pre-bloom (Table 8). There were no leaf area differences at veraison in 2017, and there were no 200 

leaf area differences at bloom or veraison in 2018. 201 

Pruning weights were higher in 2017 than 2018, and spur pruned vines had higher pruning 202 

weights than cane pruned vines both years (Table 2). With the potential for different canopy 203 

density between the two pruning treatments, we monitored vine balance parameters. Cane pruned 204 

vines had a higher yield to pruning weight ratio than spur pruned vines in 2017 and 2018, but 205 

leaf area to yield was higher in spur pruned vines in only 2017 (Table 6). 206 

Grape ripeness. Grape ripeness was assessed prior to and at harvest. Pruning method did not 207 

affect basic grape ripening (total soluble solids (TSS), pH, TA) in the weeks prior to harvest. By 208 

harvest 2017, there were no differences in TSS or pH by pruning method; TSS ranged from 23.8 209 

to 24.1 Brix and pH was 3.3. However, TA was 7.5 and 8.0 g/L in cane and spur pruned vines, 210 

respectively (p=0.0153). In 2018, there were no differences in grape ripeness; TSS ranged from 211 

21.5 to 21.7 Brix; pH ranged from 3.1 to 3.2; and TA ranged from 6.7 to 6.8 g/L.  212 

Broader Impact 213 

Cane and spur pruned vines did not have bud fruitfulness and inflorescence primordia size 214 

differences during the first two dormant periods of our study. By the final dormant period 215 

(2019), spur pruned vines had fewer and smaller inflorescence primordia when considering all 216 

buds (primary and secondary) within a node. However, there were no differences in primary bud 217 
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fruitfulness in 2019. Spring fruitfulness per node was lower in cane pruned vines only in the first 218 

year of the study and did not differ by year two. 219 

Each bud is subject to different physiological and environmental conditions as it develops along 220 

the shoot, and this may affect floral primordia development within the bud3. Lower bud 221 

fruitfulness at basal buds has been reported for Pinot noir, Thompson Seedless/Sultana, and 222 

Sauvignon blanc16. Bud fruitfulness of Sultana and Sauvignon blanc reportedly increase in a 223 

stepwise manner beginning proximal to the head of the vine17. Basal buds were fruitful in our 224 

study; however, fruitfulness was lower at buds proximal to the head of the vine or cordon in cane 225 

and spur pruned vines, respectively. Inflorescence primordia size was also influenced by node 226 

position. Buds closer to the head of the vine were smaller than those more distal under both 227 

pruning methods.  228 

Vine vigor affected bud fruitfulness parameters more than pruning method. There was greater 229 

fruitfulness and floral primordia size with greater cane size in all three years of our study. Other 230 

studies found greater grapevine bud fruitfulness components on shoots with larger internode 231 

diameters, larger cane cross-sectional area, and greater dormant cane weight18. Cane mass and 232 

cross-sectional area are related to starch content within the cane, and sufficient carbohydrate 233 

reserves may play a role in fruitfulness and vine vegetative vigor the following year19. 234 

Relationships reported in the literature between vine vigor and bud fertility likely contribute to 235 

the differences found between cane and spur pruned vines in our study, as increased vine vigor 236 

resulted in increased inflorescence number and size regardless of pruning method. This suggests 237 

the ability of vines to achieve vegetative and reproductive balance. 238 
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Yield variation is typical for Oregon Pinot noir, and yield in this study varied 54% between 2017 239 

and 2018. The higher yield and lower pruning weights in 2018 led to a nearly two-fold increase 240 

in the yield to pruning weight ratio, although vines were still within a healthy yield to pruning 241 

weight ratio of <5 often observed in Oregon20. The reduced pruning weights in 2018 was likely 242 

due to the drier growing season, as the region received nearly half the in-season rainfall 243 

compared to 2017. Vines sustained canopy growth and fruit ripeness, and while there may not 244 

have been a carbohydrate resource limitation in-season, it may have led to greater resource 245 

competition with the developing buds. Other studies suggest a relationship between vine reserve 246 

carbohydrates on fruitfulness and yield the following year21. 247 

Yield was similar between cane and spur pruned vines, but spur pruned vines had smaller 248 

clusters as reported in other Pinot noir pruning studies22. Yields were above typical target yields 249 

for Oregon Pinot noir which are 4.5-6.2 tm/ha (2-2.75 tons/acre)23. Cluster weight differences 250 

were a result of berry number per cluster, as berry weight was not different between pruning 251 

methods. Pinot noir berry weight appears relatively stable in different vineyard management 252 

studies conducted in Oregon24. Pruning method did not affect basic ripeness at harvest, with no 253 

differences in TSS or pH, and the slightly higher TA (0.5 g/L) in cane pruned vines in 2017 was 254 

likely too small to affect fermentation or wine quality. Similarly, others found harvest fruit 255 

ripeness unaffected by cane and spur pruning25. 256 

Pruning method had little effect on vine vegetative vigor and growth. However, spur pruned 257 

vines had shorter shoots before bloom than cane pruned vines both years. This may be due to the 258 

growth of adventitious shoots along the cordon of spur pruned vines in our study, and the grower 259 
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confirmed greater adventitious shoot growth during manual shoot thinning passes each spring. 260 

Others have reported more vegetative vine growth with spur pruned vines, as reported by more 261 

shoots per vine, higher pruning weights, or more dense canopies in spur pruned vines compared 262 

to cane pruned vines26. While some studies suggest that spur pruned vines have greater 263 

carbohydrate reserves that could lead to vegetative growth differences27, others have not been 264 

able to show this association28. In our study, there was a minor difference in early season shoot 265 

length and leaf area between the two pruning methods. However, there were no leaf area 266 

differences by veraison and no impact on dormant cane weights, in part because the vines were 267 

managed with standard canopy practices for the region, including shoot thinning to a uniform 268 

density and hedging. Furthermore, the timing of early stages of phenological development was 269 

not affected by pruning method as shown in another pruning study in a warm, humid region29. 270 

The Oregon industry has typically preferred to use dormant cane pruning rather than spur 271 

pruning primarily due to concerns that low bud fruitfulness in Pinot noir would lead to very low 272 

and erratic yields if vineyards are spur pruned9. The present study shows that basal buds of Pinot 273 

noir are fruitful and that cane or spur pruning may be used without reducing yields or basic fruit 274 

ripeness. Growers who use spur pruning may reduce dormant pruning costs and realize 275 

additional labor savings with the implementation of mechanization. While we found more early 276 

spring shoot growth that may require additional labor costs for shoot thinning in spring, typical 277 

canopy management practices can be employed to achieve target shoot density, yield, and fruit 278 

quality for Oregon Pinot noir. 279 

  280 
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Experimental Design 281 

Experimental design. We conducted a multi-year trial in a commercial vineyard in Dayton, 282 

Oregon (45°15’26.41”N 123°02’37.4” W, 87-119 m above sea level). The block was planted in 283 

2007 to Pinot noir (Pommard clone) grafted to 101-14 rootstock in Jory silty clay loam soils. 284 

Rows were oriented north-south on a hillside with 18% slope and a vine spacing of 1.01 m 285 

between vines and 1.8 m between rows for a plant density of 5124 vines/ha. Vines were trained 286 

to a unilateral Guyot system with vertical shoot positioning.  287 

Two dormant pruning treatments were evaluated, including 1) Cane – vines were head trained 288 

and one cane selected to be tied down to the fruiting with 10 buds per vine with a 2-bud renewal 289 

spur at the head of the vine, and 2) Spur – vines were cordon-trained to one cordon along the 290 

fruiting wire with 5-6 spurs pruned to 2 buds per spur. Both cane and spur pruned vines retained 291 

one renewal spur per vine that contained two buds, and this was for the growth of a new cane for 292 

the cane system or as a replacement of the cordon if it would need to be replaced in the future. 293 

Treatment plots consisted of three consecutive whole vine rows, with each treatment replicated 294 

five times in a randomized complete block design. Pruning treatments were first applied to 295 

unilateral Guyot-trained vines in early Feb 2017; previously the entire block was spur pruned 296 

since 2013. Vines were subsequently pruned in the same way in early Feb 2018. 297 

We collected all vineyard-related data from 10 randomly selected vines within the middle row of 298 

each plot. The commercial vineyard staff applied standard disease and canopy management 299 

practices during each growing season, including cluster zone leaf removal to the eastern 300 

exposure of the canopy shortly after fruit set (done by hand) and mechanical hedging post-fruit 301 
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set. Cluster thinning was not conducted per typical industry standards so that we could evaluate 302 

yield effects of the pruning treatments. 303 

Bud fruitfulness. We collected dormant bud wood prior to pruning during winter over three 304 

dormant periods (January 2017, 2018, and 2019). We selected one cane from each of 10 cane-305 

pruned vines in each plot. These canes were selected near the head of cane-pruned vines, as they 306 

are the best representation of the canes that would be selected at pruning to bear fruit the 307 

following season. For spur-pruned vines, we collected one cane arising from the proximal 308 

position from the cordon on any of the spur positions 2, 3 or 4 proximal to the trunk of the vine 309 

on a minimum of ten vines per plot.  310 

Canes were wrapped in plastic bags and stored at 4°C for no longer than one week before they 311 

were analyzed by bud dissection. We measured individual cane weights and internode diameter 312 

at the midpoint between each node along the cane using a caliper (0-150mm Digital Caliper, 313 

Titan Professional Tools, Kent, WA). Internode diameter was measured on nodes 1-12 in cane 314 

pruned vines and nodes 1-5 for spur pruned vines. These data were used to quantify cane size 315 

and were statistically analyzed with bud fruitfulness. 316 

Dormant compound buds were measured for bud fruitfulness, which is the number of floral 317 

primordia present within both primary and secondary buds of the compound bud located at each 318 

node. Node position one was defined as the first count bud (from the head of the vine on cane 319 

pruned vines or from the base of the spur) with at least 0.5 cm of cane below it, and each 320 

subsequent node is the bud distal to it along the cane or spur. Nodes 1 through 12 were analyzed 321 

on cane pruned vines, and nodes 1 through 5 on spur pruned vines. A single person dissected all 322 
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buds for this project by hand under a stereoscope (Nikon SMZ800N, Nikon Instruments Inc., 323 

Melville, NY). Thin, transverse cuts were made along the bud axis using a single-edged razor 324 

blade (3-Facet 0.23 mm Single Edge Blades, Personna GEM, Verona, VA), and the number of 325 

inflorescence primordia was recorded. The width of each inflorescence primordia was measured 326 

with each sequential slice using a 10 mm microscale with 0.1 mm increments (Ted Pella Inc., 327 

Redding, CA); but the widest measure was recorded. We calculated the integrated fruitfulness 328 

index (IFI, reported in millimeters) by taking the sum of the largest diameters of each 329 

inflorescence primordia within each bud of the compound bud, and then we were able to 330 

determine IFI for the primary bud and the entire compound bud at each node. 331 

Vine Growth. We monitored phenology throughout the growing season using the BBCH scale30. 332 

Two shoots per vine were tagged post-bud break on ten vines per plot and used for shoot growth 333 

measures, including shoot lengths and leaf area at bloom and veraison. Shoot lengths were 334 

measured at two dates (pre-bloom and at bloom) using a flexible measuring tape and recording 335 

the length to the nearest 0.5 cm. No later shoot lengths were recorded, as mechanical hedging 336 

ensued. We measured leaf area on the tagged shoots at bloom and veraison using a 337 

nondestructive template method31. Briefly, the primary leaves on the two shoots per vine were 338 

measured against the template to determine leaf size at bloom and veraison, and the mean shoot 339 

leaf area was multiplied by the shoot number per vine. We collected dormant pruning weights by 340 

weighing the 1-year old wood removed after pruning following each growing season, making 341 

sure to include the shoot weight removed for bud dissections. This gave us an idea of possible 342 

vine vigor differences that may exist between pruning treatments. 343 
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Fruitfulness, fruit set and yield. Once the inflorescences were visible (BBCH stage 16), and 344 

shoots were 6-10” tall, we counted the numbers of shoots and inflorescences at each node on the 345 

canes and spurs of all data vines (10 vines per plot) prior to shoot thinning in spring. To 346 

understand the effect of pruning on another important component of yield, we determined fruit 347 

set by analyzing digital photographs of inflorescences pre- and post-bloom32. In short, we took a 348 

digital photograph of the basal cluster on each of the two tagged shoots per data vine (20 349 

inflorescences per plot) before bloom when the flowers were separating (BBCH stage 57). 350 

Inflorescence photos were counted to determine the number of flowers per inflorescence. The 351 

same clusters were photographed ~12 d post-bloom when the berries were BB-sized (BBCH 352 

stage 73). At each time point, we randomly selected 30 basal clusters within buffer rows of each 353 

plot to be photographed, then removed them from the vine for manual counts in order to develop 354 

a standard curve comparing the number of flowers or berries in the photograph to actual counts. 355 

Regression analyses of the standard curve show a linear relationship, and equations were used to 356 

estimate the number of flowers and berries per inflorescence and percent fruit set (2017 pre-357 

bloom: y= 1.6428x + 36.04, R2= 0.77, p=<0.0001; 2017 post-bloom: y=1.1973x + 25.816, R2= 358 

0.63, p= <0.0001; 2018 pre-bloom: y=1.6798x-23.878, R2= 0.91, p=<0.0001; 2018 post-bloom: 359 

y=1.8813x - 19.843, R2= 0.63, p= <0.0001). At the end of the season, whole vine cluster counts 360 

and yields were measured on 10 vines per plot within 2-4 d prior to commercial harvest.   361 

Fruit composition. We collected a ten-cluster sample within each plot from non-data vines on a 362 

weekly basis beginning two to three weeks prior to harvest to track fruit ripening. We recorded 363 

cluster weight, number of berries per cluster, rachis weight, and berry weight. Fruit was pressed 364 
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to juice (Welles Juice Press, Samson Life Inc., Danbury, CT) and measured for total soluble 365 

solids (TSS), pH and titratable acidity (TA). A digital temperature-compensating refractometer 366 

(Digital Refractometer 300051; Sper Scientific Ltd., Scottsdale, AZ) was used to measure TSS. 367 

The pH of the juice was measured with a temperature-compensating pH meter (Accumet AB15; 368 

Fisher Scientific, Pittsburgh, PA). Titratable acidity was determined using a 5-mL aliquot of 369 

juice diluted in 45 mL of distilled water and titrated to a pH endpoint of 8.2 with 0.1 N sodium 370 

hydroxide. Titratable acidity is expressed in g/L of tartaric acid equivalents33. 371 

At harvest, we collected three fruit subsamples (5 clusters each) from a total of 10 vines per plot 372 

for cluster architecture analysis and fruit ripeness. The methodology for pre-harvest samples was 373 

followed at harvest. In the laboratory, we recorded cluster weight, berry count per cluster, rachis 374 

weight, and rachis length. Berry weight was calculated after rachis weight was subtracted from 375 

cluster weight and divided by berry count per cluster. Cluster compactness was calculated by 376 

taking the rachis length and dividing by the number of berries per cluster. Then we destemmed 377 

berries and pressed to juice, as described previously. Juice was analyzed for total TSS, pH, and 378 

TA, as described previously. 379 

Statistical analysis. We performed statistical analyses with SAS Statistical Software 9.4 (SAS 380 

Institute, Cary, NC). PROC MIXED was used for analyses of variance with Tukey’s Honestly 381 

Significant Difference Test with a mean separation at α=0.05. Regressions were run using PROC 382 

REG for fruit set standard curves and for analysis of vine growth data with fruitfulness measures. 383 

  384 
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Table 1  North Willamette Valley weather data based on phenological stage for the 2017 and 
2018 growing seasons. 

Year Phenologya Date GDD10
b Precipitation (mm) Daily temp (°C)c 

2017 

bud break to bloom 21 Apr - 19 Jun 302 100 15.0 

bloom to veraison 19 Jun - 23 Aug 767 3 21.7 

veraison to harvest 23 Aug - 2 Oct 371 18 18.9 

full season 1 Apr - 31 Oct 1506 318 16.7 

2018 

bud break to bloom 15 Apr – 13 Jun 283 59 14.5 

bloom to veraison 13 Jun – 16 Aug 709 0 21.0 

veraison to harvest 16 Aug – 14 Sep 259 8 18.4 

full season 1 Apr – 31 Oct 1474 137 16.5 

Weather data obtained from Agrimet weather station at ARAO-Aurora, Oregon.34 

aBud break was when ~50% of buds reached BBCH stage 7, bloom was ~50% at BBCH stage 
65, and veraison was when ~50% of berries reached BBCH stage 83.30 
bGrowing degree days (GDD10) summed between phenological stages calculated by Σ {[daily 
maximum temperature (°C) + daily minimum temperature (°C)]/2-10}. 
cMean daily temperature (°C). 
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Table 2  Pinot noir dormant whole vine pruning weight and average cane weight in a vineyard 
study evaluating two dormant pruning methods in Dayton, Oregon. 

Year 

Dormant 
pruning 
method 

Pruning 
weight 
(kg/vine) 

Cane 
weight (g) 

2017 

canea 0.84 b 123  

spurb 1.00 a 111  

p 0.0005 0.0547 

2018 

cane 0.64 b 93  

spur 0.84 a 88  

p 0.0102 0.1911 

Treatment 

Year 

Treatment*Year 

<0.0001 

<0.0001 

0.4489 

0.1044 

<0.0001 

0.4193 

Means are presented. Different letters indicate a difference in means based on Tukey’s Honestly 
Significant Difference Test at p < 0.05. Data were collected in early Feb following each crop 
year (Feb 2018 and 2019, respectively).  
aCane pruned vines were head trained with one fruiting cane with 10 buds plus a 2-bud renewal 
spur at the head of the vine. 
bSpur pruned vines were cordon trained with 5-6, 2-bud spurs (total of 10-12 buds /vine). 
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Table 3  Pinot noir dormant bud fruitfulness components in a vineyard study evaluating two 
dormant pruning methods in Dayton, Oregon. 

 
 Whole budc (dormant) Primary bud (dormant) 

Fruitfulness 
(spring) 

Year 

Dormant 
pruning 
method 

Bud 
fruitfulnessd 

Integrated 
fruitfulness 
indexe 

Bud 
fruitfulness 

Integrated 
fruitfulness 
index 

 

Inflorescences 
per nodef 

2017 

canea 3.2  1.43  2.1  1.04  2.8 a 

spurb 3.1  1.40  2.2  1.08  2.2 b 

p 0.3883 0.6568 0.2943 0.2012 0.0075 

2018 

cane 3.2 1.26  2.0  0.93  2.9  

spur 2.8 1.16  2.0  0.92  2.9  

p 0.0687 0.2353 0.8593 0.8835 0.5965 

2019 

cane 2.5 a 0.95 a 1.7  0.74 a  

spur 2.1 b 0.75 b 1.6  0.62 b nd 

p 0.0250 0.0024 0.4263 0.0052  

Treatment 
Year 
Treatment*Year 

<0.0001 
<0.0001 
0.1055 

<0.0001 
<0.0001 
0.0078 

<0.0001 
0.6709 
0.2572 

0.1045 
0.0001 
0.0006 

0.6724 
0.0232 
0.6724 

aCane pruned vines were head trained with one fruiting cane with 10 buds plus a 2-bud renewal 
spur at the head of the vine. 
bSpur pruned vines were cordon trained with 5-6, 2-bud spurs (total of 10-12 buds /vine). 
cWhole bud indicates the entire compound bud, including primary, secondary, and tertiary buds. 
dMean number of inflorescence primordia in dormant buds. 
eMean integrated fruitfulness index – the sum diameters of all dormant bud inflorescence 
primordia (mm). 
fMean number of inflorescences per node before shoot thinning in spring,measured on all shoots 
at each node of ten vines per plot (100 nodes/plot) when inflorescences were visible (5-7 leaf 
stage, BBCH 16).30 
Different letters following means indicate a difference based on Tukey’s Honestly Significant 
Difference Test at p < 0.05.  
nd – not determined. 
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Table 4  Pinot noir dormant cane metrics used for compound bud dissections in a vineyard study 
evaluating two dormant pruning methods in Dayton, Oregon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
aCane pruned vines were head trained with one fruiting cane with 10 buds plus a 2-bud renewal 
spur at the head of the vine. 
bSpur pruned vines were cordon trained with 5-6, 2-bud spurs (total of 10-12 buds /vine). 
Means are presented for canes collected in January of each year. Different letters indicate a 
difference in means based on Tukey’s Honestly Significant Difference Test at p < 0.05. 

  

Year 

Dormant 
pruning 
method 

Dormant cane 
weight 

Dormant cane 
internode diameter 
(mm) 

2017 

canea 91 9.0 b 

spurb 96 9.5 a  

p 0.4957 0.0075 

2018 

cane 124 a 9.5 

spur   97 b 9.7 

p 0.0039 0.4314 

2019 

cane 88 a 9.0 

spur 72 b 8.9 

p 0.0455 0.6028 

Treatment 0.0028 0.0396 

Year <0.0001 0.0002 

Treatment*Year 0.0055 0.0171 
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Table 5  Pinot noir inflorescence and fruit set components measured in a vineyard study 
evaluating two dormant pruning methods in Dayton, Oregon. 

 

Year 

Dormant 
pruning 
method 

Flowers per 
inflorescencec 

Berries per 
clusterd Fruit set (%) 

2017 

canea 376 a 168 a 47  

spurb 275 b 135 b 51  

p 0.0021 0.0341 0.2039 

2018 

cane 370 a 247 a 69 b 

spur 251 b 186 b 75 a 

p 0.0028 0.0066 0.0328 

Treatment 

Year 

Treatment*Year 

<0.0001 

0.1678 

0.3788 

<0.0001 

<0.0001 

0.0706 

0.0234 

<0.0001 

0.5407 
aCane pruned vines were head trained with one fruiting cane with 10 buds plus a 2-bud renewal 
spur at the head of the vine. 
bSpur pruned vines were cordon trained with 5-6, 2-bud spurs (total of 10-12 buds /vine). 
cMean number of flowers per inflorescence (n=100 per plot) measured prior to bloom (BBCH 
stage 57).30 
dMean number of berries per cluster (n=100 per plot) measured post-fruit set (BBCH stage 73).30 
Different letters following means indicate a difference based on Tukey’s Honestly Significant 
Difference Test at p < 0.05. 
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Table 6  Pinot noir harvest yield and vine balance components in a vineyard study evaluating 
two dormant pruning methods in Dayton, Oregon. 

Year 

Dormant 
pruning 
method 

Cluster 
count 
per vine 

Yield 
(kg/vine) 

Leaf area/yield 
(m2/kg) 

Yield/pruning 
weight 

2017 

canea 12 b 1.9 0.62  2.2  

spurb 16 a 1.9 0.73  1.9 

p 0.0379 0.7196 0.2118 0.0705 

2018 

cane 15 b 3.4 0.45 5.4 a 

spur 19 a 3.5 0.45 4.2 b 

p 0.0111 0.6785 0.8979 0.0028 

Treatment 

Year 

Treatment*Year 

0.0002 

0.0026 

1.000 

0.5176 

<0.0001 

0.9423 

0.2053 

<0.0001 

0.2211 

0.0004 

<0.0001 

0.0143 

Means are presented from treatments (10 vines per plot, 5 reps). Different letters following 
means indicate a difference based on Tukey’s Honestly Significant Difference Test at p < 0.05. 
aCane pruned vines were head trained with one fruiting cane with 10 buds plus a 2-bud renewal 
spur at the head of the vine. 
bSpur pruned vines were cordon trained with 5-6, 2-bud spurs (total of 10-12 buds /vine). 
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Table 7  Pinot noir harvest grape cluster and berry parameters in a vineyard study evaluating two 
dormant pruning methods in Dayton, Oregon. 

Year 

Dormant 
pruning 
method 

Cluster 
weight (g) 

Berries/ 

Cluster 
Berry 
weight (g) 

Cluster compactness 
(berries/cm)c 

2017 

canea 150 a 137 a 1.1 15.2 

spurb 121 b 125 b 1.1 14.7 

p 0.0019 0.0385 0.5836 0.2095 

2018 

cane 229 a 156 1.2 12.4 

spur 187 b 136 1.1 11.3 

p 0.0021 0.0708 0.1778 0.0902 

Treatment 

Year 

Treatment*Year  

<0.0001 

<0.0001 

0.2353 

0.0044 

0.0071 

0.4466 

0.1902 

0.0071 

0.6517 

0.0670 

<0.0001 

0.4936 

Means are presented. Different letters following means indicate a difference based on Tukey’s 
Honestly Significant Difference Test at p < 0.05.  
aCane pruned vines were head trained with one fruiting cane with 10 buds plus a 2-bud renewal 
spur at the head of the vine. 
bSpur pruned vines were cordon trained with 5-6, 2-bud spurs (total of 10-12 buds /vine). 
cCluster compactness determined by the cluster rachis length divided by berry count per cluster. 
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Table 8  Pinot noir shoot and canopy growth and size in a vineyard study evaluating two 
dormant pruning methods in Dayton, Oregon. 

  

Shoot number  

(count vine) Shoot length Leaf area 

Year 

Dormant 
pruning 
method 

 

Pre-shoot 
thinning 

 

 

Bloom 
Pre-bloomc 
(cm) 

Bloom 
(cm) 

 

Bloom 
(m2/vine) 

 

Veraison 
(m2/vine) 

2017 

canea 20 6 b 98 a 160 a 1.5 b 1.2 

spurb 18 9 a 80 b 136 b 1.7 a 1.4 

p 0.0813 0.0073 0.0327 0.0388 0.0413 0.0514 

2018 

cane 14 b 8 b 75 a 134 1.6 1.5 

spur 20 a 11 a 64 b 124 1.9 1.6 

p 0.0017 0.0068 0.0154 0.0566 0.0635 0.4766 

Treatment 

Year 

Treatment*Year  

0.0137 

0.0189 

0.0002 

<0.0001 

0.0002 

0.3400 

0.0006 

<0.0001 

0.3208 

0.0024 

0.0012 

0.1372 

0.0086 

0.0679 

0.5485 

0.1453 

0.0072 

0.3021 

Means are presented from treatments (10 vines per plot, 5 reps). Different letters following 
means indicate a difference based on Tukey’s Honestly Significant Difference Test at p < 0.05.  
aCane pruned vines were head trained with one fruiting cane with 10 buds plus a 2-bud renewal 
spur at the head of the vine. Data were only collected from shoots originating from the cane. 
bSpur pruned vines were cordon trained with 5-6, 2-bud spurs (total of 10-12 buds /vine). 
cPre-bloom shoot length measured on 5 June 2017 and 25 May 2018.  
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Figure 1  Mean (+SE) dormant compound bud fruitfulness (number of inflorescence primordia per bud) 
at each node position (n = 50) in cane and spur pruned Pinot noir vines in (A) 2017, (B) 2018, and (C) 
2019. Node 1 is the first count bud located proximal to the base of the cane or the spur of the cordon and 
each progressive node is distal on the cane (up to node 12) or spur (up to node 5). Statistical significance 
is denoted as *p < 0.05 and ** p < 0.01. 
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Figure 2  Regression relationship between Pinot noir dormant cane diameter (mean diameter of nodes  
1-12 in cane pruned vines and nodes 1-5 in spur pruned vines) and primary bud inflorescence primordia 
size, as measured by the integrated fruitfulness index, the sum diameters of all dormant bud inflorescence 
primordia (y = 0.1504x - 0.319, R2 = 0.521, p = 0.0184) in 2017. Each point represents plot means  
(n = 10 vines).  
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Figure 3  Regression between dormant cane weight and bud fruitfulness parameters in an Oregon Pinot 
noir vineyard, shown as averages of all pruning treatments. (A) Positive linear regression between cane 
weight and bud fruitfulness (number of inflorescences per bud) in 2018 (y = 0.0129x + 1.5782,  
R2 = 0.4912, p = 0.024) and 2019 (y = 15.529x + 1.0561, R2 = 0.5495 p = 0.0142). (B) Positive linear 
regression between cane weight and inflorescence primordia size (integrated fruitfulness index) of the 
whole bud in 2019 (y = 8.2437x + 0.1917, R2 = 0.5009, p = 0.022). (C) Positive linear regression between 
cane weight and size of the primary inflorescence primordia in 2019 (y = 4.727x + 0.3004, R2 = 0.467,  
p = 0.0294). Each point represents plot means (n = 10). 
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