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Welcome to the Summer 2015 Newsletter

Our current issue of the OWRI Technical Newsletter is packed with Extension
information, research results, and program updates. Paul Schreiner, Research Plant
Pathologist, USDA-ARS, opens the newsletter with an article on his latest research .
assessing vine nutrient requirements in Pinot noir. Laurent Deluc, Associate
Professor, OSU, reports on his research studying how seed content in grape berries
influence ripening. Walt Mahaffee, Research Plant Pathologist, USDA-ARS, discusses .
the processes by which he develops models to assist with disease forecasting. Lastly,

Elizabeth Tomasino, Assistant Professor, OSU gives an update on her latest sensory

research and the OWRI winemaker panel. IN THIS ISSUE

Make sure to check out the practical guides and resources section, as we have

some fantastic new resources, most of which are available online. Will Climate Change Powdery Mildew

ch * What are the Nitrogen, Phosphorus and
€eers, Potassium Requirements for Pinot noir?

The OWRI Team

* Influence of Berry Seed Content on
. . Uneven Cluster Ripening
What are the Nitrogen, Phosphorus and Potassium -
. . ‘o
Requirements for Pinot noir? * OWRI Winemaker Panel Update

R. Paul Schreiner, Research Plant Physiologist, USDA-ARS

* Resources and Research Publications
Pinot noir producers in western Oregon want to achieve vine balance through
management of vine nutrient supply, as high soil water content in the early summer
leads to excess vigor. The primary tools growers use to manage vine access to
nutrients are vineyard floor management and fertilization, but the impact of these
practices is site-specific. Research trials to evaluate vine nutrition often lead to
inconsistent results due to variability in hillside vineyards. To remove some
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Danielle Gabriel
Communications & Outreach Specialist

variability and better understand how nutrient supply directly affects vine Oregon Wine Research Institute
physiology and fruit quality, we designed an experiment using a pot-in-pot system Danielle.gabriel@oregonstate.edu
for grapevines examining vine responses to nitrogen (N), phosphorus (P) and Mark Chien

potassium (K) supply. In this system, the root environment is confined and vine Program Coordinator

access to nutrients is carefully controlled. Oregon Wine Research Institute

Mark.chien@oregonstate.edu

In the first trial (NPK 1), we tested own-rooted Pinot noir vines from 2006-2008. In Dr. James Oshorne
the second trial (NPK 2), we tested grafted Pinot noir vines on 101-14 rootstock En.ology Extension Specialist, OSU
from 2012-1014. In both experiments, vines were established and grown for three Dept. Food Science and Technology
years with complete nutrition (ample quantities of all nutrients supplied) prior to James.osborne@oregonstate.edu
applying different nutrient levels beginning when vines were 4 years-old. In each .

. . . . . Dr. Paul Schreiner
experiment, N, P, and K supply were independently varied, while holding the rates Plant Physiologist, USDA-ARS
of all other nutrients constant. Irrigation inputs were adjusted in all treatments to Paul.Schreiner@ars.usda.gov
maintain similar soil and vine water status between the different nutrient regimes.
Since canopy differences were observed between treatments, we applied different
levels of leaf removal in the cluster zone in different treatments to obtain similar
levels of berry shading. In both experiments, we reduced vine N, P, or K status in
leaf blades or petioles at bloom and at véraison, to provide clear comparisons of
how each of these nutrients affect Pinot noir.

Results from the NPK 1 trial (using own-rooted Pinot noir) demonstrated that N is
the key driver of vine growth, yield, and berry metabolite profiles. Low N supply
reduced dormant season cane weights within the first year of applying treatments,
while yield was not reduced by low N supply until the third year (Table 1).
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Table 1. Effects of N Supply on Vine N Status and Growth of
Pinot noir. Bold green color differs from Control (7.50 mM N)
based on Tukeys HSD at 95% confidence.

NPK 1 - Own-rooted Pommard = NPK 2 - Pommard on 101-14 Mgt

Tn:iantt- Véraison | Prune wt | Yield (ton/ -:]Zi: Véraison | Prune wt |Yield (ton/
(MM N) Leaf N (%) (g/vine) acre) (MM N) Leaf N (%) (g/vine) acre)
YEAR 1
7.50 1.82a 375a 7.500 @ 2.06a 367 a 2.54a
3.75 ' 1.66ab 350ab 5.625 1.96a 323ab | 2.29ab
No data
150 | 1.53bc | 267b 3.750 | 1.89a | 255abc | 2.21ab
0.75 1.47 ¢ 272b 2.250 | 1.65b | 231bc | 2.16ab

1.125 | 1.42c 177 c 1.78 b
YEAR 2

7.50 1.85a 378a 2.20 7.500 | 2.21a 379a 2.73a
3.75 | 1.53bc  348abc 2.33 5625 | 2.13a 298 b 254a

1.50 | 1.38cd | 269c 2.01 3.750 | 1.87b 213c | 2.40ab

0.75 | 1.28d | 281bc 2.07 2.250 | 1.72bc | 149cd | 2.05b

1.125 | 1.47c 101d 16.3 ¢
YEAR 3

7.50 2.05a 409 a 229a | 7.500 | 2.39a 460 a 3.48a
3.75 1.67b 295 b 1.36b | 5625 | 2.19a 332b 3.53a
1.50 | 1.47bc | 243b 0.73b | 3.750 @ 1.92b 214 c 3.03a

0.75 132c¢ 251b 0.85b | 2.250 | 1.70bc | 117d 2.24b

1.125 | 1.55¢ 84d 1.66b

Yield loss in year three was largely due to smaller berries,
because berry number per cluster did not change. Low P
and low K supply did not affect growth or yield in any year
in the NPK 1 trial (Tables 2, 3). Low N reduced must YAN
(yeast assimilable nitrogen) levels in years two and three
by as much as 70%. Some amino acids were altered more
than others, changing the must amino acid profile
available to yeast during fermentation. Arginine, which
contributes the most amino-N to Pinot noir berries was
affected the most by reducing vine N status. The
concentrations of sugars, anthocyanins, and flavonol-
glycosides were enhanced in berries from low N vines in
year three, but this increase was attributed to the smaller
berries that occurred in low N vines.

Table 2. Effects of P Supply on Vine P Status and Growth of
Pinot noir. Bold red color differs from Control (0.50 mM P)
based on Tukeys HSD at 95% confidence.

NPK 1- Own-rooted Pommard NPK 2 -Pommard on 101-14 Mgt

:Z?‘: Véraison | Prune wt 22:'3 -Ir-'r::?:t_ Véraison Prune wt Yield (ton/
(mM P) Leaf P (%) = (g/vine) acre) (MM P) Leaf P (%) | (g/vine) acre)
YEAR 1

0.50 0.141 375 Nodata 0.50 0.154a 367 2.54

0.25 0.127 328 0.25 0.142ab | 365 2.45

1.10 0.115 338 1.10 0.135ab | 375 2.47

0.05 0.112 333 0.00 0.133b 317 2.56
YEAR 2

0.50 | 0.140a 378 2.20 0.50 0.175a 379 2.73

0.25 | 0.119ab 375 2.28 0.25 0.137 b 383 2.54

1.10 ' 0.110ab 378 2.20 1.10 0.111b 391 2.49

0.05 | 0.106 b 360 2.15 0.00 0.099 b 332 2.62

YEAR 3

0.50 @ 0.179a 409 2.29 0.50 0.165a | 460a | 3.48a

0.25 | 0.099 b 350 191 0.25 0.128b 1 398ab 3.61a

1.10 | 0.085 bc 354 1.58 1.10 0.109b 406ab  3.15ab

0.05 | 0.080c 396 1.61 0.00 0.088b | 334b | 2.68b

However, condensed tannins and total phenolic acids
increased in both years two and three under low N supply,
independent of changes in berry size. Higher tannin levels
in Syrah and Cabernet Sauvignon wines received higher
wine grades based on price category (Mercurio et al. 2010,
Smith et al. 2008). We suspect that higher tannin levels in
Pinot noir berries would also equate to higher quality.
More detailed analysis and discussion of the NPK 1 trial are
reported in Schreiner et al. (2013 & 2014). The NPK 1
findings show that reducing N supply can increase some
phenolic constituents (tannins and phenolic acids) in
berries before altering yield, while anthocyanins and other
phenolics cannot be enhanced until yield is reduced to an
uneconomical level. Wines were not produced from the
NPK 1 trial with own-rooted Pinot noir.

Results from the NPK 2 trial with grafted Pinot noir also
showed that N supply influences vine performance more
quickly than either P or K supply. Low N supply reduced
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growth and yield within the first year in grafted vines and
effects grew more severe in years two and three (Table 1).
Low P and low K supply only altered growth after three
years (Tables 2, 3).

Table 3. Effects of K Supply on Vine K status and growth of
Pinot noir. Bold purple color differs from Control (3.50 or 4.50
mM K) based on Tukeys HSD at 95% confidence.

NPK 1 - Own-rooted Pommard | NPK 2 - Pommard on 101-14 Mgt

Treat- | Véraison Yield Treat- L. :
Prune wt Véraison Prune wt Yield (ton/
ment | LeafK (g/vine) (ton/ ment Leaf K (%) (g/vine) acre)
(mM K) (%) & acre) | (mMK) olf &
YEAR 1
3.50 0.78 375 450 @ 1.09a 367 2.54
1.75 0.78 381 225 1 1.09a 378 2.36
No Data
0.70 0.80 351 090 1.02ab| 357 2.29
0.35 0.69 379 0.00 0.85b 313 2.10
YEAR 2

3.50 @ 0.87 378 2.20 450 | 1.04a 379 2.73

1.75 @ 0.79 382 2.54 225 1 0.92b 378 2.55
0.70 | 0.73 361 2.47 0.90 | 0.64c 369 2.64

035 | 0.73 386 2.06 0.00  0.45d | 353 247

YEAR 3
3.50 @ 0.87 409 2.29 450 | 1.01a  460a 3.48
1.75 | 0.78 378 2.26 2.25 1 0.82b | 403 a 3.51
0.70 = 0.75 353 1.92 0.90 H 0.51c 372ab  3.65
0.35  0.72 371 1.74 0.00 H 0.38c  304b 3.42

However, vines grown with low P began to show visual leaf
symptoms (red coloration) just after fruit harvest in year
two. Vines grown under low K supply showed leaf
symptoms (marginal and interveinal chlorosis/necrosis)
and developed late bunch stem necrosis (Holzapfel and
Coombe 1998) on ~20% of clusters in year three. Ripening
was also reduced by low K in year three, while must pH
was reduced by low K in years two and three. Much to my
surprise, flower production was not altered with the
reduction of any nutrients, although fruit set was reduced
by low N and low P supply, but only in year three. As
expected, low N supply greatly reduced must YAN levels in
all years, and fermentation rates declined when NOPA-
YAN was below ~100 mg N/L. Low P supply reduced must P

levels below 33 mg P/L without impacting the rate of
fermentation. This is the first time that must P levels this
low have been reported and indicates that yeast P
requirements are indeed quite low. This is good news for
western Oregon vineyards that are known to have very
low soil P levels. Low K supply reduced must K levels to
~600 mg K/L without altering fermentation rate.

Wine aroma analysis from the NPK 2 trial showed that N
supply has a profound impact on aroma volatiles with the
greatest effect on yeast-derived esters and higher
alcohols. N supply consistently raised or lowered the
concentrations of seven esters and seven alcohols in wine
across all years. In general, low N supply decreased
straight chain esters and alcohols, but increased the
branch-chained esters and alcohols in wine. The effect of N
supply on monoterpenes in wine was not consistent from
year to year. However, reducing N supply resulted in lower
guantities of B-damascenone (a norisoprenoid) across all
years. These changes in aroma metabolites alter the
aroma perception of the wines. Sensory evaluation of wine
aroma from year one (2012) wines of varying N status
using a trained panel showed clear differences.

Early sensory results indicate that wines from lower N
supply show an increase in floral and dark fruit characters
while wines from the high N supply have more herbaceous
and spicy characters. Further sensory work is underway to
confirm these trends. The aroma results combined with
the yield data suggests that wine bouquet is altered by
reducing vine N status prior to having a negative impact on
yield, similar to our findings with tannins in berries from
the NPK 1 trial. Low P supply did not have reproducible
effects on wine aroma volatiles from year to year, while
reducing K supply resulted in lower quantities of six aroma
volatiles in two of the three years, most notably lower B-
damascenone and B-ionone.

In both trials, leaf blade N at véraison was a good predictor
of must YAN levels even though yield varied across years.
Petiole N values were also correlated to must YAN levels,
but leaf blade N values were superior. We tested a new
protocol for diagnosing N, P, and K status from the NPK 2
experiment by examining nutrients in dormant season
(winter) bud wood samples. Results from that work
indicate that bud wood samples can provide a good
diagnosis tool for vine P and K status in Pinot noir, but
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dormant wood samples do not appear to be useful for
diagnosing N status (Figure 1).

Figure 1. Impact of N, P, or K supply on dormant season bud

wood nutrient concentrations in Pinot noir NPK 2 Experiment.

* indicates significant difference from full nutrition control
(black symbols & line).
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Results from both NPK experiments provide a more
complete characterization of how nutrient status
influences vine productivity and fruit composition of
Pinot noir. We are using this information to refine N, P,
and K leaf blade and petiole standards, and to provide

practical monitoring guidelines for early indicators of
inadequate levels of N, P, or K in vines. There is no doubt
that N supply has the greatest impact on vine vigor, and
berry and wine composition. Therefore, monitoring vine N
status and managing N supply in the vineyard probably has
the greatest overall impact on production and quality of
Pinot noir. Further work to more thoroughly understand
how nutrient supply (N in particular) influences berry and
wine metabolites is underway. Low nutrient status
thresholds for P and K that result in either growth
reductions, leaf or fruit deficiency symptoms, or reduced
sugar accumulation and low berry pH will be further
investigated in 2015 to develop more robust tissue
standards.
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