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The following slides refer to the
concentration of N (% dry
weight basis) in the petioles,
leaves, stems and clusters of
grapevines.



The concentration of N within the leaves and stems decreases throughout the season.
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The concentration of N within the cluster decreases throughout the season.
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KAC is Thompson Seedless, Oakville is Cabernet
Sauvignon and Carneros is Chardonnay.
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The previous slides demonstrate
that the concentration of N in the
various organs of the grapevine
decrease throughout the growing
season. This decrease is a
function of degree-days, regardless
where the vines are grown



The following slides refer to the
production of vine biomass (leaves,
stems and clusters) and the uptake
of potassium (K) and N, in the
above mentioned organs, as a
function of whole vine water use.
Biomass and N and K were also
measured on the roots and trunks
one year.



Background

 Many have shown that there is a linear
relationship between transpiration of plants and
dry biomass production on a seasonal basis.

* This is due to the fact that CO, assimilation
(photosynthesis) by the plant’s canopy is highly
correlated with transpiration, water vapor loss
from the stomata.

« As far as | am aware, no such relationship has
been demonstrated for grapevines (Vitis vinifera
L.) grown in the field.



Background

« Several plant growth models have assumed that N
uptake by plants is a linear function of
transpiration. This would indicate that ion
movement in the soil, ion uptake by the roots and
distribution within the plant was due to mass flow.

|t has been demonstrated that transpiration is not
necessary for the uptake of mineral nutrients by
plants.

« Others have assumed that N (and perhaps K)
uptake by plants is driven by growth under non-
stress conditions.



Objectives:

* Determine the relationship between grapevine
ET and above-ground (leaves, stems and
clusters) dry biomass production of field-grown
Thompson Seedless grapevines.

* Determine whether N and K uptake were related
with grapevine ET and/or biomass
accumulation.

* Quantify the seasonal dynamics of N and K in
the trunk and root system.
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Grapevine Water Use (L vine™)
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Summary:

Dry biomass production of field-grown Thompson
Seedless grapevines was a linear function of
grapevine water use.

Dry biomass production of field-grown Thompson
Seedless was also a linear function of degree-days
(temperature).

Cluster dry weight accounted for ~ 70% of the total
biomass produced in 1992.

Only 7% of the current season’s biomass
production was allocated to the permanent
structures of the vine under the conditions of this
study.
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Total Cluster N (g vine™)

Total Cluster K (g vine™")
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Summary:

* Nitrogen and K uptake by the vines were
curvilinearly related to both seasonal vine water
use and biomass accumulation of Thompson
Seedless grapevines.

* The curvilinear relationship was due to the
separation of vegetative and reproductive growth
demands of N and K during the season.

* |t is unknown whether the greater N and K uptake
during the early portion of the growing season was
due to an active uptake of both mineral nutrients or
redistribution of N and K from the permanent
structures of the vine.
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Summary:

* Root biomass decreased from budbreak to shortly
after anthesis and then increased thereafter until
harvest.

* The K concentrations in the trunk and root system
remained constant throughout the season.
Therefore the differences in the amount of K in
those two organs reflected seasonal variations in
total root and trunk biomass. It would appear that
no K was redistributed from those two permanent
structures to the leaves, stems and clusters.

* This would indicate that under the conditions of the
study, K used for growth of the leaves, stems and
clusters was derived only from the soil.



Summary:

« Root N concentration and N content (g N vine-)
varied throughout the season. The decrease in N
concentration was due to both a reduction in total N
content in the root and an increase in biomass
accumulation.

« Based upon the metrics derived from the 1992
data, N stored in the root system was used to
support shoot growth early in the growing season,
from one month after budbreak to anthesis.

 The N content in the root system at harvest was
similar to the amount found in the root system at
budbreak.



N BUIDGEIFOFAFEONEPSON
SEEDLESS GRAPEVINES

Growih Period

Leaves ~39 g/vine
Shoots ~101g/vine
Clusters ~30 g/vine

75 g/vine

After Harvest

Fallen leaves ~20 g/vine
Prunings ~15 g/vine
Remolilization ~ 5 g/vine

40 g/vine



Petassilm BlUdget o ihihnempsen
SEEdlEsSsI GlrapeVvines (G/VIne)

Requirements:  Leaves ~A|2
Stems ~26

Clusters ~43

Jotall 83

Losses Shoeot trimming ~9
=allen leaves ~8

Prunings ~11

=ruit harvest ~45

Total 69



The average and high and low amounts of several mineral
nutrients in one ton of fruit from grapevines.

Mineral Average  High Low

Nutrient - (15 [ 1) o ———
N 2.92 4.12 1.80
= 0.56 0.78 0.44
K 4.94 1.92 3.18
Ca (500) 11.86 0.54

Mg 0.20 0.32 0.10



Nitrogen Cycling within a Vineyard
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Grapevine: NNEeriizerPregram

1.)  Assessing vineyard/vine N status

2.)  [Determination off Nifertilizer amounts

3.) Kinds off N fertilizers

4.)  Timing of fertilization events

5.) Effects of N'on vegetative and
reproductive growth
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L) AssessingVvine nutHent status

a.) deiliciency symptoms —
Py the time this IS ebserved
vine growth may: alreaay: be
adversely aiffected.



Nitrogen deficiency:
Leaf symptoms




1) Assessing Vine nutrient status

P) Soilfanalysis
“Soll Analysis isiof no value in
determining N 'needs. This Is due to
the transient nature of its: main
available form (NO3)iin the: soill profile

and the unavailability of organic-N
fraction until it is mineralized.”

L.P. Christensen, UCCE Specialist
Raisin Production Manual



L) AssessingVine nutHent status
c.) lissue Analysis — criteria for uselfulness

" [lhe tissue used and the mineral nutrent
measured shouldlbe related to the mineral
nutrient status or'its, concentration In' ether
organs ofi the vine.

= [he tissue used and the mineral nutrient
measured should be related to vegetative and
reproductive growth of the vine.

= A critical value or its range for the mineral
nutrient in the organ measured should be
robust enough to cover a wide range of
vineyard or grapevine situations.



L) Assessing ViRe nutrentistatus
c.) lissue Analysis

= Jiime o Sampling
= Jlype of lissue Samplea
= Form of Nitrogen



o)

Nimeeirsampling

Bleom ana/or Veraisoen

= Derinite Growin Stage

=" Convenient




IVpE GIlNSSUE SamplEd

Petioles opposite the cluster at bleom
Petioles off mature leaves; at veraison
Leal blades

Fruit at harvest

Canes during dormancy



Fe el Nitregen

Petieles; — NOZ-N; NH,-N; total’N
Leaf Blades — total N

Fruit — total N, arginine, yeast assimilable
nitrogen concentration (YANC)

Canes — total N, arginine



NFIRABE-NINTROGIEN
Bleem| Petole lCevelsi(ppn)

Nitrate-Nitregen

(Ppm)
Deficient LLess than 350
Questionable 350 - 500
Adeguate 900 — 1,200
Excessive Over 2,000

Possibly toxic Over 3,000



Other suggested critical values for
N nutrient status

Total N in petioles at bloom less than 0.8%
indicates deficiency and those > 0.8% adequate

In S. Africa, petiole total N at berry set less than
0.6% is deficient while sufficient ranges from 0.6
to 1.0%.

Kliewer (1991) suggested than a total N value
for leaf blades less than 1.5% is deficient while
those from 1.5 to 3.0% is sufficient.

Robinson (1992) suggests a leaf blade total N
concentration of 2.9% at bloom and 1.6% at
veraison is adequate



VWihat iaciorsimay niilence petiole
valuespwhenranalyzed otiN erRINO5

A. llime of day petieles are sampled —
IFhave feundl that time of day: may.
infilence the concentrations off NO;
and K in the petiocles. | recommend
that petioles should only be collected
between 10'a.m. and 2 p.m. to
minimize the effects of time of day on
measured nutrient values.



Effect of time of day on nitrate-N of Perlette and nitrate-N and K of
Flame Seedless petioles at bloom. Vines were growing in the
Coachella Valley. Means within a column followed by a different
letter are significantly different at P < 0.05.

Perlette |---- Flame Seedless ----
Time of Day | Nitrate - N Nitrate - N K
----- ppm (dry wt) ---——- | % dry wt.
0800 h 890 b 825 b 251 Db
1200 h 985 ab 968 ab 2.74 a
1600 h 1038 a 1025 a 2.65 ab




Whakiaciers mayinilueEnCEe pelo)e
valuesswnen analyzeaNoIN e INOL?

B, Location of the leaves where petioles
are collected — | conducted a study where
petiolesiwere collected fiom! leaves
opposite a cluster, leaves; in full sunlight
and leaves groewingl In the shade. There
were some minor differences, depending
upon nutrient analyzed, among the leaf
types selected. | am of the opinion that the
leaf selected makes little difference as long
as it is a mature, fully expanded leaf.



The effect of time of day and petiole location of leaves on nitrate-N of
Chardonnay petioles sampled at bloom. Nitrate-N is expressed in ppm
(dry weight basis). Leaf blades were exposed to direct sunlight (sun),
shaded (shade) or located opposite a cluster at the time of sample.

Time of Location of Leaves Ave. Effect of
Day Sun Shade Opposite Cluster Time of Day
0800 h 1847 2411 1935 2064
1200 h 2121 2395 1893 2136
1600 h 1970 2348 2135 2151
Ave. Eff. Loc. 1979 2384 1988

LSD, 5 Time of Day =ns  Location =173 Interaction = ns




VWihat iaciorsimay niilence petiole
valuespwhenranalyzed otiN erRINO5

G Tmo QW=

Cultivar

[Rootstock

Time peticles sampled (during grewing
season)

Irrigation/raintall prior tor sample

Type of irrigation (flood or drip)
Environment just prior to or the day of
sample collection

. When last fertilized or fertility of soil in

the vineyard



Sleem-lime pPEtBIE analysSiSHierIN@ =
RIFEEEN GiffeUIFapIErgRaPE CUlUVANS over 2|
eURYEafPErodk

VIRES Were growmn av the Kearmey Ag. Centel

--------------- Year-——————--—----—-
Cultivar 19901 1991 1992 1995
----------------- NO; (ppm)i ——-—-—--—---—---
Flame Seedless 4 274 187 926
Perlette 66 215 49 703
Ruby Seedless 132 949 1088 1029

Thompson Seedless 316 1244 787 - --



Efiech eiigaten pPraclicES N PELGIE
analysis e lilempsen Secdless

2l 19]eem
Practice NO;-N K
(Ppm) (%)
Irrigated 836 o
Not irrigatea 247 -
Drip 383 3.3

Furrow 1465 2.3



Studies have measured petieler N;
NOL-N ana NHz-Nand they ane
usually: highly: correlatea with ene
another. Hewever most studies
Rave net compared petiole nutrHent
status with the nutrient status; ofi
other vegetative or reproductive
ergans within the: vine at that time
O at other phenoclegical stages.
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Figure 1. The relationship between petiole nitrate-N and petiole total N for three cultivars.



RElatGRSHIPS aImeRa PIceNI-
time peuslierNFand K Rutient
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Cluster Number (2002)
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It has always been assumed
that rootstocks differ in their ability
to take up mineral nutrients
from the soll profile.



Bloom-time petiole nitrate concentration

at four locations and rootstock/scion
combinations for three years.

----NO3 (ppm dry wt)----

Location Rootstock 1997 1998 1999
Carneros 5C 911 500 484
110R 718 340 396

Gonzalez 5C 768 486 650
110R 638 481 555

Freedom 587 695 599

Oakville 5C 68 1655 47
110R 56 1338 57

3309C 52 1586 55

P. Robles 5C 6191 1359 2754
110R 4042 964 1358

Freedom 9876 1486 1387

140Ru 7462 1518 1947

1103P 7878 1575 1562




The amount of labeled N (N°), total N, dry biomass and %N of the
biomass accumulated by Chardonnay vines at two locations. Vines at
Carneros and Gonzales were fertilized with 12 and 20 g N vine™,
respectively, at berry set in 1997.

Location/  Total Total Total Percent
Rootstock >N N Dry Wi. N
----------------------- (g vine) ———-m-mmmmm e % dry wit.
Carneros
5C 0.066 44 1 6255 0.71

110R 0.078 52.7 7482 0.70

Gonzales

5C 0.049 52.7 6694 0.79 a
110R 0.051 54.5 7591 0.72 b
Freedom  0.047 49.9 /889 0.73 b




The amount of labeled N (N'°), total N, dry biomass and %N
of the biomass accumulated by Cabernet Sauvignon vines at
Oakville. Vines were fertilized with 6 g N vine! at berry set in

1997.
Location/  Total Total Total Percent
Rootstock Dry Wt N
----------------------- (g vine) -—-mmmmmmmem e % dry wit.
Oakville
5C 0.039 26.6a 4480a 0.99b
110R 0.043 24.0ab 3760 Db 0.64a
3309 0.044 206 Db 3761 Db 0.62ab




Cultivar/Site: Cabernet at Paso Robles
Data: °N, Total N and biomass for three years
Applied Fertilizer: 17g N vine!

Rootstock Total TotalN Total %N
SN Dry WH.
------------------ (g vine™1)-——mmmmmmem -
5C 0.035 ¢ 653 8261 0.79 c¢
110R 0.049b 67.5 8394 0.80 bc
Freedom 0.074a 69.7 8701 0.80bc
1103P 0.072a 74.0 8949 0.83b

140Ru 0.051b 79.7 9171 0.87a




Conclusions:

= Bloom petiole analysis o IN dees not indicate
that one reptsteck Isimore efficient at taking up
N than anoether under the conditiens; of this
study.

= The relationship between petiole nitrate-
nitrogen and N concentration in the leaves, fruit
and canes In this study indicates that a bloom-
time petiole value oft 200 ppm NO; would be
“‘adequate.” Nitrate values In the petioles at
bloom below 100 ppm decreased percent N in
those organs only slightly



Grapevine EertlizationEreognam

2.)  Determination off fextilizer amoeunts

it will depend upen Whetheritis a
maintenance program, or ene to cornect
a deficiency

a.) for a maintenance program one needs
to determine how much of the mineral
nutrient is removed from the vineyard
(I.e. develop a N budget)

b.) determine the efficiency with which
fertilizer is taken up.



The average and high and low amounts of several mineral
nutrients in one ton of fruit from grapevines.

Mineral Average  High Low

Nutrient - (15 [ 1) o ———
N 2.92 4.12 1.80
= 0.56 0.78 0.44
K 4.94 1.92 3.18
Ca (500) 11.86 0.54

Mg 0.20 0.32 0.10



Grapevine Ferilization Ereognam

3.) Kinds of N fiertilizers

“Generally the choeice of the
formulation of nitrogen; cani be
based mostly upon cost.”

L.P. Christensen, UCCE Specialist



Grapevine Ferilization Eregnam

4.) Timing of fertilization events

One must knew when the N is being
utilized by the vine to choose the
appropriate date to apply the fertilizer.
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YWhenrdeviResirequine thermoestN
dUNG the growing Seasen?

11.) Approximately twe thirds of the current seasen s
abpoyve ground requirement gees; to the leaves ana
stems (main axis ol the shoot), the other third goes
to the fruit.

2.) Approximately two thirds of the current season's N
requirement is taken up between budbreak and
sometime between berry set and veraison.

3.) Some of the nitrogen required by the current
season’s above ground growth may be obtained
from N in the trunk (or cordons if present) and the

root system



S EWIllIamst recommendation o
INSerlizaten applicaticn iming

Split applications?

1t application — one month after BB
279 application — just after berry: set.

9 apply one half the total fertilizer to be used each time.



YWheniaeyeunetwaniterapplyia
Ritregentferizer?

11.) Avoid applying N winter/early: spring| i the
fertilizer 1s;susceptible te leachinglduring this
season.

2.) An application of' N fertilizer just prior to or at
bloom will increase the amount ofi berries that fail
to set.

3.) A post-harvest application of an N fertilizer is
probably not as efficient as some thought. For
one to consider this time as appropriate, one
needs to assess vine health, length of season
remaining and soil type.



Effect of irrigation type and form of N on
nitrogen fertilizer use efficiency (FUE).

Treatment FUE
Drip NO, 42%
Drip NH,* 37%
Furrow (NO,) 14%
Furrow (NH,*) 10%
Drip (cont) 38%

1 FUE = Total Fert. in Vine/Total Fert. N
Applied.



Relative distribution of °N labeled fertilizer in the organs of
Thompson Seedless grapevines.

Pruned Fruiting
Treatment Clusters Leaves Canes Canes Trunk Roots

Drip Irr.
NO, 35.1b 12.4 114 Db 2.7 9.1 29.3 a
NH, 46.9 a 12.6 101 Db 2.0 10.0 18.4 b
NO,/Cont 29.6b 15.7 19.4 a 24 10.4 22.6 ab

Furrow Irr.
NO, 42.6 14.3 10.4 3.9 14.6 14.2
NH, 35.9 13.8 11.7 54 14.6 18.6




Nitrogen derived from fertilizer (NDF) in the organs of
Thompson Seedless grapevines.

Pruned Fruiting
Treatment Clusters Leaves Canes Canes Trunk Roots

Drip Irr.
NO, 12.6 9.6 ab 11.1ab 10.9 9.1 9.2 a
NH, 12.2 6.9b 8.4 Db 7.6 7.6 4.4 Db

NO,/Cont 12.7 10.5 a 15.6 a 11.5 11.0 10.8 a

Furrow Irr.
NO, 6.9 4.8 6.8 4.6 4.4 2.6
NH, 3.9 3.0 4.0 4.8 3.2 2.3




PIstrpuuen eiertiizer Nin
IRdIviaUalVIRE Graans

-------------- Vine ergans-——-—-—--—-----—-
reat- Year
ment Hanvested Clusters Leaves Stems? @ Trunk  Roots Total
------------- (g N viner! )-———————--—-——--
Drip

(cont) 1989 3.25 1.61 0.86 1.14 2.47 9.51

o
cont) 1990 178 140 078 058 232 6.86

1 Vines fertilized with 15 N every two weeks during 1989 growing season for
a total of 27.6 g N vine™.

2 Stems include main axis of shoot and fruiting canes.



Nitrogen Cycling within a Vineyard
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[eproauctive growth




Efiects o NFEentilizationron Grewin,
Yieldranadl Ertit Charactenstics

Parameter Deficient  Non-deficient
\ineyards Vineyards

\egetative grewth I I

Yield 1 *

Berry Sugar " 2 or |

N Compounds in Fruit 1 1

f 1 -increase and decrease respectively; * - no effect; ? :- may or may not
have effect



San Joaqguin Valley N and K Fertilizer Study:
Objectives

* Determine the correlations among the various
means to assess vine N nutrient status with
nitrogenous compounds found the the fruit at
harvest of Merlot and Thompson Seedless
grapevines grown in the San Joaquin Valley.

* The nitrogenous compounds measured in the
fruit are those used by yeast during
fermentation. They include ammonia and a-
amino acids.

« Determine the effects of K fertilizer on juice
characteristics and correlations with vine K
nutrient status.



San Joaquin Valley N and K Fertilizer Study:
Materials and Methods — Fertilizer treatments

« Treatments consisted of N and K fertilizers being
applied at berry set in 2004 using two rates (75
and 100 kg (N or K) ha-? and another treatment
being applied at 75 kg (N or K) ha! at veraison.
The 75 kg rate was approximately 67 Ibs of N or
K per acre while the 150 rate was equivalent to
134 Ibs of N or K per acre.

* The N fertilizer was ammonium nitrate and the K
fertilizer was potassium sulfate.

 The control treatment received no fertilizer



San Joaquin Valley N and K Fertilizer Study:
Materials and Methods — Samples

 The fruit of both cultivars were harvested at fruit
maturity (except for T.S. in 2005).

* The fruit was transported to UC-Davis, grapes
were separated from their stems and juice
samples taken. Wine was made from the Merlot
fruit in 2004.

* The juice and wine were analyzed for ammonia

and a-Amino nitrogen content or nitrogen by
OPA (NOPA).

« Ammonia + NOPA = yeast assimilable
nitrogenous compounds or YANC



Critical values of YANC in grapes for
wine production

Various studies have attempted to estimate the
minimum concentration of juice N needed to
achieve a satisfactory completion of fermentation
as judged by low residual sugar, i.e. minimum
concentration of N in juice at which the risk of
slow or stuck fermentation is low. Estimates
range from 70 — 267 mg/L YANC, with a value of
~ 140 mg N/L for clarified musts of moderate
sugar concentration being considered a practical
minimal limit.



Effects of applied N fertilizer at berry set (BS) or veraison (V) in

2004 on petiole N status of Merlot grapevines grown in
Madera County.

N Total N --- NO3-N --- --- NH,-N ---
Treatment (% dry wt.)  —meemeemeee- (ppm, dry wt.) -----------------
2004 Bloom Veraison Bloom Veraison Bloom Veraison
NO 1.02 0.61b 660 185 ¢C 260 75b
N75BS --- 0.86 a --- 795 b --- 95 ab
N 150 BS --- 0.78 ab --- 1407 a --- 125 a
N 75V - 0.60 b --- 137 ¢ --- 70b
2005
NO 1.19 0.76 2022 1600 447 ab 112
N 75BS 1.11 0.74 1777 1465 387 b 90
N 150 BS 1.16 0.82 2010 1952 445 ab 117

N 75V 1.20 0.78 2070 1720 525 a 110




Effects of applied N fertilizer at berry set (BS) or veraison (V) in

2004 on must characteristics of Merlot grapevines grown in
Madera County.

N Soluble TA NH, NOPA YANC
Solids
Treatment  (°Brix) pH (o (mg L) ---mmmmmeee-
2004
NO 25.5 366 5.35a 50 c 98 b 144 b
N 75BS 26.0 3.67 532a 67 b 123 a 181 ab
N 150 BS 25.5 3.63 545a 79 a 115 a 184 a
N 75V 25.3 3.71 4.65b 63 b 118 a 188 a
2005
N O 22.4 3.46 3.47 62 b 143 b 205 b
N 75 BS 22.3 3.44 4.04 81 a 140 b 220 ab
N 150 BS 21.9 3.45 3.85 82 a 156 a 238 a
N 75V 21.7 3.42 4.06 86 a 149ab 235a




Effects of applied N/K fertilizer at berry set (BS) or veraison (V)

in 2004 on wine characteristics of Merlot grapevines grown in
Madera County.

N/K Ethanol TA NH, NOPA YANC
Treatment (% v/v) pH (QLY) e (mg L) -
2004
NO 14.1 3.98b 5.63a 59b 34 Db 40
N 75BS 14.3 404b 533ab 45D 40 a 44
N 150 BS 14.0 4.04b 510b 6.7 ab 39 a 46
N75V 13.9 411a 4.93b 94 a 40 a 49
2004
KO 14.4 a 4.02 5.60 7.1 36 43
K75BS 14.0ab  3.98 5.74 9.8 39 49
K150BS 143ab 3.99 5.78 6.8 35 42
K75V 13.7 b 4.00 5.46 6.4 34 40




Effects of applied N/K fertilizer at berry set (BS) or veraison (V)
in 2004 on must/wine nitrogenous compounds of Mer|ot.

N/K - Merlot Must ----- ---- Merlot Wine ----
Treatment  NH,* NOPA YANC NH,* NOPA YANC
2004 e (MQ L) ——mmmmmmmm e
N O 50 98 144 5.9 34 40
N 75 BS 67 123 181 4.5 40 44
N 150 BS 79 115 184 6.7 39 46
N 75 V 63 118 188 9.4 40 49

2004
KO 59 108 166 7.1 36 43
K 75BS 62 106 178 9.8 39 49
K 150 BS 57 87 141 6.8 35 42

K75V 53 92 149 6.4 34 40
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The line represents the minimal limit of YANC
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Grapevine K EertlizatontPreogram

1)1 Assessing|vineyard/vine nutrent status

2.)  [Determination| of fentilizer anmounts

3.)  Kinds of fertilizers

4.)  Timing of fertilization events

5.) Effects of mineral nutrients on
vegetative and reproductive growth.



PONASSIUVN

Potassiuim (%)

Bloom Petiole Levels

Deficient LLess than 1.0

Questionable 1.0'to 1.5

Adeqguate Over 1.5
Midsummer Petiole Levels

Deficient Below 0.5

Adequate Above 0.8



Bloem-time petieleranalysis ol Ko e
lanlergrape culivars oVemieuiyear pered:

VIRES Were gliown: at the: Keamey Ag. Center

----------------- Year--------—--—----
Cultivar 1990F 1991 1992 19935

--------- K (% dry wit) -==-------
Flame 2.50 2.20 1.90 1.50
Perlette 290 250 230 2.50
Ruby Seedless 2.50 230 2.60 2.00

Thompson Seedless 2.30 2.10 1.50 -



IiHe effiect el niigaien treatmenits: onl blieen=
Ime petiele analy/sis el fitiFeW e ation
Ihempsen Seedless grapeVvines grewn aniKAE:

Year  lrrigation NO; K P
Tireatment
(ppm) (Yo drywit.) (Y% dry wi.)
1990  lrrigated 61616) 1.55 ---4
INen-irrgated 217 1.20 ---a
1991° Irrigated 304 1.83 0.54
Non-Irrigated 371 1.40 0.21
1992 Irrigated 371 1.80 0.48
Non-irrigated ---2 ---4 ---4
1993b Irrigated 298 2.07 0.56
Non-irrigated 837 1.30 0.29

aNot sampled or analyzed.
oIrrigation resumed in 1991 for the Non-irrigated treatments and continued for
the 1992 and 1993 growing seasons.
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Effects of applied N and K fertilizers at berry set (BS) or veraison

(V) in 2004 on petiole K status of Merlot grapevines grown in
Madera County

Treatment  —emeeeme- K (% dry wt.) ---------- Treatment  -- K (% dry wt.) --
2004 Bloom Veraison Harvest 2005 Bloom Veraison

N O 4.53 3.97 2.13 N O 3.76 3.31

N75BS -—- 3.85 1.90 N75BS 3.71 3.37

N 150 BS --- 3.57 1.89 N 150 BS 3.63 3.16

N 75V --- 3.85 1.91 N 75V 3.70 3.07
2004 2005

KO 4.51 3.42 1.75b KO 3.55 2.93b

K 75BS --- 3.51 1.90ab K 75BS 3.72 3.12 ab

K 150 BS --- 3.77 219a K 150BS 3.62 3.34 a

K75V --- 3.59 1.97ab K75V 3.73 3.26 ab




Effects of applied N and K fertilizers at berry set (BS) or veraison

(V) in 2004 on juice or wine K status of Merlot grapevines grown
in Madera County

Treatment  —cceoe—— K (mg L") —---—-—-- Treatment - K (mg L") --
2004 Juice Wine 2005 Juice

N O 1922 ab 1694 ¢ N O 1432

N 75 BS 2001 a 1951 b N 75 BS 1409

N 150 BS 1727 b 2503 a N 150 BS 1442

N 75 V 2006 a 1922 b N 75 V 1353
2004 2005

KO 1913 b 1972 KO 1406 b

K 75 BS 1908 b 1989 K 75 BS 1474 ab

K 150 BS 2364 a 2008 K 150 BS 1620 a
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