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QuesMons	  
•  How	  many	  nutrients	  do	  the	  vines	  lose	  
every	  year?	  

•  What	  levels	  of	  nutrients	  do	  the	  vines	  
need	  to	  have?	  

•  What	  does	  the	  soil	  already	  supply	  to	  
the	  vines?	  

•  How	  much	  do	  we	  need	  to	  supply,	  and	  
how	  do	  we	  supply	  them?	  	  



Nutrient	  Loss	  



Amount of nutrients exported with fruit harvest at different cropping levels.  Adapted from Mullins 
et al. (1992).	  
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Source:  Low Input Viticulture and Enology (LIVE) Program Handbook 
	  



Source:	  LERGP	  G.R.a.P.E.	  Pages,	  hKp://lergp.org/year-‐planMng/nutrient-‐management	  	  



How	  much	  do	  they	  need?	  

“A	  liKle	  extra	  ferMlizer	  
is	  cheap	  insurance”	  



Source:	  Buffalo	  News,	  Sept.	  10,	  2013.	  
hKp://www.buffalonews.com/city-‐region/environment/green-‐menace-‐of-‐
toxic-‐algae-‐threatening-‐lake-‐erie-‐20130914	  

hKp://serc.carleton.edu/microbelife/topics/deadzone/index.html	  



From:	  Bates,	  T	  and	  T.	  Wolf	  (2008).	  Nutrient	  Management.	  Winegrape	  Produc/on	  
Guide	  for	  Eastern	  North	  America,	  Tony	  Wolf	  (ed.).	  



What	  are	  the	  sources	  of	  nutrients?	  
•  Soil	  

– MineralizaMon	  of	  organic	  maKer	  
– WeatherizaMon	  of	  minerals	  

•  Biomass	  (e.g.,	  cover	  crops,	  prunings)	  
•  Vine	  reserves	  

– Woody	  Mssues	  
– Older	  leaves	  

•  Supplemented	  by	  grower	  



White,	  R.E.	  Soils	  for	  Fine	  Wine.	  2003.	  



THE 
BIG 
DIG 



Dormant VineDormant Vine

Dry Weight     Starch        N        P

41% 16% 25%    23%

59% 84% 75%   77%

Roots are the Dominant Storage Organ
Source:	  T.	  Bates,	  “Lessons	  from	  the	  Big	  Dig:	  dry	  maKer,	  nitrogen	  uptake	  and	  ferMlizer	  efficiency”	  
hKp://grapesandwine.cals.cornell.edu/cals/grapesandwine/appellaMon-‐cornell/issue-‐14/big-‐dig.cfm	  
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Mature	  Concord	  vines	  required	  40	  g	  of	  N/vine	  during	  the	  
growing	  season.	  	  

N	  ferMlizer	  applied	  at	  budbreak	  supplied	  
about	  9	  g/vine	  (22.5%	  of	  total	  N	  required).	  	  



N	  Supply	  From	  Reserves	  

•  Reserve	  N	  provides	  15	  to	  30%	  of	  the	  
total	  vine	  N	  demand.	  

•  Reserve	  N	  is	  a	  main	  source	  for	  vine	  
growth	  from	  budbreak	  to	  bloom	  



Factors	  that	  influence	  nutrient	  uptake	  

•  Soil	  condiMons	  
– CompacMon,	  saturaMon	  
– pH	  

•  Soil	  moisture	  content	  
•  VarieMes	  &	  Rootstocks	  



Singer,	  M.J.	  and	  D.N.	  Munns.	  Soils:	  An	  Introduc/on.	  





Influence	  of	  soil	  pH	  

Source:	  T.	  Bates,	  “Concord	  ProducMon	  Ten	  Commandments”	  (slide	  presentaMon),	  Lake	  Erie	  Regional	  Grape	  Growers	  Conference,	  
March	  2002.	  
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Source:	  T.	  Bates,	  “Concord	  ProducMon	  Ten	  Commandments”	  (slide	  presentaMon),	  Lake	  Erie	  Regional	  
Grape	  Growers	  Conference,	  March	  2002.	  
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How	  much	  do	  I	  need	  to	  supply?	  



PeMole	  and	  Soil	  
Sampling	  





hKp://nygpadmin.cce.cornell.edu/pdf/submission/pdf26_pdf.pdf	  



(1991) found that 86% N uptake by mature ‘Cabernet Sau-
vignon’ occurred between bloom and veraison, and Hanson and
Howell (1995) found that 60% N uptake by established
‘Concord’ grapevines occurred between bloom and veraison.
Conversely, we found that the highest uptake of P and K
occurred between bloom and veraison, which is consistent with
previous studies regardless of cultivar or vine age (Conradie,
1981; Schreiner et al., 2006; Williams and Biscay, 1991).

Others have found that peak N uptake occurred before
veraison, but our results showed that there was significant N
uptake before and after veraison. One factor that likely
contributes to the difference in uptake timing in this study when
compared with previous work is that there was a larger pro-
portion of vine mass in woody tissues due to vine age, enabling

the mature vines to use nutrients
reserves during early growth stages.
Additionally, in comparison with
wine grapes, juice grapes typically
have a larger canopy and higher
crop, which could trigger the plant
to have prolonged N uptake period to
fulfill the fruit demand. The intensity
of vine N uptake between veraison
and harvest suggests that the newly
assimilated N was not only parti-
tioned into leaves and clusters, but
was also restored to woody tissues.
To this end, N appeared to be
mainly partitioned among woody
tissues (32%–33%), leaves and
shoot tips (25%–27%), and clusters
(32%–34%) at harvest (Fig. 4).

Based on nutrient uptake and
redistribution patterns of N, P, and
K, it is implicit that if fertilizer sup-
plements are need, they should be
applied before bloom, but not before
budbreak because the grapevine has
no need at this stage and excessive
rainfall or irrigation may cause un-
wanted leaching of soluble nutri-
ents. Split-application of fertilizers
could enhance the efficiency of
nutrient use in growth and produc-
tion. In addition, fertilization is not
required at postharvest for this crop
in cool climate regions, as uptake
does not occur after harvest.

The average total uptake per vine
throughout the growing season was
18.2 g of Ca and 3.3 g of Mg in 2006,
and 44.2 g of Ca and 7.9 g of Mg
in 2007 (Table 3). Although Mg is
classified as a phloem-mobile nutri-
ent, in ‘Concord’ grape, the accumu-
lation pattern of Mg almost paralleled
Ca. In 2006, it appeared that after
highest uptake occurred from bloom
to veraison, the whole vine Ca and
Mg content continued to progres-
sively increase until reaching the
highest content at harvest. In 2007,

Ca and Mg uptake was consistent, and high, from bloom to
harvest (Figs. 7B and 8B). In both years, Ca and Mg concentra-
tions in the cluster decreased after bloom, while Ca concentration
in leaf blades, petioles, and shoot tips increased from bloom to
postharvest. Magnesium increased only in the petiole and
remained constant in leaf blades and shoot tips. Calcium and
Mg concentrations in leaf blades, shoot tips, and petioles did not
decline after harvest as occurred with N, P, and K. This suggests
that neither Mg nor Ca migrated back from leaves into woody
tissues.

Although the trends of nutrient uptake and accumulation
were similar, Ca or Mg was partitioned to different vine organs.
While the trunk and cordon woody tissue had a higher Ca and
Mg content than any other organs, there was a very high

Fig. 6. Seasonal change in concentrations (A) and contents (B) of potassium in various organs of ‘Concord’ grape
destructively harvested in 2006 and 2007. Arrows at the top of graph indicate the time of dormant (DM),
budbreak (BB), three- to four-leaf stage (34), bloom (BL), veraison (VR), harvest (HV), and postharvest (PH). SE

are represented as bars above and below the mean.

480 J. AMER. SOC. HORT. SCI. 135(5):474–483. 2010.

Potassium	  Demand	  

Pradubsuk	  and	  Davenport.	  2010.	  Seasonal	  Uptake	  and	  ParMMoning	  of	  
Macronutrients	  in	  Mature	  ‘Concord’	  Grape.	  J.	  Amer.	  Soc.	  Hort.	  Sci.	  135(5):
474–483.	  	  



Material	   %	  K2O	  
Potassium	  chloride	  

(muriate)	   60	  

Potassium	  sulfate	   50	  

Potassium	  magnesium	  
sulfate	  (Sul-‐Po-‐Mag)	  

22	  
(11%	  Mg)	  

Potassium	  nitrate	   44	  



CalculaMng	  K	  requirements	  
1)  Tons/acre	  x	  5	  lbs	  K/ton	  of	  grapes	  =	  K	  removed	  by	  crop	  

2)  K	  removed	  /	  %	  K2O	  of	  ferMlizer	  (decimal)	  =	  K	  ferMlizer	  to	  
replace	  loss	  

Example:	  
8	  ton/acre	  crop	  x	  5	  lbs	  K/ton	  of	  grapes	  =	  40	  lbs/acre	  K	  lost	  to	  crop	  
	  
40	  lbs/acre	  /	  0.60	  (K2O	  content	  of	  muriate	  of	  potash)	  =	  67	  lbs/
acre	  muriate	  to	  replace	  



Foliar	  ferMlizers?	  
•  Macronutrients	  

– Hard	  to	  jusMfy	  based	  on	  current	  knowledge	  
(except	  Mg)	  

•  Micronutrients	  
– Supply	  what	  you	  need;	  nothing	  more	  

•  Other	  impacts	  not	  measured	  by	  current	  
sampling	  protocols?	  



Nutrients	  from	  Compost	  

•  Slow	  Release	  
– 1	  to	  5	  years	  to	  release	  
– Relies	  on	  microbial	  acMvity;	  less	  predictable	  
nutrient	  release	  

•  TesMng	  
– Compost/feedstocks	  
– Soil	  
– PeMole	  



Nitrogen	  from	  Compost	  
•  Slowly	  released	  by	  microbial	  acMvity	  
•  About	  30%	  of	  total	  N	  (from	  analysis)	  available	  
to	  vines	  
– 15%	  in	  1st	  year,	  8%	  in	  2nd,	  4%	  in	  3rd,	  2%	  in	  4th,	  1%	  
in	  5th	  	  

•  N	  Example	  
– Total	  N:	  	  15.8	  lbs	  N/T	  (0.79%)	  

•  15.8	  lbs/T	  x	  0.15	  =	  2.37	  lbs	  N/T	  x	  10	  T/A	  =	  23.7	  lbs/A	  
	  



Potassium	  from	  Compost	  

•  Virtually	  all	  is	  released	  to	  soil	  
– About	  85%	  in	  1st	  year,	  remainder	  in	  2nd	  

•  K	  can	  be	  high	  in	  compost	  made	  from	  pomace	  
– PotenMal	  for	  Mg	  deficiency	  
– High	  K	  linked	  to	  high	  pH	  in	  wines	  



Monitoring	  Nutrient	  Status	  

Supply	  monitoring	  
•	  	  Soil	  analysis	  
•	  	  Soil	  amendment	  analysis	  
•	  	  FerMlizer	  analysis	  
	  
Demand	  monitoring	  
•	  	  Visual	  observaMons	  of	  plant	  condiMon	  
•	  	  Plant	  Mssue	  analysis	  




