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Figure 6. Cross cut of a grapevine leaf (Vega, 
2003). 

Spongy Parenchyma  

Palisade Parenchyma  

Epidermis Cuticle

Figure 7. Stomata cavity (a) and abscission zone in leaves (b) (Vega, 2003). 
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Beauty Seedless 15.5 15.0 > 19 17.5 - 18.9 16.0 - 17.4
Black Seedless 15.5 14.5 > 19 17.5 - 18.9 16.0 - 17.4
Christmas Rose 16.5 16.0 > 22 19.0 - 21.9 17.0 - 18.9
Crimson Seedless 16.5 15.5 > 19 17.5 - 18.9 16.0 - 17.4
Dawn Seedlees 16.0 15.5 > 19 17.5 - 18.9 16.0 - 17.4
Flame Seedless 16.0 15.0 > 20 18.0 - 19.9 17.0 - 17.9
Moscatel 17.0 16.5 > 19 17.5 - 18.9 16.0 - 17.4
Perlette 15.5 14.5 > 19 17.5 - 18.9 16.0 - 17.4
Red Seedless 14.5 14.0 > 19 17.5 - 18.9 16.0 - 17.4
Ribier 16.0 15.5 > 24 22.0 - 23.9 21.0 - 21.9
Ruby Seedless 16.0 15.0 >19 17.5 - 18.9 16.0 - 17.4
Sugraone 16.0 15.0 > 20 18.0 - 19.9 17.0 - 17.9
Thompson Seedless 16.5 15.5 >19 17.5 - 18.9 16.0 - 17.4
Red Globe 16.0 15.5 > 28 25.0 - 27.9 23.0 - 24.9

Varieties

Soluble Solids Requirements and Berry Diameter in Table Grapes

Soluble Solids 
Minimum Threshold Extra Large Large Medium

Berry Diameter (mm)
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Perlette 200 600
Sugraone 200 800
Ribier 300 900
Red Globe 400 1000

Minimum weight (g)   Maximum weight (g)Varieties

Seedless 4
With Seeds 2

Varieties %

White 100
Black 90
Red or Pink 80

Color %
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Extra Class I Class II

Quality Superior      Good   
Defects None.      Some russet, malformed,       Some malformed, russet
       colorless are permitted.      colorless, bruises, skin 
             deffects.
Berry Firm      Firm   
 Firmly attached.      Firmly attached.   
 Evenly spaced          Evenly attached but less       Evenly attached but less 

              near rachis than class I

 Flowering virtually intact,       Flowering virtually intact,       Presence of floral remains
 without floral remains and     without floral remains and       and lack of fruit set.
 good fruit set.      good fruit set.

 Extra class      300      200      150
 Class I    250      150      100
 Class II    150      100      75

   Categories        Grams      Grams     Grams
     per bunch       per bunch      per bunch

     Grapevine development            Growth in the open field
                               under glass/plastic cover      All varieties, except      Small berry varieties,     
        those charactized by      except those listed in
        small berries.      the appendix.
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Figure 12. The use of frost control 
equipment, also contributes to 
homogenize sprouting, VI Region, 
Chile (Soza, 2004). 

VI Región, Chile



21

Figure 13. The use of windbreakers 
in newly planted vineyards, III Region, 
Copiapo, Chile (Palma, 2004). 

III Región, Chile
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Northern Chile    Southern Chile

a b c

b c d

a
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Chile Chile

Argentina

a b

c

a b
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4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

Range of acidity Range of alkalinity

PHOSPHORUM

POTASIUM

SULPHUR

CALCUIM

MAGNESIUM

IRON

MANGANESE

BORON

COPPER & ZINC

MOLYBDENO
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  Dry  Org.  Total N  P2O5  K2O MgO Na2O  Density

  matter matter  In kg per 1000 kg organic matter    Kg/m3

 1 530 350  15,8   20   11  4,4  3,5    600

 10    158  200  110  44   35  

Chicken (dry)

Application (MT/ha)

  Dry  Org. Total N  P2O5  K2O        MgO Na2O   Density

                     matter matter  In kg per 1000 kg organic matter     Kg/m3

 1 215 140 5,5 3,8 3,5 1,5 1 900

 10   55 38 35 15 10  

Cow  (dry)

Application (MT/ha)
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Fruit tree weevil  
control Band

In situ compost  to favor 
new roots growth

Girdling

Incorporate
Compost or

manure

Incorporate chopped 
pruning debris or canes 

Primary roots and 
microorganisms 

Girdling

a

b

Seasons

Mulch
application

Yield
boxes/ha

b

a
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 % Sat. Soil Ext. (E.C) E.C Irrigation water       Neccesary leaching %
 0 <1,5 1 4
 10 2,5 1,7 7
 25 4,1 2,7 11
 50 6,7 4,5 19
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Eto = kp x Eb
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b
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Etm = Eto * kc

Before bud break 0.15 0.15
Bud break initation 0.20 0.20
Shoot 40cm 0.25 0.20
Shoot 80cm 0.30 0.20
Flowering initation 0.60 0.30
Berry, 6mm 0.80 0.60
Berry, 8mm  0.80
Berry, 10mm 0.90  
Close bunch 0.90 0.90
Veraison initation 0.95 0.90
Harvest initation 0.80 0.70
End export harvest 0.60 0.50
End internal market harvest 0.50 0.50
Leaf fall 0.15 0.15

Thompson seedless; Red Globe Flame, Superior y Dawn seedlessPhenological stage
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Phenological stages # irrigations Hydric contribution (mm) Hydric demand (m3/ha) % hydric demand
 Bud break/flowering 12 140,7 1.407,0 9,3
 Flowering-fruit set-veraison 41 524,7 5.427,0 34,8
Veraison-harvest 28 261,0 2.610,0 17,3
During harvest 8 90,0 900,0 6,0
Post harvest 34 490,0 4.900,0 32,5
 Total 123 1.506,4 15.064,0 100,0
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  Species
  Citrus

  Olive

  Apple and Pear 

  Peach

  Apricot 

  Cherry

  Walnut and Almond 

  Grape

  Kiwi 

 Critical periods 
 Flowering – fruit set.

 Pre-flowering to final fruit development. 

 Fruit set to just before harvest.

 Fast fruit development stage (Phases I and III).

 Fast fruit development stage (Phases I and III).

 Fast fruit development stage – just before harvest.

 Fruit growth and seed development stage. 

 Sprouting to flowering (fruit set); fruit veraison.

 Fruit set to just before maturation. 
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Month Without risk With increasing
risk

With severe 
risk

Salinity      
Electric Conductivity (EC) mmhos/cm 1.1 1.1 - 3.0 More than 3.0
Permeability      
Conductivity (EC) mmhos/cm More than 0.5 0.5 - 0.2 Less than 0.2
Adjusted SAR (Sodium absorption ratio) Less than 6.0 6.0 - 15.0 More than 15.0
Specific Ionic Toxicity      
Sodium; flood irrigation (meq Na/l) Less than 3.0 3.0 - 9.0 More than 9.0
Sodium; sprinkle irrigation (meq Na/l) Less than 3.0 More than 3.0  
Chlorine; flood irrigation (meq Na/l) Less than 5.0 5.0 - 10.0 More than 10.0
Chlorine; sprinkle irrigation (meq Na/l) Less than 3.0 More than 3.0  
Boron (B) mew/l Less than 0.3 0.3 - 2.0 More than 2.0
Other Defects      
Bicarbonates (CO H-)sprinkle irrigation (meq/l) Less than 1.5 1.5 - 8.5 More than 8.5
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 SAR INFILTRATION PROBLEMS
 0 - 5.0 Without problem
 5 - 10.0 Increasing problem
 15.0 Severe problem 

 SOIL TYPE     EC (dS/M) ESP(%)
 Normal    <2.0 <15.0
 Slightly saline   2.1 - 3.9 <15.0
 Saline    >4.0 <15.0
 Saline     <4.0 >15.0
 Saline sodic (saline-alkaline)   >4.0 >15.0

¿C.E.?

Temperature 

Moisture

Conductivity

E.C ?

a b
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a b

Stations

20
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a b c
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a b

c d

2.13 Phenology 

2.13.1 Root Growth in Grapevines 

   Preferably a deep root system.  
   Roots have two growth peaks: at flowering and at post-harvest.
   Root monitoring by rhyzotron is usually perform. 

Figure 29. Root system study with rhyzotron (a, b and c) (Ibacache (2001) cited in Libro 
Azul ,2002; Ruiz, 2001; Soza, 2004. Field visit, Chile). 

a b c
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b

a b

c d
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a b

c

a b
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Chisel plowing at 120 cm, Ica, Peru

a b

Figure 38. Installation of a drip irrigation system in Chile (a) and Argentina (b) 
(Ljubetic, 2003; Palma, 2003, Argentina). 

San Juan, Argentina

a b
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Ritchert 110 2 2 3 4 2*^/3
101-14 1 3 1 1 1*^/3
Ramsey 2 3 2 3 1*/4
Paulsen 1103 2 4*/1/2-3+ 3 3*/2 2*/3
Ruggeri 4 4*/1-2 4 4 1
SO 4 1 1-2 4 1*/2 2*/3
3309 1 1*/1-2 2 1 1/2
5BB Teleki 1 1 4 1*/2# 1
Vitis Vinifera 2 1 3/4 2 2

AcidityRootstocks Salinity DroughtCarbonates Waterlogging

Phylloxera

 Rootstocks  Resistant  Susceptible
 101-14 Mgt X  
 5BB X  
 3309C X  
 Freeedom X  
 Harmony X  
 1103 P X  
 SO4 X  
 St. George X X(3;6) 
 Ramsey X  
 1613 X X(5)
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Figure 39: Table grape rootstock in the 
grapevine nursery (Soza, 2004).

 Rootstock Margarodes Level Survival (%)
 Cabernet High 91.7
 Semillon Medium 66.7
 SO4 Medium 50.0
 St, George Very high 55.6
 Ramsey High 60.0
 1613 C Medium 65.0
 Teleki 5-A High 44.4
 Harmony Very high 33.3

Meloidogyne spp.

 Vitis vinifera MS/S MS/S
 3309 C S S
 Ruggeri 140 0 / S 0
 Ritcher 110 0 0
 Paulsen 1103 R/0 0
 101-14 R 0
 SO 4 R/MR MR
 Ramsey (Salt Creek) MR MR

Rootstock
Voor Groenberg S.A.

(Sud-africa, 2003)
Phylloxera & Grape Ind.
Board Australia (2002)

 Rootstock Nitrogen Phosphorous Potassium Lack Magnesium Lack Zinc
  absorption absorption resistance resisntance absorption

 Richter 99   Low Low
 Richter 110 Medium High High Medium Medium
 Ruggeri 140 Medium  High High
 SO4 Low  Medium to High Low
 St. George High High Low High
 101 - 140 Mgt Medium Low  Medium to Low Medium
 Schwarzmann Medium Medium  Low
 Kober 5 BB Medium Medium Medium Low Medium
 1103 Paulsen Medium High Low Very High Medium
 3309 Couderc Medium Low Low Medium to High Medium
 Teleki 5C Low Medium Medium to High Low Medium
 Freedom Very High High High Medium Low
 Harmony Low High High High Low
 Ramsey Very High High Low  Low

Souce: Ljubetic, D. 2007. Rootstock to table grapes. Presentation to Group of Chilean Advisors in Chile.
Rombolá et al. 2006. Nutritional Physiology in table grapes. Third international seminar in fertigation, organized by SQMC, Santiago, Chile.



45

Figure 41. Incompatibility between the rootstock and a commercial variety (nutgall 
type)(a, b and c) (Ljubetic, 2004). 

Figure 40. Rootstock effect - Harmony (a) upon Thompson Seedless variety, produces more 
vigor, and improve the leaf area, quality and yield, in contrast with grapevine plants franco 
produced from seed (b) (Palma, 2004). 

More vigorous

Rootstock Harmony (table grape orchad of similar age) 

Less vigorous

Rootstock from seed 
“franco” 

a c

b

ba
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(1) (Spanish system orchard)
Vertical growth                          
      

(2) Cutting back fruiting cane, 
depending on the variety

(3) Distribution of
mother branches                                        

(6) Weeds control

(5) Tying up

(4) (Spanish system 
orchard) establishing
4 arms

San Vicente de Tagua Tagua, Chile
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1st year
4 arms                        

   

2nd year
12 fruit bearing canes             

        

3rd year
16-18  fruit bearing 

canes

2nd year
12 fruit bearing canes        

2nd year
12 fruit bearing canes        

                                             
   

Displaced “H” pruning , Superior Seedless, 3.5*  2.0 m (medium) Chile

a b c

d e



48

Pendulous bunches Shoot of 30 cms. Clearing inter-rows for light 

a b c

End of 2nd year

Double T pruning or fish backbone (Chile)

2nd  year pruning
12 fruit bearing

3rd year pruning                                  

Simple T pruning, Thompson Seedless (Brazil)

ba c d

e f g h

i j k

3nd year sprouting

Shoots evolution
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Light penetration which enhances
Veraison and aeration

Veraison initiation  light at 
equilibrium

a b

c d
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(Meristem)
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High  flow
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Immersion

Directed nozzle
Electrostatic sprayer

a b

c
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Cytokins

What effects can you obtain with hormone foliar applications on berries?

Gibberelins Auxins

In larger degree In minor degree Probably no effect No information 
available

Promotes flower cluster thinning

Induces parthenocarpy

Promotes bunch compaction

Prevents the abs. of young berries and leaves

Promotes apical dominance

Increases berry size

Retards harvest maturity

Increases acidity

Retards fruit coloring

Increases berry weight

Increase escobajo

Promotes pedicel elongation

Promotes shattering

Promotes whitening

Promotes russet

Promotes cracking

Gibberelic Acid Auxins
(20 ppm)

(+) Calcium
(+) Adyuvants

Hormonal treatment
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1

2

3
a b

Figure 52. Symptoms of the so called “Spring Fever” resemble False potassium 
deficiency (a and b) (Ruiz, 2001). 

2.15 Physiological Disorders 

2.15.1 False Potassium Deficiency and Spring Fever

The symptoms resemble a potassium deficiency but it goes accompanied by high levels of polyamine 
putrescine (Ruíz, 2000). It shows up at the beginning of the growing cycle in the first leaves of the 
shoots only, causing a limited foliar growth and unproductive buds. Cold Springs, wet soils and K 
deficiency are indicated as causing this disorder (Figure 52). 

a b
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a b
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Brownish berries Crystalline berries                 Necrotic rachis

a b c

Figure 56. Low berry coloration 
problem in a colored variety, and 
a poor pruning of green plants 
or canopy, caused by a low 
luminosity in the vineyard (a). This 
problem is due to an uncontrolled 
excess vigor and a lack of berries 
and canes maturation (b) (Cariola, 
2004; Palma, 2003). 

a b

Figure 57. High vigor determines excessive shading as a consequence of a nutritional 
unbalance (a and b). The presence of a water nap triggers the unbalance problem (c) 
(Cariola, 2004; Palma, 2004).

High vigour                        High vigour                        Excess water

a b c
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After Potash 
fertilization Leaf- 
1.4% N; 1.2%

Botrytis cinerea
Due to K deficiency 

Leaf- 2.10% N;  
0.80% K                        

                        

a b

a b

a b
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a b c
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Leaf mesophile

Saccharose (S) + H+ + C
(diffuses with saccharose)

Phloem

ADP + Pi

ADP + H2O

(Ionic channel, proton bombs)

Phloem
membrane

(Energy: ATP and transporting
enzime: ATPase)

pH: 7,5-8,5
Saccharose: 100-1000 mM
K+: 50-150 mM

pH: 5,6-6,5
Saccharose: low
K+: bajo (5-10 mM)

H+

K+ K+

S

H+H+

ATPasaATPasa
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Sap flow in the phloem

2.5

2.0

1.5

1.0

0.5

0

High K

Low K

30 60 90 120 150 180
minutes

ml/plant

a b
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 1.53 4.48 100
 1.93 7.39 165
 2.53 12.32 275

Yield
(ton/ha)

Relative effect of K
on yield (%)

K  content in petioles
(% D.M.)

 0 23.8 100
 300 35.7 150
 600 45.2 190

Grape production (kg/plant) Relative effect of K
on yield (%)

K2O rates

a b
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Ca

X

Calcium is not
redistributed from
older to y uo nger
leaves or from
leaves to fruits
or seeds

Calcium uptake
follows the wate r
uptake and
distribution in
the plant

Calcio no es redistribuido
desde las hojas viejas a
las más jovenes o desde
las hojas hacia el fruto o
semillas.

La absorción del calcio
sigue la absorción del
agua y distribución en la
planta.

r

Calcium present in 
soil solution

Other cations present in
soil solution

Young roots or absorbing
hairs presence

Plant´s transpiration flux

Mg2
Na+

Ca+2
K+

NH4
+
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Ca

CaCa CaCa CaCa Ca

CaCa

Fungal Spore

Cytoplasm

Vacuole

Cuticle

Cell Wall
(Cellulose, lignin)

Middle lamella
(Ca - Pectate)

Phenolics

SiO2

Ca

2

1 3Cytoplasm

Vacuole

Botrytis frequency

Calcium contents in the berry skin (mg/g)
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70%
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PotassiumNitrogen Calcium

Maximum Absorption Longitude 
of Nutrients in Root Apex

Magnesium Phosphorus

mm of root apex

Apoplast:

Trough cell wall and 
intercellular spaces 

Symplast:

Through cytoplasm and intercellular 
spaces connected to plasmodesmata
Involves walls and then, 
plasmodesmata Slower movement, 
with energy expenditure
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Testigo (T0)T6

cba
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Main problems
during growth

Related with
Lack of

K             Ca
Plant performace Low yield X

Limited growth/vigor X
Small bunches/berry weight X
Lack of size and caliber X
(length + diameter)
Lack of color X
(in colored varieties)
Low Brix (Soluble solids) X X
Low vitamin C  X
Lack of acidity X
Berry rot  X
Berry threshing  X
Short post-harvest life X X
Soft fruit/limited peel hardness X X
Status in water X X
Diseases (Botrytis, Oidium) X X
Cold and frost resistance X
Salinity X X

External and internal quality
(taste)

Quality in storage

Tolerance resistance

Internode cross-section
Ph= Phloem   X = Xylem

B deficiency 
induces thinner

walls

Normal b content 
produces thicker

 walls

a

b

c
d
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 Nitrogen (N) 1.3 - 1.8
 Phosphorous (P) 0.3 - 0.4
 Potassium (K) 2.3 - 3.1
 Magnesium (Mg) 0.1 - 0.15
 Calcium (Ca) 0.2 - 0.35

Nutrients removed 
(Fruit)

kg/ton
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 Fruits 1.9 0.52 2.96  
  (0.23) (2.45)  
 Shoots 1.7 0.61 1.48  
  (0.27) (1.23)  
 Leaves 1.7 0.35 1.30  
  (0.15) (1.08)  
 Total 5.3 1.48 5.7 56 34
  (0.64) (4.8) (41.6) (20.6)

NTissues
Kg/ton

P2O5

(P)
K2O
(K)

CaO
(Ca)

MgO
(Mg)

0

50

100

150

200

250

1 2 3 4 5 6 7 8 9 10 11 12

N

P

K

Ca

Mg

S

Accumulated nutrient uptake (kg/ha per stage)

Growth stages

High and constant demand of K 

N y Ca show a parallel 
behavior
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R2= 0,9435
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N (%) P (%)
Macro elements distribution in different tissues (%)

 K (%) Ca (%) Mg (%)
VeraisonPhenology Veraison Veraison Harvest Harvest

Low accumulation of Ca and Mg in bunches

High accumulation of Ca and Mg in leaves

 Leaves 59.6 45.0 39.4 67.1 70.2

 Shoots 24.3 36.1 37.4 19.5 15.5

 Bunches 10.3 12.8 16.5 6.8 10.3

 Canes 5.8 6.2 6.7 6.6 3.9

 Tissues (**) 99,6 (**) 23,9 (**) 99,8 (**) 85,7 (**) 24,0 (**)

NKg/ha P2O5 K2O CaO MgO
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 I Bud break to flowering 45 52 45 40
 II Flowering to veraison 75 55 37 40
 III Veraison to harvest 60 56 44 50
 IV Harvest to end leaf fall  65 70 195 60
 V Dormancy to bud break 120 120-150 44 
  April to October pruning    170

Growth stages Spain Chile S. Africa

days
India

Phenological Stage Days
Nº

N P K Ca Mg
(kg / ha / day)

Bud break initiation - Flowering initiation 40 0.25 0.05 0.30 0.10 0.05

Full flowering 20 0.45 0.20 0.45 0.45 0.10

Fruit set - Veraison 60 0.60 0.15 0.75 0.40 0.10

Veraison - Initial Harvest 25 0.25 0.01 0.25 0.10 0.05

Harvest 20 < 0.10 < 0.01 < 0.15 < 0.01 < 0.05

Early Post Harvest 45 0.75 0.08 0.25 0.20 0.07

Senescence initiation - Leaf fall 30 < 0.10 < 0.01 < 0.01 <0.01 < 0.01

Total Season 240 95.0 19.0 86.5 48.5 15.4
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Phase I
%

Nutrient Phase II
%

Phase III
%

Phase IV
%

Need to
Aplied

Nitrogen 40 20 0-10 30-50 Rapid growth

Potassium 20 40 20 20 Fruit growth

Magnesium 30 40 Foliar 30 Continue

Calcium 40 30 Foliar 30 Continue(Pre flowering)

Boron 50 50   Fruit set

Leaf blade
(discard)

Break herePetiole
(sample)
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Nutrient
(element)

Interpretation
Deficient Low Normal High/Excessive

N Total % <0.7 0.7-0.89 0.9-1.2 > 1.2
N - Nitríco ppm < 600  600-1500 >1500-2500
P % 0.15-0.19 0.20-0.29 0.30-0.49 >0.4
K (with adequate N) % <0.79 0.80-1.29 1.3-3.0 >3.0
Ca % <1.0  1.0-2.5 
Mg %   >0.4
Na %    >0.5
Cl %    >1.0-1.5
Cu ppm < 3.0 3.0-6.0 >6
Fe ppm   >30
Zn ppm <15 15-25 >25
Mn ppm   25-500 >500
B ppm <25 25-30 30-70 >70-100

a b
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Deficient Low Normal High Excessive

N (%) <1.6 1.6 - 1.9 1.9 - 2.5 2.5 - 3.2 >3.2
P (%) <0.13 0.13 - 0.16 0.16 - 0.35 >0.40
K (%) <0.7 0.7 - 0.9 1.0 - 1.8 >1.8
Ca (%)  <1.8 1.8 - 3.5 >3.5
Mg (%) <0.22 0.22 - 0.25 0.25 - 0.5 >0.6
Fe (ppm) <40 40 - 60 60 - 250 >250
Mn (ppm) <20 20 - 30 30 - 250 >300
Zn (ppm) <18 18 - 28 28 - 150 >150
Cu (ppm) <3.5 4 - 5 5 - 20 >20
B (ppm) <15 16 - 25 30 - 80  >200
Na (%)     >0.3
Cl - (%)     >0.6

 N > 6% N Normal Nutrition
 P > 1.5% P Normal Nutrition
 K/Mg <1 K Deficiency
 K/Mg >10 Mg Deficiency
 K/Mg 2 -10 K and Mg Normal Nutrition
 B < 15 ppm B Deficiency 

Peciolar Analysis
Sample taken during

Berry maturity
(% Dry matter)

Observation
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Normal N Deficiency

a

b
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cb
a
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a b
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b

c
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a b
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a b c

ed

Normal

Boron 
deficiency 

produces bunch 
shattering   
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a

c

b
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a b
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b
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a b

c
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a b c d
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cba

homogeneus bud break when was 
applied Speedfol Amino Starter 

200cc/100 l water

Higest shine in adaxine with foliar application 
surface of leave was observed of Speedfol Amino 

Starter 200cc/100 l water

a

b

c

d



91



92

Urea

Volatilization

Hydrolysis

Absorption Desorption

Inabsorvente

Nitrification

Exchange complex

Water ascending
movement in the

soil (summer)
Lixiviation

Lixiviation

Nitrate
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Synergism Antagonism

Nitrogen Nitrogen

-Nitrate (NO3-) -Ammonium (NH4+)

NO3-
(Anion)

NH4-
(Cation)

Ca+, Mg++
K+ (Cation)Ca+, Mg++

K+ (Cation)

KNO3+NaNO3

15% N-Nitrate
14% Potassium

Urea - NH2

Nitrogen (kg/ha)
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1
2

3
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UltrasolTM

Product

NOTA: *At 20 °C.

   N P2O5 K2O S MgO CaO Chemical Properties
  % % % % % % pH E.C. 

Solubility (15° C)        1 g/l at 20 °C (mmhos/cms)

Initial  15 30 15 1  1   4,84 1,28 420

Development 18 6 18 8 2   5,02 1,47 619

Growth  25 10 10 1 1   5,03 1,45 546

Production 13 6 40       5,15 1,33 345

Multipurpose 18 18 18 1 1   4,91 1,27 467

Fruit or KS  9 47 5     6,16 1,37 319

Veraison  5 48 16      5,10 1,43 137

Post-harvest 13 13 36       4,87 1,25 363

Quality  15  18     15  5,33 1,13 262

SOP 52    52 18   4,5 1,54 70*

Magnum P44 18 44     1,8 1,51 960
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Nitrogenous Fertilizers
Ammonium Sulphate
Nitric Acid (54-59%)
Amonium Sulphate
Phosphatic Fertilizers
Mono Ammonium Phosphate (MAP)
Mono Potassium Phosphate (MKP)
Di Ammonium Phosphate (DAP)
Phosphoric Acid (85%)
Urea Phosphate 
Potassic Fertilizers
Potassium Nitrate Standard Crystallized
Potassium Nitrate Hydroponic Grade
Potassium Sulphate Crystallized
Potassium Chloride Standard
Fertilizers with Ca and Mg
Calcium Nitrate
Magnesium Calcium Nitrate CALMAG
Magnesium Nitrate
Magnesium Sulphate Anhydrous
Magnesium Sulphate Heptahydrate

33,0
12-13
21,0

12,0

18,0

18,0

13,5
13,6

15,5
13,5
11,5

61,0
52,0
46,0
61,0
44,0

34,0

45,0
46,3
50,0
60,0

0,1

22,0

0,3
0,2

2,0

18,0

26,0
13,0

   6,0
16,0
32,0
16,0

26,5
17,0
   1,0

47,0

5,5

5,5

4,9
4,5
4,1
3,1
2,7

8-10
8-10
7,1
5,6

6,5
5,4
6,0
5,7
4,0

1,6

2,1

0,8
  0,75

0,9
1,8
1,5

1,3
1,3
1,4
1,7

1,2
1,08
0,5
1,28
0,73

1877

754

400
230
686

620

335
335
148
360

1294
1418
701
437
700

59 A
26 A

110 A

65 A
Neutral

26 B
26 B

Neutral

20 B

105,0

69,0

34,2
8,4

24,0

73,6
73,6
46,1

52,5

60,0

Nutrients (%) Chemicals Property
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UltrasolTM Product  S Fe Cl B Zn Cu Mn Mo Solubility
  % % % % % % % % 1 g/l 20 °C
 Boris Acid    17
 Borax    11
 Copper Sulfate 
 Monohydrated      35
 Copper Sulfate 
 Pentahydrated      25   200
 Cu EDTA      13   
 Cu HEDTA      9   
 Poliflavonoids      6    
 Amonnium Molibdate         54
 Sodio Molibdate        39  
 Iron Sulfate  36       260
 Fe EDTA  13       
 Fe HEDTA  8       
 Fe EDDHA  6
 Fe EDDHMA  6     
 Fe DTPA  6 - 10       
 Fe Organics  8       
 Zinc Sulfate      35
 Monohydrated     
 Zinc Sulphate     23
 Heptahydrate         750
 Zn EDTA     6 -14    
 Zn NTA     13    
 Zn HEDTA     9    
 Zn Organics     8     
 Manganese Sulfate 
 Monohydrated       32  900
 Mn EDTA       9-15
 Mn Organics       7
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% p/p
Typical 
Metal 

Content

Manganese chelates (Mn)

Zinc Chelates (Zn)

 Copper Chelates (Cu)

Calcium Chelates (Ca)

Magnesium chelates (Mg)

Iron Chelates (Fe)

UltrasolTM Micro Rexene® FeM48     EDDHMA          6.5          micro-granular       0.6               S/H       Premium Products

UltrasolTM Micro Rexene® FeM35     EDDHMA          6.5          micro-granular       0.6               S/H       Standard and High Grades 

UltrasolTM Micro Rexene® FeQ48      EDDHA             6.0          micro-granular       0.6               S/H       Basic Grade

UltrasolTM Micro Rexene® FeQ40      EDDHA             6.0          micro-granular       0.6               S/H       Standard and High Grades

UltrasolTM Micro Rexene® FeQ15      EDDHA             7.0          micro-granular       0.6              S       Basic Grade

UltrasolTM Micro Rexene® FeD6        DTPA                6.1                 liquid                  0.2              H/F/S       Highly Concentrated Liquid

UltrasolTM Micro Rexene® FeD12      DTPA                11.6             crystals               0.4              H/F/S       Dry, pure version

UltrasolTM Micro Rexene® FeD3        DTPA                 3.1                 liquid               0.3               S/H       Basic Grade

UltrasolTM Micro Rexene® FeD7        DTPA                 6.9          micro-granular       0.7               S/H       Basic Grade

UltrasolTM Micro Rexene® FeH4,5      HEDTA              4.5                liquid               0.3               S        Broadacre Crops

UltrasolTM Micro Rexene® FeH13      HEDTA             12.8         micro-granular       0.3               S        Dry, pure version

UltrasolTM Micro Rexene® FeH9        HEDTA              9.0          micro-granular       0.6               S       Basic Grade

UltrasolTM Micro Rexene® FeH8        EDTA                 7.7                liquid                0.3              F/S       10% w/v liquid; for tankmixes

UltrasolTM Micro Rexene® FeE13       EDTA                13.3            crystals              0.2             S/F                             Versatile Iron Product

UltrasolTM Micro Rexene® FeE6         EDTA                 6.1               liquid                0.3             F/S                                Potassium Based

UltrasolTM Micro Rexene® Mn6         EDTA                 6.2                liquid                0.2              F/H          Highly Concentrated Liquid

UltrasolTM Micro Rexene® Mn13       EDTA                12.8        micro-granular        0.4              F/H        Dry, pure version

UltrasolTM Micro Rexene® Zn9          EDTA                 9.0                liquid                0.3              F/H/S         Highly Concentrated Liquid

UltrasolTM Micro Rexene® Zn15        EDTA                14.8        micro-granular        0.4              F/H/S        Dry, pure version

UltrasolTM Micro Rexene® Cu9          EDTA                 9.0               liquid                 0.3              F/H/S         Highly Concentrated Liquid

UltrasolTM Micro Rexene® Cu8          EDTA                 8.0               liquid                 0.3              F/H/S          Lipvid Form

UltrasolTM Micro Rexene® Cu15        EDTA                14.8         micro-granular       0.4              F/H/S          Dry, pure version

UltrasolTM Rexene® Ca3                                  EDTA                 3.1               liquid                 0.1                  F          Lipvid Form

UltrasolTM Rexene® Ca10                               EDTA                 9.7          micro-granular        0.4                  F         Dry, pure version

UltrasolTM Rexene® Mg3                          EDTA                 2.6                liquid                0.2                  F         Lipvid Form

UltrasolTM Rexene® Mg6                         EDTA                 6.2         micro-granular        0.4                  F         Dry, pure version

Chemical Formula Chelating 
Agent

Rexene® is a registered trade mark of Akzo Nobel Chemicals BV or one of its affiliated companies in one or more territories.

Physical
Form

EC
in

mS/cm
at 1 g/l

Most
Common

Applications
Remarks
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Volume 
control 
faucet

Tank A Tank B

Chile

Tank interconnections (*)Tank filters

ab



100

Padre Hurtado, Chilea b

c d
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Injection of soluble fertilizers (UltrasolTM) for fertigation
Grower: Orcar Prohens - III Region (Palma, 2004)

Copiapó, Chile

B Tank

Independent 
injection 

regulation
per each 

tank.
C Tank. 

microelements.

VI Región, Chile
Flow meter

A Tank

ba
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Mixer or mechanical agitator  

Venture faucet

c

b
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a b c

d

a cb
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Energy
generator

Filters

Mother solution tank 
liquid fertilizer  formulation

Fresno, California

Mother solution tanks

Injection pumps

Sellenbosh, South Africa

Tanks
Injection pump

a

b

d e

a b

e

f

dc
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Nutrient absorption efficiency according to irrigation type Unit N      P2O5 K2O

Furrow (traditional)         %       40 - 60     10 - 20 60 - 75

Sprinkler         %       60 - 70     15 - 25 70 - 80

Dripping         %       75 - 85      25 - 35 80 - 90
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N P2O5 K2O CaO MgO S

198 128 213 56 34 18

N P2O5 K2O CaO MgO S

30 25 20 30 30 30

40 20 40 40 30 10

20 45 20 30 40 50

10 10 20 0 0 10

100 100 100 100 100 100

N P2O5 K2O CaO MgO S

59 32 43 17 10 5

79 26 85 22 10 2

40 58 43 17 14 9

20 13 43 0 0 2

198 128 213 56 34 18

1. Total to be Applied

2. Phenological Phases

(see table 31, secction 4.4)

Post-harvest

Bud break, Flowering, Fruit initation

Fruit growing

Maturity and Harvesting

Total

3. Phenological Phases

Post-harvest

Bud break, Flowering, Fruit initation

Fruit growing

Maturity and Harvesting

Total

%

kg/ha

kg/ha

 TABLE GRAPE
 Note: 1 feddan = 0.44 has Nutrients (%) en kg/fd

 Period Product N P205 K2O CaO MgO S density kg/Fed Lts/Fed
 Bud Break Diamond I + 8 8 4 1 0,1 0 1,25 75 60
 To Bloom Topaz III + 8 0 0 9 4 0 1,41 89 63

  Tot. Nutrients/Period 13 6 3 9 4 0

 Bloom To Quartz II + 4,3 4,3 6,9 1 0,1  1,19 174 146
 Setting Topaz III + 8 0 0 9 4 0 1,41 56 39

  Tot. Nutrients/Period 12 7 12 7 2 0

 Setting To Quartz III 1,5 1,5 6,5  0 2 1,14 615 540
 Veraison Topaz III + 8 0 0 9 4 0 1,41 44 32
  Tot. Nutrients/Period 13 9 40 4 2 12

 Veraison To Quartz III 1,5 1,5 6,5  0 2 1,14 385 337
 Harvest Topaz III + 8 0 0 9 4 0 1,41 11 8

  Tot. Nutrients/Period 7 6 25 1 0 8

 Post Harvest Amber III 4,3 1,3 5,3 0 0 2 1,16 283 244
 To Fall Topaz III + 8 0 0 9 4 0 1,41 122 87

  Tot. Nutrients/Period 22 4 15 11 5 6

  Total (kg/fed) 66 32 95 31 13 26  1.854 1.556
  Total (kg/ha) 150,8 72 213,75 72 32,3 59
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 Nutrients (kg/ha)

 Stage                                                           Phenology Days N P2O5 K2O S MgO CaO

 1 (Sep 1)                                       Bud break - Flowering initation 45 25 8 16 3 7 23

 2 (Oct 16)                                       Flowering initation - Veraison 37 20 16 2  6 19

 3 (Nov 22)                                             Fruit set - Harvest 44 12 6 31 5 1 3

 4 (Jan 5)                                               Harvest - Prunig 195 59 20 39 6 4 15

 5 (Jul 19)                                          Post-pruning – Bud break 44 2 1 1 0 0 1

Subtotal                                                               365 118 38 103 16 18 61

 Phases Period of the phenological stage  N P2O5 K2O MgO CaO

 I+IV After pruning (Abr) to flowering initiation (Dic). kg/ha 102 42 68 26 18

 II Flower initiation to veraison (early Dic to early Feb). kg/ha 29 21 68 15 12

 III Veraison to end harvest (early Feb to early Mar). kg/ha 15 7 34 7 0

  Total kg/ha 146 70 169 48 30

      N P2O5 K2O MgO CaO

  Estimated yield (ton/ha)     40 kg/ha 146 71 169 49 29

           Nutrients (kg/ha)

 Soil Phenological stage  kg/ha N P2O5 K2O S MgO CaO

 Ultramix 14 - 16 - 22 - 3 - 4 Post-harvest 200 28 32 44 6 8 0

 Subtotal    28 32 44 6 8 0

 U. Development/ Phosphoric A./Calcium N. Bud break–Flowering–Fruit set  44 17 28 13 3 26

U. Multipurpose/Potassium N./ Calcium N. Fruit set – Fruit growing  69 41 82 2 2 26

 Standar U. Mixed/Calcium N. Maturity - Harvest  71 27 61 0 0 26

 Subtotal   184 85 171 15 5 78

 Total   212 117 215 21 13 78

Soil application relation: 45% N-Nitric; 55% N-Ammoniac
Fertigation application relation: 64% N-Nitric; 36% N-Ammoniac
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 Nutrients (kg/ha)

 Stage Product kg/ha N P2O5 K2O S MgO CaO

 Bud break (Oct) UltrasolTM Initial 25 4 8 4 0,3 0,3

 Growth (Nov)
 UltrasolTM Growth 50 9 3 9 4 1

  UltrasolTM Quality 150 23  27   23

 Growth (Dic) UltrasolTM Initial 50 8 15 8 1 1

  UltrasolTM Growth 25 6 3 3 0.3 0.3

 Growth (Jan) Calcium Nitrate 100 16     26

  Magnesium Sulphate Hept. 100   13 16

 Growth (Feb) UltrasolTM Growth 100 25 10 10 1 1

 Growth (Mar) UltrasolTM Post-Havest 100 13 13 36

 Subtotal  700 103 51 96 19 19 49

UltrasolTM Selection Superior Grade 
Use Observations

If soil has a low P-Olsen content
  (less than 10 ppm)

If soil has a medium P-Olsen content
 (10-20 ppm)

If soil has a medium to low potassium content
(less than 200 ppm of potassium)

If soil has an adequated phosphate 
and potassium content

If soil has a high levels  phosphate
and potassium, or scarce OM content 

Solution
g/l 

0,4 - 0,8

0,3 - 0,7

0,3 - 0,7

0,3 - 0,7

0,3 - 0,6

kg/ha

225

175

250

200

200

Recommended 
Products 

UltrasolTM Initial Superior 
Grade 

UltrasolTM Superior 
Grade Multipurpose  

UltrasolTM Superior 
Grade Post-Harvest

UltrasolTM Superior 
Grade Development

UltrasolTM Superior
Grade Growth

Period

Bud break 
to flowering
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UltrasolTM Selection Superior Grade 
Use Observations

Recommended to obtain an adequate calcium and 
potassium supply via soil, especially in soils with 
less than 15 Cmol (+)/kg or 15 meq/100 g of 

Calcium.

Recommended for the active potassium absorption 
stage and, in less degree, for phosphorus and 

nitrogen.

Solution
g/l kg/ha

200

225

Recommended 
Products 

UltrasolTM Quality

UltrasolTM Superior 
Grade Production

Period

Flowering to Berry 
10 mm

UltrasolTM Selection Superior Grade 
Use Observations

Recommended for the active potassium absorption
stage, in low potassium soil content and in soils 

with OM superior to 3%, with medium phosphorus. 

Solution
g/l kg/ha

100 - 200

Recommended 
Products

UltrasolTM Superior
Grade Fruit

Period

Veraison to
Harvest

UltrasolTM Selection Superior Grade 
Use Observations

Recommended for the active potassium absorption 
stage and, in less degree, for phosphorus and 

nitrogen.
 

Recommended for the active potassium absorption 
stage, in low potassium soil content and in soils with 
OM superior to 3%, with high phosphorus content.

Solution
g/l kg/ha

200

200 - 300

Recommended 
Products 

UltrasolTM Superior
Grade Production

UltrasolTM  Superior 
Grade Fruit

Period

Berry 10 mm
to Veraison 
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Period

Post - Harvest 
(immediately
after harvest)

UltrasolTM Selection Superior Grade 
Use Observations

If soil has a medium to low potassium
(less than 200 ppm of potassium)

For soils with medium phosphorus and potassium
contents.

Solution
g/l kg/ha

200

150 - 200

Recommended 
Products

UltrasolTM Superior
Grade Post

UltrasolTM Superior
Grade Multipurpose
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Total leaf area per vine (mmol)
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Total Nº of nodes per vine

420

400

380

360

340

320

300

75 100 125 150 175

N applied (g/plant)

Brunch Weigth
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12

11

10

9

8

75 100 125 150 175
N applied (g/plant)

Yield (kg/plant)

Y

0,12

0,11

0,1

0,09

0,08

0,07

0,06

0,05

0,04

1,69 g N/Planta

Sin N

Zinfandel Cab. Sauvignon

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

1,69 gr N/Plant

Without N

Zinfandel

Anthocyanins
(mg/cm of berry surface)

Y Cab. Sauvignon

Acidity (%) SST (%)Acidity (%) SST (%)

18

17

16

15

14

13

12

2

17.5

1.5

1.25

1

0.75

0.5
Control Urea 0.5% Urea 1% Urea 1.5%
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70
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40
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20

10

0
60 120 180

kg N/ha

% Incidence Botrytis

Y

450

400

350

300

250

200

1.8

1.7

1.6

1.5

1.4

1.3

0 91 183 274 365 457

Berry

Brunch

Bunch weight (g)

22

18

16

14

12

10

0.72

0.74

0.76

0.7

0.68

0.66

0.64

0.62

(kg/ha K20)910 183 274 365 457

SST

acidity (%)

Relation SST/acidity

Acidity (%)SST (%) and SST/Acidity relation

9

8

7

6

5

0 91 183 274 365 457

K (kg/ha)
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 Control Potassium 70 kg/ha

Berry weight (g)  2.03 2.1

Juice % 62.22 66.47

Reducing sugars % 13.37 14.42

TSS (%) 16.37 17.74

Acidity (%) 0.57 0.65

Berry stregth* 3.33 3.52

Concentration K (% de MS) 1.68 2.74

2.5

3.0

3.5

Disease severity 0 - 4

2.0

1.5

1.0

0.5

0

1 2 3

Control

KH2PO4

K2HPO4

Dorado

Penconazole

Benomil

Rating time

Yield (kg/vine)

KNO3  2 Applic. at 2%

9

10

11

12

8

KNO3  2 Applic. at 1%

Control

Colombard Carignane
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5

4

3

2

1

0

0.5

0.4

0.3

0.2

0.1

0

K << Ca Control K >> Ca

K (%)

Ca (%)

Berry

Ca & K (%) Mg (%)

K (%) Mg (%)K (%) in petioles Mg (%) in petioles

0

1

2

3

4

5

6

7

8

0 3 6 12
0

0.1

0.2

0.3

0.4

Botrytis Infection N (%) K (%) N/K Ratio

Severe 2.1 0.8 2.63

Minimal 1.4 1.2 1.17
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 Location       Variety            Date  Potassium (%) Putrescine (NMG)

       

 La Thompson December 0.93a 0.85a 895.8b 9.964,9a

 Granja Seedless 1991

 Ovalle Pedro  November 0.77b 0.47b 1.585,3b 10.450a

  Jimenez 1991 

  Placilla Thompson November 0.93a 0.83a 3.209,8b 21.148a

  Seedless 1991 

 Polonia Thompson December  0.96a 0.82a 1.219,2b 13.710 a

  Seedless 1991

Without Symptoms Without SymptomsWith Symptoms With Symptoms

0

2

4

6

8

10

12

37 43 58 71 85

Days after full blossom

K Content 
(mg/berry)

120 127

Acidity

35 ppm GA3

115 ppm GA3

175 ppm GA3
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0 1 2 3 4 5 6 7
0

5

10

15

20

Grape size (g)

Ca (mg/100g PF)

Concentration
of calcium in time

20
22
24
26
28
30
32
34
36
38
40

Stage 1
3/4 weeks

before flowering

Stage 2
End of flowering

Stage 3
Veraison (colored)

Stage 4
Harvest

Be
rr

y 
(m

g/
10

0g
)

33.26

25.79

1.84

2.58

3.81

Phenological Stage
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0.5

1
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 (%
)

Berry
Leaf
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0

5

10

15

20

25

6 12 18 24

Control

CN (1 %)

Days of storage

Berry´s weight loss (%)

Control

CN (0.75 %)

0

2

4

6

8

10

12

14

16

6 18 48

Berry’s fall at post harvest

Days of cold storage

2.9
3

3.1
3.2
3.3
3.4
3.5
3.6
3.7

Without Application 0.04 % CaY

Evaluation Scale
(1): Without dehydration
(2): Severe dehydration
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0

5

10

15

20

25

6 12 18 24

Control

CN (1 %)

Days of storage

Incidence of berry rot

Low temperatures

0
0.5 %

1 %
1.5 %

2 %
2.5 %

3 %
3.5 %

4 %
4.5 %

(100%U) (30%CN+70%U)

NC: Calcium Nitrate
U: Urea

(65%NC+35%U)

295

345

315
325

390

320

250

300

350

400

Control Early Stopit

Research report of Unifrutti 
Traders Company (Chile) and 
Univeridad de las Américas
1995/96, Chile

Early application of Stopit + GA3 obtained a 
better effect on berry´s firmness

Late Stopit

Harvest

60 days in cold  storage
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 90 Days T6 T7 T0
 (GA3 + Stopit + (GA3 + Stopit + (GA3 + Stopit)

 Auxym + Citowett) Kelpak + Citowett) 

Berry average size 28.18 mm 27.96 mm 26.68 mm

Berry weight 14.49 gr 14.51 gr 12.70 gr

Light color 86.94% 58.33% 32.64%

Russet Without difference Without difference Without difference

Botrytis Without difference Without difference Without difference

Shattering Without difference Without difference Without difference

Berry pressure 0.485 0.4625 0.4175

Whitish Without difference Without difference Without difference

Craking Without difference Without difference Without difference

Ss/ acidity ratio Without difference Without difference Without difference

Control (To)

Treatment T6

ControlY Early Stopit Late Stopit

Sligth Moderate Severe

0 0
5

33

55

70

10
20
30
40
50
60
70
80
90

Research report 
Phosyn/ U.C.Valparaiso 1995/96, Chile

Calcium content
(mg/berry)

Calcium content
(mg/berry)

Days after full flowerDays after full flower

0

0.1

0.2

0.3

0.4

0.5

0.6

37 43 58 71 85 120 127

Giberelic acid
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N P2O5 K2O Mg CaO S M.E.

60            

60   108        

124 42 301 15 41 33 All

104 42 252 15 41 27 All

Treatments

Control (Urea)

Urea+KCl1/

SQM-12/

SQM-12/

Nutrients (kg/ha)
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Treatment Date 800 (Ex) 610 (VG) 600 (AG) 310 (VM) 300(AM) Total

 Harvest Boxes % Boxes % Boxes % Boxes % Boxes % (Boxes/Treat.)

Sector 3 9-Feb 10 0,5 698 33,9 119 5,8 983 47,7 249 12,1 2.059

Urea + KCl

Sector 4 20-Feb 19 0,8 942 37,3 263 10,4 1041 41,2 259 10,3 2.524

SQM 1

Sector 5 21-Feb 9 0,4 722 29,1 217 8,7 1342 54 195 7,8 2.485

SQM 2

Sector 1 y 2 24-Feb 0 0 144 8,57 134 7,98 894 53,2 508 30,24 1.680

Only Urea

Bud break UltrasolTM Growth 120 60
To fruit set  UltrasolTM Production 80 80
   Calmag 100 100
To fruit set  UltrasolTM Fruit 330 200
Veraison Calmag 140 140
Veraison UltrasolTM Veraison 100 100
Post harvest UltrasolTM Post harvest 150 200
Total    1.020 880
Control      
100 kg/ha N Urea 220  
Total   220  
Control
60 kg/ha N Urea 170  
108 kg/ha K2O KCl 180
Total  350

Period Product
SQM1 SQM2

Quantity (kg/ha)

Sector
Treatment

Total
Export

Cost
Fert.

Profit
(US$)

Total income per size (US$)

800 (Ex) 610 (VG) 600 (AG) 310 (VM) 300 (AM)

Sector 3 101.2 5.179 717.57 4.870,8 720.86 11.590 64.8 11.525
Urea+KCl
Sector 4 192.28 6.990 1.585,9 5.158,2 749.81 14.676 501.3 14.174
SQM 1
Sector 5 91.08 5.357 1.308,5 6.649,6 564.53 13.971 438.4 13.533
SQM 2
Sector 1y2 0 1.068 808.02 4.429,8 1.470,7 7.777 38.3 7.739
Solo Urea
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Month Product Dose
kg/ha

# appl.
every 3 days

N
kg/ha

P2O5

kg/ha
K2O

kg/ha
MgO+ME

Normal Nov Urea 11 10 51   no
applied Dec/Jan Urea 11 10 51   no
by the Total   220 101   no
farmer
SQM Nov Urea 11 5 25   no
  U. Growth 20 5 25 10 10 yes
 Dec/Jan Urea 11 5 25   no
  U. Growth 20 5 25 10 10 yes
 Total   310 101 20 20 yes
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