Fertilisation, nutrient solutions and
calculations of recipes
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Fertilisation

" Basic feeding the crop

" Improve productivity

® Restore soil chemical properties
" Correct nutrient imbalances

" Feeding micro organisms
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Basics of fertilisation

Fertilisation = Fertiliser supply

Nutrient management = Supply of plant nutrients
to soil or substrate, taking into account
requirements of:

e Crop

® Soil / substrate

e Water quality

® Interactions between nutrients
Specific fertilizer effects

Impact on environment
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Fertilisers

Classification

" Organic
® manures (cattle, poultry, horses e.qg.)
e compost (shredded yard waste, city waste
e Industrial waste (Rice hulls, Straw, Soya )

" Inorganic
® Minerals (e.g. Potassium sulphate, Phosphorus)
e Synthetic ( e.g. Ammoniumnitrate, Urea )

® Lime stone
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Fertilisers

Classification (2)

" Insoluble (broadcasting), e.q.
e Calcium-ammoniumnitrate (CAN)
e Triplesuperphosphate, (TPS)
® Potassiumsulphate (SOP)

" Soluble (fertigation), e.q.

® Potassiumnitrate

e Calciumnitrate

e Monoammoniumphosphate
" (Liquid fertilisers)
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Fertilisers

classification (3)
" single salts
® Potassiumnitrate
® ammoniumnitrate
" compound fertilisers
e / + 14 + 28 (Kristalon)
® e.g. (Peters, Plantprod....
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Fertiliser application in practice
Thiscourse

\ Fertigation Base
dressing

Base dressing +
T Fegtigation

Fertigation

Nutrient solutions
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International standard

N P K ratios  weight %
"N =N

" P = P,0;

" K =K,0

®Ca=CaOo
" Mg = MgO
"S =50,
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Fertilisers in Hydroponics

Calciumnitrate Ca(NO5),)
Ammoniumnitrate NH,NO;

Potassiumnitrate KNO,
Potassiumsulphate K,SO,

Monopotassiumphosphate KH,PO,

Monoammoniumphosphate NH,H2PO,

Magnesiumnitrate Mg(NO;),
Magnesiumsulphate MgSoO,

Acids

Nitric acid HNO,
Phosphoric acid H5PO,
Sulfuric acid H,SO,




Basic chemical notions and terminology

" Concentration:
e Solids dissolved in water
e Quantity per liter
e mg/l
e mmol/l
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" The mole is a unit in chemistry to express amounts of
a chemical substance

" defined as the amount of any substance that contains as
many elementary entities as there are atoms in 12
grams of pure carbon C.

" This corresponds to "Avogadro constant” which has a
value of 6.02>=10223 elementary entities of the
substance.

" Tt is one of the base units in the International System of
Units, and has the unit symbol mol.[1]
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example

L

CoUILISYLTLqHIL 121123y}
Cr13215W2LFE9¢32 ffff&‘l\‘#'
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" From mole to weight = multiply by molecular weight

® 1 molN = 14 gram

e 5 mol NaCl = 5%(23+35.5) = 292.5

" From weight to mole = divide by molecular weight
e 50 gram K = 50/39.1 = 1.28 mol

e 101.1 gram KNO5; = 1 mol
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And more details

g -mg = 1/1000
mg — pg =1/1000

mol - mmol =1/1000
mol - umol =1 1/1000

1 mol substance + 1 liter liquid
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1 mmol/l K

1 mmol KNO5; 1 liter water 1 mmol/l NO,

1 mmol K;SO, — 2mmolK + 1 mmol SO,
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One more thing: the milli-equivalent

Example of lon balance

. I1F : meol| |meot|
1 mmole K+ = 1 me (milli-equivale ---
TG

B
R =

® ] mmole Ca2* = 2 me N

® ] mmol AI?** = 3 me

" Sum of cations and anions (me) should be equal
® Rule of thumb: total sum cations or anions / 10 = EC

WAGENINGEN
For quality of life




Ways of expression

Quantity:

e kg K hat
e (mol K hal)

Example:
e 500 kg K ha'!
e (603 kg K,0)
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Ways of expression

Quantity: Concentration:

e kg K hat e mmol K |1

e (mol K ha?t) e mg K |1

Example: Example:

® 500 kg K ha™ e 6 mmol I-1

e (603 kg K,0) e 235mgI-1
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Ways of expression

Quantity: Concentration:

e kg K hat e mmol K |1

e (mol K ha?t) e mg K |1

Example: Example:

® 500 kg K ha™ e 6 mmol I-1

e (603 kg K,0) e 235mgI-1
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Fertilisation in greenhouse crops

1. Concentrations
e Supply (fertigation) and Root environment
e EC, Nutrients mg/l or mmol/l
2. Nutrient ratio’s
eN:P:K:Ca:Mg:S
efFe:Mn:Zn:B: Cu
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Crop requirement

" Genetically determined
" Cultivar differences

" Total
" Distribution over growing period
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Fertiliser application

Quantity of available K in greenhouse crops

Greenhoyse Rockwool NFT
Substrate volume | m® Z(())I(; 15 2
Concentration)** mmol I 4 8 8
Crop demand )* kg ha™* 1750 1750 1750
Directly available kg ha™ 600 40 6
% of demand % 34 2 <1

)" Year round tomato crop; yield 50 kg m*

)" In 1: 2 Volume extract




Example of crop differences

Distribution of K, Ca and Mg in the plant, in % of
the total uptake

Cucumber

% of total
% of total ’

80 80
70 70
60 60
50 50 -
40 40
30 30
20 20
10 10
0 0

Leaves fruits

EDry matter “K mCa @Mg EDry matter mK mCa mMg
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Example of crop stage effects

K uptake by tomato during growth

K, uptake with tomato




types of growing media

Yol

e natural soil: clay, sand, peat

e “artificial” : raised beds, lay-on

" Soilless
® substrate (rockwool, pumice, perlite, peat)
e hydroponic (water culture)
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" large volume
e 150 — 250 |/m2
e water content, contact with ground water
® organic matter

" Fertilisation based on the soil properties

e phosphate buffer
e K buffer / fixation
e pH liming
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Substrate

® Restricted Root Volume
@ 10 - 151 m=2

® 2 - 5 9% of total demand

Adequate water and nutrient supply !
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Fertilisation in Soilless culture

" Nutrient solution

" Water quality

" Substrate

" Irrigation method

" Crop / growing stage
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Nutrient solutions

" Macro elements

® N (NO; and NH,)

e K, Ca, Mg

S (SO,, P (H,PO,)
" Micro elements

® Fe, Mn, Zn

B

e Cu, Mo
" Other

® Si
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What is the correct nutrient solution
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basic solutions

Basic composition

Crop specific

Adjustments

Water quality
System
Substrate
Crop stage
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Example Cations

K* Potassium
Ca** Calcium
Mg** Magnhesium
Na* Sodium

NH,* Ammonium
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What to do, iIf you want to change one
cation In the nutrient solution?
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Nutrient Solution | |

Standard

Cations,
positive charge




Nutrient Solution
example

Standard

EC

-
U1

N: NH4+
K: K+

Ca: Cat+
Mg: Mg++

(On] N

N
o1

H M

N: NO3-
S: SO4--
P: H2PO4-

Anions,
negative charge

R R[5

Sum cation
Sum anion!

K:Ca




Nutrient Solution
example

Standard

EC

-
O

N: NH4+
K: K+
Ca: Cat+
Mg: Mg++

Catio
P

Add equal
amount NO,

(On] N

N
o1

=] -

N: NO3-
S: SO4--
P: H2PO4-

Sumication 2 EC Increases
Sum anion: to 1.6

K:Ca

R R[5




Nutrient Solution

example
2
©
©
S
N
EC mS/cm| 1.5
N: NH4+ |mmol/l|] 1
K: K+ ) 5
Ca: Cat+ 2.5
Mg: Mg++ ! 1
N: NO3- 10
S: SO4-- 1
P: H2PO4- 1
Sum cation mel/l 13
Sum aniony " 13
K:Ca 2




Nutrient Solution | |

| Standard

How to
Increase K by
25907

Catior YOU cannot
pconly add K*

Keep K:Ca constant

K Increase <2590
Some Increase Ca,
Mg, NH,




Nutrient Solution

example .
g Nutrient
O solution Is made
Z up from the
EC mS/icm| 1.5 following
components:
N: NH4+ [mmol/l] 1
CK:;KgaH i 255 fertilisers
Mg Mg++ T A NH4NO3
Ca(NO3)2
N: NO3- 10
S: SO4-- 1
P: H2PO4- 1
MgSO4
Sum cation me/l 13 KH2PO4
lony{ " 1
Sum anion 3 KNO3
K:Ca 2 K2S04




Fertiliser application in practice




Calculation of a fertilizer recipe

Fertiliser recipe 03-sep-15

Name

Water source well water

EC irrigation
quantity (1)
Concentration (times)

A Tank
Calciumnitrate 5[Ca(NO3)2)]. NH4NO3 crystaline 95.1 kg

=100

M Field crops

= Cucumber Iron chelate (6%) FeDTPA  powder 999  gram
Lettuce [ ] I

Potassiumnitrate kg
mRose ] I

calciumchloride 556 kg

B Tank
Potassiumnitrate crystaline 0. kg

0
Vogresimsuphate  wsot  apmne 517 kg
Pomssiumsuprate kg

Relative quantity N

[ ]
Monopotassiumphosphate  k+2Po4  cysaine 204 kg

Manganesesulphate MnSO.H;0 crystaline 165.6  gram
Zinsuphate 1351 gram
WAGENINGE N N3 oyaine 259 gram
o or i Coppersuiphate : oysaine 19 gram
For quality of life L
Sodium-molybdate Na,Mo 0,+2H,0




Nutrient solution calcualtion

" Step by step
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Step 1 Setting up table with the n.s. to be calculated

From nutrient solution to Sum Sum
cations anions NH,

20.00 20.00 20 96 29 13 141 2.1 1.7 0.0

me/I me/| mmoll/I




Step 1a choice of Ca - fertilizer

From nutrient solution to Sum Sum

cations anions NH,

20.00 20.00 1.0
me/I me/|

la Fill in as much
Ca(NO;), as
needed for Cazt

1.5 14.5 2.0

mmoll/I

1.5

0.0




Step 1b Supplement NH, with NH,NO,

From nutrient solution to Sum Sum
fertilise recipe cations anions NH, K Mg NO. SO, H,PO, CI

20.00 20.00 1.0 1.5 145 2.0 1.5 0.0

me/I me/| mmol/Il

Ca(NO;), 3 6
NH,NO, 1 1




Step 1c Add phosphate fertilizer

From nutrient solution to Sum Sum
fertilise recipe cations anions NH, K Ca

Mg NO,

SO, H,PO,

Cl

20.00 20.00 1.0 10 3

me/I me/|

1.5 145 2.0 1.5

mmoll/I

0.0

Ca(NO5), 3
NH,NO; 1
Phosphate source KH,PO, 1.5

6
1




Step 1d Add magnesium fertiliser

From nutrient solution to Sum Sum
fertilise recipe cations anions NH, K Mg NO,; SO, H,PO, CI

20.00 20.00 1.0 1.5 145 2.0 1.5 0.0

me/I me/| mmoll/I

Ca(NO;), 3 6
NH,NO, 1 1
KH,PO, 1.5

Choose Mg source MgSO, 1.5




Step le Sulphate fertiliser

From nutrient solution to Sum
fertilise recipe cations

Sum
anions K Ca

Mg NO,

SO, H,PO,

Cl

20.00

me/I

20.00 1.0 10 3

me/|

1.5 145 2.0 1.5

mmoll/I

0.0

Ca(NO5),

NH,NO,
KH,PO,
MgSO,

Choose remaining
SO, as K,SO, K,SO,

3

1

6
1




Step 1f Complete the balance with K and NO3 fertiliser

From nutrient solution to Sum Sum
fertilise recipe cations anions NH, K Ca Mg NO. SO, H,PO, CI

20.00 20.00 1.0 10 3 1.5 145 2.0 1.5 0.0

me/I me/| mmoll/I

Ca(NO;), 3 6
NH,NO, 1 1
KH,PO,

MgSO,
K,SO,

remaining K and
NO; as KNO; KNO,




Step 1

Check result

From nutrient solution to Sum Sum
fertilise recipe cations anions

Mg NO. SO, H,PO, ClI

20.00 20.00

me/| me/|

1.5 145 2.0 1.5 0.0

mmoll/I

1f

Ca(NO,), 3

Finally remaj#ing
K and NO; 3¥

KNO,

NH,NO,
KH,PO,
MgSO,

K,SO,

KNO,
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From nutrient solution to fertilise recipe

Sum Sum
cations anions NH, K Ca Mg NO, SO, H,PO, CI

20.00 20.00 1.0 3 1.5 145 2.0 1.5 0.0

me/| me/| mmoll/I

ca(NO;), 3 6
NH,NO, 1 1
KH,PO, 1.5
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From nutrient solution to fertilise recipe

Sum Sum
cations anions NH, K

20.00 20.00 1.0

me/| me/|

Ca(NO;), 3
NH,NO, 1
KH,PO, 1.5

VIinS ()
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From nutrient solution to fertilise recipe

Sum Sum
cations anions NH,

20.00 20.00 1.0 10

me/| me/|




Sum

Sum  anion H.PO
cations s NH, K Ca Mg NO,SO, 2 _ CI
20.00 20.00 1.0 10 3 1.51452.0 1.5 0.0
me/| me/| mmoll/I
Ca(NO;5), 3

3 6
NH,NO, 1
KH,PO, . :

MgSO,

K,SO,
KNO,

20.00

Tank A
Ca(NO,),

NH,NO;
KNO3

Tank B
KNO3
KH2PO4
K2504

MgS04
WAGENINGE N R}
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Example
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Tomato

well water
2.6

1000

100




Specials situations

Calciumnitrate Ca(NO;),

Specific for Yara product

Ca(NOs3),

5[Ca(NO,), .2H,0] . NH,NO,

Or

1 mol=5molCa 11 mol NO; 1 mol NH,
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Details

Sum
Sum anion

cations

5[Ca(NO5),].NH,NO,

Using YARA
Calciumnitrate

fertiliser

NH,NO,

me/| me/|

NH4 K
z.u 10
0.6
0.4

mmol/I
0.6
0.4

Ca
3
3

PO

H
s NH, K Ca Mg NO,SO, 2, cl
20.00 20.00 1.0 10 3

1.514.52.0 1.5 0.0
mmoll/I|

Mg NO3 SO4 P Cl
1.5 145 2.0 1.5 0.0
6.6
0.4




Using MAP instead of MKP

Step 1c Add phosphate fertilizer

From nutrient solution to Sum Sum
fertilise recipe cations anions NH, Mg NO, SO, H,PO, CI

20.00 20.00 1.0 1.5 145 2.0 1.5 0.0
me/I| me/I| mmoll/I

1c Ca(NO,), 3 6
NH,NO, 1 1

Phosphate source KH,PO, 1.5

Step 1c Add phosphate fertilizer

From nutrient solution to Sum Sum
fertilise recipe ations anions Mg NO; SO, H,PO, CI

1.5 145 2.0 1.5 0.0

mmoll/I

6
1

Phosphate source

WAGENINGEN[[LA
For quality of life




Using MAP instead of MKP

Step 1c Add phosphate fertilizer

From nutrient solution to Sum Sum
fertilise recipe cations anions NH, Mg NO, SO, H,PO, CI

20.00 20.00 1.0 1.5 145 2.0 1.5 0.0
me/I| me/I| mmoll/I

1c Ca(NO,), 3 6
NH,NO, 1 1

Phosphate source KH,PO, 1.5

Step 1c Add phosphate fertilizer

From nutrient solution to Sum Sum
fertilise recipe cations anions Ca Mg NO; SO, H,PO, CI

20.00 20.00 : 3 1.5 145 2.0 1.5 0.0

me/I me/I mmoll/I

Ca(NO,), 3 6
NH,NO, 1
Phosphate source 1.0

0.5




Alternative all SO, as MgSO,

all SO4 as MgS0O4

fertiliser
5[Ca(NO3)2].NH4NO3
NH4H2PO4

KH2PO4
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Introduction of CI-

Introduction of ClI
fertiliser
5[Ca(NO3)2].NH4NO3
NH4NO3
KH2PO4
MgS0O4

K2504
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Using CaCl, instead of KCL of CI-

Introduction of CI
fertiliser
5[Ca(NO3)2].NH4NO3

NH4NO3

KH2PO4
MgSO04
K2S04

KNO3
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How to calculate the micro elements ?

Direct conversion from umol/l to weight g/m3

For quality of life




Example

60/0 & KZO Fe'DTPA bowder

How to calculate the “molecular weight”

6%Fe  |=6g/100g | |
. =60g/1000g | |
immol | |  93mg
ipmol | | 935y
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Example

Atomic weight
Fe
= 6g/100g
=60g/1000 g
=1/1.0%—

umol/I
15 =15*934 14025 g/l
8 for 1 m3 200 * conc
4 2805 ¢
20

0.5




Other micro elements

umol/I mol. weight  pg/I 1 m3 200 * conc

15 Fe-DTPA 6%
8 MnSO,,
4 ZnS0O,
20 Na,B,0,
0.75 CuSO,

0.5 Na,MoO,
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Final result
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Tomato

well water
2.6
1000

100




Example calculation tools

" WUR
® Tncrocci

Input

Adjust window to
your manitor

1) Insert ion composition of irrigation water (mM for macronutrients and uM for micronutrients)

millimolesiL

Electro-chemical neuIralI test -
Water nall evaluation -

2) Fertigation device parameters ]
Dilution ratio of stock nutrient selutions

Velume of stock nutrient salution tanks (L)

3)select recipe [
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Questions or
remarks ?
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