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1. Introduction

2. Factors that affect nutrient solutions
e Water quality
* pH
Electrical conductivity (EC)
Dissolved oxygen (temperature)
Crop requirements by growth stage
Water alkalinity (hardness)

3. Preparing nutrient solutions
4. Monitoring nutrient solutions
5. Organic fertilizers and agquaponics
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Water + Fertilizers = Nutrient solution

A great nutritional program begins with good water
quality.
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ne purpose of the nutritional
program Is to:

v'Provide all essential ‘ s /
elements.

./ |

v'Provide the necessary =l
quantity for the optimum i (1
plant development.
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v'Promote nutrient availability
and absorption.

- pH management
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Comfort zones

e Chill weather

* Nice view

* Cozy

 Warm cup of
coffee

PLANTS ALSO HAVE
COMFORT ZONES!
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Keeping plants in their comfort

0one

1. Provide adequate amounts of essential nutrients
* Prepare nutrient solution
 Electrical conductivity (EC)

2. Monitor and adjust the pH of the nutrient

solution
e Affects availability and absorption of nutrients

3. Manage the water temperature and dissolved

oxygen
4. Adequate lighting
5. Airflow

BJ Extension 6

University of Missouri



Air flow and water absorption
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This Photo by Unknown Author is licensed under CC BY-NC-ND
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Air flow and water absorption
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https://theplanetmagazine.net/a-vertical-horizon-586ff6f67e98
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1. Introduction

2. Factors that affect nutrient solutions
Water quality

pPH

Electrical conductivity (EC)

Dissolved oxygen (temperature)

Crop requirements by growth stage
Water alkalinity (hardness)

3. Preparing nutrient solutions
4. Monitoring nutrient solutions
5. Organic fertilizers and agquaponics
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@ EXtenSion - Dissolved oxygen

Factors that affect the nutrient
SOlUthﬂ b Plant’s comfort zone!

&
@ T

RESERVOIR CONTAINING
NUTRIENT SOLUTICN

7 -8
L
IR STORE AQUATIC AIR PUMP
AR TUBE

- Water quality

- pH

- Electrical conductivity (EC)

- Nutrient requirements (for each crop and growth stage)
- Water alkalinity

University of Missouri



EMW-400 : Water Irrigation Suitability

Components Results Target Ranges Acceptable
mg/L meq (mgl/L) (mg/L)
\/\ MAJOR CATIONS
Potassium K 3.73 0.10 <100
p— Calcium Ca 11.22 0.56 25-75 <150
Magnesium Mg 3.23 0.27 10-30 <50
Sodium Na 40.54 1.76 0-20 <50
MAJOR ANIONS
Phosphate PO4 0.71 0.02 <90
Sulfate S04 18.97 0.39 0-120 <240
Chloride Cl 41.00 1.14 0-20 <140
HCO3 Alkalinity HCO3 45.87 0.75
CO3 Alkalinity CO3 0.00 ND
Ammonium NitrogenNH4-N ND <10
Nitrate Nitrogen NO3-N ND <75
pH pH 7.10 550-7 4-10
Soluble Salts EC 0.26 0.20-0.80 0-1.5
Total Alkalinity CaCo03 37.60 40 - 160 0-400
Iron Fe 0.16 <1 <4
Manganese Mn 0.01 <1 <2
Boron B 0.04 <0.10 <0.5
Copper Cu 0.06 <0.10 <0.2
Zinc Zn 0.05 <0.50 <1
E Molybdenum Mo 0.02 <0.10 <0.2

Uniove Aluminum Al 0.16
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What is pH?

* Represented by a scale that ranges from 1 to 14.

* |Is a measure of the concentration of hydrogen ions
(H+).

* At pH 7 the solution is said to be neutral, below 7 it
becomes more acidic and above 7 it becomes basic.
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Why is pH important”? pm

* Solubility (availability) of

nutrients.

Plant health (specificity):
Excessive -2 toxicity
Insuficiency > deficiency

BJ Extension
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Optimum pH

pH ranges

Recommended nutrient solution

54 | 5.6 | 5.8 | 6.0

6.2

6.4

BJ Extension
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Electrical conductivity
(EC)
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What is Electrical Conductivity
(EC)?

e ECis used to measure a solution’s ability to conduct
electricity.

* A solution with high salt concentration will conduct
more electricity. (Remember salts exist as ions in
water).

More dissolved nutrients=More electricity flow!
=Higher EC
TOO MUCH CAN BE TOXIC TO PLANTS

(EC units: 1 mS/cm = 1000 pS/cm = 1dS/m=1
mmhos/cm = 1000 umhos/cm)

BJ Extension

University of Missouri



Why is EC important?

e EC used as an indicator of the total salt
concentration in solution. It doesn’t provide
information of which salts.

* lons that contribute to EC:
<+ In water: Ca**, Mg*, SO,’, Na*, Cl, HCO,- >
* In fertilizers: NO;, NH,*, PO,, K*, Ca**, Mg**, SO,, CI

BJ Extension

University of Missouri



Problem lons

ppm (mg/L)

Sodium (Na*) <50
Chlorine (CI") <70
Sulfates (SO4) <90
Boron (B) <0.5
Fluor (F) <1.0
Calcium (Ca**) <150
Magnesium (Mg**) <75
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Directions for Use
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More is not better

t SS

| Toxicity

Adequate
Deficiency

Yield

Nutrient concentration/EC
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Effect of pH and EC on hydroponic

pH EC
140 140
24% No Difference
120 Difference 120 . e
e 100 £ 100
o5 TR
o g 380 O o 80
3 9 s 9
% w 60 < < 60
Q- o X
L 40 ™ 40
20 — 20 —
0o —— — 0o ——
m54 ®6.0 mil4 m1.8
pH EC (mS/cm)

(Adapted from Hansen et al., 2009; n=112)
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Dissolved oxygen
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Dissolved oxygen

* Oxygen (O,): Necessary
respiration for root growth
and nutrient uptake.

* Low O2: inhibits growth,
increases ethylene
production.

e Optimum level for
hydroponics = 6 ppm

BJ Extension

University of Missouri



emperature affects how much
oxygen is held by water

|—

I Temperature=, oxygen solubility

Temperature-Oxygen Solubility Relationship
Temperature (°C)| Oxygen Solubility (mg/L)
0 14.6
5 12.8
10 11.3
15 10.2
20 9.2
25 8.6
100 0

The solution temperature can affect plant health
directly and indirectly.

BJ Extension

University of Missouri



Crop nutrient
requirements
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Specific crop and growth stage
requirements

* Given as part per million (ppm), %, or milligrams
per liter (mg/L).

1 ppm: 1/1,000,000
Liquids: 1 mg/L (1milligram in 1 liter)
Solids: 1 mg/kg (1 milligram in 1 kilogram)
1%: 1/100 = 10,000 ppm

* Recommendations for hydroponic nutrient
solutions given as ppm of elements

BJ Extension

University of Missouri
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Requirements by crop and growth
stage (ppm N)

e —————————————————————————
Buttercrunch/Boston Bibb 125 150
Romaine, Red and Green leaf 125 150
Basil 125 175
Culinary Herbs 125 150
Cole Crops 125 175
Garlic and Scallions 125 150
Tomatoes 125 200
Peppers 125 150
Cucumber 125 175
Heavy Feeders
cabbage, kale, spinach, Swiss chard, mustard 125 175 - 200

greens, mizuna, escarole

Light Feeder Lettuce | | 195 125 - 150
. arugula, watercress, spring mix

University of Missouri



Fertilizer recipe: Lettuce

16-4-17 5-11-26+ 9-7-37+ CaNOs + Sonneveld’s
MgSO. Solution
(3 bag)

Nitrogen (ppm)
Phosphorus (ppm) 16 39 12

Potassium (ppm) 132 162 122
[Calcium (ppm) 139 133
Magnesium (ppm) 14 47 42
Iron (ppm) 2.1 2.3 2.0
Manganese(ppm) 0.47 0.38 0.75
Zinc (ppm) 0.49 0.11 0.75
Boron (ppm) 0.21 0.38 0.36
Copper (ppm) 0.13 0.11 0.20

@ Molybdenum (ppm) 0.08 0.08 0.04



Vine crop requirements

Tomato , Cucumber
125-225 160-210

NH4 (% Total N) 5-10 7-14

P 40-60 40-60

K 200-350 325-370
Ca 120-180 190-210

S 40-140 120-140
Mg 30-60 60-75

Fe 3-7 1-2

K/N Proportion 1:1to01.7:1 1.8:1t02.1:1
EC 1.5-3.5 1.5-3.0

BJ Extension

University of Missouri

Courtesy: Richard McAvoy, Univ. of Connecticut




Tomato nutrient requirement by growth stage

T

Vegetative stage 1:1
(before first flower)

1st to 4th cluster 1.5:1
Ripe fruit 1.7:1

To promote vegetative growth in any stage by increasing the
amount of ammonium nitrogen (NH,).

Courtesy: Richard McAvoy Univ. of Connecticut

BJ Extension
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Alkalinity
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What is alkalinity?

 Alkalinity is a measure of the acid neutralizing
capacity of water.
* Bicarbonates (HCO;'): Ca, Mg, Na
* Carbonates (CO,7): Ca, Mg, Na

* lons: hydroxides, phosphates, silicates, sulfides, and
borates

* Think of it as “dissolved limestone”

* High alkalinity=higher amounts of acid needed to
change the pH.

* Low alkalinity=pH changes constantly and you need
to monitor and adjust pH constantly

BJ Extension

University of Missouri



How to measure alkalinity

* Equivalents of calcium
carbonate (CaCO; ppm):
* Imeq/L=50mg/L(ppm)=61mg
/LHCO;
* It is measured through
titration.

e [t can’t be determined
directly with a pH meter

BJ Extension

University of Missouri
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2. Factors that affect nutrient solutions
* Water quality
 pH
Electrical conductivity (EC)
Dissolved oxygen (temperature)
Crop requirements by growth stage
Water alkalinity (hardness)

3. Preparing nutrient solutions
4. Monitoring nutrient solutions
5. Organic fertilizers and agquaponics
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Excel

PO, %
K,0 %

1-5-

Multi Purpose

(For Continuous Liquid Feed Programs)

Guaranteed Analysis

Total nitrogen (N) ........ooiiiiiiiiiiiiiian.

7.3% ammaoniacal nitrogen
12.6% nitrate nitrogen
1.1% wrea nitrogen

Awailable Phosphate (P20s). . ....ooovviiiion..
Soluble potash (K20) ...t

Boron (B) ... ... ............

Copper (CU) oo i iaa i iaiins

0.0262% water soluble copper (Cu)

Iron (FE) L. e

0.1050% chelated iran (Fe)

Manganese (Mn) ...

0.0525% water soluble manganese (Mn)

Molybdenum (Mo). .. ...
o 1)

0.0525% water soluble zinc (Zn)

________________________ 21%

...................... 0.0525%

...................... 0.0105%
...................... 0.0525%

F1877




BJ Extension

Fertilizer calculations (1 bag)

|—

Example: Prepare 10 liters (L) of nutrient solution with
100 ppm N using the 21-5-20 fertilizer

* *Remember 100 ppm N =100 mg N in 1 L of solution
* 21-5-20 : %N-%P,0:-%K,0

* Step 1. Calculate how much nitrogen you need for
your nutrient solution tank.

For 10 L we need : 10 L X 100 ppm N= 1,000 mg N

ALWAYS USE WATER SOLUBLE FERTILIZERS
Check the handout for the two fertilizer bags calculations

37
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Fertilizer calculations (1 bag)

————————————————————————————————————————————————————
* Step 2. Calculate how much fertilizer you need to meet
your nitrogen needs (1,000 mg N from step 1)

F = NR = (%N =+ 100)
F: required fertilizer, NR: required nitrogen (step 1),

%N: percent nitrogen in the fertilizer (label)
F=1,000mgN =+ (21 +~100) =4,762 mg or 4.7 g in 10 L of water

To convert grams (g) to ounces: gram x 0.035274

To convert liters (L) to gallons US: liters x 0.26417

BJ Extension

38
University of Missouri



Online calculators

How much fertilizer or chemical product do | need to get a o

certain concentration (ppm)?
www.backpocketgr

i ing?
e 1. What units are you using? us m

©

Guides

Interactive tools 2. What is the product's formulation? L m
Liquid

Supporting your decisions with calculators and research

Solutions

UF ppm to Recipe - | know the target ppm, 3. What is the required concentration (ppm)? s
—_—— EGL <
IFAS

Extension

Recipe to ppm - | know how much produ
Ppm

IFAS

Extension 5 X

4. What is the % active ingredient by weight

i ?
UF Fertilizer pH - select a nitrogen ratio for g n prOdUCt'

IFAS

Extension

5. How much solution (litres) is being

prepared in the tank? 30 ‘

© O O ©5 O

6. Are you using an injector (diluter)?
v g j ( ) Yes m

For a 150 ppm solution using a 5% a.i., 90.000 grams of product to 30 litres .

Calculate

UF IFAS Extension

NIVERSITY of FLORIDA

Extensioles

University of Missouri


http://www.backpocketgrower.org/

Fertilizer Incompatibility: Salt
reaction

Nutrient solution

Injector

Elements that react in solution:
e Calcium with phosphorous

Calcium nitrate e (Calcium with sulfates
+

Potassium

7o W mwr Precipitated solids
Lo SRS (Calcium sulfate)

40
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Option 1: Separate incompatible salts in different
concentrated tanks

—

Dissolved ions will not react

Injector Injector

Concentrated
Concentrated

calcium nitrate

potassium
sulfate

BJ Extension

University of Missouri



Option 2: Dissolve fertilizers
separately then mix them

Calcium
nitrate

Potassium
sulfate

BJ Extension

University of Missouri
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Lettuce

|—

* For every 10 gallons add

* 1.34 0z (40 grams) of 5-12-26 fertilizer
* 0.87 0z (25 grams) of 15.5-0-0 fertilizer TotalN

Element

P
* Dilute the fertilizers separately each Ik

in 5 gallons then combine the
dissolved fertilizers

* Measure pH and EC
* Adjust the pH between 5.5 to0 6.0

b5 Extension

University of Missouri

Ca
Mg
S

B
Cu
Fe
Mn
Mo
Zn

Required

150
31
210
90
24

0.16
0.02

0.25
0.02
0.13

Provided
by
fertilizers
150.75
110
260
123.5
31
40
0.5
0.15
3
0.5
0.1
0.15

43



Tomato Stage 1

|—

e Use until you see the first cluster of

flowers (approx. 6 weeks)

* For every 10 gallons add:
* 0.8 0z (23 grams) of 5-12-26
e 10z (29 grams) of 15.5-0-0
* 0.4 0z (11 grams) of Epsom salts

 Dilute fertilizers separately
* Measure pH and EC
* Adjust pH

b5 Extension

University of Missouri

Element

Total N
P

K

Ca

Mg

S

B

Cu

Fe

Mn
Mo

Zn

K:N ratio

Required
pPpm

145
47
145
144
60
10
0.4
0.05
2
0.55
0.05
0.33
1.0

Provided by
fertilizers
150
72
156
147
65
90
0.30
0.09
2
0.30
0.11
0.09
1.04

44



Tomato Stage 2

|—

e Use until you see the fourth cluster

of flowers (weeks 6 to 12) N Required  Provided by
fertiliz

* For every 10 gallons add: o e
1.5 0z (43 grams) of 5-12-26 ;°ta' N 14975 ii
e 1.2 0z (34 grams) of 15.5-0-0 K 300 300
. oo C 160 168
 Dilute fertilizers separately .\,Tg 60 69
S 10 98
* Measure pH and EC B 0.4 0.58
. Cu 0.05 0.17
* Adjust pH Fe 2 3.5
Mn 0.55 0.58
Mo 0.05 0.22
Zn 0.33 0.17
@ EXtenSI()n K:N ratio 1.54 1.54

University of Missouri



BJ Extension

Tomato Stage 3

|—

* Use when you see the fruits ripening
(plants older than 12 weeks)

: Provided by
Element Required ppm fertilizers
* For every 10 gallons add:
e 20z (57 grams) of 5-12-26 Total N 205 240
* 1.4 0z (39 grams) of 15.5-0-0 P 47 186
] . K 350 403
* Dilute fertilizers separately Ca 200 200
Mg 60 93
* Measure pH and EC S 10 132
B 0.4 0.8
. Adjust pH Cu 0.05 0.2
Fe 2 4.7
Mn 0.55 0.8
Mo 0.05 0.3
Zn 0.33 0.2

University of Missouri K:N ratio 1.7 1.68



Nutrient solution management

1. Test your water source.

2. Research nutrient requirements for your crops
(nutrient levels and pH).

3. Calculate how much fertilizer you need for the
nutrient solutions.

Prepare nutrient solutions.
Measure pH and EC.
Adjust the pH as needed.

Constantly measure and adjust the pH and EC of the
nutrient solution.

N o Uk

BJ Extension

University of Missouri



BJ Extension

Topics

—

1. Introduction

2. Factors that affect nutrient solutions
* Water quality
 pH
Electrical conductivity (EC)
Dissolved oxygen (temperature)
Crop requirements by growth stage
Water alkalinity (hardness)

3. Preparing nutrient solutions
4. Monitoring nutrient solutions
5. Organic fertilizers and agquaponics

48
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Why monitor and adjust nutrient
solutions?

BJ Extension

* The pH and EC of the nutrient solution changes
after mixing the fertilizers. We need to know how it
changes so we can adjust it to the plants’ comfort
zone.

* Over time, plants use water and nutrients which
generate changes to pH and EC of the nutrient
solution.

* We need to constantly monitor the nutrient
solution to make necessary adjustments.

 KEEP THE PLANTS IN THEIR COMFORT ZONE SO
THEY CAN GROW!

49
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The pH of the nutrient solution may fluctuate every
day and it is necessary to control it.

b5 Extension

University of Missouri



Increasing the pH

|—

* Use:
e Potassium bicarbonate

* Fertilizers with high nitrate concentration (Over 25% of
the total nitrogen is from nitrates)

e Potassium hydroxide

* Avoid using calcium carbonate (limestone) because
it has low solubility.

BJ Extension

University of Missouri



Lowering the pH

I—

Mineral and Cost $3$: Citrico > Fosférico > Nitrico > Sulfurico
organic acids Safety: Citrico > Fosforico = Sulfurico > Nitrico
Consider that some will provide additional nutrients.

Iron sulfate (for  Can cause iron toxicity in plants, especially if the
potted plants) water contacts the leaves.
It will precipitate and cause clogging.

Elemental sulfur Slow reaction and its solubility depends on the
(for potted source of the product.
plants)

How much acid you need?
Depends on the alkalinity

, of the nutrient solution.
BJ Extension

University of Missouri



How much acid you need?

|—

* Online calculator:

e-Gro Alkalinity Calculator
http://e-gro.org/alkcalc/

Calculation Form Cost Comparison of Acids Safe Use of Acid

Instructions

This calculator provides the recommendations for the amount of acid to add to irrigation water in order to modify the pH and alkalinity levels. In
addition, the calculator provides the amount of added phosphorus, nitrogen, and sulfur that the corresponding acids will provide, plus an
economic comparison of each acid.

Calculation Form

Company Name: Your Name:

The pH of your sample:

The alkalinity of your sample: meqg/L -
Target alkalinity or pH Alkalinity meqj/L + (set at 2 meq/L alkalinity for most crops)
[must be below pH 7.2):
Acid: Phosphoric Acid (75%) -
I | N Submit
L

University of Missouri


http://e-gro.org/alkcalc/

Automatic injectors

BJ Extension
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Monitoring pH and EC

BJ Extension

University of Missouri



Monitoring pH and EC

= Cheap meters make inaccurate measurements that can result
in costly mistakes
= A meter is as precise as the last time it was calibrated

BJ Extension

University of Missouri



Choosing meters

Fhis-Photo by Unknown Author is licensed under CC BY-NC-ND

* Avoid test strips for pH (dyes in
fertilizers).

* The ideal meter:
* Water and shock proof
* Replaceable probes
e Easy to calibrate

Available calibrating and storage
solutions

Portable
pH-EC Combo
* $100-$300 =

BJ Extension ==l )

University of Missouri ——— Fotos: Hannah instruments


https://itsallinmyhands.com/2014/03/10/hyaluronic-acid-serum-for-problem-skin/
https://creativecommons.org/licenses/by-nc-nd/3.0/

BJ Extension

Proper care for meters

° Calibrate once a Week Foto: Hannah instruments
* Calibrate in two points: pH 4 and 7

* Do not touch, scratch or rub paper towel on the pH
probe glass bulb

* Store the pH probe in storage solution or the pH 4
calibrating solution (not water)

* Rinse with distilled or deionized water before every
use, after calibration, in between samples, and
before storing

* Probe lifetime pH 1-2 years and EC 2-5 years

* Replace when you can’t calibrate

58
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Needed meters

Combo
meters

Parameter

NFT & Dutch Bucket

o
S
(@)

pH

= |Electric conductivity (EC)

Temperature

Dissolved oxygen (DO)

ZASANAN

NN

BJ Extension
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BJ Extension

Topics

—

1. Introduction

2. Factors that affect nutrient solutions
* Water quality
 pH
Electrical conductivity (EC)
Dissolved oxygen (temperature)
Crop requirements by growth stage
Water alkalinity (hardness)

3. Preparing nutrient solutions
4. Monitoring nutrient solutions

5. Organic fertilizers and aguaponics

60
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GUARANTEED ANALYSIS

Total Nitrogen (N) ....cccoimirimmmsmmssrsismssmssssrsssns 3%
2.55% Water Soluble Nitrogen
0.45% Water Insoluble Nitrogen

Available Phosphate (PO, 1%
Soluble Potash (KoD) cc.cevvveerrcreennsseresssresnsssssassssnsesanes 1%

Derived From: Fermented Oilseed Extract

10 lbs. per gallon at 68°F F2358




0 PLANTS FILTER

pRgg'J - WATER THAT
RETURNS TO
WASTE The THE FISH

Aquaponics I
Cycle

MICROBES & WORMS
EENNNNNN CONVERT WASTE TO

@ ' MICRBES FERTILIZER FOR PLANTS
} & WORMS PLANTS o



Coupled aquaponic systems

hmlllllll l

llll-_——uza—. .Imrmm?'i “J-J?‘fqﬂﬂﬁy

An aquaponics float system based on the UVI (University of the Virgin Islands) design.

This Photo by Unknown Author is licensed under CC BY-SA-NC

B Extension

University of Missouri
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https://offgridworld.com/brilliant-diy-vertical-aquaponic-system/
https://creativecommons.org/licenses/by-nc-sa/3.0/
http://aquaponicsystemplan.blogspot.com/2015/02/10-thoughts-on-aquaponics-system-design.html
https://creativecommons.org/licenses/by/3.0/

Horticulture Specialists

Justin Keay — Justin.keay@missouri.edu

Debi Kelly — kellyd@missouri.edu

Kate Kammler — kammlerk@missouri.edu

Mercer

Donna Aufdenberg- aufdenbergd@missouri.edu

Juan Cabrera-Garcia — jcabrera-garcia@missouri.edu

l Jennifer Schutter
Patrick Byers — byerspl@Missouri.edu

OPEN [
Kelly McGowan — mcgowank@ Missouri.edu

Robert Balek — balekr@Missouri.edu

Kathi Mecham [

Cory Creed D Ramon Arancibia — ramon.arancibia@Missouri.edu
Tamra Reall ' Tamra Reall — reallt@Missouri.edu
Justin Keay || Cory Creed — creedca@Missouri.edu

Catherine Bylinowski [
(Educator)

‘ "I Holly Records Kathi Mecham — mechamk@Missouri.edu
2 Jennifer Schutter — schutterjl@Missouri.edu
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Optional Advanced
nutrition and Aquaponic
Slides

Advanced concepts
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@ EXtenSion - Dissolved oxygen

Factors that affect the nutrient
SOlUthﬂ b Plant’s comfort zone!

&
@ T

RESERVOIR CONTAINING
NUTRIENT SOLUTICN

7 -8
L
IR STORE AQUATIC AIR PUMP
AR TUBE

- Water quality

- pH

- Electrical conductivity (EC)

- Nutrient requirements (for each crop and growth stage)
- Water alkalinity

University of Missouri



EMW-400 : Water Irrigation Suitability

Components Results Target Ranges Acceptable
mg/L meq (mgl/L) (mg/L)
\/\ MAJOR CATIONS
Potassium K 3.73 0.10 <100
p— Calcium Ca 11.22 0.56 25-75 <150
Magnesium Mg 3.23 0.27 10-30 <50
Sodium Na 40.54 1.76 0-20 <50
MAJOR ANIONS
Phosphate PO4 0.71 0.02 <90
Sulfate S04 18.97 0.39 0-120 <240
Chloride Cl 41.00 1.14 0-20 <140
HCO3 Alkalinity HCO3 45.87 0.75
CO3 Alkalinity CO3 0.00 ND
Ammonium NitrogenNH4-N ND <10
Nitrate Nitrogen NO3-N ND <75
pH pH 7.10 550-7 4-10
Soluble Salts EC 0.26 0.20-0.80 0-1.5
Total Alkalinity CaCo03 37.60 40 - 160 0-400
Iron Fe 0.16 <1 <4
Manganese Mn 0.01 <1 <2
Boron B 0.04 <0.10 <0.5
Copper Cu 0.06 <0.10 <0.2
Zinc Zn 0.05 <0.50 <1
E Molybdenum Mo 0.02 <0.10 <0.2

Uniove Aluminum Al 0.16



b5 Extension
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Water

Water molecule

BJ Extension

University of Missouri

Oxygen (0)
Hydrogen (H)

Neutral pH

H+

Acidic pHI

H+

Basic pH l

H+

69



What is pH?

* Represented by a scale that ranges from 1 to 14.

* |Is a measure of the concentration of hydrogen ions
(H+).

* At pH 7 the solution is said to be neutral, below 7 it
becomes more acidic and above 7 it becomes basic.

|y 4 R -
xtep® on 7’ | oiexcy [ N o

S RN R

- wersity of




Why is pH important”? pm

* Solubility (availability) of

nutrients.

Plant health (specificity):
Excessive -2 toxicity
Insuficiency > deficiency

BJ Extension

University of Missouri

4

Relative Nutrient Solubility

=

5.

0

5

B.

) 85 7

7.5

Nitrogen
Phosphorus <j
Potassium

Calcium

Magnesium

| t Sulfur

Iron
Manganese

Zinc
Copper
Boron

Molybdenum



Optimum pH

pH ranges

Recommended nutrient solution

54 | 5.6 | 5.8 | 6.0

6.2

6.4

BJ Extension

University of Missouri




Electrical conductivity
(EC)

b5 Extension

University of Missouri



Fertilizers are salts!

@ ExtensIC

* lonic bond: elements with positive charge attach to
elements with negative charge= SALTS!

* Water molecules break the ionic bond so salts
dissolve in to their charged state or ions (+: cations
and -: anions). K™+ CI™' - KCl

53
| “’a the roots of

T - #, <+—— chloride ion (CI) K+1

@

:ments alregdy in

'8
v o o

s

P R
‘ Y <— potassium ion
£ |

* This is Importc

74
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What is Electrical Conductivity
(EC)?

e EC is used to measure a solution’s ability to conduct
electricity.

* A solution with high salt concentration will conduct
more electricity. (Remember salts exist as ions in
water).

More dissolved nutrients=More electricity flow!

(1 mS/cm = 1000 puS/cm = 1dS/m=1 mmhos/cm =
1000 umhos/cm)

BJ Extension

University of Missouri



Why is EC important?

e EC used as an indicator of the total salt
concentration in solution. It doesn’t provide
information of which salts.

* lons that contribute to EC:
<+ In water: Ca**, Mg*, SO,’, Na*, Cl, HCO,- >
* In fertilizers: NO;, NH,*, PO,, K*, Ca**, Mg**, SO,, CI

BJ Extension

University of Missouri
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More is not better

t SS

| Toxicity

Adequate
Deficiency

Yield

Nutrient concentration/EC
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Basil’s response to different EC levels:

b5 Extension

Electrical conductivity (mS-cm™1)
0.5 1.0 2.0 3.0 4.0

. : \ . 4 3
N UAA) ’e
A W 9"‘..“‘133; '

Fiesh weight (g)

27.4 34.1 29.8 33.7

Source: Chris Currey, lowa State Univ.
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Problem lons

ppm (mg/L)

Sodium (Na*) <50
Chlorine (CI") <70
Sulfates (SO4) <90
Boron (B) <0.5
Fluor (F) <1.0
Calcium (Ca**) <150
Magnesium (Mg**) <75

BJ Extension

University of Missouri



Effect of pH and EC on hydroponic

pH EC
140 140
24% No Difference
120 Difference 120 . e
e 100 £ 100
o5 TR
o g 380 O o 80
3 9 s 9
% w 60 < < 60
Q- o X
L 40 ™ 40
20 — 20 —
0o —— — 0o ——
m54 ®6.0 mil4 m1.8
pH EC (mS/cm)

(Adapted from Hansen et al., 2009; n=112)

BJ Extension
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Dissolved oxygen

b5 Extension

University of Missouri



Dissolved oxygen

* Oxygen (O,): Necessary
respiration for root growth
and nutrient uptake.

* Low O2: inhibits growth,
increases ethylene
production.

e Optimum level for
hydroponics = 6 ppm

BJ Extension

University of Missouri



emperature affects how much
oxygen is held by water

|—

I Temperature=, oxygen solubility

Temperature-Oxygen Solubility Relationship
Temperature (°C)| Oxygen Solubility (mg/L)
0 14.6
5 12.8
10 11.3
15 10.2
20 9.2
25 8.6
100 0

The solution temperature can affect plant health
directly and indirectly.

BJ Extension

University of Missouri



Crop nutrient
requirements

b5 Extension

University of Missouri



BJ Extension

Specific crop and growth stage
reqguirements

|—

* Given as part per million (ppm), %, or milligrams
per liter (mg/L).

1 ppm: 1/1,000,000
Liquids: 1 mg/L (milligrams/liter)
Solids: 1 mg/kg (milligrams/kilograms)
1%: 1/100 = 10,000 ppm

* Recommendations for leafy greens given as ppm of
nitrogen

86
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Requirements by crop and growth
stage (ppm N)

e —————————————————————————
Buttercrunch/Boston Bibb 125 150
Romaine, Red and Green leaf 125 150
Basil 125 175
Culinary Herbs 125 150
Cole Crops 125 175
Garlic and Scallions 125 150
Tomatoes 125 200
Peppers 125 150
Cucumber 125 175
Heavy Feeders
cabbage, kale, spinach, Swiss chard, mustard 125 175 - 200

greens, mizuna, escarole

Light Feeder Lettuce | | 195 125 - 150
. arugula, watercress, spring mix

University of Missouri



Fertilizer recipe: Lettuce

16-4-17 5-11-26+ 9-7-37+ CaNOs + Sonneveld’s
MgSO. Solution
(3 bag)

Nitrogen (ppm)
Phosphorus (ppm) 16 39 12

Potassium (ppm) 132 162 122
[Calcium (ppm) 139 133
Magnesium (ppm) 14 47 42
Iron (ppm) 2.1 2.3 2.0
Manganese(ppm) 0.47 0.38 0.75
Zinc (ppm) 0.49 0.11 0.75
Boron (ppm) 0.21 0.38 0.36
Copper (ppm) 0.13 0.11 0.20

@ Molybdenum (ppm) 0.08 0.08 0.04



Vine crop requirements

Tomato , Cucumber
125-225 160-210

NH4 (% Total N) 5-10 7-14

P 40-60 40-60

K 200-350 325-370
Ca 120-180 190-210

S 40-140 120-140
Mg 30-60 60-75

Fe 3-7 1-2

K/N Proportion 1:1to01.7:1 1.8:1t02.1:1
EC 1.5-3.5 1.5-3.0

BJ Extension

University of Missouri

Courtesy: Richard McAvoy, Univ. of Connecticut




Tomato nutrient requirement by growth stage

T

Vegetative stage 1:1
(before first flower)

1st to 4th cluster 1.5:1
Ripe fruit 1.7:1

To promote vegetative growth in any stage by increasing the
amount of ammonium nitrogen (NH,).

Courtesy: Richard McAvoy Univ. of Connecticut

BJ Extension

University of Missouri



Alkalinity

b5 Extension
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What is alkalinity?

 Alkalinity is a measure of the acid neutralizing
capacity of water.
* Bicarbonates (HCO;’): Ca, Mg, Na
* Carbonates (CO;7): Ca, Mg, Na

* lons: hydroxides, phosphates, silicates, sulfides, and
borates

* Think of it as “dissolved limestone”

* The higher the alkalinity, higher amounts of acid
needed to change the pH.

BJ Extension

University of Missouri



How to measure alkalinity

* Equivalents of calcium
carbonate (CaCO; ppm):
* Imeq/L=50mg/L(ppm)=61mg
/LHCO;
* It is measured through
titration.

e [t can’t be determined
directly with a pH meter

BJ Extension

University of Missouri



Alkalinity and pH management

* Water with high alkalinity needs a
lot of acid to change the pH

* Low alkalinity: pH will fluctuate
constantly forcing you to constantly
monitor and adjust the pH

555

BJ Extension
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BJ Extension

Topics

I—

1. Introduction

2. Factors that affect nutrient solutions
* Water quality
 pH
Electrical conductivity (EC)
Dissolved oxygen (temperature)
Crop requirements by growth stage
Water alkalinity (hardness)

3. Preparing nutrient solutions
4. Monitoring nutrient solutions
5. Organic fertilizers and agquaponics

95
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Fertilizer calculations (1 bag)

|—

Example: Prepare 10 liters (L) of nutrient solution with
100 ppm N using the 21-5-20 fertilizer

* *Remember 100 ppm N =100 mg N in 1 L of solution
* 21-5-20 : %N-%P,0:-%K,0

* Step 1. Calculate how much nitrogen you need for
your nutrient solution tank.

For 10 L we need : 10 L X 100 ppm N= 1,000 mg N

BJ Extension

University of Missouri
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Fertilizer calculations (1 bag)

————————————————————————————————————————————————————
* Step 2. Calculate how much fertilizer you need to meet
your nitrogen needs (1,000 mg N from step 1)

F = NR = (%N =+ 100)
F: required fertilizer, NR: required nitrogen (step 1),

%N: percent nitrogen in the fertilizer (label)
F=1,000mgN =+ (21 +~100) =4,762 mg or 4.7 g in 10 L of water

To convert grams (g) to ounces: gram x 0.035274

To convert liters (L) to gallons US: liters x 0.26417

BJ Extension

97
University of Missouri



Online calculators

How much fertilizer or chemical product do | need to get a o

certain concentration (ppm)?
www.backpocketgr

i ing?
e 1. What units are you using? us m

©

Guides

Interactive tools 2. What is the product's formulation? L m
Liquid

Supporting your decisions with calculators and research

Solutions

UF ppm to Recipe - | know the target ppm, 3. What is the required concentration (ppm)? s
—_—— EGL <
IFAS

Extension

Recipe to ppm - | know how much produ
Ppm

IFAS

Extension 5 X

4. What is the % active ingredient by weight

i ?
UF Fertilizer pH - select a nitrogen ratio for g n prOdUCt'

IFAS

Extension

5. How much solution (litres) is being

prepared in the tank? 30 ‘

© O O ©5 O

6. Are you using an injector (diluter)?
v g j ( ) Yes m

For a 150 ppm solution using a 5% a.i., 90.000 grams of product to 30 litres .

Calculate

UF IFAS Extension

NIVERSITY of FLORIDA

Extensioles

University of Missouri


http://www.backpocketgrower.org/

Fertilizer Incompatibility: Salt
reaction

Nutrient solution

Injector

Elements that react in solution:
e Calcium with phosphorous

Calcium nitrate e (Calcium with sulfates
+

Potassium

7o W mwr Precipitated solids
Lo SRS (Calcium sulfate)

99
University of Missouri



Option 1: Separate incompatible salts in different
concentrated tanks

—

Dissolved ions will not react

Injector Injector

Concentrated
Concentrated

calcium nitrate

potassium
sulfate

BJ Extension

University of Missouri



Option 2: Dissolve fertilizers
separately then mix them

Calcium
nitrate

Potassium
sulfate

BJ Extension

University of Missouri
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Lettuce

|—

* For every 10 gallons add
* 1.34 0z (40 grams) of 5-12-26 fertilizer

Element

* 0.87 0z (25 grams) of 15.5-0-0 fertilizer TotalN

* Dilute the fertilizers separately each
in 5 gallons then combine the
dissolved fertilizers

* Measure pH and EC
* Adjust the pH between 5.5 to0 6.0

b5 Extension

University of Missouri

K
Ca
Mg
S

B
Cu
Fe
Mn
Mo
Zn

Required

150
31
210
90
24

0.16
0.02

0.25
0.02
0.13

Provided
by
fertilizers
150.75
110
260
123.5
31
40
0.5
0.15
3
0.5
0.1
0.15

102



Tomato Stage 1

|—

e Use until you see the first cluster of

flowers (approx. 6 weeks)

* For every 10 gallons add:
* 0.8 0z (23 grams) of 5-12-26
e 10z (29 grams) of 15.5-0-0
* 0.4 0z (11 grams) of Epsom salts

 Dilute fertilizers separately
* Measure pH and EC
* Adjust pH

b5 Extension

University of Missouri

Element

Total N
P

K

Ca

Mg

S

B

Cu

Fe

Mn
Mo

Zn

K:N ratio

Required
pPpm

145
47
145
144
60
10
0.4
0.05
2
0.55
0.05
0.33
1.0

Provided by
fertilizers
150
72
156
147
65
90
0.30
0.09
2
0.30
0.11
0.09
1.04

103



Tomato Stage 2

|—

e Use until you see the fourth cluster

of flowers (weeks 6 to 12) N Required  Provided by
fertiliz

* For every 10 gallons add: o e
1.5 0z (43 grams) of 5-12-26 ;°ta' N 14975 ii
e 1.2 0z (34 grams) of 15.5-0-0 K 300 300
. oo C 160 168
 Dilute fertilizers separately .\,Tg 60 69
S 10 98
* Measure pH and EC B 0.4 0.58
. Cu 0.05 0.17
* Adjust pH Fe 2 3.5
Mn 0.55 0.58
Mo 0.05 0.22
Zn 0.33 0.17
@ EXtenSI()n K:N ratio 1.54 1.54

University of Missouri



BJ Extension

Tomato Stage 3

|—

* Use when you see the fruits ripening
(plants older than 12 weeks)

: Provided by
Element Required ppm fertilizers
* For every 10 gallons add:
e 20z (57 grams) of 5-12-26 Total N 205 240
* 1.4 0z (39 grams) of 15.5-0-0 P 47 186
] . K 350 403
* Dilute fertilizers separately Ca 200 200
Mg 60 93
* Measure pH and EC S 10 132
B 0.4 0.8
. Adjust pH Cu 0.05 0.2
Fe 2 4.7
Mn 0.55 0.8
Mo 0.05 0.3
Zn 0.33 0.2

University of Missouri K:N ratio 1.7 1.68



The pH of the nutrient solution may fluctuate every
day and it is necessary to control it.

b5 Extension

University of Missouri



Increasing the pH

|—

* Use:
e Potassium bicarbonate

* Fertilizers with high nitrate concentration (Over 25% of
the total nitrogen is from nitrates)

e Potassium hydroxide

* Avoid using calcium carbonate because it has low
solubility.

BJ Extension

University of Missouri



Lowering the pH

I—

Mineral and Cost $3$: Citrico > Fosférico > Nitrico > Sulfurico
organic acids Safety: Citrico > Fosforico = Sulfurico > Nitrico
Consider that some will provide additional nutrients.

Iron sulfate (for  Can cause iron toxicity in plants, especially if the
potted plants) water contacts the leaves.
It will precipitate and cause clogging.

Elemental sulfur Slow reaction and its solubility depends on the
(for potted source of the product.
plants)

How much acid you need?
Depends on the alkalinity

, of the nutrient solution.
BJ Extension

University of Missouri



Why is alkalinity important?

0 1 2 3 4 5 6 7
Volume (in ml) of 0.0164 N H,SO, Added

High Alkalinity Water
- |_ow Alkalinity Water

b5 Extension

University of Missouri



How much acid you need?

|—

* Online calculator:

e-Gro Alkalinity Calculator
http://e-gro.org/alkcalc/

Calculation Form Cost Comparison of Acids Safe Use of Acid

Instructions

This calculator provides the recommendations for the amount of acid to add to irrigation water in order to modify the pH and alkalinity levels. In
addition, the calculator provides the amount of added phosphorus, nitrogen, and sulfur that the corresponding acids will provide, plus an
economic comparison of each acid.

Calculation Form

Company Name: Your Name:

The pH of your sample:

The alkalinity of your sample: meqg/L -
Target alkalinity or pH Alkalinity meqj/L + (set at 2 meq/L alkalinity for most crops)
[must be below pH 7.2):
Acid: Phosphoric Acid (75%) -
I | N Submit
L

University of Missouri


http://e-gro.org/alkcalc/

Water quality for aguaponics

* In aguaponic systems, you make compromises to keep
the fish, biofilter, and plants in their comfort zones

<1

<1

0-1 - 0-1 0-1 0-1

<150 > 125 - 150 125 - 225 150

111

B Extension
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BJ Extension

Solid separators

————————————————————————————————————————————————————
* Non-decomposed material clogs the system and its

degradation lowers the dissolved oxygen.

* Bacteria in the biofilter, fishes, and plants NEED
Oxygen GRAVITY FILTRATION

Clarifier (v:og!qn'.[rrifuge

Screen filter

a~| | Water

ARt
o out
Water.
in
i1

112

Solid
waste out

University of Missouri



Biofilter

e Bacteria in the biofilm transform toxic forms of

nitrogen to nitrate (safe for fish and plants)
Trickling filter

Moving bed biofilter W

Grnular media

—— e

3

Water

Air
2
= P -" "-' ¢ dm - w in
Fixed bed biofilter o
—_— | A— —p

Water Inlet Water Outlet

Air This Photo by Unknown Author is licensed under CC BY-SA



https://en.wikipedia.org/wiki/Bakki_shower
https://creativecommons.org/licenses/by-sa/3.0/

Nitrogen cycle in aquaponics

TAN
.
NH,*

I

|

I

[ Vincraliation <IN Nitrosomonas JINGB itrobacter JMVGR
| NH,

|

I

I

I

-

Fish waste and
feed

|

! Hydr ni
Fish tank [ Biofilter ydroponic

I crop

Nitrogen management determines the success of an
' Extension aguaponic system!

University of Missouri

TOXIC
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Total ammoniacal nitrogen (TAN)

BJ Extension

* Includes toxic (NH3) and nontoxic (NH4+) forms.

* The nontoxic form prevails with pH under 7 and
temperatures under 87°F/31°C

100

90

80

70

60

50

NH,, %)

40
30
20
10

0

University of Missouri
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70

80

90

100

NH,,(%)

Source: FAO Recirculated
Aquaculture Guide 2015
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Nitrogen Levels (ppm)

Priming the biofilters

* Fish cycling
* Cycling without fish: use ammonia

 Use meters to know when the biofilter is reac

* Amonia y nitrites <1 ppm
* Nitrate <150 ppm

Nitrate

Ni_t_fite

Ammonia y \

-
-

Peter Chou, Project Feed 1010 Time

BJ Extension

University of Missouri

AmmoniaLR




Fish:plant Ratio

————————————————————————————————————————————————————
* Ratio depends on the amount of fish feed used

 Temperature: fish metabolism
* Fish species and growth stage

* For DWC systems: 60 — 100 g/m?/dia
e 100 g of feed perday=1-1.6 m?
* 100 m? of production = 6,000 — 10,000 g/day
* NFT uses 25% of the requirements for DWC

* On average fishes will consume 1.5 — 2% of their
weight per day

* |deally measure nitrogen forms and ajust the
fish:plant rates

117
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Common Problems

b5 Extension

University of Missouri



Dispersion of plant Pathogens

B®Q00000 0|
G000 0000

4
e

Reservoir

Extension

University of Missouri

-

Fig. 4. Mortality of pepper plants on the moculated and nommoculated side of a two-sided ebb-and-
flow cultural system in the (A) absence or (B) presence of a surfactant in the recirculating nutrient
solution. X = the moculated plants that served as the source of secondary moculum.



Common Pathogens in
Hydroponics

—

* Pythium spp.

* Phytophthora spp.

e Thielaviopsis basicola
e Xanthomonas
 Sclerotinia

* Botrytis

* Powdery and downy
mildew

BJ Extension

University of Missouri



Temperature and Diseases

20-30% of losses occur in the summer

’,

i hodrd,,,*

University of Missouri
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Temperature

" | ettuce: root 75°F; air->Day
68°F-75°F—>Night 60°F-65°F

= Tomatoes 77°F

= Spinach: root 72°F; air 61°F -
91°F

BJ Extension

University of Missouri (Thompson et al., 1998; Tindall et al., 1990; Lee and Takakur;132,21995' )



Accumulation of algae

BJ Extension

University of Missouri



Algae in indoor production
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Algaes

’ = ‘ 3 Factors that affect
o *_ _ the growth of
k '-' ' algae:
* Nutrients
* Water

" . [° Light ]

BJ Extension

University of Missouri
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Disinfection: Reduce inoculum

— 2

University of Missouri



Disinfection: Reduce inoculum

Extension

University of Missouri



Biocontrol in organic production still not compatible with
hydroponic production
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Production organic: Obstruction

p Ll

BJ Extension
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