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The Dynamic Relationship between
Growing media, Water Quality and

Fertility Sources

m [rrigation Water Quality — Soluble Salts,
pH, and alkalinity.

m Growing Media — Physical and chemical
properties

m Fertility sources — Nitrogen sources and
Impact on growing media pH.



Water Quality - Soluble S_alts

m Measured by Electrical
Conductivity (EC)

m Seedlings less than 0.75 dS/m

m General crops less than 1.50
dS/m

m Relationship between EC and
TDS

EC (dS/m) X 640 =TDS (mg/L)



Water pH Iis known to impact:

m Avallability of nutrients in the growing
media

m Solubllity of fertilizers in solutions

m Stability and efficiency of pesticides and
growth regulators



Alkalinity

The primary impact of water on growing
media pH stems from irrigation water
alkalinity level.

Alkalinity Is a measure of the facility of water
to raise pH.

Reported as milliequivalents/liter (me/l) or
ppm of equivalent calcium carbonate.

1 me/l = 50 ppm
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Alkalinity

m Water alkalinity causes
substrate pH to rise
gradually over time.

1 Length of crop period
1 Plant-to-substrate ratio

1 Upper substrate pH
level tolerated by the
crop




Water quality guidelines and PGC water test results

The following lists the desirable qualities of irrigation water, as well as the results of a
recent Plant Growth Center (PGC) irrigation water test. (mMhos/cm = milliMho per
centimeter; meg/L = milliequivalents per liter)

Acceptable limit PGC
Characteristic without treatment required test results
Electrical conductivity (mMhos/cm) 0.75 for propagation 0.20
2.0 for general production
pH 5.4 t0 6.8 8.3
Alkalinity (megq/L) 1.5% 1.9

* Alkalinity levels from 3 to & meq/L may require acid injection to counteract the impact on growing media pH.



Alkalinity Treatments

Water Alkalinity

Treatment

<1.5me (75 ppm)

< 3.0 me (150 ppm)

<8.0 me (400 ppm)

>8.0 me (400 ppm)

NoO treatment

Acid forming fertilizer

and/or less lime In
media

Acid injection

Reverse 0smosIs
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o Media pH in two mixes

Media pH of commercially prepared
soilless mix and Montana State
University (MSU) prepared mix with daily
application of irrigation water
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Functions of Growing Media

m Hold water
m Hold nutrients

m Permit gas
exchange to and
from roots

m Provide support




Alr : water ratio dependent on container height

) Container Height:

- I Peat : 1 Vermiculite

% of container volume at container capacity

Source: NCSU Greenhouse Substrates and Fertilization
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Chemical Properties of Growing Media

- pH 5 50 55 g
controls the
availability of all NITROGEN
essential plant —_—-mgm———
nutrients —— /RN
pH range 5.4- e
6.0 for soil less o CALCIUM
media ’——-—
pH range 6.2- MAGHESRN
6.8 for soil- i
based media B~
(20% mineral e O
soll by volume)
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Potting Mix Components

Components that hold
nutrients and water:

Peat Moss

Top Soll
Composted Bark
Coir (Coco Fiber)
Vermicompost
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Potting Mix Components

Components that add
porosity:

Perlite
Sand
Vermiculite




MSU Soil Mix vs. Sunshine Mix #1

m MSU Soll Mix

1 part Peat Moss:1 part Sand:1 part Topsoill.
Aqua-Gro 2000G wetting agent.

m Sunshine Mix #1

3 parts Peat Moss: 1 part Perlite. Wetting
agent, dolomitic limestone, Si and starter
fertilizer charge
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MSU Mix and Sunshine #1Mix Test Results

Container Media Analysis: Modified (DTPA) Saturated Media Extract

DATE OF REPORT:  09/08/15 LAB MO: 57898 SAMPLE ID: MSU CROP: PAGE: 1
— | u
| |
High | -
- I I I I I I
Low - - - - - - - - 1 - -
| | | | | | | | 1§ | |
| | | | | - | - | - | |
Very Low | | | | | | - | | - | - - |
| | | - | | | | | | | | | | |
Anal H ECe NO--N NH=-N POF Potassium Magnesium Calcium Sodium 50,5 inc Manganese Iron Copper Boron
alyte P dsim ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Results 7.0 15 38 2 33 583 57 152 91 16 8 32 86 1 04
Optimum 55 1.0 70 50 15 100 70 100 50 70 10 10 25 2 05
HEiE 6.8 20 200 100 25 150 150 200 80 200 30 30 50 10 1.0

Container Media Analysis: Modified (DTPA) Saturated Media Extract

DATE OF REPORT: (08/28/15 LAB NO: 56960 SAMPLE ID:  SS#1 CROP: PAGE: 1

Very High =
|
High —1
| -
Low | 1 —1 - —1 —1 - |
| - —1 - | —1 —1 —1 |
| | | | | | | | | | [ |
Very Low | - - —1 - | —1 - —1 —1 | —1 |
| | | - || | | | | | - | | | |
= x ECe NO:-N NHeN PO,-P Potassium Magnzsium Calcium Sodium 505 Fi Manganese Iron Copper Boron
s ¥ dSim ppm pem ppm ppm ppm pem ppm ppm ppm ppm ppm ppm pem
Results 6.5 15 30 3 25 69 48 366 15 124 1 8 23 1 0.1
Oggtimum 5.5 1.0 70 a0 15 100 70 100 50 70 10 10 25 2 0.5
Range 6.8 20 200 100 25 150 150 200 80 200 30 30 50 10 1.0




" A
Selection of Fertilizer

m Proportion of potash (1N:1K,0O)
m Proportion of phosphate (1N: ¥2P,0;)

m Form of nitrogen

Ammonium (NH,*)

Urea

Nitrate (NOy)
Nitrate nitrogen will tend to have a basic
reaction, raising media pH. Ammonium sources
of nitrogen will have an acid reaction, lowering
media pH.



N Fertilizer - pH Relationship

Fertilizer
20-20-20
20-10-20
15-16-17

15.5-0-0
13-0-44

% NH,"
69
38
30

6
O

Potential Acidity

474 |bs.
393 Ibs.
165 Ibs.
Potential Basicity
400 lbs.
460 lbs.

Paul V. Nelson’s Greenhouse Operation and Management



Potential
Acidity: 400
Ibs. Calcium
Carbonate
Equivalent per
ton

SUNSHINE

TECHNIGRS
20-10-20 no soron

For Continuous Liquid Feed Programs - For Professional Use Only
GUARANTEED ANALYSIS - USA

Total Nitrogen (N). . . . .« o i i i i i i i i i i s i st st s s assnnnnnnsnnnanaa 20%
8.0 % Ammoniacal Nitrogen
12.0% Nitrate Nitrogen

Available Phosphate (P20 . c .t v s v s v ninnnnnncncencnasnsassnsas 10%

Soluble Potash (K,0). . . . . .. ... i it e e e e anas 20%

Magnesium (Mg). . . . . . . . s it it s ittt st s s s nsnsnasnnannnnnns 0.40%
0.40% Water Soluble Magnesium (Mg)

Sulfur(S) .. cicennerersssesasssanssssssssansnssnsnsannnsns 0.50%
0.50% Combined Sulfur

Copper(Cu). . s s i s i nnnnencnnceassssnsnssnsnssnsnsnnsnsnsaas 0.00%
0.05% Chelated Copper (Cu)

Iron(Fe)u it v i ittt st st sssasssnasnsnasnsnassnnnnnsas 0.10%
0.10% Chelated Iron (Fe)

Manganese (Mn). . . . . . . s . sttt ittt nsnsnasannnsnsnssnssnsns=aa=a= 0.00%
0.05% Chelated Manganese (Mn)

Molybdenum (Mo). . . . . . . . s i i it s ittt st ssssnannsnnsssnnsnnnnasa 0.01%

A | 1 1 ) T K
0.05% Chelated Zinc (Zn)

DERIVED FROM: Ammonium Phosphate, Potassium Nitrate, Ammonium Nitrate, Magnesium Suffate, Iron EDTA, Copper EDTA, Zinc EDTA,
Manganase EDTA, Bonc Acid, Sodium Molybdate.

. WARNING: This fertilizer contains Malybdenum. Its use on farage erops
POTENTIAL ACIDITY: £00 b Calcium Carbonate EqL' walent per fon. may result in ereps centaining levels of melybdenum which are toxic to
- ruminants.
NETWEIGHT: 251b/11.3 kg Informaticn regarding the contents and levels of metals in this product is available on the
Internet at- hitp-iwww.sapfeo.ongimetals. him

DIRECTIONS FOR USING 20-10-20 NO BORON

Mixing Concentrated Fertilizer Solutions: 281028 HQ BORGN fertilizer requived in contentraie selution A soluble :JSC?gnﬁf_dm'j?ﬁTE@'_ﬂﬁr b used to 2sd
The taile below lists ho ch T igro ferslizes by weight to - - " " " concenation izer solufions. The corract conduc
bae'd fre: 2 g:;;i:l:r::f“w gro fersiizer by weig Injector Ratia | 14 ppm Kitagan | 168 ppm Niteogen | 508 ppm Hitewgan] 0 crce o is fstec beiow for vanous oo Mirogen

%2 3 cancanirated ; ° )
fiertifzer soilfion. Recomnmendad fetiizer concentrations are for | e Dilutien 013 i (1 9T concenirations. Whan massuring e conductivity of ferfiizar

a comimuous feed program. However, the Technigrs formula » P—— scluticns, be sure to subtract the conducvity of the water from the
{NPK) and concentration [ppm) most sufable formdiddualuse |11 brrecen) TR | measured vake of the fersiizar solution

shouid be determined by 5ol and water analysis a5 well as plant 1:50 6.7 coigal (50 o)

response. Variow ncaniration and common injector 1:100 134 o 102 gY) 50 ppmi (100 ppm | 150 ppm | 200 ppm | 300 ppm

ratios ars includsd. |,w:>‘: ecluzs faster in hot water. -
When mixing 3 concenirated solution with cold water, stir wel 1128 &5 oagE (3291
and alkow ample fime for ferflizer to dissolve befare using. 1:200

Hitregen | Nitregen | Mitregen | Nitregen | Hitregen

7 il 2B g1
257 ngal (200 91) 033 085 08 130 195

6.7 casgal (50 97)
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Miracle-Gro — Acid or Base Forming?

Miracle-Gro® Water Soluble All Purpose Plant Food 24-8-16
GUARANTEED ANALYSIS F1198
Total Nitrogen (N}............oueee, 24% Molybdenum (Mo) .............. 0.0005%
3.5% Ammoniacal Nitrogen P o 7 | 0.06%
20.5% Urea Nitrogen 0.06% Water Soluble Zinc (Zn)
Available Phosphate (P20s) ........... 8% Derived from Ammonium Sulfate,
Soluble Potash (K20) ................ 16% Potassium Phosphate, Potassium Chloride,
Boron (B} «veeveiviiiiiiiieieians 0.02% Urea, Urea Phosphate, Boric Acid, Copper
Copper (Cu) vvveveiviiinieinianen, 0.07% Sulfate, Iron EDTA, Manganese EDTA,
0.07% Water Soluble Copper (Cu) Sodium Molybdate, and Zinc Sulfate.
Iron(Fe) vuvvreeieiiieiiiiinainss 0.15% Information regarding the contents and
0.15% Chelated Iron (Fe) levels of metals in this product is available
Manganese (Mn) ..vvvvevnrnrnrans 0.05% on the Internet at
0.05% Chelated Manganese (Mn) http://www.regulatory-info-sc.com
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Fertilizer Injection
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Fertilizer Injectors
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Species Eftect on pH
8

Zinnia
| _‘-"‘—n.‘_‘_‘_‘_*-.
Vinca ®

7 Marigold (African

o
ol st

g

5 ‘\ — Begonia
.. Celosia
‘t\ Dianthus
4 Tomato

Species

Source: NCSU — Greenhouse Substrates and Fertilization



The "Big Four” Nutritional Problems

m Too High pH

Caused by highly alkaline water, excess lime,
calcium nitrate fertilizers.

P, Fe, Mn, Zn, Cu, and B tied up.
m [oo Low pH

Caused by acid forming fertilizers (NH,*)

Ca, Mg, S, Mo tied up. Excessively soluble Fe, Mn,
and Al react with P to render it insoluble.



The "Big Four” continued

m Excess Soluble Salts

Caused by a combination of high salinity
water and excess fertilization

m Low Soluble Salts

Caused by excessive leaching, infrequent
fertilization and/or malfunctioning fertilizer
Injector



>
@)
>
-
(D)
L
=
7))
-
(D)
Q.
Q.
®
<
]
®
m

17 Lawn and

confuse 17-17

Garden fertilizer with 17-17-17
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The Pour Through Test

Figure 2a. Irrigate
containers thoroughly.

Figure 2f. Collect 50 ml (1.5

testing. ounces) for testing.
Table 1. Amount of water to apply to various
containers to obtain 50 ml (1.5 ounces) of extract™.
: . Water to add™=
Container Size
muliziiters ounces
4inch
Sinch 75 25
6inch
L s 100 35
1 quart 75 25
4 quart 150 50
i, St Pl
P e ] - S CaRee = 12 quart 350 120
4 3 i 2g. Calibration st s
Figure 2c. Saucers for gure 2g. 2 5
cell packs. for testing.
606 (36 plants) 50 2.0
1203 (36 plants)
1204 (48 plants)
SComtutmers should be brosght 0 contaner coputty 30 o 60
minies Sefore apphiing Dacse amosnts
S These amounty an eitimates  Actsal amoants will very
Sepending ove crap, sdstrate type, dnd environwental conditiives

o : . Ty NCSU Floriculture Website:
Figure 2d. Applying water for extraction. Figure 2h. Testing “m; s s oriclinref

leachate samples. @ 2001, North Carolina State University
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EC interpretation values for Pour Through

0to 1.0 Very Low
1.0to 2.6 Low
2.6t04.6 Normal
6.6 to 7.8 Very High
> 7.8 Extreme

Adapted from BC Ministry of
Agriculture

All this and more may be found on the PGC website:

ag.montana.edu/plantgrowth


https://ag.montana.edu/plantgrowth
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