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The golf courses that
participated in the study are all
on Sweden’s Baltic Coast
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Interpreting soil and water quality tests can be difficult —
ut in most cases interpretation can be greatly simplified

WATER ANALYSIS

Submitted by 0099935
Michael Bekken
Langestrand 45

Grimstad, Norway 4879

Date Received
2-Sep-2025

Submitted for
FAIRWATER- EMMABODA

Date Reported
04-Sep-2025

AgSource.

LABORATORIES
Laboratory Sample #
DF70054

Information Sheet #
81993

SAMPLE MARKED 28

ANALYSIS OF
CHEMICAL PROPERTIES

YOUR RESULTS

pH
Hardness
Bicarbonate
Carbonate

RATING OF YOUR RESULTS

POSSIBLE PROBABLE
PROBLEM PROBLEM

[ =TT VI Eectrical Conductivity (ECw)
PLANT GROWTH Total Soluble Salts

mmhos/cm
ppm

IMPACT FROM
ROOT CONTACT

IMPACT FROM Sadium

Soil Analysis

Submittad by 0099935
Michael Bekken

Langestrand 45
Grimstad, Norway 4879

Date Received
2-Sep-2025

Submitted for
FAIRWATER

Date Reported
05-Sep-2025

AgSOt:Fc\e.

LABORATORIES

Laboratory Sample #
DF70016 - DF70024
Information Sheet #
81977

Organic
Matter

10 GREEN RON
EDUAS conmy CI=m 11 GREEN RON 53 2260 03 15 15
12 GREEN RON 55 2030 03 12 31
13 GREEN EMN 48 160 01 16 27
MPACT ON Sodium Absorption Ratio Adj 14 GREEN EMI 51 130 L] 11 24
Elactrical Conductivity (ECw) mmhos/em 15 GREEN EMI 5.0 14.0 04 17 26
e ppm 16 GREEN VAS™ 6.4 200 02 16 a0
Noanticipated  Some difficulty 17 GREEN VAS™
To maintain good soil structure in arid regions, irrigation water should have the ° . e -
capacity o replace the soluble salts being dissolved. If the salts baing dissolvad are “;";:::L""'" e b 18.GREEN VAS]
not replaced, a decrease in permeability may occur. .
ANALYSIS OF NUTRIENTS
PLANT NUTRIENTS AS NORMALLY RESULTS  NUTRIENTS CONVERTED TO BASIC RESULTS P
REPORTED IN WATER ANALYSIS ASPPM  FERTILIZER MATERIAL FORMS LBIACRE
FooT
CATIONS K+
NITRATE (NO3-N) 155 NITROGEN (N} 4z 0.7, 10 GREEN RON ;
PHOSPHATE (P04) am PHOSPHATE (P20s) 002 L 124 T oa = o
Ca+
POTASSIUM (K) 657 POTASH (Kz0) 2129 = (25 12 GREEN RON 0.2 206 1.0
MAGNESIUM (Mg) o MAGNESIUM OXIDE (Mg0) o o+ o2 1 GREEN By 02 P s
CALCIUM (Ca) 1483 CALCIUM (Ca) 4034 [ &y 14 GREEN EMM 02 104 74
S0 - 8
A (Sl 1202 L) 1082 e o2 15 GREEN EMM 02 213 31
MANGANESE (Mn) 0.01 MANGANESE (Mn) 003 o 0.42 16 GREEN VASY 0.1 8.1 134
:::;:'L 0.64 :::n‘:v:; 174 on . 17 GREEN VAS" 0.1 54 134
® 002 " 0os o ! 18 GREEN VAS)
" 011
pHc 883
Total C: 244
Total Anions 275
SAR 173
DISCLAMER: is or ofthis ropeart must ba I s DISCLAIMER: Data and this ropart i tor be lnits
antity. Lavels stad ar guideMnes only. Data was reported hased on standand Isboratory procadures and deviations. Page 10f2 direty. Lovel Dotawen roperied Page 105
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When working with or switching to lower quality
Irrigation water — two major salt related problems
that are critical to understand

* Salinity « Sodicity
* Salt: substance that dissolves into « Sodicity: the quantity of sodium
water asions (NaCl-> Na* + Cl)

e Salinity: the amount of dissolved
lons in water

* As applied to turfgrass * As applied to turfgrass
* Water * Water
* Electrical conductivity of irrigation * Sodium adsorption ratio (SAR) - ratio
water (ECw) of NA* to Ca?*and Mg?*
* Soil * Soil
* Electrical conductivity of soil water * Exchangeable sodium percentage

extract (ECe) (ESP) - Na* ions on soil exchange sites



What is the issue with high salinity?




What is the issue with high sodicity?

Flocculation of
clays
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Sampling strategy
(Oct-24, Jun-25, Aug-25)

e \Water

* 1 water sample taken from irrigation system
on each golf course

* Soil

* 3greens sampled per course from 0-10cm
(average these in the results)




Salinity of Irrigation Water: Ronneby and Ljunghusen exceeded  Golfcourse | Water source

Ljunhusen Groundwater
thresholds for cool season turfgrasses
Flommen Groundwater,
stormwater
6 Falsterbo Groundwater
Ronneby River
5 Emmaboda Effluent
Vastervik Stormwater,
baltic mix

IN

Loftahammar  Effluent

EC Water (ds/m)
w

High salinity
2 stress expected
1 Moderate stress
No salinity stress
0 0 =l HEm Ilr
Ljunghusen Ljunghusen Flommen Falsterbo Ronneby = Emmaboda  Vastervik Loftahammar
(new) (old)

B Oct-24 MWJun-25 MWAug-25



Salinity of Putting Green Soil: All golf courses are below the critical

threshold, but the lower the value the better
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Sodicity of Irrigation Water: High sodicity of irrigation water m

: Ljunhusen Groundwate
observed at Ljunghusen and Ronneby junhd roundwater
Flommen Groundwater,
stormwater
30
Falsterbo Groundwater
Ronneby River
25
Emmaboda Effluent
Vastervik Stormwater,
20 baltic mix

Loftahammar Effluent

Sodium adsorption ratio (SAR)
o1

Water sodicity
10
threshold
| II
0 . I I L] H_ = I - - I I I
Ljunghusen Ljunghusen Flommen Falsterbo Ronneby = Emmaboda  Vastervik Loftahammar
(new) (old)

B Oct-24 MJun-25 MAug-25



Sodicity of Putting Green Soil: Sodic soil observed at Ronneby
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Exchangeable Sodium Percentage (ESP)

o1
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Vastervik

Loftahammar

Soil sodicity
threshold

Groundwater

Groundwater,
stormwater

Groundwater
River
Effluent

Stormwater,
baltic mix

Effluent

But remember that
sodicity isnot a
problem on sandy

soils!



What are potential solutions to high salinity or
sodicity?

Salinity Sodicity
Leaching fraction Gypsum requirement
ECy CEC(ESP; — ESP,)
LF = — l L
(5 * ECy — ECy) GR 100 « BD * D x 0.86

Water Requirement CEC - cation exchange capacity
ESPi —initial ESP
ESPt — target ESP

WR ET BD - bulk density

— D — depth of soil to treat (root zone
1—LF P ( >



Conclusions

1. Some of the golf courses on the
Baltic Coast of Sweden have high
salinity and sodicity levels in their
irrigation water

2. However...this is not always
reflected in their soils (high
precipitation)

3. Salinity and sodicity levels are
important to monitor for golf
courses using lower quality
irrigation water

* Leaching for high salinity
 Gypsum for sodicity (rare)

4. Useful components

e Salinity, sodicity, pH,
nutrients, toxic elements

5. Useless components

* Bicarbonate/carbonate, TDS
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  L F =       E C W  ( 5 ∗   E C T −   E C W )


  W R =     E T  1 − L F


  G R =   C E C (   E S P i −   E S P t )  100 ∗ B D ∗ D ∗ 0 . 86

