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Management 
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What will be covered 
•! 12#3%4*#3(#5"67*%8("+9%*:4*7'";(69%
•! <+=5"'*%"6>%#"=63"++%4"?*#69%

•! @*$%)"'*#%A2"+='$%3"7'(#9%

•! B$>#"2+=7%7(6>27;C='$%"6>%>#"=6"8*%
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What will be covered 
•! 12#3%4*#3(#5"67*%8("+9%D%*:4*7'";(69%
•! <+=5"'*%"6>%#"=63"++%4"?*#69%

•! @*$%)"'*#%A2"+='$%3"7'(#9%

•! B$>#"2+=7%7(6>27;C='$%"6>%>#"=6"8*%
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Cancun Rainfall (cm) 

E%

F%

GE%

GF%

HE%

HF%

I"6% J*K% L"#% M4#%L"$% I26% I2+% M28% &*4% N7'% O(C% 0*7%

Tissue Guidelines 
-"#"5*'*#% -M<P%Q*6*#"+%Q2=>*+=6*% &*"9.(#*%-"94"+25%

8&9:-/12,;&<9=& #($&>&6($& 3(!&>&#(5&

8&?@1A)@1/.A&<?=& $(#&>&$(5& $(#&>&$(6&

8&?1-*AA:.B&<C=& %(!&>&4($& 3($&>&4($&

8&D*E+:.B&<D*=& $(3&>&%($& $(35&>&%(5&

8&F*2;,A:.B&<F2=& $(3&>&%($& $(35&>&$(6$&

8&G.E0./&<G=& $(3&>&$(4& $(3&>&$(6&

))B&H/1;&<I,=& %3&>&#$$& 5$&>&5$$&

))B&J:;+&<J;=& 3$&>&5$& 3$&>&35$&

))B&F*;2*;,A,&<F;=& %7&>&3$$& 5$&>&#$$&

))B&D1)),/&<D.=& 6&>&5$& 5&>&5$&

))B&K1/1;&<K=& 6&>&4$& 5&>&6$&
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Cancun Water Examples 
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Cancun Soil Examples 

Cancun Soil Examples 
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Greatest Challenges 
1.! Physical soil limitations – saturated 

hydraulic conductivity (Ksat) water 
holding capacity (wilting point) 

2.! Cost of cultural practices 
•! Aeration 
•! Deep solid tine cultivation 
•! Sand top dressing where soils have low 

Ksat (target > 1.0 in/hr = 7 um/sec) 
•! Amendments such as gypsum 

3.! Leaching to prevent salt accumulation 
4.! Drainage 

Irrigation distribution uniformity 

Causes of soil moisture problems 
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Irrigation system design 

•! PC*6%'.*%6*)*9',%9'"'*D(3D'.*D"#'%9$9'*5%=9%
R")*>%

•! SET%26=3(#5='$%=9%'.*%K*9'%'."'%7"6%K*%
"7.=*C*>%)='.%=##=8";(6%

•! UEDVET%=9%5(#*%'$4=7"+%

•! GEET%26=3(#5='$%7"6%(6+$%K*%"7.=*C*>%)='.%
#"=6%

Irrigation Distribution Problems - Theoretical Best (81%) 
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1 

2 
3 4 

Head-to-head coverage with triangular spacing 
is the best design, but it is flawed 

0.2 

0.4 
0.6 0.8 

Some areas receive four times as much water  
as other areas 
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Irrigation Distribution Problems - Healthy Turf 

Irrigation Distribution Problems - Drought-Stressed Turf 
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Sprinkler performance: 
broken nozzles 

Sprinkler performance: 
broken nozzles 
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cati.csufresno.edu/cit/good/citprofiles.html 

Sprinkler system design 
Center for Irrigation Technology 

Obstacles: 
tree “irrigation shadow” 
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7/04 
P<0.001 
N=25 

Operational problems – station adjust 
or other systematic error 

Target rate = 0.22 (ET=110%) 
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Turf quality 

Soil physics: problem soils 

Causes of soil moisture problems 

•! Heavy clay or plugged soils 
•! Poor drainage 
•! High organic matter 
•! Hydrophobic soils 
•! Compaction 
•! Improper grading 
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Problem soils: 
Soil type affects drainage 

Soil type Drainage Percolation 
rate (cm/hr) 

Clay Very slow Less than .13 

Silt Slow 0.13 – 0.5 

Fine sand Moderate 2.0 – 6.6 

Medium sand Moderate-fast 6.6 – 13.2 

Coarse sand Fast 13.2 – 26.4 

Typical sprinkler precipitation rates = > 2.0 cm/hr 

Heavy soils with poor drainage 
are prone to salinity problems 

6 dS/m 
12 dS/m 
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5.4 dS/m 

15.1 dS/m 

Irrigation water EC = 0.82 dS/m 

Drainage improvement alone not sufficient 
in heavy soils 

15.1 dS/m 

Drainage improvement alone not sufficient 
in heavy soils 

Drainage improvement must be accompanied by 
aggressive sand topdressing program for best 

results 
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Problem soils: hydrophobic soils 

Do not absorb water fast 
enough. Diversion of 
water to other areas is 
the result. 

Localized dry spot 
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Problem soils 
•! -#(K+*5%9(=+9%7"29*%

"6('.*#,%*C*6%5(#*%
=54(#'"6'%=992*%%

•! -#(K+*5%9(=+9%>(%6('%
"++()%$(2%'(%(C*#D
)"'*#%

•! NC*#D)"'*#=68%=9%'.*%
*"9=*9'%)"$%'(%>*"+%
)='.%+"7W%(3%=##=8";(6%
26=3(#5='$%

Improper grading 
(surface slope less than 1%) 
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Solving soil moisture problems 

1.! Characterize the problem 
•! Soil moisture monitoring 
•! Infiltration tests 
•! Irrigation audits 
•! Soil physical analysis 
•! Soil mapping 

2.! Fix the problem 
•! Irrigation system maintenance 
•! Sand topdressing 
•! Aeration 
•! Drainage 

Wilting 
point 

 10.5 % 

Characterize soil physical properties  
(soil texture triangle hydraulic properties calculator 
staffweb.wilkes.edu/brian.oram/soilwatr.htm) 
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Wilting Point 

Model 
WP = 10.5 % 

Observed 
1 = 10.6 % 
2 = 14.3 % 
3 = 28.9 % 
4 = 26.9% 

www.paceturf.org 

Topdressing greens: 
Apply sand to improve water movement in soil 

Allows over-watering, to compensate for poor uniformity 
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Sand for greens topdressing 

•! !=8.'%#"'*%

•! GE%X%FE%+K9%YZE%9=+=7"%9"6>[
GEEE%\H%]^ET%=6%E/HF%55%_%
E/F%55%4"#;7+*%9=`*9a%

•! M44+$%*C*#$%V%D%Gb%>"$9%
>2#=68%"7;C*%'2#3%8#()'.%

•! c"'*#%='%=6% Spyker Thunderbird 

20 lbs #30 sand/1000 feet2 
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Monthly “venting” brings air into the system 
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Top dressing and aerification 
on fairways 
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www.paceturf.org 

Sand Topdressing 
Improves surface layer drainage and soil 

structural problems 
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Impact of Sand Topdressing 

Cancun Water Sources 
O(%

d*9'#=7;(6 
Playacar 
Pump sta 

Playacar 
sprinkler 

13 

Moon 
sprinkler 

14 

Moon pump 
sta. Dunes 

Riviera 

P<%>&[5% M$(! 2.9 2.4 1.7 1.5 1.8 

10&%445% M535 1864 1564 1107 962 1125 

4B% 6(5>7(! 8.9 8.1 7.9 8.2 8.6 

&Md% M#($ 6.5 5.86 5.9 4.1 6 

B<NZ%445% M5$ 231 298 182 124 171 

O"%445% M%$$ 296 289 230 184 228 

d&<%5*A[+% M%($ 0 0 0 0 0 

e%445% M$(5 0.07 0.07 0.2 0.03 0.2 

<+%445% ML$ 529 518 507 386 507 
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Poor-Quality Water Problems 
1.! Increased total dissolved salts 
2.! Increased sodium 
3.! Increased bicarbonate 
4.! Increased nitrogen 

Turfgrass Tolerance to  
Soil Salinity (dS/m) 
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G2 Greens and Sodium 

419 Fairways and Sodium 
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%G% H% %Z% b% %F%

O='#(8*6%"6>%12#3%f2"+='$%
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Soil Nitrogen 

•! L=6=525%F%445%
•! L":=525%HE%445%

•! M55(6=25%K*+()%V%445%

Big Canyon Bermudagrass 

Domestic Recycled 
Bermuda 
Guideline 

EC (dS/m) 0.7 1.3 1.5 
TDS (ppm) 462 858 900 
pH 7.9 7.5 6.5 - 7.8 
SAR 3.0 9.0 5.7 
HCO3 (ppm) 209 262 250 
Na (ppm) 54 150 200 
N (ppm) 0.3 14 8.0 
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Cancun Water Sources 
O(%

d*9'#=7;(6 
Playacar 
Pump sta 

Playacar 
sprinkler 

13 

Moon 
sprinkler 

14 

Moon pump 
sta. Dunes 

Riviera 

P<%>&[5% M$(! 2.9 2.44 1.73 1.5 1.8 

10&%445% M535 1864 1564 1107 962 1125 

4B% 6(5>7(! 8.9 8.1 7.9 8.2 8.6 

&Md% M#($ 6.5 5.86 5.9 4.1 6 

B<NZ%445% M5$ 231 298 182 124 171 

O"%445% M%$$ 296 289 230 184 228 

d&<%5*A[+% M%($ 0 0 0 0 0 

e%445% M$(5 0.07 0.07 0.2 0.03 0.2 

<+%445% ML$ 529 518 507 386 507 
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Los Lagos (ryegrass) 

Domestic Recycled 
Ryegrass 
Guideline 

EC 1.1 1.4 0.8 
TDS 700 878 525 
pH 7.5 7.7 6.5 - 7.8 
SAR 0.8 4.7 3.1 
HCO3 572 260 50 
Na 43 174 100 
N NA 1.7 8.0 

Cancun Water Sources 
O(%

d*9'#=7;(6 
Playacar 
Pump sta 

Playacar 
sprinkler 

13 

Moon 
sprinkler 

14 

Moon pump 
sta. Dunes 

Riviera 

P<%>&[5% M$(! 2.9 2.44 1.73 1.5 1.8 

10&%445% M535 1864 1564 1107 962 1125 

4B% 6(5>7(! 8.9 8.1 7.9 8.2 8.6 

&Md% M#($ 6.5 5.86 5.9 4.1 6 

B<NZ%445% M5$ 231 298 182 124 171 

O"%445% M%$$ 296 289 230 184 228 

d&<%5*A[+% M%($ 0 0 0 0 0 

e%445% M$(5 0.07 0.07 0.2 0.03 0.2 

<+%445% ML$ 529 518 507 386 507 
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&(=+%P+*7'#=7"+%7(6>27;C='$%>&[5%

&(>=25%445%
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&(=+%O='#"'*%445%

Denver (poa/rye) 

Domestic Recycled 
Ryegrass 
Guideline 

EC 0.3 0.9 0.8 
TDS 200.0 576.0 525.0 
pH 7.6 7.5 6.5 - 7.8 
SAR 0.8 3.4 3.1 
HCO3 118.0 123.0 50.0 
Na 20.0 103.0 100.0 
N 0.2 16.0 8.0 
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Cancun Water Sources 
O(%

d*9'#=7;(6 
Playacar 
Pump sta 

Playacar 
sprinkler 

13 

Moon 
sprinkler 

14 

Moon 
pump sta. 

Dunes 
Riviera 

P<%>&[5% M$(! 2.9 2.44 1.73 1.5 1.8 

10&%445% M535 1864 1564 1107 962 1125 

4B% 6(5>7(! 8.9 8.1 7.9 8.2 8.6 

&Md% M#($ 6.5 5.86 5.9 4.1 6 

B<NZ%445% M5$ 231 298 182 124 171 

O"%445% M%$$ 296 289 230 184 228 

d&<%5*A[+% M%($ 0 0 0 0 0 

e%445% M$(5 0.07 0.07 0.2 0.03 0.2 

<+%445% ML$ 529 518 507 386 507 

&(=+%P+*7'#=7"+%7(6>27;C='$%>&[5%
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&(=+%&(>=25%445%

1('"+%6='#(8*6%445%
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Management 

•! &(>=25%5"$%K*%'.*%)*"W%+=6W%%
•! <"+7=25%"44+=7";(69%"6>%+*"7.=68%)=++%K*%

6**>*>%'(%5(C*%9(>=25%(2'%(3%'.*%9(=+%

Calcium to Manage Sodium 

•! N6+$%=3%9(=+9%>#"=6%)*++%"6>%9"+'9%"#*%5(>*#"'*,%
K*+()%S%>&[5%

•! Q$4925g%<"&NbhHBHN%%]HZT%<"a%
–!GE%+K9[GEEE%9A%\%5(6'.+$%"6>%+*"7.%

•! <"+7=25%7.+(#=>*g%<"<+H%]ZUT%<"a%
–!J"=#)"$9%(6+$%9(%3"#%
–!GEE%X%HEE%+K9["7#*,%F%X%U%"44+=7";(69%

•! -(26>9%(6%'.*%8#(26>i%
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Using Calcium to Displace Sodium 

•! d*4(#'*>%O"%445%X%GGE%445%j%*:7*99%O"%445%
•! P:7*99%O"%445%h%H/Hb%j%W8%<"%6**>*>%%4*#%."%
•! W8%<"[%E/HZ%j%<"&Nb%#*A2=#*5*6'%
•! W8%<"[%E/ZU%j%<"<+H%#*A2=#*5*6'%
•! N6+$%=3%9"+'9%"#*%+*99%'."6%S%>&[5%

•! M44+=7";(6%(3%G%W8[."%)=++%=67#*"9*%9(=+%*+*5*6'"+%
7(54(9=;(6%K$%"K(2'%H/Hb%445%

Using Calcium to Displace Sodium 

O"%445%
Q$4925%
@8[."%

<"<+H%
@8[."%

?E*N*+*/&
2/,,;&

%4%& #$$& %L3&

?E*N*+*/&
0*:/'*N&

%L%& 7!7& 5$3&

F11;&2/,,;& %$!& $& $&

F11;&
0*:/'*N&

L6& $& $&

O:P:,/*&
2/,,;&

%#5& %36& !%&

O:P:,/*&
0*:/'*N&

7#7& #%74& %Q65#&
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Using Calcium to Displace Sodium: 
Precautions 

•! 0(%6('%"44+$%5(#*%'."6%FEE%W8%<"&NbhHBHN%4*#%
."%4*#%"44+=7";(6%'(%8#**69/%%

•! 0(%6('%"44+$%5(#*%'."6%H,EEE%W8%<"&NbhHBHN%
4*#%."%'(%3"=#)"$9%4*#%"44+=7";(6%

•! M++()%5=6=525%(3%Gb%>"$9%K*')**6%"44+=7";(69%
X%HS%>"$9%=3%.=8.%#"'*9%29*>%

•! 0(%6('%"44+$%5(#*%'."6%HHE%W8%<"<+H%4*#%."%'(%
3"=#)"$9%4*#%"44+=7";(6%4*#%5(6'.%)='.%"6%
"662"+%'('"+%(3%UVHW8%<"<+H%4*#%."%4*#%$*"#%

Conclusions 
1.! Water quality directly impacts turf 

performance and playability 
2.! High total dissolved salts, sodium, 

and nitrogen will require modified 
management practices and increased 
inputs in most situations 

3.! Soil analysis for cations should use 
ammonium acetate extraction on 
calcareous soils for accurate calcium 
and magnesium soil levels 
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