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ABSTRACT

Secondarily treated wastewater is used extensively in the southwestern United States for turfgrass
irrigation, but deterioration in soil quality can occur from sodium (Na) delivered by this water.
Application of gypsum (CaSO42H2O) at 2 240 kg ha' yr' is often recommended to control the Na.
Research to determine if this rate is effective on effluent -irrigated turfgrass sites is lacking. A 2-yr
study was carried out on a golf course fairway (typic tomf7uvent soil) with a 10 yr history of effluent
irrigation and elevated Na levels (800 mg kg''). Four rates of gypsum (0, 2 240, 4 480, and 8 960
kg ha "') were surface applied in November 1986 and 1987. Soil samples were collected every 3
months after treatment (MAT) and analyzed for Ca (total and water - soluble (WSCa)), Mg 1Ç Na,
SO4 2 -S (S), pH, and electrical conductivity (EC). Results showed elevated WSCa and S levels 3
and 6 MAT in both years. The two highest rates resulted in elevated S levels 12 MAT. During both
years, gypsum at the two higher rates decreased Na levels within 3 MAT. The lowest application
rate did not reduce Na levels until 12 MAT in 1987 and its effects were not as great. Following the
second annual application, the 2 240 kg ha' rate was as effective as the higher rates in reducing
Na levels 6 and 12 MAT. Total Ca levels were not affected by gypsum but Mg and K levels did
decrease. In both years, a temporary increase in EC and decrease in pH occurred after gypsum
treatment. It appears that gypsum at 2 240 kg ha-1),f' can be as effective as higher application rates
in reducing Na in effluent-irrigated turf soil but only after two applications.

INTRODUCTION

Secondarily treated wastewater (effluent) is used in the southwestern United States as a source of turfgrass
irrigation water. This water tends to be higher in electrical conductivity (EC), sodium (Na), calcium (Ca),
magnesium (Mg), potassium (K), nitrogen (N), phosphorus (P) and bicarbonates than potable irrigation water.
These salts tend to accumulate at the soil surface. Soluble salts such as Na can result in a deterioration of soil
quality through colloid dispersion. Other constituents of secondary effluent, such as N, P, and K, can serve as
plant nutrients and reduce the need for fertilizer amendments. For a discussion of the effects of water quality
on turfgrass growth see Butler et al. (4).

The overaccumulation of Na in the soil from effluent is the primary concern of turfgrass managers in the
Southwest. Hayes (6) found that turfgrass soil irrigated with effluent for 1.5 yr had three times as much Na as
turf soil irrigated with potable water. Most of this change occurred within approximately 3 months of the
initiation of effluent irrigation. Calcium sulfate (gypsum) and other sulfur -bearing compounds are useful in
reducing the Na content of agronomic soils even when saline irrigation water is used (1,11). The Ca in gypsum
(CaSO42H20) replaces Na on the cation exchange sites, which then forms leachable sodium sulfate. However,
gypsum can also result in the leaching of magnesium (1,8).

For agronomic crops, gypsum is tilled into the soil or dissolved in and carried into the soil by flood irrigation
water. The flooding of large turfgrass areas has essentially been replaced by sprinkler irrigation and permanent
turfgrass swards cannot be disrupted by plowing. Therefore, it is recommended that finely ground gypsum be
broadcast applied to a turf area and sprinkler irrigated into the soil. Although surface -applied gypsum has shown
movement into already disturbed agronomic soils (8, 9) no data is available for surface- applied gypsum on
established stands of turf, or for effluent- irrigated turf soils.

39



The purpose of this two -year study was to determine how different surface -applied gypsum application rates
could reduce elevated soil Na levels and influence other chemical properties in a municipal golf course fairway
soil with a 10 -yr history of effluent -water irrigation.

MATERIALS AND METHODS

The study site was located on the No. 8 fairway of the Silverbell Municipal Golf Course in Tucson, AZ. The site
was adjacent to the primary rough and approximately 50 m from the tee and subjected to extensive golf cart
traffic. The site had a slope of less than 3 %. Except for the gypsum treatments, the study area was maintained
the same as the surrounding fairway by municipal workers. The turf was common bermudagrass (Cynodon
dactylon L.) kept at a 13 mm height of cut. Clippings were not collected and the turf was fertilized and watered
to promote maximum quality and growth as deemed necessary by the golf course supervisor. Average effluent
water use at the facility in 1986, 1987, and 1988 for turfgrass irrigation was 0.49 ha m'`. In October of 1986 and
1987 the bermudagrass was overseeded with perennial ryegrass (Lolium perenne L.) to provide a green winter
playing surface. Overseeding was done prior to gypsum treatment applications.

Gypsum treatments were equivalent to 0, 2 240, 4 480, and 8 960 kg ha"' yr"` (0, 1, 2 and 4 tons /acre). Plot size
was 3 m2 and the treatments were arranged in a completely randomized block with three replications. The
gypsum was a fine grain, high purity material supplied by the Pinal Gypsum Company (Coolidge, AZ).
Applications were surface applied in October 1986 and repeated again in October 1987. Normal sprinkler
irrigations made by the golf course facility were used to move the gypsum into the soil.

Characteristics of the top 10 cm of this gravelly, alluvial soil (typic torrifluvent) prior to gypsum treatment are
shown in Table 1. This soil had a Na and ESP level (ratio of Na to Ca + Mg + Na + K) considered to be very
high as a result of effluent irrigation. Water movement into the soil was also very slow.

Soil samples from the treatment plots were collected just prior to treatment application in 1986 and 3, 6 and 12
months after treatment (MAT) in both years. Ten 13 mm (width) by 100 mm (depth) soil samples were
collected at random locations in each plot and composited to give a representative sample of that plot.

Exchangeable plus water -soluble Ca, Mg, Na and K were determined using a 1 N ammonium acetate extraction
(5) and atomic absorption (AA) spectrometry (7). Water -soluble Ca (WSCa) was determined in a 1:1 soil:water
(distilled, deionized) mixture using AA. Sulfate -S (S) was determined turbidimetrically (2) in a 3:1 water:soil
extract. Electrical conductivity and pH were determined using a 1:1 soil:water mixture and standard methods
(3, 10).

Water infiltration rates in the plots were determined at each soil sampling time by using single ring
infiltrometers. Two infiltrometer rings (300 mm dia.) were inserted into each plot to a depth of 100 mm.
Enough effluent water was added to each ring to saturate the thatch layer. Then the water was brought to a
standing depth of 130 mm. Change in water height was recorded each hour for 3 hours. The average infiltration
rate was then calculated.

Characteristics of the effluent irrigation water used in this study over a 2 -yr period were described by Hayes (6)
(Table 2).

An analysis of variance was used to test for significant differences between treatments. Regression analysis tested
for a linear relationship between gypsum treatment level and the soil parameters measured. When linearity was
not found, orthogonal contrasts were used to separate treatment means.

RESULTS AND DISCUSSION

In both years, sprinkler irrigation moved the gypsum into the soil within 3 months as indicated by elevated WSCa
and S levels (Table 3). For WSCa, this increase was linearly related to the treatment rates for at least the first
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6 MAT. Water- soluble Ca levels did not remain elevated 12 MAT during either year. In contrast to WSCa, soil
exchangeable plus water -soluble Ca levels were never significantly influenced by gypsum during this study.
Calcium levels were very high in this arid soil and apparently masked any additional WSCa coming from the
gypsum.

Soil S increased linearly with treatment levels for the first 6 MAT (Table 3). At 12 MAT however, the 2 240
kg ha-1 treatment no longer differed from the control. The 4 480 and 8 960 kg ha-1 treatments were still
significantly higher for S than the other 2 treatments but were not different from each other. Because these
results occurred in both years it appears that a 4 480 kg ha' application is required to maintain elevated S levels
if gypsum is to be applied once annually.

Soil Mg was always higher in the control plots except for one sampling time (Table 3). Alawi et al. (1) and
Gillman and Sumner (8) reported similar findings where gypsum treatments resulted in increased leachable Mg
levels. Potassium levels decreased following the 1987 treatment. This is probably the result of displacement of
Mg and K from the soils cation exchange sites as a result of the addition of Ca from gypsum. The loss of Mg
from the surface soil might be important in acidic soils with low cation content, but arid soils tend to be well -
supplied with Ca, Mg and K. The Mg and K remaining in these gypsum plots was considered to be adequate for
plant growth.

Gypsum applications in arid and semiarid regions are for the removal of Na from the root zone. In this study,
gypsum at the 4 480 and 8 960 kg ha' rates decreased soil Na levels within 3 MAT while the lowest application
rate did not (Table 3). Twelve months after the 1986 treatment, however, a significant linear decrease in Na
levels was observed. For 1988, the inability of the lowest gypsum rate to reduce Na levels and the 4 480 and
8 960 kg ha 1 treatments to be effective 3 MAT was again observed. However, unlike the first year, the 1988. 6
and 12 MAT sampling times found all the gypsum treatments to be equally effective in reducing Na levels.
Therefore, it appears that gypsum applied at 2 240 kg ha' could be as effective as the higher rates tested
following the second annual applications.

Increased salinity of a soil through the addition of an amendment could have detrimental effects on plant growth.
Gypsum applications resulted in a significant, but temporary, increase in EC in 1987 and 1988. This increase was
observed only at the 3 -month sampling times after which EC returned to the level of the untreated plots.

Gypsum should not influence soil pH as drastically as elemental S. This was found to be the case; however,
there was a slight and statistically significant decrease in pH at 3 and 12 months after the 1986 application and
3 months after the 1987 application. Change in pH was not linearly related to the amount of gypsum applied,
but some of the applied sulfate -S was apparently being reduced to sulfuric acid.

Although infiltration of water into this soil in relation to gypsum application was measured, there was no increase
in infiltration. This study site was located on the edge of a fairway next to primary rough where golf cart traffic
was unrestricted. The slow infiltration rates measured were therefore attributed to the mechanical compaction
of the soil and not due to sodic soil conditions. Gypsum, although ineffective in increasing water movement into
this soil, probably would help in preventing infiltration problems resulting from a combination of Na
accumulation and golf cart traffic.

CONCLUSIONS

Gypsum applications were effective in reducing soil Na levels in this effluent -irrigated fairway soil. However, a
2 240 kg ha' rate required at least 6 months to reduce significantly Na while the 4 480 and 8 960 kg ha' rates
reduced Na within 3 months. The 2 240 kg ha' application rate of gypsum was as effective as the higher rates
tested in this study but only after the second annual application and not immediately after this application.
Therefore, the recommendation of repeated annual applications of 2 240 kg gypsum he to control Na in
effluent -irrigated turf seems appropriate and effective, providing that an immediate reduction in soil Na levels
is not required.

41



ACKNOWLEDGEMENTS

The authors are grateful to the Pinal Gypsum Company of Coolidge, AZ, for fmancial support of this project
and supplying the gypsum material. We are grateful also to Mr. Michael Acedo and the City of Tucson for
providing the study site and to Dr. Paul Eberhardt of (IAS Laboratories Tempe, AZ) for providing soil- testing
services at reduced rates.

REFERENCES

1. Alawi, B. J., J. L. Stroehlein, E. A. Hanlon, Jr., and F. Turner, Jr. 1980. Quality of irrigation water and
effects of sulfuric acid and gypsum on soil properties and sudangrass yields. Soil Sci. 129:315 -319.

2. Association of Official Analytical Chemists. 1980. Official methods of analysis of the Association of Official
Analytical Chemists. 13th Ed. AOAC., Washington, D.C.

3. Bower, C. A. and L. V. Wilcox. 1979. Soluble salts. In C. A. Black (ed.) Methods of soil analysis. Part 2.
5th ed. Agronomy 9:933 -951.

4. Butler, J. D., P. E. Rieke and D. D. Minner. 1985. Influence of water quality on turfgrass. pp. 71 -84. In V.
A. Gibeault and S. T. Cockerham (eds.) Turfgrass Water Conservation. University of California Press, Oakland,
CA.

5. Chapman, H. D. 1979. Cation- exchange capacity In C. A. Black (ed.) Methods of soil analysis. Part 2.
5th Ed. Agronomy 9:891 -901.

6. Hayes, A. 1988. Irrigation of turfgrass with municipal effluent and potable water: soil, water and turf quality
aspects. M. S. thesis. Univ. of Arizona, Tucson.

7. Kopp, J. F. and G. D. McKee. 1978. Manual - Methods for chemical analysis of water and wastes. EPA -
600/4-79 -020. U. S. Environmental Protection Agency, Cincinnati, OH.

8. Gillman, G. P. and M. E. Sumner. 1987. Surface charge characterization and soil solution composition of four
soils from the southern Piedmont in Georgia. Soil Sci. Soc. Am. J. 51:589 -594.

9. Miller, W. P. 1987. Infiltration and soil loss of three gypsum- amended Ultisols under simulated rainfall.
Soil Sci. Soc. Am. J. 51:1314 -1320.

10. Peech, M. 1979. Hydrogen -ion activity. In C. A. Black (cd.) Methods of soil analysis. Part 2. 5th ed.
Agronomy 9:914 -926.

11. Stroehlein, J. L. and D. A. Pennington. 1986. Use of sulfur compounds for soil and irrigation -water
treatments. In M. A. Tabatabai (ed.) Sulfur in agriculture. Agronomy 27:435 -454.

42



T
ab

le
 1

.
So

il 
ch

em
ic

al
 p

ro
pe

rt
ie

s 
pr

io
r 

to
 th

e 
ap

pl
ic

at
io

n 
of

 c
al

ci
um

 s
ul

fa
te

.

C
a

W
SC

a
M

g
N

a
K

S
E

SP
E

C
pH

Sa
nd

Si
lt

C
la

y
IR

--
-_

--
--

--
-m

g 
kg

-1
ds

 m
-1

- 
%

 -
--

--
--

--
(m

m
 h

r-
1)

44
50

15
7

34
8

81
7

94
8

33
5

12
.5

5.
4

7.
8

50
39

12
4

T
ab

le
 2

. M
ea

n 
ch

em
ic

al
 p

ro
pe

rt
ie

s 
of

 e
ff

lu
en

t i
rr

ig
at

io
n 

w
at

er
 f

ro
m

 A
pr

il 
19

87
 to

 J
ul

y 
19

88
 (

m
od

if
ie

d 
fr

om
 H

ay
es

, 1
98

8)
.

C
a 

+
 M

g
N

a

m
M

 L
-1

K
SA

R
E

C
pH

(d
s 

m
 -

1)

1.
3

4.
1

0.
1

3.
7

0.
7

7.
7



U

z

bo

dN

2 2 M N d 2 2 v 00 .o 2 2

oroqs
oóP(``r`

!^ NoV7N
E 0f) Nt 4 2 vs

u'1 M.-i *
V1ooulÑ*

r`OMM
00 v vOt`O Q á

r- r- t` r`

C- l- r-
oo

Nt Nt.

MOMN
M MM Ñ *

l- M s *
r, r,
ONr-4MV'*

OOr`MO MMO 2 2V1MV'l-
V) V1 V1 v'

cl
.C. Nt 00

0
0O0

N v ohtO
O N Nt 00

M

44

O ohCh00
00r;

0 C Nt k0 2 MOtNVD
V) v' V1,46 M(V M(V Q G

O f- MMM Vl *
r-4 Cs) *

[C'-OMoODOV1 á 2r-t"-00C`

-M+ r- Nt Ñ QvOVODVO

O M h O
cc)

G cd

-+ M r- M
O .-+ co 1-4 *
r-1 r-4 -d (v') * á

NMOOvo M O O v
kr)
s

G7

CD CD CD

Ñ 00
Ch

O NNtoO

cc) M001-

N-+
cc) Ñ Ñ

OM l- NtON00 p

O MO[`
NrMÑ*

N N O O NM O O 0 'Q
M M cc) N

00 00 N
NrOOcc) vrr. r-/

(Ml`- MO
M D cc) O

vvCh
M M Nt M

Ñ 00 Ú
N d- 00



T
ab

le
 3

. (
co

nt
in

ue
d)

M
on

th
s

G
yp

su
m

af
te

r
tr

ea
t -

tr
ea

tm
en

t
m

en
t

C
a

W
SC

a
M

g

19
88

K
S

E
C

pH
E

R
N

a

kg
 h

a-
1

m
g 

kg
-1

ds
 m

''
m

m
 h

fl

3
0

31
33

12
9

29
7

55
5

77
5

83
4.

9
7.

9
3

2 
24

0
32

33
14

7
26

3
55

8
72

5
11

1
5.

4
7.

6
3

4 
48

0
38

17
29

6
24

3
49

8
86

0
15

6
6.

4
7.

7
6

8 
96

0
36

50
47

0
22

3
45

7
68

3
26

0
6.

4
7.

6
6

L
in

ea
r 

re
g.

ns
**

**
*

ns
ns

**
**

ns
ns

O
rt

ho
g.

 c
on

t.
ns

nt
nt

b
ns

nt
nt

a
ns

`A
6

0
34

50
11

5
30

0
55

3
72

8
77

3.
1

7.
8

2
2 

24
0

33
50

12
8

27
7

34
0

66
2

98
3.

0
7.

6
4

4 
48

0
35

33
14

8
24

8
30

5
69

0
12

1
2.

1
7.

9
4

8 
96

0
32

83
16

6
22

8
27

8
61

0
13

5
2.

9
7.

6
5

L
in

ea
r 

re
g.

ns
**

**
*

ns
ns

**
ns

ns
ns

O
rt

ho
g.

 c
on

t.
ns

nt
nt

c
nt

ns
ns

ns

12
0

31
33

10
1

30
2

49
5

75
0

80
1.

9
7.

9
4

2 
24

0
32

17
10

3
28

7
30

5
72

3
70

2.
2

7.
9

5

4 
48

0
32

70
10

8
25

3
29

0
68

5
14

2
2.

0'
8.

0
3

8 
96

0
30

18
11

0
23

5
27

3
64

7
13

4
2.

1
7.

9
4

L
in

ea
r 

re
g.

ns
ns

*
ns

*
ns

ns
ns

ns

O
rt

ho
g.

 c
on

t.
ns

ns
nt

a
nt

b
ns

ns
ns

ri
d 

=
 n

o 
da

ta
; n

s 
=

 n
on

 -
si

gn
if

ic
an

t a
t P

 =
 <

.0
5.

*,
* 

*,
 a

nd
 *

 *
 *

 =
 s

ig
ni

fi
ca

nt
 a

t P
 =

 >
 .0

5,
 .0

1 
an

d 
.0

01
, r

es
pe

ct
iv

el
y.

O
rt

ho
go

na
l c

on
tr

as
ts

 (
P 

=
 0

.0
5)

; a
 =

 0
 v

s.
 2

 2
40

,
4 

48
0 

an
d 

8 
96

0;
 b

 =
 0

 a
nd

 2
 2

40
 v

s.
 4

 4
80

 a
nd

 8
 9

60
; c

 =
 0

, 2
 2

40
 a

nd
4 

48
0 

vs
. 8

 9
60

; n
t =

 n
ot

 te
st

ed
.




