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INTRonUCTION

Soil compaction is a common problem faced by turf managers. Soil
compaction decreases soil porosity, particularly macroporosity, which can
result in reduced soil water movement, aeration, and turfgrass shoot and root
growth. Reductions in turfgrass growth result in lower functional qualtiy
turf. Few alternatives are available for alleviating the problems associated
with compacted soils because significant loosening of the soil cannot be
accomoplished without major disruption of the turf.

Core cultivation is the most extensively used practice to improve
compacted soil conditions under turf. Recently, cultivation with solid tines
has received attention as a possible practice to alleviate soil compaction.
Solid tine cultivation eliminates soil core processing time and lahor costs
associated with hollow tine cultivation. However, little is known ahout the
direct effects of solid tine cultivation on soil structural qualities and
turfgrass root g'rowth.

The objective of this investigation was to determine the effect of
vertical operating hollow and solid tine coring on soil structural qualities
and turfgrass root growth as influenced by soil compaction and soil moisture
at the time of cultivation.

Fin a ncia 1 sup po r t for t his res ear c h, from the Uni t ed Stat e s Golf
Association and the Michigan Turfgrass Foundation, is gratefully acknowledged.

METHons

A cultivation study was initiated in May, 19R4 at Michigan State
University Robert Hancock Turfgrass Research Center on a 3 year old Penneagle
creeping bentgrass turf maintained under greens conditions. The soil under
this turf was a modified loamy sand.

A 3 factor experiment was utilized to examine the effects of compaction,
tine type and soil moisture content during cultivation operations. One check
at each compaction level was included for comparison to the average
cultivation effect. Compaction levels were noncompacted and compacted,
performed with Ryan's Rollaire vibrating power roller. The two tine types
were 1/2 inch diameter hollow and solid tines. Cultivation was performed at
two soil moisture levels of -0.5 (moist) and -0.03 (wet) bar moisture
potential.

Undisturbed soil cores were taken for lahoratory analysis of hulk
density, moisture retention, soil porosity, saturated hydraulic conductivity
and oxygen diffusion (OOR) determinations in October 19R4.

18



A depth monitoring penetrometer was used at the end of each season to
determine soil strength changes due to cultivation. Field infiltration rates
were determined in Septemher, 1984 using a constant head double ring
i nfi ltrometer technique.

RESULTS

As expected, compaction increased soil density while cultivation lowered
soil density. However, compaction and cultivation had little influence on
aeration porosity. Aeration porosity refers to the larger soil pores which
allow for the mass flow of water and ai rand unrestri cted growth of roots
through the soil. Although aeration porosity was not significantly altered
total porosity was reduced under compaction stress while cultivation increased
total porosity by 3.7% over the uncultivated treatment. Total porosity was
divided into 4 pore size ranges as measurerl by the percentage of pores drained
between various moisture potentials. As soil moisture potentials become more
negative the average soil pore size is smaller. This allows for measuring the
distribution and amount of various pore size ranges. Soil porosity
measurements indicated that hollow tine coring was slightly more effective
than solid tine cultivation in increasing the amount of very large soil pores
drained between 0 and -0.01 har (Table 1). Cultivation in general resulted in
greater amounts of intermediate sized pores (-n.I to -1.0 bar range) when
compared to the uncultivated treatment. The amount of very fine pores drained
between -1.0 bar and oven dry was increased by solid tine cultivation during
wet soil conditions. An increase in the amount of intermediate sized and very
fine pores would suggest that cultivation is creating very large pores (tine
holes) at the expense of compressing other pores in the soil to a smaller
size.

Based on the work of Petrovic (1979) it is likely the increase in the
amount of finer pores with coring resides at the bottom of the cultivation
zone. The results of OORmeasurements in this study support his conclusion.
Oxygen diffusion rate at -0.03 bar moisture potential was reduced at the 2
inch depth after cultivation when compared to the uncultivated treatment.

Soil moisture content during cultivation influenced field water
infiltration rate. Cultivation performed during wet soil conditions reduced
water infiltration 38% when compared to cultivation during rlrier (moist) soil
conditions (Table ?), regardless of the type of tine used.

Compac t ion i nc rea sed so i 1 s t r e ngt h wh i 1e cu 1t i vat ion withe i the r tin e
loosened the surface 2-3 inches of soil. However, penetrometer data for 19R5
suggest cultivation in noncompacted soil developed greater soil strength in
the region below the cultivation zone when compared to 1984 data (Figure 1), a
phenomena not found in compacted soil. This suggests that development of a
cultivation pan may be less of a concern in compacted soil. In 1984, solid
tine cultivation was More effective in loosening the surface soil than hollow
tine cultivation (Figure 2), however this effect was reversed by the end of
the 1985 seaon (Figure 3).

19



"'t:l
"'t:l

~
C

OJ
re

\f-'-
OJ

c..c
o

EQ
)

c~0
0
.

.~
Q

)
~

(/)

re>
c

'l:::t
CC
I

0::.L{';
,.....,

r-IN
m

'l:::tm
.

...
M

C
,.....,M

M
o::ex:;"""'CC""'"

+,.....,M
'l:::t

m
o::::t

ex:
.....

C
C

'l:::tex:M
r-I

C
C

C
M

'l:::t\.C
r-I

.,.....r-

Cr-IcC
"l

C
/)

r-I
C.C~reQ

)
us::reU ~UQ

)
c..
C

/)
OJ'-C"'t:l
s::reL
n

CCQ
)

~ocQ
)

"'t:l

+"'t:l
Creic .~ .~.~\f-

C
/)

>..::,£
'-o'-

~re>~:J
U .~ s::o

ic

cccl.C
~ex:m

I.C
C

r-I
L{';

M
M

......
C

C
N

C
C

C

'l:::tLC
;,.....,M

M
L{';

"""'O
::N

M
,.....,r-I

......
,.....,C

C
r-Ir-IO

"o
N

icic

L
n

C
\J

u::
ex::

,.....,'l:::t
......

C
/)O

':r-IO
::r-IC

""'"
Q

)N
r-Im

,.....,,.....,\.C
'-

r-I\C
re:J0
-
V
i

CreQ
)

:E

coex::u::'l:::tC
.....

L
{)

L
n

'l:::t
\.C

M

U
i

~
\.c

'l:::tL{';
.....

'l:::tM
M

'l:::tM

L
{';

\.c
L{';M

C
.....

,.....,C
C

'\,;
u::

M
'l:::tM

M
M

N

0::.ex:;

0
'..N'l:::t

uz..........--..

"'t:l~
Q)

..........
~u..::,£

re
U

o.Q
)

E~8
u

s::o2
.

.~ XEC
"l

s::
'E.........
N

Eu.........
0

:ICr-I

C
/)

~cQ
)

E~tlj

OJ'-~

.~ co NCC
I

.~o:E '-re..cC
/)

~re:;:;Ms::C
OJ

•
~CC

I
~Q

)

'-:J
~C

/)

OJ'-~N
~CC

/)
•

.~
C

o
I

E ~"'t:ls::
OJ

re
~~M

C
~re

c
I

~re
.~ ~~

'-
~

re
u..c
\f-q
O

c.
Q)C'
E

I
.~o

OJ
C

/)~re
"'t:l'-
creco
c.~
o

C
/)

.~
:J

~
\f-

re
\f-

>.,....
.~"'t:l
~~

c
:JQ)
U

C
"l~

..
X

s::
0

o.~"'t:l
~

~C~
U

reQ
)

re
>

o.Q
)'~

E~~
oreu
U'-~

C
/)

OJ'-

20



><

>
,

OJ>c+ or-

~UOJ0
..

(/)

OJ'-c

IC...-4
C...-4

Q
)

'-~ta
ta

(/)
OJ

OJ
U

'-
c:

ta
taU

0
"

or-
(/)1+-
c:

c:
taO'>
OJE

(/)

>,OJ
~~

o
(/)

c:
C

OJ
OJ"'C
C
.

"'COJ"'C
~

c:
(/)

ta
:::3

0r'J
L!':

"'C
C

ta

"-o'-'-L.L..!

+ ~
~

M
...-4

...-4
r-....r-....c..cC

o::::t
.....

,.....;...-4
M

...-4
N

iC
iC

C
M

C
M

r-....\.C
C

M
C

M
C

od"
......

od"
cc

C
...-4

.q
.q

N
Nc:oor-

iC

od"
C

...-4
...-4

N
a:

C
a:C

c..cM
LC

:
......

C
C

C
C

.qC

Le.
M

M
M

M
...-4

M
\.C

C
C

...-4
.q

...-4
...-4a,

C
C

C
N

.....
C

C
C

C
C

C

or-

iC

r-.....q
N

r-....
M

...-4
C

L!':
L{')

M
~

......
C

C
...-4M

O
C

od"
C

'
N

...-4
\.C

\.C
0

'.
N

L{')
M

\.C
C

......
N

L!':N
M

C
N

ta(/)

OJ'-ta:::::l
O

"M
V
i

0
'.c:

...-4
taOJ
:E

~ta>

+
iC

od"
M

...-4
L

()
L!':

0'.
M

N
r-....

L.C;
L

{)
....

...-4
C

O
M

C

~
N

Le.
LC:

r-....
...

~~0\0'.r-....

L.C
~r-....M

M
.....

N
N

N
N

C
...-4

...-4
...-4

...-4
...-4

CX)~~~L.C;
r-....r-....r-....r-....r-....
.....

...-4
...-4

...-4
...-4

...-4

~
.q

C
\.;

a:
r-....

...
C

\.;
M

M
N

C
\.;

C
C

N
r-....N

~
....

.q
~

L
()

\0
\.C

a:M
~o::::tN
....

o::::tL!':o::::t~~
...-4

...-4
...-4

...-4
...-4

...-4
...-4

M
~

...-4
.....

N
~M

c\';M
M

M
M

M
M

N.M o::::t.MMC

uz'-
"----

"'C~
OJ~
~u~ta

U
0
..OJ

E.s=.
SUc:oz

c:>
,

O
~

or-

>
,

~
~0r-

U
~(/)U
:::3

c:
""

co
OJ

0'>
C

.

o:E

(/)

~c:OJE~taOJ'-r-

(/)C
(/)

~...-4
0

ta
•

'-
or-

0
~

a..
c:O

JC
~

~....-!
c:

o
•

<1J
0...

U"-OJ
0...

or-

.~
-r-

C C....-4

~ta
(/)

~oo
'-

r-O
0...

~
ta

or-
'-

0"'C
(/)

>
,

"'C~
C

:or-
ta

(/)o
C

"-
0

00
..

~ta~
>

C
or-

OJ
~u~

"-
:::::lOJ
uc..

.."'C
~

c:C:cc
ota~

or-

or-

~
>

,
..

u
~

"-
taor-

OJ
c..(/)..Q
E

O
O

o"-~
u

&~
I+-c:c:
0

0
OJ

~
>

,
U

ta~
C:'-
O

JQ
)(/)

:::::lta O
~

'-
I+-~~
c~OJ

..cta
r-

~
"'C

~
c:

:::::lta
.c

(/)
c:

~
Otac:~
o

c:
or-

OJ
~~taO>

0
..

~OJ
'-

:::::l:::::l
u~

(/)
I+-

or-

O~OJE
(/)
:::3

~oOJ
"-

.s=.ta
~>~c:ta

OJ

OJ
~

'-~:::3
OJ

~
.c

(/)
or-

"'C
o

<1J
E

c:

21



.... 1884 - CHECK
100 .... 1184 - AVE. CUl.11VA11ON

)He 1185 - QtEa<,.....
..... 1185 - AVE. CULT1VAnOH.ac 80

LaJ
(J

~ 80
(/)

en
LaJ

40a::
-oJa
(/) 20

4

SOIL DEPTH (in)
Figure 1. Cultivation effect on soil strength.

120

,..... 100.ac
80

80

20

o
4

SOIL DEPTH (in)
Figure 2. TIne effect on 80il strength In 1984.

22



,......
.Q
c..
W 800

~
CI) 80
Ci)
LaJ
0:::
--I 40
0
CI)

20

2 3 456

SOIL DEPTH (in)
Figure 3. line effect on soil strength in 1985.

CONCLUSIONS

Solid and hollow tine cultivation have had sMall but consistent effects
on soil densfty and soil porosity. Cultivation improved soil density by
slightly increasing total porosity. However, cultivation, which creates large
voids (tine holes), also increased the amount of finer soil pores.
Cultivation can be seen as creating large voids in the soil at the expense of
crushing other pores and therefore increasing the amount of finer pores.
Reducing pore size can lower air and water movement within the soil and
inhibit root growth. Earlier research has shown this compactive effect of
cultivation occurs ma-inly at the bottom of the tine hole. Obviously, if
hardpan formation is to occur it will require several years of treatrrent. The
immediate benefit of loosening the soil surface with cultivation outweighs any
immediate concerns about cultivation pan formation in a severely compacted
soil. To inhibit the formation of a compacted layer below the cultivation
zone aerification should be performed under "dry" soil conditions and the
depth of tine penetration varied, if possible. Solid tine cultivation could
be seen as an effective tool for short tern relief of surface compaction when
demands on time and labor resources are high. It is cautioned that the long
term effects of solid tine cultivation on a frequent basis are still to he
determined.
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