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Abstract. ‘Meyer’ zoysiagrass (Zoysia japonica Steud.) was established on a silt loam so
in 27-cm-diameter × 92-cm-deep containers in a greenhouse to investigate the influence
irrigation frequency on turfgrass rooting and drought tolerance. Turf was irrigated daily
or at the onset of leaf rolling with a water volume equal to the cumulative evapotranspi
ration of well-watered turf in small weighing lysimeters. After >90 days of irrigation
treatments, a dry-down was imposed during which no additional water was applied for 5
days. A recovery period followed during which time turf was watered to maintain soil
matric potential at greater than –30 kPa. Compared to turf irrigated daily, that watered
at the onset of leaf rolling exhibited 1) 32% to 36% lower leaf water potential and 14% to
22% lower osmotic potential before the onset of drought; 2) 13% higher leaf wate
potential ≈40 days into dry-down; 3) more extensive rooting at 55- and 75-cm soil depth
as indicated by 11% to 19% lower volumetric soil moisture content at the end of dry-down
4) 25% to 40% lower shoot growth rate during irrigation and 13% to 33% higher shoot
growth rate during dry-down; and 5) higher quality ratings during dry-down and
recovery. Thus, deep, infrequent irrigation better prepares zoysiagrass for an oncomin
drought than light, frequent irrigation.
as
ily.
 of
ri-
ur-
n
ing
92
ch.
kly
rf
le,

se,
rf;
ot

ing
he
nd

rf
ry-
d.
l-

d);
cm

o
n

%
 
n
e

l

t
y

t
o
g

e
 

rk.prim
e-prod.pubfactory.com

/ at 2025-11-13 via free access
Recommendations for turfgrass irrigati
traditionally have been to water deeply a
infrequently to encourage deep rooting a
create a drought-tolerant plant (Beard, 197
In a series of experiments (Bennett and Do
1960; Doss et al., 1960), rooting of warm- a
cool-season forage grasses was enhance
allowing soil in the upper 60 cm to dry to 15
vs. 70% available soil water content. In
California field study (Madison and Haga
1962), irrigating every 20 days enhanced K
tucky bluegrass (Poa pratensis L.) rooting
compared to irrigation three times week
However, St. Augustinegrass [Stenotaphrum
secundatum (Walt.) Kuntze] rooting was no
affected by irrigating every 2, 3, 4, or 6 da
with 3.8 or 6.4 mm water/day (Peacock a
Dudeck, 1985).

Work has been done in crops other than 
to investigate irrigation frequency effects 
physiological response to a subsequent drou
Cotton (Gossypium hirsutum L.) irrigated ev-
ery 8 days maintained leaf turgor and l
blade elongation longer and was slower
close stomata during a subsequent drou
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compared to plants irrigated every 1 or 4 da
(Cutler and Rains, 1977). Spring whea
(Triticum aestivum L.) irrigated every 12 days
exhibited a slower reduction in leaf wate
potential (ψL) during dry-down than plants
watered on a 4-day interval (Proffitt et al.
1985). To our knowledge, no research ha
been done with turfgrass to evaluate effects
irrigation frequency on physiological respons
to a subsequent drought.

‘Meyer’ zoysiagrass is used widely
throughout the transition zone, a suboptim
area between cool and warm climates whe
both cool- and warm-season turfgrass can 
grown. Like turfgrass on many sites
zoysiagrass is often subject to routine, fre
quent (4 to 7 days weekly) irrigation. Further
more, occurrence of an extended period of w
weather followed by a severe drought is n
uncommon in the midwestern United State
To our knowledge, no information is availabl
on effects that frequent irrigation or extende
periods of rainfall may have on zoysiagras
response to a subsequent drought. In this stu
‘Meyer’ zoysiagrass was evaluated to dete
mine effects of irrigation frequency on rooting
and plant water status.

Materials and Methods

Study I. Research was conducted in th
greenhouse from 14 Sept. 1993 to 5 Apr. 199
‘Meyer’ zoysiagrass was sodded on a loa
soil retained in 12 polyvinyl chloride cylinders
measuring 27 cm in diameter × 92 cm deep
with a volume of 52 liters. A fiberglass bottom
perforated with five 2.5-cm-diameter hole
was fastened to the base of each cylinder. A
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cm-deep pea gravel layer was placed 
bottom of each column to prevent soil lo
through holes. A field loam soil (23% san
48% silt, 29% clay, 2.9% organic matter, p
6.5) was packed firmly to achieve a bu
density ≈1.5 g•cm–3 in each container. A 2-cm
void remained between the container top a
soil surface. Average air temperature was
to 27C. Three high-intensity sodium lam
were placed 105 cm above the container
supplement natural light with 100 to 12
µmol•m–2•s–1 photosynthetically active radia
tion (PAR) between 0600 and 2000 HR.

Before irrigation treatments began, gra
in all containers was watered daily until roo
reached a 20-cm depth, as determined by 
ding turf on a similar soil medium in an adj
cent container, and periodically pulling it up
one edge to estimate rooting depth visuall

A 20N–4P–17K soluble fertilizer was a
plied once to provide 4.9 g N/m2. After roots
had reached the 20-cm depth, turf in six of 
containers was watered daily [i.e., frequen
watered (FW)] and that in the remaining s
containers was watered at the first indicat
of leaf rolling [i.e., infrequently watered (IW)
Irrigation was applied to equal 100% cumu
tive daily evapotranspiration, which was d
termined by weighing three mini-lysimete
(25 cm in diameter, 24 cm deep) contain
zoysiagrass maintained under the same am
ent conditions and adjacent to the 12 conta
ers. Soil matric potential in lysimeters w
maintained at about –30 kPa by watering da
All containers received the same amount
water; only application frequency varied. Ir
gation treatments continued for 92 days. D
ing this period, IW turf received four irrigatio
applications (every 19 to 26 days), rang
from 78 to 124 mm each; FW turf received 
applications, ranging from 2.4 to 6.3 mm ea
Throughout the study, turf was mowed wee
at 5 cm with clippings removed. Visual tu
quality was rated weekly on a 0 to 9 sca
where 0 = brown, thin, dead turf; 9 = den
uniform, bright-green, and nonstressed tu
and 6 = acceptable quality. Weekly sho
growth rate was determined by measur
canopy height with a ruler and calculating t
difference between the canopy height a
mowing height.

After 92 days of irrigation treatments, tu
in all containers was subjected to a 55-day d
down during which no water was applie
Weekly mowing continued. Data were co
lected on turf quality (as previously describe
soil water content at 15-, 35-, 55-, and 75-
depths; ψL; leaf osmotic potential (ψS); and
leaf pressure potential (ψP).

The relatively small area of turf in eac
container did not allow cores to be remov
and root masses to be determined at reg
intervals. Rather, we used changes in 
water content at 15-, 35-, 55-, and 75-
depths as indicators of root activity. Oth
researchers have concluded that soil w
content provided a good indicator of root d
tribution or similarly used soil water extra
tion to determine differences in rooting amo
grasses (Bennett and Doss, 1960; Doss e
1960; Sheffer et al., 1987).

ys
t

r

,
s

 of
e

al
re
be
,
-
-
et
ot
s.
e
d
s
dy,
r-

e
4.
m

s
 3-

sas

f

s

HORTSCIENCE, VOL. 31(2), APRIL 1996



at
d-

he

5-
er

nt
.
m
W
n,
%
p

at
n a
-

m
x-
 in

n
ter

%
to
r

y-

s
 to
d
I,
i-
e

e
ted

s
r

a

s

t
e
r

-

 

e
e
t

s
h

s
 

i
r

n
y
e

in

p

a
t
e

s
il
n

a

c
c
e

 
z
k
a
e
t

-

 1

o
th
p

y
e

t
or
n

ro-

n-
nt
ea-

red
n

f
di-
er

re
-
 for

Table 1. Turf quality and shoot growth of zoysiagrass irrigated daily [frequent watering (FW)] or at the onset
of leaf rolling [infrequent watering (IW)] and osmotic potential at full turgor (ψs

100) before dry-down.

Turf qualityz Shoot growthy (mm•day–1)
During During After During During ψs

100

Treatment irrigation dry-down recovery irrigation dry-down (MPa)
Study I

FW 8.9 ax 6.2 b 6.6 b 7.1 a --- ---
IW 8.8 a 7.6 a 8.5 a 5.7 b --- ---

Study II
FW 8.8 a 6.4 b 7.0 b 6.9 a 2.6 b –1.22 a
IW 8.8 a 7.3 a 8.3 a 4.9 b 3.4 a –1.52 b

zTurf quality was rated visually on a 0 to 9 scale where 0 = brown, thin turf, and 9 = dense, uniform, and
nonstressed turf. Means during irrigation are from 13 and 15 weekly ratings in Studies I and II, respectively.
Means during dry-down are from 8 weekly ratings. Turf quality after recovery was rated 2 weeks after
rewatering.
yShoot growth was measured weekly, and data were converted to mean daily growth. Means during
irrigation represent 13 and 15 weekly measurements in Studies I and II, respectively. Means during dry-
down are from 8 weekly measurements.
xMean separation in columns within each study at P < 0.05.
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To determine volumetric soil water co
tent (VSWC) by time-domain reflectometr
(TDR), holes to accommodate TDR prob
were drilled in the sides of the PVC containe
at 15-, 35-, 55-, and 75-cm depths 45 days 
dry-down. Two 23-cm-long stainless ste
probes were inserted horizontally at each de
Clear silicone glue was used to seal the ho
and anchor the probes. Soil water content w
measured with an IRAMS soil moisture an
lyzer (Soil Moisture Equipment Corp., San
Barbara, Calif.) 47 and 53 days into the str
period. Leaf water potential and ψS were mea-
sured using precalibrated thermocouple p
chrometers (model 75-1AC; J.R.D. Merr
Specialty Equipment Corp., Logan, Utah) a
a dewpoint microvoltmeter (model HR-33T
Wescor, Logan, Utah) as described by Kirkh
(1985). Between 1100 and 1200 HR, two re-
cently, fully expanded leaf blades from ea
container were excised at the collar and pla
in a psychrometer chamber. The leaves w
equilibrated at 26C for 3.5 h before ψL was
measured in the psychrometric mode with
cooling time of 30 sec. To determine ψS, the
thermocouple psychrometer chamber conta
ing leaf tissue was separated from the therm
couple, corked, and frozen at –15C for 24
Chambers then were removed from the free
thawed at 25C for 1 h, uncorked, and quic
returned to the thermocouple. After equilibr
tion for 3.5 h, ψS was measured as describ
for ψL measurement. Leaf pressure poten
was calculated by subtracting ψS from ψL.
When the calculated ψP was <0, it was ad
justed to 0.

Turf was rewatered 55 days into the stre
period. Turf quality was rated at 7, 10, and
days after rewatering.

Study II. A second, similar greenhous
study was conducted from 23 Sept. 1994 t
May 1995. Materials and methods were 
same as in Study I with the following exce
tions:

1) Irrigation treatments continued for 10
days before dry-down began, and IW tu
received five irrigations (every 16 to 27 da
with 72 to 120 mm water applied each tim
FW turf received 107 irrigations with a mea
of 4.0 mm water applied each time.

2) The day after irrigation treatmen
ceased, leaf osmotic potential at full turg
(ψS

100) was measured to determine if irrigatio
regime affected osmotic adjustment.

3) The dewpoint rather than the psych
metric mode was used to measure ψL and ψS in
thermocouple psychrometers.

4) The TDR probes were inserted horizo
tally before dry-down, and soil water conte
at 15-, 35-, 55-, and 75-cm depths was m
sured weekly.

5) Weekly shoot growth rate was measu
during dry-down as done during the irrigatio
period in Study I.

To measure ψS
100, 10 fully expanded lea

blades were excised at the collar and imme
ately immersed in distilled water for 8 h und
fluorescent light (PAR = 15 µmol•m–2•s–1) to
bring them to full hydration. Leaves then we
blotted dry, placed into siliconized micro
centrifuge tubes, and set in a –15C freezer
HORTSCIENCE, VOL. 31(2), APRIL 1996
24 h. ψS
100 was measured on sap expres

from the leaves with a laboratory press (F
S. Carver, Wabash, Ind.) after a 30-min tha
A 10-µl aliquot of the expressed sap w
injected onto a SS-033 Sample Disc (Wesc
that was placed in the sampling chamber o
model 5500 vapor pressure osmome
(Wescor).

Data analysis. In both experiments, con
tainers were arranged in a completely rando
ized block design with two treatments and 
replications. Analysis of variance indicated
treatment × study interaction; therefore, da
from each study were analyzed separat
Data for turf quality and growth rate we
analyzed over all dates using repeated m
sures analysis (Milliken and Johnson, 198
Data on ψS

100 collected in Study II were sub
jected to a Student t test to determine differ
ences between irrigation treatments. Beca
drought conditions changed over time, ψL, ψS,
ψP, and soil water content were analyzed
individual dates to test for differences betwe
FW and IW treatments.

Results and Discussion

Irrigation period

Turf quality and shoot growth. Zoysiagrass
receiving FW and IW treatments exhibit
good quality in both studies (Table 1). Lik
wise, Peacock and Dudeck (1984) repor
that St. Augustinegrass turf quality was n
affected by irrigating every 2, 3, 4, or 6 da
with an amount of water derived from evap
transpiration estimates. Shoot growth rate
FW zoysiagrass were 25% and 41% hig
than those of IW zoysiagrass in Study I a
Study II, respectively (Table 1). Biran et a
(1981) reported similar findings, in that dela
ing irrigation until the onset of wilting reduce
shoot growth of 11 turfgrass species by up
35% in the field. Faster growth often results
higher yields of food crops or forage gras
(Doss et al., 1962), but is undesirable
turfgrass, because more frequent mowing
required. Rapid growth leading to more cl
pings also depletes turfgrass of carbohyd
reserves that may be needed during period
stress (Smith, 1972).

-

s
rs
to

el
th.
les
as
-

a
ss

y-
l
d
;
m

h
ed
re

 a

in-
o-
h.
er,
ly
-
d
ial

ss
4

e
 1
e
-

7
rf
s
);
n

s

Osmotic adjustment. At the end of the
irrigation period in Study II, ψS

100 in leaves of
IW zoysiagrass was 0.30 MPa lower than th
in FW turf (Table 1). Hence, an osmotic a
justment of ≈0.30 MPa had occurred in IW
zoysiagrass.

Dry-down period

Soil water extraction. Forty-seven days
into dry-down in Study I, VSWCs were 17%
lower at the 75-cm depth and 14% lower at t
55-cm depth under IW compared to FW
zoysiagrass (data not shown). VSWC at a 7
cm depth was 19% lower under IW turf aft
53 days of dry-down.

No differences in VSWC were appare
until ≈30 days into dry-down in Study II (Fig
1). At 30 days into dry-down, VSWC at 75 c
was 9% to 11% lower under IW than under F
zoysiagrass. Fifty-three days into dry-dow
VSWC at a 55-cm depth under IW turf was 9
lower than that under FW turf. Drier soil dee
in the root zone under IW turf indicated th
roots were present and extracting water. I
field study in Israel (Mantell, 1966), kikuyu
grass (Pennisetum clandestinum Hochst.) was
subjected to irrigation intervals ranging fro
7 to 30 days. Grass irrigated infrequently e
tracted proportionately more water deeper
the soil than turf irrigated frequently.

Leaf water potential. Compared to ψL of
FW zoysiagrass, ψL values of IW turf were
36% to 40% lower 1 to 4 days after irrigatio
ceased in Study I, and 32% lower 3 days af
irrigation ceased in Study II (Fig. 2). The ψL

values of IW zoysiagrass were 13% to 22
higher than those of FW turf 31 to 41 days in
dry-down in Study I and 11% to 13% highe
than those of FW turf 30 to 40 days into dr
down in Study II (Fig. 2).

Leaf osmotic potentials of IW zoysiagras
1 to 4 days after irrigation ceased were 22%
33% lower than those of FW turf in Study I an
14% lower than those of FW turf in Study I
reflecting osmotic adjustment during the irr
gation period (Fig. 2). At 31 days into th
stress period in Study I, ψS was 12% lower in
FW turf compared to IW turf, likely becaus
FW zoysiagrass leaves were more dehydra
than leaves of IW turf.
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Fig. 2. Influence of frequent (FW) and infrequent (IW) irrigation treatments on leaf water potential, os
potential, and pressure potential during a subsequent dry-down in Studies I and II. *, ** Treatments
significantly different at P < 0.10 and 0.05, respectively. Data are means of six replicates.

r

d
 

Fig. 1. Volumetric soil water content at four soil depths 2, 16, 30, and 53 days after frequent (FW
infrequent (IW) irrigation treatments ceased, Study II. Asterisks denote a significant difference be
irrigation treatments (P < 0.05). Data are means of six replicates.
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Pressure potential was 0.11 MPa highe
FW turf than IW turf on the first day into dry
down in Study I. However, IW turf exhibite
higher ψP on at least one occasion between
and 40 days into dry-down in both studies (F
2).

Turf quality and shoot growth. Quality of
FW zoysiagrass declined more rapidly th
quality of IW turf during dry-down (P < 0.05)
236
 in
-

25
ig.

an

(data not shown). Quality of IW turf was 1.4
units higher than that of FW turf in Study I an
1.1 units higher in Study II (Table 1). Shoo
growth rate of FW turf was 24% lower tha
that of IW turf during dry-down (Table 1),
which likely was due to higher leaf turgo
potential (Fig. 2).

When watered at the onset of leaf rolling
zoysiagrass has the capacity to adjust osm
cally and extract more water deep in the s
profile. Our results parallel those of Proffitt e
al. (1985), who evaluated the drought respon
of spring wheat. In that study, plants we
irrigated every 4 or 12 days for 3 months bas
upon ET from a well-watered lysimeter situ
ated nearby, and then irrigation ceased. Af
18 days with no irrigation, ψL in wheat watered
every 4 days was ≈0.3 MPa lower than that of
plants watered on a 12-day interval. Co
versely, Devitt et al. (1993) observed th
midday ψL of bermudagrass [Cynodon dactylon
(L.)Pers] was fairly constant for 60 days du
ing a 95-day dry-down regardless of wheth
irrigation with saline water was applied prev
ously one, two, or four times weekly (Devitt e
al., 1991). These results suggest that the eff
of irrigation frequency on grass response to
subsequent drought may differ with grass sp
cies or salinity level of the irrigation water.

We have documented with this work th
morphological and physiological benefits th
zoysiagrass is afforded by deep, infreque
irrigation. Turf managers that irrigat
zoysiagrass on a frequent, routine schedule
limiting the plant’s ability to tolerate a poten
tial, subsequent drought. However, zoysiagra
management immediately following an ex
tended period of wet weather should inclu
light, frequent irrigation to accommodate 
plant with shallow roots and poor drough
tolerance.
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