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HortScience 31(2):234-237. 1996. cm-deep pea gravel layer was placed at the
bottom of each column to prevent soil loss

1 1 through holes. A field loam soil (23% sand,
I r”gatlon Freq uency AffeCtS 48% silt, 29% clay, 2.9% organic matter, pH
6.5) was packed firmly to achieve a bulk

ZoyS|agraSS ROOtlng and Plant Water density=1.5 gcnr® in each container. A 2-cm

void remained between the container top and

Status soil surface. Average air temperature was 21
to 27C. Three high-intensity sodium lamps

Y.L. Qiant and J.D. Fry? were placed 105 cm above the containers to
T U . supplement natural light with 100 to 120
Department of Horticulture, Forestry, and Recreation Resources, Kanaég,m_z,sl photosynthetically active radia-

State University, Manhattan, KS 66506-5506 tion (PAR) between 0600 and 200@
Additional index worddeaf water potential, osmotic adjustment, soil moisture content, al?lfgﬁ;ﬂgﬁ,ﬁg;;ﬁg&?gatjaaf,gu?]r:i] %g;sss
Zoysia japonica reached a 20-cm depth, as determined by sod-

Abstract.'Meyer’ zoysiagrass Zoysia japonicaSteud.) was established on a silt loam soil ding turf on a similar soil medium in an adja-
in 27-cm-diameterx 92-cm-deep containers in a greenhouse to investigate the influence ofentcontainer, and periodically pulling itup at
irrigation frequency on turfgrass rooting and drought tolerance. Turf was irrigated daily ~ON€ €dge to estimate rooting depth visually.
or at the onset of leaf rolling with a water volume equal to the cumulative evapotranspi- A 20N-4P—17K soluble fertilizer was ap-
ration of well-watered turf in small weighing lysimeters. After >90 days of irrigation Plied once to provide 4.9 g NfmAfter roots
treatments, a dry-down was imposed during which no additional water was applied for 55 had reached the 20-cm depth, turfin six of the
days. A recovery period followed during which time turf was watered to maintain soil Ccontainers was watered daily [i.e., frequently
matric potential at greater than —30 kPa. Compared to turf irrigated daily, that watered Watered (FW)] and that in the remaining six
at the onset of leaf rolling exhibited 1) 32% to 36% lower leaf water potential and 14% to containers was watered at the first indication
22% lower osmotic potential before the onset of drought; 2) 13% higher leaf water Ofleafrolling[i.e., infrequently watered (IW)].
potential =40 days into dry-down; 3) more extensive rooting at 55- and 75-cm soil depths!Tfigation was applied to equal 100% cumula-
as indicated by 11% to 19% lower volumetric soil moisture content at the end of dry-down; Ve daily evapotranspiration, which was de-
4) 25% to 40% lower shoot growth rate during irrigation and 13% to 33% higher shoot termined by weighing three mini-lysimeters
growth rate during dry-down; and 5) higher quality ratings during dry-down and (25 ¢m in diameter, 24 cm deep) containing

recovery. Thus, deep, infrequent irrigation better prepares zoysiagrass for an oncoming Z0Ysiagrass maintained under the same ambi-
drought than light, frequent irrigation. ent conditions and adjacent to the 12 contain-

ers. Soil matric potential in lysimeters was

Recommendations for turfgrass irrigationcompared to plants irrigated every 1 or 4 daysaintained at about—30 kPa by watering daily.
traditionally have been to water deeply andCutler and Rains, 1977). Spring wheafll containers received the same amount of
infrequently to encourage deep rooting andTriticum aestivunh..) irrigated every 12 days water; only application frequency varied. Irri-
create a drought-tolerant plant (Beard, 1973gxhibited a slower reduction in leaf watergation treatments continued for 92 days. Dur-
In a series of experiments (Bennett and Dospptential () during dry-down than plants ingthis period, IW turf received four irrigation
1960; Doss et al., 1960), rooting of warm- angvatered on a 4-day interval (Proffitt et al.,applications (every 19 to 26 days), ranging
cool-season forage grasses was enhanced1885). To our knowledge, no research hasom 78 to 124 mm each; FW turf received 92
allowing soil in the upper 60 cm to dry to 15%been done with turfgrass to evaluate effects @pplications, ranging from 2.4t0 6.3 mm each.
vs. 70% available soil water content. In arrigationfrequency on physiological responsé hroughout the study, turf was mowed weekly
California field study (Madison and Hagan,to a subsequent drought. at 5 cm with clippings removed. Visual turf
1962), irrigating every 20 days enhanced Ken- ‘Meyer’ zoysiagrass is used widely quality was rated weekly on a 0 to 9 scale,
tucky bluegrassRoa pratensisL.) rooting throughout the transition zone, a suboptimalvhere 0 = brown, thin, dead turf; 9 = dense,
compared to irrigation three times weeklyarea between cool and warm climates wheneniform, bright-green, and nonstressed turf;
However, St. AugustinegrasStgnotaphrum both cool- and warm-season turfgrass can kmnd 6 = acceptable quality. Weekly shoot
secundatunfWalt.) Kuntze] rooting was not grown. Like turfgrass on many sites,growth rate was determined by measuring
affected by irrigating every 2, 3, 4, or 6 dayzoysiagrass is often subject to routine, freeanopy height with a ruler and calculating the
with 3.8 or 6.4 mm water/day (Peacock anduent (4 to 7 days weekly) irrigation. Furtherdifference between the canopy height and
Dudeck, 1985). more, occurrence of an extended period of wehowing height.

Work has been done in crops other than turfeather followed by a severe drought is not After 92 days of irrigation treatments, turf
to investigate irrigation frequency effects oruncommon in the midwestern United Statesn all containers was subjected to a 55-day dry-
physiological response to a subsequent drougfto our knowledge, no information is availabledown during which no water was applied.
Cotton Gossypium hirsutun.) irrigated ev- on effects that frequent irrigation or extende®eekly mowing continued. Data were col-
ery 8 days maintained leaf turgor and leaperiods of rainfall may have on zoysiagrassected on turf quality (as previously described);
blade elongation longer and was slower toesponse to a subsequentdrought. Inthis studsgil water content at 15-, 35-, 55-, and 75-cm
close stomata during a subsequent droughileyer’ zoysiagrass was evaluated to deterdepths;y,; leaf osmotic potential(y); and

mine effects of irrigation frequency on rootingleaf pressure potentialig).

Received for publication 24 July 1995. Accepted foAnd plant water status. The relatively small area of turf in each
publication 29 Dec. 1995. Kansas Agricultural Expt. container did not allow cores to be removed
Station contribution no. 96-16-J. Research supported Materials and Methods and root masses to be determined at regular
in part by the City of Wichita Public Works Dept., intervals. Rather, we used changes in soil

Kansas Golf Course Superintendent's Association, - gyydy | Research was conducted in thevater content at 15-, 35-, 55-, and 75-cm
:gg&ig; Qmae;'g?hgﬁgniggr?ﬁrfgfg’sir'ggi?%:?ito reenhouse from 14 Sept. 19930 5 Apr. 1994lepths as indicators of root activity. Other
The cost of'publishing this paper was defrayed i _eyer’_zoys_lagrass was sodded on a Ioamesearchers_have COﬂC|L_Jde_d that soll water
part by the payment of page charges. Under post3Pil rétainedin 12 polyvinyl chloride cylinders content provided a good indicator of root dis-
regulations, this paper therefore must be heregji€asuring 27 cm in diamet&r92 cm deep t_rlbutlon or S|mllar_ly used so_ll water extrac-
markedadvertisemensolely to indicate this fact. With a volume of 52 liters. A fiberglass bottomtion to determine differences in rooting among
!Graduate Research Assistant. perforated with five 2.5-cm-diameter holesgrasses (Bennett and Doss, 1960; Doss et al.,

2Associate Professor. was fastened to the base of each cylinder. A 3960; Sheffer et al., 1987).
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To determine volumetric soil water con-24 h. ! was measured on sap expressed Osmotic adjustmentAt the end of the
tent (VSWC) by time-domain reflectometryfrom the leaves with a laboratory press (Fredrigation period in Study 1'% in leaves of
(TDR), holes to accommodate TDR probe$. Carver, Wabash, Ind.) after a 30-min thawlW zoysiagrass was 0.30 MPa lower than that
were drilled in the sides of the PVC containeré 10-ul aliquot of the expressed sap wasn FW turf (Table 1). Hence, an osmotic ad-
at 15-, 35-, 55-, and 75-cm depths 45 days infojected onto a SS-033 Sample Disc (Wescofustment of=0.30 MPa had occurred in IW
dry-down. Two 23-cm-long stainless steethat was placed in the sampling chamber of zoysiagrass.
probeswereinserted horizontally ateach deptmodel 5500 vapor pressure osmometer
Clear silicone glue was used to seal the holégvescor). Dry-down period
and anchor the probes. Soil water content was Data analysis.In both experiments, con-
measured with an IRAMS soil moisture anatainers were arranged in a completely random- Soil water extractionForty-seven days
lyzer (Soil Moisture Equipment Corp., Santazed block design with two treatments and siinto dry-down in Study I, VSWCs were 17%
Barbara, Calif.) 47 and 53 days into the stresgplications. Analysis of variance indicated dower at the 75-cm depth and 14% lower at the
period. Leaf water potential agd were mea- treatmentx study interaction; therefore, data55-cm depth under IW compared to FW
sured using precalibrated thermocouple psyrom each study were analyzed separatelgoysiagrass (data not shown). VSWC at a 75-
chrometers (model 75-1AC; J.R.D. MerrillData for turf quality and growth rate werecm depth was 19% lower under IW turf after
Specialty Equipment Corp., Logan, Utah) anénalyzed over all dates using repeated me&3 days of dry-down.

a dewpoint microvoltmeter (model HR-33T;sures analysis (Milliken and Johnson, 1984). No differences in VSWC were apparent
Wescor, Logan, Utah) as described by Kirkharbata onyis'® collected in Study Il were sub- until=30 days into dry-down in Study Il (Fig.

(1985). Between 1100 and 1268, two re- jected to a Studenttest to determine differ- 1). At 30 days into dry-down, VSWC at 75 cm
cently, fully expanded leaf blades from eaclkences between irrigation treatments. Becauseas 9% to 11% lower under IW than under FW
container were excised at the collar and placettought conditions changed over time, Y5,  zoysiagrass. Fifty-three days into dry-down,
in a psychrometer chamber. The leaves werg,, and soil water content were analyzed bySWC at a 55-cm depth under IW turf was 9%
equilibrated at 26C for 3.5 h befoyg was individual dates to test for differences betweetower than that under FW turf. Drier soil deep
measured in the psychrometric mode with &W and IW treatments. in the root zone under IW turf indicated that

cooling time of 30 sec. To determing, the
thermocouple psychrometer chamber contain-
ing leaf tissue was separated from the thermo-
couple, corked, and frozen at —15C for 24 Hrrigation period
Chambers then were removed from the freezer,

Results and Discussion

roots were present and extracting water. In a
field study in Israel (Mantell, 1966), kikuyu-
grassPennisetum clandestinudochst.) was
subjected to irrigation intervals ranging from
7 to 30 days. Grass irrigated infrequently ex-

thawed at 25C for 1 h, uncorked, and quickly Turf quality and shoot growtoysiagrass tracted proportionately more water deeper in
returned to the thermocouple. After equilibrareceiving FW and IW treatments exhibitedthe soil than turf irrigated frequently.
tion for 3.5 h,)s was measured as describedjood quality in both studies (Table 1). Like- Leaf water potentialCompared tap, of
for Y, measurement. Leaf pressure potentialise, Peacock and Dudeck (1984) reporteBW zoysiagrass), values of IW turf were
was calculated by subtractingg from . that St. Augustinegrass turf quality was noB6% to 40% lower 1 to 4 days after irrigation
When the calculated, was <0, it was ad- affected by irrigating every 2, 3, 4, or 6 dayseased in Study |, and 32% lower 3 days after
justed to O. with an amount of water derived from evapoirrigation ceased in Study Il (Fig. 2). Tig
Turf was rewatered 55 days into the stredsanspiration estimates. Shoot growth rates afalues of IW zoysiagrass were 13% to 22%
period. Turf quality was rated at 7, 10, and 1#W zoysiagrass were 25% and 41% highdmnigher than those of FW turf 31 to 41 days into
days after rewatering. than those of IW zoysiagrass in Study | andry-down in Study | and 11% to 13% higher
Study Il. A second, similar greenhouseStudy Il, respectively (Table 1). Biran et al.than those of FW turf 30 to 40 days into dry-
study was conducted from 23 Sept. 1994 to (1981) reported similar findings, in that delay-down in Study Il (Fig. 2).
May 1995. Materials and methods were thang irrigation until the onset of wiltingreduced  Leaf osmotic potentials of IW zoysiagrass
same as in Study | with the following excepshoot growth of 11 turfgrass species by up t to 4 days after irrigation ceased were 22% to
tions: 35% in the field. Faster growth often results irB3% lower than those of FW turfin Study | and
1) Irrigation treatments continued for 107higher yields of food crops or forage grasse$4% lower than those of FW turf in Study I,
days before dry-down began, and IW turfDoss et al., 1962), but is undesirable imeflecting osmotic adjustment during the irri-
received five irrigations (every 16 to 27 daydurfgrass, because more frequent mowing igation period (Fig. 2). At 31 days into the
with 72 to 120 mm water applied each time)required. Rapid growth leading to more clipstress period in Studydis was 12% lower in
FW turf received 107 irrigations with a mearpings also depletes turfgrass of carbohydratéW turf compared to IW turf, likely because
of 4.0 mm water applied each time. reserves that may be needed during periods B zoysiagrass leaves were more dehydrated
2) The day after irrigation treatmentsstress (Smith, 1972). than leaves of IW turf.
ceased, leaf osmotic potential at full turgor
(Ws') was measured to determine if irrigatio
regime affected osmotic adjustment.
3) The dewpoint rather than the psychro-
metric mode was used to measprandygin Turf quality? Shoot growth (mmeday™)
thermocouple psychrometers. During During After During During [URLY
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n1'able 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 turgnf°®) before dry-down.
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4) The TDR probes were inserted horizonTreatment irrigation dry-down recovery irrigation dry-down (MPa)
tally before dry-down, and soil water contenstudy |
at 15-, 35-, 55-, and 75-cm depths was mea+W 8.94a 6.2b 6.6 b 71a
Sured Weekly W 8.8a 7.6a 85a 57b -—- ===

5) Weekly shoot growth rate was measuregtudy !

: : P 8.8a 6.4b 7.0b 6.9a 26b -1.22a
during dry-down as done during the irrigation W 88a 73a 83a 490 34a 152h

period in Study I. : - - -
To measura®, 10 fully expanded leaf zTurf quality was rated visually on a 0 to 9 scale where 0 = brown, thin turf, and 9 = dense, uniform, and
S

: : nonstressed turf. Means during irrigation are from 13 and 15 weekly ratings in Studies | and II, respectively.
blade_s were exc_lse_d a.lt the collar and imme ieans during dry-down are from 8 weekly ratings. Turf quality after recovery was rated 2 weeks after
ately immersed in distilled water for 8 h “nde’}ewatering
fluorescent light (PAR = 1imokms™) t0  yshoot growth was measured weekly, and data were converted to mean daily growth. Means during
bring them to full hydration. Leaves then wer6rigation represent 13 and 15 weekly measurements in Studies | and II, respectively. Means during dry-
blotted dry, placed into siliconized micro-down are from 8 weekly measurements.
centrifuge tubes, and set in a —15C freezer feMean separation in columns within each study &t0.05.
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cally and extract more water deep in the soil
profile. Our results parallel those of Proffitt et
al. (1985), who evaluated the drought response
of spring wheat. In that study, plants were
irrigated every 4 or 12 days for 3 months based
upon ET from a well-watered lysimeter situ-
ated nearby, and then irrigation ceased. After
18 days with noirrigation), in wheat watered
every 4 days was0.3 MPa lower than that of
plants watered on a 12-day interval. Con-
versely, Devitt et al. (1993) observed that
middayp, of bermudagras€lynodon dactylon
(L.)Pers] was fairly constant for 60 days dur-
ing a 95-day dry-down regardless of whether
irrigation with saline water was applied previ-
ously one, two, or four times weekly (Devitt et
al., 1991). These results suggest that the effect
of irrigation frequency on grass response to a
subsequent drought may differ with grass spe-
cies or salinity level of the irrigation water.
We have documented with this work the
morphological and physiological benefits that

Fig. 1. Volumetric soil water content at four soil depths 2, 16, 30, and 53 days after frequent (FWxawsiagrass is afforded by deep, infrequent
infrequent (IW) irrigation treatments ceased, Study |l. Asterisks denote a significant difference bet\'/veigation. Turf managers that irrigate
irrigation treatment§P < 0.05). Data are means of six replicates.

Water potential {MPa)

Csmaotic patential {MPa)

Prassure potential {MPa)

2

-3

4L

2|

<
IS

o
w

o
[N

=4
ry

o
=]

ax

Study |

Study 1l

o

*n

O/\\.(n - .-
- =

4\__‘ .

o et L
.- -
.
_-.'/
— B S

0 10 20 30 40 © 10 20 30 40

Days after ceasing irrigation

zoysiagrass on a frequent, routine schedule are
limiting the plant’s ability to tolerate a poten-
tial, subsequent drought. However, zoysiagrass
management immediately following an ex-
tended period of wet weather should include
light, frequent irrigation to accommodate a
plant with shallow roots and poor drought
tolerance.
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