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Abstract.

 

 

 

Water is one of the greatest limiting factors influenc-
ing turfgrass growth. Due to increased pressure to preserve
water resources, there is interest in development of sensor-
based technologies to indicate turfgrass irrigation require-
ments. This study is designed to determine what technologies
might reliably and accurately predict irrigation scheduling
needs of warm-season turfgrass. ‘Floratam’ St. August-
inegrass was established in 19 inch diameter tubs in the Envi-
rotron Turfgrass Research facility in Gainesville in the spring
of 2002. Each grass was subjected to repeated dry-down cy-
cles where irrigation was withheld. Data were collected on: a)
shoot quality, leaf rolling, leaf firing, turf color; b) soil moisture
content; c) leaf relative water content (RWC), and d) chloro-
phyll content index. Results of this study indicated that turf
quality was highly correlated with soil moisture (

 

P 

 

≤

 

 0.0001)
throughout the dry-down cycle. As turf quality declined below
acceptable levels, these sensor-based technologies were able
to predict the need for irrigation scheduling.

 

Water is one of the greatest limiting factors influencing
turfgrass growth. In recent years there has been increasing in-
terest in deficit irrigation, or providing water at less than the
maximum evapotranspiration (ET) rate over the growing sea-
son. With demand on urban water resources often exceeding
available supplies, it has become important to understand
and quantify the responses of turf to deficit irrigation and to
have a more thorough understanding of relative drought tol-
erance. Thus, this research will focus on sensor-based tech-
nologies to determine irrigation scheduling needs of warm-
season turfgrasses.

Drought is defined as a condition caused by a prolonged
period of dry weather that may cause plant damage and water
supply shortages (Kneebone et al., 1992). Turfgrass species
respond to water stress to varying degrees and drought is a
major limiting factor in turfgrass management (White et al.,
1993). Drought suppresses turfgrass growth and causes dete-
rioration of turf quality. The use of cultivars and species with
superior drought resistance is one of the ways in which water
use can be reduced while maintaining good quality and
growth of turfgrass (White et al., 1992).

Turfgrasses have their own means of drought resistance
via dehydration avoidance, dehydration tolerance, and es-
cape. Sifers and Beard (1999) assessed drought resistance
and dehydration avoidance of selected genotypes within St.

Augustinegrass (

 

Stenotaphrum secundatum 

 

[Walt.] Kuntze),
centipedegrass (

 

Eremochloa ophiuroides 

 

[Munro] Hack

 

.

 

), sea-
shore paspalum (

 

Paspalum vaginatum 

 

Swartz), and buffa-
lograss (

 

Buchloe dactyloides

 

 (Nutt.) Engelm.). St.
Augustinegrass genotypes were remarkably drought tolerant
and capable of remaining green through lengthy drought
stress periods. There was a significant drought stress reaction
such as early color loss and dormancy in some drought toler-
ant species such as buffalograss.

Rodriguez and Miller (2000) evaluated the capacity of a
hand-held chlorophyll meter (SPAD-502) to provide a rela-
tive index of chlorophyll concentration, nitrogen concentra-
tion, and visual quality in St. Augustinegrass. The chlorophyll
meter readings were positively correlated with chlorophyll
concentrations (r = 0.79).

The objective of this research was to determine what tech-
nologies might reliably and accurately predict irrigation
scheduling needs of warm-season turfgrass.

 

Materials and Methods

 

This research consisted of two repeated studies conduct-
ed consecutively on ‘Floratam’ St. Augustinegrass. Grasses
were established on Arrendondo fine sand soil in 43.2 cm di-
ameter tubs that were 35.6 cm deep. This study was conduct-
ed at the University of Florida Envirotron greenhouse in
Gainesville. Study 1 was conducted from 19 Apr. to 7 May
2002, while study 2 was conducted from 29 May to 8 July in
2002. Grass was transplanted from established sod that was
washed free of soil before planting. Grasses were mowed once
a week at 2 inches and irrigation was provided as needed dur-
ing establishment. When grass was uniformly established, irri-
gation was withheld and data were obtained over the duration
of each dry-down.

Evaluations included turf quality, leaf rolling, leaf firing,
soil moisture content, relative water content of leaves (RWC),
and chlorophyll content (CCI). Turf quality was rated daily
on a 1 to 9 scale based on shoot density and uniformity, where
1 equaled no live grass; 6 equaled acceptable quality for a
home lawn; and 9 equaled optimum color, density, and uni-
formity. Leaf rolling and leaf firing were rated every day on a
1 to 9 scale, where 1 equaled totally rolled or fired leaf and 9
equaled no leaf rolling or leaf firing.

Soil moisture content (%) data were measured with Field-
Scout time domain reflectometry (TDR) (Spectrum Technol-
ogies, Inc., Plainfield, Ill.). The measurement data were the
average volumetric water contents to a depth of eight inches.

Relative water content of leaves was determined using the
following equation: RWC = (Fresh wt – Dry wt)/(Turgid wt –
Dry wt) 

 

×

 

 100, where dry weight was measured after drying at
75 °C for 24 h, and turgid weight was measured after soaking
in ionized water for 4 h at room temperature (20 °C).

Chlorophyll content index of leaves was randomly mea-
sured from two locations within each pot with a Field Scout
CM1000™ chlorophyll meter (Spectrum Technologies, Inc.,
Plainfield, Ill.). This chlorophyll meter senses light at wave-
lengths of 700 nm and 840 nm and develops an index to esti-
mate the quantity of chlorophyll in leaves.
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Experimental design was completely randomized with
eight replications. Data were analyzed with general linear re-
gression or correlation models (SAS Institute, 1987). Means
were separated using the LSD test (P < 0.05). Regression anal-
ysis was used to test correlations among turf quality, RWC, soil
moisture content, and CCI.

 

Results and Discussion

 

Correlations with Turf

 

 

 

Quality. 

 

RWC of leaves was highly cor-
related with turf quality (R

 

2

 

 = 0.67, p 

 

≤

 

 0.0004). Turfgrasses
maintained acceptable quality (

 

≥

 

6) between 85 and 90% of
RWC (Fig. 1). Soil moisture was highly correlated with turf
quality (R

 

2

 

 = 0.91, p 

 

≤

 

 0.0001). Turf quality was at acceptable
levels when soil moisture ranged from 11 to 23%. Turf quality
was significantly decreased when soil moisture content
dropped below 6% (Fig. 2). CCI was also highly correlated
with turf quality (R

 

2

 

 = 0.92, p 

 

≤

 

 0.001). Turfgrasses main-
tained acceptable quality (

 

≥

 

6) when the CCI was over 257
(Fig. 3).

 

Correlations with Soil Moisture. 

 

RWC of leaves was highly
correlated with soil moisture (R

 

2

 

 = 0.51, p 

 

≤

 

 0.0096). Floratam
maintained 80% of water level in the cell even below 9% of
soil moisture (Fig. 4). There was little change of RWC when
soil moisture content ranged from 5 to 22%. Chlorophyll con-
tent index of leaves, as measured by chlorophyll meter, was
also highly correlated with soil moisture (R

 

2

 

 = 0.91, p 

 

≤

 

0.0001). There was a strong correlation between chlorophyll
content and soil moisture content (Fig. 5).

This research indicates that drought stress can be deter-
mined by sensor-based technology such as TDR. Strong corre-
lations exist among turf visual quality, soil moisture, RWC of
leaves, and CCI. The decline in turf quality below an accept-
able level provides a baseline for determining when other
critical parameters such as soil moisture and RWC can be
used to determine onset of drought stress.

Fig. 1. Correlation between turf quality and relative water content.

Fig. 2. Correlation between turf quality and soil moisture.

Fig. 3. Correlation between turf quality and chlorophyll content.

Fig. 4. Correlation between relative water content and soil moisture.

Fig. 5. Correlation between chlorophyll content and soil moisture.
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Although differences in microenvironment, soil condi-
tions, turf rooting depth, and management level influence
turfgrass water use, it appears likely that the measurement of
soil moisture content can be used to provide an accurate pre-
diction of turfgrass irrigation scheduling requirements.

In this research, ‘Floratam’ St. Augustine grass main-
tained acceptable visual quality down to 6% SMC, with signif-
icant reductions in turfgrass quality when SMC dipped below
6%. This implies that Floratam can maintain good quality
during periods of drought. Deficit irrigation is one key to en-
hance drought stress tolerance through drought hardening.
Further study is needed to investigate the correlation between
growth rate and deficit irrigation.
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Abstract.

 

 

 

Turfgrass management in the twenty-first century will
be influenced by new and dominating factors including water
quality, conservation, nutrient and pesticide management.
These upcoming issues will place new demands on how turf-
grass supervisors will manage turfgrass areas. Concerns for
the environment coupled with governmental regulations will
pressure turfgrass managers into modifying their turfgrass
management techniques. These changes will include the con-
sideration of alternative irrigation sources, minimal pesticide
use and efficient fertilizer management. One turfgrass that may
play an instrumental role in turfgrass management strategies
will be Seashore Paspalum (

 

Paspalum vaginatum

 

 Swartz). This
grass has the potential to incorporate multiple turfgrass uses,
along with minimal pesticide use and efficient uptake of nutri-
ents. In order to support Seashore Paspalum as a turfgrass to
be considered for recreational use in the future, St. Lucie Coun-
ty Extension and Parks and Recreation personnel engaged in a
two pronged systematic approach to establishing Seashore
Paspalum. The first area was established through plugging. If
establishment was successful the county would agree to invest
in the sodding of a baseball infield for further evaluation.

 

Seashore Paspalum (

 

Paspalum vaginatum

 

 Swartz) is a
warm-season grass that is native to tropical and sub-tropical
regions world-wide. Paspalum grows naturally in coastal envi-
ronments and is often found in brackish marsh water or in
close proximity to ocean waters (Trenholm and Unruh,
2002). Paspalum requires minimal amounts of pesticides and

can tolerate multiple stresses and poor water quality. This
turfgrass is also very efficient in the uptake of critical nutri-
ents. Paspalum must be vegetatively propagated since seed
are not available. Similar to hybrid bermudas, Paspalum sto-
lons, rhizomes, verticut material and sod can be used for es-
tablishment (Carrow and Duncan, 2000).

 

Materials and Methods

 

The St. Lucie County Extension Office, in cooperation
with the St. Lucie County Parks and Recreation Department,
attempted to establish Paspalum in two facilities within the
county. In these two localities, Sea Isle 1, a cultivar of Sea-
shore Paspalum, was employed. Because of budget consider-
ations the county first wanted to determine if plugs of
Paspalum could be established. If the plugs were successfully
established, the county would then be interested in investing
in the sodding of a 14,000 ft

 

2

 

 baseball practice field.
A 400 ft

 

2

 

 area in front of a marine science building located
adjacent to the Fort Pierce Inlet was selected for the planting.
The area was first treated with Roundup, and two weeks later,
the dead material was raked away and leveled. On 15 Mar.
2002, 4 inch plugs of the Sea Isle 1 were inserted 15 inches to
center. The plugs were initially fertilized with a 5-4-26 (e.g., 5-
10-31) complete fertilizer and irrigated at a rate of 1 inch/
week. After 1 month the plugs were again fertilized with a 15-
1-12 (e.g., 15-3-15) fertilizer. Within 60 d after planting, the
400 ft

 

2

 

 area was completely covered. The established turf grass
was fertilized every forty-five days with a 15-1-12 fertilizer and
continued to be irrigated at a rate of 1 inch/week.

Since the planting provided encouraging results, both
Extension and county parks personnel agreed that further
examination of Paspalum was warranted and decided to sod
a 14000 ft

 

2

 

 practice baseball infield again using Sea Isle 1.
In early December the field was treated with Basamid soil
fumigant, rolled and then irrigated. Two weeks later the field

 

1

 

E-mail: eask@ifas.ufl.edu.


