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under Deficit Irrigation

Joon-Hee Lee'*, Laurie. E. Trenholm? and J. Bryan Unruh®

'Hampyung Dynasty Country Club of Daeju Group, Hampyung 525-812, Korea,
2Dep. of Environmental Horticulture, Univ. of Florida, 1549 Fifield Hall, Gainesville, FL 32611

ABBAZ O LY DY MR

0l0

0|Z3|" - Laurie E. Trenholm?- J. Bryan Unruh?
8 el 2g .., ZEy gdtn 4948

ABSTRACT

Due to increasing concerns over issues with both water quantity and quality for
turfgrass use, research was conducted to determine the response of five warm-season
turfgrasses to deficit irrigation and to gain a better understanding of relative drought
tolerance. St.  Augustinegrass(Stenotaphrum  secundatum [Walt.] Kuntze.) cultivars
‘Floratam’ and ‘Palmetto’, ‘Sealsle 1° seashore paspalum(Paspalum vaginatumSwartz.),
‘Empire’  zoysiagrass(Zoysia japonica Steud.), and ‘Pensacola’ bahiagrass(Paspalum
notatum Flugge) were established in lysimeters in the University of Florida Envirotron
greenhouse facility in Gainesville. Irrigation was applied at100%, 80%, 60%, or 40% of
evapotranspiration(ET). Evaluations included: a) shoot quality, leaf rolling, leaf firing; b)
leaf relative water content(RWC), soil moisture content, chlorophyll content index(CCI),
canopy photosynthesis(PS); ¢) multispectral reflectance(MSR); d) root distribution; and
e) water use efficiency. Grasses irrigated at 100% and 80% of ET had no differences
in visual quality, leaf rolling, leaf firing, RWC, CCI, and PS. Grasses irrigated at 60%
of ET had higher values in physiological aspects than grasses irrigated at 40% of ET.
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‘Sealsle 1’ and ‘Palmetto’ had a deeper root system than ‘Empire’ and ‘Pensacola’,
while ‘Floratam’ had the least amount of root mass. Photosynthesis was positively
correlated with visual assessments such as turf quality, leaf rolling, leaf firing, and
sensor-based measurements such as CCI, soil moisture, and MSR. Reducing the amount
of applied water by 20% did not reduce turfgrass quality and maintained acceptable

physiological functioning.

Key words: chlorophyll content, deficit irrigation, drought stress, photosynthesis, warm

season turfgrass, water use efficiency

INTRODUCTION

There are increasing concerns about water use by turfgrass and interest in
reducing water use while maintaining acceptable turf quality. Plant water deficit
occurs when the rate of transpiration exceeds water uptake from roots. Drought
stress can be detrimental to crops because of yield reduction, but mild drought stress
may actually enhance drought resistance of ornamental plants(Mayaki et al. 1976). At
the cellular level, cellular water deficit can result in a concentration of solutes,
changes in cell volume and membrane shape, disruptionof water potential gradients,
loss of turgor, disruption of membrane integrity, protein alteration, and denaturation
of protein(Bray, 1997).

Plants have drought resistance mechanisms such as the ability to enhance root
systems when initial drought stress is sensed from the root. Root characteristics
associated with greater drought resistance during soil dry-down included enhanced
water uptake from deeper region in the soil profile, root proliferation into deeper soil
layers, and persistent root growth or maintenance of root viability in the drying soil
surface. Wide variations in root distribution, root viability, and water uptake pattern
were found in different species or ecotypes seashore within seashore paspalum(Huang
et al., 1997).

Huang and Fry(1998) analyzed genetic variations in morphological, physiological,
and anatomical rooting factors that might influence drought resistance in tall fescue
cultivars. Tall fescue cultivars ‘Kentucky-31°, ‘Mustang’ and ‘MIC18(dwarf, turf type)
were examined under well-watered or drought-stress conditions in a greenhouse. Root
hairs became less extensive after 28 d of drying. After 14 and 21 d of drying,
‘Kentucky 31'(forage type) roots showed significantly lower electrolyte leakage than
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those of MIC18. Cultivar variations in anatomical, morphological, and physiological
features of roots accounted for the variability in shoot performance under drought
stress.

Huang and Gao(1999) examined net photosynthetic rate, stomatal conductance,
transpiration rate, relative water content, and photochemical efficiency during drought
progression in tall fescue cultivars. The decline in photosynthesis rate resulted mainly
from internal water deficit and stomatal closure under mild drought stress conditions.

Stomatal closure among plant defense mechanisms by drought stress is directly
related to photosynthesis. Absisic acid(ABA) is formed when drought stress from roots
is sensed. Stomata are closed as ABA forms, which reduces internal water loss as
well as photosynthesis. Iturbe-Ormaetxe et al. (1998) investigated the correlation
between photosynthesis, stomatal conductance, transpiration and soluble protein in
pea plant leaves in response to water deficit treatments. Photosynthesis, stomatal
conductance, and transpiration were significantly decreased by deficit irrigation. The
moderate water deficit(water potential of -1.3 MPa) to pea(Pisum sativum L. cv
Lincoln) leaves led to a 75% inhibition of photosynthesis. Severe water deficit(-1.9
MPa) almost completely inhibited photosynthesis.

Water use efficiency(WUE) is defined as the total dry matter produced by plants
per amount of water used. Increasing dry matter production or reducing water use
can improve WUE. Turfgrass research would typically focus on the latter because the
goal for turfgrass management is to maintain optimum quality rather than increase
yield. There also is little information about how deficit irrigation affects WUE of
turfgrass.

The objectives for this research were: 1.) To assess physiological responses among

warm-season grasses, and 2.) To evaluate WUE of warm-season grasses under

different drought stress conditions.

MATERIALS AND METHODS

Plant Materials

Two repeated Studies were conducted consecutively in a greenhouse at the
University of Florida FEnvirotron Turfgrass Research Laboratory in Gainesville,
Florida. Study 1 was conducted from 31 October, 2002 to 16 April, 2003 and Study 2
was conducted from 28 October, 2003 to 30 March, 2004. St. Augustinegrass cultivars
‘Floratam’ and Palmetto’, ‘Sealsle 1 seashore paspalum, ‘Empire’ zoysiagrass, and

‘Pensacola’ bahiagrass were established in 46-cm-deep and 15-cm diameter PVC
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lysimeters. Grasseswere established on an Arredondo fine sand soil(loamy, siliceous,
hyperthermic, grossarenic paleudult) overlying 5 c¢m of gravel. Grasses were
transplanted from established sod that was washed free of soil before planting. A
stock solution fertilizer was applied to supply 2.5g m™® of nitrogen biweekly. Grasses
were mowed with hand-held shears once a week at 7em and irrigation was provided
as needed during establishment. Average greenhouse temperatures were 31/27°C day
and night, respectively. When grasses were uniformly established, deficit irrigation

treatments began and data were obtained over the duration of the dry-down cycles.

Deficit Irrigation Treatments
Irrigation was applied once a week at 100%, 80%, 60%, or 40% of
evapotranspiration{ET) as measured gravimetrically. Actual ET rate of grasses was
determined by measuring the lysimeters receiving 100% ET. This was calculated by
the following formula:
ET = Wmax - Wain
Wieedea = deficit irrigation level x ETcontrol
Winax = Winin + Wheeded
Wiin  8and Wi are lysimeter weights before and after water is applied.
Wicededrepresents water ‘amount applied for lysimeters. ETconwra represents the mean of
100% ir;figation/lévels ;)f ET.

Measurements

Evaluations included turf quality, leaf rolling, leaf firing, soil moisture content,
relative water content of leaves(RWC), chlorophyll content index(CCI), canopy
photosynthesis(PS), multispectral reflectance(MSR), root distribution, and water use
efficiency(WUE). Turf quality was assessed weekly during the dry-down using a 1 to
9 scale based on shoot color, density, uniformity, and drought symptoms, where 1
indicated no live grass and complete wilting, 5 indicated the beginning of drought
stress, 6 indicates a minimum acceptable quality without drought stress,and 9
indicated optimum quality. Leaf rolling and leaf firing were assessed daily using a 1
to 9 scale, where 1 equaled no leaf rolling or leaf firing and 9 equaled no live grass.

Volumetric soil moisture content(SMC) (%) was randomly measured from two
locations within each pot with a FieldScout 800 TDR(Spectrum Technology, Inc.).
Average volumetric water content was measured to a depth of 20 cm.

Relative water content of leaves(RWC) was determined according to the method of
Barrs and Weatherley(1962) using the following equation: RWC = (Fresh wt - Dry
wt) / (Turgid wt - Dry wt) X 100, where dry weight was determined after dltyihg at
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75°C for 24 h, and turgid weight was determined after soaking in deionized water for
4 h at room temperature(20°C).

Chlorophyll content index of leaves(CCI) was randomly measured from two locations
within each pot with a FieldScout CM1000™ chlorophyll meter(Spectrum Technology,
Inc.). This chlorophyll meter senses light at wavelengths of 700 nm and 840 nm and
develops an index to estimate the quantity of chlorophyll in leaves.

Canopy photosynthesis was measured once a week with the LI-COR 6200 portable
photosynthesis system. FEach lysimeter was put under high intensity discharge(HID)
lamp during photosynthesis measurement to have consistent light intensity. The
range of photosynthetic photon flux density(PPFD) was between 1200 and 1800 wmol

m? sec’. Al readings were taken from 1200 to 1500 h EST under conditions of

minimal cloud cover.

Water use efficiency(WUE) was calculated as shoot dry matter divided by actual ET(g
ml'l.day'l). WUE was measured under non-stressed and stressed conditions in Study 2.

At the termination of each Study, root distribution was measured by separating the
root system into the top 23 em and the bottom 23 cm before washing roots. Roots were
then washed free of soil and dried in an oven at 24°C for 24 h before being weighed.

The two Studies were compared for differences with analysis of variance at the
0.05 probability level(PROC ANOVA) and data from each Study were analyzed with
general linear regression(PROC GLM) or correlation modelstPROC CORR)SAS
Institute, 1990). Means were separated using the LSD test(P < 0.05). Regression
analysis was used to test correlations among visual measurements, RWC, soil
moisture content, CCI, and multispectral reflectance data. Where data differed

between Studies, data are presented separately for both.

RESULTS AND DISCUSSION

Visual Measurements

Turf Quality

‘Seashore paspalum’ maintained highest visual quality at 100 and 80% ET in Study
1, while at 60% ET, ‘Empire’ and Palmetto’, St. Augustinegrass had equal quality
scores(Table 1). At 40% ET, visual scores were highest in ‘Palmetto’. ‘Pensacola’ had
lowest quality scores at all ET levels. Similar results were seen in Study 2, except that
‘Empire’ ranked in the highest category at all treatment levels. ‘Floratam’ and
‘Pensacola’ did not show acceptable quality scores at any treatment in Study 1, and in

Study 2, Floratam’, St. Augustingrass quality was acceptable only at 100% ET.
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Table 1. Average visual for warm-season grasses under deficit irrigation.

Study 1 Study 2
By Grass 100 ETY 80 ET 60 ET 40 ET 100 ET 80 ET 60 ET 40 ET
Sea Isle 1 Seashore 637a° 639a 566a 428cd 679a 669a 537a 321b
Paspalum
Empire Zoysiagrass 635a 588bc 568a 474D 6.71 a 68 a 5b35a 388a

Palmetto St. Augustine 6.08b 6.06b 5.77a 536a 6.37b 6.13b 554a 330b
Floratam St. Augustine 5.78c¢ 576¢ 503b 450bc 6.08b 583c 487b 346D
Pensacola Bahiagrass 516d 551d 474c¢ 4.20d 529 ¢ 562c¢ 413c¢ 277c¢c

* %k * %k K * % % * k% %k ok %k ok %k % * % %

¥r® ¥ * Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Column means followed by the same letter are not significantly different (P < 0.05).

Turf quality was rated visually on a 1 to 9 scale, where 1 = dead turf, 6 = acceptable
quality, and 9 = optimum color and density.

YEvapotranspiration.

In Study 1, Sea Isle 1’, ‘Palmetto’, and Floratam’ had no rating differences
between 100 and 80% treatments(Table 1). ‘Pensacola’ had higher ratings at 80 than
100% ET. In Study 2, all grasses had equal ratings at 80 and 100% ET. In both
Studies, lowest scores were at 40% KT for all grasses. Regression analysis predicted

that ‘Sea Isle 1, ‘Palmetto’, and ‘Empire’ maintained acceptable quality at 66.9%,
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76%, and 78.3% ET, respectively in Study 1(Fig. 1-1). In Study 2, ‘Sealsle 1,
‘Palmetto’, ‘Empire’, and Floratam’ maintained acceptable quality at 68%, 70% 66.3%,
and 88.9% ET, respectively(Fig. 1-2). Work done by Meyer et al. (1985) found that
reducing water applications to 80% FET decreased quality ratings by 3% for
cool-season turf species and by 5% for warm-season turf species. Shackel et al. (2000)
found that prune(Prunus X domestica L.) could be irrigated with approximately 40%
less water with no yield reduction. Lee et al. (2004) found that ‘Sea Isle 1’ seashore
paspalum(Paspalum  vaginatum  Swartz) and ‘Floratam’ St. Augustinegrass
(Stenotaphrum  secundatum(Walt.) Kuntze) maintained acceptable quality in the
greenhouse when irrigation was withheld for 27 d and 10 d, respectively. For
cool-season turfgrasses, Fry and Butler(1989) found that tall fescue(Festuca
arundinaceaSchreb.) exhibited exceptional resistance to deficit irrigation. Irrigation at
50% evapotranspiration(ETp) resulted in only small reductions in visual quality when

they were watered every 2 d.

Leaf Firing
Since there as no difference in leaf firing between 2 Studies, data from both

Studies were averaged(Table 2). Floratam’ and ‘Pensacola’ had the greatest amount of
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Table 2. Average visual leaf firing for warm-season grasses under deficit irrigation treatments in two
repeated Studies.

Leaf Firing
By Grass 100 ETY 80 ET 60 ET 40 ET
Sea Isle 1 Seashore Paspalum 8.18 a* 7.95 a 6.71 a 464 ¢
Empire Zoysiagrass 791D 761b 6.72 a 542 b
Palmetto St. Augustine 7.89b 767b 6.93 a 595 a
Floratam St. Augustine 719 ¢ 712¢ 587b 489 ¢
Pensacola Bahiagrass 707 ¢ 719 ¢ 584 Db 470 ¢

¥, **, % Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Column means followed by the same letter are not significantly different (P < 0.05).
YEvapotranspiration.

Leaf firing was rated visually on a 0 to 9 scale, where 0 = totally fired, and 9 = no fired.

firing at 100, 80, and 60% ET.At 40% ET, ‘Palmetto’ had the least leaf firing and
‘Sea Isle 1’ joined ‘Floratam’ and ‘Palmetto’ with the most firing. None of the grasses
had differences in firing between 100 and 80% ET, with firings increasing as drought
stress increased. Huang et al. (1997) found that chlorophyll content measurements
showed both chlorophyll loss and leaf firing. Chlorophyll content was reduced with
soil drying for ‘Emerald’ zoysiagrass, ‘Common’ bermudagrass, and ‘AP14’ Seashore

paspalum.

Leaf Rolling
As drought stress increased in Study 1, ‘Pensacola’ maintained the lowest leaf

rolling scores(Table 3). However, in Study 2, ‘Palmetto’, Floratam’, and Empire’ had
the lowest rolling scores at 40% ET. All grasses increased leaf rolling as drought
stress increased. Leaf rolling is one of drought avoidance mechanisms to reduce
internal water loss from the canopy(Kim and Beard, 1988). Based on this sensitivity

to leaf rolling, ‘Sealsle 1’ had higher drought avoidance mechanism compared to the

Table 3. Average visual leaf rolling for warm-season grasses under deficit irrigation treatments.

Study 1 Study 2
By ET(%) Sealsle | Empire Palmetto Floratam Pensacla  Sealsle 1 Hipire Palmetto Floratam  Pensacola
100 ET 708a° 764a 817a 818a 834a 754a 87la 879a 875a 852a
80 ET 665b 6.72b 813a 790a 819a 696b 829a 838a 846a 779D
60 ET 569¢ 661b 752b 747b 805ab 554c 627b 704b 673b  625¢
40 ET 425d b554c 68lc 630c 781b 362d 444c¢ 490c¢ 458¢ 340d

* kK *k % * ko *ok NS EE 22 * kK * oKk * k¥ Kk

¥, ™%, " Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Column means followed by the same letter are not significantly different (P < 0.05).
YEvapotranspiration.

Leaf rolling was rated visually on a 0 to 9 scale, where 0 = totally rolled, and 9 = no rolled.
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other grasses. Leaf rolling sensitivity by drought stress can be ranked as following:
‘Sealsle 1'(greatest) > ‘Empire’ > ‘Palmetto’ = Floratam’ > Pensacola’(least) in both
Studies.

Relative Water Content(RWC)

Since there as no differences in between 2 Studies, these data are averages of both

Studies. Water content of all grasses decreased as drought stress increased.

In our Study, there were differences among grasses at all treatments except 80%
ET. TFloratam’ and Palmetto’ had higher RWC than other grasses at all deficit
irrigation treatments as well as 100% ET. No grass had differences between 100% and
80% KT, while there were differences between 60% and 40% ET treatments(Table 4).
Internal water holding capacity during drought stress periods can be ranked as
following: ‘Palmetto’(best) > ‘Sealsle 1’ > ‘Empire’ > ‘Floratam’ > ‘Pensacola’(least).

Lee et al. (2003) showed that ‘Sealsle 1’ and Floratam’ maintained an average
RWC of 90% until day 24 without irrigation in greenhouse while soil moisture was
gradually decreased and there was significant RWC reduction after day 24. Thus,
measuring relative water content of leaves(RWC) is one of valuable methods to
investigate drought resistance mechanism. Jiang and Huang(2002) showed that RWC

of tall fescue decreased and increased electrolyte leakage(EL) during drought stress.

Table 4. Average relative water content of leaves for warm-season grasses under deficit irrigation

treatments.
RWC
By ET(%)" Sealsle 1 Empire Palmetto Floratam Pensacola
100 ET 90.35 a 88.90 a 92.14 a 93.86 a 87.60 a
80 ET 90.17 a 88.24 a 89.72 a 91.35a 88.16 a
60 ET 73.89 b 73.67Db 79.68 b 81.16 b 82.99 b
40 ET 67.13 ¢ 63.38 ¢ 70.86 ¢ 65.23 ¢ 54.77 ¢
Internal water loss (%) 25.7 28.7 23.1 30.5 375

*r* ¥+ * Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Column means followed by the same letter are not significantly different (P < 0.05).
YEvapotranspiration.

“Internal wate loss is the percentage of water loss at 40% ET compared to 100% ET.

Chlorophyll Content Index(CCI)
‘Sealsle 1’ and ‘Empire’ maintained comparatively higher CCI than other
grasses at 100, 80, and 60% ET in Study 1(Table 5). At 40% ET, ‘Empire’ and
‘Palmetto’ had highest CCI. In Study 2, ‘Empire’ maintained highest CCI at 40%
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ETfollowed by ‘Sea Isle 1. There was a general trend for CCI to decrease as
drought stress increased, although Pensacola’ had higher CCl at 80% ET than at
100% in both Studies.

Chlorophyll synthesis is inhibited at greater water deficits. Jiang and Huang(2001)
found that drought stress to both tall fescue and Kentucky bluegrass reduced
chlorophyll content. Lee et al. (2003) concluded that CCI of St. Augustinegrass was
highly correlated with soil moisture(r® = 0.91, p<0.0001) and was significantly reduced

when soil moisture decreased.

Table 5. Average chlorophyll content index for warm-season grasses under deficit irrigation treatments.

Study 1 Study 2
By Grass 100 ETY 8 ET 60ET 40ET 100ET 8 ET 60El 40 ET

Sea Isle 1 Seashore o000 . 91069 ab 20246 2 16924 b 23761 2 243102 20249 a 16949 b
Paspalum

Empire Zoysiagrass 200.14 ab 21699 a 197.09 a 171.17 ab 23647 2 249.17a 20984 a 18580 a
Palmetio St. Augustine 19683 bc 20085 b 20246 a 183.72a 228432 21520b 20789a 14726 ¢
Floratam St. Augustine 19403 c¢ 17938 ¢ 16882b 16136 b 208.15b 19563 ¢ 17987b 15203 ¢
Pensacola Bahiagrass 13429 d 16278 ¢ 14243 c 14213 ¢ 17526 ¢ 200.35 be 15936 ¢ 147.19¢

*ER * kK EkE * ok ¥ *okok koK% ok E2 23

*rx *%* Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Column means followed by the same letter are not significantly different (P < 0.05).
YEvapotranspiration.

Photosynthesis(PS)

Since there as no difference in PS data between 2 Studies, data were averaged. At
100 and 80% ET, ‘Sea Isle 1’ and ‘Empire’ had highest PS levels(Table 6). At 40%
ET, Empire’ and ‘Palmetto’ had highest levels. Lowest PS rates were consistently

found in ‘Floratam’ and “Pensacola’. Photosynthesis decreased as drought stress

Table 6. Average photosynthesis for warm-season grasses under deficit irrigation treatments in two
repeated Studies.

Photosynthesis
By Grass 100 ETY 80 ET 60 ET 40 ET
Sea Isle 1 Seashore Paspalum 14.0922° a* 1313 a 8.56 ab 336D
Empire Zoysiagrass 1389 a 13.09 a 9.39 a 6.03 a
Palmetto St. Augustine 1222 b 1149b 959 a 6.48 a
Floratam St. Augustine 942 ¢ 9.25 ¢ 6.16 ¢ 404 b
Pensacola Bahiagrass 878 ¢ 10.47 be 7.10 be 422b
o ok EX Y EE X EX R

FRx¥** Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Column means followed by the same letter are not significantly different (P < 0.05).
YEvapotranspiration.

*Unit: umol/m%sec.
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increased, although rates were the same at 100 and 80% ET, with the exception of
‘Pensacola’, which had the highest rates at 80% ET. Regression analysis predicted
that optimum PS for ‘Pensacola’ would occur at 85.4% of ET. All other grasses had
linear reductions in PS as drought stress increased. TFloratam’ and ‘Palmetto’ St.
Augustinegrass had the same reduction rate as ET treatments decrease, ‘Sealsle 1’

showed higher reduction than the other grasses in both Studies(Fig. 2).

Prediction Model
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14.0 T ST e Empire
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€ 100
3— S rme T TTTTUTOS T -
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o 50 Floratam =-4.89 + 0.267X -0.00122 X?
" | Palmetto = -3.28 +0.303 X -0.00148 X?
4.0 | Sealsle | = -14.74 +0.555X -0.00265 X
3.0

100 95 20 85 80 75 70 65 60 55 50 45 40

Deficit ET Treatments (%)
Fig. 2

Water Use Efficiency(WUE)

Under non-stressed conditions, ‘Sealsle 1' had the lowest WUE at all respective deficit
irrigation treatments except 40°% KT. There as no difference among all the grasses at 40% of
ET while all the grasses showed no significant difference at 100% and 80% of ET under
stressed condition. ‘Floratam’ showed higher WUE at 60% ET than the other grasses(Table 7).
Also, under non-stressed condition, only ‘Sealsle 1 showed the highest WUE at 40% of ET
while this grass showed the lowest WUE under stressed condition. It means that ‘Sealsle 1’
is the most drought sensitive grass among these evaluated grasses in this Study. In stressed

condition, Palmetto’, Floratam’, and Pensacola’ showed no significant difference among all
irrigation treatments. Generally all the grasses showed low WUE when applied ET rate

decreased under stressed condition while there were no difference in non-stress condition.
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Table 7. Average water use efficiency for warm-season grasses under deficit irrigation treatments
drought stress and no drought stress conditions.

No Drought Stress Drought Stress
By Grass 100 ET° 80 ET 60 ET 40 ET 100 ET 80 ET 60 ET
Sea Isle 1 Seashore Paspalum 0.10°¢® 0.09b 0.11b 020a 019ab 019b 006D
Empire Zoysiagrass 019a 025a 023a 022a 029a 028ab 0.15Db
Palmetto St. Augustine 0.16ab 0.17ab 020ab 0.J4a 028a 026ab 0.14Db
Floratam St. Augustine 021a 023a 028a 021a 028a 029a 028a
Pensacola Bahiagrass 0.12bc 0.18a 0.13b 015a 0.13b 021ab 0.13Db
* ¥ * * NS NS NS * %

*xx, **, * Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Column means followed by the same letter are not significantly different (P < 0.05).
YEvapotranspiration.

*Water use efficiency is calculated as shoot dry matters are divided by actual ET(g/ml ™ day™).

Root Distribution

There as no difference in the top 23 cm of root mass at 100 or 80% ET in
all grasses(Table 8). At 60% ET, lower mass occurred in Floratam’ and ‘Pensacola’,
while ‘Floratam’ had lower mass than ‘Sea Isle 1’, ‘Empire’, and ‘Pensacola’ at 40%.
When root mass was weighed from 23 to 46 cm, ‘Sea Isle 1’ consistently was in the
highest mass ranking at all treatment levels. Also in the top mass categories were
‘Palmetto’(80 and 60% ET) and ‘Pensacola’(80% ET). Ability to root deeply into the
soil profile is considered a drought avoidance mechanism that is enhanced by water
deficit. This occurs because cell expansion may be more sensitive to water deficit
than to photosynthesis. Reduced leaf area increases the proportion of photosynthate
that can be translocated to the root. Huang et al. (1997) found that superior drought
resistance to surface soil drying for ‘PI 509018 paspalum(Paspalum vaginatum
Swartz.) and ‘TifBlair’ centipedegrass(Eremochloa ophiuroides(Munro)Hack) were
associated with enhanced root growth.

Table 8. Root distribution of warm-season grasses at root zone 0-23cm and 24-46em under deficit
irrigation treatments.

Root Top (0-23cm) Root Bottom (24-46¢m)
Grass 100 ET° 80 ET 60 ET 40 ET 100 ET 80 ET 60 ET 40 ET
pea lsle 1 Seashore 8147°a" 794a 874a 7.09a 400a 403a 499a 549a
aspalum
Empire Zoysiagrass 958a 766a 924a 644 a 1.66b 1.56bc 1.50b 1.04 ¢
Palmetto St. Augustine 962a 973a 980a 535ab 195b 3.07ab 445a 1.63c¢
Floratam St. Augustine 572a 6.18a 497b 358D 0.83b 1.156¢ 152b 1.37c¢
Pensacola Bahiagrass 788a 722a 592b 589a 222b 4.11a 250b 3.18b
NS NS * % * * * * % * % ¥

*HE, ¥ Significant at the 0.001, 0.01, and 0.05 probability levels, respectively. NS = not significant.
*Columnmeans followed by the same letter are not significantly different (P < 0.05).
YEvapotranspiration.

“Dry weight (g)
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Correlations

Photosynthesis was strongly correlatedwith visual measurements such as visual turf
quality(®® = 0.61), leaf firing@® = 0.60), leaf rolling(r* = 0.64), and RWC(E” = 0.60) in
both Studies. Photosynthesis was highly correlated with RWCG® = 0.60)(Table 13).
Soil moisture had strong correlations with visual turf quality(r2 = 62 ), leaf firing(lr2
= 0.64), leaf rolling@® = 0.70), and RWC(r’= 0.61) in both Studies(Table 9). RWC was
also strongly correlated with leaf firing(r* = 0.61~0.78) and leaf rolling(r* = 0.68~0.83)
in all grasses(Table 10). These results agree with Lee et al. (2004) who found that
soil moisture was highly correlated with turf quality(r’= 0.67~0.82) and leaf rolling(r*
= 0.80~0.87) in ‘Floratam’ St. Augustinegrass and ‘Sealsle 1’ seashore paspalum.

In Conclusion, deficit irrigation enhanced deep root system in some grass types
such as ‘Sealsle 1" and ‘Palmetto’. Deficit irrigation of 80% of ET was able to reduce
water use while grasses keep acceptable turf quality. Optimal physiological conditions
such as RWC, CCl, and photosynthesis were maintained at this rate. Further Study
is needed to investigate the correlation between shoot and root growth rate when

turfgrasses are maintained at different soil moisture conditions.
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