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It’s A Watery World

n the education profession, we are always in search of a*“teachable
moment.” A teachable moment occurswhentheaudienceyouintend
to address is experiencing exceptionally good times or realy bad

times. It isat thesetimeswhen we havetheir attention and they arelikely
to hear your message. Thishas happened several timesinthelast decade,
especially around environmental i ssues such as pesticide use. Remember
thebird killsassociated with insecticide applicationsinthe 1980's?More
recently, theindustry hasbecomedeeply concernedwiththegray |eaf spot
disease that is devastating ryegrasses on golf courses. Gray leaf spot is
capabl e of destroying scores of acres of rough and fairwaysin amatter of
hours! Turf managers can’'t seem to get enough information about the
disease, how it infectsand how to control it. From an educator’s perspec-
tiveitisaperfect timeto educate peopleonthebas ctenetsof pest ecol ogy

and plant pathology. =

It followsthen that the dry weather over the
last few seasonsthat hascul minatedinthedrought
of 1999 in the northeast creates an opportunity
for an important dialogue concerning a vita
natural resource: water. How much do plants
need? How best to apply? How to prepare and
recover from drought? What if we could not use
water any longer for turf management? We have
aunigueopportunity to discussweather patterns,
hydrology, soil physics and plant physiology. |
for one am not going to missiit!

While we in the humid Northeast are dis-
cussing water use efficiency and drought stress

management, in the arid Southwest, water use
efficiency is away of life. For example, many
areas of the Northeast receive 30 to 40 inches of
precipitation, while regions in the Southwest
average between 2 and 12 inches of precipita-
tion. When the most important resource be-
comes restricted for climatic or regulatory rea-
sons, the turf industry in the Northeast feelsthe
pinch quickly and then focuses on improved
efficiency. Again out west, water useis closely
monitored and irrigation management is a pre-
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Localized Dry Spots (LDS)
occur when the sand grains
become coated with
organic acids that are
thought to be a by-product
of organic matter
decomposition.

Watery World
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cisely managed practice with application limits
set to keep the plants alive, but not assist with
other challengessuch assalt accumul ation. There-
fore, the question remains, what can turf manag-
ers do to maximize water use efficiency in a
“watery world”? The first step is to understand
some basic principles of water in the plant and
soil.

A Liquid World

The mgjority of the earth’s surface is cov-
ered by water, yet only about 1% isavailablefor
human consumption, recreation activities, agri-
cultural productionandindustrial use combined.
Additionally, water is the basis of al things

biological.In

Specialized irrigation systems increase
the precision of water application.

Under drought conditions,
as soils dry, the forces
holding the water can be
greater than the plant’s
ability to take it up.
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fact most
forms of ter-
restrial life
(life out of
the water)
survive as a
result of
complex
chemical re-
actions that
function in
water.

Thewa-
ter molecule
possesses
some unique
properties
that are worth being aware of so that water use
efficiency can be maximized. Although water is
an electrically neutral molecule (non-ionic), the
way the two hydrogen and one oxygen (H,O)
elements are organized creates polarity, similar
to amagnet where one end is more attractive to
metal than the other. Polarity is vital to water
movement through the plant-soil continuum.
Specifically water polarity allows for associa-
tion with other water molecules (cohesion) or
with a solid surface (adhesion) and ultimately
determines how much water will penetrate the
soil and subsequently be available to the plant.
Therefore, under drought conditions, as soils
dry, the forces holding the water can be greater
than the plant’ s ability to take it up.

Interestingly, water movement through the
plant-soil continuum is driven by simple forces
that allow movement from a high concentration
to alow concentration. For example on awarm
dry day whentherelative humidity (ameasure of
the moisture stored in the air) is low, water is
literally pulled from the moist soil, through the
plant and into the atmosphere. In fact it is this
same pressure that then draws the water in the

soil upwards and to the root surface. Compara-
tively, onwarm humid dayswhentheair isfilled
with water, the movement of water through the
plant islimited because the concentration in the
air islikely greater than that of the soil or plant.
This has important physiological implications
that will be discussed further.

Soil Water

The soil has chemical and physical proper-
ties that are intimately linked and influence
water and nutrient movement and availability.
The ability of the soil to aggregate from smaller
particlesandlarger particles” bridging” together
creates pores where water (or air) can be stored.
Soilswith ahigh clay content and acollection of
smaller particles, createvery fineporesthat hold
water very tightly. This is why many fine tex-
tured soilsdo not drainwell and thewater within
the pores allows for the soils to compact more
easily. In comparison, sandy soils with a high
proportion of particle sizes greater than 0.5 mm
(medium to coarse sand) have a greater amount
of large poresthat drain more easily and are less
proneto compaction. What often confusesmany
turf managers is when they utilize sand as a
growing medium or atopdressing on fields and
thesandisvery fine. Many finesands, especially
whenimproperly amended with organic sources
such as peat or compost can compact to an equal
degree asaclay.

Porosity that results from the structure of
the soil allowsfor air water and nutrient dynam-
ics. Each of these components fluctuate regu-
larly throughout the soil profile. When soilsdry
theporeshaveliterally exchanged thewater with
air. When smaller poresfill with air they canalso
bedifficult tore-wet. Thisal so happenson many
sand-based greens that are regularly allowed to
dry out for tournaments. Localized Dry Spots
(LDS) occur whenthesand grainsbecomecoated
with organic acids that are thought to be a by-
product of organic matter decomposition. LDS
creates a hydrophobic situation where the adhe-
sive force, between the water and the soil par-
ticle isless than the cohesive force between the
water molecules. As a result the water is re-
pelled. Indroughty yearsthe LDS condition can
worsen as a result of the regular reliance on
irrigation systems that may not have uniform
coverage. Ironically, even when the water is
eventually applied, it isrepelled by the air filled
pores in fine textured soils or the hydrophobic
surfaces of sand particles.

Plant Water

Asmentioned previously, water isthe sub-
strate for many biological reactions. It follows
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then that green plants, such as turfgrasses, re-
quire water for chemical reactions. However,
water also serves an important cooling function
asit passesthrough the plant from soil onitsway
to the atmosphere in a known as transpiration.
Thiscoolingisessential for the plant to maintain
internal temperatures that are conducive to bio-
logical function. If the turfgrass canopy tem-
peraturerises and the transpiration is slowed, as
it is on warm humid days when the air isfilled
with water, the plants experience heat stress.

Water loss from a turfgrass community is
characterized as evapotranspiration (ET). ET is
the total amount of water lost from evaporation
from the soil surface and transpirational water
from the plant surface. In most turfgrass situa-
tions, ET isalmost entirely from transpiration as
most of the soil surfaceiscovered by vegetation.
In fact, the measure of ET is where the recom-
mendation to apply 1 inch of water per week is
derived. On average, throughout the season in
many parts of the country approximately 1 inch
of water islost viaET.

What seems as a simple “flow-through”
processwithwater passing from the soil through
the plant into the atmosphere, is actually highly
regulated within the plant. Onasimplelevel, the
poresin the leaf surface, known as stomates are
created by cellsthat are regulated by molecules
that cause swelling and shrinking. The swelling
and shrinking of these cells causes the pores to
open and close, thereby regulating water loss.
Additionally, a more complex process occurs
under dry conditions. For example, as the soil
dries, rootssend chemical signalsupwardstothe
region where growth occurs. These chemical
signals are hormones, specifically abscisic acid
(ABA). ABA triggersareductionin leaf growth
so that the plant can conserve water. ABA isa
critical survival element for many environmen-
tal stresses such as drought and cold.

Specific Differences

Turfgrass species and cultivarsvary widely
in their water use and ability to tolerate drought
conditions. Studies haveindicated that cool sea-
son grasses use about three times the amount of
water than warm season grasses to produce a
gram of dry matter. Interestingly, cool season
grasses experienced a29% increasein water use
when grown in a dry climate as compared to
humid conditions. While warm season grasses,
experienced a dlightly larger 35% increase in
water use when dry and humid conditions are
compared. Therefore, it is not only “who” you
areintheturfgrass world, but more importantly
itis“where” youare. Obviously, thishasimpor-

tant implications as we strive to use turfgrasses
outside of their normal climatic adaptation.

Essentially when it comesto discussing the
turfgrassesaspectsof water management it comes
down to two major issues; ahility to produce
deep rooting and consumptive water use. As
breeders striveto devel op more drought tolerant
varieties, there are many traits that influence
stress tolerance and to be sure it is under strict
genetic control. Yet, ultimately a plant that can
produce adeep root system and can down-regu-
latewater usewill beasignificantimprovement.

Currently, when selecting a turfgrass vari-
ety, knowledge of climatic conditions is essen-
tial. Recent
research has

For example, as the soil
dries, roots send chemical
signals upwards to the
region where growth
occurs. These chemical
signals are hormones,
specifically abscisic acid,
which triggers a reduction
in leaf growth so that the
plant can conserve water.

indicated that
Kentucky
bluegrass va-
rietiesdemon-
stratedifferent
water use re-
quirements
depending on
the humidity
level, just as
much as the
speciesdiffer-
ential dis-
cussed previ-
ously. For ex-
ample, under
humid condi-
tions one bluegrass variety hasavery conserva-
tivewater userate, yet under dry conditions, the
same conservative variety has a much higher
consumptivewater userate ascomparedto other
varieties.

The Biological End

Theturfgrass manager who doesnot have at
least amodest understanding of simple biologi-
cal principlesislikely to becomefrustrated with
the current drought conditions. However, by
understanding some simple concepts, one real-
izes how very little control we currently have
over theturf’ sability to survivewhen conditions
become harsh. The process of improving the
“biological end” of water issuesis complex and
only recently understood at the level that we
might influencewith genetic engineering. There
arestill important managementimplicationsfrom
the“ delivery end” where management (mowing
and fertility) aswell as, water quality and appli-
cationuniformity significantly influenceperfor-

mance.
FRANK S. Rossl
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A humid air mass reduces evapotranspira-
tion as a result of high water content in the
air.

Under humid conditions
one bluegrass variety has a
very conservative water
use rate, yet under dry
conditions, the same
conservative variety has a
much higher consumptive
water use rate.
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