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It’s A Watery World

In the education profession, we are always in search of a “teachable

moment.” A teachable moment occurs when the audience you intend

to address is experiencing exceptionally good times or really bad

times. It is at these times when we have their attention and they are likely

to hear your message. This has happened several times in the last decade,

especially around environmental issues such as pesticide use. Remember

the bird kills associated with insecticide applications in the 1980’s? More

recently, the industry has become deeply concerned with the gray leaf spot

disease that is devastating ryegrasses on golf courses. Gray leaf spot is

capable of destroying scores of acres of rough and fairways in a matter of

hours! Turf managers can’t seem to get enough information about the

disease, how it infects and how to control it. From an educator’s perspec-

tive it is a perfect time to educate people on the basic tenets of pest ecology

and plant pathology.    ■

continued on page 4

It follows then that the dry weather over the
last few seasons that has culminated in the drought
of 1999 in the northeast creates an opportunity
for an important dialogue concerning a vital
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
a unique opportunity to discuss weather patterns,
hydrology, soil physics and plant physiology. I
for one am not going to miss it!

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

management, in the arid Southwest, water use
efficiency is a way 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 feels the
pinch quickly and then focuses on improved
efficiency. Again out west, water use is closely
monitored and irrigation management is a pre-
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cisely managed practice with application limits
set to keep the plants alive, but not assist with
other challenges such as salt accumulation. 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 majority of the earth’s surface is cov-

ered by water, yet only about 1% is available for
human consumption, recreation activities, agri-
cultural production and industrial use combined.
Additionally, water is the basis of all things

biological. In
fact most
forms of ter-
restrial life
(life out of
the water)
survive as a
result of
c o m p l e x
chemical re-
actions that
function in
water.

The wa-
ter molecule
p o s s e s s e s
some unique
p r o p e r t i e s

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

2
O)

elements are organized creates polarity, similar
to a magnet 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 a low concentration. For example on a warm
dry day when the relative humidity (a measure 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, on warm humid days when the air is filled
with water, the movement of water through the
plant is limited because the concentration in the
air is likely 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
particles and larger particles “bridging” together
creates pores where water (or air) can be stored.
Soils with a high clay content and a collection of
smaller particles, create very fine pores that hold
water very tightly. This is why many fine tex-
tured soils do not drain well and the water 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 pores that drain more easily and are less
prone to compaction. What often confuses many
turf managers is when they utilize sand as a
growing medium or a topdressing on fields and
the sand is very fine. Many fine sands, especially
when improperly amended with organic sources
such as peat or compost can compact to an equal
degree as a clay.

Porosity that results from the structure of
the soil allows for air water and nutrient dynam-
ics. Each of these components fluctuate regu-
larly throughout the soil profile. When soils dry
the pores have literally exchanged the water with
air. When smaller pores fill with air they can also
be difficult to re-wet. This also happens on many
sand-based greens that are regularly allowed to
dry out for tournaments. 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. LDS
creates a hydrophobic situation where the adhe-
sive force, between the water and the soil par-
ticle is less than the cohesive force between the
water molecules. As a result the water is re-
pelled. In droughty years the 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 is repelled by the air filled
pores in fine textured soils or the hydrophobic
surfaces of sand particles.

Plant Water
As mentioned previously, water is the sub-

strate for many biological reactions. It follows

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.

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.
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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
as it passes through the plant from soil on its way
to the atmosphere in a known as transpiration.
This cooling is essential for the plant to maintain
internal temperatures that are conducive to bio-
logical function. If the turfgrass canopy tem-
perature rises and the transpiration is slowed, as
it is on warm humid days when the air is filled
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 is almost entirely from transpiration as
most of the soil surface is covered 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 is lost via ET.

What seems as a simple “flow-through”
process with water passing from the soil through
the plant into the atmosphere, is actually highly
regulated within the plant. On a simple level, the
pores in the leaf surface, known as stomates are
created by cells that 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, roots send chemical signals upwards to the
region where growth occurs. These chemical
signals are hormones, specifically abscisic acid
(ABA). ABA triggers a reduction in leaf growth
so that the plant can conserve water. ABA is a
critical survival element for many environmen-
tal stresses such as drought and cold.

Specific Differences
Turfgrass species and cultivars vary widely

in their water use and ability to tolerate drought
conditions. Studies have indicated 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 a 29% increase in water use
when grown in a dry climate as compared to
humid conditions. While warm season grasses,
experienced a slightly larger 35% increase in
water use when dry and humid conditions are
compared. Therefore, it is not only “who” you
are in the turfgrass world, but more importantly
it is “where” you are. Obviously, this has impor-

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

Essentially when it comes to discussing the
turfgrasses aspects of water management it comes
down to two major issues; ability to produce
deep rooting and consumptive water use. As
breeders strive to develop 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 a deep root system and can down-regu-
late water use will be a significant improvement.

Currently, when selecting a turfgrass vari-
ety, knowledge of climatic conditions is essen-
tial. Recent
research has
indicated that
K e n t u c k y
bluegrass va-
rieties demon-
strate different
water use re-
q u i r e m e n t s
depending on
the humidity
level, just as
much as the
species differ-
ential dis-
cussed previ-
ously. For ex-
ample, under
humid condi-
tions one bluegrass variety has a very conserva-
tive water use rate, yet under dry conditions, the
same conservative variety has a much higher
consumptive water use rate as compared to other
varieties.

The Biological End
The turfgrass manager who does not have at

least a modest understanding of simple biologi-
cal principles is likely to become frustrated with
the current drought conditions. However, by
understanding some simple concepts, one real-
izes how very little control we currently have
over the turf’s ability to survive when conditions
become harsh. The process of improving the
“biological end” of water issues is complex and
only recently understood at the level that we
might influence with genetic engineering. There
are still important management implications from
the “delivery end” where management (mowing
and fertility) as well as, water quality and appli-
cation uniformity significantly influence perfor-
mance.

FRANK S. ROSSI
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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.

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.




