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Managing Turf 
for Minimum Water Use 

Available water is rapidly becoming one of the least reliable resources 
needed to maintain high quality turf. Municipal water supplies frequently 
become over taxed during periods of drought and landscape uses often are 
assigned a low priority. Even in suburban and rural areas, water supplies 
used to irrigate turf are limited and are in competition for use by agricul-
ture, recreation, industrial and commercial enterprises. It is clearly in the 
best interest of the turf manager to conserve water whenever possible and 
to design irrigation programs which provide quality turf with minimum 
water use. 

The conservation of water while maintaining quality turf is something of a 
contradiction. Grass uses water and healthy vigorous turf uses more water 
than a thin sickly turf. So, how can the turf manager conserve water aside 
from avoiding waste through runoff or leaching? Research conducted over 

Figure 1. Stomate in a grass leaf surface showing water vapor flux from 
open stomate. Turgor of guard cell controls size of stomatal opening. 
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the past 15 years has provided a sci-
entific basis for analyzing water use 
by turf and for modifying manage-
ment strategies to reduce water 
consumption without compromising 
turf quality. This article will consider 
some of this research and its possible 
application by turf managers to 
achieve greater efficiency in water 
use. 

Water use efficiency 

How much water does turf need? 
Most textbooks on water use by crop 
plants make mention of water 
requirements. This is the amount of 
water used by a plant to make a unit 
of plant tissue. Often water require-
ment is expressed as kilograms (kg) 
of water used per each gram (g) of 
plant produced. Given such a value, 
one could estimate the water 
required to maintain a crop of known 
production rate. In terms of turf, one 
could estimate water needs if the 
clipping production rate were known. 

There is of course a fundamental 
problem with the concept of water 
requirement. This is evident from 
the data presented in Table 1. The 
cool-season grasses experienced a 
29% increase in their water require-
ment when grown in a dry climate 
compared to humid conditions. The 
warm-season grasses experienced a 
slightly larger 35% increase in water 
requirement when dry and humid 
conditions are compared. Obviously 
there is no true water requirement 
involved here but simply the quan-
tity of water lost by the plant during 
the time needed to produce a gram of 
dry matter. Because more water is 
lost per hour under dry conditions 
than under humid, a different 
amount of water would be lost while 
the plant synthesizes a gram of dry 
matter under differing humidities. 

The difference in water requirement 
between cool-season and warm-
season grasses also makes one ques-

tion the importance of this value. 
Cool-season grasses use about three 
times more water while producing a 
gram of dry matter than do warm-
season grasses. This difference 
between grass types remains rela-
tively constant even when atmos-
pheric humidity levels are varied 
(Table 1). Warm-season grasses are 
more efficient in fixing carbon 
dioxide (C02) from the atmosphere 
than are cool-season grasses for 
reasons explained in an earlier 
article (Hull, 1996). Again, water use 
is determined by the time required 
for enough C02 to be fixed to make a 
gram of plant, not by any inherent 
fixed relationship between plant 
growth and water usage. 

This lack of a strict relationship 
between water use and plant growth 
is fortunate for the turf manager. It 
means that measures taken to mini-
mize water use may have no effect on 
the growth or performance of turf-
grasses. This is even more the case 
for turf management than for field 
crop production because dry matter 
accumulation is much less important 
in turf culture than it is where a 
large crop yield is the major criterion 
of success. Most turf managers will 
experience little grief if their turf 
produces fewer clippings and less 
thatch. Thus managing turf for 
minimum water use can be a goal 
with little concern over undesirable 
side-effects. The only possible area of 
concern might be heat build-up in the 
turf and that will be considered later. 

Evapotranspiration 

The process of water loss from turf or 
any plant community is called évapo-
transpiration (ET). It consists of two 
elements: evaporation of water from 
the soil surface and transpiration of 
water from leaf and stem surfaces. In 
a dense turf, little if any soil is 
exposed to the atmosphere, so soil 
evaporation is a minor component of 
water loss; most water loss results 
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Table 1. Water r equ i rement s of p l ant s a s in f luenced 
by a tmospher i c w a t e r content (relat ive humidi ty ) . * * 

Plant Water requirement 
Plant type* Humid air Dry air 

g water /g dry matter 

Wheat c-s 826 1052 
Barley c-s 758 1037 
Rye c-s 875 1100 
Rice c-s 585 743 

Average 761 983 

Millet w-s 267 386 
Sorghum w-s 223 297 
Corn w-s 210 263 

Average 233 315 
c-s = cool-season grass, w-s = warm-season grass 
** Based on data reported by Levitt (1980) 

Table 2. E v a p o t r a n s p i r a t i o n r a te s of cool- a n d warm-
s e a s o n t u r f g r a s s e s g rown in the f ie ld in the ea s t e rn 
a n d wes te rn US. 

Turfgrass Grass tvpe* East West 
mm water ¡day 

Ky. bluegrass c-s 3.7 1 5.3 3 

Per. ryegrass c-s 3.7 1 6.4 4 

Tall fescue c-s M 2 M 5 

Average 3.7 6.2 

Bermudagrass w.s 3 .1 2 5.0 6 

St. Augustine w.s 3.3 2 5.6 6 

Zoysiagrass w.s 3J> 2 5J3 6 

Average 3.3 5.4 

1 (RI) Aronson et al. 1987 
2 (GA) Carrow 1995 
3 (NB) Shearman 1986 
c-s = cool-season grass, w-s = 

4 (NB) Shearman 1989 
5 (NB) Kopec et al. 1983 
6 (TX) Kim & Beard 1988 

warm-season grass 

from transpiration. Therefore, reducing water 
use by turf comes down to minimizing transpira-
tion. 

What controls transpiration from plants and by 
how much can it be controlled? The basic physics 
behind transpiration and its role in plant func-
tion were recently discussed elsewhere (Hull 
1996). Briefly, water moves from regions of high 
water potential (concentration) to regions of low 
water potential. Plant tissues normally consti-
tute a site of high water potential while the 
atmosphere normally has a low water potential. 
The magnitude of difference in water potential 
between two areas provides the energy for water 
movement and pretty much determines the rate 
of water loss. 

That explains the difference in water use 
between humid and dry conditions presented in 
Table 1. When the air is humid, the water poten-
tial gradient between grass leaves and the atmos-
phere is not so great and the energy driving tran-
spiration water loss is less. This translates into a 
lower rate of water loss. By contrast, dry air pre-
sents a large water potential difference between 
leaf tissues and the atmosphere, much diffusive 
energy is available and water loss rates are large. 
Consequently, turf managed in an arid climate 
will always experience greater ET rates than the 
same turf grown where humidity tends to be 
higher. 

This effect of humidity on water losses from turf 
is evident if you compare ET rates reported from 
the humid eastern US with those from more arid 
western states (Table 2). Water loss rates in the 

western states (Nebraska and Texas) were 68% 
and 64% greater than those reported from 
eastern states (Georgia and Rhode Island) for 
cool- and warm-season grasses, respectively. 
Using a larger data set than presented in Table 2, 
cool-season grasses were found to lose 75% more 
water in the West than in the East while warm-
season grasses grown in the West lost 46% more 
water than eastern grown grasses. These grasses 
were grown under comparable conditions where 
water was not limiting so the principal differ-
ences in ET between East and West were relative 
humidity, solar intensity and prevalence of wind. 
All these factors strongly influence transpiration 
rates as we shall see shortly. 

Also evident from Table 2 is differences in ET 
among grass species were much less than differ-
ences between climatic conditions. Variation 
among species in the humid East was 3% for cool-
season grasses and 13% for warm-season grasses. 
Under drier conditions, variation among cool-
season grasses was greater at 28% but remained 
the same for warm-season species at 12%. This 
suggests that genetic variables influencing ET 
rates may be expressed more clearly under con-
ditions which favor greater water loss. Put 
another way, environmental conditions influence 
water loss due to ET more than morphological or 
physiological properties of the grass. 

A marked difference between cool-season and 
warm-season grasses was not evident under 
eastern conditions. The greater ET rates for cool-
season grasses as reported by Beard (1973) were 
expressed more when grasses were growing 
under conditions favoring high water loss. In the 



East, cool-season grasses lost 3% more water to 
ET than did warm-season grasses (based on a 
larger data set than presented in Table 2). 
However, under dry western conditions, cool-
season grasses transpired 23% more than their 
warm-season counterparts. It appears that 
when cool-season grasses are grown outside their 
natural climatic range, they compensate for the 
hot dry conditions by transpiring more water. 

Stomates and Their Function 

Leaves do not transpire throughout their 
surface. Most of the leaf is covered by a waxy 
cuticle which seals the leaf and resists water 
loss. However, since gas exchange with the 
atmosphere is essential for normal leaf function 
(photosynthetic C02 influx & 02 efflux), openings 
in the leaf surface must be provided. These open-
ings result when specialized epidermal cells 
(guard cells) become turgid and form an opening 
called a stomate (Fig. 1). Stomates provide an 
avenue by which the leaf interior spaces can 
exchange gases with the atmosphere. Stomates 
form in the morning light when guard cells accu-
mulate potassium ions (K+) from adjacent sub-
sidiary and epidermal cells. These ions, along 
with various organic anions (malate-2) synthe-
sized within the guard cells, reduce the water 
potential in these cells so water flows into them 
from surrounding cells. This 'blows up' the guard 
cells causing a stomatal pore to form between 
them (Fig. 1). It is through these pores that 
gases, including water vapor, move between the 
leaf and its surrounding atmosphere. 

In the evening twilight, the process is reversed 
and guard cells lose solute ions and water to sur-
rounding cells, they become 'deflated' and the 
stomate closes. Thus, gas exchange between 
leaves and atmosphere occurs in most plants pri-
marily during the daytime. Leaves lose water 
mostly when stomates are open which is why 
transpiration occurs mainly during the day. 

When plants are subjected to drought stress, the 
guard cells may be unable to reduce their water 
potential below that of surrounding cells; they 
lose water, become flaccid and the stomate closes. 
This frequently occurs during the heat of mid-
day and is a common way for the plant to reduce 
water loss when transpiration exceeds the rate of 
water delivery from roots (Hull 1996). Even 

when soil water is abundant, mid-day transpira-
tion may be so great that guard cells lose turgor, 
stomates close and gas exchange between leaf 
and atmosphere is suspended for a few hours. 
This conserves water but it also impedes photo-
synthesis and causes leaves to heat. 

Water conservation in turf management comes 
down to reducing transpiration but not stopping 
it. After all, transpiration serves two valuable 
functions. It provides a water stream by which 
nutrients absorbed by roots are carried to the 
stems and leaves where they are needed to 
support growth and cell function. Also, the evap-
oration of water from the surfaces of cells within 
a leaf draws heat from the leaf causing it to cool 
or at least not become as hot as it would if water 
were not being lost. The temperature difference 
between turf and an adjacent asphalt drive on a 
bright day offers some idea of the cooling caused 
by ET. There are also good physiological reasons 
why it is desirable to prevent grass from 
becoming too hot. 

While transpiration from turfgrass is essential, it 
may be reduced without causing harm to the 
plants and thereby conserve water. Reducing ET 
is easier said than done, however. To attempt an 
ET reduction, it is important to understand those 
factors which contribute to or regulate water loss 
from leaves. 

Factors Controlling ET 

Since transpiration depends on the water poten-
tial gradient between the interior of a leaf and 
the surrounding atmosphere, anything which 
tends to reduce the size of that gradient will 
lower transpiration rates. The interior spaces of 
a leaf are surrounded by wet cell walls so the air 
in the leaf is assumed to be saturated (100% rel-
ative humidity). Based on that assumption, the 
water potential gradient between leaf and air is 
always directly proportional to the prevailing rel-
ative humidity of the atmosphere. There is not 
much a turf manager can do to change the basic 
physics behind water evaporation. But, anything 
which holds a layer of humid air over a leaf 
surface will lower the water potential gradient 
and reduce the ET rate. So, while the water 
potential difference between a wet leaf and dry 
atmosphere is beyond control, the distance over 
which that gradient is extended can be managed. 
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Figure 2. Change in relative ET during 24 day dry-down of Kentucky bluegrass and chewings 
fescue turf. ETac = Actual ET, ETww = ET of well-watered turf. 

Several factors are involved. 

Boundary layers: Surrounding a leaf or any 
object suspended in the air, is a layer of air that 
is largely unstirred. This layer results from 
attraction of air molecules to molecules of the 
leaf surface. Such attractions are not strong but 
they do reduce the motion of air molecules 
(kinetic energy) creating a zone of still air called 
a boundary layer. The thickness of this layer 
depends upon the amount of air turbulence 
(wind) and the presence of protuberances from 
the leaf surface which further reduce air move-
ment. An uneven cuticle surface or leaf hairs or 
ridges all tend to increase the thickness of 
boundary layers. 

The significance of leaf boundary layers becomes 
evident if you remember that the steepness of the 
water potential gradient between the saturated 
leaf interior and the adjacent atmosphere deter-
mines the rate of water loss. This gradient oper-
ates at open stomates and that is where a 
boundary layer plays its role. When molecules of 
water vapor exit a stomate, they increase the 
humidity of the atmosphere immediately sur-
rounding the stomatal opening. The more humid 

that boundary layer of air becomes the more the 
water potential gradient is reduced. Therefore, 
the thicker the boundary layer, the more 
humidity it will retain and the more it will 'insu-
late' the stomatal pore from additional water 
loss. In theory, if the leaf boundary layer became 
saturated (100% relative humidity) there would 
be no net diffusion of water vapor through a 
stomate and there would be no transpiration. 

Of course, so long as the atmosphere is not satu-
rated, the boundary layer will lose water to it and 
water vapor molecules will diffuse through the 
stomates; there will be measurable transpira-
tion. Thus anything that increases the boundary 
layer of a leaf will tend to reduce the rate of tran-
spiration. 

Canopy Resistance: Grass stand factors that con-
tribute to thick boundary layers and reduced ET 
rates are collectively termed canopy resistance. 
The term implies that water lost by ET encoun-
ters several resistances as it passes through and 
exits the turf canopy. Kim and Beard (1988) eval-
uated 12 turfgrasses for ET rates and related 
those rates to six morphological characteristics of 
the grasses. They found that ET rates were 
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depressed by high shoot density and relatively 
horizontal leaf orientation. Both of these prop-
erties would restrict air movement within a turf 
canopy, promote thick boundary layers around 
the leaves and reduce ET. Individual plants 
having a low leaf area caused by a slow vertical 
leaf growth rate and a narrow leaf texture also 
contributed to reduced ET rates. 

An earlier study by Feldhake et al. (1983) was 
consistent with these findings. They noted a 
15% increase in ET from grass mowed at 2 
inches compared with grass mowed at 0.75 
inches. The higher cut would expose more leaf 
surface to the air and promote greater transpira-
tion rates. Monthly applications of nitrogen fer-
tilizer also increased ET by 13% over turf fertil-
ized once in the spring. The additional nitrogen 
would stimulate leaf growth rate and that is pos-
itively correlated with greater ET. Mowing 
height and nitrogen fertilizer also can influence 
drought avoidance through their impact on 
root growth as we will show later. 
Evapotranspiration increased linearly with solar 
radiation (light intensity) due to the greater 
energy available at high light to evaporate water. 

A clear connection between leaf extension rate 
and ET has not always been observed. Beard et 
al. (1992) failed to find a significant relationship 
between leaf growth rate and ET for 24 well-
watered bermudagrass cultivars. Significant dif-
ferences in both ET rates and leaf growth were 
observed but no correlation between the two was 
evident. Green et al. (1991) also did not show a 
correlation between leaf growth and ET for 
11 zoysiagrass genotypes or for ten St. 
Augustinegrass selections (Atkins et al. 1991.). 
On the other hand, Shearman (1989) found a 
strong correlation between rates of ET $nd leaf 
extension for 12 perennial ryegrasses. Similar 
correlations have also been found between other 
measurements of shoot growth and ET rates for 
tall fescue (Bowman and Macaulay 1991). 

It may be that leaf extension rate of stoloniferous 
warm-season grasses does not have the same 
effect on turf canopy architecture as it does for 
bunch type cool-season grasses. In any event, 
abundant evidence supports the idea that ET 
rates are influenced by canopy resistance factors 
and these can be influenced by management. 

Drought Avoidance Through 
Water Acquisition 

While reducing turf ET is one way of using water 
more efficiently, an equally important approach 
is to use all the water available. The upper one 
to two feet of soil contain most the water avail-
able to turfgrass plants. That water is only 
available to the grass if its roots can reach it. 
Consequently any management practice which 
will increase root growth should also enable turf 
to avoid drought stress between rain events or 
irrigations. In an earlier TGT article (Hull 1996) 
we discussed turf management strategies which 
promote root growth . The extent and health of 
turf roots clearly are influenced by mowing, fer-
tilizing, pest management and other manage-
ment variables. What may not be as evident is 
the connection between rooting patterns and 
water use efficiency. 

The criterion most commonly used to evaluate 
root effects on water use is the avoidance of 
drought injury when water is withheld. Leaf 
firing and wilting are early signs of drought 
stress and the time interval after water with-
drawal when these symptoms appear is an indi-
cation of drought avoidance. Obviously, such 
a measure integrates all water use efficiency 
factors, including root properties. But, when 
drought avoidance time is correlated with indi-
vidual plant measurements, it is possible to 
determine which contributes most to the delay in 
drought symptoms. 

In a recent report, Carrow (1996) evaluated six 
tall fescue cultivars and found drought resis-
tance was linked most with late summer root 
length density (cm of root per cm3 of soil) in the 
8 inch to 2 foot soil depth. Late summer total 
root length also contributed to drought resis-
tance and ET variation was the third factor. In 
other words, drought resistance in tall fescue, 
which is, in fact, mostly drought avoidance, was 
enhanced most by the maintenance of an exten-
sive functional root system. Variations in ET 
played a secondary role. 

A similar study from Arizona (Marcum et al. 
1995) investigated 25 zoysiagrass cultivars and 
species and attempted to correlate rooting char-
acteristics with drought resistance. They too 
found that average maximum root depth, total 
root weight and number of roots in the 8 through 
16 inch soil depths were all positively related to 
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turf performance under deficit irrigation. Again, 
those plants that maintained a root system 
which effectively mined the soil profile for avail-
able water, were able to avoid drought stress and 
maintain acceptable turf even under irrigation 
scheduling that did not replace potential ET. 

The amount of root produced by turfgrasses is 
basically controlled by the genetic potential of 
the plants. However, these are strongly influ-
enced by environmental conditions including 
management practices. The ability of a turf-
grass to sustain an effective root system 
throughout the heat of summer is critical to 
drought resistance and efficient water use. 
Warm-season grasses have less trouble main-
taining summer root growth but cool-season 
grasses normally lose a large portion of their 
roots during the hottest summer months. Proper 
management can ease this problem but not 
prevent it. Thus cool-season grasses invariably 
become more drought sensitive and less efficient 
in water use as the season progresses due pri-
marily to a declining root system. 

Soil conditions can play an important part in 
determining drought resistance of turfgrasses. A 
plant may be genetically disposed to producing a 
deep root system, but if the presence of toxic ele-
ments or an impenetrable soil restrict root 
growth, the potential for drought resistance may 
never be realized. Carrow (1996b) evaluated 
drought resistance in seven turfgrasses common 
to the southeastern US. These were grown in an 
acid soil of high density (high soil strength) and 
rated for drought resistance and rooting charac-
teristics. He found that those grasses which tol-
erated the hostile soil conditions and produced a 
deep root system (Tifway bermudagrass & Rebel 
II tall fescue) exhibited greater drought resis-
tance than grasses which experienced root sup-
pression (Meyer zoysiagrass & common cen-
tipedegrass). Under the conditions of this test, 
Meyer zoysiagrass produced only 4% of the root 
length density observed in Tifway bermuda-
grass. This did not agree with results from root 
column studies where grasses were grown in 
sand or clay granules, a near ideal rooting 
medium. Consequently, when managing turf for 
efficient water use, the entire system must be 
considered. The soil environment may be as 
important in determining water use as the 
grasses selected or the management employed. 

Irrigation for 
Optimum Water Use Efficiency 

The findings discussed above have been utilized 
to design irrigation practices which maximize 
water use efficiency while preserving high 
quality turf. One principle on which these pro-
grams are based is illustrated in Fig. 2 (from 
research of Aronson 1986). As the soil dries fol-
lowing the withholding of water, the ET rates 
remain relatively constant for the first eight 
days after which they decline rapidly for another 
eight days when they level off prior to their final 
decline, which results in serious injury or death. 
Grasses vary in the time when ET decreases. In 
Fig. 2, Che wings fescue maintained its water-
sufficient ET rate 2-3 days longer than Kentucky 
bluegrass probably reflecting its somewhat lower 
average ET rate and more conservative use of 
water. 

More importantly, the period of initial decline in 
ET causes no injury to the grass if water is 
restored before ET drops to less than half its 
normal rate. That means irrigation can be 
delayed for several days after ET rates begin to 
decrease with no damage to the turf. In short, 
irrigation scheduling can be set to apply less 
water than ET models would predict was lost. 
Basing irrigation, not on anticipated ET but 
rather on soil moisture potential, allows a 
savings of from 1/4 to 1/3 the water normally 
applied. This approach has been used success-
fully in most climates and is easily adapted to 
computerized automated irrigation systems. 
Irrigation is called for by tensiometers installed 
in the soil which activate the system whenever 
the soil moisture potential drops below a preset 
point. Irrigation is set to deliver only about 2/3 of 
the water which would have been lost through 
ET from well watered turf. In this way, the turf 
is maintained much of the time under mild 
drought stress. 

Mild drought stress actually makes turf more 
drought resistant because stressed roots send 
hormonal signals to the shoots causing growth to 
slow and transport to roots of photosynthetic 
products (sugars) to increase (Hull 1996). This 
promotes root growth, especially deep rooting 
because growth is stimulated in those roots 
which have most water available (deep roots). 
Thus deficit irrigation scheduling not only con-
serves water but it promotes a turf that is better 
able to avoid drought stress. 



The turf manager clearly is not at the mercy of 
water suppliers. Significant water conservation 
can be practiced which may result in as much as 
a 50% reduction in water use without compro-
mising turf quality. To practice water conserva-
tion turf management effectively, it is good to be 
familiar with the principles, both physiological 
and agronomic, on which such management is 
based. This I have tried to do here but more 
comprehensive discussions are available in 
some of the references cited below and in tech-
nical publications available from irrigation 
systems suppliers. 

Terms to Know 

1. Cool-Season Grass - Also known as C-3 grasses. 
Grass species adapted to growth under temperate 
conditions. These grasses exhibit light stimulated 
respiration (photorespiration) which reduces their 
photosynthetic rates during conditions of high light 
and temperature. 

2. Evapotranspiration - The combined water loss 
from a plant community as a result of evaporation 
from the soil and transpiration from plant surfaces. 

3. Stomate - (Technically 'stoma plural stomata') 
Pores formed in the epidermis of leaves due to the 
enlargement of guard cells resulting from a solute 
induced increase in their turgor pressure. 

4. Transpiration - The evaporative loss of water from 
plant surfaces. 

5. Warm-Season Grass - Also known as C-4 grasses. 
Grass species adapted to tropical climates character-
ized by a dry season. These grasses exhibit no mea-
surable photorespiration so their photosynthetic rates 
increase as light and temperature increase. 

6. Water Potential - The chemical activity of water in 
a plant cell or tissue or in a free solution. Term refers 
to the functional concentration of free water in a solu-
tion defined in terms of pressure such a solution could 
develop in an osmometer. Water moves passively 
from areas of high water potential to areas of low 
water potential. 

7. Water Requirement - Mass of water used by a 
plant during the time required for the plant to syn-
thesize a unit mass of dry matter. Often expressed as 
grams of water per gram of dry plant weight. 
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Field Tips 
Water Conservation Practices 

The laws governing water loses by turf cannot be changed, but their impact on 
the efficiency of water use can be moderated through management practices. 
What follows are a few suggestions for water conservation turf management. 

1. Select turfgrass cultivars known to have lower than average ET rates. 
Cultivars of many turfgrasses have been compared for their water loss due to ET 
and significant differences normally are found. These differences tend to be con-
sistent over several years within a given location. Unfortunately, such measure-
ments have not been made at enough different sites to evaluate the climatic sta-
bility of ET rankings. Such information will be available in time and even now 
some can be obtained through your local university turfgrass program. 

2. Do not stimulate rapid shoot growth during periods of high water demand. This 
will accelerate ET and increase water use. Avoid nitrogen applications when dry, 
hot conditions are anticipated. It is better to concentrate nitrogen usage during 
the spring and fall. 

3. Raise mowing height during the hot summer months. This might seem counter-
productive to water conservation since higher cut results in greater ET rates. 
However, a higher cut will stimulate root growth which will enable the grass to 
obtain water from greater soil depths. This has been shown to influence drought 
resistance in most turfgrasses. Also, higher cut will promote a thicker turf canopy 
which will retard air flow and reduce ET rates. Thus, a greater mowing height 
may actually have only a modest impact on actual ET rates. Taller grass in mid-
summer also is better able to compete with seedling weeds, especially warm-
season species, and minimizing such weeds might also reduce water use. 

4. Stimulate root growth by whatever management practice you have available. 
Increase mowing height, reduce nitrogen fertility, insure good soil aeration, 
reduce thatch, control root-feeding insects and root infecting diseases. A strong 
deep root system will maximize water availability and delay drought stress 
during dry periods. 

5. Reduce root inhibiting conditions of the soil profile, especially acidity, toxic ion 
concentrations, anaerobic layers and excess compaction. Most such conditions are 
best corrected during installation but also can be addressed by deep coring, soil 
injection of soluble lime and nutrients, and by selecting acid-tolerant turfgrasses. 

6. Develop irrigation practices based on the concept of deficit water management. 
By applying less water than would be lost through ET under well-watered condi-
tions, turf can be maintained under managed drought stress, which not only con-
serves water but stimulates deep rooting. 

In time, the concepts outlined here will be better developed and turfgrasses will 
be bred for drought resistance. Such advances will significantly reduce the water 
required to maintain high quality turf even in arid climates. 



Turfgrass Diagnostic Laboratories 
In the United States and Canada 
By Eric B. Nelson 
Cornell University 

The proper diagnosis of turfgrass diseases is 
central to any successful disease management 
program. Accurate diagnosis is important for a 
number of reasons. First, it helps the turfgrass 
manager identify some of the conditions that may 
favor the development of the disease. In a sense, 
the nature of the diagnostic process helps the tur-
fgrass manager learn about the biology and 
ecology of the causal agents. Second, many con-
temporary disease control strategies are quite 
specific, making them effective against one 
disease but not others — possibly even making 
other diseases worse. The mode of action of 
fungicides in particular can be very narrow, 
affecting only certain groups of fungal pathogens. 
Third, the effectiveness of IPM scouting and 
monitoring protocols designed to reduce overall 
pesticide usage is dependent on the accurate 
identification of turfgrass pest problems. This is 
relatively easily accomplished for weed and 
insect pests, but remains problematic for dis-
eases. 

To help turfgrass managers have suspected 
disease problems diagnosed accurately, we com-

piled a list of all the state-supported diagnostic 
laboratories in the United States and Canada 
that handle turfgrass problems. This list was 
first published in TurfGrass TRENDS a year ago. 
We've just finished contacting every lab men-
tioned to insure what is said about them is accu-
rate. The list is as up to date as it can be. Use it 
to locate the nearest diagnostic lab providing the 
kinds of services you suspect you need. 

A list of state-supported diagnostic laboratories, 
current as of October, 1996, is presented below. 
All handle turfgrass problems. Since some labo-
ratories are better able than others to diagnose a 
particular problem, it is not uncommon for turf-
grass managers to send specimens to diagnostic 
laboratories in other states or provinces. Refer to 
the "Laboratory Services" key at the bottom of 
each listing for guidance. 

TGT Note: In talking with the laboratories, we 
heard one request again and again: "Please! Tell 
them to send in their specimens with documenta-
tion!" We are giving you phone and fax numbers to 
request the necessary forms and instructions. 

Golf course cup cutter plugs make ideal 
samples for diagnostic laboratories. Both 
healthy and symptomatic turf should be 
included. 

Key 

A Disease Diagnosis 
B Pest Diagnosis 
C Plant and Weed Identification 
D Insect Identification 
E Nematode Detection 
F Screening for 

Turfgrass Endophytes 
G Screening for Resistance of 

Fungi to Fungicides 
H Other 
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United States 

Alabama 
Plant Diagnostic Laboratory 
101 Extension Hall 
Department of Plant Pathology 
Auburn University 
Auburn, AL 36849-5624 
Phone: (334) 844-5808 
Fax: (334) 844-4072 
E-mail: jmullen@acenet.auburn.edu 
A, B, C, D, E 

Alaska 
Department of Plant Pathology 
University of Alaska - Fairbanks 
Agric. Forestry Experiment Station 
Fairbanks, AK 99775-7200 
Phone: (907) 474-7431 
Fax: (907) 474-7439 
E-mail: fijhm@aurora.alaska.edu 
A, B, E 

Arizona 
Department of Plant Pathology 
University of Arizona 
Forbes 204 
Tuscon, AZ 85721 
Phone: (520) 621-1828 
Fax: (520) 621-9290 
A, C, E, G 

Arkansas 
Plant Disease Clinic 
Lonoke Agricultural Center 
P.O. Drawer D 
Hwy. 70 East 
Lonoke, AR 72086 
Phone: (501) 676-3124 
Fax: (501) 676-7847 
E-mail: 
fungus@uaexsun.uaex.arknet.edu 
A, B, C, D 

California 
Contact your local County Extension 
Serive 

Colorado 
Jefferson County Plant Diagnostic 
Clinic 
15200 West 6th Avenue 
Golden, C O 80401 
Phone: (303) 271-6628 
Fax: (303) 271-6644 
E:mail: jefferso@coop.ext.colostate.edu 
A, B, C 

Identification & Diagnostic Service 
Plant Science Bldg. E-20 
Colorado State University 
Fort Collins, C O 80523-1174 
Phone: (970) 491-6950 
Fax: (970) 491-0564 
A, B, C, D 

Connecticut 
The Connecticut Agricultural 
Experiment Station 
P.O. Box 1106 
123 Huntington Street 
New Haven, C T 06504 
Phone: (203) 789-7235 
Fax: (203) 789-7232 
E-mail: gbugbee@caes.state.ct.us 
A, B, C, D, E, H 

Consumer Horticulture Center 
1376 Storrs Road, U-67 
Storrs, C T 06269-4067 
Phone: (860) 486-3437 
Fax: (860) 480-0682 
E-mail: emarrott@canrl .cag.uconn.edu 
A, B, C, D 

Delaware 
University of Delaware Cooperative 
Extension 
Plant Diagnostic Lab 
154 Townsend Hall 
University of Delaware 
Newark, D E 19717-1303 
Phone: (302) 831-4865 
Fax: (302) 831-3651 
E-mail: bobmul@udel.edu 
A, B, E 

Florida 
Nematode Assay Laboratory 
Bldg. 78 Mowry Road 
University of Florida 
Gainesville, FL 32611 
Phone: (904) 392-1994 
Fax: (904) 392-3438 
E 

Florida Extension Services 
Plant Disease Clinic 
Bldg. 78 Mowry Road 
University of Florida 
Gainesville, FL 32611 
Phone: (904) 392-1795 
Fax: (904) 392-3438 
A, G, H 

Southwest Florida 
Research and Education Center 
University of Florida, IFAS 
P.O. Drawer 5127 
Immokalee, FL 33934 
Phone: (941) 657-5221 
Fax: (941) 657-5224 
A 

Plant Diagnostic Clinic 
University of Florida, N FR E C 
Route 3, Box 4370 
Quincy, FL 32351 
Phone: (904) 875-7140 
Fax: (904) 875-7148 
E-mail: doc@gnv.ifas.ufl.edu 
A, D 

University of Florida, IFAS 
Southwest Florida 
Research & Education Center 
18905 SW 280th Street 
Homestead, FL 33031-3314 
Phone: (305) 246-6340 
Fax: (305) 246-7003 
E-mail: rtmcm@gnv.ifas.ufl.edu 
A, B, C, D, F, G 

Georgia 
Contact your local County Extension 
Service 

Hawaii 
Agricultural Diagnostic Service Center 
College of Tropical Agriculture and 
Human Resources 
University of Hawaii at Manoa 
1910 East-West Road 
Sherman Hall 112 
Honolulu, HI 96822 
Phone: (808) 956-6706 
Fax: (808) 956-2592 
E-mail : tasvcctr@avax. ctahr. hawaii. edu 
A, C, D, E, H 

Idaho 
University of Idaho 
29603 University of Idaho Lane 
Plant Pathology Lab 
Parma, ID 83660 
Phone: (208) 722-6701 
Fax: (208) 722-6708 
E-mail: kmohan@uidho.edu 
A 
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Illinois Maine Mississippi 
Plant Clinic Insect & Plant Disease Diagnostic Plant Pathology Laboratory 
1401 West St. Maryis Road Laboratory Box 9655 
University of Illinois University of Maine Mississippi Cooperative Extension 
Urbana, IL 61801 Cooperative Extension Service 
Phone: (217) 333-0519 491 College Avenue 9 Bost Extension Center 
Fax: (217) 244-1230 Orono, M E 04473-1295 Mississippi State, MS 39762-9655 
A, B, C, E Phone: (207) 581-3879, (207) 581- Phone: (601) 325-2146 

2963 Fax: (601) 325-8407 
Indiana Fax: (207) 581-3881 E-mail: pplab@mces.msstate.edu 
Plant and Pest Diagnostic Laboratory A, B, D A, E, F 
Purdue University 
1155 LSPS Maryland Missouri 
West Lafayette, IN 47907-1155 Plant Diagnostic Laboratory Extension Plant Disease Clinic 
Phone: (317) 494-7071 Department of Plant Biology University of Missouri 
Fax: (317) 494-3958 The University of Maryland Room 45 Agriculture Building 
A, B, C, D, E College Park, M D 20742 Columbia, M O 65211 

Phone: (301) 405-1611 Phone: (573) 882-3019 
Iowa Fax: (301) 314-9082 Fax: (573) 884-5405 
Plant Disease Clinic E-mail: edl6@umail.umd.edu E-mail: corwinb@ext.missouri.edu 
Department of Plant Pathology A, B, C A, B, C, D, E, H 
323 Bessey Hall 
Iowa State University Massachusetts Montana 
Ames, IA 50011 Department of Plant Pathology Contact your local County Extension 
Phone: (515) 294-0581 209 Fernald Hall Service 
Fax: (515) 294-9420 University of Massachusetts 
E-mail: xlflynn@iastate.edu Amherst, MA 01003-2420 Nebraska 
A, E Phone: (413) 545-3413 Plant and Pest Diagnostic Clinic 

Fax: (413) 545-2532 448 Plant Sciences 
Kansas E-mail: schumann@pltpath.umass.edu University of Nebraska 
Plant Disease Diagnostic Laboratory A Lincoln, N E 68583-0722 
Department of Plant Pathology or Phone: (402) 472-2559 
Throckmorton Hall Phone: (413) 545-1045 Fax: (402) 472-2853 
Kansas State University Fax: (413) 545-2532 A, B, C, D, E 
Manhatten, KS 66506-5502 E:mail: rwick@pltpath.umass.edu 
Phone: (913) 532-5810 E Nevada 
Fax: (913) 532-5692 Center for Urban Water Conservation 
A Michigan Department of Biological Sciences 

Plant Diagnostic Clinic University of Nevada - Las Vegas 
Kentucky Department of Botany & Plant Las Vegas, N V 89154 
Plant Disease Diagnostic Laboratory Pathology Phone: (702) 895-4699 
Department of Plant Pathology 138 Plant Biology Fax: (702) 895-3956 
University of Kentucky Michigan State University E-mail: dev50@aurora.nscee.edu 
Lexington, KY 40546-0091 East Lansing, MI 48824-1312 H 
Phone: (606) 257-8949 Phone: (517) 255-4536 
Fax: (606) 323-1961 Fax: (517) 353-1761 Nevada Division of Agriculture 
A, B E-mail: robertsd@pilot.msu.edu 350 Capitol Hill Avenue 

A, B, C, D, E, H Reno, N V 89502 
Louisiana Phone: (702) 688-1180 
Plant Disease Diagnostic Clinic Minnesota Fax: (702) 688-1178 
220 H.D. Wilson Building Plant Disease Clinic E-mail: jeff@intercomm.com 
Louisiana State University 495 Borlang Hall A, B, C, D, E 
Baton Rouge, LA 70803 University of Minnesota 
Phone: (504) 388-5724 1991 Upper Buford Circle 
Fax: (504) 388-2478 St. Paul, M N 55108 
E-mail: chollie@lsuvm.sncc.lsu.edu Phone: (612) 625-1275 
A, E Fax: (612) 625-9728 

E-mail: sandyg@puccini.crl.umn.edu 
A, E 
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New Hampshire 
U N H Plant Diagnostic Lab 
241 Spaulding Hall 
University of New Hampshire 
Durham, N H 03824 
Phone: (603) 862-3200 
Fax: (603) 862-4757 
E-mail: cheryl.smith@unh.edu 
A, D 

New Jersey 
Rutgers Plant Diagnostic Laboratory 
and Nematode Detection Service 
P.O. Box 550 
Mill town, NJ 08850-0550 
Phone: (908) 932-9140 
Fax: (908) 932-1270 
E-mail: clinic@aesop.rutgers.edu 
A, B, C, D, E, F, G 

New Mexico 
Cooperative Extension Service 
New Mexico State University 
Box 3AE 
LasCruces, N M 88003 
Phone: 505) 646-1621 
Fax: (505) 646-8085 
E-mail: ngoldber@nmsu.edu 
A, B, C, D 

New York 
Plant Disease Diagnostic Laboratory 
Department of Plant Pathology 
334 Plant Science Building 
Cornell University 
Ithaca, NY 14853 
Phone: (607) 255-7850 
Fax: (607) 255-04471 
E-mail: dmk8@cornell.edu 
A, B, C, D, E 

Insect Diagnostic Laboratory 
Department of Entomology 
4140 Comstock Hall 
Cornell University 
Ithaca, NY 14853 
Phone: (607) 255-3144 
Fax: (607) 255-0939 
E-mail: cklass@cce.cornell.edu 
B, D 

Monroe County Cooperative 
Extension 
Diagnostic Laboratory 
249 Highland Avenue 
Rochester, NY 14620 
Phone: (716) 461-1000 
Fax: (716) 442-7577 
A, B, C, D 

North Carolina 
Plant Disease and Insect Clinic 
North Carolina State University 
Box 7211 
Raleigh, N C 27695-7211 
Phone: (919) 515-3619 
Fax: (919) 515-3670 
A, B, C, D, E 

North Dakota 
N D S U Plant Pest Diagnostic Lab 
Box 5012 
North Dakota State University 
Fargo, N D 58105 
Phone: (701) 231-7851 
Fax: (701) 231-7851 
E-mail: diaglab@ndsuext.nodak.edu 
A, B, C, D 

Ohio 
Plant & Peat Diagnostic Clinic 
110 Kottman Hall 
2021 Coffey Road 
The Ohio State University 
Columbus, O H 43210 
Phone: (614) 292-5006 
Fax: (614) 292-7162 
E-mail: ppdc@agvax2.ag.ohio-state.edu 
A, B, C, D, E 

Oklahoma 
Plant Disease Diagnostic Laboratory 
Oklahoma State University 
Plant Pathology Department 
110 N R C 
Stillwater, O K 74078-3032 
Phone: (405) 744-9961 
Fax: (405) 744-7373 
E-mail: hudgins@vml .ucc.okstate.edu 
A, E 

Oregon 
Plant Disease Clinic 
Extension Plant Pathology 
Cordley Hall 1089 
Oregon State University 
Corvallis, OR 97331-2903 
Phone: (503) 737-3472 
Fax: (503) 737-2412 
A, B 

Pennsylvania 
Plant Disease Clinic 
Pennsylvania State University 
220 Buckhout Laboratory 
University Park, PA 16802 
Phone: (814) 865-2204 
Fax: (814) 863-7217 
E-mail: jdp3@psu.edu 
A, E 

Rhode Island 
Plant Pathology Department 
234 Woodward Hall 
University of Rhode Island 
Kingston, RI 02881 
Phone: (401) 792-2932 
Fax: (401) 792-4017 
A, B, C, D, E, F, G 

South Carolina 
Clemson University Plant Problem 
Clinic 
Cherry Road 
Clemson University 
Clemson, SC 29634-0395 
Phone: (803) 656-3125 
Fax: (803) 656-2069 
A, B, C, D, E 

South Dakota 
Contact your local County Extension 
Service 

Tennessee 
Plant and Pest Diagnostic Center 
University of Tennessee 
5201 Marchant Drive 
Nashville, T N 37211-5112 
Phone: (615) 832-6802 
Fax: (615) 832-0043 
E-mail: 
102021.1065@compuserve.com 
A, D, E 

Texas 
Texas Plant Disease Diagnostic Lab 
Texas A & M University 
Room 101 Peterson 
College Station, T X 77843-2132 
Phone: (409) 845-8033 
Fax: (409) 845-6499 
E-mail: barnes@ppserver.tamu.edu 
A, E, F 

Utah 
Contact your local County Extension 
Service 

Vermont 
Plant Diagnostic Laboratory 
Hills Building 
Plant & Soil Science 
University of Vermont 
Burlington, VT 05405 
Phone: (802) 656-0493 
Fax: (802) 656-4656 
E-mail: ahazelri@moose.uvm.edu 
A, B, C, D 
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Virginia 
Plant Disease Clinic 
106 Price Hall 
Virginia Polytechnic Institute & State 
University 
Blacksburg, VA 24061 
Phone: (540) 231-6758 
Fax: (540) 231-3221 
A, E 

Washington 
W S U Puyallup Plant Diagnostic 
Laboratory 
7612 Pioneer Way East 
Puyallup, WA 98371-4998 
Phone: (206) 840-4582 
Fax: (206) 840-4669 
E-mail: clinic@wsu.edu 
A, B, D 

West Virginia 
Pest Identification Laboratory 
414 Brooks Hall 
West Virginia University 
Morgantown, W V 26506 
Phone: (304) 293-3911 
Fax: (304) 293-2872 
E-mail: ranecki@wvnvms.wvnet.edu 
A, B, D, E 

Wisconsin 
Plant Pathogen Detection Clinic 
Department of Plant Pathology 
1630 Linden Drive 
University of Wisconsin 
Madison, WI 53706 
Phone: (608) 262-2863 
Fax: (608) 263- 2626 
E-mail: mfh@plantpath.wisc.edu 
A 

Canada 

Alberta 
Brooks Diagnostic, Ltd. 
P.O. Box 1701 
Brooks, Alberta, T I R 1C5 
Phone: (403) 362-5555 
Fax: (403) 362-5556 
A, B, C, D, E 

Regional Crop Laboratory 
Alberta Agriculture 
Provincial Building 
Box 159 
Fairview, Alberta, T 0 H 1L0 
Phone: (403) 835-2291 
Fax: (403) 835-3600 
A, B, D 

British Columbia 
Plant Diagnostic Laboratory 
B.C. Ministry of Agriculture, Fisheries 
& Food 
Abbotsford Agriculture Center 
1767 Angus Campbell Road 
Abbotsford, B C V 3 G 2M3 
Phone: (604) 556-3127 
Fax: (604) 556-3030 
A, B, C, D, E 

Manitoba 
Crop Diagnostic Centre 
545 University Crescent 
Room 201 
Winnipeg, Manitoba, R 3 T 5S6 
Phone: (204) 945-7706 
Fax: (204) 945-4327 
A, B, C, D 

New Brunswick 
New Brunswick Department of 
Agriculture & 
Rural Development 
Plant Industry Branch 
P.O Box 6000 
Fredericton, New Brunswick, E3B 
5H1 
Phone: (506) 453-2108 
Fax: (506) 453-7978 
A, B, C, D, F 

Nova Scotia 
Plant Pathology Laboratory 
Nova Scotia Department of 
Agriculture & Marketing 
Plant Industry Branch 
Kentville Agricultural Center 
Kentville, Nova Scotia, B4N 1J5 
Phone: (902) 679-6040 
Fax: (902) 679-6062 
E-mail: rdecbridge@kent.nsac.ns.ca 
A 

Ontario 
Pest Diagnostic Clinic 
Agriculture and Food Laboratory 
Services Centre 
Box 3650 
95 Stone Road West, Lane 2 
Guelph, O N N1H-8J7 
Phone: (519) 767-6256 
Fax: (519) 767-6240 
E-mail: dykstrma@epo.gov.on.ca 
A, B, C, D, E 

Turfgrass Disease Diagnostic Lab 
O.J. Noer Turfgrass Research & 
Education Facility 
3101 Highway M 
Verona, WI 53593-9537 
Phone: (608) 845-2535 
Fax: 608) 845-8162 
E-mail: gzg@plantpath.wisc.edu 
A, B, C, D, E 

Wyoming 
Plant Disease Clinic 
Department of Plant, Soil and Insect 
Sciences 
University of Wyoming 
P.O. Box 3354 
Laramie, WY 82071-3354 
Phone: (307) 766-5083 
Fax: (307) 766-5549 
E-mail: colette@uwyo.edu 
A, B, C, E 

Prince Edwards Island 
PEI Department of Agriculture 
Soil & Feed Testing Laboratory 
P.O. Box 1600 
Charlottetown, PEI C 1 A 7 N 3 
Phone: (902) 368-5628 
Fax: (902) 368-6299 
H 

Quebec 
Laboratoire de Diagnostic en 
Phytoprotection 
Complexe Scientifique 
2700 Rue Einstein D.I. 200H 
Sainte-Foy, Q U G1P 3W8 
Phone: (418) 643-4925 
Fax: (418) 646-6806 
A, B, C, D, E, G 

Note 

The first place to contact in search of a 
diagnosis is the nearest extension service 
office, even if your problem will be 
handled eventually by the laboratory. 
For more background information on 
disease diagnosis, and detailed instruc-
tions on how to use laboratories most 
effectively, you can refer to the July 1995 
issue of TurfGrass TRENDS, where the 
subject was addressed in depth. If you are 
a recent subscriber and donit have this 
issue on file, send your pre-paid order 
($15) to: TurfGrass TRENDS, 1775 
T Street NW, Washington, DC 
20009-7124 
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Index Makes Searching Easy 
On the Turfgrass Info File 

The Irrigation Association 
Speaks to Turf Water Users 

The Turfgrass Information File (TGIF) at 
Michigan State University is one of the most 
comprehensive databases of turfgrass publica-
tions in the world. But don't let its size keep you 
from going on line to search its wealth of infor-
mation. An index of research conducted at uni-
versities around the country is provided to make 
every minute on the Internet worthwhile. 

Search codes isolate records. For instance, TGIF 
can be searched by disease, active ingredient 
(substance), trade name (if it is mentioned in the 
summary) in addition to many other parameters. 
Visit the TGIF website for abstracts of previ-
ously published TurfGrass TRENDS research 
reviews and sample articles on topics ranging 
from Environmentally Sensitive Turf 
Management to Nematodes. Most of the refer-
ences listed in TurfGrass TRENDS articles can 
also be found in the TGIF database. 

Turn your computer on, call your Internet 
server, and go to URL address -
http://www.lib.msu.edu/TGIF. While you are on 
the line, send your comments and questions 
about TurfGrass TRENDS to 
76517.2451@CompuServe.com. 

The Irrigation Association, a 50-year-old non-
profit trade association based in Fairfax, VA, 
wants all designers, installers and managers of 
irrigation systems to know that there is strength 
in numbers and that strength will be needed in 
the coming years to protect the availability of 
water for turf and landscape irrigation. "Our 
mission is to work with all organizations repre-
senting irrigation users to help insure that 
water for irrigation will be available in the 
future/' explains Tom Kimmell, IA executive 
director. 

The IA and its members help create standards 
for irrigation equipment and organize irrigation 
training and certification in the U.S. and inter-
nationally. Irrigation specialists from around the 
world will gather in San Antonio, TX early this 
November at the International Irrigation 
Exposition and Conference. Seminars specifi-
cally for golf course irrigation are being devel-
oped at the present time. 

For more information, contact Denise Stone at 
the IA, (703) 573-3551. Persons interested in 
training and certification opportunities can 
contact Daria Jakubowski at the same number. 
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