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Remote diagnostics 
in turfgrass 
By Dr. Ed A. Brown 

An education project at the University of Georgia, College of Agricultural and Environmen-
tal Sciences is using technology to save turf managers and agricultural producers millions 
of dollars from damage and crop loss by providing a more efficient and effective mecha-

nism for plant problem diagnostics. 
The Distance Diagnostics through Digital Imaging Project, a joint venture implemented by 

the College's Plant Pathology Department & Office of Information Technology, developed a Inter-
net based program and equipped county Extension faculty in Georgia with computers, digital 
cameras, and microscopes and trains these faculty to use these tools in assessing factors leading to 
crop losses due to plant disease and pest infestations. 

920 turf samples 
Each year, Georgia turf managers and farmers through county Extension faculty submit more than 
3,000 plant problem samples to the Plant Pathology Plant Disease Clinics for diagnosis. Of those, 
920 were turfgrass samples in 2000. Traditionally, plant samples are mailed or hand-delivered for 
analysis. 

The samples are catalogued and examined by plant 
pathologists, who then communicate back the diagnosis and 
educational recommendations to the county Extension 
office. This process typically could take from two to four 
days. A large number of the samples are destroyed or dete-
riorate en-route, making an accurate diagnosis sometimes 
difficult. 

Computer equipment was provided by the private foun-
dation -funded project. Extension county faculty at these 

agricultural imaging stations can take digital images of the diseased or pest-infested plant sample, 
and transmit those images along with grower information through the Internet to UGA scientists 
who can make an assessment and recommend treatment in a timely manner. 

The decrease in diagnostic turnaround time alone potentially saves millions of dollars for Geor-
gia agriculture. Turfgrass diseases on fine turf can cause damage in a short period of time and an 
expedient diagnosis can be the difference between success and failure. At the time of discovery, 
early detection and confirmation of a turf disease or pest infestation can be localized. 

With the traditional turnaround time of three or four days, plant disease can spread quickly. 
Treatment may have escalated to a curative chemical remedy sprayed over a large area. This new 
program not only saves money and time to turf managers, but also has a positive environmental 
effect as a result. This is "prescription agriculture," diagnosing the problem so a control manage-

Distance Diagnostics 
through Digital 
Imaging saved 
Georgia growers over 
$17.7 million. 
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ment program can be targeted to the precise 
situation. 

In 2000, crop disease loss cost Georgia agri-
culture more than $654 million, or about 20 
percent of the $3.25 billion total crop value. A 
survey was conducted in 1999 and during the 
first two years of implementation Distance 
Diagnostics through Digital Imaging saved 
Georgia growers over $17.7 million. The suc-
cess is attributed to the quick diagnostic turn-
around and timely implementation of control 
practices. 

The Project represents a crosscutting initia-
tive between Extension Plant Pathology and 
the Office of Information Technology. This 
project achieves several objectives. The positive 
impact it has on the agriculture economy of 
the state is quite evident. But other substantial 
benefits include the building of a plant disease 
database accessible over the Internet and the 
use of this data in the education of growers and 
instruction of our students at the University of 
Georgia. 

County faculty use a digital camera and a 
dissecting microscope to take images of affect-
ed plants. They also use a compound micro-
scope, which can magnify images up to 600-
1 OOQx their original size. These images are then 
uploaded via a standard World Wide Web 
browser to a database along with notes about 
the situation and information based on the 
growers observations. 

Over 600 samples consisting of over 1,800 
images are submitted annually for disease diag-
nosis through the system. The college is using 
these images and data to develop a disease 
image library accessible over the Internet. A 
number of the best images are currently online 
now for use by students, professors and 
researchers making them more familiar with 
plant disease recognition. As samples are 
received, the library will be expanded. 

Project funding 
The project, funded by a three-year private gift 
from an Atlanta-based foundation and match-
ing funds from the Georgia state lottery for an 
investment of more than $1 million, not only 
equipped 94 College of Agricultural and Envi-
ronmental Sciences county Extension offices 
across the state, but also supported training fac-
ulty in all county offices on the techniques and 

Images are benefits of Distance 
Diagnostics. 

Uploaded via The project goal is 
a Standard to produce an Inter-

net Imaging System 
World Wide that is easy to use, 

Web browser ^PPortable fedli-
tates diagnostics, and 
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° implementing the 
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the project coordina-
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^ testing, ensured that 
observations. the system worked 

and that images were 
usable. That is the key to giving the scientist 
accurate samples from which to make a diag-
nosis. It was also important that the digital 
library have the best possible images from the 
field that could be provided. To do so, it was 
ensured that the hardware, software, and data-
base interfaces were sound. Then a systematic 
plan was developed to train College academic 
and county faculty. There is an online tutorial 
on using the equipment available on the Col-
lege's Distance Diagnostics project Website. 

The right equipment 
The hand held digital camera can take images 
of field problems and give the diagnostic facul-
ty a feel of the problem in the field. This com-
ponent is often not available when a physical 
sample is submitted to the Plant Disease Clin-
ic The stereoscope is used for observing insects, 
weed identification characteristics and can be 
used to image these characteristics for sample 
submission. The compound microscope is 
essential to magnify fimgus spores and fruiting 
bodies for an accurate disease diagnosis 
because some symptoms are common to many 
different diseases. 

An important aspect of the project is the 
collaboration of different disciplines to devel-
op a low-cost, reliable product that proves to 
be a tremendous economic asset to Georgia's 
agriculture economy and also an effective tool 
for teaching our plant growers and students 
diagnostic techniques. 

mailto:cbeeman@advanstar.com
http://www.landscapemanagement.net


Many disciplines at the University of Geor-
gia have been incorporated into this program. 
They include Plant Pathology Entomology 
Crop & Soil Sciences (weed identification, 
water problem evaluation, general crop prob-
lem determination), Horticulture, Aquacul-
ture (Forestry), Agricultural and Biological 
Engineering and the College of Veterinary 
Medicine. 

Other state contracts 
The scope of the project is not limited to Geor-
gia agriculture applications. Illinois, Louisiana, 
Alabama and Texas have contracted with 
Georgia to customize programs for their 
Cooperative Extension Systems. University 
faculty at those states Land Grant Universities 
are diagnosing problems submitted through 
their Distance Diagnostic programs developed 
by the University of Georgia. Inquires from six 
New England States (Massachusetts, Maine, 
Connecticut, New Hampshire, Vermont, and 
Rhode Island) and other states have been 
made. Private industry and agriculturalists 
doing research in other countries have also 
expressed interest. 

Distance Diagnostics will not completely 
replace the submission of physical samples for 
evaluation, but could replace about 60 percent 
of physical samples diagnosed in the Georgia 
Plant Disease Clinic by simple compound 
microscopic examination. 

For more information about Distance 
Diagnostics Through Digital Imaging, visit the 
project website at mww.dddi.org. 

The system does not support individuals 
submitting images for evaluation and diagno-
sis. For the same reason that there are Medical 
Imaging Centers, it takes trained, technical 
support to process the samples correctly for 
the highest quality images for diagnostic pur-
poses. The Cooperative Extension Service is 
the Land Grant affiliated system that is respon-
sible for diagnostic education in most states 
and is a key component in the states that are 
participating in the program. 

Tool box for diagnostics 
The Distance Diagnostics Team is developing 
a Tool Box for the Distance Diagnostics 
through Digital Imaging System. This toolbox 
will be marketed to consultants to provide 

A county agent takes photos of one of the 
920 turf samples submitted each year by 
Georgia turf managers. In all, extension 
faculty submit more than 3,000 plant 
problem samples to the Plant Pathology 
Plant Disease Clinics for diagnosis. 

them with a system for them to use to receive 
images from their clients. 

Another related project that is being devel-
oped and is in Beta testing is a wireless system 
to compliment Distance Diagnostics through 
Digital Imaging. Samples of images can be 
submitted from the field using a lap top com-
puter and the accompanying mini micro-
scopes. The data is submitted using a wireless 
packet data digital phone. 

Both these projects support LG Media, 
which is being developed to store images of 
faculty as an archival system. These images will 
be available to the general public as well as used 
by research and teaching faculty. 

The Internet Imaging System at the Uni-
versity of Georgia supports the development 
and maintenance of the above databases and 
Internet based systems. These programs use the 
technology available to support the grass roots 
diagnostic and educational programs that are 
the foundation of a successful agricultural plant 
production program. 

Dr. Edward A. Brown is professor of plant 
pathology (retired) at the University of 
Georgia. He received his BS in general agricul-
ture, his MS and his Ph.D. in plant pathology 
all from the University of Georgia. 

This is "pre-
scription 
agriculture," 
diagnosing 
the problem 
so a control 
management 
program can 
be targeted 
to the precise 
situation. 



Pyraclostrobin: A promising new 
fungicide for turfgrass professionals 

Results from 
trials in the 
Northeast 
show that 
Insignia is 
highly effec-
tive in con-
trolling gray 
leaf spot 
(blast), 
anthracnose 
basal rot, 
Pythium 
foliar blight, 
brown patch, 
gray snow 
mold, pink 
snow mold, 
red thread, 
rusts, take-
all patch, 
leaf spot and 
summer 
patch. 

By Wakar Uddin 

Strobilurin, often referred to as "Stro-
bie" by turf managers, continues to be 
an important fungicide type in turf-

grass disease management, since the intro-
duction of azoxystrobin (Heritage) to the 
turf market. More recently, trifloxystrobin 
(Compass) added another dimension to the 
spectrum of fungicides in the turfgrass 
industry. Tremendous success with these 
two compounds in the past has led to inten-
sive search for new strobies in the fungicide 
industry. 

Most recently, the discovery of pyra-
clostrobin by BASF has added yet another 
component to the turf fungicide market. 
Pyraclostrobin has generated tremendous 
interests in both the turf and fungicide 
industries. Registration of pyraclostrobin, 
tested as BAS 500 F, with the proposed 
trade name Insignia - is currently pending. 
It should soon become available in the U.S. 
market once it is approved by the U.S. Envi-
ronmental Protection Agency (EPA) and 
state regulators in certain regions. 

Although this new strobilurin is not yet 
available in the 
market, the name 
Insignia is not new 
to turf managers. 
The product has 
been extensively 
tested in demon-
stration trials 
across the country. 
Despite all the 
research and 
demonstration tri-
als in the U. S. and 
Europe, informa-
tion on the proper-
ty and efficacy of 
this new strobilurin 
is still scanty in lit-
erature, as one 
would expect. 

Traditionally, in the turf industry, a vari-
ety of questions are often posed by curious 
superintendents with regard to a new com-
pound, after its discovery becomes public 
or the product is about to be registered. 
There is no exception in the case with 
Insignia, which has apparently received 
widespread attention from turf managers 
during the past few years. Based on ques-
tions that are most frequently asked by turf 
managers and the technical information 
available at this point, this article is com-
piled for turf managers' reference in turf-
grass disease management programs. This 
hopefully will aid in reduction of the time 
a turf manager will spend in making phone 
calls or sending emails. 

How pyraclostrobin works 
Pyraclostrobin - a carbamic acid - reported-
ly has activities against fifteen major turf-
grass pathogens with a wide range of effica-
cy from moderate to extremely high. Like 
the other strobilurins available in the mar-
ket, one of the positive attributes of this 
compound is the low rate of use and rela-
tively longer application intervals. This ulti-

/ / / / / 
Fig. 1. Control of gray leaf spot in perennial ryegrass turf by 
three strobilurin fungicides and chlorothalonil applied at 14-day 
intervals. Disease severity (Index 0-10; 0=none;10=>90% turf 
area necrotic) was assessed twenty (Assessment 1) and twenty-
eight (Assessment 2) days after inoculation. 
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Fig. 2. Control of anthracnose basal rot of Poa in Poa-Bent mix 
green by fungicide applied at 14-day intervals. Disease severity 
(Index 0-10; 0=none, 10=>90 % turf area symptomatic) was 
assessed eighteen (Assessment 1) and thirty-three (Assessment 
2) days after inoculation unth Colletotrichum graminicola. 

mately lead to the development of a sound 
fungicide program that is cost-effective. 

The mode of action of this strobilurin is 
noteworthy especially for those turf man-
agers who often think along the technical 
line beyond the practical value or effective-
ness of a chemistry. Studies have indicated 
that pyraclostrobin has preventive and 
curative properties against a number of dis-
eases. It is inhibitory to a target fungal 
pathogen virtually at all major stages of the 
life cycle such as spore germination, germ 
tube elongation, mycelial growth, and 
sporulation. 

More technically, these molecules inhib-
it mitochondrial respiration within fungal 
cells. Within the cells it blocks the electron 
transport at the cytochrome bc-1 complex. 
In cells which are exposed to these mole-
cules, the level of ATP (adenosine triphos-
phate) in the target fungi are not sufficient 
for disease development. 

The primary benefit of using pyra-
clostrobin might be most likely from a pre-
ventive use, as in most of the existing major 
fungicides. This will not only be relevant to 
increased efficacy but also to the long-term 
resistance management as preventive appli-
cation provides reduction of initial inocu-
lum; therefore, less disease severity and 
decreased selection pressure for develop-
ment of possible mutant strains of the 

pathogen over time 
and space. 

Turfgrass 
pathogens 
As a foliar spray, 
Insignia controls 
several turfgrass dis-
eases caused by 
fungi from the class-
es Ascomycete, 
Basidiomycete, 
Deuteromycete, and 
Oomycete. The 
causal agent of take-
all patch, Gaeuman-
nomyces graminis 
var. avenae, is an 
important pathogen 
from the 

Ascomycete fungi. Take-all is one of the seri-
ous root and crown diseases of creeping 
bentgrass that is often difficult to control by 
fungicides. Rhizoctonia solani, a commonly 
known Basidiomycete, is a serious pathogen 
that attacks almost every species of turf-
grass under warm and humid conditions. It 
is a non-spore-producer in a typical brown 
patch pathosystem in turf, and it rapidly 
spreads through mycelia and/or bulbils (a 
structure produced by the fungus to with-
stand adverse conditions). 

There are several fungi among turfgrass 
pathogens that fall into the class 
Deuteromycete. These fungi are most com-
monly known as fungi imperfecti which 
implies the imperfect ones; they are not 
considered perfect because the phase of 
reproduction involves non-sexual struc-
tures. When sexual reproduction of a fun-
gus in this group is discovered, they are 
given a different name referring to sexual 
stage. In some cases, the sexual reproduc-
tion stage of a fungus is only found in cul-
tures in the laboratory. 

One good example is the gray leaf spot 
fungus or more widely known as blast fungus 
worldwide, Pyricularia grisea. The sexual 
stage of the blast fungus has not been found 
in nature, but is produced in the laboratory 
and known as Magnaporthe grisea. An exam-
ple of a fungus from Oomycete is Pythium 



apanidermatum. The unique nature of turf-
grass pathogenic fungi belonging to the class 
Oomycete is that the fungi can concurrently 
produce both types of sexual (oospores) and 
asexual (zoospores) spores and, therefore, no 
alternative name with respect to the sexual or 
asexual spores is given. Oomycete is a highly 
controversial class in the fungal kingdom. 
Biology of these and other turfgrass fungal 
pathogens is extensively described in selected 
references. 

For interested readers, one starting point 
for information on fungi that cause plant 
disease is www.apsnet.org. 

The efficacy 
Results from research trials in the Northeast 
and several other regions of the United States 
have shown that Insignia is highly effective in 
controlling a number of diseases of turfgrass. 
These include gray leaf spot (blast), anthrac-
nose basal rot, Pythium foliar blight, brown 
patch (Rhizoctonia blight), gray snow mold 
(Typhula blight), pink snow mold 
(Microdochium patch), red thread, rusts, 
take-all patch, leaf spot (Helminthosporium 
leaf spot) and summer patch. 

In addition to these diseases, this com-
pound has provided significant suppression 
of dollar spot, an objective that is increas-
ingly attractive to most turf managers. In 
most of these diseases, preventive applica-
tion provided high level of control, and cura-
tive application also significantly suppressed 
the disease over a period of 14 days or 
longer. In many cases, 28-day intervals have 
been as effective as 14 or 21-day intervals. 

Although importance of a disease may 
vary with climatic regions, management of 
certain diseases of a particular grass species 
adapted to a specific geographic area 
remains a top priority for turf managers. 
Devastating effects of gray leaf spot (blast 
disease) in certain regions is a good exam-
ple. This disease is a serious problem in rye-
grass turf in the Northeast and most of the 
Mid-west, and to a lesser extent in tall fes-
cue and St. Augustine grass in the South. 
Fungicidal control of the disease remains a 
strong component of a disease management 
program in the turfgrass industry. 

Strobilurins have traditionally been a 
good choice of systemic fungicide that is 
effectively integrated into a sound fungicide 
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Assessment 2 

Assessment 1 

Fig. 3. Preventive control of Pythium foliar blight in perennial ryegrass turf. Disease 
severity (Index 0-10; 0=none;10=>90% turf area necrotic) was assessed three 
(Assessment 1) and four (Assessment 2) days after inoculation with Pythium aphani-
dermatum. SMaxx=Subdue Maxx; Al Signature-Aliette Signature 

http://www.apsnet.org


program. Heritage and Compass have been 
used extensively, but cautiously with prop-
er rotation and tank-mixes with other con-
tact and systemics of different modes of 
action. 

Research at Penn State has shown that 
Insignia is extremely effective in controlling 
gray leaf spot as seen with other strobilurins 
and Daconil Ultrex (Fig. 1). The study fur-
ther revealed that different rates, intervals, 
and formulations (0.5 - 0.9 oz. per 1,000 sq. 
ft.; 14-28 days; W G or EC) provided simi-
lar control of gray leaf spot. 

Despite the excellent controls provided 
by the strobilurins, turf managers must 
exercise caution in choosing this class of 
chemistry because their modes of action are 
the same or very similar. Because of the risk 
of cross-resistance problems, only one stro-
bilurin must be chosen for rotation or tank-
mix, and the instruction in the label must be 
followed. 

Based on regional observations, one of 
the reasons for Insignia apparently becom-
ing a hot topic is the new challenges in 
fungicidal control of anthracnose basal rot, 
which is a major concern in the industry. 
Anthracnose basal rot has been prevalent in 
Poa and/or bentgrasses in Poa/bentgrass 
greens. In recent years, this disease has been 
reported to occur almost all year round. It 
has been diagnosed in turf under snow 
cover in January in some locations in the 
Northeast, and it is unlikely that these struc-
tures were remnants of fall infection as sup-
ported by the viability and spore/acervuli 
counts per symptomatic plant. 

Frustration is mounting in the golf indus-
try as superintendents cannot find a good 
answer for chemical control of this disease. 
The wide range of efficacy in strobilurin 
fungicides, particularly, azoxystrobin has 
been reported from various regions in the 
past. It is unclear whether this will also be 
true for Insignia as the population biology 
of the anthracnose fungus in U.S. is not well 
understood. 

Studies conducted at Penn State in the 
summer of 2001 indicated that Insignia 
provided satisfactory control at high (0.9 
oz) and low (0.5 oz) rates at 14 days (Fig 
2.). It also provided similar control at 21 

days when used at high rate. Further tests on 
extended intervals and tank-mixes for pre-
ventive and curative controls will be con-
ducted in 2002. 

Additionally, the broad-spectrum nature 
of Insignia is evident from significant sup-
pression of Pythium foliar blight and dollar 
spot diseases. In a study conducted at Penn 
State in 2000, Insignia (0.9 oz) provided 
control similar to that of standard Pythium 
materials such as Banol (2 oz), Subdue 
Maxx (1 oz), and Aliette Signature (4 oz) 
(Fig. 3). 

Strobilurins, in the past, have not been 
effective in controlling dollar spot. Further, 
resistance development in Sclerotinia popu-
lations especially to Demethylation 
Inhibitor (DMI) fungicides often causes 
serious problems in dollar spot manage-
ment. However, significant reduction of 
dollar spot by Insignia has been reported. 

Control of a wide range of turfgrass dis-
eases caused by fungi from various classes is 
a major strength of pyraclostrobin, and such 
an extraordinary broad-spectrum nature of 
this new strobilurin will undoubtedly 
become a strong component in an integrat-
ed disease management program when the 
product becomes available in the market. 

Wakar Uddin is an Assistant Professor of Plant 
Pathology at the Pennsylvania State University. 
His degrees in plant pathology are a B.S. and 
M.S. from the University of Nevada and a 
Ph.D. from the University of Georgia. His spe-
cialties are the epidemiology of turfgrass dis-
eases and biology of the pathogens; fungicide 
efficacy and integrated turfgrass disease man-
agement. His research involves management 
of gray leaf spot of perennial ryegrass turf 
caused by Pyricularia grisea. A second compo-
nent of his research encompasses biology of 
Colletotrichum geminicola and management of 
anthracnose basal rot in Poa and creeping 
bentgrass greens. He teaches two resident 
courses in turfgrass pathology at Penn State 
and also offers an on-line course, "Diagnosis 
and Management of Turfgrass Diseases, " as 
part of Penn State's World Campus distance 
education program. 



Louisiana smooth cordgrass: 

Genetic evaluation based on 
DNA fingerprinting 

By Herry S. Utomo, Ida Wenefrida, 
Timothy P. Croughan, and 
Mike Materne 

Advancement in plant biotechnology 
research has created powerful 
DNA-based molecular markers, 

small fragments of DNA that can be visu-
alized following separation according to 
their molecular size by electrophoresis. 

These markers can be utilized to pre-
cisely identify organisms, distinguish 
between apparently similar individuals, 
determine hybrid purity, estimate genetic 
variation among genotypes of any organ-
ism, or monitor diversity within plant pop-
ulations (William et al, 1990; Dawson et 
al, 1993, Hu and Quiros 1991). 

On the mark 
One place are where these markers promise 
to be of value is in work being done with 
Louisiana smooth cordgrass. 

The work was born in the on-going 
efforts to re-vegetate land to combat 
coastal erosion and wetlands deterioration 
in Louisiana. Coastal marshland losses in 
Louisiana are estimated to be 16,000 to 
20,000 acres a year (USGS, 1985). 
Because the state's coastal marshes cover 
more than four million acres, Louisiana 
alone contributes more than 80 percent of 
the coastal wetlands loss in the U.S. annu-
ally, and continuing losses will have devas-
tating impacts. 

Louisiana's coastal marshlands and 
water bodies are a prodigiously productive 
estuarine system that support an abundant 
population of fish, shellfish, and wildlife. 
Currently, Louisiana provides 30 percent 
of the country's annual commercial har-
vest of fish and shellfish and 40 percent of 
its furs. Louisiana's estuarine system over-
winters 66 percent of the migratory birds 
that use the Mississippi Flyway. 

Constructing physical barriers and 
building riprap 
structures using 
donated Christmas 
trees have been 
used to rebuild 
Louisiana's eroding 
coastal marshes in 
limited areas. 
Despite their effec-
tiveness, they are 
expensive to build 
and require contin-
uous maintenance. 
Their impact is con-
sidered too small to 
compensate for 
such a high rate of 
current coast-wide 
land loss. 

Smooth cord-
grass (Spartina 

altemiflora) can work well, especially at 
receding shorelines, on barrier islands, and 
in deteriorating marshes that give away to 
open shallow water. It is a highly produc-
tive species, palatable to fish, wildlife, and 
livestock. This species is capable of trap-
ping sediment, and can tolerate a wide 

The main 
advantage of 
RAPD 
analysis is 
that it does 
not require 
prior know-
ledge of the 
organisms 
under 
investigation. 
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Suspicion of spurge 

Possible oxalis outbreak 

WEEDS NEVER SEE THE LIGHT OF DAY. 

Potential crabgrass zone 

IMPEDE THE SEED. 

It's a combination that's earned Pendulum a higher 

satisfaction rating from LCOs than any other preemergent * 

To learn more about how Pendulum can make sure weeds 

never see the light of day, call 1 -800-545-9525, ext. 13257 or 

visit www. turffacts. com. 

Always read and 

follow label directions. 

Lurking just beneath the surface are thousands of 

tiny weed seeds, threatening to ravage lawns and 

established ornamentals. Fortunately, Pendulum® preemergent 

herbicide stops more than 40 broadleaf and grassy weeds dead. 

Pendulum is a proven performer, offering well over a decade 

of unsurpassed, season-long control and unmatched value to 

maximize your profit margins. 

BASF 



T H E BROADEST CONTROL AVAILABLE. 
Pendulum® preemergent herbicide controls 21 annual 

grassy weeds and 24 annual broadleaf weeds— 

including crabgrass, goosegrass, oxalis and spurge in 

turf. Pendulum is also labeled for over-the-top weed 

control of numerous ornamental species and can 

minimize hand weeding in ornamental beds for up to 

8 months. 

Rate (bai/A) 
PENDULUM 60 WDG 1-5 

BARRICADE 65 WG 0.48 

DIMENSION 1 EC 0.38 

RONSTAR 2 G 3.0 

C R A B G R A S S C O N T R O L 
P e n n s y l v a n i a State Univers ity 

% Control, 120 DAT 

U 
m 

0 2 0 
Field Trial, 1 9 9 6 

100 

T H E F U L L - S E A S O N HERBICIDE. 

C R A B G R A S S C O N T R O L 
N o r t h C a r o l i n a S t a t e 

Rate 
(tb at/A) 

PENDULUM 60 WDG 1.5+1.5 

BARRICADE 65 WG C 

DIMENSION 1 EC 

% Control, 201 DAT m 

m 

0 2 0 
F i e l d T r i a l , 1 9 9 6 

6 0 100 

Pendulum herbicide provides control throughout the entire 

season, even in warm climates with extended periods of 

weed germination. The reason? Its low volatility and slow 

decomposition characteristics keep it active in the soil 

longer. 

FLEXIBILITY FOR CUSTOM CONTROL. 
The Pendulum® preemergent herbicide product line includes sprayable 3.3 EC and 60 WDG formulations, as well as a 2% 

granular formulation. Application rates vary from 1.5 lb. a.¡./acre to 3.0 lb. a.i./acre for turfgrasses, and up to 

4.0 lb. a.i./acre for ornamentals, depending on the weeds controlled and duration of control desired. 

W E E D S NEVER S E E THE LIGHT OF DAY. 
Broad-spectrum, season-long control. Application flexibility. Exceptional turf-grass tolerance. 

And cost-efficiency. That's the combined power of Pendulum. 

For additional information, please call 1 -800-545-9525 Ext. T3257. Or visit our website at www.turffacts.com. 

Always read and follow label directions. 
Pendulum is a registered trademark of BASF. Barricade is a registered trademark of Novartis. Dimension is a registered trademark of Rohm and Haas Company. 

Ronstar is a registered trademark of Rhône-Poulenc. © 2001 BASF Corporation. All rights reserved. 

BASF 

http://www.turffacts.com
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Figure 1. Electrophoretic analysis ofDNA amplification products on 29 smooth cord-
grass accessions. M=size marker 

range of environmental conditions, includ-
ing submersion for 12 hours a day, pH 4.5 
to 8.5; and salinity from 10 to 60 ppt (parts 
per thousand). 

It colonizes mudflats and sandflats in 
saline or brackish water. Smooth cordgrass 
is, therefore, highly suitable for erosion 
control and estuarine reclamation. 

Molecular markers 
Molecular markers may provide specific 
types of ecological indicators for monitor-
ing the integrity of natural ecosystems and 
the sustainability of ecosystems that are 
affected by external 
factors. 

Molecular mark-
ers can be generated 
from various molec-
ular procedures, 
including random 
amplified polymor-
phic DNAs (RAPD). 
RAPD utilizes short, 
random DNA 
primers to hybridize with complementary 
DNA strands anywhere in the genome. The 
resulting intervening DNA is amplified by 
polymerase chain reaction (PCR). 

The amount of DNA needed for PCR 
amplification is very small, and the proce-
dure is simple, rapid, inexpensive, and 
reproducible. The main advantage of 
RAPD analysis is that it does not require 
prior knowledge of the organisms under 
investigation. This is ideal for smooth cord-
grass in which genetic information is very 
limited. 

The objective of this study was to uti-
lize RAPD analysis to evaluate the genet-
ics of Louisiana smooth cordgrass. The 
genetic evaluation includes characteriza-
tion of genetic diversity, spatial distribu-
tion based on closely related grouping, and 
potential use of marker-based identifica-
tion. 

Cordgrass genetic diversity 
Recent incidence known as "brown marsh" 
or "marsh dieback", first noticed in the 
spring of 2000, affected extensive coastal 
marsh regions in Louisiana where smooth 
cordgrass is the predominant species. The 
brown marsh has occurred several times in 
the past, but the size of the last incidence 
was unprecedented. The most affected 
areas were the salt marshes between the 
Mississippi and Atchafalaya Rivers. 

Markers are 
not affected 
by a plant's 
age or the 
environment. 



Possible causes of this phenomenon 
have not been determined, however, the 
incident raised the question about genetic 
diversity of smooth cordgrass in Louisiana. 

Genetic diversity has been a critical and 
debated issue related to the use of plants 
for coastal stabilization and wetlands 
reclamation. 

The use of a single cultivar over large 
areas for erosion control could have serious 
consequences in the future. Loss of genet-
ic diversity has been widely recognized as 
a major threat for adaptive potential and 
the maintenance of species. Populations 
with low genetic diversity could be more 
vulnerable to a sudden change in 
macro/micro climate or other irregularly 
occurring environmental stresses such as 
disease, insects, drought, salinity, and fire. 

To effectively manage genetic diversity 
requires the ability to identify genetic vari-
ation. Genetic diversity is measured tradi-
tionally based on the differences in mor-
phological, physiological, and agronomic 
characters or can be determined based on 
pedigree information. A similar objective 
can be obtained using DNA fingerprinting 
techniques. 

The random amplification of DNA 
polymorphisms (RAPD) provides an unbi-
ased method of quantifying genetic diver-
sity. This molecular technique therefore 
can be applied as a complementary strate-

Figure 2. Distributions of smooth cordgrass accessions based on their genetic groups 

gy to traditional approaches in the man-
agement of plant genetic resources. Esti-
mates of genetic distance can be used to 
evaluate genetic diversity among smooth 
cordgrass accessions 

To analyze the 
genetic relationship 
among 95 smooth 
cordgrass acces-
sions, a total of 12 
primers were used 
to generate DNA 
fragments. Figure 1 
shows DNA frag-
ments of accession 
1 to 29. A total of 
225 fragments were 
obtained with the 
12 primers. Among 
these, 136 frag-
ments (60 percent) 
were polymorphic. 
The size of frag-
ments ranged from 
approximately 180 
to 2,300 base pairs. 

The proportion 
of smooth cordgrass 

accessions with polymorphic RAPD frag-
ments ranged from one percent to 88 per-
cent (representing fragments that were 
rare to those that were common) with a 
mean frequency of 40 percent. A total of 

Since there 
are no 
distinctive 
genetic pat-
terns associ-
ated with 
any region, 
there is no 
apparent 
need to 
develop 
cultivars for 
specific 
locations. 



4,465 pairwise comparisons based on 136 
polymorphic RAPD markers were made. 

Overall data suggested that Louisiana 
smooth cordgrass exhibited a large 
amount of genetic diversity. See Figure 1. 

Genetic distribution of 
Louisiana smooth cordgrass 
Cluster analysis revealed that 95 smooth 
cordgrass accessions used in this study felt 
into three genetic groups, each of which is 
separated by genetic distance of more than 
0.90. 

Plotting the members of each group 
according to their origins indicated that 
there was no apparent specific genetic pat-
tern associated with geographical location 
(Figure 2). Each group occupied a large 
area and was well-dispersed across coastal 
region. This finding suggests that seed may 
play a significant role in smooth cordgrass 
colonization of salt marshes along 
Louisiana's coast. 

Even though Louisiana smooth cord-
grass has been known to be generally ster-
ile with little or no seed production, care-
ful searching eventually yielded a few 
exceptionally fertile plants that produce 
viable seeds. Smooth cordgrass seed has 
some degrees of dormancy. Since the seed 
is light and remains dormant during win-
ter, it could potentially spread by floating 
significant distances. 

Utilization of a single smooth cordgrass 
cultivar for salt marsh reclamation and 
erosion control has raised concern. The 
main concern is related to the genetic of 
the cultivar used and possible negative 

impacts associated with the introduction 
of the cultivar on the genetic diversity in 
and around the target areas. 

Currently, Vermilion is the only avail-
able smooth cordgrass cultivar in 
Louisiana. It has excellent plant vigor and 
other growth characteristics. 

Results from cluster analysis indicate 
that Vermilion belongs to group 2. In 
order to maintain genetic diversity, it 
appears that the use of Vermilion for ero-
sion control over large areas should be 
accompanied by other cultivars that rep-
resent groups 1 and 3. See Figure 2. 

Distribution of each genetic group 
across marsh 
coastal regions pro-
vides information 
on how future 
smooth cordgrass 
cultivars might be 
developed with 
regards to genetic 
diversity. Since 
there are no dis-
tinctive genetic 
patterns associated 
with any region, 
there is no appar-
ent need to develop 
cultivars for specif-
ic locations. 

A finer genotype map, however, might 
be needed to facilitate a better design for 
developing new cultivars that will main-
tain existing genetic diversity in the target 
areas. The map can be also used for mon-
itoring the integrity of smooth cordgrass 

Currently; 
Vermilion is 
the only 
available 
smooth 
cordgrass 
cultivar in 
Louisiana. 
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under its natural ecosystem and suitability 
of the ecosystems as affected by the intro-
duction of new cultivars. 

Addressing questions 
of identity 
Molecular markers can be used to resolve 
a dispute over plant identity. They involve 
identification of DNA segments unique to 
a particular individual or cultivar. Once 
the markers have been identified, genetic 
identification is relatively fast and reliable. 
The procedure requires only a small 
amount of plant tissues that can be taken 
at any plant growth stage. In addition, 
markers can also be used to confirm the 
purity of cultivars being used. 

In many cases, the use of the cultivar 
Vermilion is required in contracts to reveg-
etate with smooth cordgrass. To differen-
tiate cultivar Vermilion from non-Vermil-
ion genotypes based on physical 
characteristics at early growth stages can 
be challenging. Molecular markers can be 
used to solve this problem. Evaluation of 
66 RAPD primers yielded three primers 
that produce unique DNA bands that dif-
ferentiate Vermilion from 102 other 
smooth cordgrass types used in this study. 
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in plant physiology from the University of 
California at Davis. Michael D. Materne is 
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Do "drift retardant" chemicals work? 
If used properly (at appropriate rates), these products indeed reduce spray drift 
by hindering formation of small, drift-prone droplets 

By Erdal Ozkan 

At Ohio State, we conducted experiments to 
determine effect of using drift retardant chemi-
cals on spray pattern, droplet size and spray 

drift. 
Results of these tests indicate that if used properly 

(at appropriate rates), these products indeed reduce 
spray drift by hindering formation of small, drift-prone 
droplets. 

There are many "drift retardant" chemicals commer-
cially available to pesticide applicators (there are over 
30 of them). These products are normally some type of 
long chain polymer or gum that increases the viscosity 
of the spray mixture which result in a courser spray. 
Unfortunately, the information related to performance 
of these products is limited. 

Results of a study conducted by USDA-ARS Engi-

neers in Texas indicated that the effect of polymer con-
centration on droplet size is dependent on polymer 
type. For example, polyvinyl and polyacrylamide poly-
mers were found to be more effective than linear alkyl 
epoxide or polymide copolymers in increasing volume 
median diameter and reducing the percentage of spray 
volume composed of small droplets subject to spray 
drift. 

At Ohio State we have tested five drift retardant 
chemicals to determine their effects on droplet size, 
spray pattern, and spray drift reduction. In comparison 
to spraying water only, all drift retardants tested reduced 
volume of portion of small droplets in the spray but at 
varying magnitudes. 

For example, the reduction of spray volume con-
tained in droplets smaller than 100 microns ranged 
from 30 percent with the least effective product, to 68 
percent with the most effective product. 

FIGURE 1. INCREASE IN WEIGHTED VOLUME MEDIAN DIAMETER 
(D ) WITH DIFFERENT DRIFT RETARDANTS 

Nalco—trol Direct Target Driftgard Formula 
358 



FIGURE 1. REDUCTION IN SPRAY VOLUME IN DROPLETS 
LESS THAN 100, 150 AND 200 MICRONS It is usually 

more effec-
tive to select 
the proper 
nozzles and 
operate 
sprayers at 
low pressure 
to produce 
desired drop 
size than to 
increase 
droplet size 
with a drift 
retardant 
chemical 

Formula 358 • Driftgard • Direct • Target Nalco-trol 

Some studies have found that some of 
these polymers tend to be sheared by pass-
ing through a sprayer pump, as would occur 
in normal bypass, hydraulic mixing in com-
mon agricultural sprayers. This means that 
the drift retardant would lose its ability to 
increase droplet size — its ability to reduce 
drift — as the spray tank became empty. 

FIGURE 2, PERFORMANCE OF 

DRIFT RETARDANTS 

Gums are not sheared as easily as the 
long chain polymers, and some types of 
polymers (polyethylene oxide) are sheared 
in fewer passes through a pump than other 
types of polymers (polyacrylamides). 

Although drift retardant chemicals are 
effective in reducing the number of drift 
prone droplets, in most cases, it is more effec-
tive to select the proper size and type of noz-
zles and operate sprayers at low pressure to 
produce the desired drop size rather than 
attempt to increase droplet size with a drift 
retardant chemical. 

Dr. Erdal Ozkan is a professor at the Food 
Agricultural and Biological Engineering 
Department at the Ohio State University. He 
was at Iowa State University for six years 
before joining OSU in November 1985. He 
received his Master's and Doctorate degrees in 
agricultural engineering at the University of 
Missouri. In Ohio, he provides leadership in 
development and implementation of extension 
educational programs related to new develop-
ments in pesticide application technology. He 
is the author or co-author of 39 journal arti-
cles, four book chapters, 48 extension publica-
tions, 16 software programs and has made 
over 60 technical presentations at national and 
international conferences. 



Rules of thumb 

A basic rule of thumb says everyone 
remembers the rule, nobody 
remembers the source. That's true 

for one of my favorites, which says there are 
only two things needed to repair equip-
ment: WD-40 and duct tape. If it won't 
move and it should, spray it with WD-40. If 
it does move and it shouldn't, use the duct 
tape. 

While that won't earn you a degree in ag 
engineering, the following rule was suggest-
ed by a Penn State ag engineering professor 
— and I've found it holds true. If you're 
putting up a storage building, take your best 
estimate of how much space you'll need, 
double that, and then add 10%. That's 
where you'll be in five years. 

Most of us who have fertilized or trans-
planted trees know the roots of a tree 
extend to the drip line of the branches 
above. Another good way to figure how far 
roots extend is to take the diameter of the 
tree in inches. That's roughly equal to the 
radius of the root system in feet. 

I once had a rule for how big to dig a hole 
for planting a tree, but I can't find it at the 
moment. Anyone out there have one to 
share? 

A chain saw brochure I read had this sug-
gestion for adjusting tension on a new 
chain: Adjust the chain twice for the first 
tank of fuel, once on the next tank of fuel, 
and every other time on the next several 
tanks of fuel. 

If you are stocking a pond with fish, Cor-
nell University recommends putting in 300 
fingerling trout per acre of pond each year. 

Perhaps a more typical situation is trying 
to reach a fair price on a used piece of 
equipment. Employees have an embarrass-
ing habit of using the boss as a referee in 
these disputes. A good rule of thumb is that 
a power tool, in decent working condition, 
should sell for about half of what a new one 
would run. At least, it'll get them out of 
your face and on to arguing about what a 
new model costs. 

What works for you? Send me your 
favorite rules of thumb for use around the 
golf course, on the landscaping job, for irri-
gation or spreading seed. I'm at 
curt@curtharler.com. I will thumb through 
them and share them with our other read-
ers in an upcoming issue. Oh, and a last rule 
of thumb: if you don't send me your 
favorite rule of thumb now, it'll never get 
done. 

Curt Harler 
Managing Editor 

mailto:curt@curtharler.com
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