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QUICK TIP 

The process of respi-
ration uses oxygen 
as an oxidizing 
agent to generate 
energy to sustain 
life. Indirectly, oxy-
gen must also be 
present in soil for 
bacteria to convert 
ammonium to 
nitrates, a process 
referred to as nitrifi-
cation. Adversely, 
denitrification is the 
conversion of 
nitrates to nitrogen 
gases under anaero-
bic conditions where 
oxygen is absent. 
This loss by gas 
reduces the efficien-
cy of nitrogen fertil-
izers that turf man-
agers apply. And 
these nitrogen gases 
contribute to 
increased levels of 
greenhouse gases. 
One way to increase 
oxygen levels in soil 
is by aeration, but 
aerifying this time of 
year is difficult for 
many reasons. 
Golfers dislike the 
disruption of the 
putting surface, so 
any form of a less-
invasive aerification 
method is well 
received. Those little 
holes on the green 
provide many bene-
fits to both plants 
and humans. So next 
time someone com-
plains after aerifica-
tion, talk it up with 
scientific jargon, and 
blow their minds. 

TABLE 2 

Percent of plot area visually blighted by take-all patch as influenced by fungicide 
and/or nutrient application in a creeping bentgrass fairway at Bellewood Golf 
Club, North Coventry Pa.; 2006. 

T r e a t m e n t x Percen t o f p l o t a r e a b l i g h t e d y 

0-100 

21 June 29 June 12 July 

Heritage TL 13.7 a z 8.3 a 2.3 d 

Headway 16.3 a 7.7 a 4.6 bed 

Headway + 0 - 0 - 0 - 5 % M n + WA 16.7 a 5.3 a 0.3 d 

Lynx 19.0 a 8.0 a 2.3 d 

Tartan 2 1 . 0 a 1 1 . 3 a 3.3 cd 

Insignia 16.7 a 6.0 a 8.6 ab 

Nutr ient + Wett ing Agent Program 10.4 a 5.0 a 1.7 d 

Techmangum 

0 - 0 - 0 - 5 % M n 

12-0-0-26 

Flow thru wet t ing agent (WA) 

Untreated Control 22.3 a 10.7 a 13.3 a 

x All treatments were applied on June 14 and 29, and July 13 2006. 

y Percent of plot area blighted was rated on a 0 to 100 scale with 0= no disease and 100= entire plot area blighted with take-all patch, 

z Means in each column followed by different letters are significantly different (P £0.05) according to the Fischer's Protected least 

significant difference test. 

Continued from page 50 
of cooler, wet weather in early July, TAP activ-
ity was slowed and reduced by mid-July. 

By late July, plots that were completely 
TAP free (no blight symptoms) were those 
treated with Heritage TL, Headway plus 0-0-
0-5 percent MN plus wetting agent, Lynx, and 
Tartan (data not shown). All other treatments 
including the untreated check had an average 
greater than 3 percent blight. The study area 
was again evaluated on Aug. 2, and no TAP 
was visible within any plots. 

Due to the quick recovery of the creeping 
bentgrass within the study area and in the sur-
rounding fairway, the TAP on this fairway was 
considered to be in the "decline phase." Data 
from this one-year study indicate that cura-
tively managing TAP in the decline phase can 
be partially successful with applications of 
fungicides or fungicides and nutrients in tank-
mix combinations. Future research is planned 
for the 2007 season evaluating preventive as 
well as curative control options for TAP in 
creeping bentgrass. 

Steven McDonald is a consultant and researcher 
with Turfgrass Disease Solutions LLC, Pottstown, Pa. 

Michael Fidanza, Ph.D., is an associate professor 
at Pennsylvania State University, Berks Campus, 
Reading, Pa. 
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Timing Crucial With Neonicotinoids 
By David J. Shetlar 

When using the insecticides in 
the neonicotinoid family, a 
key to success is timing the 

application of materials correctly. 
Early data, based primarily on imida-

cloprid, indicates neonicotinoids have 
excellent activity against sucking insects 
(primarily Hemiptera), Coleoptera, and 
hymenopterous (e.g., sawflies) pests, 
but poor activity against lepidopterous 
pests. Because caterpillars can be signif-
icant pests of turfgrasses and ornamen-
tal plants, neonicotinoids have been 
combined with pyrethroids. Pyrethroid 
combinations also appear to improve 
control of other surface-feeding pests, 
especially chinch bugs. 

In our field evaluation studies, imi-
dacloprid controlled the turfgrass ant, 
Lasius neoniger, only when applied in 
April or early May when the mound 
building was first noticed (Tables 2 
and 3, p. 54). However, this control 
(usually 80 percent or better) did not 
occur until about six to eight weeks 
after the application. We have three 

TABLE 1 

separate studies that demonstrated 
this phenomenon. But when thi-
amethoxam was applied at the same 
time, control was nearly immediate . 

In a subsequent study, applying 
thiamethoxam in July also resulted in 
control of the ants within two weeks. 
More recent studies have shown that 
clothianidin has this same rapid ant 
control action. 

Concerning hairy chinch bug con-
trol (Table l), we have evaluated imida-
cloprid, clothianidin, thiamethoxam 
and acetamiprid and all produce excel-
lent results in applications applied in 
June, July or August. However, when 
compared to the standard, bifenthrin, 
which can knock out the chinch bugs in 
three to five days, these neonicotinoids 
often take 10 to 14 days to achieve their 
maximum effect. In one study, we 
counted the different nymphal instars 
and adults, and imidacloprid took out 
the first through third instar nymphs in 
two to four days, but the larger nymphs 
took about a week to eliminate and the 
adults were the ones that took 10 to 14 
days to control. 

Control of mole crickets with 
neonicotinoids has been inconsistent 
unless you carefully look at the tim-
ing of applications. When applied at 
egg lay to egg hatch, imidacloprid and 
thiamethoxam have produced very 
good results. This suggests that the 
mode of action is to cause the first 
instar nymphs to stop feeding or stop 
normal behavior. Of course, this is 
lethal for such small instars. 

While imidacloprid controls the 
bluegrass billbug very well, it has gen-
erally produced poor control of the 
annual bluegrass weevil. But recent 
studies with clothianidin have demon-
strated that it has excellent activity 
against this weevil. This again illus-
trates that each of these neonicotinoids 
can affect different spectra of pests. 

In our sod webworm control studies, 
imidacloprid has always resulted in poor 
control, but applications of clothianidin, 
thiamethoxam and acetamiprid have 
been quite effective. Again, this control 
commonly takes seven to 10 days 
to be maximized compared to the 
pyrethroids that achieve maximum 
control in three to five days. 

In future studies, fellow entomol-
ogists and chemical companies should 
be encouraged to fully evaluate all of 
the neonicotinoids for expansion of 
their target spectra—especially mole 
crickets, chinch bug species, weevil 
species, caterpillar species, crane flies 
and scales (e.g., bermudagrass scale). 

Application timing issues 
Because most discovery companies first 
targeted turfgrass insecticides for con-
trol of white grubs, and our IPM training 
recommends that these controls be 
optimized for egg hatch, many new 
insecticides are not initially evaluated 
for early or late applications. With the 

Continued on page 54 

Efficacy of Arena 50WPf Arena 0.5G and Talstar for Control of Hairy 
Chinch Bugs in a Home Lawnf Pickerington, Ohio, 2004. 

Treatment3 Rate Ave. number of insects/ft2 (% Control)b 
lb. Al/acre* 7 DAT 14DAT 28DAT 

Arena 50WP 0.2 6.4(95)b 0(100)b 0.9(100)b 
Arena 50WP 0.3 0(100)b 7.3(97)b 0(100)b 
Arena 0.5G 0.2 7.3(94)b 4.6(98)b 0(100)b 
Arena 0.5G 0.3 5.5(96)b 0.9(100)b 0.0(100)b 
Talstar F 0.2 2.8(98)b 5.5(98)b 0.9(100)b 
Check - 132.9a 260.4a 263.1a 

a Treatments applied 25 August, 2004 to plots 5 x 5 ft, replicated 4X. * Pounds of active ingredient per acre. 

b Data taken 1, 10 & 21 September based on the number of chinch bugs recovered from two 5-inch diame-
ter cylinders per plot (water flotation). ANOVA and LSD based on plot totals. % Controls followed by the 
same letter are not significantly different (numbers per ft2 calculated). ANOVA - p<0.001 for all dates; LSD 
@ 0.05 = 8.206, 22.075, and 28.301, respectively. 



TABLE 2 

Efficacy of insecticides for suppressing ant mounds from Lasius neoniger 
on golf course fairway No. 11, Crockett's Green Hills Golf Course, Clyde, 
Ohio, 1999. 

Treatment/ Rate Active mounds/yd2 and (% reduction)0 

Formulation3 Ib.AI/acre 13 DAT 30DAT 79DAT 128DAT 169DAT 
Scimitar 0.88GC 0.06 0,1(97) de 3.1(57)cdefg 4.4(31)a 3.9(34)abcd 3.0(40)bc 
Scimitar 0.88GC+ 0.06+ 

Merit 75WP 0.3 0.0(100)e 5.3(28)abc 5.1(20)a 2.5(57)e 1.3(75)cd 
Merit 0.5G 0.4 3.4(29)b 6.3(14)ab 2.8(57)a 1.4(77)abc 0.9(83)d 
MACH2 2LTI 1.5 1.8(63)b 3.8(48)bcdef 6.6(43)a 3.1(47)abc 3.1 (38)b 
Fipronil 0.05G 0.025 1.8(63)b 4.1 (43)bcde 3,3(49)a 0.1 (98)de 0.1 (98)d 
Talstar 0.66F 0.1 0.1(97)de 3.4(53)cdef 5.5(14)a 5.0(15)e 2.8(45)bc 
Talstar 0.66F 0.2 0.0(100)e 1.4(81)fg 4.8(25)a 4.6(21)e 3.1 (38)b 
Check 4.8Wa 7.3(-)a 6.4(--)a 5.9(--)ab 5.0(-)a 

a Treatments applied27 April 1999; plots 1Ox 15ft replicated 4x, spray volume 1 5 g a l / 1 , 0 0 0 f t 2 ; no posttreatment i r r i g a t i o n , 
b Data taken 10 May, 2 7 , 
Mound count sums analyzed'by ANOVA and LSD @ " = 0.05. Means followed by the same letter are not significantly 
b Data taken 10 May, 27 May; 15 July, 2 September & 13 October based on two 1 yd2 observations from each plot. 
Mound count sums analyzed by ANOVA and LSD @ " = 0.05. Means followed by the same letter are not significantly 
d i f f e r e n t (P< 0.001, < 0 . 0 0 1 , = 0.193ns, <0.001, and <0.001 for 13, 30, 79, 128, and 169 DAT periods, respectively). 

Continued from page 53 
long soil residual half-lives of neonicotinoids, 
more and more tests are being performed with 
April, May and early June applications (well 
before white grub egg lay). These generally result 
in excellent control of the new white grub gen-
eration that arrives in July and August. 

However, one might think that these early 
applications might miss some of the surface 
active insects, especially chinch bugs and sod 
webworms that normally appear in damaging 
populations in mid-summer. In our studies, 
May applications of most of the neonicotinoids 
result in excellent bluegrass billbug control. 

Because it appears that the foliar and stem 

systemic residues of most of these neonicoti-
noids are at effective levels for only 20 to 30 
days, these May applications should take out 
overwintered adult chinch bugs and any new 
nymphs as well as the first generation of sod 
webworm larvae that begin in late May and 
early June. May applications will achieve control 
of these secondary targets and still control the 
white grubs that arrive later in the season. 

On the other end of the season, neonicoti-
noids generally have been considered to be 
poor as curative insecticides. Again, we have 
long known that imidacloprid will kill third 
instar white grubs, but death can take 14 to 
20 days after exposure. In fact, these third 
instar grubs appear to die not from the insec-
ticide but from secondary infections of bac-
teria, fungi and nematodes. 

In more recent studies, we have found that 
thiamethoxam takes about seven to 10 days to 
kill third instar masked chafers but clothiani-
din achieves control in five to seven days. 
While these shorter rapidity-of-kill actions are 
still longer than achieved by trichlorfon, they 
are certainly within the acceptability range, 
especially if digging animals are not an issue. 

Entomologists should continue to investi-
gate earlier preventive and later curative tim-
ings to better define the affects of these chem-
icals on primary and secondary pests. 

David J. Shetlar, Ph.D., is the urban landscape ento-
mologist at The Ohio State University (Columbus). 
The Bug Doc can be reached at shetlar. 1@osu.edu. 

TABLE 3 

Season-long efficacy of insecticides for controlling the ant mounds of Lasius neoniger on a golf 
course fairway at Crockett's Green Hills Golf Course, Clyde, Ohio, 2000. 

Rate Active mounds/yd2 and (% reduction)b 

Treatment3 Ib.ai./A* 7 DAT 14 DAT 28 DAT 8 WAT 12 WAT 21 WAT 
Talstar 0.2G 0.20 2.4ef(87) 7.3cd(46) 10.5a(26) 10.1ab(0) 10.8a(0) 5.9a(2) 
Fipronil 0.0143G 0.025 10.6bc(37) 11.0abc(18) 11.1 a(22) 6.4c(20) 2.3cd(63) 0.8b(88) 
Merit 75WP 0.40 1 l . labcd 1) 8.9bc(34) 5.8b(60) 0.3d(97) 0.1d(98) 2.4b(60) 
Meridian 25WG 0.26 5.6de(60) 3.0de(78) 0.8c(95) 0.1 d(98) 0.1d(98) 2.0b(67) 
Meridian 25WG + 0.26 

Scimitar 0.88GC 0.06 0.4f(98) O.Oed 00) 1.4bc(90) 0.5d(94) 0.6d(90) 1.3b(79) 
Check 14.8 a 13.4ab 14.3a 8.0bc 6,4b 6.0a 

ANOVA <0.001 <0.001 <0.001 <0.001 <0.001 =0.001 
LSD@0.1 3.998 5.396 4.622 3.290 3.571 2.639 

a Treatments applied May 17, 2 0 0 0 , to plots 10 x 15 ft replicated Ax. No post-treatment i r r i g a t i o n , * Pound of Active Ingredient per Acre, 
b Data taken 25 May; 1 June, 15 June, 13 July, 10 August and 12 October based on the same central 2 y d 2 area observed each time within each plot. ANOVA 
and LSD on plot totals. Means followed by the same letter are not s i g n i f i c a n t l y d i f f e r e n t a t " = 0.05 (NOTE: confidential products removed), 

QUICK TIP 

Ants have become 
one of the most 
troublesome pests 
in golf course man-
agement. Their 
mounds of soil dis-
rupt the playing 
surface of putting 
greens and can dull 
mower blades. 
Using an insecticide 
can effectively rid 
you of this nui-
sance. Advion or 
Topchoice insecti-
cides by LESCO are 
helpful solutions to 
this problem. For 
more information 
on pest control, 
visit www.john-
deere.com. 
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Part 2 of 2 
See July's TurfGrass Trends 
for Part 1. 

Turfgrass Root Growth: 
Increasing Nitrate Metabolism 

By Richard J. Hull and John T. Bushoven 

Last month, we looked at the chemistry of 
how nitrates work in root systems. Now 
we want to know why nitrate (N0 3 - ) 

absorbed by roots was not metabolized in the 
roots but rather transported to leaves. 

It seemed reasonable that if N 0 3 - were 
reduced and assimilated in the roots, the amino 
acids formed there might stimulate root growth. 
At the very least, keeping N0 3 - from the leaves 
should eliminate the N0 3 - signal from divert-
ing photosynthetic energy toward shoot growth 
and allow the roots to get their share. 

There are two likely reasons for N 0 3 -
metabolism not occurring in roots: 1) Roots 
might not contain sufficient nitrate reductase 
(NR) enzyme to accommodate the N 0 3 -
absorbed by roots or, 2) N 0 3 - simply passes 
through root cells and is loaded into the 

FIGURE 1 

Solution N03 Impact on Leaf & Root N03 Content 
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The increase of nitrate content in roots and shoots of perennial 
ryegrass groum in solutions containing four nitrate levels. Note 
that at very low nitrate levels, roots contained more nitrate than 
leaves but as solution nitrate concentrations increased, nitrate lev-
els in leaves increased more rapidly than in roots. 

xylem, for transport to leaves, so quickly that 
there is little time for N0 3 - reduction to occur. 

We tried to decide between these two pos-
sibilities by growing perennial ryegrass in 
solutions containing a range of N 0 3 - concen-
trations. We wanted to use N 0 3 - concentra-
tions that were similar to those encountered 
by turfgrasses growing on a golf course or 
lawn. An earlier field study (Liu et al., 1997) 
showed that soil water under several peren-
nial ryegrass cultivars averaged 1.8 parts per 
million (ppm) N 0 3 - N (nitrogen as nitrate) 
and rarely exceeded 7 ppm. 

We grew perennial ryegrass Palmer III cul-
tures in complete nutrient solutions contain-
ing 0.14,1.26, 2.8 & 7.0 ppm N O r N for 60 
days and determined the concentration of 
N 0 3 - N in leaves and roots (Fig. 1). 

It is evident that the N 0 3 - N content of 
both roots and leaves increased as the culture 
solution N 0 3 - concentration increased. How-
ever, at 0.14 ppm N0 3-N, roots contained 
more N 0 3 - than did the leaves but at all high-
er-solution concentrations, leaf N 0 3 - was 
markedly greater than root N0 3 - . This indi-
cates that N 0 3 - metabolism in roots becomes 
saturated at a soil solution concentration 
between 0.14 and 1.26 ppm N03-N. As solu-
tion N 0 3 - increases, leaf N 0 3 - N content 
increases to levels greater than that in roots. 

Since soil water beneath perennial ryegrass 
turf averages less than 2 ppm N03-N, it is rea-
sonable to expect that N 0 3 - uptake by roots 
will normally saturate the roots' capacity for 
N 0 3 - metabolism, and substantial N 0 3 - will 
be carried to and accumulate in the leaves. 

Is there any way to increase N 0 3 - metab-
olism in roots? The good news is that roots 
can metabolize N0 3 - , but they exhibit only 
10 percent of the NR activity observed in 
leaves (Bushoven and Hull, 2005). 

We concentrated on NR because it catalyzes 
the initial step in N 0 3 - metabolism and is gen-



erally considered to be the control point for the 
entry of N 0 3 - into its metabolic pathway. This 
brings us to the matter of speed by which N 0 3 -
passes through root cells on its way to the xylem 
and transport to leaves. If N 0 3 - resides in the 
cytosol of root cells for only a short period of 
time and at low concentrations, it might not 
induce the synthesis of enough NR to metabo-
lize more than a trace of the N 0 3 - passing 
through. Nitrate Reductase is an inducible 
enzyme in that it is only made when its sub-
strate, N0 3- , is present. The gene that encodes 
NR is not expressed unless there is N 0 3 - in the 
cytosol. The relatively high concentrations of 
N 0 3 - in the roots (Fig. 1) does not mean that 
NR must be fully induced because most of that 
N0 3 - has likely accumulated in the cell's mem-
brane-bound vacuoles that are separate com-
partments from the cytosol. If the rate of N 0 3 -
transport through the roots could be slowed, 
perhaps the cytosolic N 0 3 - concentration 
would increase and induce more NR synthesis. 

We tested this idea by withholding potassium 
(K) from or adding sodium chloride (NaCl) to 
the nutrient solution. Potassium ions (K+) serve 
as a counter-ion for the loading of N 0 3 - into the 
xylem and during its transport to the leaves. If 
K+ is deficient in the roots, N 0 3 - transport in 
the xylem is slowed (Rufty et al., 1981) .Adding 
NaCl to the nutrient solution increases the con-
centration of chloride ions (C1-) that compete 
with N 0 3 - for entry into the xylem. It has been 
observed that plants subjected to salinity stress 
will increase N 0 3 - metabolism in their roots 
while decreasing it in their leaves (Cramer et al, 
1995). We observed that both of these treat-
ments did increase root NR activity as well as 
the percentage of N0 3 - metabolized in peren-
nial ryegrass roots, but the increases were small 
and not practically significant (Bushoven and 
Hull, 2005). However, these experiments did 
support the hypothesis that slowing the passage 
of N 0 3 - through roots could increase N 0 3 -
retained and metabolized in roots. 

Turf grown wi thout nitrate 
In order to remove any possible N0 3 - influence 
on root and shoot growth, perennial ryegrass was 
cultured in solutions containing ammonium 
(NH4+) as the only nitrogen source. We supplied 
NH4+ at a low and high concentration (0.5 & 14 

FIGURE 2 

Root Growth and Site of Nitrate Metabolism 
Confining nitrogen assimilation to roots increases 
root:leaf ratios significantly. m 
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Confining nitrogen assimilation to roots by growing perennial 
ryegrass in solutions containing low or high concentrations of 
ammonium resulted in less inhibition of root growth but 
markedly greater shoot growth at high nitrogen levels. 

ppm NH4-N) to observe the effect of nitrogen 
concentration on relative root and shoot growth 
without the complication of N0 3 - signaling. 

In solution culture, NH4+ is rarely oxidized 
to N0 3 - (nitrification) as it is in the soil. No N O r 

was detected in our solutions when NH4+ was 
the nitrogen source. We found that, similar to 
N03- , high concentrations of NH4+ markedly 
reduced the rootshoot ratio (Fig. 3). However, 
unlike N03- , the high NH4+ concentration 
increased shoot growth 170 percent while N0 3 , 
at the same concentration, actually reduced 
shoot growth 4 percent. Thus, the lower 
rootshoot ratio caused by high NH4+ was caused 
mostly by increased shoot growth and not by dra-
matic reductions in root production. 

Still, high NH4+ concentrations did reduce 
root growth 30 percent but not as severely as 
high N 0 3 - (35 percent). This can be explained 
by the fact that NH4+ is more readily absorbed 
by root than is N0 3 - . Also, once absorbed, 
NH4+ is rapidly assimilated because it can eas-
ily become toxic if accumulated in root cells. 
Thus, as Bowman and Paul (1988) earlier 
showed, rapid NH4+ uptake by roots will like-
ly divert much available energy (sugars) in the 
roots to support NH4+ assimilation into amino 
acids and not to growth. These excess amino 

Continued on page 58 

Recent evidence 
might cast the 
nitrate problem 
in a somewhat 
different light 
and can offer a 
few solutions. 
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insects? Dylox® 
insecticide works 
immediately after 
irrigation or rainfall 
to control insects 
such as white 
grubs, mole crick-
ets, sod webworms 
and cutworms. The 
fast-working prod-
uct penetrates 
thatch up to a half-
inch-thick when 
watered properly, 
providing grub con-
trol within 24 
hours. Under nor-
mal conditions, 
Dylox controls the 
pest and then 
degrades quickly. 
There are no Dylox 
restrictions regard-
ing turf species or 
sites for landscape 
and recreational-
area uses. 

Continued from page 57 
acids will be transported to the leaves where 
leaf growth will be stimulated as was demon-
strated in the above experiment. 

Thus, while NH 4 + can avoid the negative 
signaling problem of N 0 3 - ; it presents some 
problems of its own that can reduce root 
growth. It is clear that root growth is funda-
mentally driven by photosynthetic energy 
obtained from the leaves, and anything that 
diverts this energy from the roots (high N 0 3 -
in leaves) will depress root growth and com-
promise turf quality. This limitation to root 
growth will be considered in a future article. 

Outlook and suggestions 
The preceding discussion clearly suggests some 
strategies by which turfgrasses might be made 
more efficient in their use of nitrogen while 
increasing their utility as turf. All reactions 
involved in N 0 3 - metabolism and transport 
within plants are regulated by enzymes (pro-
teins), which are ultimately under genetic control. 

The application of molecular genetics to 
problems of N 0 3 - partitioning within turf-
grasses, identified above, clearly have the poten-
tial to produce grasses that will be better adapt-
ed to the turf environment and more efficient 
in their use of nitrogen resources. Until this hap-
pens, however, there may be some turf manage-
ment suggestions that emerge from our studies. 

1) Do not apply N 0 3 - directly to turf. All 
nitrogen sources will ultimately be converted 
to N 0 3 - in the soil, but the process can at least 
be slowed by applying N H 3 forms, especially 
if they have slow-release properties. 

2) Perhaps the use of nitrification inhibitors 
(slow the oxidation of NH 4 + to N 0 3 - in the soil) 
should be reconsidered. We and others have 
concluded that surface applications of these 
compounds are largely ineffective for increasing 
nitrogen use efficiency and minimizing N 0 3 -
leaching in established turf. However, when 
incorporated into the soil prior to seeding or sod 
laying, some modest improvements in nitrogen 
use and retention were observed. Perhaps apply-
ing nitrification inhibitors using the high-pres-
sure injectors employed for pesticide applica-
tions might prove effective in making more 
NH 4 + and less N 0 3 - available to turfgrass roots. 

3) Nitrification occurs most readily in soil 

of near neutral pH. There might be some ben-
efit in maintaining a more acid soil pH to slow 
the production of N 0 3 - . This might be most 
practical on sand-based greens where alu-
minum (Al) toxicity is less likely to be a prob-
lem. With the identification of more Al-toler-
ant turfgrass cultivars, lowering the soil pH may 
be realistic even on fairways and lawns. Of 
course, potential side effects (moss growth, dis-
ease, etc.) may complicate this approach. 

4) Foliar applications of NH 4 + based soluble 
fertilizers should be investigated for their poten-
tial to increase root growth while maintaining 
high quality turf In situations where soil N 0 3 -
can be maintained at low levels, applications of 
NH 4 + sources designed for foliar absorption 
might have the same potential benefits as N 0 3 -
metabolism concentrated in the roots. 
Richard J. Hull, Ph.D., is professor emeritus of 
plant physiology at the University of Rhode 
Island, and an adjunct professor of horticulture 
at Clemson University 

John T. Bushoven, Ph.D., is an assistant profes-
sor of horticulture at California State 
University — Fresno (Calif.) 
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Turf M.D. 
i THE DOCTOR IS IN THE HOUSE 

Field diagnosis — like other 
rituals — varies among golf 
course superintendents, con-
sultants and university per-
sonnel. Although I do not 
have a magical way to solve 

problems, I try to keep a few things in mind. 
Two keys in plant diagnosis are developing a 
routine and never assuming anything. Simi-
lar to a pre-shot routine in golf, successful 
diagnoses requires following an orderly 
process, and then practicing it so that it 
becomes second nature. This increases confi-
dence in one's abilities and reduces the like-
lihood of panic when facing turf injury or 
loss. 

Just as a golfer visualizes a shot in a pre-shot 
routine, an diagnostician must be aware of the 
entire landscape surrounding the damaged turf 
area. The initial viewing process should be tele-
scopic in nature. In other words, take a broad 
look, almost panoramic, for the purpose of 
characterizing the turf injury in the broadest 
view. Ask questions like: Is the injury limited 
to a particular green or fairway? What makes 
the area different from the others? 

Now as your focus becomes more directed 
to the injured area, what is the turfgrass 
species? Knowing the species is often assumed 
— incorrectly. Knowing the species, along with 
the weather conditions or time of the year 
helps eliminate several extraneous possibilities. 
Once the turfgrass is identified, mentally char-
acterize the symptoms. Are they diffuse or in a 
definite pattern? A general rule I keep in mind 
is if the turf is dying in straight lines, then it is 
most likely caused by human error. 

As you compress down from a panoramic or 
global view, what do the overall symptoms look 
like? Nondescript or definite patterns can be 
caused by abiotic or biotic stresses. But turf 
that dies in straight lines is likely a result of 
management error. One common diagnostic 
error at this point is assuming you know the 
problem without examining the turf closely. 

As an example, during hot, dry periods of 
summer, moisture stress on fairways can occur, 
and at first glance, the symptoms might be 
evaluated as inadequate sprinkler head cover-

Routines Help 
Isolate Turf Troubles 
BY K A R L D A N N E B E R G E R 

DIAGNOSTIC 

SUCCESS REQUIRES 

A PANORAMIC VIEW 

AND A CLOSE-UP, 

TOO 

age. However, upon further examination (this 
might require getting down and pulling back 
the turf) the problem might actually be an in-
sect pest. A common mistake is that black turf-
grass Ataenius produces symptoms similar to 
moisture stress that will be misdiagnosed with-
out closer examination. 

As an analogy, how many of us would be 
comfortable going to the hospital with an illness 
and have the doctor pass by the examination 
room and make a diagnosis from the hallway? If 
your turfgrass plants could talk, how many of 
them would feel comfortable with you driving by 
in a golf car and making at 10-mph diagnosis? 

Documentation of the site is critical. Besides 
close examination and storing historical infor-
mation — such as soil and water quality 
reports — on-site information can be gathered 
rather quickly. First, capturing and describing 
symptoms requires a digital camera and the 
ability to use it. Digital photos that document 
the site should follow the telescoping idea of 
broad general pictures followed by close-ups of 
the symptoms. 

Photographs can lead to rapid diagnoses. 
Digital photographs sent via e-mail can be dis-
seminated rapidly to diagnostic labs, extension 
specialists or trusted fellow superintendents 
who might be able to provide insight into the 
problem. 

Finally, if you are in a position to help a 
client or a friend or trying to gain an em-
ployee s perspective, an important trait is the 
ability to listen. By listening, the person will tell 
you what might have caused the problem. I try 
to remind myself that I have never learned any-
thing when I was doing all the talking. 

Karl Danneberger, Ph.D., is Golfdoms science edi-
tor and a Ohio State University turfgrass professor. 


