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INTRODUCTION

Nitrogen has been recognized as being the key element in
the relationship between zoil fertility and disease of tuwrigrecses.
The importance of utilizing any such potential hecomes appareat
when the overwhelming nature of disease zroblems (8 congidered.
The most disease resistant grasses can never be developed to give
complete resistance to the more than 1 00 turfgrass pathcogens 8).
Also, the saprophytic nature of many of these fungl provides a con-
tinual source of Inogulum which makes an intensive and sxpensive
fungicide program & prerequisite in the maintainance of fine turf (11).
Even with the best fungicide programs, some clseese may occur., In
view of this, potential management alds in turfgraes disease control
should be discoveresd and utilized. Putting greens fertilized with
sctivatad sewage sludge have had a relatively low incldence of
disease. This study was undertaken to determine if the specific
nitrogea source could serve as 3 detsirent to disease and to obtain

information on factors associated with nitrogen fertilization which

might produce measurable disesse reduction.




REVIEW OF LITERATURE

Research reports and fleld observations of disease reduction
associated with activated sewage sludge fertilization indicated need
for further study of disease and nitrogen carrier relationships, Davis
and Engel (5) used curative and preventstive fungicide treatments
with three rates of activeted sewage sludge 2and cne rate of an
8-6-4 fertilizer. They reported !ower readings for large brownpatch
on Colonial bentgrass fertilized with activated sewage sludge than
with 8-6-4 or no fertilizer treatment. Ceaside bentgrass showed
higher large brownpatch readings when fertilized with the 8-§-4,
Copperspot incidence with the verious fertilizer types was not con-
sistemt, but the plots fertilized with activated sewage iludge at the
highest rate show lower disease readings.

Wells (21) reported that ryegrass plots recelving heavy ratss
of activated sewage sludge showed less damage from Cottony blight
than those receiving other sowrces of organic and inorgenic nitrogen.

Watson, . (18) designed a test to study the effect of carriers
of pheny! mercuric acetate and mercuric *+ mercurous chioride for con-
trol of snowmold. The ocasriers were water, sand, topdressing and
agtivated sewage sludge; the fungloides were tested at two rates.
The low rate of phenyl mercuric acetate was effective only when

applied with activated sewage sludge as & carter, All other
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fungicide treatments were effective in controlling snowmold.

Several theories could explain an inhibitory effect of a

Ritrogen ocarrier on disease, Fertility level has long been associated
with disease severity. Large brownpetch usually increases when
the nitrogen level is high and creates a soft suoouleat growth.
In contrast, dollarspot is usuelly more severe on tur{ that shows
symptoms of nitrogen deficiency, although succulent twrf produced
by excessive aitrogen fertilization can be severely attached (11).
Coush (3) reported the severity of dollarspot, on seaside creeping
beatgrass in a greenhcuse study, was directly related to nitrogen
lovel. This is not contradictory since the levels of mnitrogen fertility

used in this study might be considered excessive In field practice.

A secomnd possible explanation for nitrogen carriers affecting
turigress disease incidence is suggested by a study of the consti~
tuents and slements of activated sewage sludge by Fehling and
Truog (12). The product was found to contain appreciable amounts

' of highly available iron, manganese, sodium, copper, zing, sulfur,
chloring , cluvomium, and many other elements. Ceveral of the sle-
ments found in activated sewege sludge also are coastituents of
seme fungicides (7).

The activity of soil microflora offers a third explanation for

nitrogenous materials affecting disease incidence. V. ells (21)




concluded that activated sewage sludge favored the development of
oottony blight of ryegrass. However, he also reported that activated
soewags sludge seamed to encourage scoil micro-crganisms, antago-
nistic to Pythium ., which dscreasad the severity of cottoay blight.

This was indirectly supported by Johnson (10) who reported
that high soil nitrogen and high organic matter encourage micro-
flors which are aatagonistic to {gleretium rolfsil. Davey @) and
Wilhelm (22) reported simtlar findings with Rhizoctonia solan) and
Yerticilivan sp. , rezspectively.

Cther raports of soll microcorganisme antagoanistic to plant
pathogens are widespread in the lteraturs (1,2,3,13,16,17,19,
20,22).

Trace elements present in nitrogen carriers may offer a
fourth explanstion for a fertilizer affecting turf disease. Schutte
{14) reported that resistance to moisture stress was affected by
oartain trace clements that also are found in appreciable quantities
in activated sawage sludge. fe fouad that radiah seedlings were
more susceptibls to wilting when grown in nutrient solutions de-
ficlent in copper, zinc or boron than in complete solution. Couch
(3) reported that dollarspot development was greater when sol

moisture was allowed to become limiting.



METEODS AND PROCEDURES

Experiments were designed to test the hypothesis that
nitrogen carriers do influence disease incidence and to explore the
basis for any such effects that might be chserved. The effect of
activated sewage sludge on disease Incidence was tested with a
field experiment and two laboratory studies; the same field experi-
ment, two other laboratory expariments and a greenhouse study were
used to investigate possible mechanisms by which attrogen carriers
affect disease incidence on turfgrasses.

Ieata of nitreqen carmriers for their influence on diseass incidence
The field experiment was established on one-year-old
seaside and Pemnoross bentgrass turf maintained at one cuarter inch

outting height. Sowrces cof nitrogen were ures, ammonium nitrate,
ammonium sulfate, wsaform !, process tankage ', and activated
saewage ¢ludge ‘.

The scluble cerriers, urea, ammonium nitrate and ammonium
sulfate, were applied at ratas of 3.75 and 6.75 pounds of altrogen
psr one thousand square fset per growing lee.onz. The inscluble

ourriers , wreaform, process tankage, and activated cewage sludge,

! Commercial products known as Uramite, /grinite and Milorganite,
respectively.

z Unless otherwise stated, all retes will be given as pounds of
elemental nitrogen per one Lhousand square ieet.




were applied at rates of 3,75, 6,77, and 11,25 pounds of nitrogen
per growing season. 21l treatments totaling 3,75 pounds of aftrogan
per se2son wore applied In ftve applications of 0,75 pound sach at
four week intervals. “easonal totals of 6.75 pounds of nitrogen
were applied tn nine applicstions of 1,75 nound sach at two weak
intervals. Nine applications ~f ). 1§ pounds ecach wers appiled at
two week intervalis for the sessona) totaje of 11. 2% pounds of
nitrogen from insoluble sowrces, In addition to the soiit 2poiication
treatments , there was a8 aingle soring apslication of 11,25 pounds
of ureaform nitrogen, and the process tankage treatment of 3,75
poamde of nitrogen was omitted. !l treatments ware replicated
four timee in a randomized block degign. fagh rlot was three hy
fifteen feet, with a nine~inch Huffer strip between plots., 2l
fertilizer applicstions were mede by hand. / box-like structure of
wood and polyethylene film was uzed to outline and (solate the in-
dividua! plots whan applying treatments. The ureaform for these
split application treatments was ground in a Wwiley mill to pass
through a 7,5 mm opening. The soluble materials and the split
application treatments of ursaform wers applied with a garden
sprinkling omn in one gallon of water. The single application of
ureaform and other {nsoluble materials were applied dry without

modification or special treatment.



The test srea was mowed tlree times & weeak and all clippings
waere removed, The area was lrigsted regularly to prevent dryness
from becoming a limiting factor for growth. This particular test
ared was maintained on a minimum type fungicide program, using
thiram (Tersan) and phenyl mercwuric acetate (PMAS) at twenty-day
intervals or longer.

Two laboratory experiments were conducted to study the
effect of nitrogen sowces on twrf pathogens in pure culture. In the
first, commercial potato dextrose agar (Difco) was used as ths base
culturing medium; to this a water extract of astivated sewage sludge
and unmodified activated sewage sludge were added. Twenty grams
of unmodified activated sewage sludge were »<dded to each pre-
paratiom of potato dextrose agar (39 g agar in 1000 ml distilled
water). The activated sewage sludge extract was prepared by
boiling 100 g of the raw material in 500 ml of distilled water for
one howr. The resultant slwry was allowed to cool over night and
was filtered. The filtrate was then brought up to 500 ml and used
&s a substitute for distilled water in preparation of media.

The media were prepared In flasks and awtoclaved at 15
pounds pressure for 20 minutes. Approximately 10 ml of the
finished medium was used in each standard size (10 cm) petri dish.

The test organiams used in this test were Cyrvulagia sp.,




Helminthosperiug cafibonwm , and Stemphllium sp. Zach of the test
arganisme was introduced at four loci on sach of fowr plates of each
treatment. ' hen no additive weg used, only one plate was fnocu-
lated. /t three-dey intervals duriig the ne<t nine days, the diameter
of each colony was recorded.

In the second laboratory tcst, an attempt was made to main-
tain 2 constant nitrogen level. Three different nitrogen sowrces in
Czapek's medium were compared with potato dsextrose agar. The
three sources were ammonium nitrate, activated sewage sludge and
an extract of activated sewage sludge. Txcept for quantity, the
preparation of the extract was similar to that of the previous ex-
periment. The test organisms were:

1. Zoricium fuciforme

2. Owmrvuiaria sp.

3. Fusarium nlvals

4. Lelminthosporium carbopum

§. Pythium aphanidermstum

6. Rhizectonla solani

7. Seclerotinia homoeocarps

In this experiment the test organisms were introduged teo sach
plate at one point only. Each treatment was replicated four times.

During the next three weeks, notes on growth rate (diameter




of oolony), growth habit, longevity and number of sclerotia were
made to measwe the effect of the different media omn the fungi.
Study of facters reisted to nitroden camriers' inCwence on disease.

The growth patterns, induced by the several nitrogea treat-
ments mode in the field, were studied by means of weekly color
ratings and clipping weights. A reting system of 0 to 4 was used
to measure color response. The clippings were collected from ome
of three mowings per week. They were oven-dried 48 hours at 72
dogrees centigrade before weighing. Data oa ocler and clipping
weights were analysed and presented graphically to show the
patterns of aitrogea stimulation.

The clippings barvested in 1957 were analysed for nitrogea
conteat by the Milwaukee Sewerage Commission.

A preliminary swvey was made of the number of soil micro-
crganisms of selected treatments in the field experiment. Seil
samples were collected in March 19358 from the following fertilizer

treatments:
1. Chosk
2. Activated sewage sludge at .75 and 11,25 pounds of
nitrogsa
3. Ureaform at 3.75 and 6.75 pounds of attrogen

4. Process tankage at 11.38 pounds of nitrogen



§. Urea at 6.75 pounds of nitrogen

6. (NH‘)SO‘ at 6.75 pounds of nitrogen
Cne ml aliquots from dilution of 1-10C00, 1-10,000 and 1-10C,000
wore cultured on potato dextrose agar. Counts of the coloniss were
méde to estimate the numbers of microorganisms in the soil,

4 laboratery experiment was conducted to investigate the
comparative effects of the trace nutrients and other elements of
activated sewage sludge on Sglerctinia homoegoarpe. Chromium
(CrOy), trom (Feg(SO4)4), aluminum (Al;03), copper (CusC4) and
sulfur {wettable powder) were tested. Totals of §78, §7.8, and
$.78 gms of activated sewage sludge per liter of media were used
as standards. The higher rate would supply anitrogen per unit area
of a petri dish at the equivalent of tea pounds per 1000 square feet.
The ace elements were added in the same amounts as they are found
in activated sewage zludge. The lowest rate of activated sewage
sludge approximates the level in the second laboretory study. This
experiment was replicated five times. Either the bulk of the ad-
ditives or other effects om the gelling properties of the agar made
it necessary to omit the high rets treatments of activated sewage
sludge, iron and copper, and the medium rate of iron. After the
fungus was introduced, growth rate, as expressed by the diameter
of the colomy, was measwred periodically for the next three weeks.




A gresnhouse study was established to msaswe the affect of

weoe clements on disease. The more promising eloments from the

labegatory test wers added to uresform and used to fertilize pots

seeded to & mixtwe of seaside and Highland bentgrasses. The test

wes completely rendomized and had four replications. The seoll

was & mixtuwre of one part sand snd two parts loam soll by volume,

The seed mixtwe was 33 percent ssaside creeping benmtgrass and §7

poroent Highland golonial beatgrass at 5.18 pounds per 1000 aguare
fest. The foliowing fertilizer treatments were made 23 days after

seeding:
1.

2.
3.
4.
8.
6.
7.
3.
9.
10,

1.

Check, no fertilizer

CdNH PO,

cm‘ro‘

PaNE( PO,

MgNH PO,

MaNE PO,

NiNE PO,

ZaNE PO,

Ureaform + CuSOy

Ureaform + CrPO,

Ureaform + Sulfur, wettable
Ursaform + PeCly, FeSO4, Fey0y



13. Activated sewage sludge at four pounds of nitrogen
per 1000 square feet.

The weaform trestments received the same quantities of wace sle-
ments that were contained in the activated sewage sludge reatment.
The pots were clipped to three fowrths inch, 8 and 17 days after
fertilisation and inoculated with Sclerotinia homoeocarps after 21
days. An agqueous suspension of the pathogen, made fom approxi-
mately 3] square ceatimeters of an active colony of the organism in
190 ml of distilled water, was sprayed on the crowns of the plants.
Sixty-one ml of the suspension were used to treat sach of two pots
of each fertilizer treatment, loaving two as checks. Clipping
waights were taken again seven days after inoculation, and dissase
miings were made 5 and 70 days after inoculation, In addition,

oolor ratings were made 6, 13 and 19 days after fertilization,
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RESULTS AND DISCUSEION

Dollarspot Gglerotinid homoeocarpe) was present through the
1957 and 1958 seasons and it was the only disease present in epi-
phytotic proportions. Significantly less disease was observed both
yours (95% level of probability) on the treatment of 11,25 pounds of
nitvogen from activated sewage sludge (Table 1), In 1957 the 11.25~
pound rate of agtivated sewage sludge reduced discass Inuidence w0
15% of the check. This treatment showed significantly less disease
than any other treatment. No statistically significant differences
congred among other treatments. Comparing transformed data,
activated sewage sludge at the 6.75-pound rete ranked second only
to the 11.25-pound mte,

ha 1958, the 11.25~pound rate of activated sewage sludge
reduced disease severity to 20% of the check. In contrast with 1957,
other statistioally significant reductions in disease ngidence were
obtained. At the 6.75-pound rate, activated sewage sludge resulted
ia significantly less dissase than weaform, ammonium sulfate or
ammenium nitrate at the comparable rate; the disease incidence of
this activated sewage sludge treatment was 42% less than the
average of the significantly higher dizsease readings. Cnaly the
sctiveted sewage sludge at §.75 and 11.28 pounds of nitrogen
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Table 1. Incidence of dollarspot on 1/4 Inch creeping bentgrass
turf for two growing seasons under different nitrogen

treatments. New Brunswick, New Jersey.

Dollers pot incidencs

_A387 —— 1. Avemas
No.of No.of _...o.g.d
— Treatmant '  Spots  Reok®Spots  isnk®ipots  Remk

No nitrogen check 314 b 1§ 8518 od 14 414.5 18
3.75 ibs. nitrogen

AGt, sew, sludge 121 b 7 378 bed 249.5 4
Ureaform 224 b id 518 od 15§ 371,90 AS
Urea 208 b i3 4U4 bed s dud.5 11
Ammonium nitrate 157 b 3 474 od 13 315.5 12
Ammonium sulfate 166 & i2 532 d 16 343, id

$.75 ibé. aitrogen

Agt, sew, sludge S4 b 2 356 b 2 175.0 2
Ureaform 247 b A6 422 ed 10 334.5 13
Progess tankage 211 b il 353 bed 3 3ca. 10
Urea 75 b 3 360 bed 5 180.§ 3
Ammonium pitrate 144 b 452 od 11 238.4 9
Ammoniumn sulfate 14U b 9 450 ed 12 2958.0 Ll
11.35 lbs, nitrogen

Aot, sew, siudge 41 a | 106 o ) 74, |
Ureaform i34 b ) % 308 be 3 244.5 5
Ureaform 4 129 b 4 363 bod 6 245.5 6
Process tankage 1i4d b s 312 bed @ 213.¢ 3

! Quantity of nitrogen s given as pounds per 1. 0 square feet per
ses8en.

2 pased on treansformed data.

3 Figures followed by the same letter are not significantly different
from each other at the 5% leve! of probability by Hartley's method
of sequential testing (15).

4 Single spring application,




resuited in significantly less disease than the check treatment.

Except for one comparison ia 1957, the diseass ratings were
iaversely propartionsl to nitrogea level, the exception was a re-
versal for the 6.75 and 3.75 pounds of weaform alrogen. The
average numbes of disease spots from each mitrogea casrier at the
11.25~pound rate in 13958, ware significantly lower than those of
the same cwriers applied at lower rates. There were, however, no
significant differences betweea the 3.75 and 6.75-pound rates of
aitrogen fertilization.

Doliarspot counts were made four times during each seasom.
Both years the majarity of the treatments ranked similariy througheut
the seascon. An excepiion was the 1i.215-pound rate of activated
sewage sludge; this treatment ranked niath for freedom of disease in
the first counts of 1957, but was givea top reak om the basis of
counts (Table 2) made in July, August and October. In 1958, aeti-
vated sewage sludge ranked second in May and first (Table 3) for
the remainder of the season. Ureaform at 11.25 pounds of nitrogen
sanked sixteenth at the f{irst count of 1957, but fifteenth, ninth and
third st succeeding counts. In 1958, this treatment ranked third to
fifth throughout the emtire season. The single application of wea-
form in 1957 ranked eleventh at the first count and sixth or seveath

in following evaluations. In coatrast, this treatment in 1953 ranked
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Tebie 2. First season incidence of dollarspet on 1/4 inch ereeping
bentgrass twi under different nitrogen treatments. New

Brunswick, New Jersey, 1987,

Dellarspot incidence
Lhmels Ml 30 0 Aug. 20 0 Ot 14
Nao of Ne, of No.of No. of
—liettmant = Spets Rank Spets Renk Spots Rank Spets Remk

No nitrogen cheak 188 1§ 233 16 627 16 228 1%
3.78 Ibs. nitrogea

Agt. sew, sludge 62 7 34 s 226 | 111 8
Vreaform 84 2 140 11 452 14 240 16
Urea 3 10 154 13 434 13 149 9
Ammonium nitrate 33 4 L} 4 45 1) 149 9
Ammonium sulfsate 47 2 3 ’ 3168 10 209 14

$.78 Ibs. mitrogea

Ast. saw, sludge 40 ) 98 8 3200 3 0 2
Ureeform 109 12 186 14 515 18 177 13
Pocsss tankage 146 13 1852 12 372 12 178 12
Urea o 2 Y WA 4 4
Ammonium nitrate 158 14 116 1\G 213 4 11 [
Ammonium sulfate 60 6 $ 3 8% 2 18
11.25 Ibs. nitrogen
Act. sew. sludge 78 § ¥ 9 8 1 0 -3
Ures form 182 16 198 15 287 9 7 3
Ureaform! 1 11 S ¢ 241 7 100 3
Frocess tankage N & 3 » O 3 78 5

1 Single spring applicetion




Table 3. Second seascn lacidence of dollarspot om 1/4 inah cveeping
bantgrass turf under different aitrogen treatmeats. New

Brumswick, New Jersey, 1358.

Dollars pot incidence
Moy 28 Iy 7 = Sept il 2 Sept 23
No.of Ma.of No.of No.of

No nttrogen check 13§ ] 499 & 743 16 624 18

3.75 lbs, nitrogea
Mot. sew, sludge 12351 2 850 8 355 3 356 s

Ureaform 303 12 702 13 §6u 16 506 13
Urea 2802 1v 638 10 328 3 372 ]
Ammonium attrate J48 14 643 11 456 14 445 11
Ammonium sulfste 387 16 726 14 417 12 808 1§

$.75 lbs. attrogen

Agt, sew, sludge 174 < 316 2 245 2 308 2
Ureaform 3i4 13 736 14 32l 5 327 K]
Arocess tankage 283 11 §06 7 377 g 4.8 J
Ures 12§ 8 5§76 E 2338 3 401 8
Ammonium nitrave 352 15 6456 I3 82 14 428 1V
Ammonium sulfste 178 5 786 16 377 - 455 12

11.38% lba. nitrogea

Agt. sew. sludge 75 2 132 i Fv | 125 3
Ureaform 158 3 455 5 460 kY 344

Ureaform* 66 1 342 4 447 13 554 14
rocess tankage 204 7 332 3 328 & 386 J

! gingle spring application
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first at the beginning of the season, but its rank decreased through
the summer and it had dropped to thirteenth in the September ratings.
Ammonium sulfate, at 3.75 and 6,75 pounds of nitrogen in 1957 and
at §.75 pounds in 1558, ranked sixth or better at the first count.
However, discase increased through the season until these treatments
ranked eleventh or poorer at the close of both seasons.

laberatory Tests on the effect of nirogen camiers on disease
ingidenoe .

W hen activated sewage sludge was 2dded to potato dextrose
agar, Stemphylium sp. and Helminthos porivm cerbonum were inhibited
but Cyrvaleria sp. was stimulated, as measured by diameter of the
colonies (Table 4). After six days of tngubation at room temperature,
the addition of unmodified sewage sludge reduced the growth of
Helminthos porium carbonum 15% and Stemphylium sp. 13% when
compared with the check., Growth of Cyrvylaris sp. was 128% of the
check. The extract of activated sewage sludge inhibited growth of
Helminthosporium corbonum 8% and Stemphyliym sp. 54%, The
growth inkibition of Stemphylium sp. was the oaly significant
effect produced by the extract.

Differences were noted in growth habit and sporulation. The

addition of uamodifiad = ctivated sswage sludge induced Lupypleris

sp. and Helminthosporium caxrbopum to form a compact mat of




Table 4.

d' asgnl l. ’Q‘.‘.’ n

tem

The effect of activated sewage

.,-.yaturu in

8ludge 2dded to potato

rotatc gextrose

agear (PDa)

PDA + unmnodified
vewage sludge

FlLs extract of

act. sew, ‘w‘

Average

s i it e i

growth rate of turf pathogense at roon
pure culturs
Y oy alinmer it 2
il Diameter of ‘olopy incm

=Mrvalaria neiminlhospor- _temphyllum
jum perbonum $D. v.

gp.

2.‘5 4.29 ‘s bl 3 4
3.18 3.62 )

2.6u

4.85
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prostrate myoelium with a lighter colored cotton-like asrial growth
(Pigure 1). Both of these organisms showed a thin, light-colored

growth when treated with the extraot of sewage sludge. Stemphylium
sp. showed a higher proportion of aerial growth with both sewage
sludge treatments.

Heiminthosporium oarbonum appeared to produce the most
spores on potato dextrose agar, less with addition of unmodified
activated sewage sludge, and least with the extract of activated
sewage sludge. Most spores of Curvylarie sp. were found with the
addition of unmodified activated sewage sludge. The uamodified
potato dextrose agar and the axtract of activated sewage sludge
produced fewer spoves.

The second laboratory experiment with nitrogen sO0uWrces was
an attempt to impyove on the first test by equalizing the nitrogen
variebie. The several test crganisms responded tO nirogen soOuwces
differently. Cortigium fuciforme produced 48 % 88 much growth in
ten days on the ammonium nitrate treated medium 8& on Lthe pulate
dextrose agar check, The giowth of this organism, with the unmodi-
fied activated sewage sludge as the nitrogen source, was /2% of
the check (Table §). The exunct of sewage sludge Increesed growth
7% (ot significant).

After 10 days the unmodifled activated sewage sivdage ana the
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FPigure 1.

The efiect of sewage siudge in potato dexirose agar
(FDA) on Helmiathosporium carbonum. Top, check
PDA; bottom left, PDA pilus unmodified sludge; bottom
right, PD4 plus sludge extract.




‘ LALle . 1ne elloct Ul cullure e willh varied DiZogen soWwces on

Loe JIuwli rale of lurigrass pailhGyeans .

rganism and treatment v iameter of colony in cm
s.orticium fugliforme
heck potato dextrose agay .38
Unmodified act. sow. sludge 1.358
I »tract of activated sew, sludge 2,35
mmonium nitrate 1.8
Fusarium pivale
“hack potato dextross agar 6.38
Unmodified act. sew. sludge 6,83
' xtract of activated rew, sludgs 7.190
fmmonium nitrate 2.25
Sclerctinig homoeogarpe
Jhecl potato dextrose agar 4.6.
Unmodiified act. sew. sludge 4.63
Lxtract of activated rew, sludge 2.58
Ammonium nitrate Trace




extract of activated s« wege sludge Increasod the growth of Fusarium
plyele 4% and 12, respectively, as compared to thae potato dextrose
check. The latter value differz=d significantly. ! edia containing
ammonium nitrate gave 5 .~ as much growth ag produced on the check.

s a nitrogen source, unmodified sewage sludge had little
effect on {gierotinla homosocarpe for the first 10 days (Table §), as
compared with potato dextrose agar. The o tract of sewage sludge
reduced growth of this organism to 64% of the check. 7mmonium
nitrate urevented new growth the first few weeks; this severs (n-
hibftion was temporary and by si: weeks the colenles were fully as
large as those under other treatmant and appeared to be covared with
large numbers of microsclerotia (Iigure [I). \

Neither preparation of activated sewage sludge affected
Zurvularia sp. or Helminthos poriwn carbopum. The growth of these
organisms was reduced approximately 50% for six days on ammonium
nitrate media. Thereafter the growth became firegular and the main
growth was in several radial rays in which the mycelium was limited
to 2 more compact mat on the swrface of the substrate rather than the
typical ramification throughout the media.

The isolate of Pythium aphapldermatum used in this study is
normally & very fast growing and short-lived fungus. It completely

covered the aree of the petri dizh in less than three days regardless




Figure .

JDe elleot Ol miro jen source On growth of | glgrotipia
nomeccocarpa. 1. Fotato dextrose agar; ¢. zapek's
medium with uniwodilfled activatea sewage sludge; 3.
Jzapelk's mediuia with sludge sxaract; 4. _zapex's
wmedium with aounondwn nitrate, Note the thin growtn
with efther activated sewage sludge media and the very
dense growti with ammonium nitrate madia.
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of nitrogen sourca (Teble 6 and Figure 1lI). Uifferences were notad in
tha lengevity of this fungus, &s indicated by an upright cottony ap-
pearance ss opposed to a prostrate bacteria-like habit., P, aphani-
dermatup lived eix days when grown on & medium containing nitrogen
from activated sewage sludge, four days on the potato dextrose ager
check and 14 dayr on media cont2ining ammonium nitrata.

The growth rate of Rhizogtonie solan! was relatively inde-
pendent of nitrogen source used in the culture media. However,
thiz organism produced an average of 16,2 sclerotia per oolony
(rabla 7) on potato dextrose agar. Zpproximately twice this quantity
was formed on mediz containing unmodified sewage sludge. The
medium containing the extract of sewage sludge produced 75% fewar
sclerotia and the medium containing ammonium nitrete produced 12.7

times that of the potato dextrose agar check.

incidencs -

Growth patterns, of the turf, for the differeat nitrogen
carriers were developed from clipping waights and color ratings.
The tuwrigrass responses to nitrogen ocuriers varied coasiderably and
there appeared 10 be a relationship between Cglerotinia homoeocarpe
development and pattern of nirogen response, Ihe apgroximate

dates of new outbreaks of dollarspot in 1357 were June 18, July 30,




Table 6.

-26-

The effect of culture media with varied nitrogen sowrces

on the longevity of Pythium sphanidermatum at room

temperature.

ledia Life in days
Check potato aextrose agar 2
Unmeodified activated sewage sludge &
Extract of activeted sewage sludge &
Ammonium nitrate 14

Table 7. The effect of culture media on the formation of sclerotia
by Rhisegieonis selanl st room temperaturs,
edia No. of Lclerotia
Chack potato dextrose ager 1é
Unmeodilied aguveted sewege sludge ¥
Extract of agtivated sewage sludge 4
Ammonium nitrets U6




Figwe I1II.

The effect of nitrogea source om growth of Pythium
aphanidermatum. 1. Potato dextrose agar; 2. Czapek's
medium with unmodified activated sewage sludge)

3. Czapek's medium with extract of activeted sewage
sludge; 4. Csapek's medium with ammonium nitrete.,
Note that the growth of all gultures covers the eatire
petri dish, but differences exist ia demsity of growth.
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August 20 aad Cotober 14. The curresponding dates in 1950 were
nNay 268, July 7, Seprember 12 sad Ceptember 23 (Tables 2 and 3).

GEOV Tk PRATTLRNG ITH 3.75 POUNDE COF NITROGEN:
lctivated sawage sludge, which had the lowest number of dollar-
spots of all materials at 3.75 pounds of nitrogen, gave & very
uniform color response during the 1457 esason (Figurs 1). In con-
trast, ureaform had the highest disease Incldence rating and gave
2 highly variable color response. The June outbreak occurred in a
period of declining color response. The dollarspot outbreak of July
and fugust coincided closely with periods of low color response.
The 1357 clipping welghts showed little variation that could be
correlated with disease incidence (Figure 2).

The soluble materials, urea, ammonium nitrate and ammonium
sulfate, appiied at 3,75 pounds of nitrogen gave color responses
that were more cyclic in nature (Figures 1, 3 and 7). Except for the
June 18, 1957, outbreak of dollarspot, all attacks were essociated
with periods of declining or minimum color response (Figure 3), Alse,
clipping weights Indicated a cormrelation of dollarspot incldence with
reduced growth from ammonium nitrate in July and Auguet, and from
ammonium sulfate in August Figwre 4).

In 1958, there was less uniformity of volor respoase than in

1887 from activated sewage sludge and a closer relationship bestwesn
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low response periods and disease occurrence (Figure §); this was
mest noticeable in May, July and September. The variation in color
response from weaform and the agsociation between diseass and low
oolor response were greater than for activated sewage sludge. Again,
activated sewage sludge rated considerably better in inhibition ot
disease than ureaform. There weas little veriation in clipping welignts
in 1958 that could be correlated with disease incidence (Figure 6),
The outbreak of dollarspot of NMay 26 and the outbrear of
July 7, 1958, appear to be correlated with iow color respense from
the soluble carriers (Figure 7). There was littie difference among
the three roluble ocarriers In May, June and sarly July in color re-
sponse, clipping weights or disesse incidence. in ceptember, the
oolor and clipping weight responses to ammonium sulfate had de-
aclined (Figures 7 and 8); this was accompanied by an {ncrease in
dollarspot incidence. Urea gave the best color response during
this period and showed 17% and 39% less disease than ammonium
Ritrate and ammonium sulfate, respectively. The incressged color
response from ured over ammonium suifate in September was reflected
in increased clipping weights.
GROWTH PATTERNS WITH 6.75 POUNDS OF NITKUGEN:
The color response at 6.75 pounds of nirogen was more uniform than

at 3.75 pounds; this is explained by the respective two and four-week
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intervals of application. Activated sewage sludge generally had a
slight advantage over ureaform in stimulation of color, but & greater
sdvantage in dissase control (Figure 9), Process tankage consis -
tently gave good uniformity of color response, but it was poorest in
oolor stimulation, Ite dollarspot readings compared with those of
weaform. The clipping welght responses from the insoluble carriers
were similar et the times of dollarspot attacks and offer no 2 pparent
explanation for differences in disease incidence (Pigwre 10), No
dollarspot data were available later in the season when clipping
weights differed.

Urea consistently resulted in lower disease reading than amy
of the scluble carriers and the highest color respomse in 1957, The
latter respanse had good uniformity (Figure 11) and showsd no vari-
ation that could be comrelated with disease. The clipping weight
responses from the three soluble carriers were similar throughout the
1957 seasom (Figure 12) and canaot be used to explain the lower
disease readings of urea, There was an indioation that disease In-
cidence from the soluble carriers was correlated with low growth in
July and August.

Except for less uniformity, the clipping weight and color
responses to the inscluble carriers ia 1358 were similer to those of

1957 (Pigures 13 and 14). During the 1353 seasom, periods of low
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clipping weight response appeared to be associated with dollarspot
outhreaks in May, July and late “eptember with all three materials,
Both color and clipping weight responses from ammonium sulfate de-
clined as the season progressed (Pigurees 15 and 16). However,
ammonium sulfate treatments did not show a proportionate increase
in disense.

GROWTH PATTERNS WITH 11,25 PCUNDS OF NITRCGEN:
The iascluble carriers, activated sewage sludge, process tankage
and weaform, gave among the most uniform color responses and
lowest dollarspot readings when applied at two-week Intervels to
give 2 total of 11,28 pouni: =f sitrogen (Figures 17 and 13). As
indicated at the lower levels of nitrogen fertility, therc was more
variation in clipping weights than in color response (Figwes 18
and 20),

In 1957, three periods of low clipping response ocowred;
they were July 5 to 12, July 26, and ’ugust 23. Those of late July
and August appear to have some correlation with dollarspot cutbreaks,
Low response periods of 1358 were not as pronounoced as in 1557,
However, there were periods of declining growth, ia July aad
September, which appear to be associated with disease incidencs.

Agtivatsd sewage sludge generally gave the best color re-
sponse and high, moderatsly uniform clipping weights after the first
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fow weeks of both seasons. Except for the first outbreak of dollar-
spot at the start of each season, activated sewage sludge at the
11.25 pound rate had the lowest rating in disease incidence both
yoars.

The color and clipping weight responses to process tankage
were very uniform but were lowest. In spite of the low level of
response, there was a relatively smali amount of disease ia both
1987 and 1058, There was considersbly less dollarspot with this
reatment than would be expected considering the "low nitrogen”
appearance of the plots.

In 19587, the color and clipping weight responses to the split
appliostion treatment of ureaform were very low at the start of the
season and dollarspot was coasistently most severe., In 1358, the
respomses were more uniform and this was reflected in lower disease
imcidence .

The single application of 11.25 pounds of ureaform nitrogen
produced & very high clipping weight and coleor response the first
thwee to six weeks of both seasons,. These high respoases decreased
repidly, and this treatment was amomng the lowest in clipping weight
and color response the last half of each ssasca. The flush growth
appeared to aid the twf in resisting doliarspot by “out growiag  the

disease e2rly in the season. In June 1937, the single application



treatmont of uwreaform showed one half the number of dicease spots
as the #plit applioation treatment; by C'ctober this reversed znd the
gplit application trestment had only two thirds as many soots ng the
single application treatment of ureaform, This difference in per
formance of the ureafori: treatments was more clearly shown in 1 458,
Dollarspot in May was least severe under the single applicetion of
wresform and by September the number of diseage spots vas the
highest of any treatment at 11,25 pounds of nltrogen and among the
highast of the antire test. “mong all carriers at the 11.25 pound
split-application rate, disease incidence was fatr!y uniform through-
out the season.

BUMBMATION COF GRS Xl TTERNE: Raising the wal ©
color or clipping weight response from a given nitrogen c2arier by
increasing the rate of nitrogen fertilization from 3.75 to 6.75, or
from 6.75 to 11,25 pounds resulted in & decrease In dollars pot
incidence . ithin & given rete of nitrogen fertilization there was 8
tendency for the dollarspot attacks to appear in periods of low or
declining color and clipping walght resvonges. Total nirogen re-
sponse alone cannot explain differonces (n disease incidence;
activated sewage ¢ludge, though at a disadvantage (n terms of lavel
of goior and clipping weight rsaponses, resulted ln lowest disease

roadings. Also, process tankage treated plote whleh showed a
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low ocolor response had only a moderate amount of dollarspot.

Celer and clipping weight responses from the inscluble carriers
tandad to be more uniform thaa those from soluble omrriers. Activated
seweage aludge and wea gave the most uniform color and clipping
weight responses of the inseoluble and soluble carriers, respectively.
These curriers also resulted in the lowest dollarspot readiags for thefr
reapective groups. Uniformity is not enough to inswre low dollarspot
incidence , as svidenced by comparing activated sewage sludge and
weaform both of which stimulated growth curves of similar uniformity
but dollarspot was mare prevalent on the weaform treated plots.
Niregen conizel of CAPRIAGS .

Neme of the fertilizer weatments produced clippings with a
sigunificently higher nitrogen comtent than the no nitrogen check
when using all dates of clippings as replications, but highly sig-

nificant differences were found by using the last five dates only
(fable 8). Increasing the rate of nitregen fertilization gave con-
sistently higher aitrogen readings. The nitrogen content appeared
to inovease with the increase in clipping weights, The nitrogen com-
tent of clippings grown during the last five weeks with 3.75, 6.75
and 11,25 pounds of nitrogen were 14, 21 and 13% higher, respect~
fwely, than that of the no nitrogen check. The average nitrogen

ocontent of clippings from soluble nitrogen treatments at 3.75 and




w
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Table 8, The effect of various aitrogen carriers on tha altrogen
content and total clipping weights of 1/4 Inch creeping

bentgrass twrf, New Brunswick, New fersey, 1987.

o —— -— e+ —- —

Parcent Nitrogen Total cilpping
Irsatment  “eapon  ‘ug, 310-Sem. 27 weights(qrems)

No nitrogen check 4.87 5.13 33
3.78 lbs. nitrogen

2et. sew. 3ludge .07 5.54 138
Uroaform 5.18 5.61 120
Mv. inn, carriers $.11 5.53 129
Urea 5.53% 6.CS 141
Ammonium nitrata 5.52 3.96 136
Ammonium sulfate 5.54 6.47 133
Ay, s8ol. omsriers 5.54 6.023 137
bw., 3.75 Ibs, $.37 S.886 134
6.75 lbs. mitrogen

Act, sew. sludge 5.80 6.90 168
Ureaform 5.42 6.01 138
Process tankage $.27 £.78 148
Av. ins . carriers 5.40 $.92 148
Urea $.393 5.47 167
Ammonium nitrate 5.94 6.52 158
Ammonium sulfate 6.01 8.57 156
v, sol, carriers 5.95 6.52 160
Av, 6.75 Ibs, §.58 86.22 158
11,25 1bs, nitrogen

Act, sew, sludge 5.02 6.3% 208
Ureaform 5.67 §.42 187
Ureaforml 5.84 5.73 184
Process tankage 5.52 6.08 183
Py, 11.25 1hs. §.7¢ 6.29 173
D N.&, 0.44 10

— e e ———

i bingle spring application




6.78 pounds of nitrogen was 9% higher than the corresponding in-
soluble carrier treatments. ith one exception, there was a gradual
and significant (5% level! increase in aitrogen content of the clip-
pings as the season progresased (Figures 21, 22, 23 and 24), The
single applicaticn of ureaform gave a very uniform leve!l of nitrogen
content the entire season (Figure 25).

ther than the increase In total nitrogen as the 2es8son pro-
gressed, the nitrogen content of the clippings failed to have any
marked variation from week to week as shown by the calculation of
the veriance (82) for each treatment. The single 2oplication of
11.25 pounds of ureaform showed the lowest variance. There was
no difference in uniformity or in the variance amoag all other treat-
ments. A comparison among pocled variances indicated that vearistion
in nitrogen content with 3.75 pounds of nitrogen fertilization was
less than with 6.75 or 11.25 pounds. / decrease in dollarspot
incidence appears to have occurred with high nitrogen content of
the host.,
Other observations .

Ne formal study was undertaken on drought reaistance but it
was obssrved, particularly during 1957, that activeted sewage sludge
appeared to increase cdrought resistance. The first replication of the

field test was on 2 drier soll and the activated sewage sludge plots
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were noticeably less droughty than the other mitrogen treatments.
Cogasional field reports claim the activated sawage sludge fertilizer
reduces the tendency to wilit,

The survey of soil microflora indicated that activated sewage
sludge might increase the number of organisms present. “ince an
abundant population of microarganisms could have the potential to
suppress the facultative saprophytic pathogens by "sheer weight of
numbers ", as well as by other more direct antagonistic methods, this
seams to be & possible area for further study. This also suggests

that any effect of accumulated metallic substances would have to be

highly specific in mode of action.

The 8-15% and 19-54% inhibition of growth of Helmintho-
sporium carbonum and Stemphylium sp. by activated sewage sludge
suggests this material may have the potential to reduce the severity
of disease in the field (Table 4). The effect of sewage sludge on
sporulation of these pathogens could have an indirect effect by
reducing the supply of lhoculum.

Cne-sixth the number of sclerotia of R, solan] were produced
on activated sewage sludge medium as on the ammonium nitrate
medium, This type reaction of {glerotinis homoeocarpa and I,

sclanl to soluble and insoluble nitrogen in pure culture (Figure IT
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and Table 7) suggests that continued use of activated sewage sludge
in the field could decrease the number cf sclerotia In the scil,
Hence, lezss Inoculum would be ayalilable when conditions were
favorable for disease.

Pytbivg aphaalderngtum showed increased vigor and twice
the longevity (Table ¢ on medium containing soluble nitrogen.

This could be correlated with increased vigor and pathogenicity of

the organism in the field whaen scluble nitrogen ls abundant.

Laboratory: Both the high rate of wettable sulfur and the low
rate of irca reduced the growth of Sclerotinia homoeocarpa by 94%
when added to potato dextross agar 8s coempared with the standard
potato dextrose agar (Table 3)., Also copper and sulfur, at the low
rate, reduced the growth by 42% and at the medium rate by 75%
when compared with the standard potato dextrose agar checr., 't
the high rate of chromium, growth was limited to the plug of agar
usad to propagate the fungus. However, at the low and mediam
rates, clwomium had no significant <ffect on the growth of _,
hOmOeQCarpd. ! no rate did the sluminum treatment of potato
dextrose agar havs any significant (5% level) 2ffect on growth of
this fungus. The addition of activated sewage sludge at both the

low and medium rates gave a 13% increase (not significant at 5%)
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Teble ). The effact of trace clements, In gquantities comparable to
amounts found in activated sewage sludge, on [glerotinia
homeaocarpa in pure culture on petato dextrose agar at

room temperature.

Diameter of colony in mm

Treatment Low Rate Medium Rate High Rate
Aluminum 73 of* 68 e 70 e
Copper 45 d 19¢ -
Chromium 72 sf 78 af Ua
Iron 4b - -
Sulfur 44 d 2C ¢ §b
Act. sew, sludge 83 ¢ 88 § --
wheck 78 ef 78 of 78 ef

* Figures followed by the same lotter are not significently different
from each other at the 5% level of probability by Hartley's method
of sequential testing (15).




in growth, as expressed by diameter of colony. The extra nitrogen
in the sewage sludge could be responsible for this increase, Thess
results suggest the possibility of fungitoxic proportions of trace
eloments acoumulating from continued use of activated sewage
sludge.

Gresnhouse: Attempts to induce infection of bentgrass with
8. homoeogarpe under greenhouse conditions were not successful,
A large brown pstch-like disease was very severs on all but the no-
nitrogen checok pots. This do-s not nullify the hypothesis that the
trace cloements in activated sewage sludge can affect disease in-

cidence, Possibly it suggests a very complex relationship.




SUMMARY AND CONCLUSIONS

A review of litersture and field observation suggested that
different nitvogen carriers affect turfgrass disease facidence, Tiree
insoluble omrriers, sewage sludge (illorganite), process tankage
{Agrintte), and weaform (Uramite), and three soluble sarriers, urea,
ammonium nitrate and ammonfum suifete, were applied at rates of
3.78, .78 or 11.28 pounds of nitrogen per 1000 square feet in the
field to determine if they affected dizesse lacidence., I the labora-
tory , medis containing both uamodified and extracts of activated
sewage sludge and ammeniwa aitrate were comparsd with a standard
culture medium (potato dextrose agar) for their effect ca twrf patho-
geas in vitro.

In an attempt to explain the olfsot of nitrogen omrrisrs on
dissdse iacidence, the growth patterns and nitrogen content of
clippings from the fisid test of altrogon carriers wete studied, Also,
the effect of selocted trace slemente In 2mounts comparabie to those
found in activeted sewege sludge was studied on Soiarotinia homeee-
SAEpA, Soil from piots recelving nitrogen from selected sources was
sampled to estimats their offact on the micrebisal populativa.

The resulis of tasse tosts are the basls for the following
conclusions:

1. Activated zewage sludge was the most outstanding
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nitrogea carrier in inhibiting outbreaks of dollarspot.

This effect was greater than the norma! reduction of

thizs disease due to nitrogen stimulation and was in

svidence at evaery lavel of nitrogen fertility.

When in pure culture , the response of the fungi to the

more soluble nitrogen carriers appearsd ¢ be [avorable

to the fungi as pathogens. Nitrogen sowce was cbserved

to affect:

a. the growth rate of urvularia sp., Belmiaihosporiug
serbogum, Stemphyliue sp. ., cordivium fMciforme

b. sporulation of B, gsrbonum and Curywiaria sp. .

c. aclerotia production of Sglstotinia homogogeree and
Rhizocioni selant,

d. the growth habit of H, carbonuwm and CwWyulanis &p.
and

¢, longevity of Pyiliium aphanidermatunm.

Soluble carriers, appiled at intervals of two wesks tended

tc produce & cyciic pattern of growth which indicates

“fsast” the first week after application and relative

famine " ths second. The more even stimulation of the

insoluble carriers with the same application rate and
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7.

iaterval may keep the nitrogen level within safer limits,
The majority of dollarspot outhreaks were 2ssociated with
periods of "famine"”.

Growth produced by the single application of weaform
reached a peak during the first three weeks following
applioation. During this peak the tuwrf was relatively

free of disease. Foilowing this, the growih rate decroased
as compared with the equivalent total amount of wreaform
applied at frequent intervals. later in the seasoa, the
grass grown on this single application treatment of
ureaform was more susoeptible to dollarspot dineases.
Mitrogen content of the host appeared (o be comelated

with incidence of dollarspot.

Elements (irom, copper and sulfur) ta quantities com-
parable to those in activated sewage sludge reduced tha
growth of S¢lerotinia homoeoasrps by 25% to 98%, v
Attempts to demonstrate this on turf grown in the gresa-
house ware lnconclusive.

Activeted sewage sludge stimmiated abundant growth of
soll microorganisme in field plots compared with other
24~ cen curiers.

The relationship betwean nitrogen carriers and dissase
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.‘ incidence of turf is exceedingly complex, Further study
of the following seems justified:
a. the significance of activated sewage sludge
stimulated scoil microorgenisms as disease
antagonists,

b. the effects of trace elements found in activated

sewage sludge on the physiology of the grass,
particularly in terms of drought resistance and
fungitoxants, aad

@. the effect of nitrogen carriers on twrf diseases

other than dollarspot.
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