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INTRODUCTION

K ltrogin has been recognised  a *  being the k«y elem ent In 

the relation«hip between s o li fartility  and d isease  of turf g ra s s e s .

The importance of u tilis in g  any such potential becom es apparent 

whan tha overwhelming natura of d isease  problems (a oonsldarad.

The moat d ise a se  res is ta n t g ra sses  can never be developed to give 

com plete re s is ta n ce  to the more than 100 turfgrass pathogens (0). 

A lso , tha saprophytic nature of many of th a t«  fungi provides a co n ­

tinual souroa of Inoculum which makes an Intensive and expensiva 

fungicida program a prerequisite in tha maintainnnee of fine turf (21). 

Even with tha b est fungicide program s, son»« d isease  may occu r, in 

view  o f  th is ,  potential management aids in turfgrass d ise a se  control 

should ba discovered sad  u tilise d . Putting greens fertilised  with 

activ e  tad sew age sludge have had a rela tiv e ly  low incidence of 

d is e a s e . This study was undertaken to determine if the sp e c ific  

nitrogen source could serve as a deterrent to d isea se  and to obtain 

information on factors a sso c ia te d  with nitrogen fertilisa tio n  which 

might produce m easurable d ise a se  reduction.
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REVTEVv OF LITERATURE

Research reports «ad fie ld  observations of d isease  reduction 

asso cia ted  with activ ated  sew age sludge fertilisa tio n  indicated need 

for further study of d ise a se  and nitrogen carrier rela tion sh ip » , Davis 

and Engel (S) used curative and preventative fungicide treatm ents 

with three rate« of activ ated  sew age sludge and one rate of an 

| - M  fe r tilis e r . They reported lower readings for large brownpatch 

oa C olonial bentgrass fe rtilise d  with activ ated  sew age sludge than 

with 8 -8 -4  or no fe r tilise r  treatm ent. Seasid e bentgrass showed 

higher large brownpetch readings when fe rtilised  with the S - 6 - 4 .  

Coppers pot incidence with the various fe rtilise r  types wes not con­

s is te n t, but the plots fe rtilised  with activ ated  sew age kludge at the 

highest rata show lower d ise a se  read in g s.

W alls (21) reported that ryegrass plots receiv ing  heavy rates 

o f aotivnted sew age sludge showed le s s  damage from Cottony blight 

than th o se  receiv ing other sou rces of organic and inorganic nitrogen.

W atson, Jr» (18) designed a te s t to study the e ffec t of carriers 

of phenyl mercuric ace ta te  and mercuric + mercurous chloride for con­

trol o f sxtowmold. The carriers were w ater, sand, topdressing and

activ ated  sew ege sled ge; the fungicides were tested  at two rates 

The low rate of phenyl m ercuric a ce ta te  wes e ffec tiv e  only when 

applied with activ ated  sew age sludge as e carrier. All other



A n g le id * treatm ents war« effectiv e  in controlling sttowmold.

Several theories could explain an Inhibitory e ffe c t of a 

nitrogen carrier on d is e a s e . Fertility  lev el has long been a sso c ia te d  

with d ise a se  sev erity . Large brown patch usually in creases when 

the nitrogen lev e l is  high and crea tes a so ft su ccu lent growth.

I s  co n trast, dollars pot is usually mere severe on turf that shows 

symptoms o f nitrogen d e fic ie n cy , although succu lent turf produced 

by ex cessiv e  nitrogen fe rtilisa tio n  oan be severely  attached (11).  

Couch (3) reported the severity  of dollars pot, cm se asid e  creeping 

beatgrass In a greenhouse study, was d irectly  related  to nitrogen 

le v e l. This is  net contradictory sin ce  the le v e ls  o f nitrogen fertility  

used la  th is study night be considered e x c e ss iv e  in fie ld  p ra c tice .

A second p o ssib le  explanation for nitrogen carriers effectin g  

turfgress d ise a se  incidence is  suggested by a study of the co n s ti­

tuents and elem ents of activ ated  sew age sludge by tabling  and 

Truog (12). The product was found to contain appreciable amounts 

o f highly av ailab le  iron , m anganese, sodium , copper, s in e , su lfur, 

ch lo rin e , chromium, and many other e lem en ts. Several of the e le ­

ments found in activ ated  sew age sludge a lso  are constituents of 

so sm  fungicides (7).

The a ctiv ity  of s o il  microflora offers a third explanation for 

nitrogenous m aterials a ffectin g  d ise a se  in c id en ce . Walls (21)



concluded that activated  •« .vega sludge favored tha development of

oottony blight of ry eg raer. H o w e m , ha a lso  re port ad that Activated 

sewage sludge sassied  to encourage so il m ic r o ccganiam s, antago 

ala t i c  to  Pythlurs, which 4« creased  tha severity  of cottony b ligh t.

This was Indirectly supported by Johnson (10) who reported 

that high so il nitrogen and high organic matter encourage micro­

flora which are antagonistic  to ¿sbsrotlum y p jfy j*  Davey (4) and 

W ilhelm  (22) reported sim ilar findings with Rhizoctonia so lan i and 

Verticlllura s p . , res a c t i v e l y .

Cther reports of so il microorganisms antagonistic to plant 

pathogens are widespread in the literature ( 1 ,2 ,3 ,1 3 ,1 0 .1 7 ,1 9 ,  

2 0 ,2 3 ) .

Trace elem ents present in nitrogen carriers may offer a 

fourth explanation for s fe r tilise r  affecting turf d is e a s e . Fchutte 

(14) reported that re s is ta n ce  to moisture s tre ss  was affected  by 

certa in  trace  elem ents that a lso  are found in appreciable quantities 

in activ ated  sew age sludge. He found that radish seedlings were 

more su scep tib le  to wilting when grown in nutrient solutions de­

fic ie n t in copper, t in e  or boron than in com plete so lu tion . Couch 

(3) repeated that dollars pot development was greater when so u  

moisture was allowed to become lim iting.



METHODS AND PROCEDURES

Experiment* were designed to to st the hypothesis that 

nitrogen carriers do influence d isease  incidence and to explore the 

b asis for any such e ffe c ts  that might be observed . The e ffe c t of 

activated  sewage sludge on d ise a se  incidence was tested  with a 

field  experim ent and two laboratory stu dies; the same field  exp eri­

ment« two other laboratory experim ents and a greenhouse study wars 

used to investigate p o ssib le  m echanism s by which nitrogen carriers 

a ffe ct d isease Incidence on tu rfg ra sse s.

Ttitti a iBittMOT g ju k r t ¿im tM  .¿asi&engg
The fie ld  experim ent was estab lish ed  on on e-y ear-o ld  

seasid e and Peaaoross bent grass turf maintained s t  charter inch 

cutting h eig h t. Sources o i nitrogen were u rea« ammonium n itra te « 

ammonium sulfate« urea form 1 « p rocess tankage 1 , and activ ated  

sew age sludge l .

The soluble c a rr ie rs , u rea , ammonium nitrate and ammonium

s u lfa te , were applied at ra tes  of 3 .7 5  and 6 .7 5  pounds o f nitrogen

2
pm  one thousand square fee t per growing seaso n  . The insoluble 

ca rriers, uraaform, p rocess tan k ag e, and activ ated  sew age slu d g e,

1 Commercial products known as Uramite, grinite and ¿¿U orgaaite, 
re sp e c tiv e ly .

*  U nless otherw ise s ta te d , a ll  ra tes w ill be given a s  pounds of 
elem ental nitrogen per one thousand square ie e t .



were applied at rat»* of 3 . ? 5 , fi. . and 1 1 .2 $  pound* of nitrogen

par growing se a so n . All treatm ent* totaling 3 , “>5 pound# of nttrogan 

per season  wore applied In ter*application# of 0 .7 5  pound each  at 

four week interval# . Seasonal to ta ls  of § . T5 pound# of nitrogen

were applied tn nine application« of 0 ,7 5  round each  at two week 

in terv a l* . Nine application» ofl 35 round# each  were applied at 

two week intervals for the seaso n al total# of 11 . IS  pound# of 

nitrogen from insoluble so u rce« . In addition to the s c a t  application  

treatm ent#, there » a »  a «ingle ««ring application of 1 1 .2 5  pounds 

of urea form nitrogen, and the process tankage treatm ent of 3 .7 5  

poimdc o f nitrogen was om itted. Ml treatm ents were rep licated  

four tim e* in a randomised block d esig n , fa  oh plot was three by 

fifteen  fe e t , with a n in e-in -^  puffer »trip between p lo t* . *Ji 

fe rtilizer applications were made by hand. A box-!Ike structure of 

wood and polyethylene film was used to outline and iso la te  the in­

dividual plots when applying treatm ents. The urea form for the#« 

sp lit application treatment# wm» ground in a "  ilay  mill to pass 

through a 0 .5  mm opening. The soluble material# and the sp lit 

application treatm ents of urea form were applied with a garden 

sprinkling can in one gallon of w ater. The »ingle application of 

urea form and other insoluble m aterials were applied dry without 

m odification or sp ecia l treatm ent.
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The te s t  Rf»a was mowed three tim es a week and a ll clippings 

were removed. The area was irrigated regularly to prevent dryness 

from becoming a lim iting factor for growth. This particular te s t  

area was maintained on a minimum type fungicide program, using 

thlram (Tarsan) and phenyl mercuric ace ta te  (PMAS) a t twenty-day 

intervals or longer.

Two laboratory experim ents were conducted to study the 

e ffe c t of nitrogen sou rces on turf pathogens in pure cu lture, la  the 

f ir s t , com m ercial potato dextrose agar (Difco) was used as the b ase  

culturing medium; to th is a water extract of activ ated  sew age sludge 

and unmodified activ ated  sew age sludge were added. Twenty grams 

of unmodified activ ated  sew age sludge were added to each  pre­

paration of potato dextrose agar (39 g agar in 1000 ail d istilled  

w ater). The activ ated  sew age sludge ex tract was prepared by 

boiling 100 g o f the raw m aterial in SCO ad of d is tille d  water for 

ana hour. The resultant slurry was allow ed to co o l over night and 

was filte re d . The filtra te  was than brought up to 500 ml and used 

a s  a su bstitu te for d istilled  water in preparation o f m adia.

The stadia were prepared In fla sk s  aad autoclaved a t IS  

pounds pressure for 20 m inutes. Approximately 10 ml o f the 

fin ished  susdium was used in each  standard s is e  (10 ca^ petrl d ish .

The te s t  organism s used la  th is  te s t  were Gurvuiarla s p . ,



Kglmintho&porlmr» carbonmn, and ¿.tem ^Ulum  sp . -«oh of the U l t  

organisms was introduced at four loci on 3« eft of four plates of each  

treatm ent. ’ ' hen no additive wag used , only one plate was inocu ­

lated . At three-day intervals during the next nine day», the diameter 

of each  colony was recorded.

In the second laboratory to s t , an attempt war made to main­

tain  a constant nitrogen le v e l. Three different nitrogen sources in 

C sap ek’s medium were compared with potato dextrose agar. The 

three sources were ammonium n itra te , activ ated  sewage sludge and 

an ex tract of activ ated  sew age sludge, rxcep t for quantity, the 

preparation of the extract was sim ilar to that of the previous e x ­

perim ent. The te s t organisms ware:

c s E U f i lm iis i ls m f t

2 . Cunrul&ria sp .

3 .  iM im tm  n m is

s.

( .  Rhlaoctoaia so lan i 

7 . Sd a ro tla ie  hom oeocarr*

la  th is experiment the te s t  organisms were introduced to each

plate a t one point only . Each treatment was rap licated  four tim e s .

During the next three w e e k s , notes on growth rate (diameter



o í  coiony), grow tn  ta ita , ioogavity and rnm tar of solaron« wara 

mi i»  lo  B M tu n  t ta  olfoot o f  tha diffaraat media on t ta  fungí.

giw lr t f  ( t r t m  r t i n r J  ttr n lin rftB  « ir r i t n ' litflin im  m  d ü m iT

Tha growth p on eras, iaduoed by Iho a «varal nitro««« treo t- 

oMWita moda la  tho fia  id , wara studled by m in a  of w eekly «olor 

m in g a and oUppiag w eights. A ratiag ayataai o f 0 to 4 ama usad 

ta  moaaura color responso. Tho clippings wara ooliaetad trom oaa 

o f threa mowiags par w eek. Tha y wara ovan-Orlad 44 hours a t 71 

dogreaa centígrada balare w eighing. Dota a«  «olor atad olipptag 

walgbta wara analyaed and presentad graphioally to show tha 

paitaras e f  litro « « «  atU ralatloa,

Tba oilppáaga barvaatad la  1347 wara ataalypad fdr nitrogaa 

oootaat  by tba Milwaukaa Sawataga Cóm ala a Ion.

A preliaUaary aarvay waa modo of Um lum bar o f aoil adoro* 

orgaalsjas o f «alaciad  traotam ata ia  tha ftald  axp ariaoat* So lí 

Mmpfoa wara ooUaoted ia  Maroh 1948 frota tho foUowiag fa rtilisa r 

tra tia a a ta :

1 . Chock

2 . Aethratad aawa«« alud«« at 4 .7 4  and 1 1 .2 4  pcuada of 

nitro pan

S . Uraafana a t 4 .7 4  atad C.7S penada o f aitiogan

4 , Pfooaaa taakage a t 1 1 .2 4  potrada of oitrogea



5 . Ur«« at 6 .7 5  pounds of nitrogen

6 . (NH^)6C^ at 3 .7 S  pounds o i nitrogen

Cae mi aliquots from dilution of 1-1Q0G, 1 - 1 0 , 0 0 0  and 1 - 1 0 0 , 0 0 0  

wars cultured on potato dextrose agar. Counts of the co lon ies were 

mad« to estim ate the numbers of microorganisms In the so i l .

A laboratory «Apartment was conducted to investigate the 

com parative e ffe c ts  of the trace  nutrients and other elem ents of 

activ ated  sew age sludge on Sclarotin la  homoeooarna. Chromium 

(G rG j), iron (Fe2 (SO^)j) ,  aluminum (A l jC j ) ,  copper (CuSOj) and 

sulfur (wettahle powder) were te s te d . Totals o f 37 3 ,  5 7 . 8 ,  and 

5 . 7 3  gms of activ ated  sew age sludge per lite r  of media were used 

a s  standard s. The higher rata would supply nitrogen unit area 

o f a  petri dish at the equivalent of tea  pounds per 1000 square fe e t . 

The trace  elem ents were added in the same amounts a s  they are found 

la  activ ated  sew age slu d g e. The low est rate o f activ ated  sew age 

sludge approxim ates the lev e l la  the second laboratory study. This 

experim ent was rep licated  five tim e s . Either the bulk of the ad­

d itives or other e ffe c ts  on the gelling properties o f the agar made 

It n ecessary  to omit the high rate treatm ents of activ ated  sew age 

slu d g e, iron and copper, and the medium rate of iron. After the 

fungus was introduced, growth r a te , as exp ressed  by the diam eter 

of the co lon y , was measured periodically  for the next three w eeks.
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A g ra v a to w «  study « u  estab lish ed  to  a M i t n  the e ffe c t of 

trees elem ents on d ito o so . T i»  n o n  promis inti « lam ents from the 

laboratory to st were added to ureofoni and uaod to fe r tilis e  pots 

s eeded to  o mixture o f seasid e and Highland b e n tg re sse s . The te s t  

mes oom pletely randomised and had four re p lica tio n s . The s e l l  

mee a  mixture of one part sand and two pests loam so il by r e t t a » .  

The M ed mixture mee 13 pensent se a s id e  creeping b estg rass end C7 

perosnt Highland colonial beat tra s s  a t 3 . 1 8  pounds per 1000 square 

fe e t. The following fe r tilis e r  treatm ents were made 23 days after

1 . Cheek« no fe r tilis e r  

I .  CdNH4 P 04 

3. CuNH4P04

4» PeHH4 f 0 4 

» .  MgNH4 PC4 

» . MttNK4 K>4

7 .  HiNH4 P 0 4

» . ¿#nh4po4

» . Ureaform ♦ C«SC4

1 0 . Oreaferm ♦ C rP04

1 1 . U rw lorn + Sulfur, wettafele

I S .  Ureaferm ♦  F e c i ) ,  F a S 0 4 , F e2o 3



X I. Activated sewage sludge at four pounds of nitrogen 

per 1000 square lee  1«

The ureafona treatm ents receiv ed  the same quantities of trace  a l e -  

■ i i t l  that were contained in the activ ated  sew age sludge treatm ent. 

The pots were clipped to three fourths in ch , 3 and 19 days after 

fertilisa tio n  and inoculated  with wclerotinio homoeocaroa after 21 

d ay s. An aqueous suspension  of the pathogen, mad* from approxi­

m ately IX square centim eters o f an activ e  colony of the organism in 

100 tsi of distilled  w ater, was sprayed on the crowns of the p la n ts . 

Sixty-one ml of the suspension were used to treat each  of two pole 

of each  fa rtiiisa r treatm ent, leaving two as c h e c k s . Clipping 

w eights wars taken again  sev en  days after in ocu lation , and d ise a se  

ratings w ire made 5 and 70 days a ltar in ocu lation , in  addition, 

color ratings were made I ,  13 and 1$ days a fter fe r tilisa tio n .



RESULTS AND DISCUSSION

D ollars pot hcmooocaraa) «me present through the

1017 cad 1010 se a sons sad  tt was the only d is e a se  present in e p i-  

phytotio proportions. Significantly  le s s  d ise a se  was observed both 

yoars £01% lev el of probability) on the treatm ent of 1 1 .2 5  pound* o f 

nitrogen from activated  sew age sludge (Table 1 ). la  1957 the 11.  S$~ 

pound rate of activated  sew age sludge reduced d ise a se  incid ence to  

11% c l  tbs ch eck . This treatm ent showed sig n ifican tly  la s s  d ise a se  

than aay other treatm ent. No s ta tis tica lly  sig n ifican t d ifferences 

occurred t a n g  ether treatments . Comparing transformed d a ta , 

activated  se wage sludge a t the 0 . 7 S-pound rate ranked second only 

to  tbs 1 1 ,25-pound ra te .

la  l i f t ,  the 1 1 .2 5 - pound rata of activ ated  sew age sludge 

reduced d ise a se  severity  to  20% of the ch e ck . In con trast with 1 9 5 7 .  

ether s ta t is t ic a lly  s ig n ifican t reductions la  d is e a se  Incidence were 

obtained . At the 6 . 75-pound ro te , activ ated  sew age sludge resu lted  

fin s ig n ifican tly  la s s  d ise a se  than urea form, ammonium su lfate or 

ammonium nitrate a t the comparable rata) the d ise a se  incidence o f 

tikis activ ated  sew age sludge treatm ent was 42% la s s  than the 

average o f the sig n ifican tly  higher d ise a se  read in g s. Only tike

sludge a t 5 .7 5  sad 1 1 .2 5  pounds of nitrogen
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T sble 1 . Incidence of doller«pot on 1/4 Inch creeping bentgrae* 

turf for two growing season s under different nitrogen 

treatm ent«. New Brunsw ick, New Tersey.

"rollerspot Incidence

U M _____________ U M _______- ___  .

T^atm ent *
l .o .o i  
SCOtA ...

No. of
Spot#

A o .a i
apoi# m i«

No nitrogen check 214 b3 i s SIS ad 14 4 1 4 .8 16

1 . 7 5  lb s .  nitrogen
A ct. sew . sludge 121 b 7 374 baa 2 4 3 .5 7
U N t t o a 224 b 14 $16 od 15 3 7 1 .0 IS
Urea 2v5 b 12 4U4 bod J 3 - 4 .5 11
Ammonium nitrate 157 b 9 474 od U 3 1 5 .5 12

SUifcgltS 155 b 12 532 a 15 3 4 2 .0 14

4 . 7 5  ¿be. nitrogen
Act. sew . sludge 54 b 2 256 b 2 1 7 3 .0 2
U reefora 247 b 15 422 cd 10 3 3 4 .5 13
¿Process tankage 211 b 11 323 bod 3 3 0 2 .0 10
Urea 7$ b 3 360 bed 5 1 2 0 .S 3
Ammonium nitrate 144 b § 452 od 11 226.0 9
Ammonium su lfate 14u b 3 450 ad 12 2 3 5 .0 1

1 1 . 2 5  lb s .  nitrogen
A ct. se w . sludge 42 a 1 106 a l 7 4 .0 1
Ureefctm 124 b 1 w 305 bo 3 2 4 4 .5 6
U ree fo ra * 122 b 4 362 bod 6 2 4 5 .3 6
Process tankage 114 b 5 312 bod 4 2 1 3 .0 4

l Quantity of nitrogen U  given a s  pounds per 1000 squara fe e t per

a
a

4

Saeed on transfonaea data.
Figures followed by the same letter are not sig n ifican tly  different 
from each  other at the 5% lev el o f probability by H artley 's method 
Of sequential testin g  (l S ) .
S lag le  spring ap p lication .



resulted  la  sign ifican tly  le ss  d isses«  than ths check; trM tsw sl.

Dxoept ter one comparison in 1057« the disenso ratings were 

inversely proportional to nitrogen levali the »«peptica was « re ­

v ersal for the 5 .7 5  and 1 .7 5  potino* of ureaferm nitrogen. The 

average number of d isease  spots t e e  each nitregan carrier e t the 

11.25-p ou ad  rate in  1055« were sign ifican tiy  lower than those of 

tha same carriers applied a t lower ra te s . There «vere« however« ao 

sig n ificate  difiéranos» betw een tha 5 .7 5  and §• 75-pound ratea of 

yiitnfrflim f u n i  a<ittoti

D ollar*pot oouats were mede tetar tim es during each  seaso n , 

lo th  years tb s m ajority of tha treatme nts ranked sim ilarly throughout 

the seaso n . An exception was the 1 1 .2 5 -pewad rate o f activated  

001000# tfh iftffj traatmont rookod (or trtê d M  oí d isosso  lo  

Iba firs t coûtes of 1057 « but was given top rank on the b a sis  of 

coun ts (Table 2) made la  July« August end Octo ber . In 1055« e s t i­

vated sewage sludge ranked second in May and firs t (Tabla 3) for 

tha remainder  of tha seaso n . Ureaferm at 1 1 .2 5  pounds of nitrogen 

ranked sixteenth  a t tha first count of 1057« but fifteen th , ninth and 

third a t succeeding cou n ts. In 1050» th is treatm ent ranked third to 

fifth  throughout the entire sea so n . The sin gle application of urea- 

fern  la  1057 ranked eleventh at ths first count and six th  or seventh

-1 5 -

#

In following evalu ations. In co n trast, th is treatm ent in 1955 ranked
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T IM I 2. Ftnrt i m m b  Incida»«« «( (M lm p o t l/4  inali araaptof 

b M tgn a i tw f mé«r dtffsnat Rttrofm m t t i l i . N nr 

Brunvwiek, N n r jm t r ,  H IT .

Dollar« pot Incidano*

Ite a f N aof
12___ ¿SUL

NOkOf
-IS__ -JàttiJL i., 

Ite  a l
Saal« Rate Saote teak Saou teqfr Saat« teak

No altro f a  «inde 199 19 299 19 927 14 229 14

9 .7 1  I te . a ttra tta
te i . n w , «luteo 92 7 •4 S 229 9 111 9
Wraaftwi 94 9 140 11 492 14 240 19
«tea 92 10 194 12 494 12 149 1
l a a n t e  altrata •9 4 91 4 949 11 149 9
l>— natali ««Hata 47 2 99 7 219 10 209 14

9*71 I te . a ttra tta
9t9. aanr. a ln tta 40 1 99 9 200 9 40 2
Uraafon» 109 12 199 14 919 19 177 19
t e m i 149 19 192 12 972 12 179 12
Oraa 47 2 17 1 109 2 74 4
H—amnlam altrate U 9 14 110 io 219 4 99 9
A m a t e  «altn a 90 9 79 S 290 9 171 11

11.2$ I te . nitrooaa
Aia. m v . «luteo 79 9 17 1 99 1 20 1
Urna fono 192 19 199 19 297 9 97 2
Uraafem1 $1 11 99 9 241 7 100 2
Frooa«« taakaf« 99 9 102 9 229 9 79 9

* S ta ila  « frla «  application
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Tabla S . S t ooaá h u m  iM té»iw i oí ¿o llar apot « i  1/4 laafe or

bu lara«« turi ondar tuttoraat nitro?«« m tr a n t»  *

Bruna wick, Naw Jaraay, 1 ¿$8.

Dallan pol iat i draw
M to L li____ ftlfaf-Z_____ i i e k l l — -àJÆ t.ll.

M a of Ma of « 0.0f N a o l
___ immm&___ Seota Rank Sp p U  Rm *  ^pfîil ftmh

Mo nitrog«n ebook 185 C 499 6 743 16 624 16

8.78 Dm . nitrogen
M l .  MW. «ludo* 851 9 S50 8 355 9 356 5
UreaJona 3 *3 12 702 13 S6w 16 506 13
Ureo 282 10 438 10 325 6 372 6
A oM Bbua altrato 248 14 442 11 456 14 449 11
AaUMKlilMI I l lU i t i 287 15 724 14 417 12 603 15

<•75 lb s* nitrogen
Agt. to w . aludga 174 4 31a 2 225 2 305 2
Uraniana 214 12 726 14 321 & 327 3
ftoomoo tankage 282 11 506 7 377 5 4,6 5
ora« 125 8 576 9 233 3 4 o l 8
MunofUum nitrato 252 15 6*5 12 532 11 423 10
fimiaonlnni tu lio  to 178 S 736 16 377 9 455 12

11.85 iba. aura«««
A et. «aw . a luògo 7S 2 132 i 1 125 i
Uraafona 158 3 452 5 26u 4 344 4Utaaterm1 56 1 542 4 447 A3 594 14
f r o w n  tanka?« 2&4 7 222 3 325 6 336 7

* Bing I* o w in g  application



firs t  a t  the beginning o f t  h e s e e s © n ,  but it*  rank decreased  through 

th# lu m a «  aad it had dropped to thirteenth in the September ra tin g * . 

Ammonium su lfa te , at 3 .7 $  and $ .7 5  pound* of nitrogen in 1357 aad 

a t 1 .7 $  pounds in 1 9 5 8 , ranked six th  or better a t the first cou n t. 

However, d ise a se  in creased  through the seaso n  until th ese  treatm ents 

ranked eleventh or poorer a t the c lo se  of both s e a s o n s .

Laboratory Tests .on the effect of aflroaan cntrier* on disaasfc 

In cid en ce .

v hen activated  sew age s Judge was added to potato dextrose 

a g a r, Staaphvllum  sp . and Helminth©*porium carbonma were inhibited 

but Qurrularia sp . was stim ulated , a s  measured by diam eter o f the

colon ies (Table 4 ) . After six  days of incubation at room temperature, 

the addition of unmodified sew age sludge reduced the growth of 

HtlyBtilltftPfrerlViW s m k s a m  I S *  and gtonph/imm Sp. l l %  When 

compared with the c h e ck . Growth of Curvularla sp . was 128% o f the 

ch e ck . The ex tract of activ ated  sew age sludge Inhibited growth of

S M i t S S U M 9 %  and *P- The 

growth inhibition of StonahvUuai sp . was the only sig n ifican t 

effect produced by the e x tra ct.

D ifferences were noted in growth habit end speculation. The 

addition of uxunodi&ad activ ated  sew age sludge induced .uryyjarla 

•p. «ad i i l i a i M t e a S l i y a  SSX&mmto *  compact mat of



Table 4. The effect of activated few age »Judge added to potato

dextrose agar on growth rate if turf pathogens at room

temperature m pure culture.

i f  olony in  cm
^urvuiaria Daimiftl&osiaar- t

pp. ium-Sfid39RMa $P* V.

f eta  to de*trose 
agar (PUh) 2 .4 3  4 .2 a 2 . id 3 .0 2

PJpa • unmodifiso
««wage sludge 3 . Id 3 .$ 2 1 * 3 3 2 .3 3

PDA • extract of 
a c t .  sew . sludge 2 . few 3 .3 S i .  S 2 .3 4

Avaraga 2 . iS  3 .4 4 ia S 4 2 .2 4



prostrate mycelium with n lighter colored co tto n -lik e  aeria l growth 

(Figure I ) . Both o f th ese  organism s showed a th in , ligh t-co lored  

growth when treated with the extract of sew age sludge. *■It;nr,ohvlium 

ap . showed a higher proportion of aeria l growth with both sew age 

sludge treatm en ts.

H aim iathosporium oarbonum appeared to produce the most 

spores on potato dextrose a g a r, le s s  with addition of unmodified 

activ ated  sew age slu d g e, and le a s t with the ex tract of activ ated  

sew age sludge. M ost spores of -Jurvularia sp . were found with the 

addition of unmodified activ ated  sew age sludge. The unmodified 

potato dextrose agar and the extract of activ ated  sew age sludge 

produced fewer sp a re s .

The second laboratory experiment with nitrogen sources was 

ait attem pt to improve on the first te s t  by equalising the nitrogen 

v a ria b le . Tim sev eral te s t  organism s responded to nitrogen sources 

d ifferently . O crtlciu a fuciforote produced 4 * *  a s  mucn growth in

ten days on the ammonium nitrate treated  medium a s  on me ixnato 

dextrose agar c h e c k . The growth of th is organism , with the unmodi­

fied activ ated  sew age sludge as m e nitrogen so u rce , was ">Z% oi 

the ch eck  (Table 5 ). The ex tract ot sew age sludge morse sod growth 

7% (not s ig n ific a n t!.

After 10 days the unmodified activ ated  sew age smog® and the



- 21-

Flgum I . Tho e ffe c t o í s m y «  siutík?e In potato dextroee agar
(^da) on Mmiatemsmmm&mm* *©p . ¿»» c*
PDA; bottom loft, PDA plus unmodified »Judge; bottom 
right, PDA plus sludge e x tract.



■ « . i ~

is a c .  v. ine effect oi ,uùuxt» ;4«o.*a *uu* v * u * à  m uogen » v a ta m *  on 

t.»* giowtu fai«, ul tartara*« .

v rganism aaa treatment Oiamet«r ot colony In c n

,v.9rtigiMia iMgAfaraf

.-hock potato daxtrose agax 2 .2  o
Unmodified a c t .  sow. sludge 1.5<j
f>tract  of activ ated  * t w .  sludge 2 .3 5

ramonlum nitrate 1. 5

iMiMlMffi tUY«!«

Chock potato dextro«« agar 6 .3 5
Unmodified a c t .  saw. sludge 6 .6 3
Extract of acttvated sew. sludge 7 .1  ’
/mmonium nitrate 2 .2 S

S c l t o U n l i  hgiaegggjgi&

Check potato dextrose agar 4 .6  •
Unmodified a c t . sew . sludge 4 .6 3
L: tract of activated  fe w . sludge 2.'.15
Ammonium nitrate Trac«

#
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cxtract of activated  s<: veg« sludge In areas id  the growth of ¿jyd&UJIfil 

n lvaie 4% and 1 2 ” , re sp e c tiv e ly , as compared to ti>o potato dextrose 

ch eck . The latter value differed s ig n ifica n tly . edia containing 

ammonium nitrate gave o :7 as much growth as ¿produced the ch eck , 

As a nitrogen sou rce, unmodified sew age sludge had little  

e ffect on i ciurotinla homoeocarpg- for the first iO days (Table 5 ) , a« 

compared with potato dextrose agar. The . tract of sewage sludge 

reduced growth of this organism to 64% of the ch eck , 'romonium 

nitrate prevented new growth the first fev» w eeks; this severe in­

hibition wa* temporary and by six  weeks the colonies wera fully as  

large as those under other treatment and appeared to cov ¿red with 

large numbers of m lcroscierctia  (Figure II).

Neither preparation of activated  sewage sludge affected  

sp.  or M lm to tib m jm iim  The growth of th ese

organisms was reduced approximately 50% for s ix  days on ammonium 

nitrate m edia. Thereafter the growth became irregular and the main 

growth was in sev eral radial rays in which the mycelium was lim ited 

to a more compact amt on the surface of the substrate rather than the 

typ ical ram ification throughout the m edia.

The iso la te  of ivthlum aphanidermatum used in th is study is  

normally a very fa st growing and sh ort-liv ed  fungus. It com pletely 

covered the area o f the petri d ish  in leas  than three days regard!#»»



rigure ii. *he uUfeut ol n iu  . >«n source ¡Mi growth at ; cioroim ia 
noaiceocarpa . 1 Potato dextrose agar; 2.  -..¿apex's 
tnediuiu with unib^axi4«u activated  »«wage sludge; 3 . 
„aap ak 's medtusa with sludge ex tract; 4 . capex'# 
medium witti ammonium n itra te . Note the thin growth 
with either activated  sew age sludge media and the very 
a« ns a growth witn ammonium nitrate madia.
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o f  nitrogen source (Table 6 and Flgurs» III). t 'iffe re n ce s  were noted la 

th * longevity o f thix fungus, as indicated by an upright cottony ap­

pearance as opposed to a prostrate bacteria-Ilk©  habit. P, aphanl- 

rfsrmetnm lived s ix  days when grown on a medium containing nitrogen 

from activated  sewage sludg« , lour days on the potato dextrose agar 

check and 14 days cm media containing ammonium n itra te .

Th* growth rate of Fhlzootonlc aolarjl was rela tiv ely  inde­

pendent of nitrogen source used in the culture m edia. However, 

this organism produced an average of 1 6 .2  sc lero tla  per colony 

treb le  7) on potato dextrose agar. Approximately tw ice th is quantity 

was farmed on media containing unmodified sew age sludge. The 

medium containing th* ex tract of sewage sludge produced 75% fewer 

sclero tla  and the medium containing ammonium nitrate produced 1 2 .7  

tim es that o f  the potato dextrose agar ch eck .

toiffUftinigt

Growth p attern s, of the tu rf, for the different nitrogen 

carriers were developed from clipping weights and color ra tin g s.

3he turfgrass resp on ses to nitrogen earn ers varied considerably and 

there appeared to he a relationsh ip  between o c ierc tla la  homoeocarpe 

development and pattern oi nitrogen resp o n se . I  ha approximate

dates of new outbreaks of dollars pot in iii>7 were June id ,  July 3 0 ,
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Tabis i .  The effect of culture media with varied nitrogen sources 

on the longevity of Pvthium EritflUflyriftflUB «t room

tem perature.

________________ Media______________________________life  in days

Check potato oextrose agar 4

Unmodified activated  sewage sludge 6

Extract of activated  sewage sludge 6

Ammonium nitrate 14

Table 7. The effect of culture media cm the formation of sclerou a

by Rhiaootenia e o ie n ia t  room tem perature.

No. oi .. cierotia

Check potato dextrose agar 16

Unmodified activated  sewage sludge 22

Extract of activated  sewage sludge 4

Ammonium niton te 206
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Figur« XU. Thaaftoot  oI a ttro ^ u  a our a« on growth of
• phaaldannatwa. 1 . Potato daxtrose agar; 2. Czapak '» 
flMMUita with viaa&odliiad a c tir a t« 4  a a wag« aUtdgaj 
) .  Caapak'a m d l t a  with «xtract of activ ated  i m g *  
■lwdgaj 4. C aap ak 't medium with ammonium n itra t« . 
Not« that tha growth of a il cultures covers tha entire 
patrl d lah , hat dU fareaee* ax ia t la  density of growth.



-- ugutet 2 ead ptobei 14. The correspondxny date» in i 953 were 

N',ay 2 6 , July 7 , September 12 sa c  September 23 (Tables 2 and 3 ).

GYTh 1V.TT..RU;- IXii 3 .7 5  PCUNDfi OF NITROGEN:

Activated sewage sludge , which had the low est number of dollar- 

spots of a ll m aterials at 3 .7 5  pounds of n itrogen, gave a very 

uniform color response during the 1957 season  (Figure 1). In con­

tra s t , urea form had the highest d isease  incidence rating and gave 

a highly variable color resp o n se . The June outbreak occurred in a 

period of declining color resp o n se . The dollars pot outbreak of July 

and August coincided c lo se ly  with periods of low color resp o n se .

The 1357 clipping weights showed little  variation that could be 

correlated with d isease  incidence (Figure 2).

The soluble m ateria ls , urea, ammonium nitrate and ammonium 

su lfe te , applied at 3 . 7 5  pounds of nitrogen gave color responses 

that were more c y c lic  in nature (Figures 1 , 3 and 7 ). Except for the 

June 18 , 1957,  outbreak of do liars p ot, a ll a ttack s were a sso cia ted  

with periods of declining or minimum color response (Figure 3 ). Also» 

clipping weights Indicated a correlation of dollars pot incidence with 

reduced growth from ammonium nitrate in July and August, and from 

ammonium su lfate in August (Figure 4 ).

In 1958,  there was le s s  uniformity of color response than in 

1957 from activated  sew age sludge and a c lo se r  relationsh ip  between
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low response porteds and dlsees« occurrence (Figure S); this was 

■ act noticeable in May, ]to)y and September. The variation In color 

rea ports« from urea form and the association between disease and low 

ooicr response were greater than for activated sewage sludge, '"gain, 

activated sewage sludge reted considerably b etter in inhibition of 

disease than urea form. There was litt le  v en atio n  In clipping weights 

In 1958 that could be correlated with d is e a se  incidence (Figure 6).

The outbreak of dollars pot o f May 26 and the outbreak of 

|Wy 7, 1958, appear to b© correlated  with iow color response from 

the soluble carriers (Figure 7). There was l i t t le  difference among 

the three soluble carriers in May, June and early  July in color re ­

sponse, clipping weights or d ise a se  In c id e n ce . In ^eptentoer, the 

ooicr and clipping weight resp on ses to ammonium sulfate had de­

clined (Figures 7 and 8); this was accom panied by an in crease m 

dollar*pot incidence. Urea gave the best color response during 

this period and showed 17% and 19% le s s  disease than ammonium 

nitrate and ammonium su lfa te , resp ec tiv e ly . The increased color 

response from urea over ammonium su lfate in Septem ber was reflected  

in Increased clipping w eig h t*.

GROWTH PATTERNS WITH 6 . 7 5  POUNDS OF NITROGEN:

The color response at 6.75 pounds of nitrogen was more uniform than 

at 3 . 7 5  pounds; this is explained by the respective two and four-weak
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intervals of application. Activated sewage sludge generally had a 

•light advantage over ureaform in stimulation of color, but a greater 

advantage in disease control (Figure 9). Process tankage consis­

tently gave good uniformity of color response, but it was poorest in 

color stimulation. Its dollars pot readings compared with those of 

urea farm. The clipping weight responses from the insoluble carriers 

ware similar at the times of dollars pot attacks and offer no apparent 

explanation far differences in disease incidence (Figure 10), No 

dollars pot data were available later in die season when clipping 

weights differed.

tfrea consistently resulted in lower disease reading than any 

of the soluble carriers and the highest color response in 1357. The 

latter response had good uniformity (Figure 11) and showed no vari­

ation that could be correlated with disease. The clipping weight 

responses from the three soluble carriers «sere similar throughout the 

1957 season (Figure 12) and cannot be used to explain the lower 

disease readings of urea. There wes an indication that disease in­

cidence from the soluble carriers was correlated with low growth in 

fitly and August.

Except far less uniformity, the clipping weight and color 

responses to the insoluble carriers in 1959 were similar to those of 

1917 (Figures 13 and 14). During the 1959 season, periods of low
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clipping w eight res poos« appeared to be a sso c ia te d  with d ollars pot

outbreaks in M ay, July and la te  Septem ber with a ll three m ateria ls . 

Both co lor and clipping w eight resp on ses from ammonium su lfate  de­

clin ed  a s the seaso n  progressed (Figures IS  and 1 6 ). how ever, 

ammonium su lfa te  treatm ents did not show a proportionate in crease  

in d is e a s e .

GROWTH PATTLRNS WITH 1 1 .2 5  POUNDS OF NITROGEN:

The in solu ble c a rrie rs , activ ated  sew age slu d g e, process tankage 

and urea form , gave among the moat uniform color resp on ses and 

low est d ollars pot readings when applied a t tw o-w eek in tervals to 

give a to ta l of 1 1 .2 5  pound'. of'•itrc'gen (Figure* 17 and I S ) .  As 

ind icated  a t the low er le v e ls  of nitrogen fe r tility , the: was more 

v ariation  in d ip p in g w eights than in color resp on se (f igures 15 

and 2 0 ).

In 1257 ,  three periods o f low d ip p in g  resp on se occurred; 

they were July 5 to  1 2 , July 2 5 , and August 2 3 . Those of la te  July 

and August appear to have some correlation  w ith d ollars pot ou tbreaks. 

Low resp on se periods of 1958 were not a s pronounced a s  in i 3 S 7 .  

H ow ever, there were periods of declin ing grow th, in  July and 

Septem ber, w hich appear to be a sso cia te d  w ith d ise a se  in cid e n ce .

A ctivated sew age sludge generally  gave the b e st co lor re ­

sponse and h igh , m oderately uniform d ip p in g  w eights after the firs t
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f t «  w eeks o f both » M io a i. Exoept for the firs t outbreak of d o llar- 

•pot a t tha sta rt o f aaoh se a so n , activ ated  ««w age sludge at the 

1 1 .2 8  pound rata had tha low est rating in d isea  so incid ence both 

y ears.

Tha co lor and clipping w eight resp o n ses to p rocess tankage 

were vary uniform but were lo w est. In sp it* o f the low lev e l of 

resp o n se , there w as a re la tiv e ly  sm all amount o f d ise a se  in  both 

1817 and 1888 .  There w as con sid erably  le s s  d ollars pot with th is 

treatm ent than would be exp ected  consid ering the “low nitrogen 

appears ups o f the p lo ts .

8a 1987« the co lo r and clipping w eight resp o n ses to the sp ilt 

ap p licatio n  treatm ent o f ureaform were very low at the start o f the 

seaso n  and d ollars pot w as co n siste n tly  m ost se v e re . In 1358 ,  the 

resp o n ses were sacra uniform and th is w as re fle c te d  in  low er d ise a se  

te0

The sin g le  ap p lication  o f 1 1 .2 5  pounds o f ureaform nitrogen 

produced a very high clipping w eight end co lor resp on se the firs t 

three to s ix  w eeks of  both se a so n s . These high resp o n ses d ecreased  

rap id ly , and th is treatm ent w as among the low est in clipping w eight 

and co lor resp on se the la s t h alf o f each  se a so n . The flu sh  growth 

appeared to  aid  tha turf in  re s is tin g  d ollars pot by 'out growing the 

d ise a se  early  in the se a so n . In June 1987 ,  tha sin g le  ap p lication



treatment of ureaforra showed one half the numbar of d isease  spots

a» the split application treatment? by r <rtober this reversed end the 

split application treatment had only two third» as many soct« -s  the 

single application treatment of ur»aform. This difference • per­

formance of the urea form treatments was * .ore c lea rly  *:i-.'wp in ; s S t. 

Dollars pot in May was least severe under the single a ; nitration of 

urea form and by :• e ¡Member the number of diseas* sped» s--ss toe 

highest of any treatment at 11 .25  pound* of nitrogen and ' >ncr»g the 

highest of the entire te s t .  inong all  carriers at tf;e 11 . 25  Mind 

split-application ra te , d isease incidence was fairly uniform through­

out the season .

SVbil m e n  ( f  Grit/-- Tii - TT’ RN1 ? aising the : ^ © iof 

color or clipping weight response from a given nitrogen carrier by 

increasing the rate of nitrogen fertilisation from 3 . 75  to 6 . 7 5 ,  or 

from 6 . 7 5  to 11 .25  pounos resulted in « deurease in dollar* x>t 

incidence. ith in  a given rate of nitrogen fertilisation there was a 

tendency few the dollarspct attack# to appear in periods of low 

declining color and clipping weight rc.? ponses, fetal nitre gen r e ­

sponse alone cannot explain differences in disease incidence* 

activated  sewage slu d g e , though at a disadvantage in terms of lev el 

of color and clipping weight resp o n ses, resulted in lowest disease

readings. A lso, process tankage treated plots w h ic h  showed a
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4 ^  bcm ooiae f M p n s t  )» 4  only • ■ odw i l t  aiecmnt ©f delkurepot.

C olar » 4  oiipplag w eight reap onees firaa Uw ia ao lalala carriera  

ten d e* t© ha mora « a llo ra  ttoaa ihoaa fir©*n aolu ble o u r ie r i . ¿ctiv a ted  

aow ege ahtdg* «ad uraa gava tha moat uaifona co la r and clip p iag  

w eight rvaponaea o f tha ineolu ble and aoluble ca rrie ra , resp eo tìv a ly . 

Thaaa corn ar«  c ia o  raaulted  la  tha iow eat do tiara pot readiaga icnr thè ir 

reap acttv e t r a i v i .  U aJJcrutity la  aot eaougto to la««re low doiiarapot 

h o ld in w , aa evid eaeed  hy com parto« a d iv a te *  aew age aiudg« and 

ureaJona botto o f whioto stia n tia te * growtto curve« o f »b allar uniform lty 

boi dottare pet waa mora pravaient oa tha ureaJona tra e te *  piota*

Nomo o f ttoo f e r t i l i * »  treatm ent» produce* olipptags witto a 

atta ifU ian tiy  higtoer aitrogoa con tee* thaa tha ao aitrogen ch eck  

wtoaa ualag a ll  date» o f d ip p iag a  oa ra p iica u o a a , but higtoiy s ig - 

n ilto aat d ifferenoea wero fo n a* hy ualag thè ia a t liv e  date« oniy 

(Tabi# * } .  Jneraoaiag thè rato o f nitrogeni fe rtilia e tlo n  gava co n - 

a la ta a tiy  blghar altrogaa read toga. The aitrogoa con toat appeared 

to inora«ae witto thè tocrea «a ia  oiipplag w eight». Ttoo aitrogen co n * 

tea* o f eU ppiaga growa darla« ttoo ia a t liv e  w eeka «ritto 3 . 7 5 ,  5 . 7 5  

«ad 1 1 .2 5  ¡round* o f aitrogen woro 1 4 . 21 aad 23% h igh er, re s p e c t- 

iv a ly , thaa ttoat o f ttoo ao aitrogoa ch eck . Ttoo everage aitrogoa 

ooRtm t o f clip p laga tra e  aoluhie aitrogoa treatm ent* a t 3 . 7 5  aad

• •
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Tabi* H. Th« e ffec t oí vari m t  mtxc çcn carrier» on tíw» nitrogen

content -»lid total c líp p ia* eights 1 Inch creeping 

bentgra«« furi. New Brunswick, New f t r ie y , 1957.

Percent N itrogen to ta l  clipping
ItSÜ n fiB t—  -  ____ Zsrnm........weight» fare a»)

No nitrogen chack 4.9 5 . 1 3 33

3 . 7 5  lb#, nitrogen
Act. sew . sludge 5 . \ 7 5 . 5 4 13«
C onform 5 . 1 5 5 .61 120
At . In s . ca rr iits S . l l 5 . 5 3 12*
Urea 5 . 5 5 6.  OS 141
Ammonium nitrate 5 . 5 2 3 . 9 « 136
.AauBoaium su lfate 5 . 5 4 S . 0 7 133
Ay, s o l . currier# $ . 5 4 $ . 03 137
.Mr. 3 . 7 S  lb s . 5 . 3 7 5 . 8 « 134

€*75 lb s . nitrogen
Act. sew . sludge 5 . 5 0 «.AO 163
Ura&form 5 . 4 2 6.01 135
Procesa tankage 5 . 2 7 $ . 7 5 145
Av. m s* carriers 5 . 4 0 5 , 0 2 149
orna 5 . 8 9 5 . 4 7 167
AjBuaoRiuri» nitrate 5 . 9 4 € . 5 2 ISS
Ammonium su lfate 6 . Gl $ . 5 7 1S€
Av. s o l . carriers 5 . 9 5 $ . 5 2 110
At . €*75 lb « . 5 . 5 3 5 . 2 2 ISS

1 1 . 2 ?  lb s . nitrogen
Act. sew . sludge S . 3 2 3 . 3 9 20«
tire« form 5.  €7 $ . 4 2 1S7
Ur® «Tarmi 5 . 3 4 5 . 7 $ 1S4
Process tankage $ .8 2 6 . 0 5 1S3
At .  n . t »  lb * . 1 . 7 « 6 , 2 9 173

D N . S . 0 . 4 4 10

* Single »nriag application



6 .7 5  pounds of nitrogen was 9% higher than the corresponding in ­

soluble carrier treatm ents. ith one excep tio n , there was a gradual 

and sig n ifican t (5% level} increase in nitrogen content of the c lip ­

pings as the season  progressed (f igures 21 , 22 23 and 24).  The

single application of urea form gave a vary uniform level of nitrogen 

content the entire season (Figure 25).

Other than the in crease in total nitrogen as the season pro­

g re sse d , the nitrogen content of the clippings failed  to have any 

marked variation from week to week as shown by the calculation of 

the variance ($*) for each  treatm ent. The single application of 

1 1 .2 5  pounds of ureaform showed the low est v arian ce . There was 

no difference in uniformity or in the variance among all other treat­

m ents. A comparison among pooled variances indicated that variation 

in nitrogen content with 3 . 7 5  pounds of nitrogen fertilisa tio n  was 

le s s  than with 6 . 7 5  or 1 1 .2 5  pounds. A d ecrease  in dollars pot 

incidence appears to have occurred with high nitrogen content of 

the h o st.

y tiiS L a b ta cfiJU q n » .

Mo formal study was undertaken on drought res is ta n ce  but it 

was o b scarved.particularly during 1957, that activ ated  sew age sludge 

appeared to increase drought re s is ta n ce . The first rep lication  ol the 

field  te s t  was cm a drier so il and the activated sew age sludge plots
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w m  notlOMbiy less droughty than th« oumt nitrogen treatment*. 

Occasional (laid reports claim th« activated sewage sludge fertilizer 

reduces the tendency to w ilt.

The survey of soil microflors indicated that activ ated  sewage 

sludge might increase the number of organisms present. Mnce an 

abundant population of microorganisms could have the potential to 

suppress the facultative saprophytic pathogens by sheer weight of 

numbers % as well as by other more direct antagonistic m ethods, this 

seems to be a possible area for further study. This a lso  su ggests 

that any affect of accumulated metallic substances would have to be 

highly specific in mode of action.

The $-15% and 19-54% inhibition of growth of

sporlum cerbonum and Stemohyilum sp . by activated sew age sludge 

suggests this material may have the potential to reduce the severity  

of disease in the field (Table 4). The effect of sew age sludge on 

speculation of these pathogens could have an Indirect e ffec t by 

reducing the supply of inoculum.

One-sixth the number o f  sclerotia of Rj_ solan! were produced 

on activated sewage sludge medium as on the ammonium nitrate 

medium. This type reaction of f oierotlnla hom oeocarpa and R, 

solajqd to soluble and Insoluble nitrogen In pure culture (Figure II



and Table 7) suggests that continued use c f activ ated  sew age sludge 

in the field  could decrease the  number c f  sc lero tia  in the s e l l .

H en ce, less ncculum would be availab le when conditions were 

favorable for d is e a s e .

IVthlum apbanidor’uatucr showed increased  vigor and tw ice 

th« longevity fiable &> on medium containing soluble nitrogen.

This could be correlated with Increased vigor and pathogenicity of 

the organism in the field  whan soluble nitrogen is abundant.

Trace and n laertti olem oats m relation u. n s e a s o  in h ib iU cn s.

..a bora torv: Both th>. high rate of w ettable sulfur and the low 

rate of iron reduced the growth ofi c lc  rotin la homc-oocaroa by 34% 

when added to potato dextros® agar as compared with the standard 

potato dextrose agar (Table 3 ). -vUo copper and su lfur, at. the low 

ra te , reduced the growth by 42% and at the medium rate by 75% 

when compared with the standard potato dextrose agar Chech. t 

the high rate of chromium, growth was lim ited to the plug of agar 

used to propagate the fungus. However, at the low and medium 

ra te s , chromium lied no sig n ifican t e ffe c t on the growth of . 

hom oeocarua. t no rat« did th© aluminum treatm ent of potato 

dextrose agar have any sig n ifican t (5 % level) a ffec t on growth o f  

this fungus. The addition of activ ated  se wage sludge at both the

low and aiediuxa rates gave a 15% in crease (not sig n ifican t at 5 A)
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Table J .  The effect of trace e lem en ts, in quantities comparable to

amount* found in activ ated  sewage slu dge, on fc lero tln lp  

homooocarpa in pure culture on potato dextrose agar at 

room tem perature.

Di a me t e r o f  c o I o n y i n  ram
Treatment Low Rate Medium Rate High Rate

Aluminum 73 ef* 68 e 70 e

Copper 45 d 19 o —

Chromium 72 ef 78 ef 0 a

Iron 4 b - - — .

Sulfur 44 d 20 c 5 b

Act. sew. sludge 89 f as f - -

Check 78 ef 78 ef 78 ef

* Figures followed by the same letter are not sig n ifican tly  different 
from each  other at the 5% level of probability by tiartiey’s method
of sequential testing (15).

♦
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•  in gnwtk, as axpressed lay diameter of colony. The extra nitrogen

in the sewage sludge could be responsible for this Increase. These 

results suggest the possibility of fungitoxic proportions of trace 

elements accumulating fro«« continued use of activated sewage 

■badge.

Greenhouse: Attempts to induce infection of bentgr&ss with

8 . bomceocaroa under greenhouse conditions were not successful.

A large brown patch-like disease was very severe cm all but the no- 

nitrogen check pots. This do « not nullify the hypothesis that the 

trace elements in activated sewage sludge oan affect disease in­

cidence, Possibly it suggests a very complex rela tion sh ip .



SUMMARY A N D  CONCLUSIONS

A iw ltw  of l!tc*ature &mrf ii«id ot»s«rvttti<m Umt

Jiffiw N  fttbopR csarri«r# alfaet twrfpraas ài««»*« iaddw x». Thrv« 

iMOluUt (w ri«rt, itw»9 » &lìné§6Odltacgaalf») » proc«** taató®« 

(Agrtatti) « «ad «r®*fon» (Uramlt-*), «ad tir«« soluti« «arrter» « urea, 

aoBBQCiIuai aiirat* and «miacnifem «alfe te* war» «ppiitd at oi 

$.7#» $.71 or 11,2$ pouad* c$l n itrosa per 1000 »«uar* foct in tbe 

fi«ld t» datamln* if th«y «Hactad di.*««»« incidono«, b  tfa® tebora- 

tofy, ommU* ooottinia^ beali uaaiodi.ii.td &a4 extra©*« of «cUv»ud 

a«t**ef« »italo« ««d «ffitMnluK aitrate were oocaparad wtth « fttaadard 

culture medium (posato daxtro#« ««ari im  tìc m u r onturi patte»-

9«a» la vitro.

la  «a  attempi: to «¿¿dai» the «ite©* di ititrogm  owm aat» «a  

d ie«»«« in cid an e» , thè grewth pattern* «ad aitrogaa of

clip p ieo» frsn th* ita id  te s t  o f a ltro««« oarrter* w*ra ctudiod. Ateo, 

tha effe»©* «I »«lodted imo» »temiate in «memnt» «cwpearabte to tho«« 

tettaci in «cttvateà »«w««« «indo« ara» etudiad ©a Soi«f0tlaia fapfiaoeo- 

cara». So li Uno» plot» recam o« aitro««f& £rom ee le c te d  io « r e t t  «ma 

•eaipled to «clim ata their « fi« e t oa tb» m icrobiai p op ateti«».

TImi resa li#  of tb *e a  te t ta  »re tb» b a tte  ter thè l& U em im  

« n a h i l a i n

1. Activaiedi Mwt^« sludga waa ti«e most out*tandlag
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#  nitrogen carrier in  inhibiting outbreaks of dollars p ot.

This a ffect was greater than the normal reduction of 

th is d isease  due to nitrogen stim ulation and was in 

evidence a t «very lev el of nitrogen fe rtility .

2 . When in pure cu ltu re , the response of trie fungi to the 

more soluble nitrogen carriers a ¿1 peered to be favorable 

to  the fungi a s  pathogens. Nitrogen source was observed 

to a ffec t;

a .  the growth rate of -larvuiarla a p . , Eaisalnthosoorluaat

sMMsiya» '¿im-s&xMm *?•. ¿a&jxm  to M s s  

««5 iM & tm  about.
b . »peculation o f & , ^ j g M i  *nd aaO O lj«d§ » P * «

c .  sc lero tia  production of ;-.<plftn>t.laia hotaococarsa and

SMassizzm? tfi& H S

d. the growth habit of Ja , «tfegBIMa and *P* 

and

a . longevity of Pythlum a phoiudeymattK» «

3 . Soluble ca rr ie rs , applied a t tntarvals of two weak« tended 

to produce a c y c l ic  pattern of growth widen in d icates 

" fe a s t"  the first week after application and relative

fam ine" the secon d . The re even stim ulation of the

Insoluble carriers with the same application  rate and



interval mey keep the nitrogen level within u f « r  lim its .

Tbs majority of dollarspo* outbreaks war® a sso cia ted  with 

periods of "famine .

4 .  Growth produced by the sin g le  ap p lication  of urea form 

reached a peak during the first three weeks following 

ap p lication . During th is peak the turf was re la tiv e ly  

free of d is e a s e . Following t h i s , the growth rate d ecreased  

a s  compered with the equivalent total amount of urea form 

applied a t frequent in terv a ls , in ter  ln the se a so n , the 

grass grown on th is sing le application  treat ¿seat of 

ureafone was more su scep tib le  to dollars po? d is e a se ,

I .  Nitrogen content of the host appeared to be oorrsiatad 

with incidence of dollars pot.

6 . Elements Chon, copper and sulfur) in qu antities com ­

parable to those in activ ated  sew age sludge reduced the 

growth of gclerotin ia  homoeosarns by 23% to V

Atteispts to dem onstrate th is  on turf grown in the gr®a»~ 

bouse were in co n clu siv e .

7 . Activated sew age sludge stim ulated attendant growth of 

s o il »icroorganiSK S in fie ld  plots compered with other 

a«*-* ¿¡enca rrie rs .

8 . The relationsh ip  between nitrogen carriers and d ise a se



incidence o tturf is  exceed ingly com plex. Further study 

of the following seem s ju stified :

e .  the s ig n ifican ce  of activ ated  sewage sludge 

stim ulated s o il m icroorganism* a *  d isease  

a n ta g o n is ts ,

b . the e ffe c ts  of trace  elem ents found in activated  

sew age sludge on the physiology of the g ra s s , 

particularly in terms of drought re s is ta n ce  and 

fu ngitoxants, and

c .  the effect of nitrogen carriers on turf d isea se s

other than dollars pot
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