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C N O W M O L D probably causes more dam-
age to golf course turfgrass than any 

o ther disease in the snow bel t - nor the rn 
Uni t ed States and Canada . T h e disease is 
most serious on the green p roper , aprons , 
approaches and shoulders . Bentgrass tees 
and fairways are likewise a t tacked, bu t in 
genera l , damage is less severe than on 
greens. U n d e r ex t reme e n v i r o n m e n t — 
heavy and persistent snow packs with tem-
pera tures a r o u n d f reezing — snowmold may 
cause d a m a g e on tees and fairways. 

T w o organisms — Typhufo iloantt, the 
"gray snowmold ," and Fusariurti nivale, 
the "p ink snowmold ." are responsible for 
this disease. T h e s e organisms are active 
between 28 deg. and 42 deg F, when ex-
cessive mois ture is present . T h i s environ-
men t exists as the snow pack melts in late-
winter and early spring. T h e common 
name, snowmold, has developed because of 
this association with me l t i ng snow, f t 
should be po in ted out , however , tha t the 
disease will deve lop whenever t empe ra tu r e 
a n d mois ture are favorable irrespective of 
sttow coverage. 

Several fungic ides have been repor ted 
and are known to be effect ive against snow-
mold organisms, ' l i t e list includes Calo-
Clor, Phenyl Mercury ( l . i r juaphene , PMAS, 
etc.), Tere'san. Semesan, C a d m i n a t e and 
s t ra ight corrosive sub l imate . T h e lat ter 
mater ial has p roved especially effective 
against the v i ru len t strain of snowmold 
f o u n d in the Prair ie provinces of Canada . 

T h e m a j o r p rob lem associated with con-
t ro l of the disease is one of longevity a n d 
persistence of the app l ied chemical. T h i s 
develops f r o m the necessity ol app ly ing the 
fungic ide in la te fall or early win te r a f te r 

Frg. 1—Plot (left foreground) treated wi'h Milor-
ganite and Cato Clor. Plot at right treated with 
topdressing alone. Note color and freedom of di-
sease on treated plot. Note also color of the disease-
free grass on topdressing plot in contrast to that 
beyond test area, and ion the spray plot located 

immediately behind topdressing plot. 

Fig. 2—Plots treated with Calo Clor and PMAS as 
indicated. Milorganite was used as carrier for 
both chemicals. Note development of disease along 
plot borders. Second plat in rear of PMAS plots 
(toward shed) is a check — no treatment. Note 

severity of snowmold infestation. 

• W a t s o n a n d K o l b : i r e a f t r o n o m i s t s w i t h t h e 
T o r o M a n u f a c t u r i n g C o m . , M i n n e a p o l i s , M i n n . 

Fig, 3—Plots in immediate foreground treated with 
Cola Clor. That to the left was sprayed; to right, 
Milorganite was used as carrier. Note contrast in 
color and freedom from disease. Check plot locat-
ed three plots in rear of spray plot. Plot treated 
with topdressing alone — without chemical — lo-
cated two plots to rear and one to right of Mil-

organite plot. 



Fig. 4—Green at Somerset CC topdressed in foil 
ond treated in late November with four ozs. of 
Calo Clor and 10 lbs. of Milorganite per 1000 sq. 
ft. Note development of disease along areas where 
spreader did not lap. Note also severity of disease 

an untreated apron ond shoulder. 

the soil is frozen and pr ior to the first 
snowfall which will r ema in . A n o t h e r prob-
lem is tha t of h o l d i n g the fungic ide in 
place when thaws occur in la te win te r and 
early spr ing . O f t e n snow may melt , par-
tially or completely, thus wash ing ou t or 
diss ipat ing the mate r ia l . 

In an e f f o r t to f i n d a ma te r i a l which 
would p r o l o n g the effectiveness and per-
sistence of the fungic ide , a snowmold test 
was located o n an e x p e r i m e n t a l green at 
the T o r o Research and D e v e l o p m e n t Cen-
ter in the fal l of 1953. T h i s s tudy was 
c o n t i n u e d in 1954, 1955 and 1956. T h e re-
sults of the 1953 a n d 1954 tests (readings 
made in the sp r ing of 1951 and 1955) were 
r epor t ed in the May, 1956 issue of G O L F -
D O M . 

Mater ia l s a n d Methods 
Cer ta in revisions were m a d e in the 

1955-56 study. T h e y were as follows: 

Fig. 5—Small area of bentgross in fairway at 
Somerset CC treated with four ozs. of Calo Clor 
and 10 lbs. of Milorgonite per 1000 sq. ft. Note 
development of disease and lack of color in center 
swath where spreader was exhausted of moteriol 

midway through run. 

(1) Chemicals — only one ra te of each 
chemical was used — P M A S at three ozs. 
of 10 percent mater ia l per 1,000 sq. ft.; 
Calo Clor a t three ozs. per 1,000 sq. ft. In 
earl ier tests, PMAS was used a t li/2 and 
3 ozs. per 1,000 sq. ft. and Calo Clor at two 
a n d four ozs. per 1,000 sq. ft. 

(2) Carr ie rs — Processed sewage s ludge 
— Mi lo rgan i t e a t the rate of 50 and 100 
Ihs. per 1,000 sq. ft . , topdress ing at a vol-
ume equa l to 100 lbs. of Mi lo rgan i te , a 
mix tu re of topdressing and Mi lo rgan i t e at 
a vo lume equa l to 50 and 100 lbs. of Mil-
organ i te , and water as a spray, were used 
as carriers. 

Sand was omi t t ed t rom the test in 1955-
5G. Earlier studies had shown the sand to 
be of little value , o the r than p rov id ing 
add i t iona l bu lk for sp read ing the chemical. 

(3) Mi lorgani te , topdress ing a n d a com-
b ina t ion of the two mater ia ls were used 
w i thou t chemical. 

(4) A series of plots received soluble ni-
trogen f rom an inorgan ic carr ier (ammon-
ium sulfate) at a ra te to equal the a m o u n t 
of n i t rogen con ta ined in 100 lbs. of the 
organic carr ier , Mi lo rgan i t e . 

T h e t r ea tments were repl ica ted three 
times. T h e y were app l ied in late N o v e m b e r 
only. 

Effectiveness of the var ious chemicals and 
carr iers was measured by record ing the ac-
tual n u m b e r of snowmold spots which de-
veloped d u r i n g late win te r a n d early 
spr ing . Color ra t ings were also recorded 
d u r i n g this per iod . T w o or three thaws 
and subsequen t snows occurred, thus pro-
viding excel lent condi t ions for evaluat-
ing longevity and persistence of the var-
ious chemicals and carriers. 

T h e 1955 snowmold con t ro l p rogram at 
the Somerset CC. St. Paul , Minn . , a l t hough 
no t an in tegral par t of these exper iments , 
serves to i l lustrate practical app l ica t ion and 
to suppo r t validi ty of the test results. Fol-
lowing a fall topdressing, the greens were 
t reated in la te November-ear ly December , 
with f o u r ozs. of Ca lo Clor mixed with 10 
lbs. of Mi lorgani te per 1000 sq. f t . T h e re-
sults of this p rog ram are p resen ted in the 
discussion phase of this pape r . 

Resul t s 
Resul t s of the 1955-56 test at the T o r o 

R . & D. Cen te r show; 
(1) T h r e e ozs. of Ca lo Clor per 1000 sq. 

ft. p roduced effective control of snowmold , 
irrespective of carr ier . 

(2) T h e three oz, ra te of PMAS was effec-
tive against snowmold u n d e r no rma l en-
v i ronmen ta l condit ions. U n d e r heavy and 
persistent snow pack and in low areas 
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where mois ture persisted (ext reme environ-
m e n t ) as on some plots, PMAS failed to 
r e n d e r control , i rrespective of carr ier . 

(3) Mi lo rgan i t e and topdress ing pro-
duced earl ier g reen ing than spray treat-
men ts. 

(4) Effect iveness of the Mi lo rgan i t e as 
measured by density, vigor a n d color 
t h roughou t the g rowing season, was con-
siderably super ior to topdress ing. 

(5) Mi lorgani te , topdressing, or the com-
b ina t ion a lone (without chemical) did no t 
effect control of the snowmold. 

(6) Soluble n i t rogen ( a m m o n i u m sulfate) 
p roduced severe d a m a g e resu l t ing in almost 
comple te des t ruc t ion of the tur f . 

Some variat ion be tween the results ob-
ta ined in 1955-56, a n d those of previous 
years are noted . These var ia t ions will be 
discussed. 

Car r ie r Infes ta t ion 
Check plots, as well as plots which re-

ceived car r ie r alone (wi thou t chemical) 
were heavily infested with snowmold. See 
Eigs. I, i and 3. T h e degree of infestat ion 
was less on plots receiving carr ier a lone 
than o n the check plot (Fig. 3). Neverthe-
less, the necessity of us ing a chemical to 
effectively control snowmold is obvious, 

since any degree of infes ta t ion is undesir-
able. 

Calo Clor a p p l i e d in late fall-early win-
ter at a ra le of three ozs. per 100(1 sq. ft. 
u n d e r the condi t ions s tudied, controls de-
ve lopmen t of snowmold. irrespective of 
car r ie r o r severi ty of e n v i r o n m e n t (Fig. 3), 
Effectiveness of Calo Clor may also be 
n o t e d in Figs. I a n d 'I. Figs, i and 5 
show effectiveness u n d e r field condi t ions . 
W h i l e the three oz. ra te was satisfactory 
u n d e r control led lest condit ions, it would 
a p p e a r tha t fou r ozs. per 1000 would be a 
more practical and desirable ra te for golf 
course greens. It likewise appea r s tha t in 
the n o r t h e r n sections of the b o r d e r states 
and in C a n a d a , an even h igher ra te may be 
desirable. 

In the 1955-56 test. P M A S at three ozs. 
per 1000 sq f t . failed to p roduce the satis 
factory control exper ienced d u r i n g the pre-
vious years of the study. I t should be poin t -
ed out tha t cer ta in plots receiving P M A S 
were completely free of snowmold (Fig. 2); 
nevertheless, the average infes ta t ion for all 
plots in all rep l ica t ions was such tha t the 
overal l pe r fo rmance in 1955-56 was ra ted 
unsat isfactory. T h i s average was mater ia l ly 
inf luenced by the heavy infes ta t ion occur-
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t ing on plots located in areas classified as 
having an extreme environment . T h e fail-
ure to control the disease on these plots is 
probably related to the soluble n a t u r e of 
phenyl mercury, since it appears that u n d e r 
normal environment . PMAS does render 
satisfactory control . Heavier rates, as well 
as re t reatment with PMAS in late winter-
early spring, may produce satisfactory con-
trol unde r all conditions. 

Uniformity of Coverage 
Uniformi ty of coverage is essential for 

effective control of snowmold. This is 
illustrated in Fig. 3, which shows the de-
velopment of the disease a long plot borders 
where t reatments did not completely abut. 
Also, the development of disease along 
spreader borders where material was not 
lapped (Fig. 4) and where the hopper was 
exhausted of material midway th rough one 
lap (Fig. 5) illustrates importance ol uni-
form coverage. T h e evidence indicates that 
where carrier is used with the chemical, 
it is held in place with little to no lateral 
movement . 

As noted, earlier spray applications are 
as effective iti the control of snowmold as 
are those in which an organic carrier is 
used. T h e convenience of applying chem-

« 

icals with available spray equ ipmen t may, 
unde r certain conditions, constitute an ad-
vantage for this method. It should be noted 
ttpit the carrier may be applied dry and 
the Calo-Clor sprayed over the material in 
place, as well as mix ing carrier and chemi-
cal before application. 

T h e m a j o r advantage of using an organ-
it carrier appears to be the early greening 
produced. Plots receiving Milorganite and 
topdressing alone or in combination 
"greened up" some two to three weeks ear-
lier than sprayed plots (Figs. 1 and 3). Th i s 
early greening may be partially explained 
by the thermal effects produced. T h e dark 
material absorbs and holds more heat; 
hence, raises the temperature of the micro-
climate enough to permit early growth ac-
tivity. T h e presence of available ni trogen 
at this t ime stimulates addi t ional growth. 

O the r than the initial early greening pro-
duced by the topdressing, tht'Tc appeared 
to be little advantage from using topdress-
ing as a carrier. However, plots which re-
ceived Milorganite alone or in combina-
tion with topdressing displayed continued 
superiority in density, color and vigor in 
almost direct relation to the amount of ma-
terial used. 

Gotfdnm 



The rates of Milorganite used in the 
1955 test supplied three and six lbs. of nit-
rogen; in the 1953 and 1954 tests, 12 lbs. 
of nitrogen; and the rate used at the Som-
erset CC in 1955, 6/10 lbs. of nitrogen per 
lOOt) sq. ft. In one series of plots in 1955, 
ammonium sulfate was applied at a rate to 
supply six lbs of nitrogen per 1000 sq. ft. 

Effect of Nitrate Rate Release 
It is highly significant to note that dam-

age to the turf in the font) of b u r n i n g or 
over succulence from even the 12-lb. rate of 
nitrogen from sewage sludge did not occur, 
whereas severe damage, actually almost 
complete kill, resulted from the use of six 
lbs. of nitrogen from the soluble ta r r ie r 
(ammonium sulfate). T h e contrasting re-
sults can be attr ibuted only Lo lhe differ-
ence between the rate of release of nitratt-
from the two types of carriers. 

T h e failure of the Milorganite treated 
plots to develop succulence and the result 
ant damage associated with this condition 
may he partially explained hy the slow 
breakdown of the material. T h e applica-
tion was made very late in the fall; low 
temperatures at thai time, as well as dur-
ing winter, prevented complete breakdown. 
Subsequent spring temperatures were such 
that decomposition proceeded rather slow-
ly, with no apparen t ill effects. T h e pos-

sibility exists that the grass may be able 
lo utilize some of the early products of 
decomposition (amino acids) for its very 
reduced metabolic activity dur ing its period 
of dormancy. T h e use of soluble nitrogen 
al materially reduced rates to produce early 
greening may be possible; however, the re-
sults of litis study do not warrant a recom-
mendation as to lhe rate or time of appli-
cation. 

In the central and southern extremities 
of the snowmold zone, it would appear that 
low rates (II) lo 20 lbs.) of Milorganite 
would be preferable to the higher rates 
( u p to 50 lbs.) which appear satisfactory in 
the more northern areas. Although the 
100 and 200-1b. rate of Milorganite gave 
satisfactory results, it is felt that a maxi-
mum of 50 lbs. per 1000 sq. ft. is adequate. 
Higher temperatures and more infrequent 
snowfall in the central and southern belts 
would undoubtedly lead to a release of 
more nitrates than would be experienced 
in the northern belts. This conceivably 
could produce sufficient succulence which, 
when coupled with rapid drops in tempera-
ture, might produce damage to the turf-
grass. 

Conclusions 
Based on the results of experiments and 

observations conducted at the Toro R. & D. 
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Cen te r for the past three years, the follow-
ing conclusions r ega rd ing the p reven t ion 
a n d control of snowmold on golf course 
turfgrass seem w a r r a n t e d : 

1. T h r e e to f o u r Ozs. of Ca lo C.I o r per 
1000 sq. f t . provide satisfactory chemical 
contro l of snowmold . 

2. Spray app l ica t ions of Ca lo Clor give 
effective control of snowmold , b u t grass 
takes longer to green u p than when Mil-
organi te or topdress ing is used as a carr ier . 

3. Mi lorgani te or topdressing may be ap-
pl ied a n d Calo Clor sprayed o n t o them 
with the same results as ob ta ined f rom mix-
ing chemical and carr ier before appl ica t ion . 

4. T e n to 50 lbs. of Mi lo rgan i t e per 1000 
sq. f t . will p roduce g reen ing some two to 
three weeks earl ier . Greens so t reated will 
exhibi t supe r io r color, densi ty and vigor 
for an e x t e n d e d per iod of t ime in almost 
direct re la t ion to the a m o u n t of mate r ia l 
used. Low rates (10 to 20 lbs.) are suggested 
lor centra l and sou thern belts: h igher rates 
a p p e a r satisfactory in m o r e n o r t h e r n areas, 

5. T o p d r e s s i n g used as a carr ier produces 
early greening , b u t fails to p roduce the 
i m p r o v e m e n t in qua l i ty exper ienced on 
Mi lorgani te t rea ted areas. 

Mi lo rgan i t e used as a car r ie r p roduces sat-
tsfactory results - early g reen ing and super-
ior qual i ty . Pro longed super ior i ty f r o m a 
qual i ty s t a n d p o i n t is direct ly re la ted to the 
a m o u n t of Mi lo rgan i t e used. 

7. P M A S (10 percent) used at a ra te of 
ihree to f o u r ozs. per 1000 sq. It. may pro-
vide satisfactory control u n d e r no rma l con-
dit ions, b u t appea r s i nadequa t e u n d e r ex-
treme e n v i r o n m e n t — heavy and persis tent 
snow pack a n d low poor ly d r a ined areas. 
Re t r ea tmen t in late winter — early spr ing, 
or possibly h igher ra tes may be necessary 
to p roduce completely satisfactory control . 

8. U n i f o r m app l i ca t ion of any chemical 
is essential for satisfactory cont ro l . 

9. T r e a t m e n t of ap rons , approaches and 
shoulders, as well as the green p roper , is 
r ecommended . Such will protect the bent 
grass present on these areas a n d possibly 
p reven t invasion of Weeds. 

10. T h e results of these studies clearly 
indicate t ha t f rom a pract ical s t andpo in t , 
snowmold can be effectively control led 
and greens may be b r o u g h t in to 
play considerably ear l ie r by correct choice 
of chemical carr ier . Nevertheless, f u r t h e r 
research on all phases of this investigation 
is war ran ted . 


