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ABSTRACT

Conditions for mycelial growth were, found to differ from those in
volved in production of zoospores by Pythium aphanidermatum. Maximal 
growth occurred at sucrose concentrations of 10% (W/V) in a liquid 
basal medium after culturing the fungus for 7 days at 32 C. Zoospore 
production was prevented at concentrations of sucrose greater than II 
(W/V) when the organism was cultured for 4 days at 32 C in a semi-solid 
Lima bean agar containing varying sucrose concentrations. Germination 
of encysted zoospores, was stimulated by sucrose concentrations of 500 
ppm (.05%) or higher. Pre-emergence damping-off of sugar beet seeds 
planted on mycelial mats obtained from media containing varying sucrose 
levels, increased with increasing sucrose concentrations up to 5% or 
higher. Sugar beets ranging in age from 6 to 24 weeks and having 
varying sucrose levels as indicated by their total soluble solids 
(12.4% to 20.4%, respectively), were equally susceptible to the root 
rot disease when artifically inoculated under laboratory conditions. 
Sucrose concentrations in the host may not be a major limiting factor 
in disease development.
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INTRODUCTION

Approximately 30,800 acres of sugar beets (Beta vulgaris L.) 
were harvested in Arizona during 1969 (2). .

Among the factors limiting production was root rot of mature 
beets caused by Pythium aphahidermatum (Edson) Eitz. This disease was 
reported for the first time in Arizona in 1967 (13) . The pathogen 
caused serious losses in commercial sugar beet plantings in southeastern 
Arizona and also in sugar beet seed fields in the Phoenix area. In the 
Safford area, plantings were reduced from approximately 4,500 acres 
during 1967 to less than 100 acres in 1970 due primarily to this dis
ease. ■

Since mature beets contain high sucrose levels, the objective 
of this research was to determine the effect of sucrose concentrations 
on several biological processes of the pathogen, including growth, spor- 
ulation and pathogenicity. .
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LITERATURE REVIEW

Pythium aphanidermatm (Edson) Fitz.is a warm-temperature, soil- 

borne facultative parasite. The optimum temperature for growth in cul
ture is 30-37 C and for disease development 32-36 C (9, 11, 20, 24, 25).

The fungus is known to parasitize 81 species of economically im
portant plants (25) . The two sugar beet diseases incited by P_. aphani- 
dermaturn are seedling damping-off and rot of mature roots (6, 15, 24).
In 1915, Edson observed that the pathogen incited damping-off and also 
infected lateral roots of immature beets (6). Rreutzer and Durrell first 
observed tap root infection of mature beets in the United States in 

. 1938 (15). .
Pythium species have been described as "sugar fungi" because 

they utilize sugars as energy sources and do not utilize lignin, cellu
lose, and other complex carbon sources. On colonizing organic matter, 
these fungi achieve a high rate of growth and sporulation by rapid as
similation of these simple energy sources (10). Flentje (7) reported 
that Pythium growth was more vigorous in water containing germinating, 
wrinkled pea seeds, which released a considerable amount of sucrose, 
than in water containing germinating seeds of smooth pea, which did not. 
Sucrose also has been detected in the exudates from bean seeds and cucum
ber fruits which P. aphanidermatum utilized (14, 35). Studying the ef
fect of carbon sources on growth.of P. aphanidermatum, Kumar and Grover 
found mycelial growth in a sucrose medium (16).
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Carbohydrates have also been reported to influence zoospore pro

duction in Aphanomyces cochloides (28) and zoospore germination in P. 
aphanidermatum (14).

Pathogenicity of fungi may also be influenced by carbohydrates. 
Kraft and Erwin (14) detected the presence of sucrose in mung bean exu
dates which increased the virulence of P_. aphanidermatum. We inhold and 
Bowman (34) reported that an exogenous supply of glucose reduced the 
virulence of Rhizoctonia solani in cotton seedlings.



MATERIALS AND METHODS

• Isolation and determination of pathogenicity. The isolate used 

in all studies was obtained from diseased, mature sugar beet roots from 
Safford, Arizona. The isolate was cultured on V ~8 medium of the follow
ing composition: 10% (W/V) Campbell Soup Co. V -8 juice, 2% (W/V) cal
cium carbonate, and 1.5% agar (3).

Pathogenicity to seedlings and mature roots was determined in 
green house and laboratory studies. To determine pathogenicity to seed
lings, untreated seeds of ten sugar beet cultivars were obtained from 
the Spreckels Sugar Company in Arizona. These were "S-301H8" (a "3 
way" commercial hybrid used in Arizona), "USH914," "USH8," "S-201H5," 
"S201H6," "S-101H11," "S-101H12," "S-501H1," "PA6840," and "P69426."
The seeds were planted in 6-inch pots filled with steam-sterilized soil. 
Fifty seeds were planted in each pot. There were four replicates for 
each treatment.

The isolate was cultured on V-8 agar for 3 days at 32 C. The 
contents of each plate then were macerated in a Waring blender and di
luted to 100 ml with sterile distilled water (23). Fifty ml of the 
inoculum were poured into each pot. In the.control for each treatment 
the contents of each pot were treated with 50 ml of a suspension of V -8 
agar. All the pots were kept at the greenhouse in a water bath set for 
30-32 C. Daily observations were made and-the counting of the surviving 
seedlings was made 21 days after inoculation.



The pathogenicity'o£ P. aphanidermatum to mature beet roots 
was determined as follows: 1) healthy mature roots were washed and sur
face sterilized for 2 min with 0.525% sodium hypochlorite (32, 33) and 
rinsed with sterile distilled water; 2) a hole, 2 mm in diameter, was 
made in each of the roots with a sterilized cork borer and a 2-mm disc 
of V -8 agar, on which P_. 'aphanidermatum had been cultured for 7 days, 
was placed in each hole; 3) in the check, only the V-8 agar disc was 
used; 4) the holes were sealed with Scotch tape and the roots were 
incubated in a moist chamber at 30-32 C for 7 days, after which results 
were recorded.

Effect of varying sucrose concentrations on mycelial growth.
The composition of the medium per liter was as follows: 0.5 g
MgS04.7H20, 1.0 g K2HP04, 0.5 g KC1, 3.0 g-NaNCy, 0.01 g FeS04.7H20,
2.0 g yeast extract and 1.0 g casein hydrolysate (12), supplemented with 
varying sucrose concentrations. The basal medium was adjusted to pH 6.6 
with HC1 before autoclaving. The sucrose solutions were autoclaved sep
arately, added aseptically to the cooled basal medium (4) and dispensed 
in 25-ml lots into 250-ml Erlenmeyer flasks. The basal medium, alone, 
was.used in control flasks.

• A 4-mm disc of water agar, on which the fungus had been cul
tured for 3 days, was placed in each of the flasks, which were incubated 
at 32 C for 7 days (8). Each fungus colony in a flask was harvested as 
follows: 1) the liquid medium in the flask was decanted; 2) fifty;ml
of distilled water were poured into the flask and shaken for 1 min; 3) 
by means of a Buchner funnel, the solution containing the colony was 
filtered through a dried and weighed filter paper; 4) the mycelium was



rinsed with another 50 ml of distilled water; 5) the mycelial mat on 
each filter paper was dried at 70 C for 24 hr after which it was weighed; 
and 6) the weight of the mycelial mat was determined by subtracting the 
weight of the filter paper.

There were four replicates for each treatment and the experiment 
was repeated. In the first experiment, visual observations were made; 
but in the second, dry mycelial weights were determined. The data were 
statistically analyzed (18, 31).

To determine whether or not sucrose was hydrolyzed in the process 
of autoclaving, appropriate samples of autoclaved (15 psi for 15 min) 
and non-autoclaved solutions were treated with Benedict's solution (17, 
26) . These were compared with glucose solutions also treated with the 
same solution. A slight precipitate was noticed in the treated sucrose 
solution without any change of color, whereas the treated glucose solu
tion turned from blue to brown with a dark brown precipitate. It was 
therefore presumed that the technique for sterilizing sucrose did not 
cause a breakdown of this compound. The technique, therefore, was used 
for sterilization of sucrose.

Effect of sucrose levels on zoospore production and germination. 
A semi-solid medium was prepared by dissolving 2.3 g of Lima bean agar 
in 1 liter of distilled water (5). This was divided into nine portions,. 
into which were incorporated varying sucrose concentrations. . Twenty- 
five ml of each medium were poured into 250-ml Erlenmeyer flasks, inoc
ulated as previously described, and incubated at 32 C. Observations on 
sporangial production and number of zoospores were made periodically.
The harvesting was done as follows: twenty-four ml of sterile distilled



water plus 1 ml of 1:1000 HgClg were added to the contents of each flask 
to kill the zoospores (5) and shaken for 30 min. A standard counting 
chamber (Hawksley B.S. 748) was used to count the zoospores. Four deter
minations were made in each treatment and the experiment was repeated. 
Estimates were made in the first experiment; real counting was done in 
the second experiment.

Fifteen-mm V-8 agar discs (17) were obtained from the periphery 
of a fungus colony cultured for 4 days at 32 C. Four discs were par-" 
tially submerged in 10 ml of sterile distilled water in each petri dish 
and maintained at room temperature for about 8 hr. Zoospores were then 
collected and exposed to the following sucrose concentrations (% W/V): 
0.0005, 0.005, 0.05, 0.5, 1, 5, and.10. Zoospore suspensions mixed with 
sterile distilled water served as checks. Two ml of the zoospore- 
sucrose solutions were pipetted into petri dishes and incubated at 32 C. 
Percent germination and germ tube lengths were calculated. The percent 
germination in each treatment was determined from 10 random microscopic 
fields (x 100). The lengths of germ tubes were measured from 20 germi
nated zoospores in each treatment.

The effect of sucrose concentrations in culture media on sub
sequent pathogenicity Of Pythium aphanidermatum to sugar beet seedlings.
A steam-sterilized V-8 liquid medium composed of 10% Campbell V-8 

juice plus 2% calcium carbonate was prepared. Sucrose solutions were 
prepared and autoclaved separately. The solutions were added asepti- 
cally to the cooled V-8 medium to obtain sucrose concentrations (% W/V) 
of 0, 2, 5, 10, 15, and 20. Twenty-five ml of each medium were placed 
in 250-ml Erlenmeyer flasks and a 4-mm water agar disc containing



3-day-old P. aphanidermatum was added to each and incubated for 4 days 
at 32 C. The colony in each flask was harvested by washing with 50 ml 
of sterile distilled water. Each mat of mycelium was placed on the sur
face of steam-sterilized soil in a pot. Twenty-five untreated seeds 
were planted on the mat and covered with sterile soil. The experiment 
was conducted in a growth chamber at approx. 32 C. Viability of the 
seeds was determined by planting seeds in sterile soil. The seedlings 
were counted 10 days after planting. There were four replicates for 
each treatment.

Relationship between the age of sugar beets and their suscep- 
tibility to Pythium aphanidermatum. Sugar beet seeds (Spreckels hy
brid S30148). were planted in 8-inch pots containing sterilized soil, at 
3-week intervals. After emergence the seedlings were thinned to four 
per pot. Subsequently,, seven sets of plants were obtained, ranging in . 
age from 6 weeks to 24 weeks. The roots of all of the plants were har
vested, washed with tap water, surface sterilized, rinsed and inoculated 
as previously described. Ten roots were used in each set and the exper
iment was repeated.. A similar experiment was performed using P. aphani
dermatum cultured on water agar. The roots were rated for disease 
severity On a 0-4 disease index, where 0 = no rotting; 1 = little rot
ting; 2-3 = increasing degree Of rotting; and 4 = extensive rotting 
with deep brown discoloration. A re-isolation of the pathogen was at
tempted from diseased roots.



RESULTS

Isolation and determination of pathogenicity. The fungus associ
ated with the disease of roots of mature sugar beets was identified as 
Pythium aphanidermatum (Edson) Fitz. Typical, inflated, lobulate spor
angia and aplerotic oosporeS developed in culture within 24-48 hr (1,
22, 25, 30). Optimum temperature for mycelial growth in culture on both 
V-8 agar and potato dextrose agar was 28-32 C. The isolate did not grow 
at 40 C „ Pictures showing field symptoms of sugar beet root rot, natu
rally diseased roots incited by the pathogen, and a healthy root are pre
sented (Fig. 1, 2).

The isolate caused pre- and post-emergence damping-off of seed
lings and also readily invaded and rotted mature roots. All 10 cultivars 
of sugar beet were susceptible to damping-off incited by P. aphanider
matum. Percentage loss varied from 63% (S201H5) to 90% (S501H1)
(Table 1). A picture showing results in one of the cultivars is pre
sented (Fig. 3). Artificial inoculations of mature roots resulted in 
extensive rotting (Fig. 4).

Effect of varying sucrose concentrations on mycelial growth. In 
liquid media containing the following sucrose concentrations (% W/V):
0, 1, 3, 5, 10, 15, 20, 25, and 30, the dry mycelial weight of the fungus 
cultured for 7 days at 32 C increased from 8 mg in the check to a maximum 
of 127 mg in 10% sucrose, 102 mg in 15% sucrose and 3 mg in 30% sucrose 
(Table 2, Fig. 5).
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Fig. 1. Field symptoms of sugar beet 
root rot incited by Pythium aphanidermatum.



Fig. 2. Root rot of sugar beet caused by Pythium 
aphanidermatum.

Above: left - healthy root; right - naturally
diseased root. Below: Longitudinal section of natu
rally diseased root.
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. TABLE 1. Determination of the capability of Pythium aphani- 
dermatum to cause damping-off of ten cultivars of sugar beet.

Cultivarsa
Surviving plants 

in control"
Surviving plants 
in treatment0

Damping-Off^
(■%)

S-301H8 50 9 82
USH914 50 7 86
USHg 43 7 84
S-201H5 ' 30 ' 8 63
S-201H6 . 25 3 88
S-101H11 ■ 35 5 86
S-101H12 35 10 ■ 71
S-501H1 40 4 90
PA6840 50 7 86
P69426 50 7 86

aSeeds of the cultivars were not treated. 50 seeds were planted in 
each pot containing sterilized soil. Soil maintained at 32 C.

^Average from four replicates.
Average from four replicates.
^"Including both pre- and post-emergence damping-off. The recording 
of the surviving plants was made 21 days after planting.
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Fig. 3. Damping-off of sugar beet (Spreckels hybrid S-301H8) 
caused by Pythium aphanidermatum.

Left - check. Upper and right - infested soil. Soil infested 
with suspension of the fungus and maintained at 32 C.
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Fig. 4. Root rot of sugar beet resulting from artificial 
inoculation with Pythium aphanidermatum.

Picture taken 4 days after inoculation. Beets incubated at 32 
C. A and B equal exterior and interior symptoms, respectively.
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TABLE 2. Effect of varying sucrose concentrations on 
mycelial dry weight of Pythium aphanidermatum grown at 32 C 
for 7 days in liquid media.

Dry mycelial wt (mg)
Sucrose concentration (% W/V) Mean01 Range

Check oo S\ 4- 13
1 41abc 26- 64
3 " 59bcd 44- 76
.5

$OOOO 36-126
10 127e 87-168

.15. LOo 1—1 51-163
20 66cd 55- 73
25 59tc<1 46- 72
30 3a 0- 9

“Standard error of a treatment mean = 13,413. Those means with the same 
letters are not significantly different at the 0.05 level using Newman- 
Keul's test. Highest mean is around the 10% sucrose concentration. 
Determination based on four replicates per treatment.



Fig. 5. Effect of varying sucrose concentrations on mycelial growth 
of Pythium aphanidermatum growing at 32 C for 7 days.

0 = no added sucrose,1-30 = percent (W/V) sucrose added to the des
cribed basal medium.
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No zoospores were found in any' of the cultures prior to har

vesting.
Effect of sucrose levels on zoospore production and germina- 

tion. In semi-solid lima bean media, each containing one of the follow
ing sucrose concentrations (%): Q, 1, 3, 5, 10, 15, 20, 25, and 30,
the fungus was cultured for 4 days at 32 C. The greatest concentration 
of zoospores was obtained in the check containing no added sucrose.
No zoospores were produced at concentrations of 3% or higher. One per
cent sucrose concentrations were inhibitory to zoospore production. 
Approximately 42,000 zoospores/ml were produced in the check and less 
than 100 zoospores/ml in 1% sucrose (Table 3).

Germination of zoospores was determined by calculating the per
cent germination after a 6-hr exposure to sucrose concentration (% W/V) ' 
0, .0005, .005, .05, .5, 1, 5,. and 10 at 32 C. The percent germination, 
based on counts made in 10 microscopic fields, was 55, 52, 54, 79, 76, 
82, 78, and 84, respectively. The average lengths of germ tubes taken, 
from 20 germinated zoospores were (In u): 176, 257, 256, 419, 422, 374, 
453, and 440, respectively (Table 4). The initial observation after 
the zoospores suspension had been mixed with the sucrose solution showed 
that there was motility in all the concentrations except 10% sucrose, in 
which motility ceased instantaneously.

Preliminary studies showed that motility period of the zoospores 
was longer at room temperature than at 32 C.
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TABLE 3. Effect of varying sucrose concentra
tions on zoospore production by Pythium aphanidermatum.

SucroSe concentration^
Number .c b of zoospores

(per ml)
, (I W/V) Mean Range

Check 42,900 40,000-45, 000
1 50° 45- 55

. 3  ' 0 0
5 - 0 0

^The fungus was cultured for 4.days at 32 C on semi-solid Lima bean 
media contained in 250-ml Erlenmeyer flasks supplemented with sucrose 
concentrations Varying from (% W/V) 0, 1, 3, 5, 10, 15, 20, 25, to 30.

^Counts were made after 4 days with a standard counting chamber 
(Hawksley B.S. 748). Average of 4 readings.

^Significant difference when compared with check.

f
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TABLE 4. Effect of sucrose levels on germi
nation of zoospores of Pythium aphanidermatum.

dLengths of germ tube 
Sucrose concentration Germination (y)

(% W/V) (%) Mean Range

o D 55 - 176 20-450
0.0005 52 257 70-600
0.0050 54 256 30-620
0.0500 80 '419 50-1000
0.5000 76 422 50-1200
1 . 0 0 0 0 84 374 100-750
5.0000 -O

'
CO 453 40-950

10.0000 84 440 100-1080

aZoospores were produced from V-8 agar discs in water. The zoospores 
were then exposed to the indicated sucrose concentrations and germi
nation determined after 6 hr exposure at 32 C.
^The check consisted of a 1:1 (volume) zoospore suspension with ster
ile distilled water.

^Average of germinated zoospores from 10 random microscopic fields 
(x 100).

d ' 'Average length of germ, tubes from 20 germinated zoospores in each 
treatment.

s
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The effect of sucrose concentrations in culture media on sub- 

sequent pathogenicity of Pythium aphanidermatum to sugar beet seedlings.
Planting sugar beet seeds on mycelial mats, each cultured for 7 days 

in V-8 liquid medium containing varying sucrose concentrations, indicated 
that increasing sucrose increased the number of infected plants. The 
percent pre-emergence damping-off of seeds planted on mycelial mats ob
tained from the check medium (lacking sucrose) was 44. It increased 
from 64% at 2% sucrose to 80% in treatments in which the inoculum was 
exposed to media containing 5%, 10%, or 20% sucrose (Table 5).

Relationship between the age of. sugar beets and their suscep
tibility to Pythium aphanidermatum. -i/hen tap roots of sugar beets of 
ages ranging from 6 to 24 weeks and total soluble solids ranging from 
12.4% to 20.4%, respectively, were inoculated with-P. aphanidermatum 
cultured on V-8 agar or water agar, the degree of rotting was equal in 
all roots. The 0-4 disease rating index (where 0 = no rotting; 1 = 
little rotting; 2-3 = increasing degree of rotting; and 4 = extensive 
rotting with deep brown discoloration) was used. There was no rotting 
in the control roots (Table 6). Pythium aphanidermatum was recovered 
from the diseased roots.
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TABLE 5. Effect of sucrose concentrations in culture 
media on subsequent pathogenicity of Pythium aphanidermatum 
to sugar beet seedlings.

Inoculum grown in below 
sucrose concentrations(% wyv) Surviving plants^ Damping-off^3

(%)

0 _ 28 44 ■
2 18 64
5 10 80
10 10 80

. 1 5 12 76
20 10 80

aSeedlings germinated from 100 seeds planted in four replicates of 
25 seeds for each treatment. Counting done 10 days after planting.

^Calculations are based on total emergence in check pots.
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TABLE 6. Relationship between the age of sugar 
beets and their susceptibility to Pythium aphanidermatum.

Total soluble . Extent of rotting0
Age of root solids^

(Weeks) (%) Treatment Control

24 20.4 4 0
21 19.6 4 ** 0
18 18.6 4 0

15 17.2 4 0
12 17.0 4 0
9 15.6 4 0
6 12.4 4 0

aSeveh sets of plants planted at.3-week intervals in pots under green
house conditions.
^Determined by means of hand refractometer TOKO No. 16054 graduated 
0 to 32%. Average of four readings.

c0 = no rotting; 1 = little rotting; 2-3 = increasing degree of rot
ting; and 4 = extensive rotting with deep brown discoloration.



DISCUSSION AND CONCLUSIONS

The pathogen involved in rotting of mature sugar beet roots in 
Arizona was identified as Pythium aphanidermatum.

The results indicated that the fungus was typical of other de
scribed isolates of the fungus with optimum growth at high temperature, 
a similar morphology, and the ability to incite pre- and post-emergence 
seedling death and rot of mature roots.

Kumar and Grover (16) showed that optimal mycelial growth of 
Pythium' aphanidermatum occurred when the fungus was cultured in a medium 
containing 2% sucrose; growth"was reduced in 4% sucrose. The results 
of this research, show that heavy mycelial growth occurred when the fungus 
was cultured in media.containing sucrose levels ranging from 5% to 15% 
with maximal growth in 10% sucrose. Inhibition occurred at higher con
centrations. The results prove the capability of P. aphanidermatum, 
a sugar fungus (10) to naturally infect mature beet roots which contain 
10-20% sucrose (2, 21).

Results demonstrated that sucrose concentrations greater than 1% 
inhibited zoospore production. These data agree with those of Schneider 
1(26) who found that 1% sucrose reduced zoospore production in Aphanomyces 
cochlioides, another phycomycetous fungus.

The data (Table 4) suggest that zoospore germination is influ
enced by exogenous sucrose. Germination was similar from 0% sucrose to 
.005% sucrose, but increased to approximately 80% at .05% sucrose (500

23
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ppm).or higher sucrose concentrations. No efforts were made to deter
mine the level of any contaminating carbohydrate in the V-8 liquid.
Hence, the necessity of carbon sources for germination of encysted zoo
spores remains for further clarification.

Zoospores of P. aphanidermatum are known to be attracted to root 
exudates containing sucrose (27) .■ Kraft and Erwin (14) showed that root 
exudates containing sucrose caused a slight increase in germination of 
zoospores. According to Schroth and Hildebrand (29), exudation of suc
rose was a major factor governing susceptibility of peas to pre-emergence 
damping-off caused by Pythium debaryanum. Peas susceptible to damping-off 
released greater amounts of sucrose during germination than did less sus
ceptible cultivars. Under natural conditions, however, the effect of 
sucrose-rich exudates from sugar beet roots on zoospores of P_. aphani
dermatum and the role of these zoospores on root infection are unknown.
It has not been determined if zoospores are even produced naturally in 
the rhizosphere of sugar beets. Further research in this direction 
will therefore enrich our knowledge about the pathogen and the disease.

The incidence of damping-off, resulting from inocula previ
ously grown on media containing varying sucrose concentrations, was 
higher than that among plants inoculated with the fungus grown on a 
medium containing less sucrose. This indicates that sucrose may be im
portant in increasing virulence of the fungus, which is in accord with 
the observation (14) that sucrose in mung bean exudates increased viru
lence of the fungus.
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Sugar beet roots ranging in age from.6 to 24 weeks were equally 

susceptible when inoculated with P. aphanidermatum. On the basis of 
total soluble solids, the younger roots contained less sucrose than old 
roots. The data may demonstrate that susceptibility is not influenced . 
by varying sucrose concentrations up to about 20% (as contained in ma
ture beet roots). These results and the fact that beet seedlings are 
susceptible to invasion may further indicate that sucrose concentra
tions in the host may not be a major limiting factor in disease devel
opment.
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