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Summary—The effect of the matric component of soil water potential (‘¥,;,) on infection of fibrous roots
of sweetpotato (Ipomoeae batatas) cv. Jewel by Streptomyces ipomoeae and the influence of infection on
water extraction by fibrous roots were examined. The severity of disease on fibrous roots was low in plants
grown at constant ¥,, of 0, —1.0 or —2.5J kg~! in non-fumigated or fumigated soils infested with S.
ipomoeae. Disease severity increased with decreasing ¥,, and was greatest at ¥, of —7.5to —20J kg~".
Growth of S. ipomoeae in water-filled pores and subsequent infection may have been limited at ¥, of
0, —1.0and —2.5J kg~'. Root and shoot dry weights of sweetpotato were significantly lower in plants
grown in infested soil than in non-infested soils at ¥, between —5 and —20J kg~!, but were not affected
by disease at ¥,, of 0, —1.0 or —2.5J kg~'. The severity of disease on fibrous roots was low in plants
drip-irrigated on a daily schedule, whereas the severity of disease on fibrous roots was significantly greater
in plants irrigated on either a 4- or 6-day schedule. Total dry weights of roots were lower in plants grown
for 4 weeks in infested than non-infested soil. However, total dry weights of roots were not affected by
disease as compared to non-inoculated controls in plants grown for 8 weeks, thus suggesting that roots
of cv. Jewel may be able to compensate for disease by production of additional root biomass in soil.
Although root dry weight was not affected by disease in plants grown for 8 weeks, diseased plants extracted
significantly less water from soil than healthy plants. Therefore, the effect of disease on water extraction
from soil was not due solely to a reduction in root biomass. Limited growth of roots to inoculum in
saturated soil, limited growth of the pathogen in saturated soil, or altered susceptibility of the host may
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explain the reduction of disease at high V.

INTRODUCTION

Streptomyces soil rot or pox is a widespread and
destructive disease of sweetpotato in the U.S.A.
(Clark and Moyer, 1988). The causal agent, Strepto-
myces ipomoeae (Person and W. J. Martin) Waksman
and Henrici, an actinomycete, causes extensive ne-
crotic lesions on fibrous roots and corky scab-like
lesions on storage roots that lead to reductions in the
yield and marketability of the crop. Severe infections
can reduce production of fibrous roots and storage
roots and can cause storage root malformation
(Person and Martin, 1940; Lorbeer, 1962; Ristaino
and Averre, 1992). Management of the disease in-
volves the use of resistant cultivars, soil fumigation,
reduction of soil pH with sulfur or crop rotation
(Person, 1946; Hooker and Peterson, 1952; Martin,
1958; Lorbeer, 1962; Martin et al., 1975; Moyer et al.,
1984). There has been little quantitative research on
the ecology of S. ipomoeae or the epidemiology of
Streptomyces soil rot on sweetpotato. The influence
of soil physical factors such as soil water potential on
the development of Streptomyces soil rot on a suscep-
tible sweetpotato cultivar has not been extensively
studied (Ristaino and Averre, 1992).

An early study of Streptomyces soil rot on sweet-
potato indicated a negative correlation between the
amount of soil moisture and disease (Poole, 1925).
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There was less disease under saturated soil conditions
than when soil was allowed to dry to soil water
contents of 2-5%, however, soil water content was
not related to the matric component of soil water
potential (¥,) in that study (Poole, 1925). Others
have noted the relationship between years with low
rainfall and increased disease development (Poole,
1922; Manns and Adams, 1925; Person and Martin,
1940; Person, 1946) in the field, but no quantitative
studies have been done to evaluate critically the effect
of the matric component of soil water potential
on infection of fibrous roots. Soil physical factors
that affect disease on fibrous roots may ultimately
affect disease on storage roots and subsequent yield
since the pathogen infects storage roots through
lateral fibrous roots on storage roots and does not
infect the intact periderm of the storage root (Clark
and Matthews, 1987). The severity of disease on
fibrous roots is positively correlated with the severity
of disease on storage roots in the widely-grown
susceptible sweetpotato cv. Jewel (Ristaino and
Averre, 1992).

Common scab of potato caused by S. scabies can
be effectively controlled through the use of irrigation
(Lewis, 1970; Lapwood et al., 1973; Lapwood and
Adams, 1975). The potential exists to manipulate soil
moisture by irrigation and reduce disease caused by
S. ipomoeae on sweetpotato. Under field conditions
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drip irrigation reduced the severity of disease caused
by 8. ipomoeae on fibrous roots, increased the
number of storage roots produced per plant, and
reduced the number of diseased storage roots pro-
duced per plant (Ristaino and Averre, 1992). How-
ever, irrigation did not significantly increase yields.

My objective was to evaluate the effect of constant
or cyclical changes in ¥, on infection of sweetpotato
fibrous roots by S. ipomoeae under carefully con-
trolled conditions. In addition, the effect of disease on
water extraction by roots was evaluated. An abstract
of a portion of this work has been published
(Ristaino, 1991).

MATERIAL AND METHODS
Inoculum preparation

Stock cultures of S. ipomoeae were maintained on
silica gel at 5°C (Sleesman and Leben, 1978). An
isolate of S. ipomoeae, No. 78-57 (pathogenic to
sweetpotato), isolated from sweetpotato in North
Carolina was obtained from C. Clark, Louisiana
State University, and used in these experiments.
Cultures were grown on Streptomyces growth
medium (20g mannitol, 0.2g K,HPO, 02g
MgS0,-7H,0, 5.0g NaCl, 2.0g CaCO,, 02mg
CoCl,, 1.0 g yeast extract, 18.0 g agar, 1.0 liter dis-
tilled water) at 32°C for 8~10 days prior to transfer
{Clark and Lawrence, 1981). Inoculum for use in
experiments was prepared by culturing the pathogen
at 32°C for 2 weeks in 500 ml of vermiculite and
375 ml of broth (5 g mannitol, 1 g sodium propionate,
0.2 g K,HPO,, 0.2 g MgSO,-TH,0, 1 g yeast extract,
2.0 g CaCO,, 0.11 mg CoCl,, 1.0 liter distilled water)
contained in 1.0 liter canning jars (C. Clark, pers.
commun.). Inoculum consisted of aerial mycelia
and spores of the pathogen in the vermiculite-broth
carrier.

Stock plants of sweetpotato cv. Jewel were main-
tained in the greenhouse and fertilized weekly with
Miller’s solution (20% N, 20% P, 20% K). Terminal
vine cuttings with at least three nodes were removed
from stock plants and planted in sand in 2.5-cm? cells
of styrofoam flats and allowed to root for 1 week
before use in experiments.

Soil preparation

Experiments were made in either a sand (87%
sand, 9% silt, 4% clay) or a locamy sand soil (80%
sand, 13% silt, 8% clay) after sieving (< 2 mm sieve).
Soil pH was adjusted in each experiment by the
addition of dolomitic lime to bring soil pH to ca
6.5-7.0. Two additional experiments were done in the
two soils that had been fumigated previously with
methyl bromide (64 g m™>) several weeks prior to
infestation of the soil with the pathogen. Soil sterility
was confirmed at the time of planting by plating
aliquots of soil on potato dextrose agar.

Soil moisture characteristic curves were prepared
for each soil with either Biichner tension funnels or

a pressure plate to adjust ¥,, between 0 and —5007]
kg~! (100 T kg~' =1 bar) (Klute, 1986). Gravimetric
water contents were measured by drying soils to
constant weight at 105°C. Gravimetric water contents
were converted to volumetric water contents and a
soil moisture characteristic curve was prepared for
each soil.

Tension funnel experiments

Experiments were arranged in a split block design
in the greenhouse. Non-fumigated soil (215 cm®) was
placed in each 350 ml tension funnel. Non-fumigated
soil in funnels in main plots was either infested with
S§. ipomoeae in a vermiculite carrier or with the sterile
vermiculite at a rate of 27mg cm™? soil. Rooted
cuttings were transplanted into soil immediately after
soil infestation and bulk density was adjusted to ca
1.41g cm~3 Soil in all funnels was brought to
saturation briefly and then funnels in the subplots
were adjusted to ¥, values of 0, —2.5, —5.0, —7.5,
10 or —2017J kg~!. The vertical distance from the
top of the porous plate to the water level in a
reservoir was used as the reference distance to deter-
mine column heights and adjust ¥, values of the soil
in tension funnels. Water levels in the reservoirs were
adjusted daily to maintain constant ¥, in the funnels.
Soil in the funnels was covered with plastic bags to
reduce evaporation. The experiments were repeated
twice in non-fumigated sand and twice in non-fumi-
gated loamy sand, and each treatment was replicated
four times.

In order to determine whether soil microorganisms
affected the ability of S. ipomoeae to infect at various
¥, in soil, experiments were also done in fumigated
sand and loamy sand soils. Soil in funnels in main
plots was either sand or loamy sand, whereas soil in
subplots was adjusted to ¥, levels of 0, —2.5, —5.0,
~7.5 or —10J kg~ Soil in all funnels was infested
with the pathogen at the same rate as described above
and treatments were replicated four times.

Plants were removed from funnels after 3 to 4
weeks and the severity of disease on fibrous roots
was evaluated on individual plants visually using a
scale of 0—4 where; 0 = no lesions, 1 = < 25% of the
fibrous root system with lesions, 2= 26-50% of
the fibrous root system with lesions, 3 = 51-75% of
the fibrous root system with lesions, 4 = >75% of the
fibrous root system with lesions. Shoot and root dry
weights were measured by drying tissue at 60°C to
constant weight. Soil pH and gravimetric water con-
tent were measured in soil sampled from each funnel
at the beginning and end of the experiments. Water
contents were similar at a given ¥, in each replica-
tion of the study.

Drip irrigation experiments

Experiments to evaluate the effect of cyclical
changes in soil water potential on infection of sweet-
potato fibrous roots by S. ipomoeae were done in
a growth chamber in the Phytotron Facility at
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North Carolina State University. Experiments were
arranged in a split block design with inoculum ap-
plied to main plots and frequency of drip irrigation
applied to subplots. Experiments were done in non-
fumigated sand in 11.5cm dia pots that contained
450 cm® of soil. Soil was either infested with S.
ipomoeae in a vermiculite carrier at a rate of 27 mg
cm~? of soil or infested with sterile vermiculite at the
same rate. A single rooted cutting was transplanted
into each pot and drip emitters were placed on the soil
surface. Pots were either irrigated more frequently
(once a day) to maintain the ¥, of soil above —5.0J
kg~! or less frequently (either every 4 or 6 days) for
5 min. Water was applied at a rate of 100 ml min~!
per emitter at a pressure of 414 kPa. All treatments
were replicated four times and there were four pots
(subsamples) for each treatment x replicate combi-
nation (16 per treatment). Mean data for the four
pots were used in the analysis of variance. Plants were
harvested after 4 weeks and the severity of disease on
fibrous roots was evaluated on the 1-4 scale de-
scribed above. The dry weight of fibrous roots and
shoots was measured after drying tissue at 60°C.
Experiments were repeated twice.

Additional experiments were made with 15.0cm
dia pots containing 1500 em? of soil. The experiments
also were arranged in a split-block design. Soil in pots
in the main plots were either infested or not infested
with S. ipomoeae whereas, soil in subplots was drip
irrigated either more frequently (once a day) or less
frequently (every 4 days). All treatments were repli-
cated three times and there were three pots for each
treatment—replicate combination (nine per treat-
ment). Plants were harvested after 8 weeks and the
severity of disease on fibrous roots, and the dry
weight of fibrous roots, storage roots, and shoots
were evaluated. Experiments were repeated twice.

The ¥, was measured in pots prior to daily
irrigation with a pressure transducer (Tensimeter,
Soil Measurement Systems Inc., Las Cruces, N.M.,,
U.S.A)) and tensiometers. Tensiometers were 20 cm
long and 1.25 cm wide with a 100 J kg~! porous cup.
Soil moisture blocks (Soil Moisture Equipment
Corp., Santa Barbara, CA, 93105, U.S.A.) were used
to measure the electrical resistance of the soil water
in pots prior to less frequent irrigation. Electrical
resistance blocks were calibrated in the same soil in
a pressure plate over a range of ¥, values from 0 to
—5007F kg~'. Tensiometers or soil moisture blocks
were placed in non-infested soils in each replication
of each irrigation treatment in experiments that were
carried out for 4 weeks, and in both infested and
non-infested soils in experiments that were carried
out for 8 weeks. All soil moisture sensors were read
just before irrigation in all experiments to measure
the lowest ¥, of the soil prior to irrigation.

Statistical analysis

Data were tested for homogeneity of variance prior
to analysis of variance with the Statistical Analysis

System (SAS Institute, Cary, N.C.). Regression
analysis was conducted with the SAS general linear
models procedures. Second-order polynomial func-
tions were fit to the fibrous root disease data. Least
significant difference tests were used to separate ap-
propriate subplot means within or between mainplots
(Little and Hills, 1978).

RESULTS
Tension funnel experiments

The volumetric water contents of the sand and
loamy sand soils were 0.40 and 0.42 cm® water cm 3
of dry soil at saturation, respectively [Fig. 1(A)]. The
loamy sand held more water than the sand at all ¥,
evaluated. Approximately 16 or 17% of the water
was released from the sand or loamy sand soils at ¥,
of —5J kg~!and pores > 58 um dia. were drained at
this ¥, [Fig. 1(B))].

The severity of disease on fibrous roots was signifi-
cantly affected by the ¥, of the non-fumigated sand
during infection (¥, main effect significant at
P <0.01) [Fig. 2(A)]. The severity of disease on
fibrous roots was low in plants held in non-fumigated
sand at constant ¥, above - 5.0 J kg~! and increased
with decreasing (more negative) ¥, [Fig. 2(A)]. A
similar relationship between disease severity on
fibrous roots and ¥, (¥, main effect significant
at P <0.01) was observed in the non-fumigated
loamy sand [Fig. 2(A)]. The relationship between the
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Fig. 1. Soil moisture characteristic curve for the sand and
loamy sand soils used in the experiments described.
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Fig. 2. The severity of disease on fibrous roots caused by S.
ipomoeae on sweetpotato cv. Jewel as a function of the
matric component of soil water potential (W) in: (A)
non-fumigated sand or loamy sand soil or (B) fumigated
sand or loamy sand soil. Solid circles represent the mean
values for each treatment in sand, and open triangles
represent the mean values for each treatment in loamy sand.

severity of disease on fibrous roots and ¥ of the
non-fumigated sand or loamy sand soils was best
described by the second-order polynomial functions
y = —0.24+0.04x —0.0002x> (r*=0.76) and
y = —0.0017 + 0.04x — 0.0001x? (+* = 0.76), respect-
ively, where x = ¥,, and y = the severity of disease
on fibrous roots [Fig. 2(A)].

The severity of disease on fibrous roots was
also affected by the ¥, in fumigated sand and loamy
sand soils [Fig. 2(B)]. Disease on fibrous roots
was low in plants held in either fumigated sand or
loamy sand at ¥, above —5J kg~'. Disease in-
creased with decreasing ¥, in fumigated soils [Fig.
2(B)} and the response between 0 and —7.5J kg~!
was linear and similar fo the response in non-fumi-
gated soils [Fig. 2(A)]. Disease was not measured at
¥, of —20J kg~ in the experiments with fumigated
soils.

In non-infested soils the dry weight of sweetpotato
fibrous roots grown in non-fumigated sand increased
with decreasing ¥, [Fig. 3(A)]. Disease significantly
reduced the dry weight of fibrous roots by 48-59% as
compared to non-inoculated controls at ¥, values
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between — 5.0 and —20 J kg~! (inoculum x ¥, inter-
action was significant at P <0.05) [Fig. 3(A)]. Dis-
ease did not affect root dry weights in soils at ¥
above —5.01 kg™, There was a significant negative
correlation between the severity of disease on fibrous
roots and root dry weight (r = —0.61).

In non-infested soils, the dry weights of shoots
grown in non-fumigated sand was not greatly affected
by ¥, between 0 and —207J kg~! [Fig. 3(B)]. How-
ever, disease reduced shoot dry weight by 29-48% as
compared to non-inoculated controls at ¥ values
between ~—5.0 and —20.07 kg~! {inoculum x ¥,
interaction significant at P < 0.01) [Fig. 3(B)]. There
was also a significant negative correlation between
the severity of disease on fibrous roots and shoot dry
weight (r = —0.59).

Drip irrigation experiments

The severity of disease on fibrous roots in plants
harvested after 4 weeks was significantly lower in
plants irrigated on the daily schedule, than in plants
irrigated every 4 or 6 days (irrigation effect was
significant at P < 0.05) (Table 1). The severity of
disease on fibrous roots in inoculated plants irrigated
every 4 or 6 days was uniformly high (Table 1). Plants
harvested after 8 weeks showed a similar response
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Fig. 3. The dry weight of: (A) fibrous roots and (B) shoots
(vines plus leaves) of sweetpotato cv. Jewel as a function of
the matric component of soil water potential (¥,) in
non-fumigated sand infested (cross-hatched bars) or not
infested (open bars) with S. ipomoeae. For comparison of
means within and between bar clusters, LSD, s = 0.19 and
0.18, for root dry weights and shoot dry weights, respect-
ively.
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(open circles) or infested (solid circles) soils irrigated every 4 days for 8 weeks.

with less disease on fibrous roots of plants irrigated
daily than every 4 days (irrigation effect significant at
P <005 (Table 1).

Root and shoot dry weights of plants harvested
after 4 weeks were significantly greater in plants
irrigated daily than in plants irrigated every 4 or 6
days (irrigation effect significant at P =0.004 and
0.0004) (Table 1). Disease reduced fibrous root dry
weights as compared to non-inoculated controls from
560 to 370 mg plant™! and reduced shoot dry weights

from 1.51 to 1.14 g plant~! at all irrigation frequen-
cies in plants harvested after 4 weeks (inoculum effect
significant at P < 0.05 and 0.05, for root or shoot dry
weights respectively). Fibrous root and shoot dry
weights of plants harvested after 8 weeks were also
greater in plants irrigated daily than in plants irri-
gated every 4 days, however, treatment differences
were only significant for shoot dry weights (irrigation
effect significant at P <0.01) (Table 1). Plants irri-
gated daily for 8 weeks produced greater dry matter

Table 1. The effect of irrigation frequency on the severity of disease on fibrous roots, and fibrous
root, shoot and storage root dry weight in cultivar Jewel grown for either 4 or 8 weeks in soil
infested with $. ipomoeae

Severity of Fibrous root Shoot dry Storage root
Irrigation disease on dry weight weight dry weight
frequency fibrous roots® (g plant™') (g plant™'y (g plant)?
Harvested after 4 weeks
Daily 0.94 0.57 1.56 ND
4-day 2.00 0.45 1.36 ND
6-day 210 0.38 1.04 ND
Harvested after 8 weeks
Daily 0.66 2.63 7.40 9.20
4-day 233 1.69 4.80 0.60

“The severity of disease on fibrous roots evaluated on a scale of 1-4. For comparison of mean
severity of disease on fibrous roots after 4 or § weeks, LSD, o, = 0.59 and 0.65, respectively.
YFor comparison of mean fibrous root dry weights between irrigation levels after 4 or 8 weeks

L8Dyqs = 0.7 and 3.04, respectively.

‘For comparison of mean shoot dry weights between irrigation levels after 4 or 8 weeks

LSDygs = 0.12 and 1.45, respectively.

dFor comparison of mean storage root dry weights between irrigation levels after 8 weeks

LSDygs = 1.69. ND == not determined.

SBB 252—D



190 JeaN B. RistamNo

in storage roots than plants irrigated every 4 days
(irrigation effect significant at P <0.01) (Table 1).
Disease did not reduce fibrous root dry weights,
shoot dry weights, or storage root dry weights in
plants harvested after 8 weeks as compared to non-in-
oculated controls.

The ¥, of non-infested soils planted with sweet-
potato was highest in soils irrigated daily and re-
mained above —10J kg~! for the duration of the 4-
and 8-week experiments. Non-infested soils planted
with sweetpotato and irrigated either every 4 or 6
days dried to a greater extent than soils irrigated daily
and lowest ¥, values ranged from —64 to —71]J
kg~! after 4 weeks (data not shown).

Disease significantly reduced the ability of roots to
extract water from soil in plants grown for 8 weeks
in 8. ipomoeae-infested soils [Fig. 4(A) and (B)].
Healthy plants irrigated daily extracted water to ¥,
of —9 J kg, whereas diseased plants extracted water
only to ¥, of —3Jkg~! over the 8 weeks [Fig. 4(A)).
In contrast, inoculated plants irrigated every 4 days
had higher amounts of disease on fibrous roots than
plants irrigated daily (Table 1), and subsequently
roots of these plants extracted significantly less water
from soil over the 8 week experiment than non-
inoculated plants [Fig. 4(B)]. The ¥, was similar in
both infested and non-infested soils irrigated every 4
days until 21 days after planting {Fig. 4(B)]. There-
after, diseased plants extracted significantly less water
from soil and by 32 days after planting, ¥, readings
in infested soils following irrigation were significantly
higher than in non-infested soils.

DISCUSSION

The severity of disease on fibrous roots caused by
S. ipomoeae on sweetpotato cv. Jewel was signifi-
cantly affected by the ¥, at which the soil was held.
Disease severity was low at ¥, above —5J kg™ !in
both soils, and disease severity increased with de-
creasing ¥,. Poole (1925) demonstrated that less
disease occurred under saturated soil conditions than
when soil was allowed to dry to soil water contents
of 2-5%. However, the ¥, was not critically con-
trolled in Poole’s work and soil water contents can
vary between soils of different textures held at similar
¥ .. The data presented here demonstrate that ¥
during infection can have large effects on the severity
of disease on fibrous roots in cv. Jewel. Disease was
severe over the range of ¥, from —5.0to —20J kg~'
and root and shoot growth was significantly reduced
as compared to non-inoculated controls.

The reduction in infection of sweetpotato fibrous
roots by S. ipomoeae at ¥,, above —5J kg~! may be
due to reduced growth of the pathogen in water-filled
pores. The pore size distributions of the two soils used
in this study were similar as indicated by the cumulat-
ive water loss curves for the sand and loamy sand
soils [Fig. 1(B)]. Little infection occurred at ¥, above
—~5.07J kg~' when the proportion of water-filled

pores in soil was high. Most of the soil water was
released from pores >58.2 um at ¥, of —~5J kg™!
and little additional water was released from both
soils at ¥, below —5J kg~!. The growth and survival
of Streptomyces species in soil is limited in water-
filled pores (Williams et al., 1972). Populations of
total Streptomyces species in two different soils de-
tected by dilution plate assays were greatest at ¥
between —10 and —100J kg=! (Williams et al.,
1972), and were greatly reduced in wet soils at ¥,
between 0 and —11J kg~'. In soils at ¥,, lower than
~1x10°J kg~ growth of Streptomyces species is
severely limited. However, some species of Strepto-
myces can grow on agar media at osmotic potentials
as low as — 1.5 x 10*J kg~ (Wong and Griffin, 1974)
and spores can survive for prolonged periods under
dry conditions (Meiklejohn, 1957; Williams et al.,
1972, 1984). In my study, population densities and
growth of the pathogen in soil were not quantified
because a selective soil assay was not available. We
have developed a selective soil assay for S. ipomoeae
which should prove useful in future work to monitor
population dynamics of the pathogen in soil under
conditions of changing soil water status (Weicht
et al., 1992).

Low amounts of infection of fibrous roots by
S. ipomoeae at ¥, of 0, —1.0 and —2.5J kg~! also
could have been due to alterations in the suscepti-
bility of the host to infection in wet soils. Rates of
gaseous diffusion of O, or CO, are considerably
reduced in soils at high ¥, when soil pores are
water-filled (Griffin, 1963; Papendick and Campbell,
1985). Anaerobic conditions in saturated soil due to
reduced O, or increased CO, may have limited colo-
nization of roots by the pathogen. On the other hand,
limited root growth under saturated conditions may
have reduced pathogen contact with inoculum in soil.
In non-infested soils, root dry weights were lowest at
¥, of 0and —1.0J kg ! and increased with decreas-
ing ¥, Thus, root growth was reduced by high ¥,,.

Frequent drip irrigation reduced the severity of
disease caused by S. ipomoeae on sweetpotato fibrous
roots. When plants were irrigated to maintain ¥,
above —10J kg~! on a daily schedule, fibrous root
disease was significantly reduced. Lapwood and
Lewis (1967) and Lapwood et al. (1970, 1973) have
demonstrated that timing irrigations to maintain the
¥, of soil above —10 1 kg~' during 5-weeks of tuber
initiation significantly reduced the incidence of com-
mon scab caused by S. scabies on potato in the field.
Potatoes are susceptible to common scab caused by
S. scabies during tuber initiation (Lapwood and
Lewis, 1967; Lapwood et al., 1970; Lapwood, 1973).
Unlike common scab, sweetpotato storage roots are
believed to be susceptible to Streptomyces soil rot
caused by S. ipomoeae throughout the entire growing
season (Clark and Moyer, 1988). However, infections
that originate early in the season can cause storage
root malformations and more severe lesions than
those that develop later in the season (Person and
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Martin, 1940). Thus, irrigations on sweetpotato
would probably need to be applied for a longer
period during the growing season than on potatoes.

The response of disease caused by S. ipomoeae on
fibrous roots to ¥, was similar in both fumigated and
non-fumigated sand or loamy sand soils. Lewis (1970)
and Adams and Lapwood (1978) suggested that
increased infection of potato tubers in dry soils was
related to a decrease in the number of antagonistic
bacteria in the lenticels of tubers. In my study, the
fumigated soil did not contain antagonistic microor-
ganisms at the time of planting. However, 1 did not
assay the soil at harvest to determine if antagonistic
bacteria recolonized the fumigated soil. Competition
from antagonistic microorganisms was probably not
involved in suppression of disease on fibrous roots at
¥, above —57J kg~! in my study, however, further
experimentation is necessary to confirm this.

Disease caused by S. ipomoeae significantly re-
duced root dry weights in plants held at constant ¥,,
between — 5 and —20 J kg~! for 3 weeks as compared
to non-inoculated controls. Disease also reduced root
dry weights at all irrigation frequencies in plants
grown in infested soils for 4 weeks as compared to
non-inoculated controls. However, in experiments
conducted for 8 weeks in infested soils exposed to
cyclical changes in ¥, discase did not significantly
reduce root dry weights. These data indicate that
plants of cv. Jewel may be able to compensate for
disease by producing additional root dry matter.
Irrigation frequency had the largest effect on root dry
weight in cultivar Jewel in my experiments. Plants
irrigated more frequently produced larger root sys-
tems which also may have helped them to compensate
for root loss due to disease. Carlson and Struble
{1960) proposed that sweetpotato breeding lines with
higher rates of root growth may be more resistant to
disease than plants with lower rates of root growth.
However, this mechanism may not explain resistance
in current resistant cultivars such as Beauregard since
fibrous root growth over time is significantly less in
“Beauregard” than the susceptible cv. Jewel
(Ristaino, 1992).

Although disease did not affect root dry weights in
plants grown in infested soils for 8 weeks, disease had
a large effect on the ability of fibrous roots to extract
water from soil. These data suggest that the effect of
disease on water extraction from soil was not due
solely to a reduction in root biomass. Increased
resistance to water uptake or water flow in roots may
explain the results observed. Phytophthora root rot
on safflower and Phymatotrichum root rot on cotton
can cause large increases in resistance to water flow
in roots (Duniway, 1977; Olsen ef al, 1983).
S. scabies produces the toxin thaxtomin which may
play a role in symptom expression (Lawrence ef al.,
1990). The isolate of S. ipomoeae used in my study
produces a modified form of thaxtomin A (M. Clark,
pers. commun), but the effect of the toxin on water
uptake by sweetpotato roots has not been examined.
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