Effect and Reproduction of Rotylenchulus reniformis on
Sweet Potato Selections

C. A. CLArK and V. L. WRIGHT!

Abstract: Growth, yield, and quality of 10 sweet potato selections and reproduction of the
reniform nematode, Rotylenchulus reniformis, were studied in fumigated and nonfumigated
plots in a naturally infested field. Nematode reproduction on the different selections in the field
was similar to that reported in the greenhouse but was not related to the effect of the nema-
tode on yield of the different selections. Goldrush supported the least reproduction but was the
most severely affected by the nematode, while Centennial supported the most reproduction but
was the least affected. Although reniform nematode was not found within enlarged fleshy roots,
sweet potatoes were more frequently cracked in nonfumigated plots even when nematode pop-
ulations were relatively low. One selection, P-104, was resistant to cracking. Yield of all selections
tested was significantly reduced when initial populations were moderate to high (1,500-10,000
nemas per 500 cm3). Correlations were made between nematode population parameters and
growth, vield, and cracking of the sweet potatoes. The initial populations and the reproduction
ratio for the last part of the growing season gave the most significant negative correlations with

yield for most selections. Key words: Ipomoea balatas, reniform nematode.
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The reniform nematode, Rotylenchulus
reniformis Linford & Oliveira, has been re-
ported in most of the Southeastern United
States and many other subtropical and
tropical areas of the world where sweet po-
tatoes Ipomoea batatas (L.) Lam. are grown
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(3,4,10,11). Birchfield and Martin (2) and
Martin (15) reported that R. reniformis
markedly reduced sweet potato yields, and
in 1979 Gapasin and Valdez (11) demon-
strated that the nematode also reduced
quality by causing cracks and distortions in
the sweet potatoes. Resistance to the
reniform nematode has been found in soy-
beans, Glycine max (L.) Merr., (14,21), and
resistance and tolerance have been noted in
Irish potatoes, Solanum tuberosum L., (18,
19). Martin et al. (16) compared larval
populations of the nematode produced on
different sweet potato selections in the
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greenhouse and found that while significant
differences existed among selections, none
was highly resistant.

This study was conducted to determine
(1) whether the suitability of a sweet potato
selection for reproduction of reniform
nematode could be related to performance
of the selection in infested fields, (ii)
whether any of the common sweet potato
cultivars have tolerance to the nematode,
and (iii) the relationships between reniform
nematode population levels, soil fumiga-
tion, and yield and quality of different
sweet potato cultivars. A preliminary report
has been published (8).

MATERIALS AND METHODS

Plots (1.3 X 4.0 m each) were located at
the same site each year on an Olivier silt
loam (pH 4.0-4.5) in Baton Rouge, Louisi-
ana. The soil was naturally infested with a
uniformly distributed population of R.
reniformis. In 1978 sweet potato selections
were randomized within four blocks but
fumigated and nonfumigated plots were
paired. In 1979 and 1980 all treatments
were randomized within each of nine
blocks. Plots were fumigated with a fumi-
gun by injecting 86 liters a.i./ha of 1,3-
dichloropropene to a depth of 25 cm in
rows spaced 30 cm apart. Beds were imme-
diately reformed to a height of 80-35 cm
using disc hillers. In 1979 nematode popu-
lations surviving fumigation were high,
thus granular ethoprop (3.4 kg a.i./ha of
O-ethyl S,S-dipropyl phosphorodithioate)
was also applied to the soil surface at layby
(16 June). Ten terminal vine cuttings were
planted in each plot and diphenamid (5.6
kg a.i./ha of N,N-dimethyl-a-phenylben-
zeneacetamide) was applied over the top of
the rows for weed control. Soil samples were
collected from the root zone by taking five
cores per plot to a depth of 20 cm. Vine
growth was rated 4-6 weeks after planting.

In 1978 plots were fumigated on 6 April
and planted and harvested 40 and 155 days
later, respectively. Soil samples were col-
lected from each plot on 27 March (initial
population = Pi), 3 August (midseason =
Pm), and 17 August (final = Pf). In 1979
plots were fumigated on 20 April and
planted and harvested 27 and 140 days

later,- respectively. Soil samples were col-

lected on 10 May (Pi), 17 July (Pm), and
21 August (Pf). In 1980 plots were fumi-
gated on 23 April and planted and har-
vested 42 and 154 days later, respectively.
Soil samples were collected on 26 May (Pi),
28 July (Pm), and 29 August (Pf).

Nematodes were extracted from 250-cm?
aliquots of each sample with a semiauto-
matic elutriator. After an elutriation time
of 4 min at full air and water pressure, the
material retained on the 38-um sieves was
further processed by a centrifugal flotation
technique to extract larvae (5,13). Material
retained on the 425-um sieves was extracted
as previously described (6,7) to estimate
egg populations in the Pm and Pf samples.
Samples were then placed in calibrated
dishes for identification and counting. Raw
data was converted to nematodes per 500
cm?,

Data were analyzed by aid of the 1979
release of SAS computer procedures (SAS
Institute, Cary, North Carolina). The Gen-
eral Linear Models procedure using fac-
torials for cultivar and fumigation treat-
ments was utilized.

RESULTS

Soil moisture and Pi varied considerably
from year to year. There was adequate soil
moisture for good sweet potato growth in
1978, but in 1979 severe drought conditions
persisted during the beginning and middle
of the growing season, and in 1980 moderate
drought occurred at midseason. In 1978
reniform populations were relatively low
(Pi = 660 larvae per 500 cm® of soil in
nonfumigated [N] plots, and Pf = 1,446
and 3,237 nematodes per 500 cm? of soil in
fumigated [F] and N plots, respectively) and
were thus not included in Table 1. In 1979
Pi was very high (F = 2,896 and N =
9,219). In 1980 Pi was intermediate (F =
94 and N = 1,525). Statistically significant
differences (P < 0.01) occurred between F
and N at Pi, Pm, and Pf. In 1979 and 1980
significant differences also occurred among
selections at Pm and Pf, but there was not
a significant interaction between fumiga-
tion and selection at either sampling date
in either year (Table 1). The highest pop-
ulations occurred at midseason in N plots
in 1979 and 1980; the population declined
markedly from Pm to Pf Egg populations
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Table 1. Midseason and final populations of reniform nematode in a naturally infested field.

Total reniform nematodes (larvae + eggs) per 500 cm? sojl*

Pm pPf
Ycar felection Fumigated Nonfumigated Fumigated Nonfumigated
1970 Centennial 8,229 a 15,754 b 2,254 a 4,010 a
Goldrush 6,238 a 5231 a 3,694 a 3,667 a
Heartogold 9,243 a 10,790 ab 2494 a 7,282 be
Jasper 8,435a 14,576 b 2,790 a 3,842a
Jewel 4,399 a 8,681 a 4,168 a 8,443 ¢
Porto Rico 4,575 a 6,397 a 2,695 a 4,798 ab
L1-207 6,813 a 8289a 2,021 a 5,505 ab
Travis 4,876 a 5,052 a 1,670 a 3,962 a
ANOVA F = values (probability levels)
Variables Pm Pf
selections 4.38 (p < 0.0001) 2.96 (p = 0.003)
fumigation 7.51 (p = 0.007) 34.29 (p < 0.0001)
selections X fumigation L.60 (p = 0.12) 144 (p = 0.18)
1980 Centennial 13,191 a 32,036 b 4,322 a 7,508 a
Goldrush 2,690 a 15,518 a 3,547 a 8,473 a
Heartogold 6,622 a 33,938 b 7,591 a 13,847 be
Jasper 5,780 a 27227b 2,892a 8,658 a
Jewel 12,409 a 26217 b 6,348 a 7.876 a
Porto Rico 4,987 a 27,636 b 4,018a 7,662 a
L1-207 10,370 a 30,364 b 5,751 a 16,636 ¢
Travis 4,560 a 15,991 a 2,174 a 6,617 a
P-104 4,553 a 13218 a 4,011 a 9,207 ab
ANOVA F = values (probability levels)
Variables Pm Pf
selections 5.62 (f < 0.0001) 4.34 (p < 0.001)
fumigation 137.83 (p < 0.007) 46.72 (p < 0.0001)

selections X fumigation

187 (p = 0.07)

1.36 (p = 0.22)

*Numbers followed by the same letter in the same column are not significantly different (DMRT P =

0.05).

were 439, for Pm and 199 for Pf of the
total populations for the average of all three
years.

Yields of the sweet potatoes were highest
in 1978 and lowest in 1979. Yields in 1978
did not differ significantly between fumi-
gated and nonfumigated plots, and there-
fore those data are not included. Yields for
1979 and 1980 are shown in Figure 1. Sig-
nificant differences occurred among selec-
tions for all three years and between F and
N for 1979 and 1980. In 1979 and 1980
highly significant (P < 0.01) differences in
total yield were found for varieties and
fumigation. The interaction between varie-
ties and fumigation was significant (P <
0.01) in 1979 but not in 1980 (P = 0.88).
The greatest percent gain in yield of fumi-
gated over nonfumigated plots occurred

with the cultivar Goldrush, while the small-
est percent gain occurred with Centennial
and Jewel. In addition, fumigation in-
creased the proportion of U.S. #1 sweet
potatoes by a greater amount with Goldrush
than with Centennial or Jewel.

Quality was affected not only by the size
of individual sweet potatoes but also by
the occurrence of cracks (Fig. 2). Most of
the cracks appeared to have been initiated
early in development, since they were very
deep and had healed by forming callus and
periderm over the exposed surfaces. In 1978
a significantly higher incidence of cracked
sweet potatoes occurred in the N than the
F plots and significant differences were
found among selections (Table 2). Differ-
ences among selections were also significant
in 1979 and 1980; the difference between
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Fig. 1. Yields of sweet potato selections in tumigated and nonfumigated plots in a field naturally m-
fested with the reniform nematode, Rotylenchulus reniformis, for 1979 and 1980. Solid portions of bars
represent yield of U.S. #1 sweet potatoes and the full bars represent total yields. Total yields for bars for a
year with letters in common are not significantly different (P = 0.05). For 1980 the letters v-z or a-e
compare selections in fumigated or nonfumigated plots, respectively. In 1979 the selection X fumigation
interaction was significant and all plots are compared together.



Fig. 2. A sweet potato of the cultivar Goldrush
showing cracking characteristic of that which oc-
curred in nonfumigated plots in a field naturally
infested with the reniform nematode, Rotylenchulus
reniformis.

fumigated and nonfumigated was signifi-
cant in 1980 but not in 1979,

Nematode populations were compared
to the different growth and yield param-
eters by individual selection for 1979 and
1980. Pi was positively correlated with Pm
and Pf in 1980 for each selection, but in
1979 it differed among selections and was
not significant. The selections Goldrush,
Heartogold, Jasper, and L11-207 had a sig-
nificant negative correlation between Pi
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and total yield. Porto Rico had a negative
correlation between Pm, but not Pi, and
yield in 1980. Other correlations between
nematode populations and yield were not
significant. When the ratios of Pm/Pi, Pf/
Pi, or P{/Pm were compared to yield param-
eters for all selections combined, Pf/Pm was
negatively correlated (r = — 0.29) in 1980,
while in 1979 Pm/Pi was positively corre-
lated (r = 0.24) with yield. Pm/Pi was neg-
atively correlated with percent cracked in
1979 but not 1980.

DISCUSSION

Reproduction of R. reniformis on differ-
ent sweet potato selections was similar in
the field to that in previous greenhouse
studies (16, Clark unpublished data). A
high proportion of the total population
(19-439%,) was in the egg stage, indicating
the importance of enumerating both larvae
and eggs of the reniform nematode when
assessing field populations. The rate of re-
production was apparently dependent on
initial population levels. In 1979 when Pi
was high, the populations did not increase
greatly during the season. In all three years

Table 2. Frequency of cracking of sweet potato selections grown in a field infested with the reniform

nematode, Rotylenchulus reniformis.

Percentage of sweet potatoes cracked

1978 1979 1980%*
Non- Non- Non-
Selection Fumigated* fumigated* Fumigated* fumigated* Fumigated fumigated
Centennial 2a 9ab 16a 7a 34 de 28 cde
Goldrush la 13 ab 13a 23 ab 27 cde 50g
Heartogold 7a 13 ab 16a 50 ¢ 28 cde 23 cd
Jasper 0a 15b 142 22 ab 28 cde 36 def
Jewel 5a 13 ab 9a 14a 33 de 34 de
Porto Rico 4a 11 ab 37b 37bc 39 efg 47 fg
L1-207 la 2a 4a 9a 10 ab 17 be
Travis 1a 14b 16 a 16 ab 23 ¢d 28 cde
P-104 la la
ANOVAF — values (probability levels)
Variables 1978 1979 1980
selections 3.68 (P = 0.002) 3.95 (P < 0.0002) 18.19 (P < 0.0001)
fumigation 35.88 (P < 0.0001) 3.31 (P = 0.07) 5.21 (P = 0.024)
selections X fumigation 1.49 (P = 0.18) 1.47 (P = 0.16) 225 (P = 0.028)

*Percentages for selections in the same fumigation treatment (column) followed by the same letter are

not significantly different (DMRT, P = 0.05).

**Percentages for 1980 followed by the same letter are not significantly different (DMRT, P = 0.05).
The selection X fumigation interaction was significant.
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reproduction was greater when initial pop-
ulations were reduced by fumigation.
Nematode populations and the propor-
tion in the egg stage declined between the
midseason and final sampling dates, es-
pecially when Pi and Pm were high. Late
in the season sweet potatoes cease produc-
tion of new absorbing roots (9), and root
senescence or nematode induced necrosis
(15) may result in reduction in available
feeding sites. Such phenomena might ac-
count for the decline of reniform popula-
tions on sweet potato late in the season. On
soybean and cotton, reniform nematode
populations remained high through the last
part of the growing season and winter (3).

The effect of reniform nematodes on
growth and yield of the different sweet po-
tato selections studied was not related to
their suitability for reproduction of the
nematode. In fact, Goldrush which sup-
ported the least reproduction was the most
severely affected in the field, while Cen-
tennial which supported the greatest re-
production was the least severely affected.
This relationship is similar to that reported
for the reniform nematode on Irish potato
(18). The sensitivity of Goldrush to the
reniform nematode may result in a greatly
reduced root system with fewer feeding sites
and a corresponding decrease in the repro-
duction of the nematode.

Sweet potatoes are known to crack in
response to several factors including root-
knot nematode (Meloidogyne spp.), sud-
den rapid growth, or sudden exposure to
cool temperatures at harvest. These were
not significant factors in the present study,
vet high incidences of cracking were ob-
served and significantly more occurred in
the nonfumigated plots in two of the three
years. Development of reniform nematode
on sweet potato differs from that of root-
knot in that it apparently does not develop
on the fleshy storage roots after they have
enlarged beyond a diameter of approxi-
mately 5-10 mm (1). Until the report of
Gapasin and Valdez (11), it was presumed
that because the nematode did not feed on
enlarged fleshy roots, it did not cause crack-
ing (15). This report also suggests that
reniform nematode causes cracking of sweet
potatoes under field conditions. This has
been confirmed in artificially infested field

plots (20). The nature of the cracks was
qualitatively different from that associated
with other causes. Reniform nematode-
induced cracks were deeper, the exposed
surfaces were healed over by formation of
callus and periderm, and no larvae or adults
were found on or within cracked sweet po-
tatoes. Selection P-104 was resistant to
cracking.

Sweet potato yields were most negatively
correlated with initial population densities
for most selections and with reniform nema-
tode reproduction late in the season (Pf/
Pm). This is in general agreement with the
observations of Birchfield and Martin (2).
Nematode reproduction early in the 1979
season was positively correlated with yield
parameters. High Pi levels greatly reduced
early vegetative growth which in turn may
have reduced the ability of the plants to
support reproduction of the nematode.

Growth of the sweet potato plant has
been divided into three phases: (i) initial
growth of vines and absorbing roots only;
(i) an intermediate phase consisting of
growth of the vines, absorbing roots, and
initial development of the fleshy roots; and
(iit) a final phase consisting of rapid devel-
opment of the fleshy roots (9). The reniform
nematode is known to have a “root prun-
ing” effect on sweet potatoes (15), and thus
the negative correlation between Pi and
yield is probably a direct result of a reduc-
tion in the absorbing root system in the
initial and intermediate phases of growth
of the sweet potato. However, such an effect
would not explain the negative correlation
between Pf/Pm and yield. The nematode
may impair function of the existing absorb-
ing root system late in the season, or it
may interfere with translocation of photo-
synthate to the developing fleshy roots. A
“metabolic sink” effect has been demon-
strated for root-knot nematode in which the
nematode induces an enhanced accumula-
tion of photosynthates at its feeding sites
(17). Such an effect, although never demon-
strated for R. reniformis, might mean that
the nematode would actually compete with
the fleshy roots for photosynthate produced
in the vines in the final phase of growth.
A mechanism of this nature might also ex-
;lain one way in which reniform nematode
could reduce the sucrose content of canta-
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loupe (12).

Data presented in this study cannot be
used to accurately estimate thresholds; how-
ever, two observations should be noted.
First, cracking occurred in 1978 when Pi
was low and no effect on yield was noted;
when Pi was high in 1979 and 1980, inci-
dence of cracking was high in both F and
N plots. This suggests that the population
level necessary for cracking may be very
low and is probably less than that for yield
reduction. Second, in 1979 and 1980 the
yields were low in both F and N. The
reniform nematode populations surviving
fumigation in this natural infestation may
be sufficient to reduce yield. Thus, it may
be necessary to use both resistance or toler-
ance and chemicals to adequately control
reniform nematode on sweet potato. Un-
fortunately, none of the sweet potato selec-
tions yet tested is sufficiently resistant or
tolerant to offset effects of the reniform
nematode under field conditions.
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