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Relationship: Vanderlindia venata n.sp. 

differs from the type and only other  known 
species, V. duplopapiIlata Heyns, 1964 in 
having a smaller and less slender body, 
odontostyle over two lip region widths long, 
stylet guiding ring 1.2-1.4 lip region widths 
from anterior end, and longer oesophagus 
in relation to body length. Females of V. 
dupIopapiIlata have L = 4.91-5.75 mm; a 
= 61-72; b = 7.4-8.3; odontostyle 1.6-1.9 
times lip region width and stylet guiding 
ring 0.8-0.9 lip region width from anterior  
end in four paratypes examined by me; 
odontophore  of V. duplop~zpillata is similar 
in structure to that of V. venata and lacks 
knobs at the base of its anter ior  part, con- 
trary to an earlier report  (3). 
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Effect and Reproduction of Rotylenchulus reniformis on 
Sweet Potato Selections 

C. A. CLARK and V. L. WRIGHT' 

Abstract: Growth,  yield, and  qual i ty  of 10 sweet po ta to  selections and  rep roduc t ion  of the  
r en i fo rm nematode ,  Rotylenchulus reniformis, were s tud ied  in fumiga t ed  and  n o n f u m i g a t e d  
plots in a na tu ra l ly  infested field. Nema t ode  reproduc t ion  on  the  different  selections in the  field 
was s imi la r  to tha t  repor ted  in the  g reenhouse  b u t  was no t  re la ted to the  effect of  the  nema-  
tode on yield of the  different  selections. Golt l rush suppor t ed  the  least  reproduc t ion  b u t  was the  
mos t  severely affected by the  nematot le ,  while  Cen tenn ia l  suppor ted  the  mos t  r ep roduc t ion  b u t  
was the  least affecte¢l. A l t h o u g h  ren i fo rm nema t ode  was no t  found  wi th in  enlarged  fleshy roots, 
sweet potatoes  were more  f requent ly  cracked in n o n f u m i g a t e d  plots  even when  nema tode  pop-  
u la t ions  were relat ively low. One  selection, P-104, was res i s tan t  to cracking. Yield of all selections 
tested was significantly reduced  when  ini t ia l  popu la t ions  were modera t e  to h igh  (1,500-10,000 
nemas  per  500 cm:¢). Correla t ions  were m a d e  between n e m a t o d e  popu la t i on  pa ramete r s  and  
growth,  yield, and  cracking of the  sweet potatoes.  T h e  ini t ial  popu la t ions  and  the  r ep roduc t ion  
rat io  for the  last  par t  of the  g rowing  seastm gave the  mos t  significant negat ive correlat ions wi th  
yield for most  selections. Key words: lpomoea batatas, r en i fo rm nematode .  

J o u r n a l  of Nemato logy  15(2):198-203. 1983. 

The  reniform nematode, RotyIenchulus 
reni[ormis Linford & Oliveira, has been re- 
ported in most of the Southeastern Uni ted 
States and many other subtropical and 
tropical areas of the world where sweet po- 
tatoes Ipomoea batatas (L.) Lain. are grown 
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(3,4,10,11). Birchfield and Mart in (2) and 
Martin (15) reported that R. reniforrnis 
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 
(i) whether the suitability of a sweet potato 
selection for reproduct ion of reniform 
nematode could be related to performance 
of the selection in infested fields, (ii) 
whether any of the common sweet potato 
cuhivars have tolerance to the nematode, 
and (iii) the relationships between reniform 
nematode Fopulat ion levels, soil fumiga- 
tion, and yield and quality of different 
sweet potato cultivars. A preliminary report  
has been published (8). 

MATERIALS AND M E T H O D S  

Plots (1.3 X 4.0 m each) were located at 
tile same site each year on an Olivier silt 
loam (pH 4.0-4.5) in Baton Rouge, Louisi- 
ana. T h e  soil was naturally infested with a 
uniformly distributed populat ion of R. 
reni[ormis. I11 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 
hlocks. 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 30-35 cm 
using disc hillers. In 1979 nematode popu- 
lations surviving fumigation were high, 
thus granular  e thoprop (3.4 kg a.i . /ha of 
O-ethyl S,S-dipropyl phosphorodithioate) 
was also applied to the soil surface at layby 
(16 June). T e n  terminal vine cuttings were 

planted in each plot and diphenamid (5.6 
kg a.i./ha of N,N-dimethyl-~-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 
populat ion = Pi), 3 August (midseason = 
Pro),  and 17 August (final = Pf). In 1979 
plot's were fumigated on 20 April and 
planted and harvested 27 and 140 days 

later, :  respectively. Soil samples were col- 
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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 3 
aliquots of each sample with a semiauto- 
matic elutriator. After an elutr iat ion time 
of 4 rain at full air and water pressure, the 
material retained on the 38-/~m sieves was 
further processed by a centrifugal flotation 
technique to extract larvae (5,13). Material 
retained on the 425-/zm 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 
c m  a . 

Data were analyzed by aid of the 1979 
release of SAS computer  procedures (SAS 
Institute, Cary, North  Carolina). T h e  Gen- 
eral Linear  Models procedure using fac- 
torials for cultiw~r 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 ei ther  sampling date 
in either year (Table  1). T h e  highest pop- 
ulations occurred at midseason in N plots 
in 1979 and 1980; the populat ion declined 
markedly from Pm to Pf. Egg populat ions 
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Table 1. Midseason and final populations of reniform nematode in a naturally infested field. 

Year 

Total reniform nematodes (larvae + eggs) per 500 cma soil* 
P m  pf  

.';election Fumigated Nonfumigated Fumigated Nonfumigated 

197q 

1980 

Centennial 8,229 a 15,754 b 2,254 a 4,010 a 
Goldrush 6,238 a 5,231 a 3,694 a 3,667 a 
Heartogold 9,243 a 10,790 ab 2,494 a 7,282 bc 
Jasper 8,435 a 14,576 b 2,790 a 3,842 a 
Jewel 4,399 a 8,681 a 4,168 a 8,443 c 
Porto Rico 4,575 a 6,397 a 2,695 a 4,798 ab 
L1-207 6,813 a 8,289 a 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 1.60 (p = 0.12) 1.44 (1) = 0.18) 

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 bc 
Jasper 5,780 a 27,227 b 2,892 a 8,658 a 
Jewel 12,409 a 26,217 b 6,348 a 7,876 a 
Porto Rico 4,987 a 27,636 b 4,018 a 7,662 a 
L1-207 10,370 a 30,364 b 5,751 a 16,636 c 
Travis 4,560 a 15,991 a 2,174 a 6,617 a 
P-104 4,553 a 13.218 a 4,011 a 9,207 ab 

ANOVA F = values (probability levels) 

Variables Pm Pf 

selections 5.62 (p (0.0001) 4.34 (p <(0.001) 
fumigation 137.83 (p (0.007) 46.72 (p <(0.0001) 

selections X fumigation 1.87 (p = 0.07) 1.36 (p = 0.22) 

*Numbers followed by the same letter in the same 
0.05). 

were 43c)0 for P m  and  19~o for Pf  of the 
total  popu la t i ons  for the average  of  all  three  
years. 

Yields of  the sweet pota toes  were  highest  
in 1978 and  lowest  in 1979. Yields in 1978 
d id  no t  (lifter s ignif icantly be tween  fumi- 
ga ted  and  n o n f n m i g a t e d  plots, and  there- 
fore those da ta  are not  inc luded .  Yields for 
1979 and 1980 are shown in F igure  1. Sig- 
nif icant  differences occur red  a m o n g  selec- 
t ions for all three  years and be tween  F and  
N for 1979 and  1980. In  1979 and  1980 
h ighly  signif icant  (P < 0.01) differences in 
total  yield were  found  for var ie t ies  and  
fumiga t ion .  T h e  in t e rac t ion  be tween  varie-  
ties and  f t tmiga t ion  was s ignif icant  (P < 
0.{11) in 1979 but  not  in 1980 (P = (I.88). 
T h e  greatest  percent  gain  in y ie ld  of  fumi- 
gated over  n o n f u m i g a t e d  plots occur red  

cohmm are not significantly different (DMRT P = 

with  tile cu l t iva r  Goldrush ,  wh i l e  the small- 
est pe rcen t  ga in  occur red  wi th  C e n t e n n i a l  
and  Jewel .  In  addi t ion ,  f u m i g a t i o n  in- 
creased the p r o p o r t i o n  of  U.S. # 1  sweet 
potatoes  by a grea ter  a m o u n t  wi th  G o l d r u s h  
than  wi th  C e n t e n n i a l  or  Jewel .  

Qua l i ty  was affected n o t  only by the  size 
of  i nd iv idua l  sweet po ta toes  b u t  also by 
the occurrence  of o-acks (Fig. 2). Most  of  
the cracks a p p e a r e d  to have  b e e n  i n i t i a t e d  
ear ly  in d e v e l o p m e n t ,  since they were  very 
deep  anti had  hea led  by f o r m i n g  callus and 
pe r ide rm over  the exposed surfaces. I n  1978 
a s ignif icant ly h igher  inc idence  of  c racked 
sweet po ta toes  occur red  in the  N than  the  
F plots and signif icant  differences were  
found  a m o n g  select ions ( T a b l e  2). Differ- 
ences a m o n g  select ions were  also s ignif icant  
in 1979 and  1980; the di f ference be tween  
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Fig. I. Yields of sweet potato selections in tumigated and nonfumigated plots m a field naturally m- 
rested with the reniform nematode, Rotylenchulus reni[ormis, h)r 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. 
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. . . .  a ud  total  yield. Por to  Rico had  a negat ive  
cor re la t ion  be tween Pm,  bu t  no t  Pi, a n d  
yield in  1980. O t he r  cor re la t ions  be tween  
n e m a t o d e  popu la t i ons  a n d  yield were no t  
significant.  W h e n  the rat ios  of P m / P i ,  P f /  
Pi, or P f / P m  were compared  to yield param-  
eters for all  selections combined ,  P f / P m  was 
negat ively corre la ted (r = - 0.29) i n  1980, 
while in  1979 P m / P i  was posit ively corre- 
la ted (r = 0.24) wi th  yield. P m / P i  was neg- 
atively correla ted wi th  percent  cracked in  
1979 bu t  no t  1980. 

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 renifnrm nematode, Rotylenchulus 
ren i/or mis. 

fumiga ted  and  n o n f u m i g a t e d  was signifi- 
can t  in  1980 bu t  no t  i n  1979. 

N e m a t o d e  popu l a t i ons  were compared  
to the different  growth  a n d  yield param-  
eters by i n d i v i d u a l  select ion for 1979 a n d  
1980. Pi was positively corre la ted wi th  P m  
and  Pf in  1980 for each selection, bu t  in  
1979 it differed a m o n g  selections a n d  was 
no t  significant.  T h e  selections Goldrush ,  
Hear togold ,  Jasper,  and  L1-207 had  a sig- 
ni f icant  negat ive  cor re la t ion  be tween  Pi 

Table 2. Frequency of cracking of sweet potato 
nematode, Rotylenchulus reni]ormis. 

D I S C U S S I O N  

R e p r o d u c t i o n  of R. reni/orrnis on  differ- 
en t  sweet pota to  selections was s imi la r  i n  
the field to tha t  in  previous  g reenhouse  
studies (16, Clark  u n p u b l i s h e d  data).  A 
h igh  p r o p o r t i o n  of the total  p o p u l a t i o n  
(19-43%) was in  the egg stage, i n d i c a t i n g  
the impor t ance  of e n u m e r a t i n g  bo th  larvae 
a n d  eggs of the r e n i f o r m  n e m a t o d e  when  
assessing field popu la t ions .  T h e  rate of re- 
p roduc t i on  was a p p a r e n t l y  d e p e n d e n t  on  
in i t i a l  p o p u l a t i o n  levels. I n  1979 when  Pi 
was high,  the  popu l a t i ons  did  no t  increase 
greatly d u r i n g  the season. I n  all three years 

selections grown in a field infested with the reniform 

Percentage of sweet potatoes cracked 
1978 1979 1980"* 

Selection 
Non- Non- Non- 

Fumigated* fumigated* Fumigated* fumigated* Fumigated fumigated 

Centennial 2 a 9 ab 16 a 7 a 34 de 28 cde 
Goldrush 1 a 13 ab 13 a 23 ab 27 cde 50 g 
Heartogold 7 a 13 ab 16 a 50 c 28 cde 23 cd 
Jasper 0 a 15 b 14 a 22 ab 28 cde 36 def 
Jewel 5 a 13 ab 9 a 14 a 33 de 34 de 
Porto Rico 4 a I 1 ab 37 b 37 bc 39 efg 47 fg 
L1-207 1 a 2 a 4 a 9 a 10 ab 17 bc 
Travis 1 a 14 b 16 a 16 ab 23 cd 28 cde 
P-104 . . . . . . . . . . . .  1 a 1 a 

Variables 

ANOVA F -- values (probability levels) 

1978 1979 1980 

selections 3.68 (P = 0.002) 3.95 (P < 0.0002) 
fumigation 35.88 (P < 0.0001) 3.31 (P = 0.07) 

selections × fumigation 1.49 ( P  = 0.18) 1.47 (P = 0.16) 

18.19 (P < 0.0001) 
5.21 (P = 0.024) 
2.25 (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 )< fumigation interaction was significant. 
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reproduct ion was greater  when initial pop- 
ulations were reduced by fumigation. 

Nematode  popula t ions  and the propor-  
t ion in the egg stage declined between the 
midseason and final sampl ing 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 ren i form popula- 
tions on sweet pota to  late in the season. On 
soybean and cotton, reniform nematode 
populat ions remained high through the last 
part  of the growing season and winter (3). 

T h e  effect of reni form nematodes, on 
growth and yield of the different sweet po- 
tato selections studied was not related to 
their suitability for reproduct ion of the 
nematode. In fact, Goldruslt  which sup- 
ported the least reproduct ion was the most 
severely affected ira the field, while Cen- 
tennial which supported the greatest re- 
product ion was the least severely affected. 
This  relat ionship is similar to that  repor ted  
for the reniform nematode on Irish potato 
(18). T h e  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 o[ 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, 
yet high incidences of cracking were ob- 
served and significantly more  occurred in 
the nonfumigated  plots in two of the three 
years. Development  of reni form nematode 
on sweet pota to  differs from that  of root- 
knot  in that it apparent ly  does not develop 
on the fleshy storage roots after they have 
enlarged beyomt a diameter  of approxi-  
mately 5-10 m m  (1). Unti l  the repor t  of 
Gapasin and Valdez (I1), it was presumed 
that  because the nematode  did not feed on 
enlarged fleshy roots, it did not  cause crack- 
ing (15). Th i s  report  also suggests that  
reniform nematode causes cracking of sweet 
potatoes under field conditions. Th i s  has 
been confirmed in artificially infested field 
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plots (20). T h e  nature  of the cracks was 
qualitatively different from that associated 
with other causes. Reni form nematode- 
induced cracks were deeper, the exposed 
surfaces were healed over by format ion 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 popula t ion densities 
for most selections and with reniform nema- 
tode reproduct ion late in the season (Pf/ 
Pro). This  is in general agreement  with the 
observations of Birchfield and Mart in  (2). 
Nematode  reproduct ion early in the 1979 
season was lzositively 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  reproduct ion of the nematode.  

Growth of the sweet pota to  plant  has 
been divided into three phases: (i) initial 
growth of vines and absorbing roots only; 
(ii) an intermediate  phase consisting of 
growth of the vines, absorbing roots, and 
initial development  of the fleshy roots; and 
(iii) a final phase consisting of rapid  devel- 
opment  of the fleshy roots (9). T h e  reniform 
nematode is known to have a "root  prun- 
ing" effect on sweet potatoes (15), and thus 
tire negative correlation between Pi and 
yield is probably a direct result of a reduc- 
t ion 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 P f / P m  and yield. T h e  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 
"metabol ic  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, a l though never demon- 
strated for R. reniformis, might  mean that  
the nematode  would actually compete with 
the fleshy roots for photosynthate  produced 
in tlre vines in the final phase of growth. 
A mechanism of this nature might  also ex- 
l:lain one way in which reni form nematode 
could reduce the sucrose content  o f  canta- 
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l o u p e  (12). 
D a t a  p r e s e n t e d  i n  t h i s  s t u d y  c a n n o t  b e  

u s e d  to  a c c u r a t e l y  e s t i m a t e  t l t r e s h o l d s ;  h o w -  
eve r ,  t w o  o b s e r v a t i o n s  s h o u l d  b e  n o t e d .  
F i r s t ,  c r a c k i n g  o c c u r r e d  i n  1978 w h e n  P i  
w a s  l o w  a n d  n o  ef fec t  o n  y i e l d  was  n o t e d ;  
w h e n  Pi  was  h i g h  i n  1979 a n d  1980, inc i -  
d e n c e  of  c r a c k i n g  w a s  h i g h  i n  b o t h  F a n d  
N p lo t s .  T h i s  sugges t s  t h a t  t h e  p o p u l a t i o n  
l eve l  n e c e s s a r y  fo r  c r a c k i n g  m a y  b e  v e r y  
l ow  a n d  is p r o b a b l y  less t i t a n  t h a t  for  y i e l d  
r e d u c t i o n .  S e c o n d ,  i n  1979 a n d  1980 t h e  
y i e l d s  w e r e  l ow  i n  b o t l t  F a n d  N .  T h e  
r e n i f o r m  n e m a t o d e  p o p u l a t i o n s  s u r v i v i n g  
f u m i g a t i o n  i n  t h i s  n a t u r a l  i n f e s t a t i o n  m a y  
b e  su f f i c i en t  t o  r e d u c e  y i e ld .  T h u s ,  i t  m a y  
be  n e c e s s a r y  to  use  b o t h  r e s i s t a n c e  o r  t o l e r -  
a n c e  a n d  c h e m i c a l s  to  a d e q u a t e l y  c o n t r o l  
r e n i f o r m  n e m a t o d e  o n  s w e e t  p o t a t o .  U n -  
f o r t u n a t e l y ,  n o n e  o t  t h e  s w e e t  p o t a t o  selec- 
t i o n s  ye t  t e s t e d  is su f f i c ien t ly  r e s i s t a n t  o r  
t o l e r a n t  to  offse t  ef fects  o f  t h e  r e n i f o r m  
n e m a t o d e  u n d e r  f i e ld  c o n d i t i o n s .  
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