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Abstract: Kenaf (Hibiscus cannabinus) and roselle (H. sabdariOa) were eva lua ted  in nemat ic ide-  
t rea ted and  un t r ea t ed  field soil na tu ra l ly  infested wi th  e i the r  Meloidogyne ]avanica or  M. 
arenaria. Root -knot  indices indica ted  tha t  the kenaf  b reed ing  l ine j-l-113 had  modera te  resistance 
to M. ]avanica and low resistance to M. arenaria. Kenaf cv Everglades 71 was h igh ly  susceptible  
to both  M. ]avanica and M. arenaria, and roselle b reed ing  l ine A59-56 was h ighly  resistant.  Both 
nematode  species reproduced  on all  p l an t  entries, but  more larvae were recovered from the soil 
in plots  p lan ted  to Everglades 71 than in plots  p l an ted  to j - l - l13  or A59-56. In u n t r e a t e d  soil 
infested wi th  M. ]avanica, dry-mat te r  yields were grea ter  (P = 0.05) for j - l - l 13  and A59-56 than  
for Everglades 71. T h e  percentages of live p lan ts  a t  harvest  were: j - l - l13 ,  88; A59-56, 93; and  
Everglades 71, 9. E thy lene  d ib romide  (1,2-dibromoethane)  at  73.9 kg a . i . /ha  and  DBCP (1,2- 
d ibromo-3-chloropropane)  at  17.6 kg a . i . /ha  increased d ry-mat te r  yields s ignif icant ly for al l  
entr ies  p l an t ed  in soil infested wi th  M. arenaria. Carbofuran  (2.3-dihydro-2,2-dimethyl-7- 
bcnzofuranyl  methy lca rbamate )  at  5.9 kg a . i . /ha  d id  not increase the d ry-mat te r  yields of any 
entry. None of the nemat ic ides  increased the growth  of any entry significantly in soil infested 
wi th  M. ]avanica. Key Words: Hibiscus cannabinus, Hibiscus sabdariffa, ethylene  d ib romide ,  
DBCP, carbofuran.  

Kenaf (Hibiscus cannabinus L.) and 
roselle (H. sabdari~a L.), two fiber crops, 
are potential  sources of pu lp  for making  
paper. In  the southeastern Uni ted  States, 
however, root-knot nematodes (Meloidogyne 
spp.) could limit product ion of both  crops 
unless resistant cultivars are grown or 
means are found to reduce nematode dam- 
age. Wilson and Summers (6) reported 
resistance in kenaf  to M. incognita in field 
experiments.  Minton et al. (4) and Adam- 
son et al. (1, 2) found resistance to M. 
incognita acrita, M. ]avanica, and M. 
arenaria in kenaf, and to M. incognita acrita 
and M. ]avanica in roselle. 

Th is  paper  reports the reaction to M. 
]avanica of breeding lines of kenaf  and 
roselle grown in field plots, and the re- 
sponses of these plants grown in soil 
infested with M. ]avanica or M. arenaria 
and treated with nematicides. 

M A T E R I A L S  A N D  M E T H O D S  

Three  experiments  were conducted at 
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Savannah, Georgia, on Ocilla loamy sand 
(86% sand, 11% silt, and 3% c l a y ) n a t -  
urally infested with Meloidogyne ]avanica 
(Treub)  Chitwood or M. arenaria (Neal) 
Chitwood. T h e  soil was turned ca 25 cm 
deep, and seed beds 10-15 cm high were 
formed. T h e  soil received 1.12 metric  
tons /ha  of 5-10-15 fertilizer before planting, 
and 0.11 metric tons /ha  of N were appl ied 
as a side dressing each year. Rows were 6 m 
long, spaced 9 l cm apart.  

Entries in each exper iment  were Ever- 
glades 71 (nematode-susceptible kenaf), 
j-1-113 (nematode-resistant kenaf), and 
A59-56 (nematode-resistant roselle). 

Nematode  popula t ion  levels in the 
soil were assayed with Jenkins '  rapid  
centrifugal-flotation technique (3). Roots 
of 10 plants from the two outside rows of 
each four-row plot or subplot  were dug 
and rated for root  galls. 

Yields, plant  heights, and stem diameters 
at the base of the plant  were obta ined f rom 
plants on the two center rows of each plot  
or subplot.  Yields were based on a 5-m 2 
area, and 10 plants per plot  were measured 
to determine heights and basal diameters. 
T e n  plants per plot or subplot  were oven- 
dried to obta in  dry weights. 

Data for the 2-year study were combined 
for statistical analysis (5). 

Experiment 1: This  exper iment  was 
designed to study the reaction of field-grown 
kenaf  and roselle to M. ]avanica and their 
effects on nematode populat ions  in the soil. 
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Kenaf  and  roselle were p lan ted  in four-row 
plots, repl icated four  times in a r andomized  
complete  block design. Seeds were p lan ted  
15 Apri l  1974 and  8 Apr i l  1975. Stands were 
adjusted to ca 64 plants  per plot. 

Number s  of  live plants  were recorded 
f rom a 5-m'-' area per p lo t  biweekly be- 
tween 15 Ju ly  and  30 N o v e m b e r  each year. 
Roo t -kno t  gall rat ings were recorded  21 
N o v e m b e r  1974 and  9 December  1975. Gall  
rat ings were based on a 1-5 scale: 1 = no 
galling, 2 = 1 -25%,  3 = 2 6 - 5 0 % ,  4 = 
5 1 - 7 5%,  and 5 = 7 6 - 1 0 0 ~  of  roo t  systems 
galled. Yields, p lan t  heights, and  stem 
diameters  were ob ta ined  on  2 February  1975 
for the 1974 plant ing,  and  on 9 J a n u a r y  
1976 for the 1975 plant ing.  N e m a t o d e  
popu la t i on  levels in the soil were deter- 
mined  biweekly. 

Experiments 2 and 3: Cont ro l  of  M. 
javanica in Exper imen t  2 and  M. arenaria 
in Exper imen t  3 with nematicides and  
resistant kenaf  and roselle was studied. 
T h e  nematicides and rates used were: 
e thylene d ib romide  (1,2-dibromoethane)  
at  73.9 k g / h a ;  DBCP (1,2-dibromo-3- 
ch lo ropropane)  at 17.6 k g / h a ;  and  
ca rbofuran  (2,3-dihydro-2,2-dimethyl-7- 
benzofuranyl  me thy lca rbamate )  at 5.9 
kg/l ta .  A split-plot design was used with 
nematicides as ma in  plots and plant  entries 
as subplots.  Each subplo t  con ta ined  four  
rows. 

Ethylene  d ib romide  was injected 20 cm 
deep with a single chisel in the row ca two 
weeks before plant ing.  D B C P  was injected 
in the same m a n n e r  at plant ing,  and carbo- 
furan was appl ied  in a 38-cm b a n d  over tile 
row and  incorpora ted  10 cm deep  wi th  a 
power-dr iven rototi l ler .  

T h e  plots were p lan ted  with Everglades 

71 and ]-1-113 kenaf  and  A59-56 roselle on 
17 Apri l  1975 and 15 Apri l  1976. Nematodes  
in the soil were assayed on 11 Augus t  1975 
and  13 Augus t  1976. Yields, p lan t  heights,  
and  stem dianteters for the 1975 and  1976 
plant ings  were recorded  12 J a n u a r y  1976 
and  27 December  1976, respectively. 

R E S U L T S  

Experiment 1: Resistance to M. ]avanica 
in field plots was indicated for A59-56 and  
j-l-113 as shown by root -knot  indices (Table  
1) and root-knot  larval popu la t ions  in the 
soil (Fig. 1). Everglades 71 was highly 
susceptible. A59-56 had a significantly lower 
root -knot  index ra t ing  than  j - l - l l3 ,  al- 
t h o u g h  the number s  of larvae in the soil 
were no t  different. Number s  of root -knot  
larvae were m u c h  greater  in plots p lanted  
to Everglades 71 than  in plots p lan ted  to 
A59-56 and  j-l-113. N u m b e r s  of  nematodes  
in all entries were m a x i m u m  in August .  
U n d e r  the resistant  entries, numbers  of  
nematodes  remained  relat ively constant  
f rom 19 Augus t  to 30 September,  whereas 
t inder the susceptible Everglades 71 they 
decreased rap id ly  after 19 August .  T h e  
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FIG. 1. Influence of kenaf and roselle 
Meloidoq~'ne ]avaniea larvae in the soil. 

0 n  

TABLE 1, Comparison of root-knot indices, yields, plant heights, and stem diameters of kena[ and roselle 
grown in soil infested with Meloidogyne ]avanica." 

Root-knot Yield Height Stem diameter 
Entry index (metric tons/ha) (m) (cm) 

Kenaf 
Everglades 71 5.0 a 3.8 a 2.3 a 1.9 a 
j-l-If3 3.6 b 8.8 b 3.2 b 2.0 a 

Roselle 
A59-56 2.5 c 9.4 b 3.4 b 2.0 a 

• Means in the same column followed by the same letter are not significantly different (P = 0.05) according 
to Duncan's multlple-range test. 
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dec l ine  was r e l a t e d  to d e a t h  of  p l a n t s  (Fig. 
2). Pe rcen t  l ive p l an t s  for Everg lades  71 
d e c l i n e d  r a p i d l y  b e g i n n i n g  in  J u l y  a n d  
c o n t i n u e d  to 30 Oc tobe r ,  w h e n  on ly  9 %  
were st i l l  l iv ing.  Converse ly ,  respec t ive ly  
93% and  88% of A59-56 and  j - l - l 1 3  were  
al ive on  30 October .  

T h e  level of r oo t -kno t  n e m a t o d e  re- 
s is tance was ref lected in y ie ld  differences.  
T h e  c o r r e l a t i o n  coefficient be tween  root -  
k n o t  i n d e x  a n d  y ie ld  was -0.87 (P = 0.01). 
Yields were respec t ive ly  147% a n d  132% 
grea te r  for A59-56 and  j - l - l 1 3  t han  for 
Everg lades  71. Yield of  A59-56 a n d  j - l - l l 3  
d i d  no t  differ.  A59-56 a n d  j- l-113 were  t a l l e r  
t han  Everg lades  71, a l t h o u g h  s tem diana- 
eters d i d  no t  differ.  
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FIG. 2. Survival of kcnaf and roselle plants 
growing in soil infested with Meloid%~,ne /avanica. 

Experiment 2, M. javanica: Root s  of  
A59-56 a n d  j- l-113 were r e l a t ive ly  free of  
gal ls  in  al l  p lo ts  ( T a b l e  2). Roo t s  of  Ever- 
g lades  71 were  severely  ga l l ed  in  the  
con t ro l  a n d  c a r b o f u r a n  plots .  E t h y l e n e  
d i b r o m i d e  and,  to a lesser ex ten t ,  D B C P  
r e d u c e d  ga l l i ng  of  Everg lades  71 roots .  
Average  roo t -kno t  indices  for al l  t r e a tme n t s  
were greates t  for Everg lades  71 a n d  least  
for A59-56. P o p u l a t i o n  levels of  M. javanica 
la rvae  in the  soil  were  grea tes t  for Ever- 
g lades  71 a n d  least  for A59-56 (P = 0.05). 

Yields d i d  no t  differ  s igni f icant ly  a m o n g  
Hibiscus entr ies  or  a m o n g  n e m a t i c i d e  t reat-  
ments ,  a h h o u g h  n u m e r i c a l  differences were  
re la t ive ly  la rge  ( T a b l e  3). Ave rage  yie lds  
for al l  t r ea tmen t s ,  however ,  were  18% 
grea te r  for j - l -113 t han  for Everg lades  71. 

P l a n t  he ights  d i d  n o t  differ  a m o n g  
en t r ies  or  a m o n g  t r e a tme n t s  (P = 0.05). 
Chemica l  t r e a tme n t s  h a d  no  s igni f icant  
effect on  s tem d i a m e t e r s  (P = 0.05). Av- 
erage  s tem d i a m e t e r s  for a l l  t r eamen t s  were  
grea tes t  for Everg lades  71, i n t e r m e d i a t e  for 
j- l-113,  and  least  for A59-56 (P = 0.05). 

Experiment 3, M. arenaria: R o o t - k n o t  
indices  in  the  con t ro l  p lo ts  i n d i c a t e d  a very 
high level of res is tance  to M. arenaria for 
A59-56 a n d  a lower  level for j - l - l 1 3  com- 
pa red  wi th  Everg lades  71, w h i c h  is 
suscep t ib le  ( T a b l e  2). E t h y l e n e  d i b r o m i d e  
redncet l  the  roo t -kno t  i n d e x  for al l  en t r ies ,  

TABLE 2. Root-knot indices of kenaf and roselle plants grown in soil infested with two Meloidogyne 
species and treated with nematicides. 

Species Index" 
and Kenaf 

treatment Everglades 71 j-l-113 
Roselle 
A59-56 Av 

M. ]avanica 
Control 
Ethylene dihromide 
DBCP 
Carbofuran 

Av 

M. arenaria 
Control 
Ethylene dibromide 
DBCP 
Carbofuran 

Av 

3.6a 1.7a 1.2a 2.2a 
1.3c 1.1a 1.0a 1.1b 
2.5b 1.3a l . l a  1.6a 
3.5a 1.6a 1.1a 2.1a 
2.8 1.4 1.1 

5 .0a  4 .2a  1.6a 3 .6a  
1.4c 1.3c 1.0b 1.2c 
3.3b 3.0b -1.2ab 2.5h 
5.0a 4Aa 1.6a 3.7a 
3.7 3.2 1.4 

*Data underscored by the same line in rows or followed by the same letter in columns within a nematode 
species are not significantly different (P = 0.05) according to Duncan's multiple-range test. 
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TABLE 3. Influence of nematicides on yields of kenaf and roselle plants grown in soil infested with 
two Meloidogyne species. 

Species Yield (metric tons/ha) 
and Kenaf Roselle 

treatment Everglades 71 j- 1-113 A59-56" Av 

M. javanica 
Control 5.8 6.9 8.7 7.1 
Ethylene dibromide 9.8 10.0 8.7 9.5 
DBCP 7.7 8.6 7.6 8.0 
Carbofuran 6.1 9.2 7.8 7.7 

AvY 7.4 8.7 8.2 

M. arenaria= 
Control 1.5 c 3.0 b 10.0 b 4,8 c 
Ethylene dibromide 11.7 a 10.6 a 12.5 a 11.6 a 

DBCP 6.9 b 8.6 a 12.4 a" 9.3 b 
Carbofuran 2.2 c 4.0 b 11.2 ab 5.8 e 

Av 5.6 6.6 11.5 

yAverage yield was significantly greater for j-l-l13 than for Everglades 71. 
"Data underscored by the same line in rows or followed by the same letter in columns are not significantly 
different (P = 0.05) according to Duncan's multiple-range test. 

and  D B C P  reduced the index for Ever- 
glades 71 and j-1-113. Ca rbo fu ran  had  no 
effect on  galling. Ethylene  d ib romide  and  
D B C P  reduced nematode  popu la t ions  
unde r  Everglades 71 and  j-l-113 (P -- 0.05). 

Two-year  average yields in un t rea ted  
plots were greater  for A59-56 than  for 
Everglades 71 and  j-l-113 (Table  3). A59-56 
p roduced  much  greater  yields than  did 
Everglades 71 and j- l- l13.  D B C P  and  
ethylene d ib romide  increased yields of  all 
entries. A59-56 yields were greater  than  
j- l - l13 yields in all t reatments,  and  greater  
than  Everglades 71 yields in all t rea tments  
except  e thylene d ibromide .  T h e  corre la t ion 
coefficients between yield and  root -knot  
index  and  n u m b e r  of roo t -knot  larvae in  
the soil were respectively -0.92 (P -~ 0.01) 
a n d - 0 . 5 6  (P = 0.01). 

P lan t  heights in un t rea ted  plots were 
greater  for A59-56 than for Everglades 71 
and j-l-113 (P = 0.05). Ethylene  d ib romide  
and  D B C P  increased heights of  all entries 
(P = 0.05). A59-56 was taller than  j - l - l l 3  
in all t reatments ,  and  taller than  Everglades 
71 in all except  the ethylene d ib romide  
t rea tment  (P = 0.05). J - l - l13  was taller 
than  Everglades 71 in the ca rbo fu ran  treat- 
m e n t  bu t  shorter  than  Everglades 71 in the 
ethylene d ib romide  t rea tment  (P = 0.05). 

Basal d iameters  in the un t rea ted  plots 
were greater  for A59-56 than  for Everglades 

71 and  j - l - l13 (P = 0.05). Nemat ic ides  d id  
no t  increase the basal d iamete r  of A59-56, 
bu t  all nematic ides  increased it for Ever- 
glades 71, and e thylene  d ib romide  and  
DBCP increased it for j - l - l13 (P -- 0.05). 

Yields of j-l-113 and  A59-56 were greater  
than  yields of  Everglades 71 in soil infested 
with M. ]avanica in Tes t  1 (Table  1) bu t  
not  in test 2 (Table  3). Yield trends, how- 
ever, were the same in bo th  tests. T h e  
two tests were on different sites. 

Yiehl increases due  to nematic ides  were 
greater  in test 3 in plots infested wi th  M. 
arenaria than  in test 2 in plots infested 
with M. javanica (Table  3). In  the control  
plots, root -knot  indices were greater  for M. 
arenaria than  for M. javanica, suggest ing a 
difference in nema tode  damage  (Table  2). 
Therefore ,  the differences in yield response 
may have been due to differences in patho-  
genici ty of the two nema tode  species or  
differences in n e m a t o d e  infestat ion levels 
in tile two fields. Also, differences in in- 
herent  p roduc t iv i ty  of  the two fields or  a 
combina t ion  of these and  o ther  factors 
could have affected yields. 

C O N C L U S I O N S  

Root -kno t  indices indicated  that  the 
kenaf  b reed ing  l ine j - l - l13 had  modera te  
resistance to M. ]avanica and  low resistance 
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to M. arenaria. Everglades  71 was suscepti-  
b le  to bo th  M. javanica and  M. arenaria, 
a n d  rosel le  b r e e d i n g  l ine  A59-56 was h igh ly  
res is tant .  Bo th  n e m a t o d e  species r e p r o d u c e d  
on  al l  p l a n t  entr ies ,  b u t  more  la rvae  were  
recovered  f rom soil in p lo ts  p l a n t e d  to 
Everglades  71 than  in plots  p l a n t e d  to j - l -  
113 and  A59-56. T h e  level of res is tance in  
j - l - l 13  and  A59-56 p rov ides  p l an t s  w i t h  
y ie ld  po t en t i a l s  s u p e r i o r  to tha t  of the  
suscep t ib le  commerc i a l  cu l t iva r ,  Everg lades  
71, when  p l a n t e d  on nema tode - in fe s t ed  
soil. Even t h o u g h  yie lds  of  j - l - l 13  a n d  
A59-56 were increased  s igni f icant ly  over  t ha t  
of Everg lades  71 in  on ly  one  test w i th  M. 
javanica, the  level of  res is tance  to this  
n e m a t o d e  appea r s  to have p rac t i ca l  value .  

Soil p o p u l a t i o n  levels of Meloidogyne 
l a rvae  and  roo t -kno t  indices  were  good  
ind ica to r s  of n e m a t o d e  resis tance.  W i t h  
h igh ly  suscep t ib le  p lants ,  however ,  there  is 
a r e l a t ive ly  shor t  p e r i o d  d u r i n g  the g rowing  
season when  la rva l  p o p u l a t i o n s  in the  soil 
are  m a x i m u m .  S a m p l i n g  of field soil to 
eva lua te  res is tance  mus t  be t i m e d  to corre- 
s p o n d  wi th  peak  p o p u l a t i o n  levels. Also,  a 
measure  of  res is tance was the  pe rcen t  l ive 
p l an t s  r e m a i n i n g  at  the  end  of  the  season. 
N e m a t o d e s  a p p e a r e d  to be the  m a j o r  pa th -  
ogen, a l t h o u g h  o the r  m i c r o o r g a n i s m s  m a y  
have c o n t r i b u t e d  to d e a t h  of  p lants .  

Kenaf  a n d  rosel le  are  long-season p l an t s  
and  r e q u i r e  m a x i m u m  n e m a t o d e  p r o t e c t i o n  
over  a long  per iod .  E thy l ene  d i b r o m i d e  

c o n t r o l l e d  b o t h  n e m a t o d e  species m o r e  
effectively a n d  for a l onge r  p e r i o d  t han  d i d  
DBCP or ca rbo fu ran .  

T h e  resul ts  i nd i ca t e  t ha t  r e s i s t an t  l ines  
and  nema t i c ide s  can c o m p l e m e n t  one an- 
o t h e r  in inc reas ing  Hibiscus yields  on  soils 
heav i ly  in fes ted  w i t h  M. javanica a n d  M.  
arcnaria. W h e n  soils have  less severe 
n e m a t o d e  in fes ta t ions  t han  those in  the  
e x p e r i m e n t a l  plots ,  however ,  e i t he r  r e s i s t an t  
cu l t ivars  or  a n e m a t i c i d e  used on  a 
suscep t ib le  cu l t i va r  m i g h t  p r o v i d e  a d e q u a t e  
cont ro l .  
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