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Spatial-temporal Patterns of Meloidogyne konaensis on 
Coffee in Hawaii 1 

FENGRU ZHANG AND D. P. SCHMITT 2 

Abstract: Populat ion densities ofMeloidogyne konaensis were de t e rmined  in March and July o f  1991 
and  1992 on coffee cuhivars Guatemalan and 502, and on four  rootstocks (Purpuree ,  Congensis,  
Deweveri,  and  Kaffe) with Guatemalan or  502 as a scion. Three-d imens iona l  spatial pa t terns  were 
character ized on roots o f  Guatemalan and Deweveri. Populat ion densities d i f fe red  a m o n g  rootstocks 
(P < 0.05) and times (P < 0.01). T h e  greatest  n u m b e r  of  second-stage juveniles (]2) occurred  on  
Guatemalan and  fewest J2 on Purpuree  and Deweveri rootstocks. More nematodes  were found  in 
March than in July o f  both years. T h e  spatial distribution varied by positions and dep ths  on  Gua- 
temalan. T h e  highest  nematode  popula t ion density occurred  at 60 cm f rom the base of  the tree and  
15-45 cm deep.  Numbers  o f  nematodes  were relatively low at all positions and all dep ths  on the 
Guatemalan-Dewever i  combination.  

Key words: coffee arabica, coffee, ecology, Kona coffee root-knot  nematode ,  Meloidogyne konaensis, 
nematode ,  populat ion distribution. 

Meloidogyne konaensis Eisenback, Ber- 
nard, and Schmitt is a newly described 
nematode from coffee in Hawaii (6). This 
nematode infects and damages several cof- 
fee cuhivars (13). The  general relation- 
ships between initial population (Pi) densi- 
ties of  M. konaensis eggs and coffee growth 
have been determined (13); however, to 
improve predictive capabilities and under- 
standing of  the M. konaensis-coffee rela- 
tionship, more data are needed on the 
temporal and spatial fluctuations of  M. ko- 
naensis populations. Understanding M. ko- 
naensis population dynamics in the coffee 
agroecosystem should aid in the develop- 
ment of  guidelines for the selection and 
timing of  management inputs. 

Root-knot nematodes are the most eco- 
nomically important plant-parasitic nema- 
todes in the world (12), causing damage to 
a wide variety of  crops, including coffee 
(Coffea L.) (4). Studies of  the spatial and 
temporal distribution of  Meloidogyne spp. 
were used to develop a simulation model 
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for the development of  these nematodes in 
grapes (7). Similar information could be 
used to improve sampling methods and 
experimental designs in coffee. The objec- 
tives of  this study were to determine the 
temporal and spatial distribution and pop- 
ulation fluctuations of  M. konaensis in a 
naturally infested coffee field. 

MATERIALS AND METHODS 

A coffee field located at the Kona Ex- 
periment Station, Kealakekua, Hawaii, was 
selected for this research. The field is at an 
elevation of  450 m, with annual soil tem- 
peratures ranging from 15-32 C (daily 
mean of  25 C). The field was planted in 
1989 with eight combinations of  two coffee 
scions (502 and Guatemalan) on four root- 
stocks (Purpuree,  Congensis, Deweveri, 
and Kaffe), and cultivars 502 and Guate- 
malan for a total of  10 treatments. These 
rootstocks were selected for this study be- 
cause of  their resistance reaction in previ- 
ous trials (P. Ito, pers. comm.). Five trees 
of  each treatment, spaced 2 m apart, were 
planted in a single row in the center of  
each plot with 20 trees in most rows. Rows 
were spaced 3.5 m apart. Treatments were 
arranged in a randomized complete block 
design with four replications. 

Temporal distribution: Temporal  changes 
in populat ion densities of  M. konaensis 
were followed on all 10 cuhivar, stock, and 
scion treatments from 1991 to 1992. The  
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trees were 2 years old when this study was 
initiated and 3 years old when the tree 
shoots were cut off, leaving only a stump. 
New shoots began to grow within a few 
days. Ten soil cores (each 2.5-cm-d × 15 
cm deep and two cores/tree) were collected 
and composited from the dripline of the 
coffee trees f rom each replication. Soil 
samples were collected in March and July 
of  1991 and 1992. Each sample was sieved 
through a screen with 3.75-mm openings. 
Nematodes were extracted from a 250-cm 3 
subsample of each replication by a combi- 
nation of  elutriation (3) and centrifugal 
flotation (8). 

Spatial distribution: The spatial distribu- 
tion pattern of  M. konaensis was deter- 
mined on cultivar Guatemalan and on 
Guatemalan scion-Deweveri rootstock in 
1992. Tree stocks were 3.5 years old when 
this study began, and new shoots had de- 
veloped from the stumps. Samples were 
collected in November 1992 and in March, 
June,  and September 1993. Soil cores (5- 
cm-d) were collected with a soil bucket au- 
ger from three horizontal positions (20, 
40, and 60 cm from the trunk) and three 
vertical depths (0-15, 15-30, and 30-45 
cm) from opposite sides of a tree, with 
three replicate trees from each treatment. 
From each sample, 250 cm ~ soil was placed 
into a plastic beaker and immersed in tap 
water for 24 hours before nematodes were 
extracted by elutriation (3) and centrifugal 
flotation (8). 

Data analysis: All data were subjected to 
analysis of variance. Population data for 
temporal  distribution were analyzed by 
rootstocks, cultivars, scions, times, and in- 
teractions using a repeated-times-mea- 
surement analysis. Means were compared 
by Waller-Duncan k ratio t-test. Population 
patterns for spatial distribution were ana- 
lyzed by position, depth, cultivar, and root- 
stock. Nematode count data were log10 (N 
+ 1) transformed where N = number of  

J2 of M. konaensis. Antilogs were used for 
graphic presentations. 

RESULTS 

Temporal distribution: The temporal pat- 
tern ofM.  konaensis J2 in the upper 15 cm 

of soil in the coffee field varied among 
rootstocks and times, but not (P < 0.05) 
between scions 502 and Guatemalan. The 
population density of  J2 in the soil was 
more abundant initially (when trees were 2 
years old) on Guatemalan and 502 than on 
any of  the rootstock-scion combinations 
(Fig. 1). The mean numbers of J2 were 
different among cultivars and rootstocks 
(P ~< 0.05). The nematode population den- 
sity increased from March to July in 1991 
on Kaffe stock, Guatemalan-Congensis,  
and 502-Deweveri ,  but  decreased  or 
changed only slightly on all other scion- 
stock combinations or cultivars. Population 
densities peaked in March 1992 in all treat- 
ments except Deweveri-502, then declined 
to barely detectable levels by July 1992 
(following the removal of shoots in March 
1992). 

Rootstock inf luenced the populat ion 
density of the nematode (P < 0.05). The 
greatest nematode population (570 J2/250 
cm 3 soil in March 1992) was found on cul- 
tivar Guatemalan and the lowest number 
occurred on the Purpuree stock. Deweveri 
stock was also effective in suppressing 
numbers of this nematode (Fig. 1). Nema- 
tode numbers were not different between 
scions and interactions within stocks and 
scions (P < 0.05). 

Spatial distribution: The spatial popula- 
tion distribution of M. konaensis J2 was re- 
lated to horizontal and vertical distance 
from the base of the coffee tree (Fig. 2). 
The J2 population densities and frequen- 
cies of occurrence were greater at 60 cm 
than at 20 or 40 cm from the trunk (P ~< 
0.05). More nematodes occurred at depths 
of 15-45 cm than at 0-15 cm (P ~ 0.01) on 
cultivar Guatemalan. The depth and dis- 
tance interactions were not significant for 
population density of J2. The population 
densities were also not different (P < 0.05) 
among positions and depths on Guatema- 
lan-Deweveri (Fig. 2). The means of  dry 
root weights from the samples were differ- 
ent (P < 0.05) among depths and distances 
(data not shown). More roots were present 
at 60 cm from the trunk and at 15-45 cm 
depth than at 20 and 40 cm from the trunk 
and at the 0-15 cm depth. Root weights 
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FIC. 1. Population changes ofMeloidogyne konaensis on cuhivars 502, Guatemalan, and 502 and Guatemalan 

scions on four rootstocks. A) Guatemalan scion and B) 502 scion. Data are means of  four replications. 

were three times higher in March than in 
June, September, and November. 

DISCUSSION 

Nematode population density and distri- 
bution in the soil can be influenced by 
many factors, such as initial population 
density (1); plant species (9,11); crop man- 
agemen t  strategies (5); soil s t ructure ,  
depths, and season (10); and environmen- 
tal conditions (2). Meloidogyne konaensis ap- 
pears to survive and reproduce best below 

15 cm deep in the soil and at a distance of 
60 cm from the trunk. This area corre- 
sponded to the dripline of  the tree. The 
area with more roots, especially more new 
roots, would be most favorable for new in- 
fection and reproduction of  the nematode. 
The soil moisture and temperature  are 
more stable at this depth and may be the 
reason for the higher nematode popula- 
tion density. 

The coffee cuhivar Guatemalan is sus- 
ceptible to several species of Meloidogyne 
and was the best host for this nematode's 
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reproduction. Rootstocks had different re- 
sponses to M. konaensis in this study. Lower 
mean numbers of  J2 in treatments 502-  
Purpuree, Guatemalan-Purpuree, Guate- 
malan-Deweveri, and 502-Congensis than 
those of  the other treatments implies that 
these rootstock-scion combinations are 
poor for reproduction of  M. konaensis. 
Rootstock Purpuree on both scions and 
Deweveri on Guatemalan scion, because 

they suppressed reproduction of  M. ko- 
naensis most, should be evaluated further. 

Soil temperature and moisture were im- 
portant factors influencing changes in 
populat ion  densit ies  o f  M. konaensis 
throughout the 2 years of  this study. Soil 
temperatures averaged 30 C from July to 
October 1991 and 22 C from November 
1991 to March 1992. The soil was dry from 

July to October 1991 and was relatively 
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m o i s t  f r o m  N o v e m b e r  1991 to  M a r c h  
1992. A c c o r d i n g  to the  life h is tory  o f  this 
n e m a t o d e  (13), lowest  mor ta l i ty  a n d  h igh-  
est  p e r c e n t a g e  h a t c h i n g  occu r s  at  24 C. 
T h u s ,  cond i t ions  were  favorab le  f o r  this 
n e m a t o d e ' s  r e p r o d u c t i o n ,  a c c o u n t i n g  fo r  
the  h ighes t  level in M a r c h  1992. Roots  in 
soil s a m p l e s  w e r e  m o r e  a b u n d a n t  f r o m  
N o v e m b e r  to March ,  ind ica t ing  be t t e r  con-  
di t ions  f o r  p l an t  g rowth .  Th i s  add i t iona l  
s o u r c e  o f  f o o d  p r o b a b l y  e n h a n c e d  t he  
n e m a t o d e  p o p u l a t i o n  level. T h e  s h a r p  de-  
cline in J u l y  1992 p o p u l a t i o n s  was likely 
d u e  to dry ,  ho t  cond i t ions  a nd  r e m ova l  o f  
the  t ree 's  shoots .  All o f  these  fac tors  wou ld  
r e d u c e  o r  even  s top r o o t  g r o w t h  a n d  be  
u n f a v o r a b l e  to the  n e m a t o d e ,  t he r e by  re- 
d u c i n g  the  p o p u l a t i o n  dens i t i es  d u r i n g  
this pe r iod .  

T h e  k n o w l e d g e  a b o u t  the  d i s t r ibu t ion  
a n d  f luc tua t ion  in M. konaensis popu l a t i ons  
has  e n a b l e d  us to m o d i f y  s ampl ing  p roce-  
d u r e s  f o r  this  n e m a t o d e  o n  c o f f e e .  I t  
s h o u l d  also be  usefu l  in d e t e r m i n i n g  place- 
m e n t  o f  nemat ic ides .  
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