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Relative Damage Functions and Reproductive Potentials 
of Meloidogyne arenaria and M. hapla on Peanut I 

S. R. KOENNING AND K. R. BARKER 2 

Abstract: T h e  reproduc t ive  potent ia l  a n d  d a m a g e  func t ions  for Meloidogyne hap/a a n d  M. arenaria 
race 1 o n  Virginia- type  p e a n u t s  (Arachis hypogaea cv. Florigiant) were d e t e r m i n e d  over  2 years  in 
microplot  e x p e r i m e n t s  in N o r t h  Carolina.  P e a n u t  yield supp re s s ion  a n d  d a m a g e  to pods  as a resul t  
o f  gal l ing were  greates t  in r e sponse  to M. arenaria (P = 0.01). D a m a g e  func t ions  for  the  two species 
were  adequa te ly  descr ibed by the  quadra t ic  models :  yield (g/plot) = 398 - 17.1 (logl0[Pi + 1]) - 
17.0(logx0[Pi + 1])2; (R 2 = 0.83, P = 0.0001) for M. arenaria; and  yield = 388 - 10.2(loga0[Pi + 1]) 
- 7.5(loga0[Pi + 1]) 2, (R 2 --- 0.30, P = 0.0001) for  M. hapla. Both  species caused  gal l ing on  pods ,  
bu t  this  was m o r e  severe  in r e sponse  to M. arenaria. Reproduc t ion  o f  M. arenaria race 1 was g rea te r  
t h a n  M. hap/a on  peanu t ,  which  accounts  in par t  for  the  m o r e  severe  pod  galling. P e a n u t  was an  
excel lent  hos t  for  bo th  M. arenaria race 1 a n d  for M. hap/a, bu t  r ep roduc t i on  by M. hap/a was m o r e  
variable. 

Key words: Arachis hypogaea, d a m a g e  funct ion ,  Meloidogyne arenaria, Meloidogyne hapla, n e m a t o d e ,  
peanu t ,  r ep roduc t ive  potential ,  roo t -knot  nema tode .  

Peanut (Arachis hypogaea L.) is subject to 
damage by many nematode species in the 
United States (5). The  most serious of  
these are Meloidogyne arenaria (Neal) Chit- 
wood and M. hapla Chitwood. Ninety per- 
cent of peanut fields in North Carolina are 
infested with Meloidogyne spp. (11). In ear- 
lier years, M. hapla was considered to be 
the only root-knot nematode species in- 
festing peanut fields in the state (10). Re- 
cently, however, M. arenaria was detected 
in several North Carolina peanut fields 
causing severe damage (3). There are no 
commercial peanut cuhivars resistant to 
these nematode species (6). Meloidogyne 
hapla usually is not considered to be a ma- 
jor  problem in peanut  product ion,  al- 
though it can cause yield losses (5). In con- 
trast, M. arenaria may cause yield losses in 
excess of  30% (8,9,12,13). Both species 
may increase the severity of black root rot 
disease in peanut caused by Cylindrocladium 
crotolariae (Loos) Bell & Sobers (3). Fumi- 
gant nematicides were used extensively to 
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control nematodes in peanuts until DBCP 
and EDB were banned from production in 
the United States. 

The current research was undertaken to 
characterize the relative damage potentials 
of M. hapla and M. arenaria on Virginia- 
type peanut. The specific objectives of  this 
research were 1) to develop damage func- 
tions for these two nematodes on peanut 
and 2) to assess the relative reproduction 
of the two nematode species on peanut in 
North Carolina. 

MATERIALS  AND M E T H O D S  

Experiments were conducted in 1987 
and 1988 at the Central Crops Research 
Station, Clayton, North Carolina. The soil 
was a Fuquay sand (93% sand, 4% silt, 3% 
clay; pH 5.9, O.M. <0.5%). Microplots 
were fumigated with ca. 98 g a.i. methyl 
bromide + 2 g a.i. chloropicrin per square 
meter 6 weeks prior to peanut planting in 
1987. The  mycorrhizal fungus,  Glomus 
macrocarpus Tul. & Tul., was added in 1987 
to each microplot by broadcasting a sus- 
pension containing ca. 1,000 chlamydo- 
spores onto the soil surface and incorpo- 
rating to a depth of  20 cm. Peanut seeds 
were inoculated with a commercial prepa- 
ration of Bradyrhizobium sp. (arachis) Jor- 
dan prior to planting. Nematode inoculum 
was reared in the greenhouse on tomato 
(Lycopersicum esculentum Mill. cv. Manapal). 
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The culture of  M. hapla came originally 
from tobacco-peanut plots, approximately 
25 years ago, and has been reared in the 
greenhouse since that time. The culture of  
M. arenaria was a recent acquisition from a 
peanut  field in Martin County,  North  
Carolina. Eggs of  the two species of  nema- 
todes were extracted from roots in 1987 
using the NaOC1 method (4). Aliquants of  
extracted eggs were added to sufficient 
water to bring the volume to 1 liter to dis- 
pense onto the soil surface of  individual 
microplots at the desired concentration. 
Inoculum was incorporated immediately 
to a depth of  15-20 cm. The experiment 
was a factorial design with 0, 35, 70, 140, 
280, 560, and 1,120 eggs/500 cm ~ soil and 
two nematode species (M. hapla and M. are- 
naria) in 1987. Treatments were arranged 
in randomized complete blocks with six 
replicates. Twelve peanut seeds cv. Flori- 
giant were planted 2-3 cm deep in a fur- 
row in the center of  each microplot. 

Microplots were not fumigated in 1988, 
as the damage  potentials of  carryover  
nematode populations were studied in the 
same plots. Microplots containing M. hapla 
received supplemental inoculum (0, 195, 
390, 780, 1,560, 3,120, 6,240 eggs and ju- 
veniles/500 cm 3 soil) because April soil 
samples indicated the population densities 
were low. Supplemental inoculum prepa- 
ration in 1988 consisted of  tomato roots 
infected with M. hapla, which were cut into 
1-cm long pieces and mixed with infested 
soil. Nematodes in infested soil and roots 
were quantified by elutriation and centrif- 
ugation (2), and eggs were extracted from 
roots (1). Aliquants of  infested soil were 
mixed (1:1) with sand and loamy sand 
(80% sand, 15% silt, and 5% clay) to 
achieve a final volume of  2 liters of  soil. 
Pasteurized soil and uninfested tomato 
roots were prepared for addition to con- 
trol microplots and those containing M. 
arenaria. Infested or uninfested soil was 
added to selected microplots and incorpo- 
rated before planting peanut  in 1988. All 
microplots were assayed for eggs and sec- 
ond_stage juveniles 2 weeks prior to plant- 
ing peanut in 1988. Initial population den- 

sity (Pi) for 1988 was considered to be the 
numbers of  juveniles per 500 cm z soil from 
the preplant samples for M. arenaria and 
M. hapla eggs and juveniles added supple- 
mentally plus the overwintered M. hapla 
juveniles. Microplots were inoculated and 
planted 2 weeks earlier in 1988 than in 
1987, and final season population density 
estimates were taken 1 week later in 1988 
than in 1987. 

Data collection for each microplot in- 
cluded midseason and harvest nematode 
samples each year in addition to the pre- 
plant samples taken in 1988. Nematode 
samples consisted of  12 cores (2.5-cm-d × 
20-cm deep). Nematode population densi- 
ties were assayed from 500-cm ~ subsam- 
pies processed by elutriation and centrifu- 
gation to extract juveniles (2). Eggs were 
separated f rom peanut  roots collected 
from the elutriator and processed by the 
NaOC1 method (1). 

Peanuts were harvested, and the air- 
dried weight of  pods was determined.  
Pods were visually rated for galling on the 
basis of  the percentage of  peanut hull sur- 
face that wasgalled (0-100). The percent- 
age of peanut hull exhibiting necrosis also 
was estimated. Data were subjected to anal- 
ysis of  variance (ANOVA) and regression 
analysis. Nematode data were transformed 
(logl0[x + 1]) to standardize the variance. 
Regression analysis was used exclusively 
for the 1988 data because initial inoculum 
densities of  M. arenaria were much greater 
than densities of M. hapla. 

RESULTS 

Peanut  yield suppress ion  was much  
greater for M. arenaria than M. hapla (Fig. 
1A,B). The  interaction term (nematode 
species × Pi) for ANOVA of the 1987 data 
was highly significant (P = 0.0001), indi- 
cating the greater yield suppression caused 
by M. arenaria. The pod-gall indices asso- 
ciated with M. arenaria were greater (P = 
0.0001) than those associated with M. hapla 
in 1987 (Table 1). Two-year mean yield 
and pod-gall indices were evaluated to de- 
termine the relative damage potentials of  
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FIG.  1. I n f l u e n c e  o f  inoculum density (Pi)  o f  Meloidogyne hapla o r  M. arenaria per 500 cm 3 soil on peanut 
yield and percentage of  peanut hulls g a l l e d  1 9 8 7 - 1 9 8 8 .  A )  M. hapla, y i e l d  = 3 8 8  - 10 .2x  - 7 . 5 x  2, R 2 = 0 . 3 0  
(P  = 0 . 0 0 0 1 ) .  B ) M .  arenaria, yield = 3 9 8  - 17 .1x  - 17 .0x  ~, R ~ = 0 . 8 3  ( P  = 0 . 0 0 0 1 ) .  C ) M .  hapla, pod-galling 
percentage = 1 .6  - 0 . 2 5 x  + l . l x  2, R 2 = 0 . 3 4  (P  = 0 . 0 0 0 1 ) .  D ) M .  arenaria, pod-galling percentage = - 0 . 4 8  

- 1 .84x  + 4 . 9 x  2, R 2 = 0 . 7 1  ( P  = 0 . 0 0 0 1 ) .  

the two species. The relationships between 
Pi, peanut yield, and pod-gall indices were 
adequately described by quadratic models 
(Fig. 1). Effects ofM.  hapla and M. arenaria 

on peanut yields were greater in 1988 than 
in 1987 as a result o f  higher inoculum den- 
sities used (Fig. 1A,B). Pod galling also was 
more severe in 1988 than in 1987 because 
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TABLE 1. Percentage  o f  peanut  pods  galled (0-100%), mid-season (Pm), and end-of-season (Pf) number s  
o f  Meloidogyne hapla and  M. arenaria eggs and  juveniles pe r  500 crn ~ soil on Arachis hypogaea cv. Florigiant in 
1987. 

M. hapla M. arenaria 

Inoculum density Pod galling Pm Pf Pod galling Pm Pf 
(eggsl500 cm 3 soil) (0-100%) (in 1,000s) (in 1 ,000s)  (0-100%) (in 1,000s) (in 1,000s) 

0 . . . . . .  

35 4~" 0.4 1.9 5 0.5 46.1 
70 2 1.7 7.8 6 1.7 34.0 

140 2 3.9 1.8 12 1.1 29.0 
280 4 1.3 5.7 19 3.0 37.1 
560 6 2.8 1.5 29 3.6 43.8 

1,120 8 3.1 4.4 23 19.2 71.2 

t Data are means of six replicates. ANOVA: inoculum density (P = 0.0001), nematode species (P = 0.0001), inoculum 
density × nematode species (P = 0.0001). 

of  increased inoculum densities. Plants 
were visibly stunted in M. arenaria-infested 
plots, whereas plants in M. hapla-infested 
plots exhibited no measurable growth sup- 
pression (data not included). Pod galling 
and yield suppression of  peanut  were  
more consistently related to Pi (higher R 2) 

for M. arenaria than for M. hapla. The per- 
centage of  pods galled was usually less 
than 20% in M. hapla-infested plots (Fig. 
1C), whereas nearly 100% of  the pods 
were galled in 1988 for M. arenaria (Fig. 
1D). Pod necrosis was positively (P = 0.01) 
related to nematode density both years 

(data not included). Necrosis ratings were 
less consistently related to Pi than were gall 
ratings. Necrosis of  pods differed little be- 
tween the two species. 

Mid-season population densities (Pm) of 
M. arenaria were greater (P = 0.0001) than 
those of M. hapla in 1987 (Table 1) and 
slightly greater in 1988 (Table 2). Final 
population densities in 1987 of M. hapla 
increased by factors (Rf) of  from 2.6 to 
111, whereas Rf for M. arenaria varied 
from 63 to over 1,300, depending on ini- 
tial density (Table 3). The relationship be- 
tween Pi and Pf of  M. hapla was described 

TABLE 2. Pre-plant ,  midseason (Pm), and  end-of-season (Pf) populat ion densities ofMeloidogyne hapla and  
M. arenaria eggs and  second-stage juveniles  (12) per  500 cm 3 soil on peanut  (Arachis hypogaea cv. Florigiant) in 
microplots in 1988. 

Inoculum level Inoculum added Measured J2 
(eggs/500 cm a (J2 and eggs/ 2 weeks 

soil 1987) 500 cm 3 soil 1988) before planting'~ 

Eggs and J2/500 
cm~soil (x 1,000) 

Pm Pf 

35 195 
70 390 

140 780 
280 1,560 
560 5,120 

1,120 6,240 

35 
70 

140 
280 
560 

1,120 

m. hap/a 
570 -+ 170 4.5 191.4 

4,600 -+ 2,500 10.1 121.0 
570 + 220 10.3 205.1 

1,250 + 560 12.8 164.9 
1,820 -+ 1,160 4.6 70.7 
1,480 - 1,170 12.7 64.3 

M. arenaria 
8,180 + 2,480 18.9 49.2 
5,830 -+ 1,760 24.5 133.2 
7,190 -+ 2,940 14.9 76.7 

12,330 - 2,470 20.5 61.9 
10,830 - 2,500 18.8 42.7 
11,913 -+ 2,110 17.3 48.5 

t Means of six replicates - the standard error. 
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TABLE 3. Regress ion  equa t ions  with i n d e p e n d e n t  var iable  LPi = logto(Pi + 1), d e p e n d e n t  var iables  
r ep roduc t ive  factor  (Rf = Pf/Pi) and  lOgl0 f inal  popu la t ion  densi ty  (LPf) for  Meloidogyne hapla and  M. arenaria 
for  1987 and  1988. 

Species Year Equadont R 2 P 

M. hap/a 1987 LPf  = 3.6 - 0.12 LPi 0.011 0.55 
1988 LPf  = 0.1 + 313 LPi - 0.494 LPi 2 0.18 0.0611 
1987 Rf  = 212.8 - 73.2 LPi 0.33 0.0002 
1988 Rf  = 499.8 - 121.8 LPi + 1.27 LPi 2 0.68 0.0001 
1987 LPf  = 5.44 - 1.02 LPi + 0.29 LPi 2 0.12 0.12 
1988 LPf  = 10.87 - 2.53 LPi + 0.24 LPi 2 0.36 0.0006 
1987 Rf  = 2,222.8 - 1,323.7 LPi + 196.9 LPi 9 0.40 0.0001 
1988 Rf  = 7,079 - 5,323.6 LPi + 999.3 LPi ~ 0.54 0.0001 

M. arenaria 

t All data,are based on 36 observations. 

by a quadratic model (P = 0.01) in 1988 
(Table 3). Final population density of  M. 
arenaria was inversely related to Pi in 1988 
but not in 1987, because the 2 years dif- 
fered greatly as a result of  initial popula- 
tion levels (Table 3). Meloidogyne hapla re- 
production was greater than M. arenaria in 
1988 (Table 2), largely as a result of  the 
severe damage to peanut caused by the lat- 
ter, which  resulted in a low Pf for this 
nematode. Numbers of  M. arenaria juve- 
niles that survived over  winter (1987" 
1988) were much greater than those of  M. 
hapla (Table 2), but  this resulted largely 
from the higher densities at the end of  the 
1987 growing season (Table 1). A greater 
percentage of  M. hapla survived over win- 
ter than did M. arenaria, although these 
data are difficult to evaluate due to the 
large differences in 1987 Pf. 

DISCUSSION 

Meloidogyne arenaria is much more dam- 
aging than M. hapla on peanut. Our  re- 
search verifies earlier observations that M. 
hapla is a less severe pathogen of  peanut 
compared to M. arenaria (5). Although M. 
hapla is less damaging than M. arenaria, sig- 
nificant peanut yield suppression occurred 
at relatively low inoculum levels. Damage 
as a result ofM.  hapla infections is insidious 
because the plants appear to be relatively 
healthy. Growers may not be aware that 
problems exist in fields infested with M. 
hapla. Researchers in Virginia and North 

Carolina, however, obtained positive re- 
suits with nematicide t reatments  in M. 
hapla-infested fields (7). The  low gall indi- 
ces associated with M. hapla are possibly 
the result of  two factors: 1) because M. 
hapla has a lower temperature opt imum 
(12), nematode activity is probably mini- 
mal at plant pegging, when soil tempera- 
ture is relatively high; and 2) galls caused 
by M. hapla typically are much smaller than 
those caused by M. arenaria. 

The reproductive potential o f  the two 
nematode species on peanut  was somewhat 
different. Peanut was an excellent host for 
M. arenaria, although damage at high ini- 
tial population densities resulted in sup- 
pressed reproductive rates. Peanut sup- 
ported less reproduction of  M. hapla in 
1987 compared  to M. arenaria. Peanut  
would be considered a moderate host for 
M. hapla under  the experimental condi- 
tions of  1987, but  1988 was more condu- 
cive to population increase (up to 250- 
fold). Meloidogyne hapla has a low optimum_ 
temperature for reproduction, and is con- 
sidered to be a species of  colder climates 
(12). Poor reproduct ion of  M. hapla in 
1987 vs. 1988 may be the result  o f  a 
shorter  growing season in 1987. Seeds 
were planted earlier and harvested later in 
1988, result ing in a growing season 3 
weeks longer than the previous year. Re- 
production by this pathogen probably oc- 
curs primarily in early spring and fall 
when soil temperatures are lower. Thus, 
delayed planting and early harvest may 
have a profound effect on overall repro- 
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duction of  M. hapla. Another possibility is 
that egg viability and (or) hatch of M. hapla 
was lower than that ofM. arenaria in 1987. 

Infestation of  North Carolina peanut 
fields with M. arenaria race 1 (while still less 
frequent than M. hapla) is a cause for con- 
cern because of  its high reproductive po- 
tential and aggressiveness on peanut. The 
reproductive factor (Rf) of  this pathogen 
at low population densities on peanut was 
in excess of  1,000. The rationale for using 
overwintered populations in 1988 was to 
test the assumption that M. arenaria race 1 
would not overwinter well in North Caro- 
lina because it has only recently been de- 
tected. Based on limited data, this assump- 
tion appears to be incorrect because M. 
arenaria survived the 1987-1988 winter at 
high population densities, as evidenced by 
the high Pi in 1988. The potential spread 
of  M. arenaria race 1 in peanut-producing 
areas of North Carolina represents a sig- 
nificant threat to this industry. 

Damage thresholds and management 
tactics for root-knot nematodes on peanut 
must be adjusted to the type of  peanut 
grown as well as the species present. Vir- 
ginia-type peanuts are long-season culti- 
vars compared to Runner-type peanuts 
grown in more southerly locales. The  
shorter growing season with Runner-type 
peanut would favor M. arenaria over M. 
hapla because these types are planted and 
harvested when soil temperatures are 
higher. Degree-day accumulation may be 
higher or lower in d i f ferent  peanut- 
growing regions, depending on local cli- 
matic factors and length of growing sea- 
son. Variations in accumulation of  degree 
days likely influence the amount of  pod 
infection that would have a deleterious ef- 
fect on quality. The damage potential to 
peanut from M. arenaria is clearly greater 
than that o f  M. hapla. The high damage 
potential of  M. arenaria likely results from 

both its greater fecundity and relative ag- 
gressiveness on peanut. 
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