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Host-parasite Relationship of Carrot Cultivars and 
Meloidogyne chitwoodi Races and M. hapla 1 

G. S. SANTO, H. MOJTAHEDI, AND J. H. WILSON 2 

Abstract: Most of the 15 carrot cultivars tested were moderate to good hosts to Meloidogyne chitwoodi 
race 1, whereas all except Orlando Gold were nonhosts or poor hosts for M. chitwoodi race 2. All 
carrot cultivars were good hosts for M. hapla. The plant weights of the carrot cultivars Red Cored 
Chantenay and Orlando Gold infected with either race of M. chitwoodi were significantly less than 
uninoculated checks in pots. Under field microplot conditions, however, detrimental effects on 
quality were rarely observed. M. hapla was pathogenic to both cultivars in the greenhouse and the 
field. The tolerance level of Orlando Gold to M. hapla was lower than Red Cored Chantenay. 
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Approximately 4,000 ha of carrots (Dau- 
cus carota L.) are grown annually for seed 
production, fresh market, and processing 
in Washington. Most of the production area 
is in the Columbia Basin, where Meloidogyne 
chitwoodi Golden et al. (Columbia root-knot 
nematode) and M. hapla Chitwood (north- 
ern root-knot nematode) are widespread 
(9). Root-knot nematodes can cause con- 
siderable losses by deforming the carrot 
roots and rendering them unmarketable 
(4). Although carrot growers rely heavily 
on nematicides to control these nema- 
todes, resistant or tolerant cultivars are 
continually being sought (5,18,22), and 
cultural practices to reduce the impact of 
root-knot nematodes are recommended (1). 

The effect ofM. hapla on total yield and 
quality of  carrots  is well d o c u m e n t e d  
(17,19), but the effect ofM. chitwoodi is not 
known. O'Bannon et al. (10) reported that 
selected carrot cultivars were nonhosts or 
moderate hosts of M. chitwoodi (race 1). 
Mojtahedi et al. (8) found that M. chitwoodi 
race 2 did not reproduce on Red Cored 
Chan tenay  carrot ,  whereas race 1 in- 
creased readily. 

The objectives of these studies were to 
evaluate the host suitability of  selected car- 
rot cultivars for M. chitwoodi races 1 and 2 
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and to determine the pathogenicity of these 
races on commonly grown carrot cultivars. 
M. hapla, a known pathogen of  carrot, was 
included for comparison. A portion of this 
study has been published (15). 

MATERIALS AND METHODS 

The nematode populations used in these 
experiments are maintained in the Irri- 
gated Agriculture Research and Extension 
Center collection (13). Those used were 
WAMC1 (M. chitwoodi race 1), ORMC8 (M. 
chitwoodi race 2), and M. hapla. Single egg 
masses ofM. chitwoodi from Nugaines wheat 
(Triticum aestivum L.) and ofM. hapIa from 
California Wonder pepper (Capsicum an- 
num L.) were increased on Columbian to- 
mato (Lycopersicon esculentum Mill). The in- 
ocula consisted of eggs collected after 
shaking the tomato roots in 0.5% NaOC1 
(6) or second-stage juveniles (J2) collected 
according to Vrain (20). 

The carrot seeds were soaked and in- 
cubated at 24 C for 10 days. The  germi- 
nated seeds were collected daily and stored 
at 5 C before they were planted to syn- 
chronize the exposure of plants to the 
nematodes. At harvest the feeder roots 
were severed, washed free of soil, and shak- 
en with NaOC1 to extract the eggs. 

All greenhouse experiments included 
Columbian tomato,  California Wonder  
pepper and Nugaines wheat. Tomato,  an 
excellent host for both M. chitwoodi and M. 
hapla, was used as a standard. Pepper and 
wheat, nonhosts to M. chitwoodi races and 
M. hapla, respectively, were included as 

555 



556 Journal of Nematology, Volume 20, No. 4, October 1988 

checks against impure inocula and contam- 
ination during the experiments. These tests 
were conducted over a 1-year period in a 
greenhouse where temperatures ranged 
from 22 to 26 C. 

Host suitability of carrot cultivars: The host 
suitability of  15 carrot cultivars to M. chit- 
woodi races and M. hapla was evaluated in 
a greenhouse experiment. These cultivars 
included Imperator, Nantes, Chantenay, 
and hybrid carrot types (21). Ten germi- 
nated seeds were grown in 10-cm-d plastic 
pots containing methyl bromide-fumigat- 
ed loamy sand (84% sand, 10% silt, and 6% 
clay). The soil was infested with an initial 
population (Pi) of 5,000 eggs in 5 ml water 
3 weeks after planting. The treatments 
were arranged in randomized complete 
blocks with five replications. After 55 days 
the nematode eggs were extracted to de- 
termine the final population (Pf) and re- 
productive factors (R = Pf/Pi)  (11) were 
determined. Based on R values, the culti- 
vars were grouped into four host suitability 
categories: R = 0-0.09, nonhost; R = 0.1- 
0.9, poor host; R = 1-2, moderate host; R > 
2, good host. 

Pathogenicity tests in the greenhouse: The 
pathogenicity ofM. chitwoodi races 1 and 2 
and of  M. hapla to Red Cored Chantenay 
and Orlando Gold was evaluated in two 
experiments. Germinated carrot seeds were 
planted, eight to a pot, in 10-cm-d pots 
containing 625 cm 3 loamy sand, and the 
egg inoculum was delivered to grooves 
made in the soil surface. After inoculation, 
the grooves were filled with soil and the 
pots were watered. 

In the first test, the effect of  treatments 
on pre-emerged seedlings were compared. 
The experimental design was a split plot, 
with the nematode treatments as main plots 
and the inoculum levels (0, 2,000, and 4,000 
eggs/250 cm 3) as subplots. Each treatment 
was replicated five times. In the second ex- 
periment, using 10 randomized complete 
blocks, the reaction of 10-day-old carrots 
to 4,000 eggs/250 cm s was studied. The  
first and second experiments were termi- 
nated 75 and 55 days after inoculation, re- 
spectively. The  shoot and root symptoms 

were evaluated, eggs were extracted from 
the feeder roots, and shoot and root dry 
weights were determined. The  least sig- 
nificant difference (LSD) (P = 0.05) for 
comparison of  treatment means of the first 
test was calculated, and Duncan's multiple- 
range test was used to separate the treat- 
ment means of the second test. 

Pathogenicity tests in the field: The effects 
ofM. chitwoodi and M. hapla on Red Cored 
Chantenay and Orlando Gold carrots were 
tested in two consecutive years in micro- 
plots. A split-plot design (nematodes x in- 
oculum levels) was used. Microplots con- 
sisted of 19-liter plastic buckets (30 cm d 
x 35 cm high) with eight 5-cm-d drainage 
holes in the bottom. Buckets were buried 
in the ground to within 5 cm of the top 
and spaced 30 cm apart. Before placement 
of the buckets the microplot area was fu- 
migated with 1,3-dichloropropene at a rate 
of  327 liters/ha. 

Buckets were filled with methyl bro- 
mide-fumigated loamy sand soil (82% sand, 
15% silt, and 3% clay), irrigated, and al- 
lowed to settle for 1 week before they were 
inoculated. Twenty germinated seeds were 
planted immediately after inoculation. The 
seedlings were thinned to five plants per 
bucket after 4 weeks, and granular urea 
fertilizer equivalent to 112 kg N per ha 
was added. The plants were watered by 
drip irrigation as needed in cooler days and 
every 2 days during the warmer periods. 
At harvest, three cores of soil samples per 
bucket were mixed and J2 were extracted 
from 100 cm ~ (2). The  buckets were then 
lifted out of the ground for processing. The 
intact soil mass was removed from the 
bucket to a large 1-cm-pore sieve. The roots 
were washed free of soil with a gentle 
stream of water and percentages of forked 
storage root were determined. Fresh shoot 
and storage root weights were determined. 
Eggs were extracted from the feeder roots 
(6) and reproductive factors were calculat- 
ed. LSD (P = 0.05) for comparison of means 
was determined. 

In 1986, M. chitwoodi and M. hapla J2 
were incorporated in the top 15 cm at Pi 
of 0, 50, I00, 500, and 1 ,000J2/250 cm ~. 
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TABLE 1. Reproduct ion  factor (R = Pf/Pi)  ofMeloidogyne chitwoodi races 1 and 2 (MC 1, MC2) and M. hapla 
on 15 carrot  cultivars 55 days after  inoculation with 5,000 eggs. 

Reproduction factor (mean + SE)t 

Type Cultivar MC1 MC2 M. hapla 

I m p e r a t o r  Six Pak II 17.9 + 6.3 0.5 + 0.4 18.9 + 6.7 
Pak More 14.4 + 5.1 0.2 -+ 0.06 14.9 + 5.3 
Six Pak 12.3 + 4.4 0.8 + 0.6 18.2 + 6.5 
I m p e r a t o r  58 11.6 + 4.1 0.01 + 0.01 11.1 + 3.9 
T o p  Pak 2.2 + 1.3 0.0 + 0.0 28.6 + 3.1 
Gold Pak 1.3 + 0.26 0.0 + 0.0 49.4 + 7.6 
T r o p h y  1.2 +_ 0.36 0.0 + 0.0 31.5 + 8.7 
Charger  0.4 + 0.08 0.01 + 0.01 54.5 + 9.2 

Nantes Amste rdam Minicor 10.6 _+ 3.8 0.01 + 0.01 6.9 + 2.4 
Half-Long Nantes 0.05 + 0.03 0.0 + 0.0 31.3 + 5.5 

Chantenay Red Cored Chantenay 4.4 + 1.0 0.0 + 0.0 4.5 + 1.2 

Hybr id  Or lando  Gold 10.5 + 3.8 1.1 + 0.3 16.1 + 5.7 
Chancellor  6.4 + 1.6 0,0 + 0.0 6.4 + 2.3 
Golden State 4.7 _+ 1.7 0.02 + 0.02 8.9 + 3.2 
A Plus 2.1 + 0.7 0.0 + 0.0 8.3 + 2.9 

Values are means of five replicates. 
1" R = 0-0.09, nonhost: R = 0.1-0.9, poor host; R = 1-2, moderate host; R > 2, good host. 

T h e  buckets  were  par t i t ioned  with a plexi- 
glass, and the opposi te  sides were  p lan ted  
with e i ther  Red Cored  Chan tenay  or  Or-  
lando Gold carrots .  A separate water  emit- 
te r  was p rov ided  for  each side o f  the  plot.  
Initial n e m a t o d e  density was t r an s fo rm ed  
(log~0 [Pi + 1 ]) and Pi was re la ted  to s torage 
roo t  deformat ion .  L inear  regress ion anal- 
yses were used to calculate the best  fit line 
to the observed  data. 

T h e  test was r epea ted  in 1987 with M. 
chitwoodi races 1 and 2 at Pi o f  0 ,500 ,  1,000, 
and 2,000 e g g s / 2 5 0  cm 3 soil. Each bucke t  
was p lan ted  with e i ther  cultivar, 

RESULTS 

Host suitability of carrot cultivars: On the 
basis of  R values, all 15 ca r ro t  cultivars 
were good  hosts for  M. hapla (Table  1). 
T h e  react ions o f  ca r ro t  cultivars to M. chit- 
woodi races varied (Table  1). All cultivars 
except  Charge r  (poor  host) and Hal f -Long  
Nantes  (nonhost)  were  mode ra t e  to good  
hosts o f  M. chitwoodi race  1. On the con- 
t rary,  all o f  the cultivars excep t  Or l and o  
Gold (modera te  host) were  nonhosts  or  
poor  hosts ofM. chitwoodi race 2. Hal f -Long 
Nantes,  the only ca r ro t  cult ivar reac t ing  
similarly to bo th  M. chitwoodi races, was a 
nonhos t  o f  both.  

M. chitwoodi races 1 and 2 and  M. hapla 
r e p r o d u c e d  well on  toma to  (R = 100-312) .  
T h e  r ep roduc t ion  o f  M. chitwoodi races on 
peppe r  (R = 0) and M. hapla on wheat  (R = 
0.004) was negligible. 

Pathogenicity tests in the greenhouse: In the 
first expe r imen t ,  M. hapla and M. chitwoodi 
race 1 increased on  Red  Cored  Chan tenay  
and O r l an d o  Gold carrots  and the R values 
for  the nematodes  r anged  f ro m  2.8 to 20.4 
and 3.1 to 8.1, respectively (Table  2). M. 
chitwoodi race 2 failed to increase on e i the r  
cultivar, however ,  and R values r anged  
f rom 0.03 to 0.6. 

M. hapla lowered  stand count  and dry  
shoot, feeder  root ,  and storage roo t  weights 
(P = 0.05) o f  bo th  ca r ro t  cultivars (Table  
2). M. hapla-infected carrots  p r o d u c e d  
b ranched  feeder  roots ,  which gave a hairy 
appearance  to s torage roots  (Figs. 1, 2). 
T h e  galled f eede r  roots  were firmly at- 
tached to storage roots. Fu r the rmore ,  some 
storage roots  failed to increase in gir th,  
remain ing  slender,  whereas  o thers  were  
fo rked  or  twisted. 

U n l i k e M .  hapla, ne i the rM,  chitwoodi race 
affected stand coun t  or  f eede r  roo t  growth  
(Table  2). Both  inoculum levels o f  M. chit- 
woodi race 1 caused lower s torage roo t  
weight  o f  Red Cored  Chan tenay  and Or-  
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TABLE 2. Shoot and dry weight of two carrot cuhivars 75 days after inoculation with Meloidogyne chitwoodi 
races 1 and 2 and M. hapla. 

Dry weight (g) 

Eggs/250 Stand Root R 
cm s soil countt Shoot Storage Feeder (Pf/Pi) 

M. chitwoodi 
Race 1 

Race 2 

M. hapla 

LSD$ 
LSD§ 

M. chitwoodi 
Race 1 

Race 2 

M. hapla 

LSD$ 
LSD§ 

Red Cored Chantenay 

0 7.8 1.70 1.68 0.34 0.0 
2,000 6.8 1.06 1.23 0.27 3.5 
4,000 6.8 1.86 1.30 0.37 3.1 

0 7.6 2.08 1.87 0.24 0.0 
2,000 7.4 1.84 1.50 0.28 < 0.03 
4,000 7.2 1.68 1.33 0.26 < 0.03 

0 7.8 1.89 1.77 0.29 0.0 
2,000 2.6 0.79 0.26 0.10 17.8 
4,000 1.4 0.38 0.13 0.04 2.8 

2.95 0.65 0.38 0.09 
0.90 0.53 0.30 0.08 

Orlando Gold 

0 8.0 2.65 2.86 0.24 0.0 
2,000 8.0 2.86 1.90 0.25 8.1 
4,000 7.6 1.92 0.88 0.24 5.3 

0 8.0 1.93 2.25 0.29 0.0 
2,000 8.0 2.44 2.18 0.38 0.6 
4,000 7.4 2.34 1.81 0.31 0.1 

0 8.0 2.29 2.55 0.27 0.0 
2,000 2.8 1.14 0.42 0.16 20.4 
4,000 2.2 0.48 0.24 0.07 7.2 

1.1 0.61 0.69 0.11 
0.9 0.57 0.63 0.099 

Values are means of five replicates. 
t Each replicate initially consisted of eight seedlings per pot containing 625 cm s soil. 
$ Least significant differences (P = 0.05) for different subplot treatments of same main plot treatments. 
§ Least significant differences (P = 0.05) for different subplot treatments of different main plot treatments. 

l a n d o  G o l d  by i n h i b i t i n g  r ad ia l  g r o w t h  
(Figs. 1, 2). Red  C o r e d  C h a n t e n a y  inocu -  
la ted  wi th  4 ,000  M. chitwoodi r ace  2 eggs 
h a d  lower  s to rage  r o o t  we igh t ,  whe rea s  
O r l a n d o  G o l d  was n o t  a f fec ted  ( T a b l e  2). 
S h o o t  g r o w t h  o f  O r l a n d o  G o l d  at  a Pi o f  
4 ,000  was i n h i b i t e d  (P = 0 .05)  by race  1 
( T a b l e  2). 

I n  the  s e c o n d  test ,  d e l a y i n g  the  i nocu -  
l a t ion  o f  ca r ro t s  for  10 days a f t e r  s e e d i n g  
e n h a n c e d  the  r e p r o d u c t i o n  o f M .  chitwoodi 
race  1 a n d  M. hapla o n  b o t h  cu l t iva rs  a n d  
M. chitwoodi race  2 o n  O r l a n d o  G o l d  ( T a b l e  
3). T h e  resul t s  o b t a i n e d  wi th  M. chitwoodi 
race  2 o n  O r l a n d o  G o l d  was s imi la r  to the  
hos t  su i tab i l i ty  test,  w h e r e  i n o c u l a t i o n  was 
m a d e  3 weeks a f t e r  seed ing .  T h e  R values  

for  these  n e m a t o d e s  o n  t h e i r  r e spec t ive  
hosts  were  h i g h e r  (P = 0 .05)  t h a n  the  first 
e x p e r i m e n t ;  howeve r ,  t he  n o n h o s t  s ta tus  
o f  Re d  C o r e d  C h a n t e n a y  to M. chitwoodi 
r ace  2 d id  n o t  c h a n g e  (R > 0.05)  ( T a b l e  

3). 
W h e n  i n o c u l a t i o n  was de l a ye d  the  n e m a -  

todes  d id  n o t  affect s t a nd  c o u n t  o r  shoo t  
g r o w t h  ( T a b l e  3). A l t h o u g h  d a m a g e  by  M. 
hapla was less t h a n  in  the  first test ,  t he  
n e m a t o d e  still i n d u c e d  s l e n d e r  roots ,  fork-  
ing,  a n d  low s to rage  r o o t  we igh t s  ( T a b l e  
3). C o m p a r e d  wi th  M. chitwoodi; races ,  M. 
hapla i n c r e a s e d  f e e d e r  r o o t  we igh t  o f  Re d  
C o r e d  C h a n t e n a y  by  c a us i ng  m o r e  p ro -  
n o u n c e d  f e e d e r  r o o t  p r o l i f e r a t i o n  a n d  gall- 
ing.  All  t h r e e  n e m a t o d e s  i n c r e a s e d  f e e d e r  
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FIG, 1. Shoot and storage roots of Red Cored Chantenay carrots inoculated with 0 and 2,000 eggs/250 
cm 3 soil ofMeloidogyne chitwoodi (a, b) and M. hapla (c, d) at seeding in the greenhouse. 

r o o t  p r o l i f e r a t i o n  o n  O r l a n d o  G o l d .  O f  t h e  
M. chitwoodi r aces ,  o n l y  r a c e  2 o n  O r l a n d o  
G o l d  r e s u l t e d  in s t o r a g e  r o o t  w e i g h t  less 
t h a n  t h e  c h e c k  (P = 0 .05)  ( T a b l e  3). 

Pathogenicity in the field: Meloidogyne hapla 

r e p r o d u c e d  wel l  o n  b o t h  c a r r o t  c u h i v a r s  
( T a b l e  4) a n d  s e v e r e l y  g a l l e d  f e e d e r  r o o t s  
w h i c h  w e r e  f i r m l y  a t t a c h e d  to  s t o r a g e  r o o t s  
a n d  w e r e  n o t  s l o u g h e d  o f f  eas i ly  a t  h a r v e s t  
(Fig.  3). M. hapla at  1 ,000 J 2 / 2 5 0  c m  ~ 

FIG. 2. Shoot and storage roots of Orlando Gold carrots inoculated with 0 and 2,000 eggs/250 cm s soil 
of Meloidogyne chitwoodi race 1 (a, b) and M. hapla (c, d) at seeding in the greenhouse. 
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TABLE 3. Shoot  and  roo t  dry  we igh t  o f  two ca r ro t  cul t ivars  55 days a f te r  inocu la t ion  with 4,000 e g g s /  
250 cm ~ soil ofMeloidogyne chitwoodi races 1 and  2 and  M. hapla. Plants  were  10 days old at  inocula t ion .  

Dry weight (g) 

Treat- Root R 

ment Stand count'[" Shoot Storage Feeder (Pf/Pi) 

Con t ro l  7.3 a 

M. chitwoodi 

Race 1 8.0 a 
Race 2 8.0 a 

M hapla 7.5 a 

Con t ro l  8.0 a 

M. chitwoodi 
Race 1 8.0 a 
Race  2 8.0 a 

M. hapla 8.0 a 

Red Cored  Chan tenay  

2.36 a 2.95 a 0.35 b 0.0 

3.08 a 3.49 a 0.48 b 6.5 
2.27 a 2.46 a 0.46 b 0.01 

1.82 a 1.44 b 0.65 a 55.0 

O r l a n d o  Gold 

2.56 a 4.16 a 0.35 b 0.0 

2.68 a 4.46 a 0.64 a 12.9 
2.24 a 2.91 b 0.60 a 2.6 

2.45 a 2.62 b 0.55 a 64.7 

Values are means of nine replicates. Values in each column of each cultivar followed by the same letter are not significantly 
different (P = 0.05) according to Duncan's multiple-range test. 

"]" Each replicate initially consisted of eight seedlings per pot containing 625 cm s soil. 

caused lower s torage roo t  weight  o f  Red 
Cored  Chan tenay  ca r ro t  bu t  not  Or l ando  
Gold. T h e  most  striking symptom was 
fork ing  and twisting o f  the  s torage roots  
o f  Red Cored  Chantenay  and Or lando  Gold 
(Table  4, Fig. 3). T h e  intensity o f  damage  
was positively cor re la ted  with inoculum 
density. T h e  coefficients o f  l inear  correla- 
t ion be tween  initial inoculum (log~0 [Pi + 
1 ]) and pe rcen tage  o f  roo t  fork ing  for  Red 
C o r e d  C h a n t e n a y  (Y = - 4 2 . 5 4 7  + 
4 2 . 0 5 5 X )  and  O r l a n d o  Go ld  (Y = 
- 2 2 . 3 1 2  + 43 .294X)  were  0.91 and 0.92 
(P = 0.05), respectively.  Assuming 10% of  
s torage roots  unmarke tab le  in the unin- 
ocula ted soil (19), an est imate o f  the tol- 
e rance  level was d e t e r m i n e d  to be 16.7 for  
Red Cored  Chan tenay  and 5 . 6 J 2 / 2 5 0  cm 3 
soil for  Or l ando  Gold  (Fig. 4). D e f o r m e d  
storage roots in uninocula ted  plants ranged  
f rom 3 to 50% in 2 years. 

M. chitwoodi race 1 r e p r o d u c e d  lightly on 
Red Cored  Chan tenay  and Or l ando  Gold  
in the field (R = 0 .01-1 .18)  (Table  4) and 
did not  affect shoot  or  s torage roo t  weight  
o f  f ield-grown carrots .  Race 1 at a Pi o f  
500 J 2 / 2 5 0  cm 3 soil increased the root  
fork ing  o f  Or l ando  Gold in 1986 (Table  
4); however ,  the roo t  de fo rma t ion  in e i ther  

cultivar was not  cor re la ted  (P > 0.05) with 
inoculum density. Feede r  roo t  sites infect- 
ed with M. chitwoodi race 1 were  swollen 
with no obvious galling or  b ranch ing  o f  
roots,  infected roots  s loughed off  easily, 
and storage roots  did not  appear  hairy at 
harvest  (Fig. 3). 

M. chitwoodi race 2 failed to establish it- 
self on Or lando  Gold or  Red Cored  Chan- 
tenay in the field (Table  4). Al though  swol- 
len M. chitwoodi pene t ra t ion  sites were  
observed,  few ma tu re  females were de- 
tected.  Feede r  roots  o f  bo th  cultivars in- 
fected with M. chitwoodi race 2 s loughed off  
easily at harvest.  Shoot  growth  and storage 
root  wieght o f  bo th  cultivars were  not  af- 
fected (P > 0.05) by M. chitwoodi race 2. 
T h e r e  was no cor re la t ion  be tween  roo t  
forking and inoculum density (P > 0.05) 
o f  Or l ando  Gold or  Red Cored  Chantenay.  

T h e  pe rcen tage  o f  fo rked  s torage roots  
was much h igher  in 1987 (P = 0.05) than 
in 1986. Some storage roots  were  con- 
str icted in the middle,  and the  hor izonta l  
grooves where  the f eede r  roots  arose were  
swollen and pro l i fe ra ted  (Fig. 5). Increased  
roo t  forking and associated symptoms did 
not  appear  to be re la ted  to the  n em a to d e  
infect ion (P > 0.05). 
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TABLE 4. Forking percentage and reproduc t ion  factor (R) at harvest  of  two carro t  cultivars in two con- 
secutive years in microplots  infested with Meloidogyne chitwoodi races 1 and 2 and M. hapla. 

Forked storage roott R (Pf/Pi) 

Inoculum~: 1986 1987 1986 1987 

M. chitwoodi 
Race 1 

Race 2 

M. hapla 

M. chitwoodi 
Race 1 

Race 2 

M. hapla 

Red Cored Chantenay 

0 6.7 a 50.8 a 0.00 
50 12.7 a 0.05 

100 0.8 a 0.03 
500 4.9 a 53.7 a 0.03 

1,000 12.4 a 68.3 a 0.01 
2,000 73.6 a 

0 6.7 a 48.3 a 0.00 
50 17.9 a 0.00 

100 5.3 a 0.00 
500 0.0 a 49.3 a 0.00 

1,000 6.7 a 53.8 a 0.00 
2,000 75.0 a 

0 6.7 b 0.00 
50 8.2 b 142.00 

100 62.9 a 159.30 
500 62.9 a 51.80 

1,000 93.3 a 23.50 
2,000 

Or lando  Gold 

0 3.5 b 44.9 a 0.00 
50 6.O b 0.05 

100 16.8 ab 0.22 
500 47.1 a 53.6 a 0.21 

1,000 16.7 ab 64.5 a 0.23 
2,000 69.2 a 

0 3.5 a 58.8 a 0.00 
50 12.9 a 0.00 

100 14.6 a 0.00 
500 13.6 a 63.6 a 0.001 

1,000 33.8 a 73.2 a 0.001 
2,000 73.4 a 

0 3.5 c 0.00 
50 68.4 b 169.90 

100 78.7 ab 178.40 
500 88.9 ab 47.60 

1,000 99.2 a 32.10 
2,000 

0.00 

0.55 
0.15 
0.06 

0.00 

0.005 
0.009 
0.004 

0.00 

1.18 
0.92 
0.25 

0.00 

0.37 
0.09 
0.06 

t Values are means of six replicates in 1986 and seven in 1987 (five carrots per plot). Original percentages were arcsin 
transformed, analysis of variance was performed, the least significant differences (P = 0.05) for subplot treatments of the 
same main plot treatments were determined, and the means were separated and back transformed to percentages. 

~: No./250 cm s soil. Inoculum consisted of second-stage juveniles in 1986 and eggs in 1987. 

DISCUSSION 

O u r  g reenhouse  data shows that  the two 
races ofM. chitwoocli differed in their  ability 
to r ep roduce  on car ro t  as they did on al- 
falfa (14). Red Cored  Chan tenay  can be 
used as ano the r  differential host  to sepa- 
rate the two races (8). Both M. chitwoodi 
races invaded Red Cored  Chan tenay  roots,  

andM. chitwoodi race 1 r e p r o d u c e d  but  race 
2 did not  mature .  Nonetheless,  race 2 was 
harmful  to g rowth  of  Red Cored  Chante-  
nay, a p h e n o m e n o n  called hypersuscepti-  
bility (3) o r  intolerance.  T h e  host  status o f  
M. chitwoodi race 2 on Or l ando  Gold ap- 
peared  to be dependen t  on the t ime o f  in- 
oculation. Or lando  Gold, considered a none  
to p o o r  host at seeding, was ra ted  as a mod-  
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0 ® 

i 
FIG. 3. Storage roots of Red Cored Chantenay (left) and Orlando Gold (right) carrots grown in microplots 

infested with Meloidogyne chitwoodi (a, b) and M. hapla (c, d). 

erate to good host when inoculation was 
delayed for 10 to 21 days after seeding, 

M. hapla reproduced well on all of  the 
cultivars tested, but  Red Cored Chantenay 
and Orlando Gold exhibited different tol- 

erance levels to 3/1. hapla under field con- 
ditions (Fig. 4). The  tolerance level for Or- 
lando Gold carrot reported here (2.2 J 2 /  
100 cm 3) was similar to the value reported 
from Canada (19) for Gold Pak (2.7 eggs + 
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FIG. 4. Relationship ofMeloidogyne hapla at planting (1og16 [Pi + 1]) to forking percentage of Red Cored 
Chantenay (left) and Orlando Gold (right) carrots grown in microplots. 
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j 2 / 1  oo cm3). Gold Pak is considered a stan- 
dard susceptible cultivar to M. hapla (18,21) 
and was one of the best hosts in our cultivar 
trial. Red Cored Chantenay grew more vig- 
orously in the field and produced a larger 
(P = 0.05) root biomass than did Orlando 
Gold. The vigor and rapid growth of  car- 
rots are considered to be partially respon- 
sible for their high tolerance to M. hapla 
(18) and m. javanica (5). 

Although M. chitwoodi races suppressed 
the growth of  Red Cored Chantenay and 
Orlando Gold carrots in pot cultures, they 
rarely influenced the quality of storage 
roots in the field. The discrepancies be- 
tween greenhouse and field trials were due, 
in part, to the failure of the nematodes to 
increase on field-grown carrots and to the 
dissimilar patterns of plant growth under 
these two conditions. In the field, the car- 
rot plants grew faster and weighed 10-20 
times more than those in pot cultures. Sein- 
horst and Kozlowska (16) noted that in- 
creased tolerance of  plants to Rotylenchus 
uniformis could be the result of  a decrease 
in nematode density (per unit of  volume of 
root) due to an increase in root biomass. 

Delaying the inoculation ofM. hapla for 
10 days improved plant stand and plant 
vigor; however, this practice did not alle- 
viate damage to carrot roots, and inocu- 
lated storage roots weighed less and were 
more misshapen than the control. These 
results indicate that early planting, a cul- 
tural practice suggested to reduce M. hapla 
damage to carrots (1), may not be sufficient 
to insure a quality crop from infested fields. 

Unusually rough surfaces and constric- 
tion of storage roots (Fig. 5) are symptom- 
atic of heat canker (4). The  climatological 
logs collected at the Irrigated Agriculture 
Research and Extension Center in Prosser 
in 1987 indicated that in May, when newly 
sown carrot seeds were emerging, the am- 
bient temperature rose unusually high, with 
25 C recorded several times. Carrot seed- 
lings are sensitive to temperatures above 
20 C (4,7). The young tissues collapse when 
exposed to high temperatures at the soil 
surface, and seedlings wither and die. In 
fact, some of the microplots were replant- 

FIc.. 5. Storage roots of Red Cored Chantenay 
(left) and Orlando Gold (right) carrots exposed to 
unusually high temperatures in the spring of 1987. 

ed several times before a stand was at- 
tained. 

Carrots for fresh market are harvested 
before full maturity. For this reason, total 
yielding capacity is not as important as uni- 
formity. Likewise, the most important fac- 
tor for processing carrots is uniformity and 
quality and not maximum yield (12). Thus, 
even though M. chitwoodi race 2 reduced 
root weight of  Red Cored Chantenay in 
1986, M. chitwoodi is probably not a serious 
threat to the carrot industry in the Colum- 
bia Basin area of Washington. 
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