
Ontogeny of Daucus carota Infected with 
Meloidogyne hapla ' 

L. A. SLINGER and G. W. BIRD = 
Abstract: T h e  ontogeny of carrots (Daucus carota cv. 'Spartan Premium')  grown under  green- 
house conditions in pots of organic soil infected with Meloidogyne hapla was influenced 
detri.mentally as early as 4 days after seeding, as determined th rough  analysis of plant  surface 
area, dry weight, fresh weight, net assimilation rate, relative growth rate, and leaf-area ratio. 
Only 58% of the diseased carrots were suitable for fresh market,  compared with 97% of those 
grown in nematode-free soil. Growth  and development of the shoot system (height, surface area, 
dry weight, and fresh weight) were retarded by M. hapla as early as 12 days after seeding. Dur ing  
the first 12 days after seeding, root dry weight was greater for diseased plants than for controls. 
Root  growth and development (surface area, dry weight, and fresh weight) associated with this 
nematode, however, were retarded as early as 16 days after seeding. M. hapla caused a delay in 
the occurrence of 2nd-, 4th-, and 5th-order roots, and an increase in the occurrence of 6th-order 
roots in infected plants. Parasitized plants had 44°,/o fewer roots (primary through 6th-order) and 
50% less total root length. Key Words: Carrots, nor thern  root-knot nematode. 

Meloidogyne hapla Chitwood is a seri- 
ous limiting factor in carrot (Daucus carota 
sativa L.) production in Michigan (19), 
where about 6,000 acres of carrots are 
grown annually in organic soils (22). The  
problem is endemic in temperate carrot- 
growing regions. Symptoms of M. hapla 
infection of carrots include galling of both 
primary and secondary roots, tap-root mal- 
formation, root proliferation, yield losses, 
and plant mortality (1, 2, 3, 4, 7, 10, 25, 26). 
Aspects of the life history, host-parasite 
relationships, and pathogenicity of M. hapla 
have been studied in association with car- 
rots (6, 9, 11, 16, 21, 26). 

Carrots have two major phases of 
growth and development (12, 14, 17). Pri- 
mary growth is completed with the 
development of centrifugal xylem, at about 
11 days after germination (12). Secondary 
growth is derived primarily from periclinal 
vascular cambium division in the xylem, 
phloem, and parenchyma tissue, forming 
the hypocotyl and storage tap root. Caro- 
tene is visually detectable about 37 days 
after germination (12, 17), The  morpho- 
genesis and related biochemistry of the 
carrot plant has been studied in detail (5, 
8, 12, 15, 24), including variations for crop 
production in organic soils (8, 16). Very 
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little, however, is known about most aspects 
of the ontogeny of carrot plants infected 
with M. hapla. Such information is needed 
for developing predictive pest-crop ecosys- 
tem models. This study was done to analyze 
the ontogeny of carrot plants grown in M. 
hapla-infested organic soil in the presence 
of all normal components of the soil micro- 
flora and microfauna. 

MATERIALS AND METHODS 

Soil characterized as a coarse aggregate 
of organic material, with a pH of 6.8, in- 
soluble salts of 66-73 rag/gin, nitrates of 
54-67 mg/gm, and magnesium of 1.3-1.7 
rag/gin, was obtained from a Grant 
(Michigan) carrot field. The  population 
density of M. hapla was five second-stage 
larvae/100 cm :~ soil, as determined by 
centrifugation-flotation extraction (20). No 
attempt was made to estimate the number 
of M. hapla eggs present. The  nematode 
infestation was the only property of the soil 
known to be deleterious to carrot growth. 
The  percent total salts was 11.7-13.2 ni- 
trates, 0.9-2.0 potassium, 17.2-17.3 calcium, 
and 4.5-4.9 magnesium. Hal f  of the soil was 
steamed for 3.5 h at 60 C, and used to fill 
125 plant containers. An additional 125 
plant containers were filled with the un- 
steamed soil. 

Four sizes of plant containers were 
selected to minimize greenhouse space use 
and maximize the volume of soil available 
for root development. Fifteen-cm-diameter 
clay pots were used for plants harvested 
within 28 days of seeding. Plants harvested 
from days 28 to 48 were grown in 20-cm- 
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diam pots, whereas plants for days 48 to 68 
were grown in 25-cm-diam pots. Plants 
harvested dur ing  the last 32 days of the 
exper iment  were grown in clay drainage 
tiles (24.8 cm d iam and 32.2 cm deep). All 
containers were steamed for 2 h at 60 C 
before use. T e n  carrot  seeds (cv. 'Spartan 
Premium')  were planted in each of the 250 
containers of organic soil. T o  assure nema- 
tode infection, a 5.0-ml water  suspension 
containing 100 second-stage larvae of M. 
hapla was added at  p lant ing  onto the seeds 
in each container  of unsteamed soil. These  
nematodes were obta ined from a green- 
house culture of M. hapla mainta ined  on 
celery, and extracted from root  tissue by a 
shaker technique (20). 

T h e  plants were main ta ined  in a 
greenhouse under  18 h of na tura l  and 
supplemental  light, and were watered daily 
dur ing the 100-day experiment .  Relat ive 
humidi ty  ranged from 0-40% (X = 30%). 
T h e  mean daily m i n i m u m  air tempera ture  
was 17.8 C (o- = 2.5, Y --- 18.0 -- 0.004X), 
and the mean daily m a x i m u m  air tempera- 
ture was 28.6 (o- = 3.5, Y = 27.5 + 
0.042X). T h e  mean daily degree accumula- 
tion at a base of 7.3 C (DDT.~) was 15.9 C 
(o- = 2.4). Since the slopes of the m a x i m u m  
and m i n i m u m  temperatures  were close to 
zero, an estimated accumulated DDT.3 can 
be calculated for any day dur ing  the ex- 
per iment  by mul t ip ly ing the day by 15.9. 
No fertilizer or pesticides were appl ied 
before p lant ing  or dur ing the experiment ,  
Plants were thinned to three plants per pot  
on day 14 and to one plant  per pot  21 days 
after seeding. 

Four plants grown in steamed soil and 
four from the M. hapla-infested soil were 
randomly  selected f rom the appropr ia te  
container  size group every 96 h. T h e  soil 
and root  systems were removed from the 
pots intact, and soaked for several hours 
in cool water. Adher ing soil was then care° 
fully washed from roots, beginning with the 
lower port ion.  Organic mat te r  was removed 
from the roots with forceps. T h e  plants 
were blotted, wrapped in moist  paper  
toweling, and stored at 5-7 C in closed 
plastic bags. Plant  analysis was made within  
96 h of washing (18). Plants harvested on 
days 80 and 84 were main ta ined  with ade- 
quate  moisture  at 5-7 C for 8 and 4 days, 
respectively, before processing. Each shoot 
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system was evaluated for number  of leaves, 
height, fresh weight, dry weight, and area. 
Each root  system was evaluated for root  
area, number ,  order, length, galling, fresh 
weight, dry weight, and economic value. 

Leaf  and root  area were measured with 
a Li-Cor Model Li-3000 por table  area meter  
equipped with a Li-3050A transparent  
belt-conveyor accessory. Secondary roots 
were spread as thin as possible on the belt, 
and each root  system was analyzed three 
times. Each shoot system was divided into 
individual  leaflets and stems and evaluated 
for area. Beginning with day 36, the surface 
area ol z the enlarged storage root  was deter- 
mined geometrically. 

Root  order, number ,  and length were 
obtained by two methods. T h e  entire root 
systems of all plants were evaluated dur ing 
the first 36 days. Only one carrot f rom each 
of the two soil environments  was analyzed 
on each sampling date after day 36. These 
were selected to be average for each group 
of replicates. Each tap root  was measured 
and divided into tenths. T h e  2nd-order 
root closest to each one-tenth division was 
removed and analyzed. These data and  the 
number  of 2hal-order roots present were 
used to estimate the number  and lengths of 
3rd-, 4th-, 5th-, and 6th-order roots. Root  
evaluations were made in a tray with an 
at tached grid, where roots were floated in a 
thin film of water  to prevent  desiccation 
and facilitate root  separat ion and analysis. 
Galls caused by M. hapla were counted by 
floating the roots on a dark surface in a 
thin film of water.  

Fresh weights of the root and shoot 
systems were obtained by direct weight in a 
preweighed and dried crucible. Dry weights 
of the shoot and root  systems were obta ined 
by drying to a constant weight (__+0.I mg 
for the first 36 days and ~+I.0 mg for the 
remain ing  harvest days) at 105 C. Beginning 
52 days a~ter seeding, storage roots were 
graded for economic qual i ty  (percent of 
carrots deformed beyond fresh-market use). 
Before that  date, economic analysis was 
based on the location and number  of galls 
on the pr imary  root. 

Growth  analyses of the whole plant  in 
response to the env i ronment  and effects of 
Meloidogyne hapla infection were expressed 
in terms of the net assimilation rate (NAR), 
leaf-area rat io  (LAR), and relative growth 
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rate (RGR).  N A R  (13) is tile dry-weight 
increase of the p lant  in relat ion to the uni t  
leaf area in relat ion to t ime [NAR = (W2 -- 
W~/T2 -- T~) (In L2 -- In L,/L2 -- L1)], 
where L = leaf area (cm~), T = time (days), 
W -- p lant  dry weight (g), and In --- nat- 
ural  log = 2.7181. L A R  (13) is the rat io of 
leaf area to dry weight of leaves [LAR -- L1 
+ L2 /W 1 + W~]. R G R  (13) is the increase 
in plant  weight per unit  of original weight 
over a given unit  of t ime [ R G R  = lnW2 -- 
lnW~/T2 -- T1]. T h e  exper iment  was not  
repeated. T h e  curvil inear relations used to 
il lustrate the various growth parameters  
were selected to best represent the nature  of 
each biological phenomenon.  

R E S U L T S  

Shoot system: Shoot emergence in the 
presence or absence of M. hapla occurred 
by the eighth day after seeding, infect ion 
(herein referr ing to M. hapla) retarded 
(P = 0.05) elongation of the shoot system 
between 12 and 52 days after planting.  T h e  
m a x i m u m  height of Spartan P remium un- 
infected carrots M. hapIa was 47.1 cm (84 
days after planting),  whereas in tile presence 
of M. hapla tile m a x i m u m  height was 44.8 
cm (96 days after  planting).  Infect ion did 
not decrease (P = 0.05) the num ber  of 
leaves. Uninfected mature  carrots, however, 
had a mean of 10 leaves per plant ,  whereas 
infected carrots had a mean of 8.4 leaves. 

In  the presence of M. hapla tile shoot 
growth of Spartan P remium carrots was 
48% less than that  of tile controls, and was 
inhibi ted (P -- 0.05) fi-om day 16 through 
day 88 (Fig. 1). T h e  trend was the same 
for shoot fresh weight. Ti le  m a x i m u m  
average shoot fresh weights were 31 gm on 
day 84 for the nematode-free plants and 23 
gm on day 96 for the infected carrots. Shoot 
surface area was 41% less for diseased 
matu re  plants than for plants  grown in 
uninfested soil. Th is  re tardat ion  (P = 0.05) 
was observed 12 days after seeding and con- 
t inued through 88 days after seeding (Fig. 
2). 

Root system: Heal thy  Spartan P remium 
carrots were marke tab le  (about 70 gin) 
76-80 days after  seeding. Infected carrots 
did not  reach that  weight unti l  96 days after 
seeding. Carotene (orange appearance)  was 
present by day 36 in uninfected carrots bu t  
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not  unt i l  day 44 in infected carrots. T h e r e  
was a steady increase in taproot  fresh weight 
front day 36 to 88. I t  cont inued until  day 
96 for the infected carrots. T h e  infected 
carrots were forked and  occasionally had 
hairy root symptoms. Only 58% of the 
infected carrots analyzed dur ing the first 
52 days after seeding were potential ly 
marketable.  For days 52 through 100, 41% 
of tile carrots analyzed were deformed be- 
yond fresh-market use. Only 3% of all of 
the control carrots were unmarketable .  

Dur ing  the first 12 days after planting, 
infected seedlings grew more  rapidly  (P ---- 
0.05) than the controls (Fig. 3). On day 16, 
the infected and uninfected carrots were 
abou t  equal  in root  dry weight. From days 
32 through 100, dry weight was less (P = 
0.05) for infected carrots than for heal thy 
carrots. T h e  fresh weight of the root  sys- 
tem followed a different trend. M. hapla 
retarded (P = 0.05) growth from days 24 
through 96. T h e  steady increase in fresh 
weight was observed through day 84 for 
tile uninfected carrots and through day 96 
for tile infected carrots. Ti le  m a x i m u m  
weight of tile uninfected carrots was 107 
gm of roots, while the infected carrots 
reached a m a x i m u m  of 72.2 gm of roots. 
Root  area of heahhy  carrots increased for 
the first 88 days. M. hapla retarded (P --- 
0.05) root area from days 16 to 96 (Fig. 4). 

Germina t ion  occm'red four days after 
seeding. Second-order roots were not  pres- 
ent unti l  after 8 days in infested soil bu t  
developed in 4 days in uninfested soil. 
Thi rd-order  roots were present on day 16 
for both  the infected and  uninfected car- 
rots. Fourth-order  roots were first observed 
28 days after seeding in uninfected carrots, 
and on day 32 in infected carrots. Fifth- 
order  roots were first noted on days 40 and 
44 in the uninfected and infected carrots, 
respectively. Sixth-order roots were present 
on uninfected plants by the 48th day, 
whereas infected carrots developed sixth- 
order roots, 64, 68, 76, and 80 days after  
seeding. 

T h e  number  of roots per system in- 
creased rapidly  for the first 40 days after 
seeding, and then more gradually. T h e  
m a x i m u m  n u m b e r  of roots was estimated 
at 7,500 per plant  on nematode-free carrots, 
and at ca 4,200 on infected carrots (Table  
1). T h e  estimated total lengths of heal thy 
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a n d  in fec ted  roo t  systems were  respec t ive ly  
13,000 a n d  6,500 cm. T h e  n u m b e r  of roo ts  
of  each  o r d e r  inc reased  r a p i d l y  d u r i n g  the  
first 36-40 days  af ter  seeding.  A f t e r  day  40, 
the re  was a slow increase  in the  n u m b e r  of  
2rid-, 3rd-, a n d  4 th -o rde r  roo ts  a n d  in  the  
occur rence  of 5th- a n d  6 th -o rder  roots.  T h e  
n u m b e r  of  roots  o n  a m a t u r e  100-day-old 
p l a n t  was grea tes t  for 4 th -o rde r  roots  a n d  
least  for 6 th -o rder  roots,  r a n g i n g  f rom 4,200 
to l0  pe r  o r d e r  for nema tode - f r ee  p l a n t s  
a n d  2,200 (3rd-order)  to 39 per  o r d e r  for 
in fec ted  p l an t s  ( T a b l e  1). T h e  to ta l  l eng th  
of  roo ts  for each o r d e r  fo l lowed  the  same 
t r e n d  as the  n u m b e r  of  roots .  I n f ec t ed  
car ro ts  h a d  less to ta l  r oo t  l eng th  for  each 
o r d e r  excep t  for  the  5th- a n d  6 th -o rder  
roots .  T h e  e s t i m a t e d  l eng ths  of roo ts  for  
100-day-old r o o t  systems of  u n i n f e c t e d  car- 
rots  r a n g e d  f rom 7,500 cm for 3 rd-order  
roo ts  to 3.1 cm for 6 th -o rde r  roots.  I n f ec t ed  
carrots  h a d  sho r t e r  to ta l  r o o t  l ength ,  rang-  
i ng  f rom 3,800 cm for  3 rd -o rde r  roots  to 
20.8 cm for 6 th -o rder  roots  ( T a b l e  1). 

T h e  n u m b e r  of  M. hapla-induced gal ls  
on  the  r o o t  systems increased  t h r o u g h o u t  
the  100 days  of  g r o w t h  (Fig. 5). F ive  levels 

of  gal l  dens i t ies  were  observed:  X = 5 gal ls  
pe r  p l a n t  f rom days  20 to  32, 17 galls  pe r  
p l a n t  on  days  36 to 48, 30 gal ls  pe r  p l a n t  on  
days  52 to 64, 45 gal ls  pe r  p l a n t  on  days  72 
to  84, a n d  52 gal ls  p e r  p l a n t  on  days  92 to 
100. 

Carrot plant: P l a n t  surface  a rea  was less 
(P = 0.05) f rom days  4 t h r o u g h  88 for  in- 
fec ted  car ro ts  t h a n  for  u n i n f e c t e d  carrots .  
M, hapla r e t a r d e d  (P = 0.05) p l a n t  g r o w t h  
f rom days  32 t h r o u g h  day  96. T h e s e  d a t a  

J / f i l l  
\ \ \ \ \  

FIG. 1-8. Influence of Meloidogyne hapla (Mh) 
on the growth of Daucus carota cv. 'Spartan 
Premium,' Each point represents the mean of 
four plants. 

1. Dry weight (gin) of shoot systems of Mh- 
infected plants (Log Y = 1.386 In X --5.88, R2 = 

0.93) and controls (Log Y ~ 1.487 In X --5.93, R2 
= 0.97). 

2. Area (cm2) of shoot systems of Mh-infected 
plants (Log Y = 1.44 In X --3.68. R2 = 0.97) and 
controls (Log Y = 1.43 In X --3.37, R2 = 0.97). 

3. Dry weight (gin) of Mh-infected carrot roots 
(Log Y = 1.47 In X --5.47, R2 = 0.80) and controls 
(Log Y = 1.70 In X --5.95, R~ = 0.86). 

4. Area (cm~) of Mh-infected roots (Log Y = 
1.25 In X --2.5l, R~ = 0.93) and controls (Log Y 
= 1.25 In X --2.25, R~ = 0.92). 

5. Koot-knot galls per root system (R2 for 
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were used  to e s t ima te  N A R ,  L A R ,  a n d  
R G R .  T h e  N A R  of  p l an t s  g r o w n  in  the  
nema tode - f r ee  e n v i r o n m e n t  decreased,  fol- 
lowed  by  a r a p i d  increase  t h r o u g h  the  12th 
day  af te r  seed ing  (Fig.  6). T h e  N A R  was 
close to e q u i l i b r i u m  f rom days 16 to I00, 
In fec t ed  carrots  fo l lowed  the same t r e n d  
w i t h  s l igh t ly  lower  ra tes .  T h e  R G R  of  
in fec ted  car ro ts  dec l ined ,  inc reased  t h r o u g h  
36 days  af te r  p l a n t i n g ,  a n d  then  decreased  
g r a d u a l l y  (Fig. 7). U n i n f e c t e d  car ro ts  
g r o w n  h a d  a g rea te r  i n i t i a l  decrease  in  
R G R ,  fo l lowed  b y  an  increase,  a n d  then  a 
g r a d u a l  decrease.  T h e  L A R  of  car ro ts  in-  
c reased  r a p i d l y  i n i t i a l l y  t h r o u g h  day  28 in  
s t e a me d  soil  a n d  t h r o u g h  day  32 in  in fes ted  
soil,  fo l lowed  by  a decrease  as the  ca r ro t  
m a t u r e d  (Fig. 8). 

D I S C U S S I O N  

H e a l t h y  ' S p a r t a n  P r e m i u m '  car ro ts  
m a t u r e d  r a p i d l y  a n d  were  m a r k e t a b l e  76-80 
clays a f te r  seeding,  r e a c h i n g  senescence af te r  
92 days.  Car ro t s  in fec ted  b y  M. hapla were  
de l ayed  in m a t u r i t y  a n d  h a d  a s lower 
g rowth ,  as wel l  as d e f o r m e d  t ap  roots,  r oo t  
ga l l ing ,  a n d  p r o l i f e r a t i o n  of  5th- a n d  6th- 
o r d e r  roots .  D e l a ye d  m a t u r i t y  was associa ted  
wi th  an  overa l l  sma l l e r  p l a n t  surface a rea  
for n u t r i e n t ,  wa te r ,  or  l i gh t  a b s o r p t i o n .  
F resh  we igh t  a n d  d r y  we igh t  i n d i c a t e d  
r e t a r d e d  growth .  M. hapla gal l  f o r m a t i o n  
on  the  r o o t  systems was an  i m p o r t a n t  
fac tor  in  r e d u c i n g  the  p l a n t  g r o w t h  po- 
ten t ia l .  D e l a ye d  m a t u r i t y  r e p r e s e n t e d  a 
p o t e n t i a l  e conomic  loss in  ear ly-season 
m a r k e t  prices.  

T h e  L A R  i n d i c a t e d  t ha t  i n fec t ed  car ro ts  

straight li.ne = 0.87, P = 0.05). 
ft. Net assimilation rate (gin/day) of Mh-infected 

plants and controls, with cubic spline fitting routine 
used to construct the curves for days 0 to 16 (two 
third-degree equations and four coefficients for each 
curve). Regressions for Mh-infected plants for days 
16 to 100 (Y = 9.75 + 0.01X. Re = 0.01) and 
controls (Y = 8.06 + 0.04X, R2 = 0.03). 

7. Relative growth rate (gin/day x 10-t) of Mh- 
infected and control carrot plant, using cubic spline 
fitting routine to construct the curves (five third- 
degree equations and four coefficients per curve). 

8. Leaf area ratio (cm2/gm) of Mh-infected 
carrot plants (Days 0-36, Y = 209.78 In X --3.65,98, 
R2 = 0.90; days 36-100, Y = 267.01 In X +12.95, 
R ~- = 0,98) and controls (days 0-28, Y = 165.62 In 
X --216.75, R2 = 0.95; Days 32-100, Y = 209.88 In 
X + 1015.39, R2 = 0.94). 
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TABLE 1. Number, length, and root orders of Spartan Premium carrots after 100 days of growth in 
nematode-free and Meloidogyne hapla-infested organic field soil. 

Roots per plant (root length, cm) 
Root system 2nd order 3rd order 4th order 5th order 6th order total 

Uninfected 140(1,900) 3,100(7,500) 4,200(2,100) 220(130) 10(3.1)" 7,500(13,000) 
Infected 110(1,300) 2,200(3,800) 1,600(1,100) 190(140) 39(20.8) b 4,200(6,500) 

"Observed only 48 days after seeding. 
"Observed only 64, 68, 76, and 80 days after seeding. 

matured  later and had less growth potent ial  
than healthy carrots. Infected carrots had a 
greater LAR, indicating a lower photo- 
synthetic rate than uninfected carrots. T h e  
initial rapid increase in L A R  of the un- 
infected carrots reflected a rapid  change in 
plant  weight. 

T h e  N A R  indicated an initial utiliza- 
tion of seed reserves (days 0 to 4), followed 
by a rapid increase in N A R  as the basic 
plant  structures were formed. A rapidly 
increasing N A R  cont inued through the 
t ime of radicle emergence, shoot emergence, 
secondary root init iation, and appearance  
of the cotyledon and first true leaf. As the 
carrot matured,  an equi l ibr ium was ob- 
served between the increase in plant  weight 
and the shoot area. The re  was a decrease in 
N A R  after matur i ty  as the plant  gradually 
began to senesce. Infected carrots followed 
the same trend, a l though N A R  values were 
lower. T h e  R G R  reflected the same plant  
development  trends as NAR.  T h e  gradual  
decline was more evident, however, in the 
R G R .  This  continuous decline with the 
development  of the tap root  was more 
gradual  for infected plants with the delayed 
matur i ty  and reduced growth rate. 

T h e  root  system of Spartan P remium 
carrots was complex, with up to six orders 
of roots. The re  was an initial period of 
rapid increase of secondary root develop- 
ment,  and then a steady, slower increase 
for the remain ing  days studied. Sixth-order 
roots were mainly  the result of root  prolif- 
eration near galls caused by M. hapla. T h e  
longer 5th-order roots on infected than on 
uninfected root  systems was also probably  
indicative of root prol iferat ion caused by 
M. hapla. T h e  num ber  of a r rangement  of 
the length of total roots of each order 
followed a pat tern  in the infected and un- 
infected carrots. The re  were more 3rd- and 
4th-order roots than any other  orders. 

I t  appeared  that  the number  of root 
galls present could be used as an indicator 
of the length of the life cycle of M. hapla. 
There  was an increasing trend in the num- 
ber of galls (R" = 0.87 for a straight line, 
P = 0.05), with five different levels of 
galling observed. Galls apparent ly  induced 
by the initial popula t ion  of M. hapla were 
formed dur ing  the first 32 days after seed- 
ing. By 36 days after p lant ing  there was a 
distinct increase in the number  of galls 
present, indicat ing that  hyperplastic 
symptoms had been induced by second- 
generat ion second-stage larvae. Increases in 
the number  of galls per root  system con- 
t inued throughout  the exper iment  at 
16-to-20-day intervals. 

T h e  overall growth and development  of 
Spartan P remium carrots was similar to 
that  described by Phan and Hsu (17). 
Cult ivar  differences were that  shoot height 
increased more slowly in Spartan P remium 
carrots, a l though to a greater  total height 
(15-20 cm), than the cult ivar studied by 
Phan and Hsu. Root  deve lopment  coin- 
cided with their observations. T h e  phases 
of growth observed by Esau (12) and Havis 
(14) were also distinctly visible in the R G R  
and N A R  growth analyses. I t  appeared,  
however, that  a third growth phase could 
easily be added to indicate the t ime of 
ini t iat ion of taproot  enlargement.  T h e  
three phases of growth for Spartan P remium 
carrots would be days 0 to 4, 4 to 16, and 
16 to matur i ty  (ca 76-80 days after seeding). 

T h e  percent moisture in the Spartan 
P remium carrots was similar to Wat t  and 
Meri l rs  (23) est imation of 88.2%, with 
respective moisture values of 88.6 and 89.7 
for the uninfected and infected carrots. 
T h e  overall development  of infected and 
uninfected carrots grown in organic soil 
indicated a significant growth re tardat ion 
32 to 88 days after seeding, reflecting 
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symptoms typical of infection caused by 
M. hapla. 

L I T E R A T U R E  CITED 

1. ANONYMOUS. 1958. Diseases of carrots. Agric. 
Gazette of New South Wales 56:295-298. 

2. BERBEC, E. 1971. (The harmful effect of 
Meloidogyne hapla on carrots.) O szkodli.wosci 
Meloidogyne hapla Chitwood na marchwi. 
Zesz. probl. Postep. Nauk roln., 121:85-92. 

3. BERBEC, E. 1972. (The investigations on ap- 
pearance and harmfulness caused by northern 
root-knot nematode, Meloidogyne hapla 
Chitwood on carrots.) Balania nad wyste- 
powaniem i szkodliwoscia matwika polnoenego 
(Meloidogyne hapla Chitwood) na marchwi. 
Prace Wydzialu Nauk Przyrodniczyan 
Bydgoskiego Towarzystwa Naukowego Ser. B. 
No. 15:3-32. 

4. BOSWELL, V. P, 1963. Commercial growing of 
carrots. U.S.D.A. Leaflet No. 353. 8 pp. 

5. BRADLEY, G., and D. A. SMITTLE. 1964. 
Carrot quality as affected by variety, planting 
and harvest dates. Am. Soc. Hortic. Sci. 86: 
397-465. 

6. BRODY, J. K. JR. 1972. A Study of a Michigan 
isolate of Meloidogyne hapla. Master's Thesis. 
Dept. of Ent., Michigan State University, East 
Lansing. 

7. BRZESKI, M. W., and Z. BOJDA. 1974. (The 
northern root-knot nematode (Meloidogyne 
hapla Chitw.) on carrot-pathogenicity and 
control.) Matwik polnocy (Meloidogyne 
hapla Chitw.) na marchwi-szkodliwose i 
zwalczanie. Zezyty Problemowe Postepow 
Nauk Rolniczych 154:159-172. 

8. CHIPMAN, E. W., and F. R. FORSYTH. 1971. 
Characteristics of the epidermal layer of 
carrot roots grown on peat and mineral soil. 
Can. J. Plant Sci. 51:513-517. 

9. CHYLINSKA, K. A., J. s. KNYPL, and M. W, 
BRZESKI. 1972. Stimulated protein and RNA 
synthesis in carrot infested with northern 
root-knot nematode Meloidogyne hapla 
Chitw. Bulletin de l'acadOmie Polonaise des 
Sciences, SOrie des Sciences Biologiques 
20(3) :209-212. 

10. CZARNIK, W. 1972. (Northern root-knot nema- 
tode (Meloidogyne hapla Chitw.) Orchrona 
Roslin 168(9):40. 

11. ELSEA, J. R. 1951. The histological anatomy of 
the nematode Meloidogyne hapla. Proc. 
Hehninth. Soc. Wash. 18:53-63. 

12. ESAU, K. 1940. Developmental anatomy of the 
fleshy storage organ of Daucus carota. 

Hilgardia 13:175-209. 
13. EVANS, G. C, 1972. The Quantitative Analysis 

of Plant Growth, Studies in Ecology, Vol. I. 
Univ. Calif. Press, Berkeley. 734 pp. 

14. HAVIS, L. 1939. Anatomy of the hypocotyl and 
roots of Daucus carota. J. Agric. Research 
58:557-564. 

15. KNYPL, J. S., and M. K. JANAS. 1975. Synthesis 
of RNA and protein, with ribonuclease activ- 
ity in carrot roots infested with Meloidogyne 
hapla Chitwood. Physl. P1. P. 7:213-220. 

16. MILLER, J. C., F. D. COCHRAN, and O. B. 
GARRISON. 1934. Some factors affecting 
color in carrots. Proc. Amer. Soc. Hort. Sci. 
32:583-586. 

17. PHAN, C. T., and H. HSU. 1973. Physical and 
chemical changes occurring in the carrot root 
during growth. Can. J. Plant Sci. 53:629-634. 

18. SCHUURMAN, J. J., and M. A. GOEDE- 
WAAGEN. Methods for the Examination of 
Root System and Roots. 86 pp. Centre for 
Agrhzuhure Publications and Documentation, 
Wageningen, Holland. 

19. SOCIETY of NEMATOLOGISTS, COMMIT- 
"FEE on CROP LOSSES. 1970. Estimated crop 
losses from plant parasitic nematodes in the 
United States. Special Publication No. 1, 
Supplement to the J. Nematology 4 pp. 

20. SOUTHEY, J. F. 1970. Laboratory methods for 
work with plant and soil nematodes. Tech. 
Bull. 1. Ministry of Agric., Fisheries and 
Food. Her Majesty's Stationary Oflice, London. 
148 pp. 

21. STEIN, W., and E. RICHTER. 1968. Der 
Einfluss verscheedener Vorfuchte auf der 
Befall yon Mohrendurch M. H. Chito. Und 
die Symptomausbildung. Z. Pflkrankh. 
Pflpath. Pflschutz. 75:93-98. 

22. VEGETABLE-FRESH MARKET, 1975 AN- 
NUAL SUMMARY. USDA, Washington, 
D. C. June, 1976. 

23. WATT, B. K., and A. L. MERRILL. 196~3. 
Composition o[ Foods. USDA. Handb. 8, 
190 pp. 

24. WERNER, H. O. n.d. Dry matter, sugar and 
carotene content of morphological portion of 
carrots through the growing and storage 
season. Journal No. 279 Nebraska Agric. 
Exp. Sin. 

25. WILSON, J. D. 1946. Relative susceptibility of 
carrot varieties to nematode damage, yellows 
and defoliation by blights. Bimonthly Bulle- 
tin, Ohio Agric. Exp. Stn. 31:35-39. 

26. WILSON, J. D. 1957. A distribution pattern of 
root-knot nematode infestation on muck 
grown carrots. Down to Earth 13:4-7. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

