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Abstract: A m a t u r a t i o n - r a t e  r e l a t i o n s h i p  for  Meloidogyne incognita on  Lycopersicon esculentum 
' R u t g e r s '  was d e r i v e d  a n d  used  to e s t i m a t e  h a r v e s t  da tes  for  m a x i m m n  egg  h a t c h  f r o m  l a b o r a t o r y  
c u l t u r e s  a t  a m b i e n t  l e m p e r a t u r e s .  D a i l y  m a t u r a t i o n  i n c r e m e n t s  w e r e  t o t a l e d  ( n e m a t o d e  m a t u r a -  
t i on  to t a l ,  N M T )  a n d  c o r r e l a t e d  w i t h  h a t c h  f r o m  i s o l a t e d  wh i t e ,  ye l low,  a n d  a m b e r  egg  masses .  
H a t c h  p e r  mass  f l u c t u a t e d  p e r i o d i c a l l y  f ront  ca. 1.0 N M T ,  w h e n  egg  masses  were  first v i s ib le ,  m 
2.5 N M T  by w h i c h  t i m e  p l a n t s  s h o w e d  stress.  M a x i m u m  y ie lds  f r o m  w h i t e  a n d  y e l l o w  masses  
occur red ,  w i t h  a s h o r t e r  t h a n  e x p e c t e d  p e r i o d i c i t y ,  a t  1.5-1.8 a n d  2.1-2.2 N M T .  W h i t e  masses  
d e c r e a s e d  f r o m  9 0 %  o f  the  t o t a l  masses  a t  1.0 N M T  t o  5 %  a t  2.5 N M T ,  as the  p r o p o r t i o n  of 
y e l l o w  a n d  a m b e r  masses  i nc r ea sed  c o n c o m i t a n t l y .  H a r v e s t e d  masses  p e r  g r a m  of  roo t  v a r i e d  f r o m  
97 to 276; h a t c h  p e r  g r a m  of  root ,  11,000 to 86,000. Key Words: R o o t - k n o t  nematode, Lycopersicon 
esculentum, m a t u r a t i o n .  

T h e  effect of temperatnre on maturat ion 
rate is well established for endoparasitic 
Meloidogyne in tomato plants in the labora- 
tory (2, 6), and accumulated degree-days 
above a characteristic threshold have been 
correlated with part  of this nematode's life 
cycle in at least one field crop (5). However, 
accurate prediction of egg-mass product ion 
or of hatch per host plant remain practical 
problems requiring balancing of conflicting 
chronologies, i.e., pest development  and 
host decline. 

As long as the host provides adequate 
nutri t ion,  nematode development should be 
predictable from temperature relationships 
already known for portions of a single 
Meloidogyne life cycle. Available data on 
egg incubation time (4) and time from 
hatch to egg-laying (2) indicate that at 27 C 
one life cycle occurs in 24 days, which is 
consistent with Tyler 's  estimate of 25 days 
at that temperatnre (6). We used these 
correlations for simplifying rout ine main- 
tenance of cultures and for following 
Meloidogyne populat ion development  be- 
yond the first nematode generation in 
Rutgers tomatoes. T h e  experiments de- 
scribed here relate egg-mass product ion to 
anticipated life cycle and reveal an unex- 
pected variability in hatch per egg mass as 
the nematode populat ion increases to the 
point of irreversible impact on the host. 
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MATERIALS AND M E T H O D S  

Tile ill. incognita Kofoid and White  
(Chitwood) culture was isolated from 
Glycine max L. and maintained in Ly- 
copersicon esculentum Mill. 'Rutgers'. 

Rutgers tomato plants intended for 
Study A were grown in an environmental  
chamber at 25 C day and 23 C night tem- 
peratures with 14 h days (54,000 lm/m2). 
Plants intended for Study B were grown at 
21) C day and 18 C night temperatures with 
8 h days. All plants were 47-49 days old 
with 3-5 leaves prior to transplanting and 
inoculation. 

Study A was initiated by pour ing a 
suspension of 10 egg masses on the roots of 
each plant during transplanting. In Study 
B, each plant was inoculated with a suspen- 
sion of ca. 3,000 larvae directly onto the 
roots. T o  correct for the inoculum differ- 
ence, the 2 days required for eggs to hatch 
were added to Study B when comparing 
culture development  throughout  the two 
studies. Inoculated plants were grown under  
Gro-Lux lights (Sylvania, Danvers, Massa- 
chusetts) with a 16.5 h photoper iod in 
17-cm-diam pots filled with sandy loam: 
sand (1:2), dry-heat-sterilized for 3 h at 
102 C. Tempera tures  for Study A were 
27-33.5 C; Study B, 26-31 C. Average room 
temperatures for individual plants fell 
within 29.0-29.5 C for Study A and 28.5- 
29.0 C for Study B. 

Single plants were harvested at specified 
times. Each was rinsed, blotted dry, weighed 
and all external egg masses were removed, 
counted, and sorted into three categories: 
(i) white with no yellow color; (ii) yellow 
with no amber tinge; and (iii) amber. This  
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color change has been a t t r ibuted (1) to 
polyphenol  oxidase activity. Each group of 
egg masses was put  on a double Kimwipe 
(Kimberly-Clark, Neenah, Wisconsin) layer 
over cheesecloth in contact with tap water 
for 1 week at daily average temperatures of 
27-31 C in Study A or 26-30.5 C in Study B. 
Larvae in the tissue were then rinsed 
through the tissue and the resulting suspen- 
sion was diluted to a known volume. Larvae 
in 3 or more l-ml aliquots were counted 
and counts were converted to hatch per egg 
Ill .aSS. 

RESULTS AND DISCUSSION 

Working with 3I. incognita in Rutgers 
tomato roots, Davide and Tr ian taphyl lou  
(2) found that newly hatched larvae develop 
to egg-laying females in 60, 30, and 13 days 
at 15, 20, and 30 C, respectively. T h e  rate 
of this matura t ion is, for practical purposes, 
a linear function of temperature (Fig. 1, 
solid line). We have defined daily increment 
as the reciprocal of the number  of days re- 
quired for development through the period 
being discussed. At 27 C, hatch to egg-laying 
requires 16 days (1 -+- daily increment). At 
the same temperature,  egg incubation in 
vitro requires 8 days (4); i.e. one-third of 
the total life cycle at 27 C. This  proport ion 
should apply at all temperatures in this 
15-30 C range, since Tyler 's  data (6) sug- 
gest that temperature has a similar effect 
on both egg development and nematode 
maturation.  These observations allowed us 
to construct the dashed line in Fig. 1 cor- 
relating temperature with maturat ion rate 
for the entire life cycle. Interestingly, the 
threshold temperature and life cycle times 
predicted from this plot are not  markedly 
different from those obtained by Tyle r  (6), 
which demonstrates a consistency among 
data on seemingly disparate nematode cul- 
tures. 

We predicted culture development,  after 
inoculation with egg masses, by totaling 
daily nematode maturat ion increments de- 
termined using an average temperature for 
each day. We used a table derived from y = 
0.00269x -- 0.0301, which represents Fig. 1 
(dashed line) for 15-31 C. Life cycles for the 
majority of the populat ion in each culture 
were approximated conveniently by nema- 
tode maturat ion totals (NMT's)  of 1.0, 2.0, 
and so on. For 3 years, this compilat ion suc- 
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FIG. l .  Hatch to egg laying (2) [At 27 C, 1 .-__ 
daily increment (arrow) = 1 -_" 0.0639 = 16 days 
for hatch to egg laying.] _ _  _ _  = life cycle calcll- 
lated from hatch-to-egg-laying plot.  [At 27 C, 16 
days for hatch to egg  laying + 8 days (4) for egg 
laying to hatch = 24-day life cycle. 16 -_" 24 = 67%. 
Therefore,  daily life cycle increment = 67% )< dal ly 
increment from hatch to egg laying.] 

cessfully predicted when white egg masses 
were prevalent on roots even though daily 
average temperatures varied as much as 
12 C. Egg masses were always small and 
sparse on roots through at least 1.0 N MT,  
and the best harvests were realized after 
slightly longer incubat ion periods. At con- 
stant temperatures, the desired N M T  value 
divided by the daily increment provided a 
quick estimate of the time at which a host 
plant should be harvested. At a constant 
temperature of 30 C, e.g., only 20 days are 
required to reach 1.0, while at 21 C, 38 days 
are needed. Laboratory culture of M. 
incognita is simplified appreciably by such 
estimates. 

Females matur ing from an inoculum 
(first generation) should lay eggs from 
0.7 through at least 1.7 N M T  since 
Meloidogyne females remain alive (4) and 
lay eggs (6, 7) through at least one addi- 
tional generation. Accordingly, a plot of 
hatch per mass against N M T  should reflect 
an increase in average egg mass size on the 
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FIG. 2. Ha tch  f rom (a) white,  (b) yellow, and  (c) a m b e r  egg masses at  var ious  stages of  deve lopment .  
Brackets indicate  95% confidence l imits  based on precis ion of counts  on l -m l  al iquots .  Ha tch  pe r  p l an t  
( Iarva/g  root) in (d, e) s tudy  A and  (f, g) s tudy B. N M T  = Nema tode  m a t u r a t i o n  total. 

root exterior until  initiation of egg laying population might logically result in one 
b7 the succeeding generation at or near 1.7 smooth increase and decline in this plot. 
NMT.  Thereafter,  the plot would depend But Figs. 2a-c, which tend to confirm predic- 
on mortality and fecundity of all females, tions about egg laying, reveal multiple 
rates of egg laying, and egg development, maxima in larval populations and a similar 
Different development rates among the periodicity regardless o£ egg mass color. In 
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Fig. 2a, these maxima,  separated by 0.4 
N M T  (ca. 8 days) ra ther  than 1.0 N M T  as 
expected, are reproduced in both studies. 
Points were considered significantly dif- 
ferent when 95% confidence limits for 
precision of larval counts, converted to 
hatch per egg mass, showed no overlap. 
T h u s  the principal  m ax i m a  in Fig. 2a-c are 
significant. However,  they do not correlate 
with number  of egg masses per sample 
(smaller samples could have given greater  
error) or with temperatures  dur ing either 
periods between harvests (2-4 days) or the 
7-day hatch. The re  were no addit ional  
stresses on the plants th roughout  the two 
stndies. I t  also seems unlikely that  these 
peaks represent the normal  rise and fall in 
egg-laying rate for each generat ion (3) be- 
cause max im a  occur more often than the 
0.7 N M T  required for second-stage matttra- 
tion to egg laying. 

Based on Fig. 2 and our other observa- 
tions, the largest egg masses and the highest 
hatch from white or yellow egg masses 
should be obtained from roots at N M T ' s  
of 1.5-1.8 or 2.1-2.2; for amber,  1.6-1.8 or 
2.1. T h e  average hatch per egg mass for all 
colors combined was over 200 larvae at 
N M T  = 1.5 to 2.2 in study A; N M T  = 1.3 
to 2.5 in B. Harvest  before 1.4 N M T  should 
be avoided. Values for total larvae per g of 
root (Fig. 2d,f) reinforce these recom- 
mended  ranges. T h e  increase in hatch per 
mass up to 1.6-1.8 N M T  parallels increased 
egg laying rate following the hatching of 
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the second generat ion observed by Tyler  
(7). White  and yellow egg masses, which 
had tile most viable egg's of the three types 
(Fig. 2d-g), could contr ibute  most of a 
plant 's  larval populat ion.  

T h e  total number  of external  egg masses 
fluctuated differently in tlle two studies, but  
egg masses per  g of root  varied over the 
same range; 99-276, study A; 97-254, study 
B. In each study (Table  1), white egg 
masses consti tuted about  85% of the total 
near 1.2 N M T  and decreased to less than 
40% near  2.0 N M T .  

A notable increase in amber  egg masses 
occurred (ca. 1.9 N M T ,  Tab l e  1) at about  
the same t ime as irreversible wilt a n d / o r  
yellowing in some plants. These  plants were 
not harvested (three plants in study A be- 
tween 1.85 and 2.05 N M T ;  four :plants in 
stud}' B between 2.1 and 2.3 NMT) .  A 0.3 
decrease in these wilt N M T ' s  (to correct 
for 7-day hatch and allow direct compari-  
son with N M T ' s  at wilting) shifts them 
under  the max ima  for total larvae in Fig. 
2d and f. Therefore,  irreversible wilt of 
infected plants seems to be an accumulated 
effect of numerous  second-stage larvae 
hatching and feeding. T h e  ini t iat ion of 
female matura t ion  [ca. 2.4 N M T  predicted 
from (2)] would create addi t ional  stress on 
surviving plants. 

Chemical reasons for the spacing of 
max ima  reported here remain  obscure, bu t  
pest-host interact ion is apparent .  In  both  
studies, the number  of fresh (white) egg 

TABLE I. Hatch from and numbers  of Meloidogyne incognita ,egg masses removed from 'Rutgers '  
tomato roots having various nematode matura t ion  totals (NMT). 

Tota l  
Root No. % of total masses Hatch per  mass 

N M T  wt." masses W b Y A W Y A 

1.1 c 1.27 188 88 10 2 78 61 4 
1.2 2.62 456 B3 14 3 101 -- 93 
1.3 2.43 479 75 22 3 273 102 48 
1.4 0.93 220 51 35 15 314 184 105 
1.6 2.89 611 57 35 8 283 429 234 
1.8 1.94 390 44 32 24 451 423 359 
1.9 1.87 475 40 28 32 425 32,I 147 
2.0 2.37 358 13 22 66 226 289 278 
2.2 5.42 525 6 26 68 508 511 306 
2.3 3.39 417 6 37 58 206 391 206 
2.5 1.87 258 5 34 61 402 347 181 

aWeight of fresh root  in g. 
bW = white, Y = yellow, A = amber.  
~Study B. 
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masses per  g of root  dec l ined  rap id ly  at or 
after 1.9 N M T  as if the taxed p lan ts  no  
longer  suppor t ed  larval  m a t u r a t i o n  and  egg 
p roduc t ion .  T h e  v iab i l i ty  (ha tch /mass)  of 
egg masses harvested after 1.9 N M T  
r e m a i n e d  unaffected and  c o n t i n u e d  to 
t luc tua te  as i t  had  earlier.  As decl ine  in  egg 
p r o d u c t i o n  appears  to be re la ted  to p l a n t  
decl ine,  so also migh t  per iodic i ty  in  egg 
v iab i l i ty  reflect per iodic  changes in  the host 
p lan t .  T h e  exact cause is still to be eluci- 
dated.  

L I T E R A T U R E  C I T E D  

1. BIRD, A. F. 1958. The adnlt female cuticle and 
egg sac of the genus Meloidogyne Goeldi, 
1887. Nematologica 3:205-212. 

2. DAVIDE, R. G., and A. C. TRIANTAPHYL- 

LOU. 1967. Influence of the environment on 
development and sex differentiation of root- 
knot nematodes. Nematologica 13:102-110. 

3. GODFREY, G. H., and J. OLIVEIRA. 1932. 
The development of the root-knot nematode 
in relation to root tissues of pineapple and 
cowpea. Phytopathology 22:325-348. 

4. SHEPPERSON, J. R., and W. C. JORDAN. 
1974. Observations on in vitro survival and de- 
velopment of Meloidogyne. Proc. Helminthol. 
Soc. Wash. 41:254. 

5. STARR, J. L., and W. F. MAI. 1976. Predicting 
onset of egg production hy Meloidogyne 
hapla on lettuce from field soil temperatures. 
J. Nematol. 8:87-88. 

6. TYLER, J. 1933. Development of the root-knot 
nematode as affected by temperature. Hil- 
gardia 7:391-415. 

7. TYLER, J. 1938. Egg output of the root-knot 
nematode. Proc. Helminthol. Soc. Wash. 5: 
49-54. 

Evaluation of the Protective and Therapeutic Properties of 
DBCP for Control of Root-Knot Nematode on Tomato 

M. V. McKENRY and P. NAYLOR 

Abstract: Twelve soil drenches over a period of 30 days with DBCP concentrations of 40 #g/ml 
did not completely prevent infection of tomato plants by root-knot nematode juveniles. Repeated 
DBCP drenches of 40 #g/ml halted gall development during the drenches, but 10 days after 
drenching was discontinued galls were apparent. DBCP drenches at 200 #g/ml prevented tomato 
root development, and 40 #g/ml slowed it. Ten #g/ml increased the height of root-knot-infected 
plants, but not their top weights. Treated plants were lanky. Protective drenches of 2.5 to 40 
/tg/ml of DBCP decreased nematode populations and increased fruitfulness. DBCP as a 
therapeutant reduced the incidence of galling on new roots and halted increases in gall size on 
previously infected roots but did not improve fruitfulness or plant size significantly. 

T h i s  research was done  to improve  
u n d e r s t a n d i n g  of the u n i q u e  c o m b i n a t i o n  
of h igh nema tox ic i ty  a n d  low phyto toxic i ty  
associated wi th  DBCP (1,2-dibromo-3- 
ch loropropane) .  A l t h o u g h  this contac t  
nemat i c ide  is toxic to cer ta in  p lan ts  (8) it  
is k n o w n  that  large undecomposed  roots 
a n d  nematodes  w i t h i n  them are no t  com- 
pletely ki l led  by h igh  app l i ca t i on  rates 
(6). A q u a n t i t a t i v e  s tudy of the mer i t s  of 
DBCP as a t h e r a p e u t a n t  a n d  p ro t ec t an t  
from endoparas i t i c  nematodes  is t imely in  
view of recent  pub l ic  decisions on  DBCP 
(1), and  such data  may also provide  in- 
fo rma t ion  needed  [or best  use of this 
mater ia l .  

Rcveived for publication 6 January 1978. 
San Joaquin Valley Agricultural Research and Extension 
~enter, 9240 S. Ri~erbend Ave.. Parlier, California 93649. 

T w o  re la ted exper imen t s  are r epor ted  
herein.  T h e  first e x p e r i m e n t  was designed 
to de t e r mi ne  the c o n c e n t r a t i o n  of DBCP 
necessary to protect  the roots of young  
tomato  p lants  f rom roo t -knot  n e m a t o d e  
juveni les ,  Meloidogyne incognita (Kofoid 
and  Wlaite, 1919) Chi twood,  1949. T h e  
second was conduc ted  to d e t e r m i n e  the 
c onc e n t r a t i on  of DBCP needed  for the rapy  
of roo t -knot  n e m a t o d e  on  infected tomato  
root  systems. 

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

General: Stock so lu t ions  of DBCP made  
from F u m a z o n e  86EC (Dow Chemical  Co., 
M i d l a n d ,  Mich.) were d i l u t e d  jus t  pr ior  to 
app l i ca t i on  wi th  water  c o n t a i n i n g  a one- 
hal f -s t rength Hoag land ' s  solut ion.  Each 
15-cm clay pot  received 400 ml  of the solu- 
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