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Meloidogyne incognita (Kofoid and White) 
Chitwood has been separated into four 
races (R l -R4)  based on the ability of  dif- 
ferent populations to parasitize 'NC95'  to- 
bacco and 'Deltapine 16' cotton (7). Since 
the designation of  races within this species, 
several workers have at tempted to char- 
acterize them on the basis of  reproduction 
on a common host. Araujo et al. (1) com- 
pared the reproduction of  R1 and R4 on 
susceptible and resistant tomatoes at 32.5 
C. No difference between the races was 
observed on susceptible tomatoes, but  R4 
produced significantly more egg masses 
than did R 1 on five of  seven resistant to- 
mato cultivars. Swanson and Van Gundy 
(6) reported that R1, R3, and R4 had sig- 
nificantly greater reproduction on 'Pick- 
ett' soybean than did R2. On 'Centennial'  
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soybean, however, R2 had a greater re- 
productive potential then did R1 or R4. 

Of  the four described races of M. incog- 
nita, only R3 and R4 are known to para- 
sitize cotton (Gossypium hirustum L.). Both 
of  these races are present in the Southern 
High Plains cotton production region of  
Texas. Kirkpatrick and Sasser (3) repor ted 
that in a comparison of  six populations of  
R3 and two populations of  R4 on suscep- 
tible and resistant cotton cultivars, R3 gen- 
erally had significantly greater reproduc- 
tion than did R4. In this paper we compare 
the development, reproduction, and ag- 
gressiveness of  R3 and R4 on cotton. We 
define aggressiveness, after Vanderplank 
(8), as a quantitative measure of  the path- 
ogen's ability to cause host damage. 

The  populations of  R3 and R4 used 
throughout these studies were isolated from 
cotton and tobacco, respectively, and were 
maintained separately on 'Rutgers '  toma- 
to. Development of  R3 and R4 was com- 
pared on susceptible 'Deltapine 16' and 
'Rowden'  cotton using a rag-doll synchro- 
nous inoculation procedure  (2). Cotton 
seedlings were inoculated with 100 freshly 
ha tched  second-stage juveni les  (J2)  o f  
either R3 or R4. Twenty-four hours after 
inoculation, the seedlings were removed 

TABLE 1. Reproduct ive factors (RF) and races 3 and 4 ofMeloidogyne incognita on ' T a m c o t  SP37'  cot ton 
in microplot  tests. 

1988 1984 

Pi* Race 3 Race 4 Race 3 Race 4 

0.3 4,792 + 2,507 1,917 + 1,113 
1.7 319 + 133 419 +- 116 
3 477 + 223 168 + 55 266 + 70 218 + 49 

17 23 + 13 34 + 11 51 + 22 36 + 12 
33 10 + 5 17 + 9 22 + 6  22 + 8 

167 6 + 2 3 + 1 

There were no significant differences in the reproductive factors between R3 and R4 at any Pi level in either 1983 or 
1984. 

* Pi = initial population density of eggs and second-stage juveniles per 100 cm a soil. 
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TABLE 2. Regres s ion  analysis o f  t he  re la t ionsh ip  
be tween  t he  log(x + 1) t r a n s f o r m a t i o n  o f  initial n e m a -  
tode  popu la t ions  a nd  seed co t ton  yields o f  T a m c o t  
SP37 in microp lo t s  infes ted  wi th  race  3 o r  4 o f  Me- 
loidogyne incognita. 

1983 1984 

Race r Slope r Slope 

3 - 0 . 8 8 *  - 9 . 8  - 0 . 9 8 * *  - 18.6 
4 - 0 . 9 5 *  - 1 0 . 0  - 0 . 9 2 * *  - 1 7 . 8  

* Significant at P = 0.05. 
** Significant at P = 0.01. 

from the rag-dolls, the roots washed gently 
in tap water, and the seedlings transplant- 
ed into plastic cups containing 500 cm 3 of  
a sand-peat-vermiculite mix (2" 1:1). Seed- 
lings were maintained in a growth chamber 
at 28 C with 14-hour days. At 2, 5, 16, 19, 
23, and 26 days after inoculation, 5-9 plants 
for each race-cuhivar combination were 
harvested. The  roots were washed gently 
to remove adhering soil, stained with acid 
fuchsin in lactophenol, and examined mi- 
croscopically to determine the develop- 
mental stages of  the nematodes present. A 
minimum of 36 individual nematodes were 
examined per t reatment on each sample 
date. 

The  reproductive factor (RF) (4) and ag- 
gressiveness of  R3 and R4 were compared 
in microplot tests on 'Tamcot  SP37' cot- 
ton. Microplots were plastic cylinders (45 
cm d x 55 cm long) buried in the ground 
and filled with loamy sand soil (85% sand, 
7% silt, 8% clay, pH 7.5). The  microplots 
were fumigated with methyl bromide (1 
kg /10  m 2) before  infesting with nema- 
todes. Inoculum for the plots was infested 
soil containing galled root  fragments from 
greenhouse cultures of  the nematodes. Suf- 
ficient infested soil was incorporated into 
the upper 25 cm of  soil in each plot to 
establish a range of  initial nematode pop- 
ulation densities (Pi). Ten cotton seeds were 
planted in each plot immediately after in- 
festing with the nematodes, and seedlings 
were thinned to five per plot 14 days later. 
Plots were fertilized according to soil test 
recommendations and irrigated as needed. 
In 1983 five Pi levels (0, 3, 17, 33, and 167 
eggs and J 2 / 1 0 0  cm 3 soil) were each rep- 
licated five times. In 1984 six Pi levels (0, 
0.3, 1.7, 3, 17, and 33 eggs and J 2 / 1 0 0  
cm 3) were each replicated six times. 

T o  estimate nematode population den- 
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FIG. 1. T h e  re la t ionsh ip  be tween  t he  log(x + 1) 
transformation of initial nematode populations (Pi) 
and seed cotton yields in microplots infested with race 
3 or 4 ofMeloidogyne incogn~ta. 

sities, composite soil samples (eight cores 
each 2.5 cm d x 25-30 cm deep) were 
removed from each plot 8 weeks after 
planting and at crop harvest (24 weeks af- 
ter planting). Eggs and J2 were extracted 
from the soil samples by elutriation as pre- 
viously described (5), and RF values were 
calculated. Each plot was hand harvested 
to determine seed cotton yields. 

Development of  R3 and R4 nematodes 
was similar on Dehapine and Rowden. 
Adult females were first observed 16 days 
after inoculation and eggs 23 days after 
inoculation. Using 10 C as the threshold 
value, ca. 10,000 centigrade-hours were 
required for nematodes of  each race to 
complete their life cycles. 

Reproduction of  R3 and R4 was similar 
on Tamcot  SP37 in 1983 and 1984. No 
significant difference in the RF of  R3 and 
R4 was detected at any Pi tested (Table 1). 
As Pi increased, the RF decreased in all 
instances. Furthermore,  both races sup- 
pressed seed cotton yields similarly. In 1983 
and 1984 there was a significant negative 
correlation between the log(x + 1) trans- 
formation of  Pi and seed cotton yields (Ta- 
ble 2). Slopes of  the regression lines for R3 
and R4 were similar for both years (Fig. 
1). 

Although other  workers (1,3,6) have re- 
por ted that reproduction of  M. incognita 
races differ on common hosts, we were un- 



able to detect any difference between R3 
and R4 in terms of  development,  repro- 
duct ion,  or  aggressiveness  on cot ton.  
Therefore,  in the development of  man- 
agement strategies for M. incognita R3 and 
R4 on cotton, these races should be treated 
similarly, 
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Studies concerning the biology of  cyst 
nematodes (Globodera and Heterodera spp.) 
have historically been performed using col- 
lections of  cysts extracted from infested 
field soil or cysts produced in plots de- 
signed to facilitate extraction of  cysts from 
soil (13,14). Attempts to standardize ex- 
perimental conditions and thereby reduce 
variability in hatch or viability counts have 
involved either increasing the number  of  
cysts hatched or crushed (5) or transform- 
ing hatch data to reduce the correlation 
between mean and standard deviation (3,6). 
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Fenwick (5) stated that it is "absolutely im- 
perative in order  to secure a reasonable 
accuracy, that a sample of  at least 50 and 
preferably 100 cysts be used." 

The  source of  variation in viable second- 
stage juveniles (J2) in eggs in cysts lies in 
the nature of cysts extracted from field soils. 
Cysts may be produced and remain in in- 
fested soils over many years and are there- 
fore of  different ages and have different 
contents. Even under  monocultttre of  sus- 
ceptible potatoes, cysts varied greatly in 
content and only 35% of  cysts contained 
viable J2  (8). 

In an effort to reduce variation, G. ros- 
tochiensis cysts of  known age (vintage cysts) 
were produced by inoculation of  J2  on sus- 
ceptible Solarium tuberosum L. 'Katahdin' in 
200-cm s clay pots in a screenhouse in 
Prattsburg, New York. Cysts were extract- 
ed from soil with a USDA cyst extractor 
(10) and screened to produce batches of  
cysts of  uniform size and age. Although 
many researchers have used identical or 
similar techniques to reduce variability, 
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