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Effect of Soil Temperature on Reproduction of 
Meloidogyne chitwoodi and M. hapla 

Alone and in Combination on 
Potato and M. chitwoodi on 

Rotation Plants 1 

J. H. O'BANNON AND G. S. SANTO 2 

Abstract: Meloidogyne chitwoodi developed and reproduced more rapidly than M. hapla in potato 
roots at 15, 20, or 25 C when both species of nematodes were inoculated simultaneously at 250 or 
1,000 juveniles of each. At 30 C significantly more M. hapla than M. chitwoodi females were found 
at the lower inoculum level after 41 days. More M. chitwoodi than M. haplajuveniles were extracted 
from soil at 15, 20, and 25 C, but only at the lower inoculum level at 30 C. Potato was considered 
a more suitable host for M. chitwoodi than M. hapla because of  M. chitwoodi's greater  reproduction 
at 15, 20, and 25 C. Corn and wheat cultivars tested supported M. chitwoodi reproduction at tem- 
peratures of 10, 15, 20, and 25 C, but fewest eggs were produced on these plants at 20 C. Tem- 
peratures of 10 to 25 C had little influence on the low reproduction of M. chitwoodi on four alfalfa 
cultivars. M. chitwoodi reproduced on the alfalfa entry Mn PL9HF. 

Key words: Columbia root-knot nematode, nor thern root-knot nematode, alfalfa, wheat, corn. 

Meloidogyne chitwoodi Golden, O'Bannon, 
Santo, and Finley, and M. hapla Chitwood 
are serious pests of potato (Solanum tube- 
rosum L.) in the Pacific northwest (8). Me- 
loidogyne chitwoodi readily reproduces on 
corn (Zea mays L.) and wheat (Triticum aes- 
tivum L.) but reproduces poorly on alfalfa 
(Medicago sativa L.) (7). These crops are 
commonly used in rotations with potato. 

A survey in the Pacific northwest (6) re- 
vealed that M. chitwoodi occurred alone in 
83% of potato tubers examined and M. 
hapla in 11%. While only 6% of the tuber 
samples contained both species, this mix- 
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ture of species was evenly distributed in all 
the areas surveyed. The higher incidence 
of  M. chitwoodi on potato (6) suggests that 
it is the dominant species, and this domi- 
nance is attributed to its ability to develop 
and reproduce over a wider temperature 
range than M. hapla (9). Also, grain crops 
often rotated with potato are good hosts 
o fM.  chitwoodi but not M. hapla (10). Al- 
falfa, a major rotation crop with potato, is 
susceptible to M. hapla and is not usually 
grown when this species is present. Small 
grains used in rotation to reduce M. hapla, 
were not previously known to be good hosts 
ofM. chitwoodi (8). 

Low soil temperatures inhibit reproduc- 
tion of  M. chitwoodi less than M. hapla (9). 
M. chitwoodi can invade host roots and de- 
velop at temperatures as low as 7-10 C 
(3,5). Soil temperatures in the Pacific 
northwest are variable but generally range 
throughout  the year within the infective 
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TABLE 1. Effect of  four  soil t empera tu res  on development  of  combined Meloidogyne chitwoodi and M. hapla 
on Russet Burbank pota to . t  

Initial 
population 

(Pi) 

% Mature ~ and J2/root system 

15 C 20 C 25 C 30 C 

J2 ~ J2 * J2 * J2 

250 M. chitwoodi 94* 99* 89* 94* 79* 91" 29 68* 
+ 

250 M. hapla 6 1 11 6 21 9 71" 32 

1,000 M. chitwoodi 97* 93* 83* 97* 77* 90* 43 58 
+ 

1,000 M. hapla 3 7 17 3 23 10 57 42 

* Differences comparing percentages of females or juveniles at either Pi are significant at P < 0.05. 
t Treatments 20, 25, and 30 C harvested 41 days and 15 C 48 days after inoculation. 

and developmental limits of M. chitwoodi, 
but not always within the range ofM. hapla. 

One experiment was conducted to de- 
termine how soil temperature influenced 
reproduction of individual and combined 
M. chitwoodi and M. hapla on potato. A sec- 
ond experiment examined development 
and reproduction ofM. chitwoodi on alfalfa, 
corn, and wheat at different temperatures. 

MATERIALS AND M E T H O D S  

Meloidogyne chitwoodi and M. hapla were 
isolated from field populations on potato 
and alfalfa, respectively, and increased on 
tomato (Lycopersicon esculentum Mill. cv. 
Roza) in the greenhouse. Nematode eggs 
for inoculum were extracted from galled 
tomato roots by the NaOC1 method (4). 

Experiment i: Single-eye seed pieces of 
Russet Burbank potato were planted in 
methyl bromide-fumigated sand in metal 
flats. After 5 weeks, plants with seed pieces 

removed were transplanted into l-liter 
plastic beakers, one plant per beaker, con- 
taining 800 cm 3 of  methyl bromide-fumi- 
gated sandy loam soil. Plants were held in 
the greenhouse for 1 week and then the 
pots were transferred to temperature tanks 
in a growth room. After an additional week, 
500 and 2,000 M. chitwoodi or M. hapla sep- 
arately, or 250 and 1,000 eggs of each 
species combined, were pipetted in 10 ml 
of  water around the roots of  each plant. 
Noninoculated plants served as controls. 
Plants were positioned randomly in seven 
replicates and grown at constant soil tem- 
peratures of 15, 20, 25, or 30 C. Ambient 
growth room temperature was 24 C. Four- 
teen-hour day length was provided by cool 
white fluorescent bulbs at an intensity of  
4.8 x 103 lux, situated 91 cm above the 
temperature tanks. 

Plants grown at 20, 25, or 30 C were 
harvested after 41 days; plants grown at 15 

TABLE 2. Eggs (per g ram dry root  basis) recovered f rom Russet Burbank potato inoculated with Meloidogyne 
chitwoodi and M. hapla alone and in combinat ion at two inoculum levels and four  soil t empera tu res . t  

Initial 
population 

Species (pi) 15 

Soil temperature (C) 

20 25 30 

M. chitwoodi 500 35 bc~ 270 a 2,390 b 420 c 
2,000 290 a 830 a 10,720 a 1,540 ab 

M. hapla 500 1 d 10 b 680 c 310 c 
2,000 22 c 33 b 2,330 b 650 bc 

Combined§ 500 36 bc 290 a 2,440 b 430 c 
2,000 160 b 330 a 8,260 a 1,610 a 

t Treatments at 20, 25, and 30 C harvested 41 days and at 15 C 48 days after inoculation. 
:~ Numbers followed by the same letter in columns are not significantly different according to Duncan's multiple-range test 

(p < 0.05). 
§ Equal numbers, 250 and 1,000 of M. chitwoodi and M. hapla. 
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TABL~ 3. Egg masses (EM) and eggs (E) (10 s) recovered f rom alfalfa, corn,  and wheat  inoculated with 
Meloidogyne chitwoodi and grown at four  soil t empera tu res  for  75 days (per g ram dry root  basis). 

10 C 15 C 20 C 25 C 

Cultivars EM E EM E EM E EM E 

Alfalfa 

Saranac 0 c'[" 0 c 0 d 
T h o r  0 c 0 c 0 d 
Washoe 0 e 0 c 0.5 d 
DuPuits  0 c 0 e 0 d 
M n P L 9 H F  0 c 0 c 1.6c 

Corn  

KT-626 2.3 b 3.5 b 4.___22 a:~ 

KE-497 1.4 b 8.8 bc 2.7 b 

Jubilee 2.2 b 2.5 b 4.__.~4 a 

Wheat  

Fielder 

(spring) 4.0 a 6.1 a 4.__.9_9 a 

Nugaines 

(winter) 3.9 a 6.2 a 4._._.33 a 

0 e 
0 e 
0 . 8 e  
0 e 
3 . 1 d  

7.6 bc 

6 .2c  

8.2 ab 

0 d 0 d 1 .5d  1 d 
0 d 0 d 0 3 0 d 
0 d 0 d 0 e 0 d 
0 d 0 d 1 de 1.4 d 
0 d 0 d 2.6 c 4.7 c 

3 . 9 b  7 . 3 b  4 . 1 b  9 . 2 b  

2 .3c  5 .4c  3 .6bc  8 . 1 b  

3 . 8 b  7 . 6 b  4 . 4 b  9 . 5 b  

9.8 a 5.3 a 9.8 a 6.3 a 11.9 a 

9.2 ab 4.8 ab 9.7 a 5.8 a 12.4 a 

1" Numbers followed by the same letter in columns are not significantly different according to Duncan's multiple-range test 
(P < 0.05) based on log-transformed data. 

Underscored egg mass (EM) numbers on corn and wheat in rows are not significantly different according to Duncan's 
multiple-range test (P < 0.05). 

C were harvested at 48 days when egg 
masses were first observed on roots. Roots 
were carefully washed free of  soil and 
weighed after being blotted dry. Roots of 
seedlings from each harvest date were cut 
into 1-cm lengths, mixed, and separated 
into two equal parts by weight. Nematode 
reproduction was measured by extracting 
eggs from half of the roots with NaOC1 (4). 
The  other half of the roots were stained 
with hot acid fuchsin-lactoglycerol and 
cleared in lactoglycerol (1). About 30-35 
mature females were dissected from each 
root sample for species determination by 
perineal pattern. Juveniles were extracted 
from 250 cm 3 soil from each pot by a com- 
bination of elutriation and centrifugal flo- 
tation. One hundred juveniles, extracted 
from soil from each pot, were differen- 
tiated by tail morphology (6). 

Experiment 2: The influence of temper- 
ature on reproduction of M. chitwoodi on 
alfalfa entries 'Saranac,' 'Thor , '  'Washoe,' 
'DuPuit, '  and 'Mn PL9HF';  corn entries 
'KT-626,' 'KE-497,' and 'Jubilee'; and 
wheat entries 'Fielder' (spring) and 'Nu- 
gaines' (winter) was determined. Seeds were 
germinated on moist filter paper in petri 
dishes for 3 days and then planted in plastic 
beakers containing 400 cm s of  fumigated 

sandy loam soil. Beakers with seedlings were 
completely randomized in controlled air 
temperature tanks in seven replicates and 
maintained at constant soil temperatures 
of 10, 15, 20, or 25 C with an ambient 
temperature of  24 C. Roots of all seedlings 
were each inoculated with 5,000 M. chit- 
woodi eggs in 10 ml water 7 days after plac- 
ing in temperature tanks. Other  growing 
conditions were as in Experiment 1. Roots 
of extra inoculated seedlings were checked 
at intervals for presence of egg masses; af- 
ter 75 days inoculated seedlings at all tem- 
peratures had egg masses. Roots were care- 
fully washed free of  soil and placed in 
phloxine B solution (2) to stain egg masses. 
Egg masses on the entire root system were 
counted, after which eggs were extracted 
by NaOC1. Roots were then oven dried and 
weighed. 

RESULTS 

Experiment i: Examination of  perineal 
patterns of nematodes removed from roots 
growing in soil inoculated with both M. 
chitwoodi and M. hapla revealed that more 
M. chitwoodi than M. hapla developed and 
reproduced in potato roots at 15, 20 or 25 
C (Table 1). Also, more M. chitwoodi than 
M. haplajuveniles were recovered from soil 
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samples. At 30 C more M. hapla than M. 
chitwoodi females developed at the low Pi, 
but not at the high Pi. In fact, there was a 
lower propor t ion of  M. hapla females at 
the higher than at the lower Pi. A higher 
propor t ion of  M. chitwoodi than M. hapla 
juveniles were extracted from the 30 C soil 
at the low Pi, but not at the high Pi. 

Numbers ofM. chitwoodi eggs recovered 
per gram of  dry potato root  were higher 
at 15, 20, and 25 C, but not at 30 C, than 
M. hapla eggs at the same inoculum level 
(Table 2). When the two species were com- 
bined, the number  of  eggs recovered were 
similar to the numbers recovered with M. 
chitwoodi alone at all temperatures  and in- 
oculum levels. 

Experiment 2: The  M. chitwoodi popula- 
tion used in this study did not readily es- 
tablish on alfalfa at any temperature,  nor 
did temperature  affect the reaction of  any 
alfalfa cultivar to this nematode (Table 3). 
Only Mn PL9HF was susceptible to M. chit- 
woodi in this test just as it was in a previous 
test (7). All corn and wheat cuhivars tested 
supported nematode reproduct ion at all 
temperatures,  although fewer eggs (P < 
0.05) were produced on these plants at 10 
C than at higher temperatures.  

DISCUSSION 

Previous investigations in the Pacific 
northwest demonstrated that M. chitwoodi 
is dominant  to M. hapla on potato (7,8). 
This study confirms that M. chitwoodi, either 
singly or with M. hapla, colonizes potato 
more successfully than does M. hapla. Sim- 
ilar observations have been made on other  
commercial potato cultivars (Santo, un- 
publ.). 

Low soil temperatures,  such as occur in 
the Pacific northwest, favor early invasion 
of  potato roots by M. chitwoodi. M. chitwoodi 
reproduct ion in some rotation crops was 
sufficiently great, even at 10 C, that high 
inoculum levels would be left in the soil 
ready to attack the new potato roots. Ear- 
lier invasion and subsequent reproduct ion 
may then result in more M. chitwoodi gen- 
erations per year than M. hapla under  these 
conditions. 

Several alfalfa cultivars were poor  hosts 
or failed to support reproduct ion of  M. chit- 
woodi in our greenhouse (7) and controlled 
temperature  studies repor ted  here. Re- 
cently potatoes in two fields in Washington 
were severely infected by M. ehitwoodi where 
potatoes followed alfalfa; this situation is 
being investigated. Small grains, exten- 
sively used in rotation with potato, are a 
principal source of  M. chitwoodi inoculum. 
Since these crops are in the field year 
around, several generations of the nema- 
tode can develop annually, necessitating 
application of  control measures every time 
potatoes are planted. 
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