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Effect of Temperature on Expression of Resistance to 
Meloidogyne spp. in Common Bean (Phaseolus vulgaris) 

C. 0 .  OMWEGA, I . J .  THOMA SO N ,  AND P.  A .  ROBERTS 1 

Abstract: T h e  effect of  soil tempera ture  on the expression of resistance in several common bean 
lines carrying resistance to root-knot nematodes (Meloidogyne spp.) was studied under  controlled 
temperatures  in tempera ture  tank and growth chamber  conditions. Resistance to M. javanica and 
M. incognita race 1 in bean lines A315, A328, A445, G1805, and G2618 was stable at 24-30  C. 
However,  there was a significant increase in reproductio n ofM. javanica on A315, A328, and A445 
when tempera ture  was increased from 26 to 30 C. This  increase did not reflect a change from a 
resistant to a susceptible reaction or classification. Resistance in A315 is derived from G1805, 
whereas resistance in A328 and A445 is derived from G2618. Alabama No. 1, PI 165426, and PI 
165435, with resistance to M. incognita race 2, were heat stressed at temperatures  above 27 C. 
Resistance to M. incognita race 2 in Alabama No. 1 and PI 165435 was lost at 30 C, but  PI 165426 
supported low reproduct ion of M. incognita race 2 at all temperatures.  Poor root development  at 
30 C may have been responsible, in part, for the poor development of  M. incognita race 2 on PI 
165426. 

Key words: common bean, heat  stability, Meloidogyne spp., Phaseolus vulgaris, resistance, root-knot 
nematode.  

High soil t empera tu re  is an impor tan t  
factor  affecting expression of  resistance to 
root-knot  nematodes  in several crop plants. 
Plant resistance to nematodes  generally is 
reduced  as t empera tu re  increases beyond 
an upper  threshold  for  heat  stability. This 
threshold  is de t e rmined  by t empera tu re  ef- 
fects on the nema tode  and (or) the crop 
plant.  In common  bean (Phaseolus vulgaris 
L.) the level of  resistance to Meloidogyne 
incognita (Kofoid & White) Chi twood was 
reduced  at 28 C, relative to 16 or  21 C (4). 
Penet ra t ion  of  M. incognita juveniles into 
the roots o f  resistant and  susceptible sweet 
pota to  (Ipomoea batatas (L.) Lam.) cuhivars 
increased with increasing t empera tu re  up 
to 30 C (7). Partial loss of  resistance to 
Meloidogyne hapla Chitwood in alfalfa (Med- 
icago sativa L.) occurs at 25 C (5). Similarly, 
resistance to M. incognita in cot ton (Gossypi- 
um hirsutum L.) was reduced  at 35 C (2), 
and resistance to Meloidogyne spp. in tomato  
(Lycopersicon esculentum Mill.) was reduced  
above 28 C (1,3). However ,  sources o f  re- 
sistance to root-knot  nematodes  that  are 
stable at h igh soil t empera tu re  (32 C) have 
been identified in wild tomato  (1). 
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New sources of  resistance derived f rom 
two common bean landraces, G1805 and 
G2618, have been identified (10). This  re- 
sistance is effective against M. incognita race 
1, Meloidogyne javanica (Treub) Chitwood, 
and Meloidogyne arenaria (Neal) Chitwood.  
Fur the rmore ,  resistance genes in common 
bean line Alabama No. 1 and  in accessions 
PI 165426 and PI 165435 confer  resis- 
tance to M. incognita races 2, 3, and 4 (10); 
however,  it is unknown if  these sources o f  
resistance are stable at high soil tempera-  
ture.  T h e  objective o f  this study was to 
de te rmine  the effect o f  t empera tu re  on the 
expression of  resistance conferred by genes 
f rom the various common  bean lines. 

MATERIALS AND METHODS 

T h r e e  nematode  isolates were used in 
this study: M. incognita race 1 (NCSU #54), 
M. incognita race 2 (NCSU #1135), and M. 
javanica (NCSU-Mj). Nematodes  were cul- 
tured  on tomato  cuhivar  Tropic  in the 
greenhouse.  T h e  inoculum of  eggs for 
t empera tu re  tank tests was extracted f rom 
roots in 0.5% NaOC1 solution in a b lender  
(6). For  the growth chamber  tests, second- 
stage juveniles (J2) were used as the inoc- 
ulum. T h e  J2 were obtained by incubat ing 
nematode  eggs in tap water  and collecting 
juveniles daily for 3 days. Collected J2 were 



Meloidogyne Resistance in Common Bean: Omwega et al. 447 

stored in a cold room at 10 C under  aer- 
ation before use. 

Common bean line Alabama No. 1 and 
accessions PI 165426 and PI 165435 (all 
resistant to M. incognita races 2, 3, and 4) 
and lines A315, A445, G1805, and G2618 
(all resistant to M. incognita race 1, M. ja- 
vanica, and M. arenaria) were used in this 
study. Bean cultivar Black Valentine was 
included as a susceptible standard in all ex- 
periments. 

Temperature tank tests 

Temperature  tests were conducted in 
temperature tanks in the greenhouse. Bean 
seeds, germinated in petri dishes, were 
planted singly into 10-cm ~ pots filled with 
steam-sterilized loamy sand (93% sand, 4% 
silt, 3% clay). The  pots were buried to their 
rims in plastic pans filled with sand. The  
pans were placed in temperature tanks 
equilibrated to give soil temperatures of  
24, 26, 28, or 30 C. Plants (7-10 days old) 
were arranged in a completely randomized 
design in each temperature tank and in- 
oculated with 5,000 nematode eggs. Plants 
were harvested 33, 37, 41, or 47 days after 
inoculation at 30, 28, 26, and 24 C, re- 
spectively. These periods were chosen to 
allow an accumulation of ca. 666 degree- 
day heat units (base 10 C). The  heat units 
chosen assured sufficient nematode repro- 
duction prior to plant senescence. At the 
end of  the experiment, root systems were 
washed free of soil, blot dried, and weighed. 
Roots were then macerated in a blender 
with NaOCI to release nematode eggs for 
counting (6). Four experiments were con- 
ducted as follows: 

Experiments 1 and2: A315, A328, A445, 
G 1805, and G2618, resistant to M. javanica 
and M. incognita race 1, were evaluated for 
M. javanica reproduction at 26, 28, and 30 
C and for M. incognita race 1 reproduction 
at 28 and 30 C. Five replicates were used 
for each test combination. 

Experiment 3: Four resistant lines and 
accessions--A445, Alabama No. 1, PI 
165426, and PI 165435--were evaluated 
for reproduction ofM. incognita races 1 and 
2 at 24 and 30 C. Five replicates of each 

line were used in each nematode-temper-  
ature combination. 

Experiment 4: Alabama No. 1, PI 165426, 
and PI 165435 were evaluated for repro- 
duction ofM. incognita race 2 at 26, 28, and 
30 C. Seven replicates were used for each 
test combination. 

Growth chamber tests 

In experiments 5 and 6, common bean 
lines and accessions were grown in growth 
pouches as previously described (9). One- 
week-old plants were inoculated with 1,000 
J2 of  the appropriate Meloidogyne spp. iso- 
late and maintained in a growth chamber 
under  controlled conditions. The root sys- 
tems were stained with 50 mg/ l i t e r  solu- 
tion oferioglaucine dye, harvested 28 days 
after inoculation, and evaluated for egg 
mass numbers. 

Experiment 5: A315, A328, A445, 
G1805, and G2618 were evaluated for 
nematode reproduction at three temper- 
ature regimes as follows: Thirty plants of  
each line were inoculated with 1,000 J2 of 
M. incognita race 1 or M. javanica. After 
inoculation, 10 plants from each bean line 
were incubated at 28-C day and 24-C night 
temperatures and 12-hour photoperiod for 
the duration of  the experiment. The other 
20 plants of each line were incubated in a 
growth chamber at 32-C day and 28-C night 
temperatures and a 12-hour photoperiod. 
After 7 days, 10 plants, chosen randomly 
f rom each nema tode  t r ea tmen t ,  were 
moved into a growth chamber maintained 
at a constant temperature of  26 C and a 
12-hour photoperiod for the remaining 21 
days. 

Experiment 6: Alabama No. 1, PI 165426, 
and PI 165435 were evaluated for M. in- 
cognita race 2 reproduction at three tem- 
perature regimes as in experiment 5. 

Analysis of data 

Data from experiments 1 and 2 were 
transformed to LN (eggs per root system 
+ 1) and analyzed as a completely random- 
ized design with a two-factor factorial. Un- 
transformed data from the other experi- 
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FIG. 1. Effect o f  three  soil t empera tu res  on re- 
p roduc t ion  o f  Meloidogyne javanica on six c o m m o n  
bean lines. Nematode  reproduc t ion  is based on eggs 
per  roo t  system. Statistical analysis was p e r f o r m e d  on 
LN (eggs pe r  roo t  system + 1). 

ments were analyzed using a one-way 
analysis of  variance. 

RESULTS 

Temperature tank tests 

Experiment 1: Meloidogyne javanica repro- 
duction on A315, A328, A445, G1805, and 
G2618 increased with increase in temper- 
ature (Fig. 1). At all temperatures M. ja- 
vanica reproduction in resistant lines was 
lower (P - 0.05) than in the susceptible 
standard, Black Valentine. Resistant lines 
A315, A328, and A445 supported lower 
(P -< 0.05) reproduction ofM. javanica at 
26 than at 30 C. Root weights declined (P 
<-- 0.01) when temperature was increased 
from 26 to 28 C (Table 1). 

Experiment 2: Meloidogyne incognita race 
1 reproduction at 28 and 30 C on A328 
and G1805 was lower (P -< 0.05) than on 
Black Valentine (Fig. 2). Meloidogyne incog- 

BLACK A315 A32B A445 G1805 G2618 
VALENTINE 

FIG. 2. Effect o f  two soil t empera tu res  on repro-  
duct ion o f  Meloidogyne incognita race 1 on  six c o m m o n  
bean lines. Nematode  reproduc t ion  is based on eggs 
per  roo t  system. Statistical analysis was p e r f o r m e d  on 
LN (eggs per  roo t  system + 1). 

nita race 1 reproduction on G2618 was 
lower relative to Black Valentine at 28 C, 
but not at 30 C. A315 and A445 supported 
lower (P -< 0.05) nematode reproduction 
than Black Valentine at 30 C, but not at 
28 C. However, when LN (eggs per gram 
root + 1) was used as a measure of nem- 
atode reproduction, all the resistant lines 
showed lower (P _< 0.05) nematode re- 
production than susceptible Black Valen- 
tine at both temperatures. 

Experiment 3: At 24 C, Alabama No. 1, 
PI 165426, and PI 165435 supported high 
(P - 0.01) reproduction ofM. incognita race 
1, but low reproduction ofM. incognita race 
2 (Table 2). A445 supported low repro- 
duction of M. incognita race 1, but high 
reproduction ofM. incognita race 2 (Table 
2). Most of the plants did not survive at 30 
C. Two surviving A445 plants supported 
an average of  16,400 eggs of M. incognita 
race 1 per root system. The  few surviving 

TABLE 1. Fresh  roo t  weights o f  six bean  lines in- 
oculated with Meloidogynejavanica and g rown at three  
soil t empera tures .  

26 C 28 C 30 C 

Black Valentine 2.2 1.3 0.8 
A315 2.8 1.6 1.4 
A328 1.5 0.9 0.8 
A445 2.8 1.7 1.7 
G1805 2.5 1.3 1.2 
G2618 1.6 1.1 1.0 

LSD = 0.8 (P = 0.01) 

Means are based on five plants. The data were LN (fresh 
root weight in grams + 1) transformed and analyzed as a 
completely randomized block with two-factor factorial. 

TABLE 2. Reproduct ion  o f  Meloidogyne incognita 
races 1 and 2 on five bean lines at 24 C soil temper-  
ature.  Reproduct ion  is based on average eggs per  roo t  
system. 

R a c e  1 R a c e  2 

Black Valentine 99,000 a 92,000 a 
PI 165435 87,000 b 1,200 b 
PI 165426 61,000 b 1,000 b 
Alabama No. 1 43,000 b 1,300 b 
A445 100 c 73,500 a 

Values within a column followed by the same letter are not 
different (P -< 0.01) according to Duncan's muhiple-range 
test. 

Means are based on five plants. 
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TABLE 3. Reproduct ion  o f  Meloidogyne incognita 
race 2 on four  c o m m o n  bean lines at 26 C soil tem- 
pera ture .  

TABLE 5. Meloidogyne incognita race 2 egg masses 
pe r  roo t  system on four  c o m m o n  bean lines at three  
t empera tu re  regimes.  

Eggs/root system 

Black Valentine 57,814 a 
Alabama No. 1 7,555 b 
PI 165435 1,742 c 
PI 165426 157 c 

Values within a column followed by the same letter are not 
different (P -~ 0.01) according to Duncan's multiple-range 
test. 

Means are based on seven plants. 

plants of  other  lines tested supported high 
M. incognita race 1 reproduction. Three  
Alabama No. 1 plants survived at 30 C and 
averaged 82,700 eggs ofM.  incognita race 
2 per root  system. The  only surviving plant 
of  PI 165435 supported 81,900 eggs / roo t  
system. No PI 165426 plant survived at 
30 C. 

Experiment 4: Alabama No. 1, PI 165426, 
and PI 165435 did not survive well at 28 
and 30 C. Therefore ,  only results of  M. 
incognita race 2 reproduction at 26 C are 
given in Table  3. PI 165426 and PI 165435 
showed low (P -< 0.01) reproduction of  M. 
incognita race 2. An average of  7,555 eggs /  
root  system were recovered from Alabama 
No. 1; however, this exceeds the initial in- 
oculum of  5,000 eggs. 

Growth chamber tests 

Experiment 5: A315,  A328,  A445,  
G1805, and G2618, which are resistant to 
M. javanica and M. incognita race 1, sup- 
por ted low (P _< 0.01) egg mass numbers 

32 C day 
30Cday 28Cnight  32Cday 

24 C night then 26 CJ" 28 C night 

Black Valentine 120 a 27.0 a 27 a 
Alabama No. t 30 b 23.0 a 37 a 
PI 165435 4 b 12.0 b 38 a 
PI 165426 2 b 0.2 b 4 b 

Values are averages of 10 plants. Numbers in a column 
followed by same letter are not different (P -< 0.0 I) according 
to Duncan's multiple-range test. 

t Plants kept at 32 and 28 C day and night temperatures 
for 7 days then at 26 C constant temperature for 21 days. 

at all temperatures.  However,  G2618 sup- 
por ted more egg masses than the other  re- 
sistant lines when kept at the 32-28-C day-  
night temperature regime for 28 days (Ta- 
ble 4). 

Experiment 6: Nematode reproduction 
increased at high temperatures on lines and 
accessions resistant to M. incognita race 2 
(Table 5). There  was no difference (P _ 
0.01) in egg mass numbers between resis- 
tant Alabama No. 1 and susceptible Black 
Valentine when plants were maintained at 
a 32-28-C day-night  temperature regime 
for 7 days or for the entire experiment. 
Egg mass numbers increased on PI 165435 
only when the high temperatures were 
maintained for the entire experiment.  PI 
165426 supported very low egg mass num- 
bers at all temperatures.  

DISCUSSION 

Resistance to M. javanica in A315, A328, 
A445, G1805, and G2618 was relatively 

TABLE 4. Meloidogynejavanica (Mj) and Meloidogyne incognita race 1 (Mi) egg masses per  roo t  system on six 
c o m m o n  bean  lines at th ree  t empera tu re  regimes.  

30 C day 32 C day 32 C day 
24 C night 28 C night then 26 Ct 28 C night 

Mj Mj Mi Mj Mi 

Black Valentine 110.0 a 68.0 a 45.0 a 80.0 a 149.0 a 
G2618 7.0 b 0.3 b 5.0 b 21.0 b 20.0 b 
G1805 0.4 b 0.1 b 0.1 b 0.0 c 0.1 c 
A328 0.1 b 0.0 b 0.2 b 0.2 c 1.0 c 
A445 0.0 b 0.0 b 0.1 b 0.1 c 0.4 c 
A315 0.0 b 0.3 b 0.0 b 0.0 c 0.0 c 

Values are means of 10 plants. Values in a column followed by the same letter are not different (P ~ 0.01) according to 
Duncan's multiple-range test. 

t Plants kept at 32 and 28 C day and night temperatures for 7 days then at 26 C constant temperature for 21 days. 
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stable at all t e m p e r a t u r e s  tested.  However ,  
M. javanica r e p r o d u c t i o n  increased (P -< 
0.05) in A315,  A328,  and A445 as tem- 
p e r a t u r e  increased f r o m 26 to 30 C. Root  
weights were  r e du c e d  (P -< 0.01) at 28 and 
30 C. This  was even  m o r e  evident  in plants 
g r o w n  in g r o w t h  p o u c h e s .  P o o r  r o o t  
growth ,  re f lec ted  in low weights,  may have 
r e d u c e d  the  potent ia l  for  even  h igher  nem- 
a tode  r e p r o d u c t i o n  at e levated tempera-  
tures.  

Bean lines and accessions resistant  to  M. 
incognita race 2 were  m o r e  adversely af- 
fec ted  by heat  stress than  the others .  It  was 
evident  f r om  the  few surviving plants tha t  
resis tance to M. incognita race 2 in Alabama 
No. 1 and  PI  165435 is lost at 30 C. PI  
165426 plants did not  survive well at high 
t empera tu res ;  t he re fo re ,  the  low nema- 
tode  rep roduc t ion  at high t empera tu re  may 
be due,  in par t ,  to a small, unhea l thy  roo t  
system. Since PI 165426 suppor t ed  signif- 
icantly lower  M. incognita race 2 r ep roduc -  
t ion than  Alabama No. 1 and PI 165435, 
resistance may be  m o r e  hea t  stable in PI 
165426 than  in PI 165435 and Alabama 
No. 1. 

T h e  effect  o f  t e m p e r a t u r e  on resistance 
to M. incognita was previously s tudied in the 
resistant  accession PI  165426 (4). More  fe- 
male  nematodes  were  r e c o v e r e d  f rom PI 
165426 at 28 C than  at 21 C. However ,  
the  number s  were  mu ch  lower in the re- 
sistant accession than  in the susceptible 
s tandard.  O u r  results a re  similar to those 
r e p o r t e d  in o t h e r  n e m a t o d e - p l a n t  systems 
where  t he r e  is a gradual  reduc t ion  o f  re- 
sistance as t e m p e r a t u r e  increases be fo re  
resistance breaks  down. Breakdown of  re- 
sistance to roo t -kno t  nema todes  at h igh 
t em pe r a tu r e s  has been  d o c u m e n t e d  in to- 
mato  (1,3), alfalfa (5), and  sweet po ta to  (7). 

T h e  t e m p e r a t u r e  at which resistance 
breaks  down depends  on the  c r o p - n e m a -  
tode  combina t ion ,  and  this t e m p e r a t u r e  
may be d e t e r m i n e d  by genes cont ro l l ing  
the resistance. In tomato ,  fo r  example ,  re- 
sistance c o n f e r r e d  by  the  " M i "  gene  is in- 
effective at t empera tu re s  above 28 C (1,3). 
However ,  cer ta in  plants in Lycopersicon pe- 
ruvianum (L.) Mill. with resistance, appar-  

ent ly c o n f e r r e d  by a di f ferent  gene,  are  
resistant at t empera tu re s  o f  32 C (1). 

T h e  effect o f  t e m p e r a t u r e  on resistance 
in bean  lines with resistance f r o m  di f fe ren t  
sources was examined  in this study. Based 
on react ion to d i f ferent  isolates o f  Meloi- 
dogyne spp., it has b een  pos tu la ted  that  re- 
sistance in bean  line Alabama No. 1 and 
accessions PI 165426 and  PI 165435 is un- 
der  the  same genet ic  control ,  bu t  it differs 
genetical ly f r o m  the resistance in A315,  
A328,  A445,  G1805,  and  G2618 (10). Re- 
sistance in the la t ter  g ro u p  is co n fe r r ed  by 
a single dominan t  gene  (11). Thus ,  differ- 
ences in relat ive stability o f  resistance at 
high t empera tu re s  be tween  the  two groups  
o f  bean  lines may be  due  to  d i f ferent  re- 
sistance genes. Stability o f  resistance in PI 
165426 relat ive to Alabama No. 1 and PI 
165435 may also be  expla ined in te rms o f  
differences in genet ic  backg round  which 
modify  the express ion o f  the  resistance 
gene(s) in these lines. 

At 24 C, Alabama No. 1, PI 165426,  and 
PI 165435 were  susceptible to M. incognita 
race  1, but  resistant to M. incognita race 2, 
whereas  A445 was resistant  to M. incognita 
race 1, but  susceptible to M. incognita race 
2. This  is consistent  with what  has been  
r e p o r t e d  (10). 

Most c o m m o n  beans are  p r o d u c e d  in ar- 
eas where  t empera tu re s  dur ing  the grow- 
ing season are  be tween  17.5 and 25 C, with 
most  p roduc t ion  occur r ing  in areas where  
average t empera tu re  is near  21 C (8). Thus ,  
the effect o f  t e m p e r a t u r e  on resistance to 
Meloidogyne may not  seem as impor t an t  in 
c o m m o n  bean  as it is in o th e r  crops such 
as tomato .  However ,  t h e r e  are  con t inu ing  
efforts  to b r e e d  for  d r o u g h t  and  heat  tol- 
e rance  in c o m m o n  bean.  For  bean  cultivars 
adap ted  to hot  climatic regions,  stable re- 
sistance to roo t -kno t  nematodes  at high soil 
t empera tu re s  will be  impor t an t  in the  man- 
a g e m e n t  o f  roo t -kno t  problems.  
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