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Interaction of Meloidogyne incognita and Water  
Stress in Two Cotton Cultivars 1 
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Abstract: A series  o f  c o n t r o l l e d - e n v i r o n m e n t  e x p e r i m e n t s  were  c o n d u c t e d  to e luc idate  t h e  effects 
o f  Meloidogyne incognita on  hos t  phys io logy  a n d  p l a n t - w a t e r  re la t ions  o f  two co t ton  (Gossypium hit- 
suture) cul t ivars  tha t  d i f fered  in the i r  susceptibi l i ty to n e m a t o d e  infect ion.  Inocu la t ion  ofM.  incognita- 
res i s tan t  cul t ivar  A u b u r n  634 did no t  affect  g rowth ,  s tomata l  res is tance ,  o r  c o m p o n e n t s  o f  p lant-  
wa te r  potent ia l  re la t ive to u n i n o c u l a t e d  controls .  However ,  n e m a t o d e  infec t ion  o f  the  suscept ib le  
cul t ivar  Stonevil le  506 grea t ly  supp re s sed  water  flow t h r o u g h  intact  roots.  T h i s  inhib i t ion  e x c e e d e d  
28% on  a r oo t - l eng t h  basis a n d  was s imilar  to tha t  obs e r ved  as a c o n s e q u e n c e  o f  severe  wa te r  s t ress  
in a h i g h  evapora t ive  d e m a n d  e n v i r o n m e n t .  N e m a t o d e s  did  no t  affect  the  c o m p o n e n t s  o f  leaf  wa te r  
potent ia l ,  s tomata l  res is tance ,  t r ansp i ra t ion ,  o r  l ea f  t e m p e r a t u r e .  However ,  t hese  factors  were  af- 
fec ted  by t he  in te rac t ion  o f  M. incognita a n d  water  stress.  O u r  resu l t s  indicate  tha t  M. incognita 
infec t ion  m a y  a l ter  hos t -p lan t  wa te r  ba lance  and  m a y  be  a s ignif icant  fac tor  in ear ly-season stress 
on  co t ton  seedlings.  
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stress.  

Root-knot nematodes, Meloidogyne incog- 
nita (Kofoid & White) Chitwood, are major 
parasites of cotton (Gossypium hirsutum L.) 
and cause significant yield losses both di- 
rectly (5) and indirectly through interac- 
tions with soilborne fungal pathogens (12). 
Symptoms of  nematode infection include 
host-plant stunting and yield suppression. 
Although cotton cuhivars differ in their 
resonse to M. incognita (4), only moderate  
levels of  resistance have been incorporated 
into commercial cuhivars (13). The  pres- 
ence of  M. incognita in cotton fields consti- 
tutes a serious limitation to effective crop 
management  and optimum yields. 

Anatomical changes in roots infected by 
Meloidogyne spp. include disruption of  the 
xylem, root  epidermis, and cortical tissues 
in response to giant-cell development and 
gall formation (1,6,14). Root damage and 
dysfunction due to alterations in root anat- 
omy may affect host-plant water relations 
and retard plant growth and development 
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(17). Plants infected with M. incognita often 
show symptoms of  water deficit stress, par- 
ticularly under  field conditions (8). 

Few studies have included measurement  
of host physiology and water relations of 
plants infected by Meloidogyne spp. Both M. 
javanica (Treub) Chitwood and M. hapla 
Chitwood decreased leaf-water potentials 
in tomato (6) and bean seedlings (15,16). 
Stomatal  conduc tance  decreased  more  
rapidly during an 8-week period in M. ja- 
vanica-infected tomato  plants than  in 
healthy plants (6). In contrast, tobacco in- 
fected by either M. hapla or M. incognita 
had higher transpiration during the first 8 
weeks after inoculation than did uninfect- 
ed plants (9). Similarly, water consumption 
by cotton infected by M. incognita "acrita" 
was greater than in uninfected plants over 
a 10-week period (8). 

Water flux through roots of  infected 
plants also appears to be suppressed by 
nematode infection. In both M. hapla-in- 
fected beans and M. javanica-infected to- 
mato plants, root hydraulic conductivity 
was lower than in healthy plants (6,15). The  
effects of  nematode parasitism on plant-  
water relations remain unclear. Because 
nematode infection may damage the wa- 
ter-conducting capacity of  young roots, 
comparison of water movement  through 
infected and uninfected roots should help 
quantify effects of  these pathogens on 
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plant-water relations. The  objectives of this 
study were 1) to quantify the effects of  
nematode infection on the shoot-water re- 
lations and root hydraulic conductivity of  
seedling cotton and 2) to compare these 
responses in cotton cultivars resistant and 
susceptible to root-knot nematodes. 

MATERIALS AND METHODS 

Growth conditions: Seeds of  cotton culti- 
vats Stoneville 506 (susceptible to M. in- 
cognita) and Auburn 634 (resistant to M. 
incognita) were sown in 0.25-liter plastic 
containers filled with steam-pasteurized 
sand. The  containers were placed in a con- 
trolled-environment chamber, and seeds 
were allowed to germinate and grow under  
conditions maintained at a 14-hour pho- 
toperiod with an average day-night  tem- 
perature of 31-24 + 2 C and a relative 
humidity of  40%. Irradiance was supplied 
by overhead fluorescent tubes and 60-W 
incandescent bulbs which provided a pho- 
tosynthetic photon flux of  375 ~mol. m -~. 
s -1, as measured with a LI-190S quantum 
sensor (Li-COR, Lincoln, NE). The  exper- 
imental design was a randomized complete 
block with four replicates. Data were sub- 
jected to analysis of  variance, and signifi- 
cant means were separated with Fisher's 
LSD (P = 0.05). 

Nematode inoculation and analysis: Three  
weeks after planting, eight seedlings of  each 
cotton cultivar were inoculated by pipet- 
ring 10 ml water containing 1.2 x 104 eggs 
ofM. incognita onto the soil surface around 
each seedling. An additional 50 ml water 
was applied immediately following inocu- 
lation to help move the eggs into the soil. 
The  nematode population used in this study 
was M. incognita race 3 originally isolated 
from cotton in Lafayette County, Arkan- 
sas, and increased on tomato (Lycopersicon 
esculentum Mill. cv. Rutgers) for 60 days in 
the greenhouse. Eggs for inoculum were 
collected from the tomato roots by the 
NaOCl method (3) and quantified. Control 
cotton seedlings of  each cultivar received 
60 ml water without M. incognita, applied 
in the same manner as with inoculated 
plants. 

Two weeks after inoculation, four cot- 
ton plants in each treatment  were sacri- 
ficed to verify the presence of  nematodes 
in roots. The  root system of each seedling 
was washed free of  soil, weighed, and cut 
into 1-2-cm segments. A random sample 
(0.5 g fresh weight) from each root system 
was agitated for 4 minutes in 1.5% NaOC1 
and rinsed in running tap water for ap- 
proximately 5 minutes. Root samples were 
then heated to boiling in 30 ml water to 
which 1 ml acid fuchsin stain (3.5 g acid 
fuchsin, 250 ml acetic acid, 750 ml distilled 
water) had been added (2). Samples were 
allowed to cool to room temperature,  and 
the stain was rinsed from the roots in run- 
ning water. The  samples were then placed 
in 20 ml glycerin and heated to destain root 
tissue. After destaining, root pieces were 
pressed between glass plates, and nema- 
todes were quantified at 40 x with a dis- 
secting microscope. 

Four weeks after inoculation, following 
physiological measurements ,  remain ing  
plants were removed from their contain- 
ers, and the roots were washed and stained 
with Phloxine B (0.15 g / l i te r  tap water) 
for 15 minutes to increase visibility of  egg 
masses. Root systems were rated for egg 
masses according to the following scale: 0 
= no egg masses, 1 = 1-2, 2 = 3-10, 3 = 
11-30, 4 = 31-100, and 5 = > 100 egg 
masses per root system. Each root system 
was then cut into 1-2-cm segments, and 
the segments were comminuted in a War- 
ing blender with 200 ml water for 1 min- 
ute. The  roots were collected in a 500-ml 
container and extracted with NaOC1 as de- 
scribed. Following extraction M. incognita 
eggs were quantified at 40 x with a dis- 
secting microscope. 

Physiological measurements: All plants were 
watered 3 or 4 times daily with half-strength 
Hoagland's solution to provide adequate 
soil moisture for vigorous plant growth. At 
approximately 4 weeks after inoculation, 
half of  the plants of  each cultivar were wa- 
ter stressed by withholding water from the 
pots for 4-5 days until stomatal closure and 
wilting occurred. The  adequately watered 
control plants were watered with deionized 
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TABLE 1. Infect ion and reproduc t ion  o f  Meloidogyne incognita in water-stressed and adequately watered 
cot ton plants. 

Juveniles/g Egg mass Eggs/root 
Cultivar Treatment roott rating:~ system§ 

Stoneville 506 

A u b u r n  634 

LSD cultivar (C) 
LSD nematode  (N) 
LSD C x N 
LSD C × water  (W) 
LSD C x N x W 

cv (%) 

Infected 
Adequately watered 
Water-stressed 

Control  
Infected 

Adequately watered 
Water-stressed 

Control  

340 2.3 5,470 
370 4.0 6,770 

0 0 0 

250 0 210 
380 0 290 

0 0 0 

NS 0.4 1,991 
62 0.4 1,991 

NS 0.5 995 
NS 0.5 NS 
NS 0.7 NS 

52 44 76 

t At 2 weeks after inoculation. 
z~ Ratings made 4 weeks after inoculation according to a 0-5 scale where 0 = 

20, 4 = 31-100, and 5 = > 100 egg masses/root system. 
§ At 4 weeks after inoculation. 

no egg masses, 1 = 1-2, 2 = 3-10, 3 = 11- 

water during the water-stress period. The  
severity of the water stress was monitored 
by measuring leaf water potential, stomatal 
resistance, transpiration, and leaf temper- 
ature. The  remaining plants received ad- 
equate water to maintain vigorous growth. 
No water-stress symptoms were observed 
in these plants. Measurements of plant 
growth and water relations were recorded 
at 7 weeks after planting. Measurements 
of  leaf water potential were made with 
thermocouple psychrometers (Model 84, 
JDR Merrill Specialty Equipment, Logan, 
UT) that used a single 0.9-cm disk taken 
from the uppermost fully expanded leaf 
(11). Stomatal resistance to water vapor dif- 
fusion, transpiration, and leaf temperature 
were determined with a LI-1600 steady 
state porometer  (LI-COR). 

Measurements of  root water flux were 
determined with a Scholander-type pres- 
sure chamber (PMS Instruments, Corval- 
lis, OR) to apply a 0.2-MPa hydrostatic 
pressure to detopped root systems (10). 
Flux measurements represented those of  
an intact root system in soil that had been 
saturated to field capacity prior to mea- 
surement. After an initial equilibration pe- 
riod of  15 minutes, water flux from the 
intact root system was determined by col- 

lecting the exudate onto filter paper en- 
closed in tygon tubing for a 5-minute pe- 
riod. A moistened piece of filter paper was 
placed over the tygon tube at all times to 
prevent evaporative losses. Following the 
flux measurements, roots were washed and 
root length was determined (7). All exper- 
iments were repeated once. 

RESULTS 

Meloidogyne incognita pre-adults  were 
found in roots of all inoculated plants 2 
weeks after inoculation (Table 1). At 4 
weeks after inoculation, egg masses were 
present on Stoneville 506 roots, but none 
were found on Auburn 634 roots. More 
egg masses were visible in roots of  Stone- 
ville 506 plants subjected to water stess than 
in adequately watered plants, and fewer 
eggs were recovered from roots of  these 
plants. Very low numbers of  eggs were de- 
tected on roots of infected Auburn 634 
plants in both water treatments. 

Cultivar differences in leaf surface area, 
plant weight, and root length were evident 
(Table 2). Stoneville 506 produced a great- 
er leaf surface area and had higher plant 
dry weights than did Auburn 634, whereas 
the latter exhibited greater root length. 
However, these differences were not re- 
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TABLE 2. Effects of nematode infection on the growth of two cultivars of  cotton differing in their  suscep- 
tibility to Meloidogyne incognita. 

Leaf area Dry weight Root length 
Cultivar Treatment (cm 2) (g) (cm) 

Stoneville 506 Control  
Adequately watered 183.9 1.833 1,067 
Stressed 155.8 1.529 1,045 

Infected 
Adequately watered 187.3 1.903 1,120 
Stressed 204.6 2.036 1,126 

Auburn  634 Control  
Adequately watered 144.4 1.554 1,265 
Stressed 119.8 1.106 1,218 

Infected 
Adequately watered 138.2 1.398 1,218 
Stressed 117.6 1.357 1,222 

24.7 0.178 72 

22 15 9 

LSD Cultivar 

CV (%) 

lated to infection by M. incognita. Parasit- 
ism by M. incognita did not  affect (P = 0.05) 
any of  the growth parameters  measured 
for ei ther  cultivar. 

Water  stress increased (P = 0.05) leaf 
stomatal resistance and leaf tempera ture  
and decreased transpiration (Table 3). T h e  

interaction of  nematodes and water stress 
affected stomatal resistance but not  tran- 
spiration or leaf temperature .  Water  stress 
and the interactive effects of  water stress 
x cultivar x nematode infection also were 
associated with restricted (P = 0.05) leaf 
water potential and solute potential. Only 

TABLE 3. Influence of  nematode infection on the stomatal resistance, transpiration,  and leaf tempera ture  
of two cultivars of  cotton differing in thei r  susceptibility to Meloidogyne incognita. 

Stomatal Trans- 
resistance piration Temperature 

Cultivar Treatment (s,cm -~) (~g.cm-2.s -~) (C) 

Stoneville 506 Control  
Adequately watered 7.5 3.0 28.1 
Stressed 23.0 0.8 28.6 

Infected 
Adequately watered 7.8 2.6 28.2 
Stressed 28.0 0.7 28.6 

Auburn  634 Control  
Adequately watered 6.6 2.9 27.3 
Stressed 28.0 0.8 28.2 

Infected 
Adequately watered 4.7 3.8 26.7 
Stressed 31.4 0.7 28.1 

NS NS 0.2 
NS NS NS 
2.2 0.3 0.2 
NS 0.7 NS 
4.4 NS 0.4 
4.4 NS NS 

18 24 1 

LSD cultivar (C) 
LSD nematode  (N) 
LSD water (W) 
LSD C x N 
LSD C x W 
LSD N x W 

cv  (%) 
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TABLE 4. Effects of  nematode  infection on the componen t s  o f  leaf water  potential  and root  water  flux of  
two cultivars o f  cot ton differing in their  susceptibility to Meloidogyne incognita. 

Flux 
density 

Leaf water Solute Pressure (~tl. m -~- 
potential potential potential Flux min -~. 

Cultivar Treatment (MPa) (MPa) (MPa) (p.l-min -~) MPa-') 

Stoneville 506 Control  
Adequately watered - 1.03 - 1.54 0.51 10.6 1.00 
Stressed - 1.77 - 2 . 0 6  0.30 3.7 0.38 

Infected 
Adequately watered - 1.12 - 1.59 0.47 5.2 0.46 
Stressed - 1.64 - 1.99 0.35 4.0 0.35 

A u b u r n  634 Control  
Adequately watered - 1.07 - 1.57 0.51 9.1 0.72 
Stressed - 1.74 - 2 . 0 4  0.30 5.2 0.42 

Infected 
Adequately watered - 0 . 8 4  - 1.34 0.50 9.9 0.82 
Stressed - 1.72 - 2 . 0 2  0.30 4.8 0.40 

NS NS NS 0.8 NS 
NS NS NS 0.8 0.09 

0.08 0.08 0.8 0.8 0.09 
NS NS NS 1.5 0.17 
NS NS NS 1.5 0.17 

0.17 0.18 NS 2.2 0.24 

8 5 27 16 20 

LSD cultivar (C) 
LSD nematode  (N) 
LSD water  (W) 
LSD C x N 
LSD N x W 
LSD C x N x W 

c v  (%) 

water  stress decreased  leaf  pressure  poten-  
tial for  bo th  cultivars (Table  4). T h e  de- 
crease in componen t s  o f  water  potent ia l  
was slightly g rea te r  in A u b u r n  634 than  in 
Stoneville 506. 

Wate r  stress decreased  roo t  water  flux 
and  flux density in bo th  co t ton  cultivars, 
bu t  M. incognita depressed  these only in 
Stoneville 506 (Table  4). T h e  in te rac t ion  
o f  cult ivar  x water  did not  affect flux or  
flux density, bu t  the  in te rac t ion  o f  nema-  
todes with bo th  cult ivar  and water  stress 
as well as the in te rac t ion  o f  all t h r ee  factors  
was significant for  bo th  paramete rs .  Flux 
and flux density t e n d e d  to be  decreased  to 
a g rea t e r  deg ree  in Stonevil le 506 than  in 
A u b u r n  634 .  N e m a t o d e  i n f e c t i o n  de-  
creased roo t  flux in the adequate ly  wa te red  
Stonevil le 506 plants to approx imate ly  the 
same level as tha t  r e c o r d e d  for  water-  
stressed plants. Th is  decrease  did not  occur  
in inoculated,  adequate ly  wa te red  A u b u r n  
634 plants. In fec t ion  o f  e i the r  cul t ivar  did 
not  con t r ibu te  addi t ional  decreases  in flux 
in water-s t ressed plants. 

DISCUSSION 

Decreases in water  movemen t  f rom roots  
t h r o u g h  the  plant  may con t r ibu te  to seed- 
ling water  stress and  limit nu t r i en t  move-  
m en t  in plants. Cur ren t ly  t h e r e  is little in- 
fo rma t ion  on the  effects o f  n e m a t o d e  
parasitism on water  up take  or  m o v e m e n t  
in cot ton.  O u r  data  indicate tha t  in sus- 
cept ible  cultivars, infect ion by M. incognita 
may decrease  the m o v e m e n t  o f  water  f r o m  
roots  to leaves. U n d e r  the  condi t ions used 
in this study, the decrease  in r o o t  flux due  
to n e m a t o d e  infect ion was equivalent  to 
decreases seen fol lowing a severe water-  
deficit stress. With  M. incognita-resistant 
A u b u r n  634, n e m a t o d e  infect ion did not  
affect water  flux. 

T h e  mechanisms by which M. incognita 
alters water  m o v e m e n t  t h r o u g h  the  plant  
have not  been  de te rmined .  Apparen t ly  
n e m a t o d e  en t ry  into roots  does not  affect 
water  flux. Roots  ex am in ed  at 2 weeks af- 
t e r  inoculat ion indicated that  approxi-  
mately equal  n u m b er s  o f  M. incognita ju-  
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veniles were present in roots of  both 
Stoneville 506 and Auburn 634; however, 
a much greater proportion of  these nema- 
todes in Stoneville 506 developed into ma- 
ture females and produced eggs. The  abil- 
ity of M. incognita juveniles to enter roots 
and the failure of most individuals to de- 
velop into egg-laying adult females have 
been demonstrated in both Auburn 634 
and in its parent line, Auburn 623 (14). 
Our results indicate that nematode devel- 
opment, probably with resulting vascular 
disruption in the root due to giant-cell for- 
mation, may be required for decreases in 
water movement within the plant. 

Effects of  nematode infection on water 
flux were not apparent in plants subjected 
to water-deficit stress. In these plants, the 
severity of the water stress may have 
masked effects due to nematodes. Evalua- 
tion of  nematode-induced changes in plant-  
water relations under  conditions where wa- 
ter-deficit stress is less severe but of  longer 
duration may prove instructive. It is diffi- 
cult, however, to establish these conditions 
in growth chambers where both space and 
soil volume for root development are lim- 
ited. Longer duration studies, either in the 
field or in microplots, may allow measure- 
ment of  nematode contribution to overall 
drought  stress under  more realistic con- 
ditions. Our  data indicate that infection of 
susceptible cotton by M. incognita affects 
water movement in seedlings and young 
plants. In the field, population densities of  
this pathogen increase on susceptible cul- 
tivars throughout  the growing season. The  
related effects on seedlings should be am- 
plified as numbers of  nematodes parasit- 
izing the roots increase. Field studies will 
be necessary to determine the significance 
of  these effects on mature plants and their 
relationship to cotton yield and quality. 
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