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Effect of Meloidogyne incognita on Plant Nutrient 
Concentration and Its Influence on the 

Physiology of Beans 1 

H. MELAKEBERHAN, 2 j.  M. WEBSTER, 2 R. C. BROOKE, 2 

J. M. D'AURIA, 3 AND M. CACKETTE 3 

Abstract: Phaseolus vulgaris plants, 3, 8, 11, and 13 days old, were inoculated with 0, 2,000, 4,000, 
or 8,000 second-stage Meloidogyne incognita larvae and maintained under controlled conditions. The 
photosynthetic rate and the shoot and root concentration of K, Ca, Mn, Fe, Cu, and Zn were 
determined by destructive assay at 1-27-day intervals and by nondestructive assay of leaves, stems, 
and roots at 27 or 28 days after inoculation. In the destructive assay, the concentration of the 
elements in the plant tissues did not change until 1 week after inoculation. Thereafter,  the trend 
was mostly decreasing for shoot K and Fe and increasing in the root, whereas Ca had the opposite 
t rend in the shoots. Manganese, Cu, and Fe showed variable trends. Generally, the concentration 
of  K and Mn increased, whereas Ca and Fe decreased, with duration of infection in all treatments. 
Zinc and Cu decreased in the highest nematode treatments. The overall elemental content generally 
decreased with level of infection from 1 week after inoculation. Photosynthetic rate based on shoot 
K concentration significantly decreased with level of  infection. In most of the nondestructive assays, 
the concentrations of shoot K, Zn, and Mn decreased, whereas Ca increased with increasing nema- 
tode treatment. One of the first effects of the nematode on host physiology appears to be a change 
in concentration of nutrient elements in the host plant. 
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An adequate supply, uptake, and a bal- 
anced distribution of  nutr ient  elements 
within a plant are necessary for normal 
p lant  growth .  W hen  nema todes  infect  
plants, the nutr ient  status changes and al- 
ters the host physiology. Reports in the 
literature indicate that the effect of  nema- 
todes on the uptake of  nutr ient  elements 
and distribution within the plant varies with 
nematode species, host type, and stage of  
infection (6,8,10,20), whether  measure- 
ments were taken in the shoots or roots 
(13,19,26,29) or infected and noninfected 
parts of  a root  system (2), and whether  data 
were expressed on a concentrat ion or con- 
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tent basis (15,22,23). Although these re- 
ports show that plant-parasitic nematodes 
change the level and distribution of  nu- 
trients within the plant, the experimental  
data were taken only once during the pe- 
riod of  nematode infection and do not es- 
tablish a relationship with other  physiolog- 
ical processes such as photosynthesis. 

In a series of  studies where Phaseolus vul- 
garis plants of different ages were infected 
with Meloidogyne incognita, reduced rates of  
photosynthesis and crop yield with increas- 
ing levels and duration of  nematode infec- 
tion were found (15-17). These effects were 
often associated with changes in chloro- 
phyll synthesis and leaf abscission, indicat- 
ing that the effect of  the nematode on the 
physiological mechanisms associated with 
photosynthesis may be through its influ- 
ence on nutr ient  elements. In this paper, 
we show the influence of  different stages 
ofMeloidogyne incognita on the nutr ient  ele- 
ments in the shoots and roots of  bean plants 
infected at different ages and explore the 
relationship between these changes and 
certain physiological processes in the host. 
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TABL~ 1. Regres s ion  s lopes for  the  in f luence  ofMeloidogyne incognita on  t he  concen t r a t i on  o f  K, Ca, Mn,  
Fe, Cu,  and  Zn in shoots  and  roots  ofPhaseolus vulgaris over  a 27-day pe r iod  fol lowing n e m a t o d e  inoculat ion.  

Days 
after 

inocu- 
lation K Ca Mn Fe Cu Zn 

Shoots  

1 - 2 . 2 6  0.28 0.22 - 2 . 2 6  - 0 . 0 1  - 0 . 0 0 4  
3 - 3 . 7 7  - 0 . 3 8  - 0 . 0 3  - 0 . 1 2  0.01 0.01 
8 - 11.00 0.11 - 0 . 2 6  - 0 . 1 2  0.02 0 .003 

15 - 10 .96"*  0.04 0.72 - 0 . 0 3  0 .0004  - 0 . 0 0 3  
22 - 14.50"  0.13 - 2 . 3 2  - 0 . 5 2  - 0 . 0 6  - 0 . 0 3 *  
27 28 .64"  * 0 .15 1.55* 0.01 0.01 ** 0 .02* 

Roots  

1 - 7 . 3 3  0 .14  1.11 - 2 . 0 6  - 0 . 2 8  - 0 . 0 3  
3 20 .06"*  0.30 0.15 ! .59  - 0 . 0 4  0.04 
8 12.12 - 0 . 0 7  1.38 0.15 0.01 0.02 

15 24.88* * 0.02 - 1.53 2.91 - 0 .004  - 0 .03* 
22 4 .50  - 0 . 1 7  - 2 . 0 9  3 .19"  - 0 . 0 0 5 *  - 0 . 0 2  
27 7.02 - 0 . 2 7  - 5 . 9 8  5 .07**  0.08 0.03 

Data are from the destructive assay of plant tissues. For clarity of presentation, only regression slopes and significance 
levels, ** (0.01) and * (0.05), are included here. 

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

The methods used for growing Phaseolus 
vulgaris L. cv. Topnotch Golden Wax for 
inoculating with Meloidogyne incognita (Ko- 
foid & White, 1919) Chitwood, 1949 larvae 
and for determining the CO2 exchange 
rate, plant weight, and number  of  nema- 
todes recovered from the roots were de- 
scribed previously (16,17). Experiments 
were done on P. vulgaris plants of  different 
ages in a single generation of  M. incognita, 
and results were obtained by using destruc- 
tive and nondestructive assay methods. 

For the destructive assay, 8-day-old plants 
were inoculated with 0 (control), 2,000, 
4,000, or 8,000 freshly hatched second- 
stage larvae and the photosynthetic rates 
were determined followed by harvesting 
the shoots and roots at 1, 3, 8, 15, 22, or 
27 days after inoculation. For the nonde- 
structive assay, plants were inoculated with 
a similar number  of  larvae at 3 (first-), 8 
(second-), 11 (third-), and 13 (fourth-stage) 
days after germination and the leaves, 
stems, and roots were harvested separately 
at 27 or 28 days after inoculation. 

The  shoot, or leaf and stem, and root 
samples were dried separately and ground 
into powder after dry weights were deter- 

mined (16,17). Pellets ca. 140 m g / c m  2 were 
prepared from each sample, and each pel- 
let was analyzed for 30 minutes for K, Ca, 
Mn, Fe, Cu, and Zn using X-ray energy 
spectroscopy (27). The  reliability of  using 
one side of  the pellet was tested as well as 
the accuracy of  reproducing the concen- 
tration of  the elements. The  error  in- 
curred by turning either side of  the pellet 
to face the analysis beam was + 4.1%, and 
the reproducibility of  the concentration of  
the elements was + 6.4%. 

Data were analyzed using linear regres- 
sion by comparing the change in concen- 
tration of  the elements at each sampling 
date with the number  of  nematodes either 
recovered from the roots or inoculated into 
the soil; to determine changes over time in 
the destructive assay, the same data were 
analyzed separately by treatment. 

R E S U L T S  

The photosynthetic rate and plant dry 
weight data corresponding to Tables 1-3 
and Figure 1 are reported in Melakeber- 
han et al. (16,17). The  data for the destruc- 
tive assay and second-stage inoculation of  
the nondestructive assay experiments are 
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TABLE 2. Regress ion  slopes for  the  c h a n g e  in shoo t  a n d  roo t  concen t r a t i on  (ppm) o f  K, Ca, Mn,  Fe, Cu,  
and  Zn in Phaseolus vulgaris over  a 27-day pe r iod  a f te r  inocula t ion  with f ou r  levels o f  Meloidogyne incognita 
larvae. 

Inoculum 
level K Ca Mn Fe Cu Zn 

Shoots  

0 873**  - 2 1 . 8 " *  88 - 1 5 . 5  1.100 0.6* 
2 ,000 1 ,193"*  - 2 0 . 4 * *  60**  0.7 - 0 . 0 0 4  0.5* 
4 ,000 1 ,229"*  - 1 4 . 3 "  68**  10.4 0.200 0.4* 
8 ,000 1 ,399"*  - 1 4 . 4 "  97**  11.9 0.300 0 .5**  

Roots  

0 1 ,227"*  - 6 . 8  4 8 4 * *  - 4 1 9 " *  - 0 . 8  0 .4  
2 ,000 903**  - 1 3 . 9 " *  4 3 5 * *  - 2 2 9 * *  - 1 . 1  0.1 
4 ,000 1 ,045"*  - 1 4 . 7 " *  330**  - 2 2 0 * *  2.5* - 0 . 1  
8 ,000 970**  - 1 8 . 5 " *  294*  - 1 9 9 " *  4 .0** 0.9 

Data are from the destructive assay of plant tissues. For clarity of  presentation, only regression slopes and significance 
levels, ** (0.01) and * (0.05), are included here. 

based on the numbers of nematodes re- 
covered from the roots; this was shown to 
be proportional to the inoculum level. The 
rest of  the nondestructive assay experi- 
ments are based on inoculum levels. 

Destructive assay: Except for an increase 
(P - 0.01) in the concentration of root K 
with increasing number of nematodes 3 
days after inoculation, there was no signif- 
icant change in the other elements during 

the first week of  infection (Table 1). The  
concentration of  shoot and root K (P -< 
0.01) at 15 days and shoot K (P - 0.05) at 
22 days following nematode inoculation was 
lower with increasing numbers of nema- 
todes. Root Zn at 15 days and shoot Zn at 
22 days after inoculation decreased signif- 
icantly (P -< 0.05) with increasing numbers 
of nematodes per plant (Table 1). At 27 
days, however, the concentration of  shoot 

TABLE 3. Regress ion  slopes o f  t h e  c h a n g e  in conce n t r a t i on  o f  K, Ca, Mn,  Fe, Cu,  a nd  Zn in leaves, s tems ,  
and  roo t s  ofMeloidogyne incognita in fec ted  Phaseolus vulgaris inocu la ted  at 3, 8, 11, a n d  13 days a f te r  g e r m i n a t i o n  
and  ha rves t ed  at  27 (3 day-old) a n d  28 (all t he  rest)  days a f te r  inoculat ion.  

Age at 
inocu- 
lation K Ca Mn Fe Cu Zn 

Leaves  

3 - 3 .80"*  0.03 - 0.01 0 .04  - 0 .0004  - 0 . 0 0 4 "  
8 - 14.26 0.32 0.06 1.61 * - 0 .003 - 0 .003 

11 - 2 . 7 2 * *  0 .05**  0.01 0.01 - 0 . 0 0 0 1  - 0 . 0 0 1 " *  
13 - 1.06* 0 .09* 0.02 0.55 0.01 0.003 

Stems 

3 - 2 . 0 1 " *  0.05 0.01 - 0 . 0 2  - 0 . 0 0 0 2  - 0 . 0 0 4 *  
8 - 6 . 7 2  0 .34* 0 .23**  0.13 - 0 . 0 0 2  - 0 . 0 2 * *  

11 - 0 . 8 5 * *  0 .03**  - 0 . 0 1  0.01 - 0 . 0 0 0 0 3  - 0 . 0 0 1 " *  
13 0.63 0 .08**  0 .03**  0 .01"  0 .001"*  - 0 . 0 0 1  

Roots  

3 - 1 . 8 5  - 0 . 0 2 *  - 0 . 1 0  - 0 . 1 4  - 0 . 0 1 " *  - 0 . 0 0 3 *  
8 - 9 . 2 1  - 0 . 1 4 "  - 0 . 6 7  0.26 0.04 0 .01" *  

11 - 2 . 1 3 " *  - 0 . 0 0 2  0 .05**  0.30 - 0 . 0 0 2  - 0 . 0 0 0 2  
13 1.13* 0 .03* - 0 . 0 9 * *  0 .76* 0.01 0 .005**  

Data are from the nondestructive assay of plant tissues. For clarity of presentation, only regression slopes and significance 
levels, ** (0.01) and * (0.05), are included here. 
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K, Mn, Cu, and Zn and root Fe increased 
significantly (P -< 0.05) with the level of  
nematode infection. 

The change in concentration of  each 
nematode treatment over the duration of  
infection varied with the element and plant 
tissue (Table 2). In the controls, the con- 
centration of K and Zn in the shoot and K 
and Mn in the roots increased (P -< 0.05) 
while shoot Ca and root Fe decreased (P -< 
0.05) with duration of  infection. In the 
nematode-infected plants, the shoot and 
root concentration of K and Mn increased 
(P -< 0.05), whereas that of  Ca decreased 
(P - 0.05). Zinc in the shoots of  all nema- 
tode treatments and Cu in the roots of  the 
two highest nematode treatments signifi- 
cantly (P - 0.05) increased while root Fe 
decreased (P -< 0.05) in all nematode treat- 
ments (Table 2). 

The total content of nutrient elements 
was based on their total plant weight and 
generally decreased from 1 week after in- 
oculation with increasing levels of nema- 
tode infection. The total content of  ele- 
ments in the plant significantly (P < 0.05- 
0.01) increased with duration of infection 
and with decreasing numbers of  nema- 
todes. Exceptions were shoot and stem-leaf- 
root Fe and Cu which did not change sig- 
nificantly. The photosynthetic rate of  these 
plants was expressed on the basis of  shoot 
K concentration. Generally, the photosyn- 
thetic rate significantly decreased (P _ 
0.05) with increasing level of  nematode in- 
fection from 1 week after inoculation (Fig. 
1). 

Nondestructive assay: In the first inocu- 
lation stage (day 3) (Table 3), the concen- 
tration of K (P -< 0.01) and Zn (P - 0.05) 
in all plant parts and Ca and Cu (P -< 0.05) 
in the roots was significantly lower with 
increasing nematode infection. There  was 
no significant change in the concentration 
of  Mn or Fe in any of the plant parts. In 
the second inoculation stage (day 8) (Table 
3), the concentration of  Fe in the leaves 
(P - 0.05), Mn in the stem (P -< 0.01), and 
Zn in the roots (P_< 0.05) increased, 
whereas Zn in the stem (P -< 0.01) and Ca 
in the root (P ~ 0.05) was significantly low- 
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FIG. 1. Influence of  Meloidogyne incognita on the 
photosynthetic rate (unit shoot K basis) of Phaseolus 
vulgaris over a 27-day period after nematode inocu- 
lation. Data are from the destructive assay. Circled 
numbers refer to sampling time in number of  days 
after larval inoculation. 

er with increasing levels of  nematode in- 
fection. In the third inoculation stage (day 
11) (Table 3), the concentration of  K in 
the leaves (P _ 0.01), stems (P -< 0.001), 
and roots (P _< 0.001), Zn in the stem (P _< 
0.01), and Mn in the roots (P _ 0.01) was 
significantly lower, whereas stem and leaf 
Ca (P - 0.01) increased as the number of  
nematodes increased. In the last inocula- 
tion stage (day 13) (Table 3), the concen- 
tration of  K in the leaves (P _< 0.05) and 
Mn in the roots was significantly lower (P - 
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0.01); however, Ca in all plant parts, Mn, 
Fe, and Cu in the stems (P - 0.05), and Fe 
and Zn in the roots increased significantly 
(P -< 0.05) with increasing inoculum level. 

The total content of  elements in the plant 
generally decreased with increasing level 
o f  nematode infection, and, in most cases, 
the degree of  decline in elemental content 
was greatest at the first inoculation stage 
(day 3). 

DISCUSSION 

This study, monitoring the effect of  a 
single generation of  M. incognita at inter- 
vals on the growth of  the plant, showed the 
changes in both concentration and total 
content of different elements in bean plants 
inoculated at different ages to establish a 
relationship between plant nutrient status 
and physiological processes such as pho- 
tosynthetic rate. 

The  total content of  the elements de- 
creased with increasing inoculum level 
from 1 week after inoculation which cor- 
responded with a decline in plant dry 
weight (16,17). This is consistent with the 
results of  Price and Sanderson (22) and 
Price et al. (23), who showed that a lower 
nutrient content in Heterodera avenae-in- 
fected barley plants was due to the smaller 
plant biomass. 

In the destructive assay, the nutrient 
concentration of  infected plants generally 
did not change for more than a week fol- 
lowing nematode inoculation, which cor- 
responded with a decline in the photosyn- 
thetic rate and chlorophyll content of  these 
plants (16). Over the life cycle of  the nema- 
tode, however, the trend of  this change 
varied from decreasing amounts of  K and 
Fe in the shoot to increasing amounts in 
the root and increasing amounts of  Ca in 
the shoot (Table 1). Manganese, Cu, and 
Zn changed more-or-less equally between 
shoots and roots. The  data show that these 
changes in host elemental concentration 
did not affect the nematode population, as 
was previously observed (11), but did affect 
host physiology. Melakeberhan et al. (16) 
showed a decrease in photosynthetic rate 
on total chlorophyll basis before the chlo- 

rophyll content decreased and suggested 
that some physiological processes might be 
in te r fe r ing  with chlorophyl l  funct ion  
which, in turn, would affect photosynthe- 
sis. Furthermore,  at later stages of  infec- 
tion, the concentration of  nitrogen in these 
plants increased as the photosynthetic rate 
and chlorophyll content decreased, which 
indicated that the nitrogen may occur in a 
storage form. Considering the role of  ele- 
ments such as Fe and Zn in the synthesis 
of  chlorophyll and Fe, Cu, and Mn in the 
photosynthetic apparatus, a change in these 
elements could affect these particular pro- 
cesses, and also influence related physio- 
logical processes. The  changes in concen- 
tration of  these nutrient elements in the 
plant, small as they may be, appear to have 
a profound effect on the host physiology. 

Cations are known to exchange revers- 
ibly with identical or different cations dis- 
solved in the soil solution (12), and in this 
regard the interaction of  Ca and K at the 
absorption, translocation, and (or) meta- 
bolic level is a likely example. Potassium, 
therefore, can be replaced by Ca in such 
solutions (25,28), and the opposite trends 
of  these two elements suggest that M. in- 
cognita may be altering the balance of  these 
elements, which may also affect other  pro- 
cesses. The  lower K concentration in the 
shoots and leaves of  nematode-infected 
plants, along with increasing numbers of  
nematodes, usually corresponds with in- 
creases in root-galling, giant cell size, and 
metabolic activity (4,16). This indicates that 
the uptake and (or) transport of  K (2,18,21 ) 
and other elements (24) may have been 
impeded by the deformation of  the vas- 
cular tissues or M. incognita may have uti- 
lized K and other  elements for its own 
growth and thereby decreased the supply 
of  elements available to, and concentrated 
in, the shoot, as shown by the correlation 
with decreased photosynthetic rate (Fig. 1). 

Although the concentration of  Ca de- 
creased with duration of  infection in the 
destructive assay (Table 2), it increased with 
increasing level of  nematode infection at 
the end of  most of  the nondestructive assay 
experiments. The  increased Ca concentra- 
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tion in the shoot could be due to two fac- 
tors. 1) Ca is easily absorbed and readily 
translocated to the shoot, but  once in the 
shoot, it is less mobile and its concentration 
therein increases (1). 2) Since these plants 
were at an advanced stage of  chlorosis and 
leaf abscission, which could result in the 
disintegration of  cellular structures (16), 
Ca may have been used for linking and 
modifying cell wall structures (5,14) so that 
the plant maintains some level of  photo- 
synthesis. High concentration of  Ca in the 
shoots of  healthy bean plants (3) and other  
plants (5), or nematode infected potato 
plants (8), has often been correlated with 
a high rate of  transpiration and suggests 
direct or indirect damage to the plant by 
the nematode (7,8). Moreover, high Ca 
concentration in shoots is known to delay 
fruit maturity (9), and this could be one of  
the reasons for the delay in flowering re- 
ported in nematode-infected bean plants 
(17). 

In summary, the data indicate that a 
change in concentration of  the nutrient 
elements in the plant is probably one of  the 
first effects of  the nematode on host phys- 
iology. These changes in nutrient concen- 
tration alter host metabolism and contrib- 
ute directly (lacking or not in the right 
form) or indirectly (by affecting other  pro- 
cesses) to the chlorosis and premature  leaf 
abscission of  infected plants. These effects 
on the host increase with level and dura- 
tion of infection and, along with changes 
in other physiological processes such as 
photosynthesis, appear to be the main cause 
of  a lower yield in nematode-infected 
plants. We recognize that biological inter- 
actions of different elements can influence 
host growth, and we examined only a few 
elements. The  change in K concentration, 
however, seems to be important because of  
its effect on photosynthesis, either by af- 
fecting CO2 uptake or by altering other  key 
physiological processes such as osmotic po- 
tential. 
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