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INTRODUCTION

Plan® nematology is a comparatively recent science. To date, most
investigations in this field have been concerned primarily with a study
of pathogenic nematodes, the diseases they cause and possible means of
control of these diseases. However, little attention has been given %o
the fundamental problem of host nutrition in relation +o development of
diseases incited by these organisms. As most plant parasitic nematodes
are obligate parasites, direct nutritional studies on them are impossible,
since they generally cannot be grown on artificial media, and only their
behavior as influenced by nutrition of the host can be obssrved. It is
then apparent that the relation of these pathopens to nutrition of their
hosts represents such a wide range of interactions that no simple physio-
logical pattern can be anticipated. Plant nutrition is one of the
environmental factors which, along with others such as temperature,
humidity, soil moisture and soil reaction may have a measurable effect
upon the course of disease development.

The relation of host plant nutrition to nematode disease develop-
ment can be ascertained in two major ways: first, by determining effects
of the parasites on growth response, mineral conten* and physioclogy of
the host plant and sscondly, by determining influences of host nutrition
on development of the parasite., These latter effects can be approached
in various ways, e.g., by the rate at which the nematodes develop, by
the extent to which they develop and finally by the rate of their repro-
ductivity.

The objectives of this study are %o ascertain the effects of these



two major factors; to determine whether degree of infection could be
altered through changes in nutrient balance and whether such changes
would explain some of the interactions between host mutrition and

disease development.



LITERATURE REVIEW

There are many plant diseases in which nutrition of the hest has
an effect upon the rate and degree of disease development, Hany field
experiments and controlled nutritional studies have been carried out with
diseases caused by bacteria and fungi as well as virus diseases to
determine the effects of various nutritional levels upon the course of
disease development. Spencer (17), Thomas (19), Walker (23) and many
other workers have cobserved that the reaction of certain plants teo
pathogenic bacteria and fungi may be altered by varying the mineral
composition of nutrient solutions supplied to the host. It is also
well established that nutritional conditions of the host plants have a
marked influence on growth and development of various bacteria and
fungi that parasitize them. As far as can be determined, literature
cn the influence of nutrition on the reaction of host plants to para=-
sitic nematodes is quite limited. Although the beneficial action of
fertilizers in reducing nematode injury has been demonstrated in infested
soil, the nature of this action has not been explained. Bessey (2) in
1906 conducted several fertilizer experiments with various plants in-
fected with the root-knct nematode. He showed that fertilizers con-
taining nitrogen, when not in too great excess, benefited the plants
sonewhat while phosphatic fertiligzers showed no benefit at all. On the
other hand, potash exerted a remarkable beneficial effect upon the
plants and enabled them %o make a good crop in splte of infection by
nematodes. Bessey postulated that pohtassium might increase the ability

of plants to prevent the entrance of nematodes into the roots.



A study of the mineral content of plants infected with nematodes
was initiated by Vanha (22) and Wilfarth and Wimmer (24) in the case
of diseased sugar beets. These workers found that discased beets were
characterized by low calcium, phesphorous, magnesium, and nitrogen and
a very low potassium content. They concluded that the plants were
deprived of nutritional substances due to presence of nematodes and
stipulated that an abundant potassium fertilization would maintain the
proper sugar content within the beeis but would not prevent a lowering
of the yield. Roemer (15), however, was able %o increase yields of
nematode=infected sugar beets from 18,000 to 19,000 XKg per 2..7 acres
by applying only a potassium fertilizer. Fllenby (8) tested various
elements in an attempt to correct "potato sick" soils and found that
boric aeid, zinc sulfate and magnesium chloride gave increased yields,
Parris and Jehle (13) reported root=knot infected Fordhook 1ima beans
deficient in phosphorous despite an adequate supply of this substance
in the soil. Chlorosis has long been a recognized symptom of diseases
due to various root=parasitic nematodes. Tarjan (18) analysed boxwood

plants infected with meadow nematodes Pratylenchus spp., and found that

infected plante suffered from deficiences of essential elements.
Chitwood, Specht and Havis (5) found changes in potassium, calcium and
magnesium concentrations of peach leaves on plants infected with root-
knot nematodes.

Development of root-knot nematodes has been reported to be in-
fluenced mainly by two factors: temperature and type of host plant.
Temperature was investigated by Godfrey (9) and Jones (12). Tyler (21)
in an extensive study on development of root-kno® nematodes as affected

by temperature indicated that the nminimum time required for the life



cycle of this nematode from larvae Lo larvae in tomato roots was 25

days at 27° C., and inereased to 87 days at 16.5° €. Development from
gall formation to egg=laying required 15 days at 27° Cey, and 79 days at
lh.Bo Ce Demonstrating the effect of the host on parasite development,
Godfrey and Oliveira (10) found +that in cowpea grown at a temperature
permitting rapid development, the interval between penetration of larvae
and first deposition of eggs was 1% days, but in pineapple, grown under
jdentical conditions, it was 35 days. Chitwood (L) and Christie (7)
have alsc indicated that a given species of nematode may have considere
ably diverse rates of develepment in different host plant speciles,
however no experimental data were given to indicate that nutritional
differences were a factor. Tyler (27) in studies on parthenogenic repro-
duction of root-knot nematodes in aseptic root cultures postulated that
a healthy condition of the host is an important factor for development
of its parasite.

From the preceeding review, it therefore can be seen that in the
case of certain nematode diseases of plants there is a marked reduction
in certain of the nutritional elements contained in the plants. Because
a nore adequate explanation of the relation of host plant nutrition %o
infection by root=knot nematodes was desirable, further investigation of

this guestion wasg undertaken.



YATERIALS ANRD MITHODS

Inoculum Preparation

The root-=knot nematode species used in these experiments was

Meloidogyne incognita (Kofoid and White, 1919) Chitwood, 19L9.

Identification of this species was determined according to Chitwood's
criteria (3). PFor obtaining a pure population of this nematode, egco
masses of the identified females were allowed to propagate on the

Rutgers variety of tomato Lycopersicon esculentum ¥ill. on which pro=-

duction of egg masses readily occurs. In the first experiment con-
cerning studies of different levels of nitrogen, phosphorous and
potassium in deficient and excess concentrations, three levels of
nematode inoculum (0, 10 and 50 egg masses) were employed. ZEgg masses
were carefully dissected from infected roots and immediately used for
inoculum. In all other experiments higher inoculum levels of 0, 50,
and 20 epg masges were used., As it was necessary to dissect a con=-
siderable number of egg masses from infected roots, another method for
obtaining the representative amounts of inoculum was employed. Heavily
infected tomato roots bearing numerous egg masses were finely chopped
and thoroughly mixed. Egg masses contained in a portion of this tissue
were counted under a binoeular microscope and the corresponding weipghts
of roots containing approximately 50 and 200 egg masses were then
computed. Before any inoculum was selectsed, several representative egg
masses were examined microscoplcally to be certaln that either first

or second stage larvae were present.



Sand Culbure Preparation

Glazed, three=gallon crocks provided with drainage were used as
containers. Washed, white quartz sand was used as the growing medium.
Crocks and sand were steam sterilized at 20 pounds pressure and 259° ¥,
for a minimum of three hours. Crocks were filled to one quarter of
their capacity with a coarse sand of eight mesh, on top of which a finer
sand of approximately L0 mesh was added so that they were about half
full. The required amount of inoculum was then distributed evenly over
the surface, after which an additional layer of the fine sand was added
thus bringing the surface to about two inches from the top of the erock.

Seeds of 1lima bean Phaseolus lunatus L. variety Henderson were

treated with tetrachloro parabenzo=quinone (Spergon) and were sown
into germination boxes containing sterilized, white, coarse sand. The
germination boxes were covered with glass éheets for three days and
were held on the greenhouse bench at 80° o 90° F, Vhen the seedlings
had reached the third or fourth leaf stage, selected plants of uniform
length and growth were #ransplanted using one per each crock. HNutrient
treatments were begun immediately after transplanting.

Fatrient solutions in distilled water were prepared from molar
stock solutions of the following C.P. salts: Ca(HOB)z.hHZO, KNOB, CaCl,,
KC1, WaCl, NgSﬂh, KHzPﬂh, and NaHEPOh. The nutrient sclution used
throughout was a modification of that formulated by Hoagland and Snyder
(11). In addition to the complete solution (NPK), solutions containing
extra quantities of one of the elements N, P and K and solutions lack-
ing one of these elements were used. Composition of these varions
nutrient sclutions is given in Table I. The reaction of all solutions

was adjusted to a pH range of 5.8 to 6.h. The same amount of minor



TABIY I. Composition of nutrient solutions used in studying the effect
of nitrogen, phosphorous and potassium nutrition on resction of
1lima bean plants to infection by a root-knot nematode Meloidogyne

incognita.

1., of molar stock solutions added to distilled
Stock solutions water to make 1 liter of nutrient,
Complete =N +N -P +P -K +K

u/1 Ca(NO5),.LH,0 5.0 eses 5.0 5.0 5,0 5.0 5,0
%/1 KNO4 5.0 eee 5O 5,0 5.0 ... 5.0
M/1 NaMD, cee eee 2.0 4es ees 50 ...
M/1 CaCl, cee 5e0  eee  eee  see  ses  ees
M/1 KC1 5.0 ... 1.0 ... eee 2.0
M/1 NaCl 2.5 2.5 0,5 2.5 1,5 2.5 0.5
¥/1 vgS0) 2.0 2.0 2.0 2.0 2.0 2.0 2.0
M/1 KH,PO; 1.0 1.0 1.0 .0 10 ... 1.0
M/1 HaHQPoh .e o cee  ses  ess 1,0 1.0 ...
A ~ Z% 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Bicronutrient soclution prepared according to Hoagland and Snyder
(11).



element stock solutions was added to each of the various solutions.
In treatments imvolving higher concentrations of the nutrients, NaCl
was added so that the proportions of the major elements could be
varied without changing the total salt concentration.

On the assumption that the form of nitrogen might have an influence
on disease development, one experiment was conducted to determine the

effect of ﬁHh ions as ecompared with NO_ ions. The ﬁOB solution was

3
the same as the compleite solution (NPK) used in the first experiment.

In the Hﬂh solution Ca(N’OB)2 and KNO3 were replaced by CaCl2 and XC1,
respectively, and an equal number of nitrogen atoms was added in the
form of Kﬂbgl'

For further studies reparding the effect of potassium host nmubtri-
tion, it was desirable %o place the mineral elements on a chemically
active egquivalent basis to insure accuracy of the anzlysis. For this
reason the nutrient solutlons emploved in the potassium experiment
series were prepared on a milliequivalent basias. Composition of these
nutrients is shown in Table II., Potassium concenirations were selected
on the baslis of a preliminary test so that ftreaiment Kl was expecthed
to result in potassium deficiency, treatment K2 to result in optimal
growth and treatment KB to provide excessive potassium.

Throughout the period of experimentation, nutrient solutions were
supplied at the rate of 250 ml. daily for the first week, after which
an aspplication of N0 ml. was added three times a week. All crocks were
flushed with %ap water once a week in order to prevent any accumulation
of salts.

The experimental design was a randomized complete block with four

replications. Throughout the period of experiments continuous greenhouse
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temperature records were obtained which showed a daily temperature vary-

ing from 65 to 05% ¥, with an average of 75° 7.

fABLIE II. Conposition of nutrient solutions used in the potassium
experiment series.*

*illiequivalents per liter

Treatment

designation Ca Y e Ra hOB H?Pou soh C1l
Kl 10.0 heD 0.5 10.0 1540 1.0 LeO h.S
K2 10.0 LD 6.0 Le5 15.0 1.0 Lo LS
KB 100 hoﬂ 10,0 ﬂgq 1go{" 1.0 }400 hoq

#In addition a micronutrient solution as described by Hoagland and
Snyder (11) was added to each treatment.

Chemical Determinations

In harvesting, the plants were cut at the sand surface and fresh
welghts of tops and roots were determined. All the leaves were removed
from each plant and kept separately in a paper bag and rerains of the
plant were kept in another bag. The plants were then dried in an oven
for 2l hours at approximately 125° ¥, and total dry weight of each was
then recorded. Leaves were ground in a Wiley mill equipped with a 60
mesh wire screen. Ash solutions were preparad and analysed for phos-
phorous, magnesium, caleium and potassium. Todal nitrogen was deter-
mined by the microe=Kjeldahl apparatus according to the method Jescribed
by Ranker (1L), and was modified by using 2% boric acid %o receive the
distillate. Potsssium and ecalcium were determined by use of the Beck=-
man flame spectrophotometer. Magnesium readings were obtained with a

Leitz photoelectrometer. Phosphorous was determined essentially by the
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official methods (1). Leawes of each plant were analysed separately

with two replicates of each plant.

Yanner of Recording Results and Disease Criteria

¥hen plants had reached maturity, roots were washed free of sand
and rinsed in t2p water, After drainage for a few seconds remaining
free water was blotted from them with toweling. Fresh weights and
dry weights of tops and roots were then determined.

Tndexing of infected roois was accomplished by using 3 systen
similar to that described by Smith and Taylor (16). Infected root
systems were examined wisually and grouped according to the fellowing
criteria:

N. Yo evidenece of galling.

1. Trace of galling; ocecasional individual galls.

2. Moderate gall formstion.

3. Extensive produection of galis.

Le Severs galling with most of root syatem infected.
“oots of infected plants were finely chopped and one gram from each plant
was preserved in 59 formalin for future counts of females and egg masses.
Values for the rate of nematode reproduction were obtained by dividing
the number of egg masses by the number of mature females per plant.

Analysis of variance was applied to the amalytical data, growth

data, and nematode counts.
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Demonstration of Nematode Developmental Stages within the Root Tissus

The final experiment was designed in an attempt %o demonstrate
the effect of potassium host nutrition on developmental stages of the
parasite. Lima bean seedlings were transplanted to small pots each
containing 10 egg masses of I, incogmita. After three days such seedlings
were removed and the roots were washed free of sand and rinsed in tap
water. Such cleaned seedlings were then retransplanted to glawed one
gallon crocks filled with sterilized pure quartz sand. Nutrient treat-
ments were followed immediately after transplanting. Effects of three
levels of potassium representing low, optimum and excessive concentra-~
tions on development of the parasite were studied. Composition of the
nutrient sclutions used is given in Table ITI. Application of 250 ml.
was made to each crock every other day and they were also flushed
weekly with tap water. All planbts were subjected to the same tempera=-
ture fange. idvery other day one plant from each treatment was removed
from the crock, the sand washed free from the roots, and the entire
root system wag fixed with a modification of Flemming's formula.l In
preparing the solution, six ce of distilled water, 10 cc of 1% chromic
acid, 10 cc of 10% acetic acid and two cc of 2% osmic acid were com-
bined and heated %o approximately 55° C., TRoots were immersed for about
1 hour after which they were washed in rumning water for at least four
hours; they wers then transferred to 15% ethyl alcohol for 15 minutes,

30% for % hour, 50% for one hour and absolute alcohol for two hours.

lThe technique employed was a slight modification of a method sure
gested by H. ¥. Reynolds, Division of Nematology, U. S. Cotton Field
Station, Sacaton, Arizona.



The dehycdrated roots were then clearsd in methyl salicylate. This
technique was very satisfactory for staining the parasites and clear-
ing the root tissues. A small portion of the root system was clipped
off and examined under a dissecting microscope and every nsmatode
found was classified and recorded according to Christie's groups of
stages of development (6). This system is illustrated in Figures 11,

12, 13, 1k, and 15. Examination continued until 100 parasites had

been counted from each plant.:

13



TXPERIVENTAL RESULTS

Influence of Nitrogen, Phosphorous and Potassium on
the Reaction of Timz Bean Plants to Meloidogyne incognita

In this experiment, the effects of a complele balanced nutrient
solution, deficient concentrations of nitrogen, rhosphorous and potassiun
as well as excessive corcentrations of these three elements were studied.
The analysis of variance given in Table ITI reveals that the different
nutritional treatments and the amounts of nematode inocculum exerted
a gigrificant effect on plant growth. In Table IV and Tigure 1 are nre=-
sented the mean values of fresh weights of lima bean plants as influenced
by variations in nutrier’ supply and nematode inoculume. Data indicate
that uninoculated plants subjected to deficient treatments of nitrogen,
phosphorous and potasgium made signifiecantly neor growth as compared
to plants supplied with complete nutrient solution. On the other hand,
when these uninoculated plants were supplied with excessive amounts of
nitrogen, rhosphorous and potassium they did not inerease significantly
in fresh weight 28 compared %o plants supplied with the complete nubtri-
ent solution. This indicates that composition of the solution used
as a complete nutrdent treatment was an optimum nutrient level for
growth of lima bean plants under conditions of this experiment. Tor
this reason, plants grown in this complete nutrient solution will be
regarded as eontrol plants for the purpese of comparing with other
nitrient series,

Effeets of nematods infection with respeet to each individual
nmatrient treatment can be illustrated as follows:

1. HNitrogen treatment. Two tests were carried out with nitrogen
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TABLE IXI. Analysis of variance of the effects of different nutri-
tional levels and amounts of nematode inoculum on fresh weights
of lima bean plants.

Source of variation D.F, Sum of squares Variance F value
Nematode +treatment 2 20,548.36 10,27L.18 320,57
Nutrient treatment 6 486,809 ,26 81,134.88 2531 ,5:%%¢
Nematode X nutrient

interaction 12 9,352.16 779.35 2L .32%
EI’I.'OI' 63 2,018.97 32¢0§ LR )
Toﬁal 83 518’73807; LN N [ R X J

##5ignificant at the 1% point.

nutrition. The first had three levels of nitrogen representing deficient,
optimum and excessive levels. Flanis at the deficient level made signi-
ficantly 1lsss growth and were very yellow and stunted in appearance.
Nematode inoculum produced a marked effect on plants subjected to a
deficient supply of nitrogen, While the 10 egg masses inoculum level
slightly reduced fresh weights of the plants, the 50 egg masses

inoculum level had a highly significant effect in decreasing their

fresh weights. %With the excessive nitrogen treatmsnt, both levels of
inoculum exerted a highly significant decrease in fresh weighis. Data
also indicate that plants which received excessive amounts of nitrogsn
and were inoculated with few egpg mRsses did not differ significantly in
their fresh weights from plants which received complete nutrient
solution, However, with an inoculum of 50 egg masses, fresh weighis

of plants which recelved excessive amounts were greatly reduced asg
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TABLE IV, Fresh weights of 1ima hean plants grown in different nutrient
solutions and inoculated with three levels of nematode egg masses.

Nutrient, treatments Fresh weightst of plants under three levels
of nematode egg masses inoculum
0 10 50
Complete mutrient sol. 197.7 177.7 145.7
Deficient nitrogen sol. L8.2 40.6 2.9
Excessive nitrogen sol. 201.5 179.2 125.8
Deficient phosphorous sol. 11.8 11.2 10.5
Excessive phosphorous sol. 201.h4 1773 1h3.7
Deficient potassium sol. 53.9 27.8 9k
Excessive potassium sol. 200.3 2n3.1 189.7

least significant difference
O.OS asestOessen 8.0

DeDLl coecsssese 10,6

*Basic figures represent average fresh weights in grams of four
replications.
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compared to fresh weights of plants which received the complete nutri-
ent solution. Such findings indlecate that deficisncy of nitrogen as
well as an excessive supply of this element had a marked influence in
increasing susceptibility of 1lima bean plants to nematode infection.
In the second test of this nitrogen experiment serles, a compari-
son of nitrogen as ammonia and as nitrate in relation to nematode
infection was studied. Table V shows response of the host plant under
two nitrogen sources when subjected to nematode infection., Studies
on the rate of nematods reproduction as influenced by the nitrogen
ion are also showin Table V., Tata reveal that differences in fresh
weights between the uninoculated plants supplied with HOB jions and
those supplied with Nﬂh ions were not significant. On the other hand,
there were girnificant differences in the case of inoculated planths.
The difference between NOB and Eﬁh gources of nitrogen was highly
significant when plants were inoculated with 200 egg masseszs. The
number of mature females as well as the number of epg masses produced
per gram of root was found to be greater in plants which rscelved
nitrate nitrogen as comparad to those which received ammonia nitrogen.
Root #all index was also found to be higher in the nitrate treatment
than in the ammonia treatment. Despite the differences in number of
females and egg masses produced under the two *“reatments, rates of
nematode reproduction were equal in both NOB and Nﬁh solutions indi-
cating that at the nutrient concentration used, neither form of
nitrogen had any effect on this phase of nematode development. The
decrease in number of females 2as well as number of egg masses obtained
under the amnmonia nitrogen treatment® was pos?ibly due to the inhibitory

effect of the NH& ions on hatching of eggs used for inoculum. Once



TABIE V. Gffects of nitrogen ions on growth of lima beans and rate of reproduction of Meloidogyme

incognita.

Types of nitrogen

Unit of inoculum Root gall  Plant fresh No, females No, egg Rate of

ions (egg mass) index weight per gram masses reprocduction®
(gm.) root, per gram
root

0 0 207.1 0 0 0
NO 3 50 2.8 160.k 201 9k 0.468
2m L0 10h4.7 168 211 0.450

0 0 200.3 0 0 0
W) 50 240 177.8 1h9 68 0.156
200 3.0 14o.k 236 112 - 0uL7h

Least significant
difference
0.05

0.01

S 0B E DB 0PBLP00DC 0000 00CP0C 0000000 CCSIBCPCEDPCERRPISRORC0 000920000000 CIARCIUIEIOBOIOERICIOORIOITBDTES

17.9 55.7 1.8 0,119
2L .6 7842 20.8 0.167

WNumber of egg masses divided by number of mature females.

g1
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nematodes were able to hateh 2nd infect the host plant they apparently

were able to develop normally within the host tissue,

?e Thosphorous treatment. Phosphorous deficient plants made

greatly reduced growth when compared to plants growing on other nutrient
treatments. Nematode inoculum had no apparent effect on fresh weights
of plants suffering from lack of this element. However, when phos-
phorous was supplied at an excessive level, nematode inoculum showed

a marked effect in reducing fresh weight of plants. Yo significant
difference was obhained between the excessive phosphorous treatment and
the complete nuirient treatment under the three levels of nemsatode

inoculum,

3. Pobtassium ireatment. Under deficient potassium treatment, both

levels of nematode inoculun caused highly significant reductions in
plant growth, On the other hand, under excessive potassium treatment
nematodes produced only a slight response. Apparently the excessive
amount of potassium exerted a beneficial effect upon the plants and
enable them %o make good growth despiie rematode infection. From the
data in Table IV, it is evident that 10 egg masses inoculum had no
significant effect on plants supplied with excessive potassium. ¥With
50 egg masses inoculum, growth of the plants was reduced to some extent
but they were able to maintain growth comparable to that of uninoculated
plants supplied with complete nutrient solution.

Results of this experiment reveal that with deficisnt nutrient
treatments, degree of plant response to nematode infection was greater

under deficient potassium, deficient nitrogen and deficient phosphorous
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treatments respectively. On the obther hand, with excessive nutrient
treatnents, severity of infecthtion was greater under excessive nitrogen,
somewhat less with excessive phosphorous, and least at the excessive
potassium treatment. I% is evident then, that nematode injury was
greatest under pohtassium deficiency and least when potassium was
abundant, The striking effect of potassium nutrition of the hest in
relation %o inf=zction by this nematode, indicated the desirability +o

further inveshtigate this phenomenon,

Potassium Experiment Series

Effects of Potagsium Host Nutrition and Nematode
Inoculum on Flant Growth

From the previous experiments on host nutrition it was obvious
that deficient and excessive nuirients supplied %o host plants affected
the rate and degree of disease development inciited by a root=knot
nematode. Studies of potassium host nutrition and amount of nematode
inoculun were carried out to determine their effects on the degree of
visible symptoms and rate of growth of 1lima bean plants.

Foliape symptoms. Foliape symptoms resulting from deficient,

optimum and excessive potassium treatments combined wlith nematode in-
fection are shown in Figures 2, 3, and L. Two weeks after planting,

gsymptoms of potassium deficiency in treatment K. were begimming to

1
appear. Plants were very stunted, dark green in color and older

leaves showed yellow=green circular areas, Potassium defiecient plants
inoculated with 50 egg masses as well as 200 egg masses did not differ
in their degree of symptoms. They were both very stunted In appearance;

older leaves showed signe of scorching then became yellowish and

finally fell off. Nearly all mature leaves were lost, but the plants
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continued to grow and formed new leaves. Pods in general were small

in size and exhibited chlorotic areas which became brown and dry

(Fig. 5). Plants treated with K2 solution appeared healthy and showed
a normal green color. In this treatment, plants inoculated with 50

egg masses were reduced in silze and their lower leaves became graduvally
vellow and finally dropped. Those inaenlated with 200 egp masses were
stunted and older leaves died prematurely. Pods also showed chlorotic
dry areas, With treatment KB’ although the plants appeared very
similar to those in treatment K,, they were somewhat taller. Inoculum
of 50 egr masses did not appear to have an effect on plants receiving
an excessive potassium supply and those inoculated with 200 egg masses
made good growth despite the higher inoculum level. However, some
basal leaves became yellow and later dropped. No evidence of chlorotic,

dry areas was observed on the pods.

Growth response. As measures of total growth, the fresh weight

per plant and total dry weight per plant were used. These data as well
as those for percentage dry matter for the whole plants are shown in
‘Table VI. Data reveal that growth of uninoculated plants inereased as
the potassium concentration increased from Kl to K2 while treatment K
did not cause a significant increase in either fresh weight or dry
welpght as compared to treatment Kz. Growth of inocculated plants was
significantly reduced as compared to uninoculated plants when the level
of potasgium nutrition was similar bubt growhth of inoculated plants
increased significantly when potassium supnly was increased from K1 to
Ks %o KB' From dry weight data it is also evident that plants in=-

fected with 57 egg masses and supplied with excessive potassium made



TABLE VI.

Total fresh weight, total dry weight and percentage dry
matter of lima bean plants grown at various potassium levels and
inoculated with Meloidogyne incognita.

22

Treatment Total fresh weight  Total dry weight  Percentage dry
(gm. per plant) (gm. per plant) matter

Kl%* 113.2% 22.6 19.9
K2 203.3 38.6 19.0
K3 208.5 39.5 19.0
SOt EMK, 99.5 1949 20,0
50 BMK, 1L7.h 28,0 19.0
50 EMK4 180.5 36.1 20.0
200 =MK, 89.1 16.0 19.0
200 EMKE 100.9 19.1 19,0
200 E%KB 113.0 22.5 20.0
least significant

difference

0.05 9.67 1.82 n.s.

0.01 13.06 2.46 n.s.

Figures represent average weights of four plants.

##Three levels of potassium nutrition.

WRHEM = Fpo masses.
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growth almost equal to the plants in treatment Kg. Percentage dry matter
for the whole plants did not differ significantly among treatments.
Figure 6 shows growth response of the plants on a dry weight basis

under condlitions of this experiment.

Effects of Potassium Host Nutrition and Nematode
Inoculum on Mineral OGontent of the Host Plant

Chlorosis as a result of nematode infection of plants is now a
matter of common knowledge, but the nature of this symptom is not well
understood. Since it seems likely that such chlorosis counld be dus *o
mineral dsficiency the present study was carried out in an attempt to
ascertain the type of such deficiency under controlled plant nutritionzl
conditions. The total amounts of certain mineral elements of uninoculated
and inoculated plants are recorded in Table VII, In general
uninoculated plants contained a higher amount of these elements than
infected plants. In the growth data (Table VI) i+t is shown that between
treatments K2 and K3 there were no significant differences in total dry
weight or fresh weight., A similar situation as far as the amount of
minerals contained in the previous *%wo treatments also existed, except
that potassium content in treatment Kq wasg significantly higher. This
condition indicates what is known as "luxury absorption" when thes con-
tent of potassium in the tissue increases without increase in growth.

On the other hand, the amount of mineral eslements of infected plants usually
increased when potassium concentrations of the nutrient solution in-
creased. Data indicate that infected plants with a relatively moderate
amount of inoculum (50 egg masses) and supplied with excessive pohassium
maintained mineral levels comparable with that of control plants in

treatment Kg. However, with a heavy amount of inoculum (200 egg masses)



TABLE VII.

nematode inoculum levels,

2l

Yineral contents of 1lima bean plants grown in nubtrient
solution with varlations in potassium concentrations and

Treatnent Grams per plant®*
K Ca Mg et Piesst

K, 0.091 2.07 0.320 0.617 0,321
K, 1.118 2.87 0.600 0.881 0.365
X, 1.733 2.91 0.602 0.925 0.392
50 MKy 0.065 1.82 0,283 0.1115 0.21h
50 EMK, 1.039 2.25 0.463 0.540 0.222
51 EMKB 1.250 2.67 0.639 0.752 0.311
200 MKy 0.05L 1.22 0.22h 0.280 0.125
200 EMK, 0.586 1.32 0.250 0.381 0.133
200 EMK 4 0.725 1.93 0.h32 0,652 N.223
Ieast significant

difference

0.05 0.052 0.26 0.048 0,050 0.028

0.01 0.071 .35 n.065 0.070 0.n38

#Based on total grams dry weight as shown in Table VI.

*hg total nitrogen.



the excessive amount of potassium supplied apparently was not enough
to maintain a proper mineral level as compared to control plants,
Differences in absorption of certain mineral elements in the in-
fect=d plants when potassium concentration of the nutrient solution
was increased from optimunm to excessive levels are showm in Table VIII
and are illustrated in Figure 7. It will be noted that as the number
of egg nagses used for inoculum was Iincreased these differences became
progressively less for potassium and greater for the other elements.

Rate of Nematode Reproduction as Affected
by Potassium Nutrition of the Host Plant

Little or no information is avallable regarding influence of
nutrition on reproduction of parasitic nematodes. The present study was
undertaken to investigate the effect of varicus concentrations of
potassium on the production of females and egg masses of the root-knot

nematode, Meloldogyne incognita. Resulhts of this experiment are given

in Table IX. Fxamination of the data reveals that the average increass

in number of females and egg masses was significant with each increase

in concentration of potassium. The mean effect of increase of inoculum
increment wasg likewise highly significant in increasing the number of
females and egg masses produced. Chitwood (!i) has shown that with

certain rooteattacking nematocdes the mean number of females and the

mean number of egg masses produced per unit of inoculum were inversely
proporftional to the amount of inoculum. The present results tend to confirm
this. For each of the optimum and excessive potassium levels it was

found that an increase of egg masses in +he inoenlum usually resulted in a
corresponding significant decrease in number of mature females as well

25 a decrease in number of egg masses produced on the test plants per
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TABLE VIII. Differences in absorphtion of certain mineral elements by
plants infected with Meloidogyne incognita when potassium supply
of the host increased from optlmum 4o excessive levels,

Units of nematode Difference in absorphtion® of mineral
incculum elements between +treatments K, and K?
(egg massas) -
K Ca Mo ] P

0 0.615 0,00} 0.002 0.0hk 0.027

50 0.211 0,042 Ne172 0.212 0.089

206 0,139 Nn,061 04180 0,271 0.090

*irams per plant.

unit of incculum. However, in the case of deficient potassiun level
this relationship was only slightly evident. This indicates that the
number of egg masses produced per unit of inoculum may.be inflvuenced by
the amount of potassium avallable.

Reproductive activities of the nematodes may be limited more by
availability of potasgsium than by amount of root space available to the
nematode. When potassium was low an average of five egg masses was
produced per unit of inoculum and the mean root weight per plant was
12 gm. Vhen the level of potassium was optimum the mean number of egg
magses produced per unit of inoculum was 30 or six times as great as
tha* of the low potsssium level, while the average root weight was 27
gm. or only slightly more than double the root weight for the low
potassium lsvel. When polassium level was excessive the mean number of
egg masses produced per unit of inoculum was 32 and the root weight
was 21 gm., indicating tha%t an increase in potasgsium from optimum to

excessive had little effect on the corresponding root weipght and number



TABLE IX. Relationship of potagsium nutrition and amount of inoculum to rate of reproduction of
Meloidogyne incognita in infected roots of 1lima bean plants,

¥ean no, females Yean no. egg masses
Potassium Units of Mean Mean per gm. per per unit* per gm. per per unitiet  tMean rateXin
level inoculum root~ root root plant inoculum root, plant inoculum of
(ege gall weight reproduction
masses) index (gm.)

Kl 50 3.2 9.2 117 108} 22 20 200 i 0,168

200 3.8  15.0 b 3675 18 83 1229 & 0.33%

K? 50 2,7 32.5 126 79 82 5L 1665 32 n,028

200 o 23,1 36 8n3l e 196 156k 20 0.568

K3 50 3.0 21.2 158 3330 67 108 2281 L5 0688

200 L0 o 21.1 361 7668 39 186 396) 20 0.5

20890005 LIRS0 GINRE ORS00 PRI EOP D000t EPRREDLIICEBINDLESLIEICPIPERCEPICIORISNEIERIRRSOIOROICEROETBTBTOISEOILOEODRTOEES

leasgt sienificant

difference
05 5.8 16.9 5890 1n.6 13.7 05,8 57 0.173
01 7.8 23.2  807,8 1.6 18.8 119.3 7.9 N.236

*Females per plant divided by egg masses in inoculum,
Hge masses per plant divided by epg masses in inoculum.

#Number of egg masses divided by number of mature females.

L2
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of egg masses produced per unit of inoculum. Thus while roo% weight
increaseaby a factor of two from K1 to K2 and K3 levels the number of
egg masses produced per unit of inoculum increases by the factor of six.
These da*a indicate that the maximum number of females which the roots
supported under the optimum and excessive potagsium levels of *his
experiment was in the vicinity of 350 females per gram of root. Vhen
roots were infected to that extent the rate of reproduction was about
0.,5. Plants inoculated with 20" egg masses and given the excessive
level of potassium did not support a greater number of females and egg
masses than such plants receiving the optimum level of potassium.
Similar results were evident in the comparison of root gall indices

of these plants, Such failure was at*ributed to the effects of over=-
crowding. ‘When roots were not heavily infected, as in the case of
plants receiving 50 units of inoculum, the number of egg masses per
gram of rooh increased with the increase in potassium level. Rate of
reproduction also increased significantly as the levels of pohtassium
increased. Among plants receiving a relatively low amount of inoculun,
rates of reproduction were apparently limited by the amount of potassium
available, as indicated by the highly significant differences hetwsen
treatments, On the other hand, with higher amounits of nematede inocu-
lum an increase in potassium correspondingly increased the rate of
reprocduction up to a certain point between that produced by the K2 and
KB levels. Thus it ssems that rates of reproduction of nematodes anmong
plants receiving higher inoculum and treated with higher potassium
concentrations are correlated with the amount of root available and
with competition between nematodes for root space rather than with the

amount of potassium available,



Developnent Time of the Nematode within Root Tissue
of the Host, Plant, a as Affeoﬁediyz'varia+ions in the
Amount of Potassium Supplied Lo Hosth

Host-paresite relationships of M. incognita were determined pri-
marily by effocts of the parasite on the host and effects of the host
on the parasite., Fffects of the host on the parasite"iecome manifest
in various ways, e.g., by the rate at which the nematodes develop, by
the extent to which they develop, by the percentage of females that
reach maturity and byAthe number of aggs deposited by these females.
However, host=parasite interactions cannot be separated from the inter-
play of the environmental factors upon them. Temperature in this
respeet sesms %o be the most important factors On the other hand, plant
nutrition, as a major environmental factor, has not been studied ex-
tensively but it is one which deserves much more considerstion. For
this reason, an experiment to determine influence of various levels of
potassium host nutrition on development of a3 root-knot nematode was
studied. Results are shown in Table X. Tevelopment of the parasite
wag slower in lima bean plants receiving a deficlent potasslium nuirition
level than in plants receiving either optimum or excessive potassium
leve!s. ¥hile the period that elapsed from the time of incculation
until the parasites developed through stages A, B and C (Figs. 11, 12,
and 13) was approximately identical in the threc nubrient treatments,
the period required for further development was considerably influenced
by nutrition of %the host plant. Rematodes reached full growth (stage D)
after 1%, 1€, and 12 days from the time of inoculation under deficient,
optimum and excessive potassium treabtments respectively. The period
required for egp deposition was also considerably affected by varlations

in the levels of potassium supplied %o host. In this respect the time



TABLE X. Development time of the root-knot nematode, Yeloidogyne incopnita, in 1ima bean plants
supplied with deficient, optimum and excessive potassium nutrient levels.

Mumber of parasites in eaeh group
Number of days Defieisnt K Optimum K Excessive K

after inoculation A B e D B3t A B ¢ I 7 A B o T o
L 100 0 0 n y 100 n n 0 n 100 0 0 0 n
6 97 3 0o 0 0 93 7 o0 0 N 87 13 0 0 0
3 83 17 o o 0 f2 18 a0 0 77 23 6 0o 0

10 7 23 0 0o 0 /s 0 0 N0 3 82 13 0 N0
12 66 20 h 0 0 17 7% 8 0 0 7 68 15 1 n
1 1 k7 12 o o 15 63 22 o o 38 W 1 0
16 29 LT 24 3 0 11 N 52 6 n o 22 2 23 1n
18 16 L2 38 L 0 8 21 64 7 n n 0o 17 L
20 16 3 52 9 0 5 ¥ 66 13 n 0 0 327 70
22 12 19 5 1h 0 N 12 6% 19 0 0 0 n 6 94
2l 9 21 5 19 0 n 5 L7 28 20

26 Yol o8 28 o N1 3y 8

26 1 1 5 27 n o0 3 12 B

30 "9 4B 31 0 S N o B 8 92

3?2 D5 65 IO n 0D 0o 2 o8

3l 0 2 sk L2 n

36 N noohe 61 0

b ~o0 32 68 0

LN n no28 70 2

L2 o o 28 67 5

Lh 8 019 70 1

Wh n o0 11 Sk 35

e 0 0 ¢ 55 b

50 n n 5 L 81

52 ook 37 59

ok 0 0 o 12 8t

*Letters refer to developmental stages of the nematode as illustrated in Figures 11, 12, 13, 1k, and 15,

9
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that elapsed from stage D in which the females are fully grown (Fig. 1L)
to stage © in which eggs are deposited (Fig. 15), was 22, 8 and L days
under deficient, optimum and excessive levels of potassium respechtively.
It is evident from the preceeding data that the number of parasites
which reached each stage of development was greater in planis receiving
excessive and opiimum potassium treatments than the number in plants
receiving the deficient potassium treatmentjffﬁowever, no differences
were notleced in the sigzes of the parasites under these conditions.
Table XI is a condensed comparison of lengths of time required for
developmental stages of the nematode in lima bean plants supplisd with
three different levels of potassium concentrations. I% is eviden®
that the pgreatest difference between the three nutritional treatments
1ieg in their influence on lenghth of time required for development
from the mature female (stage D) to eggelaying {stage ©), The first
eggs were not observed until about L0 days from the time of inocu=-
lation in deficient potassium series, 2L days in the optimum potassium
series, and 16 days in the excessive potassium series. Such findings
indicate that potassium host muitrition is of considerable importance

in determining development +time of this root-kno' nematode.
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TABIE XI. Comparative development times of the roo#=knot nematode,
Moloidogyne incognita, as influenced by variations in the amount
of potassium supplied to +he host plant.

~Period of development in days

Stages of development
Deficient X  Optimum X  Fxcessive K

From stage A to stage B 6 6 6
From stage B to stage C 6 6 L
From stage C to stage D € L 2
From stage D to stage E 22 8 L

Egg production from time
of inoculation

First females depositing eggs LD 2), 16
504 of females depositing eggs 50 26 20

85% of females depositing eggs 5L 30 22




DISCUSSION

The subject of plant nutrition in relation to diseases incited by
nematodes has recelved little atbention but is one which deserves much

more consideration. Root=kno® nematodes, Meloidogyne spp. are obligate

parasites and their mode of parasitism requires a living tissue *o
secure an adequate food supply in order to complete their life cycle.
The nature of substances necessary for their growth and development
are not known since it has not been possible 4o cultivate them arti-
ficially on nutrient media. However, their behavior in this respect
can be observed as influenced by nutrition of their hosts. Since field
fertilizer experiments sre subjected to many microclimatic factors,
it is diffiecult therefore to distingnish between such factors and the
nutritional effects on the course of disease development. By growing
infected plants in nutrient solutions, an approach to basic nubtrient
requirements of the host as well as the pathogen was provided.

The information presenited in these studies indicates clearly that
the +types and amounts of nutrients supplied *to host plants are important
factors in predisposing plants to nematode injury and in determining
the degree of disease development., Thers was a wide difference in the
degree of susceptibility of plants to nematode infection in the
deficient nitrogen, phosphorous and po*assium series even though all
of the plants showed reduced vigor. Nematode injury was pronounced
particularly in the potassium deficient plants. In contrast to these,
it was noticed that enhanced growth which resulted from an exira
supply of nitrogen also promoted developmen® of root knot. This is

probably dve to the fact that oversupply of nitrogen will result in
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feeding the parasites on more succulent roots so they are well
nourished and reproduce better. In this connection a gquestion was
raised as ho whether nitrogen as ammonia or as nitrate might affect
the course of disease development. In general amonia decreased
the amount of nematode injury as well as the number of females and egg
magses produced on infected roots. The rate of nematode reproduction,
however, was equal in both nitrate and ammonia treatments indicating
that development of the parasite within root tissues was independent
of the two types of nitrogen ions. FExcessive application of phosphorouvs
showed no beneficial effect.

Potassium apparently plays a very important role in the response

of 1ima bean plants to infection by Yeloidogyne incognita. Infected

plants were found to be lower in nitrogen, phosphorous, calcium and
magnesium and considerably lower in pohtassium when compared %o healthy
plants. When potassium was supplied a% an excessive level, infected
plants made almost normal growth and maintained mineral levels comparable
to uninoculated plants. Rate of mineral absorption was affecied by
presence of nematodes in the roots. Differences in relative absorption
of these elements when potassium supply of the host was increased from
an optimm %o an excessive level reveal that when there was no nematode
infection potassium absorption increased while absorption of the other
elements did not significantly increase. This condition which is

known as "luxury absorption" occcurs when the amount of potassium in

the *tissue increases without increase in total growth. This condition
was altered when nematodes were introduced to plants, as an increase

in nemateodes inoculum correspondingly decreased potassium absorphtion

while the absorption of other elements was relatively increased.
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Since Meloidogyme incognita has not been grown in pure culture it is

not easy to determine whether potassium affected the parasite directly,
but in view of the host chemical analysis and the fact that potassium
deficiency markedly increased nematode injury, i* may be possible to
postulate that this element is necessary for growth and development

of the parasite as well as for ithe host.

I+ has been reported that development of root=knot nematodes is
influenced mainly by temperature and type of host plant. Upon the
basis of the data obtained in the present investigation it was possible
to demonstrate that the nutritional status of the host also plays an
important role in influencing the length of nematode life eycle. The
1ife cycle is usually considered to be the time that has elapsed from
a newly deposited egg through maturity of the adult to the first
ceposition of eggs. But as is well known larvae of roote=knot nematodes
are capable of remaining in soil in their second stage for an indefinite
period, and do not develop further until they enter a root. The actual
length of 1life cycle, therefore, may vary from a few days to several
months under field conditions. I% is of more practical significance to
consider the time from entry of the root *o egg production. This might
be called the "development time" of rooht=knot nematodes. In this
respech, potassium nutrition of the host showed that the length of time
required for development of this nematode from +the fully grown female
stage to the egg-laying stage and the time required for egg depogsition
decreased as amount of potassium increased. The rate of nematode re-
production was correspondingly increased when the potassium supply
increased. Increased injury will result when the time required for

nematode develorment increases since the parasite will continue to feed
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to secure iits necessary supply of potassium from *the host tissue.
Thus it seems 1likely tha’ plants deficient in potassium may be more
severely injured by root-knot than plants growing on higher levels of
this element.

The beneficial effect of potassium fertilizers 1s still in dispute.
It has been claimed by Bessey (2) that potassium may increase the
resisting power of the plant against the entrance of the nematode into
the roots. According %o the present findings, nematodes were able to
enter plants regardless of the nutritional status. As a matter of fach
they were able to increase in number and reproduce faster under high
potassivm lavels., Thus, heavy application of potassium is likely to
promote the building up and maintenance of nematode populations., A%
the same time, such excessive application protscts the plant to some
extent from nematode injury. A possible explanation to this condition,
is that a considerable amoun®t of this elesment is required for nutrition
and egg production of this nematode, as well as being an important
mineral element for growth of the host plant.

It seems apparent that presence of nematodes affect nutrition of
the host plant. These effects may be due o the fact that: (1) Root
systens of plantg infected by root~knot nematodes are much reduced and
therefore absorb nutrients from a smaller volume of geil than the roots
of healthy plants. (2) The galls produced by nematodes involve vascu~-
lar tissue of the roots and thus interfere with translocation of
nutrients., {3) Because of the interference of the nematodes with the
root system the methabolic activities of the plants could conceivably
be altered. (1) Possibly the differential absorption of potassium shown

by the plants was due in some degree to the use of this element by
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nematodes for their nutrition and egg production. As a8 result any
marked disturbance of host metabolism by mineral deficiency might
affect the relationship with the parasite in such a way as to increase
the competition for elaborated food and perhaps for mineral nutrients.
Explanation then of the disturbing changes in plant nutrition as a
result of nematode infeetion can result in much controveisy. This
subject of plant nutrition in relation to nematode diseasss is much

too embryonic to permit generalizations. Until some time when complete
nutrition of the plant and the nematode are both better undersiood no

single interrelationship can be fully understood.



SUWARY

Henderson lima bean plants were grown in sand culture inoculated

with the root~knot nematode, Meloidogyne incognita. Effects of a com=-

plete nutrient solution, deficient solutions of nitrogen, phosphorous
and potassium as well as excessive solutions of these three elements
vere studied. Results showed a wide difference in the degree of suscept-
ibility of plants to nematode infection in the deficient nitrogen,
phosphorous and potagsium series even though all the plants showed re-
duced vigor., Nematode injury was pronounnced particularly in plants
deficien® in potassiun. T%xcessive nitrogen promoted development of
root=knot symptoms. LExcessive phosphorous showed no effect. Txcessive
potassiun apparently plays an ilmportant role in the response of lima
bean plants to nematode infection. Chemieal analysis showed that
infected plants had lower N, P, Ca, Mg, and considerably lower K cone-
tents as compared to healthy plants. When potassium was supplied in
an excessive level infected plants made almost normal growbh and
maintained mineral levels comparable to control plants. Studies on the
effect of potassium nutrition of the host on development of the parasite
indicate that the length of time elapsed from inoculation to egg
deposition was L0, 2L and 16 days in the deficient, optimum and exces-
sive potagssium series respectivsly. Rate of nematode reproduction was
also increased correspondingly with potassium supply. Thus it appears,
that heavy application of potadgsium favors rapid development and repro-
duction of the nematode, and at the same time protects the plants to

some exhent from nematode injury. Thus it appears that a considerable



amount of potassium is required for nutrition and egg production of
this nematode, as well as for the growth of the plant. Hence,
potassium applications to plants growing in nematode infested scils
would increase plant growth, provided the soll is deficient in this
element. Unfortunately, such treatment will alsc serve to promote

increase of the root-knot nematode population.,
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Figure 1. Effects of variocus lewvels of rutrient treatments on
frosh weights of lima bean plants infected with eloldogyme




Pigure 2. Lima bean plants grown in a deficient potasseiunm
solution and inoculated with three levels of egg rmsses

of M. incognita.

Figure 3. Lima bean planis grown in a complete nutrient
golution and inoculated with three levels of egg masses

of 4. incognita.

Figure L. Lima bean plants grown in an excessive potassium
solntion and inoculated with three levels of egg masses

of . incognita.
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Figure 5. Healthy pods of lima bean plants as compared to
thone exhibiting potassium deficiency as a result of
heavy nematode inoculum, MNotice the chlorotie, dry

digecolomtion areas along the pods.






Figure 6. Effects of deficlent, optimum and excesslve
potaasium levels on dry weights of lima bean planie
inoculated with three leyels of egg msass of

K,= deficient potassium level; K2=
approximately optimum potassium level; K3= excessive

level of potassium.
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Figure 7. Differential absorption of certain mineral elements
by lims bean plants infected with thres levels of egg
msses of M. iAncognits when potassium supply of the host
increased from optimm ¢to excessive levels.
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Pigure 8. Effest of potassium supply on the musber of females
per gram of root of infected lime bean plants under two
anits of inoculws.
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Figure $. Effect of potassiunm supply on the nusmber of egp
mmsges per granr of root of infeclted lima bhean plants
wnder two unite of incculum,.
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Flgure 10. ZEffect of potassium supply on the rate of repro-

duction of the nematode He ; ita, Rate of reproduction

is determined by dividing the number of egg masses by the

number of mature females.
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Figure 1l. Teovelopment of the root-imot nematode . incosnita
within the root tissue of 1lim bhean plante.
“tage A - Includes layvae from the sbtare vhers they have
o B prow to the stare vwhere thay etill possass a

more or lsgs conical +vaild,
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Figure 1L, Tewvelopuent of the roct-inot nematode 4. incognita
within the woot +tissue of 1ims boan plants.
Stage T = Includes fommlos that nre fully crown or almosh

0ty erorm bnt have not yed laid esgs.
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Figure 15. levelopment of the root-knot memetode M. incogr
within the root tiseue of lima bean plants.
Stage £ == Includes egg-laying femles,
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