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ABSTRACT

The movement of exogenous radioactive indoleacetic 
acid (1AA) and tryptophan in cotton and tomato plants 
infected with Meloidoqyne incognita Chit, was followed by 
radioautographs and liquid scintillation assays. The 
nematode infected plants had more radioactive IAA and 
tryptophan translocated to the roots than the control plants. 
The radioactive growth regulators were extracted and 
partially purified. Paper chromatography, ultraviolet and 
infrared spectrophotometry studies indicated that both 
radioactive IAA and tryptophan had been changed into a 
compound similar to IAA.

Maleic acid hydrazide (MAH), a known antiauxin, was 
applied to root-knot infected plants, both as a foliar spray 
or as a soil drench. The soil drench treatment was more 
inhibitory to gall and nematode development than the foliar 
treatments. Syncytia were reduced in size by the soil drench 
treatment and the number of nuclei was also reduced in the 
MAH treated plants. The total number of galls was reduced by 
the soil drench treatments. Foliar applications of MAH also 
curtailed nematode development and gall formation, but the 
curtailment was less than that observed in the soil drench 
treatments.

vii



INTRODUCTION

Nematodes in the genus Meloidocryne cause galls on a 
wide variety of host plants. These galls form as a result 
of hypertrophic and hyperplastic reactions of the host's 
tissue surrounding the nematode. The above ground symptoms 
expressed, by the host .infected with root—knot galls are 
similar to those caused by other root diseases; stunting, 
loss of yield, reduction in quality, incipient wilting, and 
nutrient deficiency symptoms (35).

The stimuli responsible in gall formation are 
unknown, but root-knot nematode secretions appear to be 
involved. Plant growth regulators have been associated with 
gall formation and according to Sayre (31) indoleacetic acid 
(lAJV) is responsible for galls. Although IAA has been 
associated with their formation, it has not been shown 
conclusively that it is responsible for gall development.

This study was undertaken to show movement of radio
active I&A and tryptophan in plants infected with M.

1 ' incognita Chitwood . Experiments were initiated using
14 14C-IAA and 3- C-tryptophan as tracers and their movement
was followed in infected plants to determine if the

1. Formerly M. incognita acrita Chitwood.
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radioactive materials would be directed to infected roots. 
By this use of labeled compounds, it was also possible to 
determine if chemical changes occurred in the IAA and 
tryptophan.

One technique of understanding a normal plant 
system is to alter it by removing a part of the system and 
then observing its operation without that part. An 
additional study was undertaken using this principle. An 
antiauxin, maleic acid hydrazide, was used to determine the 
effect of denying normal endogenous auxins to the infected 
plants and observing the host-parasite relationship in this 
abnormal situation.



LITERATURE REVIEW

Certain plant parasitic nematodes induce changes 
in the growth patterns of their hosts. Seed gall formation 
by Anguina tritici (Steinbach) Filipjev/ the stunting and 
galling of alfalfa stems by Ditylenchus dipsaci (Kuhn) 
Filipjev, and the galling of cotton roots by Meloidogyne 
species differ from those caused by insects, bacteria, and 
fungi ,because they contain certain specialized.cells called 
giant cells or syncytia (9, 35), These are large, thick- 
walled and multi?-nucleated cells (9, 35), .

The infective second stage larvae penetrate the 
host at Or near the root tip and migrate through the cortex 
intercellularly or, in some cases, infracellularly resulting 
in cell destruction (8, 17, 20, 33), They migrate to the 
region of differentiating vascular tissue and lie parallel 
to the long axis of the root with their heads in the peri- 
cycle (9, 35)„

The initial host reaction to penetration and 
migration is hypertrophy of the cortical cells. This 
reaction takes place within 24 hours after penetration and 
may occur in cells not directly contacted by the nematode 
( 9) ,

3



4
When the nematode has ceased its migration, it 

begins to feed on the cells surrounding its head (9, 11). 
These cells are the precursor cells of the syncytia. Their 
formation is the result of cell wall breakdown and the 
coalescence of the cytoplasm of these cells to form a giant 
cell (4, 15). A mature gall has three to six giant cells. 
Nematode presence is required for giant cell maintenance .
(5).

The giant cells, in addition to being large and 
thick walled, have many mitochondria, proplastids, golgi 
bodies, a dense endoplasmic reticulum, and cytoplasm similar 
to meristematic cells in interphase (15, 18).
.... Chemically the giant cells also differ from normal

cells. The cell walls of giant cells have cellulose and 
pectin, but lack lignin, suberin, starch, and ninhydrin 
positive substances (14). The level of starch in giant cells 
is reduced, but the levels of proteins and free amino acids 
are increased compared to noninfected cells (24, 26).

The reduction of starch has also been noted in 
other nematode infected tissue and fungal infected tissue 
and may be related to the plant growth regulators. Kinetins 
and giberellins have been shown to stimulate amylase 
activity which results in starch reduction (1, 7).

The high level of free amino acids may be the result 
of proteolytic enzymes secreted by the nematode (24). These



free amino acids may be used by the nematode.as food or, as 
shall be seen later, utilized in gall formation.

Gall, formation is a separate reaction of the host 
to Meloidoqyne infection and is the result of hypertrophic 
and hyperplastic reactions of the cortical cells surrounding 
the nematode (9, 35).

The mechanism of gall formation is unknown, but 
evidence indicates that plant growth regulators may be 
responsible. Goodey (16) was the first to suggest that 
regulators were responsible for galls in nematode infections. 
He also noted the similarity between nematode induced galls 
and galls induced.by auxin applications.

Associations have been shown between nematode 
infections and plant growth regulators. Webster and. Lowe

/(38) induced D. dipsaci and Aphelenchoides ritzembosi 
reproduction on resistant callus tissue by 2,4-dichloro- 
phenoxyacetic acid (2,4~D) treatments. Webster (37) 
enhanced infection of oats with D. dipsaci by 2,4-D treat
ment.

There has been evidence linking Meioidogyne 
infection and auxins. Sandstedt and Schuster (29) showed 
enhancement of infection of excise tobacco with exogenous 
applications of IAA and Kinetin. In another paper they (30) 
tried to show the involvement of IAA in gall formation on 
excised tobacco stems ° indoleacetic acid enhanced infection.
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Auxin or auxin-like compounds have been isolated 

from galls (2, 5, 32, 39)0 There is other evidence, of an 
indirect nature, in which anti-auxins have been applied to 
plants, and inhibition of both gall formation and nematode 
development has been observed (10, 11, 25, 27)„

There are two proposed mechanisms showing auxin 
involvement in gall formation^ Viglierchio and Yu (36) 
proposed that the nematode secretes the auxins along with an 
auxin inhibitor. This could explain why there is a varia
tion in gall size in different nematode species. However,
Bird (6) was unable to recover measurable amounts of 
regulators from Meloidogyne larvae exudates, Also,
Sandstedt and Schuster (29) found that M, incognita did not 
secrete auxin and cytokinins in detectable amounts, when 
grown in tobacco pith,

Sayre (31) suggested a possible mechanism involving 
IAA in gall formation. He suggested that, when a larva 
enters a root, it may secrete a proteolytic enzyme which 
could release amino acids used for its growth and development. 
This enzyme might also release IAA from the lAA-protein 
complex (20), Indoleacetic acid may also be formed from 
the conversion of free tryptophan, that could result from 
the activity of the nematode * s enzyme upon structural
protein. Via the tryptophan — —  indolepypuric acid ---
indoleacetaldehyde ---  IAA sequence, the tryptophan could
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be converted into IAA by the plant (20), The resultant high 
level of IAA in the tissue surrounding the nematode would 
be able to stimulate overgrowths in the region of elongation, 
producing galls (35),

Sandstedt and Schuster (30) believed that the 
nematode prevents normal movement of auxins out of roots 
and that this is responsible for excessive auxins, It may 
be that as the auxins in the roots are used, the cells in 
the roots are stimulated to synthesize more auxins which 
move to the galls. This would result in excessive levels 
of auxins around the galls,

Setty and Wheeler (33) proposed that the larvae 
. cause plant proteins to breakdown thus releasing tryptophan. 
The tryptophan then reacts with endogenous phenolic acid 
to form auxins.

There is a similarity between the reactions of plant, 
tissue to nematode infection and to excessive auxin levels. 
Both stop root elongation, cause swelling of the root just 
behind the apical meristem, cause curvature and proliferation 
of roots, and both are inhibited by maleic acid hydrazide 
(31),

Previous radioactive tracer work in hematology has 
been limited to proof of parasitism, mineral mobilization, 
migration studies, and uptake studies (12, 23, 34),



MATERIALS AMD METHODS

Meloidocryne Incognita, which had been isolated from 
infected cotton plants growing near Yuma, Arizona, were 
used in all the experiments as inoculum. They were main
tained and increased upon Lycopersicum esculentum Mill. var.
Bonnie Best. The galled tomato roots were removed from the
soil and rinsed in tap water, then placed in a chamber 
under intermittent misting. At twenty-four hour intervals 
the water was screened for larvae. This extracting process 
was initiated each time larvae were needed and provided 
sufficient nematodes for the various experiments.

To determine if exogenous radioactive IAA would be
/

directed to the infected roots, split-root cotton plants 
were used. By using the split-root technique, it was 
possible to show the translocation or direction of the 
~C—IAA to the. infected roots.

Gossypium hirsutum (L.) var. Deltapine seeds were 
germinated in flats filled with vermiculite and grown to 
the first true leaf stage, at which time they were removed 
and the roots washed with tap water.

The tap roots were split by cutting from five 
centimeters above the crown down as far as possible with a

8



flamed razor blade-(3)« Lateral roots were removed to
equalize the number of roots on both halves. A commercial
rooting powder, Rootone^, was dusted on the cut surfaces,
and the plants potted into two six inch pots, which had been
taped together (Fig. 1). A heat sterilized soil mixture of
two parts sand and one part c1ay-loam was used in all the
experiments. To prevent Rhizoctonia infection, vermiculite

2saturated with a commercial fungicide, Orthocide 50 , was 
packed around the exposed cut areas above the soil line. 
Wilting was minimized by placing plastic bags over the 
plants for one to two weeks.

When the cut surface had callused, indicating 
healing, one root system of the plant was inoculated with 
M. incognita larvae. To insure there would be galls at 
different stages of development, the soil was infected once 
every seven days for five weeks with 7,000 1 ar.vae/week/pot. 
Three replications, each of which contained four plants, were 
infected, and one replication of four plants served as a 
control.

]AOne hundred microcuries of 2- *C-IAA.was obtained 
from New England Nuclear Corp., Boston, Mass., in. a liquid

1. Rootone: Haphthylacetamide „067%, 2-Methyl-l- 
naphthylacetic acid .033%, e-Methyl-1-naphthylacetamide
. 013%, indOle-*3-butyric acid . 05 7%. Thiram as a fungicide 
4.0% and inert 95.830%.

2. Orthocide 50: 50% active Captan (N- (hrichloro-
methyl)thio-4-cyclohexehe-l,2-dicarboximide at one teaspoon/ 
gallon water.



Fig. 1. Cotton plant with split roots.



form consisting of 1.75-mgIAA in ,425 ml of acetonitrile„ 
This was diluted with 1,525 ml of sterile distilled water 
to provide a specific activity of 1 uc/,02 ml solution.

Five weeks after the soil was first infested with
the nematodes, the plants were treated with "C-IAA, One
microcurie Of the material was dispensed from a 0,2 ml 
capacity Micrometer buret on an older leaf and the drop 
spread over the entire surface. The treated leaf was marked 
with a paper tag for later identification.

Five days after treatment the plants were harvested. 
Six of the infected plants and two of the four control 
plants were prepared for radioautographs. The root Systems
of the remaining six infected and two control plants were

' o -weighed and stored at -30 C until analyzed.
The plants to be radioautographed were prepared by

cutting the stems into three inch lengths, with the roots 
left intact. The sections were placed in a plant press to 
dry for one week. After drying they were glued onto a 10 x 
12 inch piece of heavy paper and held, under pressure until 
the glue dried. The paper was then placed in a Kodak X-ray 
Exposure holder with Kodak Royal Blue X-ray film for 
fourteen days in a dark cabinet. The films were developed 
by standard Dektol developer.

To determine if the results of the cotton experiment 
would be valid for another host/ tomato plants, of the



variety Bonnie Best, were tested. However, the plant roots 
were left intact to determine movement in a normal root 
system, thus the roots were not split. The same objective 
as in the cotton study was applied to this experiment.

Bonnie Best tomato seeds were germinated and trans
planted into four inch plastic pots, one plant/pot, one week 
after germination. There were four replications of seven 
plants/replicate. Four plants of each replicate were test 
plants, and three plants were control.

The soil containing the test plants was infested 
with 10,000 larvae/week/j)ot for four weeks. Four weeks 
following the initial infestation of nematodes, one jac of 
"^C-IAA was applied to an older leaf of each of the plants
as described in the cotton study.

. ' ■ ■ ■ - - ' / Five days after the auxin treatment, the plants '
were harvested. Eight of the test plants and four of the
control plants were radioautographed as previously described

oThe remaining plant roots were weighed and stored at -30 C.
To determine if Sayre's hypothesis that tryptophan 

is a source of IAA found in gall formation, radioactive 
tryptophan was utilized in an experiment to show what 
changes, might occur to exogenous tryptophan.

Three week old Bonnie Best tomato plants were soil 
infested with 10,000 larvae/week/pot for four weeks. Four
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replications of three plants/replicate were inoculated and 
six plants served as controlse

Twenty uc of 3-^C-tryptophan was obtained from 
Calbiochem, Los Angeles, in crystalline form and was 
dissolved in 2 ml of 95% ethanol to provide a specific 
activity of Inc/,05 ml of solution. Each plant received 
1 .uc as previously described. Six of the infected plants 
and three of the control plants were radioautographed and 
the remaining plant roots were stored as previously 
described.

Equal weights of the infected, non-infected, and 
control frozen roots were ground separately in a Waring 
blender. The roots were further homogenized in a mortar 
and pestle. The roots were placed in a glass jar with cold 
ethyl ether and stored in a refrigerator: for twenty-four 
hours. The ether was decanted and the roots rinsed in fresh 
ether. The two ether aliquots were combined and taken to 
dryness. The residue was redissolved in five ml of methanol, 
and fifty microliters of this solution were spotted on 6^ x 
73=g inch strips of Whatman Ho, 1 chromatograph paper. 
Development was done by ascending chromatography with fifty 
ml of isdpropanol:ammonia:water (8:1:1) in a % gallon Kerr 
self-sealing Mason jar. The jar was sealed and allowed to 
stand until the solvent front moved up ten cm, at which time



14
the paper was removed and air dried. Indole products were 
detected by spraying the paper with Ehrlich’s solution and 
heating at 110°C for one to two minutes.

The crude extracts were partially purified by an 
extraction technique selective for indoles (18). Two ml of 
the methanol solution were taken to dryness and then the 
residue was transferred to a 125 ml separatory funnel and. 
mixed with equal volumes of and IN NĤ tiH. After
separation the NH^OH layer was acidified to pH 3 with cone. 
HC1 and again extracted with CH^Clg. The HH^OH layer was 
separated and the CHgClg layer extracted with 2% Na HCOg 
(Fig. 2). The resulting aliquots were "the first 
acidified NH^OH layer, and NaHCOg layer. These layers were 
chromatographed as previously described.

To determine if the components in the acidified 
NH^OH layer of the three infected root samples were radio
active, fifty ,ul of each were spotted on a sheet of 
chromatography paper along with twenty-five jul of authentic 
^C-IAA and processed as before. The ^^C-IAA would give, 
in this study, its highest concentration of radioactivity 
at the Rf of IAA and could be used as a reference point for 
the spots of the acidified NH^OH layers. The individual 
columns, from solvent front (top of column) to origin 
(bottom of column) and width equaling the spread of the
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Extract
Taken to dryness and 
partitioned with 
CH2C12 and NH^OH (1:1)

NH40H Layer
1st CH9C1 
layer

CH2C 1 2 layer

Take to pH3 with HC1 
and partition with
CH2C12
______ Acidified NH^OH layer

Add NaHC03

__________CH2C12 layer (Disgard)
NaHCO3 layer

Fig. 2. Extraction process used to partially purify 
the crude extracts.
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14origin, of the layers and C-IAA, were cut into sections 

2of one cm and these sections placed in vials containing 
liquid scintillation solution and assayed for radioactivity 
on a Nuclear Chicago Lad Scintillation counter.

It should be noted that the results of this study 
are in counts per minute, not desintegrations per minute, 
and therefore are relative counts.

The compounds which gave spots in the chromatograph 
of the a.cidified NH^OH layer of the three samples were 
further purified for ultraviolet and infrared spectrophoto
metry in order to make tentative identification of the 
compound. They were purified by, streaking three hundred jal 
of the acidified NH.OH layers on chromatography papers.with 
a twenty-five ,ul spot of IAA. The sheets were developed as 
before. To get the position of the spots without spraying
with Ehrlich’s solution, sections containing TAA were cut

*
off and sprayed with Ehrlich's solution. By then placing 
these adjacent to the unsprayed portion the position of the 
compound was located. The area containing the compound was 
cut out and eluted by placing the paper in cold ether. The 
ether was divided into two equal aliquots and taken to 
dryness. One aliquot was redissolved in two ml of 95% 
ethanol, the other with 0.25 ml of chloroform.

The ethanol aliquot containing the radioactive 
compound of the cotton extract was analyzed on a Cary Model
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14 Recording Ultraviolet spectrophotometer. Ethanol 
.aliquots containing the compounds of the tomato IAA and 
tryptophan studies were analyzed on a Beckman UV spectro
photometer Model Dur. Infrared spectrum (IR) of the 
chloroform aliquot of the cotton extract was made on a 
Perkin-Elmer Infracord.

The acidified NH^OH layer of the cotton sample was 
chromatographed on silica gel and developed with butanol: 
glacial acetic acid water (3:1:1). This was sprayed with 
Ehrlich1s solution.

Crude extracts, where available, and acidified 
NH^QH extracts were assayed for radioactivity by liquid 
scintillation to support the data obtained from the radio
autographs. The aqueous materials were prepared by adding 
two ml of 100% ethanol to thirteen ml of standard 
scintillation solution and adding fifty jal of the acidified 
NH^OH into this fluid mixture (8).

It is possible to reduce the normal level of auxins 
in plants by using anti-auxins. Maleic acid hydrazide 
(MAH), an anti-auxin, was used to show what effect elimina
tion of endogenous auxins has Upon gall and nematode 
development.

Bonnie Best tomato plants were transplanted to 4 
inch plastic pots, one plant/pot, and in two weeks the soil 
was infested with 12,000 larvae/pot.
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Treatment consisted of soil drenchs and foliar 

sprays in 0„5% and 0,1% solutions of MAH and untreated 
plants as controls„ There were three replications of 30 . 
plants/replicate divided into 10 treatments (3 plants/ 
treatments/rep) consisting of the following:

1. 0«,1% MAH soil drench nematode infected
2„ 0.1% MAH soil drench noninfected
3o 0.5% MAH soil drench nematode infected
4. 0.5% MAH soil drench noninfected
5, 0ol% MAH foliar spray nematode infected .
6» 0.1% MAH foliar spray noninfected
7. 0.5% MAH foliar spray nematode infected
8. 0.5% MAH,foliar spray noninfected
9. No MAH nematode infected

/10. No MAH noninfected /
Two days after the soil was inoculated with larvae, 

the plants were treated with MAH,, at a rate of 10 ml/plant.
Six weeks after the date of inoculation the plants 

were harvested. It has been reported that root-knot 
infected roots were heavier in weight than noninfected 
roots (14) . Therefore, any reduction in root weight Of 
infected roots by MAH could, mean a curtailment of gall and/or 
nematode development. Root weights of the treatments were 
recorded. Roots were also indexed for the amount of nematode 
infection. The root-knot index was established by first



19
talcing the total number of roots infected in a one digit 
percentage; 7 would be 70% of the total number of roots 
galled. Next the amount of infection on the individual 
roots was recorded in percent; 50 would mean that 50% of 
the individual root was galled.

Ten galls of each treatment were placed in formaline- 
glacial acetic acid-alcohol fixative for histop athological 
studies. The remaining roots were stained with fuming acid 
Fuchsin-1actophenol solution for 1 minute and destained in 
clear lactophenol for 24 hours (17), The amount of galling, 
gall size, and nematode development was recorded.

Galls reserved for the histopathological study were 
dehydrated and infiltrated by standard tertiary butanol and 
paraffin techniques (17), Sections 12 microns thick were 
made and standard safranin-fast green staining procedure 
used (17), Microscopic observations of the various treat
ment galls were made. Giant cell size was, measured by 
taking the longest and shortest cross-section of each cell 
and adding them together. Because of the varied shape of 
giant cells it was necessary to take the sum of these axes 
as the measurement of size. The measurements were made 
with an ocular micrometer (100X), The final results were 
an average of 10 giant cells from each treatment,



RESULTS
14 14The results of the C-IAA and "C-tryptophan

studies showed the radioactive materials were mobilized to 
the nematode infected roots. In the split-root cotton study 
the radioautographs of the plants with one root system in
fected with nematodes showed the infected root system to 
have a high amount of radioactive material because this root 
system was the most distinct in the radioautographs (Fig,.3) 
since the noninfected root system of this plant could hardly 
be seen in the radioautograph, which indicated little radio
activity was present (Fig, 3), In the control plants, which 
had neither root system infected with nematodes, both root 
systems showed on the radioautograph (Fig. 4). This 
indicated that the radioactive material was evenly distri
buted between the two root systems. The liquid 
scintillation assay demonstrated that the acidified NH^OH 
extract had the highest counts, 15,933 c/m/50 .ul, and the 
control roots had 10,541 c/m/2 ml (Table 1),

The tomato ^C-IAA study also demonstrated that 
more radioactivity was in the nematode infected roots than 
in the noninfected roots. The liquid scintillation assay 
showed the infected roots with 11,689 c/m/2 ml and the 
noninfected with 4,901 c/m/2 ml (Table 1), The radio- 
autographs were not as graphic as in the cotton study

; 20
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Fig, 3, Radioautograph of infected split-root cotton 
plant. Infected roots on right.
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Fig. 4. Radioautograph of split-root cotton plant with no nematodes.



Table I* Liquid scintillation assay of the various extracts

Cotton
IAA

Tomato 
• IAA

Tomato
Tryptophan

Crude extract infected3 11,689
Crude extract noninfected3 229
Crude extract control3 10,541 4,901 24
Acidified HH40H layer b 15,933 258 81

a 2 ml of extract 
b 50 ul of extract

(Fig. 5)„ A possible reason for this could have been self 
absorption of the radioactivity by the thickly galled roots. 

The radioautographs of the tomato ^'C-tryptophan / 
study showed no activity in the roots. This again was 
probably due to self-absorption caused by the thick galls. 
The liquid scintillation assay showed the infected roots 
with more radioactive material than the control roots: 81
.c/m/50 yl to 24 c/m/2 ml (Table 1) ,

Studies of the extracts of the various experiments 
demonstrated that the added materials had been changed. 
While the crude extracts of paper chromatography had no 
spots develop in response to Ehrlich1s solution, the
.acidified NELOH extract of the infected root extracts did.4
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Fig. 5. Radioautograph of infected and control root 
systems of the tomato I^c-IAA study. Infected roots right.
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These spots had an RF value of .44 which was identical to 
that of IAA. The color reaction of authentic IAA to 
Ehrlich's was purple and occurred in one to two minutes 
after heating. In this study the spots were yellow and 
didn't occur until one half to one hour after heating. This 
indicated that the added materials were changed into a 
different compound.

The crude extracts and solvent extracts of the non
infected roots had no spots develop with Ehrlich's and were 
set aside.

The thin layer chromatograph with a different
solvent system also had a yellow spot develop, but its RF
was lower them ISA, .40 compared to .85.

The different compound was shown to be radioactive
by the liquid scintillation analysis Of the section of
chromatography paper. The compounds in the acidified

14HH^OH extract of the cotton and tomato C-IAS. studies had
maximum radioactivity in sections 4 and 5, the location of
authentic IAA. The tomato tryptophan had no significant
concentration (Table 2). This could be explained by the 

14loss of the C atom in the various metabolic pathways which 
tryptophan may take, such as protein synthesis, or metabolic 
breakdown.

The UV spectrum of the different compounds were 
similar to the spectrum of IAA. All had maximum absorption
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Table 2. Liquid scintillation assay of chromatograms of 

the acidified NH^OH extracts and in
counts/minute

Paper position IAA Cotton Tomato 
(IAA)

Tomato
(tryptophan)

Top 1 12,824 4,802 14 8
2 4,169 2,102 16 6
3 5,845 :> 716 15 12
4a 104,224 5,293 106 11
5a 103,468 2,902 11 7
6 11,948 82 2 6
7 5,575 9 6 2
8 4,497 14 5 1

Bottom 9 4,328 7 6 28

a Rf of IAA in isopropanol : ammonia: water (8:1: 1)

at 275 mu and minimum absorption at 265 mu. This indicates 
a similarity in basic chemical structure between IAA and 
the different compound.

The IR spectrum of the cotton extract was not 
similar to that of authentic IAA. Analysis of the spectrum 
indicated a similarity to the ethyl ester of IAA, but the Rf 
of the ester was much higher, .99 as compared to the 
different compound, =44, by paper chromatography.
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The MAH studies showed that gall formation and 

nematode development were curtailed by the application of 
the antiauxin. The fresh root weight study, based on in
fected roots being heavier than noninfected roots, showed 
a reduction in weight of the treated infected plants compared 
to the nontreated infected, plants (Table 3) , The nontreated 
infected root systems' averaged 9,1 grams for 9 systems 
compared to 4.41 g (0.1% foliar spray), 3.58 (0.5% foliar 
spray), 3.59 g (0.1% soil drench), and 2.88 g (0.5% soil 
drench). The infected root systems/were heavier than the 
non-infected root systems. The infected roots of the 0.5% 
soil drench treatment weighed 2.88 g compared to .9 g for 
the noninfected roots.

The root-knot index is summarized in Table 4. The
■ . "  ; ' / 0.5% soil drench treatment had the least amount of galling,

5.5—28.5, compared to 7-63 for the nontreated roots. This
means that 55% of the roots were galled and 28.5% of the
individual roots had galls as compared to 70% of the roots
galled and 63% of the individual roots with galls in the
nontreated roots.

The histopathological study demonstrated that 
degeneration of giant cells occurred when MAH was applied.
The foliar sprays reduced the number of nuclei in the giant 
cells compared to those of the nontreated plants (Fig. 6, 7, 
8). The MAH treatments applied as soil drenches had few, if 
any, nuclei and distorted cytoplasm.
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Table 3o Fresh root weights (grams) of maleic acid 

hydrazide treated and control plants*

Treatment Repa
Infected 

1 2  .3 X
Noninfected 

1 2 3 x
Nontreated 9 . 3 1 0 . 8 7 . 2 9 . 1 4 . 1 4 . 4 3 3 i 8
0.1% foliar 4 . 2 6 4 . 5 8 4 . 4 4 . 4 1 2 . 2 1 . 2 1 . 7 1 . 7
0.5% foliar 2 . 7 4 . 8 3 . 2 8 3 . 5 8 1 . 8 2 4 2 . 6
0.1% soil 3 . 0 1 3 . 7 4 . 0 6  . 3 . 5 9 . 7 1 . 1 . 6 . 8
0.5% soil 3 . 5: 2 . 5 2 . 6 6 2 . 8 8 . 9 . 7 1 . 1 . 9

a Average of three root systems

Variance analysis
Variability D/F ss ms Obs Required F
due to F .05 „01
Total
Treatment
Block
Residual

29 9 
2 

. 18

234.
151.

3.
19.

23
64 16.85 
28 1.64 
31 4.41

3.
1

82 2.46 3.60

Means A B C D
MSD
E F G H I J

3.59 A HO NS .01 NS : NS NS NS .01 NS
.8 B .01 ■ .05 NS .01 . NS .01 NS .01 .01

2.88 C NS .05 - .05 NS NS NS NS .01 NS ■ .
.9 D .01 NS .05 **• .01 . NS .01 NS .01 .01

4.41 E NS .01 NS' .05 — .05 .05 NS .01 MS
1.7 F NS NS NS NS .05 — NS NS .01 NS
3.58 G NS .01 NS .01 NS NS - MS .01 NS
2.6 H NS NS NS NS NS NS NS .01 NS
9.1 I .01 .01 .01 .01 .01 .01 .01 .01 —* .01
3.8 J NS .01 NS .01 NS .05 • NS NS .01 —

A = 0.1% soil drench infected H = 0.5% foliar spray control
B = 0.1% soil drench control I = nontreated infected
C = 0.5% soil drench infected J = nontreated control
D ss 0.5% soil drench control
E == 0.1% foliar spray infected
F = 0.1% foliar spray control
G = 0.5% foliar spray infected



Table 4o Root-knot index of maleic acid hydrazide treated and nontreated plants*

Treatment Plants 1 : : 3 ■ ' ■ ■ 4 .. 5 6 7 8 9 X

Nontreated a9-90b 7-70 8-80 6-50 5-50 5-50 6-50 7-50 5-50 7-63
0*1% foliar spray 01oH 8-70 7-50 10-100 6-40 5-60 9-80 10-100 7—40 8-70
0*5% foliar spray 7-50 6-40 8-80 9-60 5-50 4-60 . 6-50 6—60 9—80 7-75
0*1% soil drench 5-30 5-40 7-40 7-90 7-40 5-40 4-40 9-50 9-50 6-47
0*5% soil drench 5-50 4-20 3-30 5-30 4-10 4-30 5-30 5-10 5-25 5-25

a Number of total roots infected in percent 
b amount of infection on the individual roots in percent
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Fig. 6. Cross section of a root-knot gall not
treated with maleic acid hydrazide. (100X)
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Fig. 7. Cross sections of root-knot galls from plants
treated with maleic acid hydrazide, soil drench, 0.1% on
top. (100X)
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Fig. 8. Cross sections of root-knot galls from plants
treated with maleic acid hydrazide, foliar spray, 0.1% on
top. (100X)



The giant cell size of the Oi5% MAH soil drench 
treated plants was reduced compared to the size of those in 
the nontreated plants (Table 5)„ Those of the nontreated 
plants averaged 277 # in size and those of the 0»5% soil 
drench treatment averaged 65 xu The next lowest was the 
0,5% foliar spray averaging 185.5 xu The 0.1% soil drench 
averaged 232.5. ;u and the 0.1% foliar spray averaged 268 ju.

The study of nematode development and gall size 
involving treatment with MAH showed curtailment of both.
The untreated plant roots were very heavily galled, with 
most galls large, and the veriform stage most numerous 
(Table 6). The treated plant roots had reductions in the 
amount of galling and gall size with the saccate stage most
numerous in all treatments except the 0.5% soil drench; the

/sausage stage was most numerous in-that treatment. •
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Table 5v Comparison of giant cell size of maleic acid

hydrazide treated and infected control plants* 
Size is the sum of the longest and shortest axis 
of a cell. Average of ten giant cells in each 
treatment.

Treatment Size
Lri-W

. S . D .  ,

Nontreated 
0.1% foliar spray 
0.5% foliar spray 
0.1% soil drench

277.5u 
268 
185. 5 
65.2

133.3
56.1 
43
16.2

Variance analysis
Var. due to D/F 88 ms Obs Required F

F .05 .01
Total 49 617,775
Treatment 4 299,030 74,757 11.1 2.61 3.83
Block 9 77,910 8,656 1
Residual 35 240,815 6,689

Means A
MSB 
B . C D E

232.5 A .01 NS MS MS
65.2 B .01 — .01 .05 . 01

268 C NS. i 01 *— ' NS MS
185.5 D NS .05 .05 - NS
277.5 E NS .01 NS NS «* /

A = 0.1% soil drench 
B = 0.5% soil drench 
C = 0.1% foliar spray 
D = 0.5% foliar spray 
E = nontreated
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Table 6. Gall size and larval stage observations of

maleic acid hydrazide and control plants seen 
by acid’-fuchsin-lactophenol stain.

Treatment Gall Size Larval Stage

Nontreated Large 2nd (vetiform)
0.1% Foliar spray Medium 4th (saccate)
0.5% Foliar spray Medium 4th (saccate)
0.1% Soil drench Small-Medium 4th (saccate)
0.5% Soil drench Small 2nd-3rd

(sausage)



DISCUSSION

Meloidocfyne incognita invasion of a susceptible . 
host induces changes in the host and in the nematode. The 
host forms galls and giant cells, and the nematode develops 
to maturity, lays eggs, and thus completes its life cycle. 
What happens in this process is not well known, and what 
causes it to happen is purely speculation. The nematode 
is known to initiate the process by some stimuli (13),

Auxins, especially IAA, have been implicated as 
the compounds which cause the overgrowths known as galls. 
Two hypotheses have been advanced in regard to the possible
source of the auxin, Viglierchio and Yu (36) have proposed

/that the source of the auxins is the nematode, which 
secretes the auxin along with an auxin inhibitor. The 
amount of inhibitor could be correlated to the nematode 
species and may explain why there is a variation in size of 
galls between species, M, hapla normally forms small galls

Iand M. incognita forms large galls. Nobody had determined 
if this is valid,

Sayre (31) proposed that the mechanism of galling 
is that the nematode secretions release plant IAA and 
stimulate the conversion of tryptophan to IAA around the



nematode and cause the galls. Therefore, the plant would 
foe the source of lAAo

Results from these investigations have shown that 
IAA and tryptophan are accumulated in infected roots. The 
study using the split-rOot.technique utilizing cotton as a 
host showed to foe directed to the infected roots.
The tomato "^C-IAA and "^C-tryptophan studies had more 
radioactive materials in infected roots than in control 
roots. This indicates that IAA is at least associated with 
gall formation but is not necessarily produced by the plant 
itself.

The studies with the crude extracts and solvent 
extractions indicated that the and tryptophan
had been changed into a compound similar to IAA. The 
similarity to IAA was shown by the compound having a 
similar Rf value to authentic IAA in one solvent system and 
having similar UV specttum when compared to authentic I&A. 
The dissimilarities were shown by the color reaction to 
Ehrlich’s reagent, yellow.instead of purple, IR spectrum, 
which was not similar to IAA, and different Rf values with 
a different solvent system. Therefore, nematode infection 
and/or gall formation may stimulate the production of IAA 
on the part of the plants.

The data from, the maleic acid hydrazide study 
showed inhibition in the amount of gall formation, giant
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cell developmentf and nematode development. The most 
effective type of treatment was the soil drench treatment.
The amoung of galling and the giant cell size and development 
were inhibited most by the 0,5% MAH soil drench treatment.
The curtailment of the nematodes' life cycle was also 
greatest in this treatment. The nematodes were in an 
earlier stage of development as compared to nontreated 
plants. The curtailment of the life cycle could have been 
related to the degeneration of the. giant cells,

Maleic acid hydrazide was shown.to be an antiauxin 
by Leopold and Klein (21), They were able to reverse MAH 
inhibition by auxin application and auxin inhibition by MAH 
treatments. Thus the probable action of MAH in this study 
was interpreted to be due to inhibition of endogenous auxins 
by some method,

Davide and Triantaphyllou (11) demonstrated that 
soaking nematodes in solutions of MAH had little or no 
effect upon the penetration nor the development of the 
nematodes in the host plant. Therefore, the effect of MAH 
in this study mostly came from the disruption of the normal 
host-parasite relationship rather than from any effect upon 
the nematode itself.

Since the soil drench treatments of MAH were more 
inhibitory than the foliar spray treatments^ a possible.
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mechanism for this occurrence may be suggested. The foliar 
sprays may first tie up the endogenous auxins in the above 
ground parts of the plant, which prevents translocation of 
these auxins to the roots. The action of the soil drench 
treatments would be to inhibit the endogenous auxins in the 
roots and immediately tie up auxins translocated from the 
stem and leaves. Eventually MMI would be in both treat
ments, translocated; throughout the plant. However, at the 
critical time of gall initiation the soil drench would be 
more inhibitory because the available auxins in the.roots 
would be immediately tied up. The foliar spray treatments 
would produce a lag period because the auxins in the roots 
would be available until the MAH had been translocated to
these roots or until the auxins were degraded and no fresh

/auxins were translocated down because the MAH had tied them 
up.

It now appears that other plant growth regulators 
may be involved with gall formation. Dropkin at al. (13) 
reversed the hypersensitive reaction of resistant tomatoes: 
with exogenous applications of cytokinins. They believed 
that the nematode and the roots exchange "a signal" which 
will determine if a gall can form.

The role of auxins and other regulators in gall 
formation is still unclear. The Kinins and gibberellins 
could function in a direct or indirect way. The indirect
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way could be tested by. using radioactive IAA in conjunction 
with exogenous kinins and gibberellins and observing the 
effect of these upon, the downward translocation of the 
■^C-tlAAo If they increase the amount of ̂Cr-IAA in the
galls, it is likely their action in gall formation is in
creasing the amount of IAA in the roots»

The formation and function of IM. in gall formation
are still unclear. Much work, remains to be done with 
nematode secretions and their affect upon the host before 
the role of IAA can be determined.



SUMMARY

The main objective of this study was. to determine 
the movement of IAA in plants infected with Meloidocryne 
incognita by the use of exogenous radioactive IAA and 
tryptophan. By the use of maleic acid hydrazide, an anti- 
auxin, the inhibition of endogenous auxins, especially IAA, 
added support to"the hypothesis of auxins importance in 
galls caused by Meloidocryne spp. Results obtained are as 
follows:

1, Radioactive IAA was directed to the infected 
portion of roots in split^root cotton plants, in 
larger amounts than to noninfected roots. Radio- . 
autographs showed higher amounts of radioactive 
material in the portion of the roots infected with 
M. incognita than in the noninfected portion.
Plants which had neither portion of the roots in
fected with nematodes had almost equal amounts of 
"^C-IAA in both root systems,

2, There was more radioactive IAA in tomato roots in
fected with M, incognita than in honinfected roots,

3, More radioactive tryptophan was found in infected 
tomato roots than in control roots.

41



42
4, Studies to determine if any changes had occurred to 

the "^C-IAA and tryptophan indicated that they
were changed into a new compound. This compound . 
appeared by paper chromatography, UV and IR 
spectrum to be similar to IAA. No further identifi 
cation studies were initiated.

5. The antiauxin studies utilizing MAH demonstrated 
that the soil drench treatments were more inhibi
tory to gall formation and nematode development 
than the foliar sprays. The 0.5% soil drench treat 
ment of MAH had the giant cell size curtailed, 
amount of galling reduced, gall size reduced and 
curtailment of the nematode's life cycle when
Compared to the nontreated infected control plants*

/
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