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ABSTRACT

Research was conducted with the use of phosphorus-32 to study
the action of Criconemoides onoensis Luc,

1959 and Tylenchorhynchus

martini Fielding 1956 on rice seedlings.

Mixtures of both nematode

species,

as well as saprozoic nematodes in separate pots, were m a i n 

tained on rice plants in the greenhouse.
were

8

weeks-old they were injected,

radioactive phosphorus

When the rice seedlings

each, with

0.1

ml of prepared

32
32
( P) solution containing 20 uCi as H 3
PO 4 .

Treated and untreated rice seedlings were harvested after 72 hr
exposure time, and samples from tops, roots,
were prepared.

soil,

and nematodes

A liquid scintillation counter was used for esti

mating the radioactivity of samples.
Plant-parasitic nematodes from the treated and untreated pots,
and saprozoic nematodes from treated pots were fixed on microscopic
slides and prepared for autoradiography.
used in a coating technique.

NTB-3 emulsion film was

After exposure of the nematode speci

mens to the film, the slides were developed for two minutes in
Eastman Kodak D-170 developer and then fixed for three minutes in
Eastman Kodak F-5 acid hardening fixing bath.
The results indicate that phosphorus-32 was removed from the
rice plant by jC. onoensis and JT, m a r t i n i .
separate assay methods.

This was proved by two

The average concentration of phosphorus-32

accumulated by plant-parasitic nematodes was much greater than that
by the tops, roots or soil samples.
2.1 x greater in T. martini than in

Phosphorus-32 concentration was
onoensis.

The d i s t r i b u t i o n of p h o s p h o r u s - 3 2 in the treated pots was
r e l a t e d to the p r e s e n c e or absence of p l a n t - p a r a s i t i c nematodes.
In the r a d i o a c t i v e p l a n t - p a r a s i t i c n e m a t o d e treatment,
ta i n e d the greatest

average total r a d i o a c t i v i t y

tops and roots; while, in the r a d i o a c t i v e
s ap r o z o i c nematodes,
radioactivity

followed by plant

treatment i n f ested with

tops c o n t a i n e d the h i g h e s t aver a g e total

followed b y soil and roots.

Plant-parasitic nema

todes c o n t a i n e d the lowest total r a d i o a c t i v i t y
P h o s p h o r u s - 3 2 was

lost from rice r oots

p l a n t - p a r a s i t i c nem a t o d e s

to a greater extent

t a i n i n g saprozoic nematodes.

in the pots.

into soil c o n t a i n i n g
than into

soil c o n 

This was r e l a t e d to the fact that

p h o s p h o r u s - 3 2 c o n c e n t r a t i o n was s i g n i f i c a n t l y higher
of the p l a n t - p a r a s i t i c nemat o d e treatment
nematode

soil c o n 

treatment.

vii

in rice roots

than in the saprozoic

INTRODUCTION

Two types of plant-ectoparasitic nematodes have been co n 
sidered as to their action on the host

(16).

One, a parasite in a

strict sense, causes mechanical injury and competes with the host
plant for minerals and organic compounds by withdrawal of nutrient
substances.

The host response in most cases is not visible.

other type, a parasite which is also a pathogen,

The

tends to produce a

visible response in the host by depositing toxic or stimulative sub
stances into the tissues.
Evaluation of the type of relation between the disease-producing
organism and the host has become important.

During the last 20 years

radioactive-labeled materials have been used extensively as an inves
tigation tool for different biological problems.

Many such investi

gations have been applied to plants and their parasites, but few
have been conducted with plant-parasitic nematodes.
The general procedure applied in radioisotope research is to
expose the biological materials, directly or indirectly,
labeled source;

to the

then quantitative estimations, of the radioactivity

present in the exposed materials,
can be done in two ways:

follow.

The last step, usually,

(1 ) by estimating the radioactivity present

in the sample for a fixed time using radiation counters;

(2 ) with

autoradiography, which has become an extremely useful method for
biological research partly because of various technical advances
and improvements which help in simplifying the procedure.

The purpose of this thesis project was to evaluate the action
of Criconemoides onoensis Luc 1959, and Tylenchorhynchus martini
Fielding 1956 on the rice plant, by using phosphorus-32 in radio
active assay.

REVIEW OF LITERATURE

The nematode species Criconemoides onoensis, was described by
Luc in 1959 and has been studied by Raski and Golden
Tarjan

(41).

(30), and by

A population removed from a Louisiana rice field in

1965 was identified by Dr. Dewery J. Raski and more recently,
collections were identified and confirmed as
Morgan Golden.

onoensis by Dr. A.

Criconemoides sp. has been known to occur in rice

soils in Louisiana since surveys in 1955

(1) and

onoensis Is now

considered an important factor in Louisiana rice production
Embabi

several

(9)

(16).

showed in a greenhouse experiment on rice that

C. onoensis caused highly significant reductions in rice root d i m e n 
sions,

including volume,

surface area, dry weight,

length,

numbers;

and in shoot dry weight, when inoculum in infested soil was mixed
with sterile soil and added to clay pots planted to rice seed.

Radioactive Studies in Biological Research
Harper and Morton,
radioactive phosphorus

1950,

1952

(3, 14) studied the uptake of

(^2p) by Bacillus subtilis Cohn.

They grew

the bacteria on a media containing about 0.6 microcurie/ml of
phosphorus-32 as phosphate,

then took bacterial samples after two

days of exposure for radioactivity counts.
Muller counter
and bacterial

They used a Geiger

for solid materials and M6 liquid counters for liquids
suspensions.

Shaw, Brown,

and Rudd,

1954

(35), and Shaw and Samborski,

1956

(36) studied the distribution of radioactive materials in the leaves
3

of wheat and barley that were
graminis Pers.

infected w ith the rust fungus Puccinia

They applied phosphorus-32 to the parasitized leaves

by localized injection of the attached leaves or by standing
detached leaf bases in the radioactive solution.
a defined period,

the leaves wer e washed

After exposure for

thoroughly with water,

dried

in the oven at 95°C and ground for radioactivity determination.

Their

results indicate that the radioactive substance accumulated in the
yo u n g infected regions of the host, while there was no radioactive
materials in the dead regions.
In 1956, Drop k i n and King

(7) began u s i n g radioisotope assay

for the study of nematode-host relations.

They grew tomato plants

from seeds on nutrient solution labeled with phosphorus-32.
Pi ants reached a height of three inches,

When

they were transferred to sand

or vermiculite m edia and inoculated with egg-masses of the root-knot
nematode

(Meloidogyne incognita acrita Chitwood,

1949 or M. arenaria

(Neal 1889) C h i twood 1 9 4 9 ) or suspensions of golden nematode larvae
(Heterodera rostochiensis Woll.)

and fed wit h a radioactive stock

nutrient solution three times a week.
seedling growth,

radio a c t i v i t y of minute amounts of tissue

nematodes) was measured,
calculated.

At a certain stage of tomato
(single

and the percentage of phosphorus-32 was

The results showed that the phosphorus content of the

nematode population o f an infected tomato plant made up no more than
10% of the total p h osphorus in the root.

Less phosphorus was t r a n s 

located out of galled roots than out of u n g alled roots.
In another study,

Hunter,

translocation of phosphorus

1958

(18) wo r k e d o n the a bsorption and

in tomato plants

infested with M.

incognita

5
acrita.

He grew tomato plants in soil containing the nematode under

greenhouse conditions, then applied the nutrient solution which
32

contained phosphorus-32 as H-j

1*04 ^olr a cer^airi period.

At the end

of that period he measured the radioactivity in the roots and tops.
His results indicated that the total phosphorus-32 content of infected
roots was s j gnificantly greater than that of non-infected roots.

The

total phosphorus-32 content of the tops of non-infected plants was
greater than that of the infected plants, but this difference was
not significant.

Inselberg, 1959 (18) applied phosphorus-3?

of a potassium phosphate buffer solution,

in the form

to the leaves of corn and

soybean plants in droplets by using an ultra-micropipette in order
to study the distribution of phosphorus-32 in the plant parts.
Littlefield, Wilcoxson, and Sudia, 1964 (21) studied the effect
of temperature on translocation of phosphorus-32 in Rhizoctonia
solani Kuhn.
dishes.
the agar.

They grew the fungus in a cornmeal agar medium in petri

The radioactive material was injected into certain areas of
After a time, samples of the fungus mycelium were taken

and prepared for radioactivity measurements.

The results indicated

that more phosphorus-32 was translocated over a great distance at 2.7°
than at 12° or 20°C.
In a recent work, Edmonds, 1965 (8) studied the uptake of radioactive phosphorus

32
( P) by the rat nematode Moniliformis dubius Meyer.

He dosed the infected rats with the radioactive material then sacri
ficed the treated rats after a definite exposure time, and removed
the nematodes.

These nematodes were washed several times and then

samples were prepared and assayed with a Geiger-MUller counter.

Autoradiography.
Autoradiography, as a biological research tool, has become
very important and several methods have been applied in order to
measure distribution of radioactivity within organisms.
Wittwer and Lundahl, 1951 (42) used autoradiography to deter
mine gross absorption and utilization of foliar-applied nutrients.
They grew bean, corn, and tomato seedlings in four-inch clay pots of
sand.

When the plants reached the appropriate size,

the foliage or

selected parts of the plant were treated by dipping into a solution
containing 1 ^.iCi/ml of phosphorus-32 as phosphoric acid.

At various

time intervals following treatment, entire plants were harvested,
washed carefully with distilled water then dried under several 250
watt infrared heat lamps.
covered with

8

After drying,

the treated specimen was

x 10 in. Kodak no-screen X-ray film.

The film and

the specimen were held together firmly with scotch tape and put in the
exposure box.

After five to seven days,

seven minutes in X-ray developer.

the film was developed for

Their results indicated that

leaves are efficient organs for absorption of phosphorus-32.

Greater

concentrations of phosphorus-32 was detected in the young leaves,
lateral buds, root tips and root nodules of the bean plants.
Stonier,

1956 (38, 39) used autoradiography with the crown gall

bacterium Agrobacterium tumefaciens (Smith and Townsend 1907, Conn
1942), by growing the bacterium in a medium that contained phosphorus32 as phosphoric acid at 1 mCi/ml.

The autoradiographs of bacterial

smears were made by streaking onto Kodak dental X-ray film a drop of
washed,

labeled bacterial suspension.

The films then were desiccated

with barium perchlorate at 10°C and exposed for various lengths of
time.

Following exposure,

developer,

the films were treated with Kodak D-19

and Kodak dental X-ray fixer,

with distilled water and left to dry.

then rinsed several times

Inselberg,

1959

(18), and Nelsor^

1962 (25) used the same procedure with corn and soybean after apply
ing phosphorus-32 to the leaves in several droplets.
The only autoradiographic work with plant-parasitic nematodes
was done by Brown and Dunn in 1965

(2).

They used carbon-14 labeled

ethylene dibromide to treat Ditylenchus dipsaci Kuhn 1857.

Living

D. dipsaci specimens were put into a 69 ppm solution of C ^ - l a b e l e d
ethylene dibromide for a certain time,

then five specimens of the

nematode were Pi aced on microscopic slide coated with gelatin chrome
alum to provide adequate adhesion.
with radiosensitive

This slide was placed in contact

film (stripping film floating on water),

then hung in a stream of cool air to dry.

After drying the slide

was transferred to a light-proof box and kept for
permit exposure.

and

8

days at 4°C to

The film was developed for 10 minutes in Kodak D-19

developer at 17°C, then briefly washed and fixed in Johnson's Fixol
for

10

minutes.

Much improvement in autoradiographic techniques has been made
during the last decade.

Kopriwa and Leblond, 1962 (20) described in

detail the coating technique of autoradiography for biological research
The method makes use of liquid emulsion films.

Prescott, 1963, 1964

(28, 29) has described a quantitative method of autoradiography based

on silver grain counts of exposed film under an oil immersion micro
scope objective.

The counts must be made per unit of surface area.

Pathogenesis in the Genus Criconemoides
Criconemoides spp. are external parasites that feed at root tips
and along the sides of roots, with at most only the anterior end of
the body embedded.

They have been found in several parts of the

world and around the roots of many different kinds of plants

(6 ).

Criconemoides contains more described species than any other genus
of plant-parasitic nematodes.

Yet, despite its taxonomic popularity

it is one of the most difficult genera in which to work.

The nominal

species of Criconemoides now total more than 85.

Females only, have

been reported in about 75 percent of the species.

Recently, Grisse

1964 (14), Raski and Golden, 1965 (30), Tarjan,
and Riffle, 1967

1966 (41), and Raski

(31), have reworked and reviewed the taxonomy of

the genus.
Machmer,

1953 (24) found a Criconemoides sp. associated with

"peanut yellows" in East central Georgia.

Symptoms included a

chlorosis and a yellowish and mottled appearance of the plants.
Graham, 1955

(13) studied the effect of Criconemoides sp. on the

growth of tobacco and Spanish peanuts using greenhouse soil cultures.
He reported that height and green weight were reduced in both crops.
Peanuts infected with ring nematodes showed considerable root decay.
Luc,

1959 (23) found a ring nematode, which he described as

onoensis, in East Africa and Madagascar.

It was parasitic on pine

apple in all plantations on the Cote d ’ Xvoire.

Many females were

observed sticking out of the roots of pineapple and were distributed
at random over the root surface.

He also found the same species in the

vicinity of banana roots in Guinea.

Sher, 1959 (39) reported that carnation is a good host for
C. xenoplax Raski 1952.

The nematode caused reduction in the root

systems and a stunting of carnations.

Examination of nematode-infected

carnation roots showed numerous nematodes attached to the roots.
Lownsbery 1959 (22), on the other hand, reported that the same nema
tode species is often found in greatest number in peach orchards in
Merced County, California.

In inoculation experiments, he found that

final weights of three-month-old peach seedlings grown with C. xenoplax
were not related to the numbers of nematodes added initially.
ever,

How

the peach root produced at the highest population density of

the nematode did have a shelf-like form different from root systems
of control plants.

Seshadri 1964 (34), reported that the best hosts

for £. xenoplax are generally woody perennials such as plum, apricot,
grape, and almond.

Sandy soil is more favorable for this nematode

than loam or silty loam soils.
22 and 26°C.

Favorable temperatures range between

He added that this nematode species laid

8

to 15 eggs

per adult female during 2 to 3 days and the entire life cycle took
25 to 34 days under laboratory conditions.
Streu, 1960 (40) found that £. curvatum Raski 1952 reproduced
heavily on carnation.

The nematode population increased from an initial

inoculum of 250 to 33,000 in

6

months.

Infected roots appeared smaller

in diameter, more branched, and more brittle than check roots.
Odihirin and Jenkins 1964-1965 (26, 27) studied the host parasite
relationship of Impatiens balsamina L. and certain nematodes.

They

reported that C. curvatum caused only slight reductions in the fresh
weight of the plants in spite of the fact that the nematode population

increased 35 times in two months.

Their conclusion was that

curvatum is "parasitic but not strongly pathogenic to balsam.

MATERIALS AND METHODS

Nematode Populations
Soil-infested with Criconemoides onoensis Luc 1959 was obtained
from a rice field.

The population was increased on rice in the

greenhouse using six inch pots containing a soil mixture of one part
sand,

two parts stem-sterilized greenhouse soil, and one part nema

tode-infested soil.

At the same time, a population of Tylenchor

hynchus martini Fielding,

1956 was obtained from greenhouse pots

containing rice and grasses and inoculation of rice was made in the
same manner as with

onoensis.

Preliminary Test
Rice was grown,
sterilized soil.

from seeds,

in six inch pots using steam-

The seedlings were thinned to one per pot after

germination and when they became 4 weeks old, Hoagland*s nutrient
solution lacking phosphorus was added to the pots at a rate of
per pot twice a week.

100

cc

At the age of seven to eight weeks, phosphorus-

deficiency symptoms were visible on some of the rice plants.

These

plants were injected with phosphate buffer solution at a point on the
stem 3 to 5 inches above soil level as shown in Figure 1.

Injection

was carried out by the use of glass-micropipettes made from thin
glass tubes 0.4 cm in diameter and with an opening 0.2 cm in diameter.
The glass-micropipettes were calibrated to 0.1 ml volume.

11

12

Figure 1.

A photograph showing eight-week-old rice plant injected
with labeled materials by the use of a calibrated micro
pipette.

13
The primary test provided information on the translocation of
phosphorus through the plant from the injection point because the
phosphorus-deficient plants showed recovery from the deficiency
symptoms.

The injection produced small necrotic areas around the

point of injection, but these soon disappeared after the plant
resumed growth.

Radioactivity Counting Test
Four months after start of the population test, nematode counts
were made on the inoculated rice pots to determine the numbers of
plant-parasitic nematodes.

The extraction method was a modified

Seinhorst technique used in the L. S. U. Nematology Laboratory

(32).

The nematodes were counted in a Syracuse watch glass in which oneseventh of the area was marked as two crosssing rectangles.

A

binocular dissecting microscope was used.
A mixture was made containing both nematode species in the p r o 
portion of 80 £. onoensis and 10 T. martini per 100 cc soil.

This

nematode-infested soil was mixed with steam-sterilized soil and the
mixture was used for planting rice seeds in 16 six inch pots.

Each

pot contained about 400 C. onoensis and 50 T. martini specimens.
Another

8

six inch pots were prepared in the same manner but c o n 

tained only a few saprozoic nematodes,
Five rice seeds
of the 24 pots.

predominantly R h a b d i t i s spp.

(Oryza sativa L. var. Saturn) were planted in each
Later,

these pots were thinned

to one seedling each.

The soil was kept moist by watering regularly with tap water,
24 pots were treated similarly.

and all

14
Wh e n the rice seedlings were

8

selected for similarity of growth.

weeks old,

twelve pots were

Eight of the selected pots

c ontained plant-parasitic nematodes, while the other four pots
c on t a i n e d the saprozoic forms.

The radioactive source of phosphorus-

32 u sed in the test was high specific activity H 3
was diluted with distilled water.

PO 4 .

The solution

Four plants in the pots which c o n 

tained plant-parasitic nematodes and four in those with saprozoic
nematodes were injected,

each, with

solution containing about 20 pPt.

0.1

ml of prepared radioactive

The injections

(Fig. 1) were made

w ith disposable micropipettes described previously.
injection,

The points of

on the stem, were about 3 to 4 inches above the soil level.

Each micropipette was left on the stem,

in an upright position at an

angle of about 45° with the stem, until all the radioactive material
p assed into the stem.

The time required for this varied greatly with

the success of the injection,
or more.

and ranged from

10

minutes to

2

hours

Four rice pots containing plant-parasitic nematodes were

selected as controls

(noninjected)

and were kept away from the treated

pots to avoid contamination.
The exposure to radioactivity was for 72 hours and ended with
harvesting of the plants.

At this time a liquid scintillation cocktail

was prepared as follows

(5) with g m / 1 quantities of the following

chemicals in p-dioxane:

PPO (2,5-diphenyloxazole)

79.0 gm,

POPOP

(dimethyl-1,4-bis-(2(4-methyl-5- phenyloxazolyl))-benzene) 0.3 gm,
naphthalene

100

gm.

After the 72 hr exposure time, rice plants were harvested separately
beginning with the control plants.

This was done by removing the plant

15
with its soil block from the pot carefully.

A soil sample from each

pot was taken for counting its radioactivity and for nematode extrac
tion.

The remaining soil was washed off the root system gently using

a light stream of water to remove the root system of the plant as
complete

as possible.

separate plastic bags.

Each rice plant and its soil were placed in
The bags were labeled and taken to the labora

tory .
In the laboratory,
systems.

the plant tops were excised from their root

The roots were thoroughly cleansed of soil particles by

wash i n g three times with tap water.

Then each root system or top

was washed once with distilled water to remove
contamination.

After drying,

(radioactive) surface

each root system or top was cut into

small sections of suitable size and weighed.
One gram samples in terms of wet weight of tops, roots,

and soil

wer e taken for counting radioactivity, while nematode samples were
prepared from one hundred specimens each.

Each top or root sample

was placed in the center of a 3 x A inch piece of stocking cloth with
a small piece of solid glass.

Edges of the stocking cloth were folded

around the sample and then tied with a string in order to insure sink
ing of the sample in the liquid scintillation cocktail.
was put into a 25 ml glass vial
scintillation counter).

Each sample

(specially used for the liquid

Fourteen cc of the liquid scintillation

solution was added to each sample and

1

cc of distilled water was

added to prevent freezing of the solution when in the counting machine.
In preparing nematode samples for counting radioactivity,

soil

sample from each pot was taken and washed for nematode separation using

16
the modified Seinhorst method
each soil sample,

(32).

The nematodes were counted in

then one hundred nematodes were picked from each

nematode sample and placed in 10 cc water.

These nematode samples

were then washed twice with distilled water.

The water of each

nematode suspension was reduced to 1 cc and poured into a vial.

The

liquid scintillation cocktail amounting to 14 cc was added to each
vial containing the nematode sample.
Three types of nematode samples were prepared;

two of these were

taken from each pot containing the plant-parasitic nematodes - one was
a population of

onoensis and the other was a T^ martini population.

The third type of nematode sample was taken from each pot containing
saprozoic nematodes, mainly a Rhabditis sp.

Two samples were taken

also from each untreated control pot containing plant-parasitic nema
todes .
Soil samples were prepared by weighing 1 gm of soil from each pot.
This was placed directly into the vial,

then the liquid scintillation

cocktail and distilled water were added as with the other samples.
All samples were labeled and placed in the counting machine for
1

hour in order to bring the temperature of the sample to the machine

temperature before counting.
the counting machine,

After cooling,

samples were placed in

and an estimate of radioactivity was made by

means of a liquid scintillation counter.
10 minutes, were made on each sample.

Three counts,

each lasting

The second count was taken as

an estimate of radioactivity for all samples.
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Autoradiography
M i c r o s c o p e slides u s e d

for fixing n e matodes w e r e c l e a n e d c a r e 

f ully w i t h d i s t i l l e d w a t e r and then dried.

The nem a t o d e s

to be

a u t o r a d i o g r a p h e d w e r e pi c k e d individually and w a s h e d once in d i s t i l l e d
water beginning with

the u n t r e a t e d control nematodes.

s p e c i m e n s w e r e pla c e d on the lower half of each slide,

T e n adult
w h i c h was

c o a t e d w i t h a l : 4 : v : v m i x t u r e o f C a n a d a b a l s a m a n d glycerin.

The

c o a t i n g w a s ne c e s s a r y to prov i d e for a d e q u a t e a d h e s i o n of the n e m a 
t odes to the slide d u r i n g the time of m o u n t i n g and exposure.

Slide

samp l e s of the trea t e d p l a n t - p a r a s i t i c nem a t o d e s - C. o n o e n s i s and
T. m a r t i n i , and of the treated saprozoic nematodes,

as wel l as the

p l a n t - p a r a s i t i c nem a t o d e s of the u n t r e a t e d control pots,
separately.
ho t plate.

w ere p r e p a r e d

Slides c o n t a i n i n g the nematodes w e r e d ried slowly on a
Four or five slides wer e m a d e for each n e m a t o d e sample.

A t first,

the slides c o n t a i n i n g nem a t o d e s w e r e a u t o g r a p h e d by

the use o f K o d a k no screen X -ray film and d e v e l o p e d after
w i t h K o d a k X - r a y d e v e l o p e r and fixer.

exposure

The a u t o r a d i o g r a p h s p r e p a r e d

b y this m e t h o d did not sho w the d i s t r i b u t i o n of r a d i o a c t i v e m a t e r i a l s
bu t

they d i d s how the p r e s e n c e o f r a d i o a c t i v e m a t e r i a l s

in the sample,

w h e n present.
T h e a u t o r a d i o g r a p h y m e t h o d w h i c h gave b e s t resu l t s on the
p r e s e n c e and d i s t r i b u t i o n of r a d i o a c t i v e m a t e r i a l s
nematode was

in the i ndividual

the m o d i f i e d " c o a t i n g t echnique" d e s c r i b e d by K o p r i w a and

Leblond

(20),

and by Prescott

nuclear

track emulsion

(29).

(NTB-3),

The f ilm u s e d was

the E a s t m a n

obtained directly from Eastman Kodak
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Co., Rochester, N. Y.

This film has high sensitivity and is more

efficient with samples containing low activity.
The NTB-3 emulsion film is a gel at room temperature and was
melted in a water bath at 42°C in the dark room.

The temperature of

the emulsion was allowed to rise to that of the water bath during a
one-hour period in order to provide for complete melting.
50 cc of the emulsion was poured into a clean vessel
the test.

About

to be used for

The vessel containing the emulsion was held in the water

bath with an ordinary clamp.

The prepared slides which contained

the nematodes were arranged in back-to-back pairs.

Each pair of

slides was dipped vertically in the metled emulsion for 2 to 5
seconds then wit h d r a w n from the emulsion and held vertically
moment at the top o f the vessel to drain.

for a

After dipping and draining,

the two slides were separated and placed upright on a slide board to
drain and dry for 3 hours.
bakelite slide bo x

These slides were transferred to a black

(capacity of 25) which was then sealed with opaque

tape to eliminate light leaks.

The box was kept

(for 5 to 10 days) at

r oo m temperature inside a desiccator containing silica gel.
After exposure,

the slides were developed for two minutes in

Eastman Kodak D-170 developer prepared as follows:
S o d i u m sulfite (anhyd.)
P otassium bromide
W a t e r to make
For use,

25 gm
1 gm
2 0 0 cc

the above 200 cc stock solution was diluted with water

to make 1000 cc, and then 4.5 gm of 2,4-diaminophenol dihydrochloride
was dissolved in the dilute solution.

This dilute solution did not

keep well and had to be made when needed

(33).
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After developing,

the slides were rinsed once in water,

and

then fixed for 3 minutes in "Eastman Kodak F-5 acid hardening fixing
bath" prepared as follows:
W ater (52°C)
Sodium thiosulfate (anhyd.)
Sodium sulfite (desiccated)
Acetic acid (28% pure)
Boric acid (crystals)
Potassium alum
Cold water to make

/

600
240
15
40
7.5
15
1000

cc
gm
gm
cc
gm
gm
cc

After fixing the slides were rinsed in running water for 20
minutes,

given a final rinse in distilled water and then dried.

These slides were examined under the high power of the ordinary
microscope for silver grains in the autoradiographs;

then pictures

of these autoradiographs were taken under an oil immersion microscope
objective.

A magnification of about 500 x was used.

All radioactivity counts were made on 1 gm samples of plant parts
or soil
Readings

(wet weight)

and were converted to counts per minute

for the nematode samples

(CPM).

(100 nematodes each) were converted

to 1 gm wet weight reading by using a specific gravity value of 1.05,
and with the assumption that the nematode shape is a cylinder

(4).

Experiments for estimating the radioactivity were conducted four
times but averages were calculated for only 3 replicates.

Autoradio

graphs for the treated nematodes were prepared several times and the
best graphs were selected for use.
Many of the differences shown by the data were sufficiently clear
that statistical analyses were unnecessary;

however analysis by the

method of paired comparison was made on phosphorus-32 concentrations in
tops, roots and soil subjected to the presence and absence of plantparasitic nematodes.

RESULTS

Table 1 shows the average weights of tops and roots of eightweek-old rice seedlings, and the final numbers of £. onoensis and
T. martini.

These data provide a quantitative basis for calculating

total radioactivity contents of the samples.

Radioactivity Counting Test
Over a three-day exposure period phosphorus-32 injected into the
stem of the rice plant was translocated to all parts of the plant, as
indicated by the measurements of radioactivity shown in Table 2.

The

recovery of phosphorus-32 radioactivities in the rice plant parts was
quantitative within the limits of such measurements.

Phosphorus-32

was found in the top of the injected plant as well as in the root
system.
Both C. onoensis, and T. martini maintained by the injected plants
accumulated phosphorus-32 in relatively high concentrations (Fig. 2).
However, saprozoic nematodes exhibited no radioactivity when compared
with the treated plant-parasitic nematodes and with the untreated
blank samples.
On a wet weight basis, one gram of T. martini was calculated to
consist of about 3,206,669 nematodes, and one gram of £. onoensis con
sisted of about 850,643 nematodes.

The data (Table 2) shows that

phosphorus removal from rice roots, per gram of nematode wet weight,
was about 2.1 times greater for T. martini than for C. onoensis.
20
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Table 1.

Average weights of tops and roots of eight-week-old rice
seedlings grown in greenhouse pot cultures and average
final numbers of Criconemoides onoensis and Tylenchorhynchus
martini.4

Treatment

Pot
number^

gm

Tops
weight
gm

Roots
weight

Final number of
nematodes per pot
C. onoensis T. martini

Infested with
plant-parasitic
nematodes, not
treated with
phosphorus-32

1
2
3
4

2.33
2.11
1.94
2.16

3.50
3.48
3.12
3.21

955
1139
1315
868

974
1023
866
1041

Infested with
plant-parasitic
nematodes,
treated with
phosphorus-32

1
2
3
4

1.89
2.40
2.22
1.90

3.37
3.78
3.52
3.06

1349
1201
806
855

1000
585
1117
655

Infested with
saprozoic
nematodes,
treated with
phosphorus-32

1
2
3
4

3.17
3.51
3.23
3.00

5.71
6.29
5.46
5.42

_—

...

--

—

aAll values are the average of 3 tests.
^Each pot contained 1400 gm soil and one rice seedling.

-“*
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Table 2.

Phosphorus-32 concentration and per cent in rice seedling,
soil and nematode samples from greenhouse pots, based on the
rate of radioactivity per gram sample.a

Replicate pots
Sample

Data
Nonradioactive control

Soil

Roots

Tops

C. onoensis

T. martini

CFM gross
CPM net
Per cent

49

46

49

54

0

0

0

0

CPM gross
CPM net
Per cent

53

49

55

49

0

0

0

0

CPM gross
CPM net
Per cent

70

49

51

53

0

0

0

0

CPM gross
CPM net
Per cent

50

51

51

52

0

0

0

0

CPM gross
C P M net
Per cent

53

53

51

48

0

0

0

0

Radioactive treatment
Soil

CPM gross
CPM net
Per cent

442
393
0.02

287
237
0.01

452
402
0.01

497
447
0.02

Roots

CPM gross
CPM net
Per cent

62788
62736
3.54

53338
53286
2.42

53433
53381
2.63

81370
81318
4.61

Tops

CPM gross
CPM net
Per cent

62034
61978
3.50

69322
69266
3.14

69083
69027
3.40

72766
72710
4.12

C. onoensis

CPM gross
CPM net
Per cent

410910
793698
547863
571681
547812
571630
410859
793647
23.23
24.88
39.17
32.44

T. martini

CPM gross
CPM net
Per cent

1035802
1231408
1109555
1529628
1231357
1529576
1109504
1035751
69.67
54.76
58.78
69.52
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Table 2.

Continued.

Sample

Data

1

Replicate pots
2
3

4

Soil

CPM gross
CPM net
Per cent

252
202
0.02

185
135
0.01

339
289
0.02

295
245
0. 02

Roots

CPM gross
CPM net
Per cent

25706
25654
26.81

36368
36316
30.01

52696
52644
44.70

36977
36926
32. 02

Tops

CPM gross
CPM net
Per cent

69860
69803
72.97

84609
84553
69.88

64891
64835
55.05

78182
78126
67. 76

Saprozoic
nematodes

CPM gross
CPM net
Per cent

49
0

50
0

63
0

50
0

aAll values are the average of 3 tests.

12001100

Phosphorus-32

concentration

(CPM

x 1000)

-

1000900800
700-

600500-

300-

Criconeinoides
onoensis
Figure 2.

Tylenchorhync hus
martini

Rice
tops

Rice
roots

Soil

Relative concentration of phosphorus-32 in rice seedling-nematode greenhouse cultures
as indicated by the average rate of radioactivity (CPM) per one gram wet weight sample.
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The average concentration of phosphorus-32 accumulated by
plant-parasitic nematodes,

as indicated by the C P M (Fig. 2), were

much greater than that by the top, root, or soil samples.

Phosphorus-

32 accumulated by T. martini was almost 20 times greater in co n c e n 
tration than that by the rice plant top or root sample.

Phosphorus-32

was detected in soil samples from treated pots containing plantparasitic nematodes as well as in soil samples from treated pots
containing saprozoic nematodes.

However the phosphorus-32 concentra

tion accumulated by soil was very low compared with that accumulated
by the top and root samples.
Table 2 shows also that the degree of concentration of phosphorus32 in the soils as represented by the net rate of radioactivity depended
on the presence or absence of plant-parasitic nematodes.
ficantly higher in soils containing T. martini and £.

It was signi

onoensis than in

soils containing saprozoic nematodes.
The average concentration of phosphorus-32 in the roots was also
related to nematode infection;

phosphorus-32 concentration was signi

ficantly higher in the infected plant roots than in the noninfected
roots.

There was a difference also between phosphorus-32 concentration

in the tops of the infected plants,
infected plant tops.

as compared with that in the n o n 

The average phosphorus-32 concentration accumu

lated by the tops of the noninfected plants was higher than that by the
tops of infected plants; but this difference was not statistically
significant.
Table 3 and Fig.
in the treated pots,

3 show the relative distribution of phosphorus-32

as indicated by the average total radioactivity
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Table 3.

D i s t r i b u t i o n o f phosphorus-32 in rice seedling-nematode pot
cultures in the greenhouse, based on the rate of radioactivity
in the total sample.a

Replicate
Data

Sample

4

3

2

1

Ra d i o a c t i v e treatment
Soil

C P M total
Per cent

569260
626780
410200
332640
45.98
61.08
62.39
55.53

Roots

C P M total
Per cent

154504
118506
118571
127888
15.33
16.05
17.67
12.71

Tops

C P M total
Per cent

208866
261825
242976
36.19
28.27
26.07

C. onoensis

C P M total
Per cent

651
0.08

773
0.10

751
0.08

574
0.05

C P M total
Per cent

384
0.05

279
0.03

386
0.04

211

T. martini

R a d i o a c t i v e control
Soil

C P M total
Per cent

Roots

C P M total
Per cent

Tops

C P M total
Per cent

222493
22.14

0.02

(without plant-parasitic nematodes
283360
189420
405860
343280
37.12
39.12
23.28
43.64
81324
10.65

170041
92371
110778
12.62
18.28
11.35

398580
354000
531842
4 23442
65. 36
38.06
52.22
48.25

aAll values are the average of 3 tests.

radioactivity

400-

300-

200-

Average

Treated pot containing
saprozoic nematodes

500 -

total

(CFM

x 1000)

Treated pot containing Criconemoides
onoensis and Tylenchorhynchus martini

100-

Soil

Figure 3.

Rice

Rice

roots

tops

Soil

Rice
roots

Rice
tops

Relative distribution of phosphorus-32 in rice seedling-nematode greenhouse cultures
per total wet weight sample.
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Table 4.

Statistical significance of the effects of Criconemoides
onoensis and Tylenchorhynchus martini on concentration of
phosphorus-32 in tops, roots and soil of rice seedlings.

Standard error of
mean difference

Mean difference
required

Mean difference
obtained

Tops

4919.59

12003

6084

Roots

8625.95

21047

24795*

56.40

138

152*

Sample

Soil

*Significant at 5% level of probability.
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present in the pot,

for tops, roots, soil, and nematodes.

radioactive plant-parasitic nematode treatment,

In the

soil contained the

greatest average total radioactivity followed by plant tops and roots.
Plant-parasitic nematodes contained the lowest total radioactivity in
the pot.

These relative measurements were calculated from data

(Table 1) which represented the average total weights for top, root,
soil, and total number of plant-parasitic nematodes present in each pot.
Phosphorus-32 total content of the top was always higher than that of
the root.

Autoradiography
Autoradiographic prints of plant-parasitic nematodes, obtained
with the "coating technique," confirmed removal of phosphorus-32 from
rice roots by these nematodes during a 72-hour period.

The autoradio

graphs for the treated plant-parasitic nematodes showed either scattered
black silver grains in the printed film (Figs. 4 and 5), or they showed
black spots without distinguishable silver grains

(Fig.

6

).

These

represented the recovery of phosphorus-32 in the autoradiographs.
Both plant-parasitic nematodes, C^. onoensis and T. m a r t i n i , maintained
on the injected plants showed the presence of phosphorus-32 in their
autoradiographs.
Phosphorus distribution, as indicated by these blackening silver
grains or spots on the film, occurred throughout the whole nematode
body and outside the body in proximity to it.

A gross accumulation of

phosphorus-32 was visible in some autoradiographs.

In two autoradio

graphs, prepared for treated C. onoensis, an accumulation of radioactivity
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Figure 4.

it

9B4

U

»M

Autoradiograph of Criconemoides onoensis labeled with
phosphorus-32 showing the distribution of blackened silver
grains of the emulsion (approx. 5 0 0 X ) . a.
Anterior
region, b.
Posterior region.
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Figure 5.

Autoradiograph of the gut region of Criconemoides
onoensis labeled with phosphorus-32 showing distribution
of blackened silver grains of emulsion (approx. 5 0 0 X ) .
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OCC

Figure 6.

67

Photomicrographs of Criconemoides onoensis, not labeled
with phosphorus-32, showing background of the emulsion
(approx. 500X). a. Anterior region,
b.
Posterior
region.
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was detected at the posterior end of the nematode (Fig. 4).

High

radioactivity was found in some autoradiographs at the center portion
as well as at the anterior end of the nematode body (Fig. 5 and 7).
Autoradiographs o>f the saprozoic nematodes maintained on injected
plants and of the nontreated plant-parasitic nematodes
and 9) showed an absence of phosphorus-32.

(Figs.

6

,

8

,

There were very few ind i 

vidual silver grains present as a background in most of these m i c r o 
graphs.
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Figure 7.

OKI

9M

Autoradiograph of T. martini labeled with phosphorus-32,
showing blackened areas of the emulsion (approx. 500X).
a. Anterior region,
b.
Posterior region.

Figure

8

.
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910

DIG

Figure 9.

•

8T

Micrograph of saprozoic nematode exposed to phosphorus~32
from rice roots showing absence of blackened silver grains
of emulsion (approx. 500X). a. Anterior region,
b.
Posterior region.

DISCUSSION

The results indicate

that phosphorus-32,

injection in the form of H 3 ^ P

0 4

applied to the plant by

, is translocated to all parts of the

rice plant.. There was no apparent restriction of translocation of
phosphate through the plant;

therefore,

the controlled injection method

is satisfactory for this type of research.
of Inselberg 1959

These results support the work

(18), and Jyung and Wittwer,

1964

(19) in spite of

their different methods of application of phosphorus-32 to the plant.
Radioactive phosphorus was removed from the rice plant by
Criconemoides onoen sis Luc 1959 and Tylenchorhynchus martini Fielding
1956, as indicated by the detection of phosphorus-32 in these nema
todes.

Both radioassay methods used

(the liquid scintillation counting

method and the autoradiography method) have proved the presence of
phosphorus-32 in these plant-parasitic nematodes.

These facts,

coupled with absence of phosphorus-32 in saprozoic nematodes m a i n 
tained around the roots of injected rice plants,

provide conclusive

evidence that C^. onoensis and Th martini feed on the roots of rice and
withdraw nutrient materials from this host.
The results showed that the distribution of phosphorus-32 in rice
seedlings was related to the presence of plant-parasitic nematodes.
The average total radioactivity present in roots was significantly
higher in nematode-infected plants
nematodes.
tion rites.

This indicates

than in plants exposed to saprozoic

that phosphorus-32 accumulated at the infec

These results confirm those of Hunter
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(17) on root-knot

38
nematode

(M. Incognita ac r i t a ), and of Shaw and Samborski

(35), who

noted accumulation of carbon-14 and phosphorus-32 in young infection
regions whe n they applied these radioisotopes
plants infected by _p. g r a m i n i s .

to wheat and barley

The total radioactivity content of

tops was higher in the noninfected plants

than in the infected ones,

but the difference was not statistically significant.
Although there was a relatively low concentration of phosphorus32 in all soil samples from around the roots of injected plants,

total

radioactivity content of soil in the pots comprised a high percentage.
This was the case with the soil of the infected plants as well as that
of the noninfected plants.

The explanation is that the phosphorus-32

content of the soil of noninfected plants results from the movement
of phosphorus-32 from the root of the injected plant into the soil
through an ion exchange phenomenon.

Emmert,

1959,

1961

(11,

12)

reported that phosphorus-32 applied to the bean leaf was found in the
roots after two days exposure,
the surrounding solution.

and finally was lost from the roots to

He stated that concentrations of ions in the

external med i u m influenced phosphorus-32 movement and that the greatest
loss from the roots occurred at the highest concentrations.
The other important feature concerning soil radioactivity results
is the statistically significant increase in the average total
phosphorus-32 of the plant-parasitic nematode-infested soil over the
saprozoic nematode-infested soil.

This increase might come from:

(1) movement of phosphorus-32 from tops to the roots, where it co n c e n 
trates and then is lost from the root to the surrounding soil by an
exchange phenomenon,

(2 ) loss from the infected root through the wounds
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produced by the nematodes while feeding, or

(3) loss from the nema

todes by excretion.
The net rate of radioactivity

(counts per minute)

found with

the plant-parasitic nematodes indicates phosphorus-32 is much greater
in concentration than in rice tops, roots, or soil.

Calculated r a d i o 

activity for a gram wet weight sample of T. martini was about 2.1 times
that of £.

onoensis.

The increase of phosphorus-32 concentration of

T. martini over that of C. onoensis suggests
feeds more efficiently.

1?.

that the first nematode

martini may contact the root for a longer

time than C, o n o e n s i s , or this latter species may produce effects which
interfere with phosphorus-32 withdrawal from the host.
Loss of phosphorus-32 from the rice plant into the soil,

as a

result of infection by £. onoensis and T. martini is obviously of
economic

importance.

During the 72-hour incubation with phosphorus-32,

the plant lost about 31 per cent of its phosphorus-32 content, mainly
to the soil.
conditions,

In applying this finding to the rice crop under field
it is apparent that more phosphate fertilizers could be

applied to the foliage to correct this imbalance in the tops.
The nematode autoradiographs prepared from exposure to phosphorus32 confirmed the removal of phosphorus-32 from rice roots by the plantparasitic nematode species.

However,

the blackening silver grains

pres e n t in these autoradiographs can not be considered a complete
quantitative measure for phosphorus-32 distribution in the nematode
body.

This is true because not all beta particles,

nematode,

present in the

could reach the film, but it gave a good indication of the

presence of phosphorus-32 in both nematodes studied because silver
grains were found in all parts of the nematode body.
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Figure 3 showed sites of silver grain accumulation at the
p o s t e r i o r end of the nematode, which could indicate the presence of
phosphorus-32 in the digestive system.

The presence of silver grains

a l o n g the sides of the nematode body came possibly from beta particles
r a d iated from the nematode,

or from substances produced by tissue

hydrolysis during nematode fixation o n the slide.
T h e s e are the first autoradiographs of plant-parasitic nematodes
w h i c h s how distribution of phosphorus-32 in the nematode body.

The

c o ntrolled injection method and the autoradiography technique are very
simple, but careful steps are needed to produce good autoradiographs.
The NTB-3 emulsion film should be used within three weeks of shipment.
W e a k sources of phosphorus-32 are more preferable for this work than
st r o n g ones.

Successful results were not obtained with the "non-

s c r e e n ” X-ray film, probably because of the low sensitivity and
r e s o l u t i o n of these films.
result in some difficulties.

Incomplete contact with specimens may
One of the difficulties that arises with

the coating technique is the difficulty of focusing, because of the
u n e v e n coating of the slide-containing nematodes which gives different
depths to the silver grains.
The only reference found on autoradiography with plant-parasitic
nematodes was the report of Brown and Dunn 1965,

in which they used

c ar b o n - 1 4 in a solution for dipping the nematodes.

The autoradio

graphs they prepared were similar to the ones obtained in this work.
C a rbon-14 Is a low energy beta emitter, whereas phosphorus-32 is a high
energy radioisotope.

For this reason autoradiographic w ork with carbon-

14 should result in better definition than with phosphorus-32.

SUMMARY

A satisfactory controlled injection method for introducing
phosphorus-32 into rice seedlings was used for evaluating of the
host-parasite relations between rice seedlings and the plantparasitic nematodes,

Criconemoides onoensis Luc 1959 and

Tylenchorhynchus martini Fielding 1956.
Phosphorus-32 was translocated to all parts of the rice plant and
was removed from the roots by
by saprozoic nematodes.

onoensis and _T. martini but not

Autoradiographs of the nematodes c o n 

firmed these results.
Concentration

of phosphorus-32 was 2.1 times greater in 1\ martini

than in C. o n o e n s i s .
The first autoradiographs were prepared of phosphorus-32 in nem a 
todes .
Concentrations of phosphorus-32 after 72 hours were in the order
T. martini '>.C. onoensisFyroots or tops >

soil.

Total phosphorus-32 content varied in the order soil
for pots containing plant-parasitic nematodes,
order t o p s s o i l r o o t s

tops ~p>-roots

but varied in the

in samples from pots containing saprozoic

nematodes.
Phosphorus-32 was lost from rice roots into the soil containing
plant-parasitic nematodes.

This was related to the fact that

pnosphorus-32 concentration was significantly higher in roots
infected by plant-parasitic nematodes than in noninfected roots.
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