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ABSTRACT

Meloidodera charis Hopper I960, was recently discovered in 

Arizona. This nematode is related to the root-knot and cyst nematodes 

which are important plant parasites.

A survey of Arizona soils showed M. charis was distributed 

throughout desert regions of the state on mesquite, Prosopis juliflora 

var. glandulosa including many agricultural areas. K_. charis was 

found to parasitize both mohocots and dicots under greenhouse con

ditions.

Examination of the life cycle and histopathology of M. charis 

on mesquite roots showed that larvae penetrate behind the root tip and 

migrate intracellularly to the stele 24 hours after inoculation. The 

second, third and fourth moults occurred 5-6, 9-10, and 14-15 days 
after inoculation, respectively. Males appeared in the roots 10 days 

after penetration. M. charis established syncytia in the protophloem 

and phloem parenchyma cells by cell wall dissolution. Syncytia were 

typically binucleate and elongate with nuclei and nucleoli greatly 
enlarged.

M. charis caused extensive damage to mesquite roots by pene

tration, migration, growth of the nematode, and vascular disruption by 
developing syncytia.

viii



INTRODUCTION

Meloidodera charis. Hopper I960, a plant parasitic nematode 

originally described on honey mesquite was recently discovered in 

Arizona on the roots of St. Augustine grass (McClure and Kruk n.d.).

In the original description of the type-species Meloidodera floridensis 

(Chitwood, Hannon and Esser 1956) the juvenile nematode extracted from 

a soil sample was initially identified as "Heterodera trifolli." After 

microscopic examination of the root material, female nematodes were 

observed which resembled Heterodera rostochiensis Wollenweber 1923. 

Further observations disclosed that the nematode was an intermediate 

between the two genera Meloidogyne and Heterodera, hence the name 

Meloidodera (Chitwood, Hannon and Esser 1956). This genus is a member 

of the subfamily Meloidoderinae Golden 1971, and family Heteroderidae 

Filipjev and Schuurmans Stekhoven 1941, Skarbilovich 19^7 (Wouts 1972, 

1975).
The biological significance of Meloidodera charis is its unique 

phylogenetic position with respect to Heterodera and Meloidogyne. In 

addition its histopathological relation with its type-host honey mes

quite Prosopis juliflora (Swartz) D.C. var. glandulosa (Torr.)

Cockerell and its occurrence in native Arizona soils suggest that 

M. charis may also be of importance agriculturally.

The genus Meloidodera consists of three nominal species.

M. floridensis, the type-species, has been found in association with
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the roots of southern slash pine, Pinus ellottii Englm., in eastern and 

southeastern United States. M. charis was found in association with 

the roots of honey mesquite and with the roots of St. Augustine grass, 

Stenolaohrum secundatum, in Weslaco, Texas (Heald and Golden 1969).

The third species M. bellii Wouts 1973, occurs in soil around the 

roots of sage (Salvia sp.) near Salina, Utah. M. armeniaca Poghossian 

i960, and M. tadshikistanica Kirjanova and Ivanova 1966, have been 
designated species inquirendae by Wouts (1973)•

Phylogenetic relationships of Meloidodera to Heterodera and 

Meloidogyne are based upon morphological and physiological character

istics and cytological studies. Morphological and physiological dif

ferences and similarities exist throughout the various stages of 

development in these genera. There are several basic characteristics 

that distinguish Meloidodera and related Heteroderidae. This family 

is characterized by extreme sexual dimorphism with the adult female 

tailless and swollen to subspherical in shape. The third- and fourth- 

stage juveniles are swollen and caudal alae are absent. The lip region 

possesses six distinct lips plus the tail of the male is short or 

absent.

Members of the families Heteroderidae and Meloidogynidae induce 

in their hosts a specialized feeding site of high metabolic activity 

from which the nematode obtains its nourishment. The term syncytia 

historically has been associated with the specialized multinucleate 

cells initiated by Heterodera sp. and the term giant cell refers to 

similar cells induced by Meloidogyne sp. In this thesis both terms 

are used synonymously. ,



Root-knot nematode larvae generally enter at the root terminus 

or just behind the root tip and migrate intercellularly destroying few 

cells. Meloidogyne larvae then establish usually two to six giant 

cells near the head of the nematode in the provascular tissue by endo- 

mitosis without cytokinesis. Cell wall breakdown is not believed to be 

an integral part of giant cell formation (Jones and Northcote 1972).

The root-knot nematode stimulates hypertrophy of the cortical cells 

causing the familiar root gall. Meloidogyne establishes the giant cell 

in the provascular elements before the xylem pattern is established, 

thus the giant cells expand in all directions pushing out and causing 

xylem and phloem cells to differentiate in local areas (Jones and 

Northcote 1972). A number of these xylem elements may be damaged by 

giant cell expansion. Cell wall protuberances form on the interior of 

the giant cell as a function of solute flow across the plasmalemma 

from xylem and sieve elements (Jones and Northcote 1972). The large 

cell vacuole is replaced by smaller more numerous vacuoles and the 

cytoplasm becomes dense with an increase in number of giant cell 

organelles. The nuclei become enlarged and irregular in shape con

taining enlarged nucleoli. There is a flow of cytoplasm to the nema

tode and peak metabolism of the giant cell corresponds with the period 

of egg production in the female (Bird 1961).

Infective larvae of Heterodera generally enter the young 

piliferous zone of the root and migrate to the provascular tissue 

where they establish a syncytium. The syncytium is established after 

the development of the lignified xylem vessels so cellular expansion 

is in the direction of the cortex only (Jones and Northcote 1972).
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This results in a more elongate shape of the syncytium than that pro

duced by Meloidogyne. Expansion causes a crushing of the sieve ele

ments and other cells on the cortical side of the syncytium. The mode 

of formation of the syncytium is by cell wall dissolution and coalesc

ing of cell contents with the resulting cells containing cell wall 

fragments (Bird 1961). Cell wall protuberances occur adjacent to xylem 

vessels more than adjacent to sieve elements indicating that a greater 

proportion of solutes are obtained from the xylem vessels (Jones and 

Northcote 1972). Cortical hypertrophy generally does not occur and 

galling therefore is uncommon.

Larvae of Heloidodera floridensis enter the host tissue behind 

the root tip and migrate intercellularly causing only slight destruc

tion. The giant cell is established in the region of the cortex not 

infected with mycorrhizal fungi, within undifferentiated meristematic 

tissue behind tips of mycorrhizae, and in provascular tissue of slash 

and lobolly pine roots. A thickening of the giant cell wall occurs 

near the head of the nematode and hyperplasia of adjacent cortical and 

vascular cells commonly occurs. The growth and expansion of the adult 

female and giant cell cause a displacement of vascular elements gener

ally without damage (Ruehle 1962).
In summary* Meloidodera charis has important and interesting 

relationships with Meloidogyne, Heterodera, other species of Meloido

dera, and the desert of Arizona. In an effort to understand this 

species better a study was conducted of its life cycle on honey mes- 

quite. The geographical distribution of M. charis on honey mesquite
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within Arizona was determined and other possible hosts were examined 

by using common crops and ornamentals of Arizona. The potential of 

M. charis as a pathogen was assessed by a histopathological examination 

of infested mesquite roots. Scanning electron microscopy was used to 

examine external features of the nematode and its host-parasite rela

tionships.



■MATERIALS AND METHODS

A soil sample obtained from Willcox, Arizona contained a very 

high population of Meloidodera charis larvae. This sample was used as 

a source of inoculum.

Soil Survey

The survey of Meloidodera charis on honey mesquite in Arizona 

was conducted by sampling soil 100 to 300 cm deep within the root drip 
line. The samples were taken from trees in representative areas of 

Arizona. Samples were taken from several trees at one location if 

possible. Each sample was uniformly mixed and from each sample 100 cc 
of soil was placed in a mist extractor for a period of 3 days. Ex

tracts were examined with a dissecting microscope for larvae, adult 

females and males.

Host Range Test

The host range of some common crops and ornamentals was estab

lished by obtaining a quantity of soil that was naturally infested with 

a high population of M. charis. The soil was passed through an 8-mesh 
screen to remove large debris then uniformly mixed and placed in 15 cm 
diameter pots. The test hosts were sown directly into the pots except 

for saguaro and golden barrel cacti which were obtained from a local 

nursery and were transplanted after washing free of adhering soil.

The larval population of the soil was determined to be 7 larvae per
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1 cc of soil or approximately 2000 larvae per pot. Four replicates of 

each test host were grown under greenhouse conditions for a minimum of 

45 days. The presence of adult females was then determined by gently 

washing soil from the roots and staining the roots with acid fuschin 

in lactophenol. Only roots in which females were attached were con

sidered to be hosts.

Preparation of Inoculated Mesquite Roots 

The life cycle and histopathology were studied by observing and 

photographing the development of M. charis in sections of uniformly 

infested mesquite roots. Roots were infected by a method developed by 

McClure and Robertson (1973) for cotton seedlings. Mesquite seeds 

were surface sterilized in 20# household bleach (1# sodium hypochlorite)
V

for 20 minutes, rinsed with sterile water, and germinated two days in 
advance of inoculation. Two day old seedlings were placed with their 

root tips between two strips of sterile Miracloth, 2 cm wide. The 

Miracloth strips were placed together on sterile vermiculite which was 

contained in a specially designed box lined with a plastic wrap. The 

vermiculite served as support for seedlings and a moisture reservoir.

A purified population of M. charis juveniles was obtained from infested 

soil and washed several times with sterile water. The larvae, in 

10 ml of sterile water, were pipetted evenly along the length of the 
Miracloth strips to provide approximately 20 larvae per seedling. The 

root tips grew the breadth of the Miracloth within 24 hours during 

which the root tips were penetrated. During penetration and develop

ment of the nematodes the box was placed in a growth chamber and
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maintained at 28 C and 20,000 lux for 12 hours. Infected root sections 

were harvested at intervals by severing the root just above and below 

the Miracloth strips and placing the excised portion in fixative.

Preparation of Thick Sections for 
Histopathological and Life Cycle Studies

Root sections were removed at 24, 48, 72 hours, and every three 

days thereafter up to 39 days. The sections were fixed in pH 7.4,3% 

gluteraldhyde, dehydrated in an ethanol-xylene series, and imbedded in 

Paraplast. Prior to sectioning, the root tissues were softened by 

soaking the trinmed blocks overnight in water. Sections were cut at 

10 /zm, on a rotary microtome, mounted on glass microscope slides and 
stained with safranin and fast green. Cover slips were permanently 

mounted with Canada balsam. Observations and photographs were made 

with a Leitz Wetzlar Ortholux II light microscope.

Nematode Growth and Development

Roots were harvested at 3, 6, 8, 10, 13, 15, 17, 19, 21, 23,
26, 28, and 30 days after inoculation, fixed in FAA for 24 hours, 

stained with steaming acid fuschin in lactophenol for two minutes, and 

cleared for 24 hours in lactophenol. Developing nematodes were dis

sected from the roots and mounted in lactophenol. Observations were 

made on a Leitz Wetzlar Ortholux II light microscope. Growth was esti

mated by measuring the outline areas of camera lucida drawings of the 

nematode at various stages of development. The silhouettes were cut

out and their outline area was determined by a Hayashi Denko Co. Ltd. 
photometric leaf area machine. The moulting sequence was determined 

by counting the number of cast cuticles.



Preparation of Specimens for 
Scanning Electron Microscopy

Root sections were harvested at 40 days, fixed in pH 7.4,3% 

gluteraldehyde and post-fixed in osmium tetroxide. Some gravid females 

after fixation were dissected from the roots and the subcrystalline 

layer removed. Males were obtained from soil and were fixed as above. 

All specimens were then dehydrated with ethanol, critical point dried, 

and mounted on aluminum stubs with double-stick tape. Mounted speci

mens were coated with a 20 nm layer of gold-paladium and observed on an 
ETEC Autoscan scanning electron microscope with an accelerating vol

tage of 20 kv.
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RESULTS

The occurrence of Meloidodera charis in Arizona coincided with 

the distribution of honey mesquite in Arizona (Fig. 1). Honey mesquite 

or Prosopis juliflora var. glandulosa occurs generally below 4000* 

elevation in the lower Sonoran, Chihuahuan, and Mohave desert types.

The populations of M. charis of greatest density were located in the 

Sulfur Springs Valley, San Pedro Valley, Bill Williams River valley, 

and upper Gila River valley down to Gila Bend. The areas with the 

lowest density are the Yuma Valley, Welton-Mohawk Valley, and the 

Colorado River basin. The low density areas are areas in which most 

of the mesquite was inaccessible for sampling or nonexistent. The 

areas with dense populations correspond to many of the major agricul

tural areas and population centers of the state.

In addition to mesquite and St. Augustine grass, five addi

tional hosts of M_. charis were found (Table 1). They are cantaloupe, 

pinto bean, golden barrel cactus, saguaro cactus, and tomato.

Infective second-stage larvae of Meloidodera charis (Fig. 2) 

entered mesquite roots in the area behind the root tip and migrated 

intracellularly to the stele causing considerable damage along the 

pathway of migration (Figs. 3 and 4). Cells adjacent to the pathway 

often were stained dark blue and were necrotic. Penetration occurred 

within 24 hours. Migration occurred up to 48 hours with most larvae 

choosing a direct path to the stele. Larvae generally were oriented

10
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Figure 1. Distribution of Meloidodera charis in Arizona on mesquite, 
Prosopis juliflora var. glandulosa (shaded area).
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Table 1. Host range of Meloidodera charis.

Common Name Scientific Name
Pathogenicity 
Test Result

1. Cantaloupe Cucumis melo +

2. Cotton Gossypium hirsutum -

3* Cucumber Cucumis sativus -

4. Alfalfa Medicago sativa -

5. Petunia Petunia hybrida -

6. Pinto Bean Phaseolus vulgaris +

7. Golden Barrel Cactus Echinocactus grusonii +

8. Saguaro Cactus Carnegiea gigantea +

9. Safflower Carthamus tinctorius -

10. Sorghum Sorghum vulgare -

11. Sugar Beet Beta vulgaris -

12. Sweet Corn Zea mays -

13• Tomato Lycopersicon esculentum +

14. Wheat Triticum aestivum -
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Figure 2. Meloidodera charis. —  A, the equatorial vulva of an adult. 
B, anterior view of second-stage larva.



Figure 3. Meloidodera charis in roots of honey mesquite.

A, larval penetration 24 hours after inoculation showing 
intracellular path of migration to the stele. B, intense 
red stain reaction in stelar cells adjacent to juvenile, 
12 days after penetration.
Abbreviations 

P = nematode 
N = nucleus 
Ni = nucleolus 
X = subcrystalline layer 
S = syncytium 
Sw = syncytial cell wall 
D = dense granular cytoplasm 
Cf = cell wall fragments

__3
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Figure 3* Meloidodera charis in roots of honey mesquite
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Figure 4. Meloidodera charis in honey mesquite roots. —  A, juvenile 
48 hours after penetration. B, head region of juvenile in 
phloem tissue 6 days after inoculation showing hyper
trophied nucleus adjacent to feeding site in syncytium.
See Figure 3 for abbreviations used.



parallel to the longitudinal axis of the root and with the head located 

at the pericycle or more commonly within the protophloem and phloem 

parenchyma tissue (Figs. 3» 4, and 5)* Syncytial initiation was noted 

at 48 hours in cells adjacent to the stylet of the nematode. K. charis 

developed endoparasitically to adulthood (Figs. 6, 7, 8, 9). The adult 

generally ruptured the cortex with its saccate body. Adults which 

developed in clusters caused a splitting of the cortex in a linear 

direction exposing the stele (Figs. 7 and 9)» The exposed stele 

created infection sites for other organisms.

The first moult occurred in the egg with the emerging infective 

second-stage juvenile having an average outline area of 7.6 x 10^ yUm^
(average of 16 larvae). The second moult occurred 5 to 6 days after 
inoculation of the mesquite roots. Seventy-seven percent of the larvae 

had completed the second moult by the sixth day. Thirty-five third- 

stage juveniles had an average outline area of 10.3 x 10^ /rm̂ . The 

third moult occurred 9 to 10 days after inoculation with of the 

female larvae completing the third moult by the tenth day. Twenty- 

eight fourth-stage juvenile females had an average outline area of 

16.5 x \0r . The fourth moult occurred 14 to 15 days after inocu

lation. By the fifteenth day 75# of the nematodes present were adult

females. Forty adult females before egg production began had an aver-
3 ' 2age outline area of 29.7 x 10 /zm . The eggs within the adult female 

appeared 21 days after inoculation of the larvae. After egg production 

began, the average outline area of 45 adult females increased to 61.3 
x 105 /tm^. The largest female was recovered 28 days after inoculation 

with an area of 145.2 x 105 /m2 (Figs. 10 and 11).
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Figure 5* Developing juveniles of Meloidodera charis in roots of 
honey mesquite. —  A, second larval moult showing cast 
cuticle and developing syncytium showing cell wall dis
solution. B, developing nematode with typical binucleate 
syncytium 15 days after inoculation. See Figure 3 for 
abbreviations used.
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Figure 6. Meloidodera charis embedded in the roots of honey mesquite.
—  A, adult female 36 days after inoculation with elongate 
syncytium. B, developing syncytium in phloem tissue 9 
days after inoculation showing active cell wall dissolution. 
See Figure 3 for abbreviations used.
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i

Figure ?• Meloidodera charis female and degrading syncytia. —
A, adult female 33 days after penetration showing exposure 
of stele and cortical damage. B, cavities of degrading 
syncytia 39 days after inoculation showing extensive damage 
to vascular tissue. See Figure 3 for abbreviations used.



20

B

Figure 8
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Figure 9* Meloidodera charis females embedded in roots of honey 
mesquite. —  A, female protruding from root. B, Two 
females developing closely showing cortical splitting.

II
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1 I I i i r
5 10 15 20 25 30

DAYS AFTER IN O C U L A T IO N

Figure 10. Growth of Meloidodera charis in mesquite roots, Prosopis 
.juliflora var. glandulosa. '
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DAYS AFTER IN O C U LA TIO N

Figure 11. Developmental stages of Meloidodera charis in roots of 
mesquite* Prosopis juliflora var. glandulosa. —
A, second-stage larvae; B, third-stage larvae; C, fourth- 
stage larvae; D, adult males; and E, adult females.
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After the second moult the juveniles and the adult females were 

less prominently annulated. The third- and fourth-stage larvae had 

shorter stylets (22 to 24 ̂ m) than the second-stage juveniles (26 /m).
The second moult was characterized first by an increase in width (32 to 

36 fim width from 18 to 20 /xm width of second-stage juveniles) then a 

length reduction by retraction of tissues in the tail region to form a 

bluntly rounded terminus. The third and fourth moults were accompanied 

by an overall increase in size posterior to the metacorpus. All larval 

stages possessed well developed stylets indicating feeding occurred 

between moults.

The development of the syncytium coincided with the development 

of the nematode. The first evidence of morphogenesis of giant cells 

was observed 48 hours after inoculation. The cell adjacent to the 

stylet was enlarged to several times the volume of normal cells. Cell 

wall dissolution usually was not evident 48 hours after inoculation and 

hypertrophy of the initial cell and nucleus was the only change evident. 

The hypertrophied nuclei contained enlarged nucleoli which stained 

intensely red (Figs. 6, 12, 13). Material which stained red also 

appeared in stelar cells adjacent to the neck region of the nematode 

(Figs. 3 and ?)• The stain extended longitudinally from the nematode, 

often several hundred microns in each direction. Necrosis of cortical 

cells adjacent to the nematode was common (Fig. 3)• After 72 hours 

all observed larvae had initiated a syncytium. The syncytium developed 

and formed a single large cell by dissolution of cell walls and 

coalesence of cellular material. Cell wall dissolution was evident 

by the sixth day (Figs. 4 and 5)• The syncytium generally developed
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A

Figure 12. Syncytia of Meloidodera charis. —  A, syncytium 12 days 
after inoculation showing elongate manner of expansion. 
B, syncytium 24 days after penetration showing dense 
granular cytoplasm surrounding the nuclei. See Figure 3 
for abbreviations used.
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Figure 13. Mature syncytia of Meloidodera charis in roots of honey 
mesquite. —  A, syncytium 36 days after inoculation with 
extensive dense granular cytoplasm. B, syncytium 39 days 
after inoculation showing delineation of entire cell and 
granular cytoplasm filling the volume of the cell. See 
Figure 3 for abbreviations used.
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in protophloem and phloem parenchyma cells and expanded in a bipolar 

direction (Figures 7 and 10). Syncytial cells often developed adjacent 

to xylem vessels causing some displacement of vessels but did not merge 

with xylem tissues. Actively expanding portions of the syncytium were 

not clearly demarked and were identified by cell wall fragments. Cell 

wall fragments did not occur near the feeding site but occurred towards 

the actively expanding poles of the syncytium until the cell merged 

with normal tissue (Fig. 6). Lateral syncytial cell expansion caused 

a thickening of cell walls due to compression of surrounding cells.

The cell wall at the nematode feeding site was thickened but some 

plasticity of the cell wall was shown by an invagination of the cell 

wall by developing juveniles (Fig. 4). Elongate syncytia ranged from 

250 / m  x 65 /tm x 40 /tm to 690 yum x 100 / m  x 60 ym.

The hypertrophied nucleus was irregular in shape being 10 to 

12 yum in diameter at maturity (Fig. 13). The enlarged nucleolus was 

6 to 8 / m  in diameter by 12 days after inoculation and did not appear 

to enlarge further (Fig. 13). Generally, only two nuclei were observed 

in mature syncytia and often they were near the feeding site (Fig. 3). 

In three cases syncytia contained 4 nuclei and in one case a nucleus 

contained a sickle-shaped nucleolus indicating nuclear division or 

fusion. Initial cytoplasmic density of the syncytium was comparable 

to that of a normal cell. Six days after penetration there was an 

aggregation of dense granular material around the nuclei (Fig. 12).

The dense granular material appeared highly vacuolated and increased 

in volume as the nematode developed. The dense material surrounded 

the nuclei and by the 15th day occupied up to 25# of the total volume
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of the syncytium. Cell wall dissolution ceased by 21 days in most 

syncytia and the syncytial cell wall became clearly delimited (Fig. 13X 

In a fully matured syncytium the dense cytoplasm generally filled the 

volume of the cell (Fig. 13). As the adult female became filled with 

eggs a corresponding decline in syncytial development occurred (36 days 
after inoculation). Protophloem and phloem parenchyma cells that were 

near the poles of the syncytia were hyperplastic. Cell wall fragments 

were no longer present in most synctia (Figs. 12 and 13). At 39 days 

after inoculation, syncytia showed various signs of senescence. These 

varied from degredation of the dense cytoplasm to empty cavities 

(Fig. 7).

The subcrystalline layer that is common to the genus 

Meloidodera first appeared 17 days after inoculation. By 21 days, 

when the females had expanded through the cortex of the root, every 

female had developed a subcrystalline layer (Figs. 9 and 14). The 

subcrystalline layer appeared to be a single homogeneous structure with 

a plate-like cleavage pattern (Figs. 9 and 14). The layer was slightly 

elastic when removed and was tightly held at the neck of the nematode. 

Several organisms were found existing in close association with M. 

charis and its subcrystalline layer (Fig. 15).

Males of M. charis (Fig. 16) were observed in host tissues 

reflexed within their cast cuticles 10 days after penetration. The 

proportion of males in mesquite roots reached 333® of the total popu

lation by 13 days after inoculation and then declined (Fig. 11). The 

male population in the soil never exceeded 8 males per 1000 larvae.



Figure 14. Meloidodera charis females dissected from roots of
mesquite. —  A, adult female with subcrystalline layer 
removed showing equatorial vulva. B, adult female 
with subcrystalline layer intact.



Figure 15. Root damage and organism found in close vicinity to
Meloidodera charis. —  A, bacteria-like organism found 
on neck region of an adult female. B, mesquite root 
with nematode removed showing cortical damage.



Figure 16. Tail region of Meloidodera charis males. —  A, a dorsal 
view. B, lateral view with spicules extended.



Males present in soil populations were found only occasionally and were 

noted at eight locations in the state.

32



DISCUSSION

Meloidodera charis parasitized both monocots and dicots, a 

character which demonstrates the wide adaptability of this nematode 

and which may provide a basis for future pathological problems. The 

golden barrel cactus and saguaro cactus are both important ornamentals 

with the saguaro cactus bearing the state flower. Pinto bean is an 

economically important crop in Arizona but crop rotations may have 

limited population increases of M. charis. Tomato and cantaloupe are 

also important crops in Arizona and are grown in areas in which M. 

charis occurs. However, H. charis has not been associated with dis

eases of these crops. Observation of gravid females embedded in roots 

is the only positive means of identifying hosts. However, since fe

males are easily dislodged (Fig. 15) when soil is removed from roots 

the host range may be broader than indicated by this study. Petunia 

(negative) for instance, had several females in the adjacent soil but 

none were found attached to roots.

The growth of Meloidodera charis is similar to most Heterodera 

spp. H. trifolli on Ladino clover roots completed the second moult 

4-6 days after penetration of infective larvae, the onset of the third 

moult 5 days, and the fourth moult 14-17 days after inoculation. Egg 

production began after 22 days (Mankau and Lindford I960). The growth 

curve of M. charis (Fig. 10) shows a doubling of outline area between 

the second and third moult corresponding to the observed increase in
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width. After the third moult there is only a slight increase in area. 

The adult female grows rapidly after the fourth moult but growth 

appears to slow prior to egg production. Rapid growth resumes after 

eggs begin to fill the female but probably begins to level off at 36 
to 40 days after penetration corresponding to observed syncytial 

senescence. Bird (1959) plotted a growth curve for Meloidogyne 

javanica by similar methods. This growth curve is somewhat typical 

for the genus Meloidogyne for which growth levels as the egg mass is 

formed and eggs are deposited externally. In general form the growth 

curve of M. charis is probably similar to most Heterodera spp. that 

retain eggs in a cyst and similar to other species of Meloidodera.

The plate-like cleavage of the subcrystalline layer apparently 

allows for the expansion of the female. The subcrystalline layer of 

M. charis differs from the species of Heterodera examined by Brown 

et ale (1971) which have two distinct strata.

Meloidodera charis penetrates intracellularly and causes cellu

lar collapse and injury along the path of migration. This mode of 

penetration and migration of M. charis is distinct from that of M. 

floridensis, most Meloidogyne species and some species of Heterodera 

which migrate intercellularly and cause only slight injury. Heterodera 

trifolii Goffart (Mankau and Lindford i960) and H. glycines Ichinohe 
1952 (Endo 1964) have been reported to migrate intracellularly to the 

stele as does Meloidodera charis. H. trifolii established syncytia in 

the endodermis and the initial syncytial cell expands in the stele 

occupying what would otherwise have been vascular tissue (Mankau and
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Lindford I960). As with M. charis the syncytium expands rapidly and 

the ends merge with normal tissue (Mankau and Lindford I960)•

Mesquite has a tetrarch arrangement of primary vascular tissues 

which spiral in a helical manner around the longitudinal root axis# 

Meloidodera charis larvae that enter the stele near the protoxylem 

poles occasionally penetrate xylem tissues to reach desired phloem 

tissues. Hypertrophy of nuclear material and the initial syncytial 

cell occurred prior to the onset of cell wall dissolution. Several 

syncytia expanded and followed selected phloem elements resulting in 

an elongate shape whereas other syncytia merged with surrounding tis

sue less selectively which resulted in more spherical shapes. Elon

gate syncytia noticeably followed the natural helical symmetry of the 

primary vascular tissue and exhibited a slight spiral shape. Hyper

plasia occurred after cell wall delineation in the distal and proximal 

ends of the syncytium was apparent. Cell wall dissolution ceased in 

many syncytia by 15 days when the females were mature, but other syn

cytia appeared to have one end region with active cell wall dissolution. 

By the onset of egg production (21 days), all cell wall dissolution 

had ceased. Deep stains similar to those of stelar cells near the 

head of M. charis were observed by Mankau and Lindford (I960) in the 

endodermal cells of Ladino clover infested with clover-cyst nematodes. 

Ruehle (1962) used the term ’’phlobophenes" to describe similar stain

ing compounds in pine roots infested with M. floridensis.

M. charis damaged mesquite roots by: (1) the migration and

expansion of swollen females; and (2) initiation and expansion of syn

cytia in phloem tissues. Assessment of the damage is rated moderate



to severe depending on the soil population since vascular disturbances 

by a single nematode was extensive. The host-parasite relationship 

between M. charis and honey mesquite appears to be in balance because 

natural predators and competition keep populations in equilibrium.

Other hosts possibly lack this balance and M. charis may become a more 

important pathogen as new crops are established in Arizona or as estab

lished crops are extended to infested areas.
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