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ABSTRACT

The effect of root-knot nematodes on the total yield and starch 
content of buffalo gourd. Cucurbita foetidissima, was determined in 
field plots by inoculating individual plants with 10,000 or 30,000 
Meloidogyne javanica larvae. At the end of the season, moderate nem
atode populations occurred in inoculated, plots. Starch yield was 

reduced by 20% and moisture content was increased 10% in year-old 
buffalo gourd roots infected with root-knot nematodes. No difference 
was noted between low and high inoculum levels. Infection by M_. javanica 

induced formation of callus-like tissue and, as a result, fresh 
weights of storage roots were higher in controls than in inoculated 
treatments.

Growth rate and development of 1avanica females in buffalo
gourd was similar to those of Meloidogyne spp. in other crops, although 
unusual giant cell walls were found to occur. Dense cell wall ingrowths 
common to giant cells in other crops, did not form in giant cells of 
buffalo gourd. Ingrowths in buffalo gourd began to form 18 days after 

inoculation, and remained sparse and finely textured throughout the 
life of the giant cell.

Resistance to M_. javanica, M. incognita, and M. arenaria in the 
buf falo gourd accessions and ̂ hybrids screened in this study was not 

apparent.
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INTRODUCTION

Cucurbita foetidissima HBK, more commonly known as buffalo gourd, 
is native to the western hemisphere, and has evolved to survive the 
harsh environments of arid regions in North America, its range extend
ing from Guanajuato, Mexico to South Dakota (53). Although foliage 
is killed when temperatures drop below IOC, jC. foetidissima is con
sidered to be perennial because its large fleshy storage roots can 

survive temperatures as low as -25C (5,7).
Because the buffalo gourd reproduces vegetatively, primarily 

by formation of adventitious roots at nodes of stems, isolated native 
stands are predominantly homozygous.

Most plants in the wild are monoecious (9). However, Bemis (4) 

found considerable genetic variation between populations, which is 
desirable as it provides a large, diverse genepool from which to make 

selections in a breeding program.
Buffalo gourd plants produce numerous fruits, whose seeds con

tain large amounts of edible protein and oil. The use of these 
substances as a potential food source was first proposed by Curtis (20) 
in 1946. Seed embryos contain 48% oil, 60% of which is linoleic acid, 
a polyunsaturated fatty acid essential for the growth and development 

of animals (10). Levels of linoleic acid in CL foetidissima seed are 
comparable to corn and cottonseed oil (5). Seeds also contain 31% 
crude protein (8). The large fleshy storage roots of CL foetidissima
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also are a potential commercial source of starch (10). Two-year-old 
roots contained 50-56% starch on a dry weight basis, and contained 
60-70 % moisture (8, 9, 47). Younger roots contained less starch and 
more water (6). Roots, leaves and stems, but not seeds, of foeti- 
dissima possess curcurbitacin, an extremely bitter glycoside (8).

As a consequence of the large amounts of edible oil, protein, 
and starch furnished by _C. foetidissima, it is a promising potential 
alternative food source in developing areas of the world plagued with 
drought. For this reason, an effort to domesticate the buffalo gourd 
was initiated at the University of Arizona in 1973. Seeds were col
lected from various locations to establish germplasm representative of 
wild populations. Germplasms were screened in isolated plots and 
superiority of lines was based on fruit yield, seed size, seed per fruit, 
and oil and protein content of seed (5, 7). After one generation of 
selection, the two most promising lines, 158 and 142, were hybridized 
and seed of resulting progeny (Arizona Hybrid 1) were released (3).

Initially, Ch foetidissima was considered to be resistant to 
insects and pathogens (53). It has since been found to be susceptible 
to viruses commonly found on other cucurbits (48). In 1979, plants 
in field plots at the University of Arizona were for the first time 
found to be infected with the root-knot nematode, Meloidogyne javanica. 

Since the ultimate goal of domesticating buffalo gourd is to develop a 

crop with low production costs, chemical control of Meloidogyne spp. 
would be prohibitive. Furthermore, foetidissima is being considered
as a perennial crop. This could result in devastating increases in
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root-knot nematode populations9 since nematodes could overwinter in the 
thick storage roots- It is apparent, therefore, that information is 
needed on the pathology of Meloidogyne spp. on buffalo gourd, their 
effect on starch yield, and the possibility of resistance in existing 
lines. This study was undertaken to provide such information.

The objectives of this project were:
1. To determine the influence of different infestation levels of 

M, javanica on the yield and starch content of _C. foetidissima 

roots.

2. To examine the histopathological relationship of M. javanica 
on C_o foetidissima using both scanning electron microscopy and 
light microscopy.

3. To screen several accessions and hybrids of Ch foetidissima 
for resistance to M. javanica (Treub, 1885) Chitwood, 1949,
M. incognita (Kofoid and White, 1919) Chitwood, 1949, and M.
arenaria (Neal, 1889) Chitwood, 1949.



LITERATURE REVIEW

Root-knot nematode was first identified by Berkeley in 1855 

in root galls of greenhouse grown cucumbers (29), In the early liter
ature, root-knot nematodes were predominantly referred to as Heterodera 
marioni, but in 1949 Chitwood re-established the genus Meloidogyne 
(first proposed by Goeldi in 1887), and described four species on the 
basis of their perineal pattern (17),

The three Meloidogyne spp, used in this investigation, M. 
javanica, M, incognita, and M. arenaria, all have extremely wide host 
ranges. In medium to low infestation levels in the field, above-ground 
symptoms of hosts may not be visible but considerable yield reduction 
generally results (33), Stunting, chlorosis, and wilting are frequently 
noted above-ground symptoms indicating root-knot nematode infections, 
Oostenbrink (40) estimated that initial populations of M, hapla and 
M, incognita of 2-20 larvae per 10 cc of soil could result in moderate 

crop damage.
Under optimal conditions (favorable moisture levels, temper

atures, and the presence of a susceptible host), Meloidogyne spp. 
complete their life cycle in approximately 30 days (14, 34). Adult 
males leave the roots following the fourth molt, whereas females resume 
feeding and enter a post-molt growth phase which results in their 
characteristic saccate shape. Root-knot nematode life cycles have been 
described in detail throughout the literature (1, 11, 18, 31, 54).

4
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Second stage infective larvae penetrate host roots within 24 

hours (39)♦ In cotton seedlings9 penetration by M, incognita takes 
place at or near the root tip (39)« It is known that Meloidogyne 
larvae either penetrate root tissue through the opening made by the 
first larva to enter, or at different but closely clustered sites (14). 
Jenkins and Taylor (33) suggest such clusters occur as a result of 
nematode attraction to root exudates secreted from the wound initiated 

by the first larva to penetrate the root. From root tips, larvae 
migrate to differentiating vascular tissue where they establish feeding 
sites. Within 24 hours of penetration, hypertrophy and hyperplasia of 
pericycle and cortical cells occurs, the first observable host reactions 
to root-knot nematode infection (24), Yu and Viglierchio (55.) have 
suggested that galls result from plant reactions to auxin-like sub
stances secreted by nematodes. This supported the well established 
theory that gall formation results from substances secreted by nem
atodes. Formation of galls can be artificially induced by applying 
auxins alone, thus gall formation is not considered to be necessary 
for the completion of the life cycle of Meloidogyne spp, (11).
Amount of galling can vary with changes in temperature, with species 
of root-knot nematode, and with host (16). Orion and Bronner (41) 

reported lower starch content in galled tomato roots and suggested 

that this resulted from hydrolysis of starch in galls.
Three to four days after feeding begins, cell differentiation 

in root meristems is retarded, and cells near the pericycle develop 
into large multinucleate cells known as giant cells (26). Such cell
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formation is believed to be induced by the secretion of basic proteins 
from the dorsal esophageal gland of the nematode (13), Giant cells 
are located within galls in differentiating xylem. Expansion of thse 
cells is due to an increase in cellular contents and deposition of new 
cell wall materials. As giant cells enlarge, the stele is disrupted, 
interfering with translocation.

Early researchers proposed that these multinucleate cells form 
as a consequence of cell wall dissolution, and amalgamation of adjacent 
cells (1, 14, 18, 25), However, by means of electron microscopy, it 
has now been shown that cell wall dissolution plays only a minor role 
in giant cell formation. Such cells result from repeated endomitosis 
(mitosis without cytokinesis) and cell enlargement due to an increase 
in cell contents (11, 29, 31, 32, 33, 34, 35, 36, 37), Jones and 
Dropkin (34) have concluded from scanning electron microscope investi
gations of Impatiens balsamina (dwarf balsam), infected by M, incognita, 
that tears in giant cell walls result from the rapid expansion of cell 
walls, not from cell wall dissolution. In this same study they showed 
that 3 days after the induction of giant cell,formation, these cells 

became twice as long but remained the same width as normal parenchyma 

cells.
Many researchers have shown that enlarging cells undergo dramatic 

nuclear and cytoplasmic changes: cytoplasm and endoplasmic reticula
become very dense, large central vacuoles are lost, nuclei divide 
mitotically, and nuclei and nucleoli become greatly enlarged and 

lobate. In addition to an increase in the cytoplasmic content of
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protein9 RNA and DNA, many mitochondria? proplastids, and golgi bodies 
are present (11, 22, 26, 32, 35, 36),

Cell walls of giant cells also can differ from those of normal 

cells. Jones and Dropkin (34) found that more pitfields occurred 
between 3-day-old giant cells, than occurred between giant cells and 
surrounding normal cells. Jones and Northcote (35, 36) in an earlier 
transmission electron microscopy study associated these pitfields with 
plasmodesmata.

Secondary cell wall thickenings are variably deposited as giant 
cells enlarge (34). Additionally, ingrowths of cell walls have been 
noted to occur on walls of 6-day-old giant cells (34). Huang and 
Maggenti (31) also noted that ingrowths occurred on Vicia faba when 
second-stage larvae of M. javanica entered the premolt phase. Ingrowths 
are more dense where secondary walls are particularly thick (34); such 
protrusions appear, to have the same composition as secondary walls 
(35, 36) and serve to increase the surface area of the plasmalema 
(35, 36). This increase in surface area enhances short-distance trans
port of nutrients from xylem and phloem cells (35, 36). Since giant 

cells contain very high levels of protein, it is possible that ingrowths 
function in the transport of proteinaceous substances (43).

Ingrowths are most predominant on giant cell walls adjacent to xylem 
tissue (34, 36), sparse on walls adjacent to sieve cells (34), and 

more rare on walls adjoining parenchyma cells (34). Ingrowths also 
occur on walls between giant cells (34). Number and size of wall in
growths increase as the female nematode matures (32, 35, 36)« At
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maturity9 projections branch and fuse together (34). This can occur 
by 25 days. By 30 days9 when the female is dying, ingrowths begin to 

deteriorate (34) .

Many researchers have shown that giant cells disintegrate once 
the female nematode completes its life cycle (35, 43, 45, 50) and that 
death of the namatode results in the senescence of the giant cell 
(11, 23). Thus, the formation and longevity of such cells are intimate
ly associated with the life cycle of the nematode. It appears that 
giant cell formation is necessary for nematode growth and reproduction.
These cells act as metabolic sinks (38) which continually supply the 
necessary nutrients for the nematode to complete its life cycle.

Further enlargement of giant cells is directly correlated with growth 
of the nematode (11). Paulson and Webster (43) reported that the 
greatest metabolic activity of giant cells occurred when mature females 
reached maximum size and Bird (14) noted that peak cytoplasmic density 

occurred during egg production. ■ Synchronized nuclear divisions: also ' 
take place at this time (47). The physical structure and metabolic 
function of giant cells can be closely correlated with the structure 
and function of transfer cells (30, 34, 35).

Fassuliotis (27) believes that two forms of resistance to root- 
knot nematodes occur. One prevents nematode penetration. Such a plant 
would be considered immune by Rohde (45). The second mechanism is 
effective after penetration and retards or completely inhibits the 

development of the nematode while penetration is unaffected (21, 27,28). 

This form of resistance is most common (45). (A tolerant plant would be 
one which supports nematode reproduction but does not evidence symptoms
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(45))«» Thus 5 the span of time required for the completion of the life 
cycle of Meloidogyne spp. is shorter in susceptible plants than in 
resistant plants.

Compounds in root tissue detrimental to nematodes probably play 
a role in resistance (2). Such compounds could include phytoalexins 
(52) which could facilitate hypersensitivity reactions to nematode 
invasions. Dijkstra (21) has found that in red clover plants resistant 
to Ditylenchus dipsaci, normal penetration occurred, but hypersensitivity 
of the host prevented nematode reproduction. Such responses may be 
temperature dependent (23). In the case of asparagus, resistance is 
apparently due to a nematocidal glycoside (45). Large numbers of root- 
knot larvae have been observed exiting from resistant alfalfa plants (44) 
but it is not known if this was due to accumulations of deleterious 
chemicals in roots or, to an inferior nutritional status of the roots.

Nutrient availability to the nematode is directly correlated 
with giant cell formation (42). Often giant cell formation is inhibited 
and, as a result, nematodes starve (42). Thus, small giant cells 
prevent normal growth and development of the nematodes (17). Reduced 

nutrient levels in roots also can influence nematode sex ratios. 
Fassuliotis (28) has shown that the number of fourth-stage root-knot 

larvae differentiating into males in resistant Cucumis spp. was greatly 
increased; he has postulated that this shift resulted from insufficient 
nutrients (28). Subsequently, Triantaphyllou and Hirschmann (51) 

verified this theory.



MATERIALS AND METHODS

Roots of buffalo gourd infected with root-knot nematode were 
taken from an infested field at the University of Arizona's Campbell 
Avenue farm and stained in steaming lactophenol with 0.1% acid fuchsin. 
Based upon examination of the perineal pattern, the species was identi
fied as Meloidogyne javanica. Portions of infected roots also were 
used as inoculum for greenhouse cultures of tomato, Lycoperiscon 
esculentum, cv. Bonny Best. Seedlings 8-10 cm tall were transplanted 
from vermiculite to 15 cm diameter pots containing a mixture of 30 mesh 

silica sand and field soil (2:1). When the seedlings had attained a 
height of 20-25 cm they were inoculated with diced portions of the 
field infected buffalo gourd roots. Single egg mass populations of 
Mo arenaria and M. incognita from long-standing greenhouse cultures 
were maintained on tomato (Bonny Best) plants and chile pepper. Capsicum 
frutescens, cv. Anaheim, respectively.

Procedure for Harvesting Meloidogyne Eggs 
Eggs were harvested from plants with heavily galled roots by 

gently shaking the roots to loosen adhering soil and then rinsing the 
roots with running water. Rinsed roots were agitated in a 20% household 
bleach solution (final concentration equaled 1.05% sodium hypochlorite) 
for 90 seconds to dissolve the egg matrix. The resulting suspension 

of eggs was passed through a 20-mesh sieve, and diluted further with 
water, then poured successively through 60, 100, 400 and 500 mesh sieves.

10 )
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Eggs were retained on the 400 and 500 mesh sieves from which they were 
eluted into a beaker„ Debris remaining with the eggs was removed by 
centrifugal-floatation. For this, a suspension of eggs was first 
centrifuged for 90 seconds at 3,000 rpm, after which the supernatant 
was removed by aspiration. Pelleted eggs were resuspended in a solution 
of 46g sucrose in 100 ml tap water and centrifuged again for 45 seconds 
at 3,000 rpm. The viable eggs floated on top of the sucrose solution 
and were removed by aspiration into 3-4 liters of tap water. The clean 
eggs were then collected on a 500 mesh sieve from which they were 
eluted.

Procedure for Hatching Meloidogyne Eggs 
Clean eggs were poured on Nitex (Tetko, Inc., 525 Monterrey 

Pass Road, Monterrey Park, CA .91754) nylon cloth (pore size 20 /am) which 
was suspended over a 1 cm layer of distilled water in sealed plastic 
refridgerator dishes. Eggs were retained on the cloth; newly hatched 
larvae migrated into the water. Infective larvae in the water were 
counted using a Peter’s counting slide with the aid of a dissecting 
microscope. These larvae served as inoculum for all three phases of 

this study.

Procedures for Histopathological Studies Using 
Light Microscopy and Scanning Electron Microscopy

Prior to germination, seeds of CL foetidissima, Arizona Hybird 1

were washed under running water for 20 minutes, soaked in a 20% solution
of household bleach for 20 minutes, and washed again under running water
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for 5 minuteso The seeds were placed on the top of wet, autoclaved 
germination toweling, which was then rolled up and placed in a 35C 
incubator for 48 hours. This method was described in detail by McClure 
and Robertson (39). Within 2 days, seedlings with radicles 3 cm or 
longer were selected and the root tips were placed between two 2-cm 
wide strips of Miraclot^P (Chicopee Mills, Inc., New York) in a growth 
box (39). Seedlings were inoculated with 125 larvae per plant, after 

which boxes were placed in a 27C growth chamber with a 12 hour photo- 
period of 20,000 lux. Root segments between the two Miracloth strips 
were harvested at 12 hour and 1-, 2-, 3-, 4-, 6- and 10-day intervals. 
Half of the root sections were fixed in CRAF III fixative for eventual 
sectioning and examination by light microscopy; the other half were 
fixed in glutaraldehyde (3% in M/15 phosphate buffer, pH 7.2) in pre
paration for scanning electron microscopic studies.

To study infections at 10-, 12-, 18-, and 25-day infection 
intervals, Arizona Hybrid 1 plants were grown in the greenhouse in 15 cm 
pots in the same sand-soil medium described earlier. The plants were 
inoculated at the first true leaf stage with 10,000 larvae per plant; 
root samples were taken at each predetermined time interval, by 
gently removing the soil in running water. Galled portions were removed ' 
with the aid of a dissecting microscope and placed in either CRAF III 

or glutaraldehyde fixatives.

For light microscopy, root sections and galls were fixed for 

48 hours in CRAF III, then stored in 5% formaldehyde. From this 
solution, they were dehydrated using a graded ethanol-toluene series
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and imbeded in Paraplast (Lancer Division of Sherwood Medical9 A 
Brunswick Co., St. Louis, MO). Sections. 15 jL/m thick were cut using a 
rotary microtome, mounted on glass slides with Haupt's adhesive (16), 
and stained with Safranin-fast green (16). Permanent slides were made 
by mounting the stained sections with cover slips sealed with Protex 
(Lerner Laboratories, Stanford, CT)„ Root tissues were prepared for 

scanning electron microscopy by fixation in glutaraldehyde for 48 hours. 
Tissues were then washed in M/15 phosphate buffer, pH 7.2, six times in 
1 hour, after which free hand sections were cut under a dissecting 
microscope by sharp razor blade. Sections were post-fixed in osmium 
tetroxide (1% in M/15 phosphate buffer, pH 7.2) for 2 hours and rinsed 
in distilled water. Part of the osmicated tissue was immediately de
hydrated in a graded series of ethyl alcohol. Following dehydration, 

sections were critically point dried using CO^ as the transition fluid 
mounted on aluminum stubs and sputter coated with 15 nm of gold: 
paladium (60:40). In order to examine giant cell wall ingrowths, 
cytoplasm of the cells in the remaining osmicated tissue was digested 
by the method of Jones (33). Sections were placed for 2 minutes in 1% 
periodic acid, rinsed with distilled water, placed for 30 minutes in 
4% KOH at 55C, rinsed with distilled water, placed for 2 minutes in 1% 

acetic acid, rinsed with distilled water and then refixed in osmium 
tetroxide for 2 hours. After washing to remove unbound osmium, the 
sections were critically point dried, mounted on stubs and sputter- 
coated in the same manner as the undigested root sections. Coated 
specimens were viewed and photographed in an ISI DS-130 scanning electron 
microscope at accelerating voltages of 15-30 kV.
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Procedures for Determining the Effects of 

Inoculum Levels*of M, javanica on Total Starch Yield

Following label recommendations, a field plot was fumigated with 
methyl bromide to eliminate any existing populations of root-knot 
nematodes. Three rows, each 15.6 meters long, were seeded with 
Arizona Hybrid 1 and thinned to one plant per 52 cm. This spacing 
was greater than the 30 cm recommended by Bemis (7) in order to make 
treatment borders more distinct. Seedlings were inoculated at the first 
true leaf stage with either 10,000 (Treatment 1) or 30,000 (Treatment 2) 
M. javanica larvae per plant. Each treatment consisted of 10 plants in 
5.20 meters of row. The two treatments and a control were replicated 
three times in a Latin Square design (Fig. 1). To assure maximum 
survival of the nematode larvae, the field plat was pre-irrigated and 
the inoculations were done late in the evening. To alleviate moisture 
stress, both on buffalo gourd plants and Meloidogyne larvae, the field 
plot was irrigated once per month throughout the growing season. Seeds 
were sown on May 15, 1980 and roots were harvested in October, before 
the foliage became completely desiccated. Harvest was earlier than 
usual so that nematode populations could be determined while soil 
temperatures were warm enough to maintain active populations. At the 
time of harvest, four soil core samples were randomly taken from each 
plot to a depth of 30.5 cm. The samples from each treatment were 
combined and homogenized. Subsequently, 250 cc sub-samples were placed 

on Baerman funnels under a mist apparatus for 48 hours to extract the 
nematodes. M. javanica larvae which were extracted were counted to
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1A IB 1C
(2) (c) (1)

2A 2B 2C
(C) CD (2)

3A 3B 3C
(1) (2) fc)

1

15.6 meters

Figure 1. Diagram of field plot.
Treatments were replicated 3 times in a Latin Square 
design. Each treatment consisted of 10 buffalo 
gourd plants. Treatments were inoculated at the 
first true leaf stage with either 10,000 (Treatment 
1) or 30,000 (Treatment 2) M. javanica larvae per 
plant. Controls were not inoculated.
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determine the nematode population levels in each treatment at harvest 
time* Square root transformations of larval counts from plots were 
used in statistical calculations to compensate for two control treat
ments in which M» javanica populations of 0 occurred-

Buffalo gourd roots for starch evaluations were dug using a 

potato digger.. Soil was rinsed from the roots and their individual 
fresh weights were recorded. To determine the effects of different 
inoculum levels on total starch yield9 roots from each treatment were 
cut into small pieces and combined. Representative samples from each 
treatment were oven-dried at 70-75C and pulverized. After additional 
drying in a vacuum oven overnight, approximately 200g samples of dried 
pulverized roots were each extracted twice with 80% ethyl alcohol to 

remove free sugars, and analyzed in duplicate for total starch using 
the Anthrone reagent method (19)» Absorbance at 630 nm wavelength was 
determined spectrophotometrically and the average of three determin
ations per sample were converted to percent glucose per gram dry weight 
of root tissue using a standard linear regression equation.

Procedures for Resistance Studies 
Plants of several Cucurbita foetidissima accessions and crosses 

(provided by Dr. W. P. Bemis, Department of Plant Science, University 
of Arizona) were individually grown in 15 cm pots in the greenhouse 
(in the same medium described earlier) and screened for resistance to - 
M. arenaria, M. incognita, and M. javanica. Individual plants were 
inoculated with 10,000 Meloidogyne larvae at the first true leaf stage.

Each line was replicated three times for each Meloidogyne species.
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This study was done on separate benches to prevent cross contamination. 
The relative resistance of plants inoculated with Mo_ incognita was 
determined by counting all Meloidogyne eggs extracted from the roots 
of individual plants. Eggs were harvested as previously described, 
except that the roots were agitated in a 20% bleach solution for 3 
minutes in an attempt to assure maximal recovery of eggs. Eggs were 
then collected by sieving and separated from debris by the described 
sugar flotation method. Clean eggs were stored in a 5% formaldehyde 
solution at 5C until they could be counted. The relative resistance of 
plants inocluated with M. javanica and M, arenaria was determined by 
estimating the degree of galling according to the following scale: 

1 = 0 -  20% of roots with galls, 2 = 20 -40%, 3 = 40 - 60%, 4 = 60 - 

80%, and 5 = 80 - 100%.

>



RESULTS

Field Plot Study
Buffalo gourd plants in the field plot9 inoculated with M. 

javanica did not express above ground symptoms of wilting and chlorosis 
typical of root-knot nematode infections« Vigorous vine growth 
resulted in intermingling of plants and, as a result, tracing vines back 
to their root system was most difficult. For this reason, stunting 
effects of root-knot nematodes on top growth were not considered.

Degree of galling on fleshy storage roots was dependent on 
the level of inoculum. Roots harvested from control treatments were 
free of galls, whereas roots in treatments inoculated with 10,000 larvae 
per plant showed moderate galling, and roots of plants inoculated with 
30,000 larvae were heavily galled (Fig. 2). Proliferation of callus 
like tissue was observed on heavily galled roots. Many of the roots 

were further attacked by secondary, root-rotting organisms.
Mean fresh weights of buffalo gourd roots did not differ 

significantly between treatments, although the location of treatments 
within the field plot did have a significant effect on mean root weights 

of treatments (Table 1). Treatments in the eastern most row had 
significantly higher fresh root weights than other rows. Considerable 
variation occurred within treatments.

Location of treatments within the field plot did not have a 
significant effect on starch yield of buffalo gourd roots. Analysis

' 18
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Figure 2. Galled roots of buffalo gourd infected with 
M. javanica.
From left to right: control, 10,000 larvae per
plant (Treatment 1), and 30,000 larvae per plant 
(Treatment 2).
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Table 1» Fresh weight and starch and moisture content of buffalo 

gourds, and final nematode population in field plots 
following inoculation with 10,000 (Treatment 1) and 30,000 
(Treatment 2) larvae of M, javanica per plant. Controls 
were not inoculated.

Treatments Mean Fresh Weight 
(grams)

Mean % Starch 
Dry Weight

Mean % H O  
Fresh Weight

M. javan.1 ca larvae 
per cc Soil/"

Treat. 1 Rep. 1 694.82 31.8 88.2 1.27
Rep. 2 647.67 30.8 87.6 1.09

, Rep. 3 463.75 31.9 90.2 0.97
Mean 602.08 31.5 88.67 1.11
Stand. Dev. 122.1 0.16 - 0.38

Treat. 2 Rep. 1 ^ 318.83 25.6 91.1 1.56
Rep. 2 754.79 32,7 87.2 1.36
Rep. 3 440.99 29.2 87.4 1.29

Mean 504.87 29.17 88.57 1.40
Stand. Dev. 224.89 3.55 - 0.35
F . 05 19 19 - 19
LSD .05 - 3.66 0.56

Control Rep. 1 401.12 36.1 82.1 0.71
Rep. 2 577.75 37.2 78.6 1.03
Rep. 3 844.61 45.3 81.3 0.71

Mean 607.83 39.53 80.6 0.81
Stand. Dev. 223.27 5.02 0.19

l Square root transformation.
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of variance and comparison of means showed a significant difference in 
starch content in roots as a result of infection with M. javanica.
Mean starch yields of plants inoculated with either 109000 or 30,000 
larvae did not differ significantly from each other but did differ 
significantly from mean starch yields of control roots (Table 1). 
Variations within treatments were not significant.

Buffalo gourd roots from inoculated treatments were found to 
contain 8% more moisture than roots in control treatments (Table 1). 
Differences in moisture content between low and high inoculum levels 
were not significant, but both differed considerably from moisture 
content of control roots.

Populations of javanica were significantly higher in plots 
inoculated with 30,000 larvae than controls, but significant differ
ences between inoculated plots or between plots inoculated with 10,000 
larvae and controls, at harvest, did not occur.

Histopathology
Within 12 hours after inoculation, larvae of javanica had 

migrated to the surface of buffalo gourd root tips and had penetrated 
intercellularly (Fig. 3). Sites of penetration were located in clusters, 
and often more than one larva entered the roots through a wound left by 

a larva which had penetrated earlier (Figs. 4, 5). Within 4 days after 
penetration larvae had migrated to stelar regions in roots where giant 
cells were initiated (Fig, 6). At this time, nuclear division and 
enlargement was apparent in giant cells, although little increase in size 

had occurred (Fig. 7). Giant cells were longer than surrounding cells,
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Figure 3. Larva of M. javanica in meristem of buffalo gourd 
root tip 12 hours after inoculation (X 711).
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Figure 4. Root of buffalo gourd seedling 12 hours after 
ioculation with M. javanica.
Larvae (N) entered root tips through the same 
opening or through nearby entry sites.
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Figure 5. Several larvae of M. javanica migrating through 
tissue of buffalo gourd root tip 12 hours 
after inoculation (X 711).



Figure 6. Cross section of root of buffalo gourd seedling 
4 days after inoculation with M. javanica.
Larvae (N) have migrated to the stele.



26

Figure 7. Larva (N) of M. javanica feeding on differentiating 
xylem cells near stele of buffalo gourd root 4 days 
after inoculation.
Nuclei in giant cells have begun to enlarge (X 711).
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but remained the same width. By the sixth day, giant cells were well

" /' :
developed and easily distinguished from surrounding cells by their 
dense cytoplasm and numerous nuclei (Fig. 8). Single nematodes were 
found feeding on several giant cells (Fig. 9). At this time considerable 
disruption of xylem tissue was noted (Fig. 10), and by 10 days, 
extensive giant cell complexes had formed amid disorganized conductive 
elements (Figs. 11, 12, 13). Cell wall ingrowths were not observed in 

10-day-old galls from which cytoplasm was digested; however, numerous 
pitfields occurred in cell walls between giant cells (Fig. 11). Very 
large giant cell complexes had developed by the 18th day and extensive 
disruption of conducting tissues was evident (Fig. 14). Secondary cell 
wall thickenings, first observed by day 10, were well developed by 
day 18, while pitfields were less prevalent (Figs. 15, 16). Beginnings 
of cell wall ingrowths also were observed on cell walls of 18-day-old 
giant cells. Cell wall ingrowths at this stage were sparse and finely 
textured. In 25-day-old galls, giant cells had reached their maximum 
size, peak cytoplasmic density was achieved, and conductive tissues 
often were completely interrupted (Figs. 17, 18). Multiple infections 
resulted in galls with numerous clusters of giant cells and considerable 
hyperplasia of cortical tissue (Fig. 19). Mature females were 
surrounded by giant cell complexes. Cell wall ingrowths in 25-day-old 
giant cells were more prevalent than in 18-day-old giant cells, but 

were still sparse and finely textured (Fig. 20). Ingrowths appeared 

fused by day 25 (Fig. 20). Cell walls of mature giant cells were 
variable in thicknesses and different types of secondary cell wall
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Figure 8. Giant cell in root of buffalo gourd seedling 
6 days after inoculation with M. javanica.
Dense cytoplasm (C) at feeding site is evident 
at this time.
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Figure 9. Single larva (N) of M. javanica feeding on a giant 
cell complex in buffalo gourd root 6 days after 
inoculation.

Dense cytoplasm and multinucleate condition of 
giant cells are clearly visible (X 711).
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Figure 10. Cross section of buffalo gourd root 6 days 
after inoculation with M. javanica.
Note giant cell complex (GC) and disruption of 
conductive tissues (X).



31

Figure 11. Section of buffalo gourd root 10 days after inoculation 
with M. javanica.
Extensive giant cell complexes had formed amid 
disorganized conductive elements. Numerous pit 
fields are apparent on walls between giant cells.
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Figure 12. M. javanica (N) feeding on a giant cell complex
in buffalo gourd roots 10 days after inoculation.
Giant cells were well developed and disruption 
of conducting tissues was noted (X 191).
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Figure 13. Well developed giant cell complex in buffalo 
gourd roots 18 days after inoculation with 
M. javanica.
Disruption of conducting tissues was apparent 
(X 191).
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Figure 14. M. javanica (N) feeding on giant cells in
buffalo gourd roots 10 days after inoculation 
(X 711).
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Figure 15. Section of buffalo gourd root 18 days after 
inoculation with M. javanica.
Remnants of female nematode (N) can be seen 
adjacent to a giant cell.
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Figure 16. Giant cell in a buffalo gourd root 18 days after 
inoculation.

Secondary cell wall thickenings (WT) were noted 
at this time. Ingrowths of giant cell walls 
(arrows) were observed but were sparse and finely 
textured.
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Figure 17. Section of buffalo gourd root 25 days after 
inoculation with M. javanica.

Well developed giant cell complexes were apparent. 
Nearly total destruction of conducting tissues 
occurred.



38

Figure 18. Fully developed giant cell complexes in buffalo 
gourd roots 25 days after inoculation with M. 
javanica.
Conducting tissues (X) were completely interrupted 
by one of the giant cell complexes (X 256).
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Figure 19. Cross section through buffalo gourd root 25 days 
after inoculation with M. javanica (N).
Extensive hyperplasia of cortical cells and 
numerous clusters of giant cells resulting from 
multiple infections were apparent.
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Figure 20. Giant cell in buffalo gourd root 25 days after 
inoculation with M. javanica.

Cell wall ingrowths (arrows) were more prevalent 
than in 18 day old cells, but they remained sparse 
and firmly textured.
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thickenings were observed (Figs. 21, 22). Light microscopic examination 
of 25-day-old giant cell walls at high magnifications failed to show 
extensive development of cell wall ingrowths, although secondary cell 

wall thickenings were apparent (Fig. 23).

Preliminary Resistance Study
Accessions of C. foetidisaima and their hybrids, screened for 

resistance in this study, were all very susceptible to javanica,
M. incognita, and _M. arenaria. However, counts of eggs from plants 
inoculated with M. incognita revealed significant differences in 
nematode reproduction between replications of some lines (Table 2). 
Galling of buffalo gourd roots inoculated with M. javanica and M. 
arenaria also varied (Table 3). Considerable variations also were noted 
between replications within lines.
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Figure 21. Wall of giant cell in buffalo gourd root 25 days 
after inoculation with M. javanica.
Ingrowths (arrows) began to fuse as giant cells 
matured and secondary cell thickenings (WT) were 
obvious at this time.
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Figure 22. Wall of giant cell in a buffalo gourd root 25
days after inoculation with M. javanica showing 
wall thickenings which are variable in thickness 
and appearance.

Cell wall ingrowths were still very sparse.
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Figure 23. Giant cells in buffalo gourd root galls 25 days 
after inoculation with M. javanica.
Sparse cell wall ingrowths (arrows) are barely 
discernable (X 711).
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Table 2 0 Numbers of eggs on seven lines of buffalo gourds inoculated 

with 105000 larvae of M. javanica per 30 cm pot.

Buffalo Gourd 
Lines

Mean Egg Count'*" Std, Dev.

142X158 • 22.75 X 104 13.79
162X142 35.37 X 104 26.45
185X142 22.4 X

<t*o 1—1 13.80
250X300 18.87 X io4 5.31
140X156X300 24.67 X 104 13.80
142 11.89 X io4 10.21
300 8.43 X

"oH 2.06

inoPn 3.89 -
.10 2.81

^Mean egg count based on averages of: 3 plants.
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Table 3. Galling index of buffalo gourd roots inoculated with 10,000 

larvae of Mo arenaria or Mo javanica per 30 cm pot.

M. arenaria 
galling index ^

M. javanica 
galling index

142X158 2.84 3.0
162X142 2.84 2.50
185X142 1.67 2.50
250X300 2.0 3.50
140X156X300 3.0 4.17
142 4.5 2.50
300 3.34 1.50

‘'"Galling index based on averages from 3 plants»
1 = 0 -  20% of roots with galls; 2 = 20 - 40%; 3 = 40 - 60% 
4 = 60 - 80%; and 5 = 80 - 100%.

Note:



DISCUSSION

Fresh weights of foetidissima roots from the field plot were 
extremely variable. The variability could be due to the heterozygous 
character of the buffalo gourd seed source used, but might also be 
due to the fact that galling and proliferation of callus tissues of 
roots infected with Meloidogyne may actually increase root weights.
The latter probably played a greater role in weight variability and 
would also explain the occurence of greater fresh weights of heavily 
infested roots than weights of control roots.

Infection with javanica was found to greatly reduce starch
yield of buffalo gourd roots. Two year old buffalo gourd roots contain 

50-56% starch on a dry weight basis and 60-70% moisture (8, 9, 10),

One year old roots are reported to contain less starch and greater 
moisture than 2 year old roots'(6), Age related reduction in starch 
content and increase in moisture content was apparent in the present 
investigation in which control roots contained only 39,5% starch on a 
dry weight basis and 80,7% moisture content occurred in control roots. 
Thus, in comparison with published data of 2 year old roots, a 30% 
reduction in starch yeild and a 13% increase in moisture content occurred 
in control roots. Significant increases in moisture content and de
creases in starch yield occurred in treatments inoculated with both 
low and high inoculum levels of M. j avanica compared with control

47
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treatmentSo Populations of M» javanica were found to reduce starch 
yield by 20% and increase moisture content by 10%.

Since the level of inoculum had little effect, it appears that 
under the conditions of this study, nematode populations on buffalo 
gourd reached a ceiling level with initial populations of 10,000 larvae 
per plant. Roots inoculated with 30,000 larvae per plant were more 
heavily galled than roots inoculated with 10,000 larvae per plant, but 

starch yield of roots in both treatments was the same. This is in 
contrast with an earlier report by Orion and Bronner (41) who found 
that, in tomato, galled roots contained less starch than non-galled 

roots.
Oostenbrink (40) reported that 2 larvae of Meloidogyne spp. per 

cc soil results in moderate crop damage to many crops. M. javanica 
larvae counts at the end of the growing season, in inoculated plots 
varied from 1 to 2 larvae per cc soil. Thus, populations of Meloidogyne 
developed which represented a potential threat had the gourds remained 
in the ground for a second season. Population levels at the time of 
harvest were independent of inoculum level, the differences between high 
and low levels being statistically insignificant. This supports my 

hypothesis that the ceiling level of M. javanica on buffalo gourd occurs 
with an initial population of 10,000 larvae per plant.

M. javanica larvae were found in one of the control treatments. 
Either fumigation with methyl bromide did not achieve 100% control of 
pre-existing nematode populations, or nematodes migrated from adjacent 
inoculated treatments. Since root-knot larvae are not known to migrate
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great distances in a single season, I assume that complete control of 
populations by fumigation was not achieved0 Control plots in which 
larvae of Mo javanica were not found, probably also had some nematodes 
but they occurred* in such low numbers that they were not detected.

Above ground symptoms of inoculated buffalo gourd plants were 
not apparent although considerable reductions in yield of roots 
occurred. This correlates well with reports for other crops which 
demonstrate that medium to low infestation levels of Meloidogyne spp. 
can result in serious yield reductions in the absence of observable 
above ground symptoms (30).

In buffalo gourd, as do M. incognita in cotton (39), larvae of M. 
javanica penetrated root tips within 24 hours after inoculation and 
migrated to differentiating vascular tissue where feeding was initiated 
within 48 hours. The clustering of penetration sites reported in the 
literature (14, 33) also occurred on buffalo gourd. Formation of giant 
cells became apparent 4 days after infection. At this stage nuclei had 
divided and become large and lobate. In addition, these cells were 

longer but just as wide as surrounding cells, a developmental sequence 

noted in root-knot infections of other hosts (26,. 34).
Wall ingrowths began to form in giant cells of dwarf balsam 6 

days after inoculation with M. incognita and reached maximum density 
and thickness 12 days later (34). In contrast, wall ingrowths in buffalo 
gourd roots were not observed until 18 days after inoculation and they 
remained sparse and finely textured up to 25 days after inoculation.
Since Huang and Maggenti (32) reported that ftL javanica in Vicia faba
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induced wall ingrowths similar to those found by Jones and Dropkin 
(34) in dwarf balsam«> it can be surmised that the differences which I 
observed in the time of formation and general appearance of ingrowths on 
buffalo gourd were due to factors of the host rather than of nematode 
specieso

In spite of these differences, rate of development of M. 
javanica in buffalo gourd roots is comparable to that in other hosts 
(34, 35, 36) o Should wall ingrowths be important in the movement of 
solutes, it can be concluded, based on development rates and ultimate 
size of the females,in the present study, that density and texture of 
the ingrowths are not important factors in regulating the supply of 
nutrients to the nematodes.

The ability of M. incognita to reach maturity and reproduce on 
buffalo gourd plants, measured by egg counts, was extremely variable. 

This suggests considerable variations within lines of buffalo gourd. 
Degree of galling of buffalo gourd roots infected with arenaria and 
Mo javanica was also highly variable; again, heterozygosity of buffalo ' 

gourd populations was apparent.
None of the buffalo gourd lines screened for resistance were 

immune to root-knot nematodes, as all roots showed some galling, and 
resistance, if it exists, was not apparent in my studies. It cannot 
be assumed, however, that resistance of buffalo gourd to root-knot does 

not occur. I feel my approach in determining resistance requires 
follow-up studies and screening of larger numbers of plants before valid
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conclusions can be drawn. It also would. have been useful to screen 
only parental lines, and not crosses of parental lines since 
recessive genes for resistance would have been masked in heterozygous 
hybrids and expression of multigenetic factors controlling resistance 
may have been reduced.
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