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Abstract: Ethylene product ion was determined in excised tomato (Lycopersicon esculentum) 
root cultures of Meloidogyne javanica susceptible and resistant cultivars infected with M. ja- 
vanica. Uninfected cultivars produced very low amounts  of ethylene. Relatively high amounts  
of ethylene were produced by the infected susceptible cuhivars. Peak production of 1.6 n moles . 
g ioot-1 • h i -  occurred between 9 and 16 days after inoculation (DAI). The  period of high ethy- 
lene prodnction coincided with that of rapid increase in gall weight. Low amounts  of ethylene 
were also released by the infected resistant cultivar between 9 and 12 DAI, which follows the 
hypersensitivity reaction. Ethylene product ion in infected intact plants  dnr ing the period of 
rapid gall growth was twice as much  as in uninfected plants  dur ing  the same time. Exposing 
excised root cultures to 0.5 or l0 p p m  ethylene accelerated the rate of increase in gall weight 
of M. javanica infected roots. In contrast, overall root growth was inhibi ted by these treatments,  
compared to infected roots which were not  exposed to ethylene. Key words: physiology, growth,  
inhibition, interactions, host-parasite relations. Journa l  of Nematology 15(4):539-544. 1983. 

The  role of plant growth substances in 
the development of galls induced by root- 
knot  nematodes has been reviewed (6,8), 
and it is apparent  that little work has been 
published on the involvement of ethylene 
in gall formation. Ethephon,  an ethylene- 
releasing agent, applied to tomato plants 
infected by root-knot nematodes causes an 
im:rease in gall weight due to the prolifera- 
tion of the parenchymatous cells (11,12). 
Orion and Netzer (13) demonstrated that 
e thephon mimicked the effect of high popu- 
lation of Meloidogyne javanica suppressing 
fusarium wilt. However, conflicting reports 
have been published (2,10) on the relative 
rates of ethylene product ion in nematode- 
infected and uninfected roots. 

In view of the observation that micro- 
bial or insect infection (14) and wound- 
ing (1) induce increased ethylene produc- 
tion, we have under taken a study to clarHy 
the interrelationships between ethylene pro- 
duction, gall formation, and nematode de- 
velopment in tomato roots infected with 
M. javanica. 

Received for publication 18 January 1983. 
1Contribution from the Agricultural Research Organiza- 

tion, No. 648-E, 1982 series. This research was supported 
by Grant =~I-96-80 from the United States-Israel Binational 
Agricultural Research and Development Fund (BARD). 

2Division of Nematology, Institute of Plant Protection, 
Agricultural Research Organization. Bet Dagan, Israel. 

3Division of Fruit and Vegetable Storage, Institute of 
Food Technology, Agricultural Re.arch Organization, Re- 
hovot, Israel. 

The authors thank Dr. M. Pilowsky for supplying tile 
seeds for this work. 

M A T E R I A L S  AND M E T H O D S  

Ethylene evaluation by root cultures: 
Seeds of tomato Lycopersicon esculentu~n 
cv. Hosen-Eilon (susceptible to M. java- 
nica) and cv. line 199-2 (resistant to M. 
javanica) were surface sterilized with 1% 
sodium hypochlorite,  rinsed three times 
with sterile distilled water, and placed in 
petri dishes containing 1 °,1 /o water agar. Af- 
ter the seeds germinated, 1-cm-long pri- 
mary root tips were exised and transferred 
into a chemically defined medium (15) in 
cotton plugged 25-mi conical flasks or petri  
dishes. T h e  roots were inoculated with egg 
masses of M. javanica, obtained from a 
monoxenic  culture of the nematode, by 
placing the eggs near  newly emerged lat- 
eral roots. Controls consisted of similarly 
treated roots not  inoculated with nema. 
tode. T h e  cultures were incubated in the 
dark at 25 C. Each treatment  was replicated 
eight times. 

T h e  ethylene content in each flask was 
measured at 3-4 day intervals for 35 days 
after inoculation (DAI). Twenty-four  hours 
before each determinat ion,  the cotton plugs 
of the flasks were replaced by rubber  caps 
to avoid gas exchange. A l-ml air sample 
withdrawn from the conical flasks with 
an air-tight hypodermic syringe was in- 
jected into a gas chromatograph (GC) 
equipped with a flame ionization detector. 
Ethylene was separated on a 3-foot glass 
column packed with 80-100 mesh activated 
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alumina; min imum of detection was 50 ppb. 
Nematode and gall development: At 5- 

day intervals for 35 days, the roots were 
• harvested from each of five excised root  
cuhivars and stained with acid fuchsin. 
Twenty-five stained galls were removed 
from each sample and weighed. T h e  nema- 
todes in the stained galls were manual ly  
extracted and the stages of development  
determined for 50 nematodes from each 
sample. 

Ethylene evaluation by the intact plant: 
Susceptible tomato seedlings were trans- 
planted in sterile quartz sand in 12 500-ml 
plastic pots. T h e  plants were grown under  
greenhouse conditions and were fertilized 
with mineral  nut r ien t  solution once a week. 
When the plants were at the four-leaf stage, 
1,000-1,200 eggs were added to each pot 
(7); controls consisted of uninfected plants. 
T h e  control and treatment were replicated 
six times. Ethylene evaluation was deter- 
mined by GC once a week for a 28-day 
period by enclosing the intact plant in a 
6-liter sealed glass container for 24 hours. 
Gas sample collection and analysis were 
as described above. 

Exposure of root culture to ethylene: 
Excised susceptible tomato root  cultures 
infected with M. javanica were placed in 

6-liter sealed containers (28 culture dishes 
in each) coutaining 0, 0.5, or 10 ppm 
ethylene. T h e  containers were placed in 
the dark at 25 C. One, two, three, and 
four weeks after inoculation, seven repli- 
cates from each treatment were harvested 
anti the root and gall weights determined. 

R E S U L T S  

T h e  infected susceptible excised tomato 
root cultures ( treatment No. l) produced 
greater amounts  of ethylene than did the 
uninfected cultures (Fig. 1). T h e  highest 
rate of ethylene product ion was recorded 
between 9 and 16 DAI, reaching a peak 
value of 1.6 n mole • g root  -1 • h -1. Uninoc- 
ulated excised root  cultures of both culti- 
vars produced barely detectable amounts  
of ethylene. Low amounts of ethylene were 
released by the infected resistant cultivar 
between 9 and 12 DAI (Fig. 1) even though 
no galls were formed. 

Nematode and gall development: Gall 
weights increased rapidly between 7 and 16 
DAI (Fig. 2); this coincided with the pe- 
riod of highest rate of ethylene production. 
During that period all of the nematodes 
were in the third and fourth larval stages 
(Fig. 2B). 
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Fig. 2. Relationship between ethylene evolution an(l the weight of Meloidogyne java~'~ica-induced gall 
in excised root cuhure of susceptihle tomato and the development of the nematode, A) Ethylene eval- 
uation and gall weight. B) Stages of nematode development. 

Ethylene evaluation by the intact plant: 
Between 7 and 14 DAI, the infected plants 
released twice as much ethylene as did the 
uninfected plants (Fig. 3). However, no 
differences were recorded after this period 
of time. 

Exposure o[ root cultures to ethylene: 
Although exposure to ethylene inhibited 
overall root growth (Fig. 4A), it seemed to 
cause an increase in gall weight (Fig. 4B). 

DISCUSSION 

Ethylene is a plant hormone which has 
a profound effect on plant growth and de- 
velopment (1). We have demonstrated that 
M. javanica-infected root cultures and in- 
tact plants produced relatively high 
amounts of ethylene especially during the 
second week after inoculation. The role of 
increased ethylene production is highly 
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Fig. 3. Ethyelene evavluation in Meloidogyne ja~anica-infected and uninfected intact susceptible to- 
mato plants. 

correlated with an increase of the gall 
weight during that period of time. More- 
over, infected roots exposed to ethylene at 
physiological concentrat ion (1) had heavier 
galls than did infected roots not exposed to 
additional ethylene (Fig. 4B). Since increase 
in gall size and weight is mainly due to the 
hypertrophy of the gall parenchymal tissue 
(6), one can suggest that the ethylene hor- 
mone is related to this process. These find- 
ings support  those of Orion and Minz (12), 
who showed that e thephon increases the 
size of galls by enhancing the cortical pa- 
renchyma growth. 

Apelbaum and Burg (3) reported that 
at physiological concentrat ion ethylene al- 
tered the orientat ion of cell wall micro- 
fibriles. This  resulted in a change in growth 
direction in the elongation zone of shoots 
and roots, thereby inhibi t ing elongation 
and inducting expansion (4). Ethylene prob- 
ably also postpones the termination of the 
growth period in this tissue by inhibi t ing 

differentiation and lignification (5). In addi- 
tion, it probably induces an increase in 
RNA an.l protein synthesis (9) as well as ad- 
ditional incorporation of glucose and pro- 
tein into cell wall cellulose (4) which allow 
accelerated growth in this region. T h e  con- 
sequence of these events is the formation 
of large square-shaped cells in the elonga- 
tion zone which form a bulb that keeps 
growing at an accelerated rate for a few 
days (4,5). Tile form of the galls in the 
elongation zone of tomato roots infected 
with M. javanica resembles those formed 
by ethylene. Therefore ,  it is conceivable 
that ethylene could be involved in con- 
trolling growth of the gall parenchyma- 
tous tissue. 

T h e  fact that no ethylene was found 
during the first 1-2 DAI (Fig. 1), indicates 
that ethylene is not involved in root pene- 
tration by the larvae, which occurs during 
this time. 

Addit ional  evidence to support  the in- 
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volvement  of  e thylene  h o r m o n e  in the gall 
fo rmat ion  was ob ta ined  when  the pa t te rn  
of  e thylene p roduc t ion  in inocu la ted  M. 
]avanica-resistant cultivars was s tudied (Fig. 
!). T h e  fact tha t  low ethylene levels were 
produced  in this tissue for a relatively 
shorter  per iod of time, as c o m p a r e d  with 
tha t  in the susceptible cuhivar ,  coincides 
with the hypersensi t ivi ty react ion (16) and 
the cessation of the g iant  cell fo rma t ion  
gall. 

O u r  findings in this s tudy are in con- 
trast to those of  Aki t t  et al. (2), who  re- 
por ted  that  a significant decrease in ethyl- 
ene concent ra t ion  accompanied  gall forma- 
tion. Th i s  appa ren t  con t rad ic t ion  can be 
explained,  as suggested by Veech (16), if 
the compar i son  of  the concen t ra t ion  of  
e thylene in galled and  nonga l led  tissue 
were not  calculated on the basis of e thylene 
a m o u n t  per un i t  weight  of  tissue, bu t  calcu- 
lated instead on the basis of  the total 
a m o u n t  of e thylene p roduced  by the ent ire  
root  system. Ethylene  measurements  of 
monoxen ic  M. ~avanica cultttres seem to be 

Fig. 4. Effect of applied 
ethylene on root and gall 
weights in Meloidogyne ]ava- 
nica-infected excised tomato 
root cultures. A) Root weights. 
B) Gall weights. 

more  reliable than  those of intact  plants, 
because in the former  system only the nema- 
todes and the parasit ized tissue are in- 
volved, w i thou t  the in te rven t ion  of  any 
other  organism. 

T h e  large a m o u n t  of  e thylene p r o d u c e d  
in M. javanica-infected plants  may affect 
not  only the cortical h y p e r t r o p h y  of  the 
gall, bu t  also the whole  pa thogenic  syn- 
d rome  of nematode- infec ted  plants  by al- 
ter ing the no rma l  balance of growth  sub- 
stances in the diseased host plant .  Fur the r  
experintents  in this direct ion are now being 
condnctetl .  
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Host Response to Meloidodera spp. (Heteroderidae) 
M. MUNDO-OCAMPO and J. G BALDWIN 1 

Abstract: Host responses to Meloidodera ~toridensis Chitwood et al., 1956, M. charis Hooper, 
1960, and M. belli Wouts, 1973 were examined on loblolly pine, peony, and sage, respectively, 
with light, scanning, and transmission electron microscopy. In each case the nematodes induce 
a single uninucleate giant cell. The giant cell is initiated in the pericycle and expands as 
it matures. The mature giant cell induced by M. floridensis is surrounded by vascular 
parenchyma, whereas that caused by M. charts and M. belli coutacts xylem and phloem. The 
cell wall of giant cells induced by all three Meloidodera spp. is generally thicker than that 
of surrounding cells, with the thickest part adjacent to the lip region of the nematode. The 
thinner portion of the wall includes numerous pit fields with plasmodesmata, but wall in- 
growths were not detected in a thorough examination of the entire wall. The nucleus of 
a giant cell induced by M. goridensis is highly irregular in shape with deep invaginations, 
whereas those caused by M. charts and M. belli include a cluster of apparently interconnected 
nuclear units. Organelles, including mitochondria, endoplasmic reticulum, and plastids of 
giant cells caused by Meloidodera, are typical of those reported in host responses of other 
Heteroderidae. The formation of a single uninucleate giant cell by Meloidodera, Cryphodera, 
Hylonerna, and Sarisodera, but a syncytium by Atalodera anti Heterodera sensu lato, might be 
considered in conjunction with additional characters to determine the most parsimonious pat- 
tern of phylogeny of Heteroderidae. Key words: callose, giant cell, Heteroderoidae, histo- 
pathology, plasmottesmata, wall ingrowths. Journal of Nematology 15(4):544-554. 1983. 

Heteroderidae differ among genera in 
the type of host responses they induce. 
For example, species of Heterodera sensu 
lato and Atalodera induce syncytia (4,14, 
15,16,19,20), whereas Sarisodera hy- 
drophila Wouts and Sher, 1971 and Hy- 
lonema ivorense Taylor et al., 1978 induce 
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a single uninucleate giant cell (21,24). 
Host responses of some genera of the Het- 
eroderidae, including some species of Me- 
loidodera, have not been described. 

Meloidodera spp. have been associated 
with several species of cultivated and non- 
cultivated plants (6,12). Comparable de- 
tailed studies of host responses, including 
transmission (TEM) and scanning (SEM) 
electron microscopy have not been re- 
ported, although limited light microscopy 
(LM) of a few hosts is available (12,23). 
The need for further work on Meloidodera 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

