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Summary. The efficacy of Rufagraveoler~s leaves, used asgreen manure, wascompared with fenamiphos for 
the control of Meloido~ytle javarlica or1 suriflower il l  the glasshouse. Chopped green leaves of R. graveofens 
were less effective thari fenamiphos. The effect of R. gravc'olerrs was more evident on nematode population 
density than on plant growth parameters, and always only at high initial populatiori densities of nematodes. 
Key words: Mefoidogyr~c javarlica, riematicidal properties, R ~ t a  graveoleru, suriflower. 

Some plant species possess nematicidal or 
nematostatic properties (Gammers, 1981; Grainge & 

Ahmed, 1988). Previous investigations in viiroshowed 
that extracts from Rutu graveolens L. suppress 
populations of HcteroderaschachtiiSchrnidt (Sasanelli 

& D'Addabbo, 1992), Xiphinema index Thorne & 

Allen (Sasanelli, 1992) and Meloidogyne spp. 
(Sasanelli & D'Addabbo, 1993). These results 

suggested a possible role for these plants in the control 

of nematodes. Therefore, a greenhouse experiment 

was conducted to evaluate the nematicidal efficacy of 
leaves of R. graveolen~, used as green manure, against 

the root knot nematode Meloidogyne javanica (Treub) 
Chitw. on sunflower plants (Heliunlhus annuus L.). 

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

soil in 750 ml clay pots to give a range of population 
densities of 1, 2, 4 ,..., 256 and 512 eggs and 

juveniles/ml soil (Pi). 
There were three treatments, fenamiphos at 400 

kglha (0.45 glpot),  chopped fresh leaves of R. 

graveolens at 5000 kglha (5.65 glpot) and an 
untreated control. Each treatment was replicated five 
times, for each population density. 

Each pot was sown with two pre-germinated 

sunflower seed (cv. Romsun HS 90) and one plant was 

removed six days later. Pots werearranged on benches 
at 25 2 2' C in a glasshouse in a randomized block 

design. Appropriate procedures were followed for 
irrigation, fertilization, and disease and pest control 

(Loffredo et a]., 1991). 
Plant were harvested two months after sowing. 

Plant height, capitulum diameter, dry and fresh top 
weight and percent of stem attacked by the nematode 

An Italian population juvunico was reared were recorded. Final nematode population densities 
on tomato (Lycopersicon esculentum Mill.) cv. Roma 

(p,, i n  each pot were determined by processing 500 ml 
VF, a t  25 *20 for in a glasshouse. soil by modified Coolen's method (Coolen, 19-79; Di 
Infected roots with large egg masses were chopped vita et al., 1985). R~~~~ were processed in a I % 
finely and thoroughly mixed with steam sterilized 

sodium hypochlori te aqueous solution (Hussey & 
sandy soil (Di Yito et a].. 1986). Appropriate amounts Barker, 1973) to extract eggs and juveniles. Data of Pf 
of this inoculum were then added to sterilized sandy and Pi were by analysis of variance. 
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R E S U L T S  

Dry weight and capitulum diameter in pots treated 
with R. graveolens leaves appeared to be similar to 
those in untreated pots (Table 1). The relationship 
between initial nematode density and these 
parameters agreed closely with the equation of 
Seinhorst ( 1965, 1979) : 

in which y is the ratio between weight or capitulum 
diameter at Pi  and that at P < T, m the minimum 
relative weight or diameter ( y  at very large Pi),  T the 
tolerance limit (Pi a t  which no weight or diameter 
reduction resulted) and Pi= initial population density. 
In our study dry weight for y = 1 was estimated to have 
been 7.6 glplant, T =  1 egg and juveniles/ml soil and 
m=0.45 (Fig. I ) .  In pots treated with fenamiphos this 
relationship is in accordance with Seinhorst's equation 
where T =  1 eggs and juveniles/ml soil, m = 0,6 and y = 

1 for 8.2 glplant where up to 64 eggs and juveniles/ml 
were present in the soil. However, at large juvenile and 
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Fig. 1. The relationship between initial population densities (Pi) 
of Meloidogyne javatrica and dry and fresh weight of sunflower (cv. 
Romsun HS 90) grown in pots untreated (C) and treated with 
fenamiphos ( R  or Ruta graveoletls leaves (R).  

egg densities dry weights were considerably large then 
expected according to the equation. The estimation of 
the capitulum diameter was 30 mm, when y = 1, T = 1 
eggs and juveniles/ml soil for all treatments and m = 

0.30 and 0.50, respectively for the control and the R. 
graveobns leaves and fenamiphos treatments (Fig. 2). 

The relationship between nematode density and 
fresh plant weight was in agreement with the equation 
only for the fenamiphos treatments, where T = 1 egg/ 
ml soil and m = 0.8 I .  

Fig. 2. The relationship between initial population density (Pi )  
of M. javatlica and capitulum diameter of sunflower (cv. Romsun HS 
90) plants grown in pols untreated (C) and treated with fenamiphos 
(F) or R. graveolerls leaves ( R )  . 

In all treatmcnts dry matter content, calculated as  
the ratio between dry and fresh weights, was 
negatively correlated with the initial egg density up to 
an inoculum level of 32 eggs and juveniles/ml soil (Fig. 
3). At Pi > 32 eggs and juveniles/ ml soil a negative 
correlation was observed with the R. graveolens 
treatments but gave a positive correlation in the 
controls and fenamiphos treatments. 

Small nematode densities, which reduced a plant 
weights, did not cause a decrease in plant height (Fig. 
4). At Pi > 32 eggs and juveniles/ml soil a negative 
correlation was observed with all three treatments. 

Stem height was reduced by the nematodes in the 
control and R. graveolens treatments when Pi  > 8 eggs 
and juveniles/ml soil (Fig. 5). This relationship was 
not observed in all replicates. 

The smallest final nematode population (PA was 
obtained with fenamiphos (about 5% of that in the two 
other treatments). I t  was significantly different from 
the R. graveolens and control treatments at Pi  > 8 eggs 
and juveniles/ml soil (Tabl. 1). With R. graveolens 

Fig. 3. The dry matter percentage of sunflower (cv. Romsun HS 
90) cultivated in pols untreated (C) and treated with fenamiphos (F) 
orR. gruveolens leaves (R) at different initial population densities (Pi) 
of M. javurrica. 
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Table 1. Effect of Ruta graveolens and fenamiphos on final 
populations (Pf) of Meloidoqyne javanica on sunflower (cv. . . . a  

Romsun HS 90) at different levels of initial population 
denasity (Pi) (eggs and juveniles/ml soil). . C . R . - . . 

2 . 

Figuresin a rowwith identical letters not significantly different 
(lower case, P - 0.05; capitals. P - 0.01) according to 
Duncan's multiple range test. 

treatments the difference from the controls became 
significant (P = 0,05) when Pi > 64 eggs and 
juveniles/ml soil. Extrapolation from this data to the 
very small initial nematodes densitiessuggests that the 
maximum rate of reproduction was at least 1000 times. 
The fenamiphos treatment reduced this rate to 8 %  of 
that in the control pots. 

D I S C U S S I O N  

Addition of R. gruveolens leaves to soil did not 
alter the relationship between nematode density and 
plant weight compared with the untreated control. 

1 2 4 8 16 32 G4 128 256  512 
Epgs  and l u v e n ~ l o s l m l  sol1 

Fig. 4. Thecorrelatioli between the initial population density (Pi) 
of M. javarlicoand sunflower height (cv. Romsuri HS 90) pla~itsgrow~l 
in pots untreated (C) and treated with fennmiphos (F) or R. gravc~okris 
leaves (R) . 

Fig. 5. The number of sunflower stems (cv. Romsun HS 90) 
attacked by M. javarlicaat different initial population densities, in pots 
untreated (C) or treated with R. graveolens leaves (R). 

Plant weights in pots treated with fenamiphos, 
although difficult to interpret, may indicate that this 
treatment delayed the initial attack by the nematodes. 
Such a delay does not affect T but increases the value 
of m. An increase of m associated with an unchanged 
value of T by a treatment with a systemic nematicide 
has been reported previously by Den Ouden (1 976). 

The longer length of the plants in treatments with 
fenamiphos when compared to the controls may be 
associated with an increase in weight. However, 
increased length of plants in treatments with R. 
graveolens without a corresponding increase in weight 
remains unexplained, as does the smaller number of 
plants with stems attacked by the nematode compared 
with the control plants. 

The negative correlation between Pi and dry 
matter content at the smaller initial egg densities may 
indicate a developmental delay of the plants caused by 
the nematodes. However this would require the dry 
matter content of sunflower plants to increase 
markedly with their age. 

The estimated maximum rate of reproduction 
(> 1000 times) suggests that eggs and juveniles of 
second generation were present in the final 
populations (Seinhorst, 1978). The smaller weight of 
plants at low nematode densities in the pots with R. 
gruveolens and in thc controls may be explained as a 
growth reduction caused by this second generation. 
Such a reduction was negligible in the fenamiphos 
treatments. The presence of R. gruveolcns leaves in the 
soil decreased the maximum density of the nematodes 
at the end of the experiment, but did not affect the 
maximum rate of reproduction. 

Results from this experiment do not agree with the 
strong nematicidal action reported for R. graveolens in 
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a previous in vilro experiment with Meloidogyne spp. 
(Sasanelli & D'Addabbo, 1993). The short interval 
from incorporation of leaves in the soil and attack by 
nematodes may not have been sufficient for an 
effective decomposition of the leaves and the 
consequent diffusion of toxic compounds (Holyoke & 
Reese, 1987). This may explain the limited effect of R. 
gravedlens observed in the experiment. A larger 
amount of leaves and their earlier incorporation in the 
soil might increase the effectiveness of R. graveolens. 

Also, it may be hypothized that different 
exposures of the leaves daylight may influence the 
nematicidal efficacy of the compounds from leaves of 
R. graveolens, as a reported by Gomrners (1972) for a 
-terthienyl from other plant species. Therefore, the 
leaves may be effecting more rapidly if used as a mulch 
rather than incorporated directly into the soil. 
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Sasanelli N., D'Addabbo T. M ~ ~ o J I ~ ~ o R ~ H M ~  nncThen Rutn g r ~ v c ~ ~ k ~ t l ~  n 6opb6e c Meloidogyrrc juvutliccr Ha noncon- 
HeqHMKe. 
Pe31o~e .  npooene~o  cpanlietine ~ + + ~ K T M I I H O C T M  npnMeHeHnsl nnc-rben p y ~ b ~  R Y U I P I C T O ~ ~  Rutu gruveoleru, ncnonb- 
~ Y ~ M ~ I X ,  K ~ K  3ene~oe  yno6pe~ne w + e ~ a ~ n + o c a  mw 6opb6b1 c Meloido~ytre javutli~o o rerrnl-lue Ha no,qconlteqHMKe. 
P a n ~ e n b t ~ e ~ ~ b ~ e  s e n e ~ b ~ e n ~ c ~ b n  R. graveolerrs no~a3ann veHburylo ~ + @ ~ K T M O I I O C T ~ ,  tleivl + e ~ a ~ n + o c .  Rnnullue R. 
graveolerls 6b1no 6onee nblpaxewo w n  nnoTHocTn nonynuunn IreMaTon, veM m u  napaMeTpon pocTa pacre~lnA n 
ToJlbKO npW B ~ I C O K ~ ~  ~ a ~ l a n b ~ o h  nnoTHoCTPl nOnynnL(klH HeMaTOn. 


