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Abstract  

 

This study examined the result of 1-3 year application sequences of two brassica 

green manures (Indian mustard cv Nemfix and BQ mulch™), Nemfix seed meal and 
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Nemacur® on the suppression of root knot nematode M. javanica in soil and roots, 

and the consequent improvement on vigour and productivity of Vitis vinifera cv 

Semillon. Soil examination revealed ca. 37-78% suppression of M. javanica 

populations when soil was amended with brassica green manures, Nemfix seed meal 

and Nemacur® for 1-3 consecutive years respectively compared to unamended soil. 

In all cases, M. javanica populations were significantly reduced after one year of 

treatment with a further reduction in the second year of treatment. The third year 

application did not have any significant reduction over the second year treatment.  A 

suppression of M. javanica populations in soil after 3 consecutive years of application 

of brassica green manures, Nemfix seed meal and Nemacur® significantly increased 

yield by 69-101% compared to the inoculated control (unamended) treatment. Three 

consecutive years of application of green manures and Nemfix seed meal significantly 

increased starch concentration (%) in the roots  to between 23-25 % compared to the 

inoculated control treatment (concentration 14%). Fresh pruning weights were 

significantly increased by 35% in 2-3 consecutive years of application of Nemfix 

green manure treatment only compared to the inoculated control treatment. 

Applications of the green manures, Nemfix seed meal and Nemacur® for 1-3 

consecutive years did not have any significant relationship on berry juice 

characteristics.  

 

 Keywords: Green manure, Meloidogyne javanica,  Nemfix, Semillon, Suppression, 

Yield 

 

1. Introduction 
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Application of nematicides, fumigants and planting of resistant rootstocks all 

mitigate yield losses of grapevines (Vitis vinifera L.) infected with root knot 

nematodes (Meloidogyne spp.) in vineyards, confirming the impact of this nematode 

on productivity of grapevines (Sauer, 1966, 1972, 1974; Meagher, 1969; Cirami et al., 

1984; Harris, 1986; Walker, 1989; Edwards, 1989, 1991). Of the Meloidogyne spp. 

(primarily M. javanica, M. hapla, M. incognita and M. arenaria), M. javanica is the 

one that predominates in viticultural regions in Australia (Sauer, 1962; Meagher, 

1969; Stirling, 1976; McLeod, 1978). 

Nemacur® 400 g/L, a liquid formulation of fenamiphos, is the only nematicide 

available for controlling grapevine nematodes in Australia. However, it is rarely used 

due to environmental and human health concerns and also due to the industry’s 

demands for chemical residue-free grapes. Nemacur® is also ineffective without 

irrigation and is degraded by soil microbes (Racke and Coats, 1988; Edwards, 1991; 

Stirling et al., 1992; Johnson, 1998; Pattison et al., 2000). This limited persistence in 

the soil (Hague and Gowen, 1987) is a particular disadvantage in a long-term or 

perennial crop such as grapevines, which have a 5-6 months growing period. 

Despite the long-term benefit to yield from planting of vines grafted on nematode 

resistant rootstocks, such as Salt Creek and Ramsey (Sauer, 1974; Cirami et al., 1984; 

Edwards, 1989) in root knot nematode infested vineyards, their use is relatively 

infrequent in Australia. Grafted vines on nematode resistant rootstocks are costly and 

may eventually lead to development of new pathotype(s) of targeted nematodes 

(McKenry, 1987). In addition, there is a perception that own rooted grapevines 

produce higher quality juice and wine (Cirami et al., 1984; Walker et al., 1998). For 

these reasons ca 80% of vineyards are still planted with own-rooted grapevines in 
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Australia (Hackworth, 2003; Walker and Stirling, 2008) even though own rooted 

vines are prone to nematode attack (Hardie and Cirami, 1988). 

Suppression of M. javanica has been reported when various brassica green 

manuring cover crops were grown in inter-row areas and were then incorporated both 

into inter-row and/or under- vine soil prior to bud burst (McLeod et al., 1998; Rahman 

and Somers, 2005). For example, Rahman and Somers (2005) reported >75% 

suppression of M. javanica in two vineyards in New South Wales 14 to 36 weeks after 

incorporation of Indian mustard (B. juncea) cv Nemfix green manure. Incorporation 

of its seed meal @2 t/ha into soil also gave similar suppression. This suppression may 

partly be related to nematotoxic action of isothiocyanates or nitrogenous compounds 

which are produced upon decomposition of brassica plants or their seed meals in soil 

(Johnson et al., 1992; Lazzari et al., 1993; Brown and Morra, 1997; Buskov et al., 

2002; Zasada and Ferris, 2003, 2004; Mazolla et al., 2007; Zasada et al., 2009).  

Although the populations of Meloidogyne spp.  may reduce to below detectable 

level after soil amendment with brassica green manures, the population levels may 

increase considerably again when a susceptible crop such as squash is grown in 

rotation in the subsequent season (Johnson et al., 1992). Grapevine is a long-term 

perennial crop where a rotation practice is not possible but brassicas can be grown in 

inter-row areas in winter (May to August) when the vines are dormant in Australia. It 

is very likely that the post-biofumigation  nematode populations may increase again 

during the rest of the growing season. This increased population can be further 

minimised by repeated application of biofumigation materials over several 

consecutive years. There is concern amongst Australian vignerons regarding the 

frequency of application of brassica materials to maintain the M. javanica populations 

below potential damaging levels in their vineyards. No such published research 
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information is available yet to date in Australia or elsewhere. Therefore, this study 

focused on determining the frequency with which brassica green manures or their 

seed meals should be applied to keep M. javanica population densities below damage 

thresholds and to increase productivity of grapevines in vineyards. With this view, 

initially one-, two- and three year- application sequences of two brassica green 

manure crops, namely, Indian mustard (B. juncea) cv Nemfix and BQ mulch™ (a 

mixture of Brassica napus and Brassica campestris), Indian mustard (B. juncea) cv 

Nemfix seed meal (residue remained after oil extraction) and  Nemacur® were 

examined in a pot study. Data on M. javanica in soil and vine roots, on vine growth 

performance, yield benefit, leaf chlorophyll index, shoot and root starch 

concentrations, and grape juice compositions were measured. 

 

2. Materials and Methods 

 

2.1. Rootling preparation 

 

The experiment was conducted in a glasshouse and nethouse (simulated natural 

environment with bird exclusion) located at the National Wine and Grape Industry 

Centre, Wagga Wagga (35°05'S; 147°20'E), Australia.  Initially sixty rootlings, each 

with four buds, were prepared from one year old dormant canes of cv Semillon (clone 

DA 16162) and were planted individually in 15 cm diameter plastic pots. The pots 

were filled with pasteurised soil (1:1 sand and loam; pasteurised at 60° C for one 

hour) leaving an empty space of 3-4 cm from the rim in 2002.  The pots were placed 

on a metal tray in the glasshouse and drip irrigated (2 L/hour @ three times for 5 

minutes/day i.e.500 ml/ day) until winter (June, 2003) when the pots were taken 
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outside to defoliate naturally. The vines were then pruned back to one shoot with two 

buds in each. Two months after bud burst, 42 rootlings with approximately similar 

vigour were selected for use in the experiment.  

 

2.2. Preparation of Meloidogyne javanica J2 inoculum  

 

M. javanica was maintained on tomato plants (Lycopersicon esculentum cv Grosse 

Lisse) in glasshouse conditions. Roots with distinct galls from a few of these infected 

tomato plants were separated, soil washed off, then immersed and shaken lightly in 

0.5% NaOCl for two minutes. The roots were rinsed with tap water four times, cut 

into ca. 5 mm pieces and were used to extract M. javanica second-stage juveniles (J2) 

using the Whitehead tray method (Whitehead and Hemming, 1965). After 5 days, the 

resultant extractions were sieved through 15µm nylon sieves, backwashed to collect 

M. javanica J2s in a glass beaker and then J2s/ ml were counted. The extraction was 

divided into 39 sub-samples of 5 ml, vortex mixing between the sampling times. Each 

5 ml sub-sample of extraction contained ca. 1250 M. javanica J2s (ca. 250/ ml).  

 

2.3. Inoculation of grapevine rootlings with M. javanica J2s  

 

In November, 2003, each of 39 rootlings was inoculated with ca.1250 M. javanica 

J2 by pipetting one ml of nematode suspension into each of five narrow holes (ca 5-8 

cm depth and 1 cm diameter) made around each vine by using a bamboo stake.  Three 

uninoculated control rootlings (healthy control) were treated identically with tap 

water.  The holes were immediately filled with soil from the same pot and sprinkled 

with tap water. The pots were placed on three 2.5 x 1.5 m metal trays in a nethouse 
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and were drip irrigated twice a day (10 minutes each time) at 2L water/hour. Vines 

were allowed to grow until February, 2004, for nematode establishment and then 

transferred to 25 cm diameter pots with minimum soil disturbance. The empty spaces 

of these larger pots were filled with extra pasteurised soil (1:1 sand and loam). The 

vines were then irrigated three times a day (10 minutes each time) at 2 L/hour. These 

vines were pruned back to two shoots with two buds in June in each year throughout 

the trial period. 

 

2.4. Selection of brassica crops and seed meal 

For this study two commercially available brassica green manuring crops in 

Australia namely Indian mustard (Brassica juncea) cv Nemfix and BQ mulch™ (a 

mixture of B. napus and B. campestris) were selected based on their high contents of 

isothicyante (ITC) liberating glucosinolate (GSL) profile in shoots and roots (Gimsing 

and Kirkegaard, 2006). In addition, Indian mustard (B. juncea) cv Nemfix seed meal 

(NSM), although not commercially available for large scale use, is also included in 

this experiment. It also contains a high amount of 2-propenyl GSL (Sang et al., 1984; 

Sarwar et al., 1998) that effectively caused nematode mortality (McLeod and Steel, 

1999). 

 

2.5. Treatment details 

The trial layout consisted of 3 trays with 14 vines in each tray in a 2 by 7 array 

with the whole trial (42 vines) forming a 6 by 7 array. The 14 vines in each tray 

consisted of  1 healthy control, 1 inoculated control and 3 vines of each of the 

following treatments - Nemfix green manure, Nemfix seed meal, BQ mulch™ and 

Nemacur® (details below) giving 12 treatment vines per tray.  In the first year, 



 10 

September 2004,‘1-year application’ treatments  were applied to all 3 vines in each 

tray to give 9 repeats of  each ‘1-year application’ treatment.  The 14 vines (2 control 

and 12 treated) were randomised within trays so that no control or treatment was 

advantaged by placement. In the second year, September 2005, treatments were re-

applied giving ‘2-year application’ treatments, to vines on 2 trays leaving one tray 

with ‘1-year application’ treatments only. In the third year, September 2006, 

treatments were applied again giving ‘3-year application’ treatments, to vines in one 

of the trays from the ‘2-year application’ sequence.  Thus in 2006, in addition to 

control treatments, one tray contained ‘1-year applications’, another tray contained ‘2-

year applications’ and the final tray had ‘3-year applications’. While the ‘2-year 

application’ treatments were not applied according to the original design which had 

intended that 2 of the 3 vines for each treatment on each tray receive the re-

application in the second year, the control treatments are identical on each tray in each 

year and act as ‘standards’ enabling comparisons of treatments to be made. The major 

treatments were: 

Inoculated control: vines inoculated with M. javanica J2 but not treated with green 

manure or seed meal, 

Healthy control: vines not inoculated, but Indian mustard (B. juncea) cv Nemfix  was 

sown and green manure was incorporated into top 5-6 cm soil in each year,    

Nemfix green manure (NGM): vines inoculated with M. javanica J2,  and Nemfix 

seeds were sown and green manure was incorporated into 5-6 cm top soil, 

Nemfix seed meal (NSM): vines inoculated with M. javanica J2, and NSM was 

incorporated into 5-6 cm top soil,  

BQ mulch™: vines inoculated with M. javanica J2, and BQ mulch™ seeds were 

sown and green manure was incorporated into 5-6 cm top soil,  
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Nemacur®: vines inoculated with M. javanica J2, and Nemacur® 400 g/L solution 

was injected by a syringe into 5-6 cm top soil.  

 

2.6. Treatment application and biomass estimation 

 

Seeds of brassica green manures were sown @ 20 kg/ha in the first week of May, 

starting in 2004. Plants were grown until initiation of flowering in early September 

when the plants were cut at ground level, chopped into 3-5 cm pieces, weighed, 

spread around each vine, incorporated into 5-6 cm top soil, covered with a small 

amount of pasteurised soil if it was needed and sprinkled with tap water. A 100 g 

sample of chopped plants of both green manure crops was dried in an oven at 105º C 

for two days and total biomass added in each pot was calculated. NSM @ 2 t/ha and 

Nemacur® @ 30 L/ha were also applied on the same day in September when green 

manures were incorporated. Each pot was sprinkled with tap water immediately after 

treatment application. 

 

2.7. Soil and root sampling for nematode extraction 

 

Soil and root samples from vines grown in pots of all trays were collected first on 

5 May 2004 (pre-treatment samples) and then on 5 May 2005, on 3 May 2006 and on 

23 April 2007. Initially two soil cores (2 cm diameter) at ca. 15 cm depth from each 

vine were collected in a bucket. Then each vine along with soil was pulled up 

carefully to collect a small amount of soil from three positions around the vine. A 

small amount of exposed roots at the bottom of the pots was also collected at the same 

time. These soil and root samples were mixed thoroughly in the bucket and sub-
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samples of ca. 350 g soil and ca. 5 g roots were taken separately. The remaining soil 

and roots were returned to the same pot. Extra pasteurised soil (1:1 sand and loam) 

was also used to fill the holes and empty spaces around each vine if it was needed. 

The samples were kept in a cool room at 4ºC until processing for nematode extraction. 

A 100 g soil from each sample was oven dried at 105ºC for two days to determine soil 

moisture percentage. 

 

2.8. Nematode extraction 

 

Soil (200 g) and roots (2 g) from each sub-sample were processed for nematode 

extraction by using the Whitehead tray method (Whitehead and Hemming, 1965) with 

a 5 day incubation period. The resultant extractions were passed twice through a 15 

µm sieve. The sieve was backwashed to collect nematodes in a 70 ml plastic 

container. Populations of M. javanica J2 were counted by using a Doncaster counting 

dish (Doncaster, 1962) under binocular microscope at 50x.  

 

2.9. Shoot length, and Leaf Chlorophyll Index (LCI) measurement 

 

Shoot length was measured in mid November, December and January during 

2004-2007 growing seasons. On the same day, LCI from three positions of 4
th

 leaf in 

each shoot was also measured by using a Minolta chlorophyll meter SPAD-502 

(Minolta Co., Ltd., Japan).  

 

2.10. Berry harvest and juice characteristic measurement 
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Grape bunches from each vine were hand picked in February each year and 

weighed. Fifty berries from each vine were randomly selected to determine juice 

characteristics (ºBrix, pH and tartaric acid concentration g/L). The berries were 

crushed immediately by a juice extractor (Panasonic, Japan) and ºBrix was measured 

by using a refractometer (ATAGO, Japan). pH and TA (g/L) were measured by using 

the Tim Talk8 Titration manager program (Radiometer Copenhagen, Radiometer 

Analytical S.A., Lyon, France). 

 

2.11. Pruning weight, trunk circumference and percentage of starch in shoots and 

roots 

 

Shoots of each vine were pruned back to two buds by the end of July during each 

of the 2004-2007 growing seasons. Shoots from July 2007 pruning were oven dried at 

60ºC for 8 days and weighed separately for each vine. On the same day of pruning, 

roots (ca. 5 g) from each vine were also collected and oven dried as above. These 

dried shoots and roots were ground separately using an ultracentrifugal mill (Retsch 

ZM100, Hann, Germany) and % starch concentration (% dry weight basis) in roots 

and shoots were measured by following the method described by Smith and Holzapfel 

(2009). Trunk diameter above the first node of each vine was measured on the same 

day of pruning by using a digital slide calliper (Mitutoyo Corp., Model No. CD-6" C, 

Japan) and was converted to circumference. 

 

2.12. Hot Water Extractable Carbon (HWEC) in soil 
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HWEC in soil, a biodegradable hydrophilic fraction of the total soil soluble 

organic C that is readily available to the soil microbes, was analysed at the 

termination of the experiment by using a modified method of Haynes and Francis 

(1993) and Whitelaw-Weckert et al. (2007). 

 

2.13. Statistical analysis 

 

Linear mixed models fitted using ASReml 2.0 (Gilmour et al., 2005) was used to 

model nematode density and vine attribute data. For most attributes, the data included 

yearly measurements from 2004 (pre-treatment) and 2005-2007 (one-, two- and three-

years of application). A factor of two levels was used to distinguish between pre- and 

post- treatment (2004 vs 2005-2007). This factor was included as a fixed term and 

allowed estimation of overall means for 2004 vs 2005-2007. Where only 2005-2007 

post-treatment data was available a mean across these years was estimated as a fixed 

term. For data from 2005-2007 the models also included fixed effects for calendar 

year  (Y), major treatment (T), years of application (A) within major treatment and the 

two and three way interactions of these terms. Random effects included the effect of 

tray and pot within a tray with the units level term being tray by pot by year. The 

residual variance for each year was modelled. For all models the significance of fixed 

effects was assessed using approximate F tests implemented using the techniques of 

Kenward and Roger (1997) and derived from a scaled Wald statistic together with an 

estimation of the residual degrees of freedom. Only significant fixed terms (P<0.05) 

were retained in the final model. For some attributes (shoot length and leaf 

chlorophyll index) measurements were taken on a monthly basis and the model was 

extended by including month and all interactions of the fixed terms described above 
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with month as fixed effects. Tray by pot by year was included as a random effect and 

the units level became tray by pot by year by month with residual variance in each 

month of each year modelled. The results presented below represent the 2006-2007 

growing season, 3 years after initiation of the experiment. In 2006-2007, ‘1-year 

application’ would correspond with a treatment applied in 2004 but then left untreated 

for the next 2 years (2005 and 2006), ‘2-year application’ would represent treatments 

applied in 2004 and re-applied in 2005 but then left untreated for the next year (2006) 

and ‘3-year application’ refers to a treatment applied in 2004 and reapplied in both 

2005 and 2006.   

 

3. Results 

 

3.1. Biomass production 

 

The treatments with 1-year application of Nemfix and BQ mulch™ green manures 

received a total biomass of 5.4-6.3 t DM/ha while the treatments with 2-consecutive 

and 3-consecutive years of application received 16.9-17.5 t and 40.1-45.4 t/ ha 

respectively (Table 1). These biomasses corresponded to 0.38-0.44, 1.18-1.23 and 

2.81-3.18 % dry biomasses (w/w) respectively. In contrast, the healthy vines (not 

inoculated with the M. javanica J2 but grown with Nemfix for 3-consecutive years) 

received 35.3 t/ha (2.47% w/w) biomass. Nemfix seed meal resulted in lower total 

biomass of 2.0 (0.14% w/w), 4.0 (0.28 % w/w) and 6.0 (0.42 % w/w) t DM/ha in 1-

year, 2-year and 3-year application sequences respectively (Table 1). 

 

3.2. Nematode populations  
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3.2.1. M. javanica J2s in soil 

On average, there were 633 M. javanica   J2 / kg dry soil in all inoculated pots 

prior to treatment application in May 2004. Over three years, this population density 

increased ca. 10.5-fold in the inoculated control and ca. 2.4 to 6.6-fold in the other 

treatments depending on the application sequence (data not shown). However, 

nematode assessment in May 2007 (three years after initiating the experiment) 

indicated a significant (P<0.001) correlation on the populations of M. javanica J2 due 

to calendar years Y), various treatments (T) and application (A) sequences within a 

treatment (T x A), and their interaction during the sampling years (T x A x Y) (Table 

2). The nematode population densities in soil in the brassica green manures, NSM and 

Nemacur® treatments, irrespective of application sequence, were significantly lower 

(P<0.001) than the population density in the inoculated control vines (Table 3). This 

is equivalent to 37-78% suppression of M. javanica J2 in those treatments over the 

inoculated control treatment. Within a treatment (T x A), the population densities of 

M. javanica J2 were significantly (P<0.001) reduced to 3179-4196 / kg dry soil (ca. 

37-52% reduction) after 1-year application of all treatments compared to the 

inoculated control treatment. Further reductions of ca. 66-78% of M. javanica J2 

populations were observed after two consecutive applications of the treatment. Three 

consecutive years of application continued the trend in NGM and NSM amended soil 

but not in BQ mulch™ green manure and Nemacur® treated soil, however, neither 

trend was a significant step on the two consecutive years of application (Table 3).  

 

3.2.2. M. javanica J2s extracted from roots 
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M. javanica J2 populations/ g of roots varied significantly (P<0.001) between the 

treatments (T), the number of application (A) years within the treatment (T x A), and 

their interaction with calendar year (T x A x Y) (Tables 2). The population densities 

were significantly reduced in treatments with 2-3 consecutive years of application of 

BQ mulch™, and 3-years consecutive application of NGM and Nemacur® compared 

to 1-year application of those treatments. In contrast, 2-3 consecutive applications of 

NSM increased the population levels in roots  compared to its population level after 1-

year application (Table 3). However, there were no significant differences in 

population densities between 2- and 3-years of application in any treatments except 

NGM (Table 3). It was further noted that the nematode population densities in roots 

were significantly higher even after 1-year application of NGM and BQ mulch™ 

green manure compared to the inoculated control treatment (Table 3).  

 

3.3. Yield (fresh weight of grape berries)  

 

The interaction effect of year (Y), treatment (T) and number of treatment 

applications (A) on yield was not significant. However, total berry yield/ vine varied 

significantly between the treatments (P = 0.003) and number of application within a 

treatment (P<0.001) (Table 2). The healthy control vines produced significantly 

higher yield than the inoculated control vines or inoculated vines treated with brassica 

green manures and Nemfix seed meal or Nemacur® (Table 4). It was noted that one-

year application of different treatments did not influence yield when compared with 

the inoculated control treatment. However, yields were increased significantly from 1-

year application to 2- consecutive years of application in all treatments except 

Nemacur® (Table 4). The yield improvement from third year application, while 
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continuing the trend, did not differ significantly from the yield of 2-consecutive years 

of application in any treatment (Table 4).  

 

3.4. Pruning weight of canes and trunk circumference 

 

Fresh pruning weight varied significantly (P<0.001) between the treatments and 

between the number of applications within the treatment (Table 2). The fresh pruning 

weight of the healthy control vines was significantly higher than the inoculated 

control and all other treatments (Table 4).  Application of brassica green manures, 

NSM and Nemacur® in 1-3 years of application sequence was not associated with any 

significant changes in fresh pruning weight compared to the inoculated control vines 

except for 2-3 years of consecutive applications of NGM (Table 4). Similarly 1-3 

years application of different treatments did not have any significant change on dry 

pruning weight when compared with the inoculated control treatment (data not 

shown). 

Trunk circumferences did not vary significantly either between the treatments or 

between the numbers of applications within a treatment (data not shown).   

 

3.5. Starch concentration in roots and shoots  

 

Starch concentration in roots differed significantly (P<0.001) between the treatments 

and the 3-way interaction, treatment x application sequence x calendar year, was also 

significant (P<0.001) (Table 2). Starch concentration of 30.0% in the healthy control 

vines was significantly higher than that of 13.5% in the inoculated control vines 

(Table 4).  One to three applications of Nemacur did not change the root starch 
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concentration % significantly compared to the inoculated control treatment (Table 4). 

The 3-years application of Nemfix  and BQ mulch™ green manures and 2-3 years 

application of NSM increased root starch concentration significantly over the 

inoculated control treatment  and was statistically equivalent to the amount in root of 

healthy control vines ( Table 4). Again no significant difference in starch 

concentration % of roots was observed between the 2- and 3-consecutive years of 

application of any treatment (Table 4).   

The shoot starch concentration did not vary significantly either between the 

treatments or between the numbers of applications within a treatment (data not 

shown).  

 

3.6. Grape berry juice characteristics 

 

ºBrix levels in berries differed significantly between the treatments (P = 0.03) and 

the 3-way interaction  treatment x application x calendar year was significant (P = 

0.004) (Tables 2 and 4). ºBrix levels were statistically similar in inoculated  and 

healthy control treatments (Table 4). Similarly there were no significant differences 

between the ºBrix level of inoculated control and other brassica green manures, NSM 

and Nemacur® treatments. Interestingly, 1-year application of brassica green 

manures, NSM and Nemacur® had significantly higher ºBrix level than the healthy 

control treatment (Table 4). It was further noted that ºBrix level reduced significantly 

when NGM was applied for 2-3 consecutive years and Nemacur® for 3-consecutive 

years compared to the level of their 1-year application (Table 4).    

The TA and pH in berry juice did not vary significantly either between the 

treatments or between the numbers of application within a treatment (Table 2). 
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However the TA g/L in the inoculated control and other brassica green manures, NSM 

and Nemacur® treatments were slightly higher (4.0-4.3) (at P = 0.067) than the 

healthy control treatment (3.9) (data not shown). The pH level varied between 4.2-4.4 

in the control and other treatments (data not shown). 

 

3.7. Shoot length  

 

Shoot length varied significantly between the treatments and between the number 

of applications within a treatment (P<0.001) in most cases during different sampling 

months in 2006-2007 growing season (Tables 5 and 6). Healthy control vines had 

significantly longer shoots than the inoculated control vines during November 2006 to 

January 2007 (Table 6). Application of different treatments in 1-3 years sequence did 

not have any significant impact on shoot length compared to the inoculated control 

vines except 3 years application of BQ mulch™ green manure in January, 2007. 

However, measurement in January 2007 indicated that shoot lengths of inoculated 

vines amended with brassica green manures, NSM and Nemacur® for 2-3 years 

consecutive application were statistically similar to the shoot length of the healthy 

control vines (Table 6).  

 

3.8. Leaf chlorophyll index 

 

The leaf chlorophyll index (LCI) recorded in November, December or January did 

not vary significantly between the treatments but treatment x application effects 

varied significantly (P<0.001) in some treatments in a particular month (Tables 5 and 

6). LCI of the inoculated and healthy control vines were statistically similar during all 
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the sampling months. Similarly there was no significant difference between LCI of 

healthy control and other green manures, seed meal and Nemacur® treatments applied 

in 1-3 year sequence in most cases. The LCI in treatment with 3 consecutive years of 

application of NSM remained significantly higher during all the sampling months 

compared to the healthy control treatment. A slight decrease of LCI with the 

progression of the season was recorded in all treatments except 3 years NSM 

treatment (Table 6)  

 

3.9. Hot Water Extractable Carbon (HWEC) in soil 

 

HWEC in soil from the inoculated control (without green manure amendment) 

was extremely low (below detection levels). In contrast soil from healthy control 

vines amended with NGM for 3-consecutive years had higher HWEC (1.2 mg C per g 

dry soil); significantly higher than soil from M. javanica J2 inoculated vines amended 

with Nemfix (0.3 mg C per g dry soil) and BQ mulch™ (0.4 mg C per g dry soil) 

green manure (data not shown).  

 

4. Discussion 

 

4.1. Suppression of M. javanica J2 populations 

 

In this study, brassica green manures Nemfix and BQ mulch™ significantly 

suppressed M. javanica populations in soil and roots. This is consistent with the 

results of Zasada and Ferris (2004) who reported 100% suppression of M. javanica 

populations when soil was amended with 5.4-8.5% w/w biomass of white mustard 
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(Brassica juncea) and broccoli (B. oleracea var. botrytis).  Similar suppression of 

plant parasitic nematodes has been reported in many non-grape crops including potato 

(Mojtahedi et al., 1991, 1993); citrus (Walker and Morey, 1999); summer squash 

(Johnson et al., 1992); melons (Roubtsova et al. 2007) and apple (Mazzola and 

Mullinix, 2005).   Rahman and Somers (2005) also demonstrated 13-fold and 4-fold 

decrease of M. javanica populations after incorporation of Nemfix green manure in 

soil in a 3-year old and 15-year old vineyard respectively in Australia.  

Incorporation of NSM into soil also reduced M. javanica populations by 51-75% 

in this trial depending on years of application sequence. Mustard seed meal also 

contains high levels of glucosinolates (Sang et al., 1984; Sarwar et al., 1998) and it 

effectively kills M. javanica in vitro (McLeod and Steel, 1999). In a vineyard trial, 

Rahman and Somers (2005) observed >90% suppression of M. javanica in soil 

amended with NSM applied at 2 t/ha in a 3-year old vineyard. Zasada and Ferris 

(2004) also reported almost 100% suppression of M. javanica populations when soil 

was amended with 2% w/w biomass of B. juncea seed meal.  In a laboratory assay, 

Zasada et al. (2009) observed > 90% suppression of Meloidogyne incognita second –

stage juveniles 3 days after amendment of soil with 0.5 to 10.0% dry w/w of Brassica 

juncea ‘Pacific Gold’ seed meal. Similarly, Henderson et al. (2009) observed 

consistently lower densities of M. chitwoodi in plots treated with mustard (Brassica 

carinata) seed meal at 2.5 t/ha. 

The increased populations of M. javanica in vine roots treated with NSM for 2-3 

consecutive years has not previously been reported but it is likely that root absorption 

of allelochemicals produced from NSM enhanced the susceptibility of these vines in 

this trial. Turk and Tawaha (2003) noted the allelopathic effect of black mustard 

(Brassica juncea L.) on roots of wild oat (Avena fatua L.) where oat root growth was 
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reduced and twisted, suggesting weaker plant growth. In addition, although not 

investigated, counting of eggs in soil and various developmental stages (J3 to adult) in 

roots could  indicate the comparative efficacy of different biofumigation materials 

suppressing M. javanica in this trial. These aspects of research have not been done 

due to limited resources but will be addressed in any future study. 

 

4.2. Mechanisms for suppression: toxins or organic matter 

 

The suppression of M. javanica is likely to be related to the highly toxic effects of 

isothiocyanates (ITC) liberated from the brassica glucosinolates (GSL) (Donkin et al., 

1995; Potter et al., 1998; Gimsing and Kirkegaard, 2006).  Indian mustard cv. Nemfix 

and BQ mulch™ contained a total of 35.3 and 40.4 µmol g
-1

 biomass ITC-liberating 

GSL respectively in their shoots and roots (Gimsing and Kirkegaard (2006).  Of the 8-

9 liberating ITCs, 2-propenyl (aliphatic GSL) is dominant in Nemfix while 2-

phenylethyl (aromatic GSL) is dominant in BQ mulch™. Both these ITCs were found 

toxic to root pathogens, including nematodes (Donkin et al. 1995; Potter et al. 1998). 

In addition to ITCs, larger quantities of mildly toxic non-glucosinolate derived 

volatile S-containing compounds produced during decomposition are also likely to 

have played a role in suppression (Bending and Lincoln, 1999).  However, McLeod 

and Steel (1999) concluded from an in vitro study that mechanisms other than 

glucosinolate-derived toxicity were important in the anti-nematode activity of brassica 

green manures. Like brassica plant tissues, mustard seed meal also contains a high 

amount of 2-propenyl GSL (Sang et al., 1984; Sarwar et al., 1998) that is reported to 

be  related to nematode mortality (McLeod and Steel, 1999).  
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Our study showed that, over three growing seasons, both Nemfix and BQ mulch™ 

green manures increased soil organic matter by 35-45 t DM/ha.  We also observed 

considerably higher HWEC in the Nemfix and BQ mulch™ green manure amended 

soil.  Although not investigated, the added organic matter may have stimulated growth 

of parasites, predators and antagonists of plant parasitic nematodes, leading to a 

biological or general suppression of M. javanica populations (Stirling, 1991; Stone et 

al., 2004; Rahman et al., 2009).  Zasada and Ferris (2004) observed at least 72% 

suppression of M. javanica on incorporation of 2.9% w/w dried biomass from wheat 

(Triticum aestivum), a non-glucosinolytic plant.  Similarly, Rahman et al. (2009) 

showed that vineyard permanent swards, known to increase soil organic carbon 

(Whitelaw-Weckert et al., 2007), increased the numbers of non-plant-parasitic 

beneficial nematodes which in turn suppressed pest nematodes. 

 

4.3. Decreased nematacide efficacy on repeated application 

 

It has been suggested that repeated application of nematicides are necessary to 

achieve adequate suppression of nematodes for apparent crop benefit, particularly, in 

long-established perennial crops (Hague and Gowen, 1987; Edwards, 1991).  

Although, we observed a small increase of M. javanica populations in soil treated 

with Nemacur® for three consecutive years compared to its application for two 

consecutive years in this study, the difference was not significant.  We assumed that 

such an increase may have been due to by microbial degradation of the chemical. 

Repeated application of Nemacur® (fenamiphos) and some other nematicides showed  

microbial degradation that eventually decreased persistence and efficacy of the 

chemicals (Stirling et al., 1992; Racke and Coats, 1988; Pattison et al., 2000). 
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Repeated treatment of soil with Nemacur® for 3-consecutive years may also be 

associated with a decrease in populations of natural enemies of the pest nematodes 

(Edwards, 1991; Stirling, 1991). In contrast to Nemacur®, there was also a small but 

insignificant increase of M. javanica populations in soil treated with BQ mulch™ 

green manure for 3-consecutive years compared to 2-consecutive years of application. 

The reason is not known and will require further investigation. 

  

4.4. Improvement of vine productivity 

 

Grape yields were generally increased with the suppression of root knot 

nematodes by green manures, seed meal and Nemacur®; especially in the Nemfix and 

BQ mulch™ green manure treatments where yields were doubled after three 

consecutive years of application.  A benefit on yield from suppression of M. javanica 

populations after treating grape vines with single or split applications (2-4 times) of 

fenamiphos @ 10 kg a.i./ha has also been reported by Edwards (1991). Increased soil 

organic matter from application of brassica green manures may also have played a 

role in the increased yields in our trial.     

 

4.5. Responses  in  vine growth 

 

Shoot length, trunk circumference and pruning weights provide an estimation of 

the vigour or vegetative growth of the vine. Nematode infections disrupt the vascular 

tissue and alter translocation of water and solutes to the shoots and as a result   

generally reduce shoot length and dry weights. In our study, all M. javanica infected 

vines had significantly shorter shoot lengths than healthy control vines early in the 
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growth season (November). Anwar and van Gundy (1989) and Melakeberhan and 

Ferris (1989) also reported shorter shoot lengths in M. incognita infected vines (V. 

vinifera cv. French Colombard) and V. vinifera cv. Colombard respectively. However, 

towards the end of the growing season (January),  the green manures, seed meal and 

Nemacur® treatments had increased the shoot lengths (by 13-17%) compared to  the 

diseased control vines, showing considerable improvement in vegetative growth 

following nematode suppression.  

Trunk circumferences and dry pruning weights of healthy control vines and 

inoculated vines treated for 3-consecutive years with green manures, seed meal and 

Nemacur® were statistically similar in this trial. These results suggested that growth 

performance of infected vines has improved from nematode suppression in different 

biofumigation and Nemacur® treatments, as nematode infected vines should have 

smaller trunk circumference and less pruning weight than the healthy vines (Anwar 

and van Gundy,1989).   

  

4.6. Starch reserves in roots and shoots 

 

Roots of M. javanica infected control vines had ca. 16% lower starch than healthy 

control vines but root starch reserves increased significantly when the infected vines 

were treated with green manures, seed meal and Nemacur® for 2-3 consecutive years.  

These findings suggest that prevention of root damage by nematode suppression may 

be an important factor for improved storage of carbohydrates in roots.  This link 

between low root starch content and nematode damage is consistent with the findings 

of Schreiner and Pinkerton (2008) who reported that ring nematodes (Mesocriconema 

xenoplax) were associated with decreased starch content in fine roots of potted Vitis 
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vinifera cv. Pinot Noir.  Root starch reserves are crucial for new shoot growth and 

development (Glad et al 1992; Smith and Holzapfel, 2009).   

In contrast to the roots, the shoot starch levels were similar in diseased and healthy 

vines. As roots of diseased vines are unable to utilise the carbohydrates transported 

from the leaves, some carbohydrate may have been redirected to the shoots for storage 

as observed by Anwar and van Gundy (1989) in their V. vinifera cv. French 

Colombard study.   

 

4.7. Changes in juice characteristics 

 

Most of the treatments did not change the juice characteristics TA g/L, Brix or 

pH significantly.  Edwards (1991) and Harris (1986) also found that fenamiphos 

applied at 10 kg a.i./ ha for one or two consecutive growing seasons did not alter any 

of the above juice characteristics of Sultana grape berries.  Similarly, Cirami et al. 

(1984) found no differences in juice characteristics when own rooted Shiraz (infected 

by nematodes) and Shiraz grafted on Ramsey rootstock (resistant to nematode 

infection) were planted in nematode infected vineyards. Interestingly, sugar 

concentration (ºBrix) was significantly higher in our infected vines treated with green 

manures, seed meal and Nemacur® for one year than in healthy control vines. This 

may be related to lower crop yield and thus earlier ripening in these vines compared to 

the healthy vines. 

 

4.8. Responses in leaf chlorophyll index  
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 Leaf chlorophyll content is important for vine nitrogen nutrition and 

photosynthesis (Hoel and Solhaug, 1998; Ferrini et al., 1995). Results in this study 

showed a small increase of leaf chlorophyll index (LCI) in the earlier part of the 

season (November) when different treatments  were applied for three consecutive 

years but decreased in the latter part of the growing season (December and January). 

Perhaps, ageing of leaves could be a possible reason for decreased LCI in the later 

part of the growing season. Another possible reason could be the variation in severity 

of root damage caused by M. javanica during the early and later part of the growth 

season. M. javanica initiates infection in the new roots in the early growth part of the 

season and these develop into severe galls later in the season, severely impairing 

nutrient uptake. This variation in nutrient and water uptake from soil may be related to 

a lower LCI late in the season.  The reason for the consistently high LCI for the NSM 

treatment is not known but may be a contribution from nitrogen level in the seed 

meal. Mazzola et al (2007) reported 5.6-6.8% nitrogen in seed meals of some B. 

napus and B. juncea cultivars. Therefore, the NSM treated soil in our study may also 

have enriched with nitrogen which may have been contributed to the higher LCI in 

this treatment.  

 

5. Conclusions 

 

We have shown that Nemfix and BQ mulch™ green manures, and Nemfix seed 

meal suppressed root knot nematode M. javanica in soil and increased yield. It may 

require several consecutive years of application of these brassica materials to reduce 

the population density of M. javanica below damage threshold level for an apparent 

improvement in vine growth and productivity. However, application sequence will 
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vary depending on the initial density of the nematode populations in vineyards. Field 

trials including different soil are required to validate these preliminary pot trial results.  
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