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Abstract 17 
 18 

The population abundance of free-living and plant-parasitic nematodes was 19 

investigated in a long-term rotation/tillage/stubble management experiment at 20 

Wagga Wagga Agricultural Institute, New South Wales (NSW), Australia. The 21 

treatments were a combination of two crop rotations (wheat-wheat and wheat-22 

lupin), two tillage systems (conventional cultivation and direct drill) and two 23 

stubble management practices (mulch/retention and burnt). Plots of one of the 24 

wheat-wheat treatments received urea at 100 kg N ha -1 during the cropping 25 

season. Soil samples from 0-5 and 5-10 cm depths were collected in 26 

September (maximum tillering), October (flowering) and December (after 27 

harvest), 2001, to analyse nematode abundance. Soil collected in September 28 

was also analysed for concentrations of total and labile C, and pH levels.  29 

Three nematode trophic groups namely bacteria-feeders (primarily 30 

Rhabditidae), omnivores (primarily Dorylaimidae excluding plant-parasites and 31 

predators) and plant-parasites (Pratylenchus spp. and Paratylenchus spp.) 32 

were recorded in each soil sample. Of them, bacteria-feeders (53-99%, 33 

population range 933-2750 kg -1 soil) dominated in all soil samples. There was 34 

no difference in nematode abundance and community composition between 35 

the 0-5 cm and 5-10 cm layers of soil. The mean population of free-living and 36 

plant-parasitic nematodes varied significantly between the treatments in all 37 

sampling months. The differences in the nematode population density 38 

between treatments were mainly due to either crop rotation or tillage or 39 

stubble management practices. In most cases, total free-living nematode 40 

densities (Rhabditidae and Dorylaimidae) were significantly (P< 0.001) greater 41 

in wheat-lupin rotation than the wheat-wheat rotation irrespective of tillage and 42 
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stubble management practices. In contrast, a greater population of plant-43 

parasitic nematodes was recorded from plots with wheat-wheat than the 44 

wheat-lupin rotation. For treatments with wheat-wheat, total plant-parasitic 45 

nematode (Pratylenchus spp. and Paratylenchus spp.) densities were greater 46 

in plots without N-fertiliser (295-741 kg -1 soil) than the plots with N-fertiliser 47 

(14-158 kg -1 soil).  48 

Tillage practices had significant (P<0.05) effects mostly on the population 49 

densities of plant-parasitic nematodes while stubble management had 50 

significant effects (P<0.05) on free-living nematodes. However, interaction 51 

effects of tillage and stubble were significant (P<0.01) for the population 52 

densities of free-living nematodes only. Population of Rhabditidae was 53 

significantly higher in conventional cultivated plots (7244 kg -1 soil) than the 54 

direct drilled (3981 kg -1 soil) plots under stubble retention. In contrast, plots 55 

with direct drill and stubble burnt had significantly higher populations of 56 

Dorylaimidae than the conventional cultivation with similar stubble 57 

management practice. No correlations between abundance of free-living 58 

nematodes, and concentration of total C and labile C in soil were observed in 59 

this study.  60 

 61 
Keywords: nematode trophic groups, stubble management, tillage practices, 62 

total C and labile C. 63 

 64 

1. Introduction 65 

 66 

In the past, nematode research in agriculture has mainly focussed on plant-67 

pathogenic species. However, recently, free-living nematodes which usually 68 
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dominate the nematode population in agricultural soils are receiving increased 69 

attention because of the possibility of using them as a sensitive indicator of 70 

performance of farming systems or soil health (Freckman, 1988; Bongers, 71 

1990; Neher et al., 1995; Neher, 2001). Free-living nematodes in soils are 72 

classified as bacteria-feeders, fungi feeders, omnivores and predators based 73 

on their feeding habits. They are associated directly or indirectly with the 74 

decomposition of organic matter or plant residues (Freckman, 1988; Beare et 75 

al., 1992), increased nutrient mineralisation (Yeates, 1979; Griffiths, 1986 and 76 

1989; Dalal, 1998; Neher, 2001), and increased nutrient uptake by plants 77 

(Ingham et al., 1985). As such their population density and structure should be 78 

closely related to the concentration of organic carbon in soils. 79 

It is well documented that many agronomic practices such as rotation, 80 

stubble retention and tillage exert a great influence on important soil quality 81 

attributes such as soil structure, organic matter content and moisture retention 82 

capacity of soils (Carter, 1992; Chan and Pratley, 1998). At the same time, 83 

there is accumulating evidence suggesting that the abundance and 84 

composition of different trophic groups of free-living nematodes are affected 85 

by these agronomic practices (Bostrom and Sohlenius, 1986; Sohlenius et al., 86 

1987; Juma and Mishra, 1988; Neher, 1995). For example, Bostrom and 87 

Sohlenius (1986) and Sohlenius et al. (1987) demonstrated that the 88 

abundance and population levels of fungi-feeders, omnivores and predatory 89 

nematodes were significantly higher in the unploughed plots with perennial 90 

grass, meadow fescue (Festuca pratensis Huds. cv. Mimer) or lucerne 91 

(Medico sativa L. cv. Sverre), than in the ploughed plots with annual cropping 92 

of barley (Hordeum distichum L. cv. Gunilla). Yeates and Hughes (1990) also 93 
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found significantly greater populations of nematodes in reduced tillage plots 94 

than those with conventional tillage. The order of population levels was zero 95 

tillage > minimum tillage > conventional tillage. Soil nematode community 96 

structures and functions were also disturbed by the applications of synthetic 97 

chemicals such as fertilisers and pesticides (Neher and Campbell, 1994; 98 

Neher, 1995). Freckman and Ettema (1993) reported that bacteria-feeder 99 

nematodes were 40% higher in the zero input treatment (no fertiliser and no 100 

herbicide) than the high input (fertiliser and herbicide) or low input (chemical 101 

application only at high outbreaks of pest) treatments. In terms of pest control, 102 

Stirling (1999) suggested that natural enemies of parasitic nematodes would 103 

be enhanced under minimal disturbance of soil. Therefore, abundance and 104 

population structure of free-living nematodes were considered potential bio-105 

indicators of soil quality (Bongers, 1990; Ettema and Bongers, 1993; 106 

Freckman and Ettema, 1993; Griffiths et al., 1994; Neher, 1995). However, 107 

more information is needed, particularly over a range of cropping systems and 108 

environments, to demonstrate the effects of tillage and stubble management 109 

practices on the abundance and diversity of nematodes in cultivated soils. 110 

In this paper, we report results of an investigation into the effects of 111 

different rotation/ tillage/ stubble management practices on the abundance 112 

and diversity of nematodes in a long-term experiment that commenced in 113 

1979. The objectives of this preliminary investigation were (i) to determine the 114 

long-term effects of tillage practices, stubble management, N-fertiliser and 115 

crop rotations on the abundance and trophic groups of soil nematode 116 

communities, and (ii) to relate differences to more commonly used soil quality 117 

indicators namely, concentration of total C, labile C and pH.  118 
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2. Materials and methods 119 

2.1 Site  120 

A long-term rotation/ tillage/ stubble management experiment began in 121 

1979 at the Wagga Wagga Agricultural Institute, Wagga Wagga (350 05’S, 122 

1470 20’E), NSW, Australia. The soil is an Oxic Paleustalf, a red earth, with 123 

the soil profile characterised by gradual transition in texture with depth. The 124 

surface A horizon (0-0.2 m) was brown to greyish brown clay loam (27% clay) 125 

which gradually changed to a light to medium reddish brown clay at about 0.2 126 

m.  Soil pH of the unlimed A horizon (0-0.12 m) was acid, about 4.5 in 0.01 M 127 

CaCl2  128 

Differences in total organic carbon under different tillage/ stubble/ rotation 129 

treatments and resulting differences in soil properties have been reported 130 

earlier (Chan et al., 1992; Heenan et al., 1995). 131 

2.2 Treatment details 132 

In this investigation, six treatments made up of direct drilling (DD) and 133 

conventional cultivation (CC), stubble retention (SR) and stubble burnt (SB), 134 

and rotations of wheat-lupin (WL) and wheat-wheat (WW) were selected for 135 

comparison (Table 1). For the tillage treatments, DD refers to no cultivation 136 

prior to sowing and CC refers to three cultivations prior to sowing. Cultivation 137 

was carried out to about 0.1 m depth following local farmers' practice at the 138 

time, namely using offset tandem disc harrows (until 1994 and thereafter 139 

scarifiers) in the stubble retained treatments, and scarifiers in the stubble 140 

burnt treatments. Stubble burning was carried out in March/April during early 141 

to mid-autumn after fire bans were removed. In the WL rotations, each crop 142 

was grown on three blocks so that both crops were represented every year. In 143 
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the continuous wheat (WW) treatments (T9 and T10), wheat was grown 144 

annually since 1979. While no nitrogen fertiliser was applied to T9, T10 had an 145 

annual application of 100 kg N ha -1 as urea in a three way split at sowing, 146 

mid-tillering and at flowering stages of the crop. Single superphosphate was 147 

also applied at sowing at 20 kg P ha -1 to all treatments. All these treatments 148 

were assigned randomly in each of three blocks. Each treatment plot was 4.3 149 

m x 50 m and plots were separated by a buffer area of the same size. 150 

The wheat and lupin varieties used in the experiment were Triticum 151 

aestivum cv Diamondbird and Lupinus angustifolius cv Wonga respectively, 152 

and both were sown at 90 kg ha-1 in rows 17 cm apart. Wheat was sown/ 153 

drilled on 16 May which flowered on 16 October and harvested on 13 154 

December, 2001. The cropping cycle for lupin was from 3 May (sowing) to 13 155 

December (harvest) in 2000. Weed control was done by pre-sowing 156 

application of trifluralin and post-emergent application of diclofop-methyl and 157 

bromoxynil in wheat plots. Lupin plots received simazine before emergence 158 

and diclofop-methyl as post-emergent application if necessary. Details on 159 

treatment management have been reported earlier (Heenan et al., 2004). 160 

2.3 Soil sampling  161 

In each plot, three soil samples were randomly collected from inter-row 162 

crop areas (17 cm wide) on 21 September (maximum tillering stage), 18 163 

October (flowering stage) and on 17 December (after harvest) in 2001. 164 

Samples were taken at a depth of 0-5 cm and 5-10 cm with a narrow ended 165 

(90 mm wide) shovel. Samples from each depth were bulked separately, 166 

mixed thoroughly and a sub-samples of 500 g each were taken in plastic bags 167 
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and stored in cold room (4оC) until processing for nematode analysis. The soil 168 

pH and C concentrations were assessed from the September sample only. 169 

2.4 Nematode isolation, count and identification 170 

Nematodes were extracted from 2 sub-samples each of 200 g field moist 171 

soil using the Whitehead tray method (Whitehead and Hemming, 1965) with a 172 

5-day incubation period. The extraction was then passed twice through a 15 173 

µm nylon sieve. Nematodes from the sieve were back washed and collected 174 

in a 75 ml plastic container. The whole suspension was poured into the 175 

Doncaster counting dish (Doncaster, 1962) and nematodes belonging to 176 

different trophic groups (Yeates, 1998) were counted under a 177 

stereomicroscope at 50X. Nematodes were also examined under compound 178 

microscope at 200-400X whenever necessary. Identification was done down 179 

to family or genus levels. Then the nematode density under each trophic 180 

group was expressed as number of specimens per kg soil. 181 

2.5 Measurements on soil C and pH 182 

In the laboratory, the soil samples were air dried at 36o C and thoroughly 183 

mixed. Roots and large pieces of litter were removed from the soil samples, 184 

and these cleaned soil samples were gently crushed to pass a 6.3 mm sieve. 185 

Then a sub-sample of 100g crushed soil from each treatment was ground to 186 

pass through a 2 mm sieve and was analysed for concentration of total 187 

carbon, labile carbon and pH. Concentration of total carbon and labile carbon 188 

was determined using the LECO combustion (Nelson and Sommers, 1982) 189 

and the potassium permanganate oxidation method (Blair et al., 1995) 190 

respectively. The pH level was measured in 0.01 M CaCl2 (Raymont and 191 

Higgginson, 1992).   192 
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2.6 Weather data 193 

Data on rainfall and air temperature during 1979-2001 were collected at the 194 

meteorology station of the Wagga Wagga Agricultural Institute, Wagga 195 

Wagga, Australia, located about 1 km east of the experimental site. 196 

 197 

2.7 Statistical analysis 198 

Data were subjected to 2-way analysis of variance to investigate the effect 199 

of tillage practices, stubble management and their interactions on nematode 200 

abundance using Genstat 7.1. Results from the two different depths (0-5 and 201 

5-10 cm) were first analysed separately and then bulked and re-analysed if 202 

depth effects were insignificant (P <0.05). Nematode data were transformed 203 

to log (nematode kg -1 soil + 0.5) to meet normality assumptions for the 204 

analysis.  205 

 206 

3. Results  207 

3.1 Nematode trophic groups 208 

Three nematode trophic groups namely bacteria-feeders (primarily 209 

Rhabditidae), omnivores (primarily Dorylaimidae excluding plant-parasites and 210 

predators) and plant-parasites namely root lesion (Pratylenchus spp.) and pin 211 

nematode (Paratylenchus spp.) were recorded from all soil samples. Of them, 212 

Rhabditidae comprised of 53-99%, Dorylaimidae (excluding plant-parasites 213 

and predators) 0.5-12%, root lesion 0-40% and pin nematode 0-8% of the 214 

total populations at different sampling months (Fig 1).  215 

3.2 Treatment effects on nematode density 216 
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There were no significant interaction effects between treatments and soil 217 

depths on the abundance of either free-living or plant-parasitic nematodes at 218 

any of the sampling dates (data not shown). Therefore, results of the two 219 

depths were averaged and significant main effects of treatments on nematode 220 

densities at three different sampling times from ANOVA have been 221 

summarised in Table 2. It was noted that the population density of 222 

Rhabditidae, total free-living nematodes (Rhabditidae and Dorylaimidae), 223 

Pratylenchus spp. (root lesion), Paratylenchus spp. (pin nematode) and total 224 

plant-parasitic (root lesion and pin nematode) nematodes differed significantly 225 

(P<0.05) between the treatments at all three sampling times (Table 2). A 226 

variation in the population densities of total free-living and total plant-parasitic 227 

nematodes was also observed between the samples (Table 3). In most cases, 228 

total nematode population densities were comparatively higher in the 229 

September and October samples than in the December sample. However, 230 

neither free-living nor plant-parasitic nematodes increased or decreased 231 

consistently between the sampling months. 232 

 3.3 Effects of crop rotations on nematode populations 233 

Total population densities of free-living and plant-parasitic nematodes 234 

varied significantly (P<0.001) between the treatments in a ll samples (Table 3). 235 

It was observed that total free-living nematodes were usually higher in the 236 

treatments under WL rotations (T1, T3, T4 and T6) than in the treatments under 237 

WW rotations (T9 and T10) irrespective of stubble management and tillage 238 

practices in all samples except in December, when T10 had greater population 239 

density than WL rotation (Table 3). The total population densities of free-living 240 

nematodes kg -1 soil under different treatments varied between 2,818-7,413 in 241 
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September, 2,630-6,309 in October and 1,047-3,630 in December. However, 242 

the population densities in treatments under WL rotations were statistically 243 

similar at all three sampling times.  244 

In contrast, total plant-parasitic nematode (root lesion and pin nematodes) 245 

densities were comparatively higher in treatments under WW rotations (T9 and 246 

T10) than in WL rotations except T10 in October sample (Table 3). Between the 247 

two WW treatments, T9 had higher total plant-parasitic nematodes than T10 in 248 

all samples but varied significantly (P<0.01) in the October sample only. The 249 

population densities kg-1 soil were in order of October (741) > September 250 

(349) > December (295) in T9 while for T10 the order was September (158) > 251 

December (34) and October (14). Treatments T9 and T10 had similar tillage, 252 

stubble management and rotation practices, differing only by application of N-253 

fertiliser (100 kg N ha -1 as urea) in T10.  254 

3.4 Effects of tillage and stubble management on nematode populations 255 

The summary of ANOVA (Table 4) indicated that tillage practices had 256 

significant effects mostly on the population of plant-parasitic nematodes (P 257 

<0.05) while stubble management practices had significant effects (P <0.05) 258 

on the population density of free-living nematodes, especially in the October 259 

sample. The interaction between tillage and stubble was not significant for the 260 

plant-parasitic nematodes (data not shown) but was significant (P <0.05) for 261 

Rhabditidae and total free-living nematode populations in September and for 262 

Dorylaimidae in October (Table 4). It was observed that the population 263 

densities of Rhabditidae and total free-living nematodes did not vary 264 

significantly in plots where stubble was burnt under different tillage practices 265 

(CC and DD) but varied significantly (P<0.01) when stubble was retained in 266 
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those plots (Table 5). In contrast, population density of Dorylaimidae varied 267 

significantly (P<0.05) between tillage practices where stubble was burnt. 268 

When nematode densities were compared between the stubble management 269 

practices (SB and SR) within a tillage practice, the CC plots with SR had 270 

significantly higher population of Dorylaimidae (P<0.05) and total free-living 271 

nematodes (P<0.01) than the CC with SB plots (Table 5). DD did not have 272 

any effects on the population densities of free-living nematode densities 273 

whether stubble was burnt or retained in the plot (Table 5). 274 

3.5 Organic carbon concentrations and pH levels in soil 275 

 There were significant (P<0.05) differences in concentration of total C as 276 

well as labile C amongst the different treatments (Table 6). In the 0-5 cm 277 

layer, significantly higher concentrations of total organic carbon were recorded 278 

under DD treatments (T1 and T4) compared with the CC treatments (T3, T6 279 

and others). Stubble management practices (SR and SB) did not have any 280 

effects on the concentration of total C in DD treatments but had significant 281 

effects in CC treatments. Concentration of labile C followed a similar trend 282 

(Table 6). Correlation analyses did not indicate any significant relationship 283 

between nematode densities and concentrations of total organic C or labile C 284 

in this study (data not shown). The pH levels also varied significantly (P<0.05) 285 

between the treatments with the highest level in T9 (Table 6). 286 

 287 

4. Discussion 288 

The treatments in this study represented a range of management practices 289 

that involve combinations of two cultivation (CC and DD), two stubble 290 

management (SR and SB) and two crop rotations (WL and WW) (Table 1), all 291 
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maintained over 22 years. It was expected that these management practices 292 

should create the differences in soil conditions and food supply that would 293 

reflect on nematode communities in soil. 294 

Nematode extraction from soil samples revealed only three nematode 295 

trophic groups namely bacteria-feeders (primarily Rhabditidae), omnivores 296 

(primarily Dorylaimidae excluding plant-parasites and predators) and plant-297 

parasites (root lesion and pin nematode) in this study. Among them, bacteria-298 

feeders (Rhabditidae) dominated the ominovores (Dorylaimidae) and the 299 

plant-parasites (root lesion and pin nematodes) in all treatments throughout 300 

the sampling periods (Fig. 1). Dominance of bacteria-feeder nematodes, 301 

Rhabditis spp., in trials involving both organic (grown without manufactured 302 

fertilisers and pesticides / large addition of organic matter) and conventional 303 

treatments has also been reported by other researchers (Freckman and 304 

Ettema, 1993; Neher, 1999; Wright and Coleman, 2002). For example, Wright 305 

and Coleman (2002) reported 50-60% bacteria-feeders and less than 10% 306 

omnivores and plant-feeders of the total soil population in their trial. A small 307 

reduction in nematode population in December compared to the other two 308 

sampling months could be related to rainfall and temperature (Table 7). There 309 

was less monthly total rainfall and higher daily average temperature in 310 

December compared to September and October in 2001 (Table 7). 311 

Population abundance of both free-living and plant-parasitic nematodes 312 

varied between the crop rotation irrespective of tillage and stubble 313 

management practices in this study. With a few exceptions, free-living 314 

nematodes were comparatively higher in WL rotations than in the WW 315 

rotations. The differences between WW and WL rotations could be related to 316 
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higher root dry matter, lower C/N ration, higher N content with lupin or unburnt 317 

lupin stubble where the treatment was burnt (Heenan et al., 2004). Therefore, 318 

we suggest that such differences in quantity and quality of soil organic matter 319 

in plots with WL rotations may be one of the possible reasons for higher 320 

density of free-living nematodes, especially Rhabditidae. Inclusion of different 321 

plant species (Yeates, 1987) or plant with different canopy structure (Osler et 322 

al., 2000) in the rotation sequences have been reported to play a role on 323 

nematode abundance in soil. In contrast, plant-parasitic nematodes were 324 

comparatively higher in WW rotations than the WL rotations. This could be 325 

related to monoculture of wheat and susceptible reaction of the cultivated 326 

wheat variety cv. Diamondbird (Vanstone and Russ, 2002).  327 

Results from this study also indicated that stubble management and tillage 328 

practices had significant effects on the population abundance of Rhabditidae, 329 

Dorylaimidae and total free-living nematodes in soil. Plots with CC and SR 330 

had significantly higher populations of bacteria-feeder nematodes, 331 

Rhabditidae, and total free-living nematodes than the plots with DD treatments 332 

with similar stubble management practice (Table 5). This result is consistent 333 

with the results of Parmelee and Alston (1986) who found higher population 334 

densities of bacteria-feeder nematodes in cultivated plots than the no-till plots. 335 

Greater populations of free-living nematodes in the CC and SR in our study 336 

may have been caused by the abundant nutrients supplied by the stubble 337 

mulch that were incorporated into soil. Food is likely to be one of the most 338 

important factors that determine the occurrence and population dynamics of 339 

nematode species in the field (Sohlenius, 1973). Accelerated decomposition 340 

of stubble with consequent release of nutrients may also have contributed to 341 
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the greater population abundance of free-living nematodes in CC treatments. 342 

Blevins et al. (1984) had also reported faster decomposition of crop residues 343 

in conventional tillage than no-tillage systems. Translocation of nutrients in the 344 

top soil, changes in soil structure and physical properties were also suggested 345 

as contributory factors for greater abundance of nematodes in top soil in tilled-346 

plots (Overhoff et al., 1991). In addition, members of Rhabditidae are a 347 

coloniser type of nematode that rapidly increase in number under favourable 348 

conditions and are also tolerant to disturbance (Bongers, 1990). 349 

Tillage and crop residue management are considered as alternative ways 350 

to manage pest nematode in crop fields (Parmelee and Alston, 1986; Trivedi 351 

and Barker, 1986). Our results did not show any significant interaction 352 

between tillage and stubble management on the plant-parasitic nematodes 353 

but the overall effect of tillage practices was significant (P<0.05). DD 354 

treatments (T1 and T4) resulted in higher populations of plant-parasitic 355 

nematodes than the CC treatments (T3 and T6) under WL rotation in a ll 356 

sampling times (except T4 in September sample) irrespective of stubble 357 

management (Table 3). This result is in agreement with Thomas (1978) who 358 

also observed higher densities of Pratylenchus spp. (root lesion nematode) in 359 

no-till plots than the cultivated plots in corn (Zea mays L.) field. However, CC 360 

treatments with stubble burn (T9 and T10) had comparatively higher total plant-361 

parasitic nematodes (except T10 in October), particularly root lesion 362 

nematodes in WW rotation than WL (T1, T3, T4 and T5) rotation (Table 3 and 363 

Fig 1). It is likely to be related with monoculture and the host status of the 364 

lupin cultivar relative to the wheat cultivar to root lesion nematode in this 365 

study. The lupin (cv. Wonga) was found resistant while the wheat 366 
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(cv.Diamondbird) as susceptible to root lesion nematode, particularly 367 

Pratylenchus neglectus, in Australia (Vanstone and Russ, 2002). Better initial 368 

aeration and improved root development in ploughed soil was suggested as 369 

the possible cause of higher root lesion nematode densities in tilled-plots 370 

compared to non-tilled plo ts in maize field (Bergeson, 1986). Sonya and 371 

Bernard (1984) also observed significantly greater population densities of 372 

Heterodera glycines in monoculture soybean under conventional tillage than 373 

the soybean-wheat rotation under drilled or no-tillage practices. 374 

Application of N-fertiliser considerably reduced plant-parasitic nematode 375 

populations in this study. It was noted that the total plant-parasitic nematode 376 

density (root lesion and pin nematode) was slightly, although not significant, 377 

higher in T9 than T10 in all the sampling times. The tillage and stubble 378 

management practices were similar in these treatments but only differed by N-379 

fertiliser application. Urea was applied at 100 kg ha -1 in T10. Thus, application 380 

of urea in T10 is more likely to reduce the population densities of plant-381 

parasitic nematodes in this treatment (Table 3). Reduced populations of root-382 

feeding nematodes in soils applied with nitrogenous compounds have been 383 

also reported by others (Walker, 1969; Andren and Lagerlof, 1983). Lower pH 384 

associated with the urea application may also have decreased plant-parasitic 385 

nematode in this study (Table 6). In contrast, bacteria-feeder nematode 386 

(Rhabditidae) densities were greater in N-fertilised than the no N-fertilizer 387 

plots in WW crop rotation. Sohlenius et al. (1987) have also noted a greater 388 

population density of bacteria-feeder nematode than the fungi-feeder in N-389 

fertilised lucerne plots.  390 
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Overall, the abundance of plant-parasitic nematodes was very low in this 391 

study. One reason could be the shallow sampling depth (0-10 cm) as they 392 

mostly feed at or near the root tip of host plants. For example, Taylor and 393 

Evans (1988) recorded 64-94% of the population of Pratylenchus spp. in the 394 

top 20 cm soil compared with 47-84% from the top 0-10 cm soil. However, it 395 

was reported that the distribution of plant-parasitic nematodes was affected 396 

not only by the distribution of the host’s root system (Kimpinski and Welch, 397 

1971) but also by edaphic factors such as temperature, soil type and pH 398 

(Kimpinski and Willis, 1981; Sarah et al., 1991; Wallace et al., 1993) at the 399 

time of sampling. 400 

The concentrations of C levels (total and labile) in soil of 0-5 cm depth 401 

varied significantly between the treatments (Table 6). Both the total C and 402 

labile C levels at 0-5 cm depth were comparatively higher in DD treatments 403 

than the CC treatments. This is in accordance with the results that have been 404 

reported by Granatstein et al. (1987), and Wright and Coleman (2002). 405 

Granatstein et al. (1987) reported 19% more total C in no-till plots than the 406 

tilled plots. The differences in C levels at the surface soil of 0-5 cm between 407 

CC (till) and DD (no-till) in this study is more likely to be related to the re-408 

distribution of stubble within the cultivated depth in the CC treatments. 409 

However, we did not observe any significant relationship between the 410 

concentrations of C (total and labile) in soils and nematode densities of 411 

different trophic groups in this study.  412 

 413 

5. Conclusions 414 
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Results from this study indicated that WL rotation was more favourable for 415 

the population abundance of free-living nematodes than the WW rotation 416 

irrespective of tillage and stubble management practices. Plant-parasitic 417 

nematodes were comparatively low in the WL rotations suggesting biological 418 

control mechanisms (eg. improvement of soil quality and conditions, 419 

abundance of free-living nematodes and other microbes in the rhizosphere 420 

areas etc) may have occurred in those plots. High microbial biomass in the 421 

soil suppresses diseases and lowers plant-parasitic nematodes (Cook and 422 

Baker; 1983; Scow et al., 1994). The resistant host status of lupin cv. Wonga 423 

to root lesion nematode, particularly P. neglectus, may also encounter for the 424 

low populations of plant parasitic nematodes in plots with WL rotation 425 

(Vanstone and Russ, 2002). On the other hand, within the WL rotation, the DD 426 

plots had denser populations of plant-parasitic nematodes than the CC plots, 427 

suggesting that CC is better than DD for controlling plant-parasitic nematodes 428 

in this study. Low population in CC plots may be associated with exposure of 429 

infected roots to sun drying. In contrast, greater population density of plant-430 

parasitic nematodes in the plots with WW compared to WL rotation may be 431 

associated with the break crop effects in the latter rotation (Murray et al., 432 

1991). However, more investigations including other microbial populations 433 

along with the cropping systems and weather will be needed to understand 434 

the benefits of tillage practices and stubble management on the abundance of 435 

free-living nematodes with consequent suppression of plant-parasitic 436 

nematodes in WL rotation. 437 

 438 
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Table 1. Tillage, stubble management, rotation and nitrogen fertiliser  1 
application of different treatments under investigation 2 
 3 
Treatments Tillage Stubble  

Management 
Rotation Nitrogen 

T1 DD SR WL Nil 
T3 CC SR WL Nil 
T4 DD SB WL Nil 
T6 CC SB WL Nil 
T9 CC SB WW Nil 
T10 CC SB WW 100 kg N ha-1  
 4 
Details on the abbreviations of tillage, stubble management and rotations: 5 
DD: Direct drill; CC: Conventional cultivation; SR: Stubble retention;  6 
SB: Stubble burn; WL: Wheat-Lupin; WW: Wheat-Wheat 7 

Tables
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 2 

Table. 2. Summary of ANOVA for main treatment effects on the nematode 1 
population density kg-1 soil at three sampling months in a long-term experiment, 2 
Wagga Wagga Agricultural Institute, NSW, Australia. Only significant effects are 3 
shown. 4 
 5 
Sampling months Nematode df F-probability p-level 
September, 2001 Rhabditidae (5, 10) 13.78 <0.001 
 Total free-living (5, 10) 14.64 <0.001 
 Pratylenchus spp. (5, 10) 22.56  <0.001 
 Paratylenchus 

spp. 
(5, 10) 4.47 <0.05  

 Total plant-
parasitic 

(5, 10) 9.34 <0.01 

October, 2001 Rhabditidae (5, 34) 6.09 <0.001 
 Dorylaimidae (5, 34) 10.05 <0.001 
 Total free-living (5, 34) 6.56 <0.001 
 Pratylenchus spp. (5, 34) 17.79  <0.001 
 Paratylenchus 

spp. 
(5, 34) 8.50 <0.001 

 Total plant-
parasitic 

(5, 34) 11.21 <0.001 

December, 2001 Rhabditidae (5, 34) 13.35 <0.001 
 Total free-living (5, 34) 13.16 <0.001 
 Pratylenchus spp. (5, 34) 3.79 <0.01 
 Paratylenchus 

spp. 
(5, 34) 17.57 <0.001 

 Total plant-
parasitic 

(5, 34) 7.08 <0.001 

 6 



 3 

Table3. Total population density of free-living and plant-parasitic nematodes kg -1 1 
soil A at different sampling months under different treatments in a long term 2 
experiment, Wagga Wagga Agricultural Institute, NSW, Australia, 2001. 3 
 4 
Treatment September October December 
 Total free-living (Rhabditidae + Dorylaimidae) nematodes 
T1 (WL, DD)

 4168 (3.62) abc 6309 (3.80) a 2089 (3.32) abc 
T3 (WL, CC) 7413 (3.87) a 6165 (3.79) a 1737 (3.24) bc 
T4 (WL, DD) 6309 (3.80) a 5128 93.71) ab 3630 (3.56) ab 
T6 (WL, CC) 4265 (3.63) abc 3801 (3.58) ab 3090 (3.49) ab 
T9 (WW, CC) 2818 (3.45) c 3090 93.49) ab 1047 (3.02) c 
T10 (WW, CC) 3388 (3.53) bc 2630 93.42) b 4365 (3.64) a 
LSD (P<0.001) 0.26 0.32 0.33 
 Total plant-parasitic (Pratylenchus spp. + Paratylenchus 

spp.) nematodes 
T1 (WL, DD)

 83 (1.92) a 301 (2.48) a 23 (1.38) bc 
T3 (WL, CC) 63 (1.80) a 10 (1.04) bc 3 (0.55) c 
T4 (WL, DD) 19 (1.29) a 93 (1.97) ab 11 (1.07) bc 
T6 (WL, CC) 0 (-0.30) b 6 (0.80) c 9 (0.97) bc 
T9 (WW, CC) 349 (2.74) a 741 (2.87) a 295 (2.47) a 
T10 (WW, CC) 158 (2.20) a 14 (1.17) bc 34 (1.54) ab 
LSD (P<0.01) 1.54 0.98 0.95 
 5 
A Back transformed means (n = 6) of nematode densities in soil with transformed 6 
means (log nematode kg -1 soil + 0.5) in parenthesis. Within columns, means of 7 
total free-living nematodes with different letters differ at P<0.001 and those of 8 
plant-parasitic nematodes differ at P<0.01. LSD values were calculated based on 9 
log (nematode kg -1 soil + 0.5) transformation of nematode densities in soil.  10 



 4 

Table.4. Summary of ANOVA on the effects of tillage and stubble management 1 
practices on the nematode density ( log nematode kg -1 soil + 0.5) at three different 2 
sampling months in a long term experiment, Wagga Wagga Agricultural Institute, 3 
2001. Only significant effects are shown. 4 
 5 
Source of 
variation 

Month of 
sampling  

Nematode name df F - 
probability 

P- 
level 

Tillage (T) September Paratylenchus spp. (1, 11) 10.57 0.017 
 October Paratylenchus spp (1, 11) 22.95 0.003 
  Pratrylenchus spp. (1, 11) 8.94 0.024 
  Total plant-parasitic (1, 11) 28.30 0.002 
 December Pratrylenchus spp. (1, 11) 9.98 0.020 
Stubble 
(S) 

September Total plant-parasitic (1, 11) 10.14 0.019 

 October Dorylaimidae (1, 11) 9.95 0.020 
  Rhabditidae (1, 11) 6.06 0.049 
  Total free-living (1, 11) 6.30 0.046 
T x S September Rhabditidae (6, 11) 26.98 0.002 
  Total free-living (6,11) 25.72 0.002 
 October Dorylaimidae (6,11) 9.05 0.024 
 6 



 5 

Table.5. Interaction effects of tillage and stubble management practices on free-1 
living nematode density A kg -1 soil in a long-term experiment, Wagga Wagga 2 
Agricultural Institute, New South Wales, Australia, 2001. 3 
 4 
Source of variation Stubble burn (SB) Stubble retention 

(SR) 
 Rhabditidae 
Conventional cultivation 
(CC) 

4169 (3.62) a A 7244 (3.86) a A 

Direct drill (DD) 6026 (3.78) a A 3981 (3.60) b A 
LSD (P< 0.01) 0.22  
 Dorylaimidae 
Conventional cultivation 
(CC) 

    95 (1.98) b B   204 (2.31) a A 

Direct drill   269 (2.43) a A   209 (2.32) a A 
LSD (P < 0.05) 0.25  
 Total free-living 
Conventional cultivation 
(CC) 

4266 (3.63) a B 7413 (3.87) a A 

Direct drill (DD) 6310 (3.80) a A 4169 (3.62) b A 
LSD (P<0.01) 0.21  
 5 
A Back transformed means of nematode densities in soil with transformed means 6 
(log nematode kg -1 soil + 0.5) in parenthesis. Mean values in column with different 7 
small letter and that in rows with different capital letter differed significantly by LSD 8 
at either P<0.01 or at P<0.05. LSD values were calculated based on log 9 
(nematode kg -1 soil + 0.5) transformation of nematode densities in soil.  10 
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Table.6. Tota l organic carbon, labile carbon and pH at 0-5 and 5-10 cm soil depth 1 
under different treatments (details in Table 1). 2 

 3 
 4 

Treatments Total organic carbon 
g 100g -1 

Labile carbon 
mg g -1 

pH 

 0-5 cm 5-10 cm 0-5 cm 5-10 cm 0-5 cm 5-10 cm 
T1 (DD, SR) 2.03a 0.92 4.47ab 1.84 4.77b 4.20d 
T3 (CC, SR) 1.48b 1.02 3.63b 2.30 4.51c 4.23d 
T4 (DD, SB) 1.86a 1.05 5.55a 2.39 5.34a 4.31d 
T6 (CC, SB) 1.31bc 0.88 2.96c 2.02 4.73bc 4.42c 
T9 (CC, SB) 1.12c 0.78 1.32d 1.94 4.78b 4.85b 
T10 (CC, SB) 1.35bc 0.88 2.52c 1.70 4.26d 4.36cd 
Lsd (P<0.05) 0.32 ns 0.86 ns 0.25 0.25 



 7 

Table.7. Monthly total rainfall (mm) and daily mean temperature (0°C), WWAI, 1 
NSW, Australia, 1979-2001. 2 
 3 
Month Monthly total rainfall 

(mm) 
Daily mean temperature 

(0°C) 
 2001 1979-2000 

(average) 
2001 1979-2000 

(average) 
January 25.2 36.5 27.3 24.4 
February 63.8 29.9 25.6 24.5 
March 44.8 36.7 20.3 21.2 
April 32.6 43.0 16.9 16.3 
May 6.2 54.8 11.8 12.6 
June 52.2 45.8 9.5 9.2 
July 36.7 53.3 9.6 8.1 
August 42.0 54.1 9.6 9.5 
September 44.2 52.8 13.4 11.8 
October 64.5 51.9 14.9 15.1 
November 12.1 41.8 18.0 18.7 
December 5.2 41.7 21.5 22.1 
 4 



Fig.1. Percent of different nematode populations (n=6) under different tillage 
and stubble management  practices at three different sampling months in a 
long-term field experiment, wagga wagga, New south Wales, Australia. Bar = SE
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4 July, 2006 
 
The Editor 
Soil & Tillage Research 
P.O. Box 181 
1000 AD Amsterdam 
The Netherlands 
 
Dear Sir/ Madam 
 
Please find the revised manuscript entitled ‘Impact of tillage, stubble 

management and crop rotation on nematode populations in a long-term field 

experiment’ for consideration to publish in your journal. I have incorporated 

the suggestions and comments made by the reviewers in the text and in Table 

7.  

Regarding explanation on the lack of pre-sowing sampling (comment made by 

reviewer 1), I would like to say that the trial was designed for agronomic 

purposes. In addition, the second author carried out some counts on 

earthworm in different treatments. He further asked me to do some nematode 

investigation at the final year of the trial when the crop was already at the 

maximum tillering stage. This is the only reason I could not start sampling 

before sowing. However, it will be considered if any similar project gets funds 

in future. The relevant changes/additions as suggested by reviewers are given 

in ‘Revision notes”. 

I hope, with those changes the revised manuscript will be considered to 

publish in your journal. 

With regards. 

 

Loothfar Rahman 

National Wine and Grape Industry Centre 
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