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Abstract 22 

The efficacy of different combinations of under-vine and inter-row treatments for managing a 23 

soil-dwelling orthopteran pest, weta (Hemiandrus sp.), in vineyards was investigated over 24 

two seasons. This insect damages vine buds, thus reducing subsequent grape yield. The 25 

under-vine treatments comprised pea straw mulch, mussel shells, tick beans (Vicia faba Linn. 26 

var minor (Fab)), plastic sleeves on vine trunks (treated control) and control (no 27 

intervention), while inter-rows contained either the existing vegetation or tick beans. 28 

Treatments were arranged in a randomized complete block design with 10 replicates. Data 29 

were collected on weta densities, damage to beans and components of yield. The latter were 30 

numbers of bud laid down per vine, shoots per bud, clusters per shoot, grape bunches per 31 

vine, bunch weight and yield. The under-vine treatments significantly affected all variables 32 

except the number of shoots per bud. In contrast, none of the variables was significantly 33 

affected by the inter-row treatments or their interaction with under-vine treatments, apart 34 

from weta density. At the end of the experiment, weta density in the shell treatment was 35 

c.58% lower than in the control. As a result, there was c.39% significant yield increase in that 36 

treatment compared to the control. Although the under-vine beans and sleeves treatments 37 

increased yield, there were no reductions in weta density. With under-vine beans, the insect 38 

fed on the bean plants instead of vine buds. Thus, yield in that treatment was c.28% higher 39 

than in the control. These results demonstrate that simple agro-ecological management 40 

approaches can reduce above-ground damage by soil-dwelling insects. 41 
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 45 

Introduction 46 

Pests that spend the major part of their development living in the soil can be economically 47 

important in crop production (Brown & Gange, 1989; Blossey & Hunt-Joshi, 2003; Klein, 48 

1988; Jackson & Klein, 2006). Their feeding activity can cause extensive damage to plants 49 

(Blossey & Hunt-Joshi, 2003; Wood & Cowei, 1988). For instance, larvae of the beetles 50 

Melolontha sp. Fabricius, 1775, Holotrichaia sp. Hope, 1837, Leucopholis sp. Dejean, 1833, 51 

Oryctes sp. Illiger, 1789, etc. are subterranean and feed on plant roots, while adults are 52 

polyphagous, feeding on leaves and sometimes, unripe fruits (Jackson & Klein, 2006; Keller 53 

& Zimmermann, 2005; Hill, 1983). Other taxa such as mole crickets (Gryllotalpa sp. 54 

Latreille, 1802), crickets (Acheta sp. Linnaeus, 1758, Brachytrupes sp. Serville, 1839) and 55 

larvae from some lepidopteran families (e.g., Hepialidae, Noctuidae, Pyralidae, Castiniidae) 56 

live in burrows in the soil, which they exit at night and damage plants by feeding on young 57 

shoots (Hill, 1983; Wylie & Martin, 2012). 58 

The management of these pests is difficult because they are subterranean and their 59 

presence is not usually detected until the plants are damaged (Jackson, 1999; Musick, 1985). 60 

Many farmers, therefore, rely on prophylactic chemical use to prevent damage, but this can 61 

result in problems of pesticide residues in plants, outbreaks of secondary pests and insecticide 62 

resistance (Jackson et al., 2000; Lacey & Shapiro-Ilan, 2008). Research aimed at developing 63 

alternative approaches for managing soil-dwelling insect pests has focused on the use of 64 



 

 

 
This article is protected by copyright. All rights reserved. 

4 
 

entomopathogenic microbes such as fungi (Beauveria bassiana (Balsamo) Vuillemin (1912), 65 

and Metarhizium anisopliae (Metchnikoff) Sorokin (1883)), nematodes (Heterorhabditis sp. 66 

Poinar, 1976, Steinernema sp.) and bacteria (Bacillus sp. Cohn, 1872, Serratia sp. Bizio, 67 

1823)  (Ansari et al., 2008; Jackson & Jaronski, 2009; Shah & Pell, 2003; Lacey & Shapiro-68 

Ilan, 2008; Pereault et al., 2009). However, this strategy has some limitations, such as 69 

entomopathogenic and microbial products being unable to reach the target pest in the soil, as 70 

well as the failure of most applied microbes to survive in the soil environment (Jackson, 71 

1999). Therefore, there is a need to explore other approaches for managing these pests.  72 

In perennial crops (e.g., orchards and vineyards), mulch applied to understorey soil enhanced 73 

the abundance of generalist predators and other potential biocontrol agents and these were 74 

considered to reduce the population of subterranean stages of some insect pests (Mathews et 75 

al., 2004; Mathews et al., 2002; Brown & Tworkoski, 2004; Addison et al., 2013; Campos-76 

Herrera et al., 2015; Robertson et al., 1994). Also, weed management strategies such as 77 

sowing centipedegrass (Eremochloa ophiuroides (Munro)) in the understoreys of peach 78 

orchards proved effective for controlling the soil-dwelling stages of Conotrachelus nenuphar 79 

(Herbst, 1797) (Coleoptera: Curculionidae), by serving as a physical barrier to emergence of 80 

its adults (Akotsen-Mensah et al., 2012). Trap cropping has been used to effectively manage 81 

many insect pests including those living in the soil (e.g., Agriotes sp. Eschscholtz, 1829 82 

(Coleoptera: Elateridae)) in perennial fruit crops (Liang & Haung, 1994; Landl & Glauninger, 83 

2011; Bugg & Waddington, 1994; Bugg et al., 1991). It involves planting a crop that is more 84 

attractive to the pest as either a food source or oviposition site than is the main crop (Shelton 85 

& Badenes-Perez, 2006; Zehnder et al., 2007a). However, this strategy is knowledge-86 

intensive and if the choice of trap plant is not carefully chosen, deploying it could increase 87 
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the occurrence of other pests with or without reducing that of the target one (Bugg & 88 

Waddington, 1994; Shelton & Badenes-Perez, 2006).  89 

Overall, these strategies have mostly been effective against the soil-dwelling stages of 90 

coleopteran and lepidopteran insect pests but evidence for their efficacy on burrowing insects 91 

in the order Orthoptera is not conclusive. This work therefore studied the efficacy of two 92 

types of mulch (pea straw (Pisum sativum L.) and mussel shells (Perna canaliculus Gmelin, 93 

1791)) and a cover crop (Vicia faba Linn. var. minor (Fab.)) for the management of a soil-94 

dwelling orthopteran pest, weta (Hemiandrus sp. „promontorius‟ (Johns, 2001)), in vineyards. 95 

This insect damages vines (Vitis vinifera L.) by feeding on either the compound bud or the 96 

primary bud inside the compound bud at budburst (Joanne Brady Constellation Brands NZ 97 

pers. comm, 2014). The latter leads to low yield from clusters growing on shoots arising from 98 

the inferior secondary buds, or sometimes no yield or canes for the next season if the whole 99 

compound bud is destroyed (Creasy & Creasy, 2009; Joanne Brady Constellation Brands NZ 100 

pers. comm, 2014). Damage is currently managed by tying plastic sleeves around vine trunks. 101 

These are slippery and make it difficult for weta to access the tender growing buds on the 102 

canes. However, this management technique is labour intensive and costly and sleeves often 103 

need to be repaired/replaced, leading to further costs. The current work therefore, contributes 104 

information on the use of cultural strategies (e.g., mulch and cover crops) to mitigate damage 105 

by soil dwelling orthopterans. It also suggests the type of mulch and vineyard location that 106 

will produce optimum control of such pests. This will help reduce pesticide use in vineyards. 107 

 108 

Materials and methods 109 

Study period and site 110 
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This study was conducted in the Awatere Valley, Marlborough, New Zealand in the 111 

2014/15 and 2015/16 seasons. The vine cultivar studied was Sauvignon Blanc. The work took 112 

place at a different site in each season in vineyards belonging to Constellation Brands, New 113 

Zealand. The experiments were established in September and the grapes harvested in March 114 

in each season. These vineyards were subjected to conventional management practices, 115 

involving the use of pesticides for weeds, pests and diseases management. For insect pests, 116 

methoxyfenozide (with trade name Prodigy) was applied at flowering for caterpillars of the 117 

leafroller complex (Epiphyas postvittana (Walker, 1863), Ctenopsuestis spp., Planotortrix 118 

spp.). This insecticide had no effect on weta and its application occurred outside the period 119 

weta cause damage in vineyards. Karate (lambda-cyhalothrin) is usually applied in the 120 

headlands of vineyards in response to the flight of grassgrubs (Costelytra zealandica (White, 121 

1846)), but this was not sprayed in the vineyard blocks used for this experiment because of its 122 

potential effect on weta. 123 

The climate in the Awatere Valley is more extreme than in other parts of the Marlborough 124 

region. It has mean daily minimum and maximum temperatures of 7.5 and 18.1 
O
C, 125 

respectively. This valley has an annual rainfall range of 557–1042 mm 126 

(http://www.wineresearch.org.nz/category/weather-data/awatere-valley-dashwood-weather-127 

data/, accessed on 29 July, 2016). 128 

 129 

Experimental layout 130 

Treatments formed a 5 × 2 factorial structure, with two treatment factors, “under-vine” and 131 

“inter-row” (see Fig. 1). The under-vine treatment factor comprised 5 levels: control (no 132 

intervention), pea straw mulch, tick beans, mussel shells and plastic sleeves. The inter-row 133 

http://www.wineresearch.org.nz/category/weather-data/awatere-valley-dashwood-weather-data/
http://www.wineresearch.org.nz/category/weather-data/awatere-valley-dashwood-weather-data/
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factor had 2 levels: the existing ryegrass (Lolium perenne L.)-dominant vegetation and tick 134 

beans. The 5 × 2 = 10 treatments were randomly allocated to 10 plots within each of 10 135 

blocks, in a randomized complete block design (Table 1). „Plot‟ refers to an under-vine area 136 

and the two inter-row areas on either side of it in a bay, while „block‟ consisted of all the 137 

plots in a vine row. A bay comprised four vine plants which were bounded by two wooden 138 

posts. Vines had a within-row spacing of 1.8 m and a between-row spacing of 2.4 m. The 139 

under-vines and inter-rows in each bay occupied areas of 5.76m
2
 (= 7.2 × 0.8) and 28.8 m

2
 (= 140 

7.2 × (2 × 2.4 – 0.8)), respectively. The plots within the blocks were separated by a distance 141 

of 7.2 m (the length of a bay), while blocks were 4.8 m apart (2 buffer rows). In all, there was 142 

a total of 100 plots (i.e., 10 plots / block and 10 blocks). Figure 1 shows the experimental 143 

layout for the 2014/15 season. The treatments were re-randomized in 2015/16. 144 

Tick beans were used as a cover crop because results from preliminary laboratory 145 

bioassays showed a high preference for this species by the weta (Smith, 2015). The seeds 146 

were sown at a rate of 135 kg/ha. Previous studies have shown that application of mulches in 147 

perennial crops increases the diversity of their associated arthropod assemblage to include 148 

pests‟ natural enemies, and that this could be exploited in pest management (Addison et al., 149 

2013; Mathews et al., 2004; Brown & Tworkoski, 2004). This was the rationale for the 150 

inclusion of pea straw as a mulch treatment here. Mussel shells were included because of 151 

their potential as a physical barrier to weta exiting their burrows. The straw and shells were 152 

spread to completely cover the 5.76 m
2
 under-vine area in each replicate to a height of 0.10 153 

m.  154 

The inter-row treatment, existing ryegrass-dominant vegetation, paired with either bare 155 

ground or plastic sleeves served as untreated or treated controls, respectively. 156 

 157 
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Data collection 158 

The two middle vines in each bay were assessed for number of buds laid down per vine, 159 

number of shoots/bud, clusters/shoot, number of grape bunches/vine, bunch weight (g) and 160 

grape yield (expressed in t/ha), while initial and final weta densities were measured in the 161 

area between those two vines. Weta feeding damage (%) was recorded on tick bean plants 162 

located in the under-vine and inter-row areas between the same two mid-vines in each plot. 163 

Initial weta density was estimated by sampling the under-vine areas of bays in the rows 164 

immediately opposite (i.e., to the right) of the experimental plots. This was to avoid 165 

disturbing the weta in the latter. Earlier studies of this pest found its density under vines to be 166 

relatively spatially uniform (Nboyine et al., 2016). Hence, the density in the sampled bays 167 

was assumed to be similar to that in the experimental plots. To estimate this insect‟s density, 168 

the top 5 mm of soil between the two mid-vines in each sampled bay was scraped off to 169 

expose all burrows in that area. The burrows were counted, after which three of them were 170 

randomly selected and excavated with a shovel to a depth of 300 mm. The soil was spread on 171 

the ground and carefully searched to count the insects. Data were expressed as the number of 172 

weta-occupied burrows in an area of 1 m
2
. Weta density at the end of the experiment was 173 

estimated for all treatments and replicates as above. The shells, mulch and beans between the 174 

two middle vines were carefully removed before scraping off the top soil as above for the 175 

final density estimates. 176 

The number of buds on the canes of each vine were counted before budburst, while the 177 

number of shoots and clusters (inflorescences) were counted after budburst. The data 178 

collected were then used to compute the ratios of numbers of shoots per bud and clusters per 179 

shoot. 180 
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Tick bean damage was estimated for under-vine and inter-row areas by counting the 181 

number of bean plants with weta feeding damage in a 1.44 m
2
 (= 1.8 m × 0.8 m) area. This 182 

was expressed as a percentage of the total number of plants within the area. 183 

 184 

Data analysis 185 

The data from each season were subjected to an analysis of variance (ANOVA) for a 5 186 

(under-vine) × 2 (inter-row) factorial laid out in 10 randomised blocks. Means were separated 187 

using their least significant difference (LSD) at a 5% probability level. For data on weta 188 

density, the effect of the treatments was determined by computing the logarithmic ratio of 189 

final to initial density before performing an ANOVA on it. This ratio measures the change in 190 

density due to the treatment effects. 191 

To combine the results over the two trials (/seasons), a randomized complete block 192 

ANOVA was performed, using the 10 treatment means for each variable measured in each 193 

trial, as a 5 (under-vine) × 2 (inter-row) factorial with 2 blocks (= trials). Treatment means 194 

were again separated using their LSDs.   195 

 196 

Results 197 

In general, for all variables measured, the main effect of inter-row and the under-vine × inter-198 

row interaction were not statistically significant, with two exceptions which are described 199 

later. Therefore, the results reported here focus on the main effect of the under-vine 200 

treatments. 201 

 202 
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Number of buds laid down and effects of under-vine management on components of yield 203 

The mean numbers of buds laid down/vine at the start of the trial were 31.8 (± 1.32 SE) 204 

and 38.2 (± 1.48 SE) for the 2014/15 and 2015/16 seasons, respectively. There were no 205 

significant differences between treatments for the numbers of buds laid down in each season 206 

or for the results of their combined analysis. 207 

Similarly, the number of shoots/bud was not significantly affected by the under-vine 208 

treatments in either seasons (P = 0.345 and 0.406 for 2014/15 and 2015/16, respectively) or 209 

in the combined analysis results (P = 0.512). However, the overall mean number of 210 

shoots/bud in 2014/15 (0.77) was significantly lower than in 2015/16 (0.98) (P < 0.001). 211 

There was, however, a significant main effect of under-vine treatments on the number of 212 

clusters/shoot in 2014/15 (P < 0.001) and 2015/16 (P < 0.001). Combining the means of the 213 

two seasons also showed a significant under-vine treatment effect (P < 0.001). The number of 214 

clusters/shoot in the shell treatment was approximately 1.3 times higher than that in the 215 

control (Fig. 2A). There were no significant differences between the number of clusters/shoot 216 

in shell, sleeves or under-vine tick bean (UVTB) treatments. The control and straw mulch 217 

treatments were not significantly different from each other in terms of the number of 218 

clusters/shoot. The overall mean of this variable in 2015/16 (1.60) was not significantly 219 

different from that in 2014/15 (1.70) (P = 0.083). 220 

The mean bunch weight was significantly affected by the under-vine treatments in 2014/15 221 

(P = 0.006). In contrast, there was no significant under-vine treatment effect for this variable 222 

in 2015/16 (P = 0.290). The combined analysis showed a significant main effect of under-223 

vine treatments (P = 0.017). The mean bunch weights in UVTB, sleeves and shell treatments 224 
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were c. 8%–16% higher than in the control (P = 0.017) (Fig. 2B). The overall mean bunch 225 

weight in 2015/16 (105.00 g) was significantly higher than in 2014/15 (80.20 g) (P < 0.001). 226 

There was a significant under-vine treatment effect for the number of bunches/vine and total 227 

grape yield in both seasons, and in the combined results. Yield was approximately 28%, 30% 228 

and 39% higher in UVTB, sleeves and shell treatments, respectively, compared to the control 229 

(Fig. 2D). The number of bunches per vine also increased significantly by c.22%–37% in 230 

those treatments compared with the control (Figs. 2C & D). The overall mean grape yield and 231 

number of bunches/ vine were significantly higher in 2015/16 than in 2014/15 (P < 0.001). 232 

 233 

Effects of under-vine management on weta density 234 

In both seasons, initial weta densities were not significantly different between the 235 

treatments (Table 2). The density at the start of the experiment was approximately 1.10 and 236 

1.60 weta/m
2
 for the 2014/15 and 2015/16 seasons, respectively. The final density was, 237 

however, affected by the inter-row treatments, but in 2014/15 (P = 0.016) only. The density 238 

was higher when the inter-rows were sown with beans than when the existing vegetation was 239 

maintained. 240 

There was also a significant main effect of under-vine treatments for final weta density in 241 

both seasons and in the results of the combined analysis. Among the under-vine treatments, 242 

final density was significantly lower in the shell treatment than in the control, straw mulch, 243 

UVTB and sleeves treatments (Table 2). However, there were no significant differences 244 

between the control and straw mulch, UVTB and sleeves treatments.  245 
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The change in weta density (i.e., log10 final/initial weta density) in each season and their 246 

combined results showed a significant under-vine treatments effect. This change was 247 

significantly higher in the shell treatment than in the others. There were no significant 248 

differences among the control, straw mulch, UVTB and sleeve treatments for their change in 249 

density. In 2015/16, there was a significant interaction effect for change in weta density (P = 250 

0.043). In that season, there was a significant 73% reduction in weta density when shells were 251 

used under vines and beans were sown in the inter rows. In contrast, weta density decreased 252 

by only 20% when shells were used under vines and the existing vegetation was maintained 253 

(Table 2).  254 

The initial and final weta densities were significantly lower in 2014/15 than in 2015/16. 255 

However, the extent of density changes was not significantly different between the seasons (P 256 

= 0.992; Table 2). 257 

 258 

Weta feeding damage to tick beans 259 

The extent of damage to tick beans was significantly different between the treatments in 260 

each season (Table 3). However, the combined analysis of the two seasons‟ means of weta 261 

damage to beans showed a significant treatment effect only at the 10% probability threshold 262 

(P = 0.055). The “UVTB only” treatment was the most damaged while the “inter-row tick 263 

beans (IRTB) only” and “Pea straw + IRTB” treatments were the least affected. The extent of 264 

feeding damage among IRTB, UVTB + IRTB, shells + IRTB, mulch + IRTB and sleeves + 265 

IRTB treatments was not significantly different. The damage to beans in 2014/15 was 266 

significantly lower than that in 2015/16 (P = 0.008; Table 3). 267 

 268 
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Discussion 269 

Effect of weta damage on the yield of grapevines 270 

The yield of grapevines has a number of different components. These are buds per vine, 271 

shoots per bud, clusters per shoot, berries per cluster and the weight of individual berries 272 

(Keller, 2010; Dry, 2000). Weta damage to buds at budburst affected each of these yield 273 

components, except the number of shoots/bud. This was unaffected because secondary shoots 274 

arose and replaced the primary ones after weta had damaged most of the primary buds in the 275 

control and straw mulch treatments. However, these secondary shoots were relatively less 276 

productive than the primary ones, and their clusters, bunch number and bunch weights were 277 

smaller (Creasy & Creasy, 2009; Dry, 2000). In contrast, the efficacy of under-vine beans, 278 

sleeves and shell treatments at reducing damage to primary buds resulted in higher numbers 279 

of primary shoots. Consequently, the yield in the latter treatments was higher than that in the 280 

control and straw mulch treatments. 281 

The yield of Sauvignon Blanc increases linearly with the number of clusters per vine up to 282 

the point where the availability of assimilates becomes limiting. (Naor et al., 2002). In this 283 

study, the number of clusters per vine in under-vine beans, sleeves and shell treatment 284 

probably exceeded this threshold. Hence, the lack of differences between the yields of vines 285 

in those treatments. 286 

The differences between yield in the two seasons were partly due to weather patterns 287 

(Khanduja & Balasubrahmanyam, 1972; Keller, 2010). The weather in a particular year 288 

determines the number of bunches per bud, or fruitfulness, in the following season (Dry, 289 

2000, Vasconcelos et al., 2009). In contrast, bunch size (i.e. berry numbers and weight) is 290 

determined by the weather in the current season (Vasconcelos et al., 2009; Khanduja & 291 
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Balasubrahmanyam, 1972; Sánchez & Dokoozlian, 2005; Sommer et al., 2000). Both 292 

2014/15 and 2015/16 had good weather in their preceding season. However, temperature and 293 

light intensity during spring and flowering, when bunch size is determined, were relatively 294 

higher for the 2015/2016 than in 2014/15 (http://www.wineresearch.org.nz/category/weather-295 

data/awatere-valley, accessed on 29 July, 2016). Thus, the relatively good weather at 296 

budburst and flowering in 2015/16 enhanced the yield in that season. Also, the number of 297 

buds laid down in 2015/16 was higher than in 2014/15. During the latter season, there was a 298 

region-wide outbreak of powdery mildew (Erysiphe necator Schwein. (1834)), which further 299 

negatively affected yields. All of these factors contributed to the significant yield differences 300 

between the two seasons. 301 

 302 

 Efficacy of weta management strategies 303 

In the absence of appropriate management strategies, yield loss due to H. sp. „promontorius‟, 304 

averaged over the two seasons, was c. 30.5%. The phenological stage (between budburst and 305 

the two-leaf stage) at which this insect damage vines is the same as that of the rust mite, 306 

Calepitrimerus vitis (Nalepa). However, the highest loss due to the latter in vineyards is 307 

estimated at 23.7% (Walton et al., 2007). Other economically important vineyard pests such 308 

as leafrollers (Lepidoptera: Tortricidae) and mealybugs (Planococcus Migula 1894 spp.) 309 

(Hemiptera: Pseudococcidae) are reported to directly and/or indirectly cause up to 12% and 310 

50% yield losses, respectively (Lo & Murrell, 2000; Atallah et al., 2011; Walton & Pringle, 311 

2004). However, the latter pests can be managed with pesticides and/or biological control 312 

agents. These methods do not easily work with weta and other similar orthopteran pests 313 

because of their nocturnal and subterranean behaviour (Musick, 1985).  314 

http://www.wineresearch.org.nz/category/weather-data/awatere-valley
http://www.wineresearch.org.nz/category/weather-data/awatere-valley
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To reduce this yield loss, the current work tested the effects of ground cover manipulation 315 

on this insect and its damage to vines. This strategy is often used for pest management in 316 

perennial crops (Zehnder et al., 2007b; Fiedler et al., 2008). Depending on the species of 317 

plant sown, it works by either serving as a trap plant for insect pests or providing resources 318 

(shelter, nectar, alternative food and pollen; SNAP) that increases the „fitness‟ of natural 319 

enemies of pests. However, the latter does not always lead to suppression of target pest 320 

species population (Villa et al., 2016; Paredes et al., 2015; Berndt et al., 2002; Landis et al., 321 

2000; Simpson et al., 2011; English‐Loeb et al., 2003; Rea et al., 2002; Midega et al., 2008; 322 

Cook et al., 2006). Here, tick beans sown under vines served as alternative food for weta, 323 

thus reducing their damage to vine buds at budburst. This strategy was effective because 324 

there were higher densities of this insect in the under-vine areas where the beans were sown 325 

(Nboyine et al., 2016). 326 

In contrast, beans sown in the inter-rows were ineffective at preventing damage. This was 327 

probably due to low weta density in those areas (Nboyine et al., 2016). Since weta densities 328 

are higher under vines than in the inter-rows, the insects had more frequent contacts with 329 

vines than bean plants in the IRTB treatment. This resulted in the vine buds sustaining 330 

significant damage in spite of the availability of alternative food in the inter-rows. However, 331 

feeding on beans in IRTB treatment increased slightly when access to the vines by weta was 332 

denied by either tying the vine trunks with sleeves or spreading shells under vines. 333 

Tick beans can be host to a range of arthropod herbivores at different growth stages. Some of 334 

the key insect pests at the vegetative stage include aphids [Aphis fabae Scopoli (Europe), A. 335 

cracivora Koch (Africa, America, and Australia), Acrythosiphon pisum Harris (worldwide)], 336 

thrips [Thrips spp. (worldwide)], budworms [Helicoverpa armigera (Hübner) (Australia, 337 

Eurasia, Africa)], whitefly [Bemisia tabaci (Genn.) (Africa)], grasshoppers [Chortophaga 338 

https://en.wikipedia.org/wiki/H%C3%BCbner
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australion Rehn & Hebard, Microcentrum rhombifolium (Saussure) (America)] etc. (Nuessly 339 

et al 2004; Stoddard et al 2010). However, apart from the grasshoppers, the other pests are 340 

not potential grape pests. Their threat can be minimised by removing the bean plants from 341 

vineyards after budburst; later vine growth stages are not damaged by weta. Besides pests, 342 

tick bean is also host to as many as 27 natural enemies of insect pests in the absence of 343 

insecticide applications (Nuessly et al., 2004). Some of these (especially the generalist 344 

predators) could contribute towards controlling the population of important vine pests such as 345 

leafroller complex, mites etc. 346 

Mulching the understoreys of vineyards or growing some plant species there can be an 347 

effective strategy for weed control, moisture retention and insect pest and disease reduction 348 

(Jacometti et al., 2007a; Jacometti et al., 2007b; Guerra & Steenwerth, 2012; Steinmaus et 349 

al., 2008; Thomson & Hoffmann, 2007). In the current work, mussel shell mulch halved the 350 

density of weta. The shells appeared to be a physical barrier to weta exiting their burrows at 351 

night. This is the first study of the effect of shell mulch on a soil burrowing orthopteran 352 

insect. However, Crawford (2007) reported a similar decrease in the abundance of 353 

earthworms in vineyards mulched with mussel shells. The worms were thought to abandon 354 

areas with the shells because of the reduction in availability of organic matter on the soil 355 

surface and/or their inability to occasionally reach the soil surface due to the shells. Here, this 356 

reduction in weta density resulted in c.39% increase in grape yield compared to the control. 357 

In contrast to the present work, previous studies with mussel shells and other reflective 358 

mulches did not associate them with increased yield (Creasy et al., 2007; Crawford, 2007; 359 

Sandler et al., 2009).  360 

The straw mulch did not reduce weta density and damage to vine buds. Mulch materials of 361 

plant origin can increase the assemblage of arthropod predators and microbial biocontrol 362 
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agents, which in turn can reduce the numbers of insect pests (Thomson & Hoffmann, 2007; 363 

Addison et al., 2013). This did not occur probably because there is no known arthropod 364 

predator for this insect. A similar study by Gill et al. (2011) also found that organic mulches 365 

had no effect on the abundance of orthopterans (Acrididae and Gryllidae) and that they were 366 

unaffected by the predator assemblage. Thus, damage by soil-dwelling orthopteran pests may 367 

not be effectively reduced with mulches of plant origin because there may be no relevant 368 

natural enemies of this group of insects or that the mulches do not serve as an effective 369 

barrier to the exit of these insects from the soil. 370 

The three management approaches, under-vine tick beans, shell mulch and sleeve 371 

treatments, reduced weta damage substantially and there were no significant differences 372 

between them in terms of vine yield components. The beans were less expensive (i.e., US$ 373 

0.88/kg and US$ 73.33/ ha for the entire under-vine area only) and can easily be sown with 374 

planters modified for under-vine seed sowing. In addition to increasing natural enemy 375 

assemblages that could potentially reduce the population of other vine pests, they improve 376 

soil nitrogen content and condition (Köpke & Nemecek, 2010). In contrast, mussel shells 377 

were freely available, but the cost of transporting them to vineyards was about US$ 12.61/m
3 378 

using smaller trucks. Accurate estimates of the transport cost of shells is difficult because it 379 

varies with distance between collection site and vineyard. However, this cost could be 380 

substantially reduced if they are transported in large trucks that can carry at least 10 tonnes of 381 

shells at a time. Shell mulches are applied once and they last for at least 5 years. Machines 382 

are also available for spreading the shells under vines. The sleeve treatment costs US$ 300.00 383 

per ha, excluding the cost of repairing them annually. These sleeves have no additional 384 

beneficial role in vineyards apart from mitigating weta damage. Meanwhile, they litter 385 

vineyards when strong wind and/or grazing sheep remove them from vine trunks, thus 386 
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polluting the environment. Hence, apart from the monetary cost, the labour needed to repair 387 

sleeves or re-plant beans annually, makes the use of shell advantageous even if initial cost is 388 

higher than any of the former. Furthermore, the negative consequences of plastics on the 389 

environment make bean treatment a better option because it provides other important 390 

ecosystem services, while mitigating weta damage. 391 

The significant difference in mean weta density between the two seasons was mainly a site 392 

effect. Generally, the site used for the 2015/16 trial had higher densities of this insect than 393 

that used for the 2014/15 (Nboyine et al., unpublished data). However, the efficacies of the 394 

management strategies tested were unaffected by these differences in density. 395 

 396 

Conclusions 397 

The use of pesticides to manage soil-dwelling insect pests is less effective than for other pest 398 

guilds and can result in outbreaks of secondary pests and leave residues in food. This work, 399 

therefore, shows how simple locally available and inexpensive materials can be deployed to 400 

reduce damage by this group of insect pests in perennials such as vines. Mussel shell mulch 401 

was the best strategy to reduce weta damage to vines. They appeared to be a good physical 402 

barrier to the insects exiting their burrow. Perhaps, other locally available dense materials, 403 

such as bark, could be used in perennial crops to reduce exit and/or emergence of soil-404 

dwelling stages of arthropod pests at locations where mussel shells are unavailable or 405 

expensive. Tick beans sown under vines were also effective at reducing damage to vines by 406 

serving as alternative food to the insect. However, further studies to develop protocols on the 407 

number of vine rows that should be mulched with mussel shells or sown with under-vine tick 408 

beans per hectare are needed.  409 



 

 

 
This article is protected by copyright. All rights reserved. 

19 
 

 410 

Acknowledgments 411 

This study was funded by the New Zealand Government‟s Callaghan Innovations PhD 412 

Research and Development Grant, in partnership with Constellation Brands NZ (Project no. 413 

CONB1201). Other funding came from a Lincoln University fee scholarship. The authors 414 

gratefully acknowledge Joanne Brady, Craig Payne, Cliff Pilcher, Gerard Shand, Robert 415 

Blathwayt and the entire staff and management of Constellation Brands NZ for their support 416 

during the study. 417 

 418 

Disclosures 419 

The authors declare that they have no conflict of interest. 420 

 421 

References 422 

Addison, P., Baauw, A.H. and Groenewald, G.A. (2013) An initial investigation of the effects 423 

of mulch layers on soil-dwelling arthropod assemblages in vineyards. South African 424 

Journal of Enology and Viticulture, 34, 266–271. 425 

Akotsen-Mensah, C., Boozer, R.T. and Fadamiro, H.Y. (2012) influence of orchard weed 426 

management practices on soil dwelling stages of plum curculio, Conotrachelus 427 

nenuphar (Coleoptera: Curculionidae). The Florida Entomologist, 95, 882–889. 428 

Ansari, M.A., Brownbridge, M., Shah, F.A. and Butt, T.M. (2008) Efficacy of 429 

entomopathogenic fungi against soil-dwelling life stages of western flower thrips, 430 



 

 

 
This article is protected by copyright. All rights reserved. 

20 
 

Frankliniella occidentalis, in plant-growing media. Entomologia Experimentalis et 431 

Applicata, 127, 80–87. 432 

Atallah, S.S., Gómez, M.I., Fuchs, M.F. and Martinson, T.E. (2011) Economic impact of 433 

grapevine leafroll disease on Vitis vinifera cv. Cabernet franc in Finger Lakes 434 

vineyards of New York. American Journal of Enology and Viticulture, 63, 73–79. 435 

Berndt, L.A., Wratten, S.D. and Hassan, P.G. (2002) Effects of buckwheat flowers on 436 

leafroller (Lepidoptera: Tortricidae) parasitoids in a New Zealand vineyard. 437 

Agricultural and Forest Entomology, 4, 39–45. 438 

Blossey, B. and Hunt-Joshi, T.R. (2003) Belowground herbivory by insects: influence on 439 

plants and aboveground herbivores. Annual Review of Entomology, 48, 521–547. 440 

Brown, M.W. and Tworkoski, T. (2004) Pest management benefits of compost mulch in 441 

apple orchards. Agriculture, Ecosystems & Environment, 103, 465–472. 442 

Brown, V.K. and Gange, A.C. (1989) Herbivory by soil-dwelling insects depresses plant 443 

species richness. Functional Ecology, 3, 667–671. 444 

Bugg, R.L., Dutcher, J.D. and Mcneill, P.J. (1991) Cool-season cover crops in the pecan 445 

orchard understory: Effects on coccinellidae (Coleoptera) and pecan aphids 446 

(Homoptera: Aphididae). Biological Control, 1, 8–15. 447 

Bugg, R.L. and Waddington, C. (1994) Influence of understory cover and surrounding habitat 448 

on interactions between beneficial arthropods and pets in orchards using cover crops 449 

to manage arthropod pests of orchards: A review. Agriculture, Ecosystems & 450 

Environment, 50, 11–28. 451 

Campos-Herrera, R., El-Borai, F.E. and Duncan, L.W. (2015) Modifying soil to enhance 452 

biological control of belowground dwelling insects in citrus groves under organic 453 

agriculture in Florida. Biological Control, 84, 53–63. 454 



 

 

 
This article is protected by copyright. All rights reserved. 

21 
 

Cook, S.M., Khan, Z.R. and Pickett, J.A. (2006) The use of push-pull strategies in integrated 455 

pest management. Annual Review of Entomology, 52, 375. 456 

Crawford, M. (2007) Influence of reflective mulch on Pinot noir grape and wine quality. MSc 457 

dissertation, Lincoln University. 183 pp. 458 

Creasy, G.L., Perez, G.L., Crawford, M., Ibbotson, L., Tompkins, J.M., Creasy, K., Wells, 459 

G., Nicol, I., Harrison, R. and Sherlock, R.R. (2007) Influence of natural reflective 460 

mulch on Pinot noir grape and wine quality. Centre for Viticulture & Oenology, Lincoln 461 

University. Technical Report to Nelson Grapegrowers and Winemakers Association Inc. 462 

59 pp. 463 

 464 

Creasy, L.G. and Creasy, L.L. (2009) Grapes, CABI, Oxfordshire, UK. 465 

Dry, P.R. (2000) Canopy management for fruitfulness. Australian Journal of Grape and Wine 466 

Research, 6, 109–115. 467 

English‐Loeb, G., Rhainds, M., Martinson, T. and Ugine, T. (2003) Influence of flowering 468 

cover crops on Anagrus parasitoids (Hymenoptera: Mymaridae) and Erythroneura 469 

leafhoppers (Homoptera: Cicadellidae) in New York vineyards. Agricultural and 470 

Forest Entomology, 5, 173–181. 471 

Fiedler, A.K., Landis, D.A. and Wratten, S.D. (2008) Maximizing ecosystem services from 472 

conservation biological control: the role of habitat management. Biological Control, 473 

45, 254–271. 474 

Gill, H.K., Mcsorley, R. and Branham, M. (2011) Effect of organic mulches on soil surface 475 

insects and other arthropods. Florida Entomologist, 94, 226–232. 476 

Guerra, B. and Steenwerth, K. (2012) Influence of floor management technique on grapevine 477 

growth, disease pressure, and juice and wine composition: A review. American 478 

Journal of Enology and Viticulture, 63, 149–164. 479 



 

 

 
This article is protected by copyright. All rights reserved. 

22 
 

Hassanali, A., Herren, H., Khan, Z.R., Pickett, J.A. and Woodcock, C.M. (2008) Integrated 480 

pest management: the push–pull approach for controlling insect pests and weeds of 481 

cereals, and its potential for other agricultural systems including animal husbandry. 482 

Philosophical Transactions of the Royal Society of London B: Biological Sciences, 483 

363, 611–621. 484 

Hill, S.D. (1983) Agricultural Insect Pests of the Tropics and Their Control, Cambridge 485 

University Press, Cambridge. 486 

Jackson, M.A. and Jaronski, S.T. (2009) Production of microsclerotia of the fungal 487 

entomopathogen Metarhizium anisopliae and their potential for use as a biocontrol 488 

agent for soil-inhabiting insects. Mycological Research, 113, 842–850. 489 

Jackson, T.A. (1999) Factors in the success and failure of microbial controlagents for soil 490 

dwelling pests. Integrated Pest Management Reviews, 4, 281–285. 491 

Jackson, T.A., Alves, S.B. and Pereira, R.M. (2000) Success in biological control of soil-492 

dwelling insects by pathogens and nematodes. Biological Control: Measures of 493 

Success (eds. G. Gurr & S. Wrattens), pp. 271–296. Springer Netherlands, Dordrecht. 494 

Jackson, T.A. and Klein, M.G. (2006) Scarabs as pests: A continuing problem. Coleopterists 495 

Bulletin, 60, 102–119. 496 

Jacometti, M., Wratten, S. and Walter, M. (2007a) Management of understorey to reduce the 497 

primary inoculum of Botrytis cinerea: Enhancing ecosystem services in vineyards. 498 

Biological Control, 40, 57–64. 499 

Jacometti, M., Wratten, S. and Walter, M. (2007b) Understorey management increases grape 500 

quality, yield and resistance to Botrytis cinerea. Agriculture, Ecosystems & 501 

Environment, 122, 349–356. 502 

Keller, M. (2010) Developmental Physiology, The Science of Grapevines. pp. 169–225. 503 

Academic Press, San Diego. 504 



 

 

 
This article is protected by copyright. All rights reserved. 

23 
 

Keller, S. and Zimmermann, G. (2005) Scarabs and other soil pests in Europe: situation, 505 

perspectives and control strategies. Bulletin OILB/SROP, 28, 9–12. 506 

Khanduja, S.D. and Balasubrahmanyam, V.R. (1972) Fruitfulness of grape vine buds. 507 

Economic Botany, 26, 280–294. 508 

Klein, M.G. (1988) Pest management of soil-inhabiting insects with microorganisms. 509 

Agriculture, Ecosystems & Environment, 24, 337–349. 510 

Köpke, U. and Nemecek, T. (2010). Ecological services of faba bean. Field Crops Research, 511 

115(3), 217–233. 512 

Lacey, L.A. and Shapiro-Ilan, D.I. (2008) Microbial control of insect pests in temperate 513 

orchard systems: potential for incorporation into IPM. Annual Review of Entomology, 514 

53, 121–144. 515 

Landis, D.A., Wratten, S.D. and Gurr, G.M. (2000) Habitat management to conserve natural 516 

enemies of arthropod pests in agriculture. Annual Review of Entomology, 45, 175–517 

201. 518 

Landl, M. and Glauninger, J. (2011) Preliminary investigations into the use of trap crops to 519 

control Agriotes spp. (Coleoptera: Elateridae) in potato crops. Journal of Pest Science, 520 

86, 85–90. 521 

Liang, W. and Haung, M. (1994) Influence of citrus orchard ground cover plants on 522 

arthropod communities in China: A review. Agriculture, Ecosystems & Environment, 523 

50, 29–37. 524 

Lo, P. and Murrell, V. (2000) Time of leafroller infestation and effect on yield in grapes. 525 

Proceedings of the New Zealand Plant Protection Conference. pp. 173–178. New 526 

Zealand Plant Protection Society; 1998. 527 



 

 

 
This article is protected by copyright. All rights reserved. 

24 
 

Mathews, C.R., Bottrell, D.G. and Brown, M.W. (2002) A comparison of conventional and 528 

alternative understory management practices for apple production: multi-trophic 529 

effects. Applied Soil Ecology, 21, 221–231. 530 

Mathews, C.R., Bottrell, D.G. and Brown, M.W. (2004) Habitat manipulation of the apple 531 

orchard floor to increase ground-dwelling predators and predation of Cydia pomonella 532 

(L.) (Lepidoptera: Tortricidae). Biological Control, 30, 265–273. 533 

Midega, C.a.O., Khan, Z.R., Van Den Berg, J., Ogol, C.K.P.O., Dippenaar-Schoeman, A.S., 534 

Pickett, J.A. and Wadhams, L.J. (2008) Response of ground-dwelling arthropods to a 535 

„push–pull‟ habitat management system: spiders as an indicator group. Journal of 536 

Applied Entomology, 132, 248–254. 537 

Musick, G. (1985) Management of arthropod pests in conservation-tillage systems in the 538 

southeastern US. Southern Region No-Till Conference. p. 191. 539 

Naor, A., Gal, Y. and Bravdo, B. (2002) Shoot and cluster thinning influence vegetative 540 

growth, fruit yield, and wine quality of 'Sauvignon blanc' grapevines. Journal of the 541 

American Society for Horticultural Science, 127, 628–634. 542 

Nboyine, J., Boyer, S., Saville, D., Smith, M. and Wratten, S. (2016) Ground wētā in vines of 543 

the Awatere Valley, Marlborough: biology, density and distribution. New Zealand Journal 544 

of Zoology, DOI: 10.1080/03014223.2016.1193548. 545 

Nuessly, G.S., Hentz, M.G., Beiriger, R. and Scully, B.T. (2004). Insects associated with faba 546 

bean, Vicia faba (Fabales: Fabaceae), in southern Florida. Florida Entomologist, 547 

87(2), 204–211. 548 

Paredes, D., Cayuela, L., Gurr, G.M. and Campos, M. (2013) Effect of non-crop vegetation 549 

types on conservation biological control of pests in olive groves. PeerJ, 1, e116. 550 



 

 

 
This article is protected by copyright. All rights reserved. 

25 
 

Paredes, D., Cayuela, L., Gurr, G.M. and Campos, M. (2015) Is ground cover vegetation an 551 

effective biological control enhancement strategy against olive pests? PLoS ONE, 10, 552 

e0117265. 553 

Pereault, R.J., Whalon, M.E. and Alston, D.G. (2009) Field efficacy of entomopathogenic 554 

fungi and nematodes targeting caged last-instar plum curculio (Coleoptera: 555 

Curculionidae) in Michigan cherry and apple orchards. Environmental Entomology, 556 

38, 1126–1134. 557 

Rea, J.H., Wratten, S.D., Sedcole, R., Cameron, P.J., Davis, S.I. and Chapman, R.B. (2002) 558 

Trap cropping to manage green vegetable bug Nezara viridula (L.) (Heteroptera: 559 

Pentatomidae) in sweet corn in New Zealand. Agricultural and Forest Entomology, 4, 560 

101–107. 561 

Rhino, B., Grechi, I., Marliac, G., Trebeau, M., Thibaut, C. and Ratnadass, A. (2014) Corn as 562 

trap crop to controlHelicoverpa zeain tomato fields: importance of phenological 563 

synchronization and choice of cultivar. International Journal of Pest Management, 564 

60, 73–81. 565 

Robertson, L.N., Kettle, B.A. and Simpson, G.B. (1994) The influence of tillage practices on 566 

soil macrofauna in a semi-arid agroecosystem in northeastern Australia. Agriculture, 567 

Ecosystems & Environment, 48, 149–156. 568 

Sánchez, L.A. and Dokoozlian, N.K. (2005) Bud microclimate and fruitfulness in Vitis 569 

vinifera L. American Journal of Enology and Viticulture, 56, 319–329. 570 

Sandler, H.A., Brock, P.E. and Heuvel, J.E.V. (2009) Effects of three reflective mulches on 571 

yield and fruit composition of coastal New England winegrapes. American Journal of 572 

Enology and Viticulture, 60, 332–338. 573 

Shah, P.A. and Pell, J.K. (2003) Entomopathogenic fungi as biological control agents. 574 

Applied Microbiology and Biotechnology, 61, 413–423. 575 



 

 

 
This article is protected by copyright. All rights reserved. 

26 
 

Shelton, A.M. and Badenes-Perez, F.R. (2006) Concepts and applications of trap cropping in 576 

pest management. Annual Review of Entomology, 51, 285–308. 577 

Simpson, M., Gurr, G.M., Simmons, A.T., Wratten, S.D., James, D.G., Leeson, G., Nicol, 578 

H.I. and Orre‐Gordon, G. (2011) Attract and reward: combining chemical ecology 579 

and habitat manipulation to enhance biological control in field crops. Journal of 580 

Applied Ecology, 48, 580–590. 581 

Smith, J.M. (2015) Managing weta damage to vines through an understanding of their food, 582 

habitat preferences, and the policy environment. p. 89. Lincoln University, Lincoln, 583 

Canterbury, New Zealand. 584 

Sommer, K.J., Islam, M.T. and Clingeleffer, P.R. (2000) Light and temperature effects on 585 

shoot fruitfulness in Vitis vinifera L. cv. Sultana: Influence of trellis type and grafting. 586 

Australian Journal of Grape and Wine Research, 6, 99–108. 587 

Steinmaus, S., Elmore, C.L., Smith, R.J., Donaldson, D., Weber, E.A., Roncoroni, J.A. and 588 

Miller, P.R.M. (2008) Mulched cover crops as an alternative to conventional weed 589 

management systems in vineyards. Weed Research, 48, 273–281. 590 

Stoddard, F.L., Nicholas, A.H., Rubiales, D., Thomas, J. and Villegas-Fernández, A.M. 591 

(2010). Integrated pest management in faba bean. Field Crops Research, 115(3), 308–592 

318. 593 

Thomson, L.J. and Hoffmann, A.A. (2007) Effects of ground cover (straw and compost) on 594 

the abundance of natural enemies and soil macro invertebrates in vineyards. 595 

Agricultural and Forest Entomology, 9, 173–179. 596 

Vasconcelos, M.C., Greven, M., Winefield, C.S., Trought, M.C. and Raw, V. (2009) The 597 

flowering process of Vitis vinifera: a review. American Journal of Enology and 598 

Viticulture, 60, 411–434. 599 



 

 

 
This article is protected by copyright. All rights reserved. 

27 
 

Villa, M., Santos, S.a.P., Mexia, A., Bento, A. and Pereira, J.A. (2016) Ground cover 600 

management affects parasitism of Prays oleae (Bernard). Biological Control, 96, 72–601 

77. 602 

Walton, V. and Pringle, K. (2004) Vine mealybug, Planococcus ficus (Signoret)(Hemiptera: 603 

Pseudococcidae), a key pest in South African vineyards. A review. South African 604 

Journal for Enology and Viticulture, 25, 54–62. 605 

Walton, V.M., Dreves, A.J., Gent, D.H., James, D.G., Martin, R.R., Chambers, U. and 606 

Skinkis, P.A. (2007) Relationship between rust mites Calepitrimerus vitis (Nalepa), 607 

bud mites Colomerus vitis (Pagenstecher) (Acari: Eriophyidae) and short 608 

shootsyndrome in Oregon vineyards. International Journal of Acarology, 33, 307–609 

318. 610 

Wood, T.G. and Cowei, R.H. (1988) Assessment of on farm losses in cereals in africa due to 611 

soil insects. Insect Science and Its Application, 9, 709–716. 612 

Wylie, F.R. and Martin, S.R. (2012) Insect Pests in Tropical Forestry, CABI, Oxfordshire, 613 

UK. 614 

Zehnder, G., Gurr, G.M., Kuhne, S., Wade, M.R., Wratten, S.D. and Wyss, E. (2007a) 615 

Arthropod pest management in organic crops. Annual Review of Entomology, 52, 57–616 

80. 617 

Zehnder, G., Gurr, G.M., Kühne, S., Wade, M.R., Wratten, S.D. and Wyss, E. (2007b) 618 

Arthropod pest management in organic crops. Annual Review of Entomology, 52, 57–619 

80. 620 

 621 

Manuscript received August 25, 2016 622 

Final version received October 20, 2016 623 



 

 

 
This article is protected by copyright. All rights reserved. 

28 
 

Accepted November 11, 2016 624 

 625 

 626 

List of tables 627 

Table 1 List of under-vine and inter-row treatment pairs. 628 

Under-vine treatments Inter-row treatments 

Control (Bare ground†/ no intervention) Existing ryegrass-dominant vegetation 

Mussel shells Existing ryegrass-dominant vegetation 

Pea straw mulch Existing ryegrass-dominant vegetation 

Tick beans (UVTB) Existing ryegrass-dominant vegetation 

Plastic sleeves on stem Existing ryegrass-dominant vegetation 

Bare ground Tick beans (IRTB) 

Mussel shells Tick beans (IRTB) 

Pea straw mulch Tick beans (IRTB) 

Tick beans (UVTB) Tick beans (IRTB) 

Plastic sleeves on stem Tick beans (IRTB) 

†Bare ground means glyphosate was used to remove all the weeds; UVTB = Under-vine tick 629 

beans; IRTB = Inter-row tick beans. 630 

 631 

Table 2 Effect of management on density of weta in vineyards. 632 

Under-

vine 

treatme

nts 

Inter-

row 

treatme

nts 

Mean weta density in 

2014/15 

Mean weta density in 

2015/16 

Combined mean of 

weta density  
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 Initi

al  

Fin

al  

Log10
† 

(Final/init

ial) 

Initi

al  

Fin

al  

1
Log10 

(Final/init

ial) 

Initi

al  

Fin

al  

1
Log10 

(Final/init

ial) 

Control Existing 

vegetati

on 

0.98 0.9

9 

0.041 

(1.10) 

1.67 1.3

5 

−0.042 

(0.91) 

1.32 1.2

5 

−0.001 

(1.00) 

Pea 

straw 

Existing 

vegetati

on 

1.07 0.9

0 

−0.071 

(0.85) 

1.72 1.0

6 

−0.296 

(0.51) 

1.39 0.9

7 

−0.160 

(0.69) 

Mussel 

shells 

Existing 

vegetati

on 

0.97 0.3

2 

−0.535 

(0.29) 

1.49 0.9

6 

−0.096 

(0.80) 

1.23 0.7

1 

−0.316 

(0.48) 

Tick 

beans 

Existing 

vegetati

on 

1.29 1.1

3 

−0.017 

(0.96) 

1.82 1.3

2 

0.056 

(1.14) 

1.56 1.3

4 

0.019 

(1.04) 

Plastic 

sleeves 

Existing 

vegetati

on 

1.10 0.9

2 

−0.089 

(0.81) 

1.70 1.7

2 

0.055 

(1.14) 

1.34 1.3

9 

−0.017 

(0.96) 

Control Tick 

beans 

1.15 1.1

3 

−0.046 

(0.90) 

1.46 1.6

5 

0.012 

(1.03) 

1.31 1.4

3 

−0.017 

(0.96) 

Pea 

straw 

Tick 

beans 

1.06 1.1

7 

0.116 

(1.31) 

1.63 1.4

0 

−0.069 

(0.85) 

1.35 1.2

2 

0.024 

(1.06) 
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Mussel 

shells 

Tick 

beans 

0.92 0.4

9 

−0.292 

(0.51) 

1.49 0.5

0 

−0.576 

(0.27) 

1.21 0.4

7 

−0.434 

(0.37) 

Tick 

beans 

Tick 

beans 

1.27 1.2

8 

0.041 

(1.10) 

1.48 1.4

7 

−0.014 

(0.97) 

1.37 1.3

6 

0.024 

(1.06) 

Plastic 

sleeves 

Tick 

beans 

1.17 1.0

8 

−0.014 

(0.97) 

1.77 1.6

0 

0.063 

(1.16) 

1.47 1.3

9 

0.013 

(1.03) 

Mean  1.10 0.9

4 

−0.087 1.62 1.3

0 

−0.091 1.36 1.1

5 

−0.09 

(0.87) 

2
LSD (5%)

‡
 0.42 0.3

2 

0.25 0.78 0.5

9 

0.28 0.24 0.5

1 

0.33 

LSE (5%)
§
 0.30 0.2

3 

0.18 0.55 0.4

2 

0.80 0.17 0.3

6 

0.23 

P-

values 

          

Main 

effects 

          

Under-vine (UV) 0.24

6 

< 

0.0

01 

< 0.001 0.91

3 

< 

0.0

01 

< 0.001 0.06

0 

0.0

04 

0.020 

Inter-row (IR) 0.70 0.0 0.098 0.51 0.7 0.403 0.44 0.6 0.804 
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3 16 3 40 0 77 

Interaction effect          

UV × 

IR 

 0.94

4 

0.9

84 

0.407 0.94

6 

0.2

87 

0.043 0.59

0 

0.6

09 

0.695 

Significance of mean weta density in 2014/15 versus 2015/16 season  

        < 

0.00

1 

0.0

02 

0.992 

Figures in brackets are back transformed means;  633 

†
Log10 (final/Initial) = change in weta density;

  
634 

‡
LSD (5%) = Least significant difference at 5% probability level;  635 

§
LSE (5%) = Least significant effect at 5% probability level – if a log10 ratio of final to initial 636 

density is greater in magnitude than the LSE (5%), then the change in density is significantly 637 

different to zero. 638 

 639 

Table 3 Weta feeding damage (%) on tick beans in 2014/15 and 2015/16 seasons. 640 

Under-vine 

treatments  

Inter-row 

treatments 

Mean weta feeding damage (%) on 

tick beans in different seasons 

Combined 

mean feeding 

damage (%) 
2014/15 2015/16 

Tick beans only Existing vegetation 79.6 85.0 82.3 
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Control  Tick beans 50.9 73.7 62.3 

Tick beans Tick beans 66.9 74.3 70.6 

Mussel shells  Tick beans 61.3 71.5 66.4 

Pea straw Tick beans 51.4 70.6 61.0 

Plastic sleeves  Tick beans 63.5 72.3 67.9 

Means   62.3 74.6 68.42 

LSD (P = 5%)  16. 5 7.5 12.8 

P- value  0.014 0.004 0.055 

Significance of mean feeding damage in 2014 versus 2015 season  

P- value    0.008 

 641 

 642 

 643 

List of figures 644 

Fig. 1 Experimental layout in the vineyard in the 2014/15 season, as 10 blocks of a 5 × 2 645 

factorial. UVTB = Under-vine tick beans; IRTB = Inter-row tick beans. 646 
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 647 

 648 

Fig. 2 Main effect of under-vine weta management strategies on components of yield in 649 

2014/15 and 2015/16 seasons and their combined means. Bars represent LSD at 5% level of 650 

probability. (A) Number of clusters per shoot; (B) Mean bunch weight (g); (C) Number of 651 

bunches/vine; (D) Grape yield (t/ha). 652 
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