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Introduction 

Our study investigated the interactions of the beneficial inoculants, arbuscular 

mycorrhizal fungi (AMF) and vermicompost on the population growth of two spotted spider 

mites (Tetranychus utricae), in three strawberry varieties. As two spotted spider mites are the 

primary arthropod pest in annual field strawberry production in the Southeastern United States 

and a major pest of strawberries throughout the U.S. (Galletta and Bringhurst 1990) we 

investigated what effect these specific soil amendments might have on spider mite populations. 

A growing number of studies have demonstrated a strong link between the below and above 

ground interactions of vermicompost, plants and their associated foliar arthropod pests (Arancon 

et al 2005, Arancon et al. 2007; Cardoza 2010; Gange et al 1999; Gange and West 1994; Little 

and Cardoza, 2011). These interactions can be exploited to provide more ecologically-friendly 

alternatives for pest control. The majority of these studies however have not investigated the 

microbial aspects of the material, despite its composition of beneficial bacteria, fungi and other 

microbes (Adhikary 2012).  Further, few studies have investigated the interactions of AMF fungi 

on insect pests, and none for the specific interaction of spider mites in strawberry.  Thus, further 

analysis is needed in order to elucidate the specific microbial relationship between AMF and 

vermicompost on spider mites in strawberries.  

  

These beneficial inoculants can be incorporated into strawberry tip or plug establishment 

and may have early effects on suppressing mite populations. This is important to understand 

since even early mite infestation has been strongly correlated to yield losses in field production 

(Sances et al. 1979). Additionally there are no known strawberry cultivars with resistance to T. 

uricae so we additionally examined if any natural resistance could be strengthened through the 

use of organic amendments in this study.  We examined the effects of mycorrhizal fungi and 

vermicompost on three strawberry varieties which dominate production in the Southeastern U.S.: 

Chandler, Sweet Charlie and Albion. The specific objectives of this study included: 

 

1.  Compare the growth responses of strawberry cultivars Chandler, Albion, and Sweet 

Charlie for differences in spider mite populations and damage. 

  

2. Examine interactive effects of vermicompost and AMF and individual effects of 

vermicompost on strawberry growth, nutrient uptake and spider mite populations. 

  



3. Compare interactions of vermicompost, AMF and cultivar on strawberry growth, nutrient 

uptake, and spider mite populations. 

 

Experimental Design 

This study was a completely randomized block design that included three main 

treatments; 3 strawberry varieties (Albion, Chandler, and Sweet Charlie), four soil treatments 

(AMF + Vermicompost; AMF + Vermicompost steam sterilized; Vermicompost; Vermicompost 

steam sterilized) and two mite treatments (mite; no mites). All treatments were applied to single 

strawberry plants (plug and later 6’’pot) and there were 5 replicates for each soil treatment-

variety-mite combination.  This study was conducted from June-August of 2013 at the Method 

Road greenhouses on North Carolina State University’s campus in Raleigh, North Carolina. High 

day-temperatures fluctuated between the low 80°F and high 90°F during the time period for 

which the study was conducted.  

The use of AMF + Vermicompost steam sterilized and Vermicompost steam sterilized 

treatments served as the controls for the other two ‘live’ soil treatments. In this way we tested 

only the contribution of biological activity by microbes or fungi to plant growth or nutrient 

uptake, and not the nutrients added by these soil treatments themselves. The absence of a 

complete soil control treatment (treatment without any amendment) is justified in this way as we 

are not interested in the addition of elemental nutrients but biological activity on spider mite 

populations.  

The soil treatments were applied to strawberry tips grown for plug production and added to 

each individual cell of a rooting tray at tip establishment. Previous studies have determined 

optimal rates of vermicompost (20%) for strawberries when inoculated with mycorrhizae (Beck, 

2012). Treatments consisted of the following:   

1. AMF + Vermicompost 

a. 20 grams AMF inoculum ;  9.1g  Vermicompost (20% of the volume of the cell);   

2. AMF +Vermicompost control;    

a. 20g Sterilized AMF inoculum;  9.1g Sterilized Vermicompost   

3. Vermicompost;                        

a.  9.1 Grams Vermicompost   

4. Vermicompost Control;    

a. 9.1g Sterilized Vermicompost 



Each treatment was mixed with the required volume of Sungro Metro Media Mix needed to 

entirely fill the cell. The treatment+ media mixture was fully mixed in a cup before being poured 

into the cell. For the sterilized controls the materials were steam sterilized for 30 minutes two 

times.   After 3 weeks of tip establishment, individual plug were potted up into 6 inch pots 

containing standard sterilized SunGro metro media mix. All plants were maintained at a well-

watered status and fertilized bi-weekly with a 20-20-20 soluble fertilizer. After approximately 6 

weeks of growth each combination of soil treatment and variety was then placed into a mite 

treatment and a mite-free treatment. Mite treatments were separated by placing plants into 

separate chiffon cages. The mite treatment consisted of introducing 10 active T. urticae mites per 

plant. The T. urticae mites were reared on strawberry prior to being introduced on the 

experimental plants. 

After starting the mite treatment the following measurements were taken: calculation of 

number of mites per leaflet, damage ratings and leaf-area assessments. Three mid-tier leaflets 

were removed and sampled from each soil treatment-variety-mite combination on a weekly basis 

in order to take these measurements. The mite-free treatment was checked for mites to ensure it 

remained mite-free. Damage ratings and active mites and number of eggs were counted on a per 

leaflet basis and were assessed from the three randomly chosen leaflets using visual counts under 

a dissecting microscope. Leaf area assessments were done on the leaflets after mite counting 

occurred. This was done using CIAS 2.0 Image analysis, Gateway 2000 Computer and Cannon 

Re-350 Video Visualizer. At the end of 6 weeks the experiment was terminated and the plants 

were assessed for whole plant biomass and percent colonization of roots by AMF. Using the 

number of mites counted per leaflet, leaf area measurements and the number of days since 

introduction, the calculation of “mite-day” was computed using equation 1 (Sances et al. 1979). 

Eq. 1     Mite-day= Mites/cm
2
 x Days of mite exposure 

Plant tissue analysis was done to test for differences in major nutrients and was carried out by 

the North Carolina Department of Agriculture (NCDA) Tissue Analysis Lab.  Samples were 

taken prior to tip establishment, and at the end of the experiment.  Statistical analysis was done 

using SAS for mixed models. Repeated measures analysis was used for data collected over time. 

 

 

 



Summary of Results 

Objective 1: 

Compare the growth responses of strawberry cultivars Chandler, Albion, and Sweet Charlie for 

differences in spider mite populations and damage. 

In our study, strawberry variety was found to be significant in contributing to the 

accumulation of mite-days (P<.0001) with Albion supporting significantly higher mite-day 

accumulation overall. Chandler and Sweet Charlie did not differ in a statistically significant 

manner in terms of their mite-day accumulation. Strawberry variety did not affect the number of 

mite eggs found per leaflet.  Yet when the number of eggs found per leaflet was corrected for 

leaf area and time-accumulation using the same equation as for the mite-day calculation, variety 

was statistically significant (P<.0023) with Albion supporting higher numbers of eggs. Visual 

assessments of damage were not found to vary significantly between any of the varieties.  

Through assessments of leaf area and biomass we were able to assess differences in 

strawberry plant growth across the different varieties. There was a statistically significant effect 

of variety on plant growth for the measured variable of leaf area and there was a significant 

variety by mite treatment interaction (P< 0.0336). Albion had the lowest leaf area averages and 

final biomass. Chandler had a greater leaf area than Sweet Charlie, yet did not differ significantly 

for biomass. These observed differences were irrespective of the mite treatment and may be a 

result of the interaction of the time period under which the study was conducted and the inherent 

performance of these varieties fruiting-type under hot conditions.  

For the initial plant tissue nutrient analysis Albion had significantly higher shoot nitrogen 

than the other varieties.  For the other nutrients analyzed, including Phosphorus and Potassium 

there were no differences in variety. For the final nutrient analysis, variety did significantly 

affect plant tissue shoot nitrogen. Albion continued to have the highest N status and was 

significantly different from the other two varieties. However Chandler and Sweet Charlie were 

not statistically different. This trend was again replicated for the leaf tissue nitrate (NO3) testing, 

with Albion being significantly higher.  No differences among varieties were found for plant 

tissue shoot phosphorus and potassium at the end of the experiment. These differences in 

Albion’s greater N status may influence its support of higher mite numbers (Rodriguez et 

al.1970).  

  



Objective 2: 

Examine interactive effects of vermicompost and AMF and individual effects of vermicompost on 

strawberry growth, nutrient uptake and spider mite populations. 

 

Through assessments of leaf area and biomass we were able to assess differences in 

strawberry plant growth due to the different soil treatments. No soil treatment significantly 

affected leaf area. However there was a significant fertilizer by day interaction for leaf area in 

the model. This may be due to an interaction that is present early, and that becomes diluted later 

on.  However, soil treatment was significant in determining final total plant tissue biomass 

(P<.0001). The vermicompost treatment had the highest final total biomass, followed by AMF 

+Vermicompost control, Vermicompost Control and finally AMF + Vermicompost. When each 

treatment is compared to its control it appears that there is a positive microbial effect from 

vermicompost on strawberry total plant biomass, while there is a negative microbial effect of 

AMF + Vermicompost on biomass.  

These results suggest a carbon cost of AMF colonization, as the AMF+Vermicompost and 

Vermicompost treatments differed significantly, with the vermicompost alone treatment resulting 

in greater growth. This could further be seen in the higher biomass of the AMF + Vermicompost 

control compared to AMF + Vermicompost treatment. 

Soil treatment however was not significant in determining the mite-day calculation model 

and none of the soil treatments were different at P<0.05. However soil treatment did have a 

significant interaction with day (p<.0001).This likely indicates some sort of soil microbial 

interaction with spider mites over time. These results are further illustrated in Figure 1, and seem 

to suggest that in week 3 the vermicompost treatment supported the highest numbers of spider 

mites, while in week 4 it supported the lowest. Overall it also seems that with the exception of 

week 4, the two controls supported generally lower numbers of mites. This may suggest a 

negative effect of microbial activity on spider mite populations. However observationally it 

seems the two ‘live’ soil treatments seem to support a mite population peak at a later time, 

whereas the mite populations peaked earlier in the two controls and at lower levels.  There was 

also not a statistically significant effect of soil treatment on the number of spider mite eggs. 

 



 

Figure 1. Graph of the calculated mite-days of all varieties combined for each soil treatment 

AMF + Vermicompost (av); AMF +Vermicompost control (avcont); Vermicompost (verm); 

Vermicompost Control (vermcont). 

 

 For the nutrient analysis of nitrogen, potassium and nitrate, soil treatment was not 

significant for any of these variables tested either at the beginning of the experiment or at the 

conclusion. However for phosphorus tested at the end of the experiment the 

AMF+Vermicompost treatment had significantly higher phosphorus levels than the other soil 

treatments. This observation agrees with a wealth of literature on the benefits of AMF on 

increasing phosphorus availability and uptake to plants (Linderman 1988).However as the other 

nutrients were not found to be different between the soil treatments  we were able to isolate the 

microbial effects of the soil amendments from the nutritive value of the media.  

 

Objective 3:  

Compare interactions of vermicompost, AMF and cultivar on strawberry growth, nutrient 

uptake, and spider mite populations. 

  

In terms of plant growth there was not a significant interaction between soil treatment and 

variety for leaf area or biomass.  In addition for the calculations of mite-day and eggs there was 

not a statistically significant interaction between soil treatment and variety. However as figures 2 

through 4 show there were observable differences in how each soil treatment performed as 

applied to each variety.  

For Albion it is apparent that the AMF +Vermicompost control, until week 5, supports 

higher levels of mites than the AMF +Vermicompost treatment. Whereas the Vermicompost 
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control supports lower mite populations than the Vermicompost treatment until week 4. Due to 

the different responses of the AMF+Vermicompost treatment, which generally supported lower 

mite populations, as compared to the Vermicompost treatment, for the variety Albion it appears 

an interaction between ‘live’ AMF and ‘live’ vermicompost microbes results in a lower number 

of mites than‘ live’ vermicompost alone. Again these differences were not statistically significant 

in the overall model.  

 

 

 

Figure 2. Graph of the calculated mite-days for the variety ‘Albion’ for each soil treatment AMF 

+ Vermicompost (av); AMF +Vermicompost control (avcont); Vermicompost (verm); 

Vermicompost Control (vermcont). 

 

For Chandler (Figure 3) there are less clear differences between the soil treatments. 

However the Vermicompost Control treatment seemed to support the highest number of mites in 

week 4, which would indicate a suppressive effect against mites by the microbes present in 

vermicompost. Again these differences were not statistically significant in the overall model.  
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Figure 3. Graph of the calculated mite-days for the variety ‘Chandler’ for each soil treatment 

AMF + Vermicompost (av); AMF +Vermicompost control (avcont); Vermicompost (verm); 

Vermicompost Control (vermcont). 

 

 

 

 
Figure 4. Graph of the calculated mite-days for the variety ‘Sweet Charlie’ for each soil 

treatment AMF + Vermicompost (av); AMF +Vermicompost control (avcont); Vermicompost 

(verm); Vermicompost Control (vermcont). 

 

 

For Sweet Charlie (Figure 4) there are also less clear differences between the soil 

treatments. However the AMF + Vermicompost  treatment seemed to support the highest number 

of mites in weeks 4, 5 and 6. The Vermicompost treatment also seemed to support higher mite 

populations than its control in week 5.  These results might point to a positive effect of the 
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microbes present in these soil amendments on spider mite populations. However, these 

differences were also not statistically significant in the overall model.  

Again the large variability present and absence of clear trends for each of the variety-soil 

treatment interactions motivates us to replicate this study in order to further elucidate the 

microbial interactions of these soil amendments with spider mites. 

 

Analysis of the differences found between percent colonization by AMF in the different 

varieties and the two mite treatments showed that Sweet Charlie had significantly greater 

(P<0.0021) mycorrhizal colonization than Albion and Chandler varieties.  Albion had percent 

colonization averages of 31.7%, while Chandler had 35.9% and Sweet Charlie had 49.7%. Also 

the mite treatments significantly affected mycorrhizal colonization rates.  Mite-free plants had 

higher mycorrhizal colonization than mite infected plants by a margin of 13% (P<0.0020).  For 

all varieties the percent colonization was reduced by the mite treatment, however only 

significantly for Albion.  Additionally percent AMF colonization was positively correlated to 

final leaf area total, but not to biomass or total number of mites. 

 

Conclusions 

Overall our results demonstrate that under the conditions of our study, Albion supported 

higher mite populations as compared to Chandler and Sweet Charlie varieties. No interaction 

between soil treatment and strawberry variety was detected for any of the variables measured and 

thus it would seem these soil amendments do not have different effects across variety. There 

were no clear microbial interactions present for AMF or vermicompost on suppressing or 

promoting mite populations. However vermicompost did improve overall plant biomass and 

increased AMF colonization was linked to increases in leaf area. In addition the use of AMF was 

shown to increase phosphorus uptake by the plants. None of the soil treatments significantly 

affected leaf area.  In addition the microbes present in the two live soil treatments had little effect 

on nutrient uptake. Also, while Sweet Charlie supported higher populations of AMF fungi, its 

growth was not effected as shown by its biomass being equal to Chandler. However overall, mite 

populations decreased percent colonization by AMF. 

As our study was conducted in a greenhouse during the months of June and July, high 

temperatures likely influenced the rate at which the spider mites reproduced and the stress 



responses exhibited by the plants. Due to this and the importance of some significant findings we 

observed, we plan to replicate this study under cooler spring time conditions in order to better 

imitate the environment found in the field when spider mites first arrive in strawberry fields in 

the Southeastern U.S.  

 

Final notes- We are currently working on publishing these results and they will be a chapter in 

the graduate student’s (Amanda McWhirt) doctoral thesis. 
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