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ABSTRACT:  
 

A field trial was conducted to evaluate the symbiotic relationship between Arbuscular 

Mycorrhizal Fungi (AMF) and Vitis vinifera cultivar Pinot noir with commercial inoculation. 

Pinot noir grapevines were planted and inoculated with MycoApplyÒ  Endo-granular in early 

summer, 2019. MycoApplyÒ  Endo is a granular product containing 4 species of fungi (Glomus 

intraradices, Glomus mossae, Glomus aggregatum, and Glomus etunicatum). The purpose was to 

evaluate the proposed benefits of the commercially sold fungi and differences between two 

rootstocks compared to the control. The experiments were conducted in the Finger Lakes AVA 

at Lansing, NY Cornell University vineyard. The inoculation treatments resulted in greater root 

length colonization by AMF, but there were no apparent benefits to the vine. 
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Introduction 

Soil health is very important in vineyards. To have good soil health, microorganisms 

need to be present along with adequate levels of organic matter (OM). Grapevines form 

symbiotic relationships with Arbuscular Mycorrhizae Fungi (AMF). In most if not all soils are a 

presence of fungal networks. Fungi help decompose organic matter making nutrients more 

available to plants, they help with water uptake and scavenge nutrients making them available to 

plants. In the case of AMF, they associate with plant roots to form a mutualistic symbiotic 

relationship. 

AMF form arbuscules and vesicles within the roots of plants forming a symbiotic 

relationship which becomes mutually beneficial to both plants and fungi. AMF begin their life 

cycle as a spore. The spore germinates when conditions favor its survival and grows hyphae. The 

hyphae grow within the soil forming mycelium which is a threadlike root structure. These 

hyphae are influenced by strigolactones (root exudates) and dependent upon soil phosphorus 

concentrations to naturally be present. Within the rhizosphere roots exude strigolactones and the 

hyphae are attracted to the roots. The hyphae penetrate the cortical cells of the roots. Within the 

cells arbuscules and vesicles form. The arbuscles are formed as an exchange site. They help 

exchange phosphorus, water, and other nutrients to the plants and in return the plant exchanges 

carbon to the AMF forming a mutualistic symbiotic relationship. Each organism can benefit each 

other and proves the benefits of having AMF in the vineyard. 
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Figure 1: Hyphae and vesicles as a root colonization as evidenced from microscope slides.    
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Site 
 

The vines were planted at the Cornell experimental vineyard in Lansing, NY, Tompkins 

County, (Finger Lakes A.V.A.). The site soil composition is made up of an Ovid silt loam and has 

a 0-6% slope. It is somewhat poorly drained and located relatively close to Cayuga lake. The 

average precipitation is 43.16 inches annually, average frost dates are in May and mid-October. 

The typical average growing season is from May to October.  

 

 

Figure 2: Location and soil map for experimental block. Map courtesy of USDA Soil Web. 
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Materials and Methods 

 For this experiment the cultivar Pinot Noir was used to conduct trials of AMF 

inoculation. Vitis vinifera ‘Pinot Noir’ scions grafted onto 101-14 and 3309C rootstocks and 

planted in the experimental vineyard at Lansing, NY in June of 2019. The commercial product 

MycoApply Endo granular was inoculated to each treated vines root zone. The trellis system 

used was Vertical Shoot Positioning (VSP). Each third vine of each panel had a minirhizotron 

tube inserted the year of planting to facilitate root imaging. In May of 2020 there was a 

replanting of 14 unsuccessfully planted vines from 2019.  

 

Planting Information 
 

 
Figure 3: Experimental design of trial. Note the two different rootstocks. 
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 The Pinot Noir vines were planted in 5 rows with 4 panels in a north to south 

orientation. The plot was divided by rootstock 101-14 and 3309c, where there are 5 reps of 

inoculated vs. control (non-inoculated) as shown in figure 3. 

 

Veraison Leaf Samples 
 
 Leaf samples were taken after veraison and analyzed for nutrient concentration. The 

graphs below show the total Nitrogen and Carbon for each vine. As the graphs below indicate 

there was some variability but not significant amount enough to differentiate between control 

and treatments or rootstock type. The highest total N was 2.47% (PN/3309C control) and the 

lowest was 1.72% (PN/3309C control). The highest total C was 48.54% (PN/3309C control and 

the lowest was 41.35% (PN/3309C control). Resulting that the control and rootstock type was 

dominate on each side of the scale. The average total N was 2.19% and the average total C was 

46.66%.  
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Figure 4: Total nitrogen above and carbon below of leaf blades at veraison. 
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Statistical Analysis 
 
 Core samples were extracted from each vine rhizosphere and sent to the lab. Within the 

lab the core samples were sifted through a sieve removing the soil and exposing the collected 

roots. The roots were then placed in a vial and hydrated. Afterwards the individual root 

samples were delicately placed on a microscope slide and stained to be scrutinized. Next, we 

identified which slides had AMF present and began quantifying the amounts present. After 

quantifying the hyphae, vesicles, and arbuscles under a microscope for each root sample. We 

used the Pvalue of 0.05 to determine significance. It was determined that the Pvalue of 0.00546 

was significant between treatment and control but the Pvalue of 0.37787 was not significant 

between rootstock and treatment, suggesting inoculation resulted in a similar effect of 

treatment on both rootstocks. Below is the breakdown of each category within the experiment 

that we analyzed to determine AMF colonization.  

 

 
Figure 5: Vesicle, Arbuscles, Hyphae, and RLC percentages 
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Vesicles 
 
Table 1: ANOVA for root length colonization of vesicles in experiment. 

 

 

 
 
Figure 6: Average. proportion of root length containing vesicles. 
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Arbuscles 
 
Table 2: ANOVA for root length colonization of arbuscules in experiment. 

 

 
 

 
 
Figure 7: Arbuscles proportion of root length containing arbuscles. 
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Hyphae 
 
Table 3: ANOVA for root length colonization of hyphae in experiment. 

 

 
 
 

 
 
Figure 8: Average proportion of root length colonization of hyphae. 
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Root Length Colonized 
 
Table 4: ANOVA for total root length colonization in experiment. 

 

 
 
 

 
 
Figure 9: Average proportion of root length colonized. 
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Microscope Photograph Slides 
 
 Live photographs of root samples displaying abundant populations of vesicles and 

hyphae of the collected root samples. The vesicles and hyphae were highly visible to find and 

tedious to calculate. The arbuscles were seldom to find and not as easy to distinguish under the 

microscope. As you can see the AMF populations were present and roots were colonized. 

Unfortunately, the high-density populations did not correlate with high nutrient uptake or 

change in growth patterns. 

      
 
 

                
 

Figure 10: Examples of hyphae and vesicles in stained roots. 
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Results 
 

In late winter early spring cane and lateral shoot measurements were taken at random 

from each row and panel.  

 

Cane Measurements  

Figure 11: Average cane length (cm) in each of the four treatments. 
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Pruning Weights 
 
 

 
 
Figure 12: Average pruning weight (kg) in each of the four treatments. 
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DISCUSSION 
 
  For the Pinot noir on rootstocks 3309C and 101-14, the inoculation with AMF 

may be promising as we determined increased root length colonization as a result. The 

remaining data collected was somewhat variable. These vines are still young and not quite 

established, but we were looking for more evidence to show more nutrient uptake benefiting 

these vines.  

  Going forward as a suggestion, maybe different applications might bear 

improved results. Combining biochar and or compost to the mix at various rates might possibly 

change the outcome. Depending on the year whether it being a wet or dry year the use of 

irrigation could be influential in the experiments to ensure optimal vine health. 

            
CONCLUSION 
 
  In conclusion there was some significant difference between vines treated with 

AMF, and the control. Further research will be needed to determine the long-term impact of 

inoculation. The use of other grape varieties and different commercial mycorrhizal inoculants 

may result in different vine responses as a hypothesis. Soil conditions and climate maybe a 

pivotal factor for different results, particularly as AMF respond to low phosphorus in the soil. 

Conducting further experiments is required to reach a conclusion about the impact of 

inoculating with AMF. 
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