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Objectives and Predictions
Quantify allocation of resources to formation of new biomass:
• Plants reallocate biomass in response to herbivory. We predict that plants with 

higher levels of above-ground damage will have more below-ground biomass than 
undamaged plants will.

Quantify beet sugar content responses to herbivory:
• Plants reallocate sugars in response to herbivory. We predict that damaged plants 

will have higher sugar content in their roots when compared to plants without 
damage. We also predict that sugar content within the leaves will be lower in plants 
with damage compared to plants without damage.

Results and Discussion: 

Conclusions
Plant Biomass Response:
• Contrary to our prediction, damage did not have a significant impact on above-

ground and below-ground biomass production. The three cultivars did differ with 
respect to biomass, with Ruby Queen having the highest biomass above and below 
ground out of the three cultivars (Figure 2).

Plant Sugar Content Response:
• These results support our prediction that herbivory affected the sugar content 

in Beta vulgaris. As we continue our analysis, we do focus on biological significance.
• When subjected to low and intermediate levels of early damage, the Detroit Dark 

Red beet cultivar showed a noticeable increase in below-ground sucrose 
amount (Figure 3).

• Ruby Queen beet cultivar subjected to 25% and 75% damage late in growth tended 
to have the greatest increase in below-ground sucrose amount, whereas 50% 
damaged tended to have the greatest increase in above-ground sucrose 
content (Figure 4).

• Golden beets subject to late leaf damage of 50% and 75% appears to have the 
highest increase in below-ground sucrose amount (Figure 5).

Agricultural Significance:
• Some herbivore damage may lead to better tasting food.
• Plants subject to low to intermediate levels of damage early in growth may promote 

the growth of better tasting and more nutritious produce.
• Plants subject to high levels of damage late in growth may promote the growth of 

better tasting and more nutritious produce.
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Methods
Two hundred ten plants (70 of each cultivar) were planted in tall 2.75-inch pots in the 
Millersville University Greenhouse on May 21st, 2021.

To simulate herbivory:
• Plants were subject to 0%, 25%, 50%, 75% simulated herbivory damage using a hole 

punch. This was roughly estimated based on surface area of the leaf being 
damaged. A hole punch was used to damage the plants as this imitates the chewing 
damage inflicted by the Beet Armyworm, Spodoptera exigua, a well-known 
agricultural pest4.

• Damage was inflicted at early (4-6 true leaves) and late (8-10 true leaves) stages of 
growth in order to determine any effects based on damage time6.

To quantify biomass and sugar concentration:
• To quantify biomass, plants were harvested, dead leaves were removed, roots were 

then rinsed, and plants were weighed.
• To quantify sugar concentration, we organized plants into grinding groups of three 

plants based on their variety, level of damage, and stage of damage. The above-
ground vegetation for each grinding group was blended with 50mL of water, then 
filtered through a funnel to remove any large pieces. The solution was pipetted onto 
a refractometer to measure the above-ground Brix. This procedure was repeated on 
the below-ground biomass. Using this Brix measurement, we calculated the amount 
of sugar in the above-ground and below-ground biomass for each plant.

• We analyzed results using ANOVA in the R programming language.

Introduction
All plants experience biotic stress, such as herbivory, but respond to these 

stressors in various ways which can affect their fitness and therefore our health7. One 
plant response to herbivory is the reallocation of its resources, such as plants 
transporting resources away from herbivores by sending their resources above and 
below-ground depending on the location of herbivory. In the case of plant biomass, 
plants can reallocate resources to replace lost biomass5. In the case of nutrients and 
stored energy, reallocation can reduce the nutritional quality of the plant exposed to 
the herbivore, and therefore produce higher nutritional value and sweetness in 
agriculturally important components2,3. To quantify these reallocation responses, 
various levels of above-ground herbivory were simulated on three different varieties of 
beets, Beta vulgaris, at two different stages: early and late1,6. If plants reallocate 
resources to regrow lost biomass, then below-ground biomass will be lower in 
damaged plants rather than undamaged. If plants reallocate their resources in 
response to herbivory, then the below-ground biomass of damaged plants will have a 
higher sugar concentration than undamaged plants in both early and late stages of 
growth.
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Figure 1. Representative images of leaf damage levels, 25% (A), 50% (B) and 75% (C).

Figure 2. Mean above and below ground biomass of three beet cultivars subjected 
to early damage across all damage levels. Both early and late damage showed 
similar results. The cultivars differed with respect to above-ground biomass (F2,99 = 
4.3076, p = 0.017) and below-ground biomass (F2,99 = 11.3507, p< 0.001), but 
damage levels did not differ with respect to biomass. Error bars indicate ±SEM.

Figure 4. Mean sucrose content of Ruby Queen beet cultivar subjected to late leaf 
damage across damage levels. There was a trend where damage level impacted 
the sucrose content of the below-ground material (F3,24 = 2.541, p = 0.0803) and 
above-ground material (F3,24 = 2.551, p = 0.0795). Error bars indicate ±SEM.

Figure 3. Mean sucrose content of Detroit Dark Red beet cultivar subjected to 
varying degrees of early leaf damage. Despite the appearance, there was no 
effect of damage on sucrose content in below-ground (F3,24 = 0.8431, p = 
0.4838) or aboveground biomass (F3,24 = 1.5245, p = 0.2337), but late damage did 
have an effect. Error bars indicate ±SEM.

Figure 5. Mean sucrose concentration of Golden beet cultivar subjected to varying 
degrees of late leaf damage. There was an effect of damage on above-ground sugar 
amount (F3,24 = 4.824, p = 0.009), but no significant difference of damage on below-
ground sucrose amount (F3,24 = 1.6275, p = 0.2093). Early damage did not affect 
sucrose amount. Error bars indicate ±SEM.


