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Plants face numerous environmental pressures, including herbivory, which can impact 
their survival and fitness. This study simulated herbivory by mechanically damaging a 
common greenhouse weed species and assessed parameters such as photosynthetic 
efficiency and biomass recovery. Our results indicate that the plants that were noticeably 
healthier were more resilient to simulated herbivory.
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We used 24 individual P. variabile plants, which were tagged for identification and categorized into 
three groups (A, B, and C) of 8 individuals each. Within each group, plants were further divided into 
two subsets: 4 healthy and 4 unhealthy replicates, based on their initial condition. To simulate levels 
of herbivory, mechanical damage was created using a hole puncher. The control group had no 
holes punched in either healthy or unhealthy plants. Moderate herbivory was simulated by punching 
5 holes in healthy plants and 3 holes in unhealthy plants. High levels of herbivory had 10 holes 
punched in healthy plants and 6 holes in unhealthy plants. Photosynthetic efficiency was assessed 
weekly using a fluorometer to measure chlorophyll fluorescence. On the final day of the experiment 
biomass (mg) data was collected and the number of leaves produced were counted. 

Herbivory: A central ecological interaction
● Herbivory, the consumption of living plants by animals, significantly impacts plant survival, 

fitness, and population dynamics (Lehndal & Ågren 2015).
● Plants have evolved various defense mechanisms against herbivores, including physical 

barriers, chemical defenses, and tolerance strategies (Waterman et al. 2019).
● The effects of herbivory on plant biodiversity vary widely within and among ecosystems, with 

herbivore-induced changes in dominance influencing biodiversity (Koerner et al., 2018).
● Simulated herbivory through mechanical damage provides a controlled method to study 

specific plant defense responses by isolating the physical component of herbivory from other 
factors (Waterman et al. 2019). 

● Plant responses to simulated herbivory in controlled environments help explain defense 
mechanisms that may be obscured in complex field conditions (Estarague et al. 2023).

Species and Regional Context:
● Pseuderanthemum variabile, commonly known as "Pastel flower" or "Love flower," is a small 

perennial herb in the family Acanthaceae native to Australia, Papua New Guinea, and New 
Caledonia (Sharma & Vyas 2024).

● This species serves as a food plant for caterpillars of several butterfly species in the 
Nymphalidae family, making it subject to herbivory (Cook & Vargo 2000).

● As a common greenhouse weed that thrives in wet tropical climates and understory habitats 
(Howes, 2020).

●  P. variabile provides an accessible model system for studying plant-herbivore interactions.
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Results
● There were no differences in leaves produced (Figure 1, one-way ANOVA; p=0.49). The 

average number of leaves produced varied among herbivory treatments, with moderate 
herbivory yielding the highest mean (3.9), followed by high herbivory (3.0) and the control (1.4).

● Photosynthetic efficiency was significantly affected negatively by herbivory level and positively 
initial plant health status (Figure 2, two-way ANOVA; p<0.0001). Plants with high initial health 
maintained similar photosynthetic levels (~0.75 QY) regardless of herbivory treatment, while 
plants with low initial health showed greater variation in photosynthetic response across 
herbivory levels.  

Discussion

Leaf Production Response:

● While not statistically significant (p=0.49), the trend of increased leaf production under 
moderate herbivory suggests potential compensatory growth mechanisms in P. 
variabile, aligning with the herbivory optimization hypothesis (McNaughton 1983).

● The reduced leaf production in high herbivory conditions relative to moderate 
herbivory indicates that excessive damage may force resource allocation toward 
defense rather than growth (Orians et al. 2011).

Photosynthetic Efficiency:

● Plant response to herbivory is context-dependent (interaction p<0.0001), supporting 
the hypothesis that more vigorous plants better tolerate herbivory (Price 1991).

● The increased photosynthetic efficiency in low-health plants under moderate 
herbivory suggests that damage-induced responses can improve plant performance, 
possibly through upregulation of stress response pathways (Nabity et al. 2009).

Biomass-Leaf Growth Relationship:

● The positive correlation between biomass and leaf growth in plants experiencing low 
herbivory (p<0.0001) indicates that this level of damage may optimize resource 
allocation to leaf growth, supporting the hypothesis that low herbivory can enhance 
plant fitness under certain conditions (Agrawal 2000).

● The lack of significant correlation between biomass and leaf production in 
high-herbivory plants (p=0.59) suggests severe damage disrupts the typical 
relationship between biomass accumulation and leaf growth reflecting stress-induced 
allocation shifts where resources prioritize survival over biomass production (Herms & 
Mattson, 1992).

Research Objectives and Hypotheses:
● We examined the effects of varying levels of simulated herbivory on the growth and 

photosynthetic efficiency of P. variabile in greenhouse conditions.
● We compared responses between healthy and unhealthy plants to assess how initial 

condition affects tolerance and recovery following herbivory damage.
● We hypothesized that higher degrees of simulated herbivory will demonstrate reduced 

leaf production compared to those experiencing minimal or no damage.
● We predicted that healthy plants will exhibit enhanced recovery capacity following 

herbivory simulation, as shown by higher photosynthetic efficiency.
● Finally, we expected to find a positive correlation between plant biomass and leaf 

production, with higher biomass individuals generating more leaves regardless of 
herbivory treatment.

Conclusions

Our findings contribute to evidence that plant responses to herbivory are highly 
context-dependent. Future research should examine molecular mechanisms 
underlying enhanced photosynthetic efficiency in moderately damaged plants with 
low initial health, as this may reveal novel stress adaptation pathways with 
potential applications in agriculture and conservation.  

● Biomass production was positively correlated with leaf number in both the 
control (p=0.009) and low herbivory (p<0.0001) treatments. This relationship 
was negative, but not significant, in the high herbivory treatment (p=0.59). The 
strongest correlation was observed in the low herbivory treatment (Figure 3).
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Figure 1. The effect of simulated 
herbi·vory on the number of leaves 
grov11n across he three varying 
I v Is of sirnulat d h rbivory. 
P-value is for one-way A OVA. 
Error bars are for standard error of 
the mean. 
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Figure 2. Photosynthetic levels (quantum yield) of varying levels of 
herbivory across differing levels of initia l plant health. P-value is for 
two-way ANOVA. Error bars from standard error of the mean. 
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igure 3. The corre lation of biomass in mil ligrams to the number or 
leaves produced when placed under the effect of varying levels of 
simulated herbivory. P-va lues fo r simple linear corre lation. 
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