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ABSTRACT: Nutrient pollution occurs when excess nutrients such as nitrogen are released into the environment. Nutrient
pollution can have serious environmental consequences such as contributing to toxic algal blooms. This pollution becomes in-
creasingly problematic as population increases. Photosynthesis occurs in plants to produce glucose to fuel growth, and nitrogen
is important to this process as it increases chlorophyll count and CO, gas exchange. Excess nitrogen can lead to an increase in
plant growth, which is problematic if the plants are an already fast-growing, invasive species. Air potato is one such plant, native to
tropical Asia and Africa, but invasive to Florida’s ecosystems. A novel virus complex (Dioscorea mosaic virus and air potato virus
1) co-infects some air potato plants, but its impact on the plants is unknown. In a greenhouse, healthy and virus-infected plants
were grown under base nitrogen (control) and high soil nitrogen environments. Numbers of leaves, leaf area, and photosynthetic
rate were calculated one week after the addition of nitrogen. These data were collected again 1 month later. A two-way ANOVA
was conducted to determine the relationship between plant health and fertilization on photosynthesis and growth rate. Fertilizer
significantly increased initial photosynthetic rate, while plant health did not significantly affect growth rate or photosynthetic rate.
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B Introduction

Dioscorea bulbifera L. (air potato) is an invasive vine native to
tropical Africa and Asia. It can grow rapidly, up to 20cm daily,
and can smother out vegetation and kill it, thereby displacing
native plant species. These vines reproduce vegetatively and
rapidly with aerial bulbils and tubers. A novel virus complex
has recently been discovered, consisting of the viruses Dio-
scorea mosaic virus (genus Potyvirus) and air potato virus 1
(genus ampelovirus).! These viruses can co-infect D. bulbifera,
causing air potato leaves to develop a mosaic pattern (Figure
6). The effects that this virus complex has on the growth of
air potato plants are unknown and is one of the focuses of this
investigation.

Excess nutrients come from many sources including the nat-
ural weathering of rocks and soil or from human overuse of
fertilizers.? This increase in the amount of nutrients can con-
tribute to dead zones in water which lack oxygen or cause an
increase in the amount of toxic algal species in affected areas.’
The rate of nutrient pollution is increasing, especially in highly
populated areas like Florida, and may be especially problematic
when it comes to invasive plant species.

Nitrogen (N) is a biologically important element for plants
because plants invest nitrogen a major component of chlo-
rophyll, the pigment responsible for photosynthesis, and of
amino acids.* Photosynthesis is a biochemical process per-
formed plants in which they use sunlight to synthesize sugars
from CO:z and H20. Photosynthesis in plants involves the
green pigment chlorophyll (which is responsible for absorbing
energy from sunlight), with the products glucose (CeH1206)
and Oz. Previous studies in rice (Oryza sativa L.) have shown

that a higher N supply increased leaf N and chlorophyll con-

tent.” A higher N supply can significantly increase the amount
of carbon gained from COz2, leading to an increase in glucose
production in plants with a higher N content.* The impact of
nitrogen supply on the growth of air potato plants is unknown,
so this is another major focus of the investigation.

The impact of the Dioscorea mosaic virus and air po-
tato virus 1 complex on air potato plants under both “base”
and high-level nitrogen environments was investigated. The
hypothesis of the experiment is that air potato plants will posi-
tively respond to a higher N content, regardless of plant health.
A higher supply of N increases leaf N and chlorophyll content
and increases CO2 gas exchange in plants. An increased leaf
N supply, chlorophyll content, and a higher gas exchange rate
will contribute to an increased photosynthetic rate of air potato
plants. Therefore, a higher N content will result in an increased
growth rate in the air potato plants due to an increased photo-
synthetic rate. This study will also help determine if the virus
complex will have varying impacts on the vines under different
soil nutrient conditions.

B Results and Discussion

Fertilizer significantly lowered the rate of photosynthesis
one week after administration to plants (p = 0.0057) (Fig-
ure 1). Photosynthesis was not statistically affected by plant
health (virus or healthy) (p = 0.078) one week after application
(Figure 1). However, because the p-value is very close to 0.05,
there may be a trend in which the virus complex decreases
photosynthetic rates of air potato plants. In both high-N and
base-N environments, the healthy plants had a higher rate of
photosynthesis than the infected plants. This trend was more
prominent in the base N treatment (Figure 1).
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Figure 1: Photosynthesis rate of air potato plants 1 week after being treated
with nitrogen fertilizer. Fertilized plants had a significantly lower initial
photosynthesis rate than their non-fertilized counterparts (p = 0.0057).
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Figure 2: Photosynthesis rate of air potato plants 1 month after being
treated with nitrogen fertilizer. Virus infected plants were observed to have a
lower photosynthetic rate months after addition of the nitrogen and tended
to have a lower photosynthetic rate than healthy plants in both N levels
(p=0.075).
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Figure 3: Change in leaf number per plant over one month under base and
high N soil levels. No differences in leaf number across fertilizer (p=0.58) or
plant health (p=0.66) treatments.
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Figure 4: Change in average leaf area per plant over one month under
base and fertilized treatments. No differences in leaf area were found across
fertilizer (p = 0.38).

'The initial photosynthetic rates of air potato plants were
significantly lower in the plants that received fertilizer (p =
0.0057). The initial photosynthetic rate of the plants was not
affected by plant health (p = 0.078). One month after fertilizer
was added, the virus infected air potato plants were observed
to have a lower photosynthetic rate than their healthy coun-
terparts (p = 0.075). However, the photosynthetic rate of the
plants one month after fertilization was not significantly af-
fected by fertilizer treatment (p = 0.062). Fertilizer treatment
did not significantly affect the change in the number of leaves
(p = 0.57) or the change in leaf area in the air potato plants (p
= 0.37). Furthermore, the virus complex did not significantly
impact the change in leaf number (p = 0.66) or leaf area (p =
0.47) of the air potato plants.

An influx of nitrogen will significantly decrease the initial
photosynthesis rate of air potato plants, as shown by (Figure
1., p = 0.0057). In this study, an influx of nitrogen did not
significantly affect the photosynthesis rate of air potato plants
1 month after the nitrogen input (Figure 2., p = 0.062) or
the change in leaf number (Figure 3., p = 0.58) or leaf area
(Figure 4., p = 0.37) of the air potato plants. The virus com-
plex also did not significantly affect the photosynthesis rate
of air potato plants (Figure 1., p = 0.078; Figure 2, p = 0.075),
change in leaf area (Figure 3., p = 0.47), or the numbers of
leaves (Figure 4., p = 0.66) per air potato plant.

It was observed that virus-infected plants had lower photo-
synthetic rates, change in the number of leaves, and leaf area
at the end of the experiment. If the experiment was conduct-
ed over a longer period of time, it is likely that virus-infected
plants would’ve had significantly lower photosynthetic rates
than the healthy plants because the p-values for plant health
(0.077), initial photosynthetic rate (0.078), and photosyn-
thetic rate 1 month after fertilization (0.075) were all close
to 0.05. If this study was conducted over a longer period, or
if more than five leaves per plant were tested, it is likely that
the photosynthetic rates of the infected plants would have
been significantly lower and therefore, the growth rate of the
infected air potato plants would have been negatively impact-
ed as less food is being produced by photosynthesis that is
needed for plant growth.

The fertilized plants responded negatively to nitrogen
fertilizer, as the initial photosynthesis rate was significantly
lower in the fertilized plants than in the non-fertilized plants.
'The specific effects of nitrogen influxes on air potato plants
is unknown, however, it is known that high levels of nitrogen
fertilizer on plants are favorable to aphid production, which
is why many in the agricultural industry are advised to never
use more nitrogen than necessary for their plants.® During
the study, several aphids were observed on the undersides
of the leaves of the air potato plants, and the virus complex
infecting the plants contains a potyvirus (Dioscorea mosaic
virus); aphids have been known to spread several types of po-
tyviruses to plants and are hypothesized to be the vector that
spreads the virus complex to the air potato plants." Therefore,
it is possible that aphid feeding may have negatively impacted
the fertilized air potato plants one week after the application
of fertilizer. Because the p-value for fertilizer treatment one
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month after fertilization was 0.062, which is close to 0.05, m? s™) and CO, gas exchange readings were averaged for
the aphid feeding may have negatively impacted the fertilized the 5 leaves in order to analyze the impacts of nitrogen and
plants, but its effects may have reduced due to loss of nitro- plant health on photosynthetic rate. After one month, the
gen in the soil from sources such as denitrifying bacteria or number of leaves per plant was recounted and average leaf
leaching which caused the aphids to be less attracted to the area was recalculated to assess the growth rate of the air potato
air potato plants. plants. The photosynthesis of the plants was again measured

B Conclusion using the Li-COR 6400XT as described above to assess the

Nitrogen pollution significantly decreases the initial photo- long-term photosynthesis of the plants. A 2-way ANOVA
synthesis rate of air potato plants. However, this effect does (analysis of variance, @ = 0.05), (leaf health/nitrogen level) was
not last, as nitrogen pollution does not significantly affect the conducted on the photosynthetic rate and the change in leaf
growth rate or the photosynthesis rate of air potato over time. area and number to identify a significant statistical interaction
The virus complex consisting of Dioscorea mosaic virus and between growth and photosynthetic rate, and leaf health and
air potato virus 1 does not significantly affect the growth rate nitrogen level.

or photosynthesis rate of air potato plants. Further studies
should be done to investigate the long-term effects of nitrogen
on healthy and virus-infected air potato plants.

B Methods

Figure 6: Air potato leaves displaying viral-infection symptoms (photo
taken by researcher).

Figure 5: Measuring the width of an air potato leaf (photo taken by
researcher).

Thirty-six (36) Dioscorea bulbifera plants were used in the
study: 18 plants were infected with the virus complex (9 of
these plants received nitrogen-based fertilizer, 9 did not) and
18 D. bulbifera plants were not infected with the virus com-
plex (9 plants received nitrogen-based fertilizer, 9 did not). The
plants were arranged in a randomized complete block design
(RCBD) layout to control variation and prevent statistical bias.

After arr anging the Plants inan RCBD 1ay0ut, 6g of solid urea Figure 7: Measuring photosynthesis rate of air potato leaves with the LI-
fertilizer (N-P-K/Nitrogen-Phosphorous-Potassium  ratio: COR™ photosynthesis system (photo taken by researcher).
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