
Effects Of Nitrogen And Potassium-Based
Fertilizers On Green Peach Aphid and
Abundance And Arugula Condition 

Both soil nutrient uptake and pest infection have a significant impact on
agricultural plants. Through the use of arugula (Eruca vesicaria) and the
green peach aphid (Myzus persicae), this study aims to better understand
the effects that human manipulation has on the growth and condition of
a plant, as well as the effects of fertilizers on aphids. Arugula plants were
treated with recommended and high levels of nitrogen and potassium-
based fertilizers as well as the absence or presence of green peach
aphids. Aphid count, leaf count and arugula condition were observed.
Nitrogen fertilizers resulted in an increase in aphid count from the
control while potassium fertilizers caused a decrease in aphid count.
Arugula leaf count was also observed to have a positive correlation to
aphid count, with a medium leaf count of eight producing a significantly
higher aphid count than any leaf count. Furthermore, nitrogen fertilizer
was found to improve arugula condition, the effect increasing with the
concentration of nitrogen, although there was not a significant effect on
arugula growth. Finally, the recommended dose of potassium benefits
arugula growth, while the high dose harms arugula growth. Potassium
was found to not have a significant effect on arugula condition. This
study hopes to inform the agricultural community of the impacts
fertilizer has on crop production and the greater ecological world. 
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SUMMARY

Integrated Science Program, Class of 2024, McMaster University

It is imperative to understand the effects
of anthropogenic exploitations on the
ecosystem. Due to the increased demand
for agricultural products, many farmers 

have turned to fertilizers to increase crop
productivity and meet the rising demand
of the public (Elferink and Schierhorn,
2016). Two of the most commonly used
fertilizers are nitrogen and potassium-

INTRODUCTION



based fertilizers due to their importance in
plant growth, defence, and structure
(Kissel and Harris, n.d.). Another issue
agriculturalists must contend with is pest
control. Pests have a considerable impact
on agricultural cultivation and are further
explored in this study. The system
investigated in this study is the effects of
the herbivorous pest green peach aphids on
the arugula plant. Although many people
have studied the effects of fertilizers on
plants, there is markedly less research
investigating the effect of fertilizers on
herbivores.

In any ecosystem, numerous factors must
be kept in balance for the ecosystem to
function optimally—otherwise, the
ecosystem can suffer and potentially
collapse. These factors vary widely from
one ecosystem to another and may include
resource availability, climate, and
interspecific interactions (Cleland, 2011).
One such example is plant-animal
interactions, specifically between herbivore
and plant populations. A critical
determinant of the success of herbivore-
plant interactions includes the resources
available to plants. For example, the
nutrients a plant uptakes through soil have
a variety of effects on its growth (Cleland,
2011). Understanding the effects that these
soil nutrients have on plants, particularly
when they are manipulated by humans, is
crucial to the understanding of their effects
on other parts of the ecosystem, including
herbivores.

In existing literature, there are few studies
that investigate the effects of fertilizers and
soil composition on green peach aphids.
The research revealed two key studies in
this area, although neither study included
arugula. The first, by Grechi et al. (2010),
investigated the effects of nitrogen fertilizer
on aphids, using the study system of
Prunus persica (peach tree). Researchers
found that nitrogen had a positive effect on
aphid population size at intermediate doses
and a negative effect on aphid population
size at high doses (Grechi et al., 2010).
Another key finding was that plant growth
only partially correlated with aphid
population dynamics, and that changes in
plant chemistry — including plant defence-
related metabolites and amino acids — did 

not account for this difference (Grechi et
al., 2010). The other study, performed by
Sarwar, Ahmad, and Tofique (2011)
investigated the impact of soil potassium
on aphid population size and crop yield
using Brassica napus (canola). Like
arugula, canola is in the Brassicaeae
family. The findings showed that aphids
flourished in plants grown without
potassium (Sarwar, Ahmad, and Tofique,
2011). Additionally, Sarwar, Ahmad, and
Tofique (2011) found 100 kg and 120 kg
applications of potassium per hectare
produced the least aphids per plant with
the highest seed yield (Sarwar, Ahmad,
and Tofique, 2011). This study aims to
expand this body of research through a
different study system, arugula, while
utilizing nitrogen and potassium-based
fertilizers to directly compare their effects.
This study utilizes varying levels of
nitrogen and potassium to determine their
effects at different dosages.

STUDY SYSTEM
Arugula is an annual herbaceous plant
part of the Brassicaceae family (Silva et al.,
2021). It is native to the Mediterranean
and Near East but is grown across the
world for human consumption in both
fertile and poor soil (Tripodi et al., 2017).
Arugula is about 15 cm tall on average
with broad leaves that have a strong
flavour. Furthermore, the plant’s
constitutive defence consists of trichomes
as well as toxic glucosinolates and anti-
nutritive protease inhibitors as an induced
defence mechanism (Ogran et al., 2020).
Members of the Brassicaceae family make
up a great deal of agriculturally and
commercially important products
including broccoli, cabbage, and canola
(Macdonald, 2017). As such, the
information on the reactions of arugula to
fertilizers and aphids gained from this
study can provide valuable insight into the
reactions of similar plants. 

Arugula also acts as an essential nutrient
source for many predators, including green
peach aphids (Little et al., 2011). Native to
Europe (Long and Riedl, 1993), green
peach aphids have spread across the world
and are the herbivore of interest in this
study. The species is characterized by its 



yellow-green colour and is about 2mm in
size. This species feeds on plant phloem,
stunting plant growth and suppressing
photosynthesis (Sudderth and Sudderth,
2014).

Moreover, aphids feed on hundreds of
plants from over 40 different plant
families, a great deal of which are
agricultural crops (Capinera, 2001). As
such, green peach aphids are an impactful
species in agriculture, and it is incredibly
beneficial to explore the factors that affect
aphid population growth. It is also
noteworthy that the use of nitrogen
fertilization as a method of pest
management is a common cropping
practice (Capinera, 2001). Therefore,
thiaim to understand the effect that
manipulating soil nutrient levels using
nitrogen and potassium-based fertilizers
has on green peach aphid populations, as
well as the growth and condition of their
host plants.

and growth (Liu et al., 2014; Grangeiro et
al., 2011). Consequently, inadequate levels
of nitrogen have been associated with
lower photosynthetic activity and reduced
leaf growth (Grangeiro et al., 2011).
Potassium is a nutrient critical for arugula
root and stem growth but is considered the
third most important nutrient in
commercial fertilizer (Xu et al., 2020).
Overuse of potassium has been linked to
inhibited root development (Sarwar,
Ahmad, and Tofique, 2011). Ultimately, it
stands to reason that the recommended
dose of nitrogen will be the optimal
treatment for arugula condition. 

RESEARCH QUESTION AND
HYPOTHESES

Study Site

This investigation attempts to answer two
foundational research questions. The first
question asks: how do nitrogen and
potassium-based fertilizers affect green
peach aphid population growth dynamics?
The secondary analysis investigates how
arugula condition and growth affect green
peach aphid abundance. The second
question asks: how do nitrogen and
potassium-based fertilizers affect arugula
growth? The study hypothesizes that the
most optimal treatment for aphid
population regulation will be the higher
dose of the 0-0-60 (Nitrogen-phosphorus-
potassium percentages) potassium
fertilizer, as an abundance of potassium in
soil has been proven to decrease aphid
density (Sarwar, Ahmad, and Tofique,
2011) and higher nitrogen levels have been
linked to increased aphid survival and
fecundity (Grechi et al., 2010). It is also
hypothesized that the optimal treatment
for arugula condition will be the
recommended dose of the 34-0-0 nitrogen
fertilizer. Nitrogen is the second most
absorbed nutrient identified in arugula
leaf tissue and is a fundamental
component of leafy plant development 

MATERIALS AND METHODS

This study was conducted for 13 days
between Thursday, September 23 2021 and
Tuesday, October 5, 2021 at the Integrated
Science lab at McMaster University in
Hamilton, Canada. The trays holding each
of the arugula plants were placed on a
counter behind large windows facing
north. The plants were exposed to sunlight
for 11.5 to 12 hours each day and although
the windows were not covered by blinds,
they were at times shaded by a large tree
outside the window, so the plants did not
receive constant direct sunlight throughout
the day.

Experimental Design
This investigation explores the effects of
varying fertilizer contents and
concentrations on aphid population
growth dynamics and overall arugula
growth. By using recommended and high
doses of potassium (84 kg/hectare and 178
kg/hectare, respectively) and nitrogen (95
kg/hectare and 140 kg/hectare,
respectively) fertilizers (Oregon State
University, 2010; Kissel and Harris, n.d.),
this study intends to observe aphid
population growth to determine the ideal
treatment conditions for arugula condition
as well as pest control. Therefore, this lab
contrasts the concentrations of potassium
or nitrogen against green peach aphid
infection, leaf count, and arugula
condition of each treatment at the
conclusion of the experiment. This
experiment utilizes a two by three by two 



factorial design. In sum, ten treatment
groups are used, including two treatments
of green peach aphids (not present or
present), three soil treatments (nitrogen,
potassium, control), and two levels of
nitrogen and potassium (recommended
and high doses). Each treatment was
repeated six times for a total of 60 samples.
Each sample consisted of one arugula plant
and one out of the 12 potential
combinations of treatments including two
controls. The controls, or untreated
samples were the same, as there were no
added nutrients. These groups were
combined, resulting in a total of ten
treatment groups.

To prepare the treatment solution, two
concentrations of potassium (0.1506 grams
and 0.7562 grams, respectively) and two
concentrations of nitrogen (0.1329 grams
and 0.3655 grams, respectively) were
measured using a digital scale. Each of
these concentrations were then dissolved in
a 1 L beaker of distilled water using a
magnetic stirrer to create four 1 L stock
solutions. Next 50 mL of stock solution
was poured into a 100 mL graduated
cylinder and was applied to all the plants in
each of the treatment groups
(recommended nitrogen, recommended
potassium, high nitrogen, high potassium),
excluding the control group. Each of the
plants in the control groups received 50
mL of distilled water.

In total, four trays were used. Trays one
and two contained samples with aphids
while trays three and four contained
samples without aphids. Five aphids were
applied to each individual arugula plant in
trays one and two on day 0. 

Tray one contained both the
recommended and high doses of nitrogen
for a total of 12 samples. Tray two
contained the recommended and high
doses of potassium, as well as a control for
a total of 18 samples. Tray three contained
the recommended and high doses of
nitrogen for a total of 12 samples. Tray
four contained the recommended and high
doses of potassium, as well as the other
control for a total of 18 samples. When left
to grow, the order and orientation towards
the window of each tray were randomized
to ensure minimal bias. This experimental
setup is depicted in Figure 1. 

Twelve random arugula plants were
assigned to each of the five treatments.
From the total of 60 arugula plants, six
plants from each treatment group
(recommended nitrogen, recommended
potassium, high nitrogen, high potassium,
or control) were inoculated with aphids,
for a total of 30 samples. Each one of these
30 plants were inoculated with five green
peach aphids on day 0. These plants
inoculated with aphids, were placed in a
covered tray separate from the ones
without aphids. 

Figure 1: Graphical depiction of the experimental set-up. From left to right, the
trays are ordered tray one, tray two, tray three, and tray four. When left to
grow, the order and orientation of the trays were both randomized after each
time that data was collected. Each tray had identical dimensions. All five
treatments are depicted in this figure, and it is clear that plants inoculated with
aphids and plants without aphids were segregated. 

The room temperature was at ambient
room temperature 25℃  (298.15K). The
assumption is that the temperature trays
did not differ significantly from the
outside environment. 

Climatic Conditions

Plant Seeding and Insect Rearing
The Roquette arugula seeds were sown on
August 10, 2021. The soil contained 0.30%
total nitrogen, 0.12% available phosphoric 



acid, 0.10% soluble potash, 0.17%
calcium, 40% organic matter, and 65%
maximum moisture. The soil was watered
and given 12 hours of sunlight per day.
The aphid nymphs were raised on tobacco
leaves prior to the lab.

dependent variables. An additional
ANOVA was performed to investigate the
effects of the dependent variables on each
other, as the study aims not only to
determine the effect of fertilizer on each
variable, but also how aphids affect and
are affected by the condition and growth
of arugula. To determine if an interaction
showed a significant effect, the adjusted R-
squared value, P-value, and F-statistic
were analysed. If an interaction showed a
significant relationship in an ANOVA, a
post-hoc Estimated Marginal Means test
was performed, to determine exactly which
relationships within the data were
significant through the multiple pairwise
comparisons. The estimated marginal
means post-hoc test was chosen because it
best facilitates the study of interactions,
and it clearly displays significant
interactions. 

After conducting a two-way ANOVA, it
was observed that there was no significant
effect of treatment and time on aphid
count. There was, however, a significant
effect of treatment on aphid count, seen in
Table 1. For plants inoculated with
aphids, the highest mean aphid population
at the conclusion of the experiment (day
6), were the samples treated with the
recommended dose of nitrogen fertilizer
(Figure 2). This indicates that aphid
populations fare best with the
recommended nitrogen fertilizer
treatment. Contrarily, the recommended
dose of potassium corresponded to the
smallest mean aphid population. There
was no significant difference between the
mean aphid count of the recommended
and high potassium treatments.
Furthermore, the two nitrogen treatments,
recommended and high, were observed to
produce the highest mean aphid counts,
while the recommended and high
potassium treatments produce the two
smallest aphid counts. There was a
significant difference between the mean
aphid counts of the recommended
treatment of nitrogen and the
recommended and high treatments of
potassium fertilizers. Out of all five
treatments, the untreated soil (control) had 

Bioassay and Data Collection
Data collection began on Friday,
September 24, which was 46 days after
seeding and one day after the
experimental setup. The data that was
collected included each plant’s aphid
count, mesophyll leaf count to determine
plant growth, and each plant’s condition
was graded according to the Suddaby
Level (SL) (Suddaby et al., 2008). The SL
was used to classify each plant’s condition
on a scale from one to four, where zero
indicates that the plant was dead and four
indicates that the plant is in optimal
condition. On data collection days, each
individual plant was observed, and then
the SL scale was used to determine which
rating the plant fell into according to its
symptoms. Data collection was performed
on six days over a period of 13 days
starting on September 24 as day 1,
September 27 as day 2, September 29 as
day 3, October 1 as day 4, October 4 as
day 5, and October 5 as day 6. 

Additional observational data was
collected on new leaf emergence by
marking new leaves with a black non-toxic
permanent marker. The watering schedule
for each plant was done as needed on the
dry plants based on the Texas A&M
Agrilife method (Texas A&M Agrilife
Research and Extension Center, 2021).
This observational data was collected to
provide additional data on plant growth
and aphid population distribution. 

STATISTICAL ANALYSIS 
For the statistical analysis of the data
obtained in this study, one, two, and
three-way analyses of variance (ANOVA)
were performed using linear models in R
(R Core Team, 2021). These facilitated the
examination of the effects of each
independent variable—the absence or
presence of aphids along with the fertilizer
treatment—on aphid count, leaf count
and arugula condition, which are the 

RESULTS 
Aphid Population Performance



Figure 2: Graphical representation of the mean aphid count (± 0.408SE) as a
function of the five treatments: control, high or recommended nitrogen, and
high or recommended potassium. A significant difference in mean aphid count
can be seen between the recommended dose of nitrogen and the high and
recommended doses of potassium. To construct this plot, a two-way ANOVA
examining the effects of treatment and time was completed. The combined
effect of treatment and time on aphid count was insignificant (F24,385 = 0.476,
P = 0.984), but the effect of treatment on aphid count was statistically
significant (F4,385 = 3.23, P = 0.01265). An Estimated Marginal Means test was
then performed to determine the significantly different (*) treatments in this
study. 

the intermediate mean aphid count. In
totality, it was observed that the two
nitrogen treatments produce the highest
mean aphid count, the control produces
the intermediate mean aphid count, and
the two potassium treatments produce the
lowest mean aphid counts. 

Overall, it was determined that a leaf
count of eight resulted in a significant
difference in aphid count compared to
plants with any other leaf count. It was
confirmed that this was not due to any
singular outlier plants. Throughout the
course of the experiment, numerous plants
showing notably high aphid counts were
observed in three different treatment
groups: recommended nitrogen, high
nitrogen, and control. This is consistent
with the primary findings that the
recommended nitrogen, high nitrogen and
control treatment groups experienced
higher mean aphid counts. Thus, the
results suggest that a leaf count of eight is
optimal for a maximal aphid count.

As a secondary analysis on the factors that
affect aphid count, an analysis was also
performed on the effects of plant condition
and leaf count on aphid count. Ultimately,
it was determined that plant condition and
leaf count did not have a significant
combined effect on aphid count. The
corresponding p-values and F-values, as
well as those for subsequent comparisons
are shown in Table 1. However, there is a
significant effect of leaf count on aphid
count. Subsequent analysis considering
both leaf count and the initial absence or
presence of aphids (Figure 3) revealed an
even stronger relationship between leaf
count and aphid count, as the analysis
focused on only the plants exposed to
aphids.

Effects of Leaf Count and Plant
Condition on Aphid Population

Fertilizer Presence on Arugula
Condition
WITHOUT APHIDS
The addition of the high nitrogen
treatment to arugula plants without aphids
resulted in the plants having a mean SL of
3.8 (Figure 4). This is significantly higher
and in contrast with the control plants that
had a mean SL of 3.0. Moreover, the high
nitrogen treatment group had a
significantly higher mean SL of 3.8 relative 



Figure 3: The effect of leaf count on the mean aphid count of an arugula plant.
No plants with 11 leaves were observed over the course of the experiment and
dead plants were excluded from the graph as aphids do not reside on dead
plants. This data only includes the plants belonging to groups that were initially
inoculated with aphids. An Estimated Marginal Means post-hoc test
considering the effect of leaf count and the presence of aphids on aphid count
showed that plants with eight leaves showed a significantly higher mean aphid
count (F40,379 = 2.694, P = 5.67e-07) than plants with any other leaf count. 

Dependent
Variable

Effect d.f. Pr(>F)   F-value
  

Aphid count   Treatment:Aphids:Day
  

  4
  

  0.0127
  

  3.23
  

Aphid count Suddaby 4 0.595 0.696

Aphid count
  Suddaby:Leaf

  count
  

25   5.67e-07
  

  2.05
  

Aphid count Leaf count 11 1.33e-11 7.40 

Leaf count   Treatment:Aphids
  

4   4.96e-09
  

  11.87
  

  Suddaby
  

  Treatment:Aphids:Day
  

24   1.09e-05
  

  7.35
  

Table 1: Summary table detailing the relevant statistical values for the one, two,
and three-way analyses of variance performed. These values were calculated

based on the data collected over the 13-day period of data collection. The
dependent variables used are Suddaby level, aphid count, and leaf count. The

independent variables used are Suddaby Level, fertilizer treatment, aphid
presence, day, and leaf count. 



to the recommended nitrogen group which
has an average SL of 2.9. This result
suggests that high nitrogen-rich soils
support the improvement of arugula
condition more than unfertilized soil and
recommended nitrogen soil. There were no
other significant differences in arugula
condition in the high and recommended
potassium groups.

WITH APHIDS
Among the arugula plants infected, the
recommended potassium treatment group
had the highest mean SL of 3.6, which was
significantly higher than the infected high
nitrogen group’s mean SL of 2.9. There
were no significant differences between the
high nitrogen, recommended nitrogen
group, or control.

WITH AND WITHOUT APHIDS
In the analysis of the plants infected with
aphids, the high nitrogen group was found
to have the lowest mean SL of 2.9 (Figure
4), which is significantly lower than the
mean SL of the 3.8 high nitrogen group in
the aphid-free arugula plants. 

Additionally, the infected high nitrogen
group has a significantly higher mean SL
of 3.8 than the infected control group’s SL
of 3.2. These results indicate that aphid
herbivory increases once a high nitrogen
level in arugula is reached.

WITHOUT APHIDS
The results, depicted in (Figure 5),
indicated that in plants not infected with
aphids, over time, mean mesophyll leaf
count decreased across all groups.
However, it was particularly significant
that the high potassium treatment group
experienced the largest decrease in average
leaf count of 60% by the conclusion of the
experiment. The recommended potassium
group had a significant 260% increase in
leaf count on day 6. These findings
propose that a high potassium treatment is
detrimental for arugula growth, but a
recommended level of potassium promotes
arugula growth. No other significant
interaction was observed between the
remaining groups (high nitrogen,
recommended nitrogen and control).

Fertilizer and Aphid Presence on
Arugula Growth

Figure 4: The average Sudabby Level for five treatments (control, high or
recommended nitrogen, and high or recommended potassium) with no aphids
over time(± 0.142SE). The absence of aphids is indicated by solid colours) and
aphid presence (dotted bars). To create this plot, a two-way ANOVA examining
the effects of treatment and aphid presence was completed (F4,350 = 7.346, P
= 1.086e-05). An Estimated Marginal Means test was then performed to
determine the following significant effects: between the high nitrogen group
with no aphids and recommended nitrogen group, the high nitrogen group (no
aphids) and control plants (no aphids), the recommended potassium (with
aphids) than the high nitrogen (with aphids), and the high nitrogen group (with
aphids) and high nitrogen group (no aphids).



Figure 5: The mean
mesophyll leaf count for
all treatment groups over
time (± 0.753SE), with
aphids (a) and no aphids
(b). To create this plot, a
threeway-way ANOVA
examining the effects of
treatment and time and
aphid presence was
completed (F24,350 =
7.346, P =7.604e-05). An
Estimated Marginal
Means test was then
performed to determine
the following significant
effects in this study: (a)
the potassium treatment
group on days 0 and 6,
the recommended
potassium treatment on
days 0 and 6, (b) the
control group on day 0
and 6). Below Figure 5a
and 5b are the effects of
the treatments and aphid
presence on mesophyll
leaf count on each day.

B

A



WITH APHIDS
Within the plants infected with aphids,
there was no significant change in the
mesophyll leaf count of the high
potassium, recommended potassium, high
nitrogen, recommended nitrogen and
control group count over time.
Additionally, on day 6, the control group
had a statistically insignificant mean leaf
count 60% larger than the high potassium
group (Figure 5). These findings suggest
that aphid herbivory has no statistically
significant effect on the four arugula
treatment groups and control groups.
Moreover, it also indicates that aphid
herbivory is higher in plants with a high
level of potassium with respect to the
control. 

green peach aphids (Sauge, Grechi, and
Poessel, 2010). These results support the
plant vigour hypothesis, which contends
that herbivorous insects perform better on
vigorously growing plants (Sauge, Grechi,
and Poessel, 2010). However, it was also
observed that overuse of nitrogen fertilizer
produces a smaller mean aphid count
compared to recommended doses of
nitrogen, suggesting excessive nitrogen
levels can limit green peach aphid
population growth rates (Zehnder and
Hunter, 2009). Green peach aphids possess
an elemental threshold ratio, that once
passed, may lead to a decrease in overall
population growth (Zehnder and Hunter,
2009). The higher-than-recommended
nitrogen doses may have caused this event
to occur. 

Contrarily, the two potassium-based
treatments produce the smallest mean
aphid counts of the study (Figure 2). This
result corroborates that of Sarwar, Ahmad
and Tofique (2011), a study exploring the
effect of potassium on aphid populations.
A potential reason for the lower aphid
populations in these treatments is that the
higher potassium nutrition for the arugula
diminished the concentration of nitrogen
available through the phloem to aphids,
which as a result, decreased their
abundance (Sarwar, Ahmad, and Tofique,
2011). These results validate the theory
that crop fertilizers can be used to control
pest populations through the modification
of the insect’s food (Sarwar, Ahmad, and
Tofique, 2011). Due to the use of
potassium-based fertilizers, green peach
aphids become nitrogen-limited, causing
aphid populations to reduce through a
bottom-up effect (Walter and Difonzo,
2007). Taken together, these findings
demonstrate that through the
manipulation of fertilizer content, farmers
can control pest density and potentially
improve crop productivity (Sarwar,
Ahmad, and Tofique, 2011).

In summary, it was discovered that the
performance of green peach aphids is
impacted by the alteration of nitrogen and
potassium concentration in soil. There
were no significant differences between the
use of potassium or nitrogen-based
fertilizers and the control treatment.
However, a significant difference was
observed in green peach aphid abundance
between the use of the recommended dose
of nitrogen fertilizer compared to both the
recommended and higher doses of
potassium fertilizer (Figure 2). In general,
nitrogen fertilizer was found to facilitate
greater population abundance of green
peach aphids, while potassium fertilizer
was found to impede green peach aphid
population growth. 

The increase in green peach aphid
population growth due to nitrogen
fertilizer use can be attributed to the
growth of the arugula plant (Rousselin et
al., 2016). Green peach aphid abundance
has been strongly linked to plant growth,
and nitrogen fertilizer is an integral
component of arugula growth and
development (Rousselin et al., 2016). As a
result of the addition of nitrogen-based
fertilizer, above-ground vegetative growth
is promoted, including the flush of new
leaves, providing a preferred habitat for 

DISCUSSION 
Effect of Potassium and Nitrogen-
Based Fertilizer on Aphid
Population Growth

Leaf Count and Plant Condition on
Aphid Count
Leaf count was observed to have a
significant relationship with the aphid
count of a plant (Table 1). As a general
trend, as the leaf count of a plant
increases, so does the mean aphid count. 



Further, the mean aphid count of plants
with eight leaves was significantly higher
than any other plant (Figure 1). This trend
was expected to occur and agrees with the
results of Kumar (2019) as well as Morais
et al. (2020). This is because an increased
leaf count and leaf area provides more
space for the aphids to live, meaning each
plant can support a greater number of
aphids. Additionally, aphids also specialize
in ways that allow them to exploit periods
of rapid plant growth. Aphids exhibit
parthenogenetic viviparity, meaning that
they can reproduce asexually and produce
a live clone (Kumar, 2019). This allows
them to reproduce rapidly and sustain high
numbers on plants experiencing growth.
However, it was predicted that SL would
have an influence on aphid count and yet
this did not occur. It was anticipated that
aphids would gravitate towards plants with
a low SL and avoid those with a high SL
(Marantos, 2020). This is because a high
SL value implies that a plant has received
sufficient resources, such as water,
sunlight, and nutrients, and is therefore
capable of persisting (Marantos, 2020). On
the other hand, weaker plants (with a
lower SL value) are themselves inept at
sustaining the functions necessary for
growth, leaving them vulnerable to
infestations (Marantos, 2020).

One possible cause of this discrepancy is
that the localized damage caused by aphid
feeding is insufficient to cause a significant
effect on the SL after just 13 days. The
primary visual symptom of aphid infection
is localized chlorosis and tissue damage at
and around the feeding site, due to the
toxic effect of aphid saliva on host plants
(Kumar, 2019). Aphids are also capable of
indirectly causing a significant amount of
damage to host plants through the
transmission of phytopathogenic viruses,
although this is not expected to have
occurred in this experiment (Kumar, 2019).
It is likely that if the experiment had
continued for longer, the damage caused
by the aphids may have reached a
significantly detectable level.

Unexpected damage to the plants during
data collection may also account for the
lack of an expected significant effect of SL
on aphid population growth. While 

observational data on the plants was being
collected, it was noted that multiple leaves
appeared to have snapped stems. It was
determined that this was caused by leaves
becoming trapped under the lid of the tray
due to the lid being frequently replaced
during data collection. This damage was
relatively consistent across groups. At this
stage, it cannot be ascertained which of
these confounding factors resulted in the
absence of a trend, and thus further
experimentation is required. 

Fertilizer Presence on Arugula
Condition
WITHOUT APHIDS
In the plants without aphids, all
treatments other than the recommended
level of nitrogen produced a higher mean
SL than the control (Figure 4). Of these,
the high nitrogen group was noted to be
significantly different from the control
(Table 1). It is well-established within the
existing literature that nitrogen is highly
absorbed by arugula and that it is an
essential macronutrient to the plant
(Morais et al., 2020). Nitrogen availability
is frequently attributed as a limiting factor,
impacting arugula growth and condition
more than any other nutrient. Not only is
nitrogen a key component of many
proteins in arugula, but it is also a major
component of the chlorophyll molecule
(Morais et al., 2020). Arugula has also
been shown to have a significantly higher
nitrate content than other leafy vegetables,
at concentrations of 4354.9mg/kg (Brkić et
al., 2017). Potassium is also a key nutrient
to the condition of arugula, as it plays a
role in enzyme activation, photosynthesis
and protein synthesis (Morais et al., 2020).
When either nitrogen or potassium are at
insufficient levels, these fundamental
processes are interrupted causing a decline
in plant condition. This study did not find
a significant difference between the mean
SL for each fertilizer treatment and only
high nitrogen showed a significant
difference from the control.

One treatment that was noted to have a
lower mean SL than the control was the
recommended nitrogen level. It should be
noted that this treatment did not
demonstrate a significant difference from 



the control. Though exact values vary,
most sources suggest that concentrations
of 100 kg/hectare to 140 kg/hectare are
ideal for arugula growth (Oregon State
University, 2010) and in this study, the
recommended dose of nitrogen was
approximately equal to 95 kg/hectare.
There are several potential explanations
for this result, nonetheless. For instance,
fertilizer doses are given in kilograms of
fertilizer per hectare of farmland, which is
not directly comparable to a single plant
in a very small pot. It is possible that
because this conversion prevents total
accuracy, the amount of fertilizer
dispersed into the soil and available for
uptake by the plant does not match the
recommended concentration.

WITH APHIDS
The various treatment groups showed
different mean SL of plants with aphids
when compared to plants without aphids.
Mean SL increased in the presence of
aphids in the control, recommended
nitrogen and recommended potassium
groups from their respective groups
without aphids. Furthermore, both the
control and high nitrogen groups with
aphids had a significantly lower mean SL
than the high nitrogen group without
aphids. Within all the treatment groups
that contained aphids, the recommended
potassium groups had a significantly
higher mean SL than the high nitrogen
group. This indicates that aphid herbivory
increases when plants reach a high level of
nitrogen. As explained previously,
nitrogen fertilizer facilitates greater
population abundance. Although this
study was ultimately inconclusive on the
relationship between plant condition and
aphid population, it is reasonable to say
that a large increase in aphid population,
as occurred in the high nitrogen group,
would result in increased damage to
arugula and thus a decrease in overall
plant condition (Capinera 2001).

are vital to plant growth, reproduction and
defence (Rani et al., 2021). However, in
this study, the application of
recommended potassium (K2O) treatment,
as recommended by (Oregon State
University, 2010), resulted in a 260%
increase in leaf count over the duration of
the study. The rising increase in leaf count
can be attributed to potassium’s key role
in modulating chlorophyll and carotenoids
(Naciri et al. 2021). These compounds are
vital as they function as photocatalysts to
propagate the process of photosynthesis
(Naciri et al., 2021). Additionally,
potassium mitigates the effects of
cadmium (a metal often found in plants),
which reduces carbon fixation and nutrient
uptake by promoting root growth to
increase nutrient uptake (Naciri et al.,
2021). The results of this study align with a
study done by Rani et al. (2021), who
concluded that adding a recommended
potassium level, improves plant growth
and foliage count. 

Furthermore, in this study, it was
demonstrated that without herbivore
pressure (Figure 5a), the high potassium
treatment has a significantly (Table 1)
detrimental effect on arugula growth by
the conclusion of experiment on day 6
(Figure 5a). Initially, the high potassium
plants on day 0 had a mean mesophyll leaf
count of 6.67 but by day 6 it had dwindled
to 2.67, a 60% decrease in leaf count. Such
a large drop in leaf count indicates that the
high potassium level is inhibiting the
biochemical and physiological processes
necessary for plant growth. Xu et al.
(2020) confirmed this in their study,
finding that an excessive potassium level in
plants inhibited carbon fixation in leaves
and impeded products of photosynthesis
from reaching plant roots. 

Additionally, with herbivore pressure, on
day 6, the high potassium group still had a
significantly lower mesophyll leaf count
than the unfertilized control group (Figure
5b). Initially, this may imply that the
decrease in leaf count is solely based on
the harmful effects of high potassium
fertilizer on arugula. However, a study
done by Wooldridge and Harrison (1968)
discovered that a higher potassium
concentration as fertilizer increased the 

Effect of Potassium on Arugula
Growth
Arugula, like many plants, requires
potassium as an essential nutrient to
promote protein synthesis, enzyme
activation, and metabolism, all of which 



aphid population growth rate. Thus, it can
be concluded that the decrease in leaf
count of high potassium arugula plants can
be attributed to the detrimental effects of a
high concentration potassium fertilizer on
plant growth, in addition to aphid
herbivory. 

soil selection was predetermined so the
impacts of its components on arugula
growth cannot be determined.
Additionally, the tightly packed
arrangement of the samples within tray
one and tray two could have facilitated the
migration of aphids from one arugula
plant to another. Unless there was more
space available to adequately separate
each sample inoculated with aphids, it
would not be possible to prevent this
migration from occurring. Finally, not all
arugula plants were in the same condition
at the beginning of the experiment. This
may serve as a confounding variable
because initial state consistency in studies
such as these is highly important. If this
investigation were to be reproduced,
arugula plants that score a four on the SL
should be selectively chosen. 

In conclusion, this study demonstrates that
the manipulation of potassium and
nitrogen-based fertilizers can be used to
regulate pest density and improve crop
productivity. It was found that a
recommended dose of nitrogen fertilizer is
linked to an increase in aphid population
and little improvement in arugula growth
and condition. It was also found that a
high dose of nitrogen fertilizer is linked to
decreases in aphid population, compared
to the recommended nitrogen level, and
supports the improvement of arugula
condition. This indicates that a higher
application of nitrogen fertilizer will
prevent aphid herbivory on arugula and
that an insufficiency of nitrogen fertilizer
will only increase plant herbivory and
reduce crop yield. Furthermore, a
recommended dose of potassium is linked
to a decrease in aphid population but
promotes arugula growth. Conversely, a
high potassium treatment reduces aphid
population and is detrimental for arugula
growth. Such an effect suggests that
potassium application in arugula should
be maintained at a recommended dose and
that overapplication will have no
significant effect on aphid population, and
instead reduce arugula crop yield. These
results are indeed significant and can be
used as future guidance on nitrogen and
potassium fertilizer application on
arugula. 

Effect of Potassium on Arugula
Growth
Contrary to initial expectations, it was
determined that both high nitrogen and
recommended nitrogen treatments had no
statistically significant effects (Table 1) on
arugula growth between the first and last
day (Figure 5b). Nitrogen is an essential
macronutrient in plants and is responsible
for regulating plant growth and the
production of allelochemicals (Sun et al.,
2019). Hence, nitrogen plays a key role in
protein synthesis as well as chlorophyll and
nucleic acid production. Arugula, in
particular, is often very responsive to
nitrogen nutrient supply, and a study done
by Silva et al. (2021) indicates that
increasing levels of nitrogen content in
fertilizer increases leaf count and improves
overall plant growth. 

A potential explanation for why nitrogen
did not promote significant arugula leaf
growth over time can be explained by plant
nutrient demands. Arugula has a
particularly high nitrogen demand in its
second or third week (rapid growth stage)
(Yang et al., 2021). During this time
approximately 50-90% of nitrogen moves
from leaves to the stem to begin seed
development. However, this experiment
occurred after six weeks during the mature
stage of a plant’s lifecycle (Yang et al.,
2021). At this stage, the potentially high
residual nitrate levels in the soil, prior to
the treatment may have been enough to
sustain arugula and as a result did not
increase leaf count significantly as
indicated by Hall et al. (2012).

LIMITATIONS
Despite these intriguing findings, there are
several confounding variables within the
experiment that may have altered the data.
Namely, the contents of the soil may act as
a confounding variable. In this study, the 
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