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The effect of fertilizer on the growth rate of the diatom Licmophora abbreviata 
  
Harris, R., Hernandez, G., Locas, C., & Yuen, C. 
  
Abstract 

The main objective of this study was to examine the effect that increasing concentrations 
of liquid fertilizer at 0%, 20%, 40% and 60% has on the organism Licmophora abbreviata, a type 
of benthic diatom. This allows us to gain a better understanding of the effects of agricultural 
fertilizer runoffs on rivers, its surrounding environment, and the conditions of the community 
these microalgae live in. The methods consisted of growing diatoms in the four different 
concentrations for a period of two weeks, with three replicates per treatment. The diatom growth 
rate was measured on six different days with a hemocytometer where the change in  
concentration of cells was determined by counting the number of cells per volume. The 
significance of the data was analyzed with a one-way ANOVA test. Results show significant 
evidence to suggest that there is a difference in the growth rate  of diatoms between the 0%, 
20%, 40% and 60% environments. The number of cells in the 0% treatment increased with time, 
analogous to their natural growth in rivers. The 20% , 40% and 60% treatments of  liquid 
fertilizer, had a negative effect on diatom growth. This is explained by the disturbance the added 
nutrients from the fertilizer caused on the optimal ratio of nutrients that diatoms need 
(Danielsson, 2008). Thus, we  conclude that agricultural fertilizer runoffs have a negative effect 
on the growth rate of the benthic diatom community in rivers.  

Introduction 

Microalgae play an important role in marine communities as primary producers. They 

represent the base of the food chain for marine ecosystems since zooplankton use them as their 

food source which indirectly impacts the availability of food for larger organisms such as 

salmon. Indicators such as abundance and distribution patterns can help detect the ecosystem 

conditions (Facca et al. 2004).  

The optimal growth of diatoms occur in a balanced nutrient ratio of 

nitrogen(N):phosphorus(P):silica(Si). When this ratio is disturbed, diatom growth is significantly 

hindered as suggested in a study conducted at Huanghai Sea (Fu et al. 2012). In silica-limiting 
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environments, diatoms that depend on silica are outcompeted by non-silica dependent 

phytoplankton, which lead to a turnover of phytoplankton composition and algae blooms 

(Howarth et al., 2011). This can lead to a drastic change in the marine environment leading to 

hypoxia, a low oxygen condition, which can be detrimental to other organisms, such as salmon, 

living in the water column (Howarth et al., 2011).  

The aim of our study is to gain a better understanding of the effects that agricultural 

runoffs have on ecosystems, and the conditions of the community these microalgae live in by 

looking at their growth rate as an indicator of these conditions. In our study, the growth rate of 

the diatom species, Licmophora abbreviata, was monitored under different concentrations of 

liquid fertilizer. Our null hypothesis is that there is no difference in diatom growth rate between 

the control and fertilizer treated groups. By our understanding of how nutrients affect diatom 

growth rate, our alternate hypothesis is that there will be a difference in the growth rate of the 

diatom, Licmophora abbreviata, with the increase of fertilizer concentrations. 

  

Methods 
  

We prepared 4 treatments using different fertilizer concentrations of  0%, 20%, 40% and 

60% under which the diatoms grew for a period of 2 weeks. The environment of the diatoms’ 

growth was controlled using an incubator of 20 degrees Celsius with regulated light intervals. 

Each treatment had three replicates that allowed for an average value of cell growth to be 

calculated per treatment. 
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We first prepared the 100% fertilizer solution. We did this by following bottle instructions 

for a volume of 250mL of fertilizer designed for a garden (using medium optimal for 

diatom growth as solvent instead of water ). 

Then we diluted the corresponding mL of the prepared 100% fertilizer with 2mL of stock 

solution containing diatoms (7.5x105 cells/mL) and corresponding mL of medium for a 

total volume of 10mL for each treatment. As seen in Fig.1 below: 
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Fig. 2 Test tube rack holding the replicates of each treatment labelled as treatment-replicate (ie.- 
Replicate 1 for 0% fertilizer concentration is seen as C-1). 
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Once all the treatments and their corresponding replicated were prepared, we set them in a test 

tube rack as seen in Fig.2. A sample of 100µl from each replicate was taken following a sterile 

technique, and fixed with 10µm of fixative three times a week, (Monday, Wednesday, Friday). 

The following steps were taken: 

1. Use ethyl alcohol to sterilize the bench 

2. Pipette 10µl into each of the 12 Eppendorf tubes. For this step the same pipette tip was 

used 

3. Vortex the replicate test tube for 10 seconds at low intensity, to not disrupt the cells too 

much. 

4. Use a flame to sterilize the mouth of the replicate test tube 

5. Use a new pipette tip to sample 100µl from the test tube, without sinking the tip more 

than halfway into the test tube. Assumption that the vortex mixed it well enough so that 

the top layer has the same concentration of cells/mL as the bottom layer. 

6. Use flame to sterilize the mouth of the replicate test tube before capping it and placing it 

on test tube rack 

7. Mix the 100µl sample with the fixative in the Eppendorf tube for at least 5 repetitions. 

8. Place Eppendorf tubes with samples in the fridge when done. 

The picture below of Fig.3 shows the labelling of all the Eppendorf tubes, ready to be placed into 

the fridge.  
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Fig. 3 Arrangement of Eppendorf tubes according to the day they were fixed, the treatment they 
belong to and the replicate they represent. 
  
The second part of our involved the counting of the cells in each Eppendorf tube, using a 

hemocytometer  and microscope. 

The steps followed were: 

1. Mix the contents of Eppendorf tube with pipette tip several times, using a volume of 

80µm 

2. Once contents are well mixed, take 20µl of sample and place on a hemocytometer slide 

3. Place slide on microscope and count the number of cells 

In order to reduce error, a standard counting method was agreed upon. This encompasses 

including cells which are touching the middle borderline in the count for a box, as well as 

making sure organelles are visible within the diatom shell. Then, using the dilution factors of the 

hemocytometer as seen in Fig.3 below, the total cell count per corresponding square color was 

then multiplied by the dilution factor to get the cells/mL. 
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Fig.3 Grid dimensions and dilution factors of hemocytometer 

Once each replicate had been counted per treatment, the average of the 3 replicates were graphed 

against time. This showed the trend of the diatom populations in each group over the two week 

period, as seen in Graph 1.  

 Results 

Graph 1 below includes the cell count averages obtained from the 3 replicates of each 

treatment against time. We observed a trend of increased cell counts in the control over the two 

week period. However, the three treatments appear to have very limited growth, much lower than 

the control. There is a decrease in average cell count on day 10 for all of the treatments.  

 !

Graph 1. Comparison of all 4 treatments average cell number taken from its 3 replicates, during the two week 

period.
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Graph 2 above includes the average growth rates over day 10 to day 14 for the control 

(0%), and 20%, 40%, and 60% fertilizer treatments. The 0% group growth rate is higher than the 

20%, 40%, and 60% growth rates, and the 20% treatment’s growth rate is greater than the 40% 

treatment.  

The data was further analyzed with a one-way ANOVA statistical test in order to compare 

whether a significant difference was found in the number of cells (cells/mL)  between the 

control, 20%, 40% and 60% fertilizer treatments from days 10 to 14. This was done by plotting 

the cell counts of each group over time from days 10-14 to obtain a slope. These slopes in units 

of cell/ml/day were used in the one-way ANOVA test. Graph 2 above shows the results from this 

analysis. The ANOVA test gave the following conclusions: at the 5% significance level we find 

that the p-value= 0.000271, and the f-ratio value= 23.076.  Therefore, there is a significant 

difference between the treatments at the 5% confidence level.  

Graph 2. Comparison of the average growth rate (cells/mL/day) for the  control,  20%, 40% and 60% fertilizer 
concentration treatments. Values obtained from the one-way ANOVA test for days 10-14. 
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A second one-way ANOVA test compared the replicates of treatments 20%, 40%, and 

60% from day 10-14. This would allow us to determine whether the concentration of fertilizer 

causes a significant difference in the growth of cells from day 10 on. The results show that at the 

5% significance level, the f-ratio value=6.64 , and the p-value=0.03. Therefore, the difference is 

significant at the 5% confidence level, and the specific concentration of fertilizer will impact the 

growth rate of the diatoms over time. The trend in Graph 1 suggests that this difference may be 

due to less harmful effect of 20% than of 40% or 60% fertilizer.  

 Discussion: 

        Our data showed that the growth rate of L.abbreviata was significantly less when grown 

with fertilizer treatment, at 20%, 40%, or 60%, than in the controls. The trend in Graph 1 clearly 

shows that diatom growth increased with time in the control, while there was limited growth in 

the fertilizer treatments. Graph 2 shows that this difference is highly significant 

(p=0.0003<0.005) over days 10-14. Therefore, the null hypothesis that there is no difference in 

diatom growth rate between the control and fertilizer treated groups can be rejected. This result 

supports the research performed by Hillebrand and Sommer (2000), that diatom growth 

decreases with the addition of fertilizer.  

Further analysis of Graph 1 demonstrates differences between the 20%, 40% and 60% 

treatments. Random growth with a general pattern of decrease between day 0 to day 10 and an 

increase of growth rate between day 10 to day 14 is seen. According to the results of ANOVA test 

between day 10 and 14; the p-value is 0.03, which shows a significant difference between the 

treatments after day 10. 
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The fertilizer that was used as the stock solution consisted of 20% total nitrogen, 20% 

available phosphoric acid, and 20% soluble potash, as well as trace quantities of other minerals  

but no silica. The diatoms of the control treatment grew in an optimal environment used by lab 

technicians, containing silica, and other nutrients, therefore the addition of fertilizer to the 

optimal environment changes the relative ratio of nitrogen and phosphorus to silica in the 

external environment of the diatoms.  

This growth behavior in Graph 1 can be explained by the importance of the Redfield 

ratio. The Redfield ratio describes the internal ratio of nutrients in a cell body that allows for the 

most efficient growth (Cleveland, 2007). Organisms have adapted such that this ratio is similar to 

their external environments. In diatoms, this ratio of nitrogen, phosphorus, and silica is 16:1:15 

(Danielsson, 2008). By keeping the concentration of Si constant while changing the 

concentration of N and P produces an environment an unbalanced nutrient ratio. These ratios will 

affect the growth of the diatoms in a negative way which explains the decrease in growth from 

day 0 to day 10 in Graph 1 for the 20%, 40% and 60% fertilizer treatments.  

Analysis of graph 1 shows a small increase in growth from day 10 to day 14 for the 

fertilizer treatments.  As stated by Rogato et al. (2015), the dependence of diatom growth rate on 

nutrient uptake rate is a function of the external and internal concentrations of nutrient with the 

maximum assimilation rate. The active process of nutrient uptake by enzymes can be altered by 

changes to the affinity of nutrients to transporters (Rogato, 2015). Intracellular changes help 

diatoms adapt to their environment which may explain the increase in growth rate from day 10 to 

day 14. A question that arises is whether the diatoms with small intracellular adaptations might 
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grow at the same rate as the control. Further research would be needed to determine long term 

trends.  

A possible interpretation of graph 1 is that the diatom population was severely impacted 

by the fertilizer, with major die-off by day 10, and then possible recovery of the population from 

cells selected for their ability to cope with the altered nutrient ratio. However, the recovery was 

still slight compared with the rate of growth of the control population.  

The two main sources of error in our study were in data collection and determining the 

concentration of the initial stock solution.  In order to reduce the errors of counting cells with the 

hemocytometers, a counting standard was established and 3 replicates were counted at each 

treatment level. To reduce the error is in determining the concentration of the initial stock 

solution, the average number of cells of 3 counts was used to determine the stock solution.      

  

Conclusion 

The null hypothesis stated that there is no difference in diatom growth rate between the 

control (0%) and 20%, 40% and 60% fertilizer concentration treatments. We reject the null 

hypothesis at the 5% confidence level. We conclude that fertilizer treatment (20%, 40%, 60%) 

has a very strong deleterious effect of diatom growth rate.  

The trend of our data demonstrates the dependence of diatom growth rate to the optimal 

nutrient Redfield ratio of N:P:Si (Danielsson, 2008). The decrease in cell numbers calculated up 

to day 10, is likely a consequence of the disturbance that the fertilizer caused on the nutrient 

ratio. We conclude that runoff fertilizer will have a negative impact on the short term growth rate 

of the diatoms in their natural environment. The rise after day 10 suggests the possibility of 
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population recovery. Yet because of the organism adapting its intracellular composition to match 

with the external conditions (Rogato et al. 2015), diatoms, such as L.abbreviata, might adapt to 

their surroundings and grow into their environment.  A longer period of growth would give us 

insight into how steadily they would grow, and the long term impact of fertilizer on diatoms’ 

growth rate in the ecosystem. 

 Acknowledgements 

We would like to thank our Professor Celeste Leander for her guidance, our lab 

technician Mindy Chow for her help setting up the cultures and our peer tutors Harmen Tatla and 

Will Wei for their help in the lab. We would also like to thank the University of British Columbia 

for providing us the opportunity to take this course and provide us with the resources which 

allowed us to perform this experiment. 

  



The Expedition, UBC    Harris, Hernandez, Locas, Yuen           
!13

References 
  
Cleveland, C. C., & Liptzin, D. (2007). C:N:P stoichiometry in soil: is there a “Redfield ratio” 

for the microbial biomass? Biogeochemistry,85(3), 235-  252. doi:10.1007/
s10533-007-9132-0 

  
Compton, J., Andersen, C., Phillips, D., Brooks, J., Johnson, M., Church, M., Shaff, C. (2006). 

Ecological and Water Quality Consequences of Nutrient Addition for Salmon Restoration 
in the Pacific Northwest. Frontiers in Ecology and the Environment, 4(1), 18-26. 
Retrieved from http://www.jstor.org/stable/3868759 

Danielsson, A., Papush, L., & Rahm, L. (2008). Alterations in nutrient limitations — Scenarios 
of a changing Baltic Sea. Journal of Marine Systems,73(3-4), 263-283. doi:10.1016/
j.jmarsys.2007.10.015 

Durkin, C. A., Koester, J. A., Bender, S. J., & Armbrust, E. V. (2016). The evolution of silicon 
transporters in diatoms. Journal of Phycology,52(5), 716-731. doi:10.1111/jpy.12441 

Facca, C., Sfriso, A., & Ghetti, P. F. (2004). Phytoplankton community composition and 
distribution in an eutrophic coastal area (Venice lagoon, Italy). Acta Adriatica,45(2), 
163-180. Retrieved November 15, 2017. 

Fu, M., Wang, Z., Pu, X., Xu, Z., & Zhu, M. (2012). Changes of nutrient concentrations and 
N:P:Si ratios and their possible impacts on the Huanghai Sea ecosystem. Acta 
Oceanologica Sinica,31(4), 101-112.doi:10.1007/s13131-012-0224-x 

Herbstová, M., Bína, D., Koník, P., Gardian, Z., Vácha, F., & Litvín, R. (2015). Molecular basis 
of chromatic adaptation in pennate diatom Phaeodactylum tricornutum. Biochimica et 
Biophysica Acta (BBA) - Bioenergetics,1847(6-7), 534-543. doi:10.1016/j.bbabio.
2015.02.016 

Hillebrand, H., & Sommer, U. (2000). Effect of continuous nutrient enrichment on microalgae 
colonizing hard substrates. Life at Interfaces and Under Extreme Conditions, 185-192. 
doi:10.1007/978-94-011-4148-2_18 



The Expedition, UBC    Harris, Hernandez, Locas, Yuen           
!14

Hillebrand, H., Worm, B., & Lotze, H. (2000). Marine microbenthic community structure 
regulated by nitrogen loading and grazing pressure. Marine Ecology Progress Series, 204, 
27-38. Retrieved from    http://www.jstor.org/stable/24863620 

Howarth, R., Chan, F., Conley, D. J., Garnier, J., Doney, S. C., Marino, R., &   Billen, G. (2011). 
Coupled biogeochemical cycles: eutrophication and hypoxia in temperate estuaries and 
coastal marine ecosystems. Frontiers in Ecology and the Environment,9(1), 18-26. doi:
10.1890/100008 

Ligowski, R., Jordan, R. W., & Assmy, P. (2011). Morphological adaptation of a planktonic 
diatom to growth in Antarctic sea ice. Marine Biology,159(4), 817-827. doi:10.1007/
s00227-011-1857-6 

Menden-Deuer, S., Lessard, E., & Satterberg, J. (2001). Effect of preservation on      
dinoflagellate and diatom cell volume, and consequences for carbon biomass predictions. 
Marine Ecology Progress Series,222, 41-50. doi:10.3354/meps222041 

Rogato, A., Amato, A., Iudicone, D., Chiurazzi, M., Ferrante, M. I., & Dalcalà, M. R. (2015). 
The diatom molecular toolkit to handle nitrogen uptake. Marine Genomics,24, 95-108. 
doi:10.1016/j.margen.2015.05.018 

Simental, J., & Sánchez-Saavedra, M. (2003). The effect of agricultural fertilizer on growth rate 
of benthic diatoms. Aquacultural Engineering,27(4), 265-272. doi:10.1016/
s0144-8609(02)00087-0 

Zhu, Z., Broersma, K., & Mazumder, A. (2012). Impacts of Land Use, Fertilizer and Manure 
Application on the Stream Nutrient Loadings in the Salmon River Watershed, South-
Central British Columbia, Canada. Journal of  Environmental Protection,03(08), 809-822. 
doi:10.4236/jep.2012.328096 


