
RESEARCH POSTER PRESENTATION DESIGN © 2012 

www.PosterPresentations.com 

(—THIS SIDEBAR DOES NOT PRINT—) 
DESIGN GUIDE 

 
This PowerPoint 2007 template produces a 44”x44” 
presentation poster. You can use it to create your research 
poster and save valuable time placing titles, subtitles, text, 
and graphics.  
 
We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. To view our template tutorials, go 
online to PosterPresentations.com and click on HELP DESK. 
 
When you are ready to print your poster, go online to 
PosterPresentations.com 
 
Need assistance? Call us at 1.510.649.3001 
 

 

QUICK START 
 

Zoom in and out 
As you work on your poster zoom in and out to the level that is more 
comfortable to you. Go to VIEW > ZOOM. 
 

Title, Authors, and Affiliations 
Start designing your poster by adding the title, the names of the 
authors, and the affiliated institutions. You can type or paste text 
into the provided boxes. The template will automatically adjust the 
size of your text to fit the title box. You can manually override this 
feature and change the size of your text.  
 
TIP: The font size of your title should be bigger than your name(s) 
and institution name(s). 
 
 
 

 
 

Adding Logos / Seals 
Most often, logos are added on each side of the title. You can insert 
a logo by dragging and dropping it from your desktop, copy and 
paste or by going to INSERT > PICTURES. Logos taken from web sites 
are likely to be low quality when printed. Zoom it at 100% to see 
what the logo will look like on the final poster and make any 
necessary adjustments.   
 
TIP: See if your school’s logo is available on our free poster 
templates page. 
 

Photographs / Graphics 
You can add images by dragging and dropping from your desktop, 
copy and paste, or by going to INSERT > PICTURES. Resize images 
proportionally by holding down the SHIFT key and dragging one of 
the corner handles. For a professional-looking poster, do not distort 
your images by enlarging them disproportionally. 
 

 
 
 
 
 
 
 
 
 

Image Quality Check 
Zoom in and look at your images at 100% magnification. If they look 
good they will print well. If they are blurry or pixelated, you will 
need to replace it with an image that is at a high-resolution. 

ORIGINAL	   DISTORTED	  

Corner	  handles	  

Go
od

	  p
rin

/n
g	  
qu

al
ity

	  

Ba
d	  
pr
in
/n

g	  
qu

al
ity

	  

QUICK START (cont.) 
 

How to change the template color theme 
You can easily change the color theme of your poster by going to the 
DESIGN menu, click on COLORS, and choose the color theme of your 
choice. You can also create your own color theme. 
 
 
 
 
 
 
 
 
 
You can also manually change the color of your background by going 
to VIEW > SLIDE MASTER.  After you finish working on the master be 
sure to go to VIEW > NORMAL to continue working on your poster. 
 

How to add Text 
The template comes with a number of pre-formatted placeholders 
for headers and text blocks. You can add more blocks by copying and 
pasting the existing ones or by adding a text box from the HOME 
menu.  
 

 Text size 
Adjust the size of your text based on how much content you have to 
present. The default template text offers a good starting point. 
Follow the conference requirements. 
 

How to add Tables 
To add a table from scratch go to the INSERT menu and  
click on TABLE. A drop-down box will help you select rows 
and columns.  

You can also copy and a paste a table from Word or another 
PowerPoint document. A pasted table may need to be re-formatted 
by RIGHT-CLICK > FORMAT SHAPE, TEXT BOX, Margins. 
 

Graphs / Charts 
You can simply copy and paste charts and graphs from Excel or Word. 
Some reformatting may be required depending on how the original 
document has been created. 
 

How to change the column configuration 
RIGHT-CLICK on the poster background and select LAYOUT to see the 
column options available for this template. The poster columns can 
also be customized on the Master. VIEW > MASTER. 

 
How to remove the info bars 

If you are working in PowerPoint for Windows and have finished your 
poster, save as PDF and the bars will not be included. You can also 
delete them by going to VIEW > MASTER. On the Mac adjust the 
Page-Setup to match the Page-Setup in PowerPoint before you create 
a PDF. You can also delete them from the Slide Master. 
 

Save your work 
Save your template as a PowerPoint document. For printing, save as 
PowerPoint of “Print-quality” PDF. 
 

Print your poster 
When you are ready to have your poster printed go online to 
PosterPresentations.com and click on the “Order Your Poster” 
button. Choose the poster type the best suits your needs and submit 
your order. If you submit a PowerPoint document you will be 
receiving a PDF proof for your approval prior to printing. If your 
order is placed and paid for before noon, Pacific, Monday through 
Friday, your order will ship out that same day. Next day, Second day, 
Third day, and Free Ground services are offered. Go to 
PosterPresentations.com for more information. 
 

Student discounts are available on our Facebook page. 
Go to PosterPresentations.com and click on the FB icon.  

©	  2013	  PosterPresenta/ons.com	  
	  	  	  	  2117	  Fourth	  Street	  ,	  Unit	  C	  	  	  	  	  	  	  	  	  
	  	  	  	  	  Berkeley	  CA	  94710	  
	  	  	  	  posterpresenter@gmail.com	  

As urban agriculture reclaims contaminated land, soil remediation methods that 
are cost-effective, sustainable, and broadly applicable are urgently needed. If 
proven viable, in situ remediation methods could be combined with urban 
agriculture to decrease exposure to legacy contaminants, improve urban soil 
health, and increase local food production.  

INTRODUCTION	  

To determine the effects of organic and inorganic fertilization on P. vittata frond 
biomass, arsenic uptake rate by P. vittata, and on cumulative arsenic removal from 
soil.  

OBJECTIVES	  

We tested 5 treatments, applied to fern  
beds at standard agricultural rates: 
1)  compost  
2)  organic nitrogen as blood meal (5 g N m-2)  
3)  inorganic nitrogen as (NH4)2SO4 (5 g N m-2)  
4)  organic phosphorus as bone meal (20 g PO4

3- m-2)  
5)  inorganic phosphorus as phosphate rock (20 g PO4

3- m-2)  
For comparison, we established a control plot with no treatments applied to ferns. 
After 8 months of growth, all mature and senescing fronds were harvested. Ten 
percent of ferns in each treatment group were randomly selected to comprise our 
representative sample. Fronds were kept separated by individual fern throughout 
analysis process. Arsenic concentrations were analyzed using ICP-AES. Using one-
way analysis of variance, significant differences in treatment effects were 
determined using Duncan’s new multiple range test, at p<0.05. This poster 
presents results from the first third of our fern samples.  

METHODS	  

RESULT	  1:	  Biomass	  producGon	   RESULT	  2:	  Arsenic	  accumulaGon	  in	  fern	  fronds	  
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Can	  Brake	  Ferns	  (Pteris	  vi)ata)	  Efficiently	  Remediate	  Urban	  Soils	  Contaminated	  with	  Arsenic?	  
Op/mizing	  Phytoremedia/on	  through	  Fer/lizer	  Use.	  	  

The field site is an abandoned railroad right-of-way 
(sandy loam) mildly contaminated with As (20-100 
ppm), located in Berkeley (CA) and characterized by 
a Mediterranean climate. A 24m x 6m plot was tilled 
and limed (0.3 kg m-2) before 1,600 P. vittata ferns 
were planted at 30 cm spacing. 

Table	  1.	  Soil	  pH	  and	  C/N	  values	  for	  experimental	  plots	  at	  two	  depths.	  	  Reported	  values	  are	  averages	  of	  3	  replicates,	  
except	  for	  Control	  –	  Ferns	  and	  Compost	  values,	  which	  are	  averages	  of	  6	  replicates.	  	  H1	  refers	  to	  first	  harvest	  (8	  months	  
of	  fern	  growth)	  	  **Due	  to	  limited	  sample	  size,	  this	  indicates	  one	  composite	  sample	  of	  3	  replicates	  

RESULT	  3:	  Arsenic	  removal	  from	  soil	  	   IMPLICATIONS	  AND	  FUTURE	  RESEARCH	  

Arsenic (As) soil pollution is gaining recognition 
as a widespread urban problem. Arsenic 
contamination can result from use of arsenical 
pesticides, treated wood, mining activities, and 
coal burning. In a 2008 study of almost 2,000 
yards in cities across the US, 20% contained 
arsenic above a 10 mg kg-1 action level [1].  

Soil	  treatment	   IniGal	  As	  
concentraGon	  

in	  soil	  	  
(mg	  kg-‐1)	  

Average	  biomass	  
yield	  at	  H1	  (g	  

plant-‐1)	  

Arsenic	  
uptake	  at	  

H1	  	  
(mg	  plant-‐1)	  

Total	  As	  
removed	  
(kg	  ha-‐1	  y-‐1)	  

EsGmated	  years	  
to	  remediate	  our	  

study	  site	  

Control	   85.5±8.8	   23.95	   46.6	   7.8	   41	  
Compost	   36.77	   47.5	   7.9	   40	  
Blood	  Meal	   24.45	   16.4	   2.7	   117	  
Ammonium	  
Sulfate	  

26.93	   17.3	   2.9	   109	  

Bone	  Meal	   19.70	   13.4	   2.2	   144	  
Phosphate	  
Rock	  

28.38	   14.2	   2.4	   136	  

Table	  3.	  Comparison	  of	  arsenic	  uptake	  efficiency	  by	  P.	  vi)ata	  in	  different	  studies	  of	  	  
moderately	  contaminated	  	  soils	  (As	  <	  360	  mg	  kg-‐1).	  	  
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Figure	  1.	  Effects	  of	  soil	  treatment	  on	  
weight	  of	  harvested	  biomass.	  n=10	  for	  
Control	  and	  Compost;	  n=5	  for	  other	  
treatments.	  Means	  with	  the	  same	  lejers	  
are	  not	  significantly	  different	  at	  p<0.05.	  	  

Table	  2.	  Efficiency	  of	  different	  treatments	  for	  arsenic	  removal	  and	  es/mated	  years	  for	  
remedia/on	  to	  an	  assumed	  regulatory	  standard	  of	  10	  mg	  kg-‐1.	  H1	  refers	  to	  first	  harvest	  (8	  
months	  of	  fern	  growth).	   

Figure	  2.	  Effects	  of	  soil	  treatment	  on	  
arsenic	  concentra/on	  in	  harvested	  
biomass.	  n=10	  for	  Control	  and	  Compost;	  
n=5	  for	  other	  treatments.	  Means	  with	  the	  
same	  lejers	  are	  not	  significantly	  different	  
at	  p<0.05.	  	  
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Figure	  3.	  Effects	  of	  soil	  
treatment	  on	  total	  arsenic	  
removed	  per	  plant.	  n=10	  for	  
Control	  and	  Compost;	  n=5	  for	  
other	  treatments.	  	  
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	  	   Time	   Depth	  (cm)	   Control	  –	  
No	  ferns	  

Control	  –	  
Ferns	  

Compost	  
	  	  

Blood	  Meal	   (NH4)2SO4	   Bone	  Meal	   Phosphate	  
Rock	  

pH	   T0	   0-‐15	   6.93±0.12	  
15-‐30	   6.9	  **	  

H1	   0-‐15	   6.63±0.04	   7.31±0.03	   7.08±0.11	   6.66±0.09	   6.11±0.02	   6.58±0.04	   6.68±0.02	  
15-‐30	   7.02±0.07	   7.46±0.04	   7.22±0.10	   6.64±0.28	   6.59±0.18	   6.82±0.08	   7.01±.012	  

C/N	   T0	   0-‐15	   12.73±0.85	  
15-‐30	   13.76±0.60	  

H1	   0-‐15	   16.09±0.37	   15.42±0.29	   15.15±0.05	   15.56±0.37	   16.19±0.90	   14.97±0.66	   15.75±0.54	  
15-‐30	   14.21±0.68	   14.99±1.44	   15.53±0.87	   18.10±1.83	   16.49±0.14	   17.13±1.05	   16.12±0.10	  

Implications: 
•   Senesced fronds lost arsenic, possibly 

due to leaching back into soil at fern 
base. Timing harvesting to avoid 
senescence could improve arsenic 
removal by 12%. 

•   Compost showed the best ability to 
enhance both frond arsenic 
concentration and biomass. 

•   In phosphate-treated plots, ferns may 
have taken up phosphate preferentially 
over arsenate. 

•   The arsenic uptake rates we report for 
compost-treated ferns compare 
favorably with published uptake rates. 
Additional improvements in uptake and 
biomass production are needed to 
shorten remediation timescales.  

 
Future work: 
•   Analysis of arsenic concentration in soil 

samples 
•   Conduct batch experiments to 

elucidate effects of fertilizers on 
arsenic phytoavailability 

•   Examine effects of fern planting 
density and harvest method on arsenic 
removal  

•   Determine the effects of multiple 
contaminants on the fern’s ability to 
remove arsenic 

Phytoremediation with the arsenic-hyperaccumulating fern Pteris vittata (pictured 
above) [2] has emerged as a technology to remediate soils with shallow 
contamination. While the mechanisms of arsenic uptake and accumulation in P. 
vittata have received attention in numerous greenhouse and hydroponic 
experiments, only a few studies have investigated the fern’s performance under 
field conditions, which is crucial to developing successful remediation methods. 
The goal of this study is to develop new protocols to increase in situ arsenic 
phytoremediation efficiency and remediation time.  

Site	  loca/on	  

Study	   Experiment	  type	   Soil	  treatment	   As	  uptake	  (mg	  
plant-‐1	  y-‐1)	  

EsGmated	  years	  
to	  remediate	  our	  
site	  

Our	  results	   field	   Compost	   71	   40	  
	  	   	  	   Phosphate	  rock	   21	   136	  
Gonzaga	  et	  al.	  
(2008)	  [3]	  

greenhouse	   N:P:K	  fer/lizer	   32	   89	  

Kertulis-‐Tartar	  et	  
al.	  (2006)	  [4]	  

field	   none	   40	   71	  

Lessl	  and	  Ma	  
(2013)	  [5]	  

raised	  bed	   P	  fer/lizer	   93	   31	  

	  	   	  	   Phosphate	  rock	   172	   17	  
Shelmerdine	  et	  
al.	  (2009)	  [6]	  

greenhouse	   none	   1	   2854	  


