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Lecture Outline

o Introduction to Fertilizers
o Case Studies and Research
o Why Fertilizer Effects are So Damaging

Introduction to Fertilizers

o A fertilizer is a substance applied to soils or to
plants that provides supplemental nutrients in
order to optimize growth and development
o Plants need a number of different chemical
elements
o Carbon, Hydrogen, Oxygen (Found in the air)
o Nitrogen, Phosphorous, Potassium
o Needed in the Greatest Quantity

o Sulfur, Calcium, Magnesium, Boron, cobalt,
copper, iron, manganese, molybdenum and
znc
o Found in Most soils




The Problem With Fertilizers

o Misuse and over application
o Results in runoff of chemicals
o Leaching of chemicals into water sources

o “Waterbodies situated within agricultural areas
receive run off from surrounding land where fertilizers
and pesticides are applied, and concentrations of
nitrogen and phosphorus in these often exceed
levels encountered in non-agricultural
areas.”(Hamer-2004)
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o Fertilizers are
extremely
common

o Used on both large
and small scales

o Commercial and
Residential

Problems With Fertilizers

o Direct application to water is often
overlooked
o Used both for Agriculture and
Aquaculture
o Farm ponds connected to nearby
drainages




The Research
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The Research

o Compared historical records of fertilizers
with current and past frog populations
o golden bell frog (Litoria aurea)
o common eastern froglet (Crinia signifera)
o Striped marsh frog (Limnodynastes peronii)

The Research

o Total Tonnage of fertilizers
peaked between 1964-

1973 oo
o “All three species ol s
apparently increased =

from 1990 onwards when §
the issue of globally
declining amphibian !
populations was first
raised...”(Hamer-2004) a
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The Research

o The experimental evidence showed
differential sensitivity to fertilizers between L.
aurea and two non-declining frog species.

o Significantly fewer L. aurea tadpoles survived
to metamorphosis in the two highest
concentrations of ammonium nitrate (76 and
78% survival, 10 and 15 mg/I,
respectively;F3,20 = 6.32, P = 0.003) and in 15
mg/| of calcium phosphate (82% survival;
F3,20 = 3.44, P = 0.04) compared to the
control (Fig. 3).

The Research
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-This study explores the
Subdcthal effects f mittite 0 emderm thges salmmander indirect effects of
AAmbyunma digrinum dgrinum) sod wid (g (Kass -
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porpelathmn. Amphibian Populations.

- “Nitrite can cause
direct lethal effects in
amphibians but the
sublethal effects,
especially on
amphibians

that breed in
ephemeral ponds in
agricultural

regions, need to be
explored.”(Griffis-Kyle-
2005)

The Research

o Three wood frog egg masses were collected
from three ponds and18 eastern tiger
salamander egg masses were collected from six
ponds in 2004.

o Early tadpole and larval survival were tested at
nitrite concentrations of 0, 0.3, 0.6, 1.2, 2.1, 4.6,
and 6.1 mg I/ NO2-N.

o “For the eastern tiger salamander, nitrite has a
significant negative effect on developmental
stage at hatching controlling for the size of the
hatchling” (Griffis-Kyle-2005)

.
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Results from Nitrite
Exposure to tiger
salamanders

-*Exposed
salamanders
hatched without
branched gills-
(reduces oxygen
uptake)

Pictures taken of tiger

salamanders 24 hours after

hatching
5 (C)0mgl-1NO2-N and
5 (D)6.1mg -1 NO2-N

Results from nitrite
exposure to wood
frogs

o wood frog embryos
exposed to higher
concentrations of
nitrite hatched at
Gosner (1960) stages
18 and 19, before
circulation begins in
the gills
Photographs taken
24 hours after
hatching
(C)0 mg -1 NO2-N
and

o (D)6.1 mg -1 NO2-N

o “Nitrite may enter organisms with food, diffuse
through dermal layers as HNO2, or enter by active
diffusion through the gills of aquatic organisms
through the chloride uptake mechanism.”(Griffis-

Kyle-2005)

o Ephemeral pools dry and can cause full mortality in
the cohort of amphibians within the pool if they
have not completed metamorphosis (Berven 1990)
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The Research

SENSITIVITY TO NITRATE AND NITRITE [N POND-BREEDING AMPHIBIANS FROM
THE PACIFIC NORTHWEST. USA

The Research

o R. pretiosa, R. aurora, B. boreas, H. regilla,
and A. gracile larvae tested

o Four Species of Amphibians tested for
sensitivity to nitrate solutions and all five
species tested for sensitivity to nitrite
solutions.

o Both the nitrites and nitrates exposures
eventually resulted in high rates of mortality,
however, there was high variability between
the species with regards to early sensitivity.

The Research

e

Experiments showed a strong
sensitivity of R. pretiosa and A. gracile
larvae to relatively low levels of both
nitrate and nitrite
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The Research

o “Many public water supplies in the United States contain
levels of nitrate that routinely exceed concentrations of 10
mg N/L [8]. In the Willamette Valley, average nitrate
concentrations of 17.8 and 21.9 mg N/L were recorded in
water samples from some crop soils receiving
recommended rate of nitrogen fertilization.” (Brandi-Dohrn-
1997)

Table 3. Median bethal concentrations (LC50 = SE) of manse (mg N-NO L) for aquanc larvas of five
amphitian species at 4. 7 aned 15 duys of expovare. Stsdard eors for LCS0 are in parentheses

Day R previess R aurora B harear H. regitla

682 (0615} 5.59 (1 448) =70 5.50(0.742)
1.30(0 345} 4.00{1.021) 5 38 {0 848} 3,60 (0 850}
0.57(0.033) 1.19 {0 268) 175 {0 617} 12331

Marco-1999

The Research

SEWC pggss)

THE EFFECTS OF NITRITE ON BEHAVIOR AND METAMORPHOSIS IN CASCADES
FROGS {BANA CASCADAE)

The Research

o Egg masses of Cascades frog
(Rana cascadae)collectedand
exposed to nitrites in water
“When nitrites contact blood
plasma, they transform
hemoglobin to
methemoglobin, decreasing
the oxygen carrying capacity
of the blood”(Marco-1998)

o Methemoglobinemia
Tadpoles exposed to nitrite
were less developed and were
observed in shallower water
with heads out of the water.
o Shows lack of ability to
efficiently get oxygen
o Ponds that experience algal
blooms
o Creates chances for increases
in predation




The Research

Shom comsmunication
The effect of ammonium nitrate fertiliser on frog | Rana
temporarial survival
RS, Oldham *°, DM Latham *, D Hiloa-Brown *, M. Towns *, AS. Cooke *,
A Bum*
* Dparmen o i o, o Mo s e 7 5.
T Earie e S Mo, P FE1 T
Ao 13 b 4.

re—

| p— - et i she by and ikt

o om0 i comancnly wed Somibia . Drten, epcially daring et WG whem &bl fgs

[reamphenrn oty 1o

appiison, Hrnpaes. i ot i acsin STAT wham dascbend i g W] S8 Pote om mistvely dry ol (7% st
[ n probasly misgan

Byt o, sy Dewess et sl abon i iy, s oy, o & g, 1 sy 15 e
mbethar (e a0 scbbethal affs sad bt sl ot sty mar oty s gl . he

4/18/2013

The Research

o Common frogs (Rana temporaria) were
exposed to multiple levels of
concentration of ammonium nitrate

o All subjects exposed to concentrations
over 3 g/m? showed significant signs of
effect

The Research




Fertilizers: A Widespread Problem

gy 1 Wervgan arsions sie 1 P oot Ut Stes, 11 L0

Rouse et. al -1999
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Average commercial fertilizer
purchased by states per year

Table 15—Percentage of cotton acreage receiving nitrogen
| fertilizer, selected States, 1964-2010 (USDA) P
-Studies have shown that 10-25% of nitrogen fertilizers run off into

adjacent running running water. (Maitland-1984)
-In areas where there are intensively fertilized lands, this is a

huge problem
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esidential Use

g o Increasing

St ; impermeable
surfaces
results in
higher
amounts of
runoff

the watershed
approach
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Fertilizers: The Big Picture

o Its Both Residential and Commercial Use

Aquaculture and Fertilizers

o Application of Fertilizers to ponds

(-]
(<]

(<]
(-]

Common practice Is to add nitrogen and phosphorous
This spike in nutrients results in high amounts of zooplankton
and can result in an algal bloom

Without constant fertilization, these algae will die.

Bacteria will decompose and consume all of the oxygen in
the water.

This application of fertilizers is not always intentionally

10



Summary

o Exposure to Nitrates and Nitrites have
devastating effects on early development
that result in mortality
o Effects predation rates, oxygen uptake

efficiency, risk of desiccation etc...

o Adult Anuran Species can also be
affected(Need more research to be done)

o Fertilizers are a problem from misuse and
over-application

o Fertilizers are the significant cause for
amphibian declines because it effects a

. wide range of distributions and causes many

complications that eventually lead to

mortality
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