Georgia College

Knowledge Box
Graduate Research Posters

Graduate Research

2021

The Effect of an Acidified-Gypsum Mixture on Broiler Litter
Urease-Producing Bacteria and Nitrogen Mineralization
Taylor Chapman
taylor.chapman@bobcats.gcsu.edu

Christopher D. Burt
Dave Bachoon
Georgia College & State University

Miguel L. Cabrera
University of Georgia, mcabrera@uga.edu

Christopher Horacek
Georgia College and State University

Follow this and additional works at: https://kb.gcsu.edu/grposters
Part of the Biology Commons, and the Environmental Microbiology and Microbial Ecology Commons

Recommended Citation
Chapman, Taylor; Burt, Christopher D.; Bachoon, Dave; Cabrera, Miguel L.; and Horacek, Christopher, "The
Effect of an Acidified-Gypsum Mixture on Broiler Litter Urease-Producing Bacteria and Nitrogen
Mineralization" (2021). Graduate Research Posters. 13.
https://kb.gcsu.edu/grposters/13

This Poster is brought to you for free and open access by the Graduate Research at Knowledge Box. It has been
accepted for inclusion in Graduate Research Posters by an authorized administrator of Knowledge Box.

The Effect of an Acidified-Gypsum Mixture on Broiler Litter Urease-Producing
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Introduction

Materials and Methods

• The United States poultry industry produced more than 9 billion broiler
chickens (Gallus gallus domesticus) in 2018, making it one of the largest
meat producers in the world1.
• Georgia has led the nation in broiler production for decades. Three out of four
Georgia counties are involved in the industry producing about $6 billion each
year.
• The floor of a broiler house is covered with broiler litter: a mixture of
bedding material, excreta, spilled feed, and feathers.
• Broiler litter is rich in organic nitrogen (N) with the most common forms
being uric acid and urea 2,3.
• The break down of urea is a microbially-mediated process in which
ammoniacal-N (NH3/NH4+) and carbon dioxide (CO2) are produced.
• Ammonia (NH3) volatilization from broiler litter can decrease bird
productivity and serves as an environmental pollutant.

• Broiler litter was collected from a broiler house in Georgia, USA, (Figure 1).
Litter was analyzed for pH, water content, total C and N, and inorganic N
(NH4+-N and NO3--N).
• Treatments included: 1) broiler litter only (BL), 2) broiler litter + FGDG (BL
+ FGDG), 3) broiler litter + FGDG + 6% alum (BL + FGDG + A6), 4) broiler
litter + 6% alum (BL+A6), and 7) broiler litter + 10% alum (BL+A10).
• Flue-gas desulfurization gypsum (FGDG) was used as our source of gypsum.

• Litter pH is the most prominent litter characteristic affecting NH3
volatilization.
• Acidifying amendments, such as aluminum sulfate (alum), have emerged as
the most common litter amendments because: (i) they decrease ureaseproducing bacteria (PLUPs) that breakdown urea5,6,9,10 and (ii) favor NH4+
formation rather than NH3 volatilization.
• Gypsum has been suggested as an amendment to reduce NH3 volatilization
from broiler litter, but results vary among studies 8,11,12,13,14,15,16,17.
• There is limited research that directly compares the effect of alum and
gypsum on NH3 volatilization 8,13,14.
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Results
Table 1: Litter pH and ureC gene copies in broiler litter (BL), broiler litter + FGDG (BL+FGDG), broiler
litter + FGDG + 6% alum (BL+FGDG+A6), broiler litter + 6% alum (BL+A6), and broiler litter + 10% alum
(BL+A10) during a 33-d incubation at 23 oC

Treatment

Day 0
Day 19
ureC gene
copies
ureC gene
pH
(x105)
pH
copies (x105)
BL
6.64 (0.02)a 80.1 (36.8)a 7.83 (0.04)a 7760 (1880)a
BL+FGDG 6.55 (0.01)b 5.45 (1.20)b 7.77 (0.03)a
147 (45)b
BL+FGDG
6.22 (0.03)c
BD2
7.32 (0.08)b
25 (9.68)b
+A6
BL+A6
5.97 (0.09)d
BD2
7.09 (0.12)c 50.4 (21.5)b
BL+A10
5.45 (0.09)e
BD2
6.96 (0.04)c 36.2 (8.78)b
p-value
<0.001
0.036
<0.001
<0.001
Figure 1: An example of a broiler chicken house in

.

Day 33
ureC gene
pH
copies (x105)
8.42 (0.07)a 481 (227)a
8.35 (0.03)a 13.5 (6.67)c
7.74 (0.06)b 2.84 (0.658)c
7.58 (0.01)c 302 (43.6)a
7.31 (0.11)d 81.6 (42.7)b
<0.001
<0.001

Georgia 18.

Objectives
• The objective of this research was to create a gypsum-alum mixture that has a
pronounced effect on litter pH, PLUP abundance, NH3 volatilization,
inorganic-N and CaCO3 precipitation during a 33-d incubation.
• We hypothesized that amending broiler litter with a gypsum-alum mixture
would have a greater effect on NH3 volatilization than gypsum alone due to a
more significant decrease in litter pH on day 0.
• This decrease in pH should limit cumulative NH3 loss from litter by favoring
NH4+ formation and decreasing PLUP abundance.
• We also predicted that the dissolution of gypsum in the FGDG-alum amended
litter would decrease PLUP concentrations more than acidifying alone due to
osmotic stress and extracellular CaCO3 formation.
RESEARCH POSTER PRESENTATION DESIGN © 2015

Discussion
• Amending broiler litter with acidified-gypsum had a more pronounced effect
on litter pH throughout the study compared to gypsum alone (p = 0.0001)
(Table 1), and this led to a decrease in cumulative NH3 loss after 33 d (Table
2).
• Amending broiler litter with 6 and 10% alum generated the greatest effect on
litter pH on day 0 (p < 0.001) (Table 1), and this effect continued for the rest
of the study.
• Flue-gas desulfurization gypsum (FGDG) was the only amendment in this
study that did not affect litter pH or NH3 loss (p > 0.05) after 33 d (Table 2).
Burt et al., (2018)17 conducted a similar experiment in which the addition of
gypsum decreased litter pH due to the precipitation of CaCO3.
• In the current study, the addition of FGDG did not increase CaCO3
precipitation in litter (p = 0.47). We hypothesize that CaCO3 precipitation in
litter is strongly influenced by pH, and precipitation will not occur in litter
with a pH < 7.75 .
• After 33 d, the lowest concentrations of ureC gene copies were detected in
broiler litter treated with our gypsum-alum mixture and FGDG alone even
though the treatments did not have the lowest pH (Table 1).
• Based on our results, pH is the most prominent factor controlling NH3
volatilization from broiler litter.
• Amending litter with alum alone was the most effective management practice
to control pH and NH3 volatilization.
• Other sources of gypsum should be explored because FGDG contains CaCO3
which decreased the acidifying effect of our amendment.

Acknowledgements
I would like to thank Dr. Burt, Dr. Bachoon, Dr. Cabrera, and Christopher Horack
for all their support and help throughout this project. This research was funded by
the 2018 GCSU Faculty Research Grant. This poster presents data from a
manuscript that was accepted by the Journal of Environmental Quality.

References
1.
2.
3.
4.
5.

Table 2: Cumulative NH 3 loss and inorganic nitrogen concentrations in broiler litter (BL), broiler litter +
FGDG (BL+FGDG), broiler litter + FGDG + 6% alum (BL+FGDG+A6), broiler litter + 6% alum (BL+A6),
and broiler litter + 10% alum (BL+A10) at end of a 33-d incubation at 23 oC.

Treatment

NH3-N loss
(μg g-1)

NH4-N
(μg g-1)

NO3-N
(μg g-1)

6.
7.
8.

Total N recovered
μg g-1
% Total N
b
9,273 (404)b 32.4 (1.41)
a
38.3
(0.71)
a
10,954 (202)

9.
10.

13.

BL

5,745 (54.5)a

3,511 (370)c

16.8 (3.98)a

BL+FGDG

5,915 (128)a

5,032 (114)b

6.85 (0.769)b

BL+FGDG+A6

4,435 (337)b

5,613 (99.4)a

BL+A6

3,308 (128)c

4,646 (108)b

ab
7.65 (0.329)b 10,055 (349)ab 35.2 (1.22)
c
b
27.8
(0.73)
6.45 (0.317)
7,960 (209)c

BL+A10

2,373 (389)d

5,012 (96.6)b

5.63 (0.175)b

7,390 (267)c

25.8 (0.93)c

p-value

<0.0001

<0.0001

0.0050

<0.0001

<0.0001

11.
12.

14.
15.
16.
17.

www.PosterPresentations.com

18.

United States Poultry and Egg Association (USPoultry). 2019. USPoultry economic data. http://www.uspoultry.org/economic_data/ (accessed 28
Oct. 2019).
Kelleher, B.P., J.J. Leahy, A.M. Henihan, T.F. O'dwyer, D. Sutton, and M.J. Leahy. 2002. Advances in poultry litter disposal technology – a review.
Bioresource Technology 83: 27-36.
Nahm, K. 2003. Evaluation of the nitrogen content in poultry manure. World's Poultry Science Journal. 59: 77-88.
Choi, I.H., and P. A. Moore. 2008. Effect of various litter amendments on ammonia volatilization and nitrogen content of poultry litter. J. of Applied
Poult. Res. 17: 454– 462.
Rothrock, M.J., Jr., K.L. Cook, N. Lovanh, J.G. Warren, and K. Sistani. 2008b. The effect of alum addition on poultry litter microbial communities.
Poult, Sci. 87: 1493-1503.
Rothrock, M.J., Jr., K.L. Cook, J.G. Warren, M.A. Eiteman, and K. Sistani. 2010. Microbial mineralization of organic nitrogen forms in poultry
litters. J. Environ. Qual. 39: 1848- 1857.
Kim, Y.J. and I.J. Choi. 2009. Effect of alum and liquid alum on pH, EC, moisture, ammonium and soluble phosphorus contents in poultry litter
during short term: a laboratory experiment. Journal of Poultry Science. 46: 63-67.
Loch, F.C., M.C. Oliveira, D. da Silva, B.N. Goncalves, B.F. de Faria, and J.F. Menezes. 2011. Quality of poultry litter submitted to different
treatments in five consecutive flocks. Rev. Bras. Zootec. 40:1025–1030.
Line, J.E. 2002. Campylobacter and Salmonella populations associated with chickens raised on acidified litter. Poultry Sci. 81:1473-1477.
Choi, I.H., J.N. Kim, and Y.M. Kwon. 2008. Effects of chemical treatments on pH and bacterial population in poultry litter: a laboratory experiment.
British Poultry Science. 49: 497- 501.
Wyatt, C. L., and T. N. Goodman. 1992. Research Note: The utilization of recycled sheetrock (refined gypsum) as a litter material for broiler houses.
Poult. Sci. 71:1572–1576.
Sampaio, M.A.P.M., R.P. Schocken-Iturrino, A.M. Sampaio, C.P. Berchielli, and A. Biondi. 1999. Study of the microbial population and the release
of ammonia from the bed of chickens treated with gypsum. Arquivo Brasileiro Med. Veterinaria Zootecnia. 51:559– 564.
Oliveira, M.C., C.V. Almeida, D.O. Andrade, et al. 2003. Dry matter content, pH and volatilized ammonia from poultry litter treated or not with
different additives. Revista
Brasileira de Zootecnia. 32: 951-954.
Oliveira, M.C., H.A. Ferreira, and L.C. Cancherini. 2004. Effect of chemical conditioners on poultry litter quality. Arquivo Brasileiro de Medicina
Veterinária e Zootecnia. 56: 536- 541.
Mishra et al., 2013; Mishra, A., M. L. Cabrera, D. E. Kissel, and J. A. Rema. 2013. Gypsum effect on nitrogen mineralization and ammonia
volatilization from broiler litter. Soil Sci. Soc. Am. J. 77:2045–2049.
Burt, C.D., M.L. Cabrera, M.J. Rothrock, Jr., and D.E. Kissel. 2017. Flue-gas desulfurization gypsum effects on urea-degrading bacteria and
ammonia volatilization from broiler litter. Poult. Sci. 96:2676–2683.
Burt, C.D., M.L. Cabrera, M.J. Rothrock, Jr., and D.E. Kissel. 2018. Urea hydrolysis and calcium carbonate precipitation in gypsum-amended broiler
litter. J. Environ. Qual. 47:162-169
University of Georgia , Department of Poultry Science https://poultry.caes.uga.edu/news/story.html?storyid=8090&story=Poultry-Workshops

