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Three experiments were conducted to evaluate the various

methods and application rates of ferrous sulfate-heptahydrate in

the control of atmospheric ammonia in an enclosed broiler house.

The first experiment was conducted to determine the optimal

rate of application of ferrous sulfate-heptahydrate on built-up

litter. Ferrous sulfate was applied on built-up litter at 0.38,

0.76, and 1.52 kg/m
2 of floor space prior to chick placement. No

significant differences were observed among the treatments in mean

body weight, feed conversion, bird mortality, litter moisture and

total respiratory dust level. There was significantly lower atmos-

pheric ammonia for 28 and 35 days after application of 0.76 and 1.52

kg ferrous sulfate than either the untreated or 0.38 kg level.

Litter pH was also significantly lower for all ferrous sulfate ap-

plication until 35 days after application. The optimal rate of

ferrous sulfate application on built-up litter was 0.76 kg/m
2

.



The second experiment was conducted to compare the application

of ferrous sulfate and clinoptilolite on built-up litter. No sig-

nificant differences among the treatments were observed in mean

body weight, feed conversion and bird mortality. Atmospheric ammonia

levels were not significantly different between ferrous sulfate and

clinoptilolite treatment throughout the experiment. However, both

chemically treated groups had significantly lower ammonia in the

pens until 21 days after application than the untreated group.

Litter pH was significantly lower in the ferrous sulfate treatment

than the clinoptilolites and untreated groups until the 21 days of

the study. Litter moisture until 28 days and total respiratory dust

level at 49 days were significantly lower in the treated groups than

in the untreated control. Ferrous sulfate appears to be a more effec-

tive chemical to suppress the evolution of ammonia from litter than

clinoptilolite.

The third experiment studied the various methods of application

of ferrous sulfate to reduce atmospheric ammonia in an enclosed

broiler house. Mean body weight at 28 days and 49 days was signi-

ficantly higher with the application of 0.76 kg granular ferrous

sulfate on the built-up litter than ferrous sulfate application

with water or suspended in boxes. Bird mortality was also signifi-

cantly lower in direct litter application than the other methods.

Atmospheric ammonia and litter pH were significantly low up till 28

days with the granular application on the litter than either the

water or hanging box methods. Litter moisture, litter score, feed

conversion and total respiratory dust level were not significantly



different among the treatments. Although the granular application

on the built-up litter was more effective in suppressing the evolu-

tion of ammonia, ferrous sulfate kept in hanging boxes in the pens

may be a better approach because the possibility exists for the

ferrous sulfate to be recycled.
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Evaluation of Various Methods and Application Rates
of Ferrous Sulfate Heptahydrate in the Control of
Atmospheric Ammonia in an Enclosed Broiler House

CHAPTER I

INTRODUCTION

Ammonia levels within the broiler houses have become a prob-

lem because of the continuous reuse of litter in enclosed houses.

Ammonia can bring about economic losses and health problems to the

producers.

Various diseases in poultry have been proven to result from

confined, environmentally-induced stress such as high levels of

atmospheric ammonia from poultry droppings. Attempts to suppress

the high levels of ammonia through increased mechanically venti-

lated fans, seems to incur higher cost and dust problems (Elliott

and Collins, 1982).

Producers are concerned about the effects of high levels of

ammonia on poultry due to built-up litter especially in winter

time. This concern increases as the number of birds produced in-

crease in concentrated areas. This trend is brought about by auto-

mated equipment, increased cost of building materials, and changes

from a rural to an urban economy (Seltzer et al., 1969).

High levels of atmospheric ammonia can adversely affect

weight gain, feed conversion, bird mortality, and the condemnation

rate (Elliott and Collins, 1982; Bullis et al., 1950). Valentine
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(1964) reported incidence of keratoconjunctivitis due to ammonia

emanating from droppings. Other physiological effects due to ex-

posure to high levels of atmospheric ammonia have been reported by

several investigators (Table 1.1).

Therefore, because of the adverse effects of high atmospheric

ammonia levels in enclosed broiler houses, the objectives of these

studies were to evaluate different methods and effective level of

ferrous sulfate heptahydrate application on built-up litter to con-

trol atmospheric ammonia.



TABLE 1.1 Ammonia concentration
investigators

Physiological
Effects

and physiological

affective Ammonia
Concentration

(ppm)

effects reported

Time Period
Exposed

by various

Reference

Keratoconjunctivitis in chickens

and turkeys
50 1-4 weeks Valentine (1964)

11 11 60-70 30 days Valentine (1964)

!Innis et at. (1950)

Anderson et al. (1966)

Charles and Payne (1966)

7 2 weeks

6 weeksDistopathological changes 20

Low feed consumption, weight loss

Susceptibility to Newcastle disease

51.3-106 30 days

20 72 hours Anderson et al. (1964)

Respiratory ailments 7 7 Kling and Quarles (1974)

Epithelial tissues damage, weight

loss--broiler
50-107 30 days Charles and Payne (1966)

Charles and Payne (1966)

Anderson (1970)

Anderson et al. (1966)

Al-Mashhadani and Beck (1983)

Deaton et al. (1983)

Delayed sexual maturity in chickens 78 continuous

Increased susceptibility to
respiratory infection

Increased loss of cilia from trachea

Mucus-secreting giblet cells/In-
creased septa thickness

Reduced body weight gain, low feed

intake

7

moderate continuous

75-100

200

continuous

17 days
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CHAPTER II

LITERATURE REVIEW

Several studies have investigated different methods for practi-

cal and effective control of atmospheric ammonia in broiler

houses. They are: (1) the inhibition of microbial actions on uric

acid in droppings; (2) the effect of ventilation, relative humidity,

temperature, pH and moisture; (3) the uses of chemicals on or mixed

with built-up litter.

Effect of Inhibition of Microbial Action
on Uric Acid in Droppings

Schefferle (1965b) showed that high atmospheric ammonia concen-

tration in windowless broiler houses seemed to be primarily due to

the aerobic or the anaerobic action of some microbes on the uric acid

of the droppings. This same investigator showed that the atmospheric

ammonia in poultry house environments is generated from the decompo-

sition of nitrogenous components in droppings. These appear to be a

two-step process with urea as the intermediate product. Nonbiologi-

cal decomposition of organic nitrogenous material is kinetically very

slow. The oxidation and hydrolysis of urea to ammonia is initiated

by the species of Corynabacterium, such as Micrococcus, Alcaligenes,

and Cytaphaga. Prevention of microbial action on the uric acid and

urea in the droppings will inhibit the production of atmospheric

ammonia and leave the built-up litter acidic. Stapp (1920) identi-

fied the organisms capable of decomposing uric acid which agreed
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with other investigators (Liebert, 1909; Cooke and Keith, 1927).

Bacterial action on uric acid and urea-produced conditions and

ammonia, characteristic of normal built-up litter observed in

broiler houses (Schefferle, 1956b). Studies by Baum et al. (1956)

on uricase, the enzyme which catalyzes uric acid disappearance, was

maximal at pH 9.0 and decreased in a nearly linear manner for more

acidic or more alkaline pH values. These findings confirmed the

results of Chang and Flint (1976).

Additional studies were completed to determine the percentage of

the population of the coryneform bacteria necessary in the production

of ammonia. The majority of coryneform bacteria originated from the

built-up litter sample to decompose uric acid varied between 10-53

percent (Schefferle, 1965a). This result agreed with the observa-

tions of Chang and Flint (1976). An average of .04 percent of the

ammonia was produced within the first five minutes after excretion

of the feces and that the concentration of the ammonia increased in

proportion to the time elapsed after excretion. Reduction of the

microbial population especially of coryneform strains, should con-

siderably depress atmospheric ammonia in poultry houses.

Effect of Ventilation, Relative Humidity,
Temperature, pH and Moisture

Griffin et al. (1968) reported that high ammonia concentration

in the below-normal ventilated windowless pens resulting in high

condemnation rate and low body weight. A decrease in ventilation
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rate causes an increase in the ammonia concentration and in ab-

solute humidity. These findings were in agreement with Valentine

(1964).

Relative humidity has an effect on the condition of the litter

and also on the atmospheric ammonia concentration. As the percent

of relative humidity reaches 100 percent saturation, water condenses

on the walls, ceiling and roof and drops on the litter, which be-

comes wet and soggy. The moisture influences the ammonia concentra-

tion in two ways. An increase moisture dissolves more ammonia re-

sulting in lower ammonia concentration, and also reduces the vola-

tilization rate of the ammonia (Elliott and Collins, 1982).

Temperature may also influence atmospheric ammonia concentra-

tions. High temperatures result in higher ammonia levels due to

an increased microbial ammonia production from litter (Schefferle,

1965a). Elliott and Collins (1982) indicated that higher tempera-

tures accelerated bacterial ammonification, gaseous ammonia from

the litter to the house atmosphere (Fig. II.1). The overall process

was subdivided into four steps:

1) bacterial ammonification (uric acid NH4/NH3);

2) gaseous NH3 production within the litter;

3) mass transfer of litter NH
3

gas to the overlaying atmospheric,

and

4) establishment of ambient NH
3
levels through mixing and ventila-N,

tion.

The pH factor influences the microbial decomposition of uric

acid in the droppings. Ammonia levels respond to change in pH of
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the litter. Turbull and Snoeyenbos (1973) and Reece et al.

(1979) indicated that decreased atmospheric ammonia was observed

at pH value less than 7 and that ammonia increased at pH values

greater than 8. Elliott and Collins (1982) showed the ability

of pH to alter the ammonia-holding capacity of the litter (Fig.

11-2). These pH phenomena were due to the metabolism of the

microorganisms responsible for uric acid breakdown.

Litter moisture content plays an important role in the gener-

ation of atmospheric ammonia in broiler house environments. Under

conventional broiler management schemes, litter will normally have

a moisture content of about 15-35 percent range. Elliott and

Collins (1983) reported that as litter moisture content increased,

atmospheric ammonia production was enhanced. At very low litter

moisture, ammonia release is low, apparently due to inactivity of

the microorganisms (Fig. 111.3). Extreme dry conditions cause

microbial cell dehydration and death (Fig. 11.3, Region I). Mois-

ture levels greater than values in Region I, but less than about

40 percent moisture content, lead to limited microbial growth due

to lack of moisture which is essential for extracellular trans-

port of substrates and metabolite. In this range (Fig. 11.3,

Region II), increase in litter moisture content causes a corres-

ponding increase in ammonia release rate. Moisture content values

between 40-60 percent range (Region III) are best for microbial

growth. Hence, the ammonia release rate show highest (Fig. 11.3,

Region III). When the litter becomes wet (60% moisture content),

ammonia release is reduced because of the dilution and a reduced
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breakdown rate of uric acid from droppings under anaerobic condi-

tion (Fig. 11.3, Region IV). This concept concurs with the inves-

tigation of Valentine (1964). When litter becomes wet and soggy

with high relative humidity, ammonia release is suppressed.

Effect on the Use of Chemicals
and Atmospheric Ammonia

Onagi (1968) and Kondo and Wagai (1968) opened a new line of

reasoning when natural zeolites were incorporated in the diets of

poultry and swine. The use of zeolite made the building drier,

cleaner, and considerably less odoriferous due to the characteris-

tic of the zeolites to stabilize, absorb moisture from compounds

and capture ammonium ions produced by the manure. Nakaue and

Koelliker (1981) incorporated varied levels of clinoptilolite in

the ration of layers which were housed in naturally ventilated

single-cage buildings. The layers were fed diets containing

clinoptilolite for six 28-day periods. At levels of three and six

percent clinoptilolite, a reduction of fecal moisture was found.

The result may have influenced ammonia released by taking advan-

tage of the ion exchange characteristic of clinoptilolite for re-

ducing the amount of ammonium ion evolved. Komakine (1974) de-

veloped another concept involving mixing chicken droppings with

zeolite and ferrous sulfate. The ferrous sulfate inhibited

zymosis and decomposition of the droppings.

The use of zeolites in the diet led Torii (1977) to suggest

the use of zeolites either mixed directly with droppings or packed



10

in boxes which were suspended from the ceiling. The objective of

his studies was to depress ammonia concentration. Onagi (1968) and

Kondo and Wagai (1968) spread out 25 tons of clinoptilolite on the

floor of a Sapporo pig farm to absorb urine and other liquid

wastes. The result showed a reduction in ammonia levels. Nakaue

et al. (1981b) reported the application of clinoptilolite directly

on the litter in broiler pens to reduce ammonia-nitrogen (NH3-N)

within the pens. The result indicated that ammonia reduction

varied with the amount of clinoptilolite applied and that applica-

tion of the chemical on caking was less effective. Nakaue et al.

(1981b) suggested that zeolite application on litter between

four to seven weeks of the production cycle, suppressed atmospheric

ammonia and reduced litter moisture when applied at rates of 2.5

and 5.0 kg/m2.

Cotterill and Winter (1953) have shown that high litter pH

values would enhance the loss of ammonia, when hydrated lime, super-

phosphate, pulverized lime, and gypsum were added at the rate of

about five percent of the total weight of wood shavings litter and

manure in dropping pits. Hammond et al. (1968) and Nakaue (1983) re-

ported that using varied rates of hydrated lime, .454, 9.1, and 18.2

kilograms per 9.3 m
2 of floor space and applied on the surface of

the litter and slightly stirred for the seven-week investigation

did not suppress atmospheric ammonia. Malone (1982) showed no con-

trol effect on either litter moisture or atmospheric ammonia when

the top two to four inches deep litter were treated with sodium

bentonite. Nakaue et al. (1982), in an investigation involving
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volcanic ash on broiler performance, indicated no significant

differences among the treatments were observed on ammonia levels

and total respiratory dust levels in the pens.

Walker (1964) reported that the interaction of ammonia gas

and liquid formaldehyde at a temperature range from 22°C to 35°C

resulted in an end-product called hexamethylenetetramine (a non-

toxic powder) and moisture. Flake formaldehyde also appeared to

show potential for the control of ammonia. Seltzer et al. (1969)

indicated that formaldehyde at 0.5 to one percent levels of the

total anticipated mature production for a three- to four-week

period showed significant ammonia suppression. In layer and

broiler operations, they indicated that egg production, death loss,

fertility, and hatchability were not adversely affected by this

treatment. Broiler houses with high ammonia levels had lowered

ammonia levels following treatment of the litter with formalde-

hyde. It was ascertained that degraded flake formaldehyde pre-

sented no physiological problems for poultry.

Cotterill and Winter (1953) indicated atmospheric ammonia de-

pression when floor litter was treated with monobasic calcium

phosphate as found in the commercial fertilizer grade super-

phosphate. The reduction was primarily due to the readily ab-

sorbed properties of the gas by water and by many acid solutions.

The treatment of phosphoric acid on poultry litter proved a

reliable method of reducing atmospheric ammonia in broiler hous-

ing. The phosphoric acid treatment proved effective by lowering

the pH of the litter, thereby depressing ammonia evolved (Reece
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et al., 1979).

Table 11.1 summarizes the possible primary and secondary mode

of action of the various chemicals applied to used litter to con-

trol ammonia production in broiler house.



House atmosphere

Uric acid input

Uric acid pool

Establishment of
ambient NH3 levels

ppm NH
3

Bacterial

ammonification

(Ventilation)

F (01/T°)

Gaseous

Total ammonia ammonia

nitrogen production

(N114 + plus N113)
F (p11/T°)

Ammonia released
to atmosphere

Litter gaseous
ammonia

F1G111tli 11.1 Stepwise pathway e iiiintonia volatilization in poultry house



300

200

100

14

pH = 7,0

PH =

E 12

AGE (DAYS)

16

FIGURE 11.2 Effect of litter pH on ammonia levels
[Elliott and Collins, 1982]

20

a



I. Microbial
Idestruction 'Optimum

moisture fo/.
aerobic

III. Moisture-limited
growth

microbial growth

IV.

Anaerobiosis and di-
lution

0 10 20 30 40 50 60 70

Moisture content (%)

80 90

FIGURE 11.3 Schematic representation of NH3 release rate
dependence on litter moisture content [Elliott
and Collins, 1983].

15

100



TABLE 11.1 Potential substance and their principal mode (S) of action for atmospheric ammonia
suppression

Chemicals
Anti-microbial

properties
NH3-binding
properties

NH3-oxidizing
properties References

KMNO
4

* * * Ulich and Ford (1975)

Sorbic acid * * * Arafa et al. (1979)

Volatile fatty
acids (60% ace-
tic 40% pro-
pionic)

*
* * et al. (1974)Parkhurst

Fe2(SO4)3-based
products

* Elliott and Collins (1982)
Carr and Nicholson (1980)

Formaldehyde * * Veloso et al. (1974)

Hydrated lime * * * Nakaue (1983)
Cotterill and Winter (1953)

Superphosphate * * * Cotterill and Winter (1953)

Pulverized lime * * * Cotterill and Winter (1953)

Gypsum * * * Cotterill and Winter (1953)

Phosphoric acid * * * Reece et al. (1979)

* = primary mode of action.

* * = secondary mode of action.
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ABSTRACT

Three experiments were conducted to evaluate the various methods

and application rates of ferrous sulfate-heptahydrate on the control

of atmospheric ammonia in an enclosed broiler house.

The first experiment was designed to determine the optimal rate

of ferrous sulfate-heptahydrate directly on built-up litter. No

significant differences among the treatments were observed in mean

body weight, feed conversion and bird mortality. There were signi-

ficant differences observed with the 0.76, 1.52 kg/m
2

application

rate compared to other treatments in atmospheric ammonia at 28 and

35 days after application. No significant differences among the

treatments were observed in litter pH, litter moisture and total

respiratory dust levels up to 49 days. The optimal application rate

is 0.76 kg/m
2 because of the prolonged ammonia control and no iron

deposit in the respiratory tract.

The second experiment was conducted to compare the application

of 0.76 kg ferrous sulfate and 7.6 kg clinoptilolite per square

meter on built-up litter to control atmospheric ammonia. No signi-

ficant differences were observed among the treatment in mean body

weight, feed conversion and bird mortality. Atmospheric ammonia

levels did not show significant difference between ferrous sulfate

and clinoptilolite treatment; however, significant difference be-

tween treated and untreated groups were observed. Litter pH in

the ferrous sulfate treatment was significantly lower than clinop-

tilolite and untreated litter between 0 day and 14 days of the
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study. _Litter moisture and total respiratory dust count were sig-

nificantly lower in both treated litter groups than in the untreated

group from 0 to 28 days and at 49 days, respectively. Ferrous sul-

fate seems to be slightly superior to the clinoptilolite litter

application in ammonia control.

The third experiment involved investigating various methods of

ferrous sulfate application to determine the most effective method

for the control of atmospheric ammonia in an enclosed broiler

house. Broiler grown on litter treated with 0.76 kg of ferrous sul-

fate granular per square meter had significantly heavier mean body

weight at 28 and 49 days of age than the three other treatments.

Bird mortality was also significantly lower in direct litter appli-

cation methods than spraying ferrous sulfate solution or exposing

ferrous sulfate in hanging boxes. No significant difference among

the treatment was observed for feed conversion. Atmospheric

ammonia and litter pH were significantly lower with 0.76 kg/m
2

direct litter treatment than among the other methods at 28 days

after treatment. Litter moisture, litter score and total respira-

tory dust level were not significantly different among the treat-

ments. Spreading the granular ferrous sulfate seems to be more

effective than either the sprayed or hanging box method.
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INTRODUCTION

Producing broilers on built-up litter in environmental con-

trolled houses have led to higher atmospheric ammonia within the

house. Atmospheric ammonia continues to menace birds and producers.

Increased ventilation rates do not reduce atmospheric ammonia

without higher energy cost and physiological problems (Elliott

and Collins, 1982). Anderson et al. (1964) showed that reduced

ventilation during winter months led to concentrations of ammonia

as high as 50 to 100 m1/1. Carr and Nicholson (1980) reported a

three-week study which determined the effectiveness of four litter

treatments.

Documentations have also shown various minerals for the con-

trol of atmospheric ammonia on built-up litter. Cotterill et al.

(1953) used hydrated lime, pulverized lime, superphosphate, pulver-

ized lime and gypsum which were added at the rate of about five

percent of the total weight of wood shavings litter and manure in

dropping pits and found that pH was low in pens treated with

superphosphate and gypsum, high in pens treated with lime, with

varying magnitudes of pH from 7.24 to 8.94. Higher pH enhances the

loss of ammonia. Hammond et al. (1968) investigated lime and

chlorine on liquid hog manure and indicated elevated pH, which was

unable to prevent ammonia release from manure. Nakaue et al. (1981)

applied 0, 2.5, and 5.0 kg/m2 of clinoptilolite, for the improve-

ment of poultry house environment. The 5 kg/m
2
application at 28

days of production suppressed concentration of NH3-N by 35 percent.

The application of 2.5 kg and 5 kg/m
2
at 21 days reduced the
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litter moisture by 8.7 and 10.9 percent, respectively, when com-

pared to the untreated litter.

Earlier demonstrations have shown that ferrous sulfate incorpor-

ated into the ration reduced ammonia production (Komakine, 1974).

Carr et al. (1982) and Elliott and Collins (1983) have shown that

direct ferrous sulfate application on the litter controlled atmos-

pheric ammonia between 40 to 50 ppm for 30 days. Malone et al.

(1980) indicated that atmospheric ammonia was suppressed for about

two to five weeks using Litter-Aid from time of chicks' placement.

Ferrous sulfate-heptahydrate shows the potential to reduce

atmospheric ammonia in broiler house. The following experiments

were conducted with broiler reared on built-up litter from day-old

to seven weeks of age.

The purposes of these experiments were: (1) to determine the

minimal effective levels of ferrous sulfate to reduce atmospheric

ammonia throughout the production period; (2) to compare the

effectiveness of ferrous sulfate and clinoptilolites on ammonia

control; and (3) to determine the effective method for the applica-

tion of ferrous sulfate on built-up litter to control atmospheric

ammonia in enclosed ventilated broiler house.
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MATERIAL AND METHODS

Three experiments were conducted using day-old straight run com-

mercial broiler chicks. The chicks were housed in a mechanically

ventilated windowless house containing eight pens. Each pen measured

3.05 m x 4.27 m. A ventilating exhaust fan operated on a time clock

was used in each pen. The time the fans came on varied with each

experiment.

The temperatures within the pens, at bird height, were care-

fully maintained so they ranged from 23°C to 26°C throughout the

duration of the study. The brooding procedures were followed

according to Dorminey and Nakaue (1977). Twenty-four hours of

light were provided with 25-watt bulbs in each pen. This provided

25 lux in each pen.

Feed and water were provided ad libitum during the studies.

A two-phase feeding program was used. The first phase consisted

of a 23 percent crude protein starter mash from day-old to 21 days

of age. The 21 percent crude protein finisher mash was fed from

22 days to 49 days of age (end of experiment).

A LaMotte air sampling pump' was used weekly to sample a

volume of air from each pen. Atmospheric air from each pen was

pumped into a 25 ml test tube (25 mm x 200 mm) which contained

boric acid absorption solution. The air was sampled for five

minutes at the rate of one litre per minute at bird level. Two

samples were taken per pen.

The samples were brought to the laboratory for ammonia

1LaMotte Chemical Compound, P.O. Box 329, Chestertown, MD 21620.
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determination. An aliquot of 2.0 or 2.5 mis of the boric acid ab-

sorption plus sampled ammonia was pipetted into 125 ml erlenmeyer

flasks and diluted to 25 ml with clean boric acid absorption solution.

One ml of 8 N sodium hydroxide was added to both the sample solution

and the blank which contained plain boric acid solution and shaken

slightly. One ml of Nessler's reagent was added to each sample and

blank. The flasks were then shaken lightly and allowed to develop a

color for 10 minutes. The percent transmittance of each sample was

determined on a spectrophotometer at 425 nm, after setting to 100

percent transmittance with the blank.

Weekly measurements of the moisture content of the built-up

litter were taken directly with a Delmhorst meter.2 The readings

were taken from four different sites in each pen but away from the

waterer.

Litter pH measurements from each pen were determined by taking

about five grams of litter sample and mixed with 100 ml of dis-

tilled water. Sargent-Welch pH meter model NX and a Corning P.C.

353 stirrer was used to measure the pH levels.

A Royco particle counter, model 218,3 was used in determining

the respiratory dust levels from particles varying in diameter

from 0.5 to 10 micrometers. The respiratory dust levels were de-

termined after four weeks of the studies and again at seven weeks.

All mortalities of chickens after five days of age were sent

2Delmhorst Instrument Company, Boonton, New Jersey.

3Royco Instrument, Inc., 141 Jefferson Dr., Menlo Park CA 94025.
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to Oregon State University Veterinary Medicine Diagnostic Labora-

tory for necropsy and examination.

Statistical analyses of the data were carried out by using

a one-way analyses of variance with significant treatment means

separated by the least significant difference test (Snedecor and

Cochran, 1980).

Experiment 1

Approximately 1,285 day-old straight-run commercial broiler

chicks were placed in eight pens. Each pen contained 161 chicks

with a bird density of 0.087 m
2
per bird. There were four treat-

ments with two replicates or pen treatment. The two control pens

had no ferrous sulfate applied on their built-up litter. The

second treatment had ferrous sulfate applied at the rate of 0.76

kg/m
2
of floor space. The third and fourth treatments had ferrous

sulfate applied on the built-up litter at the rate of 0.38 kg/m
2

and 1.52 kg/m
2

of floor space, respectively. The ferrous sulfate

was applied with a Scott Lawn fertilizer drop spreader for even

distribution on the built-up litter. Ferrous sulfate was applied

on the litter prior to the placement of the chicks in the pens.

This experiment was carried out from January to mid-March when

the weather conditions were rainy and cold. The environmental tem-

peratures ranged from 11°C to 18°C at the times of samplings. The

temperatures within the pens ranged from 15°C to 22°C during the

eight sampling periods.

The exhaust fans, on a time clock, were used from day 21 to the
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end of the experiment (49 day). The exhaust fans came on for 15

minutes per hour in the twenty-four cycle.

At the end of the 49 day period, 5 males and 5 females were

randomly selected from the control and 1.52 kg/m
2

ferrous sulfate

treatment groups, sacrificed and processed. The trachea and lung

tissues were examined for red deposits of iron.

Atmospheric ammonia, litter moisture and litter pH were measured

at 0, 7, 14, 21, 28, 35 and 49 days. At 28 days, 20 males and 20

females from each pen were weighed. At 49 days, feed consumption,

feed conversion, mortality, total respiratory dust and body weights

were measured.

Experiment II

Eleven hundred commercial day-old straight-run broiler chicks

were used in this experiment. There were three treatments with two

replicates per treatment. Each of the six pens contained 183

chicks with a bird density of .071 m
2
per bird per pen. Two control

pens had no application on their built-up litter. The second treat-

ment had ferrous sulfate at the rate of 0.76 kg/m
2
of the floor space

evenly spread on the built-up litter. The third treatment had clinop-

tilolites applied on their built-up litter at the rate of 7.6 kg/m
2

floor space. All treatments on the litter were applied before the

placement of the chicks in the pens. The investigation was conducted

from day-old to 49 day period.

The experiment was conducted from the end of August to mid-

October when the weather conditions were warm and dry. The
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environmental temperature ranged from 12°C to 28°C at the times of

samplings. The temperatures within the pens ranged from 16°C to

31°C during the sampling periods.

The exhaust fans, on a time clock, were used from day 23 of the

study to the end of the experiment (49 day). The exhaust fans

were recycled for 15 minutes 'on' per hour for about 14 days. The

time the fans came on were switched to 15 minutes 'on' and 15

minutes 'off' for 12 hours (2000 to 0800 hours) during the nights

for another seven days. The fans were finally set on 15 minutes

on' 45 minutes 'off' until the termination of the experiment during

the nights (2000 to 0800 hours).

Atmospheric ammonia, litter moisture and litter pH were mea-

sured at 0, 2, 7, 14, 21, 28, 35 and 49 days. Every other para-

meter was measured as in Experiment 1.

Experiment III

Fifteen hundred and sixty commercial day-old straight-run

broiler chicks were used in this experiment. There were four treat-

ments with two replicates per treatment. Each of the eight pens

contained 195 chicks with a bird density of 0.067 m
2
per bird per

pen.

The investigation was carried out from late March to mid-May when

the outside weather conditions were cold with intermittent rainy

days. The environmental temperature ranged from 14°C to 20°C at

the times of sampling. The temperatures within the pens ranged from

18°C to 26°C during the sampling periods.
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Two control pens had no ferrous sulfate applied on their built-

up litter. The second treatment had ferrous sulfate evenly spread

(0.57 kg/m2/box) in shallow hanging boxes measuring 1.2 m x 2.4 m x

0.08 m per box. Each of these pens contained two boxes which hung

down from the ceiling (Fig. 111.4). The height of the boxes was

1.25 meter above the litter level and were adjustable for ease of

completing daily management chores. Each box was underlined with

burlap sack for ease of penetration and exposure of atmospheric

ammonia to the ferrous sulfate. The third treatment was direct

litter application of the granular ferrous sulfate at the rate of

0.76 kg/m
2
floor space. The fourth treatment had ferrous sulfate

dissolved in water at the rate of .63 kg/litre which is equivalent

to the granular application rate .38 kg/m
2

, and evenly sprayed on

the built-up litter.

Atmospheric ammonia, litter moisture and litter pH were measured

at 0, 2, 7, 14, 21, 28, 35 and 46 days. Body weights of all the

birds, feed conversion and total respiratory dust were measured at

28 and 49 days. Mortality and litter score were measured at 49 days.
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RESULTS AND DISCUSSION

Experiment I

Table III.1 shows the performance data for 28 and 49 days

of age. No significant differences among the treatment were ob-

served in mean body weight, feed conversion and mortality at 28

28 and 49 days. The body weight result disagrees with Huff

et al. (1980). His investigation with Litter-Aid (main ingredient

of Litter-Aid is ferrous sulfate) showed that 0.76 kg treatment

was significantly higher in body weight than the 1.52 kg treatment.

No significant differences were shown in feed conversion and mor-

tality. Carr et al. (1982) used the same application rate of

ferrous sulfate treatment and the summarized data on body weight,

feed gain, and mortality showed no significant differences

(P < 0.05) between the untreated and treated litter at 28 and

56 days.

Mean weekly atmospheric ammonia concentrations are shown in

Table 111.2. Significant differences (P > 0.05) among treatments

were observed at 7, 14, 21, 28 and 35 days of the experiment. At

day 7 after litter treatment, the data indicate the levels of at-

mospheric ammonia were lowered in all treatment pens. The low

levels of ammonia observed on 7 day were apparently due to low

average outside and inside temperature 16°C and 20°C, respectively,

at the time of sampling. The average increase in temperature,

24°C within the pens, and the probable dissipation of the ferrous

sulfate effect on the built-up litter show an increase in ammonia
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levels at 21 and 28 days. At 21 day of the study, fans were

started at the rates of 15 minutes 'on' per two hours 'off'. The

increase in ventilation due to the fans showed a decrease in

ammonia levels compared to the levels observed at 35 days. At

49 days, ammonia levels were observed higher than 45 ppm in all

treatments. These levels irritated the eyes. Elliott and Collins

Collins (1982) noted that ferrous sulfate can reduce atmospheric

ammonia up to 35 days. Carr et al. (1982) reported that 0.73 kg/

m
2 ferrous sulfate reduced ammonia to 36 ppm at 21 days. Elliott

and Collins' (1982) investigation also reported that, for ammonia

to remain below 40 ppm, ventilation rates need to be increased

six-fold beyond the rates necessary for proper litter moisture

control. The application of 1.52 kg ferrous sulfate per square

meter was the most effective level throughout the investigation.

However, there was a strong iron smell in the pens with this rate

of application. Another disadvantage of this level of ferrous

sulfate application would be the high cost compared to the other

rates of application.

Necropsy reports from Oregon State University Veterinary

Diagnostic Laboratory on the dead birds indicated an incidence of

wet red lungs and trachea with the high ferrous sulfate treatment.

However, examination of the trachea and lungs of the processed

birds at the end of the experiment did not show any iron deposits.

Table 111.3 summarizes the mean weekly litter pH of the

treatments. Elliott and Collins (1982) indicated that restrict-

ing litter pH to values less than neutrality (< 7) will go a long
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way towards avoiding the adverse effects of ammonia, volatiliza-

tion. Ferrous sulfate possesses acidic characteristics that lowers

the litter pH (< 7) and permits microbial action. At day 0, all

treatment groups showed high litter pH resulting in increased

ammonia. At 7 days after ferrous sulfate application, litter pH

was lower in the treatment groups than in the untreated groups.

The highest ferrous sulfate application (1.52 kg/m
2

) significantly

lowered the pH than the litter pH of 0.38 and 0.76 kg/m2 ferrous

sulfate application. The 0.76 kg and 1.52 kg/m2 application

levels produced lowered litter pH among treatments at 14, 21, and

35 days after application. The two high levels of ferrous sulfate,

0.76 and 1.52 kg/m
2

, remained longer in the built-up litter before

dissipating and thereby resulted in ammonia levels remaining lower

than ammonia levels in pens applied with 0.38 kg/m
2

.

Data for litter moisture and total respiratory dust level

are presented in Table 111.4. No significant differences among

the treatments were observed in weekly litter moisture and total

respiratory dust levels.

Under the conditions of this experiment, 0.76 kg/m
2

is appar-

ently the optimal application rate, because atmospheric ammonia

levels were significantly lowered than the control group up to 35

days after application. The birds' performances were not affected

compared to other groups. The 0.76 kg application would be prefer-

able over the 1.52 kg because of the cost factor.
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Experiment II

Performance data for 28 and 49 days of age are shown on

Table 111.5. No significant differences (P > 0.05) among the

treatments were observed on broiler performance which is in agree-

ment with Nakaue et al. (1981). Carr et al. (1982) also reported

that 1.46 kg/m
2
of ferrous sulfate showed no significant differ-

ences between 0.72 kg/m
2
and 1.46 kg/m

2
ferrous sulfate treatments

on body weight, mortality and feed:gain ratio.

Table 111.6 shows that both ferrous sulfate and clinoptilo-

lite significantly reduced ammonia up to 21 days after applica-

tion when compared to the control treatment. However, no signifi-

cant differences between ferrous sulfate and clinoptilolite treat-

ments were observed throughout the experiment. The high levels of

atmospheric ammonia observed at 21 days when related to the levels

of other sampling periods were caused by reduced ventilation.

Table 111.7 presents the mean weekly litter pH of the treat-

ments. There was significantly lower litter pH for the ferrous

sulfate than either the control or clinoptilolite treatments at day

7, 14, and 28 of the experiment.

The low levels of atmospheric ammonia in clinoptilolite

treatments (Table 111.6) were probably due to clinoptilolite

selectivity for ammonium ion (Koelliker et al., 1978). Ferrous

sulfate acidic property reduced the litter pH resulting in lower

levels of ammonia (Table 111.6) in the treatment pens. Reece et

al. (1979) reported that pH 8 and higher results in high atmos-

pheric ammonia, whereas lower pH value (7) depressed ammonia levels.
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By 49 day, the treatments have lost their pH reducing characteristic

and pH levels in all pens were the same.

A weekly mean percent litter moisture and respiratory dust

level at 49 days are shown in Table 111.8. The litter moisture

showed no significant differences between the chemical-treated

pens (P 0.05) for 7, 14, and 21 days. However, the chemical-

treated pens had significantly lower percent litter moisture than

the untreated pens. Clinoptilolite produced significantly lower

litter moisture at 28 days compared to ferrous sulfate treatment.

This difference may be caused by the inability of clinoptilolite

to dehumidify air (Koelliker et al., 1978). With a gradual increase

with the age of birds, built-up litter contained high litter mois-

ture. Malone et al. (1980) reported that litter moisture produced

little or no ammonia which was chemically bound by the ferrous

sulfate (a major ingredient of Litter-Aid).

The total respiratory dust level was significantly lower in

the clinoptilolite treatment than the untreated and ferrous sul-

fate treated groups at 49 days. This can be explained in that the

clinoptilolite group had more caked litter and contained higher

litter moisture than the ferrous sulfate groups which showed less

litter moisture.

Ferrous sulfate applied at the rate of 0.76 kg/m
2

seems to

be slightly superior to the clinoptilolite litter application. This

can be based on comparison of the performance data, lower ammonia

levels, percent mean litter moisture, litter pH and percent mortali-

ty. Further considerations must be given on the cost advantage.
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Experiment III

Data for mean body weight, feed conversion and mortality at

28 and 49 days are listed in Table 111.9. At 28 days of the

study, ferrous sulfate applied directly on litter (0.76 kg/m
2
), pro-

moted significantly better growth rate for the males, females and

combined sex than the three other treatments. No significant dif-

ferences were observed among the treatments in the feed conversion.

These results indicated that between day 0 through 28 days, the high

ammonia levels may have affected bird performance. At 49 days,

significantly better growth rates were observed in males and the

combined sexes with the three methods of ferrous sulfate application

than the control treatment. This concurs with the reports of

Charles and Payne (1966) in which high ammonia levels between 53-

102 ppm decreased liveweight of birds. No significant differences

were observed among the treatments in either females' body weight

or the feed conversion at 49 days.

Mortality was significantly lower in the ferrous sulfate kept

in boxes or spread on the litter than the untreated pens. The

high mortality observed during the period between 0 day and 28 days

of the investigation may be due to high ammonia levels plus high

bird density resulting in more stress to the birds.

Table 11I.10 presents the mean ammonia levels from the differ-

ent methods of ferrous sulfate applications. The three treatment

groups had significantly lower atmospheric ammonia in the pens than

the untreated groups. At 0 day, the control pen had significantly

lower levels of ammonia than the pens prior to the ferrous sulfate
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in the boxes or on the litter. Two days after application, high

levels were observed in the control pens due to decreased ventila-

tion and an increase in room temperature from the brooders. The

treated groups showed a significant lower ammonia level up to 28

days of the investigation. The hallway doors were kept closed for

7 days to investigate the low level ammonia observed with the con-

trol groups at 28 days. Leaving the door open helps reduce the

atmospheric ammonia in the entire pens. At 35 days, the level of

ammonia among the treated pens was not significantly different.

The fans were started at day 23 at the rate of 15 minutes 'on' 15

minutes 'off' for a twenty-four hour cycle. At 46 days low ammonia

levels were observed due to the increased ventilation rates. Spread-

ing the granular ferrous sulfate seems to be the most effective

method of the ferrous sulfate application in reducing atmospheric

ammonia.

The litter moisture, litter score and total respiratory dust

level are shown in Table 111.11. No significant differences among

the treatments in these three parameters were observed.

Litter pH's listed in Table 111.12 were significantly lower with

the direct granular application of 0.76 kg/m
2
ferrous sulfate, than

either the untreated or the sprayed or hanging box method up to 21

days. At 28 days, the litter pH in all treatments was not signifi-

cantly different.

Under the conditions of this study, the direct litter method of

ferrous sulfate application seems to be more effective than either
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the sprayed or the hanging box methods. Bird performances, litter

pH, atmospheric ammonia and mortality were significantly in favor

of the direct litter application methods.
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FIGURE III.1 Demonstration of the hanging box method



TABLE II1.1 Effect of application of varying levels of ferrous sulfate on built-up litter on

broiler performance at 28 and 49 days of age in ventilated enclosed house (Experi-

ment 1)

Ferrous
sulfate
.7 H2O

application

28 days of age 1

Mean body weight

Males Females M+F

49 days of age'

Mean body weight

Males Females M+F Feed cony. Mean mort.

kg/m
2

0

0.38

0.76

1.52

(g)

860
a 747a 8044

8604 757
a

808
a

859
a

758
a

809
a

9064 770
a

838
a

(g)
(%)

2069
a 1774a 1922a 2.18

a 2.8
a

2288
a

1747
a 2018a 2.12

a 4.14

19924 1683
a

1838
a

2.254 1.94

21264 1756a 1941a 2.17a 4.7a

1There were no significant differences
in each column among the treatments at P 0.05).



TABLE 111.2 Effect of application of varying levels of ferrous sulfate on built-up litter on
the weekly atmospheric ammonia levels in enclosed ventilated house (Experiment 1)

Ferrous sulfate

.7 H2O

application

Mean ammonia level'

Days after application

0 7 14 21 28 35 49

kg/m
2

0

0.38

0.76

1.52

38
a

30
a

38
a

23
a

18
a

9
b

4
b

3
b

38
a

30
a

22
a

9
b

PPm

S8
a

30
b

38
b

23
c

53
a

42
a

35
b

23
c

43
a

28
b

32
b

21
c

70
a

59
a

56
a

48
a

1Mean values in each column with different superscript letters are significantly different

(P 0.05).



TABLE 111.3 Effect of application of varying levels of ferrous sulfate on built-up litter on
litter p11 in ventilated enclosed house (Experiment 1)

Ferrous sulfate

.7 1120

application

Mean litter pH1

Days after application

0 7 14 21 28 35 49

kg/m
2

0

0.38

0.76

1.52

8.9
a

8.7
a

8.5
a

8.7
a

8.6a

8.0a

a
7,7a

7,0b

8.4
a

80a

b

7.6
b

8.6
a

8.3
a

b
7.7

7.3
b

9.1
a

8.9
a

8.4a

8.5
a

8.6
a

8.4
b

8.2
c

8.3
c

8.6
a

8.5
a

8.3
a

8.4
a

1 Mean values in each column with different superscripts letter are significantly different at

(P 0.05).



TABLE 111.4 Effect of application of varying levels of ferrous sulfate on built-up litter on
litter moisture and respiratory dust in ventilated enclosed broiler house

(Experiment 1)

Ferrous sulfate

.7 H20

application

Mean litter moisture Total Respiratory

dust level]."Days after application

0 7 14 21 28 35 49 28 49

kg/m
2 (x 108/m3)

0 39
a

47
a

48
a

49
a

49
a

50
a

49
a

2.8
a

4,0a

0.38 40
a

43
a

41
a

46
a

48
a

47
a

49a 3,0a 3.7
a

0.76 33
a

38
a

41
a

48
a

48
a

47
a

48
a

3.8
a

4.2
a

1.52 38
a

46
a

44
a

47
a

48
a

47
a

49
a

3.8
a

3.9
a

1
Mean values in each column with different superscripts are significantly different at

(P 0.05).

2Total respiratory dust count based on particle sizes varying from 0.5 to 10 um diameter.



TABLE 111.5 Effect of various litter treatment on broiler performance at 28 and 49 days of age

in ventilated enclosed broiler house (Experiment 2)1

Litter
treatment

28 days 49 days

Mean body weight Mean body weight

Levels Feed Mean

Chemicals applied Males Females M+F Males Females M+F cony. mort.

None

kg/m
2

(g) (g)

0 1029
a

910
a

970
a

2102
a

1711
a

1907a 2.13
a

2.5a

Ferrous sul- 899
a

977
a a

fate .7 H2O
0.76 1056

a
2186

a
1783

a
1985

a
2.07a 3.0

Clinoptilo-
7.6 1065

a
937

a
1001

a
2155

a
1716

a
1936

a
2.20

a
5.2a

lite

1 Mean values in each column with different superscript letters are significantly different

at P < 0.05.



TABLE 111.6 Effect of various litter treatment on atmospheric ammonia levels in ventilated

enclosed broiler house (Experiment 2)

Litter
treatment

Mean ammonia levels'

Days after application

Chemicals

Levels
applied 0 2 7 14 21 28 35 49

None

Ferrous sul-
Hfate .7
2
0

Clinoptilo-
lite

kg/m
2

0

0.76

7.6

19
a

a
17

a
31

34
b

12a

a
14

30
b

a
11

1616a

ppm

54
b

125
b

a
106a15

1818a 114a

52a

a
63

74
a

51a

a
59

51
a

82
a

a
81

87
a

1Mean values in each column with different superscript letters are significantly different

at P < 0.05.



TABLE 111.7 Effect of various litter treatments on litter pH in ventilated enclosed broiler

house (Experiment 2)

Litter
treatment

Levels

Mean litter pH'

Days after application

Chemicals applied 0 7 14 21 28 49

None

Ferrous sul-
fate .7 H2O

Clinoptilo-
lite

kg/m
2

0 8.4
a

8.3
a

7.8
a

8.9
a 8.6

a
8.7

a

a
8.2 7.6

b b a b
8.5 7.90.76 7.0 8.5a

a a a
8.3 8.3 7.67.6 8.6a 8.5

a
8.7

a

1Mean values in each column with different superscript letters are significantly different

at P < 0.05.



TABLE 111.8 Effect of various litter treatments on litter moisture and total respiratory dust

count in ventilated enclosed broiler house (Experiment 2)

Litter
treatment

Mean litter moisture
Total respiratory

dust level 1,2Age in days

Chemicals

Levels
applied 0 7 14 21 28 35 49 49 day

None

Ferrous sul-
fate .7 H2O

Clinoptilo-
lite

kg/m
2

0

0.76

7.6

%
(x 10

8
/m

3
)

7.1
a

10.8
a

2.9
b

29.1
a

20.8b

22.1
b

28.8
a

23.8b

22.3
b

30.5
a

22.8b

24.8
b

( )

30.8
a

27.8b

25.0
b

30.0
a

30.3a

27.8
b

35.3
a

32.7a

30.5
a

33.4
a

31.5
a

a
35.8

1 Mean values in each column with different superscript letters are significantly different

at P 0.05,

2Total respiratory dust count based on particle sizes varying from 0.5 to 10 um diameter.



TABLE 111.9 Effect of various methods and application rates of ferrous sulfate on broiler per-
formance at 28 and 49 days of age in ventilated enclosed house (Experiment 3)1

Ferrous sulfate
treatment

28 days 49 days

Mean body weight Mean body weight

Methods of Levels Feed Feed Mean

application applied Males Females M+F cony. Males Females M+F cony. mort.

kg/m
2

(g) (g) (%)

914a 816a914 816None 0 865
a

1.86
a

2001
a

1818
a

1910
a

2.16
a 7.7a

981a 817
a

Hanging box 0.57 981 899a 1.73a 2259
b

1906a 2082
b

2.02
a

3.9
b

Spread on
0.76 1060

b
986

b
1023

b
1.63a 2121

b
2107

a
2114

b
1.91

a 21 c

litter

Spray on
litter

0.632 951
a

880a 916a916
a

1.70
a

2246
b

1803
a

2024
b

2.14
a

5.9

1 Mean values in each column with different superscript letters are significantly different

at P < 0.05.

2Kilogram/liter of H2O which is equivalent to 0.38 kg granular FeSO4.7 H2°/square meter of

floor space.



TABLE III.10 Effect of various methods and application rates of ferrous sulfate on atmospheric

ammonia reduction in ventilated enclosed house (Experiment 3)

Ferrous sulfate
treatment

Mean ammonia levels'

Days of age

Methods of Levels

application applied 0 2 7 14 21 28 35 46

kg/m
2 ppm

None 0 29
a

68
a

68
a

75
a

70
a

52
a

77
a

52
a

Hanging box 0.57 44
b

39
b

57
b

56
b

41
b

42
b

77
a

44
b

Spread on 40b 15c 36c 49b 34c40 15 36 49 340.76 42c 78a 64
ab

litter

Sprayed on
litter

0.632 24
a

35
b

66
ab

54
bc

36
c

32
c

75
a

39
c

I Mean values in each column with different superscript letters are significantly different

at P 0.05.

2Kilogram/liter of 1120 which is equivalent to 0.38 kg granular FeSO4.7 1120/square meter.



TABLE 111.11 Effect of various methods and application rates of ferrous sulfate on mean litter
moisture, total respiratory dust and percent litter score in ventilated enclosed
broiler house (Experiment 3)1

Ferrous sulfate
treatment

Methods of Levels

application applied

Mean litter moisture
days after application Mean litter score2

0

Total respiratory
dust level3

days after application

1-46 46 days 28 46

kg/m
2

(%) (x 108/m3)

None 0 38.6a 42.2a ± 5.5 4.0
a

± .6 3.6
a

5.7
a

a
Hanging box 0.57 36.6 37.9

a
± 3.1 3.2a ± .4

3.9a
6.7

a

Spread on
0.76 34.S

a
38.8a ± 4.3 3.5

a
± .5 3.9

a
5.6

a

litter

Sprayed on
litter

0.63" 42.0
b

44.3a ± 4.6 2.3
a

± 1.1 4.7
a

4.7
a

1Mean values in each column with different superscript letters are significantly different at

P < 0 OS.

2
Litter cake score: 1-5; Mean Standard Error, 1 = low caked, 5 = high caked.

3Total respiratory dust level based on particle size varying in size from 0.5 to 10 um diameter.

4 Kilogram/liter of H2O which is equivalent to 0.38 kg granular FeSO4.7 1120/square meter.



TABLE 111.12 Effect of various methods and application rates of ferrous sulfate treatments on

litter pH in ventilated enclosed house (Experiment 3)

Ferrous sulfate Mean litter pill

treatment

Methods of Levels

application applied

Days of age

0 2 7 14 21 28 35 46

kg/m
2

None 0 8.7
a

8.4
a

8.5
a

8.5a 8.5
a

8.7
a

8.7
a

8.6
a

Hanging box 0.57 8.5
a

8.3
a

8.3
a

8.4
a

8.4
a

8.4
a

8.5
a

8.6a

Spread on 7.1
b

7.2
b

7.3
b

8.4
a

8.6
a

0.76 8.6a 8.0 8.5a
litter

Sprayed on ab
8.2

a a a a
8.2 8.60.632

8.6a
8.0 8.0 8.4a 8.4a

litter

1 Mean values in column with different superscript letters are significantly different at

P < 0.05.

2Kilogram/liter of H2O which is equivalent to 0.38 kg granular FeSO4.7 H20/square meter.
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CHAPTER IV

SUMMARY AND CONCLUSION

There is an economic and health need for controlling ammonia

release in broiler housing especially during winter and fall

months. The three experiments were conducted to determine the

optimal rate, effectiveness and methods of ferrous sulfate-

heptahydrate application on built-up litter in a ventilated en-

closed house.

The 0.76 kg of ferrous sulfate application seems to be the

optimal rate for direct litter application. This level of ferrous

sulfate did not affect growth performance due to the ability to

suppress ammonia levels from three to five weeks after application.

Although the 1.52 kg/m
2 rate suppressed ammonia, the strong iron

smell, the deposits of red iron in the birds, and the higher cost

makes this level of application infeasible.

The hanging box method showed significantly lower atmospheric

ammonia than the control group. More trials need to be conducted

using this method to determine its feasibility under commercial

conditions.

Regeneration or recycling of the used ferrous sulfate seems

worthy of continuing. The recycling processes can be proceeded

by heating the ferrous sulfate to drive away its bound ammonia

gas, at 60°C to 90°C for 45 minutes. The heated ferrous sulfate

can then be reapplied directly on the litter. This method gives

the producers more use of the same material, thus reducing cost.
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Another method worthy of investigating is the incorporation

of ferrous sulfate into broiler rations. This attempt, hopefully,

will be aimed at inhibiting the uric acid decomposition upon excre-

tion as droppings.
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TABLE A.1 Composition of broiler starter/grower finisher ration

Broiler
starter

Grower
finisher

Corn

Fat, animal

Soybean ml. 47.5%

Meat and bone meal

Dehy. alfalfa ml.

Defluo. phosphate

Limestone flour

Salt (iodized)

Trace min. premixl

Vitamin premix2

d,1 methionine

Zoamix3

Baciferm"

17%

(%)

58.35

2.00

32.25

5.00

1.00

0.42

0.35

0.25

0.05

0.20

0.13

+

+

(%)

63.52

2.00

27.50

5.00

1.00

0.25

0.13

0.25

0.05

0.20

0.10

+

+

Calculated analyses:

Crude protein, % 23.10 21.30

Met. energy, kcal/kg 3051 3085

Calcium, % 0.96 0.81

Avail. phosphorus, % 0.47 0.44

Lysine, % 1.26 1.13

Methionine, % 0.49 0.43

Cystine, % 0.39 0.36

Meth. + Cyst., % 0.88 0.79

1Supplies per kilogram of feed: calcium, 97.5 mg; manganese,

60 mg; iron, 20 mg; iodine, 1.2 mg; zinc, 27.5 mg; cobalt, 0.2 mg.,

Cu, 2 mg.

2
Supplies per kilogram of feed: vitamin A, 3300 IU; vitamin D3,

1100 ICU; riboflavin, 3.3 mg; d-pantothenic acid, 5.5 mg; niacin, 22

mg; choline, 191 mg; vitamin 312, 5.5 mcg; vitamin E, 1.1 IU; vita-

min K, 0.55 mg; folacin, 0.22 mg.

3Provided gratuitously by Salsbury Laboratories, Charles City, IA.

4Provided gratuitously by International Minerals and Chemical

Company, Mundelein, IL.


