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The total amount of nitrogen and phosphorus in animal manures, and the proportion of this

amount that becomes available as dissolved inorganic nitrogen and phosphorus within a month

after manures are added to water were examined in the context of fertilization guidelines for pond

aquaculture. A literature study was conducted to synthesize information on the dry matter, total

nitrogen and total phosphorus contents, and the biochemical oxygen demands of different

manures. This information was used to compile a fertilizer database and to examine dry matter-

nutrient relationships for different manures. Significantly high correlations between dry matter and

total nitrogen, and between dry matter and total phosphorus were observed for poultry manure,

and different forms of beef and dairy cattle manures. These relationships can be used to estimate

the nutrient contents of manures if the dry matter contents are measured.

A laboratory experiment was conducted to determine the amount of nitrogen and phosphorus

that becomes available as dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus

(DIP) over a five week period when poultry, swine and dairy manures are added to water. Mean DIN

and DIP concentrations reached highest levels on the 5th day after manure addition for all the

manures. These concentrations corresponded to 60.5, 49.5 and 30.1% of the total nitrogen and

78.4, 77.4 and 58% of the total phosphorus supplied by poultry, swine and dairy manures

respectively. DIN and DIP concentrations were significantly different among the three manures on

all sampling days. Poultry manure supplied the highest amount of nitrogen and phosphorus,
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followed by swine and dairy manures. Pond fertilization guidelines based on the nitrogen and

phosphorus requirements for algae should consider the available portion and not the total

nitrogen and phosphorus contents of manures to calculate fertilizer requirements.

Another study was conducted to examine the effects of temperature and repeated manure

addition on nutrient release patterns from poultry manure. Different temperatures over a three

week period did not have a pronounced impact on DIN and DIP levels. Two phases of DIN build-up

were observed, whereas DIP levels showed an increasing pattern throughout the temperature

experiment. The overall proportion of the total nitrogen and phosphorus supplied by poultry

manure that became available as DIN and DIP for all the experimental units considered together

amounted to about 64 and 70% respectively, which is consistent with the earlier study. Repeated

manure addition resulted in significantly lower DIN and higher DIP concentrations in the interval

following the second manure addition compared to the first interval, although nutrient release

patterns appeared to be similar.
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Total and Available Nutrients in Manures for Pond AquacUlture

Chapter 1

Introduction

In ponds that do not receive supplementary feed, there is a strong correlation between fish

yield and primary productivity (Boyd, 1979). Therefore, it should be possible to optimize fish

yield in such ponds by the efficient management of primary productivity. This concept formed

the basis of an approach developed by McNabb et al. (1989) to estimate the amount of fertilizers

required to satisfy nutrient demands of algae in fish ponds based on anticipated net primary

productivity levels. The total nitrogen and phosphorus contents of chicken manure and the

nitrogen content of urea were used to calculate quantities of the two fertilizers used. The

organic matter content of manures has also been considered to be important in stimulating

heterotrophic production leading to enhanced fish growth (Schroeder, 1978; 1980).

The rationale developed by McNabb et al. (1989) can be used to determine fertilizer

requirements for ponds provided the nutrient composition (nitrogen, phosphorus and organic

matter content) of the manures is known. In situations where more than one fertilizer is available

for application to ponds, it may be desirable to compare the cost of each fertilizer or a

combination of fertilizers that will satisfy nutrient demands of the pond. Such comparisons are

possible only if the nutrient composition of different manures is known. Knowledge of the

nutrient content of manures may also be used to ensure that the pond is not nutrient limited or

excessively fertilized. Either of these scenarios compromises the efficiency of fish production

expressed as the cost per unit fish yield. Chapter 2 of this thesis deals with methods that can be

used to estimate the nutrient characteristics of a wide variety of manures.
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McNabb et al. (1989) calculated the fertilizer requirements for their ponds based on the total

nitrogen and phosphorus contained in chicken manure. This approach has been modified to

encompass a range of possible fertilizers, including manures (Lannan,1990; Lannan et al.,

1990). However, soil and agricuflural scientists have shown that not all of the nitrogen and

phosphorus contained in manures becomes available in forms that plants can use. It is

therefore necessary to distinguish between the total nutrient content (the total nitrogen and

phosphorus content prior to waste application) and the available nutrient content of the waste

(the amount of nitrogen and phosphorus that becomes available in the forms that plants can

use).

Available nitrogen for algae can be represented by the the sum of the total ammor,iacal, nitrate,

and nitrite nitrogen present in water (Yusoff and McNabb, 1989), collectively referred to as

dissolved inorganic nitrogen (DIN). Total ammoniacal nitrogen is the sum of unionized ammonia

(NH3) and ionized ammonia (NH4). The term available nitrogen will be used in this thesis to

denote the quantity of dissolved inorganic nitrogen released from a manure sample within a time

period of approximately one month following application of the manure to water. Phosphorus

available for algal uptake is considered to be soluble orthophosphate (Chamberlain and

Shapiro, 1969), which will be referred to as dissolved inorganic phosphorus (DIP) in this thesis.

Knud-Hansen et at. (1991) estimated the amount of available nitrogen from poultry manure by

measunng the elevation in DIN concentrations in water following the application of the manure.

Similarly, it should be possible to estimate the amount of available phosphorus in manures by

measuring the increase in DIP concentrations following their application to water. In this thesis,

the term available phosphorus will refer to the quantity of dissolved inorganic phosphorus

released from a manure sample in a time period of approximately one month after addition of the

manure to water.
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The availability of nitrogen and phosphorus from different manures added to water has not been

studied in depth. A knowledge of the quantity of nutnents that actually become available for

algal uptake from manures may be useful in refining guidelines for manure application to ponds.

Therefore, a study was conducted to estimate nutrient availability from fresh poultry, swine and

dairy manure. This is documented in Chapter 3 of this thesis. Factors that may influence the

release of nutrients from manures have not been previously studied. The effects of two

possible factors, temperature and repeated manure addition, on the release of nitrogen and

phosphorus from poultry manure added to water are examined in Chapter 4. An overall summary

is presented in Chapter 5.
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Chapter 2

Typical Variations in Manure Characteristics

and Dry Matter-Nutrient Relationships In Manures

Introduction

Uvestock wastes differ in their composition according to the animal type, species, size and age,

feed and water intake, environmental factors, storage and handling practices (Taiganides and

Hazen, 1966). Fertilization guidelines for manure application in fish ponds that account for

possible differences among manures have not been developed. One possible reason for this is

the lack of sufficient information on the nitrogen, phosphorus and organic matter contents of

various manures. The organic matter content of manures cannot be easily measured. However,

the biochemical oxygen demand (BOD) of a waste is a measure of the amount of biodegradable

organic matter present and may be used as an index for the direct comparison of manures from

different types of animals and waste treatment systems (Azevedo and Stout, 1974).

To determine fertilizer inputs for individual ponds, it would be desirable for farmers or planners to

analyze the composition of manure intended for use. This, however, requires laboratory skills or

equipment that are often beyond the reach of the average farmer. An alternative to this approach

is to use data published for different wastes from the soil and agricultural literature because

adequate information on these parameters is not available in the aquacultural literature. Published

values in the agricultural literature for the above parameters often concentrate only on a few

categories of wastes (eg: only fresh waste characteristics in Taiganides and Hazen, 1966 and

ASAE, 1990). In other cases, the information presented reflects waste properties for a variety of

manures and storage conditions characteristic of a particular locality (eg: Tunney, 1979). Certain

published reports relate only to specific manures (eg: poultry manure as in Eno, 1966).
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There have been attempts to compile information on waste characteristics from a wide variety of

sources presumably reflecting different storage and handling practices (Salter and

Schollenberger, 1939; Azevedo and Stout 1974; Loehr 1974; Overcash et at. 1983; Westerman

et al., 1985). The work by Overcash et at. (1983) is probably the most complete and represents a

classification of different manures by animal source (eg: dairy cattle, poultry, etc.) and waste

management practices (eg: fresh, pit stored, slurry, etc.). Animal source and waste management

practice will be referred to as manure type and form respectively in this manuscript. Although

typical values for most manure types and forms are available in this database, the information is

organized in a cumbersome form that cannot be easily used by the planner or farmer.

Since animal manure characteristics vary widely (Loehr, 1974; Taiganides, 1978) , these typical

values may not accurately reflect the composition of a manure sample to be used at a particular

site. Simple field methods to estimate the nutrient content of individual waste samples offer a

possible solution to this problem. One of the methods that shows considerable promise involves

the use of the slurry meter (Tunney and Molloy, 1975b).

The slurry meter method is based on a significant positive correlation between the nutrient

content (total nitrogen and phosphorus) and dry matter initially observed for pig slurry in Ireland

(Tunney and Molloy ,1975a). Subsequent work revealed a highly significant linear correlation

between the dry matter and specific gravity of pig slurry (Tunney and Molloy,1975b). This

relationship has also been shown for cattle slurry and solid poultry manure, and forms the basis for

the determination of dry matter in a given manure sample using a slurry meter (a modified soil

hydrometer) calibrated in percentage dry matter (Tunney, 1979; Tunney, 1985).

Dry matter-nutrient relationships which provide estimates of total nitrogen and phosphorus

concentrations in parts per million have been previously published (Tunney and Molloy, 1975a;



Tunney, 1979; Dube, 1982, Chescheir et al., 1985). However, these regression equations do

not accurately predict nitrogen and phosphorus values from the corresponding dry matter

percentage in the database published by Overcash et al. (1983). This may be because the

regression equations were based on data from a few farms in a given locality, in which case one

can anticipate a smaller variation in nutrient contents and somewhat different values due to local

conditions (eg: feedstuff s, environmental parameters, etc). Further, dry matter-nutrient

relationships for some manures, if they do exist, were not available in the literature (eg: dry matter-

nitrogen relationships for poultry manure).

The first objective of this study was to summarize the information published by Overcash et al.

(1983) in tables that reflect differences among animals and waste treatment systems and are

readily accessible to different users. The second objective was to verify and develop nutrient-dry

matter relationships for various manure types and forms using the database of Overcash et al.

(1983). Such relationships may be useful in estimating the fertilizer value of manures by the slurry

meter method.

Materials and methods

Database for manure characteristics

The fertilizer database was compiled primarily from information presented by Overcash et al.

(1983). The criteria used to classify various forms of poultry, swine, beef and dairy cattle manure

forms are presented briefly in Tables 1 -4. In the cases where data were not available, the following

sources were used: Howe (1969), Loehr (1974), FAQ (1978), Taiganides (1978), Westerman et

al. (1985) and ASAE (1990).

The information was organized to reflect manure composition on a wet weight or as-used basis

because farmers are interested in the composition of the waste as applied. Wet weight data were
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not available for certain waste categories. To amve at approximate figures from dry matter (OM)

data, the following conversion was used:

Ty = (Average %DM x T)/1OO

(where: Ty = Total nitrogen, total phosphorus or BOO on a wet weight basis and

Tx = Total nitrogen, total phosphorus or BOD on a dry weight basis).

For certain categories, where data were lacking, BOO values for particular manure forms were

calculated from pubshed data for similar forms within the same manure type, assuming a positive

linear relationship between DM and BOO (Schroeder, 1974; Taiganides, 1978). Thus:

BODy = (BODx X DMX/DMy)

(where: BODy = Unknown value for form 'y' and BOOx, OMx = Known values for form x.

Dry matter-nutrient relationships

Total nitrogen and phosphorus data from the database were regressed against dry matter for

possible relationships. When significant dry matter-nutnent relationships could not be established

for certain manure forms, all the data on the different forms for a particular manure type (eg: total

nitrogen and phosphorus-dry matter relationships for poultry manures), were analyzed together to

ascertain whether any relationship existed. Oata were analyzed using the statistical software

packages STATVIEWTM on the Macintosh and SASTM on IBM-compatible systems. Some

regression models were also fitted using TableCurveTM on IBM-compatible systems. Statistical

analyses were performed according to the procedures described by Neter et al. (1989).

Results

Fertillzer database

Characteristics of various forms of manures for which substantial information was available (Tables

5-8) indicated that poultry manure in general exerts the highest BOO and is the richest source of
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nitrogen and phosphorus, followed by swine, beef and dairy cattle manures. For these four

manure types, data showed considerable variation in waste characteristics within various forms for

each particular type. Available information on miscellaneous manures is presented in Table 9.

Dry matter-nutrient relationships

Regression equations that resulted in the best fit to the available data are summarized in Tables

10-17 and Figs. 1-6. The equations indicate that the total nitrogen content (dry weight basis) was

negatively correlated with dry matter for poultry, beef and dairy manures. Total phosphorus

content (wet weight basis) was positively correlated with dry matter for poultry and fresh beef

manures.

Discussion and conclusions

Fertilizer database for nutrient characteristics

The information compiled in Tables 5-9 indicates that substantial differences in waste

characteristics exist both between manure types and within forms of a given type. Therefore, a

certain quantity of any particular manure type and form will not contain the same amounts of total

nitrogen and phosphorus, or exert the same amount of BOD as another type and form. These

differences among manures should be considered in calculating the amount of fertilizer(s) that will

satisfy the nutrient requirements of a pond. Available data for miscellaneous manures (Table 9)

suggest that turkey, duck and rabbit wastes may be valuable nutrient sources for pond

aquaculture.

It is also evident from the standard deviation data in Tables 5-8 that the characteristics of different

forms of poultry, swine, beef and dairy manures vary considerably. This is probably true for the

miscellaneous manures listed in Table 9, although available information is insufficient to estimate

the variation in the waste characteristics of these miscellaneous manures. One of the reasons for



the large variation in manure characteristics (Tables 5-8) is that animal wastes are not necessarily

uniform in composition and even obtaining a representative sample from a particular source is not

easy (Swanson and Gilbertson, 1975; Taiganides, 1978; Chescheir et al., 1985). Further,

parameters like the initial ammonia-nitrogen content can change drastically within a few hours of

exposure (Prakasam et al., 1975); thus, the period and conditions of manure storage prior to

nutrient and dry matter analyses can affect the final concentrations of total nitrogen and

phosphorus recorded.

Loehr (1974) observed that literature compiled data on manure characteristics should be used

only as guidelines for planning waste management and disposal practices. The large variation in

nutrient characteristics for manures suggest that the figures presented in this manuscript (Tables

5-9) should also be used only as guidelines in determining fertilizer requirements for ponds, and

not as strict values that would accurately reflect the total nitrogen and phosphorus contents, and

BOO of a specific manure sample at a given site.

The data presented in this manuscript (Tables 5-9) have been obtained primarily from information

published in the U.S., whereas the use of manures for pond fertilization is a practice more

prevalent in other parts of the world. Reports from China, Malawi, Indonesia and Thailand (FAQ,

1978; Msiska, 1981; McNabb et al. 1989; Knud-Hansen et al., 1991) indicate that the values for

total nitrogen and phosphorus of some manures differ from those reported for similar forms in the

U.S., typically tending to be lower than the mean values in Tables 5-9. This may be due to

differences in animal species, feed used, handling and storage practices. The practical implication

of this situation is that use of the figures presented in this manuscript may not adequately reflect

the composition of a specific sample of manure.

Finally, the database that has been compiled (Tables 5-9) indicates that there are information gaps

in our knowledge of values for some parameters of certain manure forms (in particular, BOO
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values). This is perhaps because many manure forms (eg: poultry litter) are applied as fertilizer

amendments on land and typically do not directly reach water bodies. If the latter were the case, a

knowledge of BOD values would have been required to judge the effects of pollution.

Relationships between nutrient content and dry matter

The fitted regression equations (Figures 1-6; Tables 1-2) support previous observations that

there is a relationship between the nutrient content and dry matter percentage of various manure

types and forms (Tunney and Molloy, 1975a; Chescheir et al., 1985; Tunney and Bertrand,

1989).

The equations developed in this study can provide first approximations for the nutrient contents

of pertinent manure forms for which the dry matter has been estimated, and in situations where

the dry matter content of a particular manure type and form is substantially different from the typical

value (from Tables 5, 7 or 8). However, as indicated above, the estimates of the manure nutrient

content that result from this approach may differ from the actual composition because the

database used to develop the relationships is compiled primarily from information published in the

U.S.

The slurry meter (HERKA, Postfach 1207, Kreukwertheim, Germany) or an ordinary soil

hydrometer which has a specific gravity scale ranging from 1.00 to 1.06 (eg: Fisher #14-331 -15B

as used by Chescheir et al., 1985) may prove to be useful in that they can be employed in the field

to rapidly estimate the dry matter content of manures. For solid wastes or viscous slurries,

appropriate dilution (ranging from 1:1 to 1:4 manurewater) is necessary before the hydrometer is

used (Tunney, 1985; Chescheir et al, 1985; Tunney and Bertrand, 1989). This method of

estimating the nutrient content of manures may be beneficial if dry matter-nutrient relationships

are developed at specific sites to reflect local conditions of manure production, handling and

storage more accurately.
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Table 1. Criteria used for the classification of different forms of poultry (layer and broiler) manures.

Adapted from Overcash et al. (1983).

FORM DEFINITION

1. Fresh/Daily scraped Manure collected within a day.

2. Medium depth pits Collected in pits about 2 ft.deep; manure scraped

out every 2 weeks to 3 months.

3. Deep pits Held in pits over 2 ft. deep; manure handled in solid

form. Pits/piles cleaned out every 1-3 yrs.

4. Pits with drying boards Pits as in form 2 above; but with drying boards.

5. Pouttry slurry Manure pumped into lagoons/tanks which are

drained frequently.

6. Poultry litter Common in broiler operations and brooding

practices. 4-6 inches of litter material (eg: straw,

sawdust) laid on floors.

Table 2. Criteria used for the classification of different forms of swine manures. Adapted from

Overcash et al. (1983).

FORM DEFINITION

1. Fresh Fresh waste contaminated with urine.

2. Concrete slab facilities Swine wastes flushed into sloping gutters from

concrete/cement floors every 1-2 days (may include

bedding materials).

3. Slotted floor pit Wastes accumulated below slotted systems floors;

holding time varies from 3-6 months for finishing & 6-

12 months for farrowing operations.

4. Farmyard manure Manure &/or bedding materials that have been wholly

or partially composted in heaps. Large variation in

storage time & conditions.
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Table 3. Cnteria used for the classification of different forms of beef cattle (animals raised for meat)

manures. Adapted from Overcash et al. (1983).

FORM DEFINITION

1. Fresh/Piled Fresh/piled wastes removed periodically.

2. Pit stored Manure (in slurry form) collected in pits 1-2 ft. deep &

removed at least daily.

3. Wastes & Bedding Manure with higher dry matter content due to

bedding material (eg:Straw).

4. Feedlot solids Manure (contaminated with dirt) collected from open

feedlots; high dry matter content.

5. Farmyard manure Partially/fully composted beef manure and bedding

material; about 6 months in the open.

Table 4. Criteria used for the classification of different forms of dairy cattle (animals raised for milk)

manures. Adapted from Overcash et al. (1983).

FORM DEFINITION

1. Fresh Recently defecated manure with minimum

modification.

2. Gutter waste Manure scraped daily from gutters/alleys.

3. Loose housing + Bedding Manure + Bedding materials from sheds or barns;

wastes may accumulate for 6 months to 1 year.

4. Pit stored Wastes collected in pits under slotted floors or

pumped to storage tanks.

5. Feedlot solids Manure with high dry matter content collected from

open feedlots.

6. Farmyard manure Partially/fully composted dairy manure and bedding

material; about 6 months in the open.
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Table 5. Dry matter, total nitrogen, total phosphorus and 5- day BOD (as % wet wt.) values for

different poultry wastes (from Overcash et al., 1983).

FORM DM TN TP BOO

1. Fresh 24060a 1.45±0.35 0.52± 0.19 5.2±2.9

(38) (17) (11)

2. Manure from 42.0 ± 22.0 1.30 ± 0.70 1.10 ± 0.80 6.4 .± 3.8

medium pits (5)b (5) (5) (3)

3. Manure from deep 55.0 21.0 2.00 ± 1.00 1.20 ± 0.30

pits (8) (5) (3)

4. Manure from pits 44.0 ± 10.0 1.80 ± 1.20 0.91 ± 0.62 6.70C

with drying boards (8) (5) (4)

5. Poultry slurry 8.2 ± 4.0 0.64 ± 0.20 0.33 ± 0.25 4.50

(4) (10) (7) (1)

6. Poultry litter 72.0 ± 3.5 2.80 ± 0.90 1.20 ± 0.50 1 O.97

(33) (37) (34)

a Mean ± 1 Standard deviation; b Number of sources from which data were collected; C

Estimated from BOD (of form 2 above) and DM data, assuming BOD:DM to be

approximately constant (Taiganides, 1978).



Table 6. Dry matter, total nitrogen, total phosphorus and 5- day BOO values (as % wet wt.) for

different swine wastes.

FORM DM TN TP BOO

1. Fresh/scraped 10.7 ± 45a

(54)b

2. Concrete slab facilitiese 79 0.51

3. Slotted floor pit systemse 4.8 0.34

4. Farmyard manures 79 (Median) 2.29

54-98 (Range)

0.19 3.16

0.12 1.92

1.00 na

17

a Mean ± 1 Standard deviation; b Number of data points; C Estimated from data presented by

Westerman et al. (1985); d Based on BOO = 31.8 % DM (Taiganides, 1978); e Data for these

types recalculated from Overcash et al. (1983); Source: Loehr (1974); na: Data not available.
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Table 7. Dry matter, total nitrogen, total phosphorus and 5- day BOD (as % wet WI) values for

different beef wastes (Forms 1-4 from Overcash et al., 1983).

FORM Divi TN TP BOO

1. Fresh/scraped 14.8 ± 37a 0.59 ± 0.16 0.14 ± 0.07 2.5 ± 1.3

(17)b (10) (13) (15)

2. Pitstored 12.0±7.3 0.42±0.12 0.13±0.06 2.5±1.3

(11) (20) (15) (15)

3.WastesBedding 16.7±6.3 0.62±0.14 0.21 ± 0.10

(3) (10) (5)

4. Feedlot solids 56.0 ± 15.5 1.00 0.66 0.32 ± 0.26 5.3 ± 4.5

(32) (20) (17) (2)

5. Farmyard manured 21 (Median) 0.6 0.4 3.55

14-36 (Range) (12) (12)

(12)

a Mean ± 1 Standard deviation; b Number of sources from which data were collected; C

Estimated from BOD (of form 1 above) and DM data, assuming BOD:DM to be approximately

constant (Taiganides, 1978). d Source: Loehr (1974). Animal origin (beef or dairy) not

reported.
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Table 8. Dry matter, total nitrogen, total phosphorus and 5- day BOD (as % wet wt.) values for

different dairy wastes (Forms 1-4 from Overcash et al., 1983).

FORM DM TN TP BOO

1. Fresh 136j34a 0.48±0.10 0.12±0.05 1.5±0.5
(21)b (23) (45) (5)

2. Gutter waste 17.0 ±3.6 0.44± 0.11 0.12 ± O.O5 1.5j0.5C

(15) (26) (45) (5)

3. Pit stored 7.9 ± 3.4 0.36 ± 0.17 0.07 ± 0.06 0.56 ± 0.26

(7) (24) (12) (3)

4. Loose housing + 28.0 ± 7.8 070d 0.18 ± 0.06 309e

Bedding (3) (4)

5. Feedlot solids 66 1
85d 033d 728e

(1)

6. Farmyard manures 21 (Median) 0.6 0.4

14-36 (Range) (12) (12)

(12)

a Mean ± 1 Standard deviation; b Number of sources from which data were collected; c

Reported together with fresh manure; d Calculated from TN/TP data expressed in terms of DM,

using average DM% for the specific form; e Estimated from BOD (of form 1 above) and OM data,

assuming BOD:DM to be approximately constant (Taiganides, 1978); Source: Loehr (1974).

Animal origin (beef or dairy) not reported.



Table 9. Dry matter, total nitrogen, total phosphorus and 5- day BOO (as % wet wt.) values for

miscellaneous manures.

MANURE TYPE DM TN TP BOO

1.Turkey 25.5 1.32 0.49 4.47

2. Duck 28.2 1.36 0.49 4.09

3. Horse 29.4 0.59 0.14 3.33

4. Sheep 27.5 1.05 0.22 3.00

5.Goat 31.7 1.1 0.27 na

6. Goose 23.0 0.6 0.22 na

7. Rabbit 580a 172b
1 30b

Source: Data for types 1-6 calculated from ASAE standards (1990); a From Loehr (1974); b

FAO (1978); C Calculated from data of Howe (1969); na: data not available.
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Table 10. Relationships between dry matter and total nitrogen for different manures. All the

regression lines are significant at the 0.05 level.

Manure type and form Regression equationa A2

1. Poultry manureb TNdry = 11.982 - 1.913 X 0.49

2. Beef manure (pit stored) TNdry = 2.71 + 33.83e(/3O6) 0.67

3. Dairy manure (fresh) TNdry = 9.109 - 0.542 X + 0.01 X2 0.75

4. Dairy manure (gutter waste) Log (1 i-TNdry) = 1.539 - 0.0167 X 0.62

a Independent vanable x = % dry matter; TNdry refers to total nitrogen expressed as % dry

matter, and in equation 4, the dependent variable is the natural log of (l+TNdry); b Includes

data from fresh, medium pit, deep pit, pits with drying boards, slurry and litter poultry

manure.
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Table 11. Relationships between dry matter and total phosphorus for different manures. All the

regression lines are significant at the 0.05 level.

Manure type and form

1. Poultry manureb

2. Beef manureC

Regression equationa

TPwet = - 0.146 + 0.0592 X 0.0013 X2 + 0.0000098 X3 0.66

TPwet = 0.01 542 + 0.00976 X

a Independent variable x = % dry matter; TPwet refers to total phosphorus expressed as %

wet weight; b Includes data from all forms of poultry manure listed below Tablel; Cincludes

data from fresh, pit stored and wastes + bedding manures.
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Table 12. Analysis of variance for non-linear regression of total nitrogen content (% dry weight)

on dry matter percentage (x) for all forms of poultry manure (Data source: Overcash et

al., 1983).

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Regression 2 197.182 98.591 46.85 0.0001

Residual 99 208.274 2.104

Total (corrected) 100 405.456

Parameter Estimate Std. error

Intercept 11.982 0.726

x -1.913 0.198

Table 13. Analysis of variance for exponential regression model relating total nitrogen content (%

dry weight) to dry matter percentage (x) for pit stored beef manure (Data source:

Overcash et al.,1983).

Source di. Sum of Mean sum F-ratio P-value

squares of squares

Regression 2 24.7234 12.3617 10.27 0.0001

Residual 8 9.633 1.204

Total 1 0 34.356

Parameter Estimate Std. error

a 2.710 0.827

b 33.830 30.366

c 3.064 1.481
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Table 14. Analysis of variance for polynomial regression of total nitrogen content (% dry weight)

on dry matter percentage (x) for fresh dairy manure (Data source: Overcash et al., 1983).

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Regression 2 31 .7497 15.8749 33.15 0.0001

Residual 22 10.5367 0.4789

Total 24 42.2864

Parameter

Intercept

x

Estimate

9.1092

- 0.5417

0.0099

t-value

3.85

2.29

P-value Std. error of estimate

0.0009

0.03 19

0.1408

0.0043

Table 15. Analysis of variance for simple linear regression between transformed total nitrogen (TN)

content in % dry weight and dry matter percentage (x) for dairy manure collected from

gutters (Data source: Overcash et al., 1983). Independent variable = natural log (1 + TN).

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Regression 1 0.6920 0.6920 33.11 0.0001

Residual 21 0.4390 0.0209

Total 22 1.1310

Parameter Estimate t-value

Intercept 1 .5389

x -0.0167 -5.75

P-value Std. error of estimate

0 .0001 0.0029
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Table 16. Analysis of variance for polynomial regression of total phosphorus (in % wet weight)

on dry matter percentage (x) for all forms of pouftry manure (Data source: Overcash et

al., 1983).

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Regression 3 15.3203 5.1068 43.23 0.0001

Residual 68 8.0327 0.1181

Total 71 23.3530

Parameter Estimate t-value P-value Std. error of estimate

Intercept - 0.1456908

x 0.0592424 3.46 0.0009 0.0171058

0.0012837 -3.33 0.0014 0.0003852

0.0000098 3.80 0.0003 0.0000026

Table 17. Analysis of variance for simple linear regression of total phosphorus (in %wet weight)

on dry matter percentage (x) for beef manure (Data source: Overcash et al., 1983).

Includes data from fresh, pit stored and wastes + bedding manures (forms 1, 2 and 3

in Tables 3 and 7).

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Regression 1 0.0694 0.0694 19.68 0.0002

Residual 23 0.0811 0.0035

Total 24 0.1505

Parameter Estimate t-value P-value Std. error of estimate

Intercept 0.01542

x 0.00976 4.44 0.0002 0.0022
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Chapter 3

Availability of Nitrogen and Phosphorus from Poultry, Swine and Cattle Manures

introduction

The quantity of manure required for a pond can be estimated on the basis of its total nitrogen and

phosphorus content (measured analytically or approximated by the methods outlined in Chapter 2

of this thesis), and the amounts of these nutrients required by algae, as indicated by McNabb et al.

(1989). This approach may tend to underestimate the actual quantity of fertilizer needed, because

the calculations are based on the assumption that all of the nitrogen and phosphorus present in

manures is available for algal uptake within the expected time period. Soil and agricultural

scientists have recognized the difference between total and available nutrient content in manures

and have made some progress towards determining the amount of nitrogen and phosphorus in

animal manures that plants can use when manure are applied to soils (Reddy et al., 1980;

Chescheir et al., 1985; Sims, 1986; Bitzer and Sims, 1988).

Studies on nitrogen release patterns from soils incubated with manures have provided insights

into the pathways by which nitrogen becomes available for plant uptake. The mineralization

pattern of nitrogen in poultry manure applied to soils appears to consist of 3 distinct phases an

initial rapid one, an intermediate one and a slow phase (Gale and Gilmour, 1986; Bitzer and Sims,

1988). Reddy et al. (1980) and Chescheir et al. (1986) reported similar patterns for other animal

manures.

There is a paucity of information on nutrient release patterns from manures in water. Msiska (1981)

reported that dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP)
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concentrations reached maximum levels about 3 days after poultry manure was immersed in water.

Hadas et al. (1983) followed the release of mineral nitrogen from different kinds of ground and

pelletized manures in distilled water for 14 days. There was a rapid increase in ammonium nitrogen

levels by Day 1 and the concentration of soluble organic nitrogen and ammonium nitrogen at the

end of the experiment was 40-45% and 30% respectively of the total nitrogen present in the

added manure. Data from submerged soils treated with either cattle, poultry or swine manures

showed highest water ammonia nitrogen concentrations on the 4th day after manure application

(Maskina et al. ,1988). Knud-Hansen et al. (1991) conducted a brief laboratory study on DIN

leaching from poultry manure. The highest DIN concentration was recorded on the 4th day after

manure addition, and remained at the same level on Day 6, with no differences between samples

added to pond and distilled water. Mean DIN concentrations on Day 6 represented approximately

40% of the total nitrogen in the initial manure sample.

The objective of this study was to determine the proportion of the total nitrogen and phosphorus

contents of poultry, swine and dairy cattle manures that becomes available when these manures

are added to water.

MaterIals and methods

Fresh dairy cattle, swine and layer poultry manure samples were collected from the research farms

of Oregon State University, Corvallis, Oregon, USA. Samples were put in plastic bags, placed on

ice, and transported immediately to the Hatfield Marine Science Center, Newport, Oregon. Sub-

samples of each manure were analyzed for dry matter content, total nitrogen, inorganic nitrogen,

total phosphorus, orthophosphate, and total carbon by the methods listed under 'analytical

methods' (see below). Buffered freshwater (alkalinity between 30 and 35 mg/L as CaCO3) was

prepared by adding NaHCO3, CaSO4.2H20, MgSO4 and KCI at the rate of 48, 30, 30 and 2 mg/L

respectively to deionized water (Marking and Dawson, 1973). Subsamples of each manure were
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added to Nalgene flasks containing 2 L of buffered water at a rate equivalent to 1000 kg/ha (dry

matter basis) for a 1 m deep pond. This approximated 5200.2, 6756.7 and 6218.9 kg/ha on a wet

weight basis for poultry, swine and dairy cattle manures respectively. Four replicates for each

manure were established. The flasks were inoculated with 10 ml each of buffered water that had

been treated with a mixture of the three manures (totaling 1000 kg/ha on a dry weight basis),

continuously aerated and held in the dark for two weeks in a constant temperature tom (19-

21°C). The inoculation was done because a preliminary study with cattle and poultry manures had

shown a significant difference in DIN and DIP patterns between inoculated and uninoculated

cultures. The 12 flasks were maintained under conditions identical to those for the inoculation

culture. The expenments were conducted in the dark to prevent algal uptake of nitrogen and

phosphorus in the cultures that could interfere with the determination of nitrogen and

phosphorus availability.

Water samples were drawn from the flasks at intervals of 1, 3, 5, 7, 10, 15 and 36 days after

manure addition and analyzed for total ammoniacal, nitrate, and nitrite nitrogen and DIP (see

analytical methods below). Total ammoniacal nitrogen concentrations were also measured in

samples collected 4 hrs. after manure addition. Fresh buffered water was added to the flasks after

each sample had been collected to maintain the volume at 2L. Other parameters measured were

pH and water temperature at the time of sampling, and dissolved oxygen at weekly intervals.

Results for nutrient analyses were corrected for sample removal and subsequent replacement

with fresh buffered water.

Analytical methods

The DM of manure samples was determined by oven drying at 75-80°C (Prakasam et aL, 1975). A

freeze-dried, powdered sample of each manure was sent to the Marine Laboratory of the

University of California, Santa Barbara, California, USA, for total carbon and nitrogen analyses on a

CHN analyzer (Tabatabai and Bremner, 1983). Total phosphorus was analyzed by the ascorbic
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acid method (Harwood et al, 1969) following persulfate digestion of the manure sample (American

Public Health Association et al., 1985).

A 2N KCI solution was used to extract inorganic nitrogen from a sample of each manure (Bremner

and Keeney, 1966). The extract was analyzed for total ammoniacal nitrogen by nesslenzation

(Golterman and Clymo, 1969), nitrate nitrogen by the cadmium reduction method, and nitrite

nitrogen by diazotization (Mackereth et al, 1978). Soluble orthophosphate was measured by the

method of Harwood et al. (1969) on a manure sample extracted with a 0.5N NaHCO3 solution

(Jackson, 1958).

The above methods were also used for the analyses of water samples. Spectrophotometric

measurements were made on a Bausch and Lomb Spectronic 710 instrument. pH of the water

samples was determined by a Corning Model 125 laboratory meter and dissolved oxygen by a YSI

Model 58 dissolved oxygen meter.

Statistical analysis

Data were analyzed using the statistical software package SAS on IBM-compatible systems.

Statistical analyses were performed according to the procedures described by Winer (1971), Zar

(1984) and Petersen (1985). Data were transformed appropriately when assumptions of normal

probability were not valid for the original measurements (Zar, 1984).

Results

Manure characteristics

Among the three manures, poultry manure had the highest total nitrogen and phosphorus

contents, followed by swine and dairy manure (Table 18). Poultry manure also had the lowest C/N

ratio. Ammonia nitrogen constituted 25.3, 20.3 and 9.8% of the total nitrogen contents, and
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ortho-phosphate represented 34.5, 58.1 and 43.2% of the total phosphorus contents of poultry,

swine and dairy manures respectively. Nitrate and nitrite nitrogen were not detected in the

samples.

Water quality parameters

The pH in the flasks which received poultry, swine and dairy manures respectively was 6.85 ±

0.45, 7.29 ± 0.30 and 7.37 ± 0.30 (Mean ± 1 SD) during the experiment,. Similarly, the dissolved

oxygen recorded was 9.23 ± 0.03, 9.27 ± 0.04 and 9.22 ± 0.03 mg/L respectively. Water

temperature in the flasks varied between 19.1 and 20.7°C.

Dissolved inorganic nitrogen patterns

Nitrite nitrogen was not detected in any flask during the experiment and nitrate nitrogen recorded

only in the flasks that received poultry and swine manures (Day 7 onwards). Mean nitrate nitrogen

concentrations ranged from 0.002 (day 7) to 0.005 mg/L (day 36) in the poultry manure flasks,

and from 0.001 (day 7) to 0.003 mg/L (day 36) for swine manure flasks. Nutrient analyses of the

water samples showed prominent changes only in the total ammoniacal nitrogen component of

DIN. Because nitrate nitrogen concentrations were much lower than total ammoniacal nitrogen

values, they were considered to be negligible and DIN was assumed to be equivalent to total

ammoniacal nitrogen.

Total ammoniacal nitrogen levels peaked on the 5th day after manure addition, and dropped

sharply by Day 7 (Fig. 7). All the manure types showed similar patterns. Flasks treated with poultry

manure had the largest amount of total ammoniacal nitrogen, followed by swine and dairy manure

in that order. Concentrations on Day 5 were 60.5 ± 8.0, 49.5 ± 3.3 and 30.1 ± 0.4 % (Mean ± 1

SD) of the total nitrogen supplied by poultry, swine and dairy manures respectively.
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A three-way ANOVA of the log transformed total ammoniacal nitrogen data (mg/L) indicated that

concentrations were significantly influenced by the manure type, sampling day and type-day

interaction (P=0.0001), but the tank number included as a random factor did not significantly

affect concentrations (P=O.76; Table 19a). Therefore, this factor was dropped from the model,

and the resulting two-way ANOVA is presented in Table 19b. Contrast procedures indicated a

significant difference (P=0.0001; Table 19b) between the concentrations for the different manure

types on all sampling days.

Dissolved inorganic phosphorus

DIP concentrations showed similar patterns for all the three manures with the highest

concentrations being recorded on Day 5 (Fig. 8). These concentrations represented 78.4 ± 4.8,

77.4 ± 5.8 and 58j2.5 % (Mean ± 1 SD) of the total phosphorus added for PM, SM and CM

respectively. After the maximum levels were reached, DIP levels declined up to Day 7 for PM and

SM, and Day 10 for CM; concentrations began to gradually rise thereafter (Fig. 8).

A three-way ANOVA indicated that DIP concentrations (mg/L) were significantly affected by

manure type, sampling day, type-day interaction (P=0.0001) and tank number (P=0.005; Table

20). Differences between manure types were highly significant on all sampling days (P=0.0001).

Discussion

The characteristics of the manures used in this study (Table 18) were similar to the typical values

reported elsewhere, although the total nitrogen content for all manures was lower than the mean

values from the literature (Overcash et al. 1983; see also Tables 5, 6 and 8 from Chapter 2). This

may be due to volatilization of ammonia nitrogen during manure drying prior to total nitrogen

analyses (Giddens and Rao, 1975). Differences in the total nitrogen content between dried and

unmodified manure samples analyzed similarly have been observed, presumably because of
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ammonia volatilization (P. W. Westerman, North Carolina State University, personal

communication).

Water quality parameters (pH and dissolved oxygen) did not seem to be influenced by treatment.

The high concentrations of DIN and DIP observed in the poultry manure treated flasks (Figs. 7, 8)

suggest that this manure would rapidly release nitrogen and phosphorus in the forms that algae

can use compared to swine and dairy cattle manures. Thus, poultry manure not only contained the

highest amount of total nitrogen and phosphorus (Table 18), but also released maximum amounts

of DIN and DIP.

The rapid increase in total ammoniacal nitrogen concentrations up to Day 5 followed by a sudden

drop is similar to previous observations (Reddy et al., 1980; Maskina et al., 1988). The rapid

decline in concentrations may be due to ammonia volatilization or nitrification as suggested by the

former group of authors. Nitrification may not have played a prominent role in the current study

because pronounced nitrate build-up was not observed in any of the flasks. On the other hand,

actual nitrate nitrogen concentrations may have been somewhat higher than those recorded

because the high organic matter loading in this study caused a discoloration of the water samples

which may have interfered with nitrate analyses. The decline in ammonia nitrogen and low nitrate

nitrogen concentrations may also have been due to the microbial immobilization of these forms of

nitrogen.

The decline in DIP concentrations after Day 5 is similar to the observations of Reddy et al. (1980)

and Msiska (1981), although the cause remains unknown. Perhaps some immobilization of

phosphorus in microbial cells was occurring. The sudden drop in DIP concentrations could also be

due to the tendency of phosphorus to precipitate (J. A. Moore, Oregon State University, personal

communication). This may explain the random effects of tank number on DIP concentrations

(Table 20). In this study, the flasks were not stirred prior to sampling. The slight increase in DIP
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concentrations after Day 7 for poultry and swine treated flasks, and after Day 10 for cattle manure

treated flasks, may be due to re-mineralization of microbial bound phosphorus, mineralization of

more recalcitrant phosphorus forms from the manures or re-suspension of precipitated

phosphorus.

The initial 5 days of DIN and DIP build-up in this work, and the 3 and 4 day periods reported by

Msiska (1981) and Maskina et al. (1988) respectively appear to correspond to the initial rapid

phase of mineralization during manure decomposition in soils (Reddy et al. 1980; Chescheir et al.

1986; Gale and Gilmour, 1986; Bitzer and Sims, 1988). The term 'mineralization', however, is

misleading because the inorganic nitrogen and phosphorus concentrations measured represent

both the initial quantity of these forms in the manure that remain after handling and application

losses, and the amount that occurs as a result of the mineralization of organically bound nitrogen

and phosphorus. Phases corresponding to the intermediate and slow periods of nitrogen

mineralization reported by Gale and Gilmour (1986) and Bitzer and Sims (1988) were not clearly

evident in this experiment. The rise in total ammoniacal nitrogen concentrations up to Day 5 is also

similar to the observations of Knud-Hansen et al. (1991). Their experiment did not proceed

beyond Day 6, and therefore it is not known whether TAN levels would have dropped following

this period.

Further, Knud-Hansen et al. (1991) reported that DIN levels on Day 6 represented only about

40% of the total nitrogen supplied by poultry manure, compared to about 60% (on Day 5) in this

study. This may be due to differences in the manure samples. Further, ground manure samples

were used in their study as opposed to fresh, unmodified samples in the the current study. On

the other hand, it losses of nitrogen via ammonia volatilization did occur when the manure samples

were dried prior to total nitrogen analyses as discussed above, the actual percentage of total

nitrogen that became available may be lower than 60%. This is because nitrogen loss from the

manure samples that were analyzed would cause the total nitrogen values (Table 18) used in the
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calculations to be less than the true values. In other words, more nitrogen was supplied to the

flasks than was calculated on the basis of the total nittDgen values in Table 18.

Knud-Hansen et al. (1992) calculated loading rates of poultry manure based on the assumption

that 20% of the total phosphorus contained in the manure would become available by leaching

and decomposition. The authors did not indicate the rationale for their assumption. Apparently,

the value of 20% was indirectly estimated by comparing phosphorus availability from triple

superphosphate and poultry manure through regression analyses (Knud-Hansen, Michigan State

University, personal communication). This figure of 20% is considerably lower than the mean

value of 78.4% obtained in the current work, but it is perhaps inappropriate to compare the two

figures because they were arrived at by coniletely different methods.

None of the nutrient availability studies conducted so far have considered the extent of nutrient

losses from earthen ponds after fertilizer application. Bouldin et al. (1974) estimated that 2-38% of

the total ammoniacal nitrogen was lost by NH3 volatilization. About 7-15% of the nitrate in water

was lost by denitnfication in the bottom sediments. These figures are likely to vary among ponds

because of the wide variability in factors such as water pH and the soil redox potential that affect

volatilization and denitnfication respectively. Phosphorus may also be lost from the water column

to pond sediments (Hepher, 1958; Boyd and Musig, 1981), and because pond sediments vary

considerably, it is difficult to predict the extent of such losses. A better understanding of nutrient

loss mechanisms would allow more accurate prediction of the quantity of nitrogen and

phosphorus that finally becomes available for algal uptake after fertilizer application in ponds.
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Con c lus ions

Nutrient release patterns among the three manures were similar, but the quantities differed. The

treatment with poultry manure resulted in the highest concentrations of DIN and DIP, followed by

swine and dairy manures.

The results from this study corroborate previous observations that the total nitrogen and

phosphorus contents of manures do not reflect the amounts that become available as dissolved

inorganic nitrogen and phosphorus when manures are added to water. Calculations to arrive at

fertilizer requirements based on the total amounts of nitrogen and phosphorus in manures

(Lannan, 1990) may therefore tend to underestimate the actual quantity of fertilizers required.

As a first approximation towards determining nitrogen and phosphorus availability from manures to

determine application rates in fish ponds, the total nitrogen contents of fresh poultry, swine and

dairy manures could be weighted with coefficients of approximately 0.6, 0.5 and 0.3 respectively.

Similarly, the proportion of total phosphorus that becomes available is approximately 0.8, 0.8 and

0.6 for fresh poultry, swine and dairy manure respectively. Because availability coefficients

probably vary among different samples, methods that predict nitrogen and phosphorus availability

more accurately in the field may result in greater reliability of manure amendments to ponds.

The availability coefficients of nitrogen and phosphorus indicated in the above paragraph do not

account for nutrient losses that may occur once the manures are applied to fish ponds. It is difficult

to predict the extent of such losses, because the mechanisms are not fully understood and

because of the variability among ponds. However, the use of nutrient availability coefficients

represents a first step in making reasonable predictions of the quantities of nitrogen and

phosphorus that become available from manures. Further work to quantify in-pond nutrient losses

may allow the development of more accurate nutrient availability coefficients.
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Table 18. Characteristics of manures (in % wet weight) used in the study on the availability of

nutrients from different manures (OM = dry matter, C/N = carbon-nitrogen, TN = Total

nitrogen, TAN = total ammoniacal nitrogen, OP = soluble orthophosphate).

Manure type DM C/N ratio TN TP TAN OP

Poultry 19.23 6.95 0.94 0.48 0.24 0.17

Swine 14.80 10.36 0.58 0.23 0.11 0.13

Dairy 16.08 16.96 0.39 0.13 0.04 0.06
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Table 19a. Three-way analysis of variance for log transformed total ammoniacal nitrogen (mg/L)

data in the study comparing nutrient release patterns from poultry, swine and dairy

manures.

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Type 2 49.3672 24.6834 1090.68 0.0001

Day 7 146.7634 20.9662 926.42 0.0001

Type-day interaction 14 4.7277 0.3377 14.92 0.000 1

Tank 9 0.1311 0.0146 0.64 0.7553

Error 63 1.4258 0.0226

Total 95 202.9894

Table 1 9b. Two-way analysis of variance for log transformed total ammo niacal nitrogen data

(mg/L) without random effects of tank, and corresponding contrasts in the study

comparing nutrient release patterns from poultry, swine and dairy manures.

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Type 2 49.3672 24.6834 1141.50 0.0001

Day 7 146.7634 20.9662 969.58 0.0001

Type-day interaction 14 4.7277 0.3377 15.62 0.0001

Error 72 1.5569 0.0216

Total 95 202.9894

CONTRASTS

Typeafter4hrs. 2 11.3630 5.6815 262.74 0.0001

Type on Day 1 2 7.4556 3.7279 172.39 0.0001

TypeonDay3 2 6.7300 3.3650 155.61 0.0001

TypeonDay5 2 4.0352 2.0176 93.30 0.0001

TypeonDay7 2 4.0130 2.0065 92.79 0.0001

Typeon Day 10 2 7.6256 3.8138 176.37 0.0001

Typeon Day 15 2 6.2635 3.1318 144.83 0.0001

TypeonDay36 2 6.6069 3.3035 152.77 0.0001

Poultry vs Swine type 1 12.6567 12.6567 585.31 0.0001

Cattlevsothertypes 1 36.7105 36.7105 1697.68 0.0001
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Table 20. Three-way analysis of variance with contrasts for dissolved inorganic phosphorus data

(mg/L) in the study comparing nutrient release patterns from poultry, swine and dairy

manures.

Source di. Sum of Mean sum F-ratio P-value

squares of squares

Type 2 8.5123 4.2562 1845.63 0.0001

Day 6 9.1589 1.5265 661.94 0.0001

Type-day interaction 12 2.0847 0.1737 75.34 0.000 1

Tank number 9 0.0640 0.0071 3.08 0.0047

Error 54 0.1245 0.0023

Total 83 19.9445

CONTRASTS

Type on Day 1 2 0.4980 0.2490 107.97 0.000 1

Type on Day3 2 2.2632 1.1316 490.71 0.0001

Type on Day5 2 4.3960 2.1980 953.12 0.0001

TypeonDay7 2 1.9561 0.9781 424.13 0.0001

Typeon Day 10 2 0.2803 0.1402 60.78 0.0001

Type on Day 15 2 0.5012 0.2506 108.67 0.0001

Type on Day 36 2 0.7023 0.3511 152.26 0.0001

Poultry vs Swine type 1 1.7238 1.7238 747.49 0.0001

Cattle vs other types 1 6.7886 6.7886 2943.78 0.0001
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Chapter 4

Effects of Temperature and Repeated Manure Addition on the Release of

Inorganic Nitrogen and Phosphorus from Poultry Manure

introduction

Previous studies have indicated that the amounts of nitrogen and phosphorus that become

available as dissolved inorganic nitrogen and phosphorus (DIN and DIP) when manures are added

to water are less than the total nitrogen and phosphorus contained in the manure (Knud-Hansen

et at., 1991; see Chapter 3 of this thesis).

Temperature has been shown to be one of the factors that influences nitrogen mineralization

leading to an increase in the quantities of inorganic nitrogen that plants can use when manures

are applied to soils (Sims, 1986). Similar studies have not been conducted to determine

temperature effects on nitrogen release from manures added to water. It is also not known

whether temperature influences phosphorus release. The implicit assumption of earlier studies

on nitrogen and phosphorus release patterns when manures are added to soils (Hadas et al,

1983; Sims, 1986) and water (Knud-Hansen et al., 1991) is that repeated addition of manures

results in similar nutrient release patterns, but this assumption has not been tested.

This study was undertaken to examine whether nitrogen and phosphorus release from poultry

manure added to water is influenced by different temperatures. A second objective was to test

whether repeated manure addition influences the release of nutrients from poultry manure added

to water.
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Materials and methods

Fresh layer poultry manure was collected, transported and analyzed as described in Chapter 3.

Twelve plastic buckets (19L capacity) were used in the current experiments; three replicates to

study the effects of repeated manure addition on dissolved inorganic nitrogen and phosphorus

accumulation (held at 15°C) and nine buckets (three replicates per treatment) for the three

temperature regimes studied (15, 20 and 25°C). The latter set will be referred to as, T2 and T3

buckets in the rest of this manuscript.

Poultry manure was added at a rate approximating 300 kg/ha dry matter basis to a 1 m deep pond

(1260 kg/ha wet weight basis) to all the buckets containing 18L of buffered freshwater prepared

according to the procedure described in Chapter 3. Fifty ml of buffered water that had been

treated with poultry manure and held for two weeks were added to each bucket. All the buckets

were covered with black plastic paper and held in the dark in a constant temperature room (15°C).

The higher temperature treatments (20 and 25°C) were established by placing the experimental

buckets in water baths maintained at the required temperatures using electric immersion heaters.

None of the buckets were artificially aerated in this set of experiments.

In the temperature comparison study, water samples were drawn at intervals of 1, 3, 5, 7, 10, 14

and 20 days after manure addition and analyzed for total ammoniacal nitrogen, nitrate nitrogen,

and soluble orthophosphate. The sum of the former two values was considered to represent

dissolved inorganic nitrogen (DIN) and the latter, dissolved inorganic phosphorus (DIP). Other

parameters monitored at these sampling times were pH, dissolved oxygen and water temperature.

Total ammoniacal nitrogen concentrations were also measured in samples drawn 4 hrs. after

manure addition.
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For the repeated addition buckets, a sample of the original manure (kept in frozen storage) was

added at the same rate as the initial dose on Day 7. Water samples were drawn from these buckets

at intervals of 1, 3, 5, 7, 8, 10, 12 and 14 days after the first dose of manure, and analyzed for total

ammoniacal nitrogen, nitrate-nitrogen and filterable orthophosphate. To compare DIN and DIP

patterns, the entire sampling period was divided into two intervals. The first interval was after the

initial addition of manure and included observations on Days 1, 3, 5 and 7. The second interval

followed the next addition of manure on Day 7 and was considered as an independent set of

observations (Days 8, 10, 12 and 14 or Days 1', 3, 5 and 7 after the second addition of manure).

pH, dissolved oxygen, alkalinity and water temperature were also measured at the same time.

Nitrite-nitrogen was not measured in this set of experiments because it had not been detected in

the a previous study (see Chapter 3).

The methods used for the analyses of manure and water samples are described in Chapter 3. The

only differences were that spectrophotometric measurements were made on a Beckman DU-64

spectrophotometer and dissolved oxygen measured with a YSI Model 51 B dissolved oxygen

meter. In the repeated poultry manure addition study, alkalinity was determined by the use of a

field test kit (Model AL-AP, Hach Company, Loveland, Colorado, USA). Statistical analyses were

also performed as described in Chapter 3.

Results

Manure characteristics

The total nitrogen, total phosphorus, ammonia-nitrogen and ortho-phosphate contents of the

manure used in this study were 1.26, 0.44, 0.50 and 0.18% (wet weight basis) respectively. The

C/N ratio was 6.72 and the dry matter content was 23.8%. The total and ammonia nitrogen

contents were higher than the values the previous study (Table 18).
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Temperature effects on nutrient release from poultry manure

Water quality characteristics

The pH recorded during the experiment in the TI, T2 and 13 buckets was 7.14 ± 0.19, 7.31 ±

0.15 and 7.32 ± 0.2 (Mean ± 1 SD) respectively. Similarly, the dissolved oxygen measured was

9.23 ± 0.40, 8.18 ± 0.26 and 7.21 ± 0.33 mg/L, and the temperatures recorded were 15.00 ± 0.4,

20.2 ± 0.4 and 25.1 ± 0.7°C.

Disso Wed inorganic nitrogen

Mean total ammoniacal nitrogen concentrations reached highest levels on Day 3 in the Ti and T2

tanks, and peaked on Day 1 for T3 tanks (Fig. 9). These concentrations corresponded to 57.3±

5.9, 51.6 ± 6.9 and 56.0 ± 2.5 % (Mean ± 1 SD) of the total nitrogen added to the tanks. Total

ammoniacal nitrogen concentrations continued to increase after reaching lowest levels on Day 10

for all the treatments. Nitrate-nitrogen was not recorded in any of the tanks until Day 7, after which

concentrations increased steadily for all the treatments until the conclusion of the experiment

(Fig. 10). Day 20 concentrations represented 5.9 ± 0.4, 6.8 0.3 and 7.5 ± 0.5 % (Mean ± 1 SD)

of the total nitrogen content supplied by poultry manure to the tanks. Mean DIN concentrations

reached highest levels on Day 3 in the Ti and T2 tanks, and peaked on Day 1 for T3 tanks (Fig.

ii). These concentrations were equivalent to total ammoniacal nitrogen concentrations on these

sampling days. After a period of deckne to a low on Day 10, DIN concentrations began to increase

again, but to a higher concentration than total ammoniacal nitrogen because of nitrate build-up.

Although DIN concentrations were significantly influenced by temperature (P=0.0009) and

sampling day (P=0.000i), contrast procedures indicated that treatments Ti and 13 were not

significantly different (P=0.24; Table 21), but Ti and 13 together were different from T2

(P=0.0003). Treatment differences were significant only on Day 1 (P=0.007) and Day 5 (P=0.03;

Table 21).
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Dissolved inorganic phosphorus

In general, DIP concentrations increased rapidly dunng the first 10 days followed by a more

gradual rise thereafter (Fig. 12). Concentrations on Day 20 for Ti, T2 and T3 tanks were 71 .4±

2.9, 68.2 ± 7.6 and 73.2 ± 3.1 % (Mean ± 1 SD) respectively of the total phosphorus content

added to the tanks.

DIP concentrations were significantly influenced by temperature and sampling day (P=0.0001).

Treatments Ti and T2 were not significantly different (P=0.059), but Ti and T2 combined differed

significantly from T3 (P=0.0001; Table 22). Overall treatment differences were significant only on

Day 3 (P=0.0073) and Day 10 (P=0.0001).

Effects of repeated poultry manure addition on DIN and DIP accumulation

Water quality parameters

The pH recorded in the repeated addition buckets during the first and second intervals following

manure addition was 6.98 ± 0.22 and 7.14 ± 0.07 (Mean ± 1 SD) respectively. Similarly, dissolved

oxygen levels dropped from 9.42 ± 0.37 mg/L dunng the first interval to 7.57 ± 0.16 mg/L in the

second one. The temperature during the entire course of the experiment was 15.1 ± 0.4°C.

Alkalinity increased from an initial level of 34 mg/L to 47.6 mg/L by Day 8, remaining constant

thereafter (Fig. 13).

Dissolved inorganic nitrogen

Mean total ammoniacal nitrogen concentrations (Fig. 14) followed the same patterns dunng the

first week as the Ti buckets in the temperature effects study above (Fig. 11). Concentrations in

the repeated addition buckets increased sharply following the second dose of manure, reaching

maximum concentrations on the 3rd day after this addition (overall Day 10). Nitrate-nitrogen

concentrations measured from Day 8 onwards increased steadily as the experiment progressed
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(Fig. 15). Mean DIN concentrations were identical to TAN concentrations during the first interval

since nitrate-nitrogen was not recorded (Fig. 16). DIN levels during the second interval were also

similar to total ammoniacal nitrogen levels, but slightly higher because of nitrate accumulation.

The aim of this experiment was to determine if DIN trends differed between an initial manure

application and a subsequent one. The results were confounded because DIN concentrations in

the Ti buckets (see temperature study above), which were maintained under identical conditions

to the repeated addition buckets but did not receive a second dose of manure, showed two

phases of DIN build-up (Fig. ii). Based on these observations, it is likely that the second phase of

DIN increase in the repeated addition buckets during the first interval included both the second

phase of mineralization of the initial dose of manure, and the first phase of the second dose.

Therefore, to compare DIN trends between the two intervals, it was necessary to correct DIN levels

in the second interval for the expected increase due to mineralization of the first manure dose in

week 2. The expected increasewas estimated from the Ti tanks of the temperature study.

DIN concentrations in the repeated addition buckets during the first interval and those recorded

on Days 1, 3, 5 and 7 in the Ti tanks were not statistically significant (P=O.20; Table 23). On this

basis, it was assumed that the second mineralization phase would also be similar for both repeated

addition and Ti buckets.

Two-way ANOVA results for DIN concentrations for the two intervals are shown in Table 24 (see

also Fig. 17). DIN values for the second interval used in this comparison represent concentrations

on Days 8, 10, 12 and 14 minus the mean DIN concentrations for the Ti tanks on the same days.

Values for the two intervals were significantly influenced (P=0.0001) by the sampling day,

treatment (first vs second dose), but not by the day-treatment interaction. Contrast procedures

showed that differences between treatments were significant on all sampling days (Table 24).
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Dissolved inorganic phosphorus

DIP concentrations increased in the repeated addition buckets as the experiment progressed,

the steepest rise occurnng immediately after the second dose of manure was apphed (Fig. 18).

DIP concentrations between the first interval and observations recorded on Days 1, 3, 5 and 7 in

the Ti tanks were not statistically significant (P=0.26; Table 25). To allow comparison of trends

between the two intervals following manure addition, DIP concentrations for the second interval

were corrected for the increase in DIP levels due to the first manure addition, using mean Ti

values (see DIN section above). Thus, the values used for the second interval represent actual

DIP concentrations minus the mean Ti values for Days 8, 10, 12 and 14.

Two-way ANOVA results on DIP concentrations showed that values for the two intervals were

significantly influenced by sampling day (P=0.000i), treatment (P=0.0001) and day-treatment

interaction (P=0.033; Table 26). Contrast procedures showed that differences were not

significant (P=0.57) on the first sampling day (i.e., Day 1 vs Day 8), but were significant on the next

three sampling days (Table 26; see Fig. 19).

Discussion

Temperature effects on DIN and DIP release from poultry manure

Although DIN concentrations were significantly influenced by temperature (Table 21), there did

not appear to be a systematic trend as temperature increased from Ti to T3 (Fig. ii). The

treatment differences were significant only on Days 1 and 5 and appeared to be due to the lower

concentrations in T2 tanks on these sampling days (Fig. 11). These differences may simply be

due to sampling variability or because of differences among the buckets that are not related to

temperature. Results from this study differ from the observations by Sims (1986), where an

increase in nitrogen mineralization accompanied an increase in temperature over a prolonged time
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period of 150 days. Data presented by Hadas et at. (1983), however, suggest that temperature in

the range of 14-35°C has little effect on inorganic nitrogen accumulation during the first three

weeks after soils were incubated with poultry manure pellets.

Two phases of DIN build-up were observed (Fig. 11), presumably corresponding to the rapid and

intermediate periods of nitrogen mineralization in soils (Gale and Gilmour, 1986; Bitzer and Sims,

1988). The rapid phase has been reported to last about one week and the intermediate phase

about two weeks (Gale and Gilmour, 1986), which is consistent with observations in the present

study. DIN trends differed from the previous study companng three manures (see Chapter 3; Fig.

7), where aeration may have caused more rapid volatihzation of ammonia leading to lower DIN

concentrations. It is also possible that the higher loading rates of manure in the previous

study(accompanied by an increase in organic matter) interfered with the measurement of total

ammoniacal nitrogen. The differences between the two studies may be related to adsorption of

NH4 to negatively charged colloidal particles of organic matter (Boyd, 1979), causing a reduction

in the nitrogen concentration measured. The greater turbidity of water samples in the manure

comparison study (see Chapter 3) was presumably due to the high toad of organic matter. This

could also have interfered with total ammoniacal nitrogen readings.

Although DIN trends are of importance in studying nitrogen pathways in water after the addition of

manures, the actual amounts of inorganic nitrogen originating from the manure are probably better

represented by total ammoniacal nitrogen. This is because DIN comprises both total ammoniacal

nitrogen and nitrate-nitrogen and since the latter was not recorded in the manure samples, it must

have originated from the nitrification of ammoniacal nitrogen.

Mean total ammoniacal nitrogen levels recorded during the rapid phase corresponded to 57.3,

51.6 and 56.0% of the total nitrogen added to Ti, T2 and T3 buckets respectively. The increase

in total ammoniacal nitrogen from the lowest concentrations observed on Day 10 to the levels on
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Day 20 correspond to approximately 8.4, 9.5 and 7.0% of the total nitrogen added. Thus, the

amounts of available nitrogen released after 20 days correspond to 65.9, 61.5 and 63.0% of the

total nitrogen added to Ti, T2 and T3 buckets respectively (overall mean = 63.5%).

DIP concentrations were also affected by treatment and in this case, the lower temperatures

together did not differ from T3 (Table 22). This seems to be related to the higher concentrations

of DIP on Days 3 and 10 in T3 buckets (Fig. 12). No systematic trends towards increased DIP

accumulation at higher temperatures are apparent, and the observations may have been due to

expenmental error or non-treatment related variability, as was the case with DIN. Considering all

the tanks together, about 71% of the total phosphorus added became available as DIP by Day 20.

This is consistent with previous observations (see Chapter 3) although the peaks in that case

were recorded on Day 5. It is suspected that the differences are due to the fact that in the

previous study comparing nutrient release from different manures, the containers used were

aerated but the water was not stirred prior to sampling. Since phosphorus may have a tendency to

settle in the water column (J. Moore, Oregon State University, personal communication), results

may be affected by the lack of a proper stirring procedure.

Although DIN and DIP trends differed in the current study from the initial work involving nutrient

availability from poultry, swine and cattle manures (see Chapter 3), nitrogen and phosphorus

availability coefficients were somewhat similar between the two studies in that about 60% of the

total nitrogen and 80% of the total phosphorus became available as DIN and DIP in the manure

comparison study compared to about 64 and 70% respectively in the current study. Nitrogen

availability was higher in both studies than the value of 40% reported by Knud-Hansen et al.

(1991), and may be due to differences in the manure samples used and perhaps even due to

analytical procedures used. In our study, manure samples were dried prior to total nitrogen

analysis on a CHN-analyzer (Tabatabai and Bremner, 1983). This method may cause nitrogen loss

by volatilization compared to the Kjeldahl method of nitrogen analysis on manure slurries (P.
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Westerman, North Carolina State University, personal communication). Since unmodified poultry

manure (i.e., as sampled) was used in our study, the amount of nitrogen added may have been

more than amount calculated. The practical implication of this situation is that availability

coefficients may be slightly lower than the reported values.

Repeated manure addition effects on DIN and DIP release

DIN concentrations were significantly lower in the second interval compared to the first one (Table

24; Fig. 17). This could be due to nitrogen loss from the manure which can be substantial even if

the sample is frozen (Moore et al., 1975), as was done in this case. The pattern of nitrogen

release, however, appeared to be similar.

DIP concentrations were higher during the second interval compared to the first (Table 26; Ag.

19), perhaps because of changes that occurred to the manure during storage (eg: mineralization)

or because of the corrections (based on Ti values) applied to the data. As with DIN, patterns of

DIP accumulation were similar between the two intervals (Fig. 19).

Unfortunately, the manure was not analyzed again before the second dose was applied, and it is

not known whether its composition was substantially altered during the one week of frozen

storage.

Conclusions

The studies conducted indicate that temperature does not have a pronounced effect on nutrient

release, at least during a short period of about 3 weeks. Therefore, it may not be necessary to

apply a temperature correction factor while estimating the quantity of available nitrogen and

phosphorus in a manure sample. It is not known whether temperature influences nutrient release
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from manures over the duration of a culture cycle, which typically ranges from 6 months to a year

for warm water fertilized ponds (Hepher and Pruginin, 1981).

Although repeated manure addition results in similar nutrient release patterns, the actual

quantities of DIN and DIP that accumulate may differ, probably due to changes in manures during

storage. These changes could be substantial if manures are stored for long periods prior to

application in fish ponds and may assume importance if fertilizer requirements are based on the

results of nutrient analyses performed when the manure is initially brought to the site.

Observations from these studies are consistent with those of the previous study comparing three

different manures (see Chapter 3), in that not all of the nitrogen and phosphorus contained in

manures becomes available for algal uptake once manures are added to fish ponds. Therefore,

guidelines for pond fertilization based on the total nutrient content of manures (Lannan, 1990)

may tend to underestimate actual quantities required. As suggested earlier (see Chapter 3), the

total nitrogen and phosphorus contents of manures should probably be weighted with

appropriate availability coefficients, and the corrected values used in the calculation of manure

requirements for ponds.
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Figure 9. Mean total ammoniacal nitrogen (± 1 SD) against time in the study on the
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Table 21. Two-way analysis of vanance with contrasts for dissolved inorganic nitrogen data (mg/L) in

the study of the effects of temperature on nutrient release from poultry manure in water.

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Temperature 2 0.0805 0.0402 8.16 0.0009

Day 7 0.1473 0.1473 29.85 0.0001

Temperature-day interaction 14 0.0809 0.0058 1.17 0.3271

Error 48 0.2368 0.0049

Total 71 1.4292

Contrasts

Temperature at 4 hrs. 2 0.0073 0.0036 0.74 0.4835

Temperature on Day 1 2 0.0552 0.0276 5.60 0.0065

Temperature on Day3 2 0.0129 0.0065 1.31 0.2789

Temperature on Day 5 2 0.0378 0.0189 3.83 0.0286

Temperature on Day 7 2 0.0145 0.0072 1.46 0.2412

Temperature on Day 10 2 0.0163 0.0081 1.65 0.3102

Temperature on Day 14 2 0.0118 0.0059 1.20 0.0001

Temperature on Day 20 2 0.0056 0.0028 0.56 0.5729

Ti vs.T3 1 0.0071 0.0071 1.44 0.2364

T1&T3vs.12 1 0.0734 0.0734 14.88 0.0003
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Table 22. Two-way analysis of vanance with contrasts for dissolved inorganic phosphorus data

(mg/L) in the study of the effects of temperature on nutrient release from poultry manure

in water.

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Temperature 2 0.0286 0.0143 12.23 0.0001

Day 6 0.4811 0.0802 68.45 0.0001

Temperature-day interaction 12 0.0271 0.0023 1.93 0.0587

Error 42 0.0492 0.0012

Total 62 0.5860

CONTRASTS

Temperature on Day 1 2 0.0029 0.0015 1.25 0.2980

Temperature on Day 3 2 0.0013 0.0006 0.54 0.5876

Temperature on Day 5 2 0.0130 0.0065 5.54 0.0073

Temperature on Day 7 2 0.0061 0.0030 2.60 0.0862

Temperature on Day 10 2 0.0268 0.0134 11.43 0.0001

Temperature on Day 14 2 0.0041 0.0021 1.76 0.1849

TemperatureonDay2o 2 0.0016 0.0008 0.67 0.5181

Ti vs.T2 1 0.0002 0.0002 0.14 0.7101

Ti&T2vs.T3 1 0.0285 0.0285 24.32 0.0001
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Table 23. Two-way analysis of variance for dissolved inorganic nitrogen data (first four sampling

intervals) between repeated addition (RA) and temperature effects (Ti) buckets.

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

RA vs. Ti 1 0.0047 0.0047 1.76 0.2031

Day 3 0.1716 0.0572 21.46 0.0001

RA-TI/Day interaction 3 0.0138 0.0046 1.72 0.2027

Error 16 0.0426 0.0027

Total 23 0.2327

Table 24. Two-way analysis of variance with contrasts for dissolved inorganic nitrogen data (mg/L)

in the study on the effects of repeated poultry manure addition on nutrient release in

water.

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Type (1st vs. 2nd interval) 1 0.3279 0.3279 53.86 0.0001

Day 3 0.2610 0.0870 14.29 0.0001

Type-day interaction 3 0.0277 0.0092 1.52 0.2484

Error 16 0.0974 0.0061

Total 23 0.71 40

CONTRASTS

TypeonDayl 1 0.1750 0.1750 28.73 0.0001

Type on Day3 1 0.0366 0.0366 6.02 0.0260

Type on Day 5 1 0.0626 0.0626 10.29 0.0055

Type on Day7 1 0.0814 0.0814 13.37 0.0021



Table 25. Two-way analysis of vanance for dissolved inorganic phosphorus data (in mg/L for the

first four sampling days) between repeated addition (RA) and temperature effects (Ti)

buckets.

Source d.f. Sum of

squares

Mean sum

of squares

F-ratio P-value

Type (RA vs. Ti) 1 0.0032 0.0032 1 .38 0.2566

Day 3 0.0199 0.0066 2.89 0.0679

Type - day interaction 3 0.0003 0.0001 0.04 0.9890

Error 16 0.0367 0.0023

Total 23 0.0600

Table 26. Two-way analysis of variance for dissolved inorganic phosphorus data (mgIL) in the

study on the effects of repeated poultry manure addition on nutrient release.

Source d.f. Sum of Mean sum F-ratio P-value

squares of squares

Type (1st vs. 2nd interval) 1 0.0077 0.0077 35.99 0.000 1

Day 3 0.0314 0.0105 49.03 0.0001

Type-day interaction 3 0.0024 0.0008 3.75 0.0326

Error 16 0.0034 0.0002

Total 23 0.0449

CONTRASTS

Type on Day 1 1 0.00007 0.00007 0.33 0.5718

Type on Day 3 1 0.00396 0.00396 18.54 0.0005

Type on Day 5 1 0.0049 1 0.0049 1 22.97 0.0002

Type on Day7 1 0.00115 0.00115 5.40 0.0337
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Chapter 5

Summary

A fertilizer database that provides information on the dry matter, total nitrogen and total

phosphorus contents, and the BOO of a wide variety of manure types and forms was compiled

from published sources. The data are presented in tables that would be easily accessible to

different users. This information can be used to arrive at first approximations of the nutrient

composition of manures, enabling fertilizer requirements for ponds to be calculated for a range of

possible manures on the basis of their total nitrogen and phosphorus contents.

Dry matter-nutrient relationships were verified and developed for some of the manure types and

forms in the database. These relationships can be used to estimate the total nitrogen and

phosphorus contained in manures, provided the dry matter content is known. The slurry meter

can be utilized to estimate the dry matter content of manures in the field.

Results from the study examining nutrient release from fresh poultry, swine and dairy cattle

manures indicate that not all of the nitrogen and phosphorus contained in manures become

available in forms that algae can use when manures are added to water. Poultry manure released

the highest quantity of dissolved inorganic nitrogen and phosphorus, followed by swine and dairy

manures. Nutrient availability coefficients estimated from this study can be used to correct the total

nitrogen and phosphorus contained in fresh poultry, swine and dairy manures to arrive at

quantities of nitrogen and phosphorus that would actually become available for algal uptake after

manure addition in ponds.
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Nitrogen and phosphorus release from poultry manure did not seem to be influenced by

temperature, at least on a short term basis. Results from the temperature study support

conclusions from the manure comparison study (see above and Chapter 3) in that not all of the

nutrients contained in manures becomes available for algal uptake. However, patterns of nutrient

release between the two studies were different, presumably because of changes in the

experimental methods. Repeated manure addition appears to result in sinlar nutrient release

patterns, but the actual quantity of nitrogen and phosphorus released may differ. Changes that

occur dunng manure storage may need to be considered in calculating loading rates of manures in

ponds.
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