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ABSTRACT

Disposal and storage of raw poultry manure hasrhe@n environmental problem because of the assdaat
water and soil pollution. Poultry manure beginsiécompose immediately after excretion giving offvaonia
which, in high concentrations, can have adversecesffon the health and productivity of birds ad aslthe
health of the farm workers. Application to landhie most common way for utilizing poultry manureaagable
source of major plant nutrients and soil conditidnemprove soil tilth and reduce the problemsaisged with
soil compaction. The aim of this study was to itigase the effects of drying depth and temperaturehe
nutritional profile of dried poultry manure and dsitability as a plant fertilizer. Drying temperna and manure
depth had no significant effects on manure pH thifoss of ammonia during the drying process dsec the
pH (from 8.4 to 6.4-6.7). Greater nitrogen losgsg5 %) were observed at the deeper manure [&yesm) and
the higher temperature (60°C) which resulted ineduction of N:P:K (from 4.58:1.29:1 to 2.07:1.30:1-
2.57:1.28:1). Drying of poultry manure helped regltie presence and offensiveness of odor by 68.8%6%,
respectively. Drying of poultry manure also achégegnificant reductions in bacteria (65.6-99.8y8ast and
mold (74.1-99.6%) and E. coli (99.97 %). Dried pgumanure can be used as a fertilizer source lmt$
because of its high nitrogen, phosphorus and potassontents which are essential for plant grov@ther
elements (such as calcium, magnesium, sulfur, baapper, iron, manganese, molybdenum, cobalt &) z
which are lacking in commercial fertilizer are gfsesent in manure in significant amounts.

Keywords: Poultry Manure, Drying, Temperature, Depth, Moist@€@ontent, pH, Odor, Microorganisms,
Organic Fertilizer, NPK, Plant Nutrients

1. INTRODUCTION Storage and (_jisposal of raw poultry manure has

) ) ) ) become an environmental problem because of the
Rearing of birds has grown from a side-line 455ociated air, water and soil pollution (Benald an

occupation into a commercial enterprise with single Kudra, 2002). Poultry manure begins to decompose
farms having thousands of birds. The current pgultr immediately after excretion giving off ammonia wihnic
industry is one of the largest and fastest growing;;., high concentrations, can have adverse effecthen

sectors of livestock and poultry production in the - .
world. The meat and egg production increased by 35%health and productivity of birds as well as the Ittea

; : f the farm workers (Piersoet al., 2001; Zhang and
during the period of 2000-2008. The 2010 world Koc 0 ) ! u
is estimated to be over 18 billion birds with an L@u, 2007; Amoret al., 2006). Manure is a source of
estimated annual output of 22 million tonnes of mren ~ 0dor caused by the activity of microorganisms ie th
(FAO, 2010). It is, therefore, necessary to find manure and can also serve as a breeding ground for
economically viable and environmentally acceptatdgs ~ Pathogenic microorganisms as well as a transmitting
of utilizing such large quantities of waste (Jostid  medium for diseases among the birds (Berry and
Devrajan, 2008; Jokela, 1992; Bittmetral., 2005). Miller, 2005; Fareset al., 2005). Flies and other
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undesirable insects can breed on the manure leading energy (40-60°C) and different depths of manure (@hd
nuisance and health hazards (kbsi., 2011; Axtell, 1999).  determine the changes in the properties of the meanu
It is, therefore, necessary to subject poultry matmsome  due to the drying process as measured by its plant
treatments in order to improve its storage and Inapdnd nutritional value, pathogens content and presemzk a
to minimize the risk of disease transmission and offensiveness of odor.
environmental  pollution.  Proper poultry manure
management systems that will preserve the envirohme 2 MATERIALSAND METHODS
contribute to both animal and human health andrimedu
profit on investment to farmers, need to be devedlop 2.1. Drying Trays

Traditionally, land application has been the most
common way of utilizing poultry manure as a viable
source of major plant nutrients and soil conditiote

Three sets of trays, each set consisting of thegs bf
the same dimensions, were constructed of galvanized

improve soil tilth and reduce the problems assediat steel ﬁnd ugeo_l for thfe drying of pfoijgg mar;]ur_?ﬁTh
with soil compaction (Kelleheet al., 2002; Zhang and  (rays have drying surface areas o @ach. 1he
Lau, 2007: Wenet al. 2007: Tanabeet al. 1985: depths of the trays were 1 cm, 2 cm and 3 cm fer th

Chambers and Smith, 1992; Martin and McCann, 199g)S€ts 1, 2 and 3, respectivelfigure 1 shows the
However, environmental problems such as odor anddimensions of adrying tray.
pathogens may arise during_ and after Ianq appbicadf 2.2. Manure
raw manure (Ghaly and Sihgh, 1991; Sims and Wolf,
1994; Risseet al., 2006; Rappert and Muller, 2005). Poultry manure was obtained from a layers house on
Several solid-liquid separation techniques havenbee Archibald Farms located in Stewiack East, approsefya
tried for poultry manure treatment before land pibn. 80 km from Halifax, Nova Scotia. The manure was
These include: mechanical separation (Shirley andcollected under battery cages of a laying house
Butchbaker, 1975), filtration, stationary screend thermal ~ accommodating approximately 50,000 hens. The manure
separation or drying (Ford and Flemming, 2002; @yrt  collected was fresh and was not subjected to @ayrtrent
2007). Among these, drying is one of the most commo ©on the farm. It was then placed in clean plastigsband
method used to prevent environmental problems i¢edc ~ transported to the Waste Management Laboratory at
with application of raw manure. Dalhousie University, Halifax, Nova Scotia wherewias
Drying results in the removal of moisture from the stored at -18°C. Some characteristics of the poultr
manure thereby reducing the rate of deterioratiomf  Mmanure used in this study are presenteteinle 1.
chemical and biological activities. It improves. men g Experimental Procedure
stickiness and hence makes manure handling easier
(Ghaly and MacDonald, 2012a). Drying with heated ai The effects of three drying temperatures (40, 50 an
offers a number of advantages over unheated ainglry 60°C) and three manure depths (1, 2 and 3 cm) en th
including: higher rate of oxidation and pathogen manure drying rate, drying time, manure charadiesis
destruction (Cummings and Jewell, 1977; Ghaly andand plant nutritional value were investigated. Pitim
MacDonald, 2012b). Drying with heated air can be Placing the manure in the drying trays, it was reet
carried out using a variety of heat sources suckobe from the freezer and allowed to thaw for 24 hours a
energy, electricity, natural gas and other fosaitls. room temperature (22°C). The three sets of trayswe
However, solar energy offers many advantages overV€ighed PMA4600, Fisher Scientific, Montreal,
other energy sources: (a) it is available in abundaall Quebec)._ The trays were then .f'”ed to their resipec
year round and it is relatively cheap to collect atilize ~ 9€Pths with the manureand weighed.
(Hatem and Ghaly, 1994; Ghaly and MacDonald, 2012a)
and (b) it has higher rate of oxidation, waste
stabilization, odor control and pathogen destrurctio

(Ludington and Sobel, 1977; McCasket al., 1985;
Ghaly and MacDonald, 2012b). / /
The main aim of this study was to evaluate thectffe T 4=
of manure drying on suitability of dried manure &% e
organic fertilizer. The specific objectives were (@) L T "
evaluate the drying behaviour of laying hen maratre '
temperatures in the range that can be achievealay s Fig. 1. The dimensions of the drying tray (h=1, 2 or 3 cm)
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Table1l. Some characteristics of the poultry manure useétdén 2 4.1. Moisture Content

study
Iterm Measured value The moisture content was determined using the oven
Moisture content 78.4% drying method according to the procedure described
Density 960 kg/h the ASAE Standards (ASAE, 1991). Samples of
Total solids 215520 mg/L approximately 10 g were dried at 103°C for 24 hain
Volatile solids 139770 mg/L drying oven (Ilsotemp Oven Model 655F, Fisher
Ash . 75750 mg/L Scientific, Montreal, Quebec) and the Moisture @oit
Total chemical oxygen demand 328500 mg/L  (MC) was calculated as follows Equation 1:
Soluble chemical oxygen demand 130000 mg/L
Total kjeldahl nitrogen 18960 mg/L . :
Ammonium nitrogen 9470 mg/L MC,, = (Weightof W\i;s_m:plfz WelthOf drysamplt)e&bo (1)
Calcium 19760 mg/L eightof drysamples
Phosphorous 5590 mg/L . .
Potassium 4140 mg/L 2.4.2. Total Microbial Count
pH 8.40 The total plate count was employed to estimate the

) numbers of viable aerobic and facultative
They were then placed in a forced draft oven (fpte  microorganisms based on the assumption that each
Oven Model 655F, Fisher Scientific, Montreal, QuBbe \japje cell will develop into a colony under theesific
adju_sted o the reqw_re_d temperature._The _dry"@_“‘ﬂ*s condition of incubation. The manure samples were
monitored by determining the change in weight hiifte collected in wide mouth sterilized containers. Each

intervals, until there was no change in weight. Blken . . :
X sample was diluted to insure that one of the fplates
temperature was then readjusted to the next lexctltlze : .
would have 30-300 colonies; as the number of ce®ni

same experimental procedure was followed. Three thin  thi d_ai h
replications  for each temperature-manure  depthW!thin this range would give the most accurate

combination were carried out. approximation of the microbial population. The it
_ dilution (1:10) was prepared by placing 1 g intbOamL
2.4. Experimental Analyses dilution blank (physiological saline water). The tie

The properties of the manure were determined beforéVas shaken vigorously to obtain a uniform distriduiof
drying. These were pH, moisture content, densigalt ~ Organisms. Further dilutions (1701:1¢, 1:10, 1:10,
solids and volatile solids, total and soluble cheahi 1:10°) were made by pipeting measured aliquots into
oxygen demand, total-Kjeldahl nitrogen, ammonium- additional dilution blanks. Sterile petri dishesrevdirst
nitrogen, phosphorus and potassium. The pH, meistur |abeled (specimen and dilution). Then, each battes
content, total plate count, pathogens, odor andtioatl thoroughly shaken and 1 mL of appropriate diluticas
analyses were performed on the dried samples. Fhe p ipetted into a petri dish. Samples from each iitut

was measured using a pH meter (Model 808MP, Fishe ; ; -
Scientific, Montreal, Quebec) according to the prhae ere plated in duplicate. Approximately 15 mL o&th

described in the Methods of Soil Analysis (ASA, 298 cooled melied medium (Standard Methods Agar,
The density, total solids and chemical oxygen deman 17YPtone Glucose Yeast Agar, Neogen Corporation,
analyses were performed in the biotechnology laboya ~ Lansing, Michigan) were poured into each petri dish
of Dalhousie University, Halifax, Nova Scotia aatiog ~ Immediately thereafter, the plate was gently ratae

to the procedures described in the Standard Metfaods times in each direction to distribute the inoculum
Examination of Water and Wastewater (APHA, 1998). throughout the medium. The plates were allowed to
The total Kjeldahl and ammonium nitrogen analysesew  solidify and were incubated in the inverted positin an

performed using Kijeltic Auto Analyzer (Model 1030, incybator (Model Number 2020, VWR International,

Tecator, Hogenas, Sweeden) _ according to Kjeldah'Cornelius, Oregon) at 35-37°C for 48 hours. Thetepla
method. ~ The elemental analysis was performed et th that contained a number of colonies in the rang80sf

Minerals Engineering center of Dalhousie University .
using flame atomic adsorption spectroscopy. The 300 was selected. An accurate count of these @doni

nutrional analysis was performed at Nova WestWas made by placing the plate on the platform of a
Laboratory Ltd, Saulnierville, Nova Scotia, Canadlae ~ colony counter (Cat.No.7-910, Fisher Scientific,
moisture content and microbial analyses and ther odoMontreal, Quebec). This instrument facilitated the
evaluation were performed as follows. counting process since the colonies were illumihated
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seen against a ruled background. The number ohieso ODOR EVALUATION DATA SHEET
counted on a plate multiplied by the dilution ofeth

. . Name:
specimen which the plate represents was equaktoeth Date-

count per milliliter of the specimen.

A Rate the samples to the presence of odor and the oder

2.4.3. Microbial and | nsect Analy%s as to offinsiveness }alccordﬁlg to the lelo\\'inlg scale us-
ing samples “07 as having 0 rating and samples “107 as

i having 10 rating.

The following analyses were also performed on raw g g

dried manure samples: (a) yeast and mold enumeratio Bresence Offensiveness
(b) E. Coli estimation and (ckalmonellae examination. Tooder D Nooffensiveodor O
These analyses were performed at Nova Scotia Résear Faint 3-4 Faint offensive odor 34
. . Defini 5-7 Definite offensive od 5-7
Foundation Corporation, Dartmouth, Canada. Sone 50 Stonsoffensveedor. 89
2 4 4 Od Verv strong 10 Verv strong offensive odor 10
.4.4. Odor

B. Describe the odor of each sample by giving an ap-

A Specially developed organoleptic test for propriate descriptive term. Possible terms that might be
measurement of odor from animal waste was used to used are given in the list below or you may use a term of
measure the presence and offensiveness of odastin b vour choice which vou feel properly describes the odor.
the raw and dried poultry manures. This method was =~ Mold.musty Yeast

Fish Ammonia
chosen because of the complex nature of manure odor

Stagnant water Grain. animal feed
which is best judged by the human nose. In thig tes Sulfide.rotten eggs  Sour, farmented
scale of 0-10 was utilized to rate the odor ast$o i Petroleum Rotten cabbage, mercaptans
presence and offensiveness. No odor was 0 and very  Earth Other (Please specify)
strong odor was 10. A similar scale of no offensider RATING
(0) and very offensive odor (10) was used. The Sample  Presence  Offensiveness Odor
Rating Rating Description

intermediate numbers 1-9 are described in the Score
Sheet Figure 2), which was used by the panel members
to rate the samples (50 g) placed before them & 12 Thank vou for vour fime
Erlenmeyer flasks. They were asked to rate theecusit ' '

of the flasks according to the scale 0-10. The tdweit Fig. 2. Odor evaluation sheet

(0) was assigned to distilled water, whereas theeup
limit (10) was assigned to fresh poultry manureeTh
odor testing panel consisted of technician, graslaaid
undergraduate students and faculty. The size opdinel
was 10 members. Each panel member was asked to ra[ﬁ
the samples as to the presence of odor and the oqur
offensiveness according to the 0-10 scale and gorite
the odor on the data sheet.

[FER

The thinner the manure layer, the lower the amaint
moisture it contained and consequently the shdher
time duration required to drive off the moistur&eTtime
quired to dry the 2 cm deep manure layer was more
an the time required to dry the 1 cm deep malayer
y about 106, 100, and 87%, while the time requtced
dry the 3 cm deep manure layer was more than mhe ti
required to dry the 2 cm deep manure layer by 223rid
7 % for 40, 50 and 60°C, respectively. The results
3. RESULTSAND DISCUSSION showed that the difference in drying time betwekea t
3.1. Drying Process shgllower and deeper manure layers decreased as the
drying temperature increased, However, when
The data on the drying time, moisture content andconsidering the drying effectiveness, the 3 cm deep
drying effectiveness at various manure depths ayidgl  manure layer was superior at all levels of tempeeat
temperatures are presentedTiable 2. The parameter as less time was required to remove one gram oérwat
“drying effectiveness” was defined in this studythe  from the manure. The results also showed that more
time needed to drive off 1 g of moisture from the time was required to remove one gram of water from
manure. The results indicated that the 1 cm deepurea  the 2 cm deep manure layer than those requirethéor
layer dried the fastest at all temperatures, faldwy the 1 and 3 cm deep manure layers at all temperatiges a
2 cm deep layer and the 3 cm deep manure layer. shown inFigure 3.
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Table 2. Drying time and drying effectiveness of poultry mas

Weight(g)
Drying Drying Drying Mbisture Drying
TemperaturéC) Depth (cm) Time (h) Initial Final (9) Effectivess (h/g)
40 1 55 125.95 27.15 98.80 0.56
2 106 224.70 48.43 176.27 0.60
3 120 312.72 67.41 245.31 0.50
50 1 44 129.16 27.84 101.32 0.43
2 84 226.21 48.71 177.50 0.47
3 90 314.28 67.74 246.54 0.37
60 1 28 127.18 27.41 99.77 0.28
2 52 227.86 49.11 178.75 0.29
3 60 322.57 69.52 253.05 0.24
0.65
3.2. Manure pH
- 0.60 o
E s The manure pH dropped from 8.4 to about 6.4-6.7
% (Table 3) due to the loss of ammonia. In this study, the
2 AR ——40°C drying temperature and manure depth did not seem to
% 0.45 —.—50°C have any significant effects on the pH of the drieghure.
2 040 - 60°C Gislason and Oelkers (2003) reported a pH range23-
- 5 o 5.91 for basaltic glass drying over the temperatarge
§ ' of 30-100°C. Himathongkham and Riemann (1999) noted
o 29 that a decrease in ammonia content from 5.5 trtigd).75
0.25 mg g* caused the pH to drop from 9.5 to 7.75 in fresh
0.20 ‘ ‘ , chicken manure. Sistadi al. (2001) reported a significant

[ay

2
Drying depth (cm)

Fig. 3. Manure drying effectiveness
There is no information in the literature on thagedr
drying of manure and most of the work done was on
grains, fruits and vegetables. Raet al. (2007)
investigated the thin layer drying of parbroiledigg at

drying time at a depth of 5 cm and the optimum ryyi

effectiveness at a depth in the range of 7-10 cm.

Nazghelichiet al. (2010) investigated the effect of bed
depth on the drying of carrot cubes at 30, 60 @hdhén
bed depth and found the optimum time and efficietacy
be achieved at 30 mm depth. Maskenal. (2002)
investigated the effect of layer thickness, tempeea
and air velocity on the drying of the fruit leathand
reported that the minimal drying layer thicknessuited
in the fastest drying rate and effectiveness. Hrtekd
Yaldiz (2004) studied the effect of drying eggplalites
with a 0.63, 1.27 and 2.54 cm thickness and foured t
fastest drying time with the 0.63 cm thick slicesl dhe
most effective drying with the 2.54 cm slices.

% Science Publications 92

pH drop in broiler chicken litter upon drying at a
temperature of 105°C. Deriket al. (1994) noted that
during the drying of poultry, cattle and pig manuad
ammonia was volatilized when the pH was above 8 and
the fatty acids evaporated when the pH was below 5.

3.3. Elemental Analyses

The concentration of nitrogen, phosphorous and
potassium in the dried poultry manure are shown in
Table 3. Very small changes in the concentration of
Bthosphorous and potassium occurred during the glryin
process. However, 44-55% of the nitrogen in theuman
was lost depending on the depth of the manure laydr
drying temperature, the deeper the layer and/or the
higher the temperature the greater was the nitréogEn
On average, 51% of total kjeldahl nitrogen (13%amig
nitrogen and 38% ammonium nitrogen) in the manure
was lost during the drying process as showmable 4.

As a result the initial N:P:K of 4.58:1.29:1 waslueed

to 2.07:1.30:1-2.57:1.28:1 due to loss of nitrogen,

depending on the drying temperature and depth.
Ribeiroet al. (2001) reported an increase in nitrogen

loss from 8.3 to 13.2% in poultry manure upon iases

in temperature from 55 to 100°C. Raw al. (1999)

noted a reduction in nitrogen content in poultrynona

upon exposure to temperatures above 65°C.
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Table 3. pH and essential elements in raw and dried poultayure
Elements (%DB)

Drying Drying

TemperaturéC) Depth (cm) Nitrogen Phosphorous Potassium NPio&a pH

40 1 4,92 2.46 1.91 2.57:1.28:1 6.6
2 4.63 2.45 1.90 2.43:1.30:1 6.4
3 4.48 2.46 1.91 2.35:1.29:1 6.6

50 1 4.45 2.45 1.90 2.34:1.29:1 6.7
2 4.35 2.45 1.89 2.30:1.30:1 6.7
3 4.23 2.46 1.90 2.23:1.29:1 6.7

60 1 4.16 2.45 1.89 2.20:1.30:1 6.6
2 3.99 2.44 1.90 2.10:1.28:1 6.5
3 3.92 2.45 1.89 2.07:1.30:1 6.6

Raw Manure 8.8 2.48 1.92 4.58:1.29:1 8.4

Table4. Nitrogen concentrations and losses

Nitrogen Content (mg/kg) Losses (%)

Drying Drying Depth

TemperaturéC) (cm) TKN Org-N Am-N Total Org-N Am-N

40 1 49350 36370 12980 19.73 12.31 7.42
2 46340 33450 12890 24.62 17.06 7.61
3 43810 32960 10850 28.74 17.86 10.88

50 1 44900 33920 10980 27.00 16.30 11.30
2 43490 32610 10880 29.26 18.43 10.83
3 41880 32060 9820 31.88 19.32 12.56

60 1 41280 32930 8350 32.86 17.91 14.95
2 39890 31600 8290 35.11 20.07 15.83
3 39260 30940 8220 36.30 21.15 15.15

Raw manure 61480 43940 17540 - - -

Abdalla and Abu Bakar (2004) noted that an increase34 Odor
in drying temperature from 30°C to 70°C decreased™ ™
the nitrogen content by 12-26% and 9-42% in maize At the start of a new experiment, the odor giveh of
and groundnut plant residues. near the oven during the drying process was ndileea
Researchers have noted that phosphorous content igowever, when the drying process progressed, the
affected by drying process (Ajiboyet al., 2004,  presence and offensiveness of the odor decreasébd wi
Akinremi et al., 2003; Geritse and Eksteen, 1978; the time and the final product (dried manure) dat n
Sistaniet al. 2001). Sistangt al. (2001) noted a lower pgyve any offensive odor. The result of the orgaptide
phosphorous content in b_roiler chicken mar_lurem_aslait test Table 5) showed that both the presence and
from freeze or oven drying at 105°C. Akinremti al.  fensiveness of the odor in the dried poultry menu
(2003) achieved the lowest —concentrations Of yere reduced by 65.3 and 69.3% (as compared tafhat
phosphorous in poultry, cattle and pig manure UPONy,e fresh poultry manure). The odor present indtied

drying at 105°C as appose to freeze-dried andradd manure was not offensive (23.3% of the panel member
samples (30°C). Chapuis-Lardyal. (2004) noted lower described the odor as that E)f girailr)m 20% gescriibasia

concentrations of phosphorous in dried feces a®sp ; : .
: mold musty, 13.3% described it as ammonia, 13.3%
to wet dairy feces. Taga# al. (2008) noted that poultry described i%/as fermoented 6.7% described it &sddor ’

manure that has been carbonized at 500°C has arhigh . : . .
phosphorus content (18.17 glkg) available thanriadd 6.7% described it as yeast odor ad 6.7% describasd i
rotten eggs odor).

poultry manure (4.47 g/kg). s . ) )
Ghoshet al. (2004) reported nitrogen, phosphorous Lekasiet al. (2003) stated that air drying of animal
and potassium contents in poultry manure of 2.1@91 Mmanure reduces the smell. Ghaly and MacDonald
and 1.23%, respectively. Ayoola and Adeniyan (2006)(2012a) reported that drying of poultry manure oter
noted nitrogen, phosphorous and potassium contents temperature range of 40-60° achieved reductiomslor
poultry manure of 1.98, 1.74 and 2.00 %, respelgtive intensity and offensiveness of 65 and 69%, respelgti
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Table 5. Odor rating 3.6. Plant Nutritional Requirements

Parameter Dried Raw Pl . ial . ¢ —
Presence 34725 10 lants require essential nutrients for growth. €hes

: nutrients can be divided into macronutrients and

Offensiveness 3.62.53 10 . trient

Description micronutrients.

Grain, Feed 10 © 3.6.1. Macroelements

Mold, Musty 6 -

Sour, Fermented 4 - Macroelements are required by plants in relatively
Yeast 2 - large amounts (>100 mg/kg dry diet) and includeioat
Earth 2 - (Ca), Nitrogen (N), Magnesium (Mg), Phosphorus (P),
g'slrf‘, de. Rotten E 22 iz potassium (K) and Sulfur (S). These elements fandit
uthide, ~otten =09 cellular  metabolism, have important roles in

Ammonia 2 6 . .

Stagnant water B} 5 osmoregulation and acid-base balance and serve as
Rotten Cabbage Mercaptans 3 7 structural components of tissues (Brady and W&86]1

Ecosystem Restoration, 2004). The deficiency axidityg
symptoms of macroelements are listed @ble 7.

Nahm (2003) noted that the reductions in hydrogenCalcium is an essential nutrient in plants which functions

sulphide and ammonia concentrations during dryingin Structural components (protein) of plants cedlivand
reduced the of poultry manure. membranes (Marschner, 1995). It is required fontinaf

root and shoot tips (Evans, 2003). Calcium alsypka
3.5. Microbial Count role in the plant cell division and elongation pesses
) ) . (Rudd and Franklin-Tang, 2001), membrane
The results of thg microbial analyses are shown iNhermeability and the maintenance of cellular initggr
Table 6. Generally, h|g.h numbers of bacteria (4777><1_O (Hepler, 2005). It reduces the toxicity of manganes
manure) were found in the raw manure. The drying gnd aluminium (Evans, 2003).
process reduced the number of bacteria by 65.62%itrogen plays a major role in plant growth because it is a
99.83% (from 477x10to 164x10 -808x10 cellslg  part of all amino acids. Amino acids are the buii
manure), the yeast and mold cells by74.07%-99.63%blocks of proteins and enzymes which play a role in
(from 2700 cells/g manure to 700 -<10 cells/g mahur biological processes. Nitrogen stimulates develagme
and the number dE. coli by 99.97% (from 21,986,666 root growth and the uptake of nutrients (Brady &¥ieil,
to 6263- <10 cells/g manure3almonellae was detected  1996). Plants require nitrogen in the forms O, and
in the raw manure and the dried manure samplesNH; (Glass and Siddiqi, 1995). Uptake of nitrogen is
collected from the 3 cm deep manure layer afteindry — affected by the pHNH; uptake is depressed under acidic
at 40°C. The results indicated that the higherdtying ~ conditions (Rygiewiczet al., 1984) andNO; uptake is
temperature and/or the thinner the manure layes, th depressed under alkaline conditions (Askrl., 1995).
more destruction of microorganisms in the drieduman ~ Magnesium functions in metabolic processes of plants.
The kiling actions of heat appeared to be time- These  processes include  photophosphorylation,
temperature dependent. photosynthetic - carbon dioxide fixation, chlorophyll
Several researchers reported that 90% offormation, phloem loading, synthesis of proteins,
microorganisms in manure will be destroyed in a fls ~ réactive oxygen species generation and photoogidati
at temperatures in the range of 20-40°C and a feekwat  leaf tissues. Magnesium deficiencies result inngio
temperatures of 4-10°C (Himathongkham and Riemann@and yield impairment (Cakmak and Yazici, 2010).
1999; Plachaet al., 2001; Hutchisonet al., 2005). Phosphorus is essential for several plant functions
Larney et al. (2003) noted that a period of 7 days was including energy transfer, reproduction, optimum
necessary to eliminat&scherichia coli in beef cattle  growth, photosynthesis, nutrient movement withie th
manure at temperatures in the range of 33.5 - €1.5° plant, transfer of genetic characteristics and the
Wang et al. (1996) reported thaEscheriahia coli in transformation of starches and sugars. Phosphorous
bovine feces can survive 42-49, 49-56 and 63-7@ @y uptake occurs in the form of orthophosphate. Plants
temperatures of 37, 22 and 5°C, respectively. ifgtudy, require inorganic phosphate in order to export gner
higher temperatures (40-60°C) were used which tesul from the chloroplast by Adenosine Triphosphate (ATP
in less time (28-120 h) for elimination of microardgsms  (Sultenfuss and Doyle, 1999). Phosphorous increases
and lower nitrogen losses compared to other studies plant resistance to disease (Evans, 2003).

* Total number of observations-30
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Table 6. Average microbial count in raw and dried poultrgmare

Drying Temperature Drying Depth Bacteria Yeast/Mold E. Coli Salmonellae
(°C) (cm) (14 cells/g) (cells/g) (1bcells/g) (preserve)
40 1 55000 250 10 ND

2 69000 370 20 ND

3 75000 430 30 PP
50 1 2100 170 <10 ND

2 2900 210 10 ND

3 4100 310 20 ND
60 1 440 <10 <10 ND

2 530 <10 <10 ND

3 620 <10 <10 ND
Raw Manure 477000 2700 2290 PP

PP- Partially Detected
ND-Not Detected

Table 7.Macroelement deficiency and toxicity symptoms ianté (Evans, 2003)

Element

Deficiency symptoms

Toxicity symptoms

Calcium (Ca)

Root tips often die
Bud development is inhibited
Young leaves become distorted and small with
irregular margins and necrotic or spotted areas

No visible symptoms

Nitrogen (N)

Plant growth is restricted
Lack of chlorophyll (older leaves)
results in yellow colored leaves

Color is dark green
Abundant fokag
Restricted groafthoot system

Magnesium (Mg)

Reduction in plant growth
Puckering effect on leaf margins

Affects Ca uptake
Necrotic spotsetip
Smaller veins turn brown

Phosphorous (P)

Reduction in plant growth
Dark green leaves
Distorted leaf shape
Stems are thin
Root growth is limited

Deficiency in Zn, Fe, or
Cu micronutrients can result

Potassium (K)

Reduced plant growth
Internodes are shortened
Older leaves can become chlorotic and burn
Necrotic spots
Lateral breaks are reduced and wilt readily
Root system is poorly developed
Stalks are weak

Deficiency in Mg, Zn, Mn or Fe

Sulfur (S)

Leaves become yellow
Stems and roots are small, woody and hard

Reductions in leaf
sizplant growth

Potassium is essential for good crop yield and quality as primary and secondary metabolism (Droux, 2004).

it plays various regulatory roles in the developtmeh
the plants. These roles include enzyme activasitimatal
activity (water use), photosynthesis, transportsofjars,
synthesis of starch and proteins and in nutriedt \sater

transport (Van Brunt and Sultenfuss, 1998). It distps

overcome drought conditions, improves winter hagstn
and increases resistance to diseases (Evans, 2003).

Sulfur is an essential compound in the vitaminrttire
which has been implicated to respond to DNA damage
and pathogen attack in plants (Rascétka., 2007).

3.6.2. Microelements

Microelements are required by plants in trace
amounts (<100 mg/kg dry diet) and include boron, (B)

Sulfur is present in two major amino acids known as copper (Cu), iron (Fe), manganese (Mn), molybdenum

cysteine and methionine which are essential fontpla
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Table 8. Microelement deficiency and toxicity symptoms iamts (Evans, 2003)

Element Deficiency symptoms Toxicity symptoms
Boron (B) Breakdown (internal) of fruit or vegetesl Development of necrotic spots
Failure in normal root tip elongation on tips aues of leaves
Leaves become thick, chlorotic and leathery Pleetome damaged
Disintegration of internal tissues
Copper (Cu) Young plants become dark Result iddfigiency
green, twisted or misshapen Reduced branchinghérietning
Interveinal chlorosis (young leaves) Abnormal @aikg of rootlets
Iron (Fe) Young tissue interveinal chlorosis Natlent in natural conditions
Manganese (Mn) Interveinal chlorosis Results in chlorosis
Necrotic lesions and shedding of leafs Unevemibligton of chlorophyll
Chloroplast lamellae is disorganized Reductioplamt growth
Molybdenum (Mo) Older leafs interveinal chlorosis arBly observed
Cupping or marginal scorching of leaves
Chlorine (CI) Wilted leaves become necrotic andatic and Leaf burn
eventually become a bronze color Reduction indezaf and growth rate
Zinc (Zn) Leaf size reduction and internode length
Distorted or puckered leaf margins Results in patidn of iron chlorosis
Microelements are involved in the regulation ofiuer important enzymes in plants which are involved in

metabolism and are required for proper growth andenzyme synthesis and respiration. It works as an
development. Plant deficiency and toxicity symptashs activator of enzymes that are involved in
microelement are listed ihable 8. oxidation/reduction and hydrolysis reactions. Isaal
Boron is an essential micronutrient in plants which works to activate the reduction process of hydramjhe
functions in the synthesis of protein, floweringt se and nitrite to ammonia (Ronan, 2007; Spectrum Araly
increase, plant maturity, water retention and faromaof Inc., 2012a; Millaleat al., 2010).

plant hormones. It also affects the carbohydratd an Molybdenum is an essential component of enzymes
nitrogen metabolism process (Ronan, 2007; Dick0201 which is used to carry out redox reactions.
Blevins and Lukaszewski, 1998). Molybdenum requiring enzymes include those that
Copper in plants possess numerous functional work in nitrate reduction, aldehyde oxidation and
characteristics such as activation of enzymes,xanthine dehydrogenase. Molybdenum is also
photosynthesis, reproductive phase and respiratoryessential for plant growth (Ronan, 2007; Kaiseal .,
enzymes. Copper also plays a role in chlorophyll 2005; Uchida, 2000).

production(indirectly), increases the content ofyau Chlorine activates the enzyme which releases oxygen
present in plants, increases color intensity angrawes ~ during photosynthesis, from water. It is important
the flavours in fruits and vegetables (Ronan, 2@shm  drought resistance (stomata gate cells aperture)
and Schmitt, 2009). because chlorine regulates the growth of the @aits

. . . . the turgor pressure. Chlorine is also the courdarto
Iron in plants is responsible for photosynthesis and : o ) :

. . . the cations (positively charged ions) in the cell
respiration processes and functions in enzyme(Ronan 2007; Uchida, 2000)

mechanism which is responsible for the operatiothef 7. jg responsible for the formation of auxin (growth

respiratory system. It also promotes chlorophyll hormones). It also plays a role in external elongat
formation, cell division and cell growth (Connolgnd protein synthesis, consumption and transformatién o

Guerinot, 2002; Ronan, 2007). carbohydrates, stimulates maturity and the formatio
Manganese is the predominant element in organic acid ofseed and grains (Ronan, 2007; Broadiewl., 2007;
metabolism of plants. It plays a role in some @f th Waters and Sankaran, 2011).
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Table 9. Plant tissue nutrient sufficiency (Vitoshal., 1994)

Element Corn Wheat Soybeans Potato
Macronutrients (%)

Nitrogen (N) 2.76-3.50 2.59-3.00 4.26-5.50 2.504.0
Phosphorus (P) 0.25-0.50 0.21-0.50 0.26-0.50 023-0
Potassium (K) 1.71-2.50 1.51-3.00 1.71-2.50 6.00-9.
Calcium (Ca) 0.21-1.00 0.21-1.00 0.36-2.00 0.3®-0.5
Magnesium (Mg) 0.16-0.60 0.16-1.00 0.26-1.00 0.220
Sulfur (S) 0.16-0.50 0.20-0.40 0.21-0.40 0.21-0.50
Micronutrients (ppm)

Manganese (Mn) 20-150 16-200 21-100 30-200
Iron (Fe) 21-250 11-300 51-350 30-300
Boron (B) 4-25 6-40 21-55 15-40
Copper (Cu) 6-20 6-50 10-30 7-30

Zinc (Zn) 20-70 21-70 21-50 30-100
Molybdenum (Mo) 0.1-2.0 0.03-5.0 1.0-5.0 0.5-4.0

basis of nitrogen required by plants. Poultry mancein
be used as fertilizer for plants because of ith migrogen,
phosphorous and potassium content. For exampleotine

The concentration range of nutrient requirement in Crop requires 2520-3089 kg of manure per acre &t the
plant tissue for sufficient growth is listed Trable 9. nitrogen requirement (62-76 kg/acre) for growth.isTh

Plant tissues with values lower than the givergean Would also supply 0.86, 3.83, 560, 110, 8.48, 4254,
are nutrient deficient and plants with values highan the ~ 2.11, 6.20, 93.0, 106, 0.28 and 10.2 % of the redui
sufficiency range are toxic. The plant symptomsseduby ~ c@lcium, magnesium, phosphorous, potassium, sulfur,
deficiency and toxicity are listed fable 7 and 8. Nutrient ~ boron, copper, iron, manganese, molybdenum, clelorin
deficiency in plants can be fixed by applicatiorfestilizer cobalt and zinc, respectively. Crops have a high
to the soil. Toxicity can be avoided by applyingsle Phosphorous ftolerance level and thus excess
frequently or applying lower amounts (Vitoatal., 1994). phosphorous (460 %) will not harm the corn (Daniels

Numerous studies performed on poultry manure 1998). Also, the excess in potassium (10%) and
illustrated that poultry manure exerted a positifiience chlc_Jr_lne _(6%_) nutrl_ents are nqt significant. The
on crop production and improved the physical priigeof deﬂmengles in calcium, magnesium, sulfur, boror_w,
soil (Guisquianiet al., 1995: Tam and Wong, 1995: copper, iron, manganese, molybdenum, cobalt and zin

. will be provided by the soil nutrients (Liet al., 2000;
McConneII_et al., 1993). Zhouet al. (2005) _stud|ed t_he Vitoshet al., 1994; McKenzie, 1992). Most commercial
effect of different amounts of copper .and zinc gpre in fertilizers supply nitrogen, phosphorus and potaesand
poultry manure) on the growth of radish and paka@m 4o ot have significant amounts of macro and
concluded that the manure improved the growth dhbo micronutrients (McCauley, 2003; Finn and White, @96
plants and that the presence of the heavy metalkein

3.7. Plant Nutritional Value of Dried Poultry
Manure

manure did not cause acute toxicity to the pleBiistgeon 4. CONCLUSION
(2008) and Tewoldest al. (2005) reported that plant _ _
fertilized with broiler littler had greater conceattons of Thin layer (1-3 cm) drying of poultry manure was

potassium in tissues then those receiving comniercia€ffective at temperatt:res within the range providigd
fertilizer, but no harm on plants was observed. SBlsbal. solar heaters (40-60°C). The temperature and manure

(2004) reported that sorghum responded better titrpo depth had no significant effects on the dried marmi.

than | d the fertil d The loss of ammonia from manure resulted in a dnop
manure than farmyard manure as the fertilizer. Ayam the pH from the initial value of 8.4 to finial vas in the

Adeniyan (2006) reported of poultry manure incregsi range of 6.4-6.7. Greater nitrogen losses (44-55\@p
grain yield from 0.85-0.95 t/ha to 2.04-2.19 t/ha. observed at the deeper manure layer and higher

The nutrient requirement by plants for growth amel t  temperature which resulted in a reduction in N:fn
nutritional composition of poultry manure are lgten the initial value of 4.58:1.29:1 to final valuestire range
Table 10. Organic fertilizers are always applied on the 2.07:1.30:1-2.57:1.28:1.
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Table 10. Nutritional composition of dried poultry manuredgplant nutrient requirement

Dried Plant Requirement (kg/Acre)

Poultry
Nutrient Manure Corh Wheat*® Potatd Soybeafi®
M acr oelements (mg/kg)
Calcium 42 13.6 23-68 28 5-75
Nitrogen 24 600 62-76 39 90.8-109 13.6-224
Magnesium 180 13.2 27 18 1.8-25
Phosphorus 24 500 11-13.5 18-23 11-16 1.2-21.9
Potassium 19 000 43.7-53.1 29 127-145 10.2-150
Sulfur 200 5.9-7.3 4.5 8-11 0.91-13
Mircoelements (mg/kg)
Boron 1 0.06 0.03 0.08 0.04
Copper 4 0.05 <0.05 0.04 0.05
Iron 4 0.53 0.28 0.8 2.87
Manganese 4 0.18 0.20 0.4 0.46
Molybdenum 1 0.003 <0.5 0.002 <0.5
Chlorine 190 0.5 3.2 4,54 0.5
Cobalt 0.5 <0.5 <0.5 <0.5 <0.5
Zinc 4 0.11 0.12 0.05 0.34
N:P:K 1.3:1.28:1 1.4:0.25:1 1.3:0.7:1 0.7:.0.1:1 :Q.B5:1

(a) Bundy (1998)

(b) McKenzie (1992)

(c) Bierman and Rosen (2005)

(d) Hopkinset al. (2003)

(e) Spectrum Analytic Inc. (2012b)
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