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ABSTRACT

Information on soil test phosphorus (P) in soil treated with organic amendments is important to a sound management of
manure additions to agricultural fields. This study compared the recovery of cow manure, chicken manure, city compost
P relative to triple super phosphate P (TSP) for an acidic soil with different antecedent soil test P (STP). Phosphorus
was added at rates of 0, 100, 200, 400 and 800 mg P-kg ™' soil based on total P. The soil was incubated at field capacity
for 1, 4, 8 and 16 weeks (wk) after which they were extracted using NaHCO; (Olsen) Mehlich-3, Kelowna and Bray &
Kurtz-1 extractants. Regardless of extractants, after 1 wk incubation, the highest STP source was the TSP and the least
was the city compost. Soil Test P increased with the addition of amendments from different P sources. Among the
amendments, soil test P in TSP amended soil gradually decreased but in the city compost amended soil slightly in-
creased with incubation time, whereas the changes of soil test P with time in the cow and chicken manures amended soil
was very negligible. Across the amendments and rates of P additions, the value of extractable P with Olsen was of 55
mg-kg ' (16%), with Mehlich-3 was of 112 mg-kg ' (32%), with Kelowna was of 88 mg-kg ' (24%) and with Bray &
Kurtz was of 104 mg kg™ (29% of total added P). The P extraction efficiency was in the order: NaHCO; < Kelowna <
Bray & Kurtz-1 < Mehlich-3. This study indicates that P in organic amendments reflects plant available P through the

entire incubation period but P in the TSP are likely to under estimate after 8§ wk of incubation.
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1. Introduction

Phosphorus is generally added to agricultural soils as in-
organic fertilizer or as organic manures. As there are
generally no obvious adverse effects of high soil P con-
centrations on plant growth, farmers have frequently
added P in amounts which exceed crop removal. This is
particularly in region with intensive pig, poultry or cattle
production systems. As a consequence, P has been ac-
cumulated in many intensively farmed agricultural soils
[1].

Organic fertilizer such as, animal manure, green ma-
nure, compost and sewage sludge may be added to culti-
vated soil [2]. The increasing demand of chicken meat
has prompted more poultry farming with consequent ef-
fects on increased utilization of organic waste (e.g. chic-
ken manure) as fertilizers. Organic wastes contain vary-
ing amounts of water, mineral nutrients, organic matter
[3]). While the use of organic wastes as manure has been
in practice for centuries world-wide and in the recent
times [4-5], there still exists a need to assess the potential
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impacts of chicken manure on soil chemical properties
and crop yield and in particular evaluating the critical
application levels. Furthermore, chicken manure is pre-
ferred amongst other animal wastes because of its high
concentration of macro-nutrients [6,7].

Several soil test phosphorus (STP) methods are used to
estimate extractable soil P. The higher the level of STP,
the higher is the risk of P exports from the soil. STP
methods can be divided into two broad categories: agro-
nomic P tests and environmental P tests. Agronomic tests
such as Olsen, Kelowna and Mehlich-3 have been de-
veloped to estimate the amount of P that will be available
to a crop throughout the growing season [8-10]. However
environmental soil P tests extract a portion of soil P that
is easily lost through surface runoff or subsurface flow
and therefore use mild extractrants, for example, distilled
water [11], CaCl, [12] and NH4CI [13]. Recently, agro-
nomic soil P tests have been used to derive indices of
environmental risk such as the degree of P saturation [14]
and P index [15]. Several studies have shown that agro-
nomic soil P tests are often correlated with soil P meas-
ured by environmental P tests as well as P in the runoff
and drainage waters [16,17].
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Application of city waste compost and livestock man-
ures can benefit crop production as a valuable source of
nitrogen and phosphorus. The efficiency of added min-
eral fertilizer P for increasing soil test P levels is typi-
cally <20%. Furthermore, the availability of city waste,
chicken-and cattle-manure P to crops and it impact on
soil P pools may differ from that of inorganic fertilizer.
Biosolids P was 4 to 7 times less available to plants than
triple super phosphate P [18]. Phosphorus in pig slurry
was at least 90% as effective as P in the fertilizer because
it contains 70% to 90% inorganic P [19]. However some
studies suggested that manure P may be equally or more
available than fertilizer P [20]. These results indicate that
P availability with organic amendments is variable and
not understood. A sustainable amount of effort has been
put into understanding soil P chemistry specifically as it
relates to P fixation P availability from inorganic fertil-
izer applied to soil [21]. By comparison, far less research
has been devoted to understanding P availability from
organic sources of P from manures and compost. Under-
standing city waste compost P and animal manure P
chemistry in soil and trying to predict P availability is an
important component for making nutrient management
plans that maximize economic benefits and minimize
environmental risks. Different organic amendments con-
tain varying amounts of P. The tendency is to manage
these amendments based on total P in the amendment or
total loading of P. This strategy will be appropriate only
if the P in these amendments behaves similarly in the soil.
Therefore, the objectives of this study were

1) to compare the soil test P in soil treated with cow
manure, chicken manure, city compost and TSP fertilizer
P sources;

2) to determine the changes in soil test P with time
treated with either organic or inorganic P sources and

3) to investigate the relationship among the soil test P
extraction methods.

2. Materials and Methods

2.1. Characteristics of Soil and Organic
Amendments

An acidic mineral soil, Parhartoli Sandy Loam (Aeric
Endoaquepts) was used in this study. A composite soil
sample from a crop producing field collected from the
surface layer (0 - 15 cm) was air dried and crushed to
pass through 2-mm sieve. Soil properties and some char-
acteristics of organic amendments are presented in Table
1. The soil texture was measured by hydrometer method
[22]. Soil pH was measured using 1:2.5 soil to water ra-
tio and pH of organic amendments at 1:10 ratio. Organic
carbon was measured by Walkley and Black [23] and
CEC was measured by extraction with 1 M NH,OAc (pH
7.0) [24]. Cow manure was collected from Chittagong
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University Campus, city compost from Halishore of
Chittagong City and chicken manure was from the Vet-
erinary and Animal Sciences University of Chittagong,
Bangladesh. Total P in soil and organic amendments was
determined by H,O,-H,SO, wet oxidation methods [25].

2.2. Incubation Experiment

The experiment was carried out using three organic amend-
ments: cow manure, chicken manure, and city compost in
comparison with TSP to measure soil test P in different
incubation time. Cow manure was collected from the
Chittagong University Campus, chicken manure from the
Veterinary and Animal Sciences University of Chit-
tagong and city compost was collected from the com-
posting plant of Chittagong City Corporation, Halishahar,
Chittagong, Bangladesh. After collection, these composts
were air dried, ground and sieved to analysis and incuba-
tion study.

One hundred gram of soil was mixed with cow man-
ure, chicken manure, city compost and TSP at rates
equivalent to 0, 100, 200, 400 and 800 mg P kg1 soil
based on total P on oven dry weight basis. Each treat-
ment was replicated three times. The soil was incubated
at field capacity for 1, 4, 8 and 16 weeks at room tem-
perature in a 250 ml plastic jar with perforated lids to
allow gas exchange. Total number of jars was 240 [4
(amend) x 5 (rate) x 4 (time) x 3 (rep)]. Samples were
weighed weekly and additional water was added as re-
quired. After each incubation time, soils of 60 jars were
collected, air-dried, ground and passed through a 2 mm
sieve for analysis. Soil P was extracted using four dif-
ferent extractants [8-10,26] (Table 2). Phosphorus in the
various extracts and digests was measured by ascorbic
acid blue color method [27]. A UV/Vis Double Beam
Spectrophotometer (T80) was used to measure absorb-
ance at wave length of 882 nm.

Table 1. Characteristics of the soil and organic amend-
ments.

Characteristics Soil Cow Chicken City

manure  manure  compost

Field capacity (%) 37 - - -
Sand (%) 57 - - -

Silt (%) 30 - - -
Clay (%) 13 - - -

Textural class Sandy loam - -
Organic matter (%) 1.77 - - -
oS- -
pH 5.1 7.9 8.3 7.1
Total P (%) 0.0595 0.78 1.79 0.68
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Table 2. Different methods used for extracting P from soil.

Methods Solution Soil to solution ratio (W/V) Extraction time Reference
Olsen 0.5 M NaHCOs, pH 8.5 1:20 30 min at 120 strokes per minute [8]
Kelowna 0.2 N CH3COOH + 0.013 NH4F 1:10 15 min at 180 strokes per minute [9]
. 0.2 N CH;COOH + 0.013 N HNO; + 0.015 N . . .
Mehlich-3 NHLF + 0.25 N NH; NO; + 0.001 M EDTA 1:10 5 min at 180 strokes per minute [10]
Bray and kurtz P-1 0.03 N NH4F +0.025 N HCI 1:10 5 min 120 strokes per minute [26]

2.3. Net Phosphorus Concentration and
Extraction Efficiency

To remove the effect of changes in extractable P in the
control soil, we calculated the net P concentration as the
difference between P in the amended soil and the control
soil at each time of incubation (1, 4, 8 and 16 wk).

2.4. Statistical Analyses

The experiment was statistically analyzed as a com-
pletely randomized factorial design with three factors,
amendments, rate of P additions and incubation time us-
ing analysis of variance (ANOVA). Data from each ex-
tractant was analyzed independently. Minitab statistical
software, Released 11 [28] was used for analysis.

3. Results and Discussion

The results are discussed on the basis of net P concentra-
tion in amended soils. The analysis of variance (ANOVA)
of the data was computed to evaluate the effect of dif-
ferent amendments, incubation time and rate on soil test
P. The analysis of variance showed extractable P was
significantly influenced by amendments, incubation time,
rates of P addition and their interactions. Positive values
of net P indicate that additions from organic and inor-
ganic P sources increased extractable P (Table 3).

3.1. Effects of Amendment on Soil Test P

There were significant differences in the soil test P among
the amendments regardless of soil test P extraction
methods. The differences obtained among the amend-
ments on soil test P were rate and time dependent (Table
3). The results obtained after 1 wk incubation, as ex-
tracted by NaHCO; (Olsen-P) are used to illustrate the
amendment effect of soil test P. The trend in the data
obtained with other three extractants was similar to that
of the NaHCO;-extractable P (Olsen-P) (Figure 1).

After 1 wk incubation, the highest soil test P source was
the TSP and the least was the city compost amended soil.
The regression with NaHCO;, Mehlich-3, Kelowna and
Bray & Kurtz-1 extractable P against the rate of P addi-
tions were significant (p < 0.001), considering amendment
and incubation time combination (Table 3). Slope of the
regression reflects the increase in extractable soil P with
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each increment of P added by the amendments (Table 4).
The slope of NaHCO;-extractable P was 0.08 for cow
manure, 0.11 for chicken manure, 0.06 for city compost
and 0.25 for TSP after 1 wk incubation. The correspond-
ing slopes after 16 wk incubation were 0.09 for cow ma-
nure, 0.12 for chicken manure, 0.14 for city compost and
0.15 for TSP. The slopes of STP after 1, 4 and 8 wk in-
cubation for cow and chicken manures were similar to
those after 16 wk incubation remained relatively un-
changed. However, the slopes for city compost gradually
increased with incubation time, on the other hand, the
slopes of extractable P decreased in the TSP amended
soil (Table 4). The slope of Olsen P after 1 wk incuba-
tion was in the order of: TSP > chicken manure > cow
manure > city compost. A similar order of slopes of ex-
tractable P in soils was found for the other three extrac-
tants (Table 4). Slopes indicate that city compost had the
smallest STP compared to other two organic amendments.
The highest extractable P obtained by TSP after 1 wk
incubation is not surprising due to the high solubility of
the inorganic P fertilizer. These results indicate that P
extractability does not depend on the total amounts of
added P, but on the characteristics of P sources. The
smaller slopes of extractable P in the organic amended
soils compared to inorganic fertilizer is consistent with
the results of other investigators [18,29]. McCoy et al.
[18] reported that city waste compost (Biosolids) P was
four to seven times less available to plants than TSP fer-
tilizer P source. These results indicate that there would
be less environmental risk with cow manure and city
compost P compared to other amendments at equal load-
ing of total P.

3.2. Effects of Incubation Time on Soil Test P

The effects of incubation time on the soil test P in the
amended soils depend on the nature of amendment and
application rate (Tables 1 and 3). Olsen P is taken into
account to represent the time effect on soil test P. In gen-
eral, regardless of extractants and rates of P addition, soil
test P in the TSP amended soils decreased and city com-
post amended soils increased with incubation time. For
example, Olsen P at the lowest rate of P addition (100
mg-kg ") varied from 9.0 to 10, 23 to 26, 8 to 15 and 39 to
8 mg-kg ™' from 1 to 16 wk incubation in the cow manure
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Table 3. The F-values of the analysis of variance of the ef-
fects of amendments, rate and time on the net extractable P.

Treatment Olsen-P  Melich3-P  Kelowna-P EL?}(’Z‘EI
Amendment 1215 2054° 1518 3064"
Rate 1447 550" 168" 648"
Time 1525 7765° 6652" 11382
Amendment x rate 54" 561" 326" 757
Amendment x time 147" 442" 3147 543"
Time X rate 147 169" 89" 120"
Amenir?;;t X rate 7 12" 437 75"

"Significant at p < 0.0001.

Table 4. Slope and coefficient of determination (R?) of the
regression of soil extractable P at 1, 4, 8 and 16 weeks of
incubation.

Amend 1 week 4 week 8 week 16 week

Slope R* Slope R?* Slope R* Slope” R?

Olsen P
COM 0.08 098 0.09 098 008 093 0.09 094
CHM 0.11 094 0.15 099 0.12 0.88 0.12 0.88
CFC 0.06 094 0.08 087 0.12 092 0.14 0.88
TSP 025 098 024 098 0.19 094 0.15 092
Mehlich-3 extractable P
COM 020 099 021 099 0.18 098 021 097
CHM 025 097 028 099 025 091 021 0.89
CFC 0.19 099 021 098 026 097 027 0.89
TSP 0.82 099 036 098 033 097 028 097
Kelowna extractable P
COM 0.19 099 0.18 090 0.19 098 021 097
CHM 030 099 028 094 030 096 031 099
CFC 0.13 098 0.18 099 021 098 023 0.83
TSP 049 099 037 098 026 098 022 098
Bray & Kurtz-1 extractable P
COM 022 097 020 095 023 099 022 097
CHM 036 099 034 094 037 094 038 093
CFC 0.10 095 0.15 093 0.18 098 031 0.84
TSP 0.57 098 036 096 035 097 030 097

COM = Cow manure; CHl:/l = Chicken manure; CFC = City compost; TSP
= Triple super phosphate; “Slopes have unit of mg extractable P-kg ' added
P.

chicken manure, city compost and in the soil test P
amended soils, respectively. The corresponding values in
the same amended soils at the highest rate of P addition
(800 mg-kg ") varied from 70 to 77, 106 to 103, 55 to 88
and 220 to 122 mg-kg ', respectively (Figure 1). The
trend of soil test P changes was similar with other ex-
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tractants in different amended soils but the magnitude of
extractability was higher than the 0.5 M NaHCO; extrac-
tant.

The differences in magnitude of declined in soil test P
between TSP and manure suggest the P retention me-
chanisms. The fertilizer P was mixed with the soil in the
form of granules, high P concentration around the gran-
ules would favour the precipitation of P probably as di-
calcium phosphate dehydrate [30]. In contrast, with chic-
ken and cow manures, low concentration of P will favor
sorption and desorption rather than precipitation. The
increase of city compost P with incubation time indicat-
ing net mineralization of city compost P. The behavior of
city compost P was comparable with biosolids P. Ex-
tractable and labile (H,O plus NaHCO; extractable P)
biosolids P increased with incubation time [29,31].

3.3. Comparison of the Phosphorus
Extractability in Soil

Tukey’s test for multiple means comparison showed that
the means (n = 192) of Olsen, Mehlich-3, Kelowna and
Bray & Kurtz-1 extractable P were significantly different
(p < 0.05; Figure 2). The average net value of extract-
able P with Olsen was of 55 mg-kg ™' (16% of total added
P), with Mehlich-3 was of 112 mg-kg™' (32% of added
total P), with Kelowna was of 88 mg-kg ™' (24% of total
added P) and with Bray & Kurtz was of 104 mg-kg '
(29% of total added P). The amount of P extracted from
amended soils increased in the order: NaHCO; < Kelowna
< Bray & Kurtz-1 < Mehlich-3 (Figure 2). Sims [16]
noted that Olsen extractant has less ability to remove P
from the soil than the acidic extractants. In order to as-
certain whether or not the several soil extracting methods
considered could provide a comparable and consistent
evaluation of extractable P pool, values of soil extract-
able P as determined by different procedures were related
to each other using regression analysis. The differences
among the P extraction methods probably arose from the
fact that plant available P in the soil is not from a discreet
fraction but from a continuum of fractions: extracting
agents preferentially extract from different fractions de-
pending on their reactions with soil components involved
in P sorption [32]. Further more, each extracting solution
has a different ability to extract varying portions of soil P
because they were targeted at different pools of soil P
[33]. The mean of Olsen P is significantly small than the
means of other three extractants. This is an indication
that other extracting agents extracted some forms of la-
bile P that are not immediately available to 0.5 M Na-
HCO; extractant. Though, NaHCO; is used for calcare-
ous soil, however, it has been commonly used as a soil P
extractant in acid and neutral soils [8]. The coefficient of
determination (R?) varied from 0.74 to 0.91 indicating
that any of these extractants can be used to estimate P
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Figure 1. Net extractable P concentration (mg-kg™) following incubation of amended soil extracted with Olsen, Mehlich-3,
Kelowna and Bray & Kurtz-1.
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cantly different (p < 0.05).

extractability (available P) in soils. It is possible to pre-
dict Mehlich-3, Kelowna and Bray & Kurtz extractable
using the following regression equation.

1) Mehlich 3 extractable P =1.817 x Olsen P + 10.94;

2) Kelowna extractable P = 1.494 x Olsen P + 4.86;

3) Bray & Kurtz extractable P = 1.702 x Olsen P +
9.54.

4. Conclusion

Soil test P increased in soils amended with organic and
inorganic P sources, but the increase varied with P sources
of different amendments. Extractable soil was the least
with city compost and the highest with the TSP while
cow and chicken manures P was intermediate between
city compost and TSP at 1 wk of incubation. Among the
amendments, soil test P in TSP amended soil decreased
and increased in city compost amended soil with increas-
ing incubation time. The high correlation coefficient be-
tween the various extractants, shows that all of them will
provide a good index of P labiality in this soil. Our re-
sults indicate that the P in cow and chicken manures be-
haved almost similarly but city and TSP behaved differ-
ently upon addition to the soil and hence should be take
into consideration in managing their land application for
optimum plant growth and environmental point of view.
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