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ABSTRACT
An experiment was carried out in triplicate, in 1 × 1 m2 plots using six treatments, viz. zero input control
(S0N0P0K0), fertilizer control (S0NPK), sediment 60 kg without fertilizer (S60N0P0K0), sediment 60 kg with
N and K (S60NP0K), sediment 120 kg without fertilizer (S120N0P0K0) and sediment 120 kg with N and K
(S120NP0K) to determine the potential of tilapia pond sediment to supply P to morning glory, and the effects on
the soil aggregate stability and the bulk density. The application of 60 and 120 kg sediment plot−1 corresponds
to 30% and 60% of the plot soil by weight, respectively. The study confirmed that the application of tilapia
pond sediment at 30% to farm soils with supplementation of N and K, i.e. the treatment S60NP0K, provided
the required amount of P to morning glory and gave fresh and dry matter yields of morning glory equal to the
fertilizer control plot. Furthermore, the application of 30% sediment significantly improved the soil aggregate
stability and decreased the bulk density of farm soils to favorable levels. This kind of integration would ensure
long-term sustainability of both aquaculture and agriculture farming.
Keywords: tilapia pond sediment, P supplementation, soil aggregate stability, bulk density.

1 INTRODUCTION
Fertilization and regular feeding using organic manures, inorganic fertilizers and supplementary
feeds are common practices for pond fish culture resulting in sedimentation, organic matter (OM)
and nutrient accumulation in the pond bottom. This consequently trims down the pond depth and
space available for the fish, and makes the water environment unfavorable for fish production through
depletion of dissolved oxygen and release of toxic H2S and NO2 [1, 2]. Sediment removal from
pond is therefore an essential practice [3], and its agricultural use could be considered as the best
management option, which reduces the negative impacts of aquaculture on the environment. The
pond sediment is enriched with OM and plant nutrients, especially very high levels of plant available
P [4], which qualifies the sediment as a resource rather than a waste. Intensive land use systems have
resulted in the decline of soil fertility and the destruction of soil structure [5]. In most of the tropical
soil, P is one of the limiting plant nutrients [6]. Nutrient depletion in soil adversely affects the soil
quality and reduces the crop yield, and consequently poses a potential threat to global food security
and agricultural sustainability [7]. The application of pond sediment to agricultural land could supply
P for plants and improve the soil structure, thus bringing sustainability in integrated farming for
future generations. Scientific research that addresses this important issue is still lacking. Therefore,
this study was conducted to quantify the potential of tilapia pond sediment to supply P to morning
glory (Ipomoea reptans), and the effects on the soil aggregate stability and the bulk density.

Morning glory (Ipomoea reptans) is an important leafy vegetable in south and southeast Asia
[8]. It is popular in Thailand, Indonesia, Taiwan, Sri Lanka, Bangladesh, Vietnam and many regions
of China. Geographically, it is known by different names such as kalmi in Bangladesh, kangkong
in Sri Lanka, kanzon in Myanmar, rau muong in Vietnam, pukbung in Thailand and keng xin cai
(empty heart) in China. This crop is intensively grown for both domestic consumption and marketing
purposes. It is a short-duration crop that can be harvested even in 20 days. The vines of the crop can
be used as fodder for cattle and pigs and also as feed for fish to meet their nutritional requirements.
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Although it is a short-duration crop, morning glory can take up high amounts of N, P and K. Therefore,
morning glory was chosen as a potential crop in the study.

2 MATERIALS AND METHODS

2.1 Site description

The research was conducted in plots (1 × 1 m2) on pond dikes during January to February 2005 at the
Aquaculture and Aquatic Resources Management Farm of the Asian Institute of Technology (AIT),
Bangkok, Thailand to determine the potential of tilapia pond sediment to supply P to morning glory,
and the effects on soil aggregate stability and bulk density. The farm is located in the Central Plain
of Thailand at 14◦04′ North latitude and 100◦37′ East longitude, with an elevation of 2.27 m above
mean sea level. The Central Plain of Thailand has a tropical humid climate with two distinct seasons:
wet and dry season. The soil in the experimental area is acid sulfate (Rangsit series), classified as
Sulfic Tropaquepts. The color of the soil is black or dark gray with brown mottles and the structure
of the soil is weak [9].

2.2 Sediment collection and chemical analysis

A tilapia pond, fertilized with inorganic fertilizers and fed for a period of 400 days, was drained and
the sediment was collected from approximately 15 cm of the pond bottom and dried in the open air
prior to using in morning glory culture. Plots were prepared on the pond dikes by plowing up to a
depth of 15 cm. Following the methods in [10] both sediment and plot soil samples were analyzed for
pH (soil water ratio 1 : 2.5), OM (wet oxidation), total N (Kjeldahl), total P (acid digestion), available
P (Olsen’s) and available K (ammonium acetate extraction) prior to use for plot culture (Table 1).
The available N was determined by the KCl extraction procedure followed by the Phenate method
[11]. The silt content was determined by the hydrometer method [12]. It was calculated that the P
available with the application of 60 kg of sediment in a 1 m2 plot could meet the P requirement of
morning glory.

2.3 Treatments

There were six treatments, viz. zero input control without sediment (S0N0P0K0), fertilizer control
without sediment (S0NPK), sediment 60 kg without inorganic fertilizer (S60N0P0K0), sediment 60 kg
with balance N and K (S60NP0K), sediment 120 kg without inorganic fertilizer (S120N0P0K0) and

Table 1: Nutrient status of sediment and farm soils.

Potting pH OM TN Av N TP Av P Av K Silt
media (g kg−1) (g kg−1) (g kg−1) (g kg−1) (mg kg−1) (mg kg−1) (mg kg−1) (%)

Sediment 6.0 29.0 2.14 0.20 170.0 147 80.0 27.0
Plot soil 5.0 16.5 1.01 0.10 31.0 19.0 57.0 17.0

OM, organic matter; TN, total nitrogen; Av N, available nitrogen; TP, total phosphorus;
Av P, available phosphorus; Av K, available potassium.
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sediment 120 kg with balance N and K (S120NP0K) with three replications following completely
randomized design. Treatments with and without fertilizer were considered to determine the effects
of its application on soil aggregates. Sediment 60 and 120 kg plot−1 correspond to 30% and 60% of
the plot soil by weight (weight of soil was 200 kg plot−1 in 0–15 cm depth). Therefore, 60 and 120 kg
of the plot soil was removed from each plot of the respective treatment and replaced with the same
amount of sediment, and then the sediment and the plot soil were mixed well.

2.4 Fertilizer application and seed sowing

The nitrogen, P and K requirements of morning glory tissue were 21.47, 5.65 and 27.11 g plot−1,
respectively [13]. Considering 50% recovery of both N and P [14], and 60% of K [15], inorganic
fertilizers supplemented the balance N, P and K in the respective plots as per eqn (1) [16]. Of the
total N, 50% was applied at seeding, and the balance was supplied 15 days after seeding. Phosphorus
and K were applied as a single dose at seeding. Seeds at the rate of 20 g m−2 were broadcasted in
rows with a row-to-row spacing of 10 cm. The plots were watered every day until two weeks, and
then every alternate day.

2.5 Harvesting of morning glory and its nutrient analysis

The crop was harvested in 25 days after seed sowing and the weight of all the plants per plot, including
the roots, was recorded. Plant samples (roots and edible parts together) were analyzed for N [10], P
and K [17]. The nitrate content in the edible parts (NO−

3 -N) was determined by the aqueous extraction
method followed by the addition of Nitra Ver [18]. After harvesting the crop, soil from the plots was
collected to determine the residual nutrients, the water-stable soil aggregates of <2 mm but >1 mm
in size [19] and the bulk density [20].

Nr = (Nc − Ns × RFs)/RFf (1)

where,
Nr = nutrient to be applied (g plot−1)
Nc = nutrient requirements of morning glory tissue (g plot−1)
Ns = available nutrient in the sediment and or the soil (g plot−1)
RFs = nutrient recover fraction from the soil
RFf = nutrient recover fraction from the fertilizer

2.6 Statistical analysis

Data analysis was performed using one-way ANOVA, treatment means were compared using Fisher’s
protected LSD test and the differences were considered significant at P = 0.05. SPSS (version 10.0)
was used for data analysis.

3 RESULTS AND DISCUSSION

3.1 Total biomass

The total biomass (fresh and dry matter) of morning glory was significantly higher in all the treatments
when compared to the zero input control (Table 2). The fresh yield was increased by 82% from the zero
input control (S0N0P0K0) to the treatment S60N0P0K0 (30% sediment without inorganic fertilizer);
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Table 2: Total biomass production, N/P ratio and NO−
3 -N content in morning glory (mean ± SD).

Total biomass
N/P ratio NO−

3 -N Content
Treatment Fresh matter (kg plot−1) Dry matter (g plot−1) (mg kg−1) (mg kg−1 FWE)

S0N0P0K0 2.8 ± 0.74a 304.4 ± 111.74a 7.4 ± 1.56a 157.7 ± 4.93a

S0NPK 7.4 ± 0.81c 804.1 ± 85.83c 8.3 ± 0.90a 242.0 ± 9.85b

S60N0P0K0 5.1 ± 0.25b 486.3 ± 35.03b 4.7 ± 2.02b 174.7 ± 5.03ac

S60NP0K 7.5 ± 0.46c 801.2 ± 50.31c 8.2 ± 1.54a 238.6 ± 13.87b

S120N0P0K0 5.8 ± 0.21b 608.5 ± 70.24b 6.8 ± 1.43a 190.3 ± 10.02c

S120NP0K 7.9 ± 0.20c 849.6 ± 48.15c 8.2 ± 0.41a 254.0 ± 12.77b

LSD(0.05) 0.90 127.60 2.51 20.53

FWE, Fresh weight of edible parts; different superscript letters indicate significant differences
among the values within the same column.

while the increment was 168% in the treatment S60NP0K (30% sediment with the balance N and K
fertilizer). Similar trends were also observed in the case of dry matter yields. The results explained the
importance of N and K supplementation by inorganic fertilizers to get good yields of morning glory
using fishpond sediment as a source of P. However, when N, P and K were sufficient, the difference
in the biomass production in the treatments S0NPK, S60NP0K and S120NP0K was insignificant. The
insignificant increment of biomass production from the treatment S60NP0K to S120NP0K suggests
not using 60% sediment for morning glory production. Sediment removal from fishpond and its
application to agricultural fields are labor intensive, therefore, an application of 60% sediment to
farm soils will increase labor costs and also the excess amount of P in the sediment will remain
unutilized. This additional P could be a source of environmental pollution, like eutrophication, in
the surface water. Therefore, the application of 30% sediment to the farm soil would be sufficient
considering better yields of morning glory and efficient utilization of P embedded in the sediment.
The fresh yield of morning glory in the S60NP0K treatment was 7.5 kg m−2 land area with a density
of 420 plants m−2, which was equivalent to 75 t ha−1 crop−1. According to Siemonsma and Piluek
[8], a fresh weight of 7–30 t ha−1 crop−1 with a plant density of 30–170 plants m−2 of morning glory
should be produced. Therefore, the current yield level agrees with the field level production figures.

3.2 N uptake and residual

The uptake and recovery of N were significantly higher in all the treatments when compared to the
control, with the exception that the difference of N uptake between the control and the treatment
S60N0P0K0 was insignificant (Table 3). However, the uptake and recovery were significantly higher
in the treatment S120NP0K than in S0NPK, while these values in these two treatments were insignifi-
cant compared with S60NP0K, though the amount of available N in these three treatments was same
(45.9 g plot−1). This is attributed to a higher amount of available P in the treatment S120NP0K.

The sediment contained higher amounts of OM, N, P and K as compared to farm soils (Table 1).
Due to the microbial breakdown of OM, more N becomes available [21]. Nitrogen accelerates the
activity of nitrate reductase enzyme in soil [22], which reduces NO−

3 -N to NO−
2 -N, and then to

NH+
4 -N, and then incorporates into amino acids at the end [23]. The nitrate reductase enzyme



196 M.M. Rahman & A. Yakupitiyage, Int. J. Sus. Dev. Plann. Vol. 1, No. 2 (2006)

Table 3: Nitrogen (N) uptake and its recovery by morning glory and N remaining in the soil as residue
after the harvest of the crop.

N inputs (g plot−1)
Uptake Recovery Residual

Treatment Soil Sed Fert Water Total (g plot−1) (%) (g plot−1)

S0N0P0K0 20.0 0.0 0.0 3.0 23.0 3.3 ± 0.41a 14.3 ± 1.79a 12.1 ± 0.55a

S0NPK 20.0 0.0 22.9 3.0 45.9 16.4 ± 2.14bc 35.7 ± 4.67bc 22.6 ± 1.87c

S60N0P0K0 14.0 12.0 0.0 3.0 29.0 7.3 ± 3.57a 25.1 ± 12.33b 13.1 ± 3.74a

S60NP0K 14.0 12.0 16.9 3.0 45.9 20.1 ± 3.67cd 43.7 ± 8.00cd 18.1 ± 3.32b

S120N0P0K0 8.0 24.0 0.0 3.0 35.0 12.7 ± 2.40b 36.4 ± 6.85bc 13.5 ± 1.69a

S120NP0K 8.0 24.0 10.9 3.0 45.9 23.3 ± 0.81d 50.6 ± 1.77d 14.2 ± 1.50ab

LSD(0.05) 4.44 12.39 4.23

Sed, sediment; Fert, fertilizer; different superscript letters indicate significant differences among the
values within the same column.

requires P, in addition to molybdenum and NADPH, for its function [24]. Therefore, in the pres-
ence of a high amount of P, the uptake and recovery of N by plants will be higher [25]. This is
reflected in the residual N in the S0NPK treatment, which is significantly the highest among the
others (Table 3). Roostalu et al. [26] found 51–57% recovery of the available N in the soil on an
average, while Prasad and Power [27] reported values ranging from 20 to 80%, which endorse the
findings.

The treatments had significant effects on the nitrate content in the fresh edible parts of morning
glory, where the maximum level was 254 mg kg−1 (Table 2). The NO−

3 -N content in leafy vegetables
is a major concern for human health [28]. The guide value of nitrate level in morning glory is
not available. The maximum tolerable nitrate concentrations in lettuce and spinach are 3000 and
2000 mg kg−1 of fresh materials, respectively [29]. Therefore, morning glory grown using tilapia
pond sediment in the current study would be safe for human consumption.

3.3 P uptake and residual

The uptake of P by morning glory in the treatment S0NPK was significantly lower than in the
treatments S60NP0K and S120NP0K, while no significant difference was found between S60NP0K and
S120NP0K (Table 4). Phosphorus uptake and recovery were different among the treatments due to
the variation in the total and the available P and N, and the pH in the sediment and farm soils. At a
low pH, phosphate ions form complex compounds, with Fe and Al, and precipitates, which are not
available to the crops readily [30]. Therefore, the P uptake was significantly lower in S0NPK than
in S60NP0K and S120NP0K. In the treatments S0NPK and S60NP0K, the supply of N, P and K was
balanced, and hence there was no significant difference in the N, P and K recoveries between these
two treatments; while in the treatment S120NP0K there was an additional amount of P in plot soils,
and hence its recovery was significantly lower than in the treatment S60NP0K.

The residual P in the plot soils in treatments S120N0P0K0 and S120NP0K was higher than the
amount required for morning glory and significantly higher compared to other treatments, revealing
that if 60% of sediment is used in farm soils, morning glory could be grown a second time without
supplementation with an inorganic phosphate fertilizer. The recovery of P in the fertilizer is usually
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Table 4: Phosphorus (P) uptake and its recovery by morning glory and P remaining in the soil as
residue after the crop harvest.

N inputs (g plot−1)
Uptake Recovery Residual

Treatment Soil Sed Fert Water Total (g plot−1) (%) (g plot−1)

S0N0P0K0 3.8 0.0 0.0 0.05 3.8 0.5 ± 0.14a 12.0 ± 3.58ab 2.6 ± 0.51a

S0NPK 3.8 0.0 7.6 0.05 11.5 2.0 ± 0.37c 17.6 ± 3.25cd 8.1 ± 0.26bc

S60N0P0K0 2.7 8.8 0.0 0.05 11.5 1.5 ± 0.10b 13.1 ± 0.85ab 8.8 ± 0.32c

S60NP0K 2.7 8.8 0.0 0.05 11.5 2.5 ± 0.11d 21.3 ± 1.00d 7.8 ± 0.25b

S120N0P0K0 1.4 17.6 0.0 0.05 19.1 1.9 ± 0.26bc 9.9 ± 1.33a 15.5 ± 0.50d

S120NP0K 1.4 17.6 0.0 0.05 19.1 2.8 ± 0.24d 14.8 ± 1.24bc 14.8 ± 0.72d

LSD(0.05) 0.40 3.87 0.82

Sed, sediment; Fert, fertilizer; different superscript letters indicate significant differences among the
values within the same column.

10–30% [15], which can be increased up to 56% or above with better crop management [14]. The P
recovery in the treatment S60NP0K was 21.3%, which satisfied the normal recovery range of most of
the field crops.

Generally, the rate of NO−
3 uptake by plants in most agricultural soil is high and, in that case, there

is an increase in the anion synthesis within the plant coupled with a corresponding increase in the
accumulation of Ca2+, Mg2+ and K+, and then OH− and HCO−

3 may be released from the roots of
the plants to the soil [21]. This increases the pH in the rhizosphere, and hence promotes P availability,
which in turn, might influence the P uptake by the plants. According to Havlin et al. [21] N promotes
P uptake by plants by improving the growth of the shoot and the root, altering the plant metabolism,
and increasing the solubility and availability of P. These conditions increase the uptake of both N and
P by plants through their combined effects [25].

The N/P ratio was significantly lowest in the treatment S60N0P0K0 because of an overly low N
availability in the soil and hence N uptake by morning glory; while the difference among the other
treatments was insignificant (Table 2). In plants, the concentrations of N and P are strongly correlated
[31], while the N/P ratio in crops is generally considered to average 8 [32]. The N/P ratio in the
treatments, S0NPK, S60NP0K and S120NP0K, confirmed the presence of an amount of P in plot soils
required for the normal growth and development of morning glory.

3.4 K uptake and residual

Potassium uptake was significantly higher in all the treatments when compared to the control except
the difference of K uptake between the control and the treatment S60N0P0K0, which was insignificant
(Table 5). However, K uptake significantly increased from the treatment S0NPK to S60NP0K and
from S60NP0K to S120NP0K. This might be the cause of the higher levels of N availability in the
corresponding treatments. The nitrogen content in the soil may increase K uptake by morning glory,
since increase in the NH+

4 ions releases the fixed K+ ions in 2 : 1 clays to soil solution thereby favoring
the uptake of K [33].

Nitrogen enhances vegetative growth indicating absorption of higher amounts of K, if it is sufficient
in the soil. Higher K uptake is reflected with K recovery by morning glory and residual in soils; higher
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Table 5: Potassium (K) uptake and its recovery by morning glory and K remaining in the soil as
residue after crop harvest.

K inputs (g plot−1)
Uptake Recovery Residual

Treatment Soil Sed Fert Water Total (g plot−1) (%) (g plot−1)

S0N0P0K0 11.4 0.0 0.0 1.0 12.4 4.1 ± 0.74a 32.8 ± 5.96a 6.5 ± 0.78a

S0NPK 11.4 0.0 33.8 1.0 46.2 16.7 ± 1.89c 36.3 ± 4.10ab 27.3 ± 2.08d

S60N0P0K0 8.0 4.8 0.0 1.0 13.8 5.6 ± 0.50ab 40.5 ± 3.66bc 6.3 ± 0.60a

S60NP0K 8.0 4.8 32.4 1.0 46.2 19.7 ± 0.92d 42.7 ± 2.00bc 24.5 ± 1.31c

S120N0P0K0 4.6 9.6 0.0 1.0 15.2 7.0 ± 0.65b 46.0 ± 4.28cd 6.0 ± 0.53a

S120NP0K 4.6 9.6 16.2 1.0 46.2 23.2 ± 1.19e 50.1 ± 2.57d 20.6 ± 1.44b

LSD(0.05) 1.93 7.06 2.22

Sed, sediment; Fert, fertilizer; different superscript letters indicate significant differences among the
values within the same column.

Table 6: Water-stable soil aggregates (WSA) and bulk density (Db)
of the farm soils under different treatments (mean ± SD).

Treatment WSA (g kg−1) Db (g cc−1)

S0N0P0K0 192 ± 9.69a 1.33 ± 0.12a

S0NPK 203 ± 12.59a 1.33 ± 0.06a

S60N0P0K0 264 ± 42.98b 1.16 ± 0.06bc

S60NP0K 299 ± 16.31b 1.16 ± 0.11bc

S120N0P0K0 406 ± 24.59c 1.10 ± 0.10c

S120NP0K 394 ± 33.38c 1.13 ± 0.06c

LSD(0.05) 46.42 0.15

Different superscript letters indicate significant differences
among the values within the same column.

the recovery, lower is the residual. Roberts [15] found that the K recovery by the crop to be 50–60%,
which may vary depending on the crop management practices, crop and soil characteristics and
others.

3.5 Water-stable soil aggregates and bulk density

The water-stable soil aggregates increased and the bulk density decreased with the application of
an increased amount of sediment to farm soil (Table 6). The soil aggregate stability increased by
56% and the bulk density decreased by 13% from the treatment zero input control (S0N0P0K0) to the
treatment S60NP0K. The effect of inorganic fertilizer application on either the aggregate stability or
the bulk density was insignificant. Aggregation depends on the soil physical, chemical and biological
phenomena of OM, clay and fine silt particles [34]. High aggregation has been reported in soil with
high P retention due to high levels of Fe and Al [35] and calcium carbonate [36]. The sediment
contained higher levels of P, OM, silt fractions (Table 1), and Ca since CaCO3 was applied to the
ponds at a rate of 1 kg m−2, and hence the sediment’s potential to improve soil aggregates.
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High bulk density creates agronomic problems in many of the cultivated soil [37]. Our farm soil
was clay. The bulk density of clay soil is extremely variable and a value of 1.3 g cc−1 or above is
not suitable for the development of the root. [30]. As OM is beneficial for the formation of soil
aggregates [38], an application of pond sediment containing higher levels of OM causes a relatively
loose structure in the surface layer of the field soil and thus the sediment has the potential to decrease
the bulk density of the soil to favorable levels.

3.6 Heavy metal issue of using fishpond sediment in agriculture

Heavy metals are highly toxic, bio-accumulative and persistent, therefore, their cycling in nature is
a serious environmental and human health problem [39]. The build-up of heavy metals in sediments
have been reported in many places of the world and their reuse, such as in agriculture, can potentially
threaten the health of animals including humans [40, 41]. However, the accumulation of heavy metals
in freshwater fishponds depends on the characteristics of the site and mainly on pond inputs such as
fertilizers, organic matter and fish feeds. In the current study, the sediment collected from tilapia ponds
fertilized with urea, triple super phosphate fertilizer (TSP) and pelleted feed was used for morning
glory culture. The inputs applied to ponds were almost free from heavy metals like cadmium (Cd) and
arsenic (As). The Cd content in urea is very low, but in TSP it is 100 mg kg−1 [42]; while As content in
urea is negligible, but in TSP it is 18 mg kg−1 P [43]. About 7 kg of P was applied in a 200 m2 fishpond
in a 12-month culture period. Therefore, a negligible amount of As and Cd was added in the fishpond,
and hence minimizing the chances of accumulation in the sediment and consequently in morning glory.
However, heavy metal accumulation in the pond sediment and thereby in the food chain should be
taken into consideration intensively if such integrated studies are conducted in the contaminated areas.

4 CONCLUSIONS
Tilapia pond sediment was successfully used as a source of P fertilizer for morning glory and as a
soil conditioner to improve the physical properties of the soil, such as the aggregate stability and
the bulk density. With the supplementation of N and K by inorganic fertilizers and an application
of 30% fishpond sediment, together with the inherent soil P, provided the required amount of P for
the better growth and development of morning glory, where the contribution of the sediment for P
supplementation was 76%. Inorganic fertilizers mainly supported N and K, where the contribution
of the sediment to the total nutrient inputs in the case of N was 26% and in the case of K was only
10% in the treatment S60NP0K.

The study contributed in the efficient utilization of nutrients embedded in the sediment and improve-
ment of soil structure of farm soils, thus reducing nutrient losses and possibilities of soil erosion. Good
soil structure influences water retention, resistance to erosion, nutrient availability and ultimately crop
growth and development, thus sustains long-term crop productivity. This kind of interdisciplinary
research is needed for environmentally sound and sustainable aquaculture–agriculture technologies,
which could eventually provide multitudes of benefits not only to resource-poor fish farmers, but also
to the consuming sectors and the overall environment.
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