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Abstract

The study was conducted to observe the effects of compost of faecal sludge (FSC) and food waste (FWC) on seed
germination and initial growth performance of Acacia auriculiformis and Swietenia mahagoni seedlings at the nursery
of Chittagong University, Bangladesh. Before sowing the seeds, different combinations of FSC and FWC were incorporated
with nutrient-deficient natural forest soils. Seed germination and growth parameters of seedlings were recorded after
two, three and four month of seed sowing. We observed that seed germination (%) and seedlings growth parameters
varied significantly (p<0.05) in the soil added with FSC and FWC in comparison to control. The highest germination
was observed 88.89% for A. auriculiformis in combination of soil and FSC at 3:1 and 92.59% for S. mahagoni where
soil combined with FWC at 4:1. The seedling biomass and other growth parameters of A. auriculiformis and S. mahagoni
was also observed with combinations of soil with FSC 3:1 and soil with FWC 4:1. Therefore, the study revealed that
the compost of both FS and FW can be a good soil conditioner for the initial growth of forest seedlings and the
proven combinations can help to grow quality seedlings in the nursery.
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Introduction

Faecal sludge (FS) is defined as raw or partially digested,
a slurry or semisolid and resulting from the collection, stor-
age or treatment of combinations of excreta and black water,
with or without grey water (Moya Diaz-Aguado et al.
2017). FS, mainly managed by onsite sanitation tech-
nologies (Carins-Smith et al. 2014) that is collected from

septic tanks poses management challenges in urban areas of
low income countries. In worldwide, FS treatment end
products are used as solid fuels, biogas, soil conditioner,
protein, fertilizer and compost (Diener et al. 2014; Gold et
al. 2014). Moreover, Gold et al. (2017) reported that dried
FS can be used as an act as a solid industrial fuel in in-
dustries by providing revenues to sustain FS treatment. In
Bangladesh, Water Aid has taken initiative to compost FS
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collected from septic tank in different parts of the country
and finally, they are selling the compost to the farmers. In
particular, human excreta as an alternative fertilizer, has a
higher N content source shows great potential (Andersson
etal. 2016a). Processed FS is being reused at various scales
in different countries around the world (Persson et al. 2015;
Andersson et al. 2016b). As a fertilizer its value is about
USD 10 per bag (50 kg), but its application represents an
increase in agricultural yield of approximately USD 50,
compared to not adding any fertilizer at all (Dagerskog et
al. 2014).

On the other side, food waste (FW) is a current world-
wide issue and it became a major problem to human if it is
not managed properly. Agriculture, household, commer-
cial, institutional, industrial have all contributes to the food
waste production. Based on the study by Sujauddin et al.
(2008), in Bangladesh, the food waste generation rate is
more than 70% from SWM (Solid waste management).
Every year, food waste shows an increasing volume.
Composting the food waste is able to reduce the waste being
disposed in landfill and also help the food industries in
managing their wastes. Food waste compost (FWC) con-
tains water-soluble nutrients and is an excellent, nu-
trient-rich organic fertilizer and soil conditioner. It is used
in farming and small scale sustainable, organic farming.
FWC can also be tilled directly into the soil or growing me-
dium to boost the level of organic matter and the overall fer-
tility of the soil (EPA 2017).

Currently, in low income countries, FS is dumped into
the urban and peri-urban environment, posing great risks
to the soil, surface water and groundwater quality (Islam
and Hasan 2017; Singha et al. 2017). Similarly, a large pro-
portion of municipal waste is not disposed properly posing a
potential environmental threat due to the presence of patho-
gens and toxic pollutants (Darby et al. 2006; de Aratjo et
al. 2010; Rohini et al. 2017). Compositing plays an im-
portant role in building a resilient farming system, by pro-
viding both the energy sources and the nutrients to sustain
soil biodiversity (van der Wurff et al. 2016). Compost itself
has many beneficial ingredients that are crucial for organ-
ism like plants. Instead of reducing the investment to buy
synthetic or chemical fertilizer from the outsiders the usage
of composts can reduce the anxiousness of people regarding

the issues of environmental problems as well as their health
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(Keener 2010; Hamid et al. 2016).

Igbal et al. (2007) mentioned that forested sites are in-
creasingly receiving attention as potential sites for the dis-
posal and biological recycling of both wastewater and
sludges. Moreover, as forests are not food chain crops,
many of the public health concerns and land application
regulations should not be as critical as those associated with
agricultural sites (Cole et al. 1983). Though much research
has been done on the use of sewage sludge as crop fertilizers
(Selivanovskaya and Latypova 2006; Igbal et al. 2007),
there is little study on application of FS and FW composts
in case of forest seedlings especially in soil conditions of
Bangladesh. Thus, the study is an attempt to observe the ef-
tects of FSC and FWC in the forest soil on field germina-
tion and growth of forest seedlings at nursery level. For the
present study, two forest species have been selected namely
Acacia auriculiformis (Akashmoni) and Swietenia mahago-
ni (Mahagony). A. auriculiformis is a fast growing multi-
purpose tree species and considered as one of the most
promising plantation species because of its ability to survive
on wide range of degraded environmental condition (Das
and Alam 2001; Jahan et al. 2008; Rahman and Hossain
2019), whereas S. mahagoni (Mahagony) is a deciduous,
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Fig. 1. Map shows the location of the nursery of Institute of Forestry and
Environmental Sciences, University of Chittagong (IFESCU) in Bangladesh
where the experiment was conducted (Google Maps 2020).



moderate to full light demander species, and peoples of
Bangladesh use bare-rooted seedlings in homestead and
block plantations because it is highly suitable for large scale
timber production (Hossain 2015).

Materials and Methods

Site selection and seed collection

The experiment was carried out in the nursery of the
Institute of Forestry and Environmental Sciences, University
of Chittagong, Bangladesh. The University of Chittagong
is situated in the South-eastern part of Bangladesh, which
lies approximately at the intersection of 90°50 east latitude
and 22°30’ north longitudes (Gafur et al. 1979) (Fig. 1).
The nursery site distinguishes a tropical monsoon climate
characterized by hot, humid summer and cool, dry winter.
The average annual rainfall of this area is about 2,500-
3,000 mm which mostly takes place between June and
September. The climate is tropical monsoon with a mean
monthly maximum temperature of 29.75°C and a monthly
minimum of 21.24°C. The hottest month of 2018 was May
with an average daily high temperature of 33°C. Degraded
soils were collected from hilly sites of Chittagong University
Campus (CUC), Chittagong and were sun dried as well as
sieved (<3 mm) to obtain a uniform soil size. The brown
hilly soils are sandy loam to sandy clay loam, moderately to
strongly acid and poorly fertile with pH < 5.5, organic mat-
ter <2%, CEC <10 me/100 g and BSP <40% (Osman et
al. 2001).

For both species, healthy and diseases free seeds were
collected from the same mother tree grown in Chittagong
University Campus (CUC) where the mother tree of A. au-
riculiformisis located near the bank of a round pond locally
called Goal Pukur Par and S. mahagoni is located close to
CU main gate. Seeds were extracted manually after sun-
drying for several days (24-48 hours) until the seed cover-
ing became brown/black (Hegde et al. 2013). After that the
seeds were treated by soaking over night in the cold water
(Islam et al. 2019).

Experimental design

FSC was collected from Bangladesh Association for
Social Advancement (BASA) Shakhipur Pourashava, Tangail
and FWC were collected from Unilever Bangladesh
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Limited, Kalurghat Factory, Chittagong, Bangladesh. The
dried FSC and FWC were also sieved (<3 mm) to make
free from root splinters and other foreign materials. Then
the soil and compost were mixed thoroughly at different
ratios. Polybags with 15 cmX 10 cm (6" X 4") were used for
the experiment. A Completely Randomized Design (CRD)
was adopted for a total of seven treatments (Table 1) includ-
ing control and three replications for each treatment with
nine polybags for each replication (e.g. 27 polybags for each
treatment and a total of 189 polybags for the whole experi-
ment) for both the species.

Two seeds were sown in each polybag to observe the ef-
fects of FSC and FWC on field germination (e. g. a total 54
seeds per treatment and 378 seeds for whole experiment for
field germination test) for both the species and after com-
pletion of field germination only one seedling (best one) per
polybag was maintained to observe the initial growth pa-
rameters of seedlings. Partial shade and covering were pro-
vided over the nursery to protect the seedlings from strong
sunlight and rain. Proper care and maintenance were done
from the starting time of sowing seed up to harvesting of
seedlings. Watering, removal of weeds, grasses etc. were

done regularly.
Assessment of physiological growth parameters

Field germination was recorded daily from the date of
seed sown, continuing up to the last field germination of the
seed sowing. After two months, three seedlings from each
treatment were randomly harvested and carefully collected
with entire roots intact. Then growth parameters of seed-
lings (shoot height, root length, collar diameter, fresh and
dry shoot and root weight) were assessed. Collar diameter

was measured by using slide calipers. After taking the data

Table 1. The treatments used in the experiment

Group Treatment

T, Control (only 500 g soil)

T, 333 g soil+167 g FSC (2:1)

T, 375 gsoil+12 5g FSC (3:1)

Ts 400 g soil+10 0 g FSC (4:1)
T, 333 g soil+167 g FWC (2:1)
Ts 375 gsoil+125 g FWC (3:1)
Ts 400 g soil+100 g FWC (4:1)
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of the above parameters back, the seedlings were oven dried
at 70°C until the constant weight was obtained. Similar as-
sessments were also performed for three and four month
old seedlings. The soil and combinations were stored for
further analysing the nutritional values. All the data were
analyzed statistically by using the computer software pack-
age SPSS and were subjected to analysis by Duncan’s
Multiple Range Test (DMRT). Total dry biomass incre-
ment (%) was also calculated by using the following for-
mulae (Igbal et al. 2007):

Total dry biomass increment (%) =

‘Total dry weight of the treatment —Total dry weight of the control treatment
Total dry weight of the control treatment

X100

Results

Seed germination

The seed germination percentage and growth parame-
ters of the seedlings significantly (p < 0.05) varied in differ-
ent treatments. For A. auriculiformis, the highest germina-
tion percentage (88.89%) was observed in treatment T, and
the lowest (62.96%) in T (Fig. 2). Besides, for S. mahago-
ni, the highest germination percentage (92.59%) in treat-
ment T's and the lowest (59.26%) was also in control Tj.

Morphological growth parameters of the seedlings

The effects of FSC and FWC on morphological growth
parameters of the seedlings likes shoot height, root length,
total length, and collar diameter of seedlings of different
ages were shown in

A. auriculiformis seedlings, shoot height (14.43 cm) and
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Fig. 2. Effect of FSC and FWC on germination of A. auriculiformis
(Ahashmoni) and S. mahagoni (Mahagony) seeds.
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root length (12.17 cm) were found highest in treatment T.
Besides, the highest total length (26.60 cm) was observed
in T, and varied significantly (p <0.05). In addition, the
highest collar diameter (3.6 mm) was also recorded in the
same treatment (Table 2). In case of 3-month-old seedlings,
the highest shoot growth (34.30 cm) was also recorded in
T, and the lowest (23.03 cm) was observed in control,
whereas the highest root length (22.30 cm) and collar diam-
eter (4.40 mm) were found in treatment Ts. For 4-month
old seedlings, the highest shoot height (48.24 c¢m), root
length (32.30 c¢m) and total length (80.54 cm) were re-
corded in treatment T, and significantly (p <0.05) varied
with that of control. However, the highest collar diameter
(6.20 mm) was recorded in T4 and the lowest in control
(Table 2).

Similarly, for 2-month-old S. mahagoni seedlings, shoot
height (13.54 cm) and root length (12.97 ¢cm) were the
highest in treatment T5. Besides, the highest total length
(26.50 cm) was found in T3, and in addition the highest col-
lar diameter (4.30 mm) was also recorded in the same
treatment. Though T, and T did not vary significantly (p
<0.05) for shoot height and collar diameter, shoot height
increased by 0.24 cm and collar diameter decreased by 0.20
cm from treatment Ty to treatment Ty (Table 2). In case of
3-month-old seedlings, the highest shoot growth (36.17
cm) was recorded in T'5 and the lowest (25.70 cm) occurred
in Ty. Besides, the highest root length (28.63 cm) also
found in Tj followed by 27.44 cm in T's and lowest (15.13
cm) in control. In addition, the highest collar diameter
(5.13 mm) was recorded in treatment T's. For 4-month old
S. mahagoni seedlings, the highest shoot height (51.10 cm),
root length (33.90 cm) and total length (85.00 cm) were re-
corded in T and varied significantly (p <0.05). However,
the highest collar diameter (6.53 mm) was also recorded in
T followed by control treatment T (4.50 mm) (Table 2).

Fresh and dry matter production

Fresh and dry matter production, e.g. shoot and root
fresh weight, total fresh weight, shoot and root dry weight,
and total dry weight two species were shown in Table 3. In
2-month-old seedlings of A. auriculiformis, shoot fresh and
dry weight were found highest (0.79 g and 0.42 g, re-
spectively) as well as total dry weight (0.67 g) were found in
T, and which was varied significantly (p < 0.05) from those
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Table 2. Effects of FSC and FWC on shoot length, root length, and collar diameter of A. auriculiformisand S. mahagoni seedlings of different

ages
Length (cm) e di
siﬁir(l);s Treatment Shoot Root Total (ollar diameter (mm)
AA' SM’ AA SM AA SM AA SM
2-month old Ty 10.17°%* 10.63" 8.73° 9.83° 18.90° 20. 56° 2.03° 3.3
seedlings T, 13.20° 10.87" 10.76" 11.47° 23.96" 22.33% 2.7% 3.1"
T, 14.43" 11.03° 12.17° 11.74° 26.60° 22.36™ 3.6° 3.4°
T, 13.83" 13.54° 10.83" 12.97" 24.67° 26.50° 3.1% 4.40°
T, 13.46" 11.27" 11.33" 12.16" 24.80 23.43° 2,93 3.60°
Ts 13.60" 13.50° 10.86" 12.77° 24.47° 2627 2.90° 410
Ts 13.87° 11.6"° 11.50™ 12.16" 25.37" 23.10° 3.50% 3.37°
3-month old T, 23.03° 25.70° 16.06° 15.13° 39.10 40.43° 2.53¢ 347
seedlings T 30.33¢ 28.10° 19.80™ 26477 50.13° 54.57° 3.43° 457
T, 34.30" 35.33% 20.90" 26.64" 55.20° 61.96" 3.80° 446"
T, 33.17° 36.17° 19.17° 28.63" 52.34" 64.80° 3.87° 4.74°
T, 30.14° 29.30° 18.83° 25.50° 48.97° 54.80" 3.63° 377"
Ts 32.70" 35.03" 21.10" 27.44" 53.80" 62.47° 3.70 5.13°
Ts 33.34" 34.37° 22.30° 25.53" 55.64° 59.90¢ 4.40° 4,53
4- month old Ty 38.03 40.06° 22.86" 19.20° 60.90° 59.27° 4.10° 4.50"
seedlings T, 45.34° 46.67° 27.30™ 28.39 72.64° 74.96" 4.84 5.16"
T, 48.24" 50.76" 32.30° 30.63" 80.54" 81.40" 5.87° 5.50"
T, 46.43™ 51.10° 28.56" 33.90° 75.00° 85.00° 5.36™ 5.63%
T, 45.63" 47.63" 26.80° 28.46" 72.43 76.10° 4.86 490
Ts 47.10" 48.43" 30.94° 31.27" 78.03 79.70™ 5.17% 6.53"
Ts 46.93"™ 48.60" 31.93" 30.6" 78.86" 79.20™ 6.20° 5.40°

*Followed by the same letter (s) in the same column do not very significantly at p <0.05, according to Duncan’s Multiple Range Test

(DMRT). 'AA, A. auriculiformis, "SM, S. mahagoni.

of control. Besides, the root fresh and dry weight were the
highest (0.44 g and 0.25 g, respectively) in treatment T.
Moreover, total fresh biomass was found to be the max-
imum in T¢ (1.25 g).

When 3-month old seedlings were considered, the high-
est shoot fresh (5.70 g) and dry weight (3.37 g) and the
highest root fresh and dry weight (1.97 g and 1.26 g, re-
spectively) as well as total dry weight (4.63 g) were found in
T, which significantly differed from that of Ty. In case of
4-month-old seedlings, the highest shoot fresh and dry
weight (13.70 g and 7.80 g, respectively) were recorded in
T, and the lowest (9.60 g and 3.72 g, respectively) in Tj.
Fresh and dry root weight was the maximum in T; (3.03 g
and 1.84 g, respectively). But the lowest root fresh and dry
weights were recorded in control T\. However, total dry bi-

omass increment (%) was highest in T, followed by T and

T's and was positive for all the treatments compared to Ty
treatment.

Similarly, for 2-month-old seedlings of S. mahagoni,
shoot fresh and dry weight were the highest (0.92 g and
0.56 g, respectively) as well as total dry weight (0.93 g) were
found in treatment T3, and varied significantly (p <0.05)
from those of control. Besides root fresh weight and dry
weight were the highest (0.66 g and 0.37 g, respectively) in
treatment T5. Moreover, total fresh and dry biomass was
found to be the maximum in T3 (1.58 g and 0.93 g, re-
spectively) as well. When 3-month old seedlings were con-
sidered, the highest shoot fresh (6.30 g) and dry weight
(3.27 g) and the highest root fresh and dry weight (2.40 g
and 1.23 g, respectively) as well as total dry weight (4.50 g)
were found in treatment T3, which significantly different

from that of T. In case of 4-month-old seedlings, the high-
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est shoot fresh and dry weight (15.60 g and 8.30 g, re-
spectively) were recorded in T3 and the lowest (10.13 g and
6.03 g, respectively) in To. Fresh and dry root weight was
the maximum in T3 (2.70 gand 1.50 g, respectively) where-
as the lowest root fresh and dry weights were recorded in
control Ty. However, total dry biomass increment (%) was
highest in T followed by T's and T and was positive for all

the treatments compared to T.

Discussion

The seedlings raised using treatments will ensure better
growth performance when planted in large scale (Islam et
al. 2019). Dutta and Hossain (2017) revealed the effects of
mixed plantation on initial growth and biomass yield of
Acacia auriculiformis and Gmelina arborea in Bangladesh.
However, the present study indicates that the germination
percentage, growth parameters of A. auriculiformis and S.
mahagoni seedlings at different combinations of FSC and
FWC with soil varied significantly (p <0.05) compared to
control. The growth performances were stimulated by the
application of such organic fertilizers. It was observed that
the highest growth of A. auriculiformis and S. mahagoni
seedlings were found in combination of soil and faecal
sludge (3:1 and 4:1, respectively). There are several studies
found related to soil enriched with sludge for the germina-
tion and growth of the forest seedlings but less studies have
found related to FSC and FWC amended soil.

Hossain et al. (2009) and Jobra and Anders (2000) ex-
plained that sludge could serve as a good organic fertilizer
to maximize plant germination. Selivanovskaya and latypo-
va (2006) mentioned that sludge amendments enhanced
the germination and decreased the mortality of the
seedlings. The present study was also coincided with the
studies from Labrecque et al. (1995) who reports that fast
growing species can benefit from sludge amended soil.
Igbal et al. (2007) noticed that residential (soil +residential
sludge=1:1) sludge may be used for obtaining maximum
and optimum seedling growth of Leucaena leucocephala.

Selivanovskaya and Latypova (2006) found that the ben-
eficial effects on the height of the shoots as well as on the
length of the roots of pine seedlings were greater in plots
with the highest rates of composted sludge, however, in the
present study it was found that the root length was the high-
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est in FSC amended soil (3:1) for A. auriculiformis and
(4:1) for S. mahagoni. Moreover, the influence of sludge
amended soil on plant growth is positive which is com-
parable to findings recorded by others (Labrecque et al.
1995; Jobra and Anders 2000; Selivanovskaya and Latypova
2006; Igbal et al. 2007; Hossain et al. 2009; Hossain et al.
2013). On the other hand, Hossain et al. (2013) observed
that soil and industrial sludge (3:1) can be used as fertilizer

in nursery for the growth of S. mahagoni seedlings.

Conclusions

Improper management of faecal sludge and food waste
exist in low income countries like Bangladesh, and thereby
these are discharged or dumped untreated into the environ-
ment creating public health and environmental problems.
The compost of FS and FW can be good soil conditioner
but their application in the practical field is limited. These
can provide a potential source of nutrients to the seedlings
as well as such use can satisfy the needs for environmentally
safe disposal. The present study demonstrated that the
compost of both FS and FW can be a good soil conditioner
for the initial growth of forest seedlings like, A. auric-
uliformisand S. mahagoniin the nursery. But it is necessary
to assess the suitable proportions of faecal sludge and food
waste compost with degraded soil in order to prevent over
and under fertilization. Thus, the present study recom-
mends the followings:

® for optimal growth of the seedlings of A. auriculiformis,
the prescribed mixing ratio of soil and faecal sludge is 3:1
and soil and food waste 4:1 and

® for S. mahagoni, the mixing ratio of soil and faecal

sludge is 4:1 and soil and food waste 3:1.
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