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ABSTRACT  

The study was conducted to evaluate the effects of sludge (industrial and residential) on 

seed germination and growth performance of Swietenia mahagoni seedlings at the 

nursery of Institute of Forestry and Environmental Sciences, Chittagong University 

(IFESCU), Bangladesh. Before sowing of the seeds, different combinations of sludge 

were incorporated with the nutrient-deficient natural forest soils. Seed germination and 

growth parameters of the seedlings (shoot and root length, collar diameter, fresh and dry 

weight of shoot, and root and total dry biomass) were recorded after one, two and three 

months of seed sowing. Physio-chemical parameters (pH, organic carbon, nitrogen, 

phosphorus, and potassium) and heavy metals (chromium, nickel, manganese, cadmium 

and zinc) of each treatment were also analyzed before sowing of seeds and after 

harvesting of seedlings. Results show that the seed germination percentage and the 

seedling growth parameters varied significantly in the soil added with sludge in 

comparison to control. The highest germination percentage (92%) was observed in the 

treatment of soil with residential sludge of 3:1 compared to control. The highest growth 

and biomass of the seedlings were recorded in the soil with industrial sludge of 3:1. So, 

from the present findings it may be recommended that soil and industrial sludge (3:1) 

can be used as fertilizer in nursery for the growth of S. mahagoni seedlings.  
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1. INTRODUCTION  

The treatment and disposal of industrial and residential sludges are an environmentally 

sensitive problem because sludge is good fertilizer but may contain heavy metals which 

could reduce productivity and cause environmental risks. The common disposal 

processes for sewage include land filling, land application and incineration. Among 

these, land filling is the first choice for sewage disposal. However, the future of sludge 

disposal through land filling is not very bright due to the fact that a large volume of soil 

is required to cover the waste in order to prevent the leaching of potentially toxic 

compounds including metals and phenols [1]. Sludge generated from various sectors 

have also been utilized in various agricultural uses due to the fact that significant 

amount of nitrogen, phosphorus and other organic matters are available in the industrial 

and domestic sludge [2]. Forested sites are increasingly receiving attention as potential 

sites for the disposal and biological recycling of both waste water and sludge from 

industrial treatment plants. The main advantage of using sewage sludge is the 

enrichment of the soil at a lower cost that is possible with inorganic fertilizers [3]. It is 
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obvious that, as with other organic materials, sewage sludge improves soil physical and 

chemical properties [4]. Generally, sewage sludge is composed of organic compounds, 

macronutrients, and a wide range of micronutrients, non essential trace metals, organic 

micro pollutants and micro organisms [5]. The most common types of sludge contain 

proportionately high amounts of total nitrogen (N). Total N content in domestic sludge 

may range from 1% to 15% by dry weight but is more commonly 3% to 6% of this 

being present as organic nitrogen. Phosphorous content is typically between 1% and 4% 

by dry weight while that of potassium ranges from 0.2% to 1% [6]. Unfortunately, it 

may also contain a range of potentially toxic metals, including Cu, Cd, Pb, Zn and Ni 

[7]. Though land application of sludge has been practiced for decades, only a relatively 

small amount of sludge have been utilized in other industries, such as forestry, despite 

recommendations about its value as a fertilizer [8]. But heavy metals cause less concern 

when sludge is applied on forest land and nurseries, because forest is a non food chain. 

Metals at supra-optimal concentration in the growth media can function as stressors 

causing physiological constraints that decrease plant vigor and affect plant growth, 

development and yield [9]. This will cause negative impact on root weight, number of 

leaves, and shoots weight of plants [10]. A primary concern for plants grown in sewage 

sludge is the accumulation of metals in the above ground tissues. This is also of 

paramount interest to phyto-remediation since the goal is to remove the largest mass of 

metal with each harvest. Metal removal by plants during phyto-remediation is 

dependent not only on the tissue concentrations but also on the total biomass produced 

[11]. Swietenia mahagoni is a medium-sized semi-evergreen tree growing to 30–35 m 

tall. The leaves are pinnate, 12–25 cm long, with four to eight leaflets, each leaflet 5–6 

cm long and 2–3 cm broad; there is no terminal leaflet. The flowers are small, produced 

in panicles. The fruit is a woody capsule 5–10 cm long and 3–6 cm broad, containing 

numerous winged seeds. S. mahagoni grows in full sun or partial shade on a wide range 

of soil types, and is quite resistant to salt spray. Plants will respond with rapid growth to 

rich, well-drained soil and regular fertilizing. Roots can raise sidewalks and curbs when 

planted only five or six feet away. Root deflectors and barriers which direct roots to a 

deeper soil layer are recommended for this and other large-growing trees with surface 

root problems.  

 

Mixing soil with sludge is of considerable interest and importance in sludge utilization 

[12] [13] [14] [15]. Fast growing tree species can be benefited from sludge application 

[16]. Though much research has been done on the use of sewage sludge as crop 

fertilizers [17] [18] [19] [20] [21], very few information is available in case of fast 

growing species especially in soil conditions of Bangladesh [12] [14]. In this study we 

evaluated the effects of different concentrations of residential and industrial sludge on 

seed germination and physiological parameters of S. mahagoni seedlings. Moreover, 

physiochemical (pH, organic carbon, nitrogen, phosphorus, potassium) and heavy metal 

(chromium, manganese, nickel, zinc and cadmium) concentration of sludge amended 

soil were also analyzed. 

 

2. MATERIALS & METHODS 

2.1.Site selection and seed collection 

The study was conducted during February to June in 2007 at the nursery of Institute of 

Forestry and Environmental Sciences, Chittagong University (IFESCU), Chittagong, 

Bangladesh. The nursery site enjoys a tropical monsoon climate characterized by hot, 

humid summer and cool & dry winter. February (15°C) and May (31°C) are the coldest 

and warmest month, respectively. Relative humidity is the lowest (64%) in February 

and the highest (95%) in June. Degraded soils were collected from hilly sites and were 

sieved (< 3 mm) to obtain a uniform soil. The brown hilly soils are sandy loam to sandy 
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clay loam, moderately to strongly acid, and poorly fertile with pH <5.5, organic matter 

<2%, CEC <10 me/100 g, and BSP <40% [22]. The seeds of S. mahagoni were 

collected from the plantations of Chittagong University Campus, Bangladesh. 

 

2.2.Sludge collection and experimental design 

Sludges were collected from industrial and residential sites of Chittagong City, and then 

dried properly. The dried sludges were also sieved (<3 mm) to make them free from 

root splinters and other foreign materials. Then the soil and sludges were mixed 

thoroughly at different ratios. Polybags with 23cm×15cm were used for the experiment. 

A Completely Randomized Design (CRD) was adopted for a total of seven treatments, 

including a control treatment and three replications for each treatment with 15 polybags 

for each replication (e.g. 45 polybags for each treatment and a total of 315 polybags for 

the whole experiment). 

The treatments used in the experiment were as follows: 

Group   Treatment 

T0   Control (soil) 

T1   soil + industrial sludge (1:1) 

T2   soil + industrial sludge (2:1) 

T3   soil + industrial sludge (3:1) 

T4   soil + residential sludge (1:1) 

T5   soil + residential sludge (2:1) 

T6   soil + residential sludge (3:1) 

 

Two seeds were sown in each polybag to observe the effect of sludge on field 

germination (e.g. a total of 90 seeds per treatment and 630 seeds for whole experiment 

for field germination test), and after completion of field germination only one seedling 

(best one) per polybag was maintained to observe the initial growth parameters of 

seedlings. Partial shade and covering was provided 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. 

 

2.3.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. The seedlings were allowed to grow for three months 

from the time of seed sowing. After one month, five seedlings from each treatment were 

randomly harvested and carefully collected with entire roots intact. Then growth 

parameters of seedlings (shoot and 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 of the above parameters back, the seedlings were oven-dried at 70ºC for 

48 hours until the constant weight was obtained. All the data were analyzed statistically 

by using the computer software package SPSS with Duncan’s Multiple Range Test 

(DMRT). 

 

2.4.Physio-chemical and metal analysis of the sludge amended soil 

Different physio-chemical parameters (pH, organic carbon, nitrogen, phosphorus, and 

potassium) of sludge amended soils were analysed in triplicate. Samples were collected 

before sowing of seeds and after harvesting of seedlings from each treatment in each 

month. In the laboratory, the collected samples were first sieved through a 10-mm mesh 

sieve to remove gravel, small stones and coarse roots, and then passed through a 2-mm 

mesh sieve. Each sieved sample was diluted with water using the ratio 1:2 to determine 

pH (using digital pH meter TOA, Japan). Total organic carbon was determined by wet 
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oxidation followed by titration with ferrous ammonium sulfate or photometric 

determination of Cr
3+

 [23]. Total nitrogen, phosphorus, and potassium were also 

determined by following Micro Kjeldahl digestion procedure. The total content of acid 

extractable heavy metals was determined in 1 g sample from each combination using 

wet oxidation with the concentrated HNO3 and 3% H2O2. The metal concentrations 

were determined by Atomic Absorption Spectroscopy (Analyst-300, Perkin-Elmer). 

 

3. RESULTS 

3.1.Seed germination and morphological growth parameters of the seedlings 

The seed germination percentage and growth parameters of the seedlings significantly 

(P<0.05) varied in different treatments. The highest germination percentage (92%) was 

observed in treatment T6 and the lowest (70%) in T0 (Fig. 1). The effects of different 

sludge on morphological growth parameters of the seedlings like shoot length, root 

length, total length, and collar diameter of seedlings of different ages were shown in 

Table 1. 

Table 1. Effects of sludge on shoot height, root length, and collar diameter of S. 

mahagoni seedlings of different ages 
Age of 

seedlings 
Treatment 

 

Shoot height 
(cm) 

Root length 
(cm) 

Total Length 
(cm) 

Collar 
diameter (mm) 

1-month 

T0 

T1 

T2  

T3 

T4 

T5 

T6 

15.2 b* 

17.3 ab  

19.4 a  

22.2 a  

11.6 bc  

7.6 c 

18.6 ab  

3.1 bc 

4.2 b  

4.0 b   

6.2 a  

8.5 a  

5.7 ab  

7.2 a  

18.3 bc 

21.5 b 

23.4 ab 

28.4 a 

20.1 b 

13.3 c 

25.8 a 

1.8 b 

2.4 ab  

2.6 ab  

3.0 a  

3.6 a  

2.4 ab  

2.9 a  

2-month 

T0 

T1 

T2  

T3 

T4 

T5 

T6 

22.4 b 

26.0 ab  

29.1 a  

36.0 a  

33.5 a  
24.3 b  

29.8 a  

4.2 b 

7.4 ab  

6.7 b  

8.9 ab  

12.7 a  
9.6 a  

10.4 a  

26.6 bc 

33.4 b 

35.8 b 

44.9 a 

46.2 a 
33.9 b 

40.2 ab 

2.5 bc 

3.3 b  

3.5 ab  

3.8 ab  

4.5 a  
3.5 ab  

3.5 ab  

3-month 

T0 

T1 

T2  

T3 

T4 

T5 

T6 

33.5 b 

36.7 ab  

38.1 a  

49.2 a  

42.5 a  

39.7 a  

41.3 a  

10.2 b 

12.4 ab  

11.6 b  

12.3 ab  

16.4 a  

13.0 ab  

14.9 a 

43.7 c 

49.1 bc 

49.7 bc 

61.5 a 

58.9 a 

52.7 b 

56.2 ab  

3.5 bc 

4.2 b  

4.5 ab  

4.8 a  

5.2 a  

4.2 b  

4.4 ab  
* followed by the same letter (s) in the same column do not vary significantly at P< 0.05, according to Duncan’s 
Multiple Range Test (DMRT). 

 

In 1-month-old seedlings, shoot height was the highest (22.2 cm) in treatment T3, 

whereas, the highest root length (8.5 cm) was recorded in T4. Highest total length was 

found (28.4 cm) in T3, and however, the highest collar diameter (3.6 mm) was recorded 

in the T4. In case of 2-month-old seedlings, highest shoot growth (33.5 cm) was 

recorded in T4 and the lowest (22.4 cm) occurred in T0. Root length was the highest 

(12.7 cm) in T4; moreover, the total length (46.2 cm) was highest in T4. Moreover, the 

highest collar diameter (4.5 mm) was found in T4. For 3-month-old seedlings, the 

highest shoot height (49.2 cm) was found in T3, on the other hand, the highest root 

length (16.4 cm) and collar diameter (5.2 mm) were recorded in T4, significantly 

different from that of control. However the highest total length (61.5 cm) was observed 

in T3 and the lowest (43.7 cm) in control (Table 1). 
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Figure 1: Effect of sludge on germination of S. mahagoni seeds 

 
 

3.2.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 were shown in Table 2. In 1-month-old 

seedlings, shoot fresh and dry weight were the highest (21.6 g and 13.1 g, respectively) 

in T3, and were significantly (p<0.05) different from those of control. Root fresh weight 

was the maximum (5.8 g) in T2 and the minimum (2.7 g) in T6. Moreover, root dry 

weight was the highest (3.7 g) in T2 and the lowest (0.9 g) in T4 but total dry biomass 

was found to be the maximum in T3 (16.0 g). 
 

Table 2. Effects of sludge on fresh and dry weights of shoot and root of S. 

mahagoni seedlings of different ages 
Age of 

seedlings 

Treatment 

 

Fresh weight (g) Dry weight (g) 

Shoot  Root  Total  Shoot  Root  Total  

1-month 

 

 

T0 

T1 

T2 

T3 

T4 

T5 

T6 

16.5 b* 

14.8 c 

18.6 ab  

21.6 a  

18.5 ab  

18.2 ab  
16.9 b  

5.5 a 

4.9 ab  

5.8 a  

4.8 ab  

2.8 d  

5.3 a  
2.7 bc  

22.0 ab 

19.7 bc 

24.4 a 

16.4 c 

21.3 b 

23.5 ab 
19.6 bc 

9.6 c 

8.4 d  

10.2 bc  

13.1 a  

11.8 b  

10.8 b  
9.6 c  

3.2 b 

3.1 b  

3.7 a 

2.9 bc  

0.9 d  

2.4 c 
1.6 d  

12.8 bc  

11.5 c 

13.9 b 

16.0 a 

12.7 bc  

13.2 b 
11.2 c 

2-month 

 

T0 

T1 

T2 

T3 

T4 

T5 

T6 

24.3 c 

21.3 d  

26.8 bc  

34.9 a  

26.7 bc  

25.8 bc  

21.7 d  

9.4 ab 

8.8 b  

10.3 a  

7.5 bc  

4.5 d  

9.7 ab  

7.5 bc  

33.7 b 

30.1 b 

37.1 ab 

42.4 a 

31.2 b 

35.5 ab 

29.2 bc 

12.9 c 

10.8 d  

14.3 b  

18.6 a 

14.6 b  

13.8 bc  

12.3 c  

5.7 ab 

4.9 b  

6.7 a  

4.1 c 

2.8 d  

5.4 ab  

4.1 c  

18.6 b 

15.7 d 

21.0 ab  

22.7 a 

17.4 bc  

19.2 b 

16.4 c  

3-month T0 

T1 

T2 

T3 

T4 

T5 

T6 

37.4 d 

36.6 bc  

40.6 b  

49.2 a 

42.9 b  

39.5 b  
37.5 bc 

14.8 b 

14.5 b 

17.2 a  

16.8 a  

13.8 c 

13.6 bc  
13.2 c  

52.2 b  

51.1 bc 

57.8 ab 

66.0 a 

56.7 ab 

53.1 b 
50.7 bc 

17.6 c 

20.4 ab  

19.5 b  

24.3 a  

22.0 ab  

17.9 c  
17.7 c  

6.68 b 

7.21 ab  

8.39 a  

5.92 c  

8.10 a  

6.70 b  
5.90 c  

24.28 b 

27.61 ab 

27.89 ab 

30.22 a 

30.10 a 

24.60 b 
23.60 bc 

* followed by the same letter (s) in the same column do not vary significantly at P< 0.05, according to Duncan’s 

Multiple Range Test (DMRT). 
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When 2-month-old seedlings were considered, the highest shoot fresh (34.9 g) and dry 

(18.6 g) weight were found in treatment T3. In contrast, highest root fresh & dry weight 

(10.3 g and 6.7 g, respectively) as well as total root dry weight (17.0 g) were found in 

treatment T2, which significantly different from that of T0. In case of 3-month-old 

seedlings, the highest shoot fresh and dry weight (49.2 g and 24.3 g, respectively) were 

both recorded in T3 and the lowest (37.4 g and 17.6 g, respectively) in T0. Root fresh 

weight (17.2 g) and dry weight (8.39 g) were recorded in T2. On the other hand, the 

lowest root fresh (13.2 g) and dry weight (5.90 g) were recorded in T6.   

3.3.Physio-chemical analysis of different sludge amended soil 

Physio-chemical (pH, organic carbon, nitrogen, phosphorus and potassium) analysis of 

forest soils with different sludge before sowing of seeds and after harvesting of 

seedlings are presented in Tables 3 and 4, respectively. The value of pH differed 

significantly (p<0.05) among different treatments. The highest pH (6.20) was recorded 

in the treatment T0, on the contrary, the lowest value (5.25) was detected in T1 before 

sowing of seeds. Though pH of the treatments T0, T3 and T6 did not show significant 

difference, the pH of T3 and T6 were reduced by 0.22 and 0.24, respectively, from that 

of control (Table 3). Furthermore, after harvesting of seedlings the pH was increased 

slightly in all the treatments but the highest pH (6.31) was detected in T0 & T6 and the 

lowest (5.47) value in the T1 and T4 (Table 4). 

The experiment showed that the percentage of soil organic carbon was higher before 

sowing of seeds than after harvesting of seedlings. Highest amount of soil organic 

carbon (2.21%) was recorded in T4 and the lowest (0.67%) in T0 before sowing of seeds 

(Table 3). After harvesting of seedlings, the highest and lowest values were found in T4 

(2.18%) and T0 (0.56%) (Table 4). From the experiment, it can be stated that during the 

growing period, a considerable portion of soil organic carbon was absorbed by the 

seedlings. Before sowing of seeds, the highest percentages of nitrogen, phosphorus and 

potassium (1.73%, 0.44%, and 0.37%, respectively) were found in T4 and the lowest 

percentages of nitrogen (0.11%) and phosphorus (0.03%) were recorded in T0 and 

potassium (0.15%) in T1 (Table 4). After harvesting of seedlings, the percentage of 

nitrogen (1.54%), phosphorus (0.41%) and potassium (0.32%) were recorded maximum 

in T4. On the other hand, the lowest percentages of nitrogen (0.10%) and phosphorous 

(0.02%) were found lowest in T0 (0.10% and 0.02%, respectively) and minimum 

potassium (0.11%) was detected in both T1 and T2 (Table 4).  

 

Table-3: pH, organic carbon, nutrients (nitrogen, phosphorus and potassium) 

content of soils with and without sludge before sowing of seeds 
Treat 

ment  

Parameters    

pH OC (%) N (%) P (%) K (%) 

T0 6.20 a* 0.67 d 0.11 d 0.03 d 0.22 b 

T1 5.25 c (-0.95) 1.93 b (+1.26) 1.20 b (+1.09) 0.41 a (+0.38) 0.15 d (-0.07) 

T2 5.63 b (-0.57) 1.65 bc (+0.98) 0.90 bc (+0.79) 0.34 bc (+0.31) 0.17 c (-0.05) 

T3 5.98 a (-0.22) 1.23 c (+0.56) 0.70 c (+0.59) 0.18 c (+0.15) 0.21 b (-0.01) 

T4 5.39 bc (-0.81) 2.21 a (+1.54) 1.73 a (+1.62) 0.44 a (+0.41) 0.37 a (+0.15) 

T5 5.71 b (-0.49) 2.03 ab (+1.36) 1.17 b (+1.06) 0.38 b (+0.35) 0.35 a (+0.13) 

T6 5.96 a (-0.24) 1.76 bc (+1.09) 0.94 bc (+0.83) 0.29 bc (+0.26) 0.28 ab (+0.06) 
* followed by the same letter(s) in the same column do not vary significantly at p<0.05, according to Duncan’s 
Multiple Range Test (DMRT); +/– value in the parentheses indicate the increased or decreased value from control 
treatment, OC = Organic carbon 
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Table 4. pH, organic carbon, nutrients (nitrogen, phosphorus and potassium) 

content of soils with and without sludge amended soil after harvesting of seedlings 

 
Tr. Parameters    

pH OC (%) N (%) P (%) K (%) 

T0 6.31 a* 0.56 d 0.10 d 0.02 d 0.21 b 

T1 5.47 c (-0.84) 1.61 bc (+1.05) 1.14 b (+1.04) 0.32b (+0.30) 0.11 c (-0.10) 

T2 5.81 b (-0.50) 1.58 bc (+1.02) 0.88 b (+0.78) 0.32b (+0.30) 0.11 c (-0.10) 

T3 6.04 ab (-0.27) 1.17 c (+0.61) 0.51 c (+0.41) 0.17c (+0.15) 0.18 b (-0.03) 

T4 5.47 c (-0.84) 2.18 a (+1.62) 1.54 a (+1.44) 0.41a (+0.39) 0.32 a (+0.11) 

T5 5.86 b (-0.45) 2.10 a (+1.54) 1.10 b (+1.0) 0.35b (+0.33) 0.31 a (+0.10) 

T6 6.31 a (0.0) 1.86 b (+1.30) 0.80 b (+0.70) 0.21c (+0.19) 0.20 b (-0.01) 

* followed by the same letter(s) in the same column do not vary significantly at p<0.05, according to Duncan’s 
Multiple Range Test (DMRT); +/– value in the parentheses indicate the increased or decreased value from control 
treatment; OC = Organic carbon 

 

3.4.Heavy metal analysis 

 

Heavy metals (chromium, manganese, nickel, zinc, and cadmium) of soils with different 

proportions of sludge before sowing of seeds and after harvesting of seedlings were 

shown in Table 5 and 6, respectively. Heavy metals concentration varied significantly 

(p<0.05) among the treatments. The highest concentrations of chromium, manganese, 

nickel, zinc, and cadmium were shown in T1 at the initial stage of the experiment. The 

chromium concentration was not significantly different between treatments T0 and T6 

but in T6 the concentration increased by 10 mgL
-1

 from T0. The lowest concentrations of 

manganese and nickel occurred in T6 had the values of 81 mgL
-1

 and 27 mgL
-1

, 

respectively (Table 5). After harvesting of seedlings, the highest concentrations of 

chromium, manganese, nickel, zinc, and cadmium were also recorded in T1. In case of 

chromium, the lowest value (13mgL
-1

) was recorded in T0 but this treatment did not 

significantly differ from T3, T4 and T6. However, the lowest concentrations of 

manganese (67 mgL
-1

) and nickel (21 mgL
-1

) were recorded in T6 (Table 6). 

 

Table 5. Heavy metals (chromium, manganese, nickel, zinc and cadmium) content 

of soils with and without sludge before sowing of seeds 

 
Tr.  Heavy Metals (mgL

-1
) 

Cr Mn Ni Zn Cd 

T0 18 d* 290 bc 44 bc  38 d 0.02 d 

T1 325 a (+307) 422 a (+132) 91 a (+47) 783 a (+745) 19 a (+18.98) 

T2 261 ab (+243) 394 a (+104) 76 ab (+32) 421 ab (+383) 12 b (+11.98) 

T3 113 b (+95) 341 b (+51) 55 b (+11) 286 b (+248) 4 c (+3.98) 

T4 92 bc (+74) 124 c (-170) 38 c (-6) 154 bc (+116) 0.01 d (-0.01) 

T5 73 c (+55) 109 c (-181) 32 d (-12) 126 c (+88) Trace 

T6 28 d (+10) 81 d (-209) 27 d (-17) 98 c (+60) Trace 
* followed by the same letter(s) in the same column do not vary significantly at p<0.05, according to Duncan’s 
Multiple Range Test (DMRT); +/– value in the parentheses indicate the increased or decreased value from control 

treatment. 
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Table 6. Heavy metals (chromium, manganese, nickel, zinc and cadmium) content 

of soils with and without sludge after harvesting of seedlings 
Tr Heavy Metals (mgL

-1
) 

Cr Mn Ni Zn Cd 

T0 13 d* 284 bc 41 b 37 d Trace 

T1 312 a (+299) 359 a (+75) 88 a (+43) 762 a (+725) 17.20 a 

T2 179 b (+166) 351 a (+67) 76 ab (+35) 408 b (+371) 11.08 b 

T3 15 d (+2) 320 b (+36) 51 b (+10) 279 bc (+242) 3.64 c 

T4 24 d (+11) 107 c (-177) 34 bc (-7) 150 c (+113) Trace 

T5 41 c (+28) 101 c (-183) 30 bc (-11) 121 c (+84) Trace 

T6 22 d (+9) 67 d (-217) 21 c (-20) 94 c (+57) Trace 
 * followed by the same letter(s) in the same column do not vary significantly at p<0.05, according to Duncan’s 
Multiple Range Test (DMRT); +/– value in the parentheses indicate the increased or decreased value from control 

treatment. 

 

4. DISCUSSION  

The present study indicates that the germination percentage, growth parameters of S. 

mahagoni seedlings, and the physio-chemical concentrations at different combinations 

of sludge treatments varied significantly compared to control. It was observed that the 

highest seed germination of S. mahagoni was found in combination of soil and 

residential sludge (3:1). The present findings are in agreement with the conclusion of 

[12] [24] that sewage sludge could serve as a good organic fertilizer to maximize plant 

germination. [21] mentioned that sludge amendments enhanced the germination and 

decreased the mortality of the seedlings. The present study was also coincided with the 

studies from [16] who reports that fast growing species can benefit from sludge 

amended soil. The results of the present study are also corresponded with that of [14]. 

[14] noticed that residential (soil + residential sludge = 1:1) sludge may be used for 

obtaining maximum and optimum seedling growth of Leucaena leucocephala. 

Moreover, our findings were partially agreed with that of [21]. They found that the 

beneficial 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 highest in residential sludge 

amended soil (1:1). The present study also recorded that the concentrations of organic 

carbon, nitrogen, phosphorus and potassium were found to be the highest in T4 (soil + 

residential sludge = 1:1) but the growth and biomass of seedlings were the maximum in 

T3 (soil + industrial sludge = 2:1). [25] reported that the nitrogen content in the sludge 

was usually released more slowly than commercial fertilizers. This slower release is 

probably more appropriate for tree growth. [26] revealed that nitrogen accumulation 

was higher with the application of P and K. The present study partially supports the 

results of [27] who explained that roots were relatively richer in nitrogen (dry weight 

basis) in K-rich conditions. [27] also mentioned that a significant amount of the nitrogen 

fixed was exuded at a low level of K supply. Sludge typically contains large amounts of 

plants available N and P, smaller amounts of all the secondary and micro nutrients and 

in addition, supplies organic matter [28].  

It was observed from the present study that heavy metals (Cr, Mn, Ni, Zn, and Cd) 

concentration varied significantly (p<0.05) among the treatments. The highest 

concentrations of heavy metals were found in T1 (soil: industrial sludge = 1:1) but 

maximum growth and biomass of seedlings were recorded in T3. The concentration of 

heavy metals was also reduced in different combinations of sludge amended soil from 

their original value. It can also be said that plants can be able to reduce heavy metals 

from the sludge amended soil. This study also reveals that the concentration of heavy 

metals in industrial sludge is higher than that in residential sludge. Depending upon 

source, sludge contains varying concentrations of Al, B, Cd, Cu, Ni, Pb, and Zn. Cd has 
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been identified as the potentially most hazardous heavy metal elements when sludge is 

applied to land [29]. The simultaneous phyto-separation of toxic and beneficial elements 

from sewage sludge is possible by using specific plants of co-cropping without the input 

of any chemicals [30]. Moreover, the influence of sludge amended soil on plant growth 

is positive which is comparable to findings recorded by others [12] [14] [16] [21] [24]. 

Nutrients like nitrogen, potassium and phosphorus concentrations were reduced from 

their initial stage. This is because all these nutrients are macro-nutrients which are 

required for the plants growth and development. The concentration of heavy metals also 

reduced from different combinations of sludge amended soil from their original 

concentration. From this findings it can be said that plants can able to reduce heavy 

metals from the sludge amended soil because these heavy metals are the micro nutrients 

which are required in small quantities for their growth and development.   

 

5. CONCLUSION 

Industrial and residential sludge provide a potential source of nutrients to the seedlings 

of forest trees, and such use can satisfy the needs for environmentally safe disposal. 

Application of sludge is appropriate in non-food chain crops like in nursery soil to raise 

quality seedlings and also in forest lands other than agricultural use. It is necessary to 

find out the accurate rates of sludge application in order to avoid over or under 

fertilization and to reduce the risk of extensive heavy metal additions. From the present 

findings, soil and industrial sludge (3:1) is recommended to be applied to nursery soil, 

based on the evidence that S. mahagoni seedlings show better growth compared to 

valley soil. 

 

6. RECOMMENDATION 

A significant number of experiments have been conducted in the nursery of many parts 

of the world to know the effect of sludge fertilization on plant growth and development. 

The experiments exhibited that most nursery seedlings and tree species respond 

positively to sludge fertilization. Industrial and residential sludges provide a potential 

source of nutrients to the seedlings and as well as such use can satisfy the needs for 

environmentally safe disposal. Application of sludge to nursery soil to raise quality 

seedlings and to forest land avoids a direct application to food chain crops providing an 

attractive alternative to agricultural application. It is necessary to find out the accurate 

rates of sludge application in order to avoid over or under fertilization and reduce the 

risk of extensive heavy metal additions. So from the present findings it may be 

recommended that soil and industrial sludge (3:1) can be used as fertilizer in nursery for 

the growth of S. mahagoni seedlings.  
 

REFERENCE 

[1] Ahlberg G, Gustafason O, Wedal P. Leaching of metals from sewage sludge during 

one year and their relation to particle size. Environ Pollut, 2006, 144: 545−553. 

[2] Warman PR, Termeer WC. Evaluation of sewage sludge, septic waste and sludge 

compost application to corn and forage: yield and N, P, and K content of crops and 

soils. Bioresour Technol, 2005, 96: 955–961. 

[3] Hossain MK, Miller HG. Sewage sludge fertilization in forest ecosystem. The 

Malaysian Forester, 1994, 57(4): 187-197. 

[4] Guidi G, Hall JE. 1984. Effects of sewage sludge on the physical and chemical 

properties of soils. In: P. L. Hermite and H. Ott. (eds.), Processing and Use of 

Sewage Sludge. Dordrecht. Netherlands: D. Reidel Publishing Co.pp. 295-306. 

[5] Singh RP, Agrawal M. Potential benefits and risks of land application of sewage 

sludge. Waste Management, 2008, 28(2): 347–358. Tiessen H, Moir JO. 1993. 



International Journal of Research in Management                                                               ISSN 2249-5908          

Available online on http://www.rspublication.com/ijrm/ijrm_index.htm         Issue 3, Vol. 2 (March 2013) 

 Page 145 
 

Total and organic carbon. In: Soil Sampling and Methods of Analysis, M.E. Carter, 

Ed. Lewis Publishers, Ann Arbor, MI. pp. 187-211. 

[6] McCalla TM, Peterson JR, Lue-Hing C. Properties of agricultural and municipal 

wastes. pp. 11-43. In: D. G. Brockway (ed.), Evaluation of Northern Pine 

Plantations as Disposal Sites for Municipal and Industrial Sludge. Thesis paper, 

Department of Forestry, Michigan State University, USA. 1977, 11P. 

[7] Logan TJ, Chaney RL. Utilization of municipal wastewaters and sludge on land – 

metals. In: Proceedings of the Workshop on Utilization of Municipal Wastewater 

and Sludge on Land, Denver, Co. 1983, pp. 235–323. 

[8] Korentajer L. A review of agricultural use of sewage sludge: benefits and potential 

hazards. Water SA, 1991, 17(3): 189–196. 

[9] Fuentes A, Liorens M, Saez J, Aguilar IM, Ortuno FJ, Juan F, Victor MF. 

Phytotoxicity and heavy metals speciation of stabilized sewage sludge. J Hazard 

Mater, 2004, 108: 161–169. 

[10] Huang C, Bazzar FA,Vanderhoef LN. The inhibition of soybesn metsbolism by 

cadmium and lead. Plant Physiol, 1974, 54: 122–124. 

[11] Ebbs SD, Lasat MM, Brady DJ, Cornish J, Gordon R, Kochian LV. 

Phytoextraction of cadmium and zinc from a contaminated soil. J Environ Qual, 

1997, 26: 1424–1430. 

[12] Hossain Md.L, Huda S.M.S and Hossain M.K. Effects of industrial and residential 

sludge on seed germination and growth parameters of Acacia auriculiformis 

seedlings. Journal of Forestry Research, 2009, 20(4): 331–336. 

[13] Riekerk H, Zasoski RJ. Effect of dewatered sludge application to a Doglas fir forest 

soil, on the soil, leachate and groundwater composition. In: W. E. Sopper and S. N. 

Kerr (eds.). Utilization of Municipal Sewage Effluent and sludge on Forest and 

Disturbed Land. Pennsylvania State University Press, University Park, 1979, pp. 

35-46.  

[14] Iqbal GMA, Huda SMS, Sujauddin M, Hossain MK. Effects of sludge on 

germination and initial growth performance of Leucaena leucocephala seedlings in 

the nursery. Journal of Forestry Research, 2007,18(3): 226–230.  

[15] Chandra R, Yadav S, Mohan D. Effect of distillery sludge on seed germination and 

growth parameters of green gram (Phaseolus mungo L.). J Hazard Mater, 2008, 

152: 431−439. 

[16] Labrecque M, Teodorescu TI, Diagle S. Effect of wastewater sludge on growth and 

heavy metal bioaccumulation of two Salix species. Plant and soil, 2006, 171(2): 

303–306. 

[17] Van den Berg JJ. Effects of sewage sludge disposal. Land Degrad Rehabil, 1993, 

4: 407–413. 

[18] Gardiner DT, Miller RW, Badamchian B, Azzari AS, Sisson DR. Effects of 

repeated sewage sludge application on plant accumulation of heavt metals. Agri 

Ecosyst Environ, 1995, 55: 1–6. 

[19] Selivanovskaya SYu, Latypova VZ, Naumova RP, Ravzieva GM. On the 

possibility of involvement of microelements of sewage sludge into biogeochemical 

circulation. Environ Radioecol Appl Ecol, 1997, 1: 13–19. 

[20] Selivanovskaya SYu, Latypova VZ. Nekotorye aspecty normirovaniya kachestva i 

utulizazii osadkov stochnich vod. Ecologicheskaya Chimiya, 1999, 8(2): 119–129 

(in Russian). 

[21] Selivanovskaya SYu, Latypova VZ. Effect of composted sewage sludge on 

microbial biomass, activity and pine seedlings in nursery forest. Waste 

management, 2006, 26: 1253–1258. 



International Journal of Research in Management                                                               ISSN 2249-5908          

Available online on http://www.rspublication.com/ijrm/ijrm_index.htm         Issue 3, Vol. 2 (March 2013) 

 Page 146 
 

[22] Osman KT, Rahman MM, Barua P. Effects of some forest tree species on soil 

properties in Chittagong University Campus, Bangladesh. Indian Forester, 2001, 

127(4): 431–442.  

[23] Tiessen H., Moir J.O. Total and organic carbon. In: Soil Sampling & Methods of 

Analysis, M.E. Carter, Ed. Lewis Publishers, Ann Arbor, MI. 1993, PP. 187-211. 

[24] Jobra M, Andres P. Effects of sewage sludge on the establishment of the 

herbaceous ground cover after soil restoration. J Soil Water Conserv, 2000, 3: 322–

326.  

[25] Riha SJ, Naylor L, Senesae GP. Hybrid poplar production using municipal sewage 

sludge as a fertilizer resource. New York State Energy Research and Development 

Activity, 1983, 11 pp. 

[26] Becker MW, Basak AC, Ladha JK, Datta SKD, Ottow JCG. Effect of NPK on 

growth and nitrogen fixation of Sesbania rostrata as a green manure for lowland 

rice (Oxyza sativa L.). Plant and soil, 1991, 132: 149−158. 

[27] Abdel-Wahab S. Potassium nitration and nitrogen fixation by nodulation legumes. 

Nutrient Cycling in Agroecosystems, 1985, 8(1): 9−20. 

[28] Bates TE, Lane TH, Frank R. How and where to use sewage sludge in crop 

production. In: C.P. Mitchell (ed.). Nutrient Relations in Short Rotation Forestry. 

Forestry Research Paper, 1979, pp. 98-128. 

 [29] Fresquez PR, Aguilar R, Francis RE, Aldon EF. Heavy metal uptake by blue 

grama growing in a degraded semiarid soil amended with sewage sludge. Water Air 

and Soil Pollution, 1991, 57-58: 903–912. 

[30] Wu QT, Hei L, Wong JWC, Schwartz C, Morel JL. Co-cropping for phyto-

separation of zinc and potassium from sewage sludge. Chemos, 2007, 68: 1954–

1960. 


