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ABSTRACT 
 

A field experiment was conducted to study the effects of biogas plant residues (BPR) and NPK 
fertilizer on growth, yield and quality of tomato (Lycopersicon esculentum). The treatments were 
arranged in randomized block design with three replications. The results showed that application of 
BPR and NPK fertilizers significantly influenced the growth and yield of tomato compared to control 
treatment. BPR @ 50 t/ha produced the highest shoot and root dry weight and plant height at 30 
and 45 days after transplantation (DAT). The highest number of fruits per plant, weight of fruits per 
plant and yield (t/ha) were also found with the same treatment. Application of inorganic fertilizer 
produced statistically similar number fruits per plant, weight of fruits per plant and yield (t/ha) to 
those found with BPR from 10 to 40 t/ha. There was no significant variation in single fruit of tomato 
among the treatments. Mineral nutrient content of tomato were not significantly affected by 
application of fertilizer and BPR except nitrogen in the fruit tissues. Protein content was decreased 
but lycopene content was increased by higher rates of BPR compared to control. BPR @ 20 t/ha 
has been suggested as an alternative to recommended level of chemical fertilizer in ensuring good 
performance in terms of yield and quality of tomato compared to other treatments in valley soils of 
Chittagong University campus in Bangladesh. 
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1. INTRODUCTION 
 
The low fertility status is one of the major 
constraints to crop production in of most of the 
soils of the tropics [1,2]. Vast areas of tropical 
lands that were once fertile have been rendered 
unproductive due to continuous cultivation and 
erosion which caused physical degradation, loss 
of soils organic matter and decreased cation 
exchange capacity (CEC) and as well as 
increased Al and Mn toxicity [3]. The problem of 
low fertility status of most tropical soils has 
necessitated growing search for many soil fertility 
improvement techniques, such as adoption of 
appropriate and adequate fertilizer packages, 
involving the use of organic and / or inorganic 
fertilizers [4]. 
 
Bangladesh is an agricultural country and its soil 
is of great importance as a natural resource. 
Continuous of mining of nutrients from the soil 
system of Bangladesh is going on by forcing the 
limited cultivable land to maximize crop yields 
per unit area through the use of land and soil 
resources. The illiterate and poor farmers of 
Bangladesh have tended to only exploiting the 
soils rather than maintaining them in a healthy 
fertile state. Intensive cultivation of high yielding 
crop varieties using only inorganic fertilizers and 
almost no recycling of organic residues have 
reduced soil organic carbon as well as other 
plant nutrients, especially N, which leads to 
severe land degradation in Bangladesh [5]. 
Under such situation to increase soil fertility and 
sustain crop productivity, there is no alternative 
besides to add organic fertilizer into the soil. 
Organic fertilizer can serve as a substitute to 
mineral fertilizers. Despite the large quantities of 
plant nutrients contained in inorganic fertilizers 
as compared to organic nutrients, the presence 
of growth promoting agents in organic fertilizers 
make them important for enhancement of soil 
fertility and productivity [6]. Due to high cost and 
scarcity of mineral fertilizer, most farmers cannot 
afford the use of chemical fertilizer. This 
necessitates research into organic wastes that 
are cheap, readily available and environmentally 
friendly that can be used as fertilizer. 
 
The residues generated during the production of 
biogas through anaerobic digestion of organic 
wastes are known as digestate that can 
represent a valuable resource to sustain and 
improve soil fertility and to increase soil organic 
matter content. It may be considered as an 

effective source of organic fertilizer as it contains 
considerable amounts of nutrients and organic 
matter [7,8]. Biogas technology is becoming 
popular in rural Bangladesh in view of escalating 
costs of fuels as well as soaring prices of 
chemical fertilizers which our farmers find difficult 
to buy for their sustainable crop production. The 
biogas plant technology uses cowdung, poultry 
litter, water hyacinth and other biomass wastes 
to produce biogas thereby ensuring a smoke-
free, odor free, clean and healthy cooking 
environment for rural women.  
 
Tomato is one of the most popular, important and 
widely used vegetable crops as ranked number 
two vegetable of the world after potato [9,10]. 
Tomatoes and tomato-based foods are 
considered healthy foods as they are low in fat 
and calories, cholesterol free, and a good source 
of fiber and protein. Since tomato plays an 
important role in human diet, its nutritional quality 
is of particular concern to consumers throughout 
the world [11]. The nutritional value of tomato 
consists essentially of carotene (provitamin A), 
lycopene, vitamin C and mineral nutrients. 
Lycopene is considered to be important 
contributors of carotenoids to the human diet. 
Increasing clinical evidence supports the role of 
lycopene as a micronutrient with important health 
benefits, because it appears to provide protection 
against a broad range of epithelial cancers [12]. 
The amount of lycopene in fresh tomato fruits 
depends on variety, maturity, and the 
environmental conditions under which the fruit 
matured. The composition and structure of the 
food also have an impact on the bioavailability of 
lycopene and may affect the release of lycopene 
from the tomato tissue matrix [13]. Minerals are 
essential regulators of physiological processes in 
humans but they cannot be synthesized by the 
body, and therefore, must be obtained through 
the diet. More than a third of all human proteins 
require metal ions to function. The absence of 
these ions can be harmful to human health 
[14,15,16]. Most research indicates that fruit 
quality is affected not only by adequate amounts 
of N, P, and K, but also by the balance between 
the levels of these nutrients [17]. 

 
Consumers recognize that organic production          
is safe and present high biological value [18]. 
Many studies on the quality of organic 
vegetables indicate a higher nutritional value     
and a higher content of biologically active 
compounds in agricultural crops from organic 
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farming [18,19,20]. Yield responses of vegetable 
crops to bio-slurry manure application have been 
reported in different crops including okra [21] 
maize and cabbage [22]. However, research 
information is scarce on response of tomato, 
nutrient composition and yield to application of 
biogas plant residues (BPR) especially in valley 
soils of Chittagong University campus.  With 
these views in mind the objective of this       
study was to determine the optimum rate of 
biogas plant residues and its effect on growth 
characteristics, yield and quality of tomato 
relative to the recommended level of                   
NPK fertilizer in the Chittagong University 
campus.   
 

2. MATERIALS AND METHODS 
 
2.1 Field Experiment 
 
A field experiment was conducted to study the 
effects of biogas plant residues on growth and 
yield of tomato in the Crop Field of the 
Department of Soil Science, University of 
Chittagong. There were seven plots in each 
block for the seven treatments comprising of 
biogas plant residues and NPK fertilizers as 
follows- 
 

T1 = Control (No fertilizer + No biogas plant 
residues), 
 
T2 = Recommended NPK fertilizer @ 120 kg 
N/ha, 60 kg P/ha and 80 kg K/ha 
 
T3 = Biogas plant residues (BPR) @ 10 t/ha  
 

T4 = Biogas plant residues (BPR) @ 20 t/ha 
 
T5 = Biogas plant residues (BPR) @ 30 t/ha  
 
T6 = Biogas plant residues (BPR) @ 40 t/ha 
 

T7 = Biogas plant residues (BPR) @ 50 t/ha
 

 
The experiment was laid out in a randomized 
complete block design with three replication of 
each treatment. The unit plots were 1 m1 m 
size separated by 0.5 m margin. About thirty 
days old seedlings of a local tomato variety ruma 
were collected from a local market. Four 
seedlings were transplanted in four corner of 
each plot maintaining 75 cm spacing between 
seedlings to seedling. For the study, biogas plant 
residues were collected from a biogas plant at 
Jubra village situated nearby Chittagong 

University. All of biogas plant residues were 
applied as basal during soil preparation and soils 
mixed with biogas plant residues were allowed to 
equilibrate for 4 weeks prior to planting 
seedlings. According to the recommendation of 
Bangladesh Agricultural Research Council [23], 
nitrogen and potassium was applied in two equal 
installments at 15 and 35 days after transplanting 
as ring method around the plants followed by 
irrigation. Full phosphorus was broadcast and 
incorporated during final land preparation. 
 
2.2 Determination of Soil Properties 
 
Surface soil sample was collected before 
conducting the experiment from the experimental 
site. The particle size distribution and textural 
class of the soil were determined by hydrometer 
method [24]. Soil pH was measured in a 1:2.5 
soil water suspension with glass electrode pH 
meter (Mettler Toledo Seven Compact pH 
meter). Electrical conductivity (Ec) of the soil was 
measured by Ec 214 Conductivity Meter. The 
potassium dichromate wet-oxidation method of 
Walkley & Black [25] was used for the 
determination of organic carbon followed by 
multiplying the values with 1.724 to calculate the 
organic matter content. Total nitrogen was 
determined by micro - Kjeldahl method as 
described by Jackson [26]. Soil samples were 
digested with nitric acid and perchloric acid as 
described by Olsen and Sommers [27] for the 
determination of P and K in soil. Phosphorus was 
determined by ascorbic acid blue-color method 
by Murphy and Relay [28]. The potassium in the 
digest was measured by Atomic Absorption 
Spectrophotometer (Agilent Technologies 
240AA). The pH of the soil was 6.8, texture was 
clay loam, organic matter content was 1.32%; 
electrical conductivity was (Ec) 28.3 µS/m. Total 
nitrogen, phosphorus and potassium content of 
the soil were 0.09%, 0.01% and 1.23% 
respectively.  
 

2.3 Characterization of Biogas Plant 
Residues 

 
Biogas plant residues (BPR) were collected from 
a biogas plant at Jubra village nearby Chittagong 
University. Biogas plant residues were analyzed 
for chemical constituents following the same 
methods used in soil. The pH of the biogas plant 
residues was 6.0. Organic carbon content of the 
BPR was 6.67% and total nitrogen, phosphorus 
and potassium contents were 0.78%, .02% and 
1.35% respectively.  
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2.4 Growth and Yield Components 
 
Plant height was recorded after 30 and 45 days 
after transplanting seedlings to assess the         
plant growth. The fruits were harvested at 4 to             
5 days interval when matured and ripened.              
The number of fruits per plant, weight of fruits per 
plant and yield were recorded during harvest. 
The shoot and root of tomato plants were 
collected after completion of the harvesting; 
washed thoroughly with tap water first to remove 
adhering soil and dust from the roots and shoots 
and then with distilled water. They were air dried 
first and then their oven dry weights were 
recorded. 
 

2.5 Determination of Quality of Tomato 
 
Oven dried (65°C constant weights) and ground 
ripe fruit samples were digested with a mixture     
of H2SO4, H2O2 and lithium sulfate for the 
determination of mineral nutrient N, P, K, Ca and 
Mg in the fruit tissues [29]. Micro- Kjeldahl 
method as described by Jackson [26] was used 
for the determination of nitrogen. Phosphorus 
was determined by vanadomolybdo phosphoric 
yellow colour method in nitric acid system 
according to Jackson [26]. The concentrations of 
K, Ca and Mg in the digest were measured by 
atomic absorption spectrophotometer (Agilent 
Technologies 240AA).  

 
Lycopene in the tomato samples was extracted 
by hexane: Acetate: ethanol (2:1:1, v. v. v) 
mixture following the method of Sharma and Le 
Maguer [30]. The absorbance of hexane solution 
containing lycopene was measured at 472 nm on 
a spectrophotometer using hexane as a blank. 
The lycopene concentration was calculated using 
its specific extinction coefficient (E1%, 1 cm) of 

3450 in hexane at 472 nm [31]. Protein content 
of plant material was obtained by multiplying the 
nitrogen value by 6.25. These parameters were 
measured as they are considered as indicators of 
tomato nutritional quality [17,32,33]. 
 
2.6 Statistical Analysis 
 
The significance of differences between the 
means of the treatments was evaluated by one 
way analysis of variance followed by Duncan’s 
Multiple Range Test (DMRT) at the significance 
level of 5%. The statistical software Excel [34] 
and SPSS version 12 [35] were used for these 
analyses. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Plant Height 
 
Plant height is one of the most important 
characteristics of tomato plant. The plant height 
of tomato was measured after 30 and 45 days 
after transplantation (DAT) of tomato seedlings 
and the results are presented in the (Table 1). 
The range of plant height varied from 37.00 to 
75.33 at 30 DAT and 50.33 to 94.33 cm at 45 
DAT. The results of the study indicated that there 
were significant variations in plant height among 
the treatments. The plant height was the 
minimum in T1 (control) treatment and the 
maximum in T7 (BPR @ 50 t/ha) treatment at 
both 30 and 45 DAT. Addition of biogas plant 
residues and inorganic fertilizers  significantly 
increased plant height than that of the control 
except BPR @ 10 t/ha. Application of inorganic 
fertilizer (T2) and BPR @ 20 t/ha (T4) showed 
similar results in producing plant height of 
tomato. There was no significant difference in 
plant height between T4 and T5. 

 
Table 1. Effects of biogas plant residues on plant height of tomato 

 
Treatment Plant height (cm) Dry weight (g) 

30 DAT 45 DAT Shoot Root 

T1 37.00 d 50.33 d 9.61 d 3.43 c 

T2 51.67c 69.67 c  30.73 c 9.35 b 

T3 40.33 d 55.67 d 36.29 bc 9.53 b 

T4 54.33 c 67.67 c 32.84 bc 12.21 ab 

T5 65.00 b  78.67 b 52.94 ab 11.89 ab 

T6 66.67 b 81.00 b 40.71 bc 11.99 ab 

T7 75.33 a 94.33 a 64.53 a 14.86 a 

Significance of F value 0.001 0.001 0.001 0.01 
Mean values in a column followed by the same letter(s) are not significantly different by DMRT (p<0.05) 
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3.2 Dry Weight of Shoot and Root 
 
Data on the dry weight of shoot and root of 
tomato plants are presented Table 1. Shoot dry 
weight ranged from 9.61 to 64.53 g and root dry 
weight ranged from 3.43 to 14.86 g. The highest 
dry weight of both shoot and root was found with 
BPR @50 t/ha (T7) and the lowest dry weight of 
shoot and root were found with the control 
treatment T1. Application of inorganic fertilizer 
and biogas plant residues significantly increased 
shoot and root dry weight of tomato compared to 
the control. Shoot dry weight found with BPR in 
treatment T3 (36.29 g; 10 t/ha), T4 (32.84 g; 20 
t/ha) and T6 (40.71g; 40 t/ha) were similar to     
that with recommended inorganic fertilizer in 
treatment T2 (30.73 g). The treatment T5 (52.94 
g) and T7 (64.53 g) were also not significantly 
different in producing shoot dry weight. 
Application of inorganic fertilizer (T2) and BPR 
up to 40 t/ha (T3, T4, T5 and T6) showed similar 
results in producing root dry weights of tomato. 
There was no significant difference in root         
dry weight with BPR between 40 (T5) and 50 
(T6) t/ha. 
 

3.3 Number of Fruits  
 
Number of fruits plant

-1
 is the most important 

yield attributing character of tomato plant. The 
results found in this study are presented in Table 
2. The value of total number of fruits per plant 
ranged from 4.75 to 23.75. The highest number 
of fruits per plant

 
was observed in treatment                

T7 where biogas plant residues @ 50 t/ha                
were applied. The lowest number of fruits per 
plant was observed in control treatment T1 
where no fertilizer and biogas plant residues 
were applied. Application of inorganic fertilizers 
significantly increased the number of fruits per 
plant from that of the control. Biogas plant 
residues @ 10 t/ha (T3) did not show any 

significant difference in the number of fruits per 
plant from that with the control. But biogas plant 
residues @ 20 t/ha (T4) and above in treatment 
T5 (30 t/ha), T6 (40 t/ha) and T7 (40 t/ha) 
showed significantly higher number of fruits per 
plant compared to control treatment (T1). 
However, the number of fruits per plant found 
with the treatments T4, T5 and T6 were 
statistically similar with each other. 
     

3.4 Single Fruit Weight 
 
The single fruit weight of tomato varied from 
37.86 g to 51.21 g (Table 2). Single fruit weight 
of tomato showed no significant difference 
among the treatments. However, the highest 
single fruit weight was found in treatment T5 
where biogas plant residues @ 10 t/ha was 
applied and the lowest single fruit weight was 
found with the addition of biogas plant residues 
@ 50 t/ha in treatment T7.  
 
3.5 Weight of Fruits per Plot 
 
Weight of fruits per plot varied from 0.90 kg in 
treatment T1 (control) to 3.59 kg in treatment T7 
where 50 t/ha biogas plant residues was applied 
(Table 2). Addition of inorganic fertilizers @ 120 
kg N/ha, 60 kg P/ha and 80 kg K/ha (T2) 
significantly increased the weight of fruits per plot 
from that with the control. Application of biogas 
plant residues @ 10 t/ha (T3) did not show any 
significant difference in weight of fruits per plot 
from that with the control. But biogas plant 
residues @ 20 t/ha (T4) and above in treatment 
T5 (30 t/ha), T6 (40 t/ha) and T7 (40 t/ha) 
significantly increased the weight of fruits per plot 
compared to control treatment (T1). There were 
no significantly differences in producing weight of 
fruits plot-1 among inorganic fertilizer (T2) and 
biogas plant residues up to 40 t/ha (T3, T4, T5 
and T6). 

 
Table 2. Effects of biogas plant residues on number and weight of fruits of tomato 

 
Treatment Number of 

fruits per 
plant 

Single fruit 
weight (g) 

Wt. of fruits  
per plot (kg) 

Yield 
 (t/ha) 

Yield 
increase (%) 

T1 4.75 d 50.05 a 0.90 c 8.50 c 0.00 c 
T2 10.33 bc 49.65 a 2.08 b 20.81 b 144.86 b 
T3 7.50 cd 51.21 a 1.55 bc 15.53 bc 82.75 bc 
T4 12.50 bc 49.41 a 2.48 b 24.80 b 191.73 b 
T5 12.83 bc 45.24 a 2.34 b 23.40 b 175.33 b 
T6 14.83 b 43.60 a 2.55 b 25.48 b 199.76 b 
T7 23.75 a 37.86 a 3.59 a 35.92 a 332.58 a 
Sig. of F  value 0.001 NS 0.001 0.001  0.001 

Mean values in a column followed by the same letter(s) are not significantly different by DMRT (p<0.05) 
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3.6 Yield of Tomato 
 
Yield is the most important characteristics for the 
justification of evaluation of tomato genotypes 
and varieties. It was observed that yield of 
tomato varied from 8.50 t/ha to 35.92 t/ha among 
the treatments in the present study (Table 2). 
The highest yield was obtained with application 
of biogas plant residues @ 50 t/ha in treatment 
T7 and the lowest yield was obtained with control 
treatment T1 where no fertilizer or biogas plant 
residues were applied. Tomato yield found with 
the addition of inorganic fertilizer @ 120 kg N/ha, 
60 kg P/ha and 80 kg K/ha (T2) was significantly 
higher than that with the control treatment T1. 
There was no significantly difference between 
treatments T1 (control) and T3 (biogas plant 
residues @10 t/ha) in producing yield of tomato 
in the present study. But biogas plant residues @ 
20 t/ha

 
(T4) and above (T5, 30 t/ha; T6, 40 t/ha

 

and T7, 50 t/ha) produced higher yield compared 
to control treatment (T1). However, the 
treatments T4, T5 and T6 were statistically 
similar with each other in producing yield of 
tomato. Although the single fruit weight of tomato 
was statistically similar among the treatments, 
the highest yield of tomato was found in 
treatment T7 (50 t/ha biogas plant residues) due 
to the largest number of   fruits plant-1 with this 
treatment.  
 

3.7 Yield Increase 
 
Yield increase of tomato by application of biogas 
plant residues and inorganic fertilizers over 
control was in the range from 82.75% in 
treatment T3 (biogas plant residues @ 10 t/ha) to 
332.58% in treatment T7 (50 t/ha biogas plant 
residues) (Table 2). Yield increase in treatment 
T3 over control was not significant. Yield 
increase in treatment T2 (144.86%; NPK @ 120 
kg N/ha, 60 kg P/ha and 80 kg K/ha), T4 
(191.73%; 20 t/ha biogas plant residues), T5 
(175.33%; 30 t/ha biogas plant residues) and T6 
(199.76%; 40 t/ha biogas plant residues) were 
statistically similar with each other but were 
significantly lower than that in treatment T7 
(332.58%; 50 t/ha biogas plant residues) over 
control.              
 

3.8 Mineral Nutrient Content of Tomato 
 
Mineral elements content in the fruits have been 
characteristically been used as an indicator of 
the nutritional quality of the fruits. The       
mineral nutrient content of tomato is shown in 
Table 3.  

Nitrogen concentration in tomato fruit varied 
significantly from 3.72% to 4.80% among the 
treatments. The highest concentration of nitrogen 
was found in treatment T1 (control) and the 
lowest concentration of nitrogen was observed in 
treatment T7 where biogas plant residues were 
applied @ 50 t/ha. The treatments T2, T3 and T4 
showed statistically similar result compared with 
control. Application of biogas plant residues 
above 20 t/ha significantly decreased nitrogen 
concentration in tomato fruit from that of the 
control. However, the treatments T5, T6 and T7 
were statistically similar with each other in 
producing nitrogen concentration in tomato fruit.  
 
The phosphorus concentration in tomato under 
the various treatments of the study was in the 
range between 0.60 and 0.77% (Table 3). There 
were no significantly differences in phosphorus 
concentration among the treatments of the     
study. However, the highest concentration of 
phosphorus was found in control treatment T1 
and the lowest concentration of phosphorus was 
found in both the treatments T3 and T4. 
Potassium content in tomato fruits analyzed in 
this work was found to vary from 1.01 to 1.08% 
(Table 3). The treatments of the present study 
did not show significant differences in potassium 
concentration of tomato fruits. However, the 
maximum K concentration was found in 
treatment T3 and the minimum K concentration 
was found in control treatment T1. Calcium 
content of tomato ranged from 0.05 to 0.06% 
(Table 3). There was no significant difference in 
Ca content of tomato among the treatments. 
However, the highest value of Ca was observed 
in treatment T2, T5 and T6 and the lowest value 
was found with T1, T3, T4 and T7 treatment. 
Magnesium concentration in tomato fruits of the 
present study varied from 0.13 to 0.14% (Table 
3). The treatments of the present study did not 
show significant difference in Mg concentration     
of tomato. The higher value of Mg (0.14) 
concentration was found in treatments T1, T2 
and T4 and the lower Mg value (0.13%) was 
found in treatments T3, T5, T6 and T7. 
 

3.9 Lycopene Content of Tomato 
 
Levels of lycopene in tomato ranged from 73.37 
to 118.65 mg/kg (Table 3). The highest level of 
lycopene content of tomato was found with 50 
t/ha biogas plant residues (T7) and the lowest 
level of lycopene was observed in control 
treatment T1.  Application of NPK fertilizers did 
not affect the level of lycopene in tomato 
compared to that with control. Similar results 
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were found with the addition of biogas plant 
residues @ 10 and 20 t/ha (T3 and T4). Biogas 
plant residues @ 30, 40 and 50 t/ha (T5, T6 and 
T7) produced significantly higher amount of 
lycopene in tomato compared to control 
treatment T1. The level of lycopene in tomato 
was not significantly different between T5 and T6 
and between T6 and T7. 
 

3.10 Protein Content of Tomato 
 
Protein content of tomato varied significantly 
from 23.25% to 30.02% (Table 3). Application of 
NPK fertilizers produced similar amount of 
protein in tomato compared with control 
treatment T1. Biogas plant residues @ 10 and 20 
t/ha (T3 and T4) also produced the statistically 
similar amount of protein in tomato compared to 
control. Protein content of tomato found with the 
treatments T5, T6 and T7 were significantly lower 
than that with the control treatment T1 but were 
statistically similar with each other. 
 
The results of the present study indicated that 
the experimental soil is not feasible for profitable 
crop growing without fertilizer application 
because of its very poor fertility. Almost all the 
fertilizer treatments improved growth and yield as 
indicated by plant height, shoot and root dry 
weight, number of fruits per plant, and weight of 
fruits per plant and yield (t/ha). But there were 
significant differences among the fertilizer 
treatments. For example, the highest plant height 
(75.33 cm at 30 DAT and 94.33 at 45 DAT) and 
yield (35.92 t/ha) was obtained in the treatment 
with 50 t/ha biogas plant residues. This treatment 
increased yield of tomato by 332.58 percent     
over the control (no fertilizer). Addition of 
recommended doses of NPK (120 kg N/ha, 60 kg 
P/ha, 80 kg K/ha) also increased tomato yields 

but by 144.86 percent. Yield increases by biogas 
plant residues application @ 20, 30 and 40 t/ha 
were statistically similar with that of recommended 
NPK fertilizer but significantly higher than that with 
control treatment.   
 
Several studies confirm the beneficial effects of 
compost on shoot and root development of 
horticultural and economical species growing in 
substrates with different soil/ compost ratio 
[36,37,38]. A significant increase in length and 
height of shoot, leaf number and length of 
inflorescence, in Solanum melongena, 
Cyamopsis tetragonoloba, Capsicum annuum 
and S. lycopersicum harvested after growth in 
soil/compost substrate was observed [39]. The 
observation of the present study is corroborated 
with the findings of Grammeen Shakti [40] that in a 
field trial to study the effects of cow dung and 
poultry litter biogas residues on cabbage, brinjal 
and tomato found that biogas residues had 
favourable influences in increasing the yields of the 
crops. Application of 50% recommended dose 
inorganic fertilizer +2 t/ha cow dung biogas 
residues increased the yield of cabbage, brinjal and 
tomato by 480, 336 and 284% respectively 
compared to control. The yield responses were 
comparable with those of 100% recommended 
fertilizer doses. Bangladesh Agricultural Research 
Institute [41] recorded about 371% yield increase 
of cabbage over native fertility by 5 t/ha cow dung 
slurry with integrated plant nutrient system (IPNS) 
base inorganic fertilizer. Yield increase due to 
application of 3 t/ha poultry manure slurry with 
IPNS base inorganic fertilizer was 394% [41]. The 
cob yield of maize was increased by application of 
biogas slurry [42]. The production of largest head of 
Sunflower was reported by Jaykumar and 
Elangoven [43] with the biogas slurry @ 300 g per 
pot. 

 
Table 3. Effects of biogas plant residues on mineral nutrients, lycopene and protein content of 

tomato 
 

Treatment N (%) P (%) K (%) Ca (%) Mg (%) Lycopene 
(mg kg

-1
) 

Protein 
(%) 

T1 4.80 a 0.77 a 1.01 a 0.05 a 0.14 a 73.37 d 30.02 a 

T2 4.47 ab 0.63 a 1.03 a 0.06 a 0.14 a 82.89 cd 27.92 ab 

T3 4.23 abc 0.60 a 1.08 a 0.05 a 0.13 a 85.19 bcd 26.46 abc 

T4 4.58 ab 0.60 a 1.02 a 0.05 a 0.14 a 79.05 cd 28.63 ab 

T5 3.99 bc 0.64 a 1.02 a 0.06 a 0.13 a 93.94 bc 24.94 bc 

T6 3.73 c 0.68 a 1.04 a 0.06 a 0.13 a 102.86 ab 23.33 c 

T7 3.72 c 0.76 a 1.02 a 0.05 a 0.13 a 118.65 a 23.25 c 

Sig. of F Value 0.01 NS NS NS NS 0.001 0.01 
Mean values in a column followed by the same letter(s) are not significantly different by DMRT (p<0.05) 
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Nutrition treatment was found to have a 
significant positive effect on tomato quality, color 
and acceptability. Potassium and phosphorus 
nutrition has a positive effect on sugar and acid 
content of tomato [44]. Experiments conducted 
by Islam [45] and Nasir et al. [46] showed that 
bio-slurry is an excellent organic fertilizer and a 
good source of plant macro and micro nutrients. 
In the present study nutrient content of tomato 
did not significantly affected by the addition of 
BPR or recommended dose of chemical 
fertilizers except nitrogen. It has also become 
increasingly evident that, while crops respond 
favourably to N and P in some soils (so-called 
“responsive soils”), they do not respond to 
fertilizer application in any significant manner in 
other soils (the so-called non-responsive soils) 
[47]. 
 
Lycopene is the most abundant carotenoid 
present in red tomatoes, comprising up to 90% of 
the total carotenoids present. Normally, tomatoes 
contain about 3 to 5 mg lycopene per 100 g of 
raw material [13]. Carotenoid accumulation in 
plant tissue appears to be shaped by the 
physiological, genetic, and biochemical attributes 
of a plant species, as well as by environmental 
growth factors such as light, temperature, and 
fertility [48]. Changes in nutritional fertility affect 
plant carotenoid accumulations. Nitrogen 
fertilization seems to improve carotene 
accumulation. In fact, increasing N in the nutrient 
solution increased lutein–zeaxanthin, b–carotene 
content in parsley (Petroselinum crispum Nym.) 
[49]. Lycopene content of tomato was 
significantly increased by biogas plant residues 
@ 30, 40 and 50 t/ha compared to control. 
Similar increase in lycopene in organically grown 
tomato was reported by Lumpkin [50]. In 
agreement with the present study, Adeniyi and 
Ademoyegun [51] also reported the more 
influence of organic fertilizers than inorganic 
fertilizer on the level of lycopene content of 
tomato. 
 
4. CONCLUSION 
 
This work shows that both inorganic fertilizer and 
BPR application significantly affected the yield, 
protein and lycopene content of tomatoes. 
Application of 50 t/ha BPR resulted the highest 
growth and yield (t/ha) and lycopene content of 
tomato. Compared to recommended dose of 
inorganic fertilizer, application of 20 - 40 t/ha 
BPR had almost similar effects on tomato yield 
and quality. Considering the price of BPR, 
transportation cost and market value of tomato, 

use of the highest amount of biogas plant 
residues used in this study may not be 
economical. Therefore, application of 20 t/ha 
BPR has been suggested as an alternative to 
recommended level of chemical fertilizer in 
ensuring good performance in terms of yield and 
quality of tomato in valley soils of Chittagong 
University campus. In conclusion, BPRs have the 
potential to be a useful agricultural tool for 
producing high-quality lycopene products which 
will offer probable benefits to the food industry 
and sustainable agroecosystem. 
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