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Abstract

Tomato (Lycopersicon esculentum (L.) Mill.) production relies heavily on nutrient availability, which significantly influences plant
growth, yield, and fruit quality. With rising demand for sustainable agriculture, poultry manure biogas residues (PMBR) are gaining
attention as alternatives or supplements to synthetic fertilizers. This study assessed the effects of PMBR compared to conventional
fertilizers (NPK) under field conditions using a randomized complete block design with six treatments: sole PMBR (20 ton ha™), sole
NPK (100% RDF: 135 kg N ha™*, 45 kg P ha™, 75 kg K ha™), and combined PMBR-NPK applications (15 ton ha™ PMBR + 25% RDF,
10 ton ha™* PMBR + 50% RDF, 5 ton ha™' PMBR + 75% RDF). Growth parameters (leaves, height, branches) and yield parameters
(fruit number, weight, total yield) were measured. Results showed integrated PMBR-NPK treatments achieved the highest yields, while
sole PMBR maintained comparable performance with reduced inputs, highlighting PMBR’s potential as an eco-friendly, cost-effective

nutrient source.
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Introduction

Tomato (Lycopersicon esculentum (L.) Mill.) is one
of the most widely cultivated horticultural crops
worldwide, valued not only for its economic importance
but also for its nutritional profile, which includes
vitamins, minerals, antioxidants, and other bioactive
compounds beneficial to human health!. Global tomato
production has steadily increased over recent decades,
yet meeting the growing demand requires sustainable
agricultural practices that enhance yield without
degrading the environment®>. Conventional production
systems often rely heavily on synthetic fertilizers to meet
nutrient requirements, but their prolonged use can lead
to soil degradation, reduced biodiversity, nutrient
imbalances, and increased greenhouse gas emissions?. In
light of these challenges, the search for alternative, eco-
friendly nutrient sources have become a pressing global
priority in sustainable agriculture®.

In response to these environmental and agronomic
concerns, there has been a paradigm shift toward
sustainable nutrient management strategies that minimize
ecological harm while maintaining crop productivity.
Organic amendments, particularly those derived from
agricultural waste streams, have emerged as promising
alternatives or complements to mineral fertilizers. Poultry
manure is a notable that is a nutrient-rich organic material

containing substantial amounts of nitrogen, phosphorus,
potassium, and micronutrients in forms that can benefit
plant growth®’. However, direct application of fresh poultry
manure can result in issues such as nutrient leaching,
greenhouse gas emissions, odor, and pathogen risks®. The
anaerobic digestion of poultry manure to produce biogas
not only provides renewable energy but also yields a
stabilized byproduct known as biogas residue or digestate.
This residue retains a significant proportion of the manure
original nutrients, often in more plant-available forms,
while reducing the microbial load and odor®!°.
Consequently, poultry manure biogas residue offers the
dual benefits of waste valorization and soil fertility
enhancement.

Around 80,000 biogas plants are already in operation in
Bangladesh; most of which are small domestic systems
based on cow dung and poultry litter and are used for
cooking. Several large poultry farms have already
completed construction of larger commercial biogas plants
(more than 350 m’/day capacity with single digesters'!.
Over 25,000 dairy and 1,50,000 poultry farms in the
country could benefit from the technology by reducing the
use of traditional cooking fuels and diesel for power
generation (the cost of construction is usually earned back
in two to three years), as well as preventing diseases and
producing pathogen- free organic fertilizer!!.



Despite growing recognition of biogas residue as a
potential biofertilizer, much of the current research has
focused on residues derived from cattle or pig manure!2,
Studies specifically examining poultry manure biogas
residue are comparatively limited, particularly in
relation to high-value vegetable crops such as tomato.
Furthermore, existing studies often concentrate on soil
chemical properties rather than plant physiological
responses, yield performance, or quality attributes. There
is also a lack of field-based evidence under varying
environmental conditions to confirm the agronomic
efficiency of poultry manure biogas residue relative to
conventional fertilizers. Tomato is selected for this study
due to its global agronomic and nutritional significance,
being one of the most widely consumed vegetables. Rich
in vitamins, minerals, and bioactive compounds such as
lycopene and B-carotene, tomato contributes to human
health while also serving as a sensitive model for
evaluating the biochemical impacts of environmental
stressors!>!14,

The present study was designed to address these gaps

by investigating the effect of poultry manure biogas
residue on the growth, yield, and related agronomic traits
of tomato under field conditions. Specifically, the
research aimed:
(1) to evaluate the influence of different application rates
of poultry manure biogas residue on vegetative growth
parameters such as number of leaves, plant height and
number of branches; (2) to assess its impact on yield
components including fruit number, fruit weight, and
total yield.

Materials and Methods
Experimental Site and Location

The experimental site was located at 22°47" N
latitude, 91°78" E longitude, and 30 m above mean sea
level'. Chattogram’s climate is tropical monsoon, with
a pronounced rainy season from June to September and
a dry, rainless winter from mid-December to mid-
February. The annual mean temperature is 25.9°C,
peaking in May at 28.5°C and dipping in January to
19.9°C. Recorded extremes range from 36.1°C in August
to 11.1°C in November!S, Average annual rainfall is
2918.5 mm, with July receiving the highest monthly
average of 726.4 mm and January the lowest at 5.1 mm.
Mean annual relative humidity is 73.7%, ranging from
58% in January—February to 86% in August. According

13

Islam et al.

to the Holdridge life zone classification, Chattogram
falls within the tropical moist forest biome.

Soil Sampling and Preparation

Composite surface soil samples from a depth of
0-15cm were collected from experimental field before
preparing the land for cropping by using auger for
analysis of selected physical and chemical properties
including texture, pH, organic matter, total nitrogen,
available phosphorus etc. In the same way, soil samples
were collected from each plot just after harvest to
determine the post-harvest properties of soil. Soil
samples were air dried and ground to pass through 2.0
mm sieve and these sieved soil samples were stored in
the plastic pots for laboratory analysis. The physical and
chemical properties of soil were determined according to
standard methods at the laboratory of Department of Soil
Science, University of Chittagong. The physical and
chemical properties of experimental site soil (dry weight
basis) are presented in Table 1.

Tablel. Physical and chemical properties of soil.

Properties Value

Sand (%) 52.42

Silt (%) 31.67

Clay (%) 15.92

Texture Sandy loam

Organic carbon (%) 0.23
pH 4.85

EC (ps cm™) 35.2
Total N (%) 0.1
Available P (mg kg™) 10
Total P (%) 0.05
Total K (%) 0.43
Total Ca (%) 0.27
Total Mg (%) 0.07
Total Na (%) 0.18

Total Fe (%) 0.410

Total Zn (%) 0.021

Collection of Poultry manure biogas residues (PMBR)
Poultry manure biogas residues (PMBR) were collected
from ‘Masud Krishi Complex’ located at Patiya,
Chattogram. After collection, PMBR was air dried and
stored for application. A portion of the air dried PMBR
was sieved through 2.0mm sieve and was preserved in



Effects of Poultry Manure Biogas Residues and Conventional Fertilizers on the Growth and Yield of Tomato (Lycopersicon esculentum (L.) Mill.)

plastic pots for analysis in the laboratory. The properties Treatment, Experimental design and Layout

of biogas residues determined by following same There were six treatments comprising of poultry manure
methods of soil analyses (dry weight basis) are given in biogas residue (PMBR) and conventional (NPK)
Table 2. fertilizers. The treatments are described in Table 3. The

Table 2. Properties of poultry manure biogas residues experiment was laid out in randomized complete block

design (RCBD) with three replications of each treatment.

Properties Value
pH 7.13 Table 3. Treatments used in the field experiment
EC (us cm™) 828 Treatment Treatment contains
Organic carbon (%) 10.08 T Control (No PMBR+ No NPK fertilizer)
T2 100% RDF@ 135kg N ha'', 45 kg P ha' and
0
Total N (%) 1.22 75 kg K ha'
Total P (%) 3.09 T3 20 ton ha! Poultry manure biogas residues
Total K (%) 0.08 (PMBR)
Ts 15 ton ha™! PMBR + 25% RDF
Total Ca (%) 4.13
Ts 10 ton ha™! PMBR + 50% RDF
0,
Total Mg (%) 0.29 Ts 5 ton ha! PMBR + 75% RDF
Total Na (%) 0.45
Total Fe (%) 0.32 Where, 100% RDF= Recommended dose of NPK fertilizer (135kg N
ha''+45kg P ha'+75kg K ha™') for tomato'”
o,
Total Zn (%) 0.12 25% RDF = 33.75 kg N ha'+ 11.25 kg P ha''+ 18.75 kg K ha'

50% RDF = 67.5 kg N ha''+22.5 kg P ha' +37.5 kg K ha™!
75% RDF = 101.25 kg N ha'+ 33.75 kg P ha! + 56.25 kg K ha’!

Figure 1. Effects of different treatments on tomato.
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Preparation of Experimental Plot

The land was ploughed deeply and leveled properly.
Each unit plot was 1m x 1m (1m?) in size and separated
by 0.5 m wide furrows. Furrows were made manually in
such a way that it allows proper draining of excess water
from plots. The PMBR doses for each treatment were
mixed with soil properly and allowed to equilibrate for
20 days.

Nitrogen and potassium fertilizers in the form of urea
and MP were applied in two equal splits. These splits
were applied at 15 and 35 days after transplantation
respectively as basal. All of the phosphorus in the form
of TSP was applied at the first split during final land
preparation.

Tomato seeds (BARI-14) were collected from
Regional Agriculture Development Centre, Hathazari,
Chattogram, Bangladesh. Seeds were sown in a seedbed
of 3mx5m area. Four healthy seedlings of 30 days old
with almost the same stem length were transplanted in
four corners of each unit plot maintaining 75 cm spacing
between seedling to seedling.

Cultural practices such as weeding, hoeing, watering,
staking, disease and pest control were applied uniformly
for all treatments. During the course of the study,
fungicide was applied two times at two-week interval to
control leaf blight and late blight since the incidence was
observed.

Growth and Yield Components

The number of leaves plant”!, plant height and
number of branches plant™! were recorded at 30, 45 and
60 days after transplantation of seedlings to assess the
plant growth. The fruits were harvested at 4 to 5 days
interval when matured and ripened. The number of fruits
plant™!, weight of fruits plant™! and yield were recorded
during harvest. Percent yield increase was calculated to
compare the effects of treatments on tomato fruit yield

by following the formula'®,

Yield — Yield
treat'ment control X 100
Yield control

% Yield increase =

Analysis of Soil

The soil samples were analyzed for some parameters
relevant to the study at the laboratory. The particle size
distribution and textural class of the soil were
determined by hydrometer method of Day'’. Soil pH was
determined by glass electrode pH meter (Mettler Toledo
Seven Compact pH Meter) with a soil water ratio of 1:
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2.5%0, Electrical conductivity (EC) was measured by Ec
214 Conductivity Meter. Organic carbon content of soil
was determined by wet combustion with K,Cr,0-2'.
Organic matter content was determined by multiplying
the organic carbon content with 1.724. Total nitrogen
was determined according to Micro-Kjeldahl method
with H>SOs as described by Bremner??. Determination of
available phosphorus was carried out with the extraction
method of Bray and Kurtz?*. Soil samples were digested
by H»SO4 with a mixture of Na,SO4, CuSO4 and Se
powder for the determination total K, Na, Ca, Mg, Fe,
Zn**. The concentrations of K, Na Ca, Mg, Fe and Zn in
digest were Atomic

measured by Absorption

Spectrophotometer (Agilent Technologies 240AA).

Data Analysis

The significance of differences among means of the
treatments was evaluated by one-way analysis of
variance (ANOVA) followed by Duncan’s Multiple
Range Test (DMRT) at the significance level of 5%. The
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statistical software Microsoft Excel*> and SPSS version

20 were used for analysis.

Results and Discussion
Growth Parameters

The number of leaves plant! of tomato was recorded at
30, 45 and 60 days after transplantation of seedlings. Mean
values of number of leaves plant™! are shown in Figure 2.
Number of leaves was the minimum at the control in all the
periods of recording 30 DAT, 45 DAT and 60 DAT. The
corresponding values were 65.17, 123.83 and 147.50.
Addition of 100% RDF (treatment T2) did not significantly
increase the number of leaves plant™!. Addition of poultry
manure biogas residues (PMBR) alone or in combination
with inorganic fertilizers increased significantly the number
of leaves plant™! at all the periods. Application of 20 t ha™!
PMBR (treatment T3) alone increased the number of leaves
plant™ to 226, 496 and 647 at the respective periods. The
highest number of leaves plant! at 30 DAT (226) was
obtained with treatment T3 (Poultry manure biogas residues
@ 20t ha™!) whereas the highest number of leaves plant™ at
45 DAT (526.67) and 60 DAT (807.67) was obtained in
treatment T5 (10t ha' PMBR+ 50% RDF). Values of
number of leaves plant™! at 30 DAT in treatments T4, T5 and
T6 did not differ significantly. Similar results were found
among the treatment T3, T4 and T6 at 60 DAT.
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Figure 2. Effects of different treatments on the number of leaves plant! of tomato.
Bars having same letter(s) are not significantly different among treatments by DMRT (p< 0.05).

Plant height is one of the most important characteristics
of tomato plant. The plant height of tomato was
measured after 30, 45 and 60 days after transplantation
(DAT) of tomato seedlings and the results are presented
in the (Figure 3). Height of plants varied from 25.33
(control) to 46.08 cm (T3) at 30 DAT, 41.83 (control) to
76.67 cm (T5) at 45 DAT, and 46.50 (control) to 85.17
cm (T5). Thus, the minimum value was always obtained
in the control and the maximum values were obtained
with the poultry manure biogas residues alone @ 20t ha
!at 30 DAT and with 10t ha”! PMBR+ 50 % RDF at 45
and 60 DAT. Inorganic fertilizer and poultry manure

biogas residues increased height of plants but at different
rates with kind and combination. In PMBR @20t ha!
(T3) the values were 46.08 cm at 30 DAT, 75.33cm at 45
DAT, and 80.00 cm at 60 DAT. The treatment of 100%
RDF (T2) produced 27.92 cm at 30 DAT, 52.00 cm at 45
DAT and 68.33 cm at 60 DAT. Plant heights in 100%
RDF (T2) was significantly lower than that in poultry
manure biogas residues alone or in combination with
inorganic fertilizer (T3, T4, T5 and T6) at 30 and 45 DAT
but was higher than control at all the periods. Values of
plant height at 30 and 60 DAT in treatments T3, T4, TS
and T6 did not differ significantly.
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Figure 3. Effects of different treatments on plant height of tomato. Bars having
same letter(s) are not significantly different among treatments by DMRT (p< 0.05).
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Number of branches plant™, is shown in Figure 4.
The highest value of number of branches plant”' was
found in treatment T3 (8.92; PMBR @ 20 t ha-1) at 30
DAT, in treatment T6 (11.00; 5 t ha "' PMBR + 75%
RDF) at 45 DAT and in treatment T5 (15.33; 10 t ha !
PMBR + 50% RDF) at 60 DAT. Number of branches
plant! was the lowest in treatment T1 (control) at all the
periods of recording 30 DAT, 45 DAT and 60 DAT. The
1.67, 1.67 and 3.33,
respectively. Poultry manure biogas residues alone or in

corresponding values were

Islam et al.

combination with inorganic fertilizer (T3, T4, TS and
T6) significantly increased the number of branches plant’
'at 30, 45 and 60 DAT. However, the values of number
of branches plant! in treatments T3, T4, TS and T6 did
not differ significantly. In other words, all the PMBR
treatments increased the number of branches plant ! to
the same extent. It also indicated that poultry manure
biogas residues alone or its different combinations with
inorganic fertilizer had similar effects on number of
branches plant!.
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Figure 4. Effects of different treatments on number of branches plant! of tomato.
Bars having same letter(s) are not significantlydifferent among treatments by DMRT (p< 0.05).

Yield Parameters

Number of fruits plant! is the most important yield
attributing character of tomato plant. The value of total
number of fruits plant™! ranged from 5.08 to 27.67 (Table
4). The highest number of fruits plant™ was observed in
treatment T4 where poultry manure biogas residues @
15 t ha! mixed with 25% RDF was applied. The lowest
number of fruits plant! was observed in control
treatment T1 where no fertilizer and biogas residues
were applied. Application of 100% RDF did not
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significantly increase the number of fruits plant! from
that of the control. Addition of poultry manure biogas
residues (PMBR) alone or in combination with inorganic
fertilizers in treatment T3 (20t ha' PMBR), T4 (15t ha!
PMBR+25% RDF), T5 (10t ha! PMBR+50% RDF) and
T6 (5t ha! PMBR+75% RDF) increased significantly
the number of fruits plant! compared to control
treatment T1. However, the number of fruits plant!
obtained in the treatments T3, T4, T5 and T6 were not
significantly different from each other.
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Table 4 Number of fruits, fruit weight and yield of tomato as affected by different treatments.

No of fruit Single fruit Weight of fruits (k % Yield
Treatment o0 iul mg © c1ento _Tw s (ke Yield (ton/ha) ,A) ¢

Plant weight(g) plot™) increase

T1 5.08 ¢ 38.28 ¢ 0.77d 7.68 ¢ 0.00 e
T2 10.58 ¢ 52.70 ab 2.08¢c 20.82d 162.41d
T3 24.58 ab 40.10 be 3950 39.52¢ 414.62 c
T4 27.67 a 41.80 be 458D 45.86 be 497.18 be
T5 25.83 ab 56.59 a 582a 5822a 658.12 a
T6 20.83b 59.94 a 4.99 ab 49.96 ab 550.56 ab

Mean values within a column followed by same letter(s) are not significantly different by DMRT (P < 0.05).

The single fruit weight of tomato in this study ranged
from 38.28 g to 59.94 g (Table 4). The highest single fruit
weight was found in treatment T6 (5 t ha! PMBR + 75%
RDF) and the lowest single fruit weight was found in
treatment T1 (control). A significant variation in single
fruit weight of tomato was observed among the
treatments. However, single fruit weight found in
treatment T3 and T4 did not differ significantly from that
in treatment T1 (control). Single fruit weight of tomato
found with 100% RDF (T2) was significantly higher
than that of the control (T1) but was statistically similar
to that with the treatment T3, T4, T5 and T6.

Weight of fruits plot”! under different treatments in
the present study varied from 0.77 kg in treatment T1
(control) to 5.82 kg in treatment T5 where poultry
manure biogas residues @10 t ha”'mixed with 50% RDF
was applied (Table 4). Addition of inorganic fertilizer
and poultry manure biogas residues individually and
their different combination significantly increased
weight of fruits plot! from that with the control (T1).
Weight of fruits plot™! obtained with 100% RDF (T2) was
significantly higher than that with control (T1) but lower
than that with poultry manure biogas residues applied
individually (T3) and its different combination with
inorganic fertilizer in treatment T4, TS5 and T6. However,
there were no significantly differences in weight of fruits
plot'among treatments T3, T4 and T6 and between T5
and T6.

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 7.68 t ha! to 58.22 t ha! among the treatments
(Table 4). The highest yield was obtained in applying
poultry manure biogas residues @ 10t ha"! mixed with
50% RDF (T5) and the lowest yield was obtained in
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control treatment T1 where no fertilizer or PMBR was
applied. Addition of inorganic fertilizer and poultry
manure biogas residues in different treatments
significantly increased yield of tomato compared to the
control (No fertilizer and PMBR). This may be due to
very low fertility of the experimental soils. Yield of
tomato obtained in treatment T2 (20.82 t ha''; 100%
RDF) was significantly higher than that in the treatment
T1 (7.68t ha'!; control) but lower than that in T3 (39.52
t ha!; PMBR @ 20t ha'), T4 (45.86t ha!; 15t ha'
PMBR+ 25% RDF), T5 (58.22 t ha'!; 10 t ha! PMBR+
50% RDF), and T6 (49.96t ha'; 5t ha”! PMBR+ 75%
RDF). However, yield of tomato was not significantly
different in between T3 and T4 treatments. Similar result
was found in between T5 and T6 treatments. The yield
of tomato in treatment T5 was significantly higher than
that of treatment T3 and T4.

Yield increase of tomato by application of inorganic
fertilizers and poultry manure biogas residues over
control was in the range from 162.41% in treatment T2
(100% RDF) to 658.12% in treatment T5 (10t ha!
PMBR+ 50% RDF) (Table 4). A significant increase of
yield by PMBR and conventional fertilizers treatments
over control might be due to very poor fertility of the
experimental soil. The treatment T2 (162.41 %; 100%
RDF) significantly differed from the control treatment.
Yield increased in treatment T3 (414.62%; 20t ha’
PMBR) and T4 (497.18%; 15t ha PMBR+25 % RDF)
were statistically similar with each other but were
significantly higher than that in the treatment T2 and
lower than that in the treatment T5 (658.12%; 10t ha™!
PMBR+50 % RDF) and T6 (550.56%; 5t ha”! PMBR+75
% RDF) over control. Yield increased in treatment T5
and T6 did not differ significantly from each other.



The growth characteristics (in terms of number of
leaves plant’, number of branches plant’! and plant
height, number of fruits, single fruit weight) as well as
yield of tomato were significantly affected by treatments
of conventional fertilizer, poultry manure biogas
residues and their different combination except number
of leaves plant! at 30 DAT and number of fruits plant™!
by 100% recommended doses of fertilizer (RDF). While
plant height and number of branches consistently
increased until T5, there was a sudden decrease in the
number of leaves at T4 that might be due to the deviation
from optimal ranges for some environmental factors like
light intensity, water availability and temperature that are
critical for determining a plant’s number of leaves as
they influence essential processes like photosynthesis
and cell differentiation. In accordance with the present
study, Islam et al.?® reported that application of solid
waste slurry from biogas plant resulted in increase of
plant height of spinach. Although the number of fruits
plant! of tomato in treatment T5 (10t ha! PMBR+ 50%
RDF) was statistically similar to that in T3 (20t ha’!
PMBR) and T4 (15t ha! PMBR+ 25% RDF) but the
yield of tomato in treatment T5 was significantly higher
than that in the treatments T3 and T4. This may be due
to significantly higher single fruit weight of tomato in
treatment TS compared to treatment T3 and T4. Poultry
different
combination with inorganic fertilizer gave higher

manure biogas residues alone and its
number of leaves plant!, plant height, number of fruits
plant! and fresh fruit yield than 100% RDF alone.
Application of 10 t ha! poultry manure biogas residues+
50% recommended dose fertilizer proved most effective
in ensuring good performance in terms of growth and
fresh fruit yield of tomato in valley soils of Chittagong,
Bangladesh. Addition of 10t ha' PMBR+50% RDF
increased tomato yield by 658.12% over control. In
agreement with the present study, Grameen Shakti?’
reported that application of 50% recommended dose
inorganic fertilizer +2t 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%
Agricultural Research Institute?® recorded about 371%

recommended fertilizer doses. Bangladesh
yield increase of cabbage over native fertility by 5t ha™!
cow dung slurry with integrated plant nutrient system

(IPNS) base inorganic fertilizer. Yield increase due to

19

Islam et al.

application of 3t ha™! poultry manure slurry with IPNS
base inorganic fertilizer was 394%?%. Manna and Hazra®
also reported an increase of cob yield of maize by
application of biogas slurry. Qi et al.** examined the
effect of fermented waste as organic manure in cucumber
and tomato production in North China. Before the
vegetables transplantation, the diluted fermented
residual dreg was applied 20-30 cm below the soil
surface at a rate of 37,500 kg ha™!, while liquid digestate
was sprinkled to the soil surface in three vegetables
growing stages and on the vegetable leaves once time.
They found increasing yield (18.4% and 17.8%) and
vitamin C content (16.6% and 21.5%) of treated
cucumber and tomato, respectively.

The low C/N ratio in biogas residue, compared to
untreated manure, leads to decreased N immobilization,

reduced N mineralization and
31, 32, 33, 34 In

and consequently,
bioavailability at the time of application
general, biogas residue presents an efficient nitrogen
source for plants with the potential to improve crop yield

35, 36, 37, 38

and soil properties . However, it is important to

remember that N is the most common limiting factor for

crop growth in organic farming systems 3% 40-41.42

owing
to failure in synchronizing crop N demand and supply to
the soil by mineralization of organic fertilizers*.

The issue of how effectively biogas residue can
substitute common artificially produced mineral
fertilizers in terms of crop yield is of significant interest.
A recent report by Montemurro et al.** focused on
determining the potential of biogas residue in crop yield.
During a two-year field experiment, no significant
differences were observed in the cumulative plant dry
weight of alfalfa subjected to different fertilizer
treatments (anaerobic digestates and mineral fertilizers),
whereas for cocksfoot crops, mean yield was higher in
plots treated with biogas residue in relation to control
plots. At the end of the trial, no heavy metals were
detected in either plants or soil, and plant nutrient
content was not affected by fertilizer application. It is
concluded that biogas residue could be effectively
utilized in the short term to provide nutrients to crops**.
In another study, Kocar*® compared the fertilizer value
of anaerobically digested cattle slurry with those of
commercial organic and chemical fertilizers. Higher
yields of safflower were obtained with biogas residue
than commercial organic and chemical fertilizers. It is

suggested that the input of chemical fertilizers should
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decrease with the use of anaerobically digested residues,
whereas soil texture is improved®. Chantigny et al.*®

reported similar fertilizer values of raw and
anaerobically treated liquid swine manure to that of
mineral fertilizer upon immediate incorporation into
soil*, supporting the significant potential of biogas
residue as a valuable substitute and/or complement to
mineral fertilizers.

A study by Rivard et al*’ showed that dried and
composted biogas residue produced from municipal solid
waste induced an increase in crop weight (i.e., corn) and
plant yield in direct proportion to the residue application
rate. Marchain*® disclosed that biogas residue induced a 6-
20% higher yield in vegetable production, clearly
signifying that a broad range of plants potentially benefit
from this mode of fertilization, including vegetables and
cereals. However, since biogas residue contains a
significant proportion of mineralized N, crops that display
a short and intensive period of N uptake should preferably
be fertilized using this method*> 3 to minimize N leakage.
Odlare et al*' concluded that biogas residue may contain
higher amounts of mineral N and easily degradable C (for
instance, compared to compost)’?, and should hence be
more efficient in supplying available N to crops than other
types of organic waste’!. In contrast, El-Shakweer et al. >
reported similar crop yields using soil amended with air-
dried biogas residue and unmodified soil, and other studies
report that anaerobic digestion results in relative enrichment
of heavily degradable compounds®* 3. Nevertheless, biogas
residue is evidently an efficient N source for the fertilization
of agricultural crops®. Notably, soil fertilized with biogas
residue requires phosphorus (i.e. superphosphate)
supplementation to avoid P deficits*’, emphasizing the need
to analyze and monitor the quality of biogas residue before

indiscriminate application to agricultural land as a fertilizer.

Conclusion

The results showed that applying PMBR, whether on
its own or together with NPK, led to markedly better
vegetative growth and higher yields than using
conventional fertilizers alone. A total of six treatments
were evaluated, with their effectiveness in promoting
growth and yield ranked as follows: T5 (10t ha™* PMBR
+50% RDF) >T6 (5t ha! PMBR + 75% RDF) > T4 (15t
ha' PMBR + 25% RDF) > T3 (20t ha™' PMBR) > T2
(100% RDF) > T1 (control). PMBR demonstrated soil
chemical improvements, plant growth, and fruit yields

20

comparable to or exceeding those of conventional
fertilizers, highlighting its potential as a cost-effective
alternative. However, its widespread adoption depends
on farmer acceptance, which can be strengthened
through long-term field trials that confirm agronomic
benefits. Future research should be clarifying how
feedstock
properties, assess its long-term impacts on soil chemistry

composition influences soil-amending
and structure, establish pathogen monitoring protocols,
and quantify greenhouse gas emission factors to

optimize PMBR use for sustainable agriculture.
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