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Abstract

A study was conducted to develop organic briquettes using biomass originating from slaughterhouse wastes and to investigate
its potential as a nutrient source for plant growth. Dried rumen contents were mixed with fresh blood collected after bleeding
of animals in different proportions and dried using tray drier. The dried rumen content-blood (RB) mixture was further mixed
with commercially available coir pith in 12 different proportions. The rumen content-blood-coir pith (RBC) mixture was
formed into briquettes using a hydraulic biomass briquetting machine. Each organic briquette was 5 cm in diameter and had
an average weight of 3040 g. The treatments were analyzed for pH, moisture content, electrical conductivity (EC), organic
carbon (OC), total nitrogen, carbon: nitrogen ratio, total phosphorus and total potassium. Organic briquette having rumen
content with 100% blood and 80% coir pith (T,,) recorded the highest total nitrogen, total phosphorus and total potassium
content. The treatments for plant growth studies were selected based on the criteria that each treatment had highest values
for at least two of the three primary nutrients of nitrogen, phosphorus and potassium. The treatments Ts, T,, Tg, T, and
T,, were selected for plant growth studies. Pot experiment using selected briquettes was carried out to determine the effect
of selected briquettes on growth parameters and yield attributes of okra (Abelmoschus esculentus). Nutrient release pattern
of the selected organic briquettes was also studied. The best desirable growth parameters and yield attributes of okra was
observed in T,,. Availability of nutrients in the medium were relatively less during first 2 months of planting (MAP), however,
it significantly increased between 3 and 4 MAP, which resulted in better plant growth and fruit yield. The study showed that
there is great potential for development of organic briquettes using slaughter house wastes as an eco-friendly process, which
are compact, easy to transport and market, and ideal for grow bag cultivation and garden nurseries.
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Statement of Novelty

This was the first study on the development of organic bri-
quettes from slaughterhouse wastes and coir pith as nutri-
ent source for plant growth which was shown to improve
the growth and yield of okra. The work describes a cost-
effective method for the utilization of slaughterhouse wastes
using briquetting technology.

Introduction

Globally, India ranks first in terms of total livestock popu-
lation. The ever-increasing demand for meat in the country
over the course of decades led to an expansion of meat
industry in terms of both number and capacity. In Kerala,
a southern state in India, the total number of livestock
handling units accounts to 15,680, out of which only 666
units operates with scientific waste disposal methods [1].
The total meat yield from cattle and buffaloes is approxi-
mately one third of the total live weight and the reminder
comprises of by-products and wastes. The major inedible
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wastes include rumen contents and blood which consti-
tutes approximately 16% and 4% of the live weight of the
animal respectively [2]. The current techniques for the dis-
posal of rumen digesta such as ensiling and drying by fluid
bed drier involves high processing and operational costs. If
we let the blood to run off, it will clog the pipes and led to
the generation of a high-level polluting effluent. The high
protein content of blood makes it a difficult substrate for
anaerobic digestion [3]. Existing methods for industrial
processing of blood to produce good quality blood meal
requires sophisticated technologies and are cost intensive.

Coir pith is a by-product of the coir industry which not
only helps in upgrading the structure of the soil but also
enhances the physical properties such as pore space, bulk
density, hydraulic conductivity and infiltration rate of even
the heaviest clay soils. The sponge like structure of coir
pith aids in retention of water and it increases aeration
in the root zone [4, 5]. Composted coir pith is often used
as growing medium in green houses, flower beds, garden
nurseries and lawns.

Implementing technologically sophisticated opera-
tions to treat the complex waste (rumen contents and
blood) would be exceedingly costly. Biomass briquetting
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is a process by which loose, high volume, low density
materials (with moisture content less than 10%) like agro
residues are compacted into low volume and high-density
masses by means of compression. The organic briquettes
thus developed could be stored and transported easily [6].
These briquettes will be ideal for application in pot culti-
vation of vegetables in space restricted rural and urban set-
tings, especially in the context of recent increasing popu-
larity and acceptance for backyard and roof top cultivation
in pots and grow bags. Investigations on the application of
abattoir waste as an organic nutrient source is therefore a
favourable proposition.

With this backdrop, the current study was undertaken
to develop fertilizer briquettes by blending rumen content,
blood and coir pith, to determine the chemical parameters
of organic briquettes and to evaluate their agronomic per-
formance in okra (Abelmoschus esculentus).

Methods and Materials

Development of Organic Briquettes from Rumen
Contents, Blood and Coir Pith

Rumen contents and blood were collected from cattle and
buffaloes slaughtered as per scientific slaughter procedures.
Rumen contents were dried by keeping in a tray drier at
60 °C for 18 h. The moisture level of the dried rumen con-
tents was estimated to be less than 5% as per [7]. Fresh blood
was added to the dried rumen contents at 60, 80 and 100%
levels (w/w) over and above the weight of rumen content
and mixed thoroughly. The rumen content-blood mixture
(RB) was spread on a polythene sheet and sun dried for 6
h. The partially dried RB was further dried in the tray drier
at 60 °C for 9 h. The moisture level of the combination was
estimated to be less than 5%. The mixture was ground using
a pulveriser. Coir pith purchased had electrical conductivity
about 9 dS/m. In order to reduce the electrical conductivity
below 2 dS/m, coir pith was washed twice using tap water.
A mixture of washed and dried coir pith and pre-pro-
cessed RB was prepared containing coir pith at 60, 70, 80
and 90% (w/w) levels to obtain 12 different treatments which
were: 10% RBg, with 90% coir pith (T,), 20% RBg, with
80% coir pith (T,), 30% RB, with 70% coir pith (T5), 40%
RBg¢, with 60% coir pith (T,), 10% RBg, with 90% coir pith
(Ts), 20% RBg, with 80% coir pith (Ty), 30% RBg, with
70% coir pith (T,), 40% RBg, with 60% coir pith (Ty), 10%
RB o with 90% coir pith (Ty), 20% RB, with 80% coir pith
(T}p), 30% RB, with 70% coir pith (T;;) and 40% RB
with 60% coir pith (T ,). This final mixture was briquetted
using a hydraulic briquetting machine to obtain briquettes
which had 5 cm diameter and an average weight of 3040 g.

The 12 different treatments were analysed for pH, mois-
ture content, electrical conductivity (EC), organic carbon
(OC) and carbon: nitrogen ratio [7] total nitrogen [8] and
total phosphorus and total potassium as per [9].

After evaluating the physico-chemical parameters of
organic briquettes belonging to the 12 treatments, the best
five treatments for pot experiment were selected based on
the criteria of higher nutrient contents for more than two
primary nutrients of nitrogen, phosphorus and potassium.
Based on this, Ts, T;, Tg, T, and T, were selected for pot
experiment.

Effects of Organic Briquette on Crop Growth
and Yield

Effects of organic briquettes made from slaughterhouse
wastes on growth and yield of okra (Abelmoschus escu-
lentus) were assessed by pot experiments conducted over a
period of 5 months (February—June, 2020) at Agricultural
Research Station, Kerala Agricultural University, Mannuthy.

Soil Characteristics

pH and electrical conductivity of the soil were analysed as
per Fertilizer Control Order [7]. Available nitrogen of the
soil was determined by alkaline permanganometry [10].
Available phosphorus was estimated by extracting the soil
samples with Bray No.1 solution followed by colorimetric
estimation using reduced molybdate ascorbic acid blue col-
our method using Spectrophotometer (Model: lambda 25)
[11]. The soil samples were extracted with neutral normal
ammonium acetate and available potassium was estimated
using Flame photometer (Model: CL 308) [12].

Pot Experiment

The treatments Ts, T;, Tg, T, and T, had the higher nutri-
ent contents for more than two primary nutrients of nitro-
gen, phosphorus and potassium were selected for the pot
experiment. All the selected combination of briquettes was
replicated ten times. The treatments were randomly allo-
cated to the pots following a completely randomized design.
Ten replicates of control pots, containing no briquettes were
also prepared. Grow bags having size 14" x 16" were used as
pots. Potting mixture (soil:perlite in the ratio 1:1 by volume
and 10 kg weight) mixed with 10 g of pseudomonas was
filled in each pot. Three briquettes each weighing 30—40 g
was placed approximately 3 cm below the top layer. Perlite,
an inert medium was used in potting mixture to increase the
aeration in root zone. Nine days old seedlings of Arka Ana-
mika variety of okra (Abelmoschus esculentus) were planted
in each pot. Each pot was irrigated daily using equal quan-
tities of tap water. After 21 days of planting the seedling,
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the supernatant liquid obtained from the fermentation of
ground nut cake with nutrient composition of 7% nitrogen
was applied at the rate of 10 ml per plant uniformly to all
plants as an additional nutrient supplement.

Morphological parameters such as height of the plant and
number of leaves were recorded at 1, 2, 3, 4 and 5 months
after planting (MAP). The yield attributes of the plants
including days to first flowering, number of flowers per
plant, number of fruits, length and weight of the fruit from
all the plants and fruit yield (kg) per plant was recorded
upto 5 MAP.

Nutrient Release Pattern of Organic Briquettes

Three briquettes each of the selected treatments were placed
in separate pots containing potting mixture (soil:perlite in
the ratio 1:1 by volume) mixed with 10 g of pseudomonas at
a depth of about 3—4 cm and irrigated daily. Three soil sam-
ples per pot, at a depth of approximately 2—4 cm were taken
at monthly interval for 5 months and analyzed for available
nitrogen [10], available phosphorus [11] and available potas-
sium [12].

Statistical Analysis

Data recorded were analysed statistically as per [13] by using
SPSS Software (Version 24.0). Growth parameters and nutri-
ent release pattern were analysed employing repeated meas-
ures ANOVA. Chemical properties of organic briquettes and
yield attributes were analysed using one-way ANOVA.

Results and Discussion
Physico-Chemical Properties of Briquettes

The physico-chemical properties of different treatments of
organic briquettes are presented in Table 1.

pH

In the present study, various treatments of organic bri-
quettes recorded pH in the range of 6.73-8.03. Among the
treatments, Tgq and T, had the highest and the lowest pH
(8.03+0.09 and 6.73 +0.03) as seen in Table 1. The pH of
the treatments was in compliance with the range of values
prescribed [7] except T;, T4, T and Tg. The pH of the cattle
manure compost was observed to be 7.4 [14] and 7.3 [15],
while the estimated pH of rumen contents used for prepar-
ing organic fertilizer was 8.0 [16]. The high pH could be
attributed to the variable composition of nutrients in rumen
contents used for the manufacturing of briquettes [17].

Moisture

The lowest moisture content (6.62 +0.15%) was recorded
in T, and the highest moisture content (9.17 +0.08%) was
recorded in T, as seen in Table 1. The values of T, were
significantly (p <0.05) different from all other treatments
while T, was not significantly different from other treat-
ments except T and T,. The moisture content in the present
study was in agreement with the values proposed [6, 7] and
[18] who stated that, moisture content less than 15% was
ideal for briquetting. In another experiment, a high moisture

Table 1 Chemical parameters of different organic briquettes prepared by addition of rumen content, blood and coir pith

Treatments pH Moisture (%) Electrical Organic carbon Total nitrogen Carbon: nitro- Total phospho- Total potassium

conductivity (%) (%) gen ratio rus (%) (%)

(dS/m)
T, 7.13+£0.03%* 6.80+0.12° 029+0.01°  39.24+0.77* 0.92+0.09°  43.44+450° 0.80+0.03*  0.78+0.05%
T, 7.43+0.03% 6.62+0.15° 0.33+£0.02°  4221+0.56"° 1.20+£0.09°  35.53+2.98* 1.21+0.04°  0.69+0.06®
T, 7.67+0.037 8.48+0.10* 0.41+£0.01°  40.91+0.78" 1.21+0.09°® 34.23+2.89® 0.87+0.05*  0.71+£0.08®
T, 7.53+0.037 8.93+0.43* 0.82+0.01  39.97+0.62®° 1.38+0.16"  29.56+2.95®° 0.87+0.06"*  0.61+0.01®
Ts 7.00+0.06° 8.15+0.57* 0.16+0.01*  43.93+1.59% 1.38+0.01* 31.77+127® 1.29+0.03°  0.84+0.12%
Ts 6.73+£0.03* 8.56+0.04° 037+0.01°  41.76+1.07 1.38+0.16*  30.84+2.86® 0.79+0.06°  0.73+0.07*°
T, 7.53+0.03" 7.98+0.47* 0.83+0.03%  41.76+0.77"° 147+0.24%  29.63+4.06®° 1.02+0.02°  0.80+0.22%
Ty 8.03+0.095 8.90+0.25° 1.19+0.12°  4597+0.93¢ 1.57+0.18"  30.03+3.54® 1.17+0.05°  0.84+0.12%
T, 7.37+0.03% 8.96+0.32 0.31+£0.01°  42.69+1.34* 149+0.10°  28.92+1.74® 1.01+0.03®>  0.76+0.06®
Tio 7.47+0.09% 9.13+0.11° 0.39+0.01°  4257+0.42* 1.76+0.09°  2429+1.05 1.52+0.07 1.15+0.11°
T, 7.30+0.06° 9.06+0.11° 0.18+£0.01*°  4224+0.82"° 1.58+0.09*  26.83+1.42° 1.00+0.04*  0.55+0.18°
T,, 6.80+£0.12° 9.17+0.08° 0.65+0.02°  4232+0.93% 1.48+0.18* 29.68+4.71® 1.45+0.08°  0.95+0.08"

Mean + S.E. of different treatments of organic briquettes with different alphabets as superscripts differ significantly at p <0.05
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content (> 10%), resulted in excess steam production, block-
ing the products from hopper and shooting out briquettes
from dies [19].

Electrical Conductivity

Electrical conductivity is a measure of salinity of soil.
Among the treatments of organic briquettes, T5 had the low-
est (0.16+0.01 dS/m) and T had the highest (1.19+0.12
dS/m) electrical conductivity as seen in Table 1. Electrical
conductivity in the present study was similar to the values
reported for cattle manure [20], but was lower than the val-
ues reported by [21] for cattle manure. The lower electrical
conductivity values of the organic briquettes could be attrib-
uted due to the salts lost during drying of the rumen contents
or during the washing of coir pith. An electrical conductivity
greater than 2 dS/m restricted the growth of sensitive crops
[22] and the briquettes used in the study were found to be
in safe limit.

Organic Carbon

As seen in Table 1, the organic carbon content was the
highest for Tg (45.97+0.93%) and the lowest for T,
(39.24 +0.77%) among the treatments under study. An
organic carbon content of 16.6% was observed for cattle
manure compost [15] and 29.32% in composted animal
manure [23], while [24] reported an organic carbon content
of 18.22% in bovine digesta mixed with tannery sludge. The
reported values were lower when compared to the organic
carbon content of briquettes used in the current study.
Organic carbon content of cattle manure was scanty and the
inclusion of lignocellulosic materials could equilibrize the
under supply of carbon in cattle manure [25]. Coir pith had a
high carbon content [26]. The high organic carbon content of
the treatments used in the present study could be attributed
due to the addition of high carbon content materials like coir
pith in high proportions to the dried rumen content-blood
mixture.

Total Nitrogen

The organic briquettes, T, and T, had the highest
(1.76 £ 0.09%) and the lowest (0.92 +0.09%) total nitrogen
content respectively as seen in Table 1. The total nitrogen
content of the briquettes under study increased with increase
in level of the blood added. Cattle manure compost had a
total nitrogen content of 0.95% [15], which was lower than
that of the organic briquettes used in the current study. This
can be explained on the basis of the blood added during
briquetting process which is an excellent protein source as
it contains about 95% protein [3]

A high nitrogen content of 5.5% was observed in bovine
blood-rumen digesta mixture in the ratio 3:1 [16], which
was higher than the values of organic briquettes used in the
present study. The lower nitrogen content observed in the
current study could be due to the lower level of incorpora-
tion of blood in the rumen contents — blood mixture (1:1).

Carbon:Nitrogen Ratio

The C:N ratio was the highest for T, (43.44 +4.50) and the
lowest for T, (24.29 +£1.05) as seen in Table 1. Organic bri-
quettes made of bovine blood and rumen contents had a C:N
ratio of 4.8 [27], while granulated cattle manure compost
had a C:N ratio of 17 [28]. The values observed in the pre-
sent study was higher than the values mentioned in the above
reports. A wide C:N ratio in the current study could be due
to the addition of high amount of high carbon organic mate-
rials like coir pith. Coir pith had a wide C:N ratio of 100:1
[29]. The composting of raw coir pith with cattle manure
and poultry waste could reduce the C:N ratio to 31.3 [5].
The C:N ratio is an indication of immediate availability of
nutrients and the C:N ration of T,, was found to be favour-
able for the release of nutrients and thereby uptake of plants.

Total Phosphorus

Total phosphorus content was the highest for T,
(1.52+0.07%) and the lowest for T¢ (0.79 +£0.06%) as seen
in Table 1. The phosphorus content of the organic briquettes
used in the study were higher than the minimum recom-
mended levels (0.4%) prescribed by [7] and dried rumen
contents (0.69%) as reported by [30]. In the current study,
higher levels of addition of blood in the rumen contents
— blood mixture didn’t cause comparable increase in the
phosphorus content of the briquettes as blood is not a good
source of phosphorus. There was no significant difference
in the phosphorus content of rumen contents-blood mixture
mixed in 1:1, 2:1 and 3:1 ratio as an organic fertilizer [16].

Total Potassium

The potassium content of the organic briquettes was
the highest for T, (1.15+0.11%) and the lowest for T,
(0.55 £0.18%) respectively as seen in Table 1. The organic
fertilizer developed from rumen contents had a potassium
content of 0.17% [24]. The potassium content of bovine
blood-rumen digesta mixture used as an organic fertilizer
was 0.93% [16]. These values were considerably lower when
compared to that of the potassium content of organic bri-
quettes in the study. Coir pith is material possessing high
potassium content [26]. The higher levels of potassium
observed in the current study might be due to the incorpo-
ration of coir pith in the manufacture of briquettes. With
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increasing content of coir pith in 12 treatments, there was
no comparable increase in the potassium content, though
coir pith at four different levels were incorporated in these
treatments. This could be due to the process of washing of
coir pith which would have resulted in removal of a portion
of potassium salts. The washing of coir pith has resulted in
reduced the level of potassium salts [4].

Selection of Organic Briquettes for Pot Experiment

The treatments Ts, T;, Ty, T,y and T, had higher nutrient
contents for more than two primary nutrients of nitrogen,
phosphorus and potassium for plant growth. Hence these
treatments were selected for pot experiment.

Effect of Organic Briquettes on Crop Growth
and Yield

Soil Characteristics

The soil used for the study was having a pH of 5.6, electri-
cal conductivity of 0.23 dS/m, available nitrogen content of
78.39 ppm, available phosphorus content of 12.23 ppm and
available potassium content of 32.00 ppm.

Growth Parameters

The growth parameters of okra are presented in Tables 2
and 3.

Height of the Plant As the number of months after planting
(MAP) progressed, the height of okra plants supplemented
with briquettes of all the five treatments showed an increas-
ing trend. Plant growth reached its maximum at 5 MAP. At
each MAP, the plant height was significantly higher than
the previous months for Ts, T}, and T},. Maximum height
(136.87 +£2.58 cm) was observed in T}, at 5 MAP and low-
est height (11.57+0.78 cm) among all treatments were
observed in control at 1 MAP. The height of okra plants at
72 days after sowing (DAS) was 69+0.1 cm by application
of farmyard manure [31], while [32] reported a plant height
of 56.94 cm at 55 DAS. The height of the plants observed
in the current study was lower than these reports at 2 MAP
which may be due to a slower release of nutrients readily
available for absorption by plant roots during the initial
stages due to a wide C:N ratio.

Number of Leaves The number of leaves of okra by applica-
tion of organic briquettes in the study showed an increasing
pattern up to 4 months after planting and then decreased.

Table 2 Effect of different

o Treatments  Height of the plant (cm)

treatments of organic briquettes

on height of plant (cm) at 1 MAP 2 MAP 3 MAP 4 MAP 5 MAP

different stages of growth
C 11.57+0.78%  2582+1.89%"  44.45+1.80" 59.06+£2.394  61.28+2.58"
Ts 18.68+0.78% 3134+ 1.89%  74.48+1.80%  104.05+2.39%¢ 107.82+2.58"°
T, 18.93+0.78%*  40.00+1.89  76.64+1.80%  107.63+2.39%¢  110.19+2.58%¢
Ty 19.54+0.78%*  46.18+1.89"  88.29+1.80°°  125.80+2.39%  128.29+2.58%
Ty 22.06+£0.78“*  48.01+1.89° 9420+ 1.807  131.56+2.39 136.87+2.58"°
T, 20.11+£0.785%  43.81+1.89°"*  89.15+1.80°P°  124.60+2.39°Y  128.64+2.58°

Mean + S.E of different treatments having different superscripts (lower case letters a—e within rows, upper
case letter A—D within columns) differ significantly (p <0.05)

MAP months after planting

Table 3 Effect of different

h . Treatments Number of leaves

organic briquettes on number

of leaves at different stages of 1 MAP 2 MAP 3 MAP 4 MAP 5 MAP

growth C 7.00+0.46%  10.60+0.72%°  12.60+1.134%  13.50+1.90°%  10.50+0.974°
Ts 9.50+0.465%  11.20+0.72°  21.20+1.13%¢  39.50+1.90%°  16.20+0.97%
T, 10.00+0.46%%  13.60+£0.725°  2270+£1.13%¢  4120+1.90%  18.40+0.97%
Ty 1040£0465%  1430+0.725°  32.10+£1.13%  50.80+£1.90°  22.00+0.97
Ty 11.10+£0.46%  14.80+£0.72%°  3720+1.13%  5530+1.90°°  27.80+0.97"°
T, 10.50+0.46% 13700725 33.10£1.13%  51.60+1.90%  23.00+0.97

Mean + S.E of different treatments having different superscripts (lower case letters a—e within rows, upper
case letter A—D within columns) differ significantly (p <0.05)

MAP months after planting
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Number of leaves showed a similar trend in all the treat-
ments and control. Maximum number of leaves were seen
in T, (55.30+1.90) at 4 MAP and lowest number of leaves
(7.00+0.46) were seen in control at 1 MAP. The probable
reason for increased number of leaves in T, may be due to
the increased supply of photosynthates for growth and due
to increased nutrient content compared to other treatments
[33]. Application of animal manure in pot culture of okra
produced a higher number of leaves (58) in comparison to
control where no animal manure was added [34]. The okra
var. Arka Anamika had 58.7 leaves on an average at 120
DAS [35]. Both these findings were in line with the results
obtained in the present work. The results indicated that
manure-based applications could trigger vegetative growth
in okra. The increased number of leaves upto 4 MAP indi-
cated that the vegetative growth is maximum upto 4 months
and hereafter translocation of photosynthates for fruit pro-
duction was decreased.

Yield Attributes of Okra

The yield attributes of okra after the application of organic
briquettes are presented in Tables 4 and 5.

Days to First Flowering Days to first flowering was an
important yield attribute as it influences earliness of flower-
ing, number of pods per plant which in turn influences the
fruit yield. In the study using selected organic briquettes,

Table 4 Effect of different composition of organic briquettes on days
to first flowering, number of flowers and number of fruits in Okra

Treatments Days to first Number of flow- Number of fruits
flowering ers
C 42.70+0.40° 15.10+0.48* 13.50+£0.45°
T 36.50+£0.48° 21.90+0.69° 20.60+0.54°
T, 35.60+0.48 22.80+0.63° 20.70+0.56
Ty 34.90+0.38%® 27.30+0.83¢ 24.90+0.77°
To 33.90+0.50° 34.70+1.03° 32.70+1.00°
T, 34.60 +0.45% 31.10+0.71¢ 29.10+0.60¢

Mean+S.E. of different treatments having different alphabets as
superscripts differ significantly (p <0.05)

days to first flowering was minimum in T}, (33.90+0.50)
and maximum in control (42.70+0.40) and were signifi-
cantly (p<0.05) different. The increase in time required
for first flowering could be due to the reduced availability
of nutrient and resultant nutrient stress in control [36]. The
presence of adequate quantity of nutrient sources for flower
bud initiation in the treatment could have stimulated the dif-
ferentiation of bud resulted in early flowering.

Number of Flowers per Plant Number of flowers in okra
plants under the influence of organic briquettes used in the
study was maximum in T, (36.50+0.48) and minimum in
control (15.10+0.48). The number of flowers obtained in
T, varied significantly (p <0.05) from all other treatments.
Phosphorus is a key element in plant reproduction and the
availability of adequate levels of nutrients had a positive
effect on crop production. The maximum number of flower
buds obtained in okra by the application of cow dung was
30.2 [37] which was similar to the results obtained in the
current study. The increased vegetative growth and trans-
location of photosynthates from source to sink might have
contributed to higher number of flowers per plant.

Number of Fruits per Plant The total number of fruits per
plant had been widely considered as the most crucial factor
determining the yield of okra. The treatment T, recorded
the highest number of fruits per plant (32.70+1.00) in
okra and control recorded the lowest number of fruits per
plant (13.50+0.45). Among the treatments applied, T,, had
the highest nitrogen content. An increase in nitrogen was
directly proportional to fruit production as nitrogen plays a
vital role in assimilate production needed for photosynthesis
[38]. The number of fruits obtained by the addition of cow
dung as an organic nutrient source was 14.35 [39]. Appli-
cation of farmyard manure at the rate of 10t/ha produced
10.62 fruits on average [35]. The values were slightly lower
than the values recorded in the current work, which could be
attributed due to the higher availability and uptake of nutri-
ents by plants. The enhanced vegetative growth and higher
number of flowers had resulted in higher fruit number and
yield.

Table 5 Effect of different

. . Treatments Length of fruit (cm) Weight of fruit (g) Fruit yield (kg) per plant
composition of organic
briquettes on length and weight ¢ 13.37 +£0.09* 12.07 £0.15 0.160+0.16*
of fruits and fruit yield in okra o 13.7320.08" 12.8240.14° 0.263+0.75
T, 14.48 +0.49° 13.56 +0.50° 0.280+0.17°
Ty 15.09+0.12% 14.61+0.164 0.363+0.27¢
T 1521£0.11° 15.35+0.18° 0.501+0.17¢
T,, 14.88+0.10% 14.13+£0.17 0.410+0.87¢

Mean + S.E. of different treatment having different alphabets as superscripts differ significantly, (p <0.05)
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Length and Weight of the Fruit The length of the fruits of
okra were the highest in T} (15.21+0.11 cm) and the low-
est in control (13.37+0.09 cm) and differed significantly
(p<0.05). Length of the fruits increased with increase in
nutrient content of the briquettes. An increase in nitrogen
content could enhance various biological processes in plants
[40]. Weight of the fruits obtained by using organic briquette
as a nutrient source was the highest for T}, (15.35+0.18 g)
and the lowest for control (12.07+0.15 g), with T, differ-
ing significantly (p <0.05) from all other treatments. Weight
of the fruits increased with increasing nutrient content of
the organic briquettes. Nitrogen level in the soil was posi-
tively related to fruit weight [41], which could be due to
the increased fruit weight in treatments compared to control.
The increased nitrogen, phosphorus and potassium content
of the growth medium due to the addition of briquettes,
increased the transfer and assimilation of photosynthates
in plants, which consequently accelerated the formation of
greater number of large sized fruits with greater number of
seeds per fruit, leading to increased fruit weight [35].

Total Fruit Yield per Plant Fruit yield was an important
attribute of okra as it is directly related to economics of
production. The fruit yield of okra in the current study was
the highest in T}, (0.501+0.17 kg) and the lowest in con-
trol (0.160+0.16 kg). The fruits yield per plant is directly
related to the number of fruits per plant and fruit weight
[35] which underlines the reason for increased fruit yield
in treatments compared to control. The increased fruit yield
could also be attributed due to the increase in nitrogen levels
[41]. The addition of organic manure to the soil in adequate
amounts produced all the primary and secondary nutrients
requires for crop growth [42]. Briquettes as organic nutrient
sources might have improved physical and biological prop-
erties of the soil, subsequently increasing nutrient supply to
plants, resulting in higher yield [43].

Nitrogen release pattern
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Months after planting
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Fig. 1 Effect of organic briquettes on available nitrogen (ppm) con-
tent of medium
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Nutrient Release Pattern of Organic Briquettes

The growth and yield of plants depends on the availability
of nutrients in the medium. Effect of different treatments
of organic briquettes on available nitrogen, phosphorus and
potassium at different stages of plant growth followed a sim-
ilar pattern and are represented in Figs. 1, 2 and 3 respec-
tively. The maximum available nutrient content was seen
at 4 MAP and minimum was seen at 1 MAP with signifi-
cant (p <0.05) increase noted between 3 MAP and 4 MAP.
Delayed nitrogen release was noticed in composted pellets in
comparison with ordinary composts [18]. Due to the preva-
lence of anaerobic conditions inside the pellet, nitrification
increases which become more evident in larger pellets.
Similarly, slower release of nitrogen into the medium was
observed in the current study. Organic materials having wide
C:N ratio and high lignin content favour nutrient immobi-
lisation rather than mineralisation [44]. Coir pith had high
carbon: nitrogen ratio and lignin content [29]. The organic
briquettes used in the study had a wide C:N ratio and had

Phosphorus release pattern
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Fig.2 Effect of organic briquettes on available phosphorus (ppm)
content of medium

Potassium release pattern
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Fig. 3 Effect of organic briquettes on available potassium (ppm) con-
tent of medium
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coir pith added in high amounts which could be the reason
for slower nitrogen release during first 2 MAP.

In a study of application of bovine blood-rumen digesta
mixture as a supplement for tomato cultivation, [27] also
observed lower release of nitrogen at 2 weeks after planting
compared to that of 4 weeks after planting. Similarly, maxi-
mum available nitrogen, phosphorus and potassium content
in the soil were noticed after 45 days of application, when
bovine digesta was added to the soil in raw form [45].

At all stages of growth, the lowest available nutrient con-
tent was noticed in T5 and the highest values were noted in
T, The available potassium and phosphorus contents in
the soil increased with increase in rate of application of the
organic fertilizer used [16, 24]. The treatment T, had more
nutrient content compared to other treatments which might
have contributed to the increased nutrient availability at dif-
ferent stages of growth. A combination of organic manures
positively influenced the available NPK content of media
which might be due to the added supply of nutrients [46].
The availability of nutrients in soil was markedly higher in
treatment where blood and rumen contents were added in the
ratio 3:1 compared to the treatments where blood and rumen
contents are added in 2:1 and 1:1 ratio [16]. The nutrient
release study indicated that the release pattern showed an
increasing trend upto 4 MAP which coincides with maxi-
mum vegetative growth of okra.

Conclusion

The current study has revealed that compact organic bri-
quettes developed using pre-processed rumen content-
blood and coir pith have great potential to be used as a plant
growth supplement in pot culture or grow bag cultivation of
vegetables. The best desirable plant growth and fruit yield
parameters were observed, when organic briquettes hav-
ing 20% RB100 and 80% coir pith (T,,) were utilised as an
organic nutrient source. Three such briquettes were applied
into each pot or grow bag of okra. The availability of nutri-
ent in the medium was relatively low in the initial phase of
crop growth. However, at 4 MAP, higher levels of nutrients
were available in the medium which resulted in better plant
growth and fruit yield. The organic briquettes are an effec-
tive means for nutrient supply in pot culture especially in
terrace garden for vegetables. The importance of develop-
ing briquettes from slaughterhouse wastes is underscored
by the fact that, these two waste materials contribute great-
est towards the environmental impact of service slaughter-
houses and the consequent public dissent in Kerala. Large
volume, cost effective equipment like solar driers can be
utilised for pre-processing of rumen contents and blood.
In smaller slaughterhouses, the dried rumen content can
be directly used to receive blood from the bleeding animal

in prescribed proportions, which eliminates the problem of
run off of blood into the drainage and to the outside of the
slaughterhouse. The development of organic briquettes is
a viable option in the present context of lack of practical
ways and means for waste disposal and organic agriculture
in Kerala. The scope for further refinement of the work
includes development of suitable methods of pre-processing
of raw materials to improve the release of nutrients in the
medium, analysis of briquettes for micro nutrients and suit-
able amendments if needed, enrichment with other organic
materials to improve release efficiency of nutrients and the
evaluating the effect of briquettes on the growth and yield
parameters of other crops before field application.
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