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To study the carbon fractional status of the growing media and to find out the best organic nitrogen source for fortification of thermochemical organic 
fertilizer, the manurial constituent of growing media for container cultivation of okra and tomato.

Container cultivation of okra and tomato were done in completely randomised design. Treatments included fortification with farmyard 
manure, neem cake, groundnut cake, poultry manure, vermicompost, coir pith compost, hatchery waste organic fertilizer, urea and unfortified 
thermochemical organic fertilizer. Carbon fractions, viz. total organic 
carbon, permanganate oxidisable labile carbon, microbial biomass 
carbon and soil respiration of the growing media were analysed. The 
yield and yield attributes of the crops were determined.

Irrespective of the organic source of nitrogen used, the fortified 
thermochemical organic fertilizer imparted a high status of total organic 
carbon to the growing media. Fortification with farmyard manure 
enhanced labile carbon, soil microbial biomass carbon and soil 
respiration over those fortified with other organic and inorganic sources. 
Container grown okra in a growing media with thermochemical organic 
fertilizer fortified with farmyard manure out yielded urea based 
fortification by 55.96%. Tomato grown in coir pith compost fortified 
growing media enhanced yield by 27.37% over the groundnut cake 
fortified growing media. Linear regression models of labile carbon with 

2 2microbial biomass carbon (R  = 0.8946) and with soil respiration (R  = 
0.9053) were significant and with a good fit.

Fortification of thermochemical organic fertilizer with various organic sources of nitrogen imparted a high total soil organic carbon status. 
Synergic effect of the farmyard manure fortification was evident in labile carbon, microbial biomass carbon and soil respiration. Growing media fortified with 
farmyard manure was ideal for container cultivated okra whereas that with coir pith proved to be ideal for tomato, a solanaceous vegetable crop.
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2016). The efficiency of thermochemical organic fertilizer on 
growth and yield of vegetables and banana has been confirmed in 
several studies conducted at the Kerala Agricultural University 
(Jayakrishna et al., 2016; Leno and Sudharmaidevi, 2017; 
Ramesha, 2019). The carbon content in thermochemical organic 
fertilizer is considered to be superior in imparting an enhanced 
rhizosphere priming effect as compared to conventional organic 
manure sources  (Jacob, 2018).

The rhizosphere priming effect is decisively linked with 
carbon and nitrogen dynamics largely contributed by the added 
thermochemical organic fertilizer. The efficiency of 
thermochemical organic fertilizer in providing a synchronous 
supply of essential nutrients inclusive of micronutrients during the 
critical growth stages of banana has been well established (Leno 
et al., 2017; Leno and Sudharmaidevi, 2018). The inherently 
acidic soils of Kerala are predominantly deficient in secondary 
nutrient elements calcium and magnesium. Deficiencies of 
micronutrients zinc and boron have also been reported 
extensively (Nair et al., 2013), hence, for maintaining crop 
production at sustainable levels, the thermochemical organic 
fertilizer needs to be fortified with mineral supplements for 
essential nutrients, which are present in very small quantity, 
particularly nitrogen which is significant in promoting the soil 
microbial population. It is indispensable for maintaining soil health 
and quality. Microbial proliferation in soil is also particularly linked 
with different fractions of soil organic carbon. Hence, the 
fractional contents of added thermochemical organic fertilizer are 
of much relevance. The present study was undertaken to 
characterize various carbon fractions in thermochemical organic 
fertilizer fortified with various sources of nitrogen and to identify the 
most suitable nitrogen source for fortifying thermochemical organic 
fertilizer in terms of yield response of container cultivated okra and 
tomato using fortified thermochemical organic fertilizer based 
potting mixture.

Materials and Methods

The biodegradable waste collected from the students’ 
hostel of the College of Agriculture, Trivandrum was subjected to 
thermochemical decomposition by the patented rapid waste 
processing technology developed at the Kerala Agricultural 
University (Sudharmaidevi et al., 2017). The biowaste was 
ground to a homogenous paste and subjected to thermo-

0chemical processing for 1 hr at 100 C during which two reagents 
were added at an interval of 0.5 hr. Coir pith (3%) was added to the 
digestate, dried and fortified. The organic fertilizer was fortified 
with seven different organic sources of nitrogen added on a 
nitrogen equivalent basis of 1%. Farmyard manure (0.826 kg), 
neem cake (0.446 kg), groundnut cake (0.147 kg), poultry manure 
(0.420 kg), vermicompost (0.446 kg), coir pith compost (0.990 kg) 
and hatchery waste organic fertilizer (0.192 kg) were addedto one 
kg of TOF. The chemical characteristics of these organic manures 
and thermochemical organic fertilizer are outlined in Table 1.  A 
pot culture experiment was conducted at the College of 
Agriculture, Vellayani which is classed under agro-ecological unit 

Introduction

The global solid waste generation is projected to reach 
3539 million tonnes by 2050 (Chen et al., 2020). This is 
compounded by rapid urbanization and consequent accelerated 
consumeristic preferences owing to a booming economy of scale 
(Tun and Juchelkova, 2018). About 60-80% of the municipal solid 
waste comprise of degradable materials with essential nutrient 
content, especially carbon (Ramachandra et al., 2018; Samah et 
al., 2018). Soil organic carbon is one of the widely used soil quality 
indicators along with pH and available P and K (Bunemann et al., 
2018). Depletion of soil organic carbon particularly in the tropical 
soils results in deterioration of productive gains from crop 
cultivation (Sayer et al., 2019). Agronomic technological and 
management practices aiming at increasing the soil organic 
carbon stocks are gaining global attention (Bongiorno et al., 
2019). Technological options for waste disposal at source after 
processing and recycling as organic manure would be a feasible 
solution (Jouhara et al., 2017; Abdel-Shafy and Mansour, 2018).

Different fractions of carbon in the soil organic carbon 
pool are of much significance (Sandeep et al., 2016; Leno, 2020). 
The potassium permanganate extractable labile carbon fraction 
has a relatively lesser residence time and is easily disintegrated 
(Ramesh et al., 2019). The labile carbon fractions serve as 
indicators of various soil functions (Bongiorno et al., 2019).  The 
soil microorganisms use it as a primary source of energy for their 
growth and development (Chantigny, 2003; Haynes, 2005).  The 
microbial biomass carbon represents the living component of 
soil organic matter (Prasanthi et al., 2017). Decline in 
microbial biomass occurs due to decrease in plant carbon 
input (Fierer et al., 2009). Soil respiration may involve 
respiration by the plant roots, rhizospheric environment, 
microbes and soil fauna (Kukumagi et al., 2017).In soil, nitrogen 
is mobilized from soil organic matter to pools more readily 
available to plants, mediated by microbial biomass. Multiple 
mechanisms underpin this process, including the priming effect 
which is increasingly recognized as an important driver of 
nitrogen mineralization. Understanding these alterations in 
carbon and nitrogen cycles is essential to set up sustainable 
management practices in agro-ecosystems to effectively 
counteract the progressive loss of organic matter returns and 
soil organic matter contents (Kochsiek and Knops, 2012).

The patented rapid thermochemical biowaste processing 
technology (Sudharmaidevi et al., 2017) enables processing of 
solid waste to organic fertilizer in less than a day in an 
environment friendly manner. Container cultivation of vegetables 
is gaining much acclaim in urban and semi-urban households 
where  per capita land availability is much less. Thermochemical 
organic fertilizer based growing media can be utilized for 
container cultivation of vegetables in growing bags and pots. 
Container cultivated tomato in a growing medium comprising of 
thermochemical organic fertilizer, coco peat and top soil 
significantly out yielded those grown in conventional growing 
media of top soil, sand and farmyard manure (Jayakrishna et al., 
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biomass carbon (MBC) was determined by the method of 
chloroform-fumigation extraction of Vance et al. (1987), using 
0.01M CaCl  as extractant and MBC was calculated as the 2

difference between fumigated and non fumigated samples, with 
conversion factors of0.45 for incomplete extraction of microbial 
carbon. To assess basal soil respiration (SR), moist samples 

o(approx. 60% of WHC) were incubated at 25 C for 72hr in a 
thermostat bath. The CO  rate was determined when it stabilized 2

at 72hr from the beginning of the incubation. The evolution of CO  2

gas was assessed by alkali trap followed by titrimetry (Brewer and 
Sullivan, 2003).

Yield and fruit characters: The matured fruits of tomato were 
harvested when the fruits turned slight yellowish in color. Four 
harvests were done at 60, 66, 73 and 85 days after planting. The 
total number of fruits and weight of fruits of each plant were 
recorded. The pods of okra were harvested at tender and 
immature stage. Four harvests were done at 63, 74, 83 and 91 
days after planting. The total number of pods, length and girth of 
pods and pod weight of each plant were recorded.

Statistical analysis: The data of pot culture study was analysed 
statistically by applying analysis of variance. The F values for 
treatments were compared with the table values. If the effects 
were significant, critical differences at 5% significance level were 
calculated for effecting comparison among the means. Data 
analytical package Web Agri Stat Package (WASP) ver.2.0 was 
used for data analysis.

Results and Discussion 

Growing media prepared with thermochemical organic 
fertilizer fortified with farmyard manure exhibited the highest total 

-1organic carbon content of 44.06 g kg  among the various nitrogen 
sources that were employed for fortification (Fig. 2a). This may be 
ascribed to the higher relative proportion of farmyard manure that 
was utilized for fortification owing to the comparatively lower 
inherent content of nitrogen in it. Poultry manure and groundnut 
cake, with their inherently higher proportion of nitrogen content in 
comparison with other organic manure sources contributed to 
relatively lower total organic carbon content. All fortification 
combinations involving organic manure sources registered a 

(AEU) 8 in Thiruvananthapuram district of Kerala (Fig.1) in the 
year 2019 to study the yield response of okra var Anjitha and 
tomato va r Anagha to thermochemical organic fertilizer (TOF) 
fortified with various sources of nitrogen. The design used was a 
completely randomised design with nine treatments and three 
replications. The plants were raised in grow bags filled with 

rdgrowing medium upto 2\3  capacity. The growing medium 
comprised of top soil, coir pith and fortified TOF mixed in 1:1:1 
(v\v) ratio. Fortification of thermochemical organic fertilizer was 
done with farmyard manure (TOF+FYM); neem cake (TOF+NC); 
groundnut cake (TOF+GC); poultry manure (TOF+PM); 
vermicompost (TOF+VC); coir pith compost (TOF+CPC); and 
hatchery waste organic fertilizer (TOF+HWOF).A treatment of 
thermochemical organic fertilizer fortified with urea (0.0217 kg in 
one kg of TOF), fertilizer nitrogen (46%) source was also included. 
An unfortified thermochemical organic fertilizer treatment (TOF) 
was taken as control.

The soil used for growing medium preparation was 
classified as clayey, kaolinitic, isohyperthermic, Typic kandiustults 
of  Vellayani series which exhibited moderately acidic pH (5.5), 

-1safe electrical conductivity (0.20 dS m ), low in organic carbon 
-1content (0.42%) and available nitrogen (163.07 kg ha ), high in 

-1available phosphorus (59.08 kg ha ) and medium in available 
-1potassium (190.40 kg ha ). The soil was deficient in secondary 

-1 -1nutrients calcium (160 mg kg ) and magnesium (50 mg kg ) and 
-1 -1micronutrients copper (0.38 mg kg ) and boron (0.54mg kg ). The 

coir pith used for growth medium preparation had a pH of 6.2, 
-1electrical conductivity of 5.65 dS m , organic carbon content 

-1 -1(12.7%), total nitrogen (10.1 g kg ), total phosphorus (0.7 g kg ), 
-1 -1total K (12.5 g kg ), total calcium (8.0 g kg ), total magnesium (7.0 

-1 -1 -1g kg ), total iron (4585 mg kg ), total manganese ( 61.7 mg kg ), 
-1 -1total zinc (56 mg kg ), total copper (40.6 mg kg ) and total boron 

-1(1.7 mg kg ).

Carbon fractional analysis: Samples of growing medium were 
drawn from each treatment. The total organic carbon (TOC) 
content of the growing medium of various fortified fertilizers was 
determined by elementary carbon analysis with combustion 

o>950 C by a Vario El cube, Elementar, CHNS Analyzer, Germany. 
A 0.02 M KMnO  oxidisable labile carbon was extracted and 4

analysed following the procedure of Weil et al. (2003). Microbial 

Table 1: Chemical characteristics of the thermochemical organic fertilizer and the organic sources of nitrogen used for fortification

Manure pH TOC N P K C:N ratio
-1(g kg ) (g kg ) (g kg ) (g kg )

Farmyard manure 6.19 400.00 12.10 10.10 4.01 30.53
Neem cake 7.12 433.20 22.40 5.70 10.30 19.34
Groundnut cake 7.09 463.70 68.01 1.41 1.14 6.82
Poultry manure 6.76 228.40 23.80 10.20 11.21 9.60
Vermicompost 5.57 242.80 22.44 11.10 15.23 10.84
Coir pith compost 6.21 127.38 10.12 0.07 12.50 12.61
Hatchery waste organic fertilizer 7.06 280.00 52.21 0.12 0.09 5.36
Thermochemical organic fertilizer 6.80 392.90 21.83 9.30 14.51 18.02

-1 -1 -1
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higher total organic carbon content than the urea based 
fortification treatment with the coir pith compost based fortification 
registering a 64.95 % increase over the urea based fortification 
treatment. This unequivocally substantiates the crucial role of 
organic manures, irrespective of the source of origin, whether 
based on animals, birds, earthworms, oil cakes, composts or 
thermochemical processing, in augmenting and maintaining the 
soil organic carbon content at sustainable levels. In a long term 
fertilizer experiment spanning twenty years, unlike in NPK 
treatments, application of organic fertilizers alone resulted in the 

-1enhancement of total soil organic carbon from 8 g kg  to 16 g kg  
indicating the significant effect of organic fertilizer in the red soils 
at Qiyang County, Hunan Province, China (Wang et al., 2019). 

Growing media containing fortified urea recorded the 
-1lowest organic carbon content of 11.87 g kg . Urea being a high 

analysis fertilizer with 46% nitrogen required to be added in 
relatively lesser quantity, while undergoing fortification. Further, 

-1

the loss of carbon content due to urea hydrolysis may also occur 
in the growing media prepared in accordance with this treatment. 
The CO -C emission factor from urea is estimated to be 0.2 Mg C 2

per mg urea applied to the field (Kim et al., 2016). The 
permanganate oxidisable labile carbon fraction is of paramount 
importance in enhancing soil quality. Growing media prepared 
with fortification treatments based on farmyard manure and 
vermicompost recorded the highest labile carbon content among 
the nine treatments (Fig. 2b). Leno (2021) highlighted the 
meritorious benefit of  labile carbon dynamics of thermochemical 
organic fertilizer in imparting a positive effect in the banana grown 
Ultisols of agro-ecological unit 8, a pedoclimatic soil classification 
of Southern laterites. Thermochemical organic fertilizer based 
growing media prepared by fortification with farmyard manure 
enhanced labile carbon by 9.74% and with vermicompost by 
7.36% over thermochemical organic fertilizer used without 
fortification. Hence, the present finding brings to light the positive 
synergistic effect brought about by the supplementary addition of 
thermochemical organic fertilizer with farmyard manure and 
vermicompost in enhancing the labile carbon content of growing 
medium in container cultivation. The relatively lower labile carbon 
content exhibited by fortification treatments with poultry manure, 
hatchery waste organic manure and groundnut cake may be 
ascribed to  high nitrogen content as compared to other organic 
manure sources, thus requiring only lesser quantities to be added 
for fortification. However, the labile carbon content of all these 
sources were superior to the fertilizer urea fortified treatment, 

-1which yielded the lowest labile carbon content (967mg kg ).

Soil health is largely dependent on the quantity and 
intensity of soil microbial population, which is the centre stage of 
soil biological activity. Soil microbes are a crucial component in a 
large number of ecosystem processes, which include 
decomposition, nutrient acquisition, carbon and nitrogen cycling 
as well as soil formation and carbon sequestration (Gessner et al., 
2010; Rillig and Mummey, 2006; Six et al., 2006; Sun et al., 2021). 
The soil microbial biomass carbon is a measure of the turnover of  
soil microbial load present in the soil. The soil microbes utilize and 
gain energy from the soil carbon compounds. Invariably it is the 

Table 2: Effect of treatments on yield and yield components of okra

-1Treatments Yield (g plant ) Fruit length (cm) Fruit girth (cm) Total fruits (nos)

ab cd aTOF 251.69 14.10 5.70 10.00
a a aTOF+FYM 267.44 20.60 6.44 11.67
c bcd cTOF+NC 110.56 16.61 6.00 3.00
c bcd bcTOF+GC 156.69 15.11 5.99 4.67
abc ab bcTOF+PM 189.59 17.99 6.35 5.67
c bcd bcTOF+VC 147.07 16.05 6.33 4.67
abc d abTOF+CPC 190.11 13.90 6.06 8.00
c a bcTOF+HWOF 137.20 20.68 5.79 4.33
bc bc bcTOF+U 171.47 17.16 5.73 6.00

TOF: Thermochemical organic fertilizer (unfortified); FYM: Farmyard manure; NC: Neem cake; GC: Groundnut cake; PM: Poultry manure; VC: 
Vermicompost; CPC: Coir pith compost; HWOF: Hatchery waste organic fertilizer; U: Urea. Mean between treatments followed by different letters are 
significantly different at 5% level.

Table 3: Effect of treatments on yield and number of fruits in tomato

Treatments Yield  Total fruits
-1(g plant ) (nos)

c bTOF 265.00 14.00
cd bTOF+FYM 228.90 15.00
d bTOF+NC 150.31 12.67
b aTOF+GC 422.02 24.33
c bTOF+PM 255.12 11.33
cd bTOF+VC 196.54 10.00
a aTOF+CPC 537.53 24.67
c bTOF+HWOF 252.45 16.00
cd bTOF+U 188.62 15.00

TOF: Thermochemical organic fertilizer (unfortified); FYM: Farmyard 
manure; NC: Neem cake; GC: Groundnut cake; PM: Poultry manure; VC: 
Vermicompost; CPC: Coir pith compost; HWOF: Hatchery waste organic 
fertilizer; U: Urea. Mean between treatments followed by different letters 
are significantly different at 5% level.



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, November 2021¨

N. Leno et al.: Fortified thermochemical organic fertilizer1548

respiration which encompasses carbon dioxide evolved from 
the entire rhizosphere which comprises of the soil, microbes, 
plant roots and other constituents. The drivers of soil respiration 
can be classed as physical processes and soil biogeochemical 
properties. The carbon dioxide carbon evolved in the growing 
media with thermochemical organic fertilizer fortified with 
farmyard manure was the foremost registering a 6.98% increase 
over the treatment fortified with vermicompost (Fig. 2d). 

The high total carbon content observed in this treatment 
might have contributed to improving the soil physical properties, 
better soil aggregation, decreased bulk density, improved 
porosity ultimately enabling aeration and respiration. Surface 
area of aggregates exposed to microorganisms increased with 
increasing proportion of aggregates < 1.0mm (Liebig et al., 1995). 
Therefore, with aggregation being favored with an increase in the 
proportion of aggregates <1.0mm, the soil physical environment 
may have become congenial for fungal activity. It is predominantly 
the fungi which contribute more to carbon mineralization as they 
generally predominate the microbial biomass in most soils. The 
superior microbial biomass carbon content evidenced in this 
treatment bears testimony to the favourable microbial 

labile carbon fraction consisting of simple sugars and amino acids 
that have a lesser residence time in soil and form an amenable 
substrate for the proliferation of microbes (Chatterjee et al., 
2021; Yanardag et al., 2017). Growing media prepared with 
fortified thermo-chemical organic fertilizer with farmyard 
manure and unfortified thermochemical organic fertilizer 

-1recorded the highest microbial biomass carbon of 1.33 µg g  
(Fig. 2c). While the former treatment registered an 
enhancement of 19.82%, the latter registered an increment of 
16.32% over the fortified thermochemical organic fertilizer with 
vermicompost. The microbial biomass carbon estimated from 
the other organic sources of nitrogen fortification though lower 
was superior to the growing media prepared with fortification of 
thermochemical organic fertilizer with urea fertilizer. Pan et al. 
(2009) demonstrated that application of manure increased the 
soil microbial biomass carbon by 13% as compared to 
application of mineral fertilizer.

This emphasizes the supremacy of the organic 
fertilizers over inorganic fertilizers in effecting a positive 
response to soil microbial biomass content. The carbon dioxide 
carbon, the form in which carbon is evolved by way of soil 

Fig. 1: Maps depicting the district wise agro ecological zones of Kerala (a), agro ecological units (AEU) of Thiruvananthapuram district (b) and imagery of 
the experimental site located in AEU 8 (c).
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Fig. 2: Status of organic carbon fractions of growing media with thermochemical organic fertilizers fortified with different nitrogen sources. TOF: 
Thermochemical organic fertilizer (unfortified); FYM: Farmyard manure; NC: Neem cake; GC: Groundnut cake; PM: Poultry manure; VC: Vermicompost; 
CPC: Coir pith compost; HWOF: Hatchery waste organic fertilizer; U: Urea. Error bars indicate standard deviation.

proliferation facilitated by the high labile carbon fraction 
registered in this treatment. The oxidation of permanganate 
oxidisable labile carbon mimics microbial decomposition of 
organic matter, which is confirmed by its often positive correlation 
with basal respiration, substrate –induced respiration, microbial 
biomass and soluble carbohydrates (Weil et al., 2003). Though 
fortification with other organic manure sources studied 
liberated more amount of carbon dioxide carbon than the urea 
fortified treatment, the urea treatment liberated higher amounts 
of carbon dioxide carbon than the neem cake fortified 
treatment. This may be attributed to the hydrolysis of urea 
which might have liberated carbon dioxide.

The container grown okra in a growing media with one of 
its three constituents being thermochemical organic fertilizer 
fortified with farmyard manure yielded the highest number of fruits 
which was on par with the unfortified thermochemical organic 
fertilizer (Table 2). Considering the fruit characters, the same 
treatment recorded the highest fruit length (20.60cm) which was 
on par with the hatchery waste organic fertilizer. However no 
significant difference existed among the different treatments with 
regard to fruit girth. The significantly higher number of total fruits 
and the highest fruit length might have contributed to this 

-1treatment resulting in the highest plant yield (267.44 g plant ) as 
compared to organic and inorganic nitrogenous sources of 

fortification. There was a yield increase of 6.26% from that 
obtained for unfortified thermochemical organic fertilizer and a 
55.96% increment over the treatment with urea fertilizer 
fortification. Thermochemical organic fertilizer, the principal 
constituent in the growing media of the superior treatment as well 
as farmyard manure, the supplementary constituent used for 
fortification had a comparatively high total organic carbon content 

-1of 392.9 g kg  and 400.0 g kg  respectively. 

The presence of plants alone or in combination with 
organic manures induces priming effects. The direction and 
magnitude of this rhizosphere priming have been related to soil 
nutrient availability, here the nutrient composition of growing 
media. Under low nutrient availability, particularly nitrogen inputs 
of energy-rich carbon compounds from roots may be used for the 
production of extra-cellular enzymes that can release nutrients 
locked in soil organic matter referred as microbial mining which 
enhances the availability of other nutrients for plant growth and is 
mainly measured in terms of CO  release (Brzostek et al., 2012: 2

Fontaine et al., 2012). The synergistic effect brought about by the 
resultant carbon and nitrogen dynamics might have favored the 
enhanced yield of okra crop. The high content of labile carbon in 
this growing media in comparison with other fortification 
treatments might have ensured easily available carbon substrate 
for the proliferation of rhizospheric microbes. The high microbial 

-1
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Fig. 3: Relationship between labile carbon with microbial biomass carbon and soil respiration in growing media with fortified thermochemical organic 
fertilizers.

-1biomass carbon (1.33 µg g ) observed in this growing medium is 
in further confirmation of the enhanced microbial population 
which might have promoted efficient mineralization of nutrients. 
The thermochemical organic fertilizer-farmyard manure 
combination might have induced a positive priming effect in 
carbon and nitrogen mineralization. The fast turnover of labile 
carbon and microbial activity in the rhizosphere tend to alter the 
rate of decomposition of soil organic matter, which is reflected in 
enhanced root activity (Jacob, 2018). A parallel increase in the 
evolution of carbon dioxide carbon obtained for the same 
treatment in the present study is in perfect justification of this fact. 
The turnover rate of labile carbon fraction decides the nutrient 
dynamics and the soil physical factors, especially soil structure 
(Bongiorno et al., 2019). Three types of binding agents viz. 
transient, temporary and persistent binding agents act in the 
formation of soil structure. The high labile carbon in the growing 
media of thermochemical organic fertilizer fortified with farmyard 
manure denotes that it has a high quantity of transient binding 
agents like extra cellular mucilages or gums produced by 
microbial activity and root exudates.

The liberation of carbon dioxide carbon, an indication of 
soil respiration can also be effected by the positive effects brought 
about with regard to soil physical and biological properties which 
might have catalyzed efficient root nutrient acquisition and uptake 
by the plant. This might have facilitated a better translocation of 
photosynthate to the above ground and below ground parts of the 
plant. The high soil respiration recorded for this treatment is a 
reflection of this effect. Fresh carbon supplies from the 
photosynthate govern the bulk of soil respiration (Balogh et al., 
2011; Ning et al., 2021). The efficient supply and translocation of 
photosynthate have led to a higher yield in the farmyard manure 
fortified thermochemical organic manure based growing media 
treatment. The response of container grown tomato in growing 

media prepared with thermochemical organic fertilizer fortified 
with different sources of nitrogen was not similar to that of okra 
and exhibited marked variation. Unlike in okra, the total number of 
fruits per plant and the yield per plant was superior in the growing 
media treatment constituted by thermochemical organic fertilizer 
fortified with coir pith compost as one of the constituents (Table 3). 
The additional increment in yield obtained for the coir pith 
compost treatment as compared to the groundnut cake fortified 
growing media was 27.37% and that over the unfortified 
thermochemical organic fertilizer based treatment was 102.84%.

The near neutral pH of the coir pith compost might have 
enabled constant supply of available nutrients to the plant roots 
which facilitated a better growth rate. At near neutral pH, the 
medium will be abundant with substances appropriate for plants 
to assimilate and contains sufficient humus and microorganisms 
(Sarauskis et al., 2018). The C:N ratio of the coir pith compost 
(12.61) used for fortification, which is near to that of the ideal C:N 
ratio might have created a triggering mechanism, ensuring the 
optimum levels of the kind and intensity of rhizospheric microbes. 
The resultant favourable biochemical environment might have 
facilitated better root nutrient acquisition and translocation of 
nutrients within the plant. The dry matter accumulation during the 
initial 30 days in tomato is lessthan 5% which then increase 
linearly up to 90 days ( Abreu et al., 2018). 

The ideal anion and cation ratio for tomato was found to 
be 58:36:6 for N:S:P and 39:32:29 for K:Ca:Mg (Olaniyi and  
Ajibola 2008). Tomato is capable of utilizing only a small 
percentage of the inorganic nitrogen available in the large volume 
of soil explored by the roots (Hegde, 1997). In studies with 
labelled carbon and nitrogen, Ge et al., 2009 observed that about 
21% of the supplied glycine-N was taken up in the form of intact 
amino acids by tomatoes within 48h after injection into the soil. 
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The prolonged and sustained decomposition of the lignocellulosic 
organic fraction of the coir pith compost, aided by the 
lignocellulytic fungi might have effected a supply of organic amino 
acid forms of carbon, nitrogen and other nutrients to the tomato 
crop synchronous with the critical demand period of the crop, 
particularly during the fruit ripening phase. Tomato has the 
greatest requirement of K, N, Ca and P just before the fruit begins 
to ripen (Al Mohammadi and Al Zu, 2011; Ramesh et al.,2021).

The efficient translocation of photosynthate to the fruits 
enabling a partitioning of vegetative biomass to reproductive 
biomass might have been facilitated. This allocative efficiency 
subsequently resulted in a higher fruit yield. Chaurasia et al. 
(2012)observed that 45.8-59.2%N, 56.5-63.6% P and 62-69.6% 
K of the total nutrient uptake was partitioned into the fruit. 
Substrates that have a low C:N ratio contain relatively high 
concentrations of ammonia, exceeding concentrations 
necessary for microbial growth and a higher C:N ratio reduced the 
protein solubilisation rate and hence produced lower total 
ammoniacal nitrogen and free ammonia concentration (Wang et 
al., 2014). Moreover in case of growing media fortified with coir 

-1pith compost where the nitrogen content is very low (10.1 g kg  of 
compost), the exudates might be used to enhance organic matter 
decomposition rates thus releasing  nutrients available for plant 
uptake, resulting in higher yields. The yield obtained for the urea 

-1fortification treatment (188.62 g plant ) is only higher to the lowest 
yield recorded neem cake fortified treatment and might have 
promoted a higher and luxuriant shoot growth. Jayakrishna et al., 
2016 observed that a growing medium consisting of soil, coir pith 
compost/ coir pith and thermochemical organic resulted in the 
highest concentration of all essential macro and micronutrients in 
the shoot and fruit and gave the highest fruit yield in container grown 
chili. Thus the response of tomato to coir pith compost fortification 
based growing media, obtained in the present study, is an indication 
of being ideal for solanaceous crops. Simple linear regression 
models were fitted between the labile carbon fractions of various 
growing media constituted with thermochemical organic fertilizer 
fortified with different manurial sources of nitrogen with the 
microbial biomass carbon and the soil respiration.

The linear regression model was found to be significant 
and positive for labile carbon content and microbial biomass 

2carbon (R  = 0.8946) with a good fit (Fig. 3a). This is a further 
confirmation of the rhizospheric microbial proliferation facilitated 
by the labile carbon fraction of the growing media. The linear 
regression model between the labile carbon fraction with soil 

2 respiration was also found to be significant and positive (R = 
0.9053) with a good fit (Fig. 3b). This squarely justifies the positive 
effect of labile carbon fraction in imparting desirable physical 
attributes to the soil forbetter aggregation and porosity. It has also 
helped in enablingf efficient photosynthate translocation to the 
underground plant parts, a driver of soil respiration. These 
beneficial effects of labile carbon fraction have ultimately served 
to realise higher yields in okra and tomato. Irrespective of the 

organic source of nitrogen used for fortification, the 
thermochemical organic fertilizer bestowed a high status of total 
organic carbon to the growing media in container cultivation. 
Enhancement of carbon status in growing media is an inevitable 
step towards maintaining soil health and quality and attaining 
sustainability. Simultaneously, it serves to lock up the carbon 
favoring soil carbon sequestration preventing emission of carbon 
dioxide, the potent greenhouse gas. The fractional dynamics of 
carbon in the added organic matter source is of paramount 
relevance. The synergic effect of carbon fractions of 
thermochemical organic fertilizer fortified with farmyard manure 
in the growing media was quite revealing.

The two pronged meritorious benefit of the 
permanganate oxidisable labile carbon fraction cannot be 
belittled.  The direct effect of labile carbon in the growing media is 
addition of organic substrates in an amenable form that would 
serve to stimulate the microbial biomass. The indirect effect of 
labile carbon fraction creates a suitable physical environment in 
the rhizosphere favoring soil respiration. The labile carbon 
fraction is strongly correlated as a vital driving force for the 
microbial biomass and as a facilitator of enhanced soil 
respiration. Growing media with its manurial constituent as 
thermochemical organic fertilizer fortified with farmyard manure 
as a nitrogen source proved to be ideal for container cultivated 
okra whereas that with coir pith as a nitrogen source proved to be 
ideal for container cultivated tomato.
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