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ABSTRACT

Leaf litters are potential organic nutrient inputs and assume prime importance in the present era of eco-
friendly farming. An experiment was conducted at College of Agriculture, Vellayani to evaluate the
efficacy of composted litter as nutrient source in Amaranthus and the changes elicited in soil properties.
The treatments included litter composts of jack and coconut leaves prepared with different enhancers of
decomposition and enriched with PGPR Mix I biofertilizers and were laid out in RBD replicated thrice.
Litter compost application was found to have favourable influences on soil available nutrient status and
microbial population. Vegetable yields (20.20 Mg/ha) and economic returns (B:C ratio- 1.92. were
significantly higher in the substitution of 50% RDN with coconut leaf litter compost [composting
inoculum (liquid) + earthworms]. The increase in yields ranged from 3 to 46 per cent with compost
application over the control. Hence, it was concluded that conversion of leaf litter to valuable organic
manures through composting and inclusion in production package of amaranthus ensures reduction of
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chemical nitrogen input usage by 50 per cent, triggers microbial activity and sustains fertility insoil.
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INTRODUCTION

Soil is the most important natural resource
base for crop production. Organic and inorganic
inputs are critical in agriculture and a balanced use
is proclaimed as the most effective means of
ensuring sustainable production. The search for
alternative nutrient inputs brings to focus the
organic manures that are locally available. Apart
from the biowastes generated in the livestock and
poultry sector, those generated in the different
cropping systems can also be effectively utilized in
crop production.

Leaf litter in tree-based ecosystems serves
as a mulch and adds to the soil nutrient status on
decomposition. Even so, under non-farm
situations, the litter is a menace (Vasanthi et al,
2013) and are often removed by burning, a practice
that attenuates air pollution. Nutrient accretion
from leaf litter on decay have been documented,
but natural decomposition is a time consuming
process and might take from five months to even
more than a year for the release of nutrients (Isaac

and Nair, 2006). However, composting converts
the litter into a valuable nutrient input in crop
production. The research work aimed to assess the
efficacy of coconut (Cocos nucifera) and jack
(Artocarpus heterophyllus) litter composts in
amending soil properties and effect on the
vegetative growth and yield of the leafy vegetable,
Amaranthus (Amaranthus tricolor).

MATERIALS AND METHODS

The experiment was carried out in the
Instructional Farm, College of Agriculture
Vellayani, Thiruvananthapuram, Kerala. The site
located at 8° 30'N latitude, 76° 54' E  longitude
and at an altitude of 29 m above mean sea level
enjoys a warm humid tropical climate. A total of
288.5 mm rainfall was received during the period
of study. The mean minimum and maximum
temperatures recorded were 24.70 and 32.62° C
respectively.

Leaf litters of coconut and jack collected
from bearing trees were cleaned of extraneous
material and composted, based the technologies
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Table. 1 Composting methods adopted (Harishma, 2017)

Treatments | Composting method
T Jack leaf litter + poultry Co-composting litter mixed with poultry
manure manure @ 10% w/w
T> Jack leaf litter + Composting | CI powder (Lactobacillus Pseudomonas
inoculum (CI) powder + putida, Bacillus subtilis
earthworms Isaria farinosq Trichoderma virideand
Pencillium griseofulvum) was added @20g/
kg litter mixture®, and earthwormswere
released2 weeks later
T3 Jack leaf litter (CI) liquid CI (Bacillus subtiliy was added to the litter
mixture®, @ 1000mL n?’
Ty Thermochemical jack leaf Chemical decomposition of well ground, litte
litter compost with HC1(0.25 N) followed by KOH (0.5 N)
at 100° C and ambient pressure
Ts Coconut leaf litter + poultry | Co-composting of litter with poultry manure
manure @ 10% w/w
Te Coconut leaf litter + CI CI (Bacillus subtiliy was added to coconut
(liquid) + earthworms litter + fresh cow dung’, @ 1000mL/m?> and
earthworms were release® weeks later
T7 Coconut leaf litter + CI CI (powder) added to littet- fresh cow ding
(powder) mix* @ 20gkg litter
Tg Thermochemical coconut leaff Chemical decomposition of well ground, litte
litter compost with HCI (0.25 N) followed by KOH (0.5 N)
at 100° C and ambient pressure

*litter was mixed with fresh cow dung in 4:1 ratio

found best for coconut and jack litters
(Harishma, 2017) as detailed in Table 1. The
prepared composts were dried in shade, sieved and
enriched with the biofertilizer, Plant Growth
Promoting Rhizobacteria (PGPR Mix I) @ 10g/kg
and rock phosphate @ 150g/kg. The consortium
contained N fixers, Azospirillum lipoferum,
Azotobacter chroococcum, P solubilizer, Bacillus
megaterium, and K solubilizer, Bacillus
sporothermodurans. In addition, leaf litter
composted by thermo-chemical digestion
(Sudharmaidevi et al, 2017) was also included as
treatments in the field experiment.

The experiment followed the randomised
block design, and comprised nine treatments in
three replications. Soil was sandy clay loam in
texture and according to the ratings of Kerala
Agricultural University (KAU, 2016), was very
strongly acidic, medium in organic carbon and
available potassium (K), low in nitrogen (N) and
high in available phosphorus (P). Liming was

done @ 350 kg/ha to correct soil acidity. At the
time of final land ploughing, farm yard manure
was incorporated @ 50 t/ha uniformly in all plots.
Seedlings of Amaranthus red, variety 'Arun', were
transplanted at six leaf stage at a spacing of 30 cm
between rows and 20 cm between plants in a row.
The composts were used to substitute 50 per cent
of the recommended dose of N (RDN) i.e., 100 kg
N/ha and the remaining half, through chemical
fertilizer, urea (46 % N). Phosphorus and K @ 50
kg/ha each were given as Rajphos (20% P,0,) and
muriate of potash (60% K,O). In the control
treatment, chemical fertilizers alone were used.
The crop was raised following the package
recommendations (KAU, 2016). First harvest was
taken 30 days after transplanting (DAT) and
subsequent harvests, as and when the leaves were
of satisfactory growth for consumption. The yields
at each harvest was recorded, summed to compute
total yields and expressed in Mg/ ha.
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Table 2. Effect of enriched litter compost on soil chemical and biological properties

. Available nutrients Microbial count (cfu /g soil)
Soil
EC . (kg/ ha)
Treatment pH organic - : .
(dS/ m) carbon (%) N P K Bacteria | Fungi | Actinomycetes
’ x10% | (x10% (x10%
Ti - Jack leaf” litter + poultry |~ 5 55 0.43 0.89 21325 | 12803 | 26593 | 356 243 13.5
manure
T2- Jack leaflitter + Cl (powden) + | 57 | 55 085 | 26761 | 14421 | 21982 | 413 | 235 153
earthworms
T; -Jack leaf litter + CI (liquid) 5.80 0.60 0.76 2161 | 13206 | 31537 | 421 203 12.3
Ta - Thermochemical jack leaf | ¢ 0.53 0.74 27179 | 161.60 | 36592 | 446 203 115
litter compost
Ts - Coconut leaf litter + poultry | = 5 g4 0.53 0.83 23706 | 14016 | 15605 | 426 | 228 157
manure
Te¢ - Coconut leaf litter + CI
(liaid) + carthworms 5.40 0.57 112 23951 | 14278 | 18646 | 678 24.7 14.8
T7 - Coconut leaf litter + CI
(powder) 5.70 0.57 092 288.62 | 13462 | 199.02 | 456 213 11.6
Ts - Thermochemical coconut leaf 597 0.57 0.75 2579 | 153.14 | 37707 | 337 155 12.1
litter compost
T'9- Control 5.40 0.60 0.71 24414 | 14161 | 24101 | 426 165 10.5
SEm+ 0.43 0.086 0.07 1268 | 1865 | 63.99 49 15 1.0
CD(0.05) - - 0.142 ; ; 97515 | 1044 331 226

Table 3. Effect of enriched litter composts on growth, yield and economics of cultivation

X LAI Total yield
Plant height (cm) (Mg/ha) Net
Treatment 30 45 60 At final 30 45 60 r;tl/nl‘lr;s B: C ratio
DAT | DAT | DAT | harvest | DAT | DAT | DAT
Ti - Jack leaf litter + poultry |- 44 70 | 5970 | 2067 | 3267 | 084 | 087 | 027 1622 92264 1.61
manure
To - Jack leaf litter + CL1 4333 | 5480 | 3417 | 3757 | 066 | 084 | 030 17.96 110136 1.69
(powder) + earthworms
aiq;icgad‘ leaf litter + CL1 4533 | 5360 | 2807 | 3167 | 067 | 074 | 024 1491 66483 142
Lo Thermochemicaljackleal | 45 70 | 53.47 | 3047 | 3350 | 066 | 079 | 027 1420 49526 130
1tter compost
T's - Coconut leaf litter + 1 407 | 5780 | 3257 | 3593 | 074 | 080 | 029 1458 67991 145
poultry manure
T - Coconut leaf litter + CL I 47 63 | 590 | 3503 | 3810 | 079 | 086 | 033 2020 144874 1.92
(liquid) + earthworms
T 7- Coconut leaf litter + CL| 43 33 | 5453 | 2943 | 3197 | 066 | 074 | 024 14.48 63829 1.42
(powder)
T s - Thermochemical coconut
L] 4203 | 5360 | 3137 | 3387 | 070 | o071 | 028 1529 68115 142
eaf litter compost
T'5- Control 41.67 | 5347 | 2623 | 2863 | 0.61 0.63 0.21 13.77 63436 1.45
SEm+ 142 | 117 | 208 | 248 | 005 | 005 | 003 153 22891 0.15
CD (0.05) 3.008 | 2473 | 4404 | 4627 | 0.119 | 0105 | 0.050 | 3236 48528.2 0319
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Soil samples collected were initially dried
in shade, sieved and then oven dried at 105° C.
These were subjected to analysis by adopting
standard procedures. viz., available N (Subbiah
and Asija, 1956), organic C, available P and K
(Jackson, 1973) and microbial counts (Johnson
and Curl, 1972). The data were statistically
analysed and where ever variations were found to
be significant, critical differences were computed
(Snedecor and Cochran, 1975) for comparison.

RESULTS AND DISCUSSION
Impact on soil properties

The perusal of the data on soil chemical
and biological properties (Table 2) revealed
significant improvements with litter compost
application. Soil organic C content varied
significantly with the treatments. The organic
carbon C (1.12%) was the highest in the soil
treated with coconut leaf litter composted with CI
(liquid) + earthworms (T,) and was superior, while
the lowest (0.71%) was assessed in the control

(Ty).

The variations in available nutrient content
in the soil were found to be non significant, except
for K. (Table 2). However, the status was found
improved from the initial values. Soil K content
varied significantly with different treatments, and
was the highest (377.07 kg/ha) in the
thermochemical digested coconut leaf litter (T,)
application on par with T, (thermochemical jack
leaf litter compost) and T, [jack leaf litter + CI
(liquid)] The lowest soil K status (186.46 kg/ha)
was noted in T,(coconut leaf litter composted with
CI(liquid) + earthwormes.

Total microbial count (bacteria, fungi and
actinomycetes) in soil varied significantly with the
nutrient sources applied (Table 2) and the counts
were significantly the highest in T, except
actinomycetes which was maximum in T, but on
par with T,. Among composts, thermochemically
digested jack and coconut litter composts (T, and
T,) and the treatment without compost (T, )
recorded the lowest counts.

Growth and yield in amaranthus

The litter composts exerted significant
influence on the plant height in Amaranthus

(Table 3). Coconut litter compost prepared using
CI (liquid) + earthworms (T,) produced taller
plants at all the growth stages, while at 30 and 45
DAT, T, it was on par with T,(coconut leaf litter +
poultry manure) and T, (jack leaf litter + poultry
manure). At 60 DAT and at final harvest, T, was
found on par with T,, T; and T,. Plants were
shortest at all stages in the control (T,), which was
given 100 per cent RDN as inorganic fertilizers.

The variations in leaf area index (LAI)
were significant at 30, 45 and 60 DAT (Table 3).
Maximum LAI was recorded in T, (jack leaf litter
+ poultry manure) treated plants at 30 and 45 DAT
(0.84 and 0.87 respectively) and was on par with T
(0.79) and T, (0.74) at 30 DAT and on par with T,
(0.86), T,(0.84), T,(0.80) and T, (0.79) at 45 DAT.
The lowest LAI values at 30 and 45 DAT were
observed in control, T, (0.61 and 0.63,
respectively). At 60 DAT, the LAI recorded
highestinT,(0.33) and lowest in T,, control (0.21).

Amaranthus leaf yield (20.20 Mg/ha) was
the highest in plants manured with coconut litter
compost prepared using CI (liquid) + earthworms
the highest yield, on a par with jack litter
composted with CI (powder) + earthworms (17.96
Mg/ha). Plants treated with thermochemical
digested litter of jack and coconut also showed
lower yields (14.20 and 15.29 Mg/ha
respectively).The significantly lowest yield of
13.77 Mg/ha was recorded in 100 per cent
inorganic fertilizer applied plots (T,). Economic
analysis also revealed the application of coconut
leaf litter composted with CI (liquid) +
earthworms maximum to be more profitable,
with net returns of X144874/ ha and a benefit cost
ratio of 1.92.

Substitution of the N dose with litter
composts proved beneficial in Amaranthus in
terms of growth and yield compared to the package
recommendation. Yields were nearly 3 to 46 per
cent per cent higher than in control. The addition of
compost in soil instead of chemical fertilizers
triggers microbial activity, mineralisation,
improves aeration, soil moisture status, regulates
soil temperature (Jagadeesha ef al, 2019) all of
which favours nutrient uptake and plant growth.
This holds true for all treatments in which compost
was used to substitute the chemical fertilizer.
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Organic manures are regarded as sources of all
essential nutrients (Sharma et al, 2022) and the
organic nature of the material has favourable
influences on soil properties. The addition to the
root zone also enhances rhizosphere activities, the
key regulators of plant growth and nutrition. The
amelioration ~ with compost application are
evident from the data in Table 2.

Among the treatments, T, [coconut leaf
litter + CI (liquid) + earthworms] was found to
recorded the highest yield (20.20 Mg/ha ), on par
with jack litter composted with CI (powder) +
earthworms, (17.96 Mg/ha), 45 and 35 per cent
greater than in control. The better performance
could be attributed to the properties of the
vermicomposted litter. Vermicompost, in addition
to being an organic fertilizer, is rich in microbial
populations and diversity, growth hormones,
enzymes and of homogenous consistency (Sinha,
2009). The nutrient availability from
vermicompost is also rated as high. It was evinced
that the application of earthworm worked litter
promoted the dissemination of important
microorganisms. Maheswarappa et al (2014)
enumerated the microbial counts in coconut leaf
vermicompost and illustrated that it harboured
higher population of microorganisms, many of
them with plant-beneficial attributes. This
coupled with the NPK bio fertilizers with
enrichment, would have favourably influenced
Amaranthus growth. The economic part of the
crop is the leaves and shoot, and hence the source
itselfis the sink. All growth promoting factors thus
directly contributes to the yield. Co- composted
litter (poultry manure added) could also evoke
better growth on account of the nutrient contents
in it. The vegetative characters, plant height and
LAI were initially higher in co-composted litter
applications but declined indicating the lowered
regrowth with the cuttings done in these
treatments. Nevertheless, it remained the highest
in T, indicating the prolonged beneficial effect of
vermi composting application has on soil. Further
the microbial association in these treatments
(composting inoculum added as, powder/ liquid)
also augmented soil microbial activities in favour
of Amaranthus growth until final harvest. The
results corroborate the earlier reported better
growth and yields with vermicompost application:

pseudostem compost in banana (Patel ef al, 2012),
guava litter vermicompost in red gram (Vasanthi
et al, 2013) and mango litter compost in vegetable
cowpea (Das etal, 2020).

Exploring the effects of thermochemically
digested leaf litter, it was found that the low
nutrient contents limited its impacts on soil
fertility and hence uptake leading to
comparatively lower yields (14.20 and 15.29
Mg/ha) irrespective of the litter species.

The results on the changes in soil
properties clearly indicate the amelioration
possible with the addition of leaf litter composts.
The soil organic carbon build up and increase in
available nutrient status from the initial values
recorded on application of vermicomposted litter
is in consonance with the reports of
Maheswarappa et al (2014) and Jain and
Kalamdhad (2020). Available N and P status
remained comparable with different litter
composts, but, available K content varied
markedly. It was significantly high in soils treated
with thermochemical compost which might be due
to the KOH used for chemical treatment in
thermochemical digestion as reported by
Sudharmaidevi et al (2017). Leno (2017) also
reported the increased K status in the soil with the
application of thermochemically digested
compost in banana.

The increase in microbial count in soil can
be attributed to the presence of the microbes in the
compost and the organic material as such would
have augmented the population in soil whereas,
thermochemically composted litter applied plots
recorded the lowest counts as these were acid-
alkali digested and did not have much microbes in
it other than that inherent in soil. A better
actinomycete count what was present in soil. The
comparable actinomycete count noted could be
due to the affinity of these microbes to multiply
under extreme soil condition such as high salinity
and alkalinity as reported by Hamdali et a/ (2008).

The maximum B:C ratio realized in
Amaranthus with the application of coconut leaf
litter compost prepared with the inoculation of CI
(liquid) and earthworms was on account of the
maximum yields obtained. Thermo-chemically
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digested jack litter was the least profitable due to
the higher cost incurred in the production. It is
interpreted that as the nutrient contents in the
thermochemical digest was lower compared to the
other composts, it was required in larger quantity
which added to the cost, at the expense of the
returns.

CONCLUSION

The study has brought to light the
prospects of recycling leaf litters of jack and
coconut as composts via microbial +
vermicomposting and the positive influences on
soil properties and yields in Amaranthus. The
highest yield and returns were realized with the use
of coconut litter compost [CI (liquid) +
earthworms] to substitute 50 per cent RDN and
was on par with the N source ofjack litter compost
[CI (powder) + earthworms].
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