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Abstract

Aim: To investigate the integrated use of chemical fertilizer and potential tasar silkworm (Antheraea mylitta) excreta as fertilizer on the growth, yield and
quality of rice.

Methodology: A pot experiment was designed in Completely @
Randomized Design with four replicates with nine treatments,

where Terminalia arjuna leaf litter, tasar silkworm excreta and
recommended dose of chemical nitrogen fertilizer at 25%, 50%
or 100% alone or in combinations was applied in transplanted | Tasar silkworm excreta | | Terminalia arjuna leaf litter | | Chenmical fertilizer (N) |
rice plants. The observations were recorded for different growth | I
parameters at 30, 60 and 90 days interval, while yield traits were
recorded at the time of crop harvest.

Integrated nitrogen management for paddy

Results: Leaflitter and tasar silkworm (Antheraea mylitta Drury)
excreta on growth, yield and quality of rice revealed that |

application of 100% recommended dose of nitrogen (RDN) from l Growth and yield I
tasar silkworm excreta recorded significantly higher plant

height, panicle length, number of grains panicle” and 1000 grain

weight at rice harvest. While, chlorophyll index, grain yield, < 100% RDN from tasarlsilkworlm gxcreta recorde_d sigr)ificqntly higher plant height, panicle
L Sl . L. length, number of grains panicle” and 1000 grain weight in paddy
number of effective tillers per hill, biological and protein yield of | .. vielg of grain, number of effective tillers hill", biological and protein yield recorded singnificantly

rice recorded significantly higher in 75% recommended dose of higher in 75% RDN through in organic fertilizer + 25% RDN from tasar silkworm excreta
nitrogen through chemical nitrogen fertilizer + 25%

recommended dose of nitrogen from tasar silkworm excreta. Nitrogen and protein content of grain recorded statistically higher in 50% recommended
dose of nitrogen through inorganic fertilizer + 50% RDN from tasar silkworm excreta. Grain yield was significantly correlated with nitrogen uptake and
protein yield, plant height, effective tillers per hill, 1000 grain weight, straw and biological yield.

Interpretation: Integrated use of 75% RDN through chemical nitrogen fertilizer with 25% RDN from tasar silkworm excreta is suitable for higher
production that may reduce the external input of chemical nitrogen fertilizers and promote zero waste management.
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Introduction

Sustainability of soil is utmost importance for ensuring
global food security and nutrition. The vital challenge of soil is to
maintain its fertility and other ecosystem services. Nitrogen is
one of the major macro essential nutrients for crop production.
The chemical nitorgen fertilisers are not environmental friendly
and extensively used, will continue to grow to feed 9.7 billion
people by 2050. Further, animal protein and meat products are
expected to increase from current demands by 75% in 2050,
insects may be an alternative option for conventional protein
(Berggren et al., 2019). Traditionally many indigenous people
still consume insect as food in South East Asian countries.
Recently, commercial insect rearing for insect protein has been
promoted and legally adopted in many European countries.
Insect production also yields waste stream consisting of
moulting skins (exuviae) and, more importantly, insect excreta
(Dicke, 2018). In forests, frass deposition in soil has
pronounced effect on soil fertility due to high nutrient content
(Kagata and Ohgushi, 2012). Many organic sources like
vermicompost, farmyard manure, oil cake, bone meal, human
excretion have alternatively been used for nitrogen supply in
agriculture.

Recently, excreta of bats, insects are also being tested as
fertiliser in crop production. For example, black soldier fly frass for
sugarcane (Pakpahan et al., 2020), mealworm frass used in
barley (Houben et al., 2020), baby leaf lettuce, basil and tomato
(Setti et al., 2019) as well as Nebrio molitor frass used in mung
bean. Tasar silkworm Antheraea mylitta Drury (Lepidoptera:
Saturniidae) is a herbivore economic insect, reared extensively
on Terminalia arjuna (Roxb.) host for vanya silkworm, well
distributed traditionally in farm bunds of tropical rice growing
countries. Use of organic sources of nitrogen in modern days rice
cultivation has resulted in low productivity and soil fertility.
Moreover, soil fertility can be improved (Tiwari et al., 2002) by
using combination of inorganic with organic manures. (Saikia et
al., 2015). Even if rice is heavy nitrogen feeders, nitrogen use
efficiency is very low usually ranges from 15 to 35% and rarely
exceeds 50% under tropical conditions (De Datta, 1986).
Adequate use of nitrogen sources is very important, as it not only
increases the yield but also reduce the cost of production and
prevents environmental pollution (Fageria etal., 2011).

Therefore, new darification is needed to increase the
yield of highly demanded most important cereal, rice supplying
more than 16% global staple food. In such situation, on-farm
integrated nitrogen nutrient management technology using
agroforestry system seems to solve this issue, however freshly
fallen leaf litter even though add organic nutrients takes long
time to decompose and available. As rate of decomposition of leaf
litter strongly depends on climatic variables (Bhalawe et al.,
2013a), and also nitrogen release varied based on their relative
elemental concentrations (Bhalawe et al., 2013b). Thus, nutrient
availability momentum can be facilitated when tasar silkworm fed
on green leaf for next step output as feces instead of leaf litter. The

excreted litter added into the agro-ecosystems can availed
quicker as compared to un-intervened nutrient cycling system.
There is no such study yet been reported so far in tasar
silkworm excreta as fertiliser, therefore this study was designed
to assess the potential of tasar silkworm excreta on growth,
yield and quality of rice.

Materials and Methods

Study area: A mesocomb experiment was conducted during
kharif season 2016-17 in a polyhouse of ASPEE College of
Horticulture and Forestry, Navsari Agricultural University,
Navsari, India. The region experiences humid and warm
monsoon with rainfall of about 1500 mm, moderately cold winter,
and fairly hot and humid summer. The average annual
temperatureis 27.1°C.

Collection of soil media: To carry out mesocomb study, soil
sample, leaf litter and tasar silkworm excreta were collected.
Firstly, soil was collected at a depth of 0-15 cm randomly from
previously cultivated rice field representing the whole area. The
collected soil samples were mixed together to make a composite
growing media for the mesocomb experiment. The physico-
chemical properties of soil were as follows. Electrical conductivity
0.36 dSm™, soil pH 7.91, organic carbon 0.78%, available N 117
ppm; available P,0O, 38 ppm and available K,O 210 ppm in the
growing media before treatments.

Collection of leaf litter and Tasar silkworm excreta: The leaf
litters were collected from 15 year old T. arjuna raised in farm
boundary. These freshly harvested leaf litters were dried and
grinded to powdered form to prepare treatment combinations.
Then tasar silkworm excreta sample was collected under
controlled environmental condition. The fresh tasar silkworm
excreta were collected by feeding T. arjuna tender leaves to A.
mylitta insects during kharif season. The obtained tasar silkworm
excreta was kept room temperature for drying and nitrogen
content of tasar silkworm excreta (1.12%) and leaf litter (0.504%)
was analysed using wet digestion method (Trivedi et al., 1999)
before mesocomb experiment.

Treatment application: About 15 kg of soil media was filled in
black colour mesocomb of 15 mm thickness. Nitrogen dose of
each treatment for rice crop was quantified as per nitrogen
content in tasar silkworm excreta and leaf litter. Correspondingly,
rice seedlings (GNR-4) were raised in wet nursery before
transplanting into the mesocomb. In this experiment, the
recommended dose of NPK for rice was 100-30-00 kg ha™. The
experimental treatments comprised of three sources of nitrogen,
i.e., tasar silkworm excreta and leaf litter; chemical nitrogen
fertiliser and various combinations. Chemical nitrogen fertiliser
was applied in three split doses and of phosphorus dose was
common to all treatments through basal application. The
experiment was designed in a Completely Randomized Design in
four replications with nine treatments. The following treatments
were applied: T,: control treatment was without any external input
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of fertilizer; T,: 100% RDF (Recommended Dose of Fertilizer)
through chemical fertilizers; T,: 75% RDN (Recommended Dose
of Nitrogen) through chemical nitrogen fertilizer + 25% RDN from
tasar silkworm excreta; T,: 50% RDN through chemical nitrogen
fertilizer + 50% RDN from tasar silkworm excreta, T: 75% RDN
through chemical nitrogen fertilizer + 25% RDN from leaf litter; T
75% RDN through chemical nitrogen fertilizer + 25% RDN from
leaf litter; T,: 50% RDN through chemical nitrogen fertilizer + 25%
RDN from tasar silkworm excreta + 25% RDN from leaf litter; T,
100% RDN from tasar silkworm excreta and T,: 100% RDN from
leaf litter only. Randomly five plants were selected in different five
mesocombs for recording biometrical observations. Plant height
and chlorophyllindex was documented periodically at 30, 60, and
90 days after transplanting (DAT) and at harvest. The chlorophyll
index was measured using SPAD 502 chlorophyll meter. The
yield attributing traits like number of tillers per hill and effective
tillers per hill, number of grains per panicle, 1000 grain weight,
grain and straw yield was recorded at the time of harvest. Further
quality of grain (protein content) was also analysed.

Statistical analyses: The recorded data were statistically
analyzed and treatment means were compared by critical
difference tests at 1 and 5% probability level and analysis of
variance. Karl Pearson’s correlation coefficient was calculated to
determine the degree of association between crop yield and other
traits.

Results and Discussion

The biometrical growth and yield of rice were affected
significantly due to different organic and inorganic sources of
nitrogen application. The contribution of nitrogen absorbed at
different growth stages from different origins to total nitrogen
varies with cultural practices (Wada et al., 1986). The type of N
fertilizer affect growth, yield and grain quality in rice (Gately and
Kelly, 1987) and periodical growth may also depend on the
availability of nutrients. However, plant height is not an important
yield attributing trait for grain crops, especially in rice; yet it
influences the sources of nitrogen for plant metabolism. During
early growth phase, the height was recorded significantly higher
under the combined application of 75% chemical nitrogen along
with 25% tasar silkworm excreta as shown in Fig. 1a.
Nevertheless, later growth phase (90 DAT), i.e., the maximum
plant height was recorded under 50% inorganic nitrogen along
with 50% tasar silkworm excreta treatment.

On the other hand, the height of rice was significant, i.e.,
higher in 100% tasar silkworm excreta at the time of harvest.
Lower height at early growth stage might have resulted in slow
release of nutrients; supplied nutrients consistently over whole
growing phase favored maximum height under 100% tasar
silkworm excreta. Similar report on cow dung vermicompost
resulted in maximum plant height in soyabean (Mariammal et al.,
2012) whereas 100% organic nitrogen sources from leaf litter
produced the lowest plant height as compared to control; as leaf
litter might release allelochemicals during decomposition process

which inhibits the growth of rice (Kuiters, 1990). Tillering is an
important vegetative trait for rice yield and grain production.
Therefore, appropriate nutrient management approach can not
only increase the number of tiller but also improve the grain (Fig.
1b). The number of tillers per hill at 60, 90 DAT and number of
effective tillers per hillduring harvest were influenced significantly
due to theirindividual effect of organic sources.

Among the treatments, 75% RDN through chemical
fertilizer + 25% RDN from tasar silkworm excreta recorded
significantly higher number of tillers per hillin all stages. This may
be due to the interactive effect of silkworm excreta with chemical
fertilizers which increased the nutrient availability and rice uptake.
(Satyanarayana et al., 2002). According to Bhuiya and Akhand,
(1982). The number of tillers increased due to combined
application of mustard oil cake/cow dung and chemical fertilizers.
In fact, rice is productivity influenced by the number of productive
tiller rather than total number of tillers. Hence, single or combined
use of organic and inorganic nutrients has significant effect on the
number of productive tillers as compared to control. Therefore,
the maximum number of effective tillers per hill were observed in
75% RDN through chemical fertilizer + 25% RDN from tasar
silkworm excreta and it was at par with 100% RDF through
chemical fertilizers as well as 75% RDN through chemical
fertilizer + 25% RDN from tasar silkworm excreta. It also is
presumed that split application of chemical nitrogen fertilizer
alone as well as combined with tasar silkworm excreta favors to
increase the number of effective tillers. As combined applications
of organic and inorganic nutrient significantly promote increase in
total nitrogen content and soil organic carbon (Mevada et al.,
2018) and improve available essential micro nutrients
(Satyanarayana et al., 2002; Rakshit et al., 2008).

Panicle length is another important trait in rice panicle
architecture for yield (Liu et al., 2016) and influences the grain
number, grain density and rice quality (Wang et al., 2019). Here,
the maximum panicle length was recorded with 100% RDN from
tasar silkworm excreta as compared to other treatments (Table 1).
Significant response may be due to optimised nitrogen
application (Zhou et al., 2017). Interestingly, application of 100%
tasar silkworm excreta may positively influence for higher
available soil phosphorus and potash content (Mevada et al.,
2018). Increase in available phosphorus in soil suggests
phosphorus uptake from soil during grain filling is a critical
contributor to grains in rice, but phosphorus potentially
remobilized (20%) in panicle from total phosphorus accumulated
in aerial vegetative parts (Julia et al., 2016). Therefore, higher
panicle length was recorded under 100% tasar silkworm excreta
as compared to other organic sources. The increase in panicle
length, number of grains per panicle in 100% RDN of tasar
silkworm excreta recorded significantly higher which was at par
with other treatments (T,, T,, T,, T, and T,). The effect of organic
sources of nitrogen increased the number of grains per panicle
was pronounced as compared to chemical fertilizers. Similarly,
1000 grain weight was significantly affected by different
treatments. It was estimated that significantly higher test weight
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Fig. 1: Effect of T arjuna leaflitter and tasar silkworm excreta on (a) plant height (cm) during various growth stages; (b) total number oftillers and effective
tillers hill and (c) chlorophyll index in rice.
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Table 1: Effect of T arjunaleaflitter and tasar silkworm excreta on panicle length, number of grains, 1000 seed weight, grain, straw and biological yield in rice

Treatments Panicle length Number of grains 1000 grain Grain yield Straw yield Biological yield
(cm) per panicle weight (g) (g per pot) (g per pot) (g per pot)

T, 18.0 216.8 15.88 35.6 474 83.0

T, 17.8 216.8 16.20 64.8 81.8 14s6.5

T, 18.0 2238 16.26 66.9 81.4 148.2

T, 171 217.8 16.25 66.1 76.3 1424

T, 171 193.8 16.11 51.7 68.4 126.1

T, 16.9 188.0 15.76 56.1 58.2 114.3

T, 17.8 223.0 16.01 48.7 56.3 105.0

T, 18.1 228.0 16.36 50.5 63.4 113.9

T, 16.1 185.0 14.79 332 334 66.6

S.Em.z 0.51 4.93 0.13 1.28 1.49 2.16

C.D.@5% NS 14.31 0.39 3.70 4.31 6.27

C.V(%) 5.83 4.69 1.66 4.79 472 3.72

Table 2: Effect of T. arjunaleaf litter and tasar silkworm excreta on nitrogen content, protein content, uptake of nitrogen and protein yield in rice grain

Treatments Nitrogen Nitrogen uptake Protein Protein yield
content (%) (g per pot) content (%) (g per pot)
T, 143 0.51 8.96 3.20
T, 1.68 1.09 10.51 6.81
T, 1.76 1.18 11.00 7.35
T, 1.78 1.18 11.12 7.35
T, 1.76 1.02 11.03 6.37
Ts 1.80 1.01 11.23 6.29
T, 1.74 0.84 10.85 527
T, 1.72 0.87 10.73 5.42
T, 1.76 0.58 11.01 3.65
S.Em.t 0.03 0.03 0.20 0.16
C.D.@5% 0.09 0.08 0.57 0.46
C.V(%) 3.68 5.66 3.68 5.50

was recorded with 100% RDN from tasar silkworm excreta which
was at par with T,, T,, T,, T, and T, treatments. Increase in grain
yield may be due to balanced nutrient availability, improved
nitrogen as well as other macro and micro elements absorbed,
resulted in enhance production and translocation of dry matter
content from source to sinkin rice (Morteza et al., 2010). The grain
and straw yield of rice was significantly affected by different
nitrogen sources. It is evident that grain yield was determined by
combined action of different yield contributing factors like number
of effective tillers, panicle length, filled grain, and 1000 grain
weight (Sahaetal., 2012).

Among the treatments, 75% chemical nitrogen with 25%
tasar silkworm excreta produced significantly higher grain yield,
but straw yield was significantly higher in 100% chemical
nitrogen. Integrated application of 50% RDF of NPK through
chemical fertilizers and 50% through sheep manure produced
significant improvement in growth and yield attributes of grasses

(Meenaetal., 2017). Conversely, straw yield was highestin 100%
chemical nitrogen, followed by 75% chemical nitrogen along with
25% tasar silkworm excreta. However, higher biological yields
obtained from 75% chemical nitrogen + 25% tasar silkworm
excreta treatment may be due to higher yield attributes in rice
(plant height, number of effective tillers per hill, grain, straw).
Further, 100% RDF + 75% organic manure increases the growth
and yield attribute, which was followed by 50% RDF + 50%
organic manure for maize crop (Shanmugam and Ramamoorthy,
2014). Chlorophyll index is one of the most important
physiological parameters. In this study, significantly higher
chlorophyll index was observed in rice with 75% RDN through
chemical fertilizer combined with 25% RDN (Fig. 1c).

Exceptionally rice chlorophyll index increased in all
treatments, except control. Therefore, the current findings are in
line with Amujoyegbe et al. (2007) who demonstrated the
influence of inorganic fertilizers, poultry manure alone, and or in
combination on chlorophyll component. That combined treatment
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exhibited higher chlorophyll a and b in sorghum and maize.
Integrated management of nutrients influences significantly on
nitrogen and protein content in rice grain is presented in Table 1.
Nitrogen and protein content was recorded significantly higher
with 50% RDN through chemical fertilizer + 50% RDN from tasar
silkworm excreta. Improve in grain quality owing to its integrated use
of organic and chemical fertilizers attributed to its involvement in
nitrogen metabolism and combined use of chemical fertilizer and
municipal waste compost increased the nitrogen content in rice as
compared to application of chemical fertilizers alone (Heenkende
and Parama, 2010). Increased nitrogen application can increase
protein contentin wheat grain significantly (Zhang et al., 2017).

Significantly higher nitrogen uptake and protein yield
were recorded with both 75% RDN through chemical fertilizer +
25% RDN from tasar silkworm excreta and 50% RDN through
chemical fertilizer + 50% RDN from tasar silkworm excreta,
because higher grain yield and protein content in these
treatments also increased the protein content. Patil et al. (2000)
recommend that increase in fish manure level also increase the
protein content in rice grain. The quality of rice grain with respect
to protein content significantly improved with the integrated use of
organic fertilizer with nitrogen as a chemical fertilizer (Ram et al.,
2000). The source of nitrogen fertilizer application is strongly
related to crop yield. The relationship of yield and quality in rice
varied with all studied characters (Table 3). Grain yield was found
to be significantly correlated with each other for quality
parameters like nitrogen uptake and protein yield, plant height,
effective tillers per hill, 1000 grain weight, straw and biological
yield at 1 and 5% probability. The grain yield was significantly
correlated due to positive relationship of plant height with number
of effective tillers per hill, 1000 grain weight, straw and biological
yield and also with grain quality parameters viz. nitrogen uptake
and protein yield, because yield is closely related to plant height
and better height may improve rice yield (Li et al., 2019).

This is true, if plant height is an undesirable trait for
lodging resistant varieties in rice, in such situation yield can be
improved with higher plant height (Zhang et al., 2017). Also, the
number of effective tillers per hill is a direct yield attributing
character is significantly correlated to quality parameters like
chlorophyll index, nitrogen uptake and protein yield including
grain yield, plant height, straw and biological yield. However,
panicle length, number of grains per panicle, 1000 grain weight as
well as nitrogen and protein content in grain might not have
contributed significantly to number of tillers per hill. The combined
application of 75% RDN through chemical fertilizer + 25% RDN
from tasar silkworm excreta improves the quantity and quality of
rice yield. Thus, tasar silkworm excreta considerably reduced the
amount of inorganic fertilizer input without compromising
potential yield.
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