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Abstract

Enormous use of agrochemicals since green revolution had led to harmful effect on soil and environment
as the whole. Considering this fact, currently agriculture is in need of sustainable innovations for
improving production and productivity without disturbing environment. Keeping this view, the present
investigation was planned to study the bioefficacy of different foliar applied biostimulants on nutrient
uptake and yield in rice crop and to study economics of different treatments in rice crop under lateritic
soils of Konkan region. The experiment was carried out at instructional farm of Department of
Agronomy, College of Agriculture, Dapoli, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli,
Dist. Ratnagiri, MH, India in kharif, 2021. Effect of foliar application different biostimulants namely
SiLife, humic acid, triacontanol and vermiwash along with no foliar application as control treatment was
studied on nutrient uptake and yield of rice. Positive effect and significant variations were observed
among different biostimulants for nutrient uptake and yield. Biostimulant SiLife @ 0.4% (Ts) showed
significantly higher uptake of nutrients and yield as compared to other treatments. It showed 22.96% and
18.91% higher grain and straw yield, respectively over control. While, treatment T4 (humic acid @ 1%)
showed higher monetary returns (X 15202.48 ha*) and B: C ratio (1.16) over all the other treatments.

Keywords: Biostimulants, rice, nutrient uptake, yield and economics etc.

1. Introduction

Rice (Oryza sativa L.) is considered as the principal staple food grain crop and counters for
more than half of the worlds production and is extensively grown worldwide. It is cultivated
on an area of 161.77 million hectares worldwide with production of 749.19 million metric tons
in year 2021. In terms of rice production India ranks second (122.3 MMT) after China (209.61
MMT) (Anonymous, 2021a) M. In India, 45.07 million hectares area is covered by rice
cultivation, producing of 122.27 million tons of rice with an average productivity of 2713 kg
hal (Anonymous, 2021a) . In Maharashtra, rice is cultivated on 15.61 lakh hectares area
producing 32.91 lakh tonnes rice with an average productivity of 2109 kg ha? in the year
2021-22. (Anonymous, 2021b) 2, Konkan region of Maharashtra, has larger cultivated area
under rice cultivation as compared to other regions with 3.57 lakh hectares area, producing
8.52 lakh tonnes of rice annually with an average productivity around 2386.01 kg ha*
(Anonymous, 2021c) Bl Rice is the most important staple food grain crop of the people in
Konkan region.

Ever-increasing population is imposing tremendous pressure on producers to meet the growing
demand of food and fibre. To meet this increasing demand, the use of chemical inputs to
enhance production is crossing safe limits which is resulting in deleterious effect on soil and
environment and consequently factor productivity is declining. The current scenario under
such condition firmly highlights the need to adopt eco-friendly agricultural approaches for
food production by considering the sustainability of both soil and environment. In this
situation, use of plant biostimulants is of great importance to substitute the commercial
chemical fertilizers.

Plant biostimulants are diverse substances and microorganisms that are obtained from natural
sources and used in agriculture for stimulating plant growth, stress tolerance and improving
quality (Calvo et al., 2014) 1. Among different plant biostimulants seaweed extract is a new
generation of natural organic fertilizer containing highly effective nutrients, promotes growth
and yield as well as enhance the resistant ability of many crops to biotic and abiotic stress.
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Unlike chemical fertilizers, seaweed biostimulants are
biodegradable, non-toxic, non-polluting and non-hazardous to
humans and other living organisms. Humic substances are
also widely used as plant biostimulants which are natural
components of soil organic matter, derived from decomposed
plant, animal and microbial residues. Its application results in
enhanced root length and root biomass and thereby increasing
root foraging capacity and enhancing nutrient use,
consequently resulting in increased crop yield, hence reducing
the use of synthetic fertilizers, and further losses to the
environment (Jardin, 2015) 1. Considering all the above facts,
the present study was designed with the objective to study the
effect of different biostimulants on nutrient uptake and yield
of rice crop and to work out economics of different
biostimulants in rice crop.

2. Material and Method

The present investigation was conducted at Instructional
Farm, Department of Agronomy, College of Agriculture,
Dapoli, Dr. B. S. Konkan Krishi Vidyapeeth, Dapoli; Dist.
Ratnagiri, Maharashtra, India during Kharif, 2021. The
analytical work was done at research laboratory of
Department of Agronomy. Geographically, the experimental
plot (B - 42) is located in the subtropical region at 17°45°55”
N latitude and 73°10’26” E longitude with 157.8 m elevation
above mean sea level. Sub-tropical type of climate prevailed
at the experimental site which was characterized by warm and
humid atmosphere.

The soil of experimental plot was analysed initially to study
various physico-chemical properties, which showed that it
was sandy clay loam in texture, with high organic carbon
(11.18 g kg") and slightly acidic in reaction (pH 6.34) and
was low in available nitrogen (259.80 kg ha') and potassium
(231.33 kg ha*) and medium in available phosphorous (11.50
kg ha?). The experiment was designed according to
randomized block design with seven treatments and three
replications. Rice variety Ratnagiri 1 was transplanted at the
spacing of 20 cm x 15 cm. The gross plot size was 4.00 m x
4.50 m while the net plot size was 3.60 m x 3.90 m. Plant
biostimulants were foliar applied thrice at different
concentrations, each at 10-12 days after transplanting, panicle
initiation stage and at milking/grain filling stage. Common
RDF (100: 50: 50; N: P,Os: K;0 kg ha') was applied to all
the plots irrespective of the treatments. All the recommended
agronomic practices were carried out uniformly for all the
treatments as and when required. All together the experiment
consist of 21 plots and the treatment details are given in Table
1.

Yield parameters [number of panicles hill, panicle length
(cm), weight of panicle (g), number of grains panicle?® and
1000 grain weight] were recorded at harvest from randomly
selected five sample hills in each plot. The grain and straw
yields and harvest index (HI) was recorded from each net plot
area. Plant samples were oven dried, ground, sieved and
analysed for total N by micro-Kjeldahl method (Tandon,
1993) 21, P by ammonium molybdate method (Tandon, 1993)
21 K by flame photometry (Tandon, 1993) . Nutrient
uptake was estimated by multiplying the N, P and K
concentrations of grains and straw with their respective yield
(kg hat) and summing up the two values.
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Table 1: Treatments details along with the symbols used

Treatments Symbols
used

Biostimulant (SiLife) foliar application @ 0.2% T1
Biostimulant (SiLife) foliar application @ 0.3% T2
Biostimulant (SiLife) foliar application @ 0.4% T3
Biostimulant (Humic Acid) foliar application @ 1% T4
Biostimulant (Triacontanol) foliar application @ 0.1% Ts
Biostimulant (Vermiwash) foliar application @ 10% Ts
Control (No foliar application) T7

The significance of the treatment difference was tested by
variance ratio test (f value), critical difference (C.D.) at 5 per
cent level of probability and was worked out for comparison
and statistical interpretation of significance between
treatments mean (Panse and Sukhatme, 1967) 17, On the basis
of the experimental findings the economics of different
treatments was worked out. Gross returns (% ha'l), net returns
(% ha) and B: C ratio was calculated for each treatment. For
that the prevailing market prices of grain and straw were
considered. Similarly, the cost of cultivation of the crop under
the individual treatment was worked out by taking into
account the cost of all inputs and the cost incurred for all the
operations up to harvest. The net income was worked out by
deducting the cost of cultivation from the gross returns and
the B: C ratio for each treatment was worked out by dividing
gross returns by cost of cultivation.

3. Result and Discussion

3.1Yield attributes and yield

Experimental results (Table 2) expressed that various
biostimulants imparted statistically significant variations on
yield attributes and yield of rice except 1000-grain weight as
it was mainly genetically governed. However, 1000 grain
weight was numerically higher in treatment T; (SiLife @
0.4%). Conversely, significantly higher number of panicles
(9.13), length of panicle (21.15 cm), weight of panicle (2.91
g) and number of grains panicle® (116.13) was recorded with
application of SiLife @ 0.4% (Ts) which was followed
treatments T, (humic acid @ 1%) and Te (vermiwash @ 10%)
which were statistically at par with treatment Ts. The lowest
yield attributes were recorded with the treatment T (Control).
The positive effect on yield attributes in rice crop might be
due to efficient utilization of native as well as applied
nutrients through roots and foliar application of biostimulants.
Foliar application of seaweed extract based biostimulant
(SiLife) recorded maximum vyield attributes which might be
due to presence of plant growth regulators, trace elements,
vitamins and micronutrients in biostimulant which enhanced
the yield attributing characters (Kavitha et al., 2008) 1%, Devi
and Mani (2015) [ reported that highest yield contributing
characters were recorded with 100% RDF+15% Kappaphycus
alvarezii sap which was followed by 100% RDF+15%
Gracilaria sap. Layek et al. (2018) [l stated that yield
attributes significantly increased with application of seaweed
extracts upto 10% concentration. The experimental findings
of the present research are also in close agreement to those of
Pramanick et al. (2014) ('8, Banjare et al. (2022) ¥, Deepana
et al. (2021) [, Zodape et al. (2010) 22 in green gram and
Nayak et al. 2020 [15],
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Table 2: Yield attributing characters and yield as influenced by different biostimulants

Treat I_\lo. of_ No. of_grains Panicle Wei_ght of 100_0-grain _ Grain _ Straw Biological yield _Harvest
" | panicles hill'*| panicle! |length (cm) [panicle (g)|weight (g)|Yield (kg ha)| Yield (kg ha') (kg hat) index (%)
T1 7.13 76.20 17.79 2.46 29.74 4533.48 5562.20 10095.68 44.91
T2 7.60 100.27 19.89 2.63 29.80 4681.86 5698.01 10379.87 45.10
Ts 9.33 116.13 21.15 2.91 29.88 4945.39 5908.83 10854.23 45.56
T4 8.90 109.60 20.61 2.79 29.87 4902.66 5876.07 10778.73 45.48
Ts 7.20 80.00 18.40 2.56 29.79 4657.64 5709.88 10367.52 44.93
Ts 8.88 106.40 20.35 2.73 29.81 4883.67 5877.26 10760.92 45.38
T7 6.97 75.07 16.46 2.32 29.58 4021.84 4969.14 8941.12 44.42
S.Em. (¥) 0.17 3.40 0.34 0.09 0.23 55.90 54.95 109.57 0.14
C.D. at 5% 0.51 10.48 1.04 0.28 NS 172.24 169.32 337.60 NS

In the present investigation, grain, straw and ultimately
biological yields of rice varied similarly as a reflection of the
yield attributes (Fig. 1). Foliar application of different
biostimulants showed positive effect on yield of rice when
compared with control treatment. Maximum grain (4945.39
kg hal), straw (5908.83 kg hal) and biological (10854.23 kg
ha) yield of rice was obtained when biostimulant SiLife @
0.4% (T3) was foliar applied which was followed by
application of humic acid @ 1% (T4) with 4902.66 kg ha?,
5876.07 kg ha' and 10778.73 kg ha?l grain, straw and
biological yield, respectively and vermiwash @ 10% (Ts)
with 4883.67 kg ha?, 5877.26 kg ha! and 10760.92 kg ha
grain, straw and biological yield, respectively. Also, foliar
application of SiLife @ 0.4% showed higher harvest index
(45.56%) over other treatments which was followed by
application of humic acid @ 1% and vermiwash @ 10%.
While lowest grain, straw and biological yield and harvest
index was obtained with treatment T7: control (no foliar
application). Treatment T (SiLife @ 0.4%) recorded 22.96%

18.91% and 21.39% more grain, straw and biological yield
than control (T+).

The improvement in yield due to application of biostimulant
containing seaweed extract was might be due to presence of
readily available nutrients like nitrogen, phosphorous, potash
as well as trace minerals which helps in increasing yield
(Kavitha et al., 2008) [%. The higher value of grain yield of
rice might be owing to greater availability of nutrients in the
soil, improvement of soil environment leading to higher root
proliferation resulting in better absorption of moisture and
nutrients and ultimately ensuring higher grain yield (Kumari
et al., 2013) 23, It might be also due to better availability of
plant nutrients throughout the growth period and particularly
during the critical growth period of rice crop which resulted
into better plant vigour and superior yield attributes (Arun et
al., 2019) M. The results of present investigation are in close
confirmation with those of Nayak et al. (2020) [*31, Deepana et
al. (2021) "1, Pramanick et al. 2014 [*8] Devi and Mani (2015)
(8 and Layek et al. (2018) M and Arun et al. (2019) I,
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Fig 1: Grain yield, straw yield, biological yield (kg ha'*) and harvest index (%) of rice as influenced by different treatments

3.2 Nutrient content and uptake

In the present investigation concentration of N, P and K in
rice grain and straw differed significantly amongst treatments
(Table 3). Significantly higher N (1.28% and 0.60% in grain
and straw, respectively), P (0.323% and 0.203% in grain and
straw, respectively) and K (0.35% and 1.11% in grain and
straw, respectively) was observed in treatment T3 (SiLife @
0.4%) which was followed by treatments T, (humic acid @
1%) and T (vermiwash @ 10%).

Total N, P and K uptake was in linear association with grain
yield and straw yield as shown in Table 3. Total nitrogen
(98.45 kg hal), phosphorus (28.00 kg ha') and potassium
(82.92 kg ha') uptake in rice was higher when the crop was
sprayed with 0.4% SiLife (Ts) as compared to other

treatments. Treatments T, (humic acid @ 1%) and Ts
(vermiwash @ 10%) were statistically at par with treatment
T, with regard to total N, P and K uptake. However, treatment
T7: control (no foliar application) showed lowest values of
nutrient uptake. In the present study, with increase in N, P and
K content in grain and straw, the uptake of these nutrients was
also found to be higher in grain, straw as well as total
biological produce; as uptake of a nutrient is a function of
concentration of nutrient and yield per hectare. Higher values
of nutrient uptake in treatment with seaweed extract based
biostimulant might be due to the presence of several bioactive
substances that are important for plants growth and vigour
and they also can improve nutrient uptake from soil (Arun et
al., 2019) [, Also, the biostimulants increases the efficiency
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of mineral fertilizers by decreasing leaching and other losses
(Pramanik et al., 2020) I, Layek et al. (2018) 14l reported
higher total N, P and K uptake with foliar application of 15%
Kappaphycus alvarezii (K sap). Pramanick et al. (2014) [
reported that the use of the seaweed extracts significantly
increased N, P and K uptake by grains at higher

https://www.thepharmajournal.com

concentrations (10% and above) and reached maximum at
15% seaweed extract compared with control. These results are
in agreement to those previously reported by Nayak et al.
(2020) [*31, Pramanick et al. (2020) [*8] and Singh et al. (2015)
1201 in the rice crop.

Table 3: N, P and K content (%) in grain and straw and its total uptake (kg ha) by rice crop as influenced by different treatments

Treat. g:g;]tegttﬁz/sg Total N uptake (kg ha®) Zig?{:egg@ Total P uptake (kg ha*) Ié::;gtensttg@) Total K uptake (kg ha?)
T1 116 | 0.52 81.16 0.257 | 0.186 21.949 0.33 | 1.00 70.62
T2 119 | 054 86.65 0.280 | 0.198 24.462 0.33 | 1.08 77.16
T3 1.28 | 0.60 98.45 0.323 | 0.203 28.006 035 | 111 82.92
T4 1.25 | 0.59 95.52 0.307 | 0.202 26.903 0.35 | 1.10 81.29
Ts 1.19 | 0.53 85.59 0.267 | 0.192 23.393 0.33 | 1.07 76.56
Ts 124 | 058 94.96 0.300 | 0.201 26.477 0.34 | 1.09 80.53
T7 1.15 | 0.49 62.69 0.247 | 0.176 16.663 0.32 | 0.91 52.42
S.Em.(¥) | 0.02 | 0.01 1.50 0.006 | 0.005 0.364 0.003 | 0.01 0.85
C.D.at5%| 0.05 | 0.04 4.62 0.02 | 0.01 1.12 0.01 | 0.03 2.63

120

100

Total N uptake (kg ha-1)
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<
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Fig 2: Total N, P and K uptake (kg ha*) by rice crop as influenced by different treatments

3.3 Economics

Economic analysis as shown in Table 4 indicated that foliar
application of different biostimulants increased the gross and
net returns of rice cultivation as compared to control i.e., no
foliar application (T7). Among various biostimulant
treatments, although application of SiLife @ 0.4% (Ts)
recorded highest gross returns (X 110712.73 hal) due to best
crop productivity, highest net returns (% 15202.48 ha') of rice
cultivation was however ensured with foliar application of
humic acid @ 1% (T4). This was due to relatively low cost of
humic acid as compared to biostimulant SiLife. Treatment T,

control (no foliar application) recorded lowest gross (R
90446.58 ha') and net (X -3972.70 hal) returns of rice
cultivation due to lowest crop productivity. As a consequence
of high monetary returns as well as low cost of cultivation, the
maximum B: C ratio was realised under treatment T4 (1.16)
which was followed by treatment T3 (1.14) and Te (1.14).
Conversely, minimum B: C ratio (0.96) was acquired by
control i.e., no foliar application (T7). The result corroborated
the finding of Osman et al. (2013) '8, Kumar et al. (2016) [4
and Khan et al. (2019) M1,

Table 4: Economics of rice cultivation as influenced by different treatments based on input cost

Treatments Cost of cultivation (R ha) | Gross returns (2 ha') | Net returns (R ha') | B: C ratio
Ti: Biostimulant (SiLife) @ 0.2% 95859.28 101854.94 5995.66 1.06
T2: Biostimulant (SiLife) @ 0.3% 96579.28 105073.12 8493.84 1.09
Ta: Biostimulant (SiLife) @ 0.4% 97299.28 110712.73 13413.45 1.14
T4: Biostimulant (Humic acid) @ 1% 94599.28 109801.76 15202.48 1.16
Ts: Biostimulant (Triacontanol) @ 0.1% 94824.28 104633.00 9808.72 1.10
Te: Biostimulant (Vermiwash) @ 10% 96399.28 109436.25 13036.97 1.14
T7: Control (No foliar application) 94419.28 90446.58 -3972.70 0.96
S.Em. (¥) - - 1210.36 -
C.D. at 5% - - 3729.50 -

Conclusion

On the basis of experimental findings, it may be concluded
that foliar application of SiLife @ 0.4% resulted in higher
yield attributes and yield. Also, it positively influences
nutrient content in rice grain and straw and recorded higher

total nutrient uptake by rice crop. However, economic
analysis showed that though foliar application of SiLife @
0.4% achieved higher gross returns, but the higher net returns
and B: C ratio was obtained with foliar application of humic
acid @ 1% due to lower cost of humic acid than SiLife.

~321”


https://www.thepharmajournal.com/

The Pharma Innovation Journal

References

1.

10.

11.

12.

13.

14.

15.

16.

Anonymous. Agricultural Statistics at a Glance 2021.
Directorate of Economics and Statistics, Ministry of
Agriculture and Farmers Welfare, Govt. of India; c2021a.
Anonymous. Economic survey of Maharashtra 2021.
Department of Agriculture Maharashtra State final
estimate; c2021b. krishi.maharashtra.gov.in 2021-22.
Anonymous. Fourth advance estimates of area,
production & productivity of principal crops during
2021-22 in Maharashtra. Department of Agriculture
Maharashtra State final estimate; c2021c.
krishi.maharashtra.gov.in 2021-22.

Arun MN, Mahender Kumar R, Nori S, Singh A, Tuti
MD, Srinivas D, et al. Effect of seaweed extract as
biostimulant on crop growth and yield in rice (Oryza
sativa L.) under transplanted condition. Journal of Rice
Research, 2019, 12(2).

Banjare L, Banwasi R, Jataw GK, Shrivastav LK. Effect
of seaweed extract on yield and nutrient uptake of rice in
a vertisol. The Pharma Innovation Journal.
2022;11(3):2193-2198.

Calvo P, Nelson L, Kloepper JW. Agricultural uses of
plant biostimulants. Plant Soil. 2014;383:3-41.

Deepana P, Sathiya Bama K, Santhy P, Sivasankari Devi
T. Effect of seaweed extract on rice (Oryza sativa L. var.
ADT53) productivity and soil fertility in Cauvery delta
zone of Tamil Nadu, India. Journal of Applied and
Natural Sciences. 2021;13(3):1111-1120.

Devi NL, Mani S. Effect of seaweed saps Kappaphycus
alvarezii and Gracilaria on growth, yield and quality of
rice. Indian Journal of Science and Technology,
2015;8(19).

Jardin PD. Plant biostimulants: Definition, concept, main
categories and regulation. Scientia Horticulturae.
2015;196:3-14.

Kavitha MP, Ganesaraja V, Paulpandi VK. Effect of
foliar spraying of sea weed extract on growth and yield of
rice (Oryza sativa L.). Agricultural Science Digest.
2008;28(2):127-129.

Khan OA, Sofi JA, Kirmani NA, Hassan Gl, Bhat SA,
Chesti MH, et al. Nano-fertilizers in comparison to
humic and fulvic acid on yield and economics of red
delicious (Malus x domestica Borukh.). Journal of
pharmacogenecy phytochemistry. 2019;8(2):978-981.
Kumar U, Gulati 13, Kumar H, Kumar G. Role of humic
acid and salicyclic acid on vyield attributes, yield and
economics of tomato under saline stress conditions.
Annals of Plant and Soil Research. 2016;18(2):118-122.
Kumari Niru, Singh CS, Prasad J, Singh MK, Kumar R.
Influence of organic nutrient sources on productivity of
rice (Oryza sativa)-based cropping systems in Jharkhand.
Indian Journal of Agronomy. 2013;58(3):277-281.

Layek J, Das A, Ramkrushna Gl, Sarkar D, Ghosh A,
Zodape ST, et al. Seaweed extract as organic bio-
stimulant improves productivity and quality of rice in
eastern Himalayas. Journal of Applied Phycology.
2018;30:547-558.

Nayak P, Biswas S, Dutta D. Effect of seaweed extracts
on growth, yield and economics of kharif rice (Oryza
sativa L.). Journal of Pharmacology and Phytochemistry.
2020;9(3):247-253.

Osman EAM, EL-Masry AA, Khatab KA. Effect of
nitrogen fertilizer sources and foliar spray of humic

17.

18.

19.

20.

21.

22.

~3227

https://www.thepharmajournal.com

and/or fulvic acids on yield and quality of rice plants.
Advances in Applied Science Research. 2013;4(4):174-
183.

Panse VG, Sukhatme PV. Statistical methods for
agricultural workers. 1.C.A.R. New Delhi; c1967.
Pramanick B, Brahmachari K, Ghosh A, Zodape ST.
Effect of seaweed saps on growth and yield improvement
of transplanted rice in old alluvial soil of West Bengal.
Bangladesh Journal of Botany. 2014;43(1):53-58.
Pramanik M, Dutta D, Samui I. Effect of Seaweeds on
Growth and Yield of Boro Rice (Oryza sativa L.).
Current Journal of Applied Science and Technology.
2020;39(33):28-34.

Singh SK, Thakur R, Singh MK, Singh CS, Pal SK.
Effect of fertilizer level and seaweed sap on productivity
and profitability of rice (Oryza sativa L.). Indian Journal
of Agronomy. 2015;60(3):420-425.

Tandon HLS. Methods of analysis of soils, plants, water
and fertilizers. FDCO, New Delhi, India; c1993.

Zodape ST, Mukhopadhyay S, Eswaran K, Reddy MP,
Chikara J. Enhanced yield and nutritional quality in green
gram (Phaseolus radiata L.) treated with seaweed
(Kappaphycus alvarezii) extract. Journal of Scientific &
Industrial Research. 2010;69:468-471.


https://www.thepharmajournal.com/

