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Abstract

A field experiment was carried out in research farm, IGKV, Raipur, Chhattisgarh, India during kharif
2023 and 2024 to know the Performance of bio-stimulant on growth and yield of rice in Vertisol of
Chhattisgarh. It was laid down in a randomized block design (RBD) consisting twelve treatments and
three replications. The various treatment combinations included : T1-RDF (120:60:40), T>-RDF + Root
Dipping with humic acid powder(1 g/L), T3-RDF + humic acid powder @ 250 g/acre (SA), Ts+-RDF +
humic acid powder @ 500 g/acre (SA), Ts-RDF + humic acid powder @ 1000 g/acre (SA), Ts-80%
RDF + Root Dipping with humic acid powder (1 g/L), T7-80% RDF + humic acid powder @ 250
g/acre (SA), Ts-80% RDF + humic acid powder @ 500 g/acre (SA), Ts-80% RDF + humic acid powder
@ 1000 g/acre (SA), T10-80% RDF + humic acid powder @ 1 g/L (FS), T11-80% RDF + humic acid
powder @ 2 g/L (FS) and T12-80% RDF + humic acid powder @ 4 g/L (FS). The results showed that
combining humic acid powder with 100% RDF had a positive influence on most of the growth
parameters. The treatments with RDF + humic acid powder @ 500 g/acre was able to obtained
significantly higher grain yield which is directly comparable to RDF + HP @ 1000 g/acre in both the
seasons. Also, the higher B:C ratio was obtained by the application of RDF + HP @ 500 g/acre
followed by 80% RDF + HP @ 500 g/acre. The higher B:C ratio in RDF + HP @ 500 g/acre and 80%
RDF + HP @ 500 g/acre highlights that moderate to high doses of humic acid under 80 and 100% RDF
significantly improve economic returns by enhancing crop productivity.

Keywords: Rice, humic acid, root dipping, soil application, foliar spray and B:C ratio

1. Introduction

Rice is most important cereal crop of India and serves as the primary staple food for more
than two-thirds of the population. During 2021-22, national rice production reached 130.29
million tonnes across 45 million hectares (Ministry of Agriculture & Farmers Welfare, 2021)
(11, The Indian state Chhattisgarh is known as the ‘rice bowl of India’ contributes about 5%
share in rice production. The production and productivity of rice in Chhattisgarh was 92.49
lakh metric tonnes and 21.3 g ha? respectively in 2020-21 (Agriculture statistics table,
Chhattisgarh government, 2021) ™. In India the total fertilizer applied to rice crop about 7.5
million tonnes in which 4.9 million tonnes of N, 1.68 million tonnes of P, and 0.88 million
tonnes of K, respectively. (International Fertilizer Association and International Plant
Nutrition Institute, 2017). However, in order to cope up with the rapid population growth, the
requirement of rice production by 2030 is estimated to be 160 million tonnes (Mishra et al.
2013) (9 which is not achievable through relying solely on green revolution-based farming
methods as it is gradually losing its hope due to excessive and unscientific exploitation of its
broods (chemical fertilizers, pesticides, irrigation etc). Yield stagnation, sharp rise of input
price, soil health deterioration and environmental footprints (Biswas et al. 2019) ¥l are some
pertinent issues associated with the use of chemical fertilizers and therefore, there is an
urgent need for its partial replacement or complete paradigm shift towards modern
biotechnological advances. Bio-stimulants have recently gained attention as effective tools
for improving nutrient-use efficiency, stress tolerance, and overall crop performance. They
enhance plant growth without acting as conventional fertilizers or pesticides and can increase
yields while reducing dependency on chemical fertilizers. Among various bio-stimulants,
humic substances, particularly humic acid, are notable for their ability to improve soil
physical, chemical, and biological properties, thereby enhancing crop growth, nutrient
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availability, and soil health. Integrating humic substances
with inorganic fertilizers supports sustainable and high-
productivity rice systems. Although humic acid is not
formally classified as a fertilizer, it is widely regarded as an
effective supplement when used alongside synthetic or
organic fertilizers. Numerous studies have demonstrated that
humic substances improve soil structure, enhance microbial
activity, and influence key physiological mechanisms
related to plant growth stimulation, cell permeability, and
nutrient uptake, ultimately contributing to higher crop
yields.

Therefore, the present investigation was undertaken to
evaluate the Performance of bio-stimulant on growth and
yield of rice in Vertisol of Chhattisgarh which aims to
preserve the environment and reduce the cost of plant
production.

2. Materials and Methods

The experiment was conducted at research farm of Indira
Gandhi  Krishi ~ Vishwavidyalaya (IGKV), Raipur,
Chhattisgarh, India during Kharif season of the year 2023
and 2024 to investigate the Performance of bio-stimulant on
growth and yield of rice in Vertisol of Chhattisgarh. The soil
of the experimental area was clayey in nature falling under
the category of Vertisol, which is a fine, hyperthermic,
montmorillonitic chromustert soil. Locally, the soil is
known as Kanhar and is classified under Arang Il series.
The experimental soil was clayey in texture, neutral in
reaction (7.50) and non-saline in nature (0.19 dS m). The
organic matter (0.49%) and available nitrogen (215 kg hat)
were low in status. On the other hand, the available
phosphorus (17.5 kg ha) was found medium and available
potassium (495 kg ha™*) was found at higher status in the
soil. Rice (variety-Rajeshwari) was used as test crop in the
experiment. The experimental land was prepared thoroughly
by ploughing twice with the help of cultivator and divided
into plots of size 4 x 5 m. The plots were cleaned up by
collecting and removing weeds and stubbles of previous
crop. The plots were labelled uniformly and were laid down
as per the design of the experiment. The trial was laid down
in a randomized block design (RBD) corresponding to 12
treatments and three replications. The treatments were T;-
RDF (120:60:40), T.-RDF + Root Dipping with humic acid
powder(1 g/L), Ts-RDF + humic acid powder @ 250 g/acre
(Soil application), T4-RDF + humic acid powder @ 500
g/acre (Soil application), Ts-RDF + humic acid powder @
1000 g/acre (Soil application), T¢-80% RDF + Root Dipping
with humic acid powder (1 g/L), T7-80% RDF + humic acid
powder @ 250 g/acre (Soil application), Tg-80% RDF +
humic acid powder @ 500 g/acre (Soil application), T-80%
RDF + humic acid powder @ 1000 g/acre (Soil application),
T10-80% RDF + humic acid powder @ 1 g/L (Foliar spray),
T1:-80% RDF + humic acid powder @ 2 g/L (Foliar spray)
and T1,-80% RDF + humic acid powder @ 4 g/L (Foliar
spray). All the treatments consisted a common dose of 80
and 100% recommended dose of N, P and K. Urea, Single
super phosphate (SSP), Muriate of potash (MOP) and
Humic acid powder were used as fertilizers. One third of N
(Urea) and full recommended dose of P and K fertilizers
were applied at the time of transplanting. Remaining equal
two splits (1/3™ of Urea) of nitrogen were given at tillering
and panicle initiation stage of rice. The roots of seedlings
were dipped for two hours in humic acid powder solution as
requirement of the treatment. After that, the plants were
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transferred into the treatment (T, and Te). Humic acid
powder was given 2 times (at tillering and panicle initiation
stage, respectively) through foliar application, as per the
treatments. The initial and after harvest soil samples were
analyzed using standard protocols to determine the physico-
chemical properties of soil. For agronomic observations,
five hills at random from each plot were selected and their
mean was noted as the final reading of the respective plot.
The gross return hectare, net return hectare and benefit
cost ratio were recorded as per the formulas given by Tomar
and Tiwari, 199018, The yield data collected from field and
those recorded in the laboratory were subjected to statistical
analysis. The analysis of variance approach was used to
examine the analytical data in this experiment as described
by Gomez and Gomez (1984) 1.

3. Results and Discussion

The treatments comprising of incorporation of different
combinations of bio-stimulants in soil as well as foliar
application along with 80 and 100% RDF significantly
influenced the total number of tillers per hill during both the
years (Table 1). The data on total number of tillers ranged
from 7.7 to 8.9 (in kharif 2023) and 7.8 to 9.0 (in kharif
2024). The highest number of tillers per hill was recorded
under RDF + HP @ 1000 g/acre (Ts), which remained
statistically at par with RDF + HP @ 250 and 500 g/acre (Ts
and T.). These soil-applied HP treatments significantly
outperformed all other HP combinations. Under reduced
fertilizer levels, 80% RDF + HP @ 500 and 1000 g/acre (Ts
and To) recorded higher tiller numbers than the lower HP
dose and were comparable to each other in both seasons.The
RDF + RD (T>) treatment produced tiller numbers similar to
100% RDF (T1) across years, while 80% RDF + RD (Ts)
performed better than 80% RDF + foliar HP @ 1 g/L (T1o)
but remained significantly inferior to their respective RDF
treatments. Similar results were found in the case of
effective number of tillers per hill which varied significantly
from 6.4 to 7.3 (kharif 2023) and from 6.5 to 7.4 (kharif
2024). The data on number of grains per panicle ranged
from 136 and 149(in kharif 2023) and 138 to 151 (in kharif
2024). The maximum number of grains per panicle were
observed with RDF + HP @ 500 g/acre (T4), followed by
RDF + HP @ 250 and 1000 g/acre (T3 and Ts) respectively
whereas, minimum grains per panicle was recorded in HP @
1 g/L (T10). Furthermore, the test weight was influenced non
significantly by different combinations of bio-stimulants in
soil as well as foliar along with 80 and 100% RDF (Table-
2). The range in which the test weight lied was from 30.43
to 31.04 g in kharif 2023 and 30.28 to 31.21 g in kharif
2024. The highest test weight was recorded under RDF +
HP @ 500 g/acre, while the lowest was observed with 80%
RDF + humic acid @ 1 g/L during 2023 and 2024. The
results clearly indicates that the application of humic acid in
different doses both as foliar and soil application has a
pronounced influence on plant growth and ultimately the
final production. Humic acid encourages the development of
yield components of rice crop like plant height, productive
tillers per hill, and number of grains per panicle at harvest,
and ultimately grain and straw yield. It was also reported
that the application of humic acid increased the synthesis
and activity of 1AA, which played a significant role in
promoting the plant growth. Present results are concomitant
with the findings of Mohammadipour, (2012) (%], Saha et al.
(2013) 31, Arun et al. (2019) 4, Karennavar et al. (2022) Bl
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and Kumar et al. (2023) &8,

The incorporation of different combinations of bio-
stimulants in soil as well as foliar along with 80 and 100%
(RDF) resulted in a significant increase in grain and straw
yield in both the seasons (Table 3). The grain yield ranged
from 54.6 and 56.6 g ha' in 80% RDF + HP @ 1 g/L to 62.7
and 65.3 g ha! in RDF + HP @ 500 g/acre during 2023 and
2024, respectively. The highest grain yield was recorded
under RDF + HP @ 500 g/acre (T4), which was statistically
comparable with RDF + HP @ 1000 g/acre (Ts) and RDF +
HP @ 250 g/acre (Ts) across individual years, indicating the
consistent superiority of soil-applied HP at higher doses.
Under reduced fertilizer levels, 80% RDF + HP @ 500
gl/acre (Tg) and 80% RDF + HP @ 1000 g/acre (To) resulted
in significantly higher grain yield than the lower HP dose
(T7) and remained comparable to each other. The RDF + RD
(T,) treatment produced grain yields similar to 100% RDF
(T1), while 80% RDF + RD (Tg) performed better than 80%
RDF + HP @ 1 g/L (T10) but remained inferior to the
corresponding RDF-based treatments. Among foliar
applications, 80% RDF + HP @ 4 g/L (T12) and 80% RDF +
HP @ 2 g/L (T11) recorded higher yields than HP @ 1 g/L
(T10), which consistently exhibited the lowest grain yield
across years. A similar trend was observed for straw yield.
Straw yield ranged from 58.2 to 68.6 q ha™! during 2023 and
59.4 to 70.4 q ha™! during 2024. The highest straw yield was
obtained under RDF + HP @ 1000 g/acre (Ts), followed
closely by RDF + HP @ 500 g/acre (T4), both of which were
statistically at par and markedly superior to all other
treatments during kharif 2023. However, in kharif 2024, the
highest straw yield was obtained in RDF + HP @ 500
g/acre(T,) followed by RDF + HP @ 1000 g/acre (Ts), and
significantly superior to the others, while the minimum
straw yield was recorded in the 80% RDF + HP @ 1
g/L(T10) during both the years. The higher grain and straw
yield might be obtained because the yield is a function of
complex inter relationships of its components, which are
determined from the growth rhythms in vegetative phase
and its subsequent reflection in the reproduction phase of
the plant. Nardi et al. (1988) reported that humic substances
exhibited auxin, gibberellin and cytokinin-like activities.
The positive effect of humic acid on yield could be mainly
due to hormone-like activities through their association in
photosynthesis, cell respiration, protein synthesis, oxidative
phosphorylation and various enzymatic reactions. These
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results were in line with findings of Manjeera et al. (2020) !
and Kumar et al. (2023) B in rice.

The economic performance of different treatment
combinations was evaluated through economic analysis and
the data of the two seasons were pooled for the final results
(Table 4) revealed that the highest cost of cultivation (Rs
47,152 ha™') was incurred in RDF + HP @ 1000 g/acre,
followed by (Rs 47,114 ha™) under 80% RDF + HP @ 4
g/L. The lowest cost of cultivation (Rs 43,552 ha') was
observed in 80% RDF + RD with HP @ 1 g/L. The
increased cost in RDF + HP @ 1000 g/acre and 80% RDF +
HP @ 4 g/L might be due to the higher dosage of humic
acid and associated labour costs for its formulation,
preparation and application. The highest gross return (Rs
1,46,055 ha™') was obtained in RDF + HP @ 500 g/acre
followed by RDF + HP @ 1000 g/acre (Rs 1,45,388 ha™')
and 80% RDF + HP @ 500 g/acre (Rs 1,40,530 ha™). In
terms of net returns, highest (Rs 99,829 ha™') was obtained
in RDF + HP @ 500 g/acre followed by RDF + HP @ 1000
g/acre (Rs 98,236 ha™) and 80% RDF + HP @ 500 g/acre
(Rs 95,790 ha™') might be due to better yield performance
despite their higher cultivation costs. The lowest net return
(Rs 83,025 ha™') was observed in 80% RDF + of HP @ 1
g/L. The benefit cost ratio, was calculated by dividing the
net returns with the total cost of cultivation for distinct
treatments and the maximum benefit cost ratio (2.16) was
recorded in RDF + HP @ 500 g/acre indicating the best
profitability among all treatments, followed closely by 80%
RDF + HP @ 500 g/acre (2.14) and RDF + HP @ 250
g/acre (2.11). Treatments RDF (120:60:40), 80% RDF + RD
with HP(1 g/L) as soil applicaton, and 80% RDF + HP @ 1
g/L as foliar application recorded comparatively lower
Benefit cost ratios of 2.05, 2.00, and 1.85, respectively. The
higher benefit cost ratio in RDF + HP @ 500 g/acre and
80% RDF + HP @ 500 g/acre highlights that moderate to
high doses of humic acid under 80 and 100% RDF
significantly improve economic returns by enhancing
nutrient uptake and crop productivity. Conversely, foliar
application of humic acid, especially at lower
concentrations, resulted in relatively less economic
advantage. There findings are in agreement carried out by
with the investigation Karennavar et al. (2022) BB, Osman et

al. (2013) 1, Kumar et al. (2016) [l and Khan et al. (2019)
[6]

Table 1: Effect of bio-stimulants on total numbers of tillers per hill, Effective number of tillers per hill and Number of grains per panicle of
rice at harvest in 2023 and 2024

Total numbers of tillers per | Effective numbers of tillers per Number of grains per
Treatment s hill hill panicle
2023 2024 2023 2024 2023 2024
T1 RDF (120:60:40) 8.47bcde 8.5 abdd 6.91 acd 7.0 14 bode 1452
T2 RDF + RD with HP (1 g/L) 8,58 8.7 7.0%c 7.180c 1447 1478
T3] RDF + HP @ 250 g/acre (SA) 8.8% 8.9% 7.28 7.3%® 1473%¢ 148%
T4 RDF + HP @ 500 g/acre (SA) 8.9 8.9% 7.28 7.3 1492 1512
Ts| RDF + HP @ 1000 g/acre (SA) 8.9 9.0 7.3 7.4° 148® 1502
Ts| 80% RDF + RD with HP(1 g/L) 7.9% 8.0% 6.5% 6.6~ 138% 140
T7|80% RDF + HP @ 250 g/acre (SA) 8. 1bode 8.3bcde 6.8 6.9%cd 14Q¢de 142bcd
Ts|80% RDF + HP @ 500 g/acre (SA) 8.7avc 8.8ac 7.1 7.2% 1452bcd 147%
g 80% RDF + 'E'SPA? 1000 g/acre 8.6 abc 8.7 abc 7.02bc 7.18bc 144abcd 1473bc
Ti0] 80% RDF +HP @ 1 g/L (FS) 7.7¢ 7.8¢ 6.4¢ 6.5¢ 136¢ 138¢
Tl 80% RDF + HP @ 2 g/L (FS) 8.0cde 8.1¢de 6.6° 6.70 14Q¢de 142bcd
T2 80% RDF + HP @ 4 g/L (FS) 8.3abcde 8.5abcde 6.820cd 7.080cd 147Pcde 1443bcd
SEm (%) 0.2 0.2 0.2 0.2 2 2
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[ ] C.D. (P =0.05) | 0.7 | 0.7 | 0.5 | 0.6 | 7 | 7 |
RD = Root dipping, HP = Humic acid powder, SA = Soil application, FS = Foliar spray
Table 2: Effect of bio-stimulants on test weight of rice after harvest in 2023 and 2024
Test weight (g)
Treatment s 2023 2024
T1 RDF (120:60:40) 30.79 30.17
T2 RDF + RD with HP (1 g/L) 30.84 30.87
T3 RDF + HP @ 250 g/acre (SA) 31.00 31.13
Ts RDF + HP @ 500 g/acre (SA) 31.04 31.30
Ts RDF + HP @ 1000 g/acre (SA) 31.02 31.21
Ts 80% RDF + RD with HP(1 g/L) 30.40 30.44
T7 80% RDF + HP @ 250 g/acre (SA) 30.63 31.63
Ts 80% RDF + HP @ 500 g/acre (SA) 30.95 31.11
To 80% RDF + HP @ 1000 g/acre (SA) 30.90 31.99
Tao 80% RDF + HP @ 1 g/L (FS) 30.43 30.28
Tu 80% RDF + HP @ 2 g/L (FS) 30.50 30.54
T12 80% RDF + HP @ 4 g/L (FS) 30.70 31.64
SEm () 0.9 0.9
C.D. (P =0.05) NS NS
RD = Root dipping, HP = Humic acid powder, SA = Soil application, FS = Foliar spray
Table 3: Effect of bio-stimulants on grain and straw yield of rice in 2023 and 2024
Yield (g ha)
Treatment s Grain Straw
2023 2024 2023 2024
T1 RDF (120:60:40) 58.9abcd 60.4pbcde 6370 65, 7bcde
T2 RDF + RD with HP (1 g/L) 59.3%¢ 61.68cd 63.50¢ 65.5°d
T3 RDF + HP @ 250 g/acre (SA) 61.2% 62.6%¢ 65.6%¢ 67.3%¢
T4 RDF + HP @ 500 g/acre (SA) 62.7° 65.3% 68.0% 70.42
Ts RDF + HP @ 1000 g/acre (SA) 62.22 64.2% 68.6° 69.7%
Ts 80% RDF + RD with HP(1 g/L) 55.9% 57.9¢% 58.8° 60.9%
T7 80% RDF + HP @ 250 g/acre (SA) 58.4abcd 59, 7¢de 61.8¢de 63.700ef
Ts 80% RDF + HP @ 500 g/acre (SA) 60.8% 61.420cd 64.220¢ 66.0°cde
To 80% RDF + HP @ 1000 g/acre (SA) 60.4%¢ 61.0abcde 65.8%¢ 66.47cd
Tio 80% RDF + HP @ 1 g/L (FS) 54.6¢ 56.6° 58.2¢ 59.4¢
Tu 80% RDF + HP @ 2 g/L (FS) 56.8pcd 58.6¢de 59.6% 61.9¢7
Ta2 80% RDF + HP @ 4 g/L (FS) 58.820cd 60.20cde 62,204 63.0%f9
SEm () 1.6 1.5 0.2 0.2
C.D. (P =0.05) 4.6 45 0.5 0.6

RD = Root dipping, HP = Humic acid powder, SA = Soil application, FS = Foliar spray

Table 4: Effect of bio stimulants on economics of rice

Treatment details Cost of cultivation (Rs ha*) | Gross return (Rs ha') | Net return (Rs ha) | Benefit cost ratio
T1 RDF (120:60:40) 45000 137248 92248 2.05
T2 RDF + RD with HP(1 g/L) 45038 138991 93953 2.09
T3 RDF + HP @ 250 g/acre(SA) 45763 142286 96523 211
T4 RDF + HP @ 500 g/acre (SA) 46226 146055 99829 2.16
Ts | RDF+ HP @ 1000 g/acre (SA) 47152 145388 98236 2.08
Ts | 80% RDF + RD with HP (1 g/L) 43552 130863 87312 2.00
T7 | 80% RDF + HP @ 250 g/acre (SA) 44277 135756 91479 2.07
Ts | 80% RDF + HP @ 500 g/acre (SA) 44740 140530 95790 2.14
To |80% RDF + HP @ 1000 g/acre (SA) 45666 139653 93987 2.05
Tio| 80% RDF+HP @ 1g/L (FS) 44864 127889 83025 1.85
Tu| 80%RDF+HP @ 2g/L (FS) 45614 132701 87087 1.91
Ti2| 80% RDF+HP @ 4 g/L (FS) 47114 136797 89683 1.90

RD = Root dipping, HP = Humic acid powder, SA = Soil application, FS = Foliar spray

4. Conclusion

The use of humic acid as a soil and foliar application is
gaining importance in India, with increasing research efforts
being undertaken worldwide to improve crop growth and
productivity. This study is one of the maiden attempts to
evaluate the Performance of bio-stimulant on growth and
yield of rice in Vertisol of Chhattisgarh under different
modes of application alongside recommended fertilizer
doses. It can be concluded by the experiments that, the

~10~

treatments with different combination of soil and foliar-
applied humic acid in conjunction with 80 and 100% RDF
had a significant effect in improving the yield and yield
attributing characters (except test weight) of rice. The soil
application of RDF + HP @ 500 g/acre was able to give
remarkably high yield which is directly comparable to RDF
+ HP @ 1000 g/acre. However, other treatments with 80%
RDF mixed with soil application of humic acid were also
able to give notably high yields. The application of RDF +
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HP @ 500 g/acre expressed highest B:C ratio among all the
treatments followed by 80% RDF + HP @ 500 g/acre. The
higher benefit cost ratio in RDF + HP @ 500 g/acre and
80% RDF + HP @ 500 g/acre highlights that moderate to
high doses of humic acid under 80 and 100% RDF
significantly improve economic returns by enhancing
nutrient uptake and crop productivity. Conversely, foliar

application of humic acid, especially at lower
concentrations, resulted in relatively less economic
advantage.
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