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Abstract

A field experiment was conducted during Kharif 2025 at the Zonal Agricultural and Horticultural Research
Station (ZAHRS), Navile, Shivamogga, Karnataka, India, to evaluate the effect of endophytic bacterial
consortia (EBC) and humic acid, applied singly and in combination with graded levels of the recommended
dose of fertilizer (RDF), on growth, root development, yield attributes and economics of maize hybrid P3304.
The experiment was laid out in a Randomized Complete Block Design with twelve treatments, replicated
thrice. Application of 100% RDF together with commercial humic acid and EBC recorded the highest plant
height (226.77 cm), dry matter accumulation (295.24 g plant™), root dry weight (27.87 g plant™?), grain yield
(6947 kg hal) and net returns (31,05,907 ha') and was statistically on par with the corresponding areca-
husk-based humic acid combination, 100% RDF + areca husk humic acid + EBC, almost at every stage and
parameter. Both combined treatments significantly outperformed their respective sole-input counterparts
(humic acid alone or EBC alone), confirming a synergistic rather than additive interaction between humic
acid and EBC. Grain yield under application of 100% RDF together with commercial humic acid and EBC
exceeded the lowest-yielding treatment, 75% RDF alone (5619 kg hat), by close to 24 per cent and gave the
highest absolute net returns while application of 100% RDF together with areca husk humic acid and EBC
recorded the highest benefit-cost ratio (2.54), reflecting the lower input cost of the locally available areca
husk compost-derived humic acid relative to the commercial formulation. These findings demonstrate that
the combined application of humic acid and EBC with the full recommended fertilizer dose offers a
biologically sound and economically viable strategy for enhancing maize productivity in nutrient-constrained
sandy loam soils of the Southern Transition Zone of Karnataka.
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Introduction

Maize (Zea mays L.), a member of the family Poaceae, is the third most important cereal crop in
the world after wheat and rice and serves diverse roles in human food, livestock feed and industrial
use. In India, maize production during 2024-25 reached 43.41 million tonnes from 12.09 million
hectares at a productivity of 3.59 t ha’, while Karnataka alone contributed 6.91 million tonnes
from 1.91 million hectares at 3.23 t ha* (Anon, 2025) 4. As a C4 plant with an exhaustive nutrient
demand, maize is highly responsive to input management, yet continuous and intensive cropping
under exploitative practices is progressively depleting the nutrient-supplying capacity and
biological activity of Indian soils.

Humic substances, the principal component of soil organic matter, chelate plant nutrients such as
phosphorus, iron and other micronutrients, improve cation exchange capacity, soil structure and
water-holding capacity, and stimulate root growth through auxin-like activity (Nardi et al., 2017;
Shah et al., 2018) [8 211, Endophytic bacteria, on the other hand, colonize internal plant tissues
without causing apparent harm, enhance nutrient availability and uptake through biological
nitrogen fixation and phytohormone production and confer tolerance to abiotic stress (Hallmann
et al., 2001; Strobel and Daisy, 2003) [*3-22, While the individual benefits of humic acid and plant
growth-promoting endophytes are well documented, their combined effect under graded fertilizer
levels and specifically the relative performance of a locally derived areca husk compost humic
acid against a commercial formulation, has received comparatively little attention in Indian maize
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production systems. The present study area is a major arecanut
(Areca catechu L.) production hub of Karnataka, where farmers
routinely discard areca husk along roadsides owing to its slow
natural decomposition. Recycling this agro-waste into humic acid
offers a sustainable, low-cost nutrient-management option.
Accordingly, a field experiment was undertaken with the
objective of evaluating the growth, root, yield and economic
response of maize to endophytic bacterial consortia and two
sources of humic acid (areca husk compost-derived and
commercial) applied in combination with 100 and 75 per cent of
the recommended dose of fertilizer and of testing whether their
combined application produces a synergistic advantage over
either input applied alone.

Materials and Methods

The field experiment was conducted during Kharif 2025 at the
Zonal Agricultural and Horticultural Research Station, Navile,
Shivamogga (13°58'-14°1' N, 75°34'-75°42" E; altitude 615 m
amsl), situated in the Southern Transition Zone (Zone VII) of
Karnataka under Keladi Shivappa Nayaka University of
Agricultural and Horticultural Sciences (KSNUAHS). The soil of
the experimental site was sandy loam in texture (74.86% sand,
17.43% silt, 7.71% clay) of the Alfisol order, acidic in reaction
(pH 5.9, 1:2.5), with low electrical conductivity (0.54 dS m™?), low
organic carbon (4.82 g kg?) and available nitrogen (233.20 kg ha-
1), high in available phosphorus (62.27 kg ha*) and medium in
available potassium (210.71 kg hal).

The experiment was laid out in a Randomized Complete Block
Design (RCBD) with twelve treatments, replicated thrice, in a
gross plot of 5.4 m x 3.6 m. The maize hybrid P3304 of 105-110
days duration, stay-green character was sown on 28 June 2025 at
a spacing of 45 cm x 30 cm. The recommended dose of fertilizer
(RDF) was 150:75:40 kg N:P20s:K,0 ha'?, applied through urea,
di-ammonium phosphate and muriate of potash; the entire P,0Os
and KO was applied basally, while N was applied in three equal
splits at sowing, knee-height and tasseling. Humic acid (2.5 | ha’
-6 ml I’ of water) and the endophytic bacterial consortium (625
ml ha'’; 6 ml I'* of water) were applied as soil drenches at 20 days
after sowing (DAS).

The twelve treatment combinations are T, comprised 100% RDF,
while T, received 75% RDF. T3 consisted of 100% RDF + humic
acid extracted from areca husk compost, and T, received 100%
RDF + commercial humic acid. Ts comprised 100% RDF +
endophytic bacterial consortia (EBC), whereas T received 100%
RDF + humic acid extracted from areca husk compost + EBC. T
consisted of 100% RDF + commercial humic acid + EBC. Under
the reduced fertilizer regime, Tg comprised 75% RDF + humic
acid extracted from areca husk compost, Ty received 75% RDF +
commercial humic acid, and Tio consisted of 75% RDF + EBC.
T1; comprised 75% RDF + humic acid extracted from areca husk
compost + EBC, while Ty, received 75% RDF + commercial
humic acid + EBC

Results and discussion

Growth parameters

Growth parameters viz., plant height, dry matter accumulation
(DMA), leaf area index (LAI) were significantly differed among
the treatments (Table 1). Plots applied with 100% RDF +
commercial humic acid + EBC recorded the highest values
throughout the crop growth period and remained statistically on
par with 100% RDF + humic acid extracted from areca husk
compost + EBC. These were followed by application of 75% RDF
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combinations, whereas 75% RDF alone consistently recorded the
lowest values.

At harvest, the highest plant height (226.77 cm) and dry matter
accumulation (295.24 g plant) were recorded under 100% RDF
+ commercial humic acid + EBC (T7), compared to 166.77 cm
and 198.61 g plant?, respectively, under 75% RDF (T). Thus,
75% RDF recorded a reduction of nearly 33 and 49 per cent in
plant height and dry matter accumulation, respecttively,
compared with T;. The higher growth under 100% RDF +
commercial humic acid + EBC (T7) and 100% RDF + humic acid
extracted from areca husk compost + EBC (Ts) may be attributed
to the complementary interaction between humic acid, inorganic
fertilizers and the endophytic bacterial consortium. Humic
substances improve nutrient availability through chelation,
enhance cation exchange capacity and stimulate root development
through auxin-like activity and activation of plasma membrane
H*-ATPase, thereby promoting cell elongation and lateral root
initiation (Nardi et al., 2017) [l The endophytic bacterial
consortium, in turn, may enhance plant growth through biological
nitrogen fixation, production of phytohormones such as indole-3-
acetic acid and cytokinins and solubilization of native and applied
phosphorus and potassium (Strobel and Daisy, 2003) 22, Similar
synergistic effects of humic substances and plant growth-
promoting bacteria on vegetative growth have been reported in
maize by Conceicao et al. (2008) [l and in sugarcane by De
oliveira et al. (2018) . The individual growth-promoting effects
of humic acid have also been documented by Turan et al. (2011)
(231 and Niaz et al. (2016) [ while Egamberdiyeva (2007),
Hameeda et al. (2008) and Mukherjee et al. (2021) [0 14 17]
reported beneficial effects of bacterial inoculation on nutrient
uptake and biomass production.

Leaf area index increased progressively with crop growth and
attained their maximum values at 90 DAS, with 100% RDF +
commercial humic acid + EBC (T) recording LAI of 3.59, before
declining towards harvest (1.81). The subsequent reduction may
be associated with progressive senescence of older and lower
canopy leaves as the crop approached physiological maturity. The
greater leaf area and LAI under with 100% RDF + commercial
humic acid + EBC could have improved light interception and
photosynthetic activity, thereby contributing to enhanced dry
matter accumulation. The greater availability of nutrients under
100% RDF, together with the nutrient-mobilizing and growth-
promoting effects of humic acid and EBC, would have favoured
sustained leaf production and canopy development.

Interestingly, fertilizer level, i.e., 100 versus 75 per cent RDF, did
not significantly influence the growth parameters when the
endophytic bacterial consortium was included, suggesting that
EBC partly compensated for the reduction in mineral fertilizer
supply. This may be due to improved nutrient acquisition and
utilization resulting from bacterial nitrogen fixation, nutrient
solubilization and phytohormone production. Mukherjee et al.
(2021) 07 reported substantial increases in plant biomass
following microbial consortium inoculation, while the present
findings further indicate the potential of EBC in maintaining crop
growth even under reduced fertilizer application. Thus, the
comparable performance of 100% RDF + humic acid extracted
from areca husk compost + EBC and 100% RDF + commercial
humic acid + EBC and of the respective 75% RDF combinations,
demonstrates the potential of integrating humic acid and EBC for
improving nutrient use efficiency without proportionately
increasing fertilizer input.
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Table 1: Plant height, dry matter accumulation and leaf area index of maize at 90 DAS and at harvest as influenced by endophytic bacterial
consortia and humic acid

. Dry matter accumulation .
Treatment details Plant height (cm) (g plant?) Leaf area index
90 DAS At harvest 90 DAS At harvest 90 DAS At harvest
T1 100% RDF 182.11 183.97 162.44 228.29 2.86 1.04
LE] 75% RDF 165.01 166.77 140.78 198.61 2.55 0.72
5 ——
T 100% RDF + Humic a::colrigggrtacted from areca husk 187.81 189.67 178.25 248.78 304 123
Ty 100% RDF + Commercial humic acid 190.81 192.87 186.44 260.59 3.12 1.31
Ts | 100% RDF + Endophytic bacterial consortia (EBC) 194.01 196.17 191.53 267.3 3.19 1.38
To 100% RDF + Humic acid extracted from areca husk 213.01 21597 205.35 288.55 3.49 17
compost + EBC
T7 100% RDF + Commercial humic acid + EBC 224.41 226.77 210.13 295.24 3.59 1.81
5 —
Te 75% RDF + Humic a((::g:ne;;:cted from areca husk 178.41 180.27 168.62 233.43 268 0.85
Ty 75% RDF + Commercial humic acid 179.91 181.77 160.3 225.77 2.77 0.95
T 75% RDF + EBC 185.51 187.37 175.85 245,52 2.95 1.13
75% RDF + Humic acid extracted from areca husk

Tu compost + EBC 200.81 202.87 193.53 272.7 3.27 1.47
T2 75% RDF + Commercial humic acid + EBC 204.91 206.97 198.16 279.29 3.37 1.58
S.Em.(%) 10.87 12.22 7.04 10.22 0.20 0.10

C.D. @ 5% 31.89 35.85 20.64 29.99 0.57 0.29

Note: RDF: Recommended dose of fertilizer, 150:75:40 kg N:P20s:K20 ha'. Humic acid: 2.5 | ha (6 ml I’ water). EBC: Endophytic bacterial
consortia, 625 ml ha (6 ml I* water). Both applied as soil drenches at 20 DAS. DAS: Days after sowing

Root characteristics

Root length, root volume and root dry weight exhibited a similar
trend to the shoot growth parameters. At harvest, 100% RDF +
Commercial humic acid + EBC recorded the maximum root
length (53.06 cm), root volume (54.76 cm?) and root dry weight
(27.87 g plant?), whereas the corresponding values under 75%
RDF were only 27.21 cm, 24.06 cm3 and 11.87 g plant?,
respectively. Thus, the combined application of 100% RDF,
commercial humic acid and EBC resulted in more than a two-fold
increase in root biomass compared with 75% RDF alone.

The enhanced root development under 100% RDF + Commercial
humic acid + EBC and 100% RDF + humic acid extracted from
areca husk compost + EBC may be attributed to the combined
influence of humic substances and beneficial endophytic bacteria
on root initiation, elongation and nutrient acquisition. Humic acid
can exert auxin-like effects and stimulate plasma membrane H*-
ATPase activity, which facilitates proton extrusion, nutrient
uptake and root cell elongation (Nardi et al., 2017) [,
Simultaneously, endophytic bacteria can produce phytohormones
and improve nutrient availability through biological nitrogen

fixation and solubilization of phosphorus and potassium, thereby
stimulating root proliferation and biomass accumulation. The
greater root length and volume would have provided a larger soil
exploration capacity and greater root-soil contact, facilitating
improved water and nutrient acquisition and consequently
supporting above-ground growth and dry matter production.

The present findings are in agreement with Egamberdiyeva
(2007) 19, who reported a 19 to 52 per cent increase in root dry
weight following bacterial inoculation, and Kumar et al. (2024)
(151 who observed an almost three-fold increase in root length
under endophytic consortium application. Canellas et al. (2022)
[l also reported a marked synergistic enhancement of root
biomass when humic substances were combined with microbial
inoculants. The higher root growth observed under 100% RDF +
Commercial humic acid + EBC and 100% RDF + humic acid
extracted from areca husk compost + EBC in the present study
therefore indicates a complementary interaction between
adequate mineral nutrition, humic acid and endophytic bacterial
consortium, which collectively promoted a more vigorous root
system and improved overall crop growth.

Table 2: Root length, root volume and root dry weight of maize at harvest as influenced by endophytic bacterial consortia and humic acid

Treatment details Root length (cm) [Root volume (cm?3) Root orljgnvg;ght @

T1 100% RDF 34.16 32.11 15.92
T2 75% RDF 27.21 24.06 11.87
T3 100% RDF + Humic acid extracted from areca husk compost 38.46 37.11 18.52
T4 100% RDF + Commercial humic acid 40.21 39.76 19.97
Ts 100% RDF + Endophytic bacterial consortia (EBC) 42.76 42.46 21.62
Ts 100% RDF + Humic acid extracted from areca husk compost + EBC 50.21 51.61 26.32
T7 100% RDF + Commercial humic acid + EBC 53.06 54.76 27.87
Ts 75% RDF + Humic acid extracted from areca husk compost 30.06 27.21 13.62
To 75% RDF + Commercial humic acid 32.31 29.36 14.47
Tao 75% RDF + EBC 36.11 34.56 17.17
Tu 75% RDF + Humic acid extracted from areca husk compost + EBC 45.31 45.71 23.17
T2 75% RDF + Commercial humic acid + EBC 47.76 48.36 24.62
S.Em.(2) 2.39 2.20 1.11

C.D. @ 5% 7.02 6.46 3.25

Note: RDF: Recommended dose of fertilizer, 150:75:40 kg N:P20s5:K20 hat. Humic acid: 2.5 | ha* (6 ml I’ water). EBC: Endophytic bacterial
consortia, 625 ml ha'* (6 ml I'* water). Both applied as soil drenches at 20 DAS
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Grain yield and straw yield

The grain yield and straw yield were significantly influenced by
the treatments (Table 3). Treatment supplied with 100% RDF +
commercial humic acid + EBC (T7) recorded the highest grain
yield (6947 kg ha*) and straw yield (8797 kg ha), which were
on par with 100% RDF + Humic acid extracted from areca husk
compost + EBC (Ts) (6825 and 8690 kg ha). The lowest grain
yield (5619 kg hal) was recorded under 75% RDF (T)).
Treatment with 100% RDF + commercial humic acid + EBC
recorded nearly 24 per cent higher grain yield over 75% RDF and
13 per cent over 100% RDF (T,) alone.

The higher yield under 100% RDF + commercial humic acid +
EBC (T7) and 100% RDF + Humic acid extracted from areca husk
compost + EBC (Te) may be attributed to greater leaf area, longer
leaf area duration, higher photosynthetic assimilation and better

https://www.agronomyjournals.com

root development, which enhanced nutrient and water uptake and
translocation of assimilates to the developing cobs. The higher
nutrient uptake under 100% RDF + commercial humic acid +
EBC (T7) further supports this response. The superiority of
combined humic acid and EBC over their respective sole
applications indicates a synergistic interaction, wherein humic
acid improves nutrient availability and root activity, while EBC
enhances nutrient acquisition through nitrogen fixation,
phytohormone production and nutrient solubilization. Similar
improvements in nutrient uptake and yield with combined humic
acid and microbial inoculation were reported by Rajamani et al.
(2021), Cozzolino et al. (2021) and Moturu et al. (2024). Baloach
et al. (2014) and Canellas et al. (2013, 2015) [ 458 16, 20] g]sg
reported significant yield enhancement with combined humic
substances and beneficial bacteria.

Table 3: Grain yield and straw yield of maize as influenced by endophytic bacterial consortia and humic acid

Treatment details G(rliag;nhg!f; d St(rkzv%!le)ld

T1 100% RDF 6159 7959
T2 75% RDF 5619 7470
T3 100% RDF + Humic acid extracted from areca husk compost 6207 8012
T4 100% RDF + Commercial humic acid 6323 8122
Ts 100% RDF + Endophytic bacterial consortia (EBC) 6440 8140
Ts 100% RDF + Humic acid extracted from areca husk compost + EBC 6825 8690
T7 100% RDF + Commercial humic acid + EBC 6947 8797
Ts 75% RDF + Humic acid extracted from areca husk compost 5761 7560
To 75% RDF + Commercial humic acid 5885 7695
Tio 75% RDF + EBC 6196 8016
Tu 75% RDF + Humic acid extracted from areca husk compost + EBC 6555 8355
T2 75% RDF + Commercial humic acid + EBC 6684 8483
S.Em.(%) 164 203

C.D. @ 5% 483 595

Note: RDF: Recommended dose of fertilizer, 150:75:40 kg N:P20s:K20 ha. Humic acid: 2.5 | ha (6 ml I water). EBC: Endophytic bacterial
consortia, 625 ml ha't (6 ml I-* water). Both applied as soil drenches at 20 DAS

Economics

Cost of cultivation varied with the input schedule, ranging from
263,982 ha' under T, to 269,558 ha! under T; and was not
subjected to statistical analysis (Table 4). The highest gross
returns (%1,75,465 ha') and net returns (%1,05,907 ha) were
recorded under 100% RDF + commercial humic acid + EBC (T),
which were statistically on par with 100% RDF + Humic acid
extracted from areca husk compost + EBC (Te) and 100% RDF +
Endophytic bacterial consortia (Ts), while the lowest gross returns
(%1,42,267 hal) and net returns (278,285 ha') were recorded
under 75% RDF (T»). The highest B:C ratio was obtained under
100% RDF + Humic acid extracted from areca husk compost +
EBC (2.54), which was on par with 100% RDF + Endophytic
bacterial consortia (2.52) and 100% RDF + commercial humic
acid + EBC (2.52).

The higher returns under combined humic acid and EBC
treatments were mainly due to their greater yield and yield
attributes resulting from improved nutrient availability, uptake
and root development, as reported by Baloach et al. (2014), Gao
et al. (2020) and Rajamani et al. (2021) [311. 201 Although 100%
RDF + commercial humic acid + EBC recorded the highest
absolute net return, 100% RDF + Humic acid extracted from areca
husk compost + EBC achieved a marginally higher B:C ratio due
to its lower cultivation cost, particularly the lower cost of areca
husk-derived humic acid. Thus, 100% RDF + commercial humic
acid + EBC was more advantageous for maximizing productivity
and absolute returns, whereas 100% RDF + Humic acid extracted
from areca husk compost + EBC provided better cost efficiency
and offers an economically viable option for utilizing locally
available areca husk agro-waste.

Table 4: Economics of maize cultivation as influenced by endophytic bacterial consortia and humic acid

Treatment details Cost of cr:l;Fli)\/ation (R | Gross ret;lrns (X ha" |Net retulrns X ha| B:C
T, 100% RDF 66,214 1,55,714 89,500 2.35
T, 75% RDF 63,982 1,42,267 78,285 2.22
T 100% RDF + Humic acid extracted from areca husk compost 67,714 1,56,914 89,200 2.32
T4 100% RDF + Commercial humic acid 69,352 1,59,799 90,447 2.3
Ts 100% RDF + Endophytic bacterial consortia (EBC) 67,020 1,68,825 1,01,805 2.52
Te 100% RDF + Humic acid extracted from areca husk compost + EBC 67,920 1,72,417 1,04,497 2.54
T, 100% RDF + Commercial humic acid + EBC 69,558 1,75,465 1,05,907 2.52
Ts 75% RDF + Humic acid extracted from areca husk compost 65,482 1,45,753 80,271 2.23
Ty 75% RDF + Commercial humic acid 67,120 1,48,865 81,745 2.22
Tio 75% RDF + EBC 64,788 1,56,664 91,876 2.42
Tu 75% RDF + Humic acid extracted from areca husk compost + EBC 65,688 1,62,643 96,955 2.48
T, 75% RDF + Commercial humic acid + EBC 68,020 1,65,619 97,599 2.43

S.Em.(¥) - 6193 3592 -
C.D. @ 5% - 18164 10536
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Conclusion

The combined application of 100% RDF with commercial humic
acid and endophytic bacterial consortia (T7) recorded the highest
growth, root, yield and nutrient uptake, and the highest absolute
net returns among the twelve treatments evaluated, while the
corresponding areca husk compost humic acid combination (Tg)
was statistically on par with 100% RDF with commercial humic
acid and endophytic bacterial consortia (T;) for almost every
parameter and gave the highest benefit-cost ratio. Both combined
treatments significantly outperformed their respective sole-input
counterparts, confirming a synergistic rather than additive
interaction between humic acid and endophytic bacterial
consortia. The locally available and lower-cost areca husk
compost-derived humic acid, combined with EBC, therefore
represents a practical and economically attractive alternative to
commercial humic acid for enhancing maize productivity in
nutrient-constrained sandy loam soils of the Southern Transition
Zone of Karnataka, without any compromise on yield.
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