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Abstract

In the Rabi season of 2024, a field experiment was conducted in the village of Ahilandapuram to identify the effects of integrated plant
nutrition system (IPNS) and foliar nutrition on maize growth, yield and quality parameters. Using maize as the test crop, the experiment was
conducted using a randomized block design with 13 treatments and 3 replications. The treatments included the control (T1), 100 % soil test
crop response- integrated plant nutrition system (STCR-IPNS) alone, 75 % STCR-IPNS alone and foliar application products: TNAU Maize
Maxim, TNAU PPFM, Aloe vera leaf extract and amino acids. The treatment Ti,, which received 100 % STCR-IPNS along with foliar application
of TNAU Maize Maxim, TNAU PPFM, Aloe vera leaf extract and amino acids, recorded the maximum leaf area index. Noticeably, the same
treatment (Ty) also recorded the best performance in 100-grain weight, cob weight, number of grains per cob and number of grains per row.
Interestingly, the same treatment (T1;) showed the greatest increase in quality parameters such as crude protein and crude fibre. Based on
these findings, the combined use of STCR-IPNS along with a foliar spray of TNAU Maize Maxim + TNAU PPFM+ A. vera leaf extract + amino acid
(T12) can be considered one of the most efficient methods for improving the growth, yield and quality characteristics of maize.

Keywords: foliar nutrition; maize; quality; STCR-IPNS

Abbreviations: STCR-IPNS - soil test crop response-integrated plant nutrition system, FS - foliar spray, PPFM - pink pigmented facultative
methylotrophs, AA - amino acid, ALE - Aloe vera leaf extract, MM - Maize Maxim.

Introduction Applying fertilizer in accordance with studies on the soil test
crop response under the integrated plant nutrition system (STCR-
IPNS) is the most effective way to determine the optimal fertiliser
doses (6). The major goal of the integrated plant nutrient system
(IPNS) is to improve soil fertility by using a combination of organic
manure, inorganic fertilisers and bio-fertilizers in order to sustain
crop productivity (7). When fertilizers are applied to the soil, nutrient
losses occur in the form of leaching, volatilization and fixation, which
lowers nutrient-use efficiency (8). As a result, efforts are being made
to increase crop productivity by supplementing the recommended
fertiliser dosage with foliar fertilisation of nutrients.

Most of the developed and developing countries throughout the
world grow maize (Zea maysL.), which is a significant grain crop (1). It
is referred to as both a “miracle crop” and the "queen of cereals" due
toiits higher productivity. In addition to grain, stalks provide excellent
cattle feed and are referred to as the “king of fodder” (2). Although it
is primarily cultivated for grain, maize is also used as a source of
fodder and as a raw ingredient in industrial processes (3). One factor
contributing to decreased production is farmers applying
unbalanced amounts of fertiliser without understanding the
nutritional requirements of their crops or the soil's fertility status (4).
Due to nutrient toxicity and deficiencies, this has a negative effect on
soil and crops (5). To maximise production and sustain soil fertility,
the crop requires an adequate amount of balanced nutrition.

Foliar feeding is typically an effective and economical
strategy to correct plant nutrient deficiencies or bridge the nutrients
gaps in crop requirements (9). In recent decades, foliar nutrient
feeding has become standard practice in crop production, with the
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dual goals of yield potential and improving crop quality (10). Plant
hormones have an impact on plants at every stage of their growth
and development, so they can be employed to increase yield per
unit of land area. The plant growth regulator and crop booster Maize
Maxim help in increasing plant productivity and drought resistance.
Aloe vera leaf peeling powder and extract enhance plant growth
because they contain nutrients and phytohormones (7).

The positive effects of amino acids on growth of plants,
yields and their ability to lessen the impacts of abiotic stress on
plants make them a well-known bio stimulant (10, 11). Utilizing pink-
pigmented facultative methylotrophs (PPFM) helps reduce the
detrimental effects of drought stress while increasing plant
germination, growth, development and yield (12). The current study
investigated the impact of foliar spraying nutrients and plant growth
regulators on the growth, yield and quality characteristics of maize.

Materials and Methods
Experimental site

During the Purattasipattam season of 2024-25, a field experiment
was conducted in a farmer's field in Ahilandapuram Village of
Kayathar Block, Tuticorin district of Tamil Nadu to evaluate the
impact of foliar nutrition and IPNS on maize growth and yield. The
physical characteristics of the experimental soil were sandy clay
texture, with a bulk density of 1.11 Mg/m3, a particle density of 2.46
Mg/m? and a pore space of 39 %. The experimental soil's chemical
characteristics include pH of 8.25 and an electrical conductivity of
0.23 dS/m. According to the soil fertility status, the soil's available N
was 163 kg ha? (low), available P was 18 kg ha' (medium) and
available K was 300 kg ha* (high), while the soil's organic carbon
content was 243 g/kg and the DTPA-extractable micronutrients
were sufficient. In this experiment, which had thirteen treatments
and threereplications, a randomised block design was used.

Experimental design and data collection

The treatments use TNAU Maize Maxim at 1.5 %, PPFM at 1 %, amino
acid at 0.2 % and aloe leaf extract at 50 ppm as foliar applications.
Early in the morning 30, 40 and 50 days after sowing (DAS), foliar
spraying of TNAU Maize Maxim, A vera leaf extract, PPFM and amino
acids was carried out. Ankur Aditya hybrid maize was used as a test
crop, with a plot size of 6 cm x 4 cm, a row spacing of 60 cm x 25 cm
and plant spacing of 25 cm. Fertilizers are applied to the plots in
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accordance with the STCR recommendations (155:90:56 kg N, P,0s,
K20 ha?), which are based on the initial soil test values with a target
yield of 6-8 t ha™. The five samples in the plot's data were averaged
and the mean data was also taken.

Statistical analysis

The data collected during the experiment and were statistically
analysed using the AGRESS statistical software (13).

Results
Growth parameters
Leaf areaindex (LAl)

A significant increase in the leaf area index of maize at different
growth stages was observed with the application of STCR-IPNS
along with the foliar application of different nutrients (Table 1; Fig. 1).
Among the different treatments, the highest LAl of 3.82 cm, 5.77 cm
and 6.08 cm was recorded by the treatment Trat all maize growth
stages. This treatment T, was found to be on par with treatment Ti
recording LAl values of 3.58 cm, 5.53 cm and 5.97 cm at 30, 60 DAS
and harvest, respectively. The lowest LAl values of 1.18 at 30 DAS,
1.70 at 60 DAS and 2.08 at harvest were observed in the control (Ty).

In plants, LAl serves as an indicator of the total area available
for photosynthesizing, which accumulates in sinks as photosynthates
are produced. The foliar spray of PPFM also enhances several
physiological and biochemical processes, including root development,
photosynthesis, energy-transfer reactions and symbiotic biological
nitrogen fixation (14). A substantial increase in LAl due to the foliar
application of PPFM was also reported by earlier studies (12).

Yield parameters of maize
Hundred grain weight and cob weight

The data on the maize yield components, namely hundred grain
weight and cob weight are presented in Table 2. Among the different
treatments, the treatment Ty, significantly recorded the highest 100-
grain weight and cob weight of 34.5 g and 286.1 g, followed by the
treatment Tis recording 33.1 g and 275.7 g and this treatment was
comparable to T. The treatment T: recorded the lowest 100-grain
weight and cob weight of 17.2 g and 155.1 g respectively. This
improvement is directly linked to better grain filling supported by
consistent nutrient supply from the IPNS and foliar treatments (15).

Table 1. Effect of integrated plant nutrition system and foliar nutrition on leaf area index (cm) of maize

Treatment Treatment details

Leaf area index (cm)

30DAS 60 DAS Harvest

T Control 1.18 1.70 2.08
T2 STCR-IPNS 2.31 3.28 3.40
Ts 75 % STCR-IPNS 2.15 3.01 3.11
Ta T2 +foliar spray (FS) of 0.2 % amino acids (AA) 2.22 4.45 5.05
Ts Ts+FS0of 0.2% AA 2.09 4.11 4.85
Te T2+ FS of 1.5 % maize maxim (MM) 3.31 4.73 5.59
T: T3+ FS of 1.5 % MM 3.24 4.22 5.37
Ts T2+ FS of 50 ppm Aloe vera leaf extract (ALE) 2.59 5.11 5.77
Ts Ts +FS of 50 ppm ALE 2.54 5.08 5.44
Two T2+ FS of 1 % pink pigmented facultative methylotrophs (PPFM) 3.33 5.46 5.78
Tu Ts+ FA of 1% PPFM 3.31 5.38 5.66
T2 To+FSof 0.2% AA + 1.5 % MM + 50 ppm ALE + 1 % PPFM 3.82 5.77 6.08
T T3+ FS 0f 0.2 % AA + 1.5 % MM + 50 ppm ALE + 1 % PPFM 3.58 5.53 5.97
Mean 2.59 4.36 4.94

SEd 0.06 0.08 0.10

CD (p=0.05) 0.14 0.16 0.22

DAS = days after sowing.
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Fig. 1. Effect of IPNS and foliar spray on leaf area index (cm) of maize.

Table 2. Effect of integrated plant nutrition system and foliar nutrition on hundred grain weight (g) and cob weight (g) of maize

Yield parameters

Treatment Treatment details Hundred grain weight (g) Cob weight (g)
T Control 17.2 155.1
T2 STCR-IPNS 20.8 177.5
Ts 75 % STCR-IPNS 19.5 166.6
Ta T, +foliar spray (FS) of 0.2 % amino acids (AA) 22.8 190.3
Ts T3+ FSof0.2% AA 215 185.5
Ts T, + FS of 1.5 % maize maxim (MM) 24.0 221.5
T7 T3+ FSof 1.5% MM 23.6 200.3
Ts T2+ FS of 50 ppm Aloe vera leaf extract (ALE) 28.7 226.7
T T3+ FS of 50 ppm ALE 27.2 220.4
Tio T2+ FS of 1% pink pigmented facultative methylotrophs 326 250.0
(PPFM)
Tu T3+ FA of 1% PPFM 30.2 245.4
T2 T2+ FS0f0.2% AA +1.5% MM + 50 ppm ALE + 1 % PPFM 34.5 286.1
Tis Ts+FSof 0.2 % AA + 1.5 % MM + 50 ppm ALE + 1 % PPFM 33.1 275.7
Mean 25.8 203.6
SEd 0.3 1.4
CD (p=0.05) 0.6 3.0

Amino acids enhance protein synthesis, while ALE and PPFM
stimulate carbohydrate accumulation. These biomolecules
promote better translocation of assimilates into sink tissues like cobs
and grains (7, 10).

Number of grains per cob

The number of grains per cob was significantly influenced by the
IPNS and foliar nutrition practices (Table 3). Application of 100 %
STCR-IPNS along with the foliar application of TNAU Maize Maxim,
TNAU PPFM, A vera leaf extract and amino acids (Tw) significantly
produced the maximum number of grains per cob of 484.59. It was
on par with the treatment Tis recording 461.62. The minimum
number of grains per cob was observed in the control (Ty). Enhanced
grain numbers are due to improved pollination and better nutrient
allocation during reproductive stages. Bio-stimulants and
micronutrient-rich foliar applications have shown to enhance pollen
viability and ovule fertilization (16).

Number of grains per row

Foliar nutrition, organic manures and inorganic fertilizers were used
in combination to significantly influence the number of grains per
row of maize (Table 3). Among the different treatment

combinations, the treatment T has recorded the highest number of
grains per row (38.19), followed by Ti; and the least was observed in
the control (Ty).

Number of rows per cob

The maximum number of rows per cob (36.30) was observed in the
treatment Ty, followed by Ti3(32.05). This value was on par with
treatment Ty. The minimum number of grain rows per cob (24.16)
was observed in the treatment T, (Table 3). This result reinforces that
effective nutrient partitioning especially through foliar means
supports ear development. Maize maxim and PPFM likely
contributed to hormonal regulation leading to better floret retention
and row uniformity (17, 18).

Quality attributes of maize
Crude fiber

The crude fiber content of maize ranged from 2.53 % to 5.1 % (Table
4; Fig. 2). Among the treatments, T, recorded the maximum crude
fiber content of 5.10 %, followed by Tis, which recorded 4.79 %. The
minimum crude fiber of 2.53 % was observed in the control plot (T).
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Table 3. Effect of integrated plant nutrition system and foliar nutrition on number of grain rows cob™, number of grains cob? and number of
grains row™ of maize

Yield parameters

Treatment Treatment details No. of grain rows cob™ No. of grains cob™* No. of grains row™

T: Control 24.16 312.96 19.87
T2 STCR-IPNS 29.47 418.00 29.88
T3 75 % STCR-IPNS 28.15 404.33 27.99
Ta T, + foliar spray (FS) of 0.2 % amino acids (AA) 29.97 387.37 25.44
Ts T3+ FSof 0.2% AA 26.66 359.40 24.06
Te T2+ FS of 1.5 % maize maxim (MM) 29.15 445,58 29.38
Tz Ts+FS of 1.5 % MM 28.47 426.49 26.48
Ts T2+ FS of 50 ppm Aloe vera leaf extract (ALE) 26.20 413.99 28.60
To Ts+FS of 50 ppm ALE 24.38 404.20 25.38
T T2+ FS of 1% pink p|gme(rl13t§|c:il\}‘le)1cultatlve methylotrophs 29.55 440.95 29.73
Tu T3+ FA of 1% PPFM 29.34 436.90 27.50
T T, +FSof0.2% AA + 1.5 % MM + 50 ppm ALE + 1 % PPFM 36.30 484.59 38.19
Tis T3+ FS0f 0.2 % AA + 1.5 % MM + 50 ppm ALE + 1 % PPFM 32.05 461.62 34.27
Mean 27.77 415.11 26.76

SEd 0.9 7.4 0.4

CD (p=0.05) 2.0 15.4 0.9

Table 4. Effect of integrated plant nutrition system and foliar nutrition on quality attributes of maize grain

Quality attributes

Treatment Treatment details

Crude protein (%) Crude fiber (%)
T: Control 8.90 2.53
T2 STCR-IPNS 10.03 3.23
Ts 75 % STCR-IPNS 9.52 3.17
Ta T, +foliar spray (FS) of 0.2 % amino acids (AA) 11.13 4.17
Ts T3+ FSof0.2% AA 10.33 3.63
Ts T, + FS of 1.5 % maize maxim (MM) 12.00 4,27
Tz Ts+FSof 1.5% MM 9.26 3.90
Ts T2+ FS of 50 ppm Aloe vera leaf extract (ALE) 11.99 4,73
T T3+ FS of 50 ppm ALE 10.40 4.50
Tw T2+ FS of 1 % pink pigmented facultative methylotrophs (PPFM) 11.45 4.63
Tu T3+ FA of 1% PPFM 10.34 4.27
T T2+ FS0f 0.2% AA +1.5% MM + 50 ppm ALE + 1 % PPFM 14.74 5.10
Tis Ts+FS 0of 0.2 % AA + 1.5 % MM + 50 ppm ALE + 1 % PPFM 12.78 4,79
Mean 10.49 3.91
SEd 0.28 0.09
CD (p =0.05) 0.58 0.19
16.00
14.00
512.00
=
£ 10.00
E
=
< 8.00 m Crud
o
e e
= 6.00 fibre
e
=
=
o 400 = Crud
e
2.00 protei
n
0.00

T T2 T3 T4 5 T6 T7 T8 T9 T10 T11  TI12 Ti3
Treatments

Fig. 2. Effect of IPNS and foliar nutrition on quality parameters in maize grains.
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Nitrogen is the central element for protein synthesis; IPNS ensures
continuous nitrogen availability, while amino acids act as precursors
for enzyme and protein formation (19). PPFM and ALE may also
supply additional nitrogen and micronutrients, boosting protein
content (20, 21).

Crude protein

The range of crude protein content of maize was between 8.9 % to
14.74 % (Table 4; Fig, 2). The treatment Tyrecorded the higher crude
protein content of 14.74 %, followed by Ti; observed the crude
protein content of 12.78 %. The treatments T and Ts were found to
be on par with each other. The lowest crude protein content of 8.90
% was recorded by the control (Ts). In someinstances, theincrease in
crude protein content is attributed to nitrogen supplied by fertilizers,
amino acids, ALE, MM and PPFM. The STCR-IPNS nutrition, along
with amino acids, plant extracts, biofertilizers and crop boosters,
would have supported increased protein synthesis and led to
adequate storage of maize grain. The maximum crude protein was
obtained by using 75 % RDF, 12.5 % vermicompost and neem cake
nutrients combined application. Higher fiber accumulation results
from robust cell wall development, which is supported by balanced
nutrition and phytohormonal stimulation (22). The interaction
between STCR-IPNS and foliar bio-stimulants boosts structural
carbohydrate deposition (7, 23).

Conclusion

The use of STCR-IPNS in combination with a foliar spray of TNAU
Maize maxim, TNAU PPFM, amino acid and A. vera leaf extract was
found to be more effective in terms of maize growth and yield,
according to the results of the trials. The results of this study clearly
demonstrate that the integrated application of 100 % STCR-IPNS
along with a foliar combination of amino acids (0.2 %), Maize Maxim
(L5 %), ALE (50 ppm) and PPFM (1 %) significantly enhanced all
growth, yield and quality parameters of maize compared to
individual or partial applications. This comprehensive nutrient
strategy improved photosynthetic capacity (via LAl), reproductive
success (via grain count and cob traits) and seed quality (via protein
and fiber content). The synergistic effect of balanced soil-applied
macro and micro nutrients (through STCR-IPNS) and biostimulant-
enriched foliar applications resulted in improved physiological
functions, stress resilience and nutrient uptake. This integrated
approach can be recommended as a sustainable and efficient
nutrient management practice for maximizing maize productivity
and grain quality, especially in regions aiming for high yields under
limited input use. Future research should also examine the
economic feasibility, long-term soil health impacts and scalability of
this integrated strategy under varied agro-ecological zones.
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