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Abstract

Brinjal is also known as egg plant or Aubergine belongs to family Solanaceae. In India, Tamil Nadu is blessed with diverse agro-climatic
condition varied soil types inclusive of neutral and coastal saline soil, which enable brinjal cultivation. Field experiments were conducted
at Vallampadugai (Typic Ustifluvents) Therkupichavaram (Typic Udipsamments) from Chidambaram taluk, Tamil Nadu, India in the brinjal
crop (var. Annamalai). The design adopted RBD design with 3 replications. The treatments imposed in T; - control NPK (100 % RDF), T, -
75 % RDF + seasoned pressmud @ 12.5 t ha* + soil application of ZnSO, @ 25 kg ha™ + borax @ 10 kg ha, Ts - T humic acid @ 3 %, T4- T, +
foliar spray of seaweed extract @ 3 %, Ts - T, + panchagavya @ 3 %, Ts - T, + gibberellic acid @ 50 ppm and T7 - T, + foliar spray NAA
@ 50 ppm. All the foliar application were done on 30 and 60 DAT. The treatment (T,) 75 % RDF + seasoned pressmud @ 12.5 t ha + ZnS0,
@ 25 kg ha + borax @ 10 kg ha + foliar spray seaweed extract @ 3 % on 30 and 60 DAT registered the highest fruit yield (28.06 t ha* in
neutral soil, 24.3 t ha in coastal saline soil), fruit N uptake (90.13 kg ha* in neutral soil, 71.91 kg ha in coastal saline soil), P uptake (14.79
kg ha™ in neutral soil, 17.477 kg ha in coastal saline soil, K uptake (87.3 kg ha in neutral soil, 69.99 kg ha in coastal saline soil), Zn uptake
(6.02 g ha! in neutral soil, 4.806 g ha in coastal saline soil), B uptake (12.75 g ha in neutral soil, 11.945 g ha! in coastal saline soil) and
maximum post harvest NPK, Zn and B content in soil were noticed.
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Introduction Coastal saline soils are spread over 19 % area of salt
affected soil in the country to the extent of 1250 million hectare in
India, Tamil Nadu share is 1.1 % of total area to be extent of 14
million ha (2). Development of salinity not only deteriorates the
quality and quantity of produce but also limits the choice of
cultivable crops. Among vegetables, egg plants are highly salt
tolerant and can grow in all types of soil. It is warm-season vegetable
that is native to tropical and sub-tropical regions. Although brinjal is
highly salt tolerant, it is still important to properly manage the soil
salinity levels to ensure nutrient management (3). The cultivation of
egg plants faces numerous challenges, including the need to
maintain soil fertility and optimize nutrient availability. Farmers use
employs imbalance fertilization to harvest good vyield. The
continuous use of chemical fertilizer disturbs soil health and quality
which cannot support plant growth in long run (4). Farmers must
manage soil fertility and nutrients in an integrated manner in order
to satisfy the demand of expanding population for food in the twenty
first century: Integrated nutrient management (INM) a system
approach is an ideal one for the coastal region where it ensures not

Brinjal (Solanum melongena L.) also known as egg plant or
Aubergine belongs to family Solanaceae. Brinjal is an important
indigenous vegetable crop of India. In India brinjal is cultivated
as one of the leading major vegetable crops covering an area of
6.79 lakh hectares with a total production of 129.33 lakh tones
(1). Tamil Nadu has a share of 2.7 % in area (20 million hectares)
with the share of 2.2 % production (275 million metric tones) and
with a productivity of 11.12 t ha* (1). Tamil Nadu is blessed with
diverse agroclimatic condition, varied soil types inclusive of
neutral soil and coastal saline soil, which enable the cultivation
of brinjal. The ideal soil pH is close to neutral and is considered to
fall within a range from pH 6.5 to 7.5. If the soil is dominated by
NaCl and Na;S04, the soil is said to be coastal saline soil (pH less
than 8.5). In coastal areas, salinization can be associated with
the over exploitation of ground water caused by the demands of
growing urbanization, industry and agriculture. Soil salinity
affects the chemical parameters in soil and it is one of the major
reasons for decline in the organic matter and nitrogen level.
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only balanced fertilization, but also better fertilizer use efficiency
which finally culminates in higher yield and quality of produce (5).

Pressmud is used to maintain soil fertility and enhance
crop production because it contains appreciable amount of
essential plant nutrients viz, organic carbon, nitrogen,
phosphorus, potassium along with traces of micronutrients viz, Fe,
Mn, Zn and Cu (6). Plants require mineral elements essential for the
normal life process of plants and are needed in all small amounts
are called trace elements or minor elements such as boron and
zinc (7). Zinc deficient soils can be treated with zinc containing
fertilizers several different zinc compounds are used as fertilizer,
but zinc sulphate is by far the most widely used material (8).

Boron is relatively immobile in plants and thus its
availability is essential at all stages of growth especially during
fruit development. Among boron fertilizer sources, borax is the
most used boron fertilizer to prevent deficiency in crops. Apart
from regular application of conventional organic manures there
are other organic substance viz, biostimulants (seaweed extract,
humic acid and plant growth regulator) which promote growth
and yield of crops besides help in maintenance of soil fertility (9).
Foliar applications of plant bio-regulators and micronutrients
have immense important role in recovery of nutritional,
physiological disorder and productivity of vegetables.

Seaweed extracts are the biostimulant extracted from
seaweed. It also enhanced the adsorption of macronutrients
including N, P, K and micronutrients such as Fe, Mn and Zn.
Seaweed is an excellent source of bioactive components (10).
Naphthalene acetic acid is a synthetic acid but is like naturally
occurring indole acetic acid in its action on plants. Thus, it is a
synthetic plant hormone in the auxin family. Rapid cell elongation
and cell division in the meristem and thought to be a direct outcome
of NAA’s positive impact, which is ascribed to an enhanced rate of
photosynthetic activity, quicker transport and efficiency of using
photosynthetic products (11). Gibberellic acid (GAs) is an
endogenous growth regulator in plants plays an important role in
plant cell growth and elongation. Use of this plant growth regulator
is becoming increasingly common on all crops (12).

Panchagavya considered to be a highly effective liquid
organic manure with multiple functions that can be effectively
supplement to chemical fertilizers. Complementary use of
organic and biological sources of plant nutrient along with
chemical fertilizers is a great importance for the maintenance of
crop productivity (13). The objective of the research.

i) To evaluate nutrient management practices for vyield
maximization of brinjaland

ii) To study the impact of inputs on brinjal nutrition, uptake and
post harvest nutrient status.

Materials and Methods

Investigation pertaining to soil and nutrient management for
maximising brinjal productivity and quality were undertaken in two
different soils viz.,, neutral and coastal saline soils. The detailed
information about field experiments and methodology followed for
soil, plant analysis and quality parameters are presented.

Location of experiment

The field experiment was conducted at the farmers holding at two
different locations. The first field experiment was conducted in
neutral soil belonging to Padugai series located at Vallampadugai,
Tamil Nadu (11°20°18 N latitude and 79°42°19 E longitude). The
second field experiment was conducted at coastal saline soil
belonging to Valuthalakudi series located at Pichavaram,
Tamil Nadu (11°38'37 N latitude and 79°72’48 E longitude).

Rationale

In terms of plant nutrition perspective in terms of macro and
micronutrients may augment growth and yield of crops, there
are natural or synthetic substances called biostimulants when
applied to plant or soil along with nutrients can cause changes in
vital and structural processes to influence plant growth through
improved tolerance to abiotic stresses and increase fruit yield
and quality. Similarly, plant growth regulators when applied to
plants improve yield and quality by altering the life processes. In
this context, two field experiments were conducted in neutral
and coastal saline soil.

Treatment Designation Specification
T Control 100 % RDF
Seasoned pressmud applied basally @ 12.5t ha?, ZnSOs @ 25 kg ha* @ 10 kg ha*
T2 75% RDF + seasoned pressmud + borax borax was applied before transplantation
Seasoned pressmud applied basally @ 12.5t ha?, ZnSO4 @ 25 kg ha* borax @ 10
T 75 % RDF + seasoned pressmud + borax+ kg ha' applied before transplanting include foliar spray of humic acid @ 3 % on
3 ZnS0s4 + humic acid 30 (vegetative stage) and 60 DAS (flowering stage) after transplanting. Ideal
timing for foliar spray in early morning
Seasoned pressmud applied basally @ 12.5t ha* ZnSOs @ 25 kg ha, borax @ 10
T 75 % RDF + seasoned pressmud + ZnSO4+ kg ha' applied before transplanting include foliar spray of seaweed extract @ 3 %
¢ seaweed extract on 30 (vegetative) and 60 (flowering) days after transplanting. Ideal timing for
foliar spray in early morning
Seasoned pressmud applied basally @ 12.5 t ha, ZnSO4 @ 25 kg ha, borax @ 10
T 75 % RDF + seasoned pressmud +ZnSO4 + kg ha applied before transplanting include foliar spray of panchagavya @ 3 % on
s borax + panchagavya 30 (vegetative) and 60 (flowering) days after transplanting. Ideal timing for foliar
spray in early morning
Seasoned pressmud applied basally @ 12.5 t ha*, ZnSO4 @ 25 kg ha, borax @ 10
T 75 % RDF + seasoned pressmud + ZnSO4+ kg ha applied before transplanting include foliar spray of gibberellic acid @ 50
e borax + gibberellic acid ppm on 30 (vegetative) and 60 (flowering) days after transplanting. Ideal timing
for foliar spray in early morning
Seasoned pressmud applied basally @ 12.5 t ha'!, ZnSO, @ 25 kg ha, borax @ 10
T, 75 % RDF + seasoned pressmud +ZnSO4+ kg ha' applied before transplanting include foliar spray of NAA @ 50 ppm on 30

borax + NAA

(vegetative) and 60 (flowering) days after transplanting. Ideal timing for foliar
spray in early morning
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The details of physico-chemical properties of initial
experiment soil samples and their results are presented in Table 1.

Dry matter production

Five plants were taken at each stage from the sample rows
(Field). They were dried and kept in hot air oven at 65 °C for
72 hrs. The oven dry weight was recorded as kg ha™.

Fruit yield

The weight of fruits harvested from in each plot (Field experiment) at
different picking were added and total yield expressedinyield as (t ha?).

Stover yield (g pot?)

The brinjal plant yield was obtained by harvesting crops from
individual plot and weighed and reported as t ha.

Nutrient uptake

The brinjal plant and fruit samples collected at harvest were dried in
hot air oven @ 60 + 2 °C for 48 hrs. The oven dried samples were
ground to pass through 40 mesh-siever in a macro-Wiley mill.
Nitrogen was estimated by modified kjeldahl method (14).
P concentration by vanado molybdo phosphoric yellow colour
method and K concentration by Flame photometer method (14).
Analysis of nutrient uptake by brinjal was carried out to ascertain the
amount of nutrient taken up by the crop. The uptake of nutrients
was calculated as follows.

NPK uptake (kg ha') =
Nutrient content(%) x Dry matter yield (kg ha)

100
The Fe, Mn, Zn and Cu concentration of brinjal (Stover and
fruit) were determined as described (15) using atomic absorption
spectrophotometry (AAS). The boron concentration was estimated
(16, 17). The micronutrient uptake by brinjal was worked out using
the following equation.

Micronutrient uptake (g ha) =
Nutrient content(ppm) x Dry matter yield (kg ha™)

1000
Table 1. Physico-chemical properties of experimental soils

S. No. Parameters Neutral soil Coastal saline soil
A. Physical properties
1 Mechanical analysis
Sand (%) 6.5% 76
Silt (%) 28 19
Clay (%) 6 4
Textural class Sandy loam Sandy
Taxonomical class Typic Ustifluvents UdipsTgr%;ents
Series Padugai Valutholakudi
2 Bulk density (mg m=) 1.55 1.6
3 Particle density (mg m?) 2.22 2.61
B Chemical properties
4 pH 72 738
5 Electrlc?ClIg?nnf:)Juct|V|ty 0.75 2.02
6 Organic carbon (g kg?) 4.7 (Medium) 0.99 (Low)
7 CEC (Cmol(p*kg?) 16.8 2.4
8 KmNO,-N (kg ha't) 159.6 (Low) 103.6 (Low)
9 Olsen-P (kg ha?) 50 (High) 23 (High)
10 NH4OAC-K (kg ha?) 135.5 (Medium) 197 (Medium)
11 DTPA-Fe (mg kg?) 25.13 (Sufficient) 19.13 (Sufficient)
12 DTPA-Mn (mg kg™?) 12.56 (Sufficient) 9.56 (Sufficient)
13 DTPA-Zn (mg kg?) 0.28 (Deficient)  0.22 (Deficient)
14 DTPA-Cu (mg kg*) 1.53 (Sufficient)  0.55 (Sufficient)
15 Hot w(i:fgr;g%lble B 0.47 (Deficient)  0.32 (Deficient)

The post harvest soil samples were collected and
analysed for pH and EC (14), soil organic carbon (SOC) (18) and
available N (19), available P (20), available K were analysed by
neutral normal ammonium acetate method (14), available
micronutrients by DTPA extractable method (15) and available B
by hot water-soluble B (16, 17).

The mean data of each parameters were statistically
analysed by the technique of analysis of variance the significant
difference was tested by F test and differences between mean by
using C.D. at 5 % level as described using Agri Software (version
3.01). Data from soil analysis were utilized to develop linear
regression equation with fruit yield, Zn content and B content
(21). Similarly, data from fruit samples analysis were done to
evolve multiple linear regression equation with fruit yield, Zn and
B uptake. Different combinations of above mentioned soil
application of ZnSQ., borax, seasoned pressmud, foliar spray of
biostimulants, growth regulators were merged to be evaluated
based on the values of coefficient by determination (R?) obtained
while performing multiple linear regression analysis.

Dehydrogenase activity (DHA)

Dehydrogenase activity (TPF mg g* 24 h') was determined by
triphenyltetrazolium chloride (TTC) reduction rate to tryphenyl
formazan (TPF) in soils after the incubation at 30 °C for 24 hrs (22).

Urease activity

Urease activity was determined by ammonia released after the
incubation of samples with urea solution for 2 hrs at 37 °C and
their activity, was expressed as Mg NHG-Ng 12 h'.

Results and Discussion
Yield and growth responses

The addition of Seasoned pressmud, ZnSOa, borax, plant growth
regulators and biostimulants caused a significant effect on fruit
yield, stover yield and dry matter production (Table 2). This was
followed by the treatments T, Ts, T+, T5, T, in fruit yield, stover
yield and dry matter production. Treatment T, which included 75
% RDF combined with seasoned pressmud ZnSQs, borax and
foliar seaweed extract recorded the highest fruit yield (28.06 t ha
in neutral soil 24.3 t ha' in coastal soil) indicating the synergistic
effect of integrated nutrient management on brinjal productivity.
The highest stover yield (18.79 t ha™ in neutral soil, 16.63 t ha' in
coastal saline soil) fruit, dry matter production (3480.26 kg ha in
neutral soil, 2748.72 kg ha® in coastal saline soil), stover dry
matter production (1930.1 kg ha™ in neutral soil, 1766.09 kg ha™
in coastal saline soil) were recorded in treatment Ta.

Yield and growth responses

Application of seasoned pressmud improved the soil physical
condition and promote microbial and soil organic matter which
in turn produces organic acids which inhibits IAA, oxidase
enzymes resulting which have direct influence on growth
performance (23). Application of ZnSQ, treatment was found to
increase photosynthetic activity and the rate of respiration which
results in improved growth factors (24). Borax fertilization leads
to increase in plant growth and physiological characters with
best treatment might be due to the greater absorption,
translocation effect of boron at appropriate plant growth (25).
Spraying of foliar spray of seaweed extract and application of
seasoned presmud could supply the required crop nutrients and
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Table 2. Effect of seasoned pressmud, ZnSOs, borax, growth regulators and biostimulants on fruit yield (t ha), stover yield (t ha?) and dry

matter yield (kg ha!)

Neutral soil

Coastal saline soil

Treatment Fruityield Stover yield

Fruityield Stoveryield

(tha) (tha?) DMP Fruit DMP Harvest (tha) (tha?) DMP Fruit DMP stover
T 18.99 11.72 2310.03 1080.26 15.82 10.196 1916.09 980
T, 19.03 11.82 2320.06 1090.30 15.87 12.275 2044.04 1080.39
Ts 20.28 16.06 2480.26 1300.06 16.74 13.119 2040.09 1160.39
Ta 28.06 18.79 3480.26 1930.10 24.30 16.631 2748.74 1766.09
Ts 21.82 16.39 2650.16 1510.03 18.08 14.909 2167.19 1419.59
Te 24.90 17.67 2980.26 1660.2 19.61 16.301 2581.43 1560
Tz 21.06 15.82 2610 1470.0 17.98 14.249 2056.49 1207.49
Mean 22.02 15.46 2725.16 1455.15 18.39 14.128 2241.54 1329.14
S.Ed. 0.029 0.02 3.25 2.37 0.029 0.017 2.46 2.17
CD (P=0.05) 0.059 0.05 6.98 5.09 0.063 0.038 5.29 4.66
growth (26). Spraying of panchagavya enhances that growth  process. The manufactured carbohydrates and other

attributes might be due to the presence of various growth
enzymes which favours rapid cell division and cell multiplication
contributing to the overall growth and development (27). Foliar
spray of NAA causes elongation and rapid cell division increased
growth parameters (28). Foliar application of gibberellic acid
stimulates growth and cell expansion through increasing the
plasticity of cells by improving growth attributes (29). Foliar
feeding of humic acid enhances the activity of microorganism in
rhizosphere improves membrane permeability, protein synthesis
and to the effective at promoting plant development (30). Higher
productivity of vegetable crops because of integrated use of
major nutrients and boron could be explained on the grounds
that addition of NPK in balanced and adequate amounts
increased nutrient uptake which leads to higher yield of brinjal
fruit (31). Combination of boron and zinc application might help
the balanced absorption of nutrients increasing the rate of
photosynthesis as a result fruit yield plant® was highest (32).
Regarding stover yield the increased in stover yield due to zinc
application may be attributed to the fact that zinc is main
limiting plant nutrient in zinc deficient soil. Applied zinc is
reported to enhance the absorption of native as well as added
major nutrients and thereby improving overall growth and
development and ultimately stover yield (33). The improvement
in stover yield with increase in boron application might be due to
good balance between photosynthetic and respiration. The final
yield depends on translocation of photosynthates from the
source to sink, boron is supposed to play a significant role (34).

Effect of growth regulators and biostimulants

Seaweed fertilizer that has been used as additional nutrients and
as biostimulants to increase plant growth because they contain
plant growth regulators. Growth regulators contained in seaweed
play a role in physiology of plants such as growth, division and cell
differentials and protein synthesis. Plants can absorb nutrients,
including growth regulators from all surfaces of plant cells. The
absorption of nutrients that take place on organs so that the plants
can form more shoots and leaves. Subsequently these substances
are converted into protein, nucleic acids, polysaccharides and
other complex molecules which in turn form organs and tissues so
that stover yield increases (35). It also increased the activity of soil
enzymes responsible for the conversion of unavailable forms of
nutrients into available forms. It facilitates more availability of
essential nutrients to plants which supported the vegetative
growth and finally increased the fruit yield (36).

Increased fruit length could be credited to the nutrients and
hormone in the seaweed extract which improved photosynthetic

photosynthates will be translocated to fruit to growth requirements
and development. Auxin and cytokinin hormones in particular
influence the plants’ fruit size development (37). The increase in fruit
weight can also be attributed to the increase in fruit size of those
plants sprayed with seaweed.

As mentioned, seaweed contains essential elements
(potassium and magnesium) and hormones that enhance fruit
setting and its development. Aside from increasing the fruit size
potassium role also improves the quality of fruits including their
weight potassium regulates essential functions in a plant like
maintaining turgor pressure in cells and carbon assimilation
which enhances and keep the weight of fruit intact. In addition,
cytokinin and auxins cell expansion function enlarge fruit sizes
that may contribute to weight of fruit (38). Like other fruit
parameters egg plant sprayed with seaweed extract @ 3 % had
the highest fruit circumference. This signifies the positive effect
of seaweed extract as biostimulants for solanaceous crops.

Phytohormones in seaweed extract such as auxin and
cytokinin enhance the egg plants fruit size and circumference
due to its cell division and expansion function (39). Seaweed
extracts encourage flowering by initiating plant growth. Yield
increases in seaweed treated plants are thought to be associated
with the hormonal substances present in the extracts especially
cytokinin (40).

Subsequently in panchagavya @ 3 % on 30 and 60 DAT,
the number of fruits per plant is (19.30), the fruit weight per plant
(37.70 g), fruit yield (21.82 t ha?) and stover yield (17.67 t ha?) in
the field experiment - | (neutral soil). Similarly for field
experiment - Il (coastal saline soil) the no. of fruits per plant
(16.90), fruit weight per plant (35.68 g), fruit yield (18.08 t ha') and
stover yield (14.909 t ha?). With reference to plant growth
regulators the highest yield attributes were recorded in foliar
spray of panchagavya. The number of fruits plant* might be due
to presence of auxin and kinetic in panchagavya which upon
applying as foliar spray favoured the plants to produce were no. of
fruits plant*(41). The maximum length of fruit might be due to
growth hormones and macronutrients that have affected treated
plants along with increase photosynthesis causing the cell
elongation and division (42). Higher girth of fruit may be due to
NPK along with combination with cytokinin increases efficiency of
chlorophyll pigment, photosynthates and increases aberration in
the economic part which results in higher girth (43). The
beneficial effect of panchagvya increased biological efficiency of
crop plants had a positive effect on reproductive growth which
ultimately led to realization of higher yield of crops (44). Similarly
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in NAA @ 50 ppm on 30 and 60 DAT the number of fruits per plant
(18.72), fruit weight per plant (37.50 g), fruit yield (21.06 t ha?),
stover yield (15.82 tha?) in the field experiment-l. For the field
experiment-Il the number of fruits per plant (16.88), fruit weight
plant? (35.25 g), fruit yield (17.82 t ha), stover yield (14.249 t ha').
Increase in yield was observed in plants sprayed with NAA might
be due to stimulating effect of auxins on various vegetative
growth characters including dry weight which might have helped
in having highest yield similar increase in fruit yield due to
application of growth substances (45). Afterwards in gibberellic
acid @ 50 ppm on 30 and 60 DAT the number of fruits per plant
(18.02), fruit weight per plant (36.29 g), fruit yield (19.61 t ha?),
stover yield (16.301 t hal) in the field experiment - II. Followed by
gibberellic acid @ 50 ppm, the number of fruits per plant (20.79),
the fruit weight per plant (39.93 g), fruit yield (24.90 t ha?), stover
yield (17.67 t ha?) in the field experiment-l. The best growth
regulator was recorded in foliar spray of gibberellic acid
@ 50 ppm. The yield in brinjal was found to be strongly
influenced by the spray of gibberellic acid and thus indicating the
importance of these compounds in increasing the yield potential
through their effect on yield parameters of brinjal. The increase in
fruit yield could be attributed to experiments of yield attributes
(46).

With regard to stover yield the increased in stover yield
due to zinc application may be attributed to the fact that zinc is
main limiting plant nutrient in zinc deficient soil. Applied zinc is
reported to enhance the absorption of native as well as added
major nutrients and thereby improving overall growth and
development and ultimately stover yield (33). The improvement
in stover yield with increase in boron application might be due to
good balance between photosynthetic and respiration. The final
yield depends on translocation of photosynthates from the
source to sink, boron is supposed to play a significant role (34).

The seaweed fertilizer that has been used as additional
nutrients and as biostimulants to increase plant growth because
they contain plant growth regulators. Growth regulators contained
in seaweed play a role in physiology of plants such as growth,
division and cell differentials and protein synthesis. Plants can
absorb nutrients, including growth regulators from all surfaces of
plantcells.

Nutrient uptake and content

Integrated nutrient application notably enhanced NPK, Zn and B
accumulation in plant tissues and fruits, with maximum
concentration observed under T, treatment (Table 3). This suggests
improved nutrient availability and translocation under combined
organic and inorganic amendments. The maximum fruit N content
(2.59 %), P content (0.425 %), K content (2.5086 %), Zn content
(1.729 mg kg'), B content (5.106 mg kg?), plant N content
(3.0979 %), P content (0.411 %), K content (2.8069 %), Zn content
(2.069 mg kg?), B content (2.597 %), Zn content (1.749 mg kg?),
B content (4.347 mg kg?), plant N content (2.945 %), P content
(0.332 %), K content (2.606 %), Zn content (1.957 mg kg?) and B
content (5.347 mg kg) were registered in treatment Ta.

In the field experiment - | conducted at Vallampadugai
observed the highest nitrogen stover content (3.0979 %),
nitrogen fruit content (2.590 %), phosphorus stover content
(0.411 %), phosphorus fruit content (0.425 %), potassium stover
content (2.8069 %), potassium fruit content (2.5086 %), zinc

Table 3. Effect of seasoned pressmud, zinc sulphate, borax, growth regulators and biostimulants on NPK, Zn, B content

Coastal saline soil

Neutral soil

Plant

Fruit

Plant

Fruit

Treatment

Zn
(mgkg?) (mgkg?)

B . N(%) P(%) K(%)

Zn
(mgkg?) (mg kg?)

K (%) (mgz'llg_l) (mgﬁ(g,l) N(%) P(%) K(%)

P (%)

N (%)

Zn
(mgkg') (mgkg?)

N(%) P(%) K(%)
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5.085 3.0468 0.369 2.7179 1.850 6.585 2.407 0.406 2.337 1.729 4.326 2936 0.323  2.597 1.936 5.326

0.382 2.4486 1.708

2.551

Ta

1.711 5.088 3.0479 0.371 2.7189 1.889 6.588 2.437 0.436 2.367 1.731 4.329 2939 0326 2.601 1.939 5.329
3.0569
3.0979

0.383 2.449%6

2.552

T,

1.919 5.691 2.467 0.466 2.407 1.734 4.332 2.942 0.329 2.603 1.942 5.332
0.636
0.536
0.606
0.506

2.8179

0.372

5.091

0.390 2.5166 1.714

2.553

Ts

2.606 1.957 5.347

0.332

2.945

4.347

1.749

2.597

6.606 2.617

2.8069 2.069

0.411

5.106

0.425 2.5086 1.729

2.590

Ta

2.603 1.948 5.338

1.740 4.338 2.948 0.335

2.457

3.0769 0.385 2.7469 1.979 6.594 2.527
3.0969 6.603
3.0669

5.097

0.411 2.4646 1.720

2.570

Ts

1.954 5.344

4.344 2.951 0.338 2.612

1.746

2.587 2.517

2.7500 2.039

0.406

5.103

0.423 2.4869 1.726

2.661

Te

1.945 5.335

2.618

0.344

4.335 2.95

1.737

2.430

6.594 2.497

2.7314 1.949

0.382

5.094

0.408 2.4526 1.717

2.554

Ts

3.0771 0.386 2.7569 1.967 6.595 2.512 0.519 2.443 1.738 4.336 2.838 0.333  2.607 1.946 5.336
0.0003 0.003 0.003 0.003 0.006 0.003

5.096

1.718
0.003

0.405 2.4747

2.576

Mean

0.001 0.002 0.002 0.001 0.005 0.002

0.001

0.007

0.004

0.001

0.004 0.0004

0.005

S.Ed.

0.0006 0.008 0.0015 0.007 0.002 0.002 0.005 0.004 0.007 0.003 0.006  0.011  0.013 0.004 0.007

0.007 0.003

0.010 0.009 0.0008

=0.05)

CD(P
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stover content (2.069 mg kg?), zinc fruit content (1.729 mg kg?),
boron stover content (6.606 mg kg*), boron fruit content (5.109
mg kg?) in treatment (Ta).

In the second field experiment resulted at Therku
Pichavaram noticed the maximum nitrogen stover content
(2.945 %), nitrogen fruit content (2.617 %), phosphorus stover
content (0.332 %), phosphorus fruit content (0.636 %), potassium
stover content (2.606 %), potassium fruit content (2.457 %), zinc
stover content (1.957 mg kg?), zinc fruit content (1.749 mg kg*),
boron stover content (5.347 mg kg?), boron fruit content
(4.347 mg kg?) were recorded in treatment T, of coastal saline
soil.

The soil application of ZnSO, along with organic manure
increased the zinc content in plant tissue. ZnSO, is readily
soluble in water and hence there is an increased absorption of
zinc which resulted in increased concentration of zinc in plant
(47). At harvest nutrient concentration was reduced which might
be due to the utilization of nutrient for various metabolic and
catalytic activities during the crop growth (48). The NPK content
increased due to application of levels of zinc and boron on with
RDF. There was significant increase in N and P concentration in
increasing levels. The effect of zinc on N concentration may be
dilution effect while the effect of B on N concentration may be
synergistic relationship between these nutrients (49).

Boron application increased K concentration irrespective
of Zn supply. This may be due to synergistic interaction between
B and K (50). Irrespective of zinc supply, B concentration was
markedly increased with increasing B application (51).

With related to seaweed extract application the increase
in NPK content in brinjal resulted from the application of
seaweed extract may be attributed as natural regulators or an
organic stimulator which improve plant vigour. The seaweed
extract contains many ingredients, i.e., auxins, cytokininn, mineral
elements and vitamins. It was found that the presence of bioactive
substances in seaweed extract improved stomata uptake efficiency
in the treated plants compared with untreated plants (52).

The increase in leaf content of micronutrients following
spraying with seaweed extract may be due to the direct
absorption of it from the leaves through the stomata when
adding foliar spray. It was positively reflected in the increase in
the concentration of nutrients inside the plant. Amino acids have
a physiological role in changing the osmotic potential inside the
plant tissues as it reduces the water stress. It increases the cells’
ability to absorb water and nutrients and increases the leaf
contents of then nutrients. These results agree with when
spraying seaweed extract (53).

With regard to foliar spray of panchagavya the increase in
NPK content may be due to fermented solutions of panchagavya
containing various salts rich in NPK and micronutrients in plant
available form helps in the formation of chlorophyll in the leaves.
The maximum zinc and iron content in fruit with use of panchagavya
spray might be due to optimum dose of bioregulator panchakavya
which provide more micronutrients as well as growth regulators like
auxin and gibberellic acid which helped in providing higher biomass
and in better recovery of Fe and Znin plant (54).

Subsequently with foliage application of gibberellic acid
the increase in NPK content of leaves of nutrients when spraying
gibberellin mixture may be due to its role increasing vegetative

growth through increased cell division which leads to an increase
in the number and growth of new branches and an increase in
the leaf area and the circumference of stem and branches and it
also increase the accumulation of chlorophyll which increase the
efficiency of the carbonic metabolism process and increase the
content of leaves of nutrient (55). The improve micronutrient
content may be role of gibbberellic acid in the division which
may lead to increased absorption of some nutrients including
the significant effect of the leaf Fe, Mn and Zn content (56).

Due to foliage application of humic acid, the increase in NPK
content related to nitrogen content in brinjal plant was believed to
the responsible for more chlorophyll content and palisade cells per
unit area of leaf tissue which ultimately increased the
photosynthesis. The foliar spray of humic acid is easily absorbed by
plants. The stimulating activity of humic acid might have increased
the demand for inorganic P for ATP synthesis revealed accumulation
of P in leaves. The foliar application of humic acid readily changed
into compounds available to plants by mineralization (57).

The concentration of all the micronutrients (Fe, Mn, Zn, Cu
and B) was significantly higher in the treatments which receiving
foliar spray humic acid along with recommended dose of NPK.
The higher concentration of nutrient observed may be due to
enhanced nutrient supply because of plant ability to absorb
nutrients. Addition of humic acid increased the concentration
which might be due to the chelating property of the humic acid
which complexed with micronutrient and increased the
absorption and translocation of nutrients within the crop. The
increased content of micronutrients by humic acid evidenced (58).

With respect to NAA foliar spray the increase in
concentration of N, P, Fe, Mn, Zn and Cu at foliar nutrition to
overcome fixation of nutrients in soils measure against hidden
deficiencies. Macronutrients are N, P and K are use of the chief
importance in enhancing quality and productivity of brinjal (59).

In the field experiment | (Table 4) conducted at
Vallampadugai (Typic Ustifluvents) (neutral soil) the maximal N
stover uptake (59.806 kg ha), N fruit uptake (90.13 kg ha'), P
stover uptake (7.95 kg ha?), P fruit uptake (14.79 kg ha), K stover
uptake (54.193 kg ha'), K fruit uptake (87.3 kg ha?), Zn stover
uptake (4.014 kg ha?), Zn fruit uptake (6.02 kg ha?), boron stover
uptake (17.77 g ha?), boron fruit uptake (12.75 g ha?) in the
treatment T4 (75 % RDF + seasoned pressmud @ 12.5tha* +ZnS0s
@ 25 kg ha' + borax @ 10 kg ha™ + foliar seaweed extract @ 3% on
30 and 60 DAT). Similar trend were observed in the field
experiment - Il (Coastal saline soil) registered N stover uptake
(52.01 kg ha), N fruit uptake (71.91 kg ha?), P stover uptake (5.863
kg ha?), P fruit uptake (17.47 kg ha?), K stover uptake (46.02 kg
ha?), K fruit uptake (69.99 kg ha), Zn stover uptake (2.226 g ha),
Zn fruit uptake (4.806 g ha), boron stover uptake (16.72 g ha') and
boron fruit uptake (11.945 g ha?) observed in treatment (T).

Due to foliar application of seaweed extract increased
significantly NPK uptake. The presence of marine bioactive
substances in seaweed extract improves stomata uptake
efficiency in treated plants compared to non-treated plants. In
addition, concentrations of seaweed extract can increase not
size, thus increasing the volume of soil sampled by a plant which
indeed helps in the uptake of nutrients by plant. Increasing
evidence exists that nutrient uptake and movement within
plants is under normal control interestingly seaweed saps used
in present study contained hormone were used as foliar
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Table 4. Effect of seasoned pressmud, zinc sulphate, borax, growth regulators and biostimulants on NPK, Zn, B uptake

Coastal saline soil

Neutral soil

Fruit

Fruit

Stover

Stover

Treatment

Zn
(mgkg?)(mgkg?)

P(%) K(%)

N ( %)

Zn
(mgkg') (mgkg?)

B L N(%) P(%) K(%)

N(%)  P(%)  K(%) (ko) (mgkg?)

o z
K(%) (mgkg?) (meke?)

P (%)

N (%)

8.824 56.54 3.947 7.112 32.906 3.995 29.359 2.019 11.74 46.12 7.77 4477 3.312 8.288 28.77 3.165 25.45 1.214 5.21

58.92

T

3.538 8.848 31.75 3.521 28.19 1.341 5.757

48.38

8.91

49.81

3.971 7.182 33.226 4.054  29.639 2.071 11.80

56.72

8.885

59.20

T2

9.673 62.41  4.253 8.569 39.746  4.848  36.639 2.509 12.62  50.32 9.50 49.70 3.537 8.837 34.13 3.817 30.21 1319 6.187

63.32

Ts

4.806 11.945 52.01 5.863 46.02 2.226 9.442

69.99

17.47

71.91

12,750  59.806  7.950  54.193 4.014 17.77

87.30  6.020

14.79

90.13

Ta

3.771 9.400 41.84 4,753 37.02 1.766 7.774

53.24

11.61

69.92

4.560 9.962 43.446  5.827  45.615 3.004 13.50

65.31

10.89

68.10

Ts

4.506 11.211 46.03 5.272 40.74 1.960 8.296

64.96

15.64

66.77

5.146 10.960 51.416 6.755 44.127 3.403 15.20

74.11

12.60

79.30
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applications that might be responsible for increasing nutrient
uptake by brinjal (60).

Due to foliar application of panchagavya the increase in
uptake of nutrients with foliar spray of panchagavya was to
increase microbial efficiency of crop plants and create greater
source and sink in the plant system.

The increased NPK uptakes were due to consequence of
better nutritional environmental need. Although cumulative
effect of organic and inorganic source of nutrients and foliar
spraying of panchagavya increased N accumulation. Its
consequences colonization of bacteria and bacterial activity in
roots and availability of N to the plants due to fixation of these
bacteria might have fixation of these bacteria might have
advanced mineral uptake especially nitrogen (61). This might
have contributed to greater absorption of nutrients. The
increase in uptake of nutrients may be attributed to higher total
dry matter production (62).

The increase in micronutrient uptake might be due to
regulation of stomata was favourably influenced by bioactive
substances produced by beneficial microorganisms present in
panchagavya which also enhanced the uptake of nutrient (63).

Due to foliar spray the spray of gibberellic acid during the
active growth phase of the crop trigger indigenous utilization
cultivation of resources and results is a better source sink
relationship. Hence the cause of increased nutrient uptake may
be the increased assimilation of all nutrients effectively during
the vegetative phase under maximum uptake potential (64).
Moreover, the translocation of nutrients to sink during formation
and subsequent development of fruit can also be reasonably
individual to be responsible for nutrient depleting at latter stages
of growth (65).

Due to foliar application of humic acid promote the
conversion of mineral nutrients into available forms for plants.
Our findings claim that nutrient absorption by plants is
significantly higher if we increase the humic acid level along with
NPK application. In T4 (75 % RDF + seasoned pressmud
@ 12.5t ha™ + Soil application of zinc sulphate 25 kg ha™ + borax
@ 10 kg ha +foliar spray seaweed extract 3 % on 30 and 60 DAT)
treatment in which higher dose of humic acid exists; facilitate the
plants leaves for maximum nutrient accumulation (NPK
contents). It is observed that HA plays a vital role in nutrient
accumulation to roots and hence phosphorus absorption rate
may be increased by HA application at critical growth stages (66).

Potassium increases water use efficiency and transforms
sugars into starch in the grain filling processes. It's important for a
plant’s ability to withstand extreme cold and hot temperatures,
drought and pests. The addition of ‘K’ contents in plant higher by
increasing the HA and NPK application. Seaweed extract and
humic acid significantly enhanced the enzyme activity viz,
peroxidase (POD), catalase (CAT), superoxide dismutase (SOD) in
the plant thereby increased macro and micronutrients uptake (67).

Soil health and enzyme activity

With respect to third trial experiment (Table 5) (Field trial - ) and
4% trial (Field trial - II). The highest organic carbon (4.019 g kg*),
soil available N (151.139 kg ha), soil available P (44.549 kg ha),
soil available K (131.049 kg ha?), DTPA Zn (0.290 mg kg') (R* =
0.8382) and hot water soluble boron (0.489 mg kg?) in neutral soil
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Table 5. Effect of seasoned pressmud, ZnS0O4, borax, biostimulants, growth regulators on soil organic carbon, post harvest soil available NPK

Neutral soil

Coastal saline soil

Treatment Soil organic soC KMnO.-N (k; Olsen-P NH40AC-K
cabon (gg kgy KmnO-N  Olsen-P NH,0AC-K (ekg") h;_l) (kg (ke ha) (kg ha")

T: 3.939 150.719 44,129 130.639 0.817 100.54 21.41 191.01
T, 3.949 150.779 44,189 130.700 0.821 137.41 23.39 205.88
T3 3.959 150.839 44.249 130.759 0.824 138.41 23.47 206.41
Ta 4.019 151.139 44,549 131.049 0.838 145.19 23.88 211.39
Ts 3.979 150.959 44.369 130.839 0.829 140.27 23.61 208.41
Te 4.009 151.049 44,509 131.000 0.835 143.19 23.81 210.81
Ts 3.969 150.879 44.309 130.819 0.826 139.23 23.59 207.41
Mean 3.978 150.920 44,339 130.849 0.827 135.79 23.37 206.29
S.Ed. 0.0004 0.002 0.006 0.056 0.002 0.33 0.005 0.05
CD (P=0.05) 0.0008 0.005 0.013 0.113 0.005 0.72 0.012 0.11

(Vallampadugai) were recorded in Ta. The highest organic carbon
(0.998 g kg!), soil available N (145.19 kg ha?), soil available P (23.88
kg ha?), soil available K (211.39 kg ha?), DTPA Zn (0.250 mg kg?)
(R? = 0.3687), hot water soluble boron (0.341 mg kg?) in coastal
saline soil (Therku Pichavaram) in treatment T.(Seasoned
pressmud @ 12.5t ha™ + ZnSO, application @ 25 kg ha™ + borax @
10 kg ha? + gibberellic acid 3 % on 30 and 60 DAT) (Table 6).
Application of pressmud as an organic manure shown increase in
organic carbon after first application, as level of initial carbon in soil
is very low and it has the potential to store more carbon (68).

The amount of available N content in soil gradually
increased over the initial amount. It might be due to the direct
addition of nitrogen from the decomposition of pressmud leads
to mineralization of organically bound nitrogen. This result was
in agreement with the findings of (69). The increasein P and Kin
soil might be explained by the release of P from the applied
pressmud after mineralization and K due to releasing from
organics and potash bearing minerals that already exist in both
soils. The higher value of available phosphorus was recorded in
pressmud treated plots, which might be because pressmud is a
rich source of phosphorus. Increasing soil available P with
pressmud application (70).

Organics were superior in improving available P it might be
due solubilizing effect of organic acids and organic phosphorus
and organic anions retard the fixation by P in by complexing with
organic ligands and chelation of P fixing cation like Ca, Mg, Fe, Zn,
Mn and Cu. Phosphorus complex with humic acid fulvic acids
increase the availability of phosphorus to the plants (71).

The soil available potassium increased due to pressmud
having significant amount of potassium, it was related due to
microbial decomposition during the study and enhanced available
potassium in soil (72). With the increase of soil micronutrient
content in treatment (T4) might be due to application of pressmud
having large amount of organic matter and abundant quantity of
micronutrients such as iron, manganese, zinc, copper and boron.

Table 6. Effect of seasoned pressmud, ZnSQa, borax, biostimulants,
growth regulators on DTPA Zn and hot water-soluble B

Neutral soil Coastal saline soil

Therefore, pressmud will more likely improve the micronutrient
distribution and enhance beneficial microbial activities with soil
system (73). Concentration of zinc increase as level of ZnSO, with
pressmud. This is because ZnSO; is the direct source of Zn and
pressmud works as pool of most micronutrients (74).

Nutrient management practices had significant influences
on soil enzyme activities soils treated seasoned pressmud showed
higher activity of urease (90.27 and 864 mgNH+N g'2 h?),
dehydrogenase 68.42 and 64.4 TPF mg-01- 24 h*) (Table 7) in both
the soils of treatment T.. These enzymes help release plant
nutrients. Soil organic matter is an important factor for soil quality
improvement. It influences soil physico-chemical properties of
normal and coastal saline soils. Soil organic matter regulates the
soil enzymatic activities and energy nutrients for soil (75).

It also increased the activity of soil enzymes responsible
for the conversion of unavailable forms of nutrients to available
form. It facilitates more availability of essential nutrients to
plants which supported the vegetative growth and finally
increased the fruit yield (36).

Regression analysis and nutrient correlation

The positive response existed between fruit yield and ZnSO,
application increased zinc content in post harvest soil (R =
0.8382 for neutral soil and R? = 0.368 for coastal saline soil)
(Fig. 1 and 2). Optimum yield was obtained by receiving 10 kg
borax ha™. This might be due to the fact that boron plays role in
many biochemical processes in plants like carbohydrate
metabolism and transplant of sugar through membrane, tissue
development and formation of cell walls and helps in cell division
(28,29) (Fig. 3and 4).

Foliar spray of seaweed extract for @ 3 % facilitates fruit
number in brinjal phytohormone, gibberellin and particular
essential elements such as potassium and magnesium which are
major by present in most seaweed extract influenced the fruit
number of most plants (76). This resulted in increased boron
content in post harvest residue to borax application associated

Table 7. Effect of seasoned pressmud, ZnSO., borax, growth
regulators and biostimulants on urease and dehydrogenase

Treatment Hot water- Hot water- Normal soil Coastal saline soil
DTPA-Zn  "g5luble B DTPA-Zn soluble B Treatment Urease Dehydrogenase Urease Dehydrogenase

T: 0.260 0.471 0.200 0.320 T 60.41 54.24 54.41 50.24
T, 0.266 0.474 0.236 0.323 T 87.22 61.85 83.24 57.83
T3 0.270 0.477 0.238 0.326 T3 74.24 58.16 70.25 54.12
Ts 0.290 0.489 0.250 0.341 Ta 90.23 68.42 86.48 64.45
Ts 0.276 0.480 0.244 0.332 Ts 89.71 64.73 85.79 60.52
Te 0.286 0.489 0.248 0.338 Te 88.24 63.81 84.32 59.73
T7 0.272 0.480 0.241 0.329 T7 87.95 62.42 83.21 58.24
Mean 0.272 0.481 0.238 0.330 Mean 82.57 61.94 61.91 57.84
S.Ed. 0.002 0.002 0.002 0.001 S.Ed. 0.09 0.16 0.64 0.03
CD (P=0.05) 0.004 0.005 0.004 0.002 CD (P=0.05) 0.19 0.35 1.39 0.08
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Fig. 1. Linear relationship between soil zinc content and fruit yield.

Fig. 2. Linear relationship between soil zinc content and fruit yield.
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Fig. 3. Linear relationship between soil boron content and fruit yield.

with fruit yield (R.= 0.8869 in neutral soil and R* = 0.8339 in
coastal saline soil).

The beneficial influence of zinc application in the yield of
brinjal may be attributed to its role in various enzymatics
reactions, growth process, hormone production and protein
synthesis and also the translocation of photosynthates to
reproductive plants, thereby leading to higher yield of crop (77).
Optimum yield was obtained by treatment receiving 10 kg borax
ha. This might be due to the fact that boron plays role in many
biochemical processes in plants like carbohydrate metabolism
and transplant of sugar through membrane, tissue development
and formation of cell walls and helps in cell division (78).

The application of pressmud taken part in chlorophyll.
Chlorophyll synthesis is mainly affected by light, temperature

NEUTRAL SOIL

Fig. 4. Linear relationship between soil boron content and fruit yield.

and carbohydrate. In the present study addition of pressmud
increased the growth as well as production of plants because
these materials increased the growth of roots, reinforced the
plant stems and enhanced the photosynthetic rates thus
increasing the amount as well as uptake of micronutrient (79).
Biostimulants even those minerals cannot supply all the
essential nutrients in the quantities required by plants. In
addition to proper mineral fertilization, biostimulants can
enhance the effectiveness of fertilizer as well as nutrient
utilization from soil (80). This is evidenced in increased zinc
uptake due to ZnS0, application resulted with fruit yield (R? =
0.9931 in neutral soil and R? = 0.8622 in coastal saline soil) (Fig. 5
and 6). The increase in fruit yield (R? = 0.9305) in neutral soil, R? =

COASTAL SALINE SOIL
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Fig. 5. Linear relationship between zinc uptake and fruit yield.

Fig. 6. Linear relationship between zinc uptake and fruit yield.
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0.8588 in coastal saline soil (Fig. 7 and 8) due to application of 7.  Singh DP, Maurya, Kumari M, Singh RP, Singh DB, Kumar P.

seasoned pressmud, borax and foliar spray of biostimulants. Response of integrated nutrient management (INM) on growth and

yield attributes in tomato (Solanum lycopersicum L.). Ann Agric Res
New Ser. 2023;44(1):120-26.

Conclusion 8. Rautaray SK, Sucharita S. Zinc fertilizer application. Indian Farming.
. . 2023;73(5):7-10.

Application of 75 % RDF + seasoned pressmud @ 12.5t ha* + soil ] ) ot of i g )

application of ZnS0, @ 25 kg ha'' + borax @ 10 kg ha' + seaweed 9. Rani P, Trlpu.ra U. Effect o |ntegrate nutrient management on

> . growth and yield of tomato: A review. Pharma Innov Int J. 2021;10

extract @ 3 % on 30 (vegetative) and 60 (flowering) DAT found to (5):1695-701.

be the best soil and nutrient management for yield and quality of . -

brinial land Lsali il 10. Margal PB, Thakare RS, Kumble BM, Patil VS, Patel KB, Titrimare

rinjalin neutral and coastal saline soil. NS. Effect of seaweed extracts on crop growth and soil: A review. J
Exp Agric Int. 2023;45(9):9-19. https://doi.org/10.9734/jeai/2023/
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