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Abstract

The field experiment was conducted in finger millet crop during kharif 2016 to evaluate the effect of
application of enriched phosphatic sludge application on growth and yield parameters of the crop at V.C
farm, Mandya which falls in the southern dry zone (zone 6) of Karnataka. It lies between 76°82'01" to
76°82'08" E longitude and 12°57'03" to 12°57'05" N latitude with an average elevation of 699-715 m above
MSL. Enriched phosphatic sludge was analysed for various physico- chemical parameters before
application to the crop. The sludge was rich in phosphorus (6.88%) and organic carbon (11.50%) content as
it was enriched with press mud and sea weed extract at the site of production and storage. Growth
parameters like plant height and number of tillers per hill at 30, 60, 90 DAT and at harvest were recorded
maximum in treatment with the application of RDF + EPS @ 750 kg ha and was found on par with
treatments receiving RDF + FYM, RDF + EPS @ 500 kg ha! and RDF + EPS @ 1000 kg ha. Yield
attributes like ear head length (cm), number of productive tillers hill-t, number of fingers earhead, Test
weight (g), Ear head weight hill’, Grain yield and Straw yield (q hal) were recorded maximum in
treatment with the application of RDF + EPS @ 750 kg ha? and was found on par with treatments
receiving RDF + FYM and RDF + EPS @ 1000 kg ha. Uptake of nutrients were recorded maximum in
treatment with the application of RDF + EPS @ 750 kg ha! and was found on par with treatments
receiving RDF + FYM and RDF + EPS @ 1000 kg ha't.
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Introduction

Finger millet (Eleusine coracana (L.) is an important small millet crop widely cultivated in
semi-arid and tropical regions due to its adaptability to poor soils and drought tolerance. It
serves as a staple food for most of the people and is valued for its high nutritional content,
particularly calcium, dietary fibre, and essential amino acids. Despite its resilience, the
productivity of finger millet remains low in many regions, primarily due to soil nutrient
deficiencies, especially phosphorus (P). Phosphorus is a critical macronutrient required for root
development, energy transfer, tillering and grain formation. However, in many tropical soils,
phosphorus availability is limited because of fixation and low native P content. Continuous
cultivation without adequate nutrient replenishment further exacerbates soil fertility decline,
resulting in poor crop growth and reduced yields. Therefore, sustainable nutrient management
strategies are essential to enhance productivity while maintaining soil health. The nutrient
supplying capacity of soil declines steadily under continuous and intensive cropping systems.
The use of optimum levels of N, P and K has failed to maintain yield levels, probably due to
increasing secondary and micronutrient deficiencies and also unfavourable alterations in the
physical and chemical properties of soil. In this context, the byproducts and wastes of different
industries such as sludge which are rich in macro, secondary and micro nutrients and low in
heavy metals are the most viable choice as the use of such materials in crop production solves
their problem coincidently. Studies showed that the nutrient content of sludge sustains soil
fertility and organic constituents improve soil properties (Singh and Agrawal 2010, Meena et al.
2013) 20 71 Sludge generated from the ortho-phosphoric acid manufacturing plant, Karwar,
Karnataka, was enriched with press mud, sea weed extract and plant growth hormones to
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improve its physical and chemical properties. Enriched
phosphatic sludge is alkaline in reaction with low soluble salts
and high organic matter and phosphorus content with moderate
N, K and micronutrient content. Hence, it seems to be good for
utilization of this enriched phosphatic sludge along with
chemical fertilizers for crop production.

Materials and Methods

The field experiment was conducted during the Kharif season of
2016 at the Zonal Agricultural Research Station, V.C. Farm, to
evaluate the effect of enriched phosphatic sludge on the growth
and yield of finger millet (Eleusine coracana (L.)). The
experiment was laid out in a Randomized Complete Block
Design (RCBD) with twelve treatments and three replications.
The finger millet variety KMR-340 was sown at a spacing of 30
cm x 10 cm. All recommended agronomic practices were
followed uniformly to ensure optimal crop growth and to
maintain experimental precision. The experiment comprised
twelve treatments with different levels of enriched phosphatic
sludge (EPS) in combination with recommended doses of
fertilizers. Physico chemical properties of the sludge were given
in the Table 1.

Treatment Details

The treatments were as follows: T: - Absolute control; T: -
Recommended dose of fertilizers (RDF) + Farmyard manure
(FYM); Ts - RDF + EPS @ 125 kg ha™'; T+ - RDF + EPS @ 250
kg ha™'; Ts - RDF + EPS @ 500 kg ha™'; Ts - RDF + EPS @ 750
kg ha™'; T7 - RDF + EPS @ 1000 kg ha™'; Ts - Balanced RDF +
EPS @ 125 kg ha™'; To - Balanced RDF + EPS @ 250 kg ha™';
T - Balanced RDF + EPS @ 500 kg ha™'; Tu: - Balanced RDF
+ EPS @ 750 kg ha!; and Ti. - Balanced RDF + EPS @ 1000
kg ha™'. These treatments were evaluated to assess the effect of
graded levels of EPS in combination with fertilizer application
on the growth and yield of finger millet.

Characteristics of enriched phosphatic sludge

The sludge was moderately alkaline in reaction (pH 8.06) with
medium EC (0.97 dS m™). The alkaline reaction of the EPS may
be due to its mixing with press mud which was generally
alkaline in reaction. The EPS had high quantity of phosphorus
(6.88%) and organic matter (11.50%) total N (1.51%), K
(1.20%), Ca (1.50%), Mg (1.10%) and S (1.50%) content were
also in appreciable amounts in the EPS. Similarly, the total Fe,
Mn, Zn and Cu contents were 4800, 1200 and 2100 and 67 mg
kg, respectively. The higher nutrients content in the EPS might
be due to its enrichment with pressmud and sea weed extract.
Similar results with high content of organic matter (OM),
nitrogen (N), phosphorus (P), potassium (K) and other plant
nutrients in sludge was reported by Herzel et al. 2015 2; Righy
et al. 2015. Sludge contains heavy metals viz., Cr, Pb and Ni to
an extent of 12, 28 and 16 mg kg* respectively. However, Cd
was not detected in the EPS. All the heavy metals recorded in
the EPS were below the permissible limits as per the Indian
standards.

Results and Discussion

Growth parameters

Field experiment was conducted at V.C Farm, Mandya in finger
millet crop to study the influence of enriched phosphatic sludge
(EPS) on the growth and yield parameters of finger millet.
Maximum plant height (45.23 cm) was recorded with the
application of RDF + EPS @ 750 kg ha' at 30 DAT and was
found on par with the application of RDF + EPS @ 1000 kg ha*
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and RDF + FYM and the least was recorded in control. At 60
DAT, there was significant increase in plant height (66.80 cm)
with the application of RDF + EPS @ 750 kg ha and was found
on par with RDF + FYM (T,: 64.56 cm) and RDF + EPS @ 500
kg hal (Ts: 62.76 cm). At 90 DAT and at harvest, higher plant
height (76.80 and 81.38 cm) was recorded with the application
of RDF + EPS @ 750 kg ha' and was found on par with
treatments T, (75.48 and 76.51 ¢cm) and T (73.81 and 77.33
cm). Significantly, higher number of tillers hill* (4.7, 6.03, 6.20
and 6.24 tillers hill'* at 30, 60, 90 DAT and at harvest
respectively) was recorded with the application of RDF + EPS
@ 750 kg ha! and was found on par with treatments receiving
RDF + FYM, RDF + EPS @ 500 kg ha! and RDF + EPS @
1000 kg ha' (Table 2). The significant improvement in plant
height and number of tillers per hill observed with the
application of RDF + EPS @ 750 kg ha™! may be attributed to
enhanced phosphorus availability and improved soil physico-
chemical properties. Phosphorus plays a vital role in cell
division, root proliferation, and energy transfer processes, which
directly influence vegetative growth and tiller production in
finger millet (Eleusine coracana (L.) The addition of enriched
phosphatic sludge (EPS) along with RDF might have ensured a
sustained release of nutrients, thereby supporting crop growth at
critical stages. The increased plant height recorded at 60, 90
DAT and at harvest under RDF + EPS @ 750 kg ha™' indicates
better nutrient uptake and efficient utilization. The organic
matter present in EPS could have improved soil structure,
moisture retention, and microbial activity, which in turn
enhanced nutrient solubilization and availability. Similar studies
conducted by Kumar and Sharma (2022) [l reported that
phosphorus applications increase nutrient uptake and
photosynthetic activity.

Yield parameters

The vyield attributes of finger millet, viz., ear head length (cm),
number of productive tillers hill™!, number of fingers ear head™,
test weight (g), and ear head weight hill™* (g), were significantly
influenced by graded levels of EPS application (Table 3).
Among the different treatments, application of RDF + EPS @
750 kg ha' recorded the highest ear head length (7.15 cm),
which was significantly superior to all other treatments. The
lowest ear head length (5.10 cm) was observed in the control.
Among the treatments receiving balanced RDF with different
levels of EPS, higher ear head length (5.83 cm) was recorded
with balanced RDF + EPS @ 750 kg ha™!, followed by treatment
T2 (balanced RDF + EPS @ 1000 kg ha™). The number of
productive tillers hill™" differed significantly with varying levels
of EPS application over control. The highest number of
productive tillers hill™' (6.05) was recorded with RDF + EPS @
750 kg ha™!, followed by T7 (5.42) and T» (5.26). Similarly, other
yield parameters such as number of fingers ear head™ (7.57), ear
head weight hill' (8.93 g), test weight (4.49 g), grain yield
(38.74 q ha™), and straw yield (43.0 q ha™') were also recorded
maximum under RDF + EPS @ 750 kg ha. Similar results were
reported by Lavado 2006 BI; Singh and Agrawal 2007 [, 2010;
Grobelak et al. 2017 14,

Nutrient uptake

Among the different treatments, significantly higher total N
(119.83 kg ha'l), P (20.28 kg ha') and K (65.91 kg ha) uptake
by finger millet (grain + straw) was noticed in the treatment T,
which received RDF + EPS @ 750 kg ha* and was followed by
treatment which received RDF + FYM. However, lower uptake
of total N (43.39 kg ha'), P (6.96 kg ha?) and K (23.04 kg ha?)
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was noticed in control. Among the treatments which received
balanced RDF, total N (92.99 kg hal), uptake was higher in the
treatment T1, which received balanced RDF + EPS @ 1000 kg
ha! and total P (15.77 kg ha') and K (51.90 kg ha!) uptake was
higher in the treatment T, which received balanced RDF + EPS
@ 750 kg ha*. Higher N, P and K uptake was recorded with the
application of RDF + EPS @ 750 kg ha’. Uptakes of N, P and K
by straw and grain of finger millet was increased with the
increasing levels of sludge application. In addition, apart from
the enhanced nutrient supply, the positive influence of the
sludge application on the growth of plants and N, P and K
uptake could be due to the improving soil properties (Meena et
al. 2013, Khanmohammadi et al. 2017) [7-4],

With respect to total uptake of iron, manganese, copper and zinc
by finger millet (grain + straw), the results showed that
significantly higher uptake of iron (331.17 g ha?), manganese
(115.31 g ha?), copper (32.85 g ha') and zinc (185.69 g ha')
was observed in the treatment Tg received RDF + EPS @ 750 kg
ha! followed by treatment T; received RDF + EPS @ 1000 kg
ha and T, received RDF + FYM. Lower uptake of iron (112.71
g hal), manganese (46.71 g ha*), copper (9.83 g ha*) and zinc
(63.06 g ha') was noticed in control. Reports showed that
DTPA-extractable micronutrients contents in soil were increased
under sludge amended soil, which could be a reason for
enhancing the uptake of these elements by maize crop (Meena et
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al. 2008, Zoubi et al. 2008, Latare et al. 2014, Yang et al. 2018)
[8,11,6,12]

Table 1: Characterization of enriched phosphatic sludge

Parameter Value

MWHC (%) 38.10
Bulk density (Mg m-) 1.06
pH (1:10) 8.06

EC (1:100) dS m?! 0.97

OC (g kgD 11.50

N (%) 151

P (%) 6.88

K (%) 1.20

Ca (%) 1.50

Mg (%) 1.10

S (%) 1.50

Fe (mg kg?) 4800

Mn (mg kg?) 1200
Cu (mg kg 67

Zn (mg kg™) 2100
Pb (mg kg?) 28
Ni (mg kg™?) 16
Cr (mg kg) 12
Cd (mg kg ND

ND- Not detected

Table 2: Effect of enriched phosphatic sludge application on plant height and number of tillers plant in finger millet during kharif 2016

Treatment Plant height (cm Number of tillers plant?
30 DAS | 60 DAS | 90 DAS | Atharvest | 30 DAS | 60 DAS | 90 DAS | At harvest
T1 - Absolute Control 28.61 42.16 52.44 60.38 3.01 4.03 4.20 4.23
T2 - RDF+FYM 42.26 64.56 75.48 76.51 4.33 5.63 5.83 5.71
T3 - RDF+ EPS @ 125 kg ha! 41.79 58.33 64.36 67.81 3.50 4.70 4.87 4.92
T4 -RDF + EPS @ 250 kg ha* 42.07 57.80 64.49 67.97 3.22 4.97 5.07 5.11
Ts - RDF + EPS @ 500 kg ha'* 40.03 62.76 70.27 74.11 4.27 5.43 5.80 5.63
Te - RDF + EPS @ 750 kg ha! 45.23 66.80 76.80 81.38 4.70 6.03 6.20 6.24
T7 - RDF + EPS @ 1000 kg ha'! 42.23 61.78 73.81 77.33 4.13 5.97 6.00 6.00
Ts - Balanced RDF + EPS @ 125 kg ha! 39.93 53.40 63.41 66.96 3.27 4.49 4.67 4.72
To - Balanced RDF + EPS @ 250 kg ha! 37.39 54.77 63.26 65.67 3.18 4.53 4.53 4.57
Tio - Balanced RDF + EPS @ 500 kg ha* 37.60 54.64 62.53 66.76 3.24 4.67 4.57 4.60
Tu - Balanced RDF + EPS @ 750 kg ha'! 37.62 52.38 62.44 66.02 3.20 4.40 4.40 4.46
T12 - Balanced RDF + EPS @ 1000 kg ha™* 36.42 51.51 62.84 66.53 3.06 4.37 4.43 4.44
S.Em. £ 1.36 1.69 1.76 1.96 0.17 0.24 0.21 0.25
CD @ 5% 4.00 4.95 5.17 5.75 0.51 0.70 0.62 0.73

Table 3: Effect of enriched phosphatic sludge application on yield attributes and yield in finger millet during kharif 2016

Yield attributes
Treatment No. Of. Ear head _No. of 1000 grain Ear hea}d_l Grain SFaIk Harvest
productive I fingers ear - weight hill yield yield -
tillers hill | '8n9th (M) | peags |Weight(@)) =) (qhal) | (qhaty| M9
T1 - Absolute Control 3.07 5.10 3.10 2.44 4.17 15.88 20.69 0.44
T2 - RDF+FYM 5.26 6.47 6.60 4.36 8.32 35.89 41.91 0.46
T3 - RDF+ EPS @ 125 kg ha! 4.12 5.62 5.05 3.09 6.61 28.30 34.37 0.45
T4 -RDF + EPS @ 250 kg ha'! 4.29 5.83 5.63 3.28 7.17 29.68 35.43 0.46
Ts - RDF + EPS @ 500 kg ha'? 4.40 6.23 5.34 3.65 7.47 32.76 35.62 0.48
Ts - RDF + EPS @ 750 kg ha'? 6.05 7.15 7.57 4.49 8.93 38.74 43.00 0.48
T7- RDF + EPS @ 1000 kg ha! 5.42 6.47 6.97 4.33 8.02 35.86 41.74 0.46
Tg - Balanced RDF + EPS @ 125 kg ha'! 4.03 5.41 5.08 3.07 6.18 23.84 33.43 0.42
To - Balanced RDF + EPS @ 250 kg ha'! 3.72 5.52 5.19 3.06 6.31 26.71 33.47 0.44
T1o - Balanced RDF + EPS @ 500 kg ha! 4.13 5.63 5.14 3.13 6.72 29.99 36.41 0.45
Tu1 - Balanced RDF + EPS @ 750 kg ha! 4.88 5.83 5.26 3.25 6.95 32.37 36.67 0.47
T12 - Balanced RDF + EPS @ 1000 kg ha* 4.26 5.72 5.35 3.22 6.82 35.69 36.58 0.49
S.Em. 0.07 0.22 0.22 0.15 0.34 1.13 2.59 0.02
CD @ 5% 0.21 0.63 0.64 0.45 1.00 3.30 7.60 NS
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Table 4: Effect of enriched phosphatic sludge application on nitrogen, phosphorus and potassium uptake (kg ha) in finger millet during kharif 2016

https://www.agronomyjournals.com

Nitrogen | Phosphorus | Potassium
Treatment (kg ha')
Grain | Straw | Total Grain Straw | Total Grain Straw Total
T1 - Absolute Control 22.55 20.84 | 43.39 3.65 3.31 6.96 4.25 18.79 23.04
T2 - RDF+FYM 64.57 47.39 | 111.97 10.09 7.99 18.07 14.42 44.67 59.09
T3 - RDF+ EPS @ 125 kg ha! 43.16 | 36.92 | 80.08 6.81 5.85 | 12.67 8.67 33.91 42.58
T4 -RDF + EPS @ 250 kg ha'! 45.58 38.22 83.80 7.75 6.04 | 13.79 9.40 35.58 44.97
Ts - RDF + EPS @ 500 kg ha* 46.63 39.90 86.53 8.07 6.45 14.52 9.77 39.54 42.55
Te - RDF + EPS @ 750 kg ha! 70.21 49.62 | 119.83 12.06 8.22 | 20.28 15.71 50.19 65.91
T7 - RDF + EPS @ 1000 kg ha 64.17 46.68 | 110.85 10.44 7.53 17.96 13.82 43.74 57.56
Tg - Balanced RDF + EPS @ 125 kg ha* | 36.07 | 33.77 | 69.84 5.01 5.37 | 10.37 7.87 35.32 43.19
To - Balanced RDF + EPS @ 250 kg ha | 40.84 | 34.40 75.24 5.90 5.72 11.62 8.42 36.27 45.18
Tio - Balanced RDF + EPS @ 500 kg ha*| 46.03 | 37.67 | 83.70 7.22 6.59 | 13.81 9.81 39.90 48.56
T11 - Balanced RDF + EPS @ 750 kg hat| 49.97 39.25 89.22 8.76 7.00 15.77 11.36 40.85 51.90
T12 - Balanced RDF + EPS @ 1000 kg hal| 55.48 37.51 92.99 9.31 6.19 15.49 12.16 37.38 49.54
S.Em. 191 0.91 2.52 0.31 0.48 0.68 0.62 3.61 3.72
CD @ 5% 5.61 2.66 7.39 0.92 1.42 2.00 1.82 10.57 10.91

Table 5: Effect of enriched phosphatic sludge application on micro nutrient uptake (g ha*) in finger millet during kharif 2016

Iron |  Manganese | Copper | Zinc
Treatment (g ha?)
Grain Straw | Total | Grain [Straw| Total | Grain |Straw| Total|Grain| Straw Total
T1 - Absolute Control 22.94 89.89 | 112.71 | 15.09 [31.62|46.71| 0.65 | 9.20 |9.83 | 2.87 | 60.26 63.06
T2 - RDF+FYM 56.32  |251.57| 307.01 | 36.69 |71.52(108.21] 1.97 |28.50|30.37| 8.42 | 162.19 | 170.05
T3 - RDF+ EPS @ 125 kg ha* 42.70 194.65| 236.67 | 26.20 |51.91|78.11| 1.21 |17.79/18.94| 6.03 | 113.57 119.20
T4 -RDF + EPS @ 250 kg ha! 45.02 201.95| 246.26 | 27.65 |54.47|82.13| 1.38 [18.60(19.92| 6.62 | 121.77 127.97
Ts - RDF + EPS @ 500 kg ha! 45.47 201.22| 245.99 | 27.87 |55.75(83.62| 1.47 [19.48|20.88| 6.69 | 119.57 125.84
Te - RDF + EPS @ 750 kg ha! 62.34 269.77| 331.17 | 40.62 |74.69[115.31] 2.34 |30.61|32.85|10.83| 175.48 185.69
T7- RDF + EPS @ 1000 kg ha'! 56.89  |259.49| 315.48 | 37.02 |70.96[107.98 2.03 |25.67|27.61| 9.45 | 159.47 | 168.37
Ts - Balanced RDF + EPS @ 125 kg ha'! 36.37 183.93| 220.06 | 21.28 |51.02|72.30| 0.97 |19.17|20.12| 5.14 | 114.81 119.80
To - Balanced RDF + EPS @ 250 kg ha! 41.03 187.65| 228.03 | 24.58 |52.20|76.78| 1.11 |19.53|20.57| 5.98 | 118.87 124.44
Tio - Balanced RDF + EPS @ 500 kg hat 46.52 206.21| 252.01 | 27.56 [56.82|84.38| 1.32 |21.46|22.71| 6.75 | 125.34 131.65
Tu - Balanced RDF + EPS @ 750 kg hat 50.31 |210.64| 260.21 | 29.96 |58.99(88.95| 1.50 |21.76|23.18| 7.34 | 124.15 | 131.05
T12 - Balanced RDF + EPS @ 1000 kg ha'! 55.97  |198.85| 254.12 | 33.22 |55.70(88.92| 1.70 |20.66|22.29| 8.20 | 121.81 | 129.59
S.Em. £ 1.71 391 | 1590 | 142 111|179 | 0.08 |0.65]1.95|0.28 | 2.34 9.58
CD @ 5% 5.01 1146 | 46.63 | 417 |3.27|525| 0.24 |191|5.73|0.82 | 6.86 28.11
Conclusion and sunflower vyield: Quality and toxic element

In the entire study the results showed that growth parameters
and yield parameters and uptake of major and micro nutrients in
finger millet were recorded maximum in the treatment Tg
receiving RDF + EPS @ 750 kg ha* followed by treatment T,
receiving RDF + EPS @ 1000 kg ha and T, receiving RDF +
FYM.
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