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Abstract

A field experiment was conducted during Kharif 2016 on sandy loam soil deficient in B at College of
Agriculture, V. C. Farm, Mandya to study the effect of graded levels of borax (5, 10, 15 and 20 kg ha)
and gypsum (100 and 200 kg ha) on yield, nutrient content and uptake in irrigated finger millet
(Eleusine coracana L.). Significantly higher grain yield of 45.95 g ha (17.56% higher than the control)
and a B:C ratio of 3.06 were also recorded at T12 compared with RDF + FYM (T1). The Ca, Mg content
in grain was higher in T12 (0.63 and 0.30% respectively) which received T4+ 100 kg gypsum ha* when
compared to control (0.50 and 0.23% respectively). The boron concentration in grain was significantly
higher (34.38 mg kg1) in Ts (T1+ 20 kg borax ha*) followed by 32.38 mg kg inT12 (T4 + 100 kg gypsum
ha) when compared to T1 (20.49 mg kg™). Higher total uptake of nitrogen, phosphorous, potassium,
calcium and sulphur (166.82, 28.63, 184.54, 67.48 and 30.91 kg ha kg ha, respectively) was observed
in T12 (T4 +100 kg gypsum hat) which were significantly higher than control (T1). As a result of these
findings, applying 15 kg borax ha® + 100 kg gypsum ha® + RDF + FYM is the optimum dose for
increasing yield.
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Introduction
In both, areas (1,38 million ha) and productivity, the finger millet (Eleusine coracana (L.)
Gaertn.) is the third largest of all millets in the country (2.03 million tonnes). In India, finger
millet is cultivated mainly in the states of Karnataka, Tamil Nadu, Andhra Pradesh, Orissa,
Jharkhand, Uttaranchal, Maharashtra, and Gujarat occupying an area of 1.27 million hectares
with a production of 2.61 million tonnes and average productivity of 1489 kg ha™* (Agriculture
Statistics at a Glance 2017). The State of Karnataka has 60.8% of the land and 2/3 of its output
(68.4 percent). (Anon 2007) [?, The principal food component in Southern Karnataka is finger
millet, especially in the rural areas of Tumkur, Mysore, Hassan, Mandya and Chitradurga
districts of Bangalore. In addition, finger millet is an appropriate nutrition for diabetic patients.
It possesses high calcium amounts (0,38%), a high protein content (6-8%), fibre (18%) and
amino acid phenolic compounds (0,3-3%).
Calcium is a major cation in middle lamella of cell wall, involves in protein synthesis and cell
division. Finger millet is a crop rich in Ca (up to 450 mg /100 g). It also increases plant growth
rapidly and maintains structural integrity of stems .The quality of grains produced is strongly
related to calcium availability to crop plant (Easterwood, 2002) &1,
Boron plays an important role in plant growth and nutrition and it promotes cell division, cell
elongation, cell wall resistance, flowering, pollination, fruit set and sugar translocation. The
main function of boron in plant growth and development is its ability to form complexes with
compounds with the cisdiol configuration. It has been observed that in most plant species, the
boron requirement for reproductive development is much higher than the boron requirement
for vegetative growth (Matoh et al., 1992) 211, This is especially true for grasses that have the
lowest cell wall pectin and the lowest boron requirements to maintain normal vegetative
growth, but require as much boron as other species during the reproductive stage. The
availability of B is influenced by dynamic soil properties including organic matter, texture,
cultivation, drought, and microbial activity and CaCos content (Mengel and Kirkby, 2001) [?2],
According to some studies, B sorption heightens due to elevated levels of calcite in soil and
liming diminished the water-soluble B content of soils (Goldberg and Forster, 1991; Lehto and
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Malkonen, 1994) [0 18 This B adsorption is due to the
bonding of B with CaCO3 which results into precipitation of
Ca-borate or substitution of Carbon by B in CaCO3 or simple
surface adsorption of B on CaCO3 (Goldberg and Forster,
1991; Cox and Reid, 1964; Keren and Ben-Hur, 2003) 1. 7. 161,
Calcium and boron both play important roles in enhancing
grain yields, however combining boron and calcium can alter
boron availability and use by plants (Kanwal et al. 2008) 1%,
The availability or need of boron and calcium for proper plant
growth and development are influenced by the proportion of
each. Increased calcium supply has been shown to improve
boron deficient symptoms in plants. Boron deficiency, on the
other hand, altered calcium translocation to the shoot and
fruit. It denotes the need for a balanced supply of calcium and
boron for appropriate plant growth and development. Most of
the farmers are growing finger millet by applying less amount
of NPK with or without addition of secondary and micro
nutrients, but research studies show finger millet also
responds well to Ca, S and micronutrients like B, Zn and Fe.
Secondary nutrients like calcium and sulphur in the form of
gypsum and micronutrient boron in the form of borax have
been recommended by Karnataka state department of
agriculture under Bhoochetana scheme along with N, P, K
fertilizers.

In view of above facts, the experiments were undertaken with
an objective to study the “ Effect of graded levels of borax
and gypsum on yield, nutrient content and uptake in irrigated
finger millet (Eleusine coracana L.) under Southern Dry Zone
of Karnataka.”

Material and Methods

The experimental site and soil

The field experiment was carried out during Kharif-2016 at
College of Agriculture, V. C. Farm, Mandya, Karnataka.
Mandya is situated in the Southern Dry Zone (Zone no.6) of
Karnataka. It is located between 120 32' N latitude and 760
53" E longitude and at an altitude of 695 metres above mean
sea level. The climatic conditions that prevailed during crop
growth period are presented in Fig. 1.

Soils of the farm belong taxonomically to Typic Rhodustalfs.
A composite soil sample was drawn from the experimental
site by collecting samples from 0-15 cm depth before
initiation of experiment. The soil was air-dried, powdered and
passed through 2 mm sieve and was analyzed for physical and
chemical properties. The results of soil analysis are furnished
in Table 1.

Treatment

The experiment was laid out in RCBD (p=0.05) with fifteen
treatments and replicated thrice with net plot size is 3.8 m x
2.1 m. The variety used in the experiment was KMR 301 with
recommended doses of nitrogen, phosphorus and potassium
were applied at the rate of 100: 50: 50 kg, N: P,0s: KO kg
ha? in the form of urea, single super phosphate (SSP) and
muriate of potash respectively and FYM at 10 t ha™* to all the
plots. Borax (Na;B407.10H,0 containing 11% B) as source of
boron and gypsum (CaSQ,. 2H,0), containing 29 per cent of
Ca as source of calcium were also mixed with the soil at the
required dosage as per treatment, before transplanting of the
seedlings.

The treatment details are as follows
Ti= RDF+FYM, T,=T;+ 5 kg ha* borax, Ts= Ty + 10 kg ha
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Yborax, T4= T1+ 15 kg ha* borax, Ts= T1+ 20 kg ha* borax,
Te= Ty + 100 kg ha' gypsum, T7 = Ty + 200 kg ha* gypsum,
Tg = T, +100 kg ha gypsum, Tog = T, + 200 kg ha* gypsum,
Tio = T3+ 100 kg ha* gypsum, T1;= T3+ 200 kg ha* gypsum,
Ti2= T4 +100 kg ha! gypsum, Ti3= T4 +200 kg ha! gypsum,
T14= Ts+ 100 kg ha'* gypsum, T1s= Ts+ 200 kg ha* gypsum

Soil and plant studies

Soil samples will be collected separately from each plot after
layout of experiment, at flowering stage and after the harvest
of crop. The samples will be processed and used for
determination of pH, EC, OC, N, P, K, Ca, Mg, S and B
status.

During the harvesting of crop, five plants from each plot
which were randomly selected and labelled were collected by
cutting the entire plant. The plant samples were first washed
with tap water, later with detergent solution and finally with
distilled water to remove the adhering soil and dusts. Samples
were dried at 65 °C in a hot air oven and powdered by using a
grinder with stainless steel blades and preserved in polythene
covers for further chemical analysis. Nitrogen was determined
by Kjeldahls method using conc H,SO. in the presence of
digestion mixture (Piper, 1966). Phosphorus content in the
digested plant sample was estimated by vanadomolybdo
phosphoric yellow colour method in nitric acid medium and
the colour intensity was measured at 460 nm wave length as
given by Jackson (1973) 1, Potassium in the digested plant
sample was estimated by atomizing the diluted acid extract in
a flame photometer as described by Jackson (1973) 14,
Calcium and magnesium in the digested plant sample were
estimated by titrating against standard versenate solution
using murexide and EBT indicators respectively for calcium
and calcium plus magnesium, whereas magnesium was
determined by difference between concentration of calcium
plus magnesium and calcium (Jackson, 1973) 124 Sulphur
content of the plant sample was estimated by using an aliquot
of digested plant extract by turbidimetric method by using
barium chloride as outlined by Black (1965) . The plant
samples were dry ashed using muffle furnace at a temperature
of 550 °C for a period of four hours. Then dried samples were
treated with two ml of concentrated sulphuric acid and
evaporated to dryness on hot plate. Then samples were made
to volume of 100 ml. Boron in the extracted material was
determined by Colorimetry using Azomethane-H reagent
(Page et al., 1982) [4,

Nutrient uptake for all the major, secondary and
micronutrients (boron) was calculated by the formula
mentioned below.

Uptake (kg ha'l)= Nutrient concentration (%) x Biomass (kg ha'h)
100

Benefit: cost (B:C) ratio
Benefit cost ratio was worked out by using the following
formula,

Gross returns

B: C Ratio=
Cost of cultivation

Statistical analysis

The data collected from the experiment at different growth
stages were subjected to statistical analysis as described by
Gomez and Gomez (1984) M. The level of significance used
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in .,F and .t test was P = 0.05. Critical difference (CD) values
were calculated for the P = 0.05 whenever .F' test was found
to be significant.

Results and discussion

Soil of the experimental site was sandy loam in texture and
neutral in soil reaction (pH, 7.44). Electrical conductivity was
normal (0.13 dSm!) and organic carbon content was low (3.9
g kg1). Available N content of the soil was low (175.6 kg ha-
D), that of K,O and available P,Os content was medium
(231.16 and 25.25 kg ha’, respectively). Available B and S
content were low (0.28 and 8.5 mg kg* respectively).

The crop received more than normal rainfall during the month
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of August, whereas in the month of September and October
there was nearly 85 mm deficit rainfall. Maximum mean air
temperature of 34.5 °C was recorded in the month of October
and the minimum air temperature of 19.3 °C was also
recorded in the month of October during crop growth. Thus at
the ear head formation stage of crop growth during October
the crop suffered with extreme differences in temperature.
The crop growth suffered at tillering stage due to lower mean
sun shine hours recorded during the month of September (2.5
hours) (Fig. 1). Plant sample will be collected at harvest stage
and analysed for major and secondary nutrients and boron
content.
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Fig 1: Meteorological data indicating mean monthly normal, actual and deviation of (a) Rainfall (b) Temperature (c) Daily sunshine hours for
the experimental period (2016) at College of Agriculture, V. C. Farm, Mandya

Effect of application of graded levels of borax and gypsum
on grain and straw yield in irrigated finger millet

Application of 15 kg borax ha™* + 100 kg gypsum ha*+ RDF
+ FYM recorded significantly higher grain and straw yield
(45.95 q ha', 65.42q ha* respectively) followed by T, (44.58
g ha', 64.85 g ha! respectively) when compared to T, (37.88

q hatl, 53.45 q ha? respectively with RDF + FYM only
(Table 2). However, treatments like Ts (T1+5 kg borax ha-1),
T3 (T4 + 200 kg gypsum hat) and Tyo (T3+100 kg gypsum ha-
1 recorded on par yield. The other treatments recorded
statistically non-significant when compared to Ti. The other
yield parameters like number of fingers per ear head and
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number of ear heads per meter square recorded significantly
higher in Tq, treatment when compare to control (T1). More
tillers per hill, ear heads per square metre, and fingers per ear
head all contributed to a significant rise in grain output in Tia.
Under optimal borax and gypsum fertilisation, finger millet
has a significant potential to generate more tillers per hill,
particularly in low B soils. The use of boron, which has
improved pollen tube germination and grain setting, may be
responsible for the increased grain production. The
application of boron during the booting stage satisfied the
anthers' boron needs for effective fertilisation, and grain
production was greater than control (Tahir et al. 2009) (4,
Mishra et al. (1989) 2l and Ramachandrappa et al. (1990) [*7
both achieved similar findings. Ramachandrappa et al. (2014)
1321, Chitralekha et al. (1987) [l also observed that when both
calcium and boron were applied, calcium did not bring about
desired changes, but application of boron to the deficient soil
resulted in a good response.

The Ts treatment, which received 20 kg borax ha* along with
prescribed NPK and FYM, had considerably lower grain and
straw yields, which may be ascribed to the detrimental effect
of excess B on plant development. Excess B has been linked
to lower vigour, slowed plant growth, delayed development,
decreased quantity, size, and weight of fruits, and leaf
discolouration (Lovatt and Bates 1984; Nable et al. 1997) [2
281, However, in the current investigation, treatments T4 and
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Tis, which received 20 kg borax ha' combined with 100 kg
gypsum ha' and 200 kg gypsum ha?, respectively, yield
decreases owing to boron toxicity are smaller than when 20
kg borax ha? is applied alone because plants can withstand
larger levels of boron without being toxic if they have enough
calcium, they can endure higher levels of boron without
becoming hazardous (Chitralekha et al. 1987) €],

Effect of application of graded levels of borax and gypsum
on nutrient content of grain and straw in finger millet.
Nitrogen

Nitrogen content in straw and grain of irrigated finger millet
at harvest did not differ significantly due to application of
gypsum and borax in treatments (Table 3). Higher nitrogen
content of 1.97 per cent was recorded in grain in Ty, (T4 + 100
kg gypsum ha'l) followed by 1.96 per cent in T7 (T1+ 200 kg
gypsum ha*) as compared to control (1.85%). However, these
were on par with all other treatments. It was observed
that varied combinations of gypsum and borax treatment had
a substantial influence on phosphorus concentration in finger
millet grain and straw at harvest. when compared to Ts, the
phosphorus content in grain was 0.32 percent, which was
substantially higher in Ti, which received T, + 100 kg
gypsum hal, and 0.31 percent in T1; (T3 + 200 kg gypsum ha-
1 (0.27 percent ).

Table 1: Physico - chemical properties of soil at the experimental site

Sl. No Soil property Value Method
Particle size analysis International pipette method (Piper 1966)

a. Sand (%) 84.03 -
1. b. Silt (%) 2.00 -

c. Clay (%) 13.55 -

Texture Sandy loam -

2. pH (1:2.5 soil : water suspension) 7.44 Jackson, 1973 [*4]
3. Electrical conductivity (dSm™) 0.13 Jackson, 1973 114
4, Organic carbon (g kg) 3.90 Walkley and Black wet oxidation method (Jackson, 1973) 14
5. Auvailable nitrogen (kg ha?) 175.6 Alkaline permanganate method by Subbaiah and Asija (1956)
6. Available phosphorus (kg ha™) 25.25 Jackson, 1973 4]
7. Auvailable potassium (kg ha') 231.16 Jackson, 1973 [4]
8. Exchangeable calcium (cmol kg™t 5.70 Jackson, 1973 [14]
9. Exchangeable magnesium ( cmol kg1 2.40 Jackson, 1973 4]
10. Available sulphur (mg kg™) 8.50 Turbidometry (Black, 1965) [,
11. Available boron (mg kg™t 0.28 Azomethine-H method (Page et al., 1982) 30

Table 2: Influence of graded levels of borax and gypsum on grain and straw yield of finger millet

Treatment Grain yield (g ha?) Straw yield (g ha?)
T1: RDF+FYM 37.88 53.45
T2: T1+ 5 kg ha! borax 39.41 56.27
T3: T1+ 10 kg ha?! borax 43.24 62.68
T4: T1+ 15 kg ha'! borax 44.58 64.85
Ts: T1+ 20 kg ha* borax 38.81 56.09
Te: T1+ 100 kg ha! gypsum 40.24 56.34
T7: T1+ 200 kg ha! gypsum 40.62 56.46
Ts: T2 +100 kg ha't gypsum 40.67 56.43
To: T2+ 200 kg ha* gypsum 38.93 56.40
Ti0: T3+ 100 kg ha'! gypsum 42.45 62.16
Tu: T3+ 200 kg ha't gypsum 40.33 58.88
T12: T4 +100 kg ha'! gypsum 45.95 65.42
T13: T4 +200 kg ha'! gypsum 42.90 62.56
T14: Ts+ 100 kg ha'! gypsum 41.36 57.19
Tis: Ts+ 200 kg ha* gypsum 39.97 55.32
S.Emz+ 1.55 2.64
CD (p=0.05) 4,50 7.64
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The phosphorus concentration in straw was significantly
higher in T13 (0.24%) which received T4 + 200 kg gypsum ha
L followed by T1o (0.23%) when compared to control (0.19%).
However, T3 was on par with T, (T4+ 100 kg gypsum ha'l),
T, (T1+200 kg gypsum ha?t) and T, (T:1+15 kg borax ha?)
recorded 0.21 per cent, Tg, T1s (0.19%) and Ti4 (0.20%). All

other treatments are on par with control (0.19%).

Numerically higher K concentration of 1.51 per cent in grains
was found in T, which received T:+ 15 kg borax ha* followed
by the treatment Ts (T1+ 20 kg borax ha) recorded 1.44 per
cent. The lower K concentration of 1.37 per cent was recorded
in Ty which received Tz + 100 kg gypsum hal. The
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potassium concentration in straw ranges from 1.51 to 1.83 per
cent. The higher concentration was observed in T; (1.83%)
due to 200 kg gypsum ha'+ RDF + FYM application
followed by T1, (1.82%). The lower K concentration of 1.47
per cent was recorded in T14 Which received 20 kg borax ha*+
100 kg gypsum ha'+ RDF + FYM. Application of borax did
not influence the N, K content of the kernels and haulm
(Nadaf and Chidanandappa, 2015 and Lopez et al., 2002) [*
191 presence of higher calcium and potassium contents in
grain due to application of gypsum helps plants to attain more
calcium, potassium and sulfur to avoid sodium uptake

(Muhammad., 2013) [%°1,

Table 3: Nitrogen, phosphorous and potassium content in grain and straw of finger millet as influenced by graded levels of borax and gypsum

application
N (%) P (%) K (%)
Treatments Grain | Straw | Grain | Straw | Grain | Straw
T1: RDF+FYM 1.85 1.04 0.27 0.19 1.42 1.71
T2: T1+ 5 kg ha! borax 1.87 1.07 0.29 0.18 1.40 1.57
T3: T1 + 10 kg ha* borax 1.73 1.12 0.29 0.19 1.39 1.70
Ta: T1+ 15 kg ha! borax 1.91 1.08 0.30 0.21 1.51 1.76
Ts: T1+ 20 kg ha! borax 1.77 1.03 0.28 0.17 1.44 1.76
Te: T1+ 100 kg ha gypsum 1.68 1.03 0.28 0.18 1.40 1.77
T7: T1+ 200 kg ha'! gypsum 1.96 1.07 0.28 0.21 1.39 1.83
Ts: T2 +100 kg ha't gypsum 1.73 1.12 0.28 0.19 141 1.63
To: T2+ 200 kg ha'! gypsum 1.87 0.97 0.28 0.22 1.43 1.63
T10: Ta+ 100 kg ha'! gypsum 1.73 1.03 0.29 0.23 1.37 1.61
T11: T3+ 200 kg ha gypsum 1.87 0.98 0.31 0.17 1.40 1.69
T12: T4 +100 kg ha gypsum 1.97 1.17 0.32 0.21 1.38 1.82
T13: T4 +200 kg ha! gypsum 1.68 1.07 0.29 0.24 1.39 1.57
T14: Ts+ 100 kg ha'! gypsum 1.59 0.94 0.29 0.20 1.40 1.47
Tis: Ts+ 200 kg ha gypsum 1.77 0.93 0.28 0.19 1.42 1.51
S.Emz+ 0.08 0.07 0.01 0.01 0.04 0.08
CD (p=0.05) NS NS 0.02 0.04 NS NS

Secondary nutrients (Ca, Mg and S) and Boron

The data presented in Table 4 indicates that the secondary
nutrients like calcium, magnesium, sulphur and boron in grain
and straw of finger millet as influenced by application of
different levels of borax and gypsum.

Calcium and magnesium content in grain and straw showed a
significant difference due to treatments. The calcium and
magnesium content in grain was higher in Ty, (0.63 and
0.30%, respectively) which received T4+ 100 kg gypsum ha'*
when compared to control (0.50 and 0.23%, respectively). In
straw, significantly higher concentration of calcium was
observed in Ty (T3 + 200 kg gypsum hal) (0.71%) when
compared to Ti (0.46%) but incase of magnesium,
significantly higher in T13 (0.54%) which received T4+ 200 kg
gypsum ha* followed by Ts (T1+ 20 kg borax ha') (0.45%)
when compared to T; (0.36%).

The data on sulphur and boron contents in grain and straw of
finger millet as influenced by application of different levels of
borax and gypsum are presented in Table 4. The sulphur
concentration in grain was significantly higher (0.28%) in T13
(T4+ 200 kg gypsum hat) followed by 0.27 per cent in T12 (T4
+ 100 kg gypsum ha*) when compared to RDF and FYM
only (0.17%). However, T13 was on par with Te (T2 + 200 kg
gypsum hat), T (T1 + 100 kg gypsum ha?) recorded 0.23 per
cent, Tq1 (T3 + 200 kg gypsum ha?) and T4 (Ts + 100 kg
gypsum ha?) (0.25%) and Tis (Ts + 200 kg gypsum ha™)
(0.22%). Lowest sulphur content was recorded in Tg (0.13%)

treatment and other treatments are on par with Ty (0.17%).
The sulphur content in straw 0.30 per cent was significantly
higher in T11 (Ts + 200 kg gypsum ha) when compared to T
(0.24%). However Ti; was on par with other treatments
except T4 (T1+15 kg borax ha?t), Ts (T1+20 kg borax hat) and
Tis (Ts + 200 kg gypsum ha) which recorded 0.25, 0.23 and
0.23 percent, respectively.

Boron content in grain and straw showed a significant
difference due to treatments effect (Table 4). The boron
concentration in grain was significantly higher (34.38 mg kg
B in Ts (T1+ 20 kg borax ha) followed by 32.38 mg kg
inT12 (T4 + 100 kg gypsum hat) when compared to T; (20.49
mg kg?). However, T12 was on par with T4 (Ts + 100 kg
gypsum ha?), T1s (Ts+ 200 kg gypsum ha') and T4 (T1+15 kg
borax ha?) (31.34, 31.83 and 31.76 mg kg, respectively) and
other treatments except in Ts (21.62 mg kg') and T; (22.35
mg kg?) treatments which received T+ 100 kg gypsum ha
tand T1+ 200 kg gypsum hat.

The boron concentration in straw was significantly higher in
Ts (37.33 mg kg') which received T:1+20 kg borax ha
followed by Tis (36.16 mg kg™) when compared to T; (24.95
mg kg™?). However, Ts was on par with T12 (33.36 mg kg™)
and T4 (32.37 mg kg?) and other treatments except Te (T1+
100 kg gypsum ha'), T7(T1 + 200 kg gypsum ha'l), and To (T>
+ 200 kg gypsum ha?l) (24.48, 25.22 and 25.15mg kg*,
respectively).
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Table 4: Calcium, magnesium sulphur and boron content in grain and straw of finger millet as influenced by graded levels of borax and gypsum
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application

Ca (%) Mg (%) S (%) B (mg kg?)
Treatments Grain | Straw | Grain | Straw | Grain | Straw | Grain | Straw

T1: RDF+FYM 050 | 046 | 023 | 0.36 | 0.17 | 0.24 | 20.49 | 24.95

T2: T1+ 5 kg ha! borax 056 | 050 | 0.25 | 0.37 | 0.19 | 0.27 | 25.92 | 30.87
T3: T1 + 10 kg ha?! borax 054 | 040 | 023 | 042 | 0.20 | 0.26 | 27.40 | 31.97
T4: T1+ 15 kg ha! borax 056 | 041 | 027 | 0.39 | 0.18 | 0.25 | 31.76 | 32.37
Ts: T1+ 20 kg ha'! borax 052 | 042 | 025 | 045 | 0.21 | 0.23 | 34.38 | 37.33
Te: T1+ 100 kg ha! gypsum 054 | 051 | 027 | 0.29 | 0.23 | 0.27 | 21.62 | 24.48
T7: T1+ 200 kg ha* gypsum 058 | 059 | 0.25 | 0.35 | 0.19 | 0.27 | 22.35 | 25.22
Tsg: T2 +100 kg ha! gypsum 052 | 068 | 0.23 | 0.28 | 0.13 | 0.26 | 26.90 | 29.42
To: T2+ 200 kg ha* gypsum 0.60 | 0.67 | 0.24 | 031 | 0.23 | 0.27 | 24.82 | 25.15
Tio0: T3+ 100 kg ha' gypsum 054 | 0.68 | 0.24 | 0.30 | 0.14 | 0.26 | 30.10 | 27.33
T11: T3+ 200 kg ha gypsum 059 | 0.71 | 0.26 | 0.32 | 0.25 | 0.30 | 29.04 | 31.37
T12: T4 +100 kg ha* gypsum 0.63 | 0.62 | 0.30 | 043 | 0.27 | 0.29 | 32.38 | 33.36
Ti3: T4 +200 kg ha* gypsum 056 | 069 | 0.28 | 054 | 0.28 | 0.29 | 28.79 | 32.87
T14: T5+ 100 kg ha' gypsum 0.62 | 0.64 | 0.23 | 040 | 0.25 | 0.26 | 31.34 | 34.68
Tis: Ts+ 200 kg ha gypsum 058 | 0.70 | 0.24 | 031 | 0.22 | 0.23 | 31.83 | 36.16
S.Em+ 0.02 | 0.04 | 001 | 002 | 001 | 001 | 1.13 | 1.05

CD (p=0.05) 0.07 | 0.12 | 0.03 | 0.04 | 0.02 | 0.02 | 3.26 | 3.06

Boron has synergistic effect on Ca uptake by maize crop
(Adem et al, 2011) . They have reported that increased
levels of boron application increased shoot and leaf Ca, Mg,
and P concentration. Magnesium concentration in straw
(0.54%) and S concentration in grain (0.28%) were
significantly higher in T13 (T4+ 200 kg gypsum ha''). Leandro
et al. (2014) [*] noticed that yield of Barley increased linearly
with gypsum application, indicating no problem with Mg
status in the leaves since gypsum is a source of these
nutrients. In present study boron content was numerically
lesser in treatments where gypsum and borax was applied in
combination compared to B alone treated plots. This could be
due to higher calcium application to soil through gypsum may
reduced B content in finger millet plant. Kanwal et al. (2008)
(2] have reported that application of excess calcium reduces
the boron concentration in shoots and suggested to consider
Ca/B ratio for optimization of yields. Similar findings were
reported by Murat et al. (2009) 71, Tariq and Mott (2007) [
and Chitralekha et al (2012) [,

Effect of application of graded levels of borax and gypsum
on total nutrient uptake by finger millet

NPK uptake

The total uptake of NPK by finger millet as influenced by
application of borax and gypsum fertilizers along with RDF
and FYM is presented in Fig 2. The total uptake of NPK were
significantly higher in T, (166.82, 28.63 and 184.54 kg ha!
respectively) with 15 kg borax ha! + 100 kg gypsum ha*+
FYM + RDF when compare to T; (126.18, 19.61 and 145.18
kg ha? respectively) and Ti2 was on par with T4 (T1+15 kg
borax ha') which recorded 155.62, 27.52 and 181.76 kg ha*
respectively.

The higher uptake of nutrients due to application of gypsum
and boron may be attributed to improvement in growth. This
helped in higher nutrient uptake, (Fig. 4, 5 and 6). Hythum
and Nasser (2012) and Soomro et al. (2011) have reported
higher grain and stover dry matter accumulation due to
application of boron.

NPK uptake by the crop was positively influenced by B
treatment. The variation in nutrient uptake was influenced by
seed yield and nutrient concentration Hossain et al. (2011) 112,
Nadaf and Chidanandappa (2015) ®! reported that total

uptake of NPK by groundnut was significantly increased due
to the application of borax. This may be attributed to the
increase in haulm and kernel yield levels due to increased
availability of boron in soil. Similar findings were obtained by
Adem et al, (2011) ™. boron nutrition has marked effects on
proton secretion and creation of an electrical potential
gradient across the membranes. Boron supply enhances the
activity of membrane bound ATPase and subsequently causes
hyperpolarization of plasma membrane by stimulating ion
uptake. e.g. K+ uptake). The pumping activity of the
membranes with subsequent membrane hyperpolarization,
results in an increased driving force for K+ influx (Schon et
al., 1990).

Secondary nutrients and boron uptake

The total uptake of secondary nutrients and boron as
influenced by application of borax and gypsum fertilizers
along with RDF and FYM is presented in Fig 3

The Fig 3 indicates that total uptake of calcium was found to
be higher in T1 (T4 + 100 kg gypsum ha' ) (67.48 kg ha)
which was significantly higher than T; (43.83 kg ha) and it
was on par with T3 (T4 + 200 kg gypsum hal), Ti4 (Ts+ 100
kg gypsum ha), Ty (T3 + 200 kg gypsum ha?), T7 (T1+ 100
kg gypsum hal), Tg (T2 + 100 kg gypsum ha), Ty (T2 + 200
kg gypsum ha?), Tis (Ts + 200 kg gypsum hat) and Ty (T3 +
100 kg gypsum ha?) treatments which recorded 65.51, 61.87,
66.02, 56.22, 59.33, 61.39, 61.74 and 62.93 kg hal ,
respectively. Other treatments were on par with Tj.

The total magnesium uptake was significant between the
treatments. Higher total magnesium uptake by grain was
observed in Ti3 (46.24 kg ha') with 15 kg borax ha+ 200 kg
gypsum ha'+ FYM + RDF which was significantly higher
than control (27.92 kg hat).

Total uptake of sulphur was found to be higher in Ti, (T4 +
100 kg gypsum ha?) (30.91 kg ha*) which was significantly
higher than T; (19.08 kg ha) and it was on par with other
treatments except Tis (Ts + 200 kg gypsum ha?t), Ts (T:+ 15
kg borax hal), Tg (T2 + 100 kg gypsum ha) and Ty (T3 + 100
kg gypsum ha?) (21.54, 21.11, 20.11 and 22.04 kg ha?,
respectively).

The Fig 3 indicated that the boron uptake by finger millet
differed significantly due to different levels of borax and

~T747T


https://www.thepharmajournal.com/

The Pharma Innovation Journal

gypsum application. Significantly higher total B uptake of
367.03 g ha was observed in treatment Ty, (T4 + 100 kg
gypsum ha*) compared to T (210.60 g ha*) and it was on par
with all other treatment except Tg (225.70 g ha't), T7 (233.09 g
ha') and To (238.46 g ha?).

Secondary nutrients uptake by the crop was positively
influenced by B treatment. The variation of nutrient uptake
was influenced by seed yield and nutrient concentration
(Hossain et al. 2011) 2, Adem et al. (2011) ™M have reported
that increased levels of boron application increased shoot and
leaf Ca concentration. These are in conformity with the results
of Kanwal et al. (2008) M and Murat et al. (2009) 271,
Sulphur uptake significantly increased as the levels of gypsum
application increased from 100 to 200 kg ha* with no effect
of borax application. This might be due to the additional
supply of sulphur through gypsum as supported by increased
availability of sulphur in soil and in the grain and straw yield
of finger millet. Muhammad et al. (2013) [ have reported

https://www.thepharmajournal.com

that application of gypsum helps plants to attain more sulphur
uptake. Similar observations were reported by Caires et al.
(2004), Muhammad et al. (2006) 161, Prystupa et al. (2005)
and Dechassa et al. (2013). The higher uptake of B due to
application of borax may be attributed to improvement in
growth and yield of finger millet and increased levels of B in
soil, which helps in higher B uptake. There was a linear
correlation between B content in the soil and B uptake by the
plants. Hossain et al. (2011) [ reported that B uptake by the
crop was positively influenced by B treatment. Hu and Brown
(1994) reported that growth of cells in newly emerging shoot
and root tips is one of the basic functions of B in many plants
which helps in uptake of nutrients. The variation of nutrient
uptake was influenced by seed vyield and nutrient
concentration. Similar results are obtained by Nadaf and
Chidanandappa (2015) °1, Mohamed et al. (2015) and
Chitralekha et al. (1987) (€],
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Fig 2: Uptake of N, P and K by finger millet as influenced by graded levels of borax and gypsum application

mm Ca

mmB -8 Mg

A S

400.00

"
h
=
=)
S

50.00

UPtake Ca (kg ha)and B (g ha'!)

0.00

T1 T2 T3 T4 TS5 Té6 T7

EEEEEENEF
|I|[I|[IIIIIIIIIII|I|

S and Mg uptake (kg ha'!)

T8 T9 TI10 T11 T12 T13 T14 T15
Treatments

Fig 3: Total uptake of Ca, Mg, S and B in finger millet as influenced by graded levels of borax and gypsum application

Note

~ 7487


https://www.thepharmajournal.com/

The Pharma Innovation Journal

Economics of finger millet production

Economics of irrigated finger millet production as influenced
by graded levels of borax and gypsum application, analysis
was carried out by considering the cost prevailed during the
cropping period of 2016 and also by considering the cost of
FYM, inorganic fertilizers and plant protection chemicals
Table 5. The cost incurred and profits derived are calculated
(Appendix-1).

Cost of cultivation

Higher cost of cultivation Rs. 41435.47 ha* was recorded in
Tis treatment (Ts + 200 kg gypsum hal) followed by T4 (Rs.
41,200.47 ha'') with Ts + 100 kg gypsum ha'. A lowest cost

https://www.thepharmajournal.com

of cultivation was in Ty (Rs. 37965.47 hal) which received
only RDF and FYM without borax and gypsum. The other
treatments values were intermediate between T; and Tis.High
cost of cultivation in Ti5 mainly due to higher amount of
borax and gypsum application and also lower amount of
economic yield was recorded.

Gross returns

Among the treatments, application of 15 kg borax ha + 100
kg gypsum ha?! + RDF + FYM in Ti, treatment recorded
higher gross returns (Rs. 124610.0 ha) because higher
economc yield. A lowest gross returns (Rs.1,02,485.00 hal)
was recorded in treatment T, ( RDF + FYM).

Table 5: Cost of cultivation, gross returns, net returns and benefit cost ratio as influenced by the graded levels of borax and gypsum application

Treatments Cost of cultivation (Rs. hat) | Gross returns (Rs. ha) | Net returns (Rs. ha?) |B:C ratio

T1: RDF+FYM 37965.47 102485 64519.53 2.69

T2: T1+ 5 kg ha! borax 38715.47 106955 68239.53 2.76
T3: T1+ 10 kg ha! borax 39465.47 117820 78354.53 2.98
T4: T1+ 15 kg ha'! borax 40215.47 121585 81369.53 3.02
Ts: T1+ 20 kg ha* borax 40965.47 105665 64699.53 2.57
Te: T1+ 100 kg ha! gypsum 38200.47 108650 70449.53 2.84
T7: T1+ 200 kg ha! gypsum 38435.47 109470 71034.53 2.84
Ts: T2 +100 kg ha* gypsum 38950.47 109555 70604.53 2.81
To: T2+ 200 kg ha? gypsum 39185.47 106060 66874.53 2.70
T10: T3+ 100 kg ha* gypsum 39700.47 115980 76279.53 2.92
T11: Ta+ 200 kg ha! gypsum 39935.47 110100 70164.53 2.75
T12: T4 +100 kg ha! gypsum 40450.47 124610 84159.53 3.08
Tia: T4 +200 kg ha' gypsum 40685.47 117080 76394.53 2.87
Tia: Ts+ 100 kg hal gypsum 41200.47 111315 70114.53 2.70
Tis: Ts+ 200 kg ha'! gypsum 41435.47 107600 66164.53 2.59

Net returns Conclusion

The higher net return was recorded (Rs.84159.53 hal) in
treatment T12 (T4 + 100 kg gypsum ha'l) followed by T4 (Rs.
81369.53 ha') which received 15 kg borax ha' + RDF +
FYM. The least net returns was recorded in T; (Rs. 64519.53
ha!) which received only RDF and FYM.

B:C ratio: The benefit cost ratio has been calculated to
evaluate the economics of irrigated finger millet production
under different treatments imposed. The higher B: C ratio of
3.08 was recorded in treatment Ty, (T4 + 100 kg gypsum ha?)
and it was followed by treatment (T4) received 15 kg borax
hal+ RDF + FYM (3.02) Whereas the least B:C ratio (2.57)
was observed in the treatment (Ts) which received 20 kg
borax ha’+ RDF + FYM followed by Tis (2.59) with 20 kg
borax ha+ 200 kg gypsum ha + RDF + FYM. Higher B: C
ratio (3.08) observed in Ti, was due to more grain (45.95 g
ha') and straw yield (65.42 g ha*) due to application of 15 kg
borax ha' + 100 kg gypsum ha' + RDF + FYM. The higher
gross and net income was also recorded in the same treatment.
This was due to the fact that optimum doses of borax and
gypsum, improved vegetative growth and increased number
of tillers and ear heads number which resulted in good grain
and straw yield. These results are in line with Patil et al.
(2008) reported that the higher benefit-cost ratio of 1.80 was
obtained in tomato with the application of boron when
compared to control (1.40). The results are in conformity with
Sridhara et al. (2003) 133 who reported that maximum benefit-
cost ratio was obtained in the treatment consisting of
recommended NPK along with azatobacter, zinc sulphate and
gypsum (2.48:1) when compared to application of
recommended NPK only.

The finger millet yield was increased to 17.56 percent
compared to RDF practice in boron deficient soils with a soil
treatment of 15 kg borax ha®, and 100 kg gypsum ha'
together with RDF and FYM. Application of 15 kg ha? of
borax + 100 kg of gypsum ha*+ RDF + FYM was recorded
significantly greater nutrient content and uptake of P, Ca, Mg,
S, and B. High levels of borax treatments, i.e. Ts (T1+20 kg
ha' borax) and Tis (Ts+200 kg ha' gypsum), recorded
substantially greater B levels in plants at flowering and
harvest stage compared to control. Treatment T12 (T1+ 15 kg
borax ha* + 100 kg gypsum ha) had the highest gross and
net yields, with a B: C ratio of 3.08. As a result of these
findings, it is possible to conclude that applying 15 kg borax
ha-1 + 100 kg gypsum ha-1 + RDF + FYM is the optimum
dose for increasing yield levels of irrigated finger millet
grown in low B soils, and that higher levels of gypsum
application reduce boron uptake due to the antagonistic effect
of calcium and boron.
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Appendix-1

Appendix-11

Cost of Inputs and Prices of Output
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Particulars | Quantity | Perunitcost | Cost (Rs)
Variable cost
Human labour (Mandays) 67 175 11725
Bullock labour (Inter cultivation, earthing up) 4 600 2400
Machine labour (hours) 10 600 6000
Seed (kgs) 8 30 240
FYM (tons) 10 750 7500
Fertilizer cost
A. urea 5.75 217.5 1250.62
B, SSP 7.39 312.5 2309.37
MOP 15.74 83.33 1311.14
Gypsum 2.35 - -
Borax 150 - -
Herbicide (Londax powder) 8 891(4kg bag) 1782
Interest on working capital @ 10 per cent - - 3447.34
Total variable cost - - 37965.47
Returns per product
Grain yield 1q 2000
Straw 1q 500
Total

Calendar of operations during growth period of finger millet

Sl. No Date Particulars
1 |12-07-2016 Sowing in nursery
2 |17-07-2016 FYM application and land levelling
3 |01-08-2016 Layout of the experiment
4 |03-08-2016 Soil apllication of borax and gypsum along with full dose of P.Os, K20 and half dose
of N during transplanting of seedlings.
5 |05-08-2016 Pre emergence herbicide Londax power is applied at 4kg/ acre .
6 |03-09-2016 Weeding and intercultivation along with application of remaining dose of N.
7 |02-11-2016 Harvesting.
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