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ABSTRACT

A field experiment was conducted at Zonal Agricultural Research Station, GKVK,
Bengaluru during kharif-2017-18 to characterize the chemical and physical
properties of zeolite and to study its influence on growth and yield of finger millet.

Field experiment consists of 20 treatment combinations comprising five levels of
zeolite and four levels of graded fertilizers, laid out in RCBD design with factorial
concept and replicated thrice on sandy loam soil having slightly acidic soil pH
(5.52), electrical conductivity (0.032 dS m™) and medium organic carbon (0.42%).
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Urease, The dehydrogenase activity recorded higher in the treatment received zeolite 50 kg
Dehydrogenase ha™* +125 per cent RDF (Z,F.) (150.51 pg TPF g) in at ear head stage, whereas in
Article Info post-harvest soil also, same treatment recorded higher dehydrogenase activity
Accepted: (147.65 pg TPF g™). Urease activity recorded higher in Z,F, (104.91 ug NH,-N g

1) during ear head stage and post-harvest soils (108.34 ug NH4,-N g™) also. Acid
phosphatase activity was recorded higher in the soil since the pH of soil was acidic
and recorded 50.36 pg PNP g* h™ during ear head stage and their activity
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decreased at harvest stage (46.66 pg PNP g™ h™). Microbial biomass carbon
(MBC), Microbial biomass nitrogen (MBN) and Microbial biomass phosphorus
(MBP) at ear head stage and after harvest of the crop found not significant
irrespective of the application of zeolite and fertilizer.

Introduction

Soil enzymes play a critical role in catalyzing
reactions leading to organic  matter
decomposition and serve as bioindicators of
biochemical and microbial soil activity. The
type of fertilization in plant cultivation affects
enzymatic activity and thus the potential

viability of plants to grow (Tabatabai, 1994,
Wyszkowska et al., 2009). The species and
long-term fertilization can result in microbial
community shifts in soils (Widmer et al.,
2006). Many studies have proved that
increasing soil organic matter content by
additing organic manures can increase the
biological activity in soil (Perez-de-mora and
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Madrid, 2007). Applied waste organic
materials caused the increase of acidic and
alkaline phosphatases activities. According to
Casida et al., (1964) dehydrogenases activity
is an indicator of soil quality and microbial
activity.

However, the interaction between mineral
fertilizers, which are currently employed in
Polish agriculture and treated with organic
matter on soil enzyme activities, is not known.
The aim of this investigation was thus to
determine the viability of soil treated with
both organic matter and fertilizers on various
soil enzymes that serve as bioindicators of
growth potential of crops.

Zeolites are microporous, aluminosilicate
minerals commonly used as commercial
adsorbents and catalysts (Yapparov et al.,
1988; Mumpton, 1999). Zeolites occur
naturally and are also produced synthetically
on large scale. Zeolites have been classified on
the  basis of  their  morphological
characteristics, crystal structure, chemical
composition, effective pore diameter, natural
occurrence etc.

The unique ion exchange, dehydration—
rehydration and adsorption properties of
zeolite are the reason for its use in agricultural
and aquaculture  technologies.  Zeolite
applications are suitable for water-efficient
agricultural uses (Xiubin and Zhanbin, 2001).

Clinoptilolite is the most common natural
zeolite used agriculture (Mumpton, 1999;
Ramesh et al., 2010). Zeolite contains some
macronutrients and micronutrients such as N,
K, Ca, Mg, Zn, Mn, and Cu (Navrotsky et al.,
1995; Mumpton, 1999). Zeolite has been used
on a variety of soil types and a number of
crops such as potatoes, maize, rice, tomatoes,
eggplant, and carrots, and an increase in the
yield of these crops have been observed
(Burriesci et al., 1984; Yapparov et al., 1988).

The objective of this study was to quantify the
influence of application of inorganic fertilizer
(NPK) along with zeolite on soil microbial
communities and activities of representative
soil enzymes below vegetation of finger
millet.

Materials and Methods
Site and experimental details

A field experiment was conducted during
Kharif, 2017 at the Zonal Agricultural
Research Station, University of Agricultural
Sciences, Gandhi Krishi Vignana Kendra,
Bengaluru.

The soil of the experimental site was sandy
clay loam in texture, acidic pH (5.52),
electrical conductivity (0.032 dS m™), medium
organic carbon (4.2 g kg™), available nitrogen,
phosphorus and potassium contents of the soil
were 258.29, 194.28 and 197.48 kg ha™,
respectively. The exchangeable calcium and
magnesium content were 1.85 and 0.72 cmol
(p") kg™, respectively. the micronutrients like
iron, manganese, copper and zinc content of
soil were 12.46, 16.72, 0.82 and 1.56 mg kg,
respectively.

The experiment consists of 5 different levels
of zeolite (0, 20, 30, 40 and 50 kg ha™) and 4
different levels of fertilizer NPK (50, 75, 100
and 125% RDF) were tried in factorial RCBD
with 3 replications. Finger millet (GPU-28)
was taken up as a test crop and recommended
dose of fertilizer is 50: 40: 37.5 kg of N, P,Os
and K0 per ha.

Calculated quantities of nitrogen, phosphorus
and potassium were applied treatment wise, in
the form of urea, SSP and muriate of potash
respectively. Nitrogen was applied in two split
doses, that is 50 per cent nitrogen at initial and
another 50 per cent at tillering stage, whereas
P,Os and K,O was applied as basal dose.
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Zeolite was applied along with fertilizers  Tio: Z, F2:Zeolite @ 30 kg ha*+ 75% RDF
initially.

Ti1: ZoF4: Zeolite @ 30 kg ha™*+ 100% RDF
Treatment details

T12: ZoF4: Zeolite @ 30 kg ha™'+ 125% RDF
Zeolite levels (2)

T3 ZsF1: Zeolite @ 40 kg ha™+ 50% RDF
Z, : Control

T14: ZsF2: Zeolite @ 40 kg ha™+ 75% RDF
Z,: Zeolite @ 20 kg ha*

Tis: ZsFs: Zeolite @ 40 kg ha™*+ 100% RDF
Z, :Zeolite @ 30 kg ha™

Ti6: ZaF4: Zeolite @ 40 kg ha™ + 125% RDF
Z3 :Zeolite @ 40 kg ha™*

T17: Z4Fy1: Zeolite @ 50 kg ha™+ 50% RDF
Z4 : Zeolite @ 50 kg ha™

Tis: Z4F2: Zeolite @ 50 kg ha™+ 75% RDF
Fertilizer levels (F)

Tig: Z4F3: Zeolite @ 50 kg ha™+ 100% RDF
F1: 50% RDF

Tao: Z4F4: Zeolite @ 50 kg ha™+ 125% RDF
F»: 75% RDF

Dehydrogenase activity
F3: 100% RDF

Determination of dehydrogenase activity was

F4: 125% RDF carried out by adopting the methodology given
by Casida et al., (1964). It is based on the
Treatment combinations (ZxF) principle that 2,3,5-triphenyl tetrazolium
chloride (TTC), used as electron acceptor in
T1: ZoF1: Control + 50% RDF place of O, is reduced to triphenyl formazon
(TPF), which imparts colour. The quantity of
T,: ZoF,: Control + 75% RDF TPF formed was measured by
spectrophotometer at 485 nm wavelength and
Ts: ZoF3: Control + 100% RDF expressed as pg of TPF formed g™ soil h™.
T4: ZoF4: Control + 125% RDF Urease activity
Ts: Z1F1: Zeolite @ 20 kg ha*+ 50% RDF The urease activity was determined by
adopting the procedure given by Tabatabai
Te: Z1F,: Zeolite @ 20 kg ha*+ 75% RDF and Bremner (1972). It involves the
determination of ammonia released by urease
T+: Z1F3: Zeolite @ 20 kg ha*+100% RDF activity when soil is incubated with tris
(hydroxymethyl) amino methane (THAM)
Tg: Z1F4: Zeolite @ 20 kg ha*+125% RDF buffer, urea solution and toluene at 37°C for 2
hr, ammonia released being determined by a
To: ZoF1: Zeolite @ 30 kg ha+ 50%RDF rapid procedure involving treatment of the
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incubated soil sample with 2.5M KCL
containing a urease inhibitor (Ag,SO,).

Phosphatase activity

The phosphatase activity was determined by
adopting the procedure given by Tabatabai
and Bremner (1969). In this method, p-
nitrophenol phosphate (PNP-P) was used as a
substrate and the hydrolyzed p-nitrophenol
(PNP) was measured. The produced PNP in
the soil was extracted and quantified to assess
the phosphatase activity. The activity was
expressed as pg of PNP-P hydrolyzed g™ soil
h't at 37 + 20°C.

Soil microbial biomass C and N

Soil microbial biomass was estimated
following the fumigation and extraction
method as proposed by Carter (1991).
Ninhydrin-reactive N released during the
fumigation of soil was determined by using
ninhydrin reagent and was used as a measure
of microbial biomass. For this, each soil
sample was divided in to two sets. One set of
moist soil sample (10 g soil on oven dry basis)
was fumigated with ethanol-free chloroform
for 5 days in screw-capped bottles. Then the
screw caps were removed and kept in an oven
at 40 C for overnight to remove the
chloroform and extracted with 2M KCI by
placing these bottles on a reciprocal shaker for
min. The suspension was filtered using
Whatman No.1 filter paper. In a similar
manner unfumigated soil sample was also
extracted. To a known aliquot of soil extract, 4
mL of freshly prepared ninhydrin reagent was
added and the mixture was boiled in water
bath for 20 min. The contents were allowed to
cool and the volume was made up to 10 ml
using 1.1 mixture of methoxy ethanol and
distilled water. The intensity of purple colour
developed was recorded using
spectrophotometer at 570 nm wave length. A
standard curve was developed using five

different concentration of L-Leucine —-N (3.5
to 16.8 pg N mL™) dissolved in 2M KClI.
Absorbance value were compared with a
standard curve and the microbial biomass C
and N were calculated using the formula.

Biomass C g soil™*
Ninhydrin reactive-N - Ninhydrin reactive-N
in fumigated soil in unfumigated soil

Weight of soil sample
Biomass N g soil™

Ninhydrin reactive-N - Ninhydrin reactive-N
in fumigated soil in unfumigated soil

S — -- S —— X 28
Weight of soil sample

Soil microbial biomass P

For the determination of soil microbial

biomass phosphorus (SMB-P), ten gram soil
sample (oven dry basis) was shaken with 200
mL 0.5 M NaHCOs; in 250 mL conical flasks
for 30 minutes at 25°C and 150 rpm in an
orbital shaker (Brookes et al., 1982). SMB-P
was determined in both fumigated and non-
fumigated soil samples under similar set of
conditions and values were measured at 660
nm wavelength using ascorbic acid method
(Olsen et al., 1954).

Results and Discussion

Dehydrogenase activity at earhead stage
and after harvest of the crop

Data pertaining to dehydrogenase activity and
urease activity of soil at earhead stage and
after harvest of crop as influenced by
application of different levels of fertilizer and
zeolite has been presented in Table. 1.

The application of zeolite at different levels
showed significant differences in
dehydrogenase activity at earhead stage and
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after harvest of the crop. At earhead stage
of the crop, the dehydrogenase activity
varied from 118.60 pg TPF g™ soil h™* (Z)
to 141.29 pg TPF g soil h™ (Z4) in second
season. The treatment received 50 kg ha’
zeolite (Z4) recorded significantly higher
dehydrogenase activity (134.28 pg TPF g™*
soil h, 141.29 pg TPF g* soil h™* and
137.79 ug TPF g™ soil h™) compared to rest
of the treatments during first, second season
and pooled data, respectively. In post-
harvest soil, the dehydrogenase activity
varies from 115.30 pug TPF g™ soil h™ (Zo)
to 137.34 pg TPF g™ soil h™ (Z,) during
second season. The treatment received 50
kg ha'zeolite (Z4) recorded significantly
higher dehydrogenase activity (130.2 pug
TPF g™ soil h't, 137.34 pg TPF g™* soil h*
and 133.88 ug TPF g™ soil h™) compared to
rest of the treatments during first, second
season and pooled data, respectively.

Fertilizer application significantly
influenced the dehydrogenase activity at
earhead stage after harvest of the crop. At
earhead stage of the crop, significantly
higher dehydrogenase activity was recorded
in treatment which received 125 per cent
RDF (Fs) (141.69 pg TPF g soil h™,
145.12 ug TPF g™ soil h™ and 143.40 pg
TPF g™ soil h™) followed by 100 per cent
RDF (Fs3) (133.90 pg TPF g* soil h™,
135.18 ug TPF g soil h* and 134.54 ug
TPF g* soil h'") during first, second season
and pooled analysis, respectively. Whereas,
lower dehydrogenase activity was recorded
in treatment which received 50 per cent
RDF (114.60 pug TPF gt soil h!, 117.24 pg
TPF g™ soil h* and 116.42 pg TPF g™ soil
h™*) during first, second season and pooled
analysis, respectively. In post-harvest soil,
significantly higher dehydrogenase activity
was recorded in treatment which received
125 per cent RDF (F,) (137.39 pg TPF g™
soil h*, 140.60 pg TPF g* soil h™* and
138.99 pg TPF g™ soil h™) followed by 100

per cent RDF (F3) (128.14 pg TPF g™ soil
h?, 130.74 ug TPF g soil h™* and 129.44
ng TPF g soil h™) in first, second season
and pooled analysis, respectively. Whereas,
lower dehydrogenase activity was recorded
in treatment which received 50 per cent
RDF (108.82 pg TPF g™ soil h™*, 114.35 ug
TPF g soil ht and 111.58 pug TPF g soil
h™) in first, second season and pooled
analysis, respectively.

Significant difference in dehydrogenase
activity was observed due to interaction of
zeolite and fertilizer levels at earhead stage
of the crop. In first, second season and
pooled analysis, significantly higher
dehydrogenase activity was recorded in the
treatment received zeolite @ 50 kg ha
+125 per cent RDF (Z4F4) (147.20 pg TPF
g ! soil h*, 153.81 pug TPF g™ soil h™* and
150.51 pg TPF g soil h™ respectively)
followed by treatment Z4F3. zeolite @ 50 kg
ha'+100 per cent RDF (142.81 pg TPF g™
soil h*, 146.30 pg TPF g™ soil h' and
144.56 pg TPF g soil h' respectively)
when compared to the control which
received no zeolite and 50 per cent RDF
(ZoF1) (103.08 pug TPF gt soil h*, 109.29
ug TPF g soil h™* and 103.69 ug TPF g*
soil h™* respectively). After harvest of the
crop in first, second season and pooled
analysis, significantly higher
dehydrogenase activity was recorded in the
treatment received zeolite 50 kg ha™ +125
per cent RDF (Z4F4) (145.45 pg TPF g™ soil
h™, 149.85 pug TPF g™ soil h™* and 147.65
ug TPF g soil h™ respectively) followed by
treatment received zeolite 40 kg hat+125
per cent RDF (Z3F4) (141.48 pg TPF g™ soil
h™, 146.59 pug TPF g™ soil h™* and 144.04
Hg TPF g* soil h™ respectively) when
compared to the control which received 50
per cent RDF without zeolite (ZoF;) (97.08
ug TPF g soil h, 102.54 pg TPF g soil
h' and 9981 upg TPF g’ soil h'
respectively).
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The dehydrogenase activity gives an
indication of total microbial activity (Amanda
Shylla, 2012). Higher dehydrogenase activity
was recorded in zeolite and fertilizer treated
plots than in control might be due to increased
microbial activity as a result of increased
availability of substrate (organic carbon) in
FYM and zeolite will keeps the nutrients for
long period so that the nutrients required for
their multiplication and development will be
sufficiently larger. Dehydrogenase activity
was very less in control or plots which
received less zeolite and fertilizers.
Application of balanced nutrients at higher
level in combination with zeolite improved the
nutrient status of soil which in turn enhanced
dehydrogenase activity (Ajay et al., 2017).
The population of soil microbes was triggered
by the addition of organic manures as FYM
with inorganic fertilizers enhanced the
availability of nitrogen and zinc which are
synergistic in nature and ultimately increased
the dehydrogenase activity in soil. Similar
findings were reported by and
Sriramachandrasekharan and Mathan (1997).

Urease activity at earhead stage and after
harvest of the crop

Data pertaining to urease activity of soil at
earhead stage as influenced by application
of different levels of fertilizer and zeolite
has been presented in Table 1.

At earhead stage the urease activity
significantly higher in treatment received
50 kg ha™ zeolite (Z,) i.e. 97.23 ug NH,4-N
g soil h™* 99.90 pg NH4-N g™ soil h™ and
98.57 pg NH4-N g soil h™* when compared
to control which received no zeolite (Zo)
i.e. 90.23 ug NH,;-N g™ soil h* 94.17 pg
NH4-N g soil h™* and 92.20 pg NH4-N g*
soil h™* in first, second season and pooled
data, respectively. At post-harvest soil the
urease activity significantly higher in
treatment received 50 kg ha™ zeolite (Z.),

100.63 pg NH4-N g™ soil h™ 104.00 pg
NH,-N g™ soil h* and 102.32 pg NH,-N g™
soil h™ when compared to control which
received no zeolite (Zo), 93.21pg NH4-N gt
soil h't 98.15 pg NH,;-N g* soil h™ and
95.68 pg NHs-N g* soil h™* during first,

second season and pooled data,
respectively.
Fertilizer application significantly

influenced the urease activity at earhead
stage of the crop. Significantly higher
urease activity was recorded in treatment F,
(125% RDF) 100.91 pug NH4-N g soil h™
102.79 pug NH4-N g soil h™ and 101.85 g
NH4-N g* soil h™ during first, second
season and pooled data, respectively
followed by treatment F3; (100% RDF)
(96.71 pg NH4-N g™ soil h™ 99.32 pg NH,-
N g™ soil h™*and 98.02 pug NH4-N g™ soil h’
1), The lower urease activity was recorded
in the treatment which received 50 per cent
RDF (F) (85.65ug NH4-N g™ soil h™ 89.03
ug NHs-N g soil h™* and 87.34 pg NH.-N
g soil h™') during first, second season and
pooled data, respectively. In post-harvest
soil, significantly higher urease activity was
recorded in treatment F; (125% RDF),
104.02 pug NH4-N g soil h™ 106.77 ug
NH4-N g soil h™ and 105.39 pg NH4-N g*
soil h™ during first, second season and
pooled data, respectively followed by
treatment F3 (100% RDF), 99.73 ug NH4-N
g soil h™* 103.52 ug NH4-N g* soil h™ and
101.63 pg NH4-N g soil h™), The lower
urease activity was recorded in the
treatment which received 50 per cent RDF
(F1) (88.67 pg NH4-N g soil h™, 93.16 g
NH4-N g™ soil h™ and 90.91 pg NH,-N g*
soil h™) during first, second season and
pooled data, respectively.

Pooled analysis of two years (2017 and
2018) of experimental data at earhead stage
of the crop revealed significant difference
in urease activity was observed due to
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interaction of zeolite and fertilizer levels.
The treatment which received zeolite @ 50
kg hat +125 per cent RDF (Z4F,) showed
higher urease activity (104.23 pg NH4-N gt
soil h™, 105.59 pg NH4-N g soil h™* and
104.91 pg NH4-N g soil h™) followed by
treatment received zeolite @ 50 kg ha™
+100 per cent RDF (Z4F3) (100.26 pug NHy-
N g™ soil h™ 101.63ug NH4-N g™ soil h'
and 100.94 pg NH4-N g soil hY) in first,
second season and pooled data,
respectively. Whereas, lower urease activity
was recorded in the treatment which
received 50 per cent RDF with no zeolite
(ZoF1) (82.39, 86.33 and 84.36 g NH4-N g
soil h' in first season).

Pooled analysis of two years (2017 and
2018) of experimental data of post-harvest
soil also revealed significant difference in
urease activity due to interaction of zeolite
and fertilizer levels with higher urease
activity in Z,F, (107.63, 109.06 and 108.34
g NHz-N g* soil h™ in 2017, 2018 and
pooled, respectively).

The activity of urease, the enzyme that
catalyzes the hydrolysis of urea and which
is widely used in the evaluation of changes
in soil quality for soil management (Diaz-
Marcote and Polo, 1995), increased with
the application of zeolite (Table 1). The
lower urease activity was found in the
control treatment. Higher urease enzyme
activity was recorded with the application of
zeolite and it is attributed to the N fixing
capacity of zeolite by its microspores
increased the urease activity in soil. Perucci
(1990) reported that an increase in urease
activity when soil is amended with zeolite,
recommended fertilizer and FYM. These
results are in line with the findings of
Chakrabarti et al., (2000) and Amanda Shylla
(2012) who recorded increased urease activity
on addition of hydrogel with chemical
fertilizers. Higher N content in soil stimulated

heterotrophic microbial activity and resulted
in higher activity of hydrolytic enzymes in
turn, urease activity was enhanced (Dilly et
al., 2007).

Acid phosphatase activity at earhead
stage and after harvest of the crop

Data pertaining to acid phosphatase activity
of soil as influenced by application of
different levels of fertilizer and zeolite have
been presented in Table 2.

Application of zeolite at different levels
showed significant differences in acid
phosphatise activity at earhead stage and
after harvest of the crop. Significantly
higher acid phosphatise activity was
recorded in the treatment Z, which received
50 kg ha™ zeolite (42.76 ug PNP g™ h*,
47.13 pug PNP gt h™ and 44.95 pg PNP g™
h™') followed by Z; which received 40 kg
ha™ zeolite (40.85 pg PNP gt h™, 45.32 pg
PNP g*h™*and 43.09 ug PNP g™* h™) during
first, second season and pooled data,
respectively, over the control (33.56 g
PNP g* h™, 37.42 ug PNP g h™* and 35.49
ug PNP g h'). In post-harvest soil
significantly  higher acid phosphatise
activity was recorded in the treatment Z,
which received 50 kg ha™ zeolite (39.19 ug
PNP gt h?, 43.29 pg PNP g* h™ and 41.24
ng PNP g* h™) followed by Zs; which
received 40 kg ha™ zeolite (36.99 pug PNP g’
' ht, 41.14 pg PNP g* h™* and 39.06 ug
PNP g* h™) during first, second season and
pooled data, respectively, over the control
(30.60 pg PNP gt h*, 34.38 pg PNP g* h
and 32.49 pg PNP gt h.

Pooled data of two years (2017 and 2018)
revealed that among fertilizer treatments
acid phosphatase activity progressively
increased with increase in the level of
fertilizers from 50 to 125% at earhead stage
of the crop. Significantly higher acid
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phosphatise activity was recorded in
treatment F, (125% RDF) 44.35 pg PNP g*
h™, 48.34 pg PNP g* h™ and 46.35 pug PNP
g hlin first, second season and pooled
data, respectively over the other treatments.

Lower acid phosphatise activity was
recorded in treatment F; (50% RDF) 30.31
ug PNP gt h™ 34.79 pug PNP g* h' and
32.55 pug PNP g h™tin first, second season
and pooled data, respectively. Pooled
analysis of two years (2017 and 2018) of
experimental data revealed that among
fertilizer treatments acid phosphatise
activity  progressively increased with
increase in the level of fertilizers from 50 to
125% at post-harvest soils. Significantly
higher acid phosphatase activity was
recorded in treatment F, (125% RDF) 40.71
ug PNP g* h?, 45.03 pg PNP g* h* and
42.87 ug PNP g* h* during first, second
season and pooled data, respectively over
the  other treatments. Lower acid
phosphatise activity was recorded in
treatment Fy (50% RDF) 27.07 ug PNP g™
h*, 31.09 pg PNP gt h™ and 29.08 ug PNP
gt htin first, second season and pooled
data, respectively. Significant difference in
acid phosphatise activity was observed due
to interaction of zeolite and fertilizer levels
at earhead stage and after harvest of the
crop. In first, second season and pooled
analysis, significantly ~ higher  acid
phosphatase activity was recorded in the
treatment received zeolite @ 50 kg ha™
+125 per cent RDF (Z4F;) (48.08 ug PNP
gt h? 52.63 ug PNP g* h™* and 50.36 pg
PNP g* h? respectively) followed by
treatment received zeolite @ 40 kg ha™
+125 per cent RDF (Z3F4) (46.01 ug PNP
gl h? 50.94 ug PNP g* h™ and 48.48 pg
PNP g* h''respectively) when compared to
the control which received 50 per cent RDF
(ZoF1) with no zeolite (26.48 pg PNP
gl h? 30.49 ug PNP g* h™* and 28.48 pg
PNP g™ h™). Significant difference in acid

phosphatise activity was observed due to
interaction of zeolite and fertilizer levels in
post-harvest soils. In first, second season
and pooled analysis, significantly higher
acid phosphatise activity was recorded in
the treatment received zeolite 50 kg ha™
+125 per cent RDF (Z4F;) (44.22 pg PNP
gl h? 49.11 pug PNP g h™ and 46.66 pg
PNP g* h™ respectively) followed by
treatment received zeolite 40 kg ha™?+125
per cent RDF (Z3F4) (42.32 pg PNP g* h?,
46.56 pg PNP g* h™t and 44.44 pg PNP g*
h™ respectively) when compared to the
control which received 50 per cent RDF
(ZoF1) without zeolite (23.34 pg PNP g*
h, 27.12 ug PNP gt h't and 25.23 pg PNP
g' h?). Soil pH was acidic, the acid
phosphatase activity found higher in the
present study in both (2017 and 2018) the
season. Chemical fertilizers suppressed the
acid and alkaline phosphatase activity
which can be explained through considering
the fact that phosphatase synthesis is
inhibited by available phosphorus (Wang et
al., 2012). This phosphatase activity found
higher in the treatment received zeolite 50
kg ha® +125 per cent RDF (Z4F;) and
zeolite 50 kg ha' +125 per cent RDF
(Z4F4), this might be due to harmless nature
of zeolite to the microbial load intern
nutrient application leads to the sufficient
nutrient supply to microbes for their growth
and development. Application of FYM as
recommended in the package of practice
also contributed for the development of
microbes. This increase in activity may be
due to the release of more organically
bound P due to faster decomposition of
organic matter in presence of mineral N and
P which stimulate the synthesis of the
enzyme (Mohammadi et al., 2012). The
conversion of organic P into inorganic P
was mainly brought about and governed by
phosphatase  activity.  Further, it is
dependent on pH, organic matter and
available P status of the soil.
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Table.1 Dehydrogenase and urease activity in soil on ear head and at harvest stage of finger millet as influenced by different levels of
zeolite and fertilizer application

Treatments

Zy: Control
Z;: Zeolite @ 20 kg ha™
Z,: Zeolite @ 30 kg ha™
Z5: Zeolite @ 40 kg ha™
Z,: Zeolite @ 50 kg ha™
S.Emzx
CD (P=0.05)

F.: 50% RDF
F,: 75% RDF
F3: 100% RDF
F,: 125% RDF
S.Emz
CD (P=0.05)

ZoF1: Control + 50% RDF
ZoF,: Control + 75% RDF
ZoF3: Control + 100% RDF
ZoF4: Control + 125% RDF
Z:F;: Zeolite @ 20 kg ha*+ 50% RDF
Z1F,: Zeolite @ 20 kg ha™*+ 75% RDF
Z1F5: Zeolite @ 20 kg ha™ +1009% RDF
Z.F,: Zeolite @ 20 kg ha™ +125% RDF
Z,F1: Zeolite @ 30 kg ha™ + 50%RDF
Z,F,:Zeolite @ 30 kg ha™+ 75% RDF
Z,F5:Zeolite @ 30 kg ha™ + 100%
RDF
Z,F,:Zeolite @ 30 kg ha™ + 125%

Dehydrogenase
(Mg TPF g™ soil h™h)
At earhead stage

2017

116.30
128.81
132.12
131.05
134.28
0.62
1.77

114.60
123.86
133.90
141.69
0.55
1.59

103.08
109.21
120.99
131.93
114.25
126.33
133.80
140.87
117.22
130.56
136.35

144.34

2018

118.60
126.46
133.57
135.88
141.29
0.47
1.36

117.24
126.90
135.18
145.12
0.42
1.21

109.29
114.76
121.54
133.81
113.88
119.87
129.53
142.56
122.61
130.57
137.24

143.85

Dehydrogenase
(ug TPF g™ soil h)
Post-harvest soil

pooled 2017 2018 pooled
Zeolite levels
117.45  111.28 | 115.30  113.29
127.64 | 122.73 | 123.30 | 123.01
132.84  125.31 | 128.26 @ 126.78
133.97 | 126.08 | 131.91 | 128.99
137.79  130.42 | 137.34 133.88
0.46 0.60 0.46 0.42
1.32 1.71 1.33 1.21
Fertilizer levels
116.42  108.82 | 114.35 111.58
125.38 | 118.30 | 123.19 | 120.74
13454  128.14 | 130.74 129.44
143.40 | 137.39 | 140.60 | 138.99
0.41 0.53 0.41 0.38
1.18 1.53 1.19 1.08
Zeolite levels X Fertilizer levels
103.69 97.08 | 102.54 | 99.81
111.98  104.08 | 111,59 107.84
121.27 | 116.26 | 116.65 | 116.46
132.87  127.71 | 130.41 129.06
114.06 | 110.02 | 110.48 | 110.25
123.10 120.54 118.78 @ 119.66
131.66 | 126.64 | 126.58 | 126.61
141.72  133.71 | 137.36 @ 135.54
119.92 110.06 | 117.21 | 113.64
130.57  123.40 | 125.17 124.29
136.80 | 129.19 | 131.85 | 130.52
144.10  138.58 | 138.81 138.69

1947

Urease

(g NH,-N g™ soil h)
At earhead stage

2017

90.23
91.65
93.91
95.46
97.23
0.35
0.99

85.65
91.52
96.71
100.91
0.31
0.89

82.39
88.50
92.86
97.19
83.95
88.71
94.95
98.99
85.59
91.42
97.24

101.40

2018

94.17
94.49
95.46
98.20
99.90
0.33
0.95

89.03
94.63
99.32
102.79
0.30
0.85

86.33
92.44
96.79
101.12
87.31
91.34
97.93
101.37
87.41
93.47
98.61

102.33

pooled

92.20
93.07
94.68
96.83
98.57
0.32
0.92

87.34
93.08
98.02
101.85
0.29
0.82

84.36
90.47
94.83
99.16
85.63
90.02
96.44
100.18
86.50
92.45
97.93

101.87

Urease

(g NH,-N g™ soil h)
Post-harvest soil

2017

93.21
94.53
97.18
98.44
100.63
0.34
0.99

88.67
94.78
99.73
104.02
0.31
0.88

85.57
91.68
96.04
99.57
86.33
92.31
97.33
102.15
88.74
94.57
100.40

105.00

2018

98.15
98.99
99.61
102.39
104.00
0.33
0.94

93.16
99.07
103.52
106.77
0.29
0.84

90.31
96.42
100.77
105.10
91.44
96.97
102.06
105.49
91.57
97.63
102.77

106.49

pooled

95.68
96.76
98.40
100.41
102.32
0.32
0.92

90.91
96.92
101.63
105.39
0.29
0.83

87.94
94.05
98.40
102.33
88.88
94.64
99.69
103.82
90.16
96.10
101.58

105.75
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| | |
ZsF: Zeolite @ 40 kg ha™ +50% RDF | 118.70 | 124.88 | 121.79 | 11294 | 11990 = 11642 | 87.20 | 90.59 | 88.90

Z3F3: Zeolite @ 40 kg ha™ + 100% 13554 | 141.26 | 138.40 | 129.78 | 136.28 | 133.03 | 98.26 | 101.66 | 99.96 | 101.24 | 105.86 | 103.55
RDF

Z,F1: Zeolite @ 50 kg ha™ + 509% RDF | 119.76 | 12556 = 122.66 | 114.00 12161 @ 117.80 | 89.11 & 9351 91.31 9251 | 97.71 | 95.11
|

L Zalrpe A0S (@) S ING) Ikl — 57 1970 NPI= |
Z,F3: Zeolite @ 50 kg ha™ + 100% 142.81 | 146.30 | 14456 | 138.85
RDF

1948
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Table.2 Acid and alkaline phosphatase activity in soil at ear head and harvest stage of finger millet as influenced by different levels of
zeolite and fertilizer application

Treatments Acid phosphatase Acid phosphatase Alkaline Phosphatase | Alkaline Phosphatase
(ng PNP g™ h™) (ng PNP g™ h™) (ng PNP g™~ h™) (ng PNP g™~ h™)
At earhead stage Post-harvest soil At earhead stage Post-harvest soil
2017 2018 pooled 2017 2018 pooled 2017 2018 pooled 2017 2018 pooled
Zeolite levels
Z, : Control 3356 37.42 3549 30.60 3438 3249 1542 16.00 1571 17.40 18.16 17.78

Z, : Zeolite @ 20 kg ha™ 35.23 1 39.66 | 37.45 | 3191  36.17 34.04 @ 16.07  16.70  16.38 | 17.86 A 18.88  18.37
Z,: Zeolite @ 30 kg ha™ 37.88 4253 4020 3426 38.66 3646 1731 18.04 17.67 19.28 20.25 19.76
Z3: Zeolite @ 40 kg ha™ 40.85 | 4532 | 43.09 | 36.99 | 41.14 39.06 | 18.11 | 18.90  18.50 | 20.08 K 21.20 | 20.64
Z,: Zeolite @ 50 kg ha™* 4276 47.13 4495 39.19 4329 4124 19.77 2051 20.14 21.93 2288 22.40

S.Emz+ 0.23 | 0.25 0.22 0.26 | 0.23 0.24 0.23 | 0.23 0.23 0.23 | 0.23 0.23
CD (P=0.05) 0.66 @ 0.71 0.63 0.75 @ 0.66 0.70 0.65 0.65 0.65 0.65 0.65 0.65
Fertilizer levels

F.: 50% RDF 30.31 34.79 3255 27.07 31.09 29.08 1523 1592 1557 17.20 18.13 17.67
F,: 75% RDF 37.13 1 4132  39.22 3361 3763 3562 | 16.62 17.32 16.97 |18.60 19.57 @ 19.08
F3: 100% RDF 40.45 45.19 4282 36.97 41.17 39.07 18.32 19.01 18.67 20.30 21.27 20.78
F4: 125% RDF 4435  48.34  46.35 | 40.71 45.03 @ 42.87 | 19.17 | 19.87 19.52 |21.15 22.12 21.63
S.Emz+ 0.21  0.22 0.20 0.24  0.21 0.22 0.20 0.20 0.20 0.20 0.20 0.20
CD (P=0.05) 0.59 | 0.64 0.56 0.67 | 0.59 0.62 0.58 | 0.58 0.58 0.58 | 0.58 0.58

Zeolite levels X Fertilizer levels
ZoF1: Control + 50% RDF 26.48  30.49 @ 28.48 | 23.34 27.12 2523 | 13.82 14.40 14.11 | 1580 16.55  16.18
ZoF>: Control + 75% RDF 31.88 35.89 33.88 | 28.74 3252  30.63 @ 15.14 15.72 1543 |17.12 | 17.87 17.50
ZoF3: Control + 100% RDF 35.11  39.13 ' 37.12 3198 3575 3386 | 16.19 16.76  16.48 | 18.16 18.92 @ 18.54
ZoF4: Control + 125% RDF 40.75 44.18 4247 38.35 4213 40.24 1654 17.12 16.83 18,52 19.27 18.90
Z1F;: Zeolite @ 20 kg hat+ 28.01 3293  30.47 | 25.78 29.55 27.66 | 14.42 15.06 14.74 @ 16.22 17.21 16.72
50% RDF
Z1F,: Zeolite @ 20 kg hat+ 3421 3851 36.36 31.19 3496 33.07 1520 1583 1552 17.00 18.03 1751
75% RDF

1949



Z1F3: Zeolite @ 20 kg ha™
+100% RDF
Z1F4: Zeolite @ 20 kg hat
+125% RDF
Z,F1: Zeolite @ 30 kg ha™ +
50%RDF
Z,F,:Zeolite @ 30 kg ha™ +
75% RDF
Z,F3:Zeolite @ 30 kg ha™ +
100% RDF
Z,F4:Zeolite @ 30 kg ha™ +
125% RDF
Z3F1: Zeolite @ 40 kg ha™ +
50% RDF
Z3sF,: Zeolite @ 40 kg ha™ +
75% RDF
ZsF3: Zeolite @ 40 kg ha™ +
100% RDF
ZsF4: Zeolite @ 40 kg ha™ +
125% RDF
Z4F1: Zeolite @ 50 kg ha™ +
50% RDF
Z4F: Zeolite @ 50 kg ha™ +
75% RDF
Z4F3: Zeolite @ 50 kg ha™ +
100% RDF
Z,F4: Zeolite @ 50 kg ha™ +
125% RDF
S.Emz
CD (P=0.05)

36.58

42.14

29.49

35.89

41.37

44.76

32.72

41.09

43.59

46.01

34.84

42.56

45.58

48.08

0.46
1.33
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42.25

44.94

35.20

39.62

46.28

49.02

37.12

45.49

47.74

50.94

38.22

47.10

50.55

52.63

0.50
1.43

39.41

43.54

32.35

37.76

43.82

46.89

34.92

43.29

45.67

48.48

36.53

44.83

48.06

50.36

0.44
1.26

33.19

37.49

26.56

31.68

37.64

41.18

28.47

36.98

40.18

42.32

31.23

39.47

41.85

44.22

0.53
1.51

38.07

42.11

31.02

36.31

42.10

45.22

32.74

41.11

44.16

46.56

35.01

43.25

45.80

49.11

0.46
1.32

1950

35.63

39.80

28.79

33.99

39.87

43.20

30.60

39.04

42.17

44.44

33.12

41.36

43.82

46.66

0.49
1.39

16.78

17.87

15.65

16.26

18.22

19.09

15.68

17.38

18.99

20.38

16.56

19.13

21.42

21.97

0.46
1.38

17.41

18.50

16.38

16.99

18.96

19.83

16.47

18.17

19.78

21.17

17.30

19.87

22.16

22.71

0.46
1.38

17.09

18.19

16.01

16.62

18.59

19.46

16.07

17.78

19.38

20.78

16.93

19.50

21.79

22.34

0.46
1.38

18.57

19.67

17.62

18.23

20.20

21.07

17.65

19.36

20.96

22.36

18.72

21.29

23.58

24.13

0.46
1.37

19.60

20.70

18.57

19.21

21.17

22.04

18.69

20.51

22.11

23.51

19.64

22.24

24.54

25.09

0.46
1.38

19.09

20.18

18.10

18.72

20.69

21.56

18.17

19.93

21.54

22.93

19.18

21.77

24.06

24.61

0.46
1.38
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Table.3 Soil microbial biomass carbon and nitrogen in soil at ear head and harvest stage of finger millet as influenced by different

Treatments

Zo: Control
Z1: Zeolite @ 20 kg ha™*
Z,: Zeolite @ 30 kg ha™
Z3: Zeolite @ 40 kg ha™*
Z,: Zeolite @ 50 kg ha™*
S.Emz
CD (P=0.05)

F.: 50% RDF
F,: 75% RDF
Fs: 100% RDF
F4: 125% RDF
S.Emz
CD (P=0.05)

ZoF1: Control + 50% RDF
ZoF>: Control + 75% RDF
ZoF5: Control + 100% RDF
ZoF4: Control + 125% RDF
Z1F1: Zeolite @ 20 kg ha™+ 50%
RDF
Z1F,: Zeolite @ 20 kg ha™*+ 75%
RDF
Z1F3: Zeolite @ 20 kg ha™* +100%
RDF

MBC (ng g™)
At earhead stage

2017

262.39
276.79
286.12
292.36
302.12
9.93
29.70

267.39
282.40
290.28
295.75
8.88
NS

224.88
269.01
270.50
285.16
266.60

266.24

283.36

levels of zeolite and fertilizer application

MBC (ng g ™)
Post-harvest soil
2017 = 2018 pooled
Zeolite levels
259.83  256.46
262.14  267.34
270.90 277.75
278.23 | 285.36
287.72 294.18
9.33 9.33
NS 27.99
Fertilizer levels
271.03 260.52 264.78
282.60 | 268.22  272.92
290.48 275.76 280.36
296.36 # 282.55  286.82
8.96 8.34 8.34 8.34
NS NS NS NS
Zeolite levels X Fertilizer levels
238.99 | 248.73 | 245.35 | 247.04
265.95 25851 255.13 256.82
266.60  258.32  254.94 256.63
281.66 273.77 270.40 272.09
266.40 253.25  258.44 255.85

2018 | pooled
263.30
276.49
286.91
294.55
304.34
10.01
30.01

258.14
264.74
274.32
281.79
290.95
9.33
28.01

264.21
276.20
287.70
296.74
306.56
11.35
34.02

274.66
282.80
290.68
296.98
10.16
NS

262.65
270.57
278.06
284.69

253.10
262.89
262.70
278.15
266.20

263.61 264.93 250.66 255.86 253.26

282.94 | 283.15  267.78 | 272.98 270.38

1951

MBN (pg g ")
At earhead stage

2017

38.35
41.48
42.53
43.23
47.05
3.11
NS

37.74
40.77
44.51
47.09
2.78
8.34

32.36
35.31
40.84
44.90
36.34

38.98

43.76

2018

41.95
44.46
45.08
46.53
49.41
3.06
NS

40.42
43.95
47.90
49.68
2.74
8.22

36.13
39.09
44.61
47.95
40.12

42.01

46.78

pooled

40.15
42.97
43.81
44.88
48.23
3.08
NS

39.08
42.36
46.21
48.38
2.75
8.25

34.25
37.20
42.73
46.42
38.23

40.50

45.27

MBN (ug g™)
Post-harvest soil

2017

35.40
38.21
39.07
40.06
42.61
3.12
NS

33.85
37.50
41.27
43.65
2.79
8.37

29.40
32.36
37.88
41.94
SN0

35.61

40.38

2018

39.37
41.78
42.52
43.50
46.05
3.12
NS

37.51
41.05
44.82
47.20
2.79
8.37

33.37
36.33
41.85
45.91
37.36

39.05

43.82

pooled

37.38
39.99
40.80
41.78
44.33
3.12
NS

35.68
39.27
43.05
45.42
2.79
8.37

31.39
34.34
39.87
43.93
35.37

37.33

42.10



Z1F4: Zeolite @ 20 kg ha™ +125%
RDF
Z,F.: Zeolite @ 30 kg ha™ +
50%RDF
Z,F,:Zeolite @ 30 kg ha™+ 75%
RDF
Z,F3:Zeolite @ 30 kg ha™ + 100%
RDF
Z,F4:Zeolite @ 30 kg ha +
125% RDF
ZsF: Zeolite @ 40 kg ha™ + 50%
RDF
ZsF,: Zeolite @ 40 kg ha™ + 75%
RDF
Z3F3: Zeolite @ 40 kg ha™ +
100% RDF
ZsF4: Zeolite @ 40 kg ha™ +
125% RDF
Z4F1: Zeolite @ 50 kg ha™ + 50%
RDF
Z4F,: Zeolite @ 50 kg ha™ + 75%
RDF
Z,F3: Zeolite @ 50 kg ha™ +
100% RDF
Z,F4: Zeolite @ 50 kg ha™ +
125% RDF
S.Emz
CD (P=0.05)

290.96

272.19

284.43

291.17

296.68

284.52

292.02

299.98

292.93

288.77

300.31

306.41

313.00

19.86
59.60
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292.04

271.76

286.21

292.95

299.90

289.16

296.66

304.10

297.05

293.09

304.63

310.73

317.78

22.71
68.10

291.50

271.97

285.32

292.06

298.29

286.84

294.34

302.04

294.99

290.93

302.47

308.57

315.39

20.03
60.04

276.88

256.61

268.85

275.59

282.55

270.38

277.89

285.84

278.79

273.63

285.18

291.28

300.77

18.66
55.95

1952

282.08

261.80

276.25

282.99

289.94

277.78

285.28

292.72

285.67

280.51

292.05

298.15

305.99

18.65
55.91

279.48

259.21

272.55

279.29

286.25

274.08

281.59

289.28

282.23

277.07

288.61

294.71

303.38

18.65
55.93

46.83

37.60

41.04

44.77

46.71

38.82

42.10

44.63

47.38

43.58

46.42

48.57

49.62

6.22
NS

48.94

40.19

43.41

47.84

48.91

41.88

46.17

48.74

49.34

43.78

49.09

51.53

53.24

6.13
NS

47.89

38.89

42.22

46.30

47.81

40.35

44.13

46.68

48.36

43.68

47.75

50.05

51.43

6.16
NS

43.45

34.22

37.66

41.23

43.17

35.28

39.57

42.14

43.24

36.97

42.28

44.73

46.44

6.25
NS

46.90

37.67

41.11

44.68

46.62

38.72

43.01

45.58

46.68

40.42

45.73

48.17

49.88

6.25
NS

45.18

35.95

39.39

42.96

44.90

37.00

41.29

43.86

44.96

38.70

44.01

46.45

48.16

6.25
NS
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Table.4 Soil microbial phosphorus in soil at ear head and harvest stage of finger millet as
influenced by different levels of zeolite and fertilizer application

Treatments MBP (pg g )
At earhead stage
2017 2018 pooled
Zeolite levels

Zy: Control 36.10 34.45 35.28

Z;: Zeolite @ 20 kg ha™ 38.80 | 37.25 38.03

Z,: Zeolite @ 30 kg ha™ 40.15 | 39.44 39.80

Z5: Zeolite @ 40 kg ha™ 4048 | 41.25 = 40.87

Z,: Zeolite @ 50 kg ha™ 4425 = 4328 @ 43.77

S.Emz 3.11 2.78 2.92

CD (P=0.05) NS 8.34 8.76

Fertilizer levels

F.: 50% RDF 35.15 | 34.60 34.88

F,: 75% RDF 38.18 | 37.94 38.06

Fs: 100% RDF 41.92 @ 40.73 41.32

F4: 125% RDF 4459 | 43.27 43.93

S.Em+ 2.78 2.49 2.62

CD (P=0.05) 8.34 7.46 7.85

Zeolite levels X Fertilizer levels

ZyF1: Control + 50% RDF 29.99 29.94 29.97

ZoF5: Control + 75% RDF 32.95 32.51 32.73

Z,F3: Control + 100% RDF 38.47 35.22 36.85

ZoF4: Control + 125% RDF 43.00 | 40.15 41.58

Z.Fy: Zeolite @ 20 kg ha™*+ 50% RDF 33.67 | 30.99 32.33
Z.F,: Zeolite @ 20 kg ha™+ 75% RDF 36.31 | 35.85 36.08
Z,F3: Zeolite @ 20 kg ha™ +100% RDF 41.08 | 39.89 40.49
Z1F4: Zeolite @ 20 kg ha™ +125% RDF 4415 | 42.28 43.22
Z,F,: Zeolite @ 30 kg ha™ + 50%RDF 35.22 | 34.13 34.67
Z,F,:Zeolite @ 30 kg ha®+ 75% RDF 38.66 & 38.22 38.44
Z,F3:Zeolite @ 30 kg ha™ + 100% RDF 42.39 | 41.79 42.09
Z,F4:Zeolite @ 30 kg ha™ + 125% RDF 4433 | 43.63 43.98
Z5F;: Zeolite @ 40 kg ha™* + 50% RDF 36.07 | 37.93 37.00
Z5F,: Zeolite @ 40 kg ha™ + 75% RDF 39.35 | 40.10 39.73
Z3F5: Zeolite @ 40 kg ha™ + 100% RDF 41.88 42.36 42.12
Z3F4: Zeolite @ 40 kg ha® + 125% RDF 44.63 44,59 44.61
Z,F,: Zeolite @ 50 kg ha™ + 50% RDF 40.79 | 40.03 40.41
Z,F,: Zeolite @ 50 kg ha™ + 75% RDF 43.62 | 43.03 43.33
Z,F5: Zeolite @ 50 kg ha™ + 100% RDF 4578 | 44.37 45.07
Z,F4: Zeolite @ 50 kg ha™ + 125% RDF 46.83 | 45.69 46.26
S.Em+ 6.22 5.56 5.85

CD (P=0.05) 18.66 | 16.66 17.53

MBP (pgg™)
Post-harvest soil

2017 2018 pooled
38.27 36.83 37.55
40.90 39.93 40.42
42.73 42.32 42.52
43.60 44.31 43.96
47.14 46.62 46.88
2.90 2.78 2.81
8.72 8.34 8.42
38.36 37.37 37.86
41.33 40.79 41.06
44.41 43.61 44,01
46.01 46.23 46.12
2.59 2.49 2.52
7.75 7.47 7.56
32.75 32.32 32.53
35.70 34.88 35.29
41.23 37.60 39.41
43.39 42.52 42.96
36.64 33.37 35.01
39.28 38.62 38.95
42.93 42.66 42.80
44.76 45.05 44.90
38.74 36.90 37.82
42.18 40.99 41.58
43.71 44.77 44.24
46.29 46.61 46.45
39.47 40.91 40.19
42.75 43.08 42.91
45.28 45.34 45.31
46.89 47.93 47.41
44.18 43.37 43.78
46.76 46.36 46.56
48.91 47.70 48.31
48.72 49.03 48.87
5.80 5.56 5.63
17.40 16.64 16.89

The phosphatase activity was maximum due  phosphatase activity. These results are in
to use of zeolite as compared to chemical conformity  with
fertilizers, since zeolite has water holding  Sriramachandrasekharan

capacity and releases the nutrients slowly, (1997).

that might have enhanced the acid

1953

the

findings  of

and

Mathan



Int.J.Curr.Microbiol.App.Sci (2019) 8(11): 1939-1957

Application of FYM along with zeolite and
fertilizers into the soil pool which leads to
mineralization over the period of time has
supplied carbon which served as energy
source for the P solubilizers in organics.
The results could also be attributed to the
more soil P which served more proliferation
of P solubilizers in the finger millet crop.

The increased enzyme activities in
organically amended soils are generally
attributed to the increased inputs of organic
substrates  which stimulate  microbial
growth and enzyme synthesis (Dick, 1992).
Results can be correlated with Kaur and
Reddy (2014) in their studies using PSB for
maize crop yield.

Alkaline phosphatase activity at ear head
stage and after harvest of the crop

Data pertaining to alkaline phosphatase as
influenced by application of different levels
of fertilizer and zeolite have been presented
in Table 2.

The use of zeolite at various levels showed
significant  differences in alkaline
phosphatase activity at earhead stage and
after harvest of the crop. At earhead stage
of the crop, the alkaline phosphatase
activity significantly higher in treatment
received 50 kg ha™ zeolite (Z4), 19.77 ug
PNP gt h?, 20.51 pg PNP g* h™* and 20.14
ug PNP g h™* when compared to control
which received no zeolite (Zy), 15.42 ug
PNP g*h™ 16.00 ug PNP g* h™*and 15.71
ug PNP g™* h™in first, second season and
pooled data, respectively.

In  post-harvest soils, the alkaline
phosphatase activity significantly higher in
treatment received 50 kg ha zeolite (Z,),
21.93 pg PNP gt h?, 22.88 pg PNP g* h'
and 22.40 ug PNP g™ h™ when compared to
control which received no zeolite (Zo),

17.40 ug PNP g h, 18.16 pg PNP gt ht
and 17.78 pg PNP g* h? during first,
second season and pooled data,
respectively.

At earhead stage of the crop, significantly
higher alkaline phosphatase activity was
recorded in treatment F4 (125% RDF) 19.17
Hg PNP gt h™ 19.87 pug PNP g* h' and
19.52 pg PNP g* h™* during first, second
season and pooled data, respectively
fallowed by treatment F; (100% RDF)
(18.32 pg PNP g h*, 19.01 ug PNP g ht
and 18.67 pg PNP g! h™), The lower
alkaline phosphatase activity was recorded
in the treatment which received 50 per cent
RDF (F1) (15.23 pg PNP g™ ht, 15.92 g
PNP g*htand 15.57 ug PNP g™* h™) during
first, second season and pooled data,
respectively. in post-harvest soil,
significantly higher alkaline phosphatase
activity was recorded in treatment F4 (125%
RDF) 21.15 Hg PNP gt
h*, 22.12 ug PNP gt h' and 21.63 pg PNP
g' h' during first, second season and
pooled data, respectively.

The lower alkaline phosphatase activity was
recorded in the treatment which received 50
per cent RDF (Fy) (17.20 pug PNP g* h,
18.13 pg PNP g* h™* and 17.67 ug PNP g*
h™') during first, second season and pooled
data, respectively. Pooled data of two years
(2017 and 2018) revealed significant
difference in alkaline phosphatase activity
was observed due to interaction of zeolite
and fertilizer levels at earhead stage of the
crop. The treatment which received zeolite
50 kg ha® +125 per cent RDF (Z4F)
showed higher alkaline phosphatase activity
(21.97 pg PNP g h*, 22.71 ug PNP g ht
and 22.34 pg PNP g* h™) followed by
treatment received zeolite 50 kg ha™ +100
per cent RDF (Z4F3) (21.42 pg PNP gt ht,
22.16 pg PNP g h™* and 21.79 ug PNP g*
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h™) during first, second season and pooled
data, respectively.

Whereas, lower alkaline phosphatase
activity was recorded in the treatment
which received 50 per cent RDF with no
zeolite (ZoF1) (13.82 ug PNP g™ h', 14.40
ug PNP gth?and 14.11 ug PNP g*h).

Pooled analysis of two years of
experimental data (2017 and 2018) revealed
that a significant difference in alkaline
phosphatase activity was observed in post-
harvest soils due to interaction of zeolite
and fertilizer levels with higher activity in
ZAF4 (24.13, 25.09 and 24.61 pg PNP g*
h™) and lower activity in ZoF; (15.80, 16.55
and 16.18 pg PNP g* h™).

Since, soil pH was acidic, the alkaline
phosphatase activity found lower in the
present study. Chemical fertilizers have bit
decreased the soil pH and leads to acidic.

Alkaline phosphatase activity found higher
in the treatment received zeolite 50 kg ha™
+125 per cent RDF (Z4F;) and zeolite 50 kg
ha* +125 per cent RDF (Z4F), this might
be due to harmless nature of zeolite to the
microbial load intern nutrient application
leads to the sufficient nutrient supply to
microbes for their growth and development.

Application of FYM as recommended in the
package of practice also contributed for the
development of microbes.

Microbial biomass carbon (MBC),
Microbial biomass nitrogen (MBN) and
Microbial biomass phosphorus (MBP) at
ear head stage and after harvest of the
crop

Data pertaining to soil MBC, MBN and
MBP at earhead stage and after harvest of
finger millet crop as influenced by

application of different levels of fertilizer
and zeolite has been presented in Table 3
and 4.

The pooled data of MBC at earhead stage
and post-harvest soil varied significantly
due to different levels with higher MBC of
304.34 and 290.95 pg g, respectively
which were significant with Z, (263.30 and
258.14 pg g7). In fertilizers levels, the
MBC at earhead and post-harvest soil did
not varied significantly. But higher values
were seen in F4 (296.36 and 284.69 ug g).

In the interaction treatments, MBC varied
significant at both earhead and post-harvest
soil with higher value of 315.39 and 303.38
ug g, respectively which were significant
with ZoF; (238.99 and 247.04 pg g™) and
on par with rest of the treatments.

The MBN at earhead and post-harvest soil
varied significantly with different fertilizers
but non-significant with zeolite levels and
the interactions. With respect to fertilizer
levels, significantly higher MBN was seen
in F, (48.38 and 45.42 pg g'') which was on
par with all the treatments except F; (39.08
and 35.68 ug g™).

Table 4 indicated the soil microbial
biomass Phosphorus at earhead and post-
harvest stage as influenced by zeolite and
fertilizer levels. The MBP at ear head stage
and post-harvest soil varied significantly
with higher MBC of 43.77 and 46.88 ug g*
at earhad and post-harvest  stage,
respectively in Z, (zeolite @ 50 kg
ha) which were significantly higher than
Zo (35.28 and 37.55 ug g™, respectively). In
different fertilizer levels also MBP varied
significantly with higher MBP of 43.93 and
46.12 ug gt in F4 (125% RDF).

Zeolites are hydrated crystalline
aluminosilicates, naturally occurring mineral
having the favorable properties required for
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the better crop growth by making higher
availability of nutrients and water for longer
period. Zeolite application @ 50 kg ha™ along
with 100% and 125% RDF showed higher
dehydrogenase, urease and phosphatase
activity compared to other treatments. The
above study clearly emphasis the goodness of
zeolite inclusion in nutrient management
practices and its influence on microbial
activity in the soil.
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