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STUDIES ON BIO-ENRICHED FARM YARD MANURE (FYM) ON
SOIL PROPERTIES AND PRODUCTIVITY OF FINGER MILLET
(Eleusine coracana (L.) Gaertn) UNDER DRYLAND CONDITION

SHAFNAS, I.
ABSTRACT

A field experiment was conducted during Kharif-2019 at AICRP for Dryland
Agriculture to study the effect of bio-enriched FYM viz., nitrogen fixers, phosphorus
solubilizers, potassium solubilizers, PGPR and microbial consortia with two levels of RDF
viz., 60 and 80 % on soil properties and productivity of finger millet, replicated thrice in f-
RCBD comprising ten treatments. The growth and yield attributes showed an increasing
trend with application of microbial consortia bio-enriched FYM + 80 % RDF with
significantly higher grain yield (2999 kg ha) and straw yield (4274 kg ha*) and higher
B:C ratio (2.30). The combination of microbial consortia bio-enriched FYM + 80 % RDF
proved to be the best treatment in terms of uptake of nitrogen (6.33, 21.68, 45.39 and 70.58
kg ha1), phosphorus (0.87, 3.95, 9.85 and 21.40 kg ha) and potassium (4.28, 18.58, 41.98
and 59.84 kg ha?) at 30, 60, 90 DAS and at harvest, respectively. Similar was the trend
with respect to secondary and micronutrient uptake. No significant variation was recorded
in terms of soil physical parameters. However significant increase in major nutrient status
of soil was recorded resulting in 4.35, 1.14 and 5.24 % higher available NPK content of
soil over its initial value. Soil microbial biomass carbon, nitrogen, phosphorus and
dehydrogenase activity was significantly higher in bio-enriched FYM + 80 % RDF. Thus,
combined application of inorganic fertilizers and microbial consortia bio-enriched FYM
was found to be the suitable nutrient management strategy for yield enhancement and soil

health maintenance under dry land condition.
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UAS, GKVK, Bengaluru-560065 Major advisor



93:5% zﬁcmo&adeg :iram%m BeANYoT :ép@c%aa)d M%ﬁ ﬁ:az%dcs WPTONOT
a:sgas MOEVBED T ToNl AWTOOD BFODBS

5@:‘ 0.
TWORT ToT03
Ipletataty %@e%@foa, T0%3 FONROW, a”wméw—@ BONAE ZeTY LO02CINT, L. B. .
ST, TN AT FRBCINT WJHN0T BQEFOAT ZRLR Ry IteodR 9508 Tomois

Reyd, =838 60 =T 80 weoonm g WBemodTY WEII TOOTED TN ToN
NTITTZ OB TOFOIT WHR,0HIRTY, 2019 3 B0ormwOIY gy Semood wyadnesd,
T IRV BONUROTY FRAYEROWD. 33 JOIRNBIY, CIPTRIT TOTHEF DJA
BRTOONY BB WVTIVONTR, TR O TTTIBWEF BLOON. ToNOH  3IR[IR 20
YWTO  DODTOFY)  BRTY L0RNNE  WJTRodR FHRT dewR Reyd + 80 T3
dTTAZ TARRLT WFBOWOT BPNT), FoTT GBS (2999 2. 8. T I.), IS WIBS
(4274 3. #. B8 ) Tone ooy FIPS oDTITRY (2.30) wIIFom  ToWWORT.
RRTY L0RCNY WT00T O30T et Reysa @edn 80 TB3T S50 TARRYT
WPBCNOT TP FRe3TOINYIT FTWIT (6.33, 21.68, 45.39 DB 70.58 3. 2. =8 .)
goxs (0.87,3.95,9.85 @7y 21.40 3. 2. I& X.) B Betwna (4.28, 18.58, 41.98 =2

59.84 3. . T3 &.) bedadod Bxweesy 30, 60, 90 REBF OINY TOIT B, RS TOBT
NRTBEON  TWPNT),  FOWWORT.  Tonode, [SEOD  TRCXTOINH =T ART
BRCTFOOBNY $e0TONY wT3e Ded0D T OIN FOWWONT. WEFI §P3T Meowgeny e
ROTY LWEINTOTI w@@pesam EOLN g riraz%dd WPBFONOT OIPR)TIC NMETTE  WTCORH

TOWWONY. ARTY LRENY  NJPTROLN FREFOAT ey Reyd Tene 80 T3
d390%8 czm%s ¥BOWOT mgseg THos BeeRFTOBNYIT TOTLTF, TO®T 0T a-lraméw
oRd TRIweR Fedwen e 4.35, 1.14 I 5.24 Oxp TR, woDONE. DT 0T

msaegsaﬁ%d M%gesawzewmé QOTR®, XoO®IT, TOXRI msg :mgaﬁ %S@dﬂ%d
DB HEREIT BOTWERD NDTTEWN ARTY feoweany WIpedeodn BHAT LR

Rey3 + 80 BETT S50T TRRRLT LFEWOT BUPNT. 2utIT, BT LOBEANY WBFPHOT

Q3033 dRuR Reysa @edn 80 B3I S3R0RET TARAYT WYNPTO0T Befs wdweer
BBy BHT ANTO NPRPYTTY FBFTORINNIT.

Smowo®, 2020

msega @mﬁs DB T TTODT JoF VLN . 2. wexod

3% DIDTROOD, WIF, HONART TID AOBOD



Studies on bio-enriched farm yard manure (FYM) on available
major nutrients, uptake and productivity of finger millet (Eleusine

coracana (L.) Gaertn) under dryland condition

SHAFNAS I (PALB 8357)

Department of Soil Science and Agricultural Chemistry, College of Agriculture U.A.S, G.K.V.K, Bangalore-65

Introduction

O Finger millet is a staple food crop grown by
subsistence farmers and highly valued by traditional
farmers as it is nutritious, drought tolerant and require
low inputs.

0 Nutrient deficiencies observed in soil and plants is due
to poor soil quality not being conducive to nutrient
uptake.

0 About 85 to 90 per cent of the plant nutrient
acquisition is microbially mediated. Hence, application
of biofertilizer is an excellent alternative to chemical
fertilizer which provide nutrient though nitrogen
fixation, solubilization and trigger plant growth
promoting essence. In this view, role of biofertilizers in
soil fertility mai is b ing i ingly
important in both organic farming and conventional
method.

Objective

v

Effect of bio-enriched farm yard manure on soil
nutrient status, nutrient uptake and productivity of
finger millet (Eleusine coracana (L.) Gaernt) under
dryland condition

Material And Methods

Field experiment was conducted with finger millet (GPU-|
28) at AICRP for Dryland agriculture, UAS, GKVK during|
kharif 2019.
The experimental soil was Alfisols with sandy loam texture|
with pH of 6.06 and EC of 0.040 dS m™'. 1

Soil was low in available nitrogen and p and high in|
phosphorus. ‘
+ The experiment laid out was RCBD replicated three with ten |
treatments. ‘

* FYM was enriched with nitrogen fixers (dzotobacter|
chroococcum), PSB (Bacillus megaterium), KSB (Fraleuria;
aurantia) and PGPR (Pseudomonas fluorescens). ‘

Control Microbial consortia + 80 % RDF
Treatment details
T,: Absolute control

T,: 7.5 tha! FYM + 100 % RDF

T;: 7.5 t ha'! enriched FYM (nitrogen fixers + PGPR) + 60 %
RDF

Ty : 7.5 t ha! enriched FYM (nitrogen fixers + PGPR) + 80 %
RDF

Ts : 7.5 t ha™' enriched FYM (phosphate solubilizer + PGPR) +
60 % RDF

Tg: 7.5 t ha' enriched FYM (phosphate solubilizer + PGPR) +
80 % RDF

T;: 7.5 t ha'! enriched FYM (potassium solubilizer + PGPR) +
60 % RDF

Tg: 7.5 t ha enriched FYM (potassium solubilizer + PGPR) +
80 % RDF

Ty: 7.5 t ha'! enriched FYM (microbial consortia) + 60 % RDF
Ty : 7.5 t ha'! enriched FYM (microbial consortia) + 80 %
RDF

4500
24000
=
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Results
Significantly higher grain yield (2952 kg ha') and %
straw yield (4167 kg ha™!) was with application of microbial ="’

consortia + 80 per cent RDF recorded campared to control
§ - I| ‘ I ‘ |
0
T T2 T3 T4 715

(1132 and 1528 kg ha'!, respectively).
aN up mK

Available nitrogen (152.95 kg ha''), phosphorus
J“MMMMMMM

(118.80 kg ha') and potassium (116.13 kg ha') was
significantly higher with application microbial consortia.

T2 T3 T4 TS T6 T7 T8 19 TIO
Treatments

Similarly, increased level of fertilizer i.e., 80 per cent RDF
recorded significantly higher available ni hosph
and potassium (148.95,
respectively).

Over all conjugative use of microbial consortia along
with 80 per cent RDF recorded significantly higher
available nitrogen (155.07 kg ha™'), phosphorus (119.76 kg
ha'') and potassium (117.80 kg ha') compared to control.
There was 4.35, 1.14 and 5.24 per cent increase in available =
NPK content of soil over its initial value. g

Application of microbial consortia + 80 per cent RDF
recorded significantly higher uptake of nitrogen (70.58 kg
ha'), phosphorus (21.4 kg ha™') and potassium (59.84 kg ha-
1) over absolute control (18.63, 4.25 and 16.28 kg ha',
respectively).

11610 & 11381 kg hal,

% Yield increased in all treatments compared
to control.

“ Among different biofertilizers, microbial
consortia resulted in higher uptake and

General view of experimental plot availability of nutrients.
Table:1 Effect of different biofertilizer treatments and levels S ol th;. feead vilh spplichtion of
of fertilizers on soil available nutrient at harvest 80 per cent RDF.

«» Conjugative use of MC+ 80 per cent RDF

N [ po. [ K,0 was found significant on uptake and build
kg ha'! up of soil nutrient status.
Initial 148.60 118.40 111.93
‘Biofertilizers enrichment o
! nclusion
B, : NFB+ PGPR 149.39 108.11 106.60 Co AL
B, : PSB +PGRP 140.72 115.80 109.13 Application of microbial consortia along
B,: KSB + PGRP 141.93 110.93 113.98 with inorganic fertilizers helped in improving
B, : Microbial consortia| 152,95 118.80 116.13 soil fertility status and productivity compared
S Bm & 251 213 2.04 to single strain biofertilizers.
CD (p=0.05) 7.62 6.47 6.19
Levels of RDF
L,: 60 % RDF 143.55 110.72 109.12
L,: 80 % RDF 148.95 116.10 113.81 References
S.Em. + 178 1.51 1.44
CD (p=0.05) 5.38 4.57 437 RANGESH KUMAR, PATTANAYAK, S. K.,
R JAGTARAN AND PILESHWAR, S. R. 2018,
S.Em. + | 355 | 3m 2.88 : : 1
CD (p=0.05) [N | NS NS Studying the influence of long term INM practices
Tr on yield and quality of Ragi crop. J. Pharmacogn.
DRI 1 L Phytochem., 7(1); 21752177,
T,-100 % RDF 135.15 101.27
TyB,L, 146.27 103.60
T4B,L, 152.50 109.60 PALLAVI. C., JOSEPH, B., KHAN, M. A., AND
TeBoL) 137.73 106.13 HEMALATHA, S, 2016, Effect of integrated
T¢-B,L, 143.71 112.13
Bl 13935 1227 nutrient management on nutrient uptake, soil
Tg-BiL, 144,51 115.70 available nutrients and productivity of rainfed
SRy Ll ke finger millet. Int.l J. Sci., Environ. Technol, 5(5):
DBl 155.07 117.80
S.Em. + 535 457 2798-2813.
CD (p=0.05) 15.54 13.57
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I INTRODUCTION

Millets play an important role in farming and food culture in semi-arid zones of the
world for millions of people in Africa and Asia. It has the ability to withstand varied
conditions of heat, drought, humidity and tropical weathers. In India, finger millet
(Eleusine coracana (L.) Gaertn) is mostly grown and consumed in Karnataka and to limited
extent in Andra Pradesh, Tamil Nadu, Odisha, Maharashtra, Goa and Uttarakhand. A/fisol
form major soil order in Karnataka for finger millet and crop serve as staple food. In
Karnataka, it covers an area of 598 lakh hectare with a production of 858.97 lakh tonne
and productivity of 1436 kg per hectare during 2016-17 (Anon., 2017). With regard to
nutrient content, finger millet grains are rich in carbohydrates (81.5 %), proteins (9.8 %),
crude fibre (4.3 %), minerals (2.7 %) and fat (1-2 %) and also calcium (0.38 %), iron (3-
20 %) and some of the vitamins like vitamin B, especially niacin, pyridoxine and folic acid

(Gull et al., 2014).

In a country like India, where 44 per cent of the total food production is being
supported by dryland and there by playing a critical role in national’s food security. In dry
land situations, the major problems accounting with the soil are nutrient deficiency, low
organic matter, less water holding capacity, poor soil structure due to poor aggregation,
low soil pH, low cation exchange capacity (CEC), less moisture retentivity, higher
infiltration rate, susceptible for causing erosion and runoff and starved crop conditions
caused by aberrant weather all these bring down the productivity of rainfed crops.
Therefore, it is important to recognize the untapped potentials of the dry land regions and

design strategies for stimulating sustainable development in these regions.

Dry land soils need addition of organic matter along with chemical fertilizer to
maintain productivity and soil health, but the availability of quality organic manure is of
great concern. In crop production, nutrient management is an important practice to attain
higher yield. Now a days, farmers are exuberantly using chemical fertilizers and this is
considered as one of the main causes for environmental pollution and also deteriorates soil
health (Rekha et al., 2018). Most of the deficiencies observed in plants, animal and people

are due to soil condition not being conducive to nutrient uptake. The minerals are present
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in excess but simply not available to plant. Adding inorganic elements to correct these

deficiencies is an inefficient practice.

Availability of nutrients in sufficient and balanced quantities throughout the plant
growth period is very important to maintain productivity. The most important constrain
faced by developing country and especially among resource- poor farmers, is poor soil
fertility. It can be restored efficiently by adaptation of integrated nutrient management
encompassing nutrient management strategy to enhance input use efficiency, application
of biofertilizers and natural resource conservation. Balanced application of fertilizer is the
basis of plant health. Application of chemical fertilizers cannot be avoided completely,
since they are the potential source for nutrients in easily available form. However, the
increasing fertilizer costs on one hand and the use of inorganic fertilizers alone without
proper understanding of balanced application has led to decline in the finger millet
productivity in many areas of southern Karnataka. Hence, there is an urgent need for

finding an alternate source of chemical fertilizers.

There are abundant microorganisms thriving in soil, especially in the rhizosphere
of plants. It is well known that a considerable number of bacteria and fungi species possess
a functional relationship and constitute a holistic system with plants (Wu et al., 2005).
About 85 to 90 per cent of plant nutrient acquisition is microbially mediated. The soils
ability to support nutrient requires the presence of diverse array of soil microbes from a
range of functional groups, which can be made available through addition of organic
manure. The majority of microbes involved in nutrient acquisition are plant dependent, that
is they respond to carbon compound exuded by the roots of actively growing green plants.
In this regard, the role of biofertilizers in soil fertility maintenance is becoming
increasingly important in both organic farming and conventional agriculture. Application
of enriched organic manure with biofertilizers improves physical, chemical and biological

condition of soils.

Biofertilizers are living cells of different microorganisms which has ability to
convert nutritionally important elements from unavailable to plant useable form through

various biological processes. In recent years, biofertilizers has emerged as an important
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component of integrated nutrient supply system and their use is focused for enhancing
productivity and supplementing chemical fertilizers. Where in, their application can
improve soil, quality of yield and reduce chemical fertilizer demand upto 30 per cent.
However, application of microbial fertilizers in practice somehow has not achieved
constant effect. The mode of action and interactions among these microbes still are not well
understood, especially in real time application. A biofertilizers consisting of nitrogen fixers
(Azotobacter chroococcum), P solubilizer (Baccillus megaterium), K solubilizer (Frateuria
aurantia) and PGPR (Plant growth promoting rhizobacteria) (Pseudomonas fluorescens)
which play a important role in biological control of plant pathogens, nutrient cycling and
seedling establishment, deserves particular attention for maintaining soil fertility and
enhancing productivity in rainfed ecosystem. Inoculation of PGPR along with nitrogen
fixers, Azotobacter may derive beneficial effect both from its nitrogen fixation and
stimulating effect on root development. P and K solubilizing bacteria may enhance mineral
uptake by plants through solubilizing insoluble phosphorus and releasing potassium from

the silicate in soil.

Crop suffers from the slow release of nutrients from organic manures at initial
stages, which may cause significant reduction in crop yield and farm income. This can be
overcome by enrichment of organic manures with beneficial microbial culture and
judicious combination of inorganic fertilizers with such enriched organic manures. The
biofertilizer enrichment of organic manures will further contribute to the enhancement of
P solubilization, K solubilizer, nitrogen fixers and also in release of nutrients at different
periods and controlling the soil borne pathogens. Hence, integration of organic, inorganic
and biofertilizers (single strain and consortia) play a pivotal role to enhance crop
productivity, sustain soil health and decreases environmental impact. Adoption of
appropriate strategies hold a great potential in boosting finger millet yield in effective

manner.

To understand tripartite interaction between microbial inoculation, mineral
fertilizer and crop species is a prerequisite, more particularly to unravel behaviour
responses of beneficial microbes in agro-ecosystem, for higher nutrient release, uptake and

tolerance to multiple constrains. Considering the above facts, the present investigation,
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entitled “Studies on bio enriched farm yard manure (FYM) on soil properties and
productivity of finger millet (Eleusine coracana (L.) Gaertn) under dryland
condition” was carried out at AICRP on Dry Land Agriculture, UAS GKVK with the

following objectives-

1) To study the effect of enriched farm yard manure (FYM) on nutrient availability,
uptake and biological properties of soil at different growth stage.

2) To study the influence of enriched farm yard manure (FYM) on physico-chemical and

biological properties of soil.

3) To study the impact of enriched farm yard manure (FYM) on growth, yield, nutrient

content and economics of finger millet.
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II REVIEW OF LITERATURE

The literature pertaining to “Studies on bio-enriched farm yard manure (FYM)
on soil properties and productivity of finger millet (Eleusine coracana (L.) Gaertn)

under dryland condition” has been reviewed and presented under following headings.

2.1 Characterization of FYM for its nutrient status

2.2 Effect of microbial enrichment of organic manure on its nutrient status

2.3 Effect of bio- enriched FYM and inorganic fertilizer on growth and yield of crop
2.4 Effect of bio- enriched FYM and inorganic fertilizer on soil physical properties
2.5 Effect of bio- enriched FYM and inorganic fertilizer on soil chemical properties
2.6 Effect of bio- enriched FYM and inorganic fertilizer on soil biological properties

2.7 Effect of bio- enriched FYM and inorganic fertilizer on nutrient content and uptake

by crops.

2.8 Effect of bio- enriched FYM and inorganic fertilizer on economics.

2.1 Characterization of FYM for its nutrient status

At present, most optimistic estimates show that about 25 —30 per cent of nutrient
needs of Indian agriculture can be met by various organic sources. The availability from
organic sources are based on total nutrient content but their efficiencies to meet the nutrient
requirement of crops is not as assured as such as mineral fertilizers. However, the joint use
of chemical fertilizers along with various organic sources is capable of sustaining higher

crop productivity, improving soil quality and productivity on long-term basis.

Theunissen et al. (2010) analysed FYM and found that FYM contain 0.5, 0.2, 0.5,
0.9 and 0.2 per cent of nitrogen, phosphorus, potassium, calcium and magnesium,
respectively. Whereas, iron, copper, manganese and zinc were found to be 146.5, 2.8, 69.0

and 14.5 ppm, respectively.
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Nutrient composition of FYM was analysed by Parihar et al. (2013) and recorded
0.53 per cent of nitrogen, 0.22 per cent phosphorus, 0.59 per cent potassium, 2100 mg
kg!iron, 61 mg kg'! zinc and 2.2 mg kg™ boron on dry weight basis.

FYM was characterized by Veeresha and Gopakkali (2014) and observed pH of
8.1, EC of 0.16 dS m™! and organic carbon content of 10.71 per cent. Whereas nitrogen,

phosphorus and potassium were found to be 0.54, 0.29 and 0.40 per cent, respectively.

Nutrient analysis of FYM recorded 39.53 per cent of organic carbon, 1.21 per cent
of nitrogen, 0.58 per cent of phosphorus and 4.26 per cent of potassium. Whereas, among
micronutrients zinc 57 mg kg™!, copper 239 mg kg™!, iron 2214 mg kg! and manganese 28

mg kg were recorded (Kumar and Narwal, 2016).

The physical and chemical properties characterization of FYM by Lavanya (2019)
showed bulk density of 1.12 Mg m™, 48.32 per cent MWHC with neutral pH (7.32) and
EC of 2.35 dS m™. Whereas 0.60 per cent of nitrogen, 0.31 per cent of phosphorus, 0.57
per cent of potassium, 0.78 per cent of calcium, 0.21 per cent of magnesium and 25.60 mg
kg! of sulphur were found. With respect to micronutrients 973.0 mg kg™ of iron, 456.0 mg
kg! of manganese, 164.0 mg kg of zinc, 66.80 mg kg! of copper and 0.13 mg kg of

nickel were recorded.

2.2 Effect of microbial enrichment of FYM on nutrient status of organic manure

Kumar and Singh (2001) conducted a work on effect of inoculation of
vermicompost with nitrogen fixing biofertilizer (Azotobacter chroococcum) and P
solubilizer (Pseudomonas striata) on N and P content of vermicompost and noticed that
application of Azotobacter chroococcum (2.73 and 1.45 %) and Pseudomonas striata (1.68
and 1.52 %) increased N and P content, respectively at 75 days after inoculation compared

to initial N (1.40 %) and P (1.10 %) content.

Mahanta et al. (2012) evaluated the microbial enriched vermicompost and their
effect on nutrient availability and microbial population in vermicompost. The results

revealed that eight weeks of incubation after inoculating with Azotobacter chroococcum,
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Azospirillum brasilense, and Pseudomonas fluorescens, either alone or in combination
there was increase in microbial composition and nutrient status. The highest increase of
nitrogen concentration was observed with vermicompost (mixed biomass) enriched with

A. chroococcum (2.35 %) followed by A. brasilense (2.26 %) and least in control (2.00 %).

Enrichment of compost with lignite based biofertilizer viz., nitrogen fixers
(Azospirillum sp.) and P solubilizers (Pseudomonas striata) recorded higher nitrogen (1.45
%), phosphorus (0.75 %), potassium (0.80 %), iron (245.60 ppm), copper (26.80 ppm),
zinc (156.21 ppm) and manganese (256.9 ppm) compared to unenriched compost (1.08 %,
0.42 %, 0.35 %, 241.8 ppm, 24.05 ppm, 152.0 ppm and 256.9 ppm, respectively). Similarly,
higher microbial population of bacteria (154.2 x10° CFU g™!), fungi (115 x10° CFU g'),
actinomycetes (35 x102CFU g!), PSB (30.8 x10° CFU g™!) and nitrogen fixers (40.3 x10°
CFU g!) were found in enriched FYM compared to unenriched FYM (92.2 x10°, 87 x10°,
26x10%18.3 x10° and 26.2 x10° CFU g'!, respectively) (Rao et al., 2012).

The enrichment of FYM using lignite-based cultures such as Azospirillum sp.,
Pseudomonas striata and Trichoderma harzianum @ one kg per ton of manure showed
increase in nitrogen (31.43 %), phosphorus (23.40 %) and potassium (19.59 %) over
unenrichment of FYM. The higher microbial population of Azospirillum sp. (0.17, 7.90,
7.40 and 6.53 x10* CFU g'), PSB (66.40, 78.17, 32.50 and 29.26 x10* CFU g') and
Trichoderma sp. (4.62, 10.17, 6.00 and 4.22 x10° CFU g'!) were recorded at 7, 14, 21 and
28™ days after enrichment were recorded compared to unenriched FYM with 0.11 x103,
32.5 x10* and 2.50 x10° CFU g'!, respectively of Azospirillum sp., PSB and Trichoderma
sp. (Nandini and Sreenivasa, 2014).

Application of bio enriched vermicompost (4zotobacter + Pseudomonas) increased
available nitrogen (16.8 %) and phosphorus (10.7 %) compared to initial vermicompost
(12.0 and 8.2 %) at 60 days after incubation @ 28°C (Alikhani ef al., 2016)

2.3 Effect of bio- enriched FYM and inorganic fertilizer on growth and yield of crop

Mathews et al. (2006) conducted a work on effect of nutrient and biofertilizers

(Azospirillum + Phosphobacterin) on yield and yield component of rice and noticed higher
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productive tillers per hill (14.6), test weight (26.8 g), grain yield (99.3 q ha!), straw yield
(104.3 q ha') and harvesting index (0.48) with application of 150 per cent RDF +
biofertilizer compared to application of 150 per cent RDF alone with productive tillers per
hill (14.4), test weight (26.6 g), grain yield (97.4 q ha!), straw yield (101.9 q ha'!) and
harvesting index (0.49).

In paddy, application of 75 per cent RDF + biofertilizer increased plant height
(62.3,78.4, 96.8 and 100.4 cm), number of tillers per plant (26.5, 47.0, 50.0 and 47.5), dry
matter production (40.70, 86.04,106.23 and 90.74 q ha') at 30, 60, 90 and at harvest,
respectively compare to 100 per cent RDF. Similarly, highest grain yield (73.0 vs. 61.4 q
ha!), straw yield (86.3 vs. 72.7 q ha™!), test weight (29.9 vs. 28.2 g) and harvesting index
(0.45 vs. 0.46) was recorded in same treatment compared to 100 per cent RDF

(Wijebandara et al., 2009).

An experiment conducted to find out the effect of Azospirillum and AMF
(Arbuscular mycorrhizae fungi) on finger millet by Bama and Ramakrishanan (2010)
showed that co-inoculation of Azospirillum and AM fungi significantly enhanced number
of fingers per plant (7.3), ear head length (8 cm) followed by Azospirillum treatment alone.
Similarly, it showed increased plant biomass (5.01 and 8.12 g plant™), shoot length (16.6
and 21.2 cm) and root length (31.6 and 52.6 cm) at 30 and 45 days after sowing,
respectively. The grain productivity in co-inoculants recorded 36.8 per cent increased yield

over their respective control.

Application of recommended fertilizer + ZnSO4 + gypsum + Azotobacter showed
significantly higher number of tillers (8 vs. 4 plant '), ear head (8 vs. 3 plant '), number of
fingers (43 vs. 25 plant™!) and yield (61 vs. 49 q ha™') in finger millet under rainfed
condition (Sridhara et al., 2010).

A study carried out by Iwuagwu et al. (2012) on the effect of biofertilizers on the
growth of maize reported that application of Azotobacter + Azospirillum + PSB showed
higher plant height (38.85 cm) followed by application of Azotobacter + Azospirillum
(38.65 cm) 10 days after planting.

8 Shafnas, I.,  M.Sc. (Agri.) 2020



Study conducted by Mudalagiriyappa et al. (2012) on nutrient management
practices on growth and yield of rabi sorghum revealed that 50 per cent RDF + FYM 2.5t
ha! + microbial consortia increased plant height (11.06 %), panicle length (27.94 %),
panicle diameter (25.4 %) test weight (10.22 %), grain yield (26.66 %) and straw yield
(31.48 %) over 50 per cent RDF + FYM 2. 5 tha'l.

Goutami (2013) conducted an experiment to study the nutrient management in rice
— soghum and revealed that application of 150 kg N ha! + FYM + biofertilizers
(Azospirillum, PSB and PGPR) increased plant height (177 cm), length of ear (24 cm), no.
of grain per ear (1271), test weight (31.29 g), grain yield (35.8 q ha'') and straw yield (69.4
q ha'') compared to application of 150 kg N ha™! alone (161 ¢cm, 22.8 cm, 1125, 28.43 g,
29.1 g ha! and 61.4 q ha’!, respectively).

Abdullahi et al. (2014) conducted a field experiment to study the effect of bio-
fertilizer, Arbuscular mycorrhizal fungi (AMF) (Glomus mosseae) and Azospirillum
brasilense alone or in combination with cow dung (CD) or poultry manure (PM) on growth
of pearl millet. They found significant increase in plant height (67.4 cm), number of tillers
plant! (3.0), shoots (5.8 g) and root (2.6 g) dry biomass in treatment which received cow
dung + biofertilizers compared to number of tillers plant™ (2.2), shoot (3.2 g) and root (1.2

g) dry biomass in control.

The effect of levels of phosphorus and potassium on growth, yield, nutrient content
of finger millet (Eleusine coracana L.) conducted by Shruthi (2014), revealed that plant
height at harvest (123.50 vs. 118.80 cm), number of tillers per plant (4.72 vs. 4.38), number
of ear head per plant (4.74 vs. 4.41), number of finger per ear head (6.40 vs. 5.83), ear head
length (6.92 vs. 6.43 cm), test weight (4.13 vs. 3.64 g), grain yield (3878.5 vs. 3433.0 kg
ha') and straw yield (4499.5 vs. 4025.6 kg ha™') of finger millet crop was significantly
higher in treatment which received 100 per cent NPK + FYM + P and K solubilizer
compared to 100 per cent NPK + FYM alone.

Ram et al. (2015) conducted experiment on effect of bio-fertilizers and nitrogen

management on yield and soil fertility of pearl millet under rainfed condition and revealed
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that inoculation of Azotobacter + PSB increased grain and fodder yield (819 and 3197 kg
ha’!, respectively), compare to sole inoculation of PSB (879 and 3130 kg ha!) and
Azotobacter (853 and 3058 kg ha'') grain and fodder yield, respectively.

Kumar (2016) recorded that application of 50 per cent P + FYM @ 7.5 kg ha™! +
PSB @ 5.0 kg ha'! increased grain yield (2200 kg ha™), straw yield (4550 kg ha') and
harvesting index (32.5 %) compared to grain yield (9900 kg ha™), straw yield (2800 kg
ha!) and harvesting index (24.4 %) with 50 per cent P + FYM @ 7.5 kg ha! in finger

millet.

The study on effect of NPK with biofertilizers on growth, yield and nutrient uptake
of wheat by Singh ef al. (2016) showed increase in growth and yield with increase in the
NPK fertilizer levels. Significantly highest grain yield (54.10 q ha!) and straw yield (79.69
q ha'') was found in treatment which received 125 per cent RDF along with biofertilizers

over control.

Recommended NPK + FYM 7.5 t ha! + PGPR @ 2 kg ha™! increased plant height
(140.47 cm), number of tillers per plant (3.40), total dry weight (49.40 g), number of ear
heads per plant (2.40), test weight (3.57 g), grain yield (50.73 q ha™!), straw yield (73.70 q
ha') and harvesting index (0.33) compared to plant height (139.60 cm), number of tillers
per plant (3.13), total dry weight (45.77 g), number of ear heads per plant (2.00), test weight
(3.27 g), grain yield (44.74 q ha), straw yield (69.03 q ha'') and harvesting index (0.33)
in treatment which received NPK + FYM 7.5 t ha'! (Thimmaiah et al., 2016).

Effect of biofertilizers and inorganic fertilizers on soil health, growth and yield of
rice (Oryza sativa L.) crop was conducted by Yuvaraj (2016) and found significantly higher
grain (64.92 q ha!) and straw yield (79.68 q ha') in the treatment receiving inorganic
fertilizers along with consortium biofertilizers (RD N and P + Azospirillum + PSB +
PGPR). While, least was in treatment which received 75 per cent of N and P (59.44 and
73.62 q ha'!, respectively).

Finger millet grown under three-year-old Melia azedarach in red sandy loam soil

with different management study revealed that application of 75 per cent RD N +
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Azospirillum + PSB increased plant height by 8.17, 11.89 and 8.09 per cent over 75 per
cent RD N + 25 per cent N FYM at 30, 60 DAS and at harvest, respectively. Similarly,
application of 75 per cent RD N + Azospirillum + PSB significantly increased fingers per
ear head (6.90 vs. 6.63), finger length (8.67 vs. 6.63 cm), ear head weight (4.27 vs. 3.56 g),
test weight (3.26 vs. 2.56 g), grain yield (2681 vs. 1828 kg ha!) and straw yield (5063 vs.
3745 kg ha™!) over application of 75 per cent N + 25 per cent N FYM alone. (Pallavi ef al.,
2017).

Performance of finger millet (Eleusine coracana L. Gaertn.) under integrated
nutrient management practices studied by Ashok Kumar Roy (2018) found that application
of FYM (10 t ha™!) + biofertilizer (Azospirillum brasilense + Bacillus spp. + Psuedomonas
Sflurosence @ 20 g kg™ seed each) + ZnSO4 (12.5 kg ha) + Borax (5 kg ha™) + 100 per
cent RDF increased plant height by 53.12, 131.70, 99.67 and 96.59 per cent at 30, 60, 90

DAS and at harvest respectively over absolute control.

Gupta (2018) worked on effect of Integrated use of fertilizers and biofertilizers on
performance of maize and soil properties in a Vertisol and found that application of RDF
+ Azotobacter + Azospirillum + PSB + VAM increase grain yield (3329 kg ha!), straw
yield (10984 kg ha') and harvesting index (23.26 %) compared to RDF + Azotobacter
(3121 kg ha'!, 10587 kg ha! and 22.77 %), RDF + PSB ( 2763 kg ha'!, 9711 kg ha! and
22.15 %) and RDF (2547 kg ha!, 9123 kg ha™ and 21.83 %).

Study on yield and nutrient uptake of finger millet as influenced by organics and
liquid biofertilizer consortium was conducted by Lavanya et al. (2018) reported increase
in grain yield (1029 kg ha') with application of RDF + liquid microbial consortia
(phosphorus solubilising bacteria (PSB) + Azospirillum + Potash releasing bacteria (PRB)
@ 3.75 1 ha! + vesicular Arbuscular Mycorrizae @ 12.5 kg ha!) compared to RDF alone
(942 kg ha™).

Rangesh Kumar et al. (2018) compiled the long-term experiment (6 years) on
upland irrigated system with 10 different treatments in finger millet. Among those

treatments 100 per cent NPK (52:15:32 kg ha!) + FYM (5 kg ha'!) + Lime + Bio fertilizer
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(Azotobacter and PSB @ 4 kg each ha™') showed significantly higher grain yield (2.72 t
ha') and straw yield (4 t ha™') as compared to absolute control (1.14 t ha™! and 2.92 t ha™!,

respectively).

Singh et al. (2018) cited that application of biofertilizer (Pseudomonas fluorescens,
Azotobacter chroococcum, Azospirillum lipoferum, Acetobacter diazotrophicus and one
fungi- Trichoderma viride @ 10-25 gkg™') in combined treatment with all the bioinoculants
enhanced the grain (30.1q ha™!) and straw (107.7 q ha™!) yield compared to control (16.8
and 87.4 q ha'!, respectively) in pearl millet.

Growth, yield and quality of finger Millet (Eleusine coracana L. Gaertn) as
influenced by Integrated Nutrient Management was the work done by Harika et al. (2019)
and reported that application of 75 per cent RDF +FYM 2 t ha™'+ Azospirillum increased
grain (1191 kg ha') and straw (3882 kg ha!) yield over 75 per cent RDF +FYM 2 t ha"
1(1176 and 3951 kg ha!, respectively).

Kejiya et al. (2019) studied the effect of phosphatic fertilizers on yield and quality
of finger millet (Eleusine coracana L.) and reported that application of 75 per cent RDF +
PSB + VAM increased grain (4157 kg ha') and straw (8387 kg ha™!) yield compared to
100 per cent RDF (3846 and 8382 kg ha™!, respectively) application in finger millet.

A field experiment was conducted to evaluate the effect of Integrated Nutrient
Management (INM) on growth and yield of foxtail millet in Madurai district showed
significantly higher grain (1680 kg ha') and straw (3552 kg ha™!) yield with application of
75 per cent RDF+ 25 per cent Azophos compared to 100 per cent RDF (1543 and 3245 kg
ha’!, respectively) (Monisha et al., 2019).

Rani et al. (2019) reported the effect of liquid biofertilizers on growth and yield of
rabi sorghum (Sorghum bicolor L.) and found that seed treatment with Azospirillum @,
4ml + PSB @ 4 ml kg! seed increased grain yield (2.33 t ha'!), straw yield (5.43 tha!) and
harvesting index (28.7 %) compared to control (1.35 t ha! of grain yield, 4.75 t ha! of
straw yield and 24.4 % of harvesting index).

12 Shafhas, I., M.Sc. (Agri.) 2020



Gangaraddi et al. (2020) worked on biofertilizer effect on finger millet crop
revealed that application of microbial consortia (Azotobacter chroococcum., Bacillus
megaterium and Pseudomonas fluorescens) recorded increase in plant height (20.78 cm)
followed by 4. chroococcum + B. megaterium (19.57 cm) at 30 days after transplanting
(DAT). While, at 60 days height was highest (37.46 cm) in treatment which received
A. chroococcum + B. megaterium + P. fluorescens followed by A. chroococcum +

P. fluorescens (34.16 cm).

2.5 Effect of bio- enriched FYM and inorganic fertilizer on soil physical properties

Nisha ef al. (2007) reported that physical structure of the soil was influenced by
application of biofertilizer and reported significant decline in bulk density from 1.09 to
1.04 and 1.04 to 1.02 gm cm™ in pearl millet and wheat, respectively. Similarly, application
of biofertilizer increased water holding capacity (39.7 to 40.5 and 38.0 to 38.75 %),
hydraulic conductivity (0.75 to 0.95 and 1.32 to 2.06 cm h'') and mean weight diameter
(0.38 to 0.65 and 0.45 to 0.64 mm) at the end of both pearl millet and wheat crop.

Saha ef al. (2010) observed that continuous application of balanced nutrition, lime,
FYM and microbial inoculants over a period of five years under maize- mustard cropping
sequence in acidic soil induced substantial improvement in soil aggregate size (48.82 %),
stability (39.57 %), water holding capacity (54.67 %) and porosity (32.41 %) over the

treatment which received only inorganic fertilizer.

Banerjee ef al. (2011) studied influence of Integrated Nutrient Management on soil
properties of old Alluvial soil under mustard cropping system and found significant
decrease in bulk density and particle density by 17.75 and 11.21 per cent and increase in
porosity and water holding capacity by 14.92 and 22.24 per cent in biofertilizer inoculated

plot after harvest of crop compared to before sowing.

Experiment entitled nutrient management in rice — sorghum was conducted by
Goutami (2013) found that application of 150 kg N ha'! + FYM + biofertilizers
(Azospirillum, PSB and PGPR) reduced bulk density (1.42 Mg m™) and increased particle

Studies on bio-enriched FYM ..... Finger Millet (Eleusine coracana (L.) Gaertn) under dryland condition 13



density (2.69 Mg m~) and porosity (48.72 %) compared to absolute control (1.49 Mg m™,
2.61 Mg m? and 42.91 %, respectively).

Effect of integrated nutrient management practices on physico chemical properties
of soil under different growth stages of finger millet was studied by Chikkaramappa et al.
(2014) and revealed that application of FYM + 100 per cent RDF + Azospirillum recorded
higher water holding capacity (32, 32 and 31.66 %) at maximum tillering stage, earhead
initiation and harvesting stage, respectively compared to 100 per cent RDF alone (23.3, 23

and 23.66 %, respectively).

The influence of biofertilizer inoculation, viz., Azotobacter (AZT) and phosphate
solubilising bacteria (PSB) alone and in different combinations with recommended dose of
chemical fertilizer (NPK) on cotton crop was tested by Doifode (2016) and recorded that
water holding capacity (WHC) was 66.25 per cent. The post-harvest soil analysis showed
maximum WHC (69.74 %) in the treatment AZT + PSB followed by 50 per cent RDF +
AZT (69.54 %) while minimum (61.54 %) was recorded in 100 per cent RDF.

A field experiment conducted to find out the effect of integrated use of urea, zinc,
poultry manure and Azotobacter on physico-chemical properties of soil under rice crop
(Oryza sativa L.) found increase in bulk density in treatment which received 50 per cent
N through poultry manure + 50 per cent N through urea + Zn (1.30, 1.34 and 1.40 Mg
m™) at 30, 60 days after transplanting and at harvest, respectively compared to 50 per cent
N through poultry manure + 25 per cent N through urea + Azotobacter + Zn (1.27, 1.31
and 1.36 Mg m™) (Kumar, 2016).

Experiment comprising four fertility levels (control, 50 % RDF, 75 % RDF, and
100 % RDF) and four biofertilizers levels (control, PSB, Rhizobium and Rhizobium +
PSB) on black gram conducted by Chetan et al. (2017) found that bulk density, particle
density and porosity was not significantly affected by application of biofertilizers but there
was slight reduction in bulk density and particle density by 4.41 and 1.14 per cent,
respectively and increased porosity by 3.52 per cent was noticed due to application of PSB

+ Rhizobium over control.
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Soil BD was markedly decreased by 4.69 per cent with application of 60 per cent
chemical fertilizers + biofertilizers (B. subtilis and B. subtilis) treatment, compared with

60 per cent chemical fertilizers + organic fertilizers treatment (Li et al., 2017).

2.5 Effect of bio- enriched FYM and inorganic fertilizer on soil chemical properties

Ramalakshmi et al. (2008) studied the influence of biofertilizer on soil physico-
chemical and biological properties during cotton cropping period and reported that the
biofertilizer inoculation resulted in shift in the pH reducing the alkalinity with
biofertilizers, while the organic carbon increased slightly in soils inoculated (0.34 — 0.38
%) treatments compared to uninoculated soil (0.30 %). The available nitrogen status of soil
was higher (179- 182 kg ha'') where Azospirillum was component, while the treatment with
mycorrhiza and Phosphobacteria increased the available soil phosphorus (10.7- 11.1 kg
ha!). Higher soil potassium (456 kg ha™') was observed with co-inoculation of Azophos

and mycorrhiza compared to control (132, 7 and 364 kg ha! of NPK, respectively.)

Saha et al. (2010) found that application of lime, organic manure and biofertilizer
along with graded doses of N, P, and K resulted in the greatest total N content of the soils.
The available N content of the soils varied from 246.72 kg ha™! in the control to 501.82 kg
ha™! with the application of optimum doses of NPK + lime + FYM + biofertilizer. Similarly,
the available P (Bray’s P) significantly varied from 6.61 kg ha™! (control) to 32.85 kg ha™!
(100 % NPK + lime + FYM + biofertilizer) and available K content varied from 124.14 kg
ha™! (control) to 243.62 kg ha™!' (100 % NPK + FYM + lime + Biofertilizer).

According to Dass et al. (2013) application of 50 per cent RF + 2.5 t ha™! Gliricidia
+2.5kg ha ! each of PSB and Azotobacter increased SOC (0.46 vs. 0.41 %), soil available
N (278 vs. 240 kg ha™'), available P (14.7 vs. 12.1 kg ha™'), and available K (307 vs. 279
kg ha™!) compared to farmers input (FYM at 2 t ha ! + 17:12:0 kg N, P,0s, K>0).

Goutami (2013) conducted an experiment on nutrient management in rice —
sorghum and reported that application of 150 kg N ha! + FYM + biofertilizers
(Azospirillum, PSB and PGPR) incremented available nitrogen (197 and 176 kg ha™),
phosphorus (44.9 and 42.7 kg ha'!), potassium (974 and 842 kg ha™), zinc (0.37 and 0.41
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mg kg™!), iron (13.20 and 12.00 mg kg™!), copper (4.87 and 3.68 mg kg'!) and manganese
(8.54 and 6.98 mg kg™!) over application of 150 kg N ha! at flowering and after harvest of

sorghum crop, respectively in soil.

Chikkaramappa et al. (2014) studied the effect of integrated nutrient management
practices on physico chemical properties of soil under different growth stages of finger
millet and reported that application of FYM + 100 per cent RDF + Azospirillum recorded
higher organic carbon (0.62, 0.52 and 0.5 %), EC (0.29, 0.29 and 0.29 dS m™"), available N
(448.5, 4459.6 and 314.6 kg ha!), P,Os (14, 19.1 and 17.2 kg ha!), K»O (383.4, 373.37
and 276.29 kg ha!), S (17.06, 19.73 and 19.60 ppm), exchangeable Ca (4.51, 5.0 and 2.90
¢ mol (P*) kg!) and exchangeable Mg (2.22, 2.80 and 1.78 ¢ mol (P*) kg'!) at maximum
tillering stage, ear head initiation and harvesting stage, respectively compare to 100 per

cent RDF.

Shruthi (2014) revealed that application of 100 per cent NPK (POP) + FYM+
phosphorus and potassium solubilizers reduced soil pH (7.22) and increased EC (0.38 dS
m™), OC (0.60 %), available nitrogen (233.04 kg ha!), phosphorus (116.13 kg ha'!) and
potassium (440.70 kg ha!) compare to treatment which received 100 per cent NPK alone.

Ram et al. (2015) found that co-inoculation of Azotobacter + PSB increased the
available nitrogen (0.5 and 2.02 %), phosphorus (3.63 and 9.61 %) and potassium (1.32
and 1.91 %) over independent inoculation of PSB and Azotobacter, respectively in pearl

millet grown soil for four years.

Study on effect of biofertilizers consortium (PSB + PGPR), organic and inorganic
fertilizers on physico-chemical properties of rhizospheric soil in pea crop revealed that Soil
electrical conductivity (0.224 dS m™), available nitrogen (123.8 kg ha™!) and available
potassium (121.9 kg ha™!) were significantly higher in treatments which received 50 per
cent farm yard manure + 50 per cent recommended dose of nitrogen and phosphorus +
consortium. However, soil organic carbon (0.35 %) and available phosphorus (28.4 kg
ha'') were significantly higher in treatments which received 100 per cent farm yard manure

+ consortium compare to EC (0.22 dS m™"), OC (0.32 %), available N, P and K (110.4, 20.3
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and 113.2 kg ha’!, respectively) in treatments which received recommended dose of

fertilizer alone (Kaur, 2016).

Kumar (2016) reported that application of 50 per cent P + FYM @ 7.5 kg ha™'+
PSB @ 5.0 kg ha™! increased soil nitrogen (69.20 kg ha™'), phosphorus (13.41 kg ha™') and
potassium (130.70 kg ha™!) status compared to 100 per cent P (59.64, 12.99 and 127.97 kg

ha’!, respectively) alone in finger millet cropping system.

Yuvaraj (2016) worked on effect of biofertilizers and inorganic fertilizers on soil
health, growth and yield of rice (Oryza sativa L.) crop and recorded maximum soil pH
(7.18) in treatment which received only inorganic fertilizers alone. Whereas, statistically
higher electric conductivity (0.24), organic carbon (0.35 %), available nitrogen (140.29 kg
ha'!), phosphorus (25.39 kg ha'!) and potassium (169 kg ha™!) was observed in the treatment

with inorganic fertilizers and consortium biofertilizers.

Chetan et al. (2017) conducted an experiment with four fertilizer levels (control, 50
% RDF, 75 % RDF and 100 % RDF) and four biofertilizers levels (control, PSB,
Rhizobium and Rhizobium + PSB) on black gram. The application through seed
inoculation with Rhizobium + PSB significantly increased the organic carbon (12.69 %),
available N (15.80 %), P20s (21.32 %), K20 (6.34 %), Cu (11.45 %), Zn (14.59 %), Fe

(22.37 %) and Mn (25.45 %) content in soil over uninoculated control treatment.

Khipla (2017) found that application of 75 per cent N+ 100 per cent P recorded
highest pH (7.63), while lowest pH (7.51) was observed with application of 100 per cent
N+ 75 per cent P + Azotobacter. However, application of 100 per cent RDF + microbial
consortia showed higher organic carbon (0.32 %), available nitrogen (168.2 kg ha™),
phosphorus (21.3 kg ha!) and potassium (142 kg ha™') compared to 100 per cent RDF (0.30
% of OC, 150.6, 14.3 and 128.1 kg ha™! of NPK, respectively).

Ashok Kumar Roy (2018) studied performance of finger millet (Eleusine coracana
L. Gaertn.) under integrated nutrient management practices and found that application of
FYM (10 t ha') + biofertilizer (Azospirillum brasilense + Bacillus sp. + Psuedomonas
flurosence @ 20 g kg! grain each) + ZnSO4 (12.5 kg ha!) + borax (5 kg ha™') + 100 per
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cent RDF showed higher available nitrogen (233.83 kg ha™!), phosphorus (19.68 kg ha™!)
and potassium (108.96 kg ha™!) followed by treatment which received FYM (10 t ha™!) +
biofertilizer + ZnSO4 (12.5 kg ha!) + borax (5 kg ha™!) + 100 per cent RDF with available
N (230.43 kg ha'!), P (18.94 kg ha'') and K (108.32 kg ha™') in soil.

Effect of biofertilizers (Azotobacter chrococcum + Aspergillus niger) on soil
chemical properties in chilli cropping system was studied by Dhopavkar (2018) and
reported increase in EC (10.67,2.70, 1.88 and 6.6 %), available nitrogen (9.08, 10.11, 5.95
and 6.84 %), phosphorus (13.18, 7.73, 10.69 and 9.24 %) and potassium (9.48, 10.09, 9.66
and 8.85 %) at 30, 60, 90 and at harvest, respectively with combined application of P

solubilizer and K solubilizers over uninoculated treatment.

Gupta (2018) worked on integrated use of fertilizers and biofertilizers in maize crop
and found that application of RDF + Azotobacter + Azospirillum + PSB+ VAM resulted in
higher EC (0.273, 0.231 and 0.223 dS m™"), OC (5.38, 5.11 and 4.97 g kg'") and reduced
pH (7.39, 7.36 and 7.35) compared to EC (0.251, 0.203 and 0.185 dS m™"), OC (5.25, 4.87
and 4.65 g kg'!) and pH (7.40, 7.37 and 7.36) with application of RDF alone at 40, 80 and
at harvest, respectively. Whereas, higher available nitrogen (199.39, 156.61 and 152.35 kg
ha!), phosphorus (19.75, 17.13 and 16.75 kg ha™') and potassium (388.91, 329.88 and
320.95 kg ha'!) was recorded with application of RDF + Azotobacter + Azospirillum +
PSB+ VAM compare to application of RDF at 40, 80 DAS and at harvest respectively.

Study conducted on effect of inoculation of efficient biofertilizers consortia MC1
(Azospirillum + P solubiliser + K solubiliser + VAM) and MC2 ( Azotobacter + P
solubilizer + K solubilizer + VAM) on growth and yield of Pearl millet by Rekha et al.
(2018) revealed highest available nitrogen (147.98 kg ha™'), phosphorus (38.09 kg ha!) and
potassium (288.87 kg ha!) in the treatment which received MC1 + 75 per cent RDF +
FYM. Whereas, lowest available nitrogen (100.35 kg ha'') in the treatment MC2 and
available phosphorus (21.67 kg ha') and potassium (245.53 kg ha™!) were recorded with
application of 100 per cent RDF.
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2.5 Effect of bio- enriched FYM and inorganic fertilizer on soil biological properties

Gogoi et al. (2004) studied the effect of biofertilizer on soil characteristics and
reported significant increase in microbial biomass carbon (87.02 pg g' soil) and
dehydrogenase activity (112.40 ug TPF g soil) in the treatment which received 50 per
cent N + recommended dose of P and K+ Azospirillum +PSB compared to treatment which

received recommended NPK (46.62 pg g soil and 65.04 pg TPF g soil, respectively).

Wu et al. (2005) carried out greenhouse study to evaluate the effects of four
biofertilizers containing arbuscular mycorrhizal fungus (Glomus mosseae or Glomus
intraradices) with or without N-fixer (Azotobacter chroococcum), P solubilizer (Bacillus
megaterium) and K solubilizer (Bacillus mucilaginous) on soil properties and growth of
Zea mays and found significantly higher count of N» fixers (81.4 x 10* CFU g), P
solubilizers (23.5 x 10° CFU g!') and K solubilizers (25.4 x 10° CFU g!) in treatment which
received 50 per cent biofertilizer + organic matter + AMF compared to chemical fertilizer
treatment (1.22 x 10* CFU g'!, 0.36 x 10° CFU g and 0.72 x 10° CFU g, respectively) in

soil.

The effect of biofertilizers application on microbial population in black cotton soil
during the cropping period were observed by Ramalakshmi et al. (2008) and found higher
(110 x10° CFU g!) bacterial population with application of phosphobacteria + 75 per cent
NP and fungal population (110 x10° CFU g™!) in Azospirillum + 75 per cent NP treatment.
Whereas, higher actinomycetes population (39 x10* CFU g') was recorded in treatment

which received Azophos + Mycorrhiza+ 75 per cent NP at 120 DAG.

Saha et al. (2010) observed that continuous application of 100 per cent NPK, FYM,
lime and bio fertilizer recorded significantly higher microbial biomass carbon (97.10 %),
microbial biomass nitrogen (196.20 %) and microbial biomass phosphorus (148.56 %),

than the control.

Experiment entitled nutrient management in rice — sorghum conducted by Goutami
(2013) found that application of 150 kg N ha™! + FYM + biofertilizers (Azospirillum, PSB
and PGPR) significantly increased urease (31.18 and 20.12 %) and dehydrogenase (7.06
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and 9.91 %) activity during flowering and after harvest, respectively compared to

application of 150 kg N ha! alone.

Nandini (2013) studied population dynamics in microbially enriched organic
manures and their influence on microbial population and enzymatic activities in soil and
found that treatment which received RDF + enriched FYM showed higher dehydrogenase
activity by 11.59, 15.79 and 23.52 per cent and urease activity by 15.20, 8.69 and 12.02
per cent at 30, 60 and 90 DAT, respectively over control.

Application of biofertilizers (Azospirillum, Azotobacter P-solubilizing bacteria
and Trichoderma) + 50 per cent N through FYM recorded higher microbial biomass carbon
(541.3 and 487.4 ug g'! of soil), urease activity (1344 and 1288 ug NHs-N g'! soil d!) and
acid phosphatase activity (270 and 204 pg PNP g! soil h'!) at 90 DAP and 120 DAP of
sweet potato compared to control (186.8 and 172.4 ug g™ of soil of MBC; 1268 and 1234
ng NH4-N g'! soil d! of urease activity and 132 and 122 pug PNP g'! soil h'! of acid
phosphatase activity) (Nedunchezhiyan et al., 2013).

Shruthi (2014) worked on effect of reduced phosphorus (P) and potassium (K) level
on K fractions and phosphatase activity in post-harvest soils of finger millet and found that
application of 100 per cent RDF with P solubilizer and K solubilizers increased acid
phosphatase (17.21 ug PNP g! soil hr'!) and alkaline phosphatase activity compare to 100
per cent RDF (14.97 pg PNP g soil hr'!).

Yuvaraj (2016) reported significantly higher soil alkaline phosphatase activity
(9.19 pg PNP g! of soil h'!), soil dehydrogenase (1.60 pug TPF g™ of soil h'!) and soil
urease activity (324.16 pg urease formed g™ of soil h') in the treatment which received

inorganic fertilizer + consortium biofertilizers.

The study conducted by Khipla (2017) with aim to investigate the synergistic effect
of inorganic fertilizers (75 % and 100 % of recommended dose of nitrogen and phosphorus
fertilizer) and biofertilizers (4zotobacter, PSB, Consortium) on microbial population and
enzyme activities in the rhizospheric soil under nursery conditions. The results indicated

significantly higher dehydrogenase activity (14.35 pug TPF formed min™! g of soil),
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alkaline phosphatase activity (2.95 pg PNP formed hr! g! of soil) and urease activity
(394.3 pgurea formed hr! g'! of soil) under conjoint application of consortium biofertilizer

with recommended dose of fertilizers.

Effect of integrated nutrient management on soil enzymes, microbial biomass
carbon and microbial population under okra cultivation by Kumar et al. (2017) showed that
application of farm yard manure enriched with microbial consortia (Phosphate solubilizing
bacteria, Azotobacter, Azospirillum, and Rhizobium) recorded higher microbial biomass
carbon (212.52 pg g') and dehydrogenase activity (118.60 pug TPF g soil 24 h')
compared to application of RDF+ FYM (180.02 pug g and 103.50 pg TPF g! soil 24 h'!,

respectively).

Dhopavkar (2018) worked on effect of biofertilizers (4zotobacter chrococcum +
Aspergillus niger) on soil biological properties in chilli cropping system and found that
application of N fixers and P solubilizers together increased microbial biomass carbon
(18.34, 23.63, 21.38 and 20.99 %), microbial biomass nitrogen (26.81, 25.81, 18.84 and
16.80 %), acid phosphatase (10.93, 12.93, 11.67 and 11.51 %), dehydrogenase (9.78, 19.12,
18.13 and 13.49 %) and urease activity (11.64, 14.58, 12.39 and 13.19 %) at 30, 60, 90

days after transplanting and after harvest, respectively over uninoculated treatment.

Gao et al. (2020) carried out field experiment to study the effect of different
biofertilizers and organic fertilizers and their combination on hybrid maize. Results
revealed higher number of bacterial (15.64, 153.61 and 112.52 x10° CFU g™!), Azotobacter
species (1.03, 11.43 and 10.38 x10* CFU g!), P solubilizers (102.33, 187.30 and 111.28
x10* CFU g!) and K releasing bacteria (179.96, 315.24 and 183.00 x10* CFU g!) at 30,
60 and 90 days after planting, respectively with application of 50 per cent NPK +
biofertilizers (Azotobacter, Bacillus and AMF)

2.8 Effect of bio- enriched FYM and inorganic fertilizer on nutrient content and

uptake

Mudalagiriyappa et al. (2012) studied growth and yield of rabi sorghum and
revealed that application of 50 per cent RDF + FYM 2.5 t ha! + microbial consortia
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increased uptake of nitrogen (50.8 kg ha') and phosphorus (8.8 kg ha!) compared to
treatment which received 50 per cent RDF + FYM 2.5 t ha! (38.6 kg ha™! nitrogen and 8.1
kg ha! phosphorus).

Experiment entitled nutrient management in rice — sorghum was conducted by
Goutami in 2013 and found that application of 150 kg N ha! + FYM + biofertilizers
(Azospirillum, PSB and PGPR) increased, nitrogen (77.41 and 63.17 kg ha™!), phosphorus
(17.18 and 16.28 kg ha!), potassium (24.37 and 116.63 kg ha™!) zinc (76.3 and 198.5 g
ha!), copper (26.52 and 62.48 g ha™!), manganese (148 and 301 g ha!) and iron (591 and
1818 g ha!) in grain and stover, respectively over sole application of 150 kg N ha'! in

sorghum.

Ramakrishnan and Bhuvaneshwari (2014) studied the effect of inoculation of AM
fungi and beneficial microorganisms on growth and nutrient uptake by Eleusine coracana
(L.) Gaertn. (finger millet) under pot culture experiment and noticed that application of
AM fungi + Azospirillum~+ PSB significantly increased uptake of nitrogen (5.42, 10.12 and
12.40 kg ha') and phosphorus (3.08, 70 and 6.43 kg ha™!) at 30, 60 and 90 days of plants
respectively, followed by inoculation with AM fungi+ PSB alone.

Shruthi (2014) found that application of 100 per cent NPK + FYM + P and K
solubilizer to finger millet increased content of nitrogen (1.08 and 0.71 %), phosphorus
(0.38 and 0.19 %), potassium (0.90 and 1.07 %), calcium (0.51 and 1.03 %), magnesium
(0.30 and 0.66 %), sulphur (0.38 and 0.75 %), iron (58.63 and 55.35 mg kg!), copper
(10.38 and 7.54 mg kg™!), zinc (30.77 and 22.42 mg kg™') and manganese (92.57 and 69.09
mg kg!) in grain and straw, respectively compared to 100 per cent NPK + FYM. Similar

was the trend with respect to NPK uptake in both grain and straw.

Abdel-Salam et al. (2015) carried out a pot experiment to study the interaction
effect of biofertilizers using Na-fixers (4. chroococcum + A. brasilense), P-solubilizers
(Bacillus megaterium) and K-solubilizers ((Bacillus circulans) on sorghum. The study
revealed that nutrient uptake increased from 63 per cent with K solubilizers to 140 per cent

with N2 fixers + PSB. The nitrogen and phosphorus uptake ranged from 88 per cent (N2
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fixers + K solubilizers) to 224 per cent (N> fixers + PSB + K solubilizers). However sole

application of K solubilizers gave 130 per cent potassium uptake compared to control.

Kumar (2016) found that application of 50 per cent P+ FYM @ 7.5 kg ha'+ PSB
@ 5.0 kg ha! increased grain and straw uptake of nitrogen by 43.90 and 39.67 per cent,
potassium by 58.46 and 21.66 per cent, phosphorus by 45.76 and 105.88 per cent, calcium
by 22.95 and 27.94 per cent and iron by 66.66 and 24.44 per cent over 50 per cent P +
FYM @ 7.5 kg ha! in finger millet.

Pallavi et al. (2016) studied the effect of INM on soil fertility and productivity on
finger millet and recorded higher nitrogen concentration (2.67, 1.27 and 0.72 %) with
application of 75 per cent RD N + Azospirillum + PSB, followed by treatment which
received 75 per cent RD N + Azospirillum (2.64, 1.26 and 0.72 %) and 75 per cent RD N
+ PSB (2.56, 1.25 and 0.71 %) at 30, 60 DAS and at harvest, respectively. The
concentration of phosphorus was high (0.256, 0.200 and 0.146 %) with application of 75
per cent RD N + Azospirillum + PSB, followed by treatment which received 75 per cent
RD N + Azospirillum (0.254, 0.195 and 0.143 %), while potassium concentration was
found high with application of 75 per cent RD N + Azospirillum + PSB (0.96, 1.80 and
2.51 %), followed by treatment which received 75 per cent RD N + Azospirillum (0.95,
1.79 and 2.36 %) at 30, 60 DAS and at harvest, respectively.

Yuvaraj (2016) conducted experiment on effect of biofertilizers and inorganic
fertilizers on soil health, growth and yield of rice (Oryza sativa L.) and observed that 100
per cent NP + Azospirillum + PSB + PGPR application increased concentration of N and
K in straw (0.69 % N and 1.8 % K) and in grain (1.49 % N and 0.75 % K). Whereas,
phosphorus uptake in straw (0.05 %) and grain (0.39 %) was high in treatment which

received 75 per cent NP + microbial consortia.

Togas et al., 2017 conducted an experiment on effect of Azotobacter on growth and
yield of pearl millet and revealed that application of Azotobacter increased N (1.76 and

0.51 %), P (0.279 and 0.135 %) and K (0.592 and 1.955 %) content in grain and straw
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respectively, compared to uninoculated treatment (1.65 and 0.47 % of N, 0.264 and 0.128
% of P and 0.543 and 1.868 % of K).

Ashok Kumar Roy (2018) studied the performance of finger millet (Eleusine
coracana L. Gaertn.) under integrated nutrient management practices and found that
application of FYM (10 t ha'') + biofertilizer (Azospirillum brasilense + Bacillus spp. +
Psuedomonas flurosence @ 20 g kg™ seed each) + ZnSO4 (12.5 kg ha™!) + Borax (5 kg
ha') + 75 per cent RDF increased total uptake of nitrogen (93.10 kg ha!) and phosphorus
(20.36 kg ha!) , but uptake of potassium was highest (107.14 kg ha!) in treatment which
received FYM (10 t ha!) + biofertilizer + ZnSO4 (12.5 kg ha!) + Borax (5 kg ha™') + 100

per cent RDF compared to control.

Dhopavkar (2018) worked on effect of biofertilizers (4zotobacter chrococcum +
Aspergillus niger) on nutrient uptake in chilli and found that application of N fixers and P
solubilizers together increased uptake of nitrogen by 28.75, 27.66, 26.05 and 37.07 per
cent, phosphorus by 27.27, 22.77, 18.46 and 25.77 per cent, potassium by 31.21, 24.73,
24.18 and 31.77 per cent, iron by 20.06, 18.44, 16.06 and 20.64 per cent, manganese
by16.55, 16.44, 9.93 and 17.04 per cent, copper by 21.18, 19.32, 9.86 and 20.58 per cent
and zinc by 17.21, 14.53, 11.04 and 20.84 per cent over non inoculated treatment at 30, 60,

90 days after transplanting and after harvest respectively.

Gupta (2018) found that application of RDF + Azofobacter + Azospirillum + PSB
+ VAM showed higher content of nitrogen (1.63, 1.57 and 1.55 %), phosphorus (0.45, 0.43
and 0.41 %) and potassium (0.71, 0.59 and 0.48 %) compared to concentration of nitrogen
(1.48, 1.31 and 1.23 %), phosphorus (0.31, 0.27 and 0.24 %) and potassium (0.47, 0.31 and
0.16 %) in RDF at 40, 80 DAS and at harvest.

Lavanya et al. (2018) conducted a work on yield and nutrient uptake of finger millet
as influenced by organics and liquid biofertilizer consortium and revealed that application
of RDF + liquid microbial consortia (phosphorus solubilising bacteria (PSB) +
Azospirillum + Potash releasing bacteria (KRB) @ 3.75 1 ha'! + Vesicular Arbuscular
Mycorrizae (VAM @ 12.5 kg ha™!) increased uptake of N (89.1 kg ha!), P (30.0 kg ha'!)
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and K (106.7 kg ha') compared to application of RDF alone (87.2, 27.3 and 103.0 kg

ha’!, respectively).

Pot culture experiment conducted by Rekha er al. (2018) with two microbial
consortia MC1 (Azospirillum + P solubiliser + K solubiliser + VAM) and MC2
(Azotobacter + P solubiliser + K solubiliser + VAM) along with recommended dose of
FYM and chemical fertilizers found highest NPK uptake was observed in the treatment
which received MC1 +75 per cent RDF+ FYM (40.51 kg ha!, 25.02 kg ha’!, 60.24 kg
ha’!, respectively) and lowest N (23.25 kg ha!), P (14.97 kg ha!) was in the treatment
which received MC2, while K (46.56 kg ha™!) was in 100 per cent RDF.

Rangesh Kumar et al. (2018) interpreted the long-term experiment (6 years) on
upland irrigated system in finger millet and found that 100 per cent NPK (52:15:32 kg ha
Y+ FYM (5 kgha!) + lime + biofertilizer (Azotobacter and PSB @ 4 kg each ha!) resulted
in highest phosphorus (3.7 g kg™!), potassium (6.1 g kg™!), calcium (3.9 g kg™!), magnesium
(2.4 g kgh), sulphur (0.9 g kg!), manganese (104 mg kg!), iron (46 mg kg™!), zinc (24 mg
kg™!) and copper (11 mg kg™!) in grain compared to the absolute control.

Singh et al. (2018) inoculated pearl millet seed with biofertilizer and observed that
combined treatment having all the bioinoculants (Pseudomonas fluorescens, Azotobacter
chroococcum, Azospirillum lipoferum, Acetobacter diazotrophicus and one fungi-
Trichoderma viride @ 10 - 25 g kg'") enhanced uptake of nitrogen (59.03 kg ha™! in grain
and 79.76 kg ha™! in stover) and phosphorus (9.21 kg ha™! in grain and 8.71 kg ha! in stover)

over control.

Application of PGPR + PSB+ 100 per cent NP and PGPR + PSB + 75 per cent NP
showed per cent increase in phosphorus content by 8.09 and 6.22 per cent in straw and

18.68 and 0.47 per cent in grain, respectively over control in maize crop (Ahmed et al.,

2020).

Gangaraddi et al. (2020) reported that inoculation of finger millet with Azotobacter
chroococcum + Bacillus megaterium + Pseudomonas fluorescens increased uptake of

nitrogen (106.46 mg) and phosphorus (64.84 mg) per plant followed by 4. chroococcum
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+B. megaterium (94.06 and 57.29 mg, respectively) and B. megaterium + P. fluorescens
(82.92 and 50.63 mg, respectively). Among single strain biofertilizers, nitrogen and
phosphorus per plant was higher (62.24 and 38.30 mg) with application of B. megaterium
compared to P. fluorescens (55.49 and 33.30 mg) and A. chroococcum (46.94 and 28.59

mg).

2.9 Effect of bio- enriched FYM and inorganic fertilizer on economics of finger millet

Effect of nutrient and biofertilizers (4zospirillum + Phosphobacterin) application
on yield and yield component of rice was conducted by Mathews et al. (2006) and recorded
higher cost of cultivation (Rs. 14724), gross return (Rs. 54728), net return (Rs. 40004) and
B: C ratio (3.71) with application of 150 per cent RDF + biofertilizer compared to cost of
cultivation (Rs. 14514), gross return (Rs. 54020), net return (Rs. 39506) and B: C ratio
(3.72) in the treatment which received 150 per cent RDF alone.

Prabudoss et al. (2014) worked on Integrated nutrient management (INM) on
growth, yield and economics of transplanted kodo millet and revealed that application of
75 per cent RDF+ Azospirillum recorded higher cost of cultivation (Rs. 19672), gross return
(Rs. 36941), net return (Rs. 17269) and return per rupee invested (1.87) compared to 75
per cent RDF alone (Rs. 18192, Rs. 33711, Rs. 15519 and 1.85, respectively).

Kumar (2016) revealed that application of 50 per cent P + FYM @ 7.5 kg ha! +
PSB @ 5.0 kg ha'! recorded higher gross return (Rs. 28675), net return (Rs. 18209) and B:
C ratio (1.73) compared to 50 per cent P+ FYM @ 7.5 kg ha™! (Rs. 22113, Rs. 11827 and
1.15, respectively).

Economic evaluation of finger millet under different nutrient management practices
by Pallavi et al. (2016) showed that application of 75 per cent N+ Azospirillum + PSB
resulted in higher gross return (Rs. 34011), net return (Rs. 18990) and B:C ratio (2.26)
compared to 75 per cent N+ 25 per cent FYM (Rs. 29293, Rs. 12762 and 1.77,

respectively).
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Application of recommended NPK+ FYM 7.5 t ha'+ PGPR @ 2 kg ha! showed
higher gross return (Rs. 82572), net return (Rs. 58452) and B: C ratio (2.42) compared to
application of recommended NPK+ FYM 7.5 t ha! with gross return Rs. 72730, net return
Rs. 49610 and B: C ratio 2.14 in finger millet (Thimmaiah et al., 2016)

According to Vachan and Tripathim (2017) addition of 75 per cent RDF+
Azospirillum + PSB to onion resulted in higher gross return (Rs. 193494), net return (Rs.
134246) and B: C ratio (3.27) compared to 100 per cent RDF alone (Rs. 147678 gross
return, Rs. 84103 net return and 2.32 B: C ratio).

Application of FYM (10 t ha™) + biofertiizers (4zospirilllum brasilense, Bacillus
spp., Psuedomonas flurosence @ 20 g kg! seed each recorded higher gross return (Rs.
40104), net return (Rs. 22851) and B: C ratio (1.32) compared to FYM 10 tha! (Rs. 34597,
Rs. 17524 and 1.03) in finger millet (Ashok kumar Roy, 2018).

Shankar ef al. (2018) conducted a study on yield and economics of finger millet
and redgram in rotation, influenced by zinc, boron and biofertilizer nutrition and revealed
that application of NPK + ZnSOs @ 12.5 kg ha'+ VAM + PSB+ Rhizobium recorded
higher B: C ratio (1.47) compared to application of NPK + ZnSOs @ 12.5 kg ha alone
(1.42) in finger millet.

Effect of different levels of P and liquid biofertilizers application on growth, yield
attributes and yield of maize was studied by Sivamurugan ef al. (2018) and reported that
application of 60 kg P,Os ha™! + NPK consortia resulted in higher net return (Rs. 44834)
and B: C ratio (2.02) compared to application of 90 kg ha™ of P,Os alone (Rs. 28388 and
1.63, respectively).

Study on effect of liquid biofertilizers on growth and yield of rabi sorghum
(Sorghum bicolor L.) revealed that seed treatment with Azospirillum @ 4ml +PSB @ 4ml
kg! seed increased gross return (Rs. 75850), net return (Rs.51217) and B:C ratio (2.10)
compared to control (Rs. 50501, Rs. 26667 and 1.14, respectively) (Rani ef al., 2019).
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III MATERIAL AND METHODS

A field experiment entitled “Studies on bio-enriched farm yard manure (FYM) on
soil properties and productivity of finger millet (Eleusine coracana (L.) Gaertn) under
dryland condition” was conducted during the year 2019-20. The details of materials used,

procedures and methods adopted during experimentation are presented in this chapter.

3.1 Location of the experimental site

The field experiment was carried out during Kharif-2019 at AICRP for Dry Land
Agriculture, UAS, GKVK, Bengaluru — 65. It is located in the Eastern Dry zone of
Karnataka at 13° 05' N latitude and 77° 34' E longitude with an altitude of 924 meters above
Mean Sea Level (MSL).

3.2 Climatic condition

The meteorological data pertaining to monthly total rainfall, maximum and
minimum temperature, mean relative humidity and their normal value are presented in

Table 3.1 and Fig. 3.1.

3.2.1 Normal climatic condition

The normal meteorological data was taken between 1972 and 2018 for rainfall and
between 1976 and 2018 for temperature and mean relative humidity (Fig 3.1). The normal
maximum rainfall was observed during September (195.0 mm) and minimum in January
(1.4 mm) with total normal rainfall of 915.9 mm. Whereas, the maximum (29.3 °C) and
minimum (17.9 °C) normal mean temperatures was observed with a mean relative humidity

of 85.0 per cent during the cropping year.

3.3.2 Actual weather condition

The total rainfall of 2019 at AICRP for Dryland Agriculture, GKVK, Bengaluru
was 899.1 mm with maximum rainfall during October (233.0 mm) and minimum during
January and March (0.0 mm). Comparing to the normal rainfall data, a higher positive

deviation in rainfall was observed during October (71.2 mm) and negative deviation during
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July (68.9 mm) and however, 16.8 mm of lower rainfall was observed during 2019. The
maximum and minimum temperature of 29.8 °C and 18.2 °C was observed during the
cropping year, which showed 0.5 °C and 0.3 °C increase over mean normal maximum and
minimum temperature. Relative humidity of 87.6 per cent was recorded during the

cropping period and showed 2.6 per cent increase over normal relative humidity.

Table 3.1: Meteorological data of the experimental area during 2019 and normal

value at GKVK, Bengaluru.

Mean temperature (°C) Mean Relative

Humidity (%)

Year/
Months

Rainfall (mm)
Maximum Minimum

2019 N A D N A | D| N A | D| N A | D

January 14 | 0.0 [-14(274(279|0.5|14.0(13.1]|-0.9|86.0|89.5]|3.5

February | 85 | 24.0 [ 15.5/30.0(30.60.6|154|17.2|1.8 | 81.0 879 |6.9

March 175 | 0.0 |-17.5/32.633.8/1.2|18.0|20.1]2.1|76.0|81.0|5.0

April 459 | 22.8 |-23.1|33.834.7]0.9]20.5{20.7|0.2 | 80.0 | 78.1 [-1.9

May 106.8 | 126.4 | 19.6 | 33.033.7 0.7 | 20.5|20.3 |-0.2| 82.0 | 80.6 |-1.4

June 78.6 | 883 | 9.7 {29.5]30.6|1.1|19.6[19.5|-0.1| 86.0 | 86.0 | 0

July 103.1 | 34.2 |-68.9]28.2|29.5]|1.3|19.1|18.8(-0.3] 88.0 | 90.0 | 2.0

August 129.0 | 172.2143.2 1 27.7|27.5(-0.2| 18.9 | 18.1 [-0.8] 89.0 | 92.5 | 3.5

September | 195.0 | 186.6 | -8.4 | 28.2|27.9 (-0.3]18.9 | 18.5|-0.4| 89.0 | 92.1 | 3.1

October |161.8|233.0(71.2|279(27.7|-0.2]183|183| 0 | 88.0 |92.6 | 4.6

November | 55.5 | 10.0 |-45.5{26.7|27.7| 1 |16.6|16.9(0.3|87.0|90.3|3.3

December | 12.7 | 1.6 |-11.1{26.3]26.0-03|14.716.4|1.7|87.0 |91.2|4.2

Total/Mean | 915.9 | 899.1 |-16.8|29.3129.810.5|17.9|182|0.3 | 85.0 | 87.6 | 2.6

Note: N- Normal meteorological data (mean of 1972 — 2018 for rainfall and mean of 1976-
2018 for temperature and relative humidity), A - Actual meteorological data,

D - Deviation from the normal (A-N)
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3.3 Soil characteristics of the experimental site

The soils of the experimental site belong to the Vijayapura soil series and are
classified as Kandic paleustalfs. According to FAO classification, the soils are ferric
luvisols. Soils are reddish - brown laterite derived from genesis under subtropical semiarid
climate. Composite soil sample collected at 0-15 cm depth were air dried in shade, gently
ground using wooden pestle and mortar and passed through 2 mm sieve. The sieved
samples were used for further analysis of different physical, chemical and biological
properties. The parameter analysed and methodology followed are furnished in Table 3.3,
3.4 and 3.5.

3.4 Cropping history of the experimental plot

In the experimental plot finger millet (Eleusine coracana (L.) Gaertn) was grown
in the previous year during Kharif 2018 and later it was left fallow till the present

experiment.

3.5 Experimental details

The field experiment entitled “Studies on bio-enriched farm yard manure (FYM)
on soil properties and productivity of finger millet (Eleusine coracana (L.) Gaertn) under
dryland condition” in randomized complete block design (RCBD) with 10 treatments and
3 replications (Fig 3.2) was conducted during Kharif 2019 with following details

Crop Finger millet

Variety GPU-28

Design Factorial randomized complete block design
(RCBD)

Spacing 30 cm x 10 cm

Treatments 10

Replications 3

Seed rate 12.5 kg ha™!

Gross plot size 25mx45m

Net plot size 23mx*x39m

Recommended Dose of Fertilizer (RDF) | 50: 40: 37.5 kg NPK ha!

Location AICRP for Dryland Agriculture, GKVK
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3.5.1 Treatment details

T Control

T2 7.5 tha' FYM+ 100 % RDF

T3 7.5 tha! enriched FYM (nitrogen fixers + PGPR) + 60 % RDF

Ta 7.5 tha! enriched FYM (nitrogen fixers + PGPR) + 80 % RDF

Ts 7.5 tha! enriched FYM (phosphate solubilizer + PGPR) + 60 % RDF

Te 7.5 tha enriched FYM (phosphate solubilizer + PGPR) + 80 % RDF

T7 7.5 tha! enriched FYM (potassium solubilizer + PGPR) + 60 % RDF

Ts 7.5 tha™! enriched FYM (potassium solubilizer + PGPR) + 80 % RDF

To 7.5 tha™! enriched FYM (microbial consortia) + 60 % RDF

Tio | 7.5 tha! enriched FYM (microbial consortia) + 80 % RDF

Note : RDF : Recommended Dose of Fertilizer,
PGPR : Plant Growth Promoting Rhizobacteria

3.5.2 Varietal description

GPU-28 (Germ Plasm Unit) is a medium duration variety matures in about 110-115
days. It is a blast - resistant variety suitable for both rainfed and irrigated ecosystem. Under
rainfed ecosystem, it serves as a contingent variety for delayed sowing up to August. The
ear shape is semi-compact, tillers profusely and has 4-6 productive tillers. The finger length

ranges from 5-7 cm and grows to a medium height with yield potential of 25-40 q ha™.
3.6 Methodology

3.6.1 Land preparation

The experimental land was prepared by ploughing once using bullock drawn
country plough and later by- passing cultivator for removing weeds and crushing clods,
followed by harrowing to bring the soil to fine tilth condition and land was divided into
fine required plot size (2.5 m x 4.5 m). Later, small channel was created between the

replication for removing excess water during heavy rain.
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T1: Absolute control Te: 7.5 t ha' enriched FYM PSB+ PGPR) + 80 % RDF
T2: 7.5 t ha' FYM + 100 % RDF Ts: 7.5 t ha' enriched FYM (KSB + PGPR) + 60 % RDF
Ti: 7.5 t ha! enriched FYM (NFB + PGPR) + 60 % RDF Ts: 7.5 t ha' enriched FYM (KSB+ PGPR) + 80 % RDF
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Ts: 7.5 t ha! enriched FYM (PSB + PGPR) + 60 % RDF T : 7.5 t ha'! enriched FYM (MC) + 80 % RDF
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3.6.2 Manures and fertilizer application

Enriched farm yard manure (7.5 t ha™!) was applied uniformly two weeks before
sowing. The recommended fertilizer dose of 50: 40: 37.5 kg NPK ha! was applied as per
University of Agricultural Science, Bengaluru package. 50 per cent nitrogen and full dose
of phosphorus and potassium were applied as basal dose at the time of sowing and the

remaining 50 per cent nitrogen was applied as a top dressing at 30 days after sowing (DAS).

3.6.2.1 Enrichment of FYM

One kilogram each of biofertilizers viz., N fixers (4zotobacter chroococcum), P
solubilizer (Baccillus megaterium), K solubilizer (Frateuria aurantia), microbial consortia
and 500 gram of PGPR (Plant growth promoting rhizobacteria) (Pseudomonas fluorescens)
were mixed thoroughly with 1 ton of FYM 15 days in advance and mixed together, for

maintaining uniform growth of microorganisms.
3.6.2.2 Analysis of FYM

The FYM was analysed for different chemical properties before enriching with
biofertilizers.

3.6.2.2.1 pH and EC

The pH of FYM was measured in 1:10 of FYM: water suspension, using pH meter
(Jackson, 1973). The clear supernatant solution of the FYM - water suspension was taken
out and electrical conductivity was measured using conductivity bridge (Jackson, 1973)

and expressed as dS m!.

3.6.2.2.2 Organic carbon

A known weight (0.2 g) of 0.2 mm sieved FYM was treated with 25 ml of 1 N
K2Cr,07 and 50 ml of concentrated H2SOs4. After oxidation, the excess KoCroO7 was
quantified by back titrating against standard FAS using ferroin as an indicator (Walkley
and Black, 1934).
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3.6.2.2.3 Macro and micro nutrient analysis

The FYM samples were analyzed for macro and micro nutrients (N, P, K, Ca, Mg,
S, Zn, Fe, Mn and Cu) following the standard methods similar to that of plant analysis as
given below in Table 3.6.

3.6.3 Sowing

Line sowing of finger millet seeds was done manually in furrows made using a

marker at the spacing of 30 cm between rows. After sowing, seeds were covered with soil.

3.6.4 Aftercare
3.6.4.1 Gap filling and thinning

After 30 days of sowing thinning was carried out to remove excess seedling and
gap filling was done by transplanting simultaneously using the excess seedling in the same

treatments where an intra row gap is wider than 10 cm.

3.6.4.2 Weeding

The plots were hand weeded twice at 30 and 60 days after sowing to keep it weed
free and inter-cultivated at 45 days of sowing to loosen the top soil for good root aeration.
3.6.4.3 Harvesting and threshing

The crop was harvested at physiological maturity. The ear heads in the net plot were
harvested separately from each treatment and sun dried for 4 days, threshed by beating with
stick, then cleaned and weighed. The straw was harvested separately and allowed to dry in

the threshing yard and weight was recorded.

3.7 Collection of experimental data

The growth and yield parameters were recorded from randomly selected five plants
in each plot and labelled. Periodical observations were taken in these plants. The techniques

used and the details of observations recorded are given in Table 3.2.
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Table 3.2 Details of observations recorded in the field experiments

Observations Method followed Interval
1. Growth parameters
The tagged five plants in the net plot were measured from 30. 60. 90
Plant height  |ground level up to base of the node of fully opened top leaf D AS a1’1 d at
(cm) using linear scale and the mean plant height was expressed h
: arvest
in cm.
Number of The number of tillers per hill was counted in the tagged five |30, 60, 90
tillers hill! plants of net plot and mean number of tillers per hill was | DAS and at
worked out. harvest
Five randomly selected plants in border rows were air-
Dry matter dried for 2 days. Later kept in over at 65°C for 2 days till |30, 60, 90
accumulation |the constant weight was observed and weight was recorded | DAS and at
(g plant™) and mean dry weight was worked out and expressed in|harvest
gram per plant.
2. Yield parameter
Number of ear heads from randomly selected five plants
Number of ear
heads per hill |3 counted and expressed as the mean value of number of| At harvest
p ear head per hill.
Number of
Number of fingers per ear head was counted from randomly
fingers per ear At harvest
head tagged five plants and the mean value was computed.
1000 seed One thousand grains were counted from the grain samples
. obtained from net plot and weight of these grains were| At harvest
weight .
recorded and expressed in grams.
Grain yield per hectare was worked out using grain yield
per net plot and expressed in kg ha!. The grain yield per
o hectare is calculated using the following formula.
Grain yield At harvest
Grain yield Grain yield per net plot (kg) x 10000 m?
1 =
(kg ha™) Net plot size (m?)
The straw was harvested separately from net plot. The dry
weight of the straw was recorded and expressed in kg ha™!.
Straw yield . At harvest
y Straw yield Straw yield per net plot (kg) x 10000 m?
1 =
(kg ha™) Net plot size (m?)
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Absolute control 75thalFYM + 100 % RDF

7.5 t ha! Bio-enriched FYM (nitrogen 7.5 t ha* Bio-enriched FYM (nitrogen
fixers + PGPR) + 60 % RDF fixers + PGPR) + 80 % RDF

Plate 4.1: Effect of bio-enriched FYM and levels of fertilizers on
growth of finger millet




7.5t ha' Bio-enriched FYM (PSB + 7.5 t ha! Bio-enriched FYM (PSB +
PGPR) + 60 % RDF PGPR) + 80 % RDF

7.5 t ha' Bio-enriched FYM (KSB + 7.5 t ha Bio-enriched FYM (KSB +
PGPR) + 60 % RDF PGPR) + 80 % RDF

Plate 4.2: Effect of bio-enriched FYM and levels of fertilizers on
growth of finger millet




7.5 t ha'* Bio-enriched FYM (microbial consortia) + 60 % RDF 7.5 t hal Bio-enriched FYM (microbial consortia) + 80 % RDF

Plate 4.3: Effect of bio-enriched FYM and levels of fertilizers on growth of finger millet




3.8 Soil analysis

3.8.1 Soil sampling and preparation of sample

Soil samples from experimental area were collected from 0 — 15 cm at 30, 60, 90

days after sowing (DAS) and after the harvest of the crop. The collected soil samples were

air dried, powdered with a wooden mallet, passed through 2 mm sieve, stored in polythene

bags and analysed for various physical and chemical properties adopting standard

procedure. Whereas, soil sample for analysing biological properties were kept in

refrigerator.

3.8.2 Physical properties

Table 3.3 Methodologies adopted for soil physical properties analysis

I\SI:;. Parameters Procedure Reference

Soil was pre-digested with H»O., dispersed

with sodium hexa metaphosphate and later

solution was passed through > 0.05 mm mesh |  [nternational

1 Particle size | sieve to separate sand particles. From the Pipette method

analysis suspension obtained after sieving an aliquot of )

clay + silt and clay were pipetted out from the | (Piper, 1966)

specified depth at specific time intervals

depending on the suspension temperature.

Bulk density (BD), particle density (PD),

porosity and water holding capacity was

analysed using the Keen—Raczkowski cup

. . Keen
BD.P.D method. Keer} cup Was.welghed with filter rackzowski
) MWP’IC ar; 4 | paper, then air dr.led soil sample was filled method (Baruah

Porosity uniformly by tapping to get good cpmpactness and Barthakur

and levelled. The cup was placed in water for 1997) ’

24 hours. After saturation, cup was removed

and oven- dried (105° C) till constant weight

was obtained.
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3.8.3 Chemical properties

Table 3.4 Methodologies adopted for soil chemical properties analysis

I\SI:; Parameters Procedure Reference
1 | Soil reaction The soil pH was determined in 1: 2.5 soil: water| Potentiometry,
suspension using glass electrode pH meter (Jackson, 1973)
Elecirical El.ectrlcal conductivity of the cleqr soil wgter Conductometry
2 . (1: 2.5) extract was determined using
conductivity J . (Jackson, 1973)
conductivity bridge.
0.5 g of finely powdered sample (0.2 mm) was
treated with 10 ml of 1N K>Cr207 (potassium .
. . Wet oxidation
Organic dichromate) and 20 ml of concentrated H2SO4.
3 . . (Walkley and
carbon After oxidation, excess K2Cr,O7 was quantified Black, 1934)
by back titrating it with standard FAS using ’
ferroin as an indicator
Soil was oxidized and distilled with alkaline .
! . Alkaline
. potassium  permanganate. The liberated
Available . . . . permanganate
4 . ammonia was trapped in boric acid containing )
nitrogen . e . . method (Subbaiah
mixed indicator and then titrated against .
) and Asija, 1956)
standard acid.
The available phosphorus was extracted with
Bray’s extractant (1: 10 of soil: extractant).
. The phosphorus in the extract was determined| Bray’s extraction
Available .
5 hosphorus by stannous chloride reduced | method (Bray and
phosp molybdophosphoric blue colour method and| Kurtz, 1945)
the intensity of blue color was read at 660 nm
using a spectrophotometer.
Available Thp available potassium was determlped by Flame photometry
6 . using flame photometer after extracting the
potassium oo : (Jackson,1973)
soil with neutral normal ammonium acetate
Exchangeable calcium and magnesium in soil
was extracted using neutral normal ammonium
acetate. The calcium + magnesium in the
extract was determined by adding buffer with
Exchangeable |EBT indicator titrated against standard EDTA.| Complexometric
7 | calcium and |For calcium using ammonium acetate extract| titration method
magnesium |and NaOH with patton reader indicator titrated| (Jackson, 1973)
against standard EDTA. From the first value
calcium content was subtracted to obtain
magnesium content in soil and expressed in
meq in 100 g soil
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Available sulphur in soil was determined
using 0.15 % calcium chloride solution and
Available acid seed solution and conditioning agents
8 Sulphur were added to extractant. The turbidity
developed by addition of barium chloride was
measured in spectrophotometer with optical
density of 420 nm and expressed in ppm

CaCl2 extractant
method,
Turbidometry
(Black, 1965)

Available zinc, iron, copper and manganese
DTPA was extracted by using DTPA extractant. The
9 extractable |concentration of metal ions in the extract was
micronutrients |estimated  using  Atomic  adsorption
spectrophotometer and expressed in ppm.

Atomic absorption
spectrophotometry
(Lindsay and
Norwell, 1978)

3.8.4 Biological properties

Table 3.5 Methodologies adopted for soil biological properties analysis

Sl

No Parameter Method and reference

1 | Microbial biomass carbon (ug g!) Fumigation extract method (Carter, 1991)

2 | Microbial biomass nitrogen (ug g') | Fumigation extract method (Carter, 1991)

Microbial biomass phosphorus Fumigation extract method (Brookes et
3 1
(nggr) al., 1982)
4 Dehydrogenase 2-3-5-triphenyl tetrazolium chloride
(ug TPF g soil 24 h'h) reduction method (Casida et al., 1964)

KCI-Ag2S04 solution method (Eivazi and

5 | Urease (ug NH4- N gl soil h'') Tabatabai, 1977)

Acid phosphatase p-nitrophenyl phosphatase method (Eivazi
(ug PNP g soil h') and Tabatabai, 1977)

3.8.4.1 Microbial biomass carbon and nitrogen

Soil microbial biomass carbon and nitrogen were determined by chloroform
fumigation and incubation method (Carter, 1991). Ten grams of sieved (< 2 mm) soil
sample was taken in screw cap tubes (two sets) and the moisture level was adjusted to field

capacity. Only soil samples of fumigated set were treated with 2 ml of ethanol-free
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chloroform and the tubes of both sets were incubated for 5 days at room temperature. The
soil ninhydrin reactive nitrogen (microbial nitrogen) was extracted by adding 50 ml of 2 M
KCl and swirled then filtered through Whatman No.1 filter paper. 2 ml of extract was taken
in test tube and 4 ml of freshly prepared ninhydrin reagent was added and kept in boiling
water bath till the development of the purple color. Then 4 ml of isopropyl alcohol was

added and the purple color was read (absorbance value) in spectrophotometer at 570 nm

wavelength.
Ninhydrin reactive N Ninhydrin reactive N
in fumigated soil in unfumigated soil
Biomass C pg g! soil = x 24
Weight of soil samples (g)
Ninhydrin reactive N Ninhydrin reactive N
in fumigated soil in unfumigated soil
Biomass N ug g™! soil = x2.8

Weight of soil samples (g)

3.8.4.2 Microbial biomass phosphorus

The microbial biomass phosphorus was determined as per the procedure given by
Brookes et al. (1982). Ten grams of the soil samples were placed in a screw cap tube in
three sets. The first set was fumigated with chloroform for five days and the other two sets
were incubated aerobically for the same period. Later, the first and second sets were
extracted with Bray’s extractant solution (0.03 N NH4F in 0.25 N HCI) and the third set
were extracted with Bray’s extractant solution spiked with inorganic P (as KH2POq4
equivalent 25 ug P g! of oven- dry soil). The suspension was filtered using Whatman No.1
filter paper after shaking. Chloromolybdic acid of 5 ml was added to a filtered aliquot of 2
ml and 1ml of working stannous chloride solution was added and the volume was made up
to 50 ml using distilled water. The intensity of the blue color was read using
spectrophotometer at 660 nm. The microbial biomass P was calculated using the following
formula:

25 (b—a)

Bi P 1 soil =
iomass P pg g” soil =—— (—a)
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Where
a = P extracted from unfumigated soil
b= P extracted from fumigated soil

c= P extracted from unfumigated soil spiked with inorganic P (as KH2POj)

3.8.4.3 Soil dehydrogenase activity

The dehydrogenase activity in the soil samples was determined as described by
Casida et al. (1964). Five grams of soil was mixed with 1ml of 3 per cent 2, 3, 5- triphenyl
tetrazolium chloride (TTC), 0.2 g of CaCOs3 and 2.5 ml of distilled water in screw cap tube
and incubated at 30° C for 24 hours. Later, 10 ml of methanol was added and the suspension
was filtered using Whatman No. 15 filter paper into 50 ml volumetric flask. Additional
methanol was added until the disappearance of red color. The volume of the filtrate was
made to 50 ml using methanol and mixed well. The intensity of the red color was measured
using spectrophotometer at 485 nm. The amount of dehydrogenase activity of the sample
was measured by referring to TPF from the standard curve and calculated using the

following formulae:

Amount of TPF from standard curve (ug) final volume

made (ml)

Dehydrogenase activity _
as pg TPF g soil

Dry weight of soil (g)

3.8.4.4 Soil urease activity

The procedure followed was according to the method given by Eivazi and
Tabatabai (1977). About 5 g soil sample (two set) was treated with 9 ml Tris buffer
(THAM) and 1 ml of 0.2 M urea solution was added for non-control treatment and
incubated at 37°C for 2 h. After incubation period, 1 ml of 0.2 M urea solution was added
to only control set and the final volume of both the sets was made up to 50 ml with the
addition of KCI-AgxSO4 solution and swirled for 15 minutes, then filtered through
Whatman No.1 filter paper. 5 ml of the filtrate was pipetted out to 50 ml volumetric flask
to which 2 ml of 10 per cent sodium tartrate, 1 ml of 1 per cent gum acacia and distilled
water was added and volume made up to 43 ml and 5 ml of Nessler’s reagent was added

and the contents mixed rapidly and the final volume was made up to 50 ml with the distilled
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water. The absorbance of the yellow color was read at 410 nm with extractant as blank

after 25 min.

3.8.4.5 Soil phosphatase activity:

1 g of soil sample was treated with 4 ml of modified universal buffer (MUB- pH
6.5 for acid phosphatase assay) and 1 ml of para-nitrophenyl phosphate solution swirled
for few seconds and incubated at 37° C for one hour. Further soil was extracted with 0.5 M
CaCl; and 0.5 M NaOH. The intensity of yellow color filtrate was read using
spectrophotometer at 420 nm and expressed in pug PNP g! soil h' (Eivazi and
Tabatabai, 1977).

3.9 Plant analysis

3.9.1 Collection and preparation

Plant samples collected at different growth stages viz., 30, 60, 90 DAS and at
harvest were dried at 65 = 5 °C in hot air oven and powdered using willey stainless steel

mill, preserved in polythene bag for further analysis.

3.9.2 Nutrient Uptake

The uptake of macro and micro nutrients by different parts at different intervels was
worked out by multiplying nutrient content and biomass yield of plant part as given in the

formulae

Nutrient concentration (%) x Biomass (kg ha™)

Macro nutrient uptake (kg ha'!) =
100

Nutrient concentration (ppm) x Biomass (kg ha™)

Micro nutrient uptake (g ha') =
1000

41 Shafhas, I.,  M.Sc. (Agri.) 2020



Table 3.6 Methodologies adopted for plant analysis

Sl. Parameters Procedure Method and
No. Reference
In this method 0.5 g of powdered samples
(grain and straw) was digested with
concentrated sulphuric acid (H2SOs) in the
presence of digestion mixture (K»SO4: | Kjeldahl digestion
1 Total CuS04.5H20: Selenium in 100:20:1 and distillation
nitrogen | proportion) and distilled under alkaline method (Piper,
medium. The liberated ammonia was 1966)
trapped in boric acid containing mixed
indicator and titrated against standard
sulphuric acid.
Powdered grain and straw samples (0.5 g)
were predigested with 5 ml of concentrated
Digestion of plant | HNOj3 and then digested using10 ml diacid
samples using | mixture (HNO3: HCIO4 in 9:4 ratio) on sand Piper (1966)

diacid mixture

bath. The residue was cooled and volume
made up to 100 ml with distilled water and
preserved for total elemental analysis.

The phosphorus content in the di-acid
digested plant samples was estimated by

Diacid digestion and

2 Total Vanado-molybdo-phosphoric yellow color Vanadomolybdate
phosphorus . i method (Piper,
method and the color intensity was 1966)
measured at 430 nm wave length.
Diacid digestion and
3 Total The potassium content in plant samples was | flame photometer
potassium | determined by flame photometer. method (Piper,
1966)
Diacid digested samples were titrated
Total against standard EDTA with EBT indicator | Diacid digestion and
. for calcium+ magnesium and patton readers Complexometric
4 | calciumand | . .. . . o
macnesium indicator for calcium. The magnesium titration method
£ content observed by subtracting calcium (Piper, 1966)
value from calcium + magnesium value.
Digested sample was treated with barium | Diacid digestion and
5 Total chloride in the presence of stabilizing agent. | 0.15 % CaCl2 and
Sulphur | Turbidity thus formed was measured using Turbidometry
spectrophotometer at 420 nm (Black, 1965)
The digested extracts of samples were | Diacid digestion and
. diluted and fed to AAS to determine the | atomic absorption
Micro . i
6 nutrient content of respective metal ions (Cu, Zn, Fe | spectrophotometry
and Mn) using suitable hallow cathode lamp (Lindsay and

and expressed in ppm.

Norvell, 1978)
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3.10 Economics
3.10.1 Cost of cultivation

The price of inputs that were prevailing at the time of their use was considered to
work out cost of cultivation. Treatment wise cost of cultivation was worked out. Net return
per hectare was calculated by deducting the cost of cultivation from gross income.

3.10.2 Benefit: cost (B:C) ratio
Benefit cost ratio is computed using following formula,

Net return

Benefit cost ratio =
Cost of cultivation

3.11 Statistical analysis of data

The observations recorded in these studies were analyzed statistically for test of
significance following the Fisher’s method of analysis of variance (ANOVA) as outlined
by Gomez and Gomez (1984). Whenever F-test was significant for comparison amongst
the treatments means an appropriate value of critical differences (CD) was worked out.
Otherwise against CD values, abbreviation NS (Non-Significant) was indicated. All the
data were analyzed and the results are presented and discussed at a probability level of 0.05
per cent and correlation and regression study was done as given by Gomez and Gomez

(1984).
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IV RESULTS AND DISCUSSION

The results of field experiment conducted to study the effect of application of bio
enriched FYM along with inorganic fertilizers on soil properties and productivity of finger

millet under dryland condition is presented in this chapter.

4.1 Characterization of FYM

Before enriching FYM with biofertilizers the farm yard manure was characterized
for its chemical properties using standard procedure. The FYM was dark grey in color with
slightly alkaline in reaction (7.7) with higher EC of 2.1 dS m™ and organic carbon (21.5
%). Among the major nutrients, the total nitrogen was higher (0.62 %) followed by total
potassium (0.49 %) and total phosphorus (0.23 %). The secondary nutrients were total
calcium (0.44 %), total magnesium (0.18 %) and sulphur (20.32 mg kg™!). The iron content
of FYM was high (895.6 mg kg!), followed by Mn (632.6 mg kg!), Zn (147.6 mg kg™)
and Cu (99.5 mg kg!) (Table 4.1).

Table 4.1 Chemical properties of FYM before enrichment with biofertilizers

S1. No. Parameters Values
1 pH 7.7
2 EC (dS m™) 2.1
3 OC (%) 21.5
4 Total N (%) 0.62
5 Total P2Os (%) 0.23
6 Total K20 (%) 0.49
7 Total Ca (%) 0.44
8 Total Mg (%) 0.18
9 S (mg kg™) 20.32
10 Fe (mg kg™) 895.6
11 Mn (mg kg™!) 632.6
12 Cu (mg kg™ 99.5
13 Zn (mg kg™) 147.6
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4.2 Soil characteristics before sowing

The soil of the experimental site was sandy loam in texture (Table 4.2). Sand
content was highest (64.7 %) followed by clay (18.6 %) and silt (16.4 %). The bulk density
of soil was 1.39 Mg m™ with particle density of 2.46 Mg m™. Higher porosity (38.88 %)
was observed with MWHC of 37.39 per cent.

With respect to chemical properties, the soil was slightly acidic in reaction with pH
of 6.06 with low electrical conductivity (0.04 dS m™) and organic carbon (0.31 %). The
available nitrogen (148.60 kg ha™!) and potassium (111.93 kg ha™!) was found lower, while
phosphorus status was higher (118.40 kg ha™).

Among secondary nutrients, calcium content of 1.63 ¢ mol (p*) kg'!, magnesium
content of 0.77 ¢ mol (p*) kg and available sulphur content of 14.93 mg kg™!. Whereas,
DTPA extractable micronutrients (Fe, Mn, Zn and Cu) content was found to be 8.98, 9.03,

0.83 and 0.92 mg kg™, respectively.

With respect to biological properties, higher microbial biomass carbon (109.4 ng
g!) was recorded in the experimental soil followed by microbial biomass nitrogen (12.76
ug g’ and microbial biomass phosphorus (3.44 ug g!'). Maximum dehydrogenase activity
of 13.71 pg TPF g'! soil 24 h'!, 18.45 ug NHa- N g'! soil h'! of urease activity and 14.56
ug PNP ¢! soil h'! acid phosphatase activity was recorded.

4.3 Effect of bio- enriched FYM and levels of fertilizers on growth attributes of finger
millet at different growth stages.

The data on growth attributes such as plant height, number of tillers per plant and
dry weight per plant as influenced by different biofertilizers enriched FYM and levels of
RDF are presented in Table 4.3, 4.4 and 4.5, respectively.

4.3.1 Plant height

The data on plant height of finger millet as influenced by combined application of
biofertilizer enriched FYM with different levels of inorganic fertilizer at different growth

stages are presented in Table 4.3. Plant height differed significantly at 60, 90 DAS and at
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Table 4.2: Initial physico-chemical and biological properties of the experimental site,

AICRP for Dryland Agriculture, UAS, Bengaluru

SI. No. Parameters Values
Physical properties
Texture Sandy loam
o1 Sand (%) 64.7
Silt (%) 16.4
Clay (%) 18.6
02 Bulk density (Mg m™) 1.39
03 Particle density (Mg m™) 2.46
04 MWHC (%) 37.39
05 Porosity (%) 38.88
Chemical properties
01 pH (1:2.5) 6.06
02 EC (dSm™) 0.040
03 Organic Carbon (%) 0.31
04 Avail. N (kg ha'!) 148.60
05 Avail. P,Os (kg ha'!) 118.40
06 Avail. K0 (kg ha™) 111.93
07 Exchangeable Ca [c mol (p+) kg™! of s0il] 1.63
08 Exchangeable Mg [c mol (p+) kg™! of soil] 0.77
09 Available S (mg kg™!) 14.93
10 DTPA extractable Fe (mg kg™') 8.98
11 DTPA extractable Mn (mg kg™') 9.03
12 DTPA extractable Zn (mg kg™') 0.83
13 DTPA extractable Cu (mg kg™) 0.92
Biological properties
01 Microbial biomass carbon (ug g!) 109.4
02 Microbial biomass nitrogen (ug g') 12.76
03 Microbial biomass phosphorus (ug g™) 3.44
04 Dehydrogenase (ug TPF g soil 24 h!) 13.71
05 Urease (ug NHa- N g soil h'!) 18.45
06 Phosphatase (acid) (ug PNP g! soil h'!) 14.56
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harvest with different treatments and it increased progressively with increase in age of the

crop up to 90 days after sowing and thereafter increase was meagre (Fig. 4.1).

Plant height is an important parameter related to growth and development of crop.
There was no significant difference in plant height at 30 DAS due to application of different
biofertilizers enriched FYM, levels of fertilizers, interaction of both (BxL) and among

treatments.

Application of MC enriched FYM showed higher plant height (84.27, 108.78 and
112.76 cm), while least was recorded in PSB+ PGPR (73.52, 90.08 and 93.85 cm)
compared to other biofertilizers at 60, 90 DAS and at harvest, respectively. Among levels
of fertilizers, 80 per cent RDF recorded higher plant height (80.07, 101.99 and 105.73 cm)
compared to 60 per cent RDF (75.08, 96.15 and 99.75 cm) at 60, 90 DAS and at harvest,
respectively. Interaction was found non-significant. However, among treatments,
significantly higher plant height was observed with application of MC +80 per cent RDF
(T10: 86.38, 111.52 and 115.33 cm) and was on par with MC+ 60 per cent RDF (T : 82.15,
106.05 and 110.19 cm) and was lower in absolute control (46.30, 55.42 and 57.79 cm) at
60, 90 DAS and at harvest, respectively.

The results are in line with, Singh ef al. (2016) who reported that application of
different biofertilizers did not affect the plant height at early stages of growth. This may be
due to the slower rate of mineralization of nutrients, because at early stage the nutrients are
better utilized by microorganisms for multiplication and establishment, thus lowering the
availability of nutrients for plant growth. Plant height was significantly increased with
combined application of both biofertilizer and inorganic fertilizers at 60, 90 DAS and at
harvest. The highest height observed with application of microbial consortia (NFB + PSB
+ KSB and PGPR) may be attributed to continuous uptake of nutrient by the plant, which
was made available through nitrogen fixation, P and K solubilization which helped in
increasing plant height. Similar result was observed by Singh ef al. (2016) in pearl millet.
According to Narula and Guptha (1986) application of nitrogen fixers such as Azotobacter
synthesizes and secretes considerable amount of biologically active substance like B

vitamin, nicotinic acid, pentothenic acid, biotin, heteroauxins, and gibberellins efc., which
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Plate 5: Growth and yield observation




Table 4.3: Plant height (cm) of finger millet at different growth stages as influenced
by different bio-enriched FYM and levels of fertilizers.

30 DAS 60 DAS 90 DAS At harvest
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 26.77 77.59 102.34 106.13
B2: PSB + PGPR 24.97 73.52 90.08 93.85
B3: KSB + PGPR 25.74 74.92 95.08 98.22
B4: MC 28.63 84.27 108.78 112.76
S.Em.+ 1.55 2.12 2.65 2.50
CD@S% NS 6.43 8.03 7.58
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 26.00 75.08 96.15 99.75
L2: 80 % RDF 27.05 80.07 101.99 105.73
S.Em.+ 1.09 1.50 1.87 1.77
CD@S% NS 4.55 5.68 5.36
Interaction (Bx L)
S.Em.+ 2.19 3.00 3.74 3.53
CD@S% NS NS NS NS
Treatments
Ti1-Control 16.30 46.30 55.42 57.79
T2-100 % RDF 23.65 70.72 88.07 90.00
T3-Bil1 26.05 74.53 99.73 104.23
T4-Bil2 27.48 80.64 104.94 108.02
Ts-B2L1 24.20 71.35 87.74 90.68
Te-B2L2 25.74 75.69 92.42 97.02
T7-BsLa 25.24 72.28 91.08 93.89
Ts-BsL2 26.24 77.57 99.08 102.56
To-B4L1 28.50 82.15 106.05 110.19
T10-B4L2 28.76 86.38 111.52 115.33
S.Em.+ 2.54 2.81 4.16 4.24
CD@5% NS 8.36 12.36 12.60

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™ of
bio-enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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enhance growth of plants. Pallavi et al. (2017) reported that increased availability of
nutrients in the soil through mineralization of organic sources could have triggered cell
elongation and multiplication resulting in higher growth rate of shoots and in turn plant
height of finger millet over control. The increase in plant height may be attributed to
increased uptake of nitrogen and phosphorus by the plants, which was made available
through nitrogen fixation and phosphate solubilization by the microorganisms (Singh et

al., 2016). Similar result was also observed by Ashok Kumar Roy (2018).

4.3.2 Number of tillers per plant

The data on number of tillers per plant of finger millet as influenced by different
biofertilizers enriched FYM and levels of fertilizers at different growth stages are presented
in Table 4.4. The number of tillers per plant differed significantly at all growth stages
except at 30 DAS with different treatment combinations of biofertilizers enrichment and

inorganic fertilizers.

There was no significant increase in number of tillers at 30 DAS in finger millet
with application of different biofertilizers, levels of RDF independently and due to
combined application of both and between treatments. But significant increase in number

of tillers per hill was recorded at 60, 90 DAS and at harvest.

Among different biofertilizers application of MC enriched FYM recorded
significantly higher number of tillers per hill (4.39, 5.16 and 5.38), followed by application
of KSB+ PGPR (4.10, 4.87 and 5.06) at 60, 90 DAS and at harvest, respectively. Whereas,
80 per cent RDF showed significantly higher number of tillers per hill (4.26, 5.03 and 5.25)
compared to 60 per cent RDF (3.99, 4.75 and 4.95) at 60, 90 DAS and at harvest,
respectively. Interaction was found non-significant. Among different treatments
application of MC + 80 per cent RDF (T10) recorded highest number of tillers (4.42, 5.20
and 5.42) compared to absolute control (T1) (2.47, 2.54 and 2.67) and 100 per cent RDF
(T2) (3.73, 4.53 and 4.69).

Number of tillers per plant varied significantly with application of different

biofertilizers and levels of RDF at 60, 90 DAS and after harvest. The process of nitrogen
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Fig. 4.1: Bio- enriched FYM and different levels of fertilizers on plant height of finger millet at different growth stages.

Treatment details:

Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5tha?FYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
T3 7.5t ha enriched FYM (NFB + PGPR) + 60 % RDF Ts: 7.5 t hatenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5that enriched FYM (NFB + PGPR) + 80 % RDF To: 7.5t hat enriched FYM (MC) + 60 % RDF

Ts: 7.5thatenriched FYM (PSB + PGPR) + 60 % RDF Tio: 7.5t ha enriched FYM (MC) + 80 % RDF



Table 4.4: No. of tillers per plant of finger millet at different growth stages as

influenced by different bio-enriched FYM and levels of fertilizers.

30 DAS 60 DAS 90 DAS At harvest
Factor 1: Biofertilizers enrichment (B)
B1: NFB+ PGPR 1.81 4.06 4.82 5.02
B2: PSB + PGPR 1.78 3.96 4.73 4.94
B3: KSB + PGPR 1.83 4.10 4.87 5.06
B4: MC 1.92 4.39 5.16 5.38
S.Em.+ 0.06 0.10 0.10 0.11
CD@S% NS 0.30 0.31 0.32
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 1.80 3.99 4.75 4.95
L2: 80 % RDF 1.88 4.26 5.03 5.25
S.Em.+ 0.04 0.07 0.07 0.07
CD@S% NS 0.21 0.22 0.23
Interaction (Bx L)
S.Em.+ 0.09 0.14 0.14 0.15
CD@S% NS NS NS NS
Treatments
Ti1-Control 1.16 2.47 2.54 2.67
T2-100 % RDF 1.73 3.73 4.53 4.69
T3-Bil1 1.76 3.89 4.64 4.83
T4-Bil2 1.86 4.22 4.99 5.22
Ts-B2L1 1.73 3.79 4.56 4.75
Te-B2L2 1.83 4.13 4.90 5.12
T7-BsLa 1.80 3.92 4.69 4.88
Ts-BsL2 1.87 4.27 5.04 5.23
To-B4L1 1.90 4.35 5.12 5.33
T10-B4L2 1.94 4.42 5.20 542
S.Em.+ 0.12 0.23 0.22 0.25
CD@5% NS 0.70 0.64 0.73

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha of bio-
enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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fixation and solubilization of P and K increased availability of nutrients to plant with the
application of microbial consortia. The increased NPK in plant play an important role in
nutrient and sugar translocation in plant, maintenance of turgor pressure of plant cell and
increase the plant growth and number of tillers per plant. Similarly, Monisha et al. (2019)
reported that higher availability of NPK during crop growth period might have improved
the plant growth characters like plant height and number of tillers per hill. The PGPR
include regulating hormonal and nutritional balance, inducing resistance against plant
pathogens, and solubilizing nutrients for easy uptake by plants and indirectly boosts plant
growth rate (Vejan et al., 2016). The improved physico-chemical properties and
availability of nutrients at slow rate for longer time with the use of organics might be
responsible for more number of tillers (Pallavi et al., 2017). Yuvaraj (2016) reported that
combined inoculation of microbial consortia with inorganic fertilizer increased number of
tillers per plant compared to single strain biofertilizer in paddy and similar result was
observed by Shruthi (2014) with application of 100 per cent NPK (POP) + FYM + P and
K solubilizer compared to 100 per cent NPK (POP) + FYM + P solubilizer and 100 per
cent NPK (POP) + FYM + K solubilizer in finger millet.

4.3.3 Dry weight per plant

The data on dry matter production of finger millet at different growth stages as
influenced by biofertilizers enriched FYM and different levels of inorganic fertilizers are

presented in Table 4.5 and Fig. 4.2.

There was no significant effect due to application of biofertilizer enriched FYM,
inorganic fertilizer and interaction (BxL) on dry matter production of finger millet at 30

DAS. Whereas, it was found significant at 60, 90 DAS and at harvest.

Among different biofertilizers enrichment application of MC recorded significantly
higher dry matter per plant (5.40, 14.87 and 26.93 g plant™), followed by application of
KSB+ PGPR (4.98, 13.94 and 25.21 g plant™!) at 60, 90 DAS and at harvest, respectively.
Whereas, among different levels of fertilizers, 80 per cent RDF showed significantly higher
dry matter per plant (5.22, 14.34 and 26.20 g plant') compared to 60 per cent RDF (4.90,
13.67 and 24.70 g plant') at 60, 90 DAS and at harvest, respectively. Interaction of
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Table 4.5: Dry weight (g plant!) of finger millet at different growth stages as

influenced by different bio-enriched FYM and levels of fertilizers.

30 DAS 60 DAS 90 DAS At harvest
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 1.07 5.05 13.79 2491
B2: PSB + PGPR 1.04 4.81 13.42 24.75
B3: KSB + PGPR 1.08 4.98 13.94 25.21
B4: MC 1.14 5.40 14.87 26.93
S.Em.x+ 0.04 0.12 0.29 0.43
CD@S% NS 0.36 0.88 1.29
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 1.06 4.90 13.67 24.70
L2: 80 % RDF 1.10 5.22 14.34 26.20
S.Em.x+ 0.03 0.08 0.21 0.30
CD@S% NS 0.26 0.62 0.91
Interaction (Bx L)
S.Em.+ 0.06 0.17 0.41 0.60
CD@S% NS NS NS NS
Treatments
Ti1-Control 0.53 2.69 5.44 9.97
T2-100 % RDF 0.99 4.66 12.76 23.38
T3-BiLia 1.04 4.83 13.43 24.11
T4-BiLl2 1.09 5.28 14.16 25.71
Ts-B2L1 1.02 4.69 12.98 23.83
Te-B2L2 1.07 4.94 13.85 25.67
T7-BsLa 1.05 4.80 13.58 24.27
Ts-BsL2 1.10 5.17 14.30 26.16
To-B4La 1.12 5.31 14.69 26.58
T10-B4L2 1.15 5.50 15.05 27.27
S.Em.x+ 0.05 0.33 0.53 0.66
CD@5% 0.16 0.98 1.59 1.95

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha of bio-
enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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different biofertilizers and levels of fertilizers was found non-significant. Among different
treatments, application of MC enriched FYM + 80 per cent RDF (T1o) recorded higher dry
matter accumulation per plant (1.15, 5.50, 15.05 and 27.27 g plant!) compared to absolute
control (0.53, 2.69, 5.44 and 9.97 g plant!) and 100 per cent RDF (0.99, 4.66, 12.76 and
23.38 g plant!) at 60, 90 DAS and at harvest, respectively.

Significantly higher dry matter production observed at 60, 90 DAS and at harvest
might be due to fact that biofertilizers have an ability to mobilise nutrients form non-
useable from to useable form and increase the availability of nutrients to plant during their
growth period, which might result in increased dry matter production. Abdullahi et al.
(2014) recorded similar result with application of bio-fertilizer alone or in combination
with cow dung (CD) or poultry manure (PM) on growth of pearl millet and observed
significant increase in dry matter production compared to control. Similarly, Cleyet-Marel
et al. (2001) found that inoculation of plant with plant growth promoting rhizobacteria
at early stage of development made positive impact on biomass production through direct
effect on root growth, production of phytohormones by bacteria, mineral enhancement

uptake and transfer of nutrient to plant.

4.4 Effect of bio- enriched FYM and levels of fertilizers on yield attributes and grain

and straw yield of finger millet at harvest.

The data on yield attributes viz., ear head per plant, number of fingers per plant, test
weight of 1000 grains and also grain and straw yield per hectare as influenced by different

biofertilizers enrichment and levels of fertilizers are presented in Table 4.6.
4.4.1 Yield attributes

4.4.1.1 Ear head per hill

There was a significant difference in ear head count per plant at harvest with
application of different biofertilizers enrichment and levels of fertilizers and also
interaction recorded non-significant effect on ear head count per hill. Microbial consortia
significantly increased ear head per hill (5.08), followed by KSB+ PGPR (4.92), PSB+
PGPR (4.84) and NFB+ PGPR (4.77). Application of inorganic fertilizers showed
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Fig. 4.2: Bio- enriched FYM and different levels of fertilizers on dry matter production (g plant?) of finger millet at different

growth stages.

Treatment details:

Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5thalFYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Ts: 7.5 t hat enriched FYM (NFB + PGPR) + 60 % RDF Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5that enriched FYM (NFB + PGPR) + 80 % RDF To: 7.5t hat enriched FYM (MC) + 60 % RDF

Ts: 7.5 thalenriched FYM (PSB + PGPR) + 60 % RDF Tio: 7.5t ha enriched FYM (MC) + 80 % RDF



significant increase with application of 80 per cent RDF (5.01) compared to 60 per cent
RDF (4.80). However, significant increase in ear head per plant was observed in the
treatment which received microbial consortia + 80 per cent RDF (5.13), while the least

count of ear head was obtained in absolute control treatment (3.33).

4.4.1.2 Number of fingers per ear head

Application of different biofertilizers enriched FYM and levels of fertilizers
recorded non-significant effect on number of fingers per ear head. Number of fingers per
ear head ranged from 6.26 to 6.80 due to application of different biofertilizers. The
interaction recorded non-significant effect. Similarly, different combination of
biofertilizers and levels of fertilizers when compared with control, also recorded non-
significant effect on number of fingers per ear head. However, it was found higher with

application of MC + 80 per cent RDF (6.77) compared to control (4.90).

4.4.1.3 1000 grains weight

1000 grains weight ranged from 2.89 g to 3.21 g due to application of different bio-
enriched FYM. Similarly, application of 80 per cent RDF showed higher test weight (3.09
g) compared to 60 per cent RDF (2.93 g). The interaction recorded non-significant effect,
while among different treatments higher test weight (3.25 g) was recorded in treatment

which received MC + 80 per cent RDF (T10) compared to control (2.47 g).

There was significant difference found with application of different biofertilizers
and levels of fertilizers. Higher yield attributes recorded with application of microbial
consortia, followed by application of K solubilizers. Microbial consortia not only increased
nitrogen fixation and solubilization of P and K, but it also improved relative microorganism
in soil which helped in mineralization. NPK are essential nutrients required for the
promotion of the meristematic and physiological activities, these activities promote higher
photosynthetic activities leading to the production of enough assimilates for subsequent
translocation to various sink thereby leading to production of higher sink components like
productive tillers, number of fingers per plant, weight of grains and test weight per plant

(Pallavi et al., 2017) PGPR helped in regulating hormones and improved nutrient uptake
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by plant by reducing pest and disease incidence. However, it was found that K solubilizer
when applied along with PGPR helped in increasing potassium uptake by plant and helped
to regulate enzymatic activity and translocation of photosynthates which improved yield
attributes. This result has conformity with Shruthi (2014) who observed similar results in

finger millet crop.

4.4.2 Grain and straw yield
4.4.2.1 Grain yield

There was significant increase in grain yield with application of biofertilizers and
followed order of MC > KSB + PGPR > PSB + PGPR > NFB + PGPR which ranged from
2692 kg ha! to 2952 kg ha™!. Independent of biofertilizers, application of 80 per cent RDF
recorded higher grain yield of 2857 kg ha™! compared to 60 per cent RDF. Interaction had
no significant effect on grain yield. Significantly higher grain yield was observed in
treatment with combined application of MC + 80 per cent RDF (2999 kg ha!) which was
found to be on par with treatment which received MC + 60 per cent RDF (2905 kg ha™!)

and lower was found in absolute control (1132 kg ha!).

4.4.2.2 Straw yield

Application of different biofertilizers enriched FYM and levels of fertilizers
significantly varied the straw yield at harvest. Among different biofertilizers, application
of microbial consortia recorded higher straw yield (4228 kg ha™') at harvest. In case of
different levels of fertilizers, the treatment which received 80 per cent RDF recorded higher
straw yield (4130 kg ha™) at harvest compared to 60 per cent RDF. The interaction effect
of different biofertilizers and levels of RDF was non-significant. Whereas, among
treatments significantly higher straw yield was recorded in treatment which received MC
+ 80 per cent RDF (4274 kg ha™!) and was on par with treatment which received MC + 60
per cent RDF (4183 kg ha!). The lower straw yield was observed in absolute control (1528
kg ha™).

Grain and straw yield were significantly increased with application of different

biofertilizers enriched FYM and levels of fertilizers (Fig. 4.3), application of microbial
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Table 4.6: Yield attributes and grain and straw yield of finger millet as influenced by different bio-enriched FYM and levels of

fertilizers.
| No. of Ear heads hill'' | No. of Fingers ear head”! | 1000 grain weight (2) | Grain yield (kg ha') | Straw yield (kg ha?)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 4.77 6.26 2.89 2692 3951
B:: PSB + PGPR 4.84 6.45 2.94 2708 3892
Bs: KSB + PGPR 4.92 6.54 3.01 2733 3991
Bs: MC 5.08 6.80 3.21 2952 4228
S.Em.£ 0.07 0.14 0.09 61.48 79.56
CD @5 % 0.22 0.42 NS 186.48 241.31
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 4.80 6.39 2.93 2686 3901
L;: 80 % RDF 5.01 6.64 3.09 2857 4130
S.Em.£ 0.05 0.10 0.06 43.47 56.26
CD @5 % 0.16 0.30 NS 131.86 170.63
Interaction (Bx L)
S.Em.+ 0.10 0.20 0.12 86.95 112.51
CD @5 % NS NS NS NS NS
Treatments
Ti-Control 3.33 4.90 247 1132 1528
T:-100 % RDF 4.45 5.96 2.76 2524 3710
T3-BiL1 4.60 6.11 2.80 2598 3831
T4-Bila 4.93 6.41 2.98 2786 4070
Ts-B:Li1 4.72 6.24 2.85 2608 3747
Ts-B:L2 4.97 6.67 3.02 2808 4037
T7-BsLi1 4.83 6.39 2.90 2631 3841
Ts-BsLa 5.00 6.70 3.12 2834 4141
To-B4L1 5.03 6.83 3.16 2905 4183
T10-B4L2 5.13 6.77 3.25 2999 4274
S.Em.+ 0.13 0.40 0.15 77.46 145.87
CD@S5% 0.38 NS NS 230.15 433.40

*100 per cent was added with 7.5 t ha! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia



consortia increased availability of all the nutrients for uptake by plant throughout the
growth period while PGPR regulated hormones and nutrient balance and also induced
resistance against plant pathogen. Similarly, Vessey (2003) cited that microbial consortia
often reveal multiple ways of benefiting plant health like fixation of nitrogen for host plant,
mobilization or solubilization of phosphorus, production of phytohormones and plant
fungal symbiosis as supportive bacteria or combination of those. Among single strain
biofertilizers application of KSB showed higher straw and grain yield as they help in
numerous enzymatic activities, formation of organic acid substances and build-up of
compounds such as carbohydrates as it helps in cell development and trigger young tissues
and help in meristematic growth. Similar result was observed by Neeraj (2014), Yuvaraj
(2016) and Rangesh Kumar ef al. (2018). The increased availability of the nutrients
especially nitrogen due to combined application of FYM, inorganic fertilizers and
biofertilizers, led to enhancement of the photosynthetic rate resulting in more vegetative
growth and dry matter production (Roy et al., 2018). Organic manure and bio-fertilizers
increased the formation of the root hairs and lateral root which helps in higher nutrient
uptake and resulted in higher biomass production (Thumar et al., 2016). This could also be
attributed to the higher availability of NPK during crop growth period which might have
improved the plant height, number of tillers eventually increase the straw yield (Monisha
et al., 2019). The yield increase in the same crop was reported in field trials using a
combination of B. megaterium and A. chroococcum was 10-20 per cent (Brown, 1974).
Similarly, Rekha et al. (2018) recorded higher straw yield in the plants of the pots
inoculated with microbial consortia +75 per cent RDF + FYM. Shruthi (2014) found that
combined application of PSB + KSB + inorganic fertilizer increased grain and straw yield

compare to single strain inoculation of biofertilizers with inorganic fertilizer.

4.5 Effect of bio- enriched FYM and levels of fertilizers on nutrient concentration

and uptake of finger millet at different growth stages.

The result of the field experiment conducted to know the effect of bio- enriched
FYM and levels of fertilizers on nutrient concentration and uptake at different growth

stages of finger millet viz., 30, 60, 90 DAS and at harvest are presented below
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Fig. 4.3: Bio- enriched FYM and different levels of fertilizers on grain and straw yield (kg ha) of finger millet at harvest.

Treatment details:

Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5tha?FYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
T3 7.5t ha enriched FYM (NFB + PGPR) + 60 % RDF Ts: 7.5 t hatenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5tha? enriched FYM (NFB + PGPR) + 80 % RDF To: 7.5t ha! enriched FYM (MC) + 60 % RDF

Ts: 7.5 thatenriched FYM (PSB + PGPR) + 60 % RDF T : 7.5 that enriched FYM (MC) + 80 % RDF



4.5.1 Primary nutrients
4.5.1.1 Nitrogen content and uptake at different growth stages of finger millet

The concentration and uptake of nitrogen in finger millet at different growth stages

viz., 30, 60, 90 DAS and at harvest are presented in Table 4.7 and Fig. 4.4.

The concentration and uptake of nitrogen in finger millet at 30 DAS showed non-
significant results with application of different biofertilizer enriched FYM, levels of
fertilizer and their interaction. Numerically higher content (2.05 %) and uptake (6.20 kg
ha!) was recorded in B4 (microbial consortia). Similarly, application of higher levels of
fertilizers (80 % RDF) resulted in higher content (2.03 %) and uptake (5.97 kg ha™).
Among different treatments, significantly higher uptake (6.33 kg ha™!) was obtained in T1o
(BsL2: MC+ 80 % RDF), followed by 6.08 kg ha! in To (B4Li: MC+ 60 % RDF) compared
to control Ty (2.40 kg ha™).

However, at 60 DAS and 90 DAS significantly higher concentration (1.46 and 1.10
%, respectively) and uptake (20.99 and 43.50 kg ha!, respectively) was observed with
application of microbial consortia (Bs). Similar was the trend with levels of fertilizers (La:
80 % RDF). The interaction effect with respect to nitrogen content and uptake at different
growth stages of finger millet was non-significant. Among treatments, significantly higher
concentration of N (1.48 and 1.13 %) and uptake (21.68 and 45.39 kg ha™!') at 60 and 90
DAS, respectively was recorded with application of MC along with 80 per cent RDF (B4L>)
followed by B4L1 (MC + 60 % RDF) over control.

The concentration and uptake of nitrogen in finger millet grain and straw also
followed the same trend with higher concentration in grain (1.36 %) and straw (0.67 %)
with application of B4 (microbial consortia). With respect to levels of fertilizers,
application of 80 per cent RDF resulted in higher concentration (1.30 and 0.59 %) and
uptake (37.05 and 24.58 kg ha') in grain and straw respectively. Among treatments
significantly higher concentration of nitrogen in grain (1.38 %) and straw (0.69 %) was
observed in T1o (B4L2: MC+ 80 % RDF). Similar was trend with uptake in grain and straw
(41.27 and 29.31 kg ha'!, respectively) over control (12.16 and 6.47 kg ha™!, respectively)
and 100 per cent RDF (28.61 and 17.55 kg ha™!, respectively).
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Table 4.7: Nitrogen concentration and uptake by finger millet at different growth stages as influenced by different bio-enriched

FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kgha™) | (kgha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 2.02 5.72 1.36 18.34 1.01 37.27 1.29 34.70 0.59 23.42 58.12
B:: PSB + PGPR 2.00 5.58 1.26 16.18 0.91 32.53 1.20 32.39 0.50 19.52 51.90
Bs: KSB + PGPR 2.01 5.77 1.29 17.29 0.93 34.49 1.22 33.33 0.52 21.00 54.33
B4: MC 2.05 6.20 1.46 20.99 1.10 43.50 1.36 40.13 0.67 28.25 68.38
S.Em.+ 0.05 0.24 0.04 0.77 0.02 1.15 0.03 0.90 0.02 1.01 1.72
CD @5 % NS NS 0.11 2.33 0.07 3.50 0.09 2.74 0.05 3.07 5.22
Factor 2: Levels of fertilizers (L)
Li1:60 % RDF 2.01 5.67 1.29 16.98 0.95 34.83 1.23 33.23 0.55 21.51 54.74
L2: 80 % RDF 2.03 597 1.39 19.42 1.02 39.06 1.30 37.05 0.59 24.58 61.63
S.Em.+ 0.03 0.17 0.03 0.54 0.02 0.81 0.02 0.64 0.01 0.71 1.22
CD@5% NS NS 0.08 1.65 0.05 2.47 0.06 1.94 0.04 2.17 3.69
Interaction (Bx L)
S.Em.+ 0.07 0.35 0.05 1.08 0.03 1.63 0.04 1.28 0.03 1.43 2.43
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 1.70 2.40 1.09 7.87 0.72 10.49 1.08 12.16 0.42 6.47 18.63
T2-100 % RDF 1.98 5.22 1.18 14.66 0.87 29.71 1.13 28.61 0.47 17.55 46.16
T3-BiLi1 2.01 5.57 1.32 16.92 0.98 35.10 1.26 32.82 0.56 21.42 54.24
T4-BiLa 2.03 5.87 1.40 19.76 1.04 39.45 1.31 36.58 0.63 25.43 62.01
Ts-B:L1 1.99 5.40 1.20 14.99 0.87 30.24 1.15 29.90 0.48 17.95 47.85
Ts-B:La 2.02 5.75 1.32 17.37 0.94 34.81 1.24 34.87 0.52 21.08 55.95
T7-BsLi1 2.00 5.62 1.22 15.72 0.90 32.38 1.19 31.19 0.51 19.47 50.66
Ts-BsLa 2.02 591 1.36 18.86 0.96 36.60 1.25 35.47 0.54 22.52 58.00
To-B4Li1 2.04 6.08 1.43 20.30 1.06 41.60 1.34 38.99 0.65 27.19 66.19
T10-B4La 2.06 6.33 1.48 21.68 1.13 45.39 1.38 41.27 0.69 29.31 70.58
S.Em.+ 0.07 0.32 0.05 1.33 0.03 1.90 0.04 1.16 0.02 1.37 2.28
CD@5% NS 0.96 0.14 3.95 0.10 5.65 0.13 3.45 0.07 4.07 6.79

020¢

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™!' of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia
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Fig. 4.4: Bio- enriched FYM and different levels of fertilizers on nitrogen content (%) and uptake (kg ha?) of finger millet at
different growth stages.

Treatment details:

Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5thalFYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Ts: 7.5 t hat enriched FYM (NFB + PGPR) + 60 % RDF Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5thatenriched FYM (NFB + PGPR) + 80 % RDF To: 7.5 t hat enriched FYM (MC) + 60 % RDF

Ts: 7.5thatenriched FYM (PSB + PGPR) + 60 % RDF Tio: 7.5t ha enriched FYM (MC) + 80 % RDF



Higher nitrogen concentration and uptake observed with application of FYM
enriched with microbial consortia followed by NFB + PGPR, may be due to conversion of
elemental nitrogen in atmosphere into plant usable form by NFB and its association with
plant root exudation which would have increased nutrient uptake by plant. This might be
attributed also due to higher amount of nitrogen content present in bio enriched FYM which
might have hastened the process of mineralization during crop growth period. Presence of
PGPR along with nitrogen fixers regulates hormonal and nutritional balance, inducing
resistance against plant pathogens, and solubilizing nutrients for easy uptake by plants
(Vejan et al., 2016). Shruthi et al. (2018) recorded increased uptake and concentration of
N, P and K in grain and straw of finger millet due to the application of fertilizers and FYM
along with the dual inoculation of biofertilizers (consortia). This can be correlated with
higher microbial biomass and enzymatic activity which signifies release of nutrients

(Yuvaraj, 2016).

4.5.1.2 Phosphorus content and uptake at different growth stages of finger millet

The data pertaining to phosphorus concentration and uptake as influenced by

different biofertilizers and levels of fertilizers are presented in Table 4.8 and Fig. 4.5.

At 30 DAS, concentration and uptake of phosphorus in finger millet showed non-
significant effect with application of different biofertilizer enriched FYM, levels of
fertilizers and also interaction among them (BXL). Numerically higher content (0.26 %)
and uptake (0.82 kg ha™!) was recorded with application of microbial consortia (B4). Among
levels of fertilizers application of 80 per cent RDF (L») resulted in higher content (0.24 %)
and uptake (0.72 kg ha'). Among the treatments significantly higher uptake (0.87 kg ha™')
was observed in T1o (BsL2: MC + 80 % RDF) compared to control (0.23 kg ha!) and 100
per cent RDF (0.50 kg ha™).

Whereas, at 60 DAS and 90 DAS higher concentration (0.26 and 0.24 kg ha™,
respectively) and uptake (3.76 and 9.42 kg ha’!, respectively) was recorded in B4 (MC).
Similarly, higher content (0.24 and 0.22 %, respectively) and uptake (3.29 and 8.29 kg
ha') was recorded with application of 80 per cent RDF (L») compared to 60 per cent RDF
(L1). The interaction effect (BxL) with respect to phosphorus content and uptake at
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Table 4.8: Phosphorus concentration and uptake by finger millet at different growth stages as influenced by different bio-
enriched FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kgha™) | (kgha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 0.21 0.60 0.19 2.53 0.18 6.44 0.30 8.13 0.16 6.44 14.56
B:: PSB + PGPR 0.24 0.67 0.23 3.00 0.21 7.63 0.33 8.99 0.20 7.77 16.76
Bi: KSB + PGPR 0.22 0.64 0.22 2.92 0.20 7.47 0.32 8.65 0.18 7.02 15.66
B4: MC 0.26 0.82 0.26 3.76 0.24 9.42 0.37 10.81 0.23 9.70 20.51
S.Em.t 0.02 0.06 0.01 0.13 0.009 0.36 0.01 0.29 0.005 0.27 0.48
CD@5% NS NS 0.03 0.39 0.03 1.09 0.03 0.88 0.02 0.82 147
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 0.23 0.65 0.21 2.82 0.20 7.19 0.32 8.57 0.18 7.15 15.72
L2: 80 % RDF 0.24 0.72 0.24 3.29 0.22 8.29 0.34 9.72 0.20 8.31 18.03
S.Em.t 0.01 0.04 0.006 0.09 0.006 0.25 0.006 0.20 0.004 0.19 0.34
CD@5% NS NS 0.02 0.28 0.02 0.77 0.02 0.62 0.01 0.58 1.04
Interaction (Bx L)
S.Em.t 0.02 0.08 0.01 0.18 0.01 0.51 0.01 0.41 0.01 0.38 0.68
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 0.16 0.23 0.14 1.14 0.11 1.59 0.24 2.66 0.10 1.58 4.25
T:-100 % RDF 0.19 0.50 0.17 2.07 0.15 5.17 0.27 6.83 0.14 5.14 11.97
T3-BiLi1 0.20 0.56 0.18 2.29 0.17 5.95 0.29 7.55 0.15 5.86 13.41
T4-BiLa 0.22 0.64 0.20 2.77 0.18 6.93 0.31 8.70 0.17 7.02 15.72
Ts-B:L1 0.24 0.64 0.22 2.72 0.20 6.87 0.32 8.35 0.19 6.93 15.29
Te-B:La 0.25 0.71 0.25 3.27 0.23 8.38 0.34 9.63 0.21 8.61 18.24
T7-BsLi1 0.22 0.61 0.21 2.68 0.19 6.96 0.31 8.09 0.17 6.48 14.57
Ts-BsLa 0.23 0.67 0.23 3.15 0.21 7.99 0.32 9.20 0.18 7.55 16.75
To-B4Li1 0.26 0.78 0.25 3.57 0.23 8.99 0.35 10.29 0.22 9.33 19.62
T10-B4La 0.27 0.87 0.27 3.95 0.25 9.85 0.38 11.33 0.24 10.07 21.40
S.Em.+ 0.03 0.08 0.02 0.26 0.01 0.55 0.02 0.44 0.01 0.49 0.75
CD@5% NS 0.22 0.04 0.76 0.04 1.63 0.07 1.30 0.03 1.46 2.24

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™!' of bio-enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria

MC: Microbial consortia
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Fig. 4.5: Bio- enriched FYM and different levels of fertilizers on phosphorus content (%) and uptake (kg ha) of finger millet
at different growth stages.

Treatment details:

Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5thalFYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Ts: 7.5 t hat enriched FYM (NFB + PGPR) + 60 % RDF Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5thatenriched FYM (NFB + PGPR) + 80 % RDF To: 7.5 t hat enriched FYM (MC) + 60 % RDF

Ts: 7.5t hatenriched FYM (PSB + PGPR) + 60 % RDF Tio: 7.5t ha enriched FYM (MC) + 80 % RDF



different growth stages of finger millet was non-significant. Among treatments
significantly higher concentration (0.27 and 0.25 %) and uptake (3.95 and 9.85 kg ha™!) at
60 and 90 DAS, respectively was recorded with application of MC + 80 per cent RDF (T10)
followed by MC+ 60 per cent RDF (To) over control.

Significantly higher concentration (0.37 and 0.23 %) and uptake (10.81 and 9.70
kg ha!) in finger millet grain and straw, respectively was recorded with application of MC
(B4). With respect to levels of fertilizers, application of 80 per cent RDF resulted in higher
concentration (0.34 and 0.20 %) and uptake (9.72 and 8.31 kg ha!) in grain and straw,
respectively. Among treatments, significantly higher concentration and uptake in grain
(0.38 % and 11.33 kg ha'!, respectively) and straw (0.24 % and 10.07 kg ha™!, respectively)
was observed in Tjo (B4L2: MC+ 80 % RDF) over control and 100 per cent RDF. Similar

was the trend with uptake of phosphorus at harvest.

The higher available phosphorus content might be due to the release of organic
acids during microbial decomposition of organic matter which helped in the solubility of
native phosphates thus increasing available phosphorus. Increased availability of
phosphorus increased root proliferation which resulted in better utilization of macro and
micro nutrients in soil which was due to presence of PGPR along with PSB. Gangaraddi et
al. (2020) reported in finger millet that application of triple inoculants (Azotobacter
chroococcum + Bacillus megaterium + Pseudomonas fluorescens) increased uptake of
nitrogen and phosphorus per plant followed by double inoculated treatments with
A. chroococcum +B. megaterium, B. megaterium + P. fluorescens, A. chroococcum +
P. fluorescens, respectively. Similar was the results with application of microbial consortia

(Pallavi et al., 2016).

4.5.1.3 Potassium concentration and uptake at different growth stages of finger millet

The data pertaining to the effect of different biofertilizer enriched FYM and levels
of fertilizer application on potassium content and uptake at different growth stages are

presented in Table 4.9 and Fig. 4.6.
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The concentration and uptake of potassium in finger millet at 30 DAS showed non-
significant results with application of different biofertilizers, levels of fertilizer and their
interaction. Numerically higher content (1.37 %) and uptake (4.19 kg ha!) was recorded
in B4 (microbial consortia). Similarly, application of higher levels of fertilizers (L2: 80 %
RDF) resulted in higher content (1.35 %) and uptake (3.99 kg ha'). Among different
treatments, significantly higher uptake (4.28 kg ha™!) was obtained in B4L, (MC+ 80 %
RDF), followed by B4L; (4.09 kg ha!) compared to control (1.66 kg ha™).

Significantly higher concentration and uptake at 60 DAS (1.24 % and 17.88 kg
ha'!, respectively) and 90 DAS (1.03 % and 40.79 kg ha™!, respectively) was observed with
application of MC (Bs4). Similar was the trend with application of 80 per cent RDF
compared to 60 per cent RDF. The interaction effect with respect to potassium content and
uptake at different growth stages of finger millet was non-significant. Among treatments,
significantly higher concentration of potassium (1.27 and 1.05 %) and uptake (18.58 and
41.98 kg ha!) at 60 and 90 DAS, respectively was recorded with application of MC along
with 80 per cent RDF (BsL2: MC+ 80 % RDF) followed by BsL; (MC + 60 % RDF) over

control.

The concentration and uptake of potassium in finger millet grain and straw also
followed the same trend with higher concentration and uptake in grain (0.58 % and 17.15
kg ha'!, respectively) and straw (0.97 % and 41.17 kg ha!, respectively) with application
of B4 (MC). With respect to levels of fertilizers, application of 80 per cent RDF resulted in
higher concentration (0.56 and 0.94 %) and uptake (15.95 and 38.88 kg ha™') in grain and
straw respectively. Among treatments significantly higher concentration and uptake of
potassium in straw (0.99 % and 42.14 kg ha™!, respectively) and grain (0.59 % and 17.70
kg ha’!, respectively) was observed in T1o (BsL2: MC+ 80 % RDF), followed by To (BsLi:
MC + 60 % RDF) over absolute control.

Application of different biofertilizers and levels of RDF significantly increased
concentration and uptake of nutrients at harvest. Higher nutrient concentration and higher
uptake might be due to the application of nutrients through bio-enriched FYM and

inorganic sources which might have increased nutrients in the available pool through
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Table 4.9: Potassium concentration and uptake by finger millet at different growth stages as influenced by different bio-enriched
FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) | (kgha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 1.30 3.71 1.08 14.63 0.89 32.74 0.51 13.78 0.86 34.14 47.92
B:: PSB + PGPR 1.32 3.67 1.12 14.40 0.92 32.74 0.53 14.46 0.89 34.71 49.17
B3: KSB + PGPR 1.35 3.88 1.19 15.79 0.97 36.10 0.55 15.02 0.92 36.84 51.87
B4: MC 1.37 4.19 1.24 17.88 1.03 40.79 0.58 17.15 0.97 41.17 58.32
S.Em.t 0.02 0.18 0.03 0.48 0.02 1.21 0.01 0.52 0.02 1.05 1.34
CD@5% NS NS 0.09 1.46 0.07 3.66 0.04 1.57 0.06 3.18 4.07
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 1.32 3.74 1.13 14.77 0.92 33.70 0.53 14.26 0.88 34.55 48.81
L2: 80 % RDF 1.35 3.99 1.19 16.58 0.98 37.49 0.56 15.95 0.94 38.88 54.82
S.Em.t 0.02 0.13 0.02 0.34 0.02 0.85 0.01 0.37 0.01 0.74 0.95
CD@5% NS NS 0.06 1.03 0.05 2.59 0.03 1.11 0.04 2.25 2.88
Interaction (Bx L)
S.Em.t 0.03 0.26 0.04 0.68 0.03 1.71 0.02 0.73 0.03 1.48 1.90
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 1.19 1.66 0.98 7.11 0.77 11.38 0.43 4.84 0.75 11.43 16.28
T2-100 % RDF 1.32 3.51 1.02 12.67 0.84 28.86 0.47 11.82 0.80 29.71 41.52
T3-Bila 1.28 3.56 1.04 13.44 0.85 30.39 0.49 12.74 0.82 31.57 44.31
T4-Bil2 1.32 3.85 1.12 15.82 0.93 35.10 0.53 14.83 0.90 36.71 51.54
Ts-B2La1 1.30 3.52 1.09 13.61 0.89 30.60 0.52 13.58 0.86 31.97 45.54
Te-B2L2 1.33 3.82 1.15 15.19 0.94 34.88 0.55 15.35 0.93 37.45 52.80
T7-BsLa 1.34 3.77 1.16 14.83 0.94 34.19 0.54 14.13 0.90 34.48 48.61
Ts-BsL2 1.36 3.99 1.21 16.74 1.00 38.01 0.56 15.92 0.95 39.20 55.12
To-Bs4L1 1.37 4.09 1.21 17.19 1.01 39.60 0.57 16.60 0.96 40.20 56.80
T10-B4La 1.38 4.28 1.27 18.58 1.05 41.98 0.59 17.70 0.99 42.14 59.84
S.Em.+ 0.04 0.24 0.04 0.98 0.04 2.18 0.02 0.75 0.03 1.46 1.86
CD @5 % NS 0.71 0.12 2.92 0.12 6.46 0.07 2.22 0.08 4.35 5.51

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria

MC: Microbial consortia




solubilization and mineralization. Application of biofertilizers enhances the soil nutrients
by quick release of nutrients through production of organic acids leading to enhanced
translocation, absorption and utilization of all other plant nutrients, thus resulting in more
nutrient content (Singh et al., 2018). Similar result was cited by Balogh-Brunstad et al.
(2008) that certain microbial strains form a biofilm on the rhizospheric mineral surfaces
and release organic acids, metabolites and drops the pH that help in K mineral
solubilization and uptake by plants. Archana et al. (2013) reported that KSB (Bacillus
species) inoculation increased plant growth, nutrient uptake (K) and yield component of
maize plants significantly over control plants. Increase in growth vigour, biomass yield and
K uptake to different degrees in available K deficient soil in ryegrass upon inoculation with

KSB strains was notice by Xiao et al. (2017).

4.5.1.4 Correlation of nitrogen. Phosphorus and potassium content with uptake at

different growth stages of finger millet.

Correlation between nutrient content and uptake at different stages of crop growth
of finger millet as influenced by different biofertilizers enriched FYM and levels of RDF
are presented in Table 4.10. Correlation studies indicated that nitrogen (r= 0.77**, 0.89**
and 0.93**), phosphorus (r=0.91**, 0.97** and 0.95**) and potassium (r= 0.79%*, 0.82**
and 0.89**) content were significantly and positively correlated with uptake at 30, 60 and
90 DAS, respectively of finger millet. Similarly, grain and straw nitrogen (0.76** and
0.92** respectively), phosphorus (0.74** and 0.96**, respectively) and potassium (0.8 1**
and 0.83**, respectively) content were significantly and positively correlated. This clearly
shows that there was significant increase in content of nutrient viz., NPK during different
growth stages of finger millet which due to application of different biofertilizers along with
inorganic fertilizers which helped in easier mineralization and increase in concentration of

nutrients which positively correlated with increased nutrient uptake by finger millet.
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Fig. 4.6: Bio- enriched FYM and different levels of fertilizers on potassium content (%) and uptake (kg hat) of finger millet

at different growth stages.

Treatment details:

T1
T,
Ts
Ts
Ts

: Absolute control

:7.5thalFYM + 100 % RDF

: 7.5t ha enriched FYM (NFB + PGPR) + 60 % RDF
: 7.5 tha™ enriched FYM (NFB + PGPR) + 80 % RDF
: 7.5 thaenriched FYM (PSB + PGPR) + 60 % RDF

Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
To: 7.5t hat enriched FYM (MC) + 60 % RDF

Tio: 7.5t ha enriched FYM (MC) + 80 % RDF



Table 4.10: Correlation matrix of nitrogen, phosphorus and potassium content and
uptake at different stages of finger millet as influenced by different bio-

enriched FYM and levels of fertilizers.

Correlation
At harvest
Content/ Uptake | 30 DAS 60 DAS 90 DAS
Grain Straw
Nitrogen 0.77** 0.89** 0.93** 0.76** 0.92**
Phosphorus 0.91** 0.97** 0.95%* 0.74%* 0.96**
Potassium 0.79%** 0.82** 0.89** 0.81** 0.83**

Note: ** Correlation is significant at p = 1 per cent.

4.5.2 Secondary nutrients
4.5.2.1 Calcium content and uptake at different growth stages of finger millet

Data presented in Table 4.11 reveals nutrient concentration and uptake of calcium

in finger millet at different growth stages.

The uptake (23.61 kg ha') of calcium in finger millet at harvest and uptake of
calcium (5.76 kg ha™!) was found significantly higher in microbial consortia B4 (MC).
Similar was the trend with levels of fertilizers. Significantly higher uptake (21.24 kg ha™)
was observed with application of 80 per cent RDF compared to 60 per cent RDF (17.91 kg
ha') at harvest. However, significantly higher uptake (5.29 kg ha™') was at 60 DAS with
application of 80 per cent RDF (L) compared to (4.56 kg ha!) with 60 per cent RDF (L1).

Interaction of different biofertilizers and levels of fertilizers recorded no significant
effect on content and uptake of calcium at different growth stages of finger millet. Between
treatments, significantly higher content was observed at 30 DAS with higher concentration
(0.43 %) in B4Lo (MC+ 80 % RDF) compared to control. Application of MC+ 80 per cent
RDF (B4L;) recorded significantly higher uptake at 30 DAS (1.31 kg ha!), 60 DAS (6.08
kg ha'), 90 DAS (14.07 kg ha') and at harvest (24.96 kg ha™!) with higher grain and straw
uptake of 12.96 kg ha! and 12.00 kg ha™!, respectively over control and 100 per cent RDF.
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Table 4.11: Calcium concentration and uptake by finger millet at different growth stages as influenced by different bio-

enriched FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kgha™) | (kgha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 0.38 1.08 0.35 4.75 0.30 11.00 0.38 10.18 0.22 8.75 18.93
B:: PSB + PGPR 0.37 1.02 0.35 4.48 0.27 9.72 0.37 9.96 0.19 7.33 17.30
Bi: KSB + PGPR 0.37 1.06 0.36 4.72 0.29 10.78 0.38 10.39 0.20 8.08 18.47
B4: MC 0.42 1.28 0.40 5.76 0.34 13.53 0.42 12.31 0.27 11.29 23.61
S.Em.t 0.03 0.09 0.02 0.28 0.03 0.97 0.01 0.52 0.02 0.97 1.17
CD@5% NS NS NS 0.84 NS NS NS 1.58 NS NS 3.54
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 0.37 1.05 0.35 4.56 0.29 10.56 0.37 9.97 0.20 7.95 17.91
L2: 80 % RDF 0.40 1.17 0.38 5.29 0.31 11.95 0.40 11.45 0.24 9.72 21.24
S.Em.t 0.02 0.07 0.01 0.20 0.02 0.69 0.01 0.37 0.02 0.69 0.82
CD@5% NS NS NS 0.60 NS NS NS 1.11 NS NS 2.50
Interaction (Bx L)
S.Em.t 0.04 0.13 0.02 0.39 0.04 1.37 0.02 0.73 0.03 1.38 1.65
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 0.26 0.37 0.24 1.88 0.18 5.09 0.32 3.58 0.13 1.99 5.57
T2-100 % RDF 0.34 0.90 0.30 3.74 0.24 8.45 0.34 8.67 0.17 6.44 15.11
T3-BiLi1 0.37 1.01 0.34 4.33 0.29 10.31 0.36 9.42 0.20 7.71 17.13
T4-BiLa 0.40 1.14 0.37 5.17 0.31 11.70 0.39 10.93 0.24 9.79 20.72
Ts-B:L1 0.34 0.93 0.33 4.16 0.26 9.06 0.35 9.17 0.17 6.44 15.61
Te-B:2La 0.39 1.12 0.36 4.80 0.28 10.39 0.38 10.75 0.20 8.23 18.98
T7-BsLi1 0.36 1.00 0.34 4.34 0.27 9.89 0.37 9.64 0.18 7.01 16.65
Ts-BsLa 0.38 1.12 0.37 5.11 0.31 11.66 0.39 11.15 0.22 9.14 20.29
To-B4Li1 0.41 1.24 0.38 5.43 0.33 12.99 0.40 11.67 0.25 10.59 22.25
T10-B4La 0.43 1.31 0.41 6.08 0.35 14.07 0.43 12.96 0.28 12.00 24.96
S.Em.+ 0.04 0.12 0.02 0.45 0.04 1.46 0.02 0.72 0.03 1.35 1.68
CD @5 % NS 0.36 0.07 1.34 NS 4.34 NS 2.13 NS 4.00 4.99

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™!' of bio-enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria

MC: Microbial consortia




4.5.2.2 Magnesium content and uptake at different growth stages of finger millet

Result of different biofertilizers and levels of fertilizers application on magnesium
concentration and uptake at different growth stages of finger millet are presented in

Table 4.12.

Application of different biofertilizers enriched FYM recorded non-significant
effect on content at 30, 60, 90 DAS and at harvest. Whereas, total uptake was found
significant at harvest with higher uptake of 15.95 kg ha! in B4 (MC) followed by 12.88 kg
ha! (Bi: NFB+ PGPR).

With respect to levels of fertilizers, no significant effect on content was recorded at
30, 60, 90 DAS and at harvest. While, significantly higher uptake (14.55 kg ha') was
observed at harvest with application of 80 per cent RDF compared to 60 per cent RDF
(12.08 kg ha™').

Interaction effect with respect to magnesium content and uptake at different growth
stages of finger millet was non-significant. Among treatments, total concentration and
uptake at harvest followed same trend with higher concentration and uptake (0.47 % and
17.13 kg ha!, respectively) with application of MC+ 80 per cent RDF (T10) compared to
control (0.24 % and 3.03 kg ha™!, respectively). Similar was the trend with respect to uptake
at 60 and 90 DAS. However, uptake in grain (6.94 kg ha!) and straw (10.19 kg ha!) was
significantly higher in same treatment (MC+ 80 % RDF) compared to control (1.47 and
1.56 kg ha'!, respectively).

4.5.2.3 Sulphur content and uptake at different growth stages of finger millet
The data pertaining to sulphur concentration and uptake by finger millet at different

growth stages are presented in Table 4.13.

The sulphur content at different growth stages viz., 30, 60, 90 DAS and at harvest
did not differ significantly with respect to different bio-enriched FYM and levels of
fertilizers. Similar was the trend with interaction. Numerically higher sulphur content 0.46

per cent was observed with application of microbial consortia (B4) and 0.44 per cent with
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Table 4.12: Magnesium concentration and uptake by finger millet at different growth stages as influenced by different bio-

enriched FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kgha™) | (kgha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 0.27 0.76 0.25 342 0.22 8.11 0.20 532 0.19 7.56 12.88
B:: PSB + PGPR 0.26 0.73 0.24 3.08 0.21 7.48 0.19 5.12 0.18 6.91 12.03
Bi: KSB + PGPR 0.27 0.77 0.24 3.15 0.22 8.09 0.19 5.28 0.18 7.12 12.40
B4: MC 0.29 0.88 0.28 4.07 0.26 10.35 0.22 6.43 0.22 9.52 15.95
S.Em.t 0.02 0.07 0.02 0.29 0.02 0.81 0.01 0.36 0.02 0.92 0.88
CD@5% NS NS NS NS NS NS NS NS NS NS 2.67
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 0.26 0.74 0.24 3.13 0.21 7.69 0.19 5.16 0.18 6.91 12.08
L2: 80 % RDF 0.28 0.83 0.27 3.72 0.24 9.33 0.21 5.90 0.21 8.64 14.55
S.Em.t 0.02 0.05 0.01 0.20 0.02 0.57 0.007 0.26 0.01 0.65 0.62
CD@5% NS NS NS NS NS NS NS NS NS NS 1.88
Interaction (Bx L)
S.Em.t 0.03 0.10 0.03 0.41 0.03 1.14 0.01 0.51 0.03 1.30 1.24
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 0.16 0.22 0.14 1.08 0.13 3.62 0.13 1.47 0.11 1.56 3.03
T2-100 % RDF 0.23 0.60 0.19 231 0.17 5.71 0.16 4.17 0.14 5.06 9.23
T3-BiLi1 0.26 0.72 0.24 3.09 0.20 7.18 0.19 4.95 0.17 6.51 11.45
T4-BiLa 0.28 0.81 0.27 3.74 0.24 9.04 0.20 5.69 0.21 8.62 14.31
Ts-B:L1 0.25 0.68 0.23 2.82 0.19 6.53 0.18 4.82 0.16 5.88 10.70
Te-B:2La 0.27 0.78 0.25 3.34 0.23 8.44 0.19 541 0.20 7.95 13.36
T7-BsLi1 0.26 0.70 0.22 2.84 0.20 7.25 0.19 4.99 0.17 6.42 11.40
Ts-BsLa 0.28 0.83 0.25 3.45 0.23 8.92 0.20 5.57 0.19 7.82 13.39
To-B4Li1 0.28 0.85 0.27 3.78 0.25 9.79 0.20 591 0.21 8.85 14.76
T10-B4La 0.30 0.91 0.30 4.35 0.27 10.91 0.23 6.94 0.24 10.19 17.13
S.Em.+ 0.04 0.10 0.02 0.39 0.03 1.08 0.02 0.58 0.03 1.15 1.12
CD@5% NS 0.28 0.07 1.15 NS 3.20 NS 1.73 NS 3.43 3.33

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™!' of bio-enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria

MC: Microbial consortia
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Table 4.13: Sulphur concentration and uptake by finger millet at different growth stages as influenced by different bio-enriched

FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) (%) (kg ha™) | (kgha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 0.43 1.21 0.40 5.40 0.36 13.14 0.16 4.34 0.35 13.58 17.92
B:: PSB + PGPR 0.42 1.16 0.37 4.70 0.34 12.20 0.15 4.09 0.33 12.82 16.91
B3: KSB + PGPR 0.42 1.20 0.39 5.21 0.35 13.09 0.15 4.17 0.34 13.44 17.61
B4: MC 0.46 1.40 0.43 6.18 0.38 15.24 0.18 5.23 0.38 16.14 21.37
S.Em.t 0.01 0.07 0.02 0.24 0.01 0.45 0.01 0.25 0.02 0.88 0.91
CD@5% NS NS NS 0.73 NS 1.36 NS 0.76 NS NS 2.77
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 0.42 1.19 0.38 4.98 0.35 12.74 0.15 4.10 0.34 13.12 17.23
L2: 80 % RDF 0.44 1.30 0.41 5.77 0.37 14.10 0.17 4.82 0.36 14.87 19.68
S.Em.t 0.01 0.05 0.01 0.17 0.01 0.32 0.006 0.18 0.02 0.62 0.65
CD@5% NS NS NS 0.52 NS 0.96 NS 0.54 NS NS 1.96
Interaction (Bx L)
S.Em.t 0.02 0.10 0.02 0.34 0.02 0.63 0.01 0.36 0.03 1.24 1.29
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 0.35 0.50 0.31 2.38 0.28 391 0.10 1.09 0.26 4.16 5.25
T2-100 % RDF 0.39 1.03 0.34 4.22 0.32 11.03 0.13 3.35 0.31 11.40 14.75
T3-Bila 0.41 1.15 0.38 4.93 0.35 12.52 0.16 4.04 0.33 12.70 16.74
T4-Bil2 0.44 1.26 0.42 5.87 0.37 13.76 0.17 4.65 0.36 14.45 19.10
Ts-B2La1 0.40 1.09 0.33 4.16 0.32 11.21 0.14 3.69 0.31 11.68 15.37
Te-B2L2 0.43 1.22 0.40 5.23 0.36 13.18 0.16 4.49 0.35 13.96 18.45
T7-BsLa 0.41 1.16 0.38 4.81 0.34 12.20 0.15 3.81 0.33 12.49 16.30
Ts-BsL2 0.43 1.25 0.41 5.61 0.37 13.98 0.16 4.53 0.35 14.39 18.92
To-Bs4L1 0.45 1.35 0.42 6.00 0.38 15.01 0.17 4.87 0.37 15.62 20.50
T10-B4La 0.48 1.46 0.44 6.36 0.39 15.48 0.19 5.59 0.39 16.66 22.25
S.Em.+ 0.03 0.09 0.02 0.44 0.02 0.80 0.01 0.33 0.03 1.20 1.24
CD @5 % NS 0.28 0.07 1.30 NS 2.39 0.04 0.99 NS 3.55 3.68

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria

MC: Microbial consortia




application of 80 per cent RDF (L) at 30 DAS. Sulphur uptake differed significantly at 30,
60, 90 DAS and at harvest in finger millet grain only. Maximum uptake of sulphur at 90
DAS was with application of MC (Bs) and 14.10 kg ha' in L»: 80 per cent RDF. The grain
uptake of 5.23 kg ha™! was observed with application of microbial consortia (B4) and 4.82
kg ha™! with application of 80 per cent RDF (L>). The interaction effect between different
bio-enriched FYM and levels of fertilizers was found non-significant. Among different
treatments content was found non-significant at 60 and 90 DAS, whereas uptake was found
significant at all growth stages and highest uptake (22.25 kg ha!) was recorded with
application of MC+ 80 per cent RDF (T19) compared to control and 100 per cent RDF.

Mineralization of nutrient present in FYM might have increased nutrient
availability for the uptake of calcium, magnesium and sulphur by plant. Similarly, FYM
inoculated with heterotrophs lead to conversion of unavailable form to available form of
nutrients (mineralization) compared to application of uninoculated FYM and thereby
increased uptake by plant (Nandini and Sreenivasa, 2014). This might have contributed
available calcium, magnesium and sulphur to soil after the mineralization of FYM.
Huang et al. (2013) reported that microbial decomposition of organic materials also
produces ammonia and hydrogen sulfide and that hydrogen ions displace K*, Mg®*, Ca*",
and Mn?* from the cation-exchange complex in a soil and thereby enhances uptake. Similar

result was observed by Shruthi (2014) and Rangesh Kumar ef al. (2018).

4.5.3 Micronutrients content and uptake at different growth stages of finger millet

Data presented in Table 4.14, 4.15, 4.16 and 4.17 revealed the effect of bio-
enriched FYM and levels of fertilizers on iron, manganese, zinc and copper concentration

and uptake in finger millet at different growth stages, respectively.

Application of different biofertilizers enriched FYM, levels of fertilizers and
interaction of both (BxL) recorded no significant effect on micronutrient (Fe, Mn, Zn and
Cu) content and uptake at 30, 60, 90 DAS and at harvest (grain and straw). Similar was the

trend among treatments.
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With respect to treatments, application of MC + 80 per cent RDF recorded
significantly higher Fe (21.17, 96.91, 224.71 and 360.39 g ha!) and Mn (11.09, 43.76,
94.04 and 181.39 g ha') at 30, 60, 90 DAS and at harvest, respectively compared to Fe
(5.85,28.11,49.71 and 85.10 g ha'!, respectively) and Mn (2.46, 9.69, 17.07 and 37.50 g
ha’!, respectively) in absolute control. Similar trend was observed in grain and straw, where
in higher uptake of Fe (138.05 and 222.34 g ha™') and Mn (101.34 and 80.05 g ha'!) was
recorded with application of MC + 80 per cent RDF compared to control in grain (32.75
gha'and 20.93 gha™!, respectively) and straw (52.34 gha™ and 16.58 g ha'!, respectively).

Uptake of Zn and Cu was found significant at 30, 60, 90 DAS and at harvest.
Application of MC+ 80 per cent RDF recorded significantly higher Zn (10.71, 48.17,
102.43 and 176.46 g ha') and Cu (0.71, 3.31, 8.99 and 24.81 g ha!) at 30, 90 DAS and at
harvest, respectively, compared to Zn (2.85, 13.45, 18.10 and 35.29 g ha') and Cu (0.26,
1.23,2.69 and 7.73 g ha!) in absolute control. Similarly, significantly higher Zn uptake in
grain (84.91 g ha') and Cu uptake in grain (15.44 g ha!) and straw (9.37 g ha'!) was
recorded with application of MC + 80 per cent RDF (Ti0) compared to absolute control

(To).

Increase in concentration and uptake of micro-nutrient due to application of bio-
enriched FYM, might be due to increased mineralization which increased available
micronutrient content and uptake by plant, which improved mineralization and consequent
release of complex organic substances, which prevented micronutrient from precipitation,
fixation, oxidation and leaching (Sushma, 2005). Significant enhancement in the
availability of various micronutrients may be due to the creation of an acidic environment
by various microbial inoculants which promote mineral nutrient solubilization, mobility
and availability, besides the formation of a wide range of chelating agents (Baba et al.,
2010). Among biofertilizers the significant improvement in content and removal of
nutrients as a consequence of inorganic fertilizer with biofertilizer was due to improvement
in nutrient availability pattern of soil which might have reflected on biological yield and

resulted ultimately in nutrient content and uptake of micro nutrient (Pallavi ef al., 2016).
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Table 4.14: Iron concentration and uptake by finger millet at different growth stages as influenced by different bio-enriched

FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(ppm) | (gha’) | (ppm) | (gha') | (ppm) | (gha) | (ppm) | (gha") | (ppm) | (gha') | (gha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 59.46 16.85 57.24 77.46 46.32 172.20 37.67 101.92 42.29 167.36 269.28
B:: PSB + PGPR 61.06 17.07 58.86 75.80 47.81 170.98 38.59 104.86 44.91 175.04 279.90
Bi: KSB + PGPR 63.49 18.23 60.55 80.05 49.37 183.88 41.61 114.12 46.09 183.15 297.27
B4: MC 67.21 20.36 64.91 93.67 54.10 215.39 45.56 134.23 49.21 209.44 343.67
S.Em.t 2.25 1.01 3.56 5.23 3.35 14.59 3.84 10.10 4.43 18.07 23.75
CD @5 % NS NS NS NS NS NS NS NS NS NS NS
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 61.15 17.27 58.95 77.36 47.02 172.07 38.58 104.01 43.77 171.02 275.03
L2: 80 % RDF 64.46 18.99 61.83 86.13 51.78 199.15 43.14 123.56 47.49 196.47 320.03
S.Em.t 1.59 0.71 2.52 3.70 2.37 10.32 2.72 7.14 3.13 12.78 16.80
CD @5 % NS NS NS NS NS NS NS NS NS NS NS
Interaction (Bx L)
S.Em.t 3.18 1.43 5.04 7.40 4.74 20.64 5.43 14.29 6.26 25.56 33.59
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 42.20 5.85 40.60 28.11 33.14 49.71 29.12 32.75 32.32 52.34 85.10
T:-100 % RDF 55.37 14.48 52.22 65.05 40.80 139.02 32.93 83.06 36.98 134.44 217.50
T3-BiLi1 57.41 15.88 55.78 72.19 43.54 156.63 35.65 93.17 40.98 157.99 251.16
T4-BiLa 61.50 17.83 58.70 82.74 49.09 187.78 39.70 110.67 43.60 176.73 287.40
Ts-B:L1 59.38 16.18 56.80 71.06 45.30 156.01 34.32 88.72 43.50 161.95 250.67
Te-B:2La 62.73 17.97 60.93 80.53 50.31 185.95 42.86 121.01 46.32 188.14 309.14
T7-BsLi1 62.20 17.45 59.43 75.79 46.71 169.59 39.45 103.72 44.05 167.63 271.36
Ts-BsLa 64.79 19.00 61.67 84.32 52.04 198.17 43.78 124.52 48.12 198.67 323.18
To-B4Li1 65.60 19.56 63.80 90.42 52.51 206.06 44.89 130.42 46.52 196.53 326.95
T10-B4L2 68.82 21.17 66.02 96.91 55.68 224.71 46.23 138.05 51.90 222.34 360.39
S.Em.+ 5.86 1.64 6.21 8.94 5.78 22.96 5.15 13.21 6.42 25.06 32.97
CD@5% NS 4.87 NS 26.58 NS 68.23 NS 39.25 NS 74.46 97.97

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™!' of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia




Table 4.15: Manganese concentration and uptake by finger millet at different growth stages as influenced by different bio-
enriched FYM and levels of fertilizers.
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AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(ppm) | (gha’) | (ppm) | (gha’) | (ppm) | (gha) | (ppm) | (gha™) | (ppm) | (gha') | (gha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 28.95 8.20 22.42 30.55 16.35 60.62 24.61 66.53 14.53 57.77 124.30
B:: PSB + PGPR 30.15 8.52 23.45 30.25 17.21 61.77 27.80 75.80 15.16 57.77 134.93
B3: KSB + PGPR 31.12 9.02 24.59 32.52 18.69 69.72 28.61 78.55 15.95 59.12 142.58
B4: MC 35.94 10.90 28.57 41.27 22.50 89.71 32.87 97.58 17.92 64.03 174.17
S.Em.t 2.61 0.94 2.71 3.72 1.90 7.73 2.63 8.14 1.83 8.16 12.20
CD @5 % NS NS NS NS NS NS NS NS NS NS NS
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 29.63 8.44 22.68 29.90 17.48 64.51 26.62 72.27 15.22 59.82 132.09
L2: 80 % RDF 33.45 9.88 26.84 37.40 19.89 76.40 30.33 86.97 16.55 68.94 155.90
S.Em.t 1.85 0.66 1.92 2.63 1.35 5.46 1.86 5.75 1.29 5.77 8.62
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Interaction (Bx L)
S.Em.t 3.70 1.33 3.83 5.26 2.69 10.93 3.72 11.51 2.58 11.54 17.25
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 17.59 2.46 14.30 9.69 12.09 17.07 18.41 20.93 10.61 16.58 37.50
T:-100 % RDF 20.81 5.31 17.61 21.94 14.18 48.15 21.64 54.55 13.00 48.23 102.78
T3-BiLi1 26.63 7.34 19.77 25.80 15.37 55.85 22.30 58.29 13.73 52.86 111.15
T4-BiLa 31.27 9.06 25.07 35.29 17.33 65.39 26.92 74.77 15.32 62.67 137.45
Ts-B:Li1 27.64 7.62 21.44 26.84 16.04 55.69 25.96 67.62 14.27 52.92 120.55
Ts-B:L2 32.65 9.42 25.45 33.66 18.39 67.85 29.64 83.98 16.04 65.32 149.31
T7-BsLi1 28.38 8.09 22.18 28.17 16.78 61.11 26.37 69.33 15.63 60.37 129.69
Ts-BsLa 33.87 9.95 27.00 36.88 20.60 78.33 30.86 87.77 16.26 67.69 155.47
To-B4Li1 35.85 10.71 27.32 38.78 21.75 85.38 31.84 93.83 17.24 73.13 166.96
T10-B4La 36.02 11.09 29.82 43.76 23.25 94.04 33.89 101.34 18.59 80.05 181.39
S.Em.+ 4.50 1.39 3.81 5.01 2.40 9.81 3.39 10.39 2.57 10.83 15.89
CD@5% NS 4.14 NS 14.87 NS 29.16 NS 30.87 NS 32.17 47.22

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia
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Table 4.16: Zinc concentration and uptake by finger millet at different growth stages as influenced by different bio-enriched

FYM and levels of fertilizers.

AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(ppm) | (gha’) | (ppm) | (gha') | (ppm) | (gha) | (ppm) | (gha") | (ppm) | (gha') | (gha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 28.36 7.99 24.19 32.99 19.28 71.22 20.98 56.76 14.36 56.63 113.39
B:: PSB + PGPR 29.79 8.32 25.42 32.44 20.38 73.48 22.94 62.22 16.89 66.21 128.43
Bi: KSB + PGPR 30.99 8.96 27.69 36.94 21.42 79.59 22.93 62.64 16.76 66.89 129.53
B4: MC 34.03 10.29 31.57 45.45 24.52 97.60 27.30 79.82 20.42 88.13 167.94
S.Em.t 1.50 0.57 2.84 3.97 2.13 8.52 2.61 7.08 2.96 12.85 13.75
CD @5 % NS NS NS NS NS NS NS NS NS NS NS
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 29.38 8.32 25.26 33.25 19.94 73.13 21.93 58.76 16.12 63.72 122.48
L2: 80 % RDF 32.21 9.46 29.17 40.66 22.87 87.81 25.15 71.95 18.10 75.21 147.16
S.Em.t 1.06 0.40 2.01 2.81 1.51 6.03 1.84 5.01 2.09 9.08 9.73
CD @5 % NS NS NS NS NS NS NS NS NS NS NS
Interaction (Bx L)
S.Em.t 2.12 0.80 4.01 5.62 3.02 12.05 3.69 10.01 4.18 18.17 19.45
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 19.67 2.85 16.21 13.45 12.85 18.10 16.62 18.82 10.85 16.47 35.29
T:-100 % RDF 24.10 6.25 20.38 25.24 15.89 54.05 20.20 51.12 13.23 49.27 100.39
T3-BiLi1 26.33 7.23 21.70 28.31 17.98 64.77 18.77 48.80 14.19 54.46 103.25
T4-BiLa 30.39 8.75 26.68 37.67 20.58 77.67 23.19 64.72 14.53 58.80 123.52
Ts-B:L1 28.93 7.87 23.34 29.18 18.53 64.37 21.15 54.96 15.01 56.64 111.60
Te-B:2La 30.65 8.77 27.49 35.71 22.23 82.58 24.74 69.48 18.77 75.78 145.26
T7-BsLi1 29.06 8.31 25.76 32.78 19.66 70.62 21.61 56.58 15.62 59.07 115.65
Ts-BsLa 3291 9.62 29.61 41.10 23.18 88.56 24.25 68.71 17.90 74.71 143.41
To-B4Li1 33.20 9.86 30.24 42.73 23.57 92.76 26.18 74.72 19.65 84.71 159.43
T10-B4L2 34.87 10.71 32.90 48.17 25.47 102.43 28.41 84.91 21.19 91.54 176.46
S.Em.+ 3.63 0.92 4.16 5.96 3.22 11.48 3.32 9.05 3.72 16.22 17.63
CD@5% NS 2.73 NS 17.70 NS 34.11 NS 26.89 NS NS 52.37

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™!' of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia




Table 4.17: Copper concentration and uptake by finger millet at different growth stages as influenced by different bio-enriched
FYM and levels of fertilizers.
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AT HARVEST
30 DAS 60 DAS 90 DAS GRAIN STRAW Total
Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake | Content | Uptake uptake
(ppm) | (gha’) | (ppm) | (gha’) | (ppm) | (gha) | (ppm) | (gha™) | (ppm) | (gha') | (gha™)
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 2.15 0.61 2.10 2.84 2.04 7.48 4.80 12.95 1.97 7.78 20.74
B:: PSB + PGPR 2.22 0.62 2.15 2.77 2.10 7.51 4.85 13.07 2.03 7.92 20.99
B3: KSB + PGPR 2.19 0.62 2.18 2.89 2.12 7.88 4.87 13.33 2.06 8.22 21.54
B4: MC 2.28 0.69 2.24 3.23 2.20 8.75 5.07 14.96 2.16 9.18 24.13
S.Em.t 0.08 0.03 0.10 0.18 0.09 0.43 0.25 0.71 0.11 0.57 1.10
CD @5 % NS NS NS NS NS NS NS NS NS NS NS
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 2.19 0.62 2.14 2.82 2.09 7.63 4.82 12.93 2.02 7.93 20.86
L2: 80 % RDF 2.23 0.65 2.19 3.05 2.14 8.18 4.98 14.22 2.08 8.62 22.84
S.Em.t 0.06 0.02 0.07 0.12 0.07 0.30 0.18 0.50 0.08 0.40 0.78
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Interaction (Bx L)
S.Em.t 0.12 0.05 0.15 0.25 0.13 0.61 0.35 1.01 0.16 0.80 1.55
CD@5% NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 1.86 0.26 1.86 1.23 1.83 2.69 4.46 4.99 1.76 2.74 7.73
T:-100 % RDF 2.09 0.55 2.05 2.54 2.00 6.84 4.56 11.47 1.95 7.19 18.65
T3-BiLi1 2.13 0.59 2.08 2.69 2.01 7.23 4.72 12.33 1.94 7.47 19.80
T4-BiLa 2.16 0.63 2.12 2.99 2.06 7.73 4.87 13.58 1.99 8.10 21.68
Ts-B:Li1 2.19 0.60 2.13 2.66 2.08 7.21 4.76 12.27 2.00 7.52 19.79
Ts-B:L2 2.24 0.64 2.18 2.87 2.11 7.81 4.93 13.87 2.05 8.32 22.19
T7-BsLi1 2.17 0.60 2.15 2.76 2.09 7.59 4.81 12.65 2.02 7.74 20.40
Ts-BsLa 2.21 0.65 2.21 3.03 2.14 8.18 4.94 14.00 2.09 8.69 22.69
To-B4Li1 2.26 0.68 2.21 3.16 2.16 8.50 4.98 14.48 2.13 8.98 23.46
T10-B4La 2.29 0.71 2.26 3.31 2.23 8.99 5.16 15.44 2.19 9.37 24.81
S.Em.+ 0.13 0.05 0.15 0.23 0.14 0.66 0.37 0.94 0.15 0.75 1.45
CD @5 % NS 0.13 NS 0.70 NS 1.96 NS 2.80 NS 2.23 4.30

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia




4.6 Effect of bio- enriched FYM and levels of fertilizers on physico- chemical and

biological properties of soil at different growth stages.

The result of the field experiment conducted to know the effect of bio- enriched
FYM and levels of fertilizers on physico- chemical and biological properties of soil at
different growth stages of finger millet viz., 30, 60, 90 DAS and at harvest are presented

below.

4.6.1 Soil bulk density (Mg m-), porosity (%) and water holding capacity (%) after

harvest of finger millet.

The physical properties of soil are very important for agricultural production and
sustainable use of soil. It influences movement, supporting capacity, ease of penetration of
roots, retention, availability of water and nutrients to plants and flow of heat and air. The
addition of organic manure results in decrease in bulk density, increase in porosity and

there by water holding capacity of soil (Chikkaramappa et al., 2014).

The data pertaining to bulk density, porosity and water holding capacity (WHC) as
influenced by different biofertilizers and levels of fertilizers after harvest is presented in

Table 4.18.

4.6.1.1 Bulk density

Bulk density is one of the important indicators of soil health and its compactness,
affects infiltration, plant root development, soil aeration and plant, water and nutrient
availability. There was no significant difference observed in bulk density with application
of different biofertilizers and levels of fertilizers after harvesting of finger millet. Among
different treatments bulk density was found non-significant and it ranged from 1.35 to 1.39

Mg m™. Interaction effect (BxL) was also found non-significant.

The non-significant variation in bulk density among the biofertilizer enrichment,
levels of fertilizers, interaction (BxL) and also among treatments may be due to the quality
of FYM applied (7.5 t ha'!) which is meagre compared to the volume of soil. This lower
volume brought some variation in the observation between treatments over control, but

failed to produce statistical difference. Similar result was also reported by Chikkaramappa
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et al. (2014), who cited that addition of organic manure results in decrease in bulk density

and increase in porosity of soil.

4.6.1.2 Porosity (%)

The increased organic matter status, aggregation and pore size distribution
influence porosity of soil. Application of different biofertilizers and levels of fertilizers
recorded non- significant effect on porosity of soil. However, among different treatments,
it was found higher with application of MC+ 80 per cent RDF (42.01 %) compared to

control (38.63 %) without significant variation.

Porosity is a function of soil aggregation and in turn bulk density. The treatment
failed to produce statistical difference in bulk density but were on par among treatments.
Similar findings was reported by Chetan et al., 2017 who reported that bulk density,

particle density and porosity does not change in one cropping season.

4.6.1.3 Water holding capacity (%)

The water holding capacity of soil depends on organic matter content, number of
pores, size of pores and specific surface area of soil. The application of different
biofertilizer and levels of fertilizers recorded non-significant effect on water holding
capacity of soil. Similarly, different combination of biofertilizers and levels of fertilizers
also recorded non-significant impact on water holding capacity. However, it was found
higher with application of MC + 80 per cent RDF (41.19 %) compared to control
(37.11 %).

The water holding capacity of the soil is a function of soil porosity. The non-
significant variation in porosity might be the reason for on par results of water holding
capacity. The results are in agreement with the findings of Saha et al., 2010 who reported
increase in porosity due to better aggregation and changing pore-size distribution of the

soil and WHC is governed by porosity of soil.
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Table 4.18: Bulk density (Mg m3), porosity (%) and water holding capacity (%) of
soil after harvest of finger millet as influenced by different bio-enriched

FYM and levels of fertilizers.

| BDMgm?) | Porosity(%) | WHC (%)
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 1.36 40.46 39.55
B2: PSB + PGPR 1.37 40.36 39.14
B3: KSB + PGPR 1.36 40.81 39.66
B4: MC 1.35 41.56 40.78
S.Em.+ 0.017 0.93 0.77
CD@S% NS NS NS
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 1.36 40.28 39.16
L2: 80 % RDF 1.36 41.32 40.41
S.Em.+ 0.012 0.66 0.55
CD@5% NS NS NS
Interaction (Bx L)
S.Em.x+ 0.02 1.31 1.09
CD@5% NS NS NS
Treatments
T1-Control 1.39 38.63 37.11
T2-100 % RDF 1.38 39.01 38.31
T3-BiLia 1.36 39.78 38.69
T4-BiL2 1.35 41.13 40.41
Ts-B2L1 1.37 39.81 38.66
Te-B2L2 1.36 40.91 39.63
T7-BsLa 1.36 40.40 38.91
Ts-BsL2 1.36 41.21 40.41
To-B4La 1.35 41.11 40.37
T10-B4L2 1.35 42.01 41.19
S.Em.x+ 0.02 1.29 1.20
CD@5% NS NS NS

*100 per cent was added with 7.5 t ha'! of FYM, remaining treatments received 7.5 t ha™! of bio-
enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia

79 Shafnas, I.,  M.Sc. (Agri.) 2020



4.6.2 Soil pH, electrical conductivity and organic carbon content at different growth

stages of finger millet.

The data on soil pH, EC and OC as influenced by bio- enriched FYM and levels of

fertilizers at different growth stages of finger millet are presented in Table 4.19.

4.6.2.1 Soil pH

The pH of soil is important to plant growth as it determines the availability of
essential nutrients to plant and microbial population in soil. The pH of soil at different
growth stages did not differed significantly due to bio-enriched FYM and levels of
fertilizers and also their interaction. However, the range of soil pH was between 6.03 to
6.10. Interaction effect between biofertilizers and levels of fertilizers (BxL), were found to

be on par.

No significant difference was observed due to application of biofertilizers and
levels of RDF. It might be due to organic acid produced by PSB and KSB which nullifies
the mineralization action of FYM, without significant effect on soil pH. These results are
in accordance with Lin et al., 2006 and they showed that microbe’s lower the soil pH by

releasing organic acids which nullifies with application of organic manure.

4.6.2.2 Electrical conductivity

Soil electrical conductivity is an indirect measurement that correlate with several
physical and chemical properties. Electrical conductivity of soil did not differ significantly
due to different biofertilizers enrichment, levels of fertilizers and their interaction. The
range of electrical conductivity lies between 0.033 to 0.047 dS m™'. Also, the electrical

conductivity was found non-significant among different treatments.

The treatments failed to produce statistical difference in electrical conductivity. The
increase in electrical conductivity over control may be due to increased solubility of
nutrients by the addition of biofertilizer along with FYM. Similar, results were obtained by
Selvakumar et al. (2012) who reported that application of biofertilizers with FYM

increased the soil EC. This may be due to increased solubility of many nutrients, due to
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production of acids or their intermediates through the decomposition of organic
compounds, which reacted either with the partially soluble salts already present in the soil
or converted them into soluble salts thereby increasing their solubility (Kaur et al., 2016).
Similarly, Yuvaraj (2016) cited that increased electrical conductivity might be due to
production of acid or acid forming compound that react with sparingly soluble salt already

present in soil and increase solubility.

4.6.2.3 Organic carbon

Organic carbon of soil did not differ significantly due to application of biofertilizers
enriched FYM and levels of fertilizers. However, among different biofertilizer enrichment
it ranged from 0.31 per cent to 0.35 per cent at 30 DAS and at harvest, respectively with
application of MC and 0.32 per cent to 0.34 per cent with application of 80 per cent RDF
(L2). Combined application of biofertilizers enriched FYM and levels of fertilizers did not

show significant difference for soil organic carbon content.

Soil organic carbon is largely governed by the management practices and climatic
condition, addition and/ or removal of organic carbon takes place through management
practices. No significant variation was recorded in organic carbon content of soil. But,
slight increase among treatments over control might be due to application of bio-enriched
FYM and root exudation by plant, which is source of carbon that might have increased
organic carbon status of soil. Similar finding was reported by Wu et al. (2005) that organic
matter content in the rhizosphere was mainly influenced by plant growth, especially root
exudates through the root metabolism and physiological activities. The organic carbon
content of soil increased from 0.30 per cent to 0.35 per cent in control and treatment having
100 per cent FYM + consortium respectively (Kaur et al., 2016). High microbial biomass
production and high rhizo-deposits of carbonaceous materials through root exudates may
be one of the reasons for higher organic carbon in organically treated soils (Franzluebbers
et al., 1995). Similar results were reported by Kumar and Sharma (2015) showing increase

in organic carbon content of soil with the addition of organic manures and biofertilizers.
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Table 4.19: pH, EC and OC of soil at different growth stages of finger millet as influenced by different bio-enriched FYM and

levels of fertilizers.

pH EC (dS m) OC (%)
30 DAS | 60 DAS | 90 DAS | At harvest | 30 DAS | 60 DAS | 90 DAS | At harvest | 30 DAS | 60 DAS | 90 DAS | At harvest
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 6.07 6.08 6.08 6.09 0.043 0.044 0.044 0.045 0.32 0.33 0.33 0.34
B:: PSB + PGPR 6.06 6.07 6.07 6.08 0.044 0.045 0.047 0.047 0.32 0.34 0.34 0.34
Bi: KSB + PGPR 6.06 6.07 6.08 6.08 0.044 0.045 0.045 0.045 0.32 0.34 0.34 0.34
Bs: MC 6.07 6.07 6.08 6.08 0.044 0.045 0.047 0.047 0.31 0.34 0.35 0.35
S.Em.£ 0.05 0.05 0.05 0.05 0.003 0.003 0.003 0.003 0.003 0.01 0.01 0.01
CD@S% NS NS NS NS NS NS NS NS NS NS NS NS
Factor 2: Levels of fertilizers (L)
Li1:60 % RDF 6.06 6.07 6.07 6.08 0.043 0.044 0.045 0.045 0.32 0.33 0.34 0.34
L2: 80 % RDF 6.06 6.08 6.08 6.09 0.044 0.045 0.046 0.046 0.32 0.34 0.34 0.35
S.Em.£ 0.04 0.03 0.04 0.04 0.002 0.002 0.002 0.002 0.002 0.01 0.01 0.01
CD@S5 % NS NS NS NS NS NS NS NS NS NS NS NS
Interaction (Bx L)
S.Em.£ 0.07 0.06 0.07 0.08 0.005 0.004 0.004 0.004 0.004 0.01 0.01 0.01
CD@S5% NS NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 6.06 6.05 6.04 6.03 0.040 0.036 0.034 0.033 0.31 0.30 0.30 0.30
T:-100 % RDF 6.05 6.05 6.05 6.04 0.044 0.044 0.044 0.044 0.32 0.32 0.32 0.32
T3-BiL1 6.06 6.07 6.08 6.08 0.042 0.043 0.044 0.044 0.32 0.33 0.33 0.33
T4-BiLa 6.07 6.09 6.09 6.10 0.044 0.044 0.044 0.045 0.32 0.33 0.33 0.34
Ts-B:L1 6.06 6.06 6.07 6.07 0.043 0.044 0.046 0.046 0.31 0.34 0.34 0.34
Ts-B:L2 6.06 6.07 6.07 6.08 0.044 0.046 0.047 0.047 0.32 0.34 0.35 0.35
T7-BsLi1 6.06 6.07 6.07 6.08 0.043 0.044 0.044 0.044 0.32 0.33 0.33 0.34
Ts-BsLa 6.06 6.07 6.08 6.08 0.044 0.045 0.045 0.045 0.32 0.34 0.34 0.34
To-B4Li1 6.07 6.08 6.08 6.08 0.044 0.045 0.046 0.046 0.32 0.34 0.35 0.35
T10-B4La 6.06 6.07 6.08 6.09 0.044 0.045 0.047 0.047 0.32 0.35 0.36 0.36
S.Em.£ 0.07 0.06 0.07 0.07 0.004 0.004 0.004 0.004 0.01 0.01 0.01 0.01
CD@S5% NS NS NS NS NS NS NS NS NS NS NS NS

*100 per cent was added with 7.5 t ha! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia



4.6.3 Major nutrient status of soil at different growth stages of finger millet.

The data pertaining to available nitrogen, phosphorus and potassium (kg ha™') as
influenced by different biofertilizers enrichment and levels of fertilizers at 30, 60, 90 DAS

and at harvest are presented in Table 4.20.

4.6.3.1 Available nitrogen

The available nitrogen status at 30 DAS was found non-significant with application
of different biofertilizers enrichment, levels of fertilizers and their interaction. However,

significant difference was recorded at 60, 90 DAS and at harvest.

Among the different biofertilizer enrichment, significantly higher available
nitrogen (186.95 kg ha™!) was recorded in bio-enriched FYM (Ba4: microbial consortia),
followed by Bi: NFB + PGPR (182.54 kg ha!) at 60 DAS. Similar was trend at 90 DAS
(169.76 kg ha! and 166.54 kg ha™!, respectively) and at harvest (152.95 kg ha' and 149.39
kg ha'!, respectively).

With respect to levels of fertilizers, higher available nitrogen was observed with
application of 80 per cent RDF (181.64 kg ha™') and lowest available nitrogen was with
application of 60 per cent RDF (175.85 kg ha!) at 60 DAS. Similarly, at 90 DAS and at
harvest, higher available nitrogen was with application of 80 per cent RDF (167.15 kg
ha' and 148.95 kg ha'!, respectively) compared to 60 per cent RDF (159.62 kg ha™! and
143.55 kg ha'!, respectively).

The interaction effect between different biofertilizer enrichment and levels of
fertilizers (BxL) was found non-significant. Among the treatments significantly higher
available nitrogen of 175.60, 189.40, 172.00 and 155.07 kg ha™! at 30, 60, 90 DAS and at
harvest, respectively was recorded in T1o (MC+ 80 % RDF) compared to control (144.89,
137.76, 129.29 and 123.86 kg ha™!, respectively) and 100 per cent RDF (156.21, 167.72,
151.53 and 135.15 kg ha'!, respectively). There was an increase in available nitrogen status

of soil by 4.35 per cent over its initial value (Fig. 4.7).
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The increase in available nitrogen content of soil in bio-enriched FYM with
nitrogen fixers such as Azotobacter might be due to the characteristics of nitrogen fixers
which release ammonia, when it interacts with root exudation and thereby enhances the
nitrogen content. Also, conjugate use of biofertilizers along with inorganic fertilizers
resulted in better nutrient availability through nitrogen fixation and mineralization of FYM.
The result is in conformity with Narula and Gupta (1986). The combined application of
microbial consortia along with inorganic fertilizers enhanced the microbial population in
the rhizosphere and increased efficiency of crop production by nourishing and fortifying
the host plant with required nutrients (Nuti and Giovannetti, 2015). The increase in
available nitrogen at 60 DAS might be due to increased nitrogen fixers population during

flowering stage, increased root exudation, thereby enhancing the nitrogen status.

4.6.3.2 Available phosphorus

Application of different biofertilizers enrichment, levels of fertilizers, interaction
between them (BxL) and treatment showed no significant effect on available phosphorus
status of soil at 30 DAS. Whereas, significant difference was recorded at 60, 90 DAS and

at harvest.

Significantly higher available phosphorus was recorded with application of bio-
enriched FYM with MC (B4: 130.83, 124.13 and 118.80 kg ha™!), followed by bio-
enrichment with PSB+ PGPR (Ba: 123.47, 119.46 and 115.80 kg ha™') at 60, 90 DAS and

at harvest, respectively.

Among different levels of fertilizers, application of 80 per cent RDF (L) recorded
significantly higher available phosphorus (125.61, 120.68 and 116.10 kg ha') compared to
60 per cent RDF (120.16, 115.63 and 110.72 kg ha') at 60, 90 DAS and at harvest

respectively.

The interaction effect between different biofertilizers and levels of fertilizers (BxL)
was found non-significant. However, among different treatments significantly higher
available phosphorus was recorded with application of MC + 80 per cent RDF (Tio:
132.64, 124.42 and 119.76 kg ha™') compared to control (110.66, 104.98 and 90.65 kg
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ha') and 100 per cent RDF (114.95, 107.29 and 102.29 kg ha') at 60, 90 DAS and at
harvest, respectively. There was increase in phosphorus content of soil by 1.14 per cent

over initial value (Fig. 4.8).

Available phosphorus was found higher with application of microbial consortia
(MC), followed by phosphorus solubilizers (PSB+ PGPR). It may be attributed to organic
acid production by PSB, which solubilize phosphorus by reducing soil pH, competing with
adsorption site and chelation of cation which thereby increase available phosphorus in soil.
Similar findings were reported by Sagoe et al. (1998) that phosphorus solubilizing activity
is the ability of microbes to produce metabolites such as organic acids, which through their
carboxyl and hydroxyl groups chelation with cation bound to phosphate, the being
converted to soluble forms. Ponmurugan and Gopi (2006) pointed out that phosphate
solubilizing microorganism’s secret organic acids and enzymes that act on insoluble
phosphates and convert it into soluble form, thus, increase available P for plants. Similar
result was observed by Gupta (2018) and Kaur (2016) with combined application of
microbial consortia and inorganic fertilizer, where in the P- solubilizing potential of the

isolates used in microbial consortia increases phosphorus availability in soil.

4.6.3.3 Available potassium

There was non-significant increase in available potassium content of soil due to
application of different bio-enriched FYM and levels of fertilizers at 30 DAS. The

interaction (BXL) was also found non-significant.

However, there was significant difference at 60, 90 DAS and at harvest. Among the
different bio-enriched FYM, maximum potassium content was observed in B4 (135.05 kg
ha!) at 60 DAS, while minimum in B; (106.60 kg ha') at harvest. Significantly higher
available potassium was recorded in L: 80 per cent RDF (131.23 kg ha™!) and lower was
at harvest in L;: 60 per cent RDF (109.12 kg ha™!). The interaction effect between different
biofertilizers and levels of fertilizers at 60, 90 DAS and at harvest was found non-
significant. Among treatments, combined application of microbial consortia along with 80

per cent RDF (B4l,) was significantly superior (117.80 kg ha™') over control (88.83 kg
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Table 4.20: Available major nutrient status of soil at different growth stages of finger millet as influenced by different bio-

enriched FYM and levels of fertilizers.

Available N (kg ha!) Available P20s (kg ha!) Available K>O (kg ha™)
30 DAS [ 60 DAS | 90 DAS | At harvest | 30 DAS | 60 DAS | 90 DAS | At harvest | 30 DAS | 60 DAS | 90 DAS | At harvest
Factor 1: Biofertilizers enrichment (B)

Bi: NFB + PGPR | 171.21 182.54 | 166.54 149.39 12096 | 116.96 | 113.11 108.11 132.57 | 123.83 115.60 106.60
B:: PSB+PGPR | 160.75 | 171.28 | 158.23 140.72 127.47 | 12347 | 119.46 115.80 134.33 125.45 118.83 109.13
Bs: KSB+PGPR | 163.54 | 174.20 | 159.03 141.93 124.29 | 120.29 | 115.93 110.93 137.99 | 131.55 122.15 113.98
B4: MC 174.20 | 186.95 169.76 152.95 133.83 130.83 124.13 118.80 141.87 | 135.05 124.58 116.13
S.Em.+ 3.64 2.69 2.88 2.51 3.36 2.53 2.24 2.13 3.27 1.92 2.07 2.04
CD@5 % NS 8.15 8.75 7.62 NS 7.67 6.80 6.47 NS 5.82 6.29 6.19
Factor 2: Levels of fertilizers (L)
Li: 60 % RDF 165.91 175.85 159.62 143.55 124.16 | 120.16 | 115.63 110.72 135.17 | 126.72 | 117.47 109.12
L2: 80 % RDF 168.94 | 181.64 | 167.15 148.95 129.11 125.61 120.68 116.10 138.21 131.23 123.12 113.81
S.Em.£ 2.57 1.90 2.04 1.78 2.38 1.79 1.58 1.51 2.31 1.36 1.47 1.44
CD@5 % NS 5.76 6.19 5.38 NS 5.42 4.81 4.57 NS 4.12 4.45 4.37
Interaction (Bx L)
S.Em.£ 5.14 3.80 4.08 3.55 4.75 3.58 3.17 3.02 4.62 2.71 2.93 2.88
CD@5 % NS NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 144.89 | 137.76 | 129.29 123.86 114.66 | 110.66 | 104.98 90.65 109.59 | 100.93 96.40 88.83
T2-100 % RDF 156.21 167.72 | 151.53 135.15 118.95 114.95 | 107.29 102.29 126.00 | 118.80 | 109.17 101.27
T3-Bila 169.86 | 177.29 | 164.21 146.27 119.96 | 11596 | 109.76 104.76 131.23 120.60 | 111.40 103.60
T4-BiLlz 172.56 | 187.78 | 168.86 152.50 121.95 117.95 | 116.45 111.45 133.90 | 127.07 | 119.80 109.60
Ts-B:L1 158.93 169.30 | 152.84 137.73 123.14 | 119.14 | 116.71 113.04 132.59 | 122.73 115.27 106.13
Te-B:2L2 162.58 | 173.26 | 163.61 143.71 131.80 | 127.80 | 122.22 118.55 136.06 | 128.17 | 122.40 112.13
T7-BsLa 162.06 | 172.30 | 153.92 139.35 120.54 | 116.54 | 112.23 107.23 136.65 129.60 | 120.93 112.27
Ts-BsLz 165.02 | 176.10 | 164.14 144.51 128.05 | 124.05 | 119.63 114.63 139.33 133.50 | 123.37 115.70
To-B4L1 172.80 | 184.50 | 167.52 150.83 133.01 129.01 123.84 117.84 140.20 | 133.93 122.27 114.47
T10-B4La 175.60 | 189.40 | 172.00 155.07 134.64 | 132.64 | 12442 119.76 143.53 136.17 | 126.90 117.80
S.Em.£ 5.23 4.96 5.36 5.35 4.93 4.15 4.00 5.14 5.03 4.42 4.75 4.57
CD@S5 % 15.54 14.75 1591 15.90 NS 12.33 11.90 15.27 14.95 13.12 14.11 13.57

*100 per cent was added with 7.5 t ha! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia



ha') and 100 per cent RDF (101.27 kg ha™!). There was an increase in available potassium
status of soil by 5.24 per cent over its initial value (Fig. 4.9).

Available potassium was at par among different biofertilizer enriched FYM and
levels of RDF at 30 DAS and found significant thereafter at 60, 90 DAS and at harvest.
This may be due to production of organic acid, chelation and solubilization of potassium
that might increase the availability of potassium by potassium solubilizing biofertilizer
during critical crop growth. The finding is in line with Meena et al. (2016) who reported
that in addition to decreasing soil pH, organic acids produced by KSB can release K ions
from the mineral K" by chelating (complex formation) Si*, AI**, Fe**, and Ca®" ions
associated with K minerals. This resulted in significant build-up of available potassium
status of soil over its initial status. Similar result is in line with work of Shruthi (2014) who
noticed build-up in available potassium content in soil with application of 100 per cent
NPK + FYM + P and K solubilizers. The co-inoculation of microorganisms in consortia
with inorganic fertilizers increased the available potassium content in soil. This might be
due to presence of potassium releasing bacteria in the biofertilizers consortia which when

applied to soil released soluble potassium (Maurya et al., 2014).

4.6.4 Exchangeable calcium, magnesium and available sulphur of soil at different

growth stages of finger millet.

The data pertaining to exchangeable calcium, magnesium and available sulphur

content of soil drawn at different growth stages are presented in Table 4.21.

4.6.4.1 Exchangeable calcium

Application of different biofertilizers enriched FYM, levels of fertilizers and their
interaction (BxL) was found non-significant with respect to exchangeable calcium content
of soil. Similar was the trend with respect to treatments at different growth stages of finger
millet. Among treatments, numerically higher calcium content (1.74 ¢ mol (p*) kg!) was
recorded at 60 DAS in treatment which received microbial consortia along with 80 per cent

RDF (B4L,) than in control with 1.61 ¢ mol (p*) kg™! of calcium.
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Fig. 4.7: Bio- enriched FYM and different levels of fertilizers on soil available nitrogen (kg ha) of finger millet at different
growth stages.
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Treatment details:

Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5thalFYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Ts: 7.5 t hat enriched FYM (NFB + PGPR) + 60 % RDF Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5that enriched FYM (NFB + PGPR) + 80 % RDF To: 7.5t hat enriched FYM (MC) + 60 % RDF

Ts: 7.5 thalenriched FYM (PSB + PGPR) + 60 % RDF Tio: 7.5t ha enriched FYM (MC) + 80 % RDF
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Fig. 4.8: Bio- enriched FYM and different levels of NPK on soil available phosphorus (kg ha?) of finger millet at different
growth stages.

Treatment details:

Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5thalFYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Ts: 7.5 t hat enriched FYM (NFB + PGPR) + 60 % RDF Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5thatenriched FYM (NFB + PGPR) + 80 % RDF To: 7.5 t hat enriched FYM (MC) + 60 % RDF

Ts: 7.5thatenriched FYM (PSB + PGPR) + 60 % RDF Tio: 7.5t ha enriched FYM (MC) + 80 % RDF
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Fig. 4.9: Bio-enriched FYM and different levels of NPK on soil available potassium (kg ha?) of finger millet at different growth
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stages.
Treatment details:
Ta: Absolute control Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
To: 7.5thalFYM + 100 % RDF T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Ts: 7.5 t hat enriched FYM (NFB + PGPR) + 60 % RDF Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
T4:7.5that enriched FYM (NFB + PGPR) + 80 % RDF To: 7.5t hat enriched FYM (MC) + 60 % RDF

Ts: 7.5 thalenriched FYM (PSB + PGPR) + 60 % RDF Tio: 7.5t ha enriched FYM (MC) + 80 % RDF
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Table 4.21: Secondary nutrient status of soil at different growth stages of finger millet as influenced by different bio-enriched

FYM and levels of fertilizers.

Ex. Calcium (¢ mol (p*) kg™ Ex. Magnesium (¢ mol (p*) kg™!) Available Sulphur (ppm)
30 DAS | 60 DAS | 90 DAS | At harvest | 30 DAS | 60 DAS | 90 DAS | At harvest | 30 DAS | 60 DAS | 90 DAS | At harvest
Factor 1: Biofertilizers enrichment (B)
Bi: NFB + PGPR 1.66 1.67 1.65 1.62 0.80 0.82 0.79 0.78 15.34 15.47 15.39 14.91
B:: PSB + PGPR 1.63 1.64 1.64 1.60 0.78 0.80 0.77 0.76 15.11 15.32 15.19 14.63
Bi: KSB + PGPR 1.65 1.65 1.64 1.61 0.79 0.81 0.79 0.78 15.18 15.38 15.27 14.70
B4: MC 1.70 1.73 1.69 1.67 0.82 0.85 0.81 0.80 15.49 15.64 15.56 15.08
S.Em.+ 0.04 0.05 0.04 0.05 0.05 0.03 0.04 0.03 0.50 0.39 0.38 0.39
CD@5% NS NS NS NS NS NS NS NS NS NS NS NS
Factor 2: Levels of fertilizers (L)
Li: 60 % RDF 1.64 1.66 1.65 1.61 0.79 0.81 0.78 0.77 15.21 15.36 15.27 14.74
L2: 80 % RDF 1.68 1.69 1.66 1.64 0.80 0.83 0.80 0.79 15.35 15.55 15.43 14.92
S.Em.+ 0.03 0.04 0.03 0.03 0.04 0.02 0.03 0.02 0.36 0.27 0.27 0.28
CD @5 % NS NS NS NS NS NS NS NS NS NS NS NS
Interaction (Bx L)
S.Em.+ 0.06 0.07 0.06 0.07 0.07 0.05 0.05 0.05 0.71 0.55 0.50 0.56
CD @5 % NS NS NS NS NS NS NS NS NS NS NS NS
Treatments
Ti-Control 1.62 1.61 1.58 1.54 0.75 0.73 0.71 0.70 14.73 14.05 13.63 13.21
T:-100 % RDF 1.63 1.64 1.61 1.57 0.76 0.78 0.75 0.73 14.88 14.55 14.15 13.55
T3-BiL1 1.65 1.66 1.64 1.61 0.79 0.81 0.78 0.77 15.29 15.38 15.30 14.83
T4-BiLa 1.67 1.69 1.66 1.64 0.80 0.83 0.80 0.79 15.39 15.56 15.48 14.98
Ts-B:L1 1.62 1.62 1.63 1.59 0.77 0.79 0.76 0.74 15.03 15.21 15.10 14.49
Ts-B:L2 1.64 1.66 1.64 1.61 0.79 0.80 0.78 0.77 15.19 15.44 15.27 14.76
T7-BsLi1 1.61 1.63 1.62 1.59 0.78 0.80 0.79 0.76 15.09 15.27 15.17 14.60
Ts-BsLa 1.69 1.66 1.65 1.63 0.80 0.82 0.80 0.79 15.27 15.49 15.37 14.81
To-B4Li1 1.69 1.72 1.69 1.66 0.80 0.84 0.80 0.79 15.42 15.58 15.51 15.03
T10-B4L2 1.71 1.74 1.70 1.68 0.83 0.85 0.82 0.81 15.55 15.70 15.60 15.12
S.Em.+ 0.07 0.07 0.05 0.06 0.07 0.05 0.06 0.04 0.78 0.52 0.53 0.50
CD@S5% NS NS NS NS NS NS NS NS NS NS NS NS

*100 per cent was added with 7.5 t ha! of FYM, remaining treatments received 7.5 t ha™! of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia



4.6.4.2 Exchangeable magnesium

Exchangeable magnesium status of soil at different growth stages of finger millet
did not differ significantly due to application of bio-enriched FYM, levels of fertilizers and
also among treatments. However, the range of soil exchangeable magnesium was between

0.70 ¢ mol (p*) kg! to 0.81 ¢ mol (p*) kg™! at harvest.

4.6.4.3 Available sulphur

Available sulphur content of soil did not differ significantly due to different
biofertilizers and levels of fertilizers. The interaction effect was also non-significant. With
respect to different treatments, the available sulphur content ranged from 13.21 ppm to

15.70 ppm with no significant variation.

The secondary nutrient status in soil was not influenced by treatments, Whereas,
increase in bio-enriched FYM treatments compared to control and 100 per cent RDF, may
be due to increased mineralization due to bio-enrichment of FYM. Chikkaramappa et al.,
(2014) cited that organic matter contains abundant quantity of calcium magnesium and
sulphur. It is reported that FYM is being a good source of calcium, magnesium and sulphur
which increases secondary nutrient content of plots added with FYM. Whereas, application
of NPK fertilizers alone showed lesser calcium and magnesium content due to replacement
of calcium and magnesium by the H" due to reduction of soil pH by application of
fertilizers. That the increased availability of nutrients was due to improvement in soil
physical, chemical and biological health through application of organic and inorganic

fertilizers along with biofertilizer (Roy et al., 2018).
4.6.5 Available micronutrient nutrients (Fe, Mn, Zn and Cu) of soil at different
growth stages of finger millet.

The data on available iron, manganese, zinc and copper content of soil at different
growth stages viz., 30, 60, 90 DAS and at harvest of finger millet is presented in
Table 4.22.
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Application of bio-enriched FYM, levels of fertilizers and interaction (BxL)
resulted in non-significant build-up in available micronutrients viz., Fe, Mn, Zn and Cu at
different growth stages of finger millet. However, among the treatments higher
micronutrient content was recorded by conjugate use of bio-enriched FYM along with

higher levels of fertilizers (B4L2: MC + 80 % RDF) over control and 100 per cent RDF.

Non- significant influence on micronutrient was recorded with application of bio-
enriched FYM and levels of fertilizers. Availability of micronutrient greatly depend on pH
and organic manure applied which increased availability of micronutrient through
mineralization. As application of bio- enriched FYM with inorganic fertilizer has increased
microbial activity in soil and the consequent release of complex organic substances would
have prevented micronutrients loss from soil (Sushma, 2005). Similar result was observed

by Shruthi (2014) in finger millet with application of FYM with P and K solubilizers.

4.6.6 Microbial biomass carbon, nitrogen and phosphorus in soil at different growth

stages of finger millet.

The result of field experiment conducted to know the effect of bio- enriched FYM
and levels of fertilizer on soil microbial biomass carbon, nitrogen and phosphorus at

different growth stages are presented in Table 4.23, 4.24 and 4.25, respectively.

4.6.6.1 Microbial biomass carbon (MBC)

The microbial biomass carbon (MBC) observed was higher at 30 and 60 DAS
compared to at 90 DAS and at harvest.

Application of different biofertilizers (B) and levels of fertilizers (L) resulted
significantly higher microbial biomass carbon at 60 DAS. Among biofertilizer enriched
FYM, higher microbial biomass carbon was recorded in microbial consortia (B4: 410.05
ng g’ followed by KSB + PGPR (B3). With respect to levels of fertilizers, application of
80 per cent RDF resulted in higher microbial biomass carbon (392.78 pg g!) at 60 DAS.
Interaction effect between biofertilizers (B) and levels of fertilizers (L) was found non-

significant (Fig. 4.10).
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Table 4.22: Micronutrient nutrient status of soil at different growth stages of finger millet as influenced by different bio-

enriched FYM and levels of fertilizers.

DTPA extractable Iron DTPA extractable Manganese DTPA extractable Zinc DTPA extractable copper
(ppm) (ppm) (ppm) (ppm)
30 60 920 At 30 60 920 At 30 60 920 At 30 60 90 At
DAS | DAS | DAS | harvest | DAS | DAS | DAS | harvest | DAS | DAS | DAS | harvest | DAS | DAS | DAS | harvest
Factor 1: Biofertilizers enrichment (B)
Bi: NFB+PGPR | 9.05 | 9.11 | 8.94 8.89 9.15 | 9.29 | 8.97 8.87 0.88 | 0.89 | 0.85 0.81 0.90 | 091 | 0.89 0.84
B2: PSB+PGPR | 9.09 | 9.23 | 9.03 8.95 9.26 | 936 | 9.09 8.97 0.90 | 091 | 0.87 0.83 093 | 095 | 0.92 0.87
B3: KSB+PGPR | 9.11 | 9.27 | 9.10 8.98 9.31 | 940 | 9.13 8.99 0.90 | 092 | 0.88 0.84 0.94 | 096 | 0.93 0.88
B4: MC 9.23 | 944 | 931 9.14 9.43 | 9.57 | 9.26 9.16 094 | 095 | 0.92 0.89 0.96 | 098 | 0.96 0.91
S.Em.£ 0.14 | 0.15 | 0.20 0.20 0.15 | 0.26 | 0.25 0.22 0.02 | 0.03 | 0.02 0.02 0.02 | 0.02 | 0.03 0.02
CD@5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Factor 2: Levels of fertilizer (L)
L1:60 % RDF 9.07 | 9.20 | 9.03 8.92 9.22 | 933 | 9.05 8.94 0.89 | 0.90 | 0.86 0.83 0.92 | 094 | 0.92 0.87
L2: 80 % RDF 9.16 | 932 | 9.16 9.06 9.36 | 947 | 9.17 9.05 0.92 | 094 | 0.90 0.86 0.94 | 096 | 0.93 0.88
S.Em.£ 0.10 | 0.10 | 0.14 0.14 0.11 | 0.19 | 0.18 0.16 0.02 | 0.02 | 0.02 0.01 0.02 | 0.02 | 0.02 0.01
CD@5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Interaction (B x L
S.Em.£ 0.20 | 0.21 | 0.28 0.28 0.22 | 037 | 0.35 0.32 0.03 | 0.04 | 0.03 0.03 0.03 | 0.03 | 0.04 0.03
CD@5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Treatments
T1-Control 8.70 | 848 | 8.24 8.21 8.82 | 8.55 | 846 8.33 0.82 | 0.80 | 0.76 0.74 0.87 | 0.83 | 0.78 0.75
T2-100 % RDF 8.85 | 8.83 | 8.62 8.47 898 | 8.89 | 8.74 8.60 0.83 | 0.84 | 0.80 0.78 0.89 | 0.86 | 0.84 0.80
T3-Bila 9.01 | 9.04 | 8.90 8.81 9.06 | 9.21 | 891 8.82 0.86 | 0.88 | 0.84 0.80 0.89 | 0.90 | 0.88 0.83
T4-B1l2 9.08 | 9.18 | 8.99 8.96 9.25 | 937 | 9.03 8.91 0.89 | 091 | 0.86 0.82 091 | 092 | 0.90 0.85
Ts-B2La1 9.04 | 9.17 | 8.96 8.87 9.16 | 9.28 | 9.02 8.90 0.88 | 0.89 | 0.85 0.81 092 | 093 | 091 0.86
Te-B2L2 9.13 | 9.29 | 9.10 9.03 9.35 | 943 | 9.15 9.03 091 | 094 | 0.90 0.85 0.94 | 096 | 0.92 0.87
T7-BsLa1 9.06 | 9.20 | 8.99 8.88 9.25 | 933 | 9.06 8.93 0.88 | 0.89 | 0.85 0.82 093 | 094 | 0.92 0.87
Ts-BsL2 9.15 | 933 | 9.20 9.07 9.37 | 947 | 9.19 9.05 0.92 | 095 | 0.90 0.86 094 | 097 | 0.94 0.89
To-B4L1 9.19 | 940 | 9.28 9.10 9.40 | 9.51 | 9.21 9.11 093 | 094 | 091 0.88 0.95 | 097 | 0.95 0.91
T10-B4La 9.28 | 948 | 933 9.17 9.46 | 9.62 | 9.30 9.21 0.94 | 096 | 0.92 0.89 0.97 | 099 | 0.96 0.91
S.Em.£ 0.21 | 0.21 | 0.28 0.30 0.23 | 0.33 | 0.32 0.29 0.03 | 0.05 | 0.04 0.04 0.03 | 0.05 | 0.04 0.03
CD @S5 % NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha™!' of bio-enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria MC: Microbial consortia




Similar was the trend among treatments at 60 DAS with highest microbial biomass
carbon (416.10 ug g™') in T1o (BsL2: MC+ 80 % RDF) and lowest (146.67 pug g'!) microbial

biomass carbon in T; (control).

4.6.6.2 Microbial biomass nitrogen (MBN)

Bio-enriched FYM with different biofertilizer enrichment (B) and levels of
fertilizers (L) recorded higher microbial biomass nitrogen at 30 and 60 DAS compared to
90 DAS and at harvest.

Significantly higher value of microbial biomass nitrogen was recorded in B4 (47.84
ng ¢') and (45.82 ug g!) in L» (80 % RDF) at 60 DAS compared to other treatments.
Among treatments, combination of BsLo (MC+ 80 % RDF) resulted in higher microbial
biomass nitrogen (48.55 ng g') compared to other treatment combination. However, no
significant result was obtained with interaction of biofertilizers (B) and levels of fertilizers

(L) at all the different growth stages of finger millet (Fig. 4.10).

4.6.6.3 Microbial biomass phosphorus (MBP)

Similar was the trend with respect to microbial biomass phosphorus as in the case
of microbial biomass carbon and microbial biomass nitrogen. There was significant

increase from 30 DAS to 60 DAS, while it declined at later stages (90 DAS and at harvest).

Higher microbial biomass phosphorus (12.32 pg g') was at 60 DAS in B4 (MC)
and (10.76 ug g™') in L, (80 % RDF). Similarly, the combination of B4L; in treatment Tio
resulted in higher microbial biomass phosphorus (12.60 pg g™!) than control (3.99 ug g!)
(Fig. 4.11).

The increased microbial biomass with enriched FYM might be associated with the
food source for the rapid multiplication of microbes. FYM being source for survival of
microbes in soil, its application resulted in rapid multiplication and increased biomass.
Microbial biomass carbon, nitrogen and phosphorus was found higher with application of
bio- enriched FYM, enriched with MC consisting of NFB, PSB, KSB and PGPR and it was
found higher at 60 DAS there after decreased eventually. Increase at 60 DAS may be due
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Table 4.23: Microbial biomass carbon (ug g!) at different growth stages of finger
millet as influenced by different bio-enriched FYM and levels of

fertilizers.
| 30DAS | 60DAS | 90DAS | Harvest
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 345.55 376.22 287.90 235.00
B2: PSB + PGPR 336.60 371.65 282.00 232.10
B3: KSB + PGPR 332.60 365.50 273.60 226.15
B4: MC 363.10 410.05 306.95 261.35
S.Em.+ 6.53 8.27 7.11 4.89
CD @5 % 19.81 25.08 21.56 14.83
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 333.35 368.93 276.53 229.50
L2: 80 % RDF 355.58 392.78 298.70 247.80
S.Em.+ 4.62 5.85 5.03 3.46
CD @5 % 14.01 17.74 15.25 10.49
Interaction (Bx L)
S.Em.+ 9.24 11.69 10.05 6.91
CD @5 % NS NS NS NS
Treatments
T1-Control 122.30 146.67 125.60 104.60
T2-100 % RDF 178.40 218.30 181.60 132.60
T3-Bila 334.60 361.23 277.40 226.40
T4-Bil2 356.50 391.20 298.40 243.60
Ts-B2L1 320.60 357.60 269.40 222.60
Te-B2L2 352.60 385.70 294.60 241.60
T7-BsLa 316.60 352.90 256.80 214.70
Ts-BsL2 348.60 378.10 290.40 237.60
To-B4L1 361.60 404.00 302.50 254.30
T10-B4L2 364.60 416.10 311.40 268.40
S.Em.+ 8.44 12.12 9.00 6.17
CD @5 % 25.09 36.01 26.74 18.33

*100 per cent was added with 7.5 t ha'! of FYM, remaining treatments received 7.5 t ha™! of bio-
enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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Table 4.24: Microbial biomass nitrogen (ug g') at different growth stages of finger
millet as influenced by different bio-enriched FYM and levels of

fertilizers.
| 30DAS | 60DAS | 90DAS | Harvest
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 40.31 43.89 33.59 27.42
B2: PSB + PGPR 39.27 43.36 32.90 27.08
B3: KSB + PGPR 38.80 42.64 31.92 26.38
B4: MC 42.54 47.84 35.81 30.49
S.Em.+ 0.79 0.96 0.83 0.57
CD @S5 % 2.39 2.93 2.52 1.73
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 38.98 43.04 32.26 26.78
L2: 80 % RDF 41.48 45.82 34.85 28.91
S.Em.+ 0.56 0.68 0.59 0.40
CD@5% 1.69 2.07 1.78 1.22
Interaction (Bx L)
S.Em.+ 1.08 1.36 1.17 0.81
CD@5% NS NS NS NS
Treatments
Ti1-Control 14.27 17.11 14.65 12.20
T2-100 % RDF 20.81 25.47 21.19 15.47
T3-BiLia 39.04 42.14 32.36 26.41
T4-BiL2 41.59 45.64 34.81 28.42
Ts-B2L1 37.40 41.72 31.43 25.97
Te-B2L2 41.14 45.00 34.37 28.19
T7-BsLa 36.94 41.17 29.96 25.05
Ts-BsL2 40.67 44.11 33.88 27.72
To-B4La 42.19 47.13 35.29 29.67
T10-B4l2 42.54 48.55 36.33 31.31
S.Em.+ 0.99 141 1.05 0.72
CD@5% 2.93 4.20 3.12 2.14

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha of bio-
enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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Table 4.25: Microbial biomass phosphorus (ng g') at different growth stages of

finger millet as influenced by different bio-enriched FYM and levels of

fertilizers.
| 30DAS | 60DAS | 90DAS Harvest
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 7.50 8.75 8.11 7.43
B2: PSB + PGPR 9.05 10.19 9.67 8.94
B3: KSB + PGPR 8.23 9.72 9.24 8.47
B4: MC 9.61 12.32 11.25 10.26
S.Em.+ 0.18 0.27 0.32 0.29
CD @5 % 0.55 0.82 0.98 0.87
Factor 2: Levels of fertilizers (L)
Li: 60 % RDF 8.40 9.73 8.95 8.35
L2: 80 % RDF 8.80 10.76 10.18 9.20
S.Em.+ 0.13 0.19 0.23 0.20
CD @5 % 0.39 0.58 0.69 0.62
Interaction (Bx L)
S.Em.x+ 0.25 0.38 0.46 0.41
CD @5 % NS NS NS NS
Treatments
Ti1-Control 3.87 3.99 3.34 3.11
T2-100 % RDF 4.90 5.30 5.01 4.68
T3-BiLia 7.20 8.23 7.40 7.01
T4-BiL2 7.80 9.27 8.83 7.84
Ts-B2L1 8.90 9.43 9.08 8.36
Te-B2L2 9.20 10.95 10.25 9.52
T7-BsLa 7.90 9.23 8.60 7.94
Ts-BsL2 8.57 10.20 9.88 8.99
To-B4La 9.60 12.03 10.73 10.09
T10-B4l2 9.62 12.60 11.77 10.43
S.Em.x+ 0.22 0.35 0.41 0.36
CD @5 % 0.67 1.03 1.22 1.08

*100 per cent was added with 7.5 t ha'! of FYM, remaining treatments received 7.5 t ha™! of bio-
enriched FYM.

NFB: Nitrogen fixing biofertilizers

KSB: Potassium solubilizing biofertilizers
MC: Microbial consortia
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Fig. 4.10: Bio- enriched FYM and different levels of fertilizers on microbial biomass carbon (ug g*) and microbial biomass

nitrogen (ug g*) of finger millet at different growth stages

Treatment details:
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:7.5thalFYM + 100 % RDF

: 7.5t ha* enriched FYM (NFB + PGPR) + 60 % RDF
: 7.5t ha* enriched FYM (NFB + PGPR) + 80 % RDF
:7.5tha'enriched FYM (PSB + PGPR) + 60 % RDF

Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
T7: 7.5t hatenriched FYM (KSB + PGPR) + 60 % RDF
Ts: 7.5 t hatenriched FYM (KSB+ PGPR) + 80 % RDF
To: 7.5t ha! enriched FYM (MC) + 60 % RDF

Tiw0: 7.5 that enriched FYM (MC) + 80 % RDF
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Fig. 4.11: Bio- enriched FYM and different levels of fertilizers on microbial biomass phosphorus (ug g*) of finger millet at

different growth stages.

Treatment details:
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: Absolute control

:7.5thalFYM + 100 % RDF

: 7.5t ha enriched FYM (NFB + PGPR) + 60 % RDF
: 7.5 tha™ enriched FYM (NFB + PGPR) + 80 % RDF
: 7.5 thaenriched FYM (PSB + PGPR) + 60 % RDF

Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
To: 7.5t hat enriched FYM (MC) + 60 % RDF

Tio: 7.5t ha enriched FYM (MC) + 80 % RDF



to increased root exudation during flowering stage and increased microbial population in

rhizosphere (Yuvaraj, 2016).

Manjaiah and Singh (2001) reported an increase of MBC by combined application
of FYM and mineral N-fertilizer in a semiarid Cambisol. This observation is in agreement
with that of Hopkins and Shiel (1996), who reported that the MBC was greater in soils
receiving annual additions of FYM for nearly 100 years in addition to inorganic NPK.
However, in a different study, a significant increase in MBC was found only in soils
fertilized with compost, while treatment with mineral fertilizers was characterized by lesser
MBC, as small as in the control soil (Grego et al., 1998). Similar result was observed by
Saha et al. (2010) where application of FYM, biofertilizers along with inorganic fertilizers
increased MBC, MBN and MBP compared to inorganic fertilizers alone. Similarly,
Dhopavkar (2018) found increase in MBC and MBN at different interval compared to

uninoculated treatments.

4.6.7 Soil enzymatic activity

Application of bio-enriched FYM and levels of fertilizer influenced the soil
enzymatic activity viz., dehydrogenase, urease and acid phosphatase, the results are

presented in Table 4.26 and 4.27.

4.6.7.1 Dehydrogenase activity at different growth stages

Among different biofertilizers, application of microbial consortia (Bs4) recorded
significantly higher dehydrogenase activity (61.52, 74.57, 59.01 and 45.86 pg TPF g'! soil
24 hh), followed by NFB+ PGPR (53.78, 67.66, 51.76 and 38.80 pug TPF g soil 24 h!) at
30, 60, 90 DAS and at harvest, respectively.

Application of 80 per cent RDF (55.00, 68.71, 52.81 and 40.40 ug TPF g soil 24
h™!) recorded higher dehydrogenase activity compared to 60 per cent RDF (48.24, 62.79,
46.39 and 35.21 ug TPF g'soil 24 h!) at 30, 60, 90 DAS and at harvest, respectively.

Interaction was found non-significant. Among different treatments, significantly

higher MBN was recorded with application of MC + 80 per cent RDF (Ti0: 64.30, 75.85,
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61.45 and 47.88 ug TPF g soil 24 h!), followed by MC + 60 per cent RDF (To : 58.74,
73.29, 56.56 and 43.83 ug TPF g'soil 24 h') and least in absolute control (T;: 14.63,
26.85,10.45 and 8.12 pg g!) at 30, 60, 90 DAS and at harvest, respectively (Fig 4.12).

The enzyme activity in soil is considered as an index of microbial activity, which
is influenced by nature, age of crop and addition of fertilizers and manures. The presence
of microorganisms in soil depends on chemical composition, moisture, pH, and structure.
The transformation of nutrients to available forms. The dehydrogenase activity is proposed
as the best indicator of microbiological redox system, which is considered as good and
adequate parameter of microbial oxidative action in soil. It was found higher with
application of microbial consortia and it was positively correlated with increased fertilizer
level. The higher dehydrogenase activity observed with application of microbial consortia
was due to the combination of microorganisms which increased nitrogen fixation,
mineralization and solubilization of nutrient and in turn increased microbial population in
soil. The result is in line with Yuvaraj (2016) who reported that more organic carbon
content in soil and higher microbial population which cause greater dehydrogenase activity
and it is positively correlated with microbial biomass. While, Khipla (2017) showed greater
biological activity due to microbial consortia and presence of inorganic fertilizers favoured

higher dehydrogenase activity.

4.6.7.2 Urease activity at harvest

Among different biofertilizers, urease activity in soil significantly increased in
order of MC (29.09 ug NH4-N g soil h'') > NFB+ PGPR (27.66 pg NHs-N g soil h'!') >
KSB+PGPR (24.71 pg NHs-N g soil h'') > PSB+ PGPR (22.91 ug NH4-N g soil h'').

Application of 80 per cent RDF recorded higher urease activity (26.91 pg NH4-N
g'soil h") in soil than 60 per cent RDF (25.27 pg NH4-N g soil h') at harvest.

Interaction of different biofertilizers and levels fertilizers was found non-
significant. Whereas, among different treatments significantly higher urease activity in soil
was observed in T1o (29.20 pg NH4-N g soil h'') and was on par with Ty treatment which
received MC + 60 per cent RDF (28.98 ug NH4-N gl soil h'!), while it was lower ( 16.05
ng NH4-N g soil h'!) in absolute control.
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Table 4.26: Dehydrogenase activity (ug TPF g soil 24 h™!) at different growth stages

of finger millet as influenced by different bio-enriched FYM and levels

of fertilizers.
| 30DAS | 60DAS | 90DAS | Harvest
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 53.78 67.66 51.76 38.80
B2: PSB + PGPR 44.86 59.91 43.01 32.30
B3: KSB + PGPR 46.32 60.87 44.64 34.25
B4: MC 61.52 74.57 59.01 45.86
S.Em.+ 1.82 1.61 1.84 1.37
CD@S5 % 5.51 4.89 5.60 4.16
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 48.24 62.79 46.39 35.21
L2: 80 % RDF 55.00 68.71 52.81 40.40
S.Em.+ 1.28 1.14 1.30 0.97
CD@5% 3.90 3.46 3.96 2.94
Interaction (Bx L)
S.Em.x+ 2.57 2.28 2.61 1.94
CD@5% NS NS NS NS
Treatments
Ti1-Control 14.63 26.85 10.45 8.12
T2-100 % RDF 22.65 34.20 27.80 14.56
T3-BiLia 50.63 65.18 49.78 35.90
T4-BiL2 56.92 70.14 53.74 41.70
Ts-B2L1 40.30 54.85 38.45 29.70
Te-B2L2 49.41 64.96 47.56 34.90
T7-BsLa 43.30 57.85 40.78 31.40
Ts-BsL2 49.35 63.90 48.50 37.10
To-B4La 58.74 73.29 56.56 43.83
T10-B4l2 64.30 75.85 61.45 47.88
S.Em.x+ 2.28 2.83 2.30 1.72
CD@5% 6.78 8.40 6.84 5.10

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha of bio-
enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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Microorganisms provide living environment to soil and perform various function
like urea added as a source of nitrogen needs urease enzyme that aids in breakdown of urea
and thereby increase plant available nitrogen, the activity was found higher with
application of MC with higher 80 per cent RDF. Deepthi (2018) cited that soil
microorganisms produce urease and secrete it into soil as and when urea is added to soil,
thus supports higher urease activity of the soils under agriculture system. The study by
Smith and Powlson (2003) showed that the presence of added nitrogen source acts as
readily available N pool stimulates the urease activity. Similar result was observed by

Kumar et al. (2017) and Dhopavkar (2018).

4.6.7.3 Acid phosphatase activity at harvest

Significantly higher acid phosphatase activity in soil, 37.04, 34.30, 31.98 and 31.15
ng pNP gl soil h! was observed with application of microbial consortia (MC), PSB +
PGPR, KSB+PGPR and NFB+PGPR, respectively.

Among different inorganic levels, application of 80 per cent RDF recorded
significantly higher acid phosphatase activity (34.76 pg pNP g soil h'!") in soil than 60 per
cent RDF (32.48 ug pNP g!'soil h'!).

The interaction of different biofertilizers and levels of fertilizers recorded non-
significant effect on acid phosphatase activity at harvest. Application of MC + 80 per cent
RDF (T1o) recorded significantly higher acid phosphatase activity (37.65 pug pNP g soil h-
1, which was on par with urease activity (36.43 ug pNP g'soil h'!) in Ty treatment (BsL;:
MC + 60 % RDF) and least activity (13.17 pg pNP g soil h'') was observed in absolute

control.

Phosphatase enzyme catalyse the hydrolysis of organic phosphorus and increase
the availability of inorganic phosphorus for plant uptake and found higher with application
of MC, followed by PSB. Similar result was found by Shruthi (2014) with application of
100 per cent RDF + P and K solubilizers compared to 100 per cent RDF alone in finger

millet. Yuvaraj (2016) cited that treatment having integrated application of consortium
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Fig. 4.12: Bio- enriched FYM and different levels of fertilizers on dehydrogenase activity (ug TPF g soil 24 h') of finger millet

at different growth stages.

Treatment details:

T1
T,
Ts
T4
Ts

: Absolute control

:7.5thalFYM + 100 % RDF

: 7.5t ha enriched FYM (NFB + PGPR) + 60 % RDF
: 7.5t ha™ enriched FYM (NFB + PGPR) + 80 % RDF
: 7.5 thaenriched FYM (PSB + PGPR) + 60 % RDF

Te: 7.5 t hatenriched FYM PSB+ PGPR) + 80 % RDF
T7: 7.5 t hatenriched FYM (KSB + PGPR) + 60 % RDF
Tg: 7.5 t haenriched FYM (KSB+ PGPR) + 80 % RDF
To: 7.5t hat enriched FYM (MC) + 60 % RDF

Tio: 7.5t ha enriched FYM (MC) + 80 % RDF



Table 4.27: Urease (ug NHa- N g soil h'!) and acid phosphatase (ug PNP g! soil h'!)
activity at harvest of finger millet as influenced by different bio-enriched

FYM and levels of fertilizers.

Urease Acid phosphatase
(ug NHs- N g1 soil h!) (ug PNP g soil h'!)
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 27.66 31.15
B2: PSB + PGPR 2291 34.30
B3: KSB + PGPR 24.71 31.98
B4: MC 29.09 37.04
S.Em.t 0.54 0.73
CD @5 % 1.62 2.21
Factor 2: Levels of fertilizers (L)
L1: 60 % RDF 25.27 32.48
L2: 80 % RDF 26.91 34.76
S.Em.t 0.38 0.52
CD @5 % 1.15 1.56
Interaction (Bx L)
S.Em.t 0.76 1.03
CD @S5 % NS NS
Treatments
T1-Control 16.05 13.17
T2-100 % RDF 20.13 19.37
T3-B1la 27.11 29.97
T4-B1l2 28.21 32.34
Ts-B2La 21.18 32.94
Te-B2L2 24.64 35.66
T7-B3La 23.81 30.59
Ts-BsLa 25.61 33.38
To-B4L1 28.98 36.43
T10-B4L2 29.20 37.65
S.Em.£ 0.79 1.06
CD @5 % 2.35 3.14

*100 per cent was added with 7.5 t ha! of FYM, remaining treatments received 7.5 t ha™! of bio-
enriched FYM.
NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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biofertilizer with inorganic fertilizer recorded higher phosphatase activity

compared to control.

4.6.8 Correlation of biological properties with chemical properties of soil at different

growth stages of finger millet.

There was significant positive correlation (p= 0.01) found between microbial
biomass carbon and soil available nitrogen (r= 0.68**, 0.80**, 0.76** and 0.72**) at 30,
60, 90 DAS and at harvest of finger millet, respectively. Same trend was also noticed with
organic carbon content (r= 0.51**, 0.57** and 0.55**) at 60, 90 DAS and at harvest,
respectively except at 30 DAS (Table 4.28).

Table 4.28: Correlation matrix of biological properties with soil available nutrient
status at different growth stages of finger millet as influenced by different

bio-enriched FYM and levels of fertilizers.

Correlation
30 DAS | 60 DAS | 90 DAS | Harvest
MBC Vs. Avail. N 0.68** 0.80%** 0.76** 0.72%%*
MBP Vs. Avail. P 0.59%** 0.66%* 0.71%%* 0.72%%*
MBC Vs. OC 0.15 0.51%* 0.57** 0.55%*
DHS Vs. Avail. N 0.71** 0.81%* 0.84%%* 0.76%*
Urease activity Vs. Avail. N - - - 0.73%*
Phosphatase activity Vs. avail. P2Os - - - 0.72%*

Note: **. Correlation is significant at p= 1 per cent.

Microbial biomass phosphorus showed significant and positive correlation (p=0.01)
with available phosphorus (r= 0.59**, 0.66**, 0.71** and 0.72**) at 30, 60, 90 DAS and

at harvest, respectively.

With respect to enzymatic activity, there was significant positive correlation

(p= 0.01) between dehydrogenase activity and available nitrogen (r= 0.71**, 0.81%%*,
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0.84** and 0.76**) at 30, 60, 90 DAS and at harvest, respectively which clearly indicates

as microbial activity increases, available nitrogen status in soil increases.

Urease activity was significant and positively correlated (p= 0.01) with available
nitrogen (0.73**) and phosphatase activity was correlated positively with available
phosphorus (0.72**) at harvest stage of finger millet. This clearly indicates that as microbial

activity increased in soil, considerably available nutrient status also increased.

Enzymes play a key role in biochemical process of organic matter decomposition
in soil (Sinsabaugh ef al., 1991). They are important in catalysing several vital reactions
necessary for life processes of organisms in soil and stabilization of structure. Enzyme
levels in soil vary due to soil type, quantity of organic matter, composition and activity of
microorganisms. In practice biochemical reaction are brought about largely through the
catalytic contribution of enzyme and presence of substrate that serve as energy sources for
microorganisms Shukla and Varma (2011), Geeta Singh et al. (2015) support this finding
and stated that addition of enriched FYM increased activity of microorganisms and

enzymes.

4.6.9 Correlation of nitrogen. Phosphorus and potassium content in plant with soil

nutrient availability at different growth stages of finger millet.

Soil nutrient status is one of the indicators for measuring soil fertility the
availability of nutrient for plant growth. It is in this context, the correlations between soil
nutrient status and the plant nutrient content under different treatments applied to finger
millet were studied and data is given in Table 4.29. Correlation studies revealed significant
positive correlation between plant nutrient content and soil available nutrients at different
growth stages in the case of N (= 0.54**, 0.66** and 0.70**), P (r= 0.46*, 0.52* and 0.61**),
K (r=0.69*, 0.70** and 0.57**) at 30, 60 and 90 DAS respectively. Similarly, grain and
straw nitrogen (0.57** and 0.78**, respectively), phosphorus (0.47* and 0.73%%*,
respectively) and potassium (0.47** and 0.67**, respectively) content were significantly
and positively correlated. This indicated that the plant nutrient content viz., N, P, K,
increased in different growth stages and was better reflected by increase soil nutrient status

at p < 0.01.
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Table 4.29: Correlation matrix of nitrogen, phosphorus and potassium content and

soil available nutrient status at different stages of finger millet as

influenced by different bio-enriched FYM and levels of fertilizers.

Correlation
At harvest
Content / availability | 30 DAS 60 DAS 90 DAS
Grain Straw
Nitrogen 0.54** 0.66** 0.70%* 0.57** 0.78%*
Phosphorus 0.46* 0.52%%* 0.61** 0.47* 0.73%**
Potassium 0.69** 0.70%** 0.57** 0.47** 0.67**

Note: ** Correlation is significant at p = 1 per cent. *Correlation is significant at p =5 per cent.

4.7 Effect of bio- enriched FYM and different levels of fertilizers on economics of

finger millet at harvest.

The effect of bio-enriched FYM and levels of fertilizers on cost of cultivation, gross

return, net return and B: C ratio at harvest are presented in Table 4.30.

4.7.1 Cost of cultivation

Among different treatments cost of cultivation was found lower in absolute control
(Rs. 13038) and higher cost of cultivation (Rs. 27692) was observed in treatment which
received NFB+ PGPR + 80 per cent RDF (T4), PSB+ PGPR + 80 per cent RDF (Ts) and
KSB + PGPR + 80 per cent RDF (Tg).

4.7.2 Gross return

Application of MC + 80 per cent RDF (Ti0) recorded higher gross return (Rs.
90373) and lower (Rs. 33975) was observed in absolute control (T1).
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4.7.3 Net return

Application of MC + 80 per cent RDF (T10) recorded higher net return (Rs. 62981),
followed by MC + 60 per cent RDF (Rs. 60606) (To) and least (Rs. 20937) was observed

in absolute control (T1).

4.7.4 B: C ratio

Among different treatments higher B: C ratio (2.30) was observed in MC + 80 per
cent RDF (Tio), followed by MC+ 60 per cent RDF (To9) (2.24) and least (1.61) was

observed in absolute control (T1).

Higher level of biomass accumulation and efficient translocation to the
reproductive parts due to supply of adequate nutrients might be responsible for greater
yield. Which resulted in higher monetary returns and B: C ratio (Roy et al., 2018). The
differences in the B: C ratio is attributed to yield differences and varying costs when
different organic manures were added. It is evident that organic manures such as FYM and

bio compost can be used in combination for more profitable income (Thumar et al., 2016).
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Table 4.30: Economics of finger millet as influenced by different bio-enriched FYM

and levels of fertilizers.

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

T1-Control 13038 33975 20937 1.61
T2-100 % RDF 27171 76237 49066 1.81
T3-Bi1L1 27313 78498 51185 1.87
T4-B1l 27692 84109 56417 2.04
Ts-B2L1 27313 78636 51323 1.88
Te-B2L2 27692 84672 56980 2.06
T7-BsLi1 27313 79437 52124 1.91
Ts-BsL2 27692 85560 57868 2.09
To-B4La 27013 87619 60606 2.24
T10-B4L2 27392 90373 62981 2.30

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha! of bio-
enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers

KSB: Potassium solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria
MC: Microbial consortia
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V SUMMARY

A field experiment entitled “Studies on bio-enriched farm yard manure (FYM) on
soil properties and productivity of finger millet (Eleusine coracana (L.) Gaertn) under
dryland condition” was conducted during kharif-2019 at AICRP for Dry Land Agriculture,
UAS, GKVK, Bengaluru — 65 is summarized hereunder.

The experiment was conducted in randomized complete block design (RCBD) with
three replications. FYM bio-enriched with N fixers (A4zotobacter chroococcum), P
solubilizer (Bacillus megaterium), K solubilizers (Frateuria aurantia), Microbial consortia
and PGPR (Pseudomonas fluorescens) was applied in combination with two levels of

fertilizers, 60 and 80 per cent RDF.

Taller plant height (28.76, 86.38, 111.52 and 115.33 cm) was observed with
application of MC+ 80 per cent RDF (Ti0), while shorter plants were in control (16.30,
46.30, 55.42 and 57.79 cm) at 30, 60, 90 DAS and at harvest, respectively, plant height
showed significant difference at 60, 90 DAS and at harvest.

Higher number of tillers hill! (1.94, 4.42, 5.20 and 5.42) was found with application
of MC+ 80 per cent RDF (Tio) and was on par with MC + 60 per cent RDF (Ty) (1.90,
4.35,5.12 and 5.33) at 30, 60, 90 DAS and at harvest, respectively. Application of different
biofertilizers and levels of fertilizers showed significant influence at all growth stages of

finger millet, except at 30 DAS.

Among different biofertilizers enriched FYM and levels of fertilizers, application
of microbial consortia (5.40, 14.87 and 26.93 g plant™!) and 80 per cent RDF (5.22, 14.34
and 26.20 g plant™') resulted in significantly higher dry matter production plant at 60, 90
DAS and at harvest, respectively.

Yield attributes such as number of ear heads per hill (5.13), number of fingers per
ear head (6.77), 1000 grain weight (3.25 g) was found maximum in T1o with application of
MC+ 80 per cent RDF (T10) and minimum number of ear heads per plant (3.33), number
of fingers per ear head (4.90) and 1000 grain weight (2.47 g) was in control.
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Among different biofertilizers, application of MC recorded significantly higher
grain (2952 kg ha!) and straw (4228 kg ha™!) yield, followed by KSB + PGPR (2733 and
3991 kg ha'!, respectively). Similarly, application of 80 per cent RDF resulted in higher
grain (2857 kg ha'') and straw (4130 kg ha™') yield compared to 60 per cent RDF (2686
and 3901 kg ha!, respectively).

Among different treatments significantly higher content of nitrogen (1.48 and 1.13
%), phosphorus (0.27 and 0.25 %) and potassium (1.27 and1.05 %) at 60 and 90 DAS was
found in Tio consisting of MC+ 80 per cent RDF and lower nitrogen (1.09 and 0.72 %),
phosphorus (0.14 and 0.11 %) and potassium (0.98 and 0.77 %) at 60 and 90 DAS,
respectively in control. The major nutrient content at 30 DAS was found non-significant.
Similarly, higher NPK in grain (1.38, 0.38 and 0.59 %, respectively) and straw (0.69, 0.24
and 0.99 %, respectively) was found in T1o (MC+ 80 % RDF) compared to T; (control).

Non-significant effect on major nutrient uptake was found at 30 DAS. Whereas, in
case of different biofertilizers, application of MC recorded significantly higher nitrogen
(20.99, 43.50 and 68.38 kg ha™!), phosphorus (3.76, 9.42 and 20.51 kg ha') and potassium
(17.88, 40.79 and 58.32 kg ha!) at 60, 90 DAS and at harvest, respectively. In case of
different levels of fertilizers, application of 80 per cent RDF observed significantly higher
nitrogen (19.42, 39.06 and 61.63 kg ha™'), phosphorus (3.29, 8.29 and 18.03 kg ha™') and
potassium (16.58, 37.49 and 54.82 kg ha!) at 60, 90 DAS and at harvest, respectively
compared to 60 per cent RDF.

Among different treatments, significantly higher content of calcium (0.41 %),
magnesium (0.30 %) and sulphur (0.44 %) was in Tio (MC+ 80 % RDF) compared to
control (T1) at 60 DAS.

Application of MC+ 80 per cent RDF (To) recorded significantly higher calcium
(1.31, 6.08, 14.07 and 24.96 kg ha™!), magnesium (0.91, 4.35, 10.91 and 17.13 kg ha!) and
sulphur (1.46, 6.36, 15.48 and 22.25 kg ha') at 30, 60, 90 DAS and at harvest, respectively,
followed by MC+ 60 per cent RDF (Ty).
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Micronutrient content was found non-significant at 30, 60, 90 DAS and at harvest,

except manganese at harvest.

With respect to micronutrients, uptake of iron (21.17, 96.91, 224.71 and 360.39 g
ha!'), manganese (11.09, 43.76, 94.04 and 181.39 g ha!), zinc (10.71, 48.17, 102.43 and
176.46 g ha') and copper (0.71, 3.31, 8.99, 24.81 g ha!) was found to be higher with
application of MC + 80 per cent RDF (T10) and least uptake was recorded in control (T1).

Bio-enriched FYM and levels of fertilizers showed no-significant effect on bulk
density (BD), water holding capacity (WHC) and porosity. However, lower BD (1.35 Mg
m™), higher porosity (42.01 %) and WHC (41.19 %) was observed in Tio (MC + 80 %

RDF) compared to other treatments.

Application of different biofertilizers and levels of fertilizers recorded non-
significant effect on pH, electrical conductivity and organic carbon of soil at different
growth stages of finger millet, where in pH ranged from 6.03 to 6.10, EC from 0.033 to
0.047 dS m™! and OC from 0.30 to 0.36 per cent.

Treatment which received microbial consotia + 80 per cent RDF (Tjo) recorded
higher available nitrogen (175.60, 189.40, 172.00 and 155.07 kg ha™!), phosphorus (134.64,
132.64, 124.42 and 119.76 kg ha!) and potassium (143.53, 136.17, 126.90 and 117.80 kg
ha!) at different growth stages, viz., 30, 60, 90 DAS and at harvest, respectively and least
in absolute control. There was 4.35, 1.14 and 5.24 per cent increase in available NPK

content of soil over its initial value.

Non-significant effect on secondary nutrient status of soil was resulted with
application of different bio-enriched FYM and levels of chemical fertilizers at different
growth stages of finger millet. Tio (B4L2: MC + 80 per cent RDF) recorded higher
exchangeable calcium (1.71, 1.74, 1.70 and 1.68 ¢ mol (p*) kg!), magnesium (0.83, 0.85,
0.82 and 0.81 ¢ mol (p") kg!) and available sulphur (15.55, 15.70, 15.60, 15.12 ppm) at
30, 60, 90 DAS and at harvest, respectively.
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Higher DTPA extractable iron (9.28, 9.48, 9.33 and 9.17 ppm), manganese (9.46,
9.62,9.30 and 9.21 ppm), zinc (0.94, 0.96, 0.92 and 0.89 ppm) and copper (0.97, 0.99, 0.96
and 0.91 ppm) was at 30, 60, 90 DAS and at harvest, respectively in post-harvest soil with
application of MC+ 80 per cent RDF (T10) compared to control (T1).

Among different biofertilizers, application of MC recorded higher MBC (363.10,
410.05, 306.95 and 261.35 ug g'!), MBN (42.54, 47.84, 35.81 and 30.49 ug g!) and MBP
(9.61, 12.32, 11.25 and 10.26 pg g') at different growth stages, viz., 30, 60, 90 DAS and
at harvest, respectively. Whereas, application of 80 per cent RDF recorded significantly
higher MBC (355.58,392.78, 298.70 and 247.80 pg g’!, respectively), MBN (41.48, 45.82,
34.85 and 28.91 pg g, respectively) and MBP (8.80, 10.76, 10.18 and 9.20 pg g,
respectively) than 60 per cent RDF.

Enzymatic activity was observed to be significantly influenced with application of
different biofertilizers and levels of fertilizers. Higher dehydrogenase activity was with
application of MC (61.52, 74.57, 59.01 and 45.86 ug TPF g™! soil 24 h'!) and 80 per cent
RDF (55.00, 68.71, 52.81 and 40.40 ug TPF g soil 24 h'!) at 30, 60, 90 DAS and at
harvest, respectively compared to other FYM enriched with biofertilizers and levels of

fertilizers.

Urease and phosphatase activity (acid) was significantly higher in Tio which
consisted of MC+ 80 per cent RDF (29.20 pg NH4-N g soil h™' and 37.65 pg pNP g soil
h') compared to absolute control (16.05 pg NH4-N g! soil h'! and 13.17 ug pNP g! soil
h!) at harvest.

Higher gross return (Rs. 90373) and net return (Rs. 62981) with B: C ratio of 2.30
was recorded with application of MC +80 per cent RDF (T10), while lower B: C ratio (1.61)
was recorded in absolute control with gross return of rupees, 33975 and net return of rupees

20937.
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PRACTICAL UTILITY OF WORK

Soil application of bio-enriched FYM with microbial consortia + 80 per cent RDF
increased available nutrient status viz., nitrogen, phosphorus and potassium of soil

by 4.35, 1.14 and 5.24 per cent, respectively over initial soil.

Bio-enriched FYM (microbial consortia) + 80 per cent RDF recorded higher grain
(2999 kg ha'") and straw (4274 kg ha™!) yield compared to 100 per cent RDF (2524
and 3710 kg ha’!, respectively).

Application of bio-enriched FYM (microbial consortia) + 80 per cent RDF recorded

additional returns of rupees 12683 per ha! over recommended use of fertilizers

Bio-enriched FYM (microbial consortia) + 80 per cent RDF saved application of

inorganic fertilizer by 20 per cent.

Nutrient release and uptake by finger millet crop during entire growth period
enhanced with application of bio-enriched FYM (microbial consortia) + 80 per cent

RDF compared to 100 per cent RDF.

FUTURE LINE OF WORK

1.

4.

Identification of competitive and effective multi-functional bio-fertilizers in

combination with inorganic fertilizers for dryland crop.

To study persistence of biofertilizers in soil environment under different stressful

condition and their impact on growth of crop.

To study tripartite interaction between microbial inoculants, mineral fertilizers and

crop species application.

Use of enriched organic manure on soil integrity index, viz., level of microbial
diversity, changes to soil carbon content and soil water holding capacity has to be

studies.
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APPENDIX -1

Preparation of different solution for biological analysis
THAM (Trishydroxymethyl amino methane) buffer (0.05 M, pH 9)

6.1 g of THAM was dissolved in about 700 ml distilled water. The pH of this
solution was adjusted to 9 with H>SO4 of 0.2 M and the final volume was brought to 1 L
with distilled water.

Modified universal buffer (MUB)

Dissolve 12.1 g of Tris (hydroxymethyl) amino methane, 11.6 g of maleic acid,
14.0 g of citric acid and 6.3 g of boric acid in 488 ml of IN NaOH solution and dilute to
1000 ml with distilled water.

Modified universal buffer (MUB) pH 6.5 and 11

200 ml of MUB stock solution in 500 ml beaker. Titrate the solution to pH 6.5 using
0.1 NHCl and 11 by using 0.1 N NaOH and make up the volume to 1000 ml using distilled
water.

KCl1-Ag2SO4 solution

100 mg Ag>SO4 was dissolved in 700 ml of distilled water. To this 188 g of KCI
was added and dissolved. The final volume of the solution was brought to 1 L with distilled
water

Ninhydrin reagent
Reagent A
50 ml of methoxy-ethanol and 50 ml distilled water mixed together (1:1 ratio) to
prepare solution. 2 g of ninhydrin was dissolved in the above prepared solution.
Reagent B

16 ml of 0.1 M citric acid was mixed with 34 ml of 0.1 M sodium citrate. To this
solution 50 ml of distilled water was added. To this 160 mg of stannous chloride (SnCl»)
was added and dissolved.

The reagent A and reagent B were mixed and this constitutes ninhydrin reagent.

Chloromolybdic acid

15 g of ammonium molybdate was dissolved in 300 ml of hot water and 350 ml of
10 N HCI was added slowly with rapid stirring. The solution is cooled and volume was
made to 1000 ml.
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APPENDIX - II

Amount of NPK, FYM added according to treatments

Treatments FYM | Nitrogen | Phosphorous | Potassium
(tha) | (kg ha) (kg ha!) (kg ha)
T1: Absolute control - - - -
T2: 7.5 tha' FYM + 100 % RDF 7.5 50 40 37.5
Ts: 7.5 t ha! enriched FYM
(nitrogen fixers + PGPR) + 60 % 7.5 30 24 22.5
RDF
Ts: 7.5 tha'! enriched FYM
(nitrogen fixers + PGPR) + 80 % 7.5 40 32 30
RDF
Ts: 7.5 t ha'l enriched FYM
(phosphate solubilizer + PGPR) + 60 | 7.5 30 24 22.5
% RDF
Te: 7.5 t ha! enriched FYM
(phosphate solubilizer + PGPR) +80 | 7.5 40 32 30
% RDF
T7: 7.5 t ha! enriched FYM
(potassium solubilizer + PGPR) + 60 | 7.5 30 24 22.5
% RDF
Ts: 7.5 t ha! enriched FYM
(potassium solubilizer + PGPR) +80 | 7.5 40 32 30
% RDF
To: 7.5 t ha! enriched FYM
(microbial consortia) + 60 % RDF | '™ 30 24 225
Tio: 7.5 tha! enriched FYM
(microbial consortia) + 80 % RDF 73 40 32 30
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APPENDIX — III

Growth and yield parameter

Productive tillers per | Grain weight per hill
hill (g hill'")
Factor 1: Biofertilizers enrichment (B)
B1: NFB + PGPR 4.95 10.10
B2: PSB + PGPR 4.90 10.15
B3: KSB + PGPR 4.99 10.25
B4: MC 5.32 11.07
S.Em.t 0.10 0.23
CD@5% 0.31 0.70
Factor 2: Levels of fertilizers (L)
L1:60 % RDF 4.88 10.07
L2: 80 % RDF 5.20 10.71
S.Em.t 0.07 0.163
CD@5% 0.22 0.49
Interaction (Bx L)
S.Em.t 0.15 0.33
CD@5% NS NS
Treatments
T1-Control 2.59 4.24
T2-100 % RDF 4.56 9.46
T3-Bila 4.72 9.74
T4-Bil 5.19 10.45
Ts-B:211 4.72 9.78
Te-B2L2 5.08 10.53
T7-BsLa 4.82 9.87
Ts-Bsla 5.17 10.63
To-B4la 5.26 10.89
T10-B4L2 5.38 11.25
S.Em.t 0.23 0.29
CD@5% 0.69 0.86

*100 per cent was added with 7.5 t ha™! of FYM, remaining treatments received 7.5 t ha of bio-
enriched FYM.

NFB: Nitrogen fixing biofertilizers PSB: Phosphate solubilizing biofertilizers KSB: Potassium
solubilizing biofertilizers PGPR: Plant growth promoting rhizobacteria

MC: Microbial consortia
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APPENDIX -1V

Cost of inputs and prices of output

Particulars Quantity Per unit cost | Cost (Rs.)
Land preparation 2 500 1000
FYM (t ha') 7.5 1520 11725
Seed (kg ha™!) 12.5 43 537.5
Fertilizer cost
a. urea (kg ha'!) 50 5.75 285
b. DAP (kg ha™') 40 25 1000
c. MOP (kg ha'!) 37.5 16 600
bonteming wsdng | e | e
Bullock pair 2 150 300
Biofertilizers (kg) 1 80 80
Returns per product
Grain yield (q) 1 2800 -
Straw yield (q) 1 150 -
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