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Abstract

Aim:

Methodology:

Results:

I n t e r p r e t a t i o n :

Conservation agriculture practices serve as an alternative strategy to sustain agricultural production

due to the growing water and nutrient deficiencies, particularly under rainfed conditions. The objective of

this study was to find the effect of conservation tillage and nutrient management practices on soil health and

productivity of finger millet.

Three main plots conventional tillage (2 ploughings + 1 harrowing + 2 intercultivations)

- drill sowing, minimum tillage (1 ploughing + 1 harrowing + application of isoproturon at 565 g a.i. ha ) - drill

sowing and zero tillage (glyphosate 41 SL at 10 ml l ) – transplanting and five sub plots 100%

recommended NPK (50:40:25 kg NPK ha ), 100% recommended NPK + 7.5 t FYM ha , horsegram residue

mulch with 100% recommended NPK, 50% recommended NPK + 25% N through FYM + seed

treatment and fertilizers based on soil test results and were replicated thrice in split plot design. The soil

physical, chemical and biological properties and yields were analyzed using standard procedures.

Conventional tillage produced significantly higher grain and straw yield of finger millet (3.04 and

4.69 t ha , respectively) with significantly higher soil infiltration rate, cumulative infiltration, lower soil

penetration resistance and bulk density as compared to minimum (2.61 and 4.03 t ha ) and zero tillage

(2.09 and 3.24 t ha ). ero tillage recorded significantly higher soil moisture content under dry spells,

maximum water holding capacity, soil organic carbon, soil microbial population, microbial biomass carbon,

nitrogen, urease, dehydrogenase, acid phosphatase and alkaline phosphatase enzymatic activity as

compared to minimum and

conven t i ona l t i l l age .

App l ica t ion of 100%

recommended NPK + 7.5 t

FYM ha yielded significantly

higher grain and straw

yields (3.03 and 4.69 t ha )

due to improved soil

physico-chemical and

biological properties as

compared to other nutrient

managements treatments.

Conventional tillage and

app l i ca t ion o f 100%

recommended NPK + 7.5 t

FYM ha in was

effective in producing

higher grain and straw yield

of rainfed finger millet,

along with improved soil

health and productivity.

viz.,

viz.,

Azotobacter

Alfisols
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Introduction

(L.) Gaertn.) is a staple

food for working class and an ideal food for patients suffering from

diabetes as the grains contain an essential amino acid

methionine has low glycemic index and no gluten, which makes it

suitable for diabetics and people with digestive problems. It is an

annual plant belonging to family Poaceae widely grown as a millet

in the arid areas of Africa and Asia (India and Nepal). The most

striking feature, which made finger millet an important dryland

crop is its resilience and ability to withstand adverse weather

conditions when grown in soils having poor water holding

capacity. Finger millet is a predominant food crop of the Southern

Karnataka (India) mainly grown under rainfed conditions in

of India. The crop grown on marginal land provides a

valuable resource in times of famine and the grain tastes good

and is nutritionally rich as it contains high level of calcium, iron,

manganese, carbohydrates and protein apart from being good

fodder for livestock. Recent studies stated that conservation

agriculture practices serve as an alternative to sustain agricultural

production in rainfed conditions. In India, rainfed agriculture with

about 58 per cent of the cultivated area contributes 40 per cent of

total food production. Even after full irrigation potential of the India

is realized, half of the cultivated area will continue to be under

rainfed farming. These rainfed areas are characterized by low and

unstable yields, vulnerable to erratic rainfall, prone to droughts

frequently amidst the declining natural resource base. Dryland

farms are not only thirsty but are also hungry too for the nutrients.

Hence the conservation of soil, water and other natural resources

are the crucial factors for achieving sustainable production in

rainfed conditions. Indiscriminate long term use of chemical

fertilizers alone has not only led to imbalance of nutrients in soil,

but also caused degradation of soil structure (Zaredost .,

2014). Widespread resource degradation problems under

conventional system, the need of reducing production costs,

increasing profitability and making agriculture more competitive,

have made the conservation issues more imperative. The

Conservation agriculture technologies are said to be efficient for

improving production and income, and addressing the emerging

problems associated with conventional intensive tillage based

agriculture (Singh ., 2017). The role of conservation tillage

practices in conserving soil moisture, with the subsequent effect

on crop yields, has also been observed in Indian conditions (Kar

and Kumar, 2009). Reducing tillage positively influences several

aspects of the soil, whereas excessive and unnecessary tillage

operations also cause harmful effects on soil. Soil tillage has

major influence on soil bulk density, penetration resistance, water

intake, storage and extraction of water from the soil by the plant

roots and on the microbial activity, which influences soil aeration,

moisture and temperature (Singh ., 2014). Since the crop

stand depends to a great extent on the emergence of sown seeds,

it is essential to provide soil physical conditions conducive for

germination and seedling emergence through tillage. Hence,

Finger millet (Eleusine coracana

Alfisols

et al

et al

et al

reducing the tillage intensity is a major practice, which needs to be

evaluated under various crops and cropping systems under

Indian ecological conditions for their viability. Therefore, a field

experiment was conducted to study the effect of conservation

tillage and nutrient management practices on soil physical,

chemical and biological properties in relation to in rainfed

finger millet at Eastern dry zone of Karnataka.

A field experiment was conducted to study the effect of

conservation tillage and nutrient management practices on

physical, chemical and biological properties of soil in

rainfed finger millet crop during 2014 and 2015 atAICRP on

Dry Land Agriculture Project, University of Agricultural Sciences,

GKVK, Bengaluru. The experiment was conducted at the Eastern

dry zone of Karnataka at 12º58' N and 75º35' E

930 m amsl. The soil type of the experimental site belongs to

Vijayapura series and represents typical lateritic area of

Bengaluru plateau. These soils were deep, yellowish red, lateritic,

red sandy clay loam with good drainage.

The texture of soil was red sandy clay loam (33.20%

coarse sand, 36.40% fine sand, 7.00% silt and 23.00% clay). The

soils were acidic, low in organic carbon, available nitrogen,

potassium and medium in available phosphorous. The details of

initial soil physical, chemical and biological properties were

determined and the methods followed for determination are given

in able 1. The experiment was conducted under split plot design

with three different intensities of tillage systems in main plots .,

T : conventional tillage (2 ploughings + 1 harrowing + 2

intercultivations at 25 and 50 days after sowing) with drill sown

finger millet, T : minimum tillage (1 ploughing + 1 harrowing +

application of pre-emergence herbicide - isoproturon at 565 g a.i.

ha ) - drill sown finger millet and T :zero tillage (glyphosate 41 SL

at 10 ml l at 15 days before transplanting) with transplanted

finger millet at 25 days after sowing (DAS) and five nutrient

management practices in sub plots N : 100% recommended

NPK (50:40:25 kg NPK ha ), N : 100% recommended NPK + 7.5 t

FYM ha , N : horsegram residue mulch + 100% recommended

NPK, N : horsegram residue mulch + 50% recommended NPK +

25% N through FYM + seed treatment and N :

horsegram residue mulch + fertilizers based on soil test results

and replicated thrice. During both the seasons, the soil was found

low in available N, K O and medium in available P O , hence

130% N, K O and 100% recommended P O were applied in N

treatment. The pre-emergence herbicide isoproturon 75 WP at

565 g a.i. ha was applied in minimum tillage plots two DAS using

Knapsack sprayer with wide flood nozzle 78 with a spray volume

of 750 l ha . The post-emergence herbicide glyphosate was

applied in the zero tillage plots at 15 days before transplanting

glyphosate 41 SL at 10 ml l using Knapsack sprayer with wide

flood nozzle 40 with a spray volume of 500 l ha at the active

green stage of weeds. The ploughing and harrowing operations

Alfisols

Alfisols

kharif

viz

i.e.,

Azotobacter

i.

e.,

Materials and Methods
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T
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treatments. The FYM on N basis was applied by considering the N

content of FYM 0.5%. (The composition of FYM was 0.50%

N, 0.21% P O and 0.50% K O). In places where the finger millet

seeds were failed to germinate and excess populations, the gap

filling and thinning were done at 15 DAS, respectively to maintain

optimum plant population and intra row spacing.

The total amount of rainfall received was more than

normal in both the years as 994.5 and 1070.5 mm during 2014

and 2015, respectively. The crop growth period was from May to

December in both the seasons (horsegram-finger millet) and also

all other weather parameters were normal during both the years.

The previous crop grown at the experimental site was finger millet

+ pigeonpea intercropping during K 2013 and left fallow

during R and summer. During the second season of the

experiment, one protective irrigation (10.2 mm) was given during

long dry spell on 27-10-2015. The crop was harvested on 12-12-

2014 and 03-12-2015. The grain and straw weight were recorded

and converted into t ha .

The soil moisture content during dry spells was estimated

using gravimetric method and soil moisture tensions were worked

out using soil moisture characteristic curve developed through

using pressure membrane apparatus (Fig. 1). The soil

temperature during dry periods was measured using 10 cm soil

thermometer during 14.00 hrs. For chemical analysis of soil, soil

samples were collected in the beginning and after the harvest of

individual plots of the experimental field and analyzed to estimate

i. e.,

harif

abi

2 5 2

-1

were done using tractor drawn cultivator and disc harrow, and

intercultivations were done using bullock drawn blade hoe at 25

and 50 DAS as per treatments.

The finger millet variety of GPU-28 was sown/

transplanted at a spacing of 30 cm x 10 cm using a seed rate of 10

kg ha on 9 and 10August during 2014 and 2015, respectively. On

the same date, finger millet was sown in the nursery and

seedlings were transplanted at 25 DAS to the main field after light

irrigation (5 mm) to overcome the transplanting shock. The

fertilizer sources used were urea, DAP and MOP. 50 per cent of

recommended nitrogen and entire phosphorus and potassium

were applied at the time of sowing and remaining 50 per cent of

nitrogen was applied as top dress at 30 DAS. The horsegram

( L.) seeds of variety PHG-9 were broadcasted at

50 kg ha in first fortnight of May with pre-monsoon rains in

respective treatment plots for mulching and harvested at 60 DAS

and was mulched in between the rows of fully established finger

millet (During 2014, uniform quantity of 0.97 t ha dry horsegram

biomass was applied as per the treatments. And during 2015,

horsegram biomass produced in respective treatments was

applied N - 1.04 t ha , N - 0.95 t ha , N - 1.16 t ha ). The

composition of horsegram biomass was 0.50% N, 0.15% P O

and 0.39% K O. The seeds were treated with

(nitrogen fixing biofertilizer) and while transplanting, the root

dipping of seedlings in solution was done as per the

treatments. The calculated amount of farm yard manure was

incorporated into the soil fifteen days before sowing as per the

-1

-1

-1

-1 -1 -1

Dolichos biflorus

i. e.,

Azotobcater

Azotobcater

3 4 5

2 5

2

Table 1 :

Physical properties

Depth Bulk density MWHC Penetration Depth FC PWP

(cm) (g cm ) (%) resistance (kpa) (cm hr )

Cumulative infiltration (cm)

Method

adopted Average

Chemical properties

Biological properties

Microbial population Microbial biomass Enzymatic activities

Physical, chemical and biological properties of soil before initiation of experiment

0-15 1.35 35.85 1875.3 0-15 13.93 7.29

15-30 1.41 32.10 2563.4 15-30 18.54 11.17 Double ring infiltrometer method

30-45 1.48 30.67 2915.1 30-60 18.53 11.59 (Parr and Bertrand, 1960)

Core sampler Keen’s cup Field Scout SC 60-90 18.93 12.32

(Piper, 1966) (Jackson, 1973) 900 meter 17.48 10.59

Soil pH (1:2.5 soil water suspension) 5.70 Potentiometric method (Piper, 1966)

Cation exchange capacity (C mol (P ) kg ) 7.52 Ammonium acetate saturation method (Piper, 1966)

Electrical conductivity (dS m ) 0.04 Conductivity bridge (Jackson, 1973)

Organic carbon (%) 0.45 Walkley and Black wet oxidation method (Jackson, 1973)

Available N (kg ha ) 225.00 Alkaline permanganate method (Subbiah andAsija, 1956)

Available P O (kg ha ) 50.00 Bray’s method (Jackson, 1973)

Available K O (kg ha ) 135.00 Flame photometer method (Jackson, 1973)

Bacteria 26.14 × 10 CFU g soil Carbon 305.1 µg g soil Dehydrogenase 75.96 µg TPF g soil 24 hr Casida . (1964)

Fungi 14.85 × 10 CFU g soil Nitrogen 32.9 µg g soil Urease 14.81 µg NH -N g soil hr Eivazi and Tabatabai (1977)

Actinomycetes 7.61 × 10 CFU g soil Acid phosphatase 17.81 g PNP g soil

Method adopted Carter (1991) Carter (1991) Alkaline phosphatase21.14 g PNP g soil

Infiltration rate

(cm) (%) (%)

13.81
-3 -1

31.15

+ -1

-1

-1

-1

-1

5 -1 -1 -1 -1

4 -1 -1 -1 -1

3 -1 -1

-1

2 5

2

4

et al
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soil reaction (pH), electrical conductivity (EC), organic carbon

(OC) and available N, P O and K O. The experimental data on

soil properties and yield of finger millet were subjected to Fisher's

method of Analysis of variance (ANOVA) as given by Gomez and

Gomez (1984). The pooled analysis was also done for soil

chemical properties, grain and straw yield. All the data were

analyzed and the results were presented and discussed at a

probability level of five per cent and correlation study was done as

suggested by Gomez and Gomez (1984).

There is a negative correlation between soil moisture

content and soil moisture tension (Michael, 2009) as indicated in

Fig. 1. Zero tillage recorded significantly higher soil moisture

content (Table 2) during different dry spells (14.63 to 15.42%

during 2014 and 14.56 to 14.95% during 2015) with lower soil

moisture tension (0.56 to 2.13 -bars 2014 and 1.45 to 2.72 -bars

during 2015) as compared to minimum tillage. Whereas,

comparatively lower soil moisture content was observed in

conventional tillage (11.34 to 12.18 during 2014 and 11.52 to

11.97% during 2015) with higher soil moisture tension (7.48 to

9.29 -bars during 2014 and 8.32 to 10.21 -bars during 2015). The

higher soil moisture content under zero tillage was attributed to

the presence of previous crop stubbles and dense cover of weeds

on the soil surface due to poor weed control under zero tillage in

2 5 2

Results and Discussion

contrast to faster evaporation of soil moisture due to

intercultivation and poor weed cover on the soil surface in

conventional tillage (Sessiz ., 2010).

Among nutrient management practices, horsegram

residue mulch + 50% recommended NPK + 25% N through FYM

+ seed treatment had recorded significantly higher

soil moisture content during different dry spells (15.11 to 15.88%

2014 and 14.82 to 15.38% during 2015) with concurrent lower soil

moisture tension followed by horsegram residue mulch +

fertilizers based on soil test results, horsegram residue mulch +

100% recommended NPK, 100% recommended NPK + 7.5 t FYM

ha in the decreasing order.

These higher soil moisture contents in these mulching

treatments were due to restricted soil moisture evaporation loss

by horsegram residue mulch covering on soil surface. Further,

higher soil moisture content observed under FYM applied

treatments was also attributed to reduced soil bulk density and

absorption and storage of more moisture. And significantly lower

soil moisture content under 100% recommended NPK was

attributed to lack of surface mulching and use of organic manure.

These outcomes corroborated with the findings of Spehia .

(2012). However, no significant difference in soil moisture content

was observed under interactions of tillage and nutrient

management practices. The conventional tillage realized

et al

Azotobacter

et al

-1

Fig. 1 : Soil moisture characteristic curve of soil at experimental site atAICRP for DrylandAgriculture, GKVK, UAS, Bengaluru
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significantly higher infiltration rate (15.89 cm hr ), cumulative

infiltration (36.04 cm), lower soil bulk density (1.33, 1.40 and 1.47

g cm at 0-15, 15-30 and 30-45 cm depths, respectively) and soil

penetration resistance (1201.9, 1314.8 and 1490.7 kpa at 0-15,

15-30 and 30-45 cm depths, respectively) followed by minimum

tillage and zero tillage (Fig. 2 and Table 3).

The ploughing and subsequent intercultivations in

conventional tillage had reduced the bulk density up to 45 cm soil

depth as a result of loosened soil particles resulting in improved

infiltration rate, as well as cumulative infiltration apart from

lowered soil penetration resistance up to 45 cm soil depth. The

negative relation between bulk density versus infiltration rate and

cumulative infiltration ranged from - 0.869 to -0.925 and

regression studies indicated that there was increase in infiltration

rate and cumulative infiltration by 12.60 cm hr and 26.89 cm,

respectively for every gram cm decrease in bulk density at 0-15

cm soil depth (Table 7). Positive correlation between bulk density

and soil penetration resistance the regression equations

revealed that for every gram cm increase in bulk density at 0-15

cm soil depth has led to increase in penetration resistance by

2804.77 kpa. The similar trend was also noticed at 15-30 and 30-

-1

-3

-1

-3

-3

i. e.,

45 cm soil depths (Alvarez and Steinbach, 2009). This was

followed by minimum tillage due to proportionate decrease in

tillage intensity. Whereas, significantly lower soil infiltration rate,

cumulative infiltration and significantly higher bulk density at

different depths in zero tillage was ascribed to increased soil

compaction as a result of no soil disturbance, ploughing, soil

crusting as indicated by higher soil penetration resistance.

However, the maximum water holding capacity of soil

(Fig. 3) was found higher in zero tilled plots (43.10, 38.36 and

35.36% at 0-15, 15-30 and 30-45 cm, respectively), which was

due to higher soil organic carbon witnessed (0.56%) followed by

minimum and conventional tillage due to their lower organic

carbon content (0.50% and 0.46%, respectively) as indicated by

positive and higher correlation coefficient values (Table 7), which

ranged between 0.657 at 0-15 cm to 0.924 at 30-45 cm soil

depths. Further, regression studies revealed that for every per

cent increase in soil organic carbon, there would be an increase in

the maximum water holding capacity of soil by 66.53, 59.17 and

22.59% at 0-15, 15-30 and 30-45 cm soil depths (Manivannan

., 2009). The lower maximum water holding capacity under

conventional tillage with lower soil organic carbon content

et

al

Table 2 :

Treatment Mean soil moisture content of different Mean soil moisture tension of different depths

depths (%) (-bars)

11-11-14 29-11-14 08-12-14 22-10-15 31-10-15 11-11-14 29-11-14 08-12-14 22-10-15 31-10-15

Tillage practices

Nutrient management practices

Interaction

Mean soil moisture content and soil moisture tension during dry periods at different stages of finger millet as influenced by tillage and nutrient

management practices

T 12.18 12.15 11.34 11.97 11.52 7.48 7.76 9.29 8.32 10.21

T 13.53 13.71 12.92 13.39 12.96 2.80 4.32 6.59 4.68 5.09

T 14.99 15.42 14.63 14.95 14.56 1.10 0.56 2.13 1.45 2.72

S.Em± 0.16 0.27 0.32 0.26 0.27 NA NA NA NA NA

CD at 5% 0.61 1.04 1.27 1.03 1.07

N 11.50 11.45 10.83 11.33 11.08 9.60 9.22 11.90 9.96 11.55

N 12.56 12.78 12.05 12.57 12.26 6.91 8.63 8.03 6.40 7.38

N 13.95 14.18 13.31 13.83 13.37 2.14 3.69 4.61 2.43 4.44

N 15.52 15.88 15.11 15.38 14.82 0.69 1.20 1.60 0.62 1.81

N 14.31 14.51 13.50 14.06 13.53 1.86 2.45 4.31 1.85 4.17

S.Em± 0.14 0.23 0.33 0.22 0.25 NA NA NA NA NA

CD at 5% 0.41 0.67 0.95 0.64 0.74

N at same level of T

S.Em± 0.24 0.40 0.56 0.38 0.44 NA NA NA NA NA

CD at 5% NS NS NS NS NS

T at same or different level of N

S.Em± 0.27 0.44 0.60 0.43 0.48 NA NA NA NA NA

CD at 5% NS NS NS NS NS

Note: CD-Critical difference, NS-Non significant, NA-Not analysed. Mean soil moisture content of different depths 0-15, 15-30, 30-60 and 60-90 cm;

Dry periods:- 11-11-2014: Milking stage in 2014, 29-11-2014: Physiological maturity stage in 2014, 08-12-2014: Harvest stage in 2014, 22-10-2015:

Flowering stage in 2015 and 31-10-2015 at flowering stage in 2015

1

2

3

1

2

3

4

5

i. e.,
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(0.46%) was due to faster degradation of organic matter by

intensive ploughing operations and exposure of soil layers to the

solar radiation.

Among different nutrient management practices,

application of 100% recommended NPK + 7.5 t FYM ha had

significantly higher soil infiltration rate (16.11 cm hr ), cumulative

infiltration (37.12 cm), maximum water holding capacity at 0-15

cm (46.74%), 15-30 cm (41.60%) soil depths, lower bulk density

at 0-15 cm (1.23 g cm ), 15-30 cm (1.30 g cm ) soil depths, soil

penetration resistance at 0-15 cm (1328.5 kpa) and 15-30 cm

(1656.5 kpa ) soil depths as compared to horsegram residue

mulch + 50% recommended NPK + 25% N through FYM +

seed treatment, horsegram residue mulch +

fertilizers based on soil test results, horsegram residue mulch +

100% recommended NPK and significantly lower values were

observed under 100% recommended NPK. But these nutrient

management practices did not significantly influenced the bulk

density, maximum water holding capacity and soil penetration

resistance at 30-45 cm soil depths. The interactions of tillage and

nutrient management practices were not found significant for all

the soil physical parameters. The improved soil physical

-1

-1

-3 -3

Azotobacter

properties under 100% recommended NPK + 7.5 t FYM ha was

attributed to lowered soil bulk density due to the positive effects of

application of farm yard manure (Chandel ., 2017). The next

best soil physical properties were recorded under mulched and

FYM applied treatments due to the combined effect of organic

mulching and FYM in improving the soil physical parameters. But,

poor soil physical parameters under application of 100%

recommended NPK were due to the application of chemical

fertilizers alone without organic manures. The results are in

conformity with the findings of Manivannan . (2009) who

reported that increase in bulk density was attributed to

deterioration of the structure with fertilizers, when applied alone.

The conventional tillage had recorded significantly higher

soil temperature at different days in dry spells (30.6, 33.5, 32.4,

34.0, 31.4, 31.4, 33.5 °C on 30 August, 18 September, 5

October, 16 October, 11 November, 27 November, 9

December, respectively during 2014 and 31.1, 33.7, 34.6, 28.8 °C

on 20 September, 15 October, 29 October, 29 November,

respectively during 2015) as compared to minimum and zero

tillage (Table 3). These results are in line with Hugh . (2008)

who observed lower soil temperature in no tillage as compared to

-1

th th th

th th th th

th th th th

et al

et al

et al

Table 3 :

Treatment BD(g cm ) at different Soil temperature (2014) Soil temperature (2015)

soil depth (cm)

0-15 15-30 30-45 30 18 5 16 11 27 9 20 15 29 29

Aug Sept Oct Oct Nov Nov Dec Sept Oct Oct Nov

Tillage practices

Nutrient management practices

Interaction

Bulk density (BD) of soil after harvest of second season finger millet and soil temperature (°C) during crop growth period under dry spells as

influenced by tillage and nutrient management practices

T 1.33 1.40 1.47 30.6 33.5 32.4 34.0 31.4 31.4 33.5 31.1 33.7 34.6 28.8

T 1.45 1.52 1.59 27.1 29.7 28.7 29.4 27.5 27.8 29.7 26.9 29.2 29.9 25.1

T 1.58 1.67 1.74 24.1 25.5 24.6 25.7 23.9 24.1 25.4 23.4 25.4 26.3 21.7

S.Em± 0.02 0.03 0.03 0.6 0.8 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.7

CD at 5% 0.10 0.10 0.11 2.3 3.2 3.2 3.1 2.9 3.0 3.1 3.0 3.0 3.2 2.8

N 1.67 1.75 1.65 28.4 30.8 29.7 30.8 29.0 29.0 30.7 28.4 30.9 31.6 26.1

N 1.23 1.30 1.55 31.3 33.9 32.8 33.9 31.6 32.0 33.9 31.6 34.4 34.9 29.0

N 1.53 1.61 1.62 25.4 27.7 27.0 28.2 25.8 25.9 27.5 25.0 27.2 28.5 23.9

N 1.37 1.44 1.57 25.7 28.0 26.9 28.0 26.0 26.0 27.6 25.3 27.5 28.3 23.7

N 1.49 1.56 1.61 25.5 27.6 26.7 27.6 25.7 26.0 27.6 25.1 27.3 28.1 23.4

S.Em± 0.03 0.03 0.04 0.6 0.7 0.7 0.7 0.7 0.8 0.7 0.8 0.9 0.8 0.6

CD at 5% 0.09 0.10 NS 1.8 2.1 2.2 2.0 1.9 2.5 2.1 2.5 2.6 2.3 1.8

N at same level of T

S.Em± 0.06 0.06 0.06 1.1 1.3 1.3 1.2 1.1 1.5 1.3 1.5 1.5 1.4 1.1

CD at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS

T at same or different level of N

S.Em± 0.06 0.06 0.06 1.1 1.4 1.4 1.3 1.2 1.5 1.4 1.5 1.6 1.5 1.2

CD at 5% NS NS NS NS NS NS NS NS NS NS NS NS NS NS

Note: CD-Critical difference, NS-Non significant, BD-Bulk density,Aug-August, Sept-September, Oct-October, Nov-November, Dec-December

-3

th th th th th th th th th th th

1

2

3

1

2

3

4

5

617Effect of conservation tillage and nutrient management on finger millet



Journal of Environmental Biology, September 2018

high tillage systems.And the lower temperature in zero tillage was

due to the insulation effect of accumulated crop residues on the

soil surface (Teodor ., 2011). Whereas, application of 100%et al

recommended NPK + 7.5 t FYM ha recorded significantly higher

soil temperature at different dry spells (31.3, 33.9, 32.8, 33.9,

31.6, 32.0, 33.9°C on 30 August, 18 September, 5 October,

-1

th th th

Fig. 3 : Maximum water holding capacity (%) at different soil depths after harvest of finger millet as influenced by tillage and nutrient management

practices
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16 October, 11 November, 27 November, 9 December,

respectively during 2014 and 31.6, 34.4, 34.9, 29.0 °C on 20

September, 15 October, 29 October, 29 November,

respectively during 2015) followed by 100% recommended NPK.

The higher soil temperature was due to release of organic acids

upon decomposition, as well as no mulching effect on the soil.And

significantly lower soil temperature under mulched treatments

was assigned due to restriction of direct contact of radiation to the

ground through interference with horsegram residue mulch.

These observations follow the results of Rajan . (2011) who

quoted that application of FYM maintains higher soil temperature

under open condition, which supported better growth and crop

stand by reducing mortality rate. However, soil temperature due

to interactions between tillage and nutrient management

practices was found to be non-significant.

Application of horsegram residue mulch + fertilizers based

on soil test results, recorded significantly lower soil pH (5.39) on

the account of application of more quantity of these acid forming

chemical fertilizers such as urea and DAP, and was on par with

100% recommended NPK alone (5.46) and was followed by

horsegram residue mulch + 100% recommended NPK (5.50),

100% recommended NPK + 7.5 t FYM ha (5.72). Whereas,

significantly higher soil pH was noticed under horsegram residue

th th th th

th

th th th

-1

et al

mulch + 50% recommended NPK + 25% N through FYM +

seed treatment (5.94) (Table 4). The higher and near

neutral pH in FYM and mulched treatments was attributed to

buffering action of FYM and organic mulches upon decomposition.

These results were similar to the findings of Brady and Weil (2008).

Different tillage practices and interaction between tillage and

nutrient management practices have been found to be non-

significant. The EC was not significantly influenced by the tillage,

nutrient management practices and their interactions.

Soil organic carbon (SOC) is largely governed by the

farming practice and climate. The net gain of organic carbon by

soil determines soil productivity. Soil organic carbon is often

defined as the soil quality indicator, especially organic carbon

present on the surface soils. The zero tillage had higher SOC

(0.56%) as compared to minimum tillage (0.50%) and

conventional tillage (0.46%). This higher SOC in zero tillage was

due to degradation of crop stubbles left and no soil inversion,

which was further supported by increased microbial and

enzymatic activity (Table 5, 6) with better soil moisture content

even under dry spells (Table 2).

Among different nutrient management practices,

significantly higher SOC was noticed with the application of 100%

Azotobacter

Table 4 :

Treatment pH Electrical conductivity Organic carbon (%)

(ds m )

2014 2015 Pooled 2014 2015 Pooled 2014 2015 Pooled

Tillage practices

Nutrient management practices

Interaction

Soil chemical properties after harvest of finger millet as influenced by tillage and nutrient management practices

T 5.69 5.63 5.66 0.041 0.043 0.042 0.46 0.47 0.46

T 5.64 5.58 5.61 0.044 0.044 0.044 0.49 0.50 0.50

T 5.58 5.50 5.54 0.046 0.046 0.046 0.55 0.57 0.56

S.Em± 0.05 0.05 0.04 0.002 0.002 0.001 0.01 0.01 0.01

CD at 5% NS NS NS NS NS NS 0.05 0.05 0.03

N 5.49 5.43 5.46 0.045 0.045 0.045 0.45 0.46 0.45

N 5.75 5.68 5.72 0.042 0.043 0.043 0.60 0.61 0.60

N 5.53 5.47 5.50 0.043 0.044 0.044 0.46 0.47 0.47

N 5.98 5.91 5.94 0.043 0.044 0.044 0.53 0.54 0.53

N 5.43 5.36 5.39 0.045 0.045 0.045 0.47 0.48 0.48

S.Em± 0.05 0.05 0.04 0.002 0.002 0.001 0.01 0.01 0.01

CD at 5% 0.15 0.15 0.10 NS NS NS 0.03 0.03 0.02

N at same level of T

S.Em± 0.09 0.09 0.11 0.003 0.004 0.004 0.02 0.02 0.03

CD at 5% NS NS NS NS NS NS NS NS NS

T at same or different level of N

S.Em± 0.09 0.09 0.11 0.004 0.004 0.004 0.02 0.02 0.03

CD at 5% NS NS NS NS NS NS NS NS NS

Note: CD-Critical difference, NS-Non significant
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recommended NPK + 7.5 t FYM ha (0.60%) as compared to

others due to application of FYM, which had enhanced the soil

organic carbon content upon degradation. The lowest organic

carbon recorded in 100% recommended NPK (0.45%) alone was

a consequence of no use of organic manure. These findings are in

concurrence with Liu . (2013).

The population of bacteria, fungi and actinomycetes,

microbial biomass carbon and nitrogen, urease, dehydrogenase,

acid phosphatase and alkaline phosphatase enzyme activity in

soil were significantly influenced by different tillage and nutrient

management practices (Table 5, 6). Amidst different tillage

practices, zero tillage had realized significantly higher population

of bacteria, fungi and actinomycetes (58.14 × 10 , 32.74 × 10 and

18.19 × 10 CFU g soil , respectively) and resulted in increase in

soil microbial biomass carbon and nitrogen (557.5 µg g soil and

65.0 µg g soil , respectively) as compared to minimum tillage and

conventional tillage. The zero tillage had also recorded

significantly higher urease, dehydrogenase, acid phosphatase

and alkaline phosphatase activity (31.76 µg NH -N g soil hr ,

183.79 µg TPF g soil 24 hr , 34.34 g PNP g soil and 35.11 g PNP

g soil , respectively) as a consequence of improved microbial

population as compared to minimum tillage and conventional

tillage. The increase in soil microbial activity under zero tillage

-1

5 4

3 -1

-1

-1

-1 -1

-1 -1 -1
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4

was attributed to increased availability of substrate for microbes

in terms of stubbles, secretion of root exudates as substrates from

weeds, least soil disturbance and better soil moisture content as a

result of better soil coverage by crops, as well as weeds. It also

enhanced the soil microbial biomass carbon, nitrogen and

enzymatic activities. The lower soil microbial activity, biomass

carbon, nitrogen and resultant lower soil enzymatic activity under

conventional tillage was due to clean cultivation with no residue

management, lower soil organic carbon, greater soil disturbance

and lower soil moisture content. The relation between soil

microbial activity versus soil moisture content even under

different dry spells and soil organic carbon was better explained

by correlation and regression studies (Table 7). There was a

positive correlation between different microbial populations,

microbial biomass carbon, nitrogen, as well as various enzymatic

activities with soil moisture contents even under dry spells to the

tune of 0.471 to 0.647.

The application of 100% recommended NPK + 7.5 t FYM

ha has exhibited significantly higher urease, dehydrogenase,

acid phosphatase and alkaline phosphatase activity (34.23 µg

NH -N g soil hr , 179.56 µg TPF g soil 24 hr , 37.91 g PNP g soil

and 36.58 g PNP g soil , respectively) due to significant

enhancement of bacteria, fungi and actinomycetes (55.86 × 10 ,

-1

-1 -1 -1 -1 -

1 -1

5

4

Table 5 :

Treatment Microbial population Microbial Microbial

Bacteria (x 10 Fungi (x 10 Actinomycetes
biomass carbon biomass nitrogen

CFU g soil ) CFU g soil ) (x 10 CFU g soil )
(µg g soil ) (µg g soil )

Tillage practices

Nutrient management practices

Interaction

Soil microbial parameters after harvest of second season finger millet as influenced by tillage and nutrient management practices

T 32.83 17.85 10.66 318.7 37.2

T 42.19 22.92 13.68 407.0 47.5

T 58.14 32.74 18.19 557.5 65.0

S.Em± 1.18 0.76 0.43 11.1 1.3

CD at 5% 4.63 3.00 1.68 43.6 5.1

N 36.25 19.48 11.26 342.0 39.9

N 55.86 31.65 18.35 572.0 66.7

N 41.10 22.51 13.03 387.7 45.2

N 46.64 25.79 14.92 440.0 51.3

N 42.08 23.08 13.32 396.9 46.3

S.Em± 1.18 0.73 0.40 11.2 1.3

CD at 5% 3.46 2.12 1.18 32.6 3.8

N at same level of T

S.Em± 2.05 1.26 0.70 19.3 2.26

CD at 5% NS NS NS NS NS

T at same or different level of N

S.Em± 2.18 1.36 0.76 20.6 2.40

CD at 5% NS NS NS NS NS

Note: CD-Critical difference, NS-Non significant
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31.65×10 , 18.35×10 CFU g soil , respectively) which was

indicated by higher soil microbial biomass carbon (572.0 µg g soil )

and nitrogen (66.7 µg g soil ).

This was followed by horsegram residue mulch + 50%

recommended NPK + 25% N through FYM + seed

treatment, horsegram residue mulch + fertilizers based on soil

test results and horsegram residue mulch + 100% recommended

NPK. Whereas, significantly lower activity of enzymes, microbial

population, microbial biomass carbon and nitrogen were found in

100% recommended NPK (19.15 µg NH -N g soil hr , 100.73 µg

TPF g soil 24 hr , 21.35 g PNP g soil , 24.22 g PNP g soil , 36.25

× 10 , 19.48 × 10 , 11.26 × 10 CFU g soil , 342.0 µg g soil and

39.9 µg g soil , respectively). The higher microbial activity under

100% recommended NPK + 7.5 t FYM ha was mainly due to

build up of soil organic matter content as witnessed by improved

soil organic carbon (0.60%) status. The regression models

revealed that there was an increase in soil bacterial, fungal,

4 3 -1

-1

-1

-1 -1

-1 -1 -1 -1

5 4 3 -1 -1

-1

-1

Azotobacter

4

actinomycetes population, soil microbial biomass carbon,

nitrogen, urease, dehydrogenase, acid phosphatase and alkaline

phosphatase activity by 150.78 x 10 CFU g soil , 91.10 x 10 CFU

g soil , 49.19 x 10 CFU g soil , 1593.46 µg g soil , 185.91 µg g

soil , 99.03 µg NH -N g soil hr , 557.66 µg TPF g soil 24 hr ,

103.42 g PNP g soil and 75.14 g PNP g soil for every per cent

increase in soil organic carbon (Table 7). The interaction between

tillage and nutrient management practices was found to be non

significant.

Conventional tillage was yielded significantly higher grain

and straw yield of finger millet (3.04 and 4.69 t ha , respectively),

(Table 6) which was attributed to better soil moisture content

(12.18, 12.15 and 11.34% at milking, physiological maturity and at

harvest stages, respectively during 2014 and 11.97 and 11.52% at

flowering stages, respectively during 2015) (Table 2) even under

dry spells and higher soil infiltration rate, cumulative infiltration after

harvest (Fig. 2), maximum water holding capacity (Fig. 3), lower

5 -1 4

-1 3 -1 -1

-1 -1 -1 -1 -1

-1 -1

-1

4

Table 6 :

Treatment Urease Dehydrogen- Acid Alkaline Grain yield (t ha ) Straw yield (t ha )

activity ase activity phosphatase phosphatase 2014 2015 Pooled 2014 2015 Pooled
(µg NH -N g (µg TPF g activity (g activity(g

soil hr ) soil 24 hr ) PNP g soil ) PNP g soil )

Tillage practices (T)

Nutrient management practices (N)

Interaction (T×N)

Soil enzymatic activities after harvest of second season crop, and grain and straw yield of finger millet as influenced by tillage and nutrient

management practices

T : Conventional tillage- Sowing 18.07 98.28 20.66 25.38 3.20 2.88 3.04 4.95 4.42 4.69

T : Minimum tillage- Sowing 23.09 119.74 26.43 29.18 2.76 2.45 2.61 4.29 3.76 4.03

T : Zero tillage-Transplanting 31.76 183.79 34.34 35.11 2.30 1.87 2.09 3.61 2.88 3.24

S.Em± 0.65 4.18 0.66 0.86 0.08 0.08 0.06 0.14 0.12 0.09

CD at 5% 2.54 16.41 2.59 3.36 0.30 0.31 0.18 0.54 0.48 0.30

N : 100% recommended NPK 19.15 100.73 21.35 24.22 2.48 2.16 2.32 3.85 3.31 3.58

(50:40:25 kg NPK ha )

N : 100% recommended NPK + 34.23 179.56 37.91 36.58 3.25 2.81 3.03 5.06 4.31 4.69

7.5 t FYM ha

N : Horsegram residue mulch + 21.28 120.64 24.22 28.04 2.79 2.42 2.61 4.35 3.72 4.03

100% recommended NPK

N : Horsegram residue mulch + 24.64 142.32 27.48 32.10 2.37 2.10 2.24 3.68 3.23 3.45

50% recommended NPK + 25% N

through FYM + seed treatment

N : Horsegram residue mulch + 22.23 126.43 24.75 28.51 2.88 2.52 2.70 4.48 3.86 4.17

Fertilizers based on soil test results

S.Em± 0.67 4.07 0.68 0.80 0.06 0.09 0.05 0.10 0.13 0.08

CD at 5% 1.95 11.88 2.00 2.33 0.19 0.25 0.15 0.30 0.38 0.24

N at same level of T

S.Em± 1.16 7.05 1.19 1.38 0.11 0.15 0.17 0.18 0.23 0.28

CD at 5% NS NS NS NS NS NS NS NS NS NS

T at same or different level of N

S.Em± 1.22 7.56 1.25 1.50 0.13 0.15 0.17 0.21 0.24 0.27

CD at 5% NS NS NS NS NS NS NS NS NS NS

Note: CD-Critical difference, NS-Non significant
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bulk density (Table 3) and lower soil penetration resistance (Fig. 2)

resulted in better conservation of moisture through infiltration of rain

water into soil profile as compared to minimum tillage (2.61 and

4.03 t ha , respectively). These findings are supported by

Romaneckas . (2009) who observed higher sugar beet root

yield under conventional tillage due to lower soil penetration

resistance and lower soil bulk density as compared to zero tillage.

Saha . (2010) noticed that increase in maize and mustard

yields under conventional system with residue was associated with

better root growth and increased water use by the crop. Similarly,

decrease in yields under zero tillage might be attributed to

-1

et al

et al

increased soil strength and consequent retardation in root growth

and reduction in water utilization from deeper layers. Whereas,

zero tillage had recorded significantly lower grain and straw yield

(2.09 and 3.24 t ha , respectively) because of above poor soil

physical properties. These findings corroborate with the results of

Alvarez and Steinbach (2009) and Guan . (2014) who recorded

lower grain yields in zero tillage because of poor soil infiltration rate,

hydraulic conductivity, higher bulk density and lower soil porosity.

Application of 100% recommended NPK + 7.5 t FYM ha

produced significantly higher grain and straw yield of finger millet

-1

-1

et al

Table 7 :

Dependent variable (y) Independent variable (x) Corr. Coeff. (r) Regression equation R

Correlation and regression equations between soil physical, chemical and biological properties as influenced by tillage and nutrient

management practices in finger millet

Infiltration rate Bulk density at 0-15 cm -0.912 Y=31.73-12.60x 0.832

Cumulative infiltration -0.920 Y=70.29-26.89x 0.846

Soil penetration resistance at 0-15 cm 0.859 Y=-2336.33+2804.77x 0.737

Infiltration rate Bulk density at 15-30 cm -0.917 Y=31.66-11.92 0.841

Cumulative infiltration -0.925 Y=70.12-25.45x 0.855

Soil penetration resistance 15-30 cm 0.824 Y=-3540.58+3728.09x 0.679

Infiltration rate Bulk density at 30-45 cm -0.878 Y=42.77-18.34x 0.770

Cumulative infiltration -0.869 Y=92.70-38.43x 0.755

Soil penetration resistance 30-45 cm 0.895 Y=-9407.35+7517.35x 0.801

MWHC (%) at 0-15 cm Soil organic carbon (%) 0.924 Y=6.01+66.53x 0.854

MWHC (%) at 15-30 cm 0.924 Y=5.38+59.17x 0.854

MWHC (%) at 30-45 cm 0.657 Y=21.07+22.59x 0.432

Bacterial population Mean soil moisture 0.614 Y=-3.46+3.69x 0.377

Fungal population content during dry 0.599 Y=-3.46+2.15x 0.359

Actinomycetes population period at 08-12-2014 0.587 Y=-0.29+1.11x 0.345

Soil microbial biomass carbon 0.538 Y=0.99+32.92x 0.289

Soil microbial biomass nitrogen 0.538 Y=0.11+3.84x 0.289

Urease activity 0.471 Y=1.40+1.76x 0.222

Dehydrogenase activity 0.576 Y=-28.86+12.56x 0.331

Acid phosphatase activity 0.463 Y=3.79+1.80x 0.215

Alkaline phosphatase activity 0.606 Y=7.42+1.73x 0.367

Bacterial population Mean soil moisture 0.647 Y=-13.15+4.41x 0.419

Fungal population content during dry 0.633 Y=-9.20+2.58x 0.400

Actinomycetes population period at 31-10-2015 0.620 Y=-3.25+1.33x 0.384

Soil microbial biomass carbon 0.572 Y=-89.82+39.75x 0.327

Soil microbial biomass nitrogen 0.572 Y=-10.48+4.63x 0.327

Urease activity 0.504 Y=-3.61+2.14x 0.254

Dehydrogenase activity 0.610 Y=-62.96+15.12x 0.372

Acid phosphatase activity 0.495 Y=-1.33+2.18x 0.245

Alkaline phosphatase activity 0.634 Y=3.08+2.05x 0.401

Bacterial population Soil organic carbon (%) 0.871 Y=-31.90+150.78x 0.759

Fungal population 0.879 Y=-21.58+91.10x 0.773

Actinomycetes population 0.899 Y=-10.71+49.19x 0.809

Soil microbial biomass carbon 0.905 Y=-378.46+1593.46x 0.819

Soil microbial biomass nitrogen 0.905 Y=-44.15+185.91x 0.819

Urease activity 0.919 Y=-25.79+99.03x 0.844

Dehydrogenase activity 0.888 Y=-148.21+557.66x 0.789

Acid phosphatase activity 0.925 Y=-25.18+103.42x 0.855

Alkaline phosphatase activity 0.913 Y=-8.12+75.14x 0.834

All the soil physical, chemical and biological properties are analysed after second season finger millet

2
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(3.03 and 4.69 t ha , respectively) and was attributed to better

moisture conservation at various growth stages (Table 2) and due

to better release of nutrients due to improved soil microbial

population, microbial biomass carbon, microbial biomass

nitrogen recorded (Table 5), which helped in faster decomposition

of FYM through mineralization with the aid of increased

enzymatic activities urease, dehydrogenase, acid

phosphatase and alkaline phosphatase enzymes (Table 6).

These results are in confirmation with the findings of Prabhakar

Reddy . (2007), Aariff Khan . (2011) and Basha

(2017). Schulz (2004) suggested that addition of farmyard

manure increase microbial biomass, biological activities and soil

enzyme activities. Enzymes in soil, especially dehydrogenase

enzymes, are highly associated with the microbial biomass,

which in turn affects the decomposition of organic matter and

release of CaCO . The next higher yield was observed in

horsegram residue mulch + fertilizers based on soil test results

(2.70 and 4.17 t ha , respectively), which was found on par with

horsegram residue mulch + 100% recommended NPK (2.61 and

4.03 t ha , respectively) as compared to 100% recommended

NPK alone (2.32 and 3.58 t ha , respectively). Whereas,

significantly lower grain and straw yield were observed in

horsegram residue mulch + 50% recommended NPK + 25% N

through FYM + seed treatment (2.24 and 3.45 t ha ,

respectively).Application of horsegram residue mulch + fertilizers

based on soil test results, recorded higher grain and straw yields

next to 100% recommended NPK + 7.5 t FYM ha ,and was found

on par with horsegram residue mulch + 100% recommended NPK

due to better soil moisture conservation through mulching (Table

2), better soil infiltration rate, cumulative infiltration, lower soil bulk

density, higher maximum water holding capacity (Fig. 2, 3 and

Table 3) and soil microbial as well as enzymatic activities (Table 5,

6). Whereas, application of horsegram residue mulch + 50%

recommended NPK + 25% N through FYM + seed

treatment had recorded significantly lower grain and straw yield of

finger millet. These results corroborate with the findings of Nigade

and More (2013) who quoted that application of 50%

recommended dose of fertilizers in finger millet lead to 26.5%

decrease in grain and straw yield as compared to 100%

recommended dose of fertilizers.

Improved soil physical properties higher soil

infiltration rate, cumulative infiltration, lower soil penetration

resistance, bulk density were found in conventional tillage.

Whereas, other parameters like higher soil moisture content

under dry spells, higher maximum water holding capacity were

observed under zero tillage. Apart from these parameters, soil

chemical and biological properties such as higher soil organic

carbon, bacterial, fungal, actinomycetes population, soil

microbial biomass carbon, nitrogen, urease, dehydrogenase,

acid phosphatase and alkaline phosphatase enzymatic activity

were realized under zero tillage. Among different nutrient

management practices, application of 100% recommended NPK
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+ 7.5 t FYM ha had showed improvement in all above given soil

physico-chemical and biological properties and gave significantly

higher grain and straw yields. Even though the soil moisture

content and soil biological parameters were better under zero

tillage, however, the yields were lower due to unfavourable soil

physical conditions lower soil infiltration rate, cumulative

infiltration, higher bulk density, soil compaction and soil

penetration resistance at different depths. These factors have

taken upper hand and resulted in lower grain yield under zero

tillage.
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