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INTERACTIVE EFFECT OF TILI.AGE AND PHOSPHATE FERTILIZATION IN
CONJUNCTION WITH FYM ON SOIL PHYSICAL PARAMETERS AND YIELD
OF SORGHUM INTERCROPPED WITH GREEN GRAM UNDER DRYLAND

ABSTRACT

K.C. LADDHA’

A field experiment entitled "Interactive effect of tillage and phosphate fertilization in
conjunction with FYM on soil physical parameters and yield of sorghum (Sorghum bicolor
(L..) Moench) intercropped with green gram (Vigna radiata (L..) Wilczec) under dryland”
was conducted at Agricultural Research substation, Arjia - Bhilwara during kharif 1989
and 1990. The main objectives of the study were to assess the effect of tillage, FYM and
phosphorus application on the changes brought in soil physical parameters, chemical

properties, soil moisture conserved and yield of intercrops. .

The experiment consisted of 30 treatment combinations, comprising of 5 tillage practices,
conventional (Desi plough) tillage, disc ploughing, chisel ploughing, minimum tillage
(Disc harrowing) and zero tillage; 2 farmyard manure levels, 0 and 10 tons ha' and 3
phosphorus levels, 0, 13 and 26 kg P ha™'. The experiment was laid out in split plot
design, allocating tillage operations in main plots and combination of FYM and

phosphorus fertilizer in subplots, which were replicated in quadruple.

The results indicated that all the tillage treatments in general lowered the bulk density and
increased soil porosity, water holding capacity, hydraulic conductivity and basic infiltra-
tion rate of the soil, when compared with zero tillage treatment. An improvement in above
soil physical parameters rcsultcd'in an increased soil moisture content in different layers
of soil profile and aiso the total soil moisture content in the profile. Among various tillage
treatments disc plough was found to be the best in improving physical parameters which

was followed by chisel ploughing and minimum tillage operation.

* A student, under the supervision of Dr. K.L.Totawat, thesis submitted in partial
fulfilmeni of the requirements for the degree of Ph.D. in agriculture in the subject
of soil science and Agricultural Chemistry.




The cumulative effect of an improvement in soil physical conditions resulted in higher soil
moisture content in the profile leading to improvement in the yields of test crops during

the course of study.

Different tillage treatments though did not influenced the pH, EC and availabie potassium
status of the soil but have significantly altered the organic carbon and available

phosphorus status of the soil.

Data pooled for the two years of research indicated that disc plouéhing gave significantly
highest grain/seed and stover yields of sorghum (28.73 and 98.10 q ha'y and green gram
(2.67 and 10.04 g ha"). The sorghum equivalent yield was also highest from the plot

receiving disc ploughing in either year of research.

Though the minimum tillage treatment recorded the highest net return (Rs. 1753 ha™) but
was statistically at par with values observed for the plots receiving disc and chisel
ploughing treatments during either year of research. Incorporation of farmyard manure at
10 tons ha'' improved all physical parameters examined and ultimately resulted in an
increased moisture content in the soil profile. A decreased pH and increased organic
carbon, available phosphorus and potassium status of the soil was apparent under this
treatment. Application of FYM definitely increased seed/grain and stover yields of

intercrops and sorghum equivalent yield as well.

The phosphorus fertilization has distinct effect in altering favourably the most of the
physical and chemical parameters under study. The application of phosphate fertilizer
significantly increased the yields of intercrops, but the highest response was observed only
upto the level of 13 kg P ha' giving an additional return of Rs. 1162 ha' over no-

phosphorus application.

The various tillage treatments increased the NPK uptake, among them disc plough was
found to be superior. Incorporation of FYM and phosphate fertilization alone as well as
in combination increased the NPK uptake by grain/seed, stover and total harvest of
intercrops. Though tillage treatments in general had no-effect on protein content of
sorghum and green gram but FYM and phosphate application independently increased the

protein content of sorghum grain and in combination as well increased the protein content

of green gram during both the years of study.
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1. INTRODUCTION

Athough India is  primarily an agriculture dependent country, yet agricuiture in still a
gamble of monsoon. Inspite of efforts to increase irrigation facilities, nearly 50 per cent of

the net cultivated area will continue to be rain dependent. This calls for i?lrgcnl need to give
emphasis to dryland research. Dryland area contributes about 42 per cent of food and 75 per
cent of the pulses and oil seeds requirement. Indo-US sub-commission on Agriculture (1987)
estimated that 57 per cent of India’s gross cropped area would still be dependent on rainfall
and about 49 million tons of food grains will have to come annually from rainfed agriculture

sector by the year 2000 AD,

We have therefore, to think seriously about the ways and means to increase  and stabilise

productivity in the dry areas of the country. Efforts of scientists have been aZloot to diagnose
and rectify the limps and shrinks of drylands. During early thirties, rescarches were
concentrated on better crop husbandry to improve crop production in drylands, which did not
enthuse the farmers. By fifties,the emphasis shifted to soil management and thus the soil and
water conservation methods were evolved. Again, the adoption of these practices were not
encouraging as the yield increases were marginal. The high yielding varieties of sorghum and
pearlmillet came on to the scene in sixties. These were short in duration and fitted well in
many agro-ecological situations. They responded well to fertilizers and management. These
results rekindled the hope of improving dryland farming by efticient tillage and fertilizer

management.

The land preparation in India consists of ploughing of the land with bullock driven plough
(desi plough) as frequently as possible, which not only time and encergy consuming but
results in the formation of a hard layer at depth of plough, limiting the rainwater intake

and root development, and enhancing the runoft losses. The widespread use of high yielding



varieties necessitatesto break the hard layer to provide a greater soil volume for root

access. The increased use of fertilizers have made the plants less dependent on the available
soil nutrients, but more dependent on the amount of available soil moisture. The amount of
moisture conserved in the soil is directly related to the physical condition of soils. Tillage
may ‘or may not be beneticial to tilth, depending upon the moisture content at which the soil
is worked and the number as well as type of operations uadertaken. Tillage practices and
other cultural operations influence markedly the physical condition of surface as well as

subsurface soil layer.

Much information has been generated and the beneficial effect of tillage is now being
attributed to its influence on physical properties of the soil. The view is gaining ground that
physical properties of the soil are as important as chemical properties (Mukherji, 1952) and
that improvement in soil fertility is due more to improvement in the physical than in the
chemical constitution of the soil (Eden, 1946). However, excessive tillage not only deteriorates
the soil environment by way of clod destruction, increasing wind erosion, crust formation ete,
but also increases the cost of production. On the other hand zero tillage seriously aftects the
growth and establishment of plant through increased weed competition and poor soil physical
conditions. Reduced tillage has been found highly usetul in improving soil physical
environment and the yield of crop without adverse etfect on the environment (Gupta and

Agarwal, 1992).

Thus, tiflage practices play an important role in dry farming/rainfed agriculture. To achieve
the goal a proper choice of implements, timely operations and the method of their use would

have to be specified based on agroclimatic zones.

In dryland riinfed areas, not only the total rainfall is usually i sutticient, but its distribution
also {ails 10 synchronise with the consumptive use requirements of crop. For this reason,
crops depend, for a significant part of their needs on the availability of reserve supplies of

soil motisture.
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There is an urgent need for an improved Lillage systent 1o improve infiltcation as well as o
control weed (Lal, 1987; Unger 1984). Different typesof tillage implements being used
today, are likely to have varying effect on physical condition of the soil, and a knowledyge
of such eftect is necessary for right selection and the proper use. Not much work appeared
in the literature regarding the comprehensive effect of these commonl y used implements on

soil physical properties under different agroclimatic situations.

The type of tillage operations, and use of organic manure (FYM), compost or other tarm
wastes to improve the physico-chemical properties of the soil are salicnt features of efficient
rainfed farming. The integrated system of nutrient supply through efticient use of organic
manures, improvement in soil physical conditions and conservation of moisture can

substantially increase crop production, more so in the long run.

Sorghum,with nearly 18 m ha area,occupies an important place among the cereals grown in
India, especially in arid and semiarid regionsof the country. In Khartf, this crop is generally
sown as mixed with pulses or oil seeds. Legumes intercropped with sorghum may help in
stabilising yields and returns over space and time apart from stepping up the pulse production

in the country.

Green gram is an important and popular crop in India. It is highly beneficial to Indian farmers
due to its low cost of production, inclusion in intensive crop rotations and multipurpose uses.,
The growth and yield of the pulse crop is dependent on the nodulation and rhizobial activity,
which is influenced by soil pH, aeration and nutrients like phosphate, calcium and
molybdenum. Application of phosphorus to pulse crops has been found very cflcctive and is
considered to be the master key element for increasing yield of puise crops. Production of
all pulse crops has been found to increase with the increasing levels of phosphorus. It is
known to hasten development of deeper roots which enables plant an access to decper layer

moisture.
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Adoption of high yielding varietics of sorghum as a sole crop poses a threat to pulse
production and taking the pulse crop as an intercrop with sorghum is a good proposition
under rainfed agriculture, Such a practice not only increases the cropping iitensity but also
insures crop production under dmugllt,“;::;cl?lclwisc may lead o a total crop Lailure. For i

particular disaster level sole pigeonpea would fail in one out of tive, sole sorghum in one out

of eight years but intercropping in one out of thirty six years (Rao and Willey, 1980).

In the light of the above facts the present investigation entitled "Interactive effect of tillage
and phosphate fertilization in conjunction with farmyard manure on soil physical parameters
and yield of sorghum intercropped with green gram under dryland” was conducted with the

following objectives:

1. To elucidate the interactive effect of tillage, farmyard manure and phosphate

fertilization on physico-chemical properties of the soil.

2. To assess effectiveness of ditferent tillage practices on productivity of sorghum-green

gram intercropping.

3. To workout optimum level of phosphorus fertilization for intercropping,
4. To study the interaction effect of various factors under investigation on production

and nutrient uptake by crops under study.



2. REVIEW OF LITERATURE

A compendium of the recent research work carriedout in India and abroad on the aspect of
interactive effect of tillage, farmyard manuring and phosphate fertilization on soil physical

and chemical parameters, yield attributing characters, yield and nutrient uptake by crop under
dryland have been reviewed in this chapter. This will elucidate the situation with clarity,
pertaining to the investigation under study, since sufficient information on specific tillage
treatments and crops under study is lacking, work done on related tillage treatments and crop
is also presented wherever deemed necessary. A brief summary of the work done on various

aspects of the present investigation is presented in the following subheads.

2.1 Etfect of Different Tillage Practices :

2.1.1 Soil properties

2.1.2  Yield and yield attributing characters

2.1.3 Content and uptake of nutrient

2.2 Effect of Farmyard Manuring :

2.2.1 Soil properties

2.2.2 Yield and yield attributing characters

2.2.3 Content and uptake of nutrient

23 Effect of Phosphorus :

2.3.1  Soil properties

2.3.2  Yield and yield attributing characters

2.3.3  Content and uptake of nutrients _
24 Interactive Efttect of Tillage, Fertilizers and Organic Manures :

2.5 Effect of Tiliage, Phosphorus and Farmyard Manuring on Root Growth :



2.1 Effect of Ditferent Tillage Practices :

One plough as deep as possible was the slogan of the carly American writers on the subject
of dry farming. The justification lies on the facts that deep ploughing makes the land suitable
for the maximum absorption of rainwater, destroys all weeds and exposes the lower layers
to the sun and air. Beneficial effects of deep ploughing on higher moisture content and yields

have been reported by several workers.

2.1.1 Soil properties

Though three primary aims generally astributed to tillage are control of weeds, incarporation
of organic matter into the soil and improvement of soil structure, yet the auxillary function
of tillage, still insufficiently understood, is the conservation of soil moisture, where the
process ol rain infiltration, runofl and evaporation are involved (Hillel et al., 1969). The
study of changes in physical properties of soil due to different tillage methods is of great
significance in relation to soil productivity and better soil-plant relationship. ‘The optimum
soil physical condition is essential for the growth and production of crop. The titlage
implements are used to create such physical condition which will be conducive to plant

growth.

The results of studies on tillage showed that soil preparation with conventional tillage (3
discing} and reduced tillage (one discing) and post sowing compression of seeded rows with
an iron roller of 100 kg weight provided favourable environment for faster seed germination,
seedling emergence of mustard in Rabi and the yield of pearlmillet grown in Kharif (Gupta,

1986).

Tillage is used to conserve soil, increase water infiltration, reduce runott, improve soil water
use efticiency (Follett et af, 1987). Summer cuitivations reduced both surface runoff and
sediment concentrations from the conventional tillage system. This may signify that a

combination of conventional tillage and summer cultivation has the potential for controlling
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weeds without enhancing soil erosion (Yoo et al., 1988). Mwonga and Mochoge (1989) have
clearly stated that cultivation can lead to adverse or beneficial eftects on soil properties,
depending on the type of tillage and soil management involved. Loosening of the dense layer
by deep tillage would provide a larger soil volume available for the crop roots to develop and
move downwards (Rahman, 1991). Better utilization of soil water and nutrients from the

subsoil through these roots would lead to increased crop yields,

2.1.1.1 Bulk density : Bulk density which is directly related to soil structure is also affected
by the tillage implements as reported by various workers. Cultivation of soil at optimum suil
moisture by different tillage implements decreased the bulk density of soil (Tamhane and
Tamboli, 1955; Antonov, 1963; Nyiri, 1963; Bhagat and Tamboli, 1966 ; Krishnamoorthy,
1966). In studying the effect of deep cultivation, several workers have reported that deep
cultivation by any tillage method decreased the bulk density of soil (Bhushan er af., 1973:
Chaudhary er al., 1983; Fernandes et al., 1983; El-Gayar et al., 1986; lke, 1986 ; Wang et
al., 1986 Sharma et al., 1988 and Raliman, 1991). El-Gayar ¢t al. (1986); and Wang ef al.
(1986) have reported that chisel type sub-soiter decreased the soil bulk density and
penetration resistance and increased the proportion of pores larger than 18 . In the upper 20
cm the chisel system showed, in general, lowest value of bulk density and the highest values
of porosity and pores (Fernandes et al., 1983), wihile bulk density in the (-5 cm depth under

zero tillage were signiticantly higher than under the other titlage (tke, 1986).

Chaudhary et al. (1985) observed that the tillage operations slightly decreased the bulk
density of soit at all working depths. They induced decper and greater rooting and increased
profile water use when compared with conventional tillage. Tillage, both minimum and
conventional fowered bulk density in the tune of 10 per cent in clayloam soil. however,
incase of sandy loam soil a decreased bulk density to the tune of 70 per cent was apparent
(Sharma et al., 1988). Contrary to this Choi ef al. (1990) reported that . cultivation does not

have significant effect on bulk density. ;
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2.1.1.2 Hydraulic conductivity : The tillage implements and other agriculture machineries
are likely to have their effect on hydraulic conductivity of soil. The tractor ploughing and disc
cultivation usually reduces the hydraulic conductivity of soils (Tamhane and Tamboli, 1955).
Mohsin and Alam (1966} correlated the non-captllary porosity with water holding capacity,
penetrometer readings and capillary porosity. Non capillary porespace increased by ploughing,
shallow ploughing with country plough increased hydraulic conductivity and soil looseness.
However, Subramaniam et al. (1975) reported that deep tillage to 20 and 45 c¢m depth had
shown beneficial effect in improving the hydraulic conductivity when compared to shallow

ploughing upto 10 cm depth.

Allmaras er al. (1982) conducted an experiment to see the long term cultivation effect on
hydraulic properties of silt loam soil and revealed that in the upper 40 cm layer the
desorption water characteristics showed that cultivation produced more smaller pores at the
expense of larger pores, in the upper 30 c¢m layer of the cultivated soils hydraulic
conductivity was reduced at least 10-fold at water potentials less than-100 cm of water.
Experiments involving various sub-soiling and discing practices showed that hydraulic
conductivity was higher after tillage than in the control (Jorge er al., 1984). Eftect of tillage
on soil permeability and porosity was studied by Correa (1985) who reported a signiticant
reduction of macro porosity in top soil (0-20 cm) as compared to virgin primary forest site,

with consequent changes in hydraulic conductivity and infiltration.

2.1.1.3 Porusity : The tillage and other agricultural implements have their variable effect on
difterent soil physical properties depending on the type of implements and the moisture
content at the time of tilling. Thus, these implements are also likely to have their effect on
the porosity and pare size distribution of soil. Deep ploughing to a depth of 45 - 60 ¢m
increased soif porosity in 20-40 cm layer. These bencticial effects were due to the loosening
and mixing of transitional illuvial sod horizon (Paviovskil and Mokaron, 1956; Bhushan et
al,, 1973). Nyiri (1963} pointed out that loosening of the soil did not materially affect the

total pore volume, but increased non-capillary pore space trom 10-20 0 40-50 per cent.
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Similarly Bhagat and Tamboli (1966) observed that due to tillage implements in a clayloam
soil percentage of porespace remained unchanged. Tractor cultivation atfected the structural
condition as was evidenced by the change in permeability, porespace, volume werght and (he
distribution of water stable agpregates where as mechanical composition was unallected

(Tamhane and Tamboli, 1955).

Subramanian (1975) observed that deep tillage had shown beneficial eftect in improving the
capillary porosity when compared with shallow ploughing. Borreson (1987) observed that in
porosity there was no difference between cultivation treatments, but Riley and Ekebergy
(1989) reported lower soil porosity in the absence of ploughing. Further, Quiroya and
Monsalvo (1990) compared conventional tillage and direet sowing and observed 3 reduced

porosity in the surface soil layers and increased. structural stability and total indiltration rate.

2.1.1.4 Water holding capacity : Like that of other soil properties the tillage implements
also have their effect on the moisture retention charcteristics ot soil. Most of the workers
are in agreement that ingeneral cultivation increases the total as well as available water
capacity of soil. Dreibelbis and Nair (1951) observed that soil moisture in the disced plots
were higher both in surface and subsoil than in ploughed pilots. Mikhailenko (1956) also
reported that when ploughing was followed by harrowing, the moisture content of the top 30
cm layer was markedly increased. Similar observations were also made by Laskowolli and
Zbiec (1964) and Bhushan et al. (1973). The effect of ploughing on the moisture capacity of
the soil showed that depth of cultivation increased the moisture cantent ol the soit (Nyiri,

1963; Antonov, 1963).

2.1.L5 Infiltration rate : Cultivated soils have higher infiltration rate as compared with soils
having crust on the surface (Das and Choudhary, 1981). Similarly Ambegaonkar et al. (1984)
reported that the highest infiltration rate occurred in ploughed soil as compared to other un-
ploughed and cropped land. The regular discing increased the initial water intake rate by two-

told and steady intake rate by three-fold as compared with untilled land (Joshi ¢ al., 1987).
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However, Correa (1985) stated that titlage treatment caused a significant reduction in topsoil
(0-20 em) mucro porosity as compared (o virgin primary site, with conscquent change in
hydraulic conductivity and infiltration. Further, Mead and Chan (1988) reported that the eftect
of deep tillage was short lived. The destruction of the sotl macroporosity reduced water

infiltration down the soil profile.

Paster (1989} observed that use of superficial tillage (5 ¢cm deep) and weed mowing though
increased infiltration rates under no-tillage but one annual tillage (10 cm deep) is enough to
maintain soil infiltration rates comparable to those under convention:l tiltage. Franchi ef al.,
(1990) reported on the basis of two years of research that in the first year, the tillage
technique had no significant effects on infiltration, but in second year it tended 10 incrense
with tillage depth. On the other hand Rahman and Islam (1989) stated that although the initial
infiltration was higher and different in different tillage treatment, it decreased with time and

tended to be more or less similar for all Lillage.

2.1.1.6 Soil chemical properties : Deep tillage involving ploughing up to 18-20 cm depth
helped in improving the level of available P and K in the soil ( Gaikwad and Khuspe, 1976).
However, Prochazkova and Hudcova (1989) were of the view that the soils chemical
properties were influenced by use of fertilizer rather than tillage. Ike (1987) reported that
nutrient distribution was significantly influenced by tiltage practice in the 0-5 ¢cm depth but
not in the deeper layers. However, the level of fertilization did not influence nutrient
distribution in any soil depth, except for organic carbon content in the 0-5 cm and available
P content in the 5-20 cm depth. Both deep ploughing and superficial disc harrowing
significantly decreased the organic carbon, pH, exchangeable Ca and CEC. Decreases in all
variables except pH were significantly higher in deep ploughing than in dise harrowed plots
(Madeiva er al.,, 1989). Wrucke and Armold (1985) stated that organic matter, phosphorus and
potassium were concentrated in the surface 8 em of the reduced tillage system but were

evenly distributed throughout the upper 23 cm of the ploughed plots. Soil pH was higher at
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the surface of the no-tillage system than in the other tillage systems. Nitrate nitrogen was low

in all system but significantly greater in the ploughed plots.

Mc Andrew and Malhi (1990) found that deep ploughing resulted in significant improvement
in soil chemical prupcrtics at most sites. The pll of the Ap horizon increased (rom acidic to
neutral at three sites, while Ec of the Ap horizon decreased at two sites. MYS'KO'W, (1990)
reported that deep ploughing decreased soil pH by 0.2 to 0.6 unit; this caused unfavourable
changes in soil microorganisms, the activity of fungi relatively increased as compared to
bacterta and actinomycetes. These changes were reflected in the slower rates of carbon and
nitrogen transformation. Direct drilling caused changes in soil macro-aggregation and reduced
the evaporation rate, and increased microbial biomass, C and N, total organic carbon and N
and extractable ions at the soil surface (0-5 ¢cm) as that under MB ploughing (Carter et al.,

1988).

2.1.2  Yield and yield attributing characters

Reports of tillage practices on the production of ditferent crops are very much confusing.
Some workers observed increase in yield under the condition of zero tillage while others
reported that yields under both conventional and zero tillage practices were comparable. 1t
is not possible to trace the reason for observed vyield differences between zero and
conventional tillage practices in every individual case but can be attributed to a number of
factors like disparities in plant population, differences in weed infestation, various climatic,
edaphic and soil factors (Baeumer and Bakemans, 1973). Increased grain and straw yield can
be argued on the basis of better growth and yield attributing characters like number of tillers,
plant height, root volume etc. A number of investigators have tried to establish the

relationship between crop yield and the usage of different tillage implements.

Anderson and Cassel (1984) reported significant inter"actions between tillage and soil unit
for grain yield revealing a variable response to tillage due to variation in depth of "B’

horizon. However, grain yield response to deep tillage (Sub-soiling and Chisel ploughing) was
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significant during 1981 but not in 1982; this ditferential behaviour was attributed to
difference .. ~in raintall distribution in two years. Subsoiling, mould board (M.B)
ploughing and deep digging increased plant height by 30-35 cm and resulted in 80-100 and
75-350 per cent more stover and grain yield of maize than the control in difierent experiment
(Chaudhary et al., 1985). In a field trial deep tillage treatment resulted in the highest yield

of maize crop. (Popesen and Visoianu, 1986; Sharma and Acharya, 1987).

Wiclhelm ef al. (1991) conducted an experiment at two different locations to evaluate the
response of 8 maize hybrid to tillage practices and reported that tillage practices had a
significant effect on plant emergence at Lincoln in 1982 and 1983 and at Gothenberg in 1983
on dry-matter production. Likewise, Dick et al. (1991) reported that no-tillage have
significantly Iowcrf;-ield of corn and soybean as compared to conventional tillage. Rahman
and Islam (1986) concluded that depth of cultivition treatments had significant efteet on yiceld
and several yicld components. The deep tillage upto 15 em and 22-23 ¢m produced

significantly higher wheat yield as compared to traditional ploughing up to 7-8 cm depth.

The differences in stored water due to tillage significantly affected sorghum growth, grain and
forage yield (Unger, 1984; Dedecek et al., 1986). Vivas (1984) while studying three titlage
systemsviz., MB plough, disc and no-tiltage, revealed that plough and disc treatment produced
more dry matter than the no-tillage treatment which may be attributed to greater soil water
retention and less residue cover on the surtace. Deep tillage with chisel plough or MB plough
increased sorghum grain yields by 50-70 per cent as compared with conventional tillage

(Hazra, 1988).

2.1.3 Content and uptake of nutrient

influence of tiltage practices on the growth and yield attributes may be due to differential soil
water-air-plant relationships, which caused increased uptake of nutrients in plants (Sepaa ef
al., 1976). Rahman and Islam (1986) reported that nitrogen, phosphorus and potassium uptake

was always higher in deep tillage treatments as compared to traditional ploughing, Similarly,
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Carter ¢f al. (1988) reported that direct drilling reduced the accumulation of nitrogen and

potassium in the plant and reduced grain nitrogen when compared with MDB plough.

2.2 Eftect of Farmyard Manuring :

The low content of organic matter in the cultivated soil nt:cessifdurt:p[enishment through
periodic addition of organic matter and waste to maintain soil productivity. Though chemical
fertilizers account for 40-50 per cent of the world Agricultural production but rise in cost of
non-renewable energy and its products has definitely influenced the avatlability and use of
inorganic fertilizers. Further, exclusive use of chemical fertilizers may lead to loss in
productivity in longrun by emerging deficiency of secondary and/or micronutrient elements
(Nambiar, 1992), Though organic manures are a very good piant nutrients source but their
availability is limited. The superiority of organic manures over inorganic source of nutrients
is because of its beneficial effect on soil physical condition apart from acting as nutrient

source as well as improving the fertilizer use efficiency,in particular the P fertilizers.

Results of long term fertilizer experiment conducted in India during 1885-1985 clearly
indicated that neither the organic matter alone nor the chemical fertilizers can achieve the
yield sust;&zzlbility under modern farming where the nutrient turnover in the soil plmt system
has been enormous (Nambiar, 1992). Integrated use of chemical fertilizers and organic
manures is considered to be most efficient proposition of nutrient management which not only
reduces the sole dependence on chemical fertilizers but also enhances productivity and
minimisesthe environmental degradation. Long term residual effect of FYM on soil terttlity
and crop yicld has also been reported by M?:-l;;l and Ghosh(1972); G..oswami and Singh
(1976).

2.2.1 Soil Properties

A study on fong term etlect of chemical fertilizers with and without organic manure on soil

tertility under Qll India Coordinated Project on bng Term Fertilizer Experiment revealed that
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available soil phosphorus was raised from low to high with the application of chemicat NPK
fertilizers at optimal to superoptimal doses on almost all the soils, The available soil
phosphorus build-up was further enhanced when farmyard manure was incorporated in
conjunction with chemical fertilizers. However,a marked decline in available P was noted

(39-70%) in the absence of P application for over 15-16 years (Nambiar, 1992).

FYM treatment in the long-term trial have better influence upon the tith and water holding
capacity. Mandal and Pam(1965) have reported a continuous increase in the water holding
capacity of soil over control as a consequence of improvement in aggregate status. Similar
were the finding oflarson (1964) and Lutz et al. (1966). The rise in hydraulic conductivity
was associated with build-up of organic matter level ol a non-calcarcous sandy loam (Biswas
and Khosla, 1971). In some other long term field experiments on alluvial, black and laterite
soils, regular addition of FYM resulted in positive improvement in hydraulic conductivity in

comparison 1o the application of chemical fertilizer (Biswas et al., 1970,1971).

An improvement in porosity, hydraulic conductivity, water holding capacity, pH and CEC
were observed as a result of manure application (Singh and Singh, 1974). However, the effect
of organic matter in improving WHC was quite prominent in soils with comparatively less

clay (Somani and Saxena, 1975).

Khanna et al. (1975) reported that FYM increased the organic carbon content and improved
the physical properties ot the soil. Though the addition of 15 ton ha’ of FYM did not have
significant effect but addition of 30 and 45 tons ha' had signilicant beneficial effect on
physical properties of soil. Kofoed (1987) reported a better soil structure, increased content
of stable aggregates and also macro porosity under FYM treatment as compared to lertilizer
application. Further, a higher biomass C content was observed after application of FYM than
alter fertilizer. There was also a significant seasonal variation in earthworm number after
FYM application. Ghatol and Malewar (1978) reported that the effect of high organic matter

content in the surface soil are the high moisture holding capacity and porosity.
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Annual addition of manure for 100 years significantly decreased bulk density and increased
the saturated hydraulic conductivity with an alteration of the pore-size distribution {Anderson
and Gantzer, 1989). A significant improvement in soil physical as well as chemical
characteristics like avaitable N, P and K was observed with the use of 6.20 ha ' of FYM
(Gaikwad and Khuspe, 1976). It was further observed that maximum water holding capacity
and moisture retention at 0.33 bar were significantly influenced by the continuous application
of FYM at 6.2 t ha" (Khiani and More, 1984). Available moisture was higher in plots
receiving FYM or compost than those to which chemical fertilizers were applicd (Mandal and
Pain, 1965; Ramaswamy, 1965; Biswas et al., 1971; Muthuvel, 1973). Bhatia and Sukla
(1982) have reported that regular addition of FYM for five years helped in maintaining and
improving physical properties of erroded alluvial soil and gave higher crop yields as

compared with the use of chemical fertilizers.

Availability of nutrient in the soil is more with organic matter than with inorganic fertilizers.
Organic matter undergoes slow decomposition producing acids which increases availability
of pImsphalc(Smnzlni, 1983). A significant improvement in the organic carbon and structural
status of the soils with an application of FYM and phosphatic fertilizer was also reported by
Biswas et al. (1969). However, Gupta et al. (1988) reporied that the available P content of
the soil remained in sufficient range with the application of FYM. Application of 90 kg N
ha' or 10 t manure ha” often significantly increased the grain yield otpearl: miflet and
sorghum._ The FYM increased thé level of organic carbon, tulul‘N and available P and K
where as a significant reduction in pll was recorded under N, P and manure treatment

(Kwakye, 1988).

Generally, addition of organic manures in adequate amounts increased the available P content
to a variable extent over the initial level (Basu and Vainkar 1942; Srivastava, 1960; Kanwar
and P ribary 1962). Similarly increase: in organic carbon content by FYM application has
been reported by various workers (Havan: gi and Mann, 1970; Biswas er al., 1969, 1971;

Maurya and Ghoshi972). Substantial increase in available phosphorus duc 1o FYM was
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reported by Datta and Goswami (1962), Havangi and Mann (1970) and Maurya and Ghosh
(1972). Vyas and Motiramani (1971) reported that organic matter at the rate of | £/100 g soil
proved to be effective in increasing the availability of phosphate from native as well as added

phosphorus.

2.2.2 Yield and yield attributing characters

Grewal et al. (1985) sugpested that under rainfed conditions, plants heavily depend upon
profile stored water to overcome moisture stress and the application of FYM was better than
NPK in ensuring exploitation of profile water and resulting in better crop yields. Grass mulch
or organic manuting at 5, 10, 20 and 30 tons ha™' increased the shoot dry weight of sorghum
and the increase recorded was linear with’;he rate of application (Brachett, 1991). Das et al.

(1966) observed that application of 5 tons poultry manure ha™ mitigated P deficiency

symptoms in the plants and increased crop yield.

2.23 Content and uptake of nutrient

FYM appears to have shown a favourable effect on the uptake of all the ingredients.
McAllister and McConaghy (1960) and Sharma (1987) reported that FYM increased N, P and
K uptake in plant. However, Naik and Balial (1968) observed that except for nitrogen the
uptake of other nutrients was not very much improved by the application of manures or
fertilizers. Higher yield and uptake of phosphorus due to application of FYM may be
attributed to increasing availability of phosphorus from sgi‘{im plants (Havangi and Mann
1970), Chaudhary ef al. (1981) and Khiani and More (19841[\50mani and Saxena (1977) also
reported that FYM application has signiticantly increased the availability of N,P and K in soil
and their uptake by plant. Application of lopping of subabul increased the N and P content
of sorghum as reported by Narkhede and Ghugare (1987). Similarly, Daliya et ul. (1987)

observed that application of FYM increased the concentration and uptake of N, P, K and Na.
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2.3 Effect of Phosphorus :
2.3.1 Soil properties

Increasing levels nl'. P application increases the availability of phosphorus in soils (Maurya
and Ghosh, 1972; Sandhu and Neelu, 1974; Smith, 1974 Chaudhary ef al., 1974). Khanna
and Chaudhary (1979) were of the opinion that P status of soil increased remarkably with
continuous application of phosphorus to both Rabi and Kharyf crops. Further, application of
phosphorus markediy improved the water holding capacity. Phosphate lertilization was
associated with increasing hydraulic conductivity and water retention at lower tensjon (Biswas
et al., 1964; Das et al., 1966; Pharande and Biswas, 1968). Apart from improvement in soil
physical condition phosphate fertilization have signilicantly inproved the soil organic matter

level (Ghoshand Kanzaria, 1964).

Biswas et al. (1967), however, reported that the phosphate application, in the form of
superphosphate, has resulted in significant improvement in organic carbon, sail structure,
mean weight diameter, permeability and moisture retention at different tensions along with
other physical properties. It is expected that improvement in the soil structure by the
application of phosphate will also result in lowering of the bulk density. Such a change have
been evidenced in alluvial soil of Delhi (Pharande ¢t al., 1969}, However, in the silty loam
soil of Sabour (Biswas e al.,, 1971) and alluvial soil of Jaipur {(Gauani ¢t al., 1976) the

density increased with an application of phosphate.

23.2  Yield and yield attributing characters

Phosphorus is a structural component of the cell constituent and plays vital role in energy
transformation. The deficiency of phosphorus affects the plant growth and N-metabolism in
plants resulting in low grain yield. Remarkable effect of phosphate fertilization 5 - manifested
in luxuriant growth of legumes, better nodulation, better enzymatic activity, nitrogen tixation
and addition of organic matter (Wl'itc et al., 1953). Fentilization of phosphorus gives higher

yield of crops, however, the response of a crop is determined by its availability 10 the crop
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which in turn, is governed by moisture and levels of P application (Sharma and Yadav, 1976;
Sharma et al., 1977; Sharma ef al., 1984). A number of workers have reported an increase
in grain yield of cereal and pulse crops by the application of phosphatic fertilizers (Ahmed
and Khan, 1978; Chaudhary et al., 1979; Singh et al,, 1980; Prasad et al., 1981; Rai et ul.,
1982; Kalia et al., 1984 and Patel et al., 1984).

Application of 30-60 kg N and 30 kg P,0; ha’ to rainfed sorghum grown on vertisol
increased the plant height, leaf area, fresh fodder and dry matter yield (Raut and Ali, 1987).
Olekserko et al. (1988) reported that application of NPK at 90 + 90 + 30 kg ha' gave
average grain yield of sorghum as higher as 6.23 tons ha' as compared to 4.88 tons ha”
under no-tertilizer application. Though the head yield increased with P and K application but
grain yield increased at the highest P and K rates, when sorghum was given O, 60 or 120 kg

N+ 0, 25 or 50 kg P and K ha™ (Kargbo and Kwakge, 1989).

Puranik ¢f al. (1990) while comparing the effect of 100 kg N + 50 kg PO, + 50 kg K,0 ha!
as 100 per cent NPK rate with 50 or 75 per cent NPK accompanied with wheat straw alone
and in combination with subabul on total biomass production reported that grain yield and
NPK uptake by sorghum hybrid CSH-Y was the highest where 100 per cent NPK or 75 per
cent NPK + wheat straw + subabul was applied as compared to untreated control. However,
Elkased and Nwasl! (1987) observed an improvement in grain sorghum with P fertilization

only upto 22 kg P ha'.

Seshaiah and Kandaswamy (1989) also observed that straw and grain yields of sorghum ( Co-
24) at maturity increased with increasing P rate upto 90 kg P ha''. Further, Bishnoi and Singh
(1990) reported that dry matter yield of sorghum increased with P application on all soils
regardless of available P status of the soil. The critical level of P application was calculated
to be 20 kg P ha', below which response of sorghum to P could be predicted. An increased
content of P and K in sorghum plant tissue was ubscr'\'zfﬁi.with the increase tn level of P and
K (O, 60 or 120 kg P,0; /K,0 ha™) application (Tsaif 1990). Somani and Kanthaliya (1988)

while reviewing the effect of P application with special reference to SSP on yicld and quality
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of pulses have pointed out that (i) none of the pulse crop can produce a normal growth or
give a good yield if it suffers from phosphorus deficiency, (ii) about 14 and 24 kg P,O; is
needed for every tone of pulse and oil seed production, respectively as compared to 10 kg
for cereals, (iii) increase in pulse yield brought out by application of SSP are wide spread,
significant and economically attractive. Its application also improve the content and quality

of protein.

Ravankar and Badhe (1975) in pot experiment on urd, mung and soybean, with Q-120 kg
P 05 per hectare observed highest seed yields with 80 kg P,Ocha™ incase of mung and
soybean and with 120 kg P,O, ha™ for urd. They also found that applied P increased N and
P uptake by plants. Tandon (1987) reported that groundnut and green gram responded well
to phosphate application and had marked residual effect on the succeeding wheat crop. Dry
malter accumulation and seed yield were highest in arhar and urd with 60 kg P,Og ha
(Nandal et al, 1987). Further, application of 20 kg N and 60 kg P,O; ha” separately and in

combination was the optimum for most of the yield characteristics of V. radiata (Samiutiah

et al., 1982).

The response to P application was based on the available P status of the soil. Chaudhary et
al. (1984) observed that under low P status soils, the eftect of added phosphorus on forage
sorghum yield was more pronounced than those fields where available P was high urespective
of texture and stage of crop growth. A positive response to P application on growth and seed
yisidl of green gram was observed at varying level of P by a number of workers, Mahaboob
et al. (1984); Venugopal and Morachari (1974); Panwar ef al. (1976); Singh ¢t al. (1981);
Srivastva and Verma (1981). Singh (1982) conducted a field experiment on green gram (S-12)
involving four levels of phosphorus (0, 30, 60 and 90 kg P,O¢ ha') and four methods of
phosphorus application?reported that phosphorus application (30 to 60 kg P,O, ha'') to green
gram  signilicantly increased the yield over control in two out ol tnee yeiars ol
experimentation. The response decreased with an increase in the level of phosphorus. A

subsequent increase in P application up to 60 kg 2,04 ha! resulted in increased plant growth



20
parameters including grain and straw yield of green gram (Singh ¢f al, 1982; Ahmed et gl
1986). Bishnoi and Balwinder Singh (1982) observed that level of 15 kg P,0; ha'' (Olsens
P) was the critical P level, below which a response by V. radiuta to applied P can be
predicted. An increase in seed yield, DM accumulation, number of pods/ptant, seeds/pod,
1000 seed weight and seed protein content of V. mungo was also observed by the application
of 50 kg P,O; ha™ (Reddy er al., 1990). Patel e al. (1984) observed that phosphorus applied
@ 40 kg P,05 ha" significantly increased the seed yield of summer mung bean. Further

increase in P rates was not economical.

Likewise Giil et al. (1985) reported that application of 56.09 kg P, O, ha" increased
significantly seed pod, grain yield and harvest index of mung (Vigna aurcusy compared with
no-phosphorus (control) treatment. However, Tomur e/ al. (1985) observed that fertilizer were
highly profitable for mung, the optimum economic rate was 20 kg N + 40 kg P,O; +20 kg
K,0 ha™. Kalita (1989) observed that application of 30 kg P,O, ha” to green gram gave seed
yields of 0.90-0.96 tons ha” as against 0.59-0.68 tons ha"' under treatment receiving no

phosphorus.

2.3.3 Content and uptake of nutrient

Bisnoi and Singh (1990) classified the soils under study into three tertitity classes namely low
(<12.4 kg P ha'') medium (12.4 to 22.4 kg P ha') and high (above 22.4 kg P ha''). They have
further reported maximum uptake of P with 25.9, 16.9 and 16 ppm of P when applied to low,
medium and high P soils. The critical level reported was 20 kg P ha'! (Olsen’s extractable P)
below which response of P to sorghum could be predicted in these soils. Tsai (1990) reported
that the response of sorghum to P (0, 60, or 120 kg P,0, ha) and K was retlected with an

increased content of P and K in plant tissue.

The uptake of P wak, however, similar to that of nitrogen and was directly refated to the

quantity of P supplied to the crop. Higher uptake of phosphorus in plant and grain with the
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application of phosphate was also reported by Mariakulandi and Soundarajan {1958);
Unikrishnan (1961); Indllr(lja et al. (1963) and Singh and Pancholy (1967).

24 Interactive Effect of Tillage, Fertilizers and Organic Manures :

Applicition of fentilizer has generally resulted in small or marginal differences i soil
porosity. An appreciable rise in per cent pore space in alluvial and mixed red and black soils
due to combined addition of FYM and NPK fertilizers was observed by Biswas and Khosla
(1971) and MEiickam and Venkatarman (1972 b). In almost all situation, irrespective of the
soil type and cropping system followed,a significant rise in available P content of the soil
took place as a result of regular addition of fertilizer phosphorus. A combination of bulky
organic manure like FYM and phosphate fertilizers had the best effect in increasing the
phosphate availability (Patel et al., 1963; Ray Chaudhari 1967; Havangi and Mann 1970).
However, Khaiani and More (1979} reported that various tillage treatment did not etfect the
soil reaction (pH) and electrical conductivity. Similarly, Biswas et al. (1971) and Maurya and

Ghosh (1972) observed no marked effect of manuring and fertilization on soil reaction.

It is possible to have phosphorus build up in the soil through judicious use of phosphatic
fertilizers and organic manures (Krishnamoorthy and Ravikumar, 1973; Sandhu and Meelu,
1974; Chaudhary et al., 1977). Patel ef ul. (1963) reported that there was significant increase
in the organic carbon and nitrogen status of the sotl by phosphate manuring of berseem at 72
kg P,O¢ ha', lower doses being less effective. The maximum values were observed under a

particular combination of FYM (63 kg P,0,) and superphosphate (9 kg P,0,).

yield of tapioca tubers besides improving permeability, porosity and aggregate stability of
soil. FYM, tlue dust and rice husk improved the physical properties of soil when incorporated
at a depth of 10 and 20 cm. Popescu and Visoianu (1986) found maize grain yields were
4.11, 3.40, 3.84 and 4.24 t ha'' with diftcrent ploughing with no-fertilizers or 20 or 401 FYM
ha' alone or with 50 kg N + P,Og ha'' or 50-100 kg N + 30-60 kg P,0, + 0-60 kg K,0 ha'.
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Hossain (1990) observed that maximum yieldswere obtained when conventional tllage was

combined with tertilizers (20 kg N, 40 kg P,05 and 30 kg K,O ha').

Sharma (1987) reported that grain yield of sorghum was highest due to application of 50 kg
Pb?]m' in conjunction with FYM. Highest uptake of phosphorus was recorded for the
treatment giving higher yield of sorghum grain. Similarly Veraswamy and Rathnaswamy
(1974) reported that application of 50 kg N, 50 kg P,O; and 50 kg K,O gave highest yield
of soybean with a basal dressing of 25 tons ha” farm yard manure. Much of the prospective
deficiency could be made good by greater use of phosphates in conjunction with organic
manures, because it is claimed that when they are used together nitrogen fixation is

accentuated (Dhar, 1959).
2.5 Effect of Tillage, Phosphorus and FYM on Root Growth :

Plant roots are the silent and little seen life sustainers of hidden half of natures plant
kingdom. Roots have the important functions of absorption, anchorage, storage and synthesis
of organic compounds. The soil environment, though complex, is more important for crop
growth and specially for root proliferation. Soil physical properties like bulk density, soil
water status and nutrient level play a significant role in the root development of various crops.
The importance of rooting pattern and their moditications by various management pracices,
therefore, is of great importance from the stand point of water and nutrient uptake by plants
as are related to crop yield. Nakayama and Van Banel (1963) reported 90 per cent root
activity of sorghum in top 3&?30“ layer. Olsen et al. (1964) observed higher water uptake by
corn and sorghum from 150-180 em depth of soil. About 90 per cent root activity in CSH-1

at 90 days growth was observed between 0-20 em soil layer.

Ram and Mohan (1971} studied the influence of different ploughing treatments on the root
growth factors, soil structure i the rhizosphere and yield of maize followed by wheat and
found that root penetration was better because of improvement in the soil structure in the

rizoshpere, and a signiticant correlation was observed for relationship between rool growth



™
T~
S

PHD_ J:8

23

and soil structure. Improved soil structure increased the grain yiceld in crops grown under
different treatments. Longer and finer roots would exploit greater soil volume than the

coarser roots (Eavis, 1972; Bharat Raj, 1979 and Sharma and Ghildyal, 1977).

Allmaras et al. (1973) has pointed out that surface tillage results in root yields that at the best
equal to ploughing when moisture is limiting. They reported, however that when moisture is
plentiful, the use of surface tillage may decrease root yield over ploughing, root density
decreased linearly with depth after 20 days of drying (Klepper et al,, 1973). Richards amd
Cockroft (1975) found that drying at the surface induced deeper rooting provided there is
sufficient moisture deep in the soil profile. Further, impaired root growth due to absence of

proper soil cultivation was also reported by P riliar e al. (1975) and Almond et al. {1983).

Stone es al. (1976) found that during early crop growth period maximum root and water
depletion depths were nearly equal, but the depletion depth extended 15 ¢m deeper than the
root depth during the later growth period. Further, Suresh Kumar (1981) reported that root
length density (cm/ecm” of soil) and root weight density (mg/em® of soil) of green gram
(Vigna radiata) increased in the surface layers (0-30 cm) with high initial moisture, but at
low initial moisture levels both root length and root weight densities decreased in the surface
layers but at the same time, depth of root penetration increased under low initial moisture

conditions.

Maize root density was greater in the upper 7.5 ¢m sail depth and lower in the 7.5 to 15 ¢
soil depth in no-tillage than in chisel, ridge or conventional mould board ploughing systems.
Soybean root density was higher in the upper layer and decreased with depth in all tillage
systems (Cruz, 1983). Root studies under zero tillage made by several workers recorded
almost unanimously, that with some exception, root length and density, root penetrability and

root mass were always affected due to absence of land preparation or smalter depth of tillage.
hD- Clon -
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3. MATERIALS AND METHODS

Thc field experiment entitled "Interactive effect of tillage and phosphate fertilization in

conjunction with farmyard manure on soil physical parameters and yield of sorghum
(Sorghum bicolor (L.) Moench) intercropped with green gram (Vigna radiata (L.) Wilczee)
under dry land", was conducted for two consecutive years during kharif 1989 and 1990. The
details of experimental techniques, materials used and criteria adopted for evaluation of

treatments during the course of investigation are presented in this chapter.

3.1 Experimental Site :

The experiment was laid out in Field no. 1, Agricultural research substation, Arjia-Bhilwara
during kharif seasons. Bhilwara is situated between 24° 20° N latitude and 74° 40" E
longitude at an elevation of 432’62 m from sea level. This region falls  under agroclimatic

zone, sub-humid southern planeot Rajasthan (zone [Va).

3.1.1 Climate and weather conditions

This zone has typical sub-tropical climatic conditions characterized by mild winters and
moderate summer associated with high humidity specially during the month of July to
September. The mean annual rainfall of the region is 637 mm, most of which is received
during the last week of June to mid September, while rainfall during winter season rarely

OCCUTS,

>=The mean weekly meteorological observations recorded during the crop growth period are

<gpresented in Table 3.1. Data show that maximum and minimum temperature varied between

3:339.7 to 31.2 and 16.1 to 23.9°C during kharif 1989, while in kharif 1990 the corresponding

L

RCA
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temperatures were 35.07 to 29.28 and 20.14 to 27.14°C (Fig. 3.1). During kharif 1989
though the total precipitation received was 811.3 mm but a long dry spell observed during
grain formation lead to early maturity of crop. However, in kharif 1990 though the total
precipitation received was only 681.3 mm but it was well distributed through out the crop

growth period, maintaining a good soil moisture supply.

Table 3.1 Mean weekly weather parameters during crop growth

Stan-

Temperature °C Evaporation
dard Rainfal! . o (mm}
week Dates () Maximun Mininmum
e @ “_l;)'[]'” _--I‘)S-‘;_ 1904} | 1U8Y 1990 FURY tu90
B welwlme2d @2 00 720 wor 23S0 2245 17 1503
26 June 25-July 1 69.0 48.6 39.90 36.28  22.80 2628 10,7 13.03
27 July 2-July 8 | 13.0  122.3 3570 3507 2000 2678 M 2.54
28 July S-July 15 24 0.0 37.10 ko 2170 2086 104 9.30
29 July 16-July 22 69.6 38.6 38.30 3214 20.60 20.71 6.1 6.60
30 July 23-tuly 29 19.9 107.9 35.60 31.86 16,10 26.57 s 7.90
31 July 30-Aug. 5 L5 88.0 3120 3143 2290 20.14 6.7 5.%6
32 Aug.6-Aug. 12 142.2 60.7 35.30 29.28 2390 26.57 54 3.37
33 Aug 13-Aug. 1y 142.4 171 3250 3243 23.00 2714 4.5 7.43
34 Aug.20-Aug.26 138.4 78.2 33.90 3171 23.60 26.24 4.2 380
35 Aug.27-Sepl. 2 212.9 40.6 3190 3157 2100 26.00 .1 4.07
36 Sept.3-Sept. 0.0 17.2 33.20 3L71 20,10 20,14 6.0) 4.78
37 Sept10-Sept. 16 0.0 14.2 3510 32,24 21.00 20014 0.5 .44
38 Sepl.17-Sept. 23 0.0 43.6 35.50 3228 2250 20,00 6.8 5.44
39 Scpt.24-Sepl. 30 70 9.3 34.80 32.00 22.80 26.28 6.1 4.53
40 Oct. 1-Oct. 7 0.0 0.0 37.50 31.57 19.60 25.28 1.2 303

41 Oct. 8- Oct. 14 0.0

0.0 37.50 3314 17.80 20,14 0.9 3.53

Source : Moerological observatory, Agricaltural Rescarch Substation, Arjia-fhitwara.
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3.1.2 Soil of experimental field

For evaluating the initial fertility and physical status of the experimental  field, a
representative composite soil sample was procured from 0-30 cm depth. This composite soil
sample was subjected to physical and chemical analysis. However, (or determination of bulk
density, air space and hydraulic conductivity parameters, undisturbed soil cores were drawn
from thice depths (0-15, 15-30 and 30-45 cm). The data on soil physical and chemical

parameters are presented in Table 3.2,

From the results of soil analysis, it can be inferred that the soil of the experimental field was
sandy loam in texture, calcareous in nature,low in nitrogen and medium in phosphorus amd
Ilighﬁmmssimn content. Bulk density of the soil was relatively high and increased with depth.
The soil of the field under study was compact and poorly drained having very low hydraulic

conductivity and basic infiltration rate.

3.1.3 Plot history

Crop sequence sorghum + green gram - fallow and sorghum + green gram - Tarimira was
followed during the past two years in the experimental field where the present studies were

carried out.

3.2  Treatments Detail and Experimental Design :

The experiment consisted of 30 treatments comprising combinations of 5 tillage practices
(Conventional tillage, Disc ploughing, chisel ploughing, minimum tillage and zero tillage),
2 farmyard manure levels (0 and 10 tons ha') and 3 phosphorus levels (0, 13 and 26 kg P
ha'}. The experiment was laid out in split plot design, allocating tillage treatments in main
plots (36 M x 5 M) and combinations of farmyard manure and phosphorus fertilizer in
subplots replicating each treatment quadruple. The treatments were allocated in ditferent

experimental units using random number table as advocated by Fisher (1950). The gross and
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Table 3.2 Initial physico-chemical characteristics of experimental field

Characteristics Content  Reference to method ol‘_a_u.mlysis

.Physical: -

Mechanical separates (%)

Sand 59.71 International pipetie method as described by (Piper,
Silt 2209  1966)

Clay 17.29

Textural Class

Bulk Density (Mg m™)
0-15 em

15-30 cm

30-45 cm

Particle density (g/ce)
Tolal porosity (%)
(-15 cm

15-30 ¢m

30-45 em

Hydraulic conductivily
(cm hr')

0-15 cm

15-30 cm

Basic inliltration rate
(cm hr')

Water holding capacity
(%)

Moisture retention (%)
Ficld capacity
Permanent Willing point
Chemical:

Total nitrogen (%)
Available N (kg ha)
Available P (kg ha"
Available K (kg ha™)
Organic carbon (%)
Calcium carbonate (%)
Physio-chemical :
EC, (dSm™)

pH

Sandy loam

147
1.52
1.59
2.65

44.53
42.64
40.00

0.76
0.56
0.71

3384

18.2
8.9

0.03
250.20
15.00
402.00
0.37
250

0.31
7.40

Undisturbed core sampler method (Singh, 1980)

USDA Hand book No. 60 (1954) method 40 of USDA

Hund book Na. 60 (1954)

Undisturbed soil sample by constant head method
(Singh, 1980) '

Using double ring infiltrometer (Singly, 1980)

Kenn Raczkowsi method (Piper, 1950)

Using pressure plate apparatus (Singh, 1980)

Modified Kjcldhal method, (Bramner, 1965)

Alkali permanganate method (Subbish and Asija, 1956)
Olsen’s method (Olsen el al, 1954)

Muhr ct. al., (1963)

Wilkley and Black (1947)

Rapid titration method (Piper, 1950)

Schallenberger methocd
Be-ckman and Glass Electrode(Jackson, 1973)
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net plot size of each experimental unit was kept 30.00 m? (6 mx5 m) & 21.0 m? (5.25mx4.0m)
during both the years of experimentation. The same sct of treatments in the very plot was
repeated in the second year of experiment. The plan of layout along with treatment allocation

is depicted in Fig.3.2.The treatment combinations and symbol used are furnished in Table 3.3.

Table 3.3 Details of treatment combinations

S.No. Symbol

Treatments combination

1. T, F, P, Conventional tillage, no-FYM and no-phosphorus

2. T, F, P, Conventional tillage, no-FYM and 13 kg P ha!

3. T, Fo Py Conventional tillage, no-FYM and 26 kg P ha’

4. T, Fio Po Conventional tillage, 10 tons FYM ha' and no-phosphorus
5. T, Fu Pys Conventional tillage, 10 tons FYM ha' and 13 kg P ha
6. T, Fio Py Conventional tillage, 10 tons FYM ha' and 26 kg P ha
7. T, Fo Py Disc ploughing, no-FYM and no-phosphorus

8. T, Fy Pp5 Disc ploughing, no-FYM and 13 kg P ha

9. T, Fy Psg Disc ploughing, no-FYM and 26 kg P ha"

10. T,F,P, Disc ploughing, 10 tons FYM ha' and no-phosphorus
11. T, Fyp P1s Disc ploughing, 10 tons FYM ha™ and 13 kg P ha’'

12 T,F, Py Disc ploughing, 10 tons FYM ha” and 26 kg P ha

13. T, F; P, Chisel ploughing, no-FYM and no-phosphorus

14, T,F, P, Chisel ploughing, no-FYM and 13 kg P ha'!

15. T Fy Py Chisel ploughing, no-FYM and 26 kg P ha''

16. T, F,P, Chisel ploughing, 10 tons FYM ha"' and no-phosphorus
17. T: Fo Pys Chisel ploughing, 10 tons FYM ha' and 13 kg P ha'
18. Ty Flo Py Chisel ploughing, 10 tons FYM ha' and 26 kg P ha'!
19. T, F; P, Minimum tillage, no-FYM and no-phosphorus

20, T,F,P, Minimum tillage, no-FYM and 13 kg P ha''

21. T, F, Py Minimum tillage, no-FYM and 26 kg P ha''

22.  T,F,P, Minimum tillage, 10 tons FYM ha' and no-phosphorus
23. T,F,Pas Minimum tillage, 10 tons FYM ha” and 13 kg P ha
24, T, F,, Py Minimum tillage, 10 tons FYM ha” and 26 kg P ha
25. TsF,P, Zero tillage, no-FYM and no-phosphorus

26. T, F, P, Zero tillage, no-FYM and 13 kg P ha’

27. TsFy Py Zero tillage, no-FYM and 26 kg P ha'!

28. T.F, P, Zero tillage, 10 tons FYM ha' and no-phosphorus

29. T Fiy Pia Zero tillage, 10 tons FYM ha' and 13 kg P ha'

30. T.F,, P, Zero tillage, 10 tons FYM ha' and 26 kg P ha'!
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R Details of Crop Ralsing :
3.3.1 Field preparation

On the receipt of first effective shower of rains each experimental unit was demarcated and
layout was drawn as per plan. The experimental area was divided into 4 blocks leaving three
meter alley within blocks in east-west and south-north direction to facilitate various tillage

treatment application,

(a) Tiltage : The tillage treatmenis taken as a main plot treatment using different tillage

implements = comprise of :

1. Conventional tillage with desi plough consisted of two cross aperations.

2. Disc ploughing once followed by cross cultivator operation.

3. Chisel ploughing once to a depth of 40 ¢cm - - at an interval of 52.5 ¢m distance

followed by cross cultivator operation.
4. Minimum tillage with disc harrowing once.

5. Zero tillage having no ti[lagc.opcriltiun.

Tillage treatments were given as per the treatment plan length wise in a strip of 36 m (Main

plot)..

(b) Farmyard manure : Soon after the tillage treatments were over the layout was redrawn
and sub-plots of the required dimensions (6 m x 5 m) were prepared. The computed quantity
of well decomposed and finely powdered farmyard manure was incorporated in the furrow

slice with the help of hand hoe in the sup-plot as per the plan of work.

(¢) Phosphorus : As per the treatment, phosphorus was applied through SSP at the time of
sowing in furrows at 8-10 cm depth with the help of seed tube (pora) attached to the device

used for sowing.
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3.3.3 Seed and sowing

The variety "CSH-6" of sorghum and "K-851" of green gram were used as the test crops,
The crops were shown at an inter row spacing of 30 cm, planting a single row of green gran
in between a paired row of sorghum. The seeds were sown in rows using a seed rate of 12
and 8 kg ha'' for sorghum-green gram in an additive intercropping system. The sowing was

done on 30th June 1989 in the first year and 9th July 1990 in the second year.

3.3.4  Fertilizer application

A dose of 60 kg nitrogen was given to the sorghuni-green gram intercropping systems with
a basal dose of 30 kg N ha™ through urea given at the time of sowing in conjunction with
the treatment of phosphatic fertilizer. The remaining 30 kg N ha' through urea was top
dressed only to sorghum crop by applying it within paired rows of sorghum at 40-45 days

of crop growth.

3.3.5 Post sowing operations

(a) Weed control and thinning : In order to minimize weed competition hoeing cum
weeding was done twice i.e. at 20 and 35 days after sowing. To maintain uniform plant stand
through proper spacing extra plant were thinned out at 20 days after sowing (DAS),

maintaining an average spacing of 15 cm from plant to plant.

(b) Plant protection : An insecticidal spray of 0.03 per cent Endosulphan at 30-40 days of

crop growth period was done during both the years to control the infestation of stemborer.

3.3.6 Harvesting and threshing

The crop was harvested from the net area of individual plot when the maximum number of
pods were matured in green gram and ear head in sorghum. The harvesting of green gram

was done on 8th and 19th September where as that of sorghum crop was done on 24th
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September and 8th October during 1989 and 1990, respectively. The produce was sun dried
and weighed for dry matter produced from each individual treatment plot. Green gram was
threshed manually with the help of wooden stick where as the sorghum was threshed
mechanically using power thresher followed by winnowing operation to have clean seeds for

computing the yield.

The data-wise details of various agronomical operations carriedout during both the years are

given in Table 3.4.

Table 3.4 Schedule of Agronomical operations during crop growth

S. Date
No Operations T '
1989 1990
1. Initial layout and tillage treatment 22.006.89 01.07.90
2. Second layout and incorporation of tarmyard 24.00.89 (/7.07.90
manure
3. Seed sowing, basal N and P fertilizer treatment 30.06.89 09.07.90
and final layout
4. Gap filling/transplanting 17.07.89 25.07.90
5. Weeding and Thinning 201L07.89 29.07.90
6. Hoeing and second weeding 18.08.89 16.08.90
7. Endosulphan spray 19.08.89 17.08.90
8. Split application of nitrogen 20L08.89 21.08.90
9. Harvesting
Green gram
Sorghum 08.09.49 19.09.90
24.09.89 OR. 10190

10. Threshing 15.10.89 03.11.90
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34  Treatment Evaluation :
3.4.1 Soil analysis
A. Physical properties : To assess the various treatments under study soil physical
parameters were determined after the experimentation for two consecutive years. Soil from
each treatment plot were analysed for the physical properties, namely, bulk density, soil

porosity, water holding capacity, basic infiltration rate and hydraulic conductivity.

For determining the bulk density and hydraulic conductivity undisturbed soil cores were
drawn with the help of core sampler from two depths, 0-15 and 15-30 ¢cm. The samples were
lifted in a sectional cylinder of core samples for these parameters. Hydraulic conductivity
was determined using constant head technique employing a special device for maintaining the
constant head of water over the soil column. The water holding capacity was determined in
the soil samples collected from each plot to a depth of 0-30 ¢m using keen Raczkowski
boxes. The infiltration rate was determined in the field from each plot after harvesting the

crop using double ring infiltrometer.

Moisture content of soil from three successive layers, 0-15, 15-30 and 30-45 cm from each
individual plot were determined at the time of sowing and after the crop was harvested. Soil
samples were drawn by tube auger and were kept in the moisture boxes and dried in an oven
at 105°C for 24 hours till the constant weight was obtained. The soil maisture on volume

basis was computed from the moisture data on weight basis.

B. Chemical analysis : Soil samples collected at the end of experimentation for the two
consecutive years to a depth of 0-30 cm were analysed for organic carbon, available
phosphorus, available potassium, pH and electrical conductivity using standard methods of

analysis (Table 3.2).

3.4.2 Plant analysis
A. Yield : The produce of intercrop from net plot area after thorough sun drying was

weighed tor recording biologicat yield.  After threshing and winnowing seed yield per plot
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was weighed, which was then computed on hectare basis. The stover yield was estimated by

subtracting seed yield from biological yield.
B. Equivalent yield : For the valid comparison of yield data seed yield obtained for the
component crop in intercrop system was converted to sorghum equivalent yield using

prevailing rate of produce in the following expression :

Price of inter crop

Equivalent yield Grain yield of N Sced yield
(q ha') main crop of inter crop

Price of main crop

C. Chemical analysis : The plant samples collected at harvest (Sced and Stover) {rom cach
plot were dried and thereafter grinded to a fine powder for estimating nutrient content.
Contents of nutrients in seed and stover were estimated using standard method of analysis as

stated here under :

1. Nitrogen Nesslar’s reagent colorimetric method (Lindner, 1944)
2. Phosphorus : Vanadomolybdophosphoric yellow colour method (Richards, 1968)
3. Potassium : Flame photometric method No. 58 (a) of U.S.D.A. handbock No. 60

(Richards, 1968).

3.4.3 Nutrient uptake
(a) Uptake : N, P and K uptake in sorghum and green gram at harvest was estimated using
the following formula.
Nutrient content (%) x Dry mater (kg ha™)

Nutrient uptake (Kg ha™) = 71_0(_]_

(b) Total uptake : The total uptake of N, P and K by sorghum and green gram at harvest

was computed by summing up the nutrient uptake by seed and stover.

{c) Crude protein: The crude protein content of sorghum grain and green gram seed was

derived from their corresponding values of nitrogen composition using the factor 6.25.
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3.4.4 Root density

(@) Root volume : The roots of three plants of sorghum from each main treatment plots
receiving farmyard manure in conjunction with 26 kg P ha'! were collcctc&ﬁiﬁ?the help of
root core sampler after the crop harvest and caretully washed with water using 35 mesh
screen.  After carefully washing the individual plant roots were dipped in a measuring
cylinder filled with clean water up to a specified mark.  After dipping plant roots in the

cylinder the rise in water level was noted. The ditfercnee in two water levels was taken as

a measure ot root volume which was then computed on per plant basis.

(b) Root dry weight : The roots of individual plant were dried in a hot air circnlating oven

at a temperature of 60°C till the constant weight and was computed on per plant basis.

3.5 Economics of Treatments :

The economics of equivalent yield recorded from different treatinents was estimated in terms
of net profit ha'' for each treatment. The cost of cultivation for each treatment was subtracted
from gross returns and net profit was worked out.  Further, to ascertain profitability on per
rupee investment, Benefit : Cost (B:C) ratio was also calculated. The benefit cost ratio was

caleulated as follows :

Relative income over zero tillage
B:C = e mmmmmmsamsiaaian
Input cost of the treatment

3.6 Statistical Analysis :

The experiment was laid out on the pattern of split plot design and data recorded were
subjected to statistical analysis, employing analysis of variance technique as out lined by

Fisher (1950).
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The critical differenefor the treatments comparison were workedout wherever the F-test were

found significant at 5 per cent level of significance (Panse and Sukhatme, 1967).

For determining the nature of yield response, the main effect of phosphorus were
differentiated into different components like liner and quadratic and the test of significance
was done. Based on the results of test of significance the regression equation of the desired
degree was fitted to specify the relationship between the level of phosphorus and grain yield

of sorghum and seed yield of green gram.



4. EXPERIMENTAL FINDINGS

Results of the field experiment entitled "Interactive effect of tillage and phosphate
fertilization in conjunction with farmyard manure on soil physical parameters and yield of

sorghum intercropped with green gram under dryland”, conducted at the Agricultural Research
Substation, Arjia (Bhilwara) for two consecutive years, 1989 and 1990 during Kharif are
presented in this chapter. Data pertaining to various criteria used for treatment evaluation
were analysed statistically to test their significance. All the data for the main ellects are
presented as relevant tables and the effect of interactions are presented only when found
statistically significant. The analysis of variance for all these data have been presented in

appendices (1 1o XV} at the end.

4.1 Physical Properties of the Soil :

Soil of the experimental field from each treatment plot at the ead of the fwo consecntive
years of the investigation were analysed for the physical constants, ie., bulk density, soil
potosity, witer holding capacity, basic inliltiation rale, hydraalic conductivity of the soil, soil
moisture content at sowing and at harvest to judge the relative efficacy of various tillage
treatments, in_corporation of farmyard manure and levels of phosphorus fertilization and their

interactions.

4.1.1 Bulk density of soil

Data on bulk density of soil as influenced by various treatmensare presented in table 4.1 and
their analysis of varioweappended in appendix 1. An examination of data revealed that
varieus tillage treatmenssignificantly decreased the bulk density of soil in both 0-15 and 15-

30 cm soil layer as compared to zero tillage treatments. Among the various tillage treatments
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disc ploughing was found to be the best where decrease in the bulk density of the surface soil
(0-15 cm) was to the minimum value, 1.37 Mg m as against 1.43 and 1.46 Mg m™ recorded
under conventional and zero tillage treatments, respectively. This treatment was closely
followed by chisel ploughing and minimum tillage where also the decrease in bulk density
was statistically significant over the value recorded for zero as well as conventional tillage
treatments. The effect of various tillage treatments on the bulk densitly of subsurtace soil (15-
30 cm) was also dictated the same trend as that of surface soil. All the tillage practices had
the tendency to decrease the bulk density of subsurface soil over zero tillage. Though the
differences recorded in the values of buik densitics were statistically signiticant but the
magnitude of difterences were less pronounced as compared to surtace soil (Fig. 4.1). The
respective bulk density values recorded under disc, chisel, minimum and conventional tillage

were 1,46, 1.50, 1.50 and 1.50 Mg m™ as against 1.53 Mg m™ under zero tillage treatment.

FYM : Application of FYM significantly decreased the bulk density ot both surface and sub
surface soil layers as compared to no-FYM treatment. The values of bulk density recorded
in 0-15 and 15-30 em soil layers of FYM treated plot were 1.38 and 1.46 Mg m™ as against

1.45 and 1.53 Mg m™, respectively, under the plots receiving no-FYM treatment.

Phosphorus @ Phosphorus treatment also had a significant effect in altering the bulk density
of the soils in the two soil layers examined. It was observed that the bulk density of the soil
decreased with an increase in the phosphorus levels and the lowest value of bulk density was
recorded under the plots receiving highest dose of P ( 26 kg P ha™' ), irrespective of the depth
of soil layers examined. However, the value recorded for the bulk density remained
statistically at par for the application of P at 13 and 26 kg P ha' in subsurface soil Iayers.
The respective values of bulk density recorded under 13 and 26 ky P ha™' application were
1.42 and 1.39 Mg m* in surface and 1.49 and 1.49 Mg m™ in subsurtace soil, respectively,

as against 1.44 and 1.51 Mg m™ under the plot receiving no-phosphorus treatment.
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Table 4.1 Effect of tillage, FYM and levels of phosphorus on soil physical

parameters
Bulk density  Soil i)-brosity Water Bas_lz Hydraulic.
(Mg m™) (%) holding  infiltrati-  conductivity
Treatment : La?%;lty ((I:?n:;::; S (‘“m/'f) -
Soil depth (cm.) Soil depth (cm )
0-15 15-30 0-15 15-30 {ll-ll.:___-lﬁ-i.(-.}__
Conventional  1.43 1.50 46.15 43.35 3533 9.90 1.30 1.06
Disc 1.37 1.46 48.17 45.00 37.89 15.10 1.92 118
Chisel 140 149 4725 4358 36.02 13.69 .64 1.57
Minimum 1.41 1.50 4692 4352 35.47 9.09 1.51 1.29
Zero 146  1.52 4498 4247 34.47 844 107 0.87
SEm+ 0.003 0.0605 0.121 0177 0.313 0.004  0.011 0.008
C.D 5% 0.010 0.014 0.372 0540 (.963 0012 0.035 0.027
FYM (t ha)
Fy 1.45 1.53 4529 42.16 34.89 929 143 1.26
Fi, 137 146 4809 4501 36.78 1320 1.51 1.38
S Emi 0.004 0.003 0.111 0.101 0.302 0.007 .0O06 0.008

C.D. (0.5%) 0.008 0.008 0312 0.285 (1.85¢) 020 0.018 0.021

Phosphorus (kg P ha™)

P, 1.44 1.50 4581 43.22 35.45 11.17 1.40 1.23
P, 1.42 1.49 4657 43.72 36.14 11.25 1.50 1.35
Py, 1.39 1.49 47.69 4382 3591 11.32 1.56 1.38
SEm * 0.004 0003 0.136 0.124 .369 0.009  0.009 0.009

C.D. 5% 0.010 0.009 0382 0.349 NS 0.025  0.022 0.026
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Interaction eftect of tillage and FYM on bulk density of soil:

Perusal of data on interaction between tillage treatments and incorporation of FYM (Table
4.1.1.1) revealed that significantly lowest value of bulk density was recorded under the
treatment receiving disc ploughing and FYM under the two layers of soil examined. This
treatment was followed by minimum tillage and chisel ploughing when accompanied with
farmyard manuring in lowering down the bulk density of the soil except in sub-surface layer,
where these two treatments remained statistically at par with the conventional tillage in
conjunction with farmyard manuring. Further examination of dita clearly indicate that
application of FYM had significantly lowered the bulk density of the soil irrespective of the
tillage treatment givﬁu and depth of soil layers examined. Disc ploughing, chisel and
conventional tillage also resulted in significantly lower value of bulk density in surface soil
as compared to minimum and zero tillage under plots receiving no-FYM treatment, however,
in subsurtace soil layer conventional, chisel, minimum and zero tilfage treatments remained

statistically at par under this set of treatment.

Table 4.1.1.1 Interaction effect of tillage and FYM on bulk density (Mg m*) of soil

_Ti-ll_:;é;e_—r .. Conven- Disc | Chisel Minimum Zero
FYM (t hay)} tional o
- “ _ 0-15
F, 1.44 143 1.43 y 1.47 1.48
Fq 1.42 1.31 1.36 1.34 1.44

15-30

F, 1.54 1.49 1.54 1.55 1.55
Fio- 1.46 1.43 1.46 .45 1.50
Soil depth (cm) 0-15 15-30
SEm * 0.007 0.006

C.D. 5% 0.018 0.017
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Interaction elteet of tillage and phosphorus on bulk density of soil:

An over all examination of data on interaction between tillage treatment and phosphale
fertilization (Table 4.1.1.2) indicated that disc ploughing irrespective of the phosphorus Jevels
and the highest level of phosphate fertilization (26 kg P ha') irrespective of the tillage
treatments signilicantly lowered down the bulk density in surface sotl Layer excepl zero tillage
at this level of phosphate fertilization. Data on bulk density when examined for sub-soil fayer
revealed that significantly lowest value of bulk density was recorded in plot receiving dise
ploughing in conjunction with highest level of phosphate fertilization. [t is further evident
from the data that chisel ploughing and minimum tillage operations when compared with
conventional and zero tillage treatments under phiosphate fertilization at 13 kg P ha'' have
also lowered down the bulk density of surface soil. However, no such differences were
observed in values of bulk density when compared with those recorded under no-phosphate
fertilization in respective tillage treatments. The highest value of bulk density was recorded

from the plot receiving sole zero tillage under the two layers of soil examined.

Table 4.1.1.2 Interaction effect of tillage and levels of phosphorus on bulk density
(Mg m™) of soil

Tillage— Conven- Disc Chisel Minimum Zero

P levels (kg P ha)|  tional
- - 015
P, 1.47 1.38 1.42 1.42 1.49
P, 1.44 1.37 1.40 1.41 1.46
P, 1.37 1.37 138 1.39 1.42
1530

P, 1.50 1.49 1.50 1.50 1.53
P, 1.49 1.46 1.48 1.50 1.53
P, 1.51 143 1.50 1.50 1.51
Soil depths (cm) 0-15 15-30

SEm * 0.008 (LOO7

C.D. 5% 0.023 0.020
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Interaction eflect of FYM and phosphorus on bulk density of soil ;

On examination of data on interaction between FYM and phosphate fertilization ( Table
4.1.1.3) revealed that application of FYM significantly lowered the bulk density of soil in the
two layers of soil examined irrespective of the phosphate levels being used. Further, the
phosphate fertilization up to 26 kg P ha” under no-FYM and upto 13 kg P ha’' under
farmyard manuring has significantly lowered down the bulk density in surtace soil-layer. The
lowest value of bulk density recorded was from the plot receiving highest level of P (26 kg

P ha) in conjunction with FYM under the two layers of soil examined.

Table 4.1.1.3 Interaction effect of FYM and levels of phosphorus on bulk density
(Mg m™) of soil

P levels (kg P ha')

FYM (t ha) -
P Pu P
- _ 0-15
F, 1.48 140 1.42
Fio 1.40 137 1.36
15-30
F, - 1.54 1.52 1.54
Fio 1.47 1.40 L.a4
Soil depths (cm) 0-15 15-30
SEm # 0.005 0.005
C.D. 5% 0.014 0013

Interaction effect of tillage, FYM and phosphorus on bulk density of soil :

A critical examination of third order interaction between tillage, FYM and phosphate
fertilization (Table 4.1.1.4) revealed that significantly lowest value of bulk density was

recorded in plot receiving disc ploughing treatment in conjunction with firm yard manuring
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and phosphate application at 26 kg P ha' under the iwo soil layes examined. However, 1he
bulk density value recorded under this treatment remained statistically at par with the values
observed for surface soil layer at varying levels of phosphate used under disc ploughing and
the highest level of phosphate (26 kg P ha' ) applied under minimum tillage both in
conjunction with farmyard manuring. It is further evident that farmyard manuring and
phosphate fertilization in general have definitely lowcered down the bulk density of the soil
under all the tillage treatments particularly in surface soil layer, though - such loweri ng

down effect of farmyard manuring on bulk density was also apparent in suby soil fayer,

Table 4.1.1.4 Interaction effect of tillage, FYM and levels of phosphorus on buik density
(Mg m™) of soil

FYM (t/ha)
FO - .- . A FI“
Tillage P levels (kg P ha')
P, P, P, P, P, P,
. _0_-1_5___ R L
Conventional 1.49 1.47 1.35 1.44 1.42 1.39
Disc 1.45 1.42 1.43 1.31 1.32 1.31
Chisel 146 1.44 1.40 1.39 1.35 1.35
Minimum 1.49 1.48 1.45 1.35 1.35 1.33
Zero 1.50 1.49 1.44 1.49 1.43 141
15-3¢
Conventional 1.57 1.50 1.56 1.44 148 1.47
Disc 1.50 1.49 1.47 1.48 1.42 1.39
Chisel 1.55 1.50 1.56 1.46 1.47 1.44
Minimum 1.54 1.55 1.55 1.46 1.44 1.44
Zero 156 156 1.55 1.51 1.51 1.47
Soil depths (¢m) 0-15 15-30
SEm * 0.011 0010

C.D. 5% (L032 (0.0249
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4.1.2 Porosity of soil

Data on porosity of soil as influenced by various treatments are presented in Table 4.1 and

their analysis of variance appended in appendix I.

Tillage : It was observed from the data on soil porosity that different titlage treatments
significantly increased the porosity of surface as well as subsurface layers of the soil over
zero tillage treatment (Fig. 4.2). The highest value of soil porosity recorded in disc ploughing
treatment under both surface (0-15 cm) and subsurface (15-30 cm) layers was statisticalty
significant over rest of all other tillage treatments. The porosily values recorded in surface
layer under disc, chisel, minimum and conventional tillage were 48.18, 47.25, 46.92 and
46.15 per cent as against 44.98 per cent under zero tillage treatment. Further, it is apparent
from the data that in general all these tillage treatments differed significantly from each other
in influencing, the soil porosity and can be placed in descending order as disc > chisel >
minimum > conventional. On the other hand in subsurface layer, though the ditferences in
soil porosity under various tillage treatments were statistically significant over zero tillage but
the treatment chisel, minimum and conventional remained statistically at par. The vidues of
soil porosity in subsurface layer under dilferent tillage treatments ranged between 42.47 to

45.00 per cent,

FYM : Application of FYM at 10 tons ha” significantly increased the porosity of soil aver
no-FYM treatment. The porosity values in surface and sub surtace soil layers were 48.09 and
45.01 per cent in plots receiving farmyard manure as against 45.30 and 42.16 per cent in plot

receiving no-FYM treatment.

Phosphorus : 1t was observed from the data that porosity of the suil tncreased with
increase in the phosphorus levels in the two soil layers examined and the highest value
recorded was  47.70 per cent in surface and 43.82 per cent in sub-surface layer from the

plot receiving 26 kg P ha™y However,in sub-surface soil layer the values ot soil porosity
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recorded from the plots receiving two P levels (13 and 26 kg ha') remained statistically at

par.

Interaction eftect of tillage and FYM on soil porusity :

Perusal of data (Table 4.1.2.1) on interaction between lillage freatments and farmyard
manuring on soil porosity indicate that significantly highest value of svil porosity was
recorded in plot receiving disc ploughing in conjunction with farmyard manuring under the
two soil layers examined. This treatment was followed by treatments receiving minimum
tillage and chisel ploughing under farmyard manuring. However, the soil porosity remained
to be minimum under the plot receiving zero tillage with no-FYM application. Further,
application of FYM had significantly improved the soil porosity under all the tillage

treatments and depth of soil layers examined.

Table 4.1.2.1 Interaction effect of tillage and FYM on soil porosity (per cent)

Tillage— Conven- Disc Chisel Minimum Zero

FYM (t ha'}| tional
0-15
F, 45.79 4591 4591 44.53 44.34
Fio 46.51 50.44 48.59 49.31 45.62
15-30
F, 41.82 43.87 42.07 41.64 41.38
o 44.87 46.13 45.09 4541 43.55
Soil depths (cm) 0-15 15-30
SEmz ' 0.248 0.226

C.D. 5% (0.OYY 0.638
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Interaction elfect of tillage and phosphorus on svil poresity :

It is evident trom the data (Table 4.1.2.2) on interaction between tiil:lgt: treatment and
phosphate fertilization on soil porosity that disc ploughing when accompanied with phosphate
fertilization has significantly increased the soil porosity when compared with rest of other
treatment combinations under the two sail layers except the plots receiving phosphate at 26
kg P ha" in conjunction with conventional, chisel and minimum tillage in the surface layer.
However, the highest value of soil porosity was apparent in the plots receiving highest level
of phosphate in conjunction with disc ploughing and the lowest value ol soil porosity was
observed in the plots receiving zero tillage treatment accompanied with no-phosphorus
application under both the soil layer examined except in sub soil layer under the plot where

this tillage treatment was accompanied with 13 kg P ha™ application.

Table 4.1.2.2 Interaction effect of tillage and levels of phosphorus on seil porosity
(per cent)

Tillage— Conven- Disc Chisel Minimum Zero

P levels (kg P ha)] tional
0-15
P, 44.67 47.88 46.32 46.51 43.68
Py 45.52 48.30 47.36 40.70 45.00
P, 48.26 48.35 48.07 47.55 46.26
15-30
P, 43.35 43.87 43.30 43.40 42.17
P, 43.82 45.05 44.01 43.59 42.12
Py 42.88 46.08 43.44 43.58 43.11
Soil depths (cm) 0-15 15-30
SEm# (1.304 0.277

C.D. 5% (.855 0.781
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Interaction effect of FYM and phosphorus on soil poresity :

Data on interaction between FYM and phosphate fertilization presented in table 4.1.2.3
indicate that the significantly highest value of soil porosity was recorded in the plot where
farmyard manuring was accompanied by phosphate fertilization at 26 kg P ha” under the two
soil layesexamined. Further, significantly lowest values of soil porosity was apparent in the
plot receiving no-phosphorus and no-FYM treatment. Farm yard manuring has significantly
improved the porosity at all the levels of phosphate application and depth of soil examined.
A subsequent increase in phosphate levels in general has improved the porosity of soil
whether farmyard manuring was done or not. However, phosphate when applied with
farmyard manuring has definitely improved the soil porosity, which is evident from the higher

value of porosity recorded under this treatment.

Table 4.1.2.3 Interaction effect of FYM and levels of phosphorus on soil poresity (%)

.__HP- levels (k;;P h;l")
FYM (t ha™) — - L S

PU P13 P:’.l"‘
— _ o s _ _
F, 44.27 45.00 46.62
Fpy 47.36 48.15 18.77
15-30

F, 41.81 42.62 42.04
Flo 44.62 4481 45.00)
Soil depths (cms) 0-15 15-30
SEm=* 0.192 0.175

(0.541 0.494

CD. 5%

Interaction effect of tillage FYM and phosphorus on soil porosity :

Perusal of data on third order interaction between tillage treatment, farmyard manuring and

phosphate fertilization on soil porosity (Table 4.1.2.4), revealed that plot receiving disc
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ploughing in conjunction with farmyard manuring and phosphate fertilization at 26 kg P ha!
have recorded significantly highest value of soil porosity as compared to all other treatment
combinationsunder the two soil layers except the plots receiving farmyard manuring in surface
soil layer with O and 13 kg P ha™ under this tillage treatment and 26 kg P ha' under
minimum tillage treatment. Further, in general there is an improvement in soil porosity with
the combined application of FYM and phosphate fertilization under all the tillage treatments

and the soil layers examined.

4.1.24 Interaction effect of tillage, FYM and levels of phosphorus on soil porosity (%)

FYM (t ha'h)

- Fo S . Fuo
Tillage _P fevels (_kgl’ ha")_ )
P, P,, P,, P, P, P,
Conventional 43.68 44.62 49.06 45.66 46.42 4745
Dis.c 45.28 46.42 46.04 50.47 50.19 50.66
Chisel _ 45.00 45.66 47.08 47.64 44Y.06 49.06
Minimum 43.96 4434 45.28 49.06 49.00 4981
Zero 43.40 43.96 45.66 43.96 46.04 4686
15-30

Conventional 40.85 43.30 41.32 45.85 4434 dd.44
Disc 43.40 43.68 4453 44.34 406.42 47.64
Chisel 41.60 43.40 41.23 45.00 44.62 45.00
Minimum 41.89 41.51 41.51 44 .90 45.66 45.66
Zero 41.32 41.23 41.60 4302 43.02 44.62
Scil depths (cm) 0-15 15-30

SEmz (.430 0.392

C.D. 5% 1.210 1105
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4.1.3  Water holding capacity of soil

Data on water holding capacity as influenced by different treatments are presented in Table

4.1 and their analysis of variance appended in appendix 1.

Tillage : it is evident from data (Table 4.1) that all the tillage treatments, except conventional
tillage,significantly increased the water holding capacity of soil over the treatment receiving
zero tillage (Fig. 4.3). Among the different tillage treatments disc ploughing was found to be
the best where the value of water holding capacity of the soil recorded was to the tune ol
37.89 per cent as against 34.47 and 35.34 per cent recorded under zero and conventional
tillage respectively. This treatment was followed by chisel ploughing and minimum tillage,
where also a significantly higher value of water holding capacity was recorded over zero
tillage. The values of water holding capacity recorded under chisel ploughing and minimum
tillage were 36.02 and 35.47 per cent as against 34.47 per cent recorded under zero tillage

treatment.

FYM : Incorporation of farmyard manurg.  at 10 tons ha’ significantly increased the water
holding capacity of soil over no-FYM treatment. The water holding capacity value recorded

in FYM treated plot was 36.78%as against 34.89%in no-FYM treatment.

Phosphorus : A look on data on water holding capacity of soil revealed that unlike tlage
and FYM treatments application of phosphatic fertilizers did not significantly atfect this

physical parameter of the soil during the course of investigation.

4.1.4 Basic Infiltration rate of soil

Data on basic infiltration rate of soil as influenced by various treatments are presented in

Table 4.1 and their analysis of variance appended in appendix 1
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Tillage : It is evident from the data on basic infiltration rate of the soil that when compared
with zero tillage treatment all other tillage treatments had significantly increased the basic
infiltration rate of the soil. It was observed that ali tillage treatments differed significantly to
each other in respect of the basic infiltration rate recorded (Fig. 4.4). A maximum rate of
15.10 mm hr' was recorded in disc ploughed plot whic}:Zt?aflowed by chisel ploughing (13.69
mm hr') conventional tillage (9.90 mm hr'") as against value, 8.44 mm hr' recorded from the
plot receiving zero tillage treatment. The magnitude of increase in basic infiltration rate due
to disc and chisel ploughing was 79 and 62 per cent over zero tillage and 52 and 38 per cent

aver conventional tillage treatment, respectively,

FYM : Application of FYM significantly increased the basic infiltration rate of the sojl. It
wias observed that farmyard manuring at 10 tons ha™ increased the basic infiltrtion rate by

42.1 per cent over no-FYM treatment.

Phosphorus : Like tillage and FYM treatments application of phosphorus signiftcantly
increased the basic infiltration rate of soil. The basic infiltration rate was increased with a
subsequent increase in phosphorus levels .;md the maximum value being recorded from the
plots receiving phosphorus treatment at 26 kg P ha' (11.32 mm ') as against the minimum

(1117 mm 'y from the plot receiving no-phosphorus treatment.

Interaction eflect of tillage and FYM on basic infiltration rate of soil :

An examination of data (Table 4.1.4.1) on interaction between tillage treatment and farmyard
manuring on basic infiltration rate of soil revealed that significantly highest value of basic
infiltration rate (17.76 mm hr') was recorded under the treatment recetving disc ploughing
with farmyard manuring while the lowest value (6.88 mm hr') was apparent in the plot where
zero tillage was practised with no-FYM treatment. Further, the chisel ploughing treatment
with FYM in corporation resulted in second highest basic infilteation rate of soil (1571 mm

br') which was also significantly higher than values recorded for all other treatment
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combinations. Farmyard manuring has significantly improved the soil basjc infiltration rate
irrespective of tillage treatment given (Fig. 4.6). However, disc ploughing even under no-
FYM treatment resulted in significantly highest basic infiltration rate which was closely

followed by chisel ploughing,

Table 4.1.4.1 Interaction effect of tillage and FYM on intiltration rate {(mm hr')

Tillage— Conven- Disc Chisel Minimum Zero

FYM (t ha'y} tional

F, 821 12.45 11.68 7.22 6.88
F,, 11.58 17.76 15.71 10.97 10.00
S Emz* D016 )

C.D. 5% 6.045

I3

4.1.5 Hydraulic conductivity of soil }’ 4 g

Data on hydraulic conductivity as influenced by various treatments are presented in table 4. ]

and their analysis of variance appended in appendix I.

Tillage : It is evident from the data on hydraulic conductivity that various titlage treatments
have significantly affected the hydraulic conductivity of soil in both surface and subsurlace
soil layers (Fig. 4.5). Of the ditferent tiflage treatments disc ploughing was found to he the
best where the maximum value of hydraulic conductivity (1.92 cm hr') was recorded as
against 1.30 and 1.07 cm hr' recorded for conventional and zero tillage, respectively in
surface soil. This treatment was followed by chisel ploughing and minimum tillage where the
increase in hydraulic conductivity was also statistically significant over zero as well as
conventional tillage treatment. Like that of surface layer, all the tillage treatments also had

the tendency to increase the hydraualic conductivity of sub-surface layer over zero tillage, but
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the magnitude of increase in hydraulic conductivity was less pronounced as compared o
surface soil. The respective values of hydraulic conductivity recorded under dise, chisel,
minimum and conventional tillage were 1.81, 1.57, 1.29 and 1.06 cm o' as against (L87 cm

hr' under zero tillage treatment.

FYM : Application of farmyard manure at 10 tons ha’' significantly increased the hydraulic
conductivity of both surface and sub-surface soil layer over no-FYM treatiment. The values
of hydraulic conductivity observed in FYM treated plots were 1.54 and 1.38 ¢m ! for 0-15
and 15-30 cm soil layers as against 1.43 and 1.26 em hr! respectively, observed under the

plot receiving no-FYM.

Phosphorus : Further examination of data in Table 4.1 show that phosphorus fertilization had
a significant eftect on the hydraulic conductivity of the soil in both the soil layers examined.
It was recorded that the hydraulic conductivity of soil was increased with an increase in the
phosphorus level and the highest value recorded was under 26 kg P ha' treatment irrespective

of the depth of soil layer examined.

Though the difference in the value of hydraulic conductivity in between 13 kg P ha' and 26
kg ha' was . <5 marginal but it was found statistically signiftcant. The maximum value of
1.56 and 1.38 cm hr' in surface and subsurface soil layer was recorded in the treatment
receiving 26 kg P ha' as against the lowest value of 1.40 and 1.23 cm hr' under no-

phosphorus treatment.

Interaction effect of tillage and FYM on hydraulic conductivity of soil ;

An examination of data in Table 4.1.5.1 indicate_that farmyard manuring significantly
increased the hydraulic conductivity of the surface soil fayer (0-15 em) under all the tillage
treatment examined. Further, various tillage treatments significantly improved the hydraulic

conductivity of the soil when compared with zero tillage treatment irrespective of the FYM
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application. The highest value of this parameter (1.98 em ') was recorded uwnder the
treatment receiving disc ploughing in conjunction with farmyard manuring and the lowest
value (1.05 ¢m hr') was observed in the treatment receiving zero tillage with no-FYM
treatment. Disc ploughing even under no-FYM treatment has resulted in better hydraulic
conductivity of the soil when compared with all other treatment combinations, which was

followed by the treatment receiving chisel ploughing in conjunction with farmyard manuring.

Table 4.1.5.1 Interaction effect of tillage and FYM on hydraulic conductivity (cm !
in surface soil layer (0-15 cm)

Tillage— Conven- Disc Chisel Minimum Zero

FYM (t ha™)} tional

F, 1.25 1.86 1.56 .46 1.0S
F, 135 1.98 1.72 1.56 1.09
SEm+ 0.014

C.D. 5%

0.040

Interaction elfect of tillage and phosphorus on hydraulic conductivity ol soil ;

Perusal of data (Table 4.1.5.2) on interaction between tillage and phosphate tertilization on
hydraulic conductivity of surface soil indicate that phosphate fertilization under all the tillage
treatments significantly increased the hydraulic conductivity. The highest vidue (1.97 em he')
was recorded from the plot receiving the highest level of phosphate tn conjunction with dise
pluughin_g. Further, disc ploughing under ali the levels of phosphate fertilization have resulted
in signiticantly higher value of hydraulic conductivity than the values recorded for rest of al)
other treatment combinations. Significantly lowest value of hydraulic conductivity (1.03 em

hr'! ) was observed in the plot receiving zero tillage treatment with no-phosphorus application,
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Table 4.1.5.2 Interaction effect of tillage and levels of phosphorus on  hydraulic
conductivity of soil (cm hr')

Tillage— Conven- Disc Chisel Minimum Zero

P levels tional
(kg P ha")

 easem '
P, 1.21 1.86 1.50 1.43 1.03
P, 1.34 1.93 1.64 1.52 1.09
P, 1.36 1.97 1.79 1.59 110
SEm * 0.017

0.049

Interaction effect of tillage, FYM and phosphate fertilization on hydraulic conductivity:

An over all examination of data on third order interaction between tillage treatment, farmyard
manuring and phosphate fedtilization (Table 4.1.5.3) revealed that plot receiving disc
ploughing in conjunction with farmyard manuring and phosphate fertilization at 26 kg P ha
have recorded significantly highest value of hydraulic conductivity of soil as compared to all
other treatment combinations under sub surface soil lyer except the plot receiving, phosphate
at 13 kg P ha under this vary tillage treatment. Further, in general there is an impravement
in hydraulic conductivity of soil with the application of FYM and phosphate fertilization
alone as well as when applied in combination under all the tillage treatment examined.
Though, it is evident that application of phosphate fertilization in conjunction with FYM have
better impact in the improvement of hydraulic conductivity in sub soil layer under all the
tillage treatments, however, the magnitude of improvement was more pronounced under disc

ploughing followed by chisel ploughing.
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Table 4.1.5.3 Interaction effect of tillage, FYM and levels of phosphorus on hydraulic
conductivity of sub-surtace soil layer (¢cm hr')

EYM (1)

BN .
Tillage P levels (kg P !_1_:|")
P, | P, P, | P,
Conventional 088 106 109 105 113 115
Disc 1.73 1.77 1.71 1.80 1.89 1.96
Chisel 1.45 1.50 1.60 1.52 1.65 1.70)
Minimum 1.05 1.27 1.28 1.28 1.40 1.46
Zero 0.70 0.87 0.90 0.85 0.94 0.96
SEmz 0.030 0.392

CD. 5% (0.083 1.105

4.1.6 Soil moisture

Data on soil moisture variation in varying depthsof soil profile (0-15, 15-30, and 30-45 c¢m)
at sowing and harvest are presented in Table 4.1.6 and their analysis of variance appended

in appendix II.

4.1.6a At sowing

Tillage : Perusal of data on soil moisture content at sowing revealed that various tillage
treatments (Table 4.1.6) have signiticantly influenced the soil moisture content al varying
depths of profile examined during both the years of investigation. The highest moisture
content was observed in the plot receiving disc ploughing treatment in all the three soil
depths during both the years of investigation. The plot receiving zero lillage treatment
invariably recorded the signiticantly lowest moisture content when compared with other

tilfage treatments except conventional tillage in list year of experimentation in surlice
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Table 4.1.6  Effect of tillage, FYM and levels of phosphorus on peru.nl soil maisture
content (volume basis)

Al Sowmg At Harvest

Depths (cm) Depths (cm)
Treatimenis - - e -
0-15 15-30 ' 30-45 0-15 15-30 30-45
1989 1990 1989 1990 1989 1990 1989 1990 1989 1990 198y 1990
Tillage

Conventional 1843 13 2049 25.22 [6.20 2848 [ EL 1646 12.84 19.01 17.39 27

Disc 18.92 2039 21.20 26.40 16.58 2957 11.58 18.82 1432 20487 1¥.20 1os
Chisel 18.62 19.20 2101 26.11 1630 29.73 10.80 18.39 1345 20.14 18.89 2286
Minimum 1851 1892 21.23 5.0 1619 28359 i0.44 180 1234 9.4 (L 94
Zera 1815 1820 20.46 23148 1579 2614 V.48 16.29 030 1794 1571 iR £
8 lim > o0.aa7 0.082  0.084 0.084 0.067  (.143 0no6as  0.16s 0o 0143 0.234 (L15¢
CD. 5% .33 (253 0.257 0.257 0.205  0.564 4.208 0.507 0216 0438 071y 0,484

FYM (t ha™

Iy 18.14 1854 2043 24,68 1590  27.38 V.70 16.80 11.75 14881 l6.63 21.35
Fin 18.90 fG K6 2132 2608 652 2912 126 [LRLY [RE RN 1H.0(m 2180
SEm = 0.060 0.073  0.059 0.076 0.048  D.165 o076 0137 0u76 06 0124 0172
CD. 5% 0.228 0207 0.167 0.214 0133 (1468 0215 {L387 0214 0451 (L AdH (.485

Phosphorus levels (kg P ha

Py 18.48 18.61 20.82 24.76 1623  27.86 10.16 17.27 1226 [H8Q 16.70 2143
P | 18.55 19.17 2090 2535 16.16  28.46 10.51 17.65 1273 1939 17.34 2208
Pu 18.54 19.81  20.90 26.04 1625 2919 10,78 17.86 1308 20016 Es.04 1276
SEm * 0.073 0.090 0473 0.093 o081 0.202 0093 0.167 0093 19h Q151 0.211

CD. 5% NS 0.253 NS .263 NS 0.569 Llel 0473 263 {1552 (LdIs8 1,545
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(0-15 em) and subsurtace (15-30 cm) layer which remained statistically at par in affecting the
soil moisture content. The disc ploughing treatment was either followed by chiset or
minimum tillage treatment in recording the soil moisture content. Tlowever, the bner two
treatments remained statistically at par in all the three depths examined during first year of
experimentation. Chisel ploughing recorded significantly higher soil moisture content when
compared with minimum tillage in all the three depths and conventional in lower two depths
of soil profile examined during second year of examination. Further examination of data
clearly indicated that the moisture content at sowing in different depthsof soil profile was
relatively higher in second year as compared to the value recorded in first year of

experimentation (Fig. 4.7).

FYM : Incorporation of farmyard manure at 10 tons ha™* has signiticantly impraved the sojl
moisture content in all the depths of soil profile examined during both the years of
experimentation. Like tillage treatments the magnitude of increase recorded in moisture

content was little more in second year of experimentation.

Phosphorus : An examination of data on moisture content for the second  year of
experimentation as influenced by phosphate fertilization revealed that there was 2 significant
increase in soil moisture content with a subsequent increase in phosphate fertilizer up to 26
kg P ha'. However, no such effect was observed in the moisture content of soil samples
drawn in first year of experimentation as there was no any change has occurred in the soil

to influence the soil moisture content.

Interaction effect of tillage and FYM on seil moisture content :

It is apparent from the data on interaction between various tillage treatments and farmyard
manuring (Table 4.1.6.1 and 4.1.6.2) that incorporation of FYM at 10 tons ha irrespective
of tillage treatments applied has ingeneral signiticantly increased the soil moisture content in

15-30 and 30-45 cm layer in the first year and 0-15 and 15-30 ¢m layer during sccond year
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Table 4.1.6.1 Interaction effect of tillage and FYM on per cent soil moisture content
(volume basis) at sowing (1989)

Tillage— Conven- Disc Chiscl- Mi.ll-illllll‘ll -i.crn-
FYM (t ha}| tional
1530
F, 20.22 20.79 20.48 20.63 20.20
Fio 20.76 21.60 21.93 21.83 20053
30-45
F, 15.61 16.28 16.15 15.93 15.52
Fio 16.81 16.87 16.42 16.44 16.07
Soil depths (cm) 15-30 30-45
SEm =+ 0.134 0.108
CD. 5% 0.377 0.304

Table 4.1.6.2 Interaction effect of tillage and FYM on per cent soil moisture content
(volume basis) at sowing (1990)

Tillage— Conven- Disc Chisel Minimum Zero
FYM (t ha'}} tional
0-15
F, 18.58 20.14 18.59 17.90 17.46
Fio 20.02 20.64 19.80 19.93 18.93
15-30
F, 24.47 26.05 25.50 24.67 22.75
Fi, 25.96 26.75 20.72 26.74 24.21
Soil depths (cm) 0-15 15-30
SEm=* 0.165 (0.185

C.D. 5%

0.463 0.480
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of experimentation. Further, the treatment receiving disc ploughing recorded the highest vitlue
of soil moisture while treatment receiving zero tillage recorded the lowest moisture content
in various depths of soil profile examined in situations where no-FYM was given. Similarly
under the plots receiving farmyard manuring treatments in conjunction with disc, chisel and
minimum tillage treatment though recorded significantly higher moisture content than the

treatment receiving zero tillage but remained statistically at par among cach other,

Interaction eflect of tillage and levels of phosphorus on soil moisture content :

An examination of data on interaction between tillage treatments and phosphorus levels in
surface and subsurface layer in the second year of experimentation (Table 4.1.6.3) revealed
that various tillage treatments when compared with zero tillage resulied in significantly highey
moisture content when given with or without phosphate fertilization. Further, it is appareiit
that disc ploughing when applied with or without phosphorus application ingeneral recorded
definitely higher value of moisture content. A subscquent increase in level of phosphate
application there was a significant increase in soil moisture content except the phosphate
fertilization at 13 kg P ha under disc ploughing and beyond 13 kg P ha'' under minimum

tillage.

Interaction effect of FYM and levels of phosphorus on soil moisture content :

Perusal of data on soil moisture content as influenced by interaction effect of FYM and
phosphate levels (Table 4.6.1.4) reveaied that application of farmyard manuring as well as
phosphate fertilization significantly increased the soil moisture content in surface and
subsurface layer in second year of experimentation. However, the significance of increase in
moisture content was restricted to phosphate fertilization up to 13 kg P ha' under no-FYM
and upto 26 kg P ha' with 10 tons of FYM ha™ treatment. Further, the significantly highest
value of soil moisture content was recorded From the plot receiving 26 kg P ha' in

conjunction with 10 tons of FYM ha' under both the soil layer examined. The nagnitude of
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[ phospliorus on per cent soii

Disc Chisel Minimum Zero
P levels (kg P ha')| tionai
0-15
P, 18.51 20.11 18.52 18.48 17.40
13 19.14 20.24 19.12 19.31 18.04
| 20.24 20.80 19.93 18.96 19.14
15-30
5 24.40 26.13 25.41 25.22 22.65
1 25.05 26.25 26.05 26.08 23.32
P, 26.19 26.81 26.87 25.779 24.49
Soil depths (¢m) 0-15 15-30
SEm + 0.20] 0.208
C.D. 5% 0.566 (.587
4.1.6.4 Interaction effect of FYM and levels of phosphorus on per cent soil
moisture content (volume basis) at sowing (1990)
i’_u_e;d;(?g P_ ln') o
FYM (t ha®? —— —_— - )
Pl] Pl?- P.‘{h
- 0-15
F, 18.09 18.68 18.83
Fo 19.12 19.65 20.81
15-30
F, 24.24 24.85 24.96
Fo 25.28 25.85 27.10
Soil depths (cm) 0-15 15-30)
SEm= 0.120 0.132
(1.371

C.D. 5%

0.359
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increase recorded under this treatment in surface and sub surtace soil layer was to the extent
of 15.0 and 12.0 per cent as compared to the minimum value of soil moisture content

recorded under the plot receiving no-FYM and no-phosphorus treatment,

Moisture content in soil profile :

Perusal of data on soil moisture content in soil profile (0-45 cm) presented in Table 4.1.6.5
and Fig. 4.8 revealed that like that of individual soil layer, the soil moisture content in the
soil profile as a whole at sowing was highest in the treatment receiving disc ploughing dﬁri ng
both the years of experimentation. Similarly an increase in soil moisture content was also
evident as a consequence of farmyard manuring during both the years and phosphate

fertilization in the second year of experimentation.

Table 4.1.6.5 Effect of tillage, FYM and levels of phosphorus on moisture content (cm)
of soil profile (0-45 cin)

At sowi;lg Al harvest
freatment 1989 1990 198y 1990
Tillage
Conventionali 8.26 10.94 6.06 H.58
Disc 8.51 11.45 6.59 9.33
Chisel 8.38 11.26 6.47 9.21
Minimum 8.39 10.98 591 8.98
Zero 8.16 16.17 5.38 8.25
FYM (t ha™)
F, 8.16 10.65 5.70 8.54
F, 8.49 11.27 6.44 9.20
Phosphorus levels (kg P ha™)
P, 8.33 10.68 5.86 8.63
P, 8.34 10.94 6.09 8.87

P26 8.35 11.26 6.29 9.11
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4.1.6b At harvest

Tillage : Perusal of data on soil moisture content in the samples drawn at harvest (Table
4.1.6) revealed that when compared with zero tillage treatment various tillage treatments
recorded significantly higher moisture content in afl the three layers of soil examined during
both the years of investigation. Funther, disc ploughing treatment recorded the highest
moisture content except the sample drawn from deeper layer (30-45 cmy) in the first year and
from ail the three layers in the second year when compared with chisel ploughing treatment,
where the two values recorded remained statistically at par, like the soil moisture content in
the sample drawn at sowing the moisture content examined at harvest after second year of
experimentation also show a higher value as compared to the value recorded for the samples

drawn after the harvest of crop in the first year.

FYM : InZcorporation of farmyard manure at 10 tons ha’ significantly increased the soil
motsture content in all the three soil layers examined at harvest during both the years of

experimentation.

Phosphorus : Examination of data on soil moisture content in the soil sample drawn at
harvest revealed that with a consequent increase in level of phosphate applicd distinctly
increase in soil moisture content has occurred however, significance of such increase was
apparent in all the three layemexamined during first year of experimentation and in deeper
layer samples drawn during second year of experimentation. Further, phosphate fertilization
at 26 kg ha'' has also recorded a significant increase over no-phosphate application in the
samples drawn from surface and subsurface layer at harvest of the crop in the second year

of experimentation,

Interaction effect of tillage and FYM on soil moisture content :

A perusal of data on interaction between tillage treatment and farmyard manuring {(Table

4.1.6.6) revealed that when compared with zero tillage treatment application of farmyard
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manuring as well as various tillage treatments with or without farmyard manuring resulted
in a significant increase in the moisture content of the soil in surface and subsurface soil ayer
at the harvest of crop in the [irst year of experimentation. Further, the stgnificantly highest
value of soil moisture content was recorded from the plot receiving disc ploughing treatment
in conjunction with farmyard manuring. The magnitude of difference in soil moisture
recorded over that of minimum value (zero tiflage with no-FYM) was in the tune of 44,3 and
53.2 per cent in surface and subsurface soil layer respectively. The moisture content in the
plot receiving chisel treatment in conjunction with FYM was the second highest and the
magnitude of increase recorded over the minimum value in the two soil layer under reference

was in the tune of 30.1 and 47.2 per cent respectively.

4.1.6.6 Interaction effect of tillage and FYM on per cent soil moisture content
(volume basis) at harvest (1989)

Tillage— Conven- Disc Chisel Minimum Zero

FYM (t ha'h| tional

e y U-l.s
Fo 9.45 10.39 10.10 9.75 8.85
Fio 10.77 12,77 11.51 11.13 10.11

15-30

F, 12.10 12.84 12.11 11.63 10.05
Fio 13.59 15.40 14.79 13.06 11.34
Soail depths (cm) 0-15 15-30
SEm=* 0.170 0.170

C.D. 5% 0.479 (.480
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Interaction effect of FYM and levels of phosphorus on soil moisture content :

It is apparent from the data on interaction between FYM and phosphate fertilization (Table
4.1.6.7) that application of farmyard manure as well as phosphate tertilization has
significantly increased the moisture content in deeper layer of the soil when examined after
the harvest of crop in first year. However, the response to phosphate fertilization was only
upto 13 kg ha™' where no-FYM was applied as against the response observed to the phos-

phorus application upto 26 kg P ha™ under situations where farmyard manuring was done.

Table 4.1.6.7 Interaction effect of FYM and levels of phosphorus on per cent soil
moisture content (volume basis) at harvest (1989)

P levels (kg P ha')

FYM (t ha) ' -
P, P. P,,
30-45 ¢cm
F, 16.17 16.82 16.90
Fio 17.23 | 17.87 19.17
SEm =+ 0.215

CD. 5% ().604

Moisture Content in Soil Profile ;

Perusal of data on moisture content in soil profile (0-45) revealed that (Table 4.1.6.5) Fig.
4.8 the treatment receiving dise ploughing recorded the highest level of residual soil moisture
left in the soil after the harvest of the crop in the two years of experimentation. Disc
ploughing was followed by chisel ploughing in retaining the moisture content in the profile
at harvest. Like that at sowing minimum residual moisture content was apparent from the plot
receiving zero tillage treatment. Further, the farmyard manuri ng and phosphate tertilization
have definitely improved the residual moisture level leltin the soil profile after the harvest

of the crop during both the years of investigation.
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4.2 Physico-Chemical Properties of the Soil
4.2.1 Soil pH

Data on soil pH as influenced by various treatments are presented in Table 4.2 and analysis

of variance appended in appendix II.

Table 4.2 Effect of tillage, FYM and levels of phosphorus on pll and electrical
conductivity of the soil

Treatment pH N EC (.dSrn")
Tillage -
Conventional 7.31 0.13
Disc 7.30 0.14
Chisel 7.30 0.15
Minimum 7.31 (15
Zero 7.30 0.14
SEm* 0.01 1 0.010
C.D. 5% NS NS
FYM (t ba™)

F, 7.33 0.15

Fia 7.2% (.15

S Em # 0.007 (.005
C.D. 5% 0.019 NS
Phosphorus levels (kg P ha™)

P, 7.32 0,13

P, 7.30 0.14
P26 7.29 (116
SEmz (LI 0.0006

(.022 0016
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Tillage : It is obvious from data on pH of the soil that different tillage treatments did not

affect this parameter to any significant level and the values of soil pH ranged between 7.30

to 7.31 under different set of tillage operations.

FYM : Data on soil pH when compared with no-FYM treatment, inZcorporation of farmyard
manure at 10 tons ha" had significantly decreased the pH of the soil, though the difference

in two values recorded was hardly of 0.05 unit.

Phosphorus : Like FYM, phosphate tertilization has also decreased the pH of the soil under
study, however, the significance of such changes in pH value was only apparent when the
values observed under the plots receiving no-phosphorus treatment was compared with the

plots receiving the highest level of P application (26 kg P ha™).

4.2.2 Electrical.cmlductivity of the suil

Data on Electrical conductivity of the soil as intluenced by different treatments are presented

in Table 4.2 and their analysis of variance appemnded in appendix 11

Tillage : An examination of the data from Table 4.2 indicate that different tillage treatments

have no any significant effect on electrical conductivity of the soil.

FYM: Like tillage treaiment the incorporation of FYM in the soil also had no any
significant effect on the electrical conductivity of soil measured alter two years of

experimentation.

Phosphorus : Unlike tillage and FYM treatments application of phosphorus af 26 kg P ha
level significantly increased the electrical conductivity of the soil when compared with

phosphate fertilization upto 13 kg P ha.
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Interaction effect of tillage and levels of phosphorus on electrical condnctivity of the soil:

An over all examination of data on interaction between tillage treatments and phosphate
fertilization (Table 4.2.2.1) indicated that the lowest value of electrical conductivity was
observed under zero tillage treatment with no phosphorus fertilization. Though treatment
receiving chisel ploughing in conjunction with 26 kg P ha'' level of phosphorus fertilization
resulted in the highest value of electrical conductivity, however, there was no definite

trend with phosphate fertilization in conjunction with various tillage treatments.

Table 4.2.2.1 Interaction effect of tillage and levels of phosphorus on electrical
conductivity (dSm™} of the soil

Tillage— Conven- Disc Chisel Minimum Zero
P levels (kg P ha)| tional

P, 0.15 0.12 0.14 0.16 0.09

P, 0.13 0.14 0.11 0.15 0.17
Py 0.12 0.16 0.21 0.15 0.15
S Em 0.012
C.D. 5% 0.023

Interaction effect of FYM and levels of phosphorus on electrical conductivity of the soil:

It is evident from the data presented in Table 4.2.2.2 that the minimum electrical conductivity
value was observed in treatment combination where no-FYM and no-phosphorus was applied.
Application of phosphorus under no-FYM treated plots significantly increased the electrical
conductivity of the soil. Though sole application of FYM has also significantly increased the
electrical conductivity of the soil but when applicd in conjunction with phosphatic tentilizer

a definite decrease in electrical conductivity of the soil has occurred.
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Table 4.2.2.2 Interaction effect of FYM and levels of phosphorus on EC (dSm™) of the

soil
FYM (t ha') - . Plevels (kg P by |
L R Pas
F, 0.12 0.15 0.17
Fio 0.15 0.13 0.14
SEm =+ 0.008

0.023

4.3  Chemical Properties of the Soil ;

Data on organic carbon, available soil phosphorus and available soil potassium status of the
soil as influenced by different treatments are presented in Table 4.3 and their analysis of

variance appended in appendix 1V.

4.3.1 Organic carbon content of the soil

Tillage : A critical look on data (Table 4.3) on organic carbon content of the soil indicated
that different tillage treatments had significant effect on the organic carbon content of the
soil. The organic carbon content = - decreased with an increase in the depth of tillage
operation. The minimum value of organic carbon (0.38 %) was recorded in soils of the plot
receiving disc ploughing treatment where the soil was tilled to a maximum level as against
the highest value of organic carbon (0.42%) in soils of the plot receiving zero tillage. The
other tillage treatments viz., conventional ploughing, chisel ploughing and minimum tillage
also recorded significantly higher value of organic carbon when compared with dise

ploughing, though remained statistically at par among cach other.

FYM : Incorporation of farmyard manure at 10 tons ha' significantly increased organic
carbon content of the soil and the extent of increase recorded was in tune of 53.6 per cent

over no-FYM treatment.
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Phosphorus ; Further, examination of the data on organic carbon content of the soil revealed
that phosphate fertilization significantly increased the organic carbon content of the soil,

however, different levels of phosphorus used remained statistically at par in intluencing this

parameter.
Table 4.3 Effect of tillage, FYM and levels of phosphorus on chemical composition
of the soil
Treatment Organic carbon Soil available Soil available
' (%) phosphorus potassium
(kg ha™) (kg ha™
Tillage
Conventional 0.40 18.47 399.50
Disc 0.38 20.85 413.67
Chisel 0.40 19.75 409.50
Minimum 0.40 18.97 403.67
Zero 0.42 17.30 40617
SEm=z 0.005 0.275 207
C.D. 5% 0.016 0.844 NS
FYM (t ba™)
F, 0.32 17.37 401.33
Fyo | 0.49 20.77 411.67
SEm * 0.004 (1.130 1.820
C.D. 5% 0.011 {0.306 5.127
Phosphorus levels (kg P ha™)
P, 0.39 13.40 400,00
P, ' 0.41 20,30 407.00
P26 0.41 23.50 412.50
SEmz* 0.005 0159 2229

C.D. 5%

0.013 ().448 6.280)
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Interaction effect of tillage, FYM and levels of phosphorus on organic carbon content
of svil :

A critical examination of third order interaction between tillage, farmyard manure and
phosphate fertilization (Table 4.3.1.1) revealed that significantly lowest value of organic
carbon was recorded in plot receiving disc ploughing treatment in conjunction with highest
level of phosphorus with FYM application, except the piot receiving no-FYM treatment in
conjunction with conventional and chisel tillage without phosphorus and minimum tillage
with 13 kg P ha' treatment. Further, it is evident that farmyard manuring ingeneral have
significantly improved the organic carbon status of the soil under all the tillage operations
over no-FYM treatment, though phosphate application under farmyard manuring have shown
no definite trend but a higher value of organic carbon was recorded under conventional,
disc and minimum tillage treatments. The highest value ol organic carbon (0.53 %) was
recorded in plot receiving farmyard manuring with zero tillage treatment, which was followed

by minimum, zero and conventional tillage with phosphate application upto 13 kg PP ha'.

Table 4.3.1.1 Interaction eflect of tillage, FYM and levels of phosphorus on erganic
carbon content of the soil (per cent)

FYM (t ha™)

. T i
Tillage o P levels (kg P ha")

Po_ Pa PR P Pas
Cnnw_:nlinnal 0.28 (.34 0.33 (.46 .51 (.51
Disc 0.34 0.31 0.27 0.43 0.45 0.50
Chisel 0.30 0.34 .32 ().49 045 0.50
Minimum 0.31 .30 0.34 0.45 0.52 (.50
Zero 0.32 (.33 0.34 (.53 (.52 {1.49
SEm# 0.015

C.D. 5% 0.041
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4.3.2  Soil Available Phosphorus :

Tillage : A perusal of data in (Table 4.3} revealed that all the tillage treatments significantly
increased the available phosphorus status of the soil when compared with phosphorus
status observed in the plot receiving zero tillage treatment. Among the different tillage
treatment disc ploughing was found to be the best where the soil available phosphorus status
recorded was in the tune of 20.85 kg P ha™* (maximum ) as against 17.30 and 18.47 kg P ha
recorded for the soils of the plots receiving zero and conventional tillage treatment,
respectively. Further, the treatment disc ploughing was followed by chisel ploughing and
minimum tillage treatments in influencing the available soil phosphorus status, where the
respective values recorded were 19.75 and 18.97 kg P ha''. The magnitude of increase in soil
available phosphorus due to disc ploughing, chisel ploughing and minimum tillage was of the

order 20.5, 14.2 and 9.6 per cent respectively over zero liltage treatment.

FYM : Incorporation of farmyard manure at 10 tons ha' significantly increased the available
phosphorus status of the soil by 3.4 kg P ha” over no-FYM treatment and the extent of

increase recorded was in tune of 19.57 per cent.

Phosphorus : 1t is apparent from data presented in Table 4.3 that phosphate fertitization had
also significantly atfected the available phosphorus status of the soil. Phosphorus applied
at 26 and 13 kg P ha'' significantly increased the soil available phosphorus by 10.10 and 6.9
kg P ha' over no-phosphorus treatment. The corresponding increases recorded were of the

order 75.37 and 51.49 per cent over no-phosphorus application.

Interaction effect of tillage and FYM on soil available phosphorus :

Perusal of data on interaction between tillage treatments and incorporation ol farmyard
manure (Table 4.3.2.1) revealed that significantly higher values of soil available phosphorus

were recorded under the treatment receiving disc and chisel ploughing in conjunction with
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farmyard manuring. Further, application of FYM significantly increased the available
phosphorus content of the soil irrespective of the tillage treatment examined (Fig. 4.9). The
disc ‘ploughing proved (o be definitely superior over rest of other tllage treatment as s
evident from the higher leveldsoil available phosphorus recorded even under no-FYM
treatment. However, treatment receiving zero tillage without farmyard manuring recorded

significantly lowest value of soil available phosphorus.

Table 4.3.2.1 Interaction effect of tillage and FYM on soil available phosphorus (kg ha™)

Tillage— Conven- Disc Chisel Minimum Zero

FYM (t ha')} tional

F, 17.17 18.90 17.43 17.67 15.67
Fyo 19.77 22.80 22,07 2027 18.93
SEm * (3.290

CD. 5% 0.817

Interaction effect of tillage, FYM and levels of phosphorus on soil available phosphorus:

Perusal of data on third order interaction between tillage treatment, Tarmyard manare and
phosphate fertilization (Table 4.3.2.2) revealed that plot receiving disc ploughing in
conjunction with farmyard manuring and phosphate fertilization at 26 kg P ha''  have
recorded significantly higher values of soil available phosphorus (27 kg P ha™) as compared
to all other treatment combinations except the plot receiving chisel ploughing under the same
set of treatment combination, which remained statistically at par with disc ploughing. Further,
there was an improvement in soil available phosphorus with the application of FYM and a
subsequent increase in phosphate fertilization whether applied alone or in combination under
all the tillage treatments. However, a signiticantly higher value of soil available phosphorus
was recorded when phosphate was applied in conjunction with farmyard manuring under afl

the tillage treatments.
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Table 4.3.2.2 Interaction effect of tillage, FYM and levels of phosphorus on soil
available phosphorus (kg ha™)

FYM (t ha™

) v . ) Fo
i‘iflagc P levels (kg P h;ll o
B P P R P

Conventional 11.70 18.80 21.00 13.90 21.40 24.00
Disc 12.40 19.80 24.50 18.00 23.40 27.00
Chisel 12.00 18.80 21.50 16.80 23.40 26.00
Minimum 12.20 18.30 22.50 14.90 21.90 24.00
Zero 10.70 16.30 20.00 11.40 20090 24.50)
SEm* 0.502

C.D. 5% 1414

4.3.3  Soil Available Potassiwmn :

Tillage : An examination of data (Table 4.3) on soil available potassium status indicated that,
different titlage treatments did not influence the available potassium status of the soil,
however, the value of soil available potassium recorded under different tillage treatments

ranged between 399.50 to 413.7 kg ha™'.

FYM : Incorporation of farmyard manuring at 10 tons ha significantly increased the
available potassium status of the soil as compared to no-FYM treatment. The value recorded
of available potassium in FYM treated plot was 411.7 kg K ha ' as against 401.3 kg K ha'
in no-FYM treated plot.

Phosphorus : Like that of FYM, phospliorus fertilization had also significantly increased the

level of available potassium in the soil. Phosphorus applied at 13 and 26 kg P ha * increased
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the potassium status of the soil by 7.0 and 12.5 kg K ha' over no-phosphorus treatment.
However, the available potassium of the soil recorded from the soil of the plots receiving 13

and 26 kg P ha' remained statistically at par.
Interaction effect of tillage and FYM on soil available polassivm :

A critical examination of data on interaction between tillage treatments and Garmyard
manuring on available potassium status (Table 4.3.3. I) of the soil revealed that though highest
value of soil available potassium was recorded in the plot receiving disc ploughing in
conjunction with farmyard manuring, but the value remained statistically at par with those
recorded from the plots receiving minimum, chisel and zero tillage with FYM treatment and
disc ploughing in conjunction with no-FYM treatment. Further, incorporation of tarmyard
manure though definitely increased the soil potassium status under disc, chisel, minimum and
zero tillage treatments but , the differences recorded were only statistically significant for the

last two tillage treatments.

4.3.3.1 Interaction effect of tillage and FYM on soil available potassium (kg ha')
q."-l“illage—r“ Conven- . Dis_c Chisel Minimum Zero
FYM (t ha')} tional
F, _ 40167 40833 405.00 391.67 400,00
Fio 397.33 419.00 414.00 415.67 412.33
SEm#* 4.070

11.465




84
4.4 Crop Yield :

4.4.1 Sorghum

Data on grain and stover yield of sorghum are presented in Table 4.4.1 and their analysis of

variance appended in appendix V.

Tillage : Perusal of data on grain and stover yield of sorghum reveated that tillage treatments
had significant effect on grain and stover yields of sorghum during both the years of research
except stover yield during 1990. The various tillage practices, disc ploughing, ploughing with
chiseller as well as minimum and conventional tillage during both the years recorded
significantly higher grain yield over zero tillage. Mean data for the two consecutive years
show that ploughing with disc gave the highest grain yield of 2873 g ha' which was
followed by chiseller (28.67 g ha), minimum tillage (28.51 q ha™) and conventional practice
(28.11 q ha"y. The corresponding magnitude ol increases recorded over zero tllage were in
the tune of 12.31, 12.08, 11.45 and 9.89 per cent. Like grain yield in sorghum the stover
yield also dictated the similar trend in the yield responses under different iill:lgc treatmenis
examined. However, responses were statistically significant only for the year 1989, The
highest stover yield of 119.44 ¢ ha was recorded under disc ploughing which was {ollowed
by minimum tillage (117.25 q ha'), chisel ploughing (116.95 q ha™) and conventional tiflage
(113.80 q ha'). Yield under these treatment were signiticantly higher over zero tillage
treatment where minimum, stover yield of 94.06 q ha' was recorded in Khartf, 1989, Further,
it is evident from mean stover yield that the highest yield of 98.10 q ha'' was recorded from
the ph‘rrccciving treatment of disc ploughing which was followed by chisel, minimum and
conventional tillage treatments where the respective yield recorded were 95.98, 95.40 and
94.25 g ha''. These mean stover yields were distinctly higher than the stover yield recorded

under the plot receiving zero tillage 83.54 ¢ ha''.

FYM : Incorporation of farmyard manuring at 10 tons ha™' signiticantly increased the geain

and stover yields of sorghum during both 1989 and 1990 (Table 4.4.1). The per cent increase
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in grain and stover yield recorded was 13.49 and 9.84 and 9.05 and 7.51 in the year 1989 and

1990 respectively. Further, the magnitude of increase in mean stover yields for the two years

recorded was of the order 11.48 per cent Tor grain and 8.43 per cent tor stover.

Table 4.4.1 Eftect of tillage, FYM and levels of plumpliorus on sorghum yield (g ha™)

Grain

Treatment — o s

1989 1990 Mean 1989
Tillage
Conventional 25.54 30.68 28.11 113.80
Disc 26.28 31.18 28.73 119.44
Chisel 26.19 31.16 28.67 11695
Minimum 26.04 30.98 28.51 117.25
Zero 22.68 28.48 25.58 94.06
SEm* 0.619 0.278 3.670
C.D. 5% 1.905 0.857 11.305
FYM (t ha'')
F, 23.75 29.00 26.40 107.44
Fo 26.94 31.92 29.43 117.16
SEm % 0.479 0.357 1.935
C.D. 5% 1.352 1.005 5.448
Phosphorus levels (kg P ha™')
P, : 23.60 29.05 26.32 110.96
P, 26.92 31.72 29.32 111.76
P26 25.52 3071 28.11 114.18
SEm= 0.587 (0.437 2.36Y
C.D. 5% 1.652 1.228 NS

13.35

C.V (%) 14.66

9.00

Stover

1990 Mean
74.71 94.25
76.76 98.10
75.02 95.98
73.55 95.40
73.02 K3.54
2.033
NS
71.91 89.67
7731 97.23
1.303
3.671
73.25 42,10
74.93 93.34
75.67 94.92
1.596
NS
13.53
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Phosphorus : Application of phosphorus definitely improved the grain as well as stover yield
of sorghum, though the differences recorded were statistically significant for grain yield only
during both the years of investigation. Application of 13 kg P ha' recorded a signiticant
increase in grain yield over no phosphorus treatment and the differences recorded were in the
tune of 14.07 and 9.19 for 1989 and 1990. However, phosphate fertilization of sorghum
beyond 13 kg P ha remained in effective in boosting up of the yield during both the years.
On reviewing the mean grain yield of sorghum, P fertilization at 13 and 26 kg p ha”' recorded

an increase of 11.4 and 6.8 per cent over no-phosphate fertilization.

The mean data for two years indicate that the highest stover yield of 94.92 q ha'' was
recorded in plots receiving 26 kg P ha' as against 92.10 ¢ ha' recorded trom the plot

receiving no-phosphorus treatment.
44.2 Green gram

The data on seed and stover yield of green gram as inlluenced by various treatments under

study are presented in Table 4.4.2 and analysis of variance appended in appendix VI

Tillage : An examination of data in Table 4.4.2 revealed that tillage treatment signiticantly
affected the seed and stover yields of green gram during both the years of investigation. The
highest seed yield of green gram was recorded from plots receiving disce ploughing, which
was followed by chisel ploughing, minimum tillage and conventional practice during both the
years of investigation. Significantly lowest seed yield was recorded in plot receiving zero
titlage treatment when compared with all other tillage teatments examined. The mean data
for two years show that the highest seed yield ol 2.68 ha was recorded trom the plot
receiving disc ploughing which was closely followed by chiseller (2.60 q ha™), minimum
tillage (2.59 ¢ ha') and conventional practice (2.53 g ha'). The magnitude of increase in the
mean seed yield under dise ploughing treatment was 17.03 per cent over the yield recorded

from the plot receiving zero tillage treatments.
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Table 4.4.2 Effect of tillage and levels of phosphorus on green gram yield (g ha™)

Grain

Treatment

1989
Tillage
Conventional 2.205 2.857
Disc 2.362 2.995
Chisel 2271 2.938
Minimum 2.290 2.895
Zero 1.957 2.624
SEm* 0.059 0.072
C.D. 5% 0.181 0219
FYM (t ha')
F, 1.981 2.705
Fpo. 2.457 3.019
SEmt* 0.051 0.089
C.D. 5% 0.143 0.252
Phosphorus levels (kg P ha')
P, 2.038 2.524
P ' 2.295 3.248
P26 2314 2814
SEmz (1063 0.110
C.D. 5% 176 0.309
C.V.(%) 17.91 24.28

2.53
2.68
2.60
2.59
229

2.34
2.74

2.28
2,77
2.56

1940 Mean 1989

8.250
8.470
7.730
7.390
7.280
(1.220
0.681

7.430
8.220
0.124
(1.348

6.870
8390
8.220
0.152
0.428
12.28

Stover

1990

8.780
11.620
8.760)
8.440
7.450
0.324
0.995

8.580
9440
0.253
0.709

7.940
11.260
8.840
0.30%
0871
21.73

Mean

8.51
10.04
8.24
7.91
7.36

8.0
883

7.40
9.32

8.53

Like seed yield, the highest stover yield was also recorded from the plot receiving disc

ploughing treatment which was significantly higher over all other treatments during both the

years except the yield recorded from the plot receiving conventional tilkage during 1989,
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which remained statistically at par with the former. Further, the chisel ploughing and
conventional tillage in Kharif, 1990 also recorded significantly higher yield over zero tillage
treatment. The mean data for two years show that the highest stover yield of 10.04 g ha' was
recorded from the plot receiving disc ploughing treatment which was 36.41 per cent higher

than the yield recorded from the plot receiving zero tillage treatment.

FYM : Incorporation of farmyard manurg  at 10 tons ha™ significantly increased the seed
and stover yields of green gram during both 1989 and 1990. The respective increases in yield
recorded for the two years was 24.03 and 11.61 per cent for seed and 10.63 and 10.02 per

cent for stover as compared to no-FYM treatment.

Phuéphurus : Application of phosphatic fertilizers signiticantly increased the seed and stover
yield of green gram during either year of research. When compared with no-phosphons
application, treatment receiving 13 kg P ha'' resulted in significantly higher seed and stover
yields during both the years. However, application of phosphorus beyond 13 kg P ha'' did not
give any yield response, rather a decrease in these yield parameters was recorded in Khartif,

1990.

The mean data for two years also revealed that application of 13 kg P ha™' resulted in the
highest seed and stover yields of green gram and the magnitude of increase recorded over no-

phosphorus treatment was 21.49 and 25.94 per cent respectively for seed and stover
4.4.3 Sorghum Equivalent Yield :

Data on sorghum equivalent and pooled equivalent yield as influenced by different treatments
under study are presented in Table 4.4.3 and their analysis of variance appended in appendix

VIL.
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Tillage : Perusal of data on sorghum equivalent yield revealed that when compared with zero
tillage, application of different tillage treatments significantly increased the sorghum
equivalent yield during both 1989 and 1990 (Fig. 4.10). The treatment disc and chisel
ploughing gave the highest equivalent yield during 1989 and 1990, respectively. Further, the
yield recorded under these two treatments also remained statistically at par with minimum and
conventional tillage treatments during both the years of investigation. An examination of
pooled data for two consecutive years indicated that the highest sorghum equivalent yield of
34.85 g ha was recorded from the plot receiving disc ploughing treatment which was closcly
followed by chisel, minimum and conventional tillage treatment where the equivalent yields
of 34.75, 34.56 and 34.07 g ha' were recorded which were statistically at par. The pooled
equivalent yields recorded under these treatments were significantly higher than those
recorded from the plot receiving zero tillage treatment. The respective increase in pooled
sorghum equivalent yield recorded over zero tillage were 12.71, 12.39, 11.77 and 10.19 per

cent under disc, chisel, minimum and conventional tillage treatments applied.

FYM : Incorporation of farmyard manuring at 10 tons ha' significantly increased the
sorghum equivalent yield during either year of investigation and pooled as well. The per cent
increases recorded were in the tune of 15.16 and 10.30 and 12.46 for 1989 and 1990 and

pooled respectively.

Phosphorus : 1t is further evident from the data that phosphorus fertilization has significantly
increased sorghum equivalent yield during both the years of rescarch. However, increasing
response was only apparent upto 13 kg P ha! level of application. Application of phosphorus
beyond 13 kg P ha' rather decreased the sorghum equivalent yield during both years when
compared with lower level of P applied. The pooled data recorded over two years of
experimentation for the treatment receiving 13 kg P ha' was 12.95 per cent higher than the

value recorded under no-phosphorus treatiment.
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Table 4.4.3  Effect of tillage, FYM and

yield (g ha™)
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level of phosphorus on sorghum eguivualent

Pooled Sorghum

Treatment 1989

equivalent yield
Tillage -
Conventional 30.68 3747 34.07
Disc 31.79 37.91 34.85
Chisel 31.49 38.02 34.75
Minimum 31.38 37.74 34.56
Zero 27.25 34.60 30092
S Em * 0.539 {.368 0.326
CD. 5% 1.659 1.135 0.951
FYM (t ha!)
F, 28.37 35.33 31.85
Fio 32.67 38.97 35.82
SEm=* 0.497 0.429 0.328
CD. 5% 1.401 1.208 0.909
Phosphorus levels (kg P ha™)
p, 28.36 3494 31.65
P 32.28 39.23 35.75
P26 30.92 37.28 34.10
SEmz* (.609 0.525 0.402
C.D. 5% 1.717 1.479 1.114

C.V. (%) 12.63

8.94
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4.4.4 Effect on root growth

-
-

Root density and root dry weight :

Perusal of data on root density and of root dry weight of sorghum as influenced by ditferent
tillage treatments (Table 4.4.4) revealed that tillage treatments recorded a definite variations
in these two root parameters examined. The highest root mean density (1.23 g/ec) and mean
dry weight (16.86 g/plant) was recorded from the plot receiving disc ploughing treatment
which was closely followed by the plots receiving chisel ploughing and minimum tillage
where a mean value of 0.98 and 0.90 g/cc and 14.89 and 13.43 g/plant were recorded for the
root density and root dry weight, respectively. A further, evaluation of data indicated that the
respective increase in the mean value recorded under the treatment receiving dise, chisel and
minimum tillage over zero tillage were of the order 70.8, 36.1 and 25.0 per cent for root

density and 45.90, 28.8 and 16.2 per cent for root dry weight.

Table 4.4.4  Effect of tillage _ on root growth of
sorghum
Root density/plant g /fec Root dry weight/plant (g, )

Trealmﬂnt _— e —— - .

: 1989 1990 Mean 1989 1990 Mean
Tillage
Conventional (.85 (.82 0.83 13.35 12.31 12.83
Disc 1.19 1.27 1.23 17.77 15.95 16.86
Chisel 0.98 0.98 0.98 17.35 12.43 14.89
Minimum 0.96 0.85 0.90 14.50 12.36 13.43

Zero 0.72 0.73 0.72 12.39 10.73 11.56
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4.5 Uptake Studies :

4.5.1 Uptake of nitrogen by sbrghum :

Data on uptake of nitrogen through grain, stover and total harvest by sorghum are presented

in Table 4.5.1 and their analysis of variance appended in appendix VIIi.

(a) Grain :

Tillage : 1t is apparent from the data that various tillage treatments have signiticant eflect on
nitrogen uptake by sorghum grain during either year of research. The maximum uptake of
nitrogen by grain was recorded in disc ploughing plot which was statistically significant over
minimum, conventional and zero tillage treatments. However, the N-uptake recorded by grain
from the plot receiving chisel ploughing remained statistically at par during both the years
of investigation. The treatment disc and chisel ploughing were compared with zero tillage
recorded on increase in nitrogen uptake through grain by 34.5 and 26.2 per cent in 1989 and
16.6 and 14.2 per cent in 1990. Further, examination of data revealed that minimum tillage
and conventional tillage treatments also resulted in significant increase in nitrogen uptake
over zero tillage during either year of research, however, uptake recorded under these (wo

tillage treatments did not differ  significantly.

FYM : Incorporation of farmyard manurg  significantly increased the uptake of nitrogen
through grain during both the years. Application of FYM at 10 ton ha™ increased the nitrogen
uptake by 24.0 and 19.6 per cent over no-FYM treatment during 1989 and 1990 respectively.

Phosphorus : Examination of data from Table 4.5.1 revealed, that phosphorus fertilization
had significantly affected the nitrogen uptake through grain during either year of research.
The phosphorus treatment at 13 kg P ha' level significantly increased the nitrogen uptake by
22.09 and 18.02 per cent during 1989 and 1990, respectively over no-phosphorus treatment.
However, the uptake of nitrogen recorded under plot receiving 26 kg p ha' remained
statistically at par with the value recorded for the treatment receiving at 13 kg P ha™ during

both the years of examination.
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Table 4.5.1 Effect of tillage, FYM and levels of phosphorus on nitrogen uptake
(kg ha™) by sorghum

Treatment 198.‘-)_ - - B 1990)

) ) G'rain Stover Total Grain Stover Total
Tillage S |
Conventional 32.302 42.276 74579 40974 30.250 71.230
Disc 35423 47418 82.841 43219 31.044 74.203
Chisel 33.233 43.848 77081  42.345 29.943 72.287
Minimum 30.799 4().789 71.589  40.629 2K.502 ONRY
Zero 26.337 31.944 58281  37.077 27.838 64.9106
SEm % ' 0.786 1.423 1.634 0.469 0.837 L1i6
CD. 5% 2422 4.382 5.032 1.446 NS 3.438
FYM (t ha')

F, 28.234 35.147 63.381 37.196 26.385 63.581
Fio 35.004 47.363 #2.367 44501 32.648 77.150
SEmz 0.600 0.748 0.6491 0.521 0.555 (.748
C.D. 5% 1.691 ~ 2.107 2511 " 1.4068 1.563 2.106

Phosphorus levels (kg P ha™)

P, 27.471 36.934 64.405  36.509 27.027 63.536
P,, 33.593 41.925 75.518  43.090 30227 73.318
P26 33.793 44906 78.699 42947 31.296 74.243
SEm= 0.735 0.916 1.092 0.638 (0.680 L9106

1.915 2.579

CD. 5% 2.071 2.580 3.075 1.799

Interaction effect of tillage and FYM on nitrogen uptake by sorgshum grain (1990):

Perusal of data on interaction between tillage treatments and tarmyard manuring on uptake

of nitrogen by sorghum grain during 1990 (Table 4.5.1.1) revealed that application of
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farmyard manure has significantly increased the uptake of nitrogen under all the tillage
treatments. However, the difference in uptake recorded under minimum tillage treatment was
statistically not significant. Further, the highest value of nitrogen uptake (47.94 kg ha'y was
recorded under the plot receiving chisel ploughing, which was closely followed and remained
statistically at par with the uptake recorded from the plot receiving disc ploughing, (47.31 kg
ha™) both in conjunction with farmyard manu ring. The uptake of nitrogen recorded under plot
receiving chisel treatment was significantly higher than the value recorded under
conventional, minimum and zero tillage treatment, all under the set of treatments receiving
farm yard manuring. Significantly lowest value of N-uptake (32.99 kg ha') was recorded
from the plot receiving zero tillage with no-FYM treatment. However, the uptake recorded
under the plots receiving disc, chisel, minimum and conventional tillage under no-FYM

treatment remained statistically at par.

Table 4.5.1.1 Interaction effect of tillage and FYM on nitrogen uptake (kg ha™ by
sorghum grain (1990)

| Tillag;:;' Conv-t.:n.- Disc Chisel Mintmum Zero
FYM (1 ha)} tional

_FU - 3.'-}'.;6_._ | 39.“] 3. | 36.75 39.65 32.99
Fio 44.49 47.31 4794 41.60 41147
SEm# 1.166

3.284

(b) Stover :

Tillage : A perusal of data on uptake of nitrogen (Table 4.5.1) revealed that when compared
with zero tillage, various tillage treatments though increased the uptake of nitrogen by
sorghum stover but the differences recorded were statistically significant for the sorghum
stover harvested during 1989, The maximum nitrogen uptake, by sorghum stover recorded
in plot receiving disc ploughing, which was significantly higher than the value recorded under

the plots receiving conventional, minimum and zero tillage treatments in the year 1989,
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However, the uptake recorded from the piot receiving chisel ploughing treatment closely
followed the value recorded under disc ploughing as well as remained statistically at par with
the data recorded for the treatment receiving conventional and minimum tillage. The treatment
disc ploughing and chisel ploughing when compared with zero tillage recorded an increase
in nitrogen uptake through stover by 48.44 and 37.26 per cent. Further, examination of data
revealed that conventional and minimum tillage treatment also resulted in significant increase
in nitrogen uptake over zero tillage. On the other hand in the year 1990 though the
differences recorded for the nitrogen uptake by stover were statistically not signiticant but the
highest value of nitrogen uptake was also observed under the treatment where ploughing was
done with disc plough. When compared with zero tilage treatment disc ploughing has

recorded an increase in the nitrogen uptake through stover by 11.52 per cent.

FYM : [ncorporation of farmyard manure increased the uptake of mitrogen through stover and
the differences recorded were statistically signilicant for both (he years of investigation,
Application of farmyard manure at 10 tons ha” increased the nitrogen uptake by 34.76 and

23.74 per cent over no-FYM treatment during 1989 and 1990, respectively,

Phosphorus : A critical look on data from Table 4.5.1 revealed that phosphorus fertilization
had a significant effect on nitrogen uptake through stover during both the yoears of wesearch,
The phosphorus treatment at 26 kg P ha'' level signiticantly increased the nitrogen uptake by
21.58 and 15.79 per cent during 1989 and 1990 when compared with no-phosphorus
treatment. It is further evident from the data that a subsequent increases in the phosphate
level used under study resulted in a consecutive increase in the nitrogen uptiake by stover,
though the differences in uptake under two levels of phosphate used were statistically not

significant in Khartf 1990,

Interaction effect of tillage and FYM on nitrogen uptake by sorghum stover (1990):

It is apparent from the data on'interaction between lillage treatment and farmyard manuring

on nitrogen uptake by sorghum stover (Table 4.5.1.2) that application of farmyard manure
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though resulted in an increase in nitrogen uptake under all the tillage treatments but the
differences recorded over no-FYM treatment were statistically significant for chisel ploughing,
disc ploughing and minimum tillage only. The increase in nitrogen uptake recorded under the
above referred three tillage treatments remained statistically at par but the value recorded
from the plot receiving chisel ploughing was significantly higher than the value recorded ,
under the plot receiving conventional and zero tillage even when accompanied with tarmyard
manuring. However, the uptake value recorded under no-FYM treatment lor conventional,
disc and zero tillage treatments were signi ficantly higher than those recorded from the plot

receiving chisel and minimum tillage.

4.5.1.2 Interaction effect of tillage and FYM on nitrogen uptake (kg ha™) by
sorghum stover (1990)

Tillage—» Conven- Disc Chisel Mintmum -Lero

FYM (t ha')} tional

F, 29.42 27.83 23.45 23.80 27.44
F, 31.10 34.26 36.44 33.21 28.24
S Em + 1.241

Interaction effect of tillage and levels of phosphorus on nitrogen uptake by sorghum
stover (1989 & 1990):

An examination of data on nitrogen uptake as influenced by the interaction between tillage
and phosphate fertilization (Table 4.5.1.3) revealed that phosphate fertilization has definitely
increased the nitrogen uptake by sorghum stover during both the years of investigation. The
maximum value of nitrogen uptake was recorded from the plot receiving phosphorus at 26

kg P ha in conjunction with disc ploughing in 1989 and conventional lillage in 1990.
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The nitrogen uptake by sorghum stover recorded at highest level of phosphorus apptication
under disc ploughing during 1989 were statistically at par, although the value recorded under
disc ploughing treatment was significantly higher than the value observed for rest of all other
treatment combinations. A critical examination of data on above interaction during 1990
revealed that when compared with no-phosphorus  treatment under respective lillzlgc;
application of phosphorus at 26 kg P ha" recorded significantly higher uptake of nitrogen

under the plots receiving conventional chisel and minimum tillage treatment.

The nitrogen uptake recorded under the treatment combination receiving conventional tillage
and phosphorus at 26 kg P ha" recorded a significantly higher uptake than the plots receiving
phosphorus at 13 kg P ha in conjunction with minimum titlage and even upto 26 kg P ha

in conjunction with zero tillage.

Table 4.5.1.3 Interuction effect of tillage and levels of phosphorus on nitrogen uptake
(kg ha™ by sorghum stover

Tillage— Conven- Disc | Chisel Minimum Zero
P levels (kg P ha')} tional
1989
P, 37.10 43.33 3598 38.13 30.13
P, 40.00 46.28 46.02 43.14 34 18
Py 49.72 52.64 49.55 41.10 31.52
1990
P, 25.11 30.02 2586 25.21 28.93
. 31.76 30.75 32.76 29.41 26.45
2 33.90 32.36 31.20 30.88 2813
Year 1989 1990
SEm * 2.048 1.520

5.770 4.282
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Interaction effect of FYM and levels of phosphorus on nitrogen uptake by sorghum
stover (1989):

Perusal of data on nitrogen uptake by sorghum stover in 1989 as influenced by interaction
between farmyard manuring and phosphate fertilization (Table 4.5.1.4) revealed that
significantly lowest value (28.69 kg ha') was recorded from the treatment combination
receiving no-FYM and no-phosphate treatment indicating that farmyard manuring as well as
phosphate fertilization has significantly increased the nitrogen uptake by sorghum stover, A
subsequent increase in phosphate fertilization upto 26 kg P ha”! under the situations where
no-FYM was given has significantly increased the nitrogen uptake by sorghum stover.
However, in situation where farmyard manuring was practised the uptake recorded under the
two levels of phosphate used remained statistically at par, though the highest value of
nitrogen uptake (49.36 kg ha' ) was apparent in plot receiving the highest level of

phosphorus.

Table 4.5.1.4 Interaction effect of FYM and levels of phosphorus on nitrogen uptake
(kg ha'} by sorghum stover (1989)

P levels (kg P ha'')

FYM (t ha') - o

PD P13 Pze
Fo 28.69 36.31 40.45
Fyo 45.18 47.54 49.36
SEm # 1.295
C.D. (%) 3.649

{c) Total Uptake :
Tillage : An examination of data on total uptake of nitrogen (Table 4.5.1) revealed that
various tillage treatments have signiticant effect on cumulative nitrogen uptake by sorghum

during both 1989 and 1990. The maximum nitrogen uptake was recorded from the harvest
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received from disc ploughed plot which was statistically significant over the value recorded
for rest of all other tillage treatments in 1989, and minimum and zero tillage treatments in
1990. The total nitrogen uptake recorded in the harvest from the plot receiving disc ploughing
was closely followed by the value recorded from the plot receiving chisel ploughing which
was though distinctly higher than the value recorded under the plot receiving minimum tillage
but significance was observed only during 1989. Further, the total uptake of nitrogen recorded
from the plot receiving chisel ploughing and conventional tillage though remained statistically
at par but were significantly higher than the value recorded from the plot receiving zero
tillage treatment during both the years of investigation. Further, the total uptake of nitrogen
during both the years recorded from the plot receiving minimum tillage treatment also
remained statistically higher when compared with the value recorded from zero tillage
treatment, but was at par with the values recorded from the plots receiving conventional
tillage treatment. Disc ploughing when compared with zero tillage treatment recorded an
increase in total n.itrugcn uptake through sorghum by 42.14 and 14.40 per cent in 1989 and
1990. The magnitude of increase recorded for the total uptake of nitrogen under chisel
ploughing when cmnparc':d with zero tillage was of the order of 32.26 and 11.35 per cent

during 1989 and 1990.

FYM : Incorporation of farmyard manure significantly increased the total uptake of nitrogen
through sorghum during either year of research. Application of FYM at 10 tons ha'' increased
the nitrogen uptake by 29.95 and 21.34 per cent over no-FYM treatment during 1989 and

1990 respectively.

Phosphorus : An examination of data from Tabie 4.5.1 revealed that phosphate fertilization
had a significant effect on the total nitrogen uptake by sorghum during either year of study.
The phosphorus treatment at 26 kg P ha' level recorded the maximum, uptake and the
magnitude of increase recorded over no-phosphorus treatment was statistically significant and
was of the order 22.19 and 16.85 per cent during 1989 and 1990. A subsequent increase in

phasphate levels though resulted in a consecutive increase in the total uptake of nitrogen by
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sorghum, however, the significance in dilference abscrved tor the two fevels of phosphorus

used was only apparent in Kharif 1989,

Interaction effect of tillage and FYM on total nitrogen uptake by sorghum (1989 &
1990):

An examination of data on interaction between tillage and farmyard manuring on total
nitrogen uptake by sorghum (Table 4.5.1.5) revealed that farmyard manuring has significantly
increased the total nitrogen uptake by sorghum under all the tillage treatments examined
during both the year of investigation. The significantly highest value of 1otal nitrogen uptake
(92.46 kg ha') was observed under the plot receiving disc ploughing in conjunction with
farmyard manuring in Kharif 1989. Tillage treatment receiving chisel ploughing, minimum
and éonvenlional tiltage though remained statistically at par in recording the total nitrogen
uptake by sorghum but were significantly higher when compared with zero tillage, all in
conjunction with farmyard manuring in Kharif 1989. Further, examination of the data on total
nitrogen uptake recorded for Kharif 1990 revealed that maximum value was apparent from
the plot receiving chisel ploughing (84.38 kg ha') and was closely followed by the uptake
value recorded from the plot recetving disc ploughing (81.57 kg ha'*) both in conjunction with
farmyard manuring. The total nitrogen uptake recorded under these two  treatment
combinations were statistically significant over rest of other treatment combinations
examined. The plol receiving conventional and  minimum titlage have also recorded a
significantly higher total nitrogen uptake over zero tillage treatment, all when practised in

conjunction with farmyard manuring,.

Interaction effect of tillage and levels of plhosphorus on total nitrogen uptake by

sorghum (1989) :

Perusal of data on interaction between tillage treatment and phosphate fertilization on total
nitrogen uptake by sorghum (Table 4.5.1.6) indicate that phosphorus fertilization up to 13 kg

P ha' has significantly increased the total nitrogen uptake by sorghum under all the tillage



102

treatment examined. Application of phosphorus beyond 13 kg P ha! has only responded under
the tillage treatments receiving disc ploughing and conventional tillage. 1lowever,
significantly highest (92.28 kg ha™) value of tota) nitrogen uptake was recorded from the plot
receiving disc ploughing in conjunction with phosphorus fertilization at 26 kg p ha. Further,
conventional tillage when practiced in conjunction with 26 kg P ha' level of phosphate
application also recorded a signiticant increase in total nitrogen uptake when compared with
13 kg P ha' application under the vary same tillage treatment and upto 26 kg P ha'
application under minimum and zero tillage treatments. Further, zero tillage treatment even
with phosphate fertilization recorded a lower value of total nitrogen uptake when compared

with all the tillage treatments applied in conjunction with phosphate fertilization.

Table 4.5.1.5 Interaction effect of tillage and FYM on total nitrogen uptake (kg ha) by

sorghum
Tillage— Conven- Disc Chisel Minimum Zero
FYM (t ha')} tional
1989
F, 66.75 73.22 68.17 58.32 50.44
Fio 82.41 92.46 85.99 84.85 66.12
1996
F, 66.88 066.96 60.19 63.460 60.43
Fo 75.59 81.57 84.38 74.81 69.40
Year 1989 1990
SEm# 1.993 1.672

C.D. 5% 5.614 4.709
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Table 4.5.1.6 Interaction effect of tillage and levels of phosphorus on total nitrogen
uptake (kg ha™) by sorghum (1989)

Tillage— Conven- Disc Chisel

Minimum Zero

P levels tional

(kg P ha’)|

P, 65.15 73.00 65.61 65.66 . —526; _
P, 73.72 83.25 81.77 76.37 62.49

P, 84.87 92.28 83.87 72.74 59.74
SEmz= 2.441

CD. 5% 6.876

4.5.2 Uptake of phosphorus by sorghum :

Data on uptake of phosphorus through grain, stover and total harvest by sorghum are

presented in Table 4.5.2 and their analysis of variance appended in appendix IX.

() Grain :

Tillage : Perusal of data on uptake of phosphorus revealed that when compared with zero
tillage treatment ditferent tillage treatments had significant effect in increasing the phosphorus
uptake through grain during both 1989 and 1990 (Table 4.5.2). The maxinum phosphaorus
uptake was recorded in plot receiving disc ploughing during both the years though the value
recorded under this treatment remained statistically at par with the values observed from the
plots receiving chisel, minimum and conventional tillage in Kharif 1989 but was signiticantly

higher than those recorded from all other treatments in Kharif 1990.

The mean phosphorus uptake by sorghum grain recorded under disc, chisel and minimum
tillage treatments were 10.07, 9.67 and 9.65 kg ha™ respectively as against 9.38 and 8.03 kg
ha'! from the plot receiving conventional and zero tillage treatments. The mean per cent
increase in phosphorus uptake due to disc and chisel ploughing treatments aver zero titlage

were of the order 25.4 and 20.70, respectively.



Table 4.5.2  Eftfect of tillage, FYM and levels of

(kg ha™) by sorghum

Treatment

o i Gra_i_n _Slnvcr
Tillng_— -
Conventional 8.734 18.668
Disc 9.184 20.772
Chisel 9.001 18.739
Minimum 9.134 19.209
Zero 7.119 15.244
SEm=* 0.321 0.669
C.D. 5% 0.988 20061
FYM (t ha)

F, 7.659 16.601
Fio 9.610  20.452
SEm# 0.179 0.344
C.D. 5% 0.505 0.968
Phosphorus levels (kg P ha™)

P, 6770 15.755
P, 9727  19.051
P26 9.407 20,773
SEm# (0.220 0.421

CD. 5% 0.619

1.185

Total

27.402
29.956
27.740
28.343
22.363

0.790)

2.435

24.260
30.0062
0.375
1.057

22.525
28.778
30.180
0.459
1.294

Grain

10.625
10.957
10375
10.163
8.939
0.183
0.563

9.458
10.725
0.144
(.405

8.518
10.817
10,941

{L176

(1.496

1990

Stover

12.520)
13.337
12.430
12.731
11.960)
(.349
NS

11.285
13.906
(0.225
0.633

10.830
12.788
14.169

0.275

0.775
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phosphorus on phosphorus uptake

Total

22.546
24.295
22,805
22.894
20.898

0.438

1.348

20.743
24.631
(1.249
(1L702

19.347
23.605
25.110
0.305
(.806(0)

FYM : Incorporation of farmyard manure at 10 tons ha significantly increased the

phosphorus uptake by sorghum grain to the extent of 1.9 and 1.3 kg ha' during 1989 and

1990, respectively over the value recorded from the plot receiving no-FYM treatment. The

corresponding increases recorded were of the order 25.5 and 13.4 per cent over no-FYM

treatment.
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Phosphorus : It is obvious from data in Table 4.5.2 that application of phosphorus up o 13
kg P ha' significantly increased the phosphorus uptake by sorghum grain during both the
years, however, phosphorus fertilization beyond 13 kg P ha' has no . significant effect on
phusphorus by grain. The magnitude of increase in uptake of phosphores recorded 10 13 kg
P ha'! level of application was of the order 43.7 and 27.0 per cent during 1989 and 1990 over

no-phosphorus application.

Interaction effect of tillage and levels of phosphorus on phesphorus uptake by sorghum
grain (1989) :

Perusal of data on interaction between tillage treatment and phosphate fertilization (Table
4.5.2.1) revealed that phosphate fertilization up to 13 kg P ha ' level signilicantly increased
the phosphorus uptake by sorghum grain under all (he tillage treatments. However, response
to phosphate fertilization beyond 13 kg P ha’ in increasing the phosphorus uptake by
sorghum grain was only apparent under the plot receiving chisel ploughing. The maximum
value of phosphorus uptake was recorded from the plot receiving minimum tillage in
conjunction with 13 kg P ha’ application and was significantly higher than the values
observed under the plots receiving phosphorus fertilization upto 26 kg P ha'' in conjunction

with conventional and zero tillage and 13 kg P ha in conjunction with chisel ploughing.

Table 4.5.2.1 Interaction effect of tillage and levels of phosphorus on P uptake (kg ha')
by sorghum grain (1989)

”T-illagc—r" . C()n\f;n- leu Chisel Minimum Zero
P levels (kg P ha")l_ tional | _ |
P, _ 6.291 6.951 7.241 7.611 5.751
P, 10.081 10.27] 8.981 11.501 7.801
P, 9.831 10.341 10.780 8.29 7.81
SEm # 0.491

CD. 5% 1.384
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b) Stover ;

Tillage : Perusal of data on phosphorus uptake by sorghum stover as influenced by various
tillage treatments (Table 4.5.2) indicated that the maximum value of phosphorus uptake was
recorded from the plot receiving disc ploughing treatment but the increase recorded was
statistically significant for the observation recorded during Kharif 1989. The phosphorus
uptake recorded from the plot receiving disc ploughing treatment was maximum (20.77 kg
ha™) and significantly higher than the values recorded from the plots receiving conventional
and zero tillage. The phosphorus uptake recorded under the plot receiving zero tillage
treatment was significantly lowest when compared with all other tillage treatments. Further,
the phosphorus uptake recorded under chisel ploughing and minimum tillage remained
statisticalyat par with the values recorded from the plots receiving disc ploughing as well as
those receiving conventional tillage treatment. The highest mean phosphorus uptake of 17.05
kg ha™! was recorded from the plot receiving dise ploughing treatment as against 13.60 kg ha!

from the plot receiving zero tillage.

The treatments chisel ploughing, minimum and conventional tillage also increased the
phosphorus uptake by sorghum stover during both the years. The corresponding increases in

mean phosphorus uptake was 14.5, 17.4 and 14.6 per cent over zero tillage.

FYM : Incorporation of farmyard manure significantly increased the phosphorus uptake to
the extent of 3.8 and 2.6 kg ha' over no-FYM treatment during 1989 and 1990, The
magnitude of increase in phosphorus uptake recorded was to the tune of 23.2 per cent during

both the years of investigation,

Phosphorus : Application of phosphorus resulted in signiticant increase in phosphorus uptake
by sorghum stover during both the years of research. The phosphorus uptake significantly
increased with a subsequent increase in dose of phosphorus upto 26 kg P ha' in either year

of research. The magnitude of increase in phosphorus uptake by sorghum stover recorded was
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of the order by 20.9 and 31.8 per cent during 1989 and 18.10 and 30.8 during 1990 under the

treatment receiving 13 and 26 kg P ha"' over no-phosphorus treatment.

Interaction effect of tillage and FYM on phosphorus uptake by sorghum stover (1990):

A critical look at the data on interaction between tillage treatments and farmyard manuring
in Kharif 1990 presented in Table 4.5.2.2 clearly indicated that farmyard manuring has
significantly increased the phosphorus uptake by sorghum stover under all the titlage
treatments examined. Further, farmyard manuring under disc, chisel and minimum tiltage
treatments recorded significantly higher phosphorus uptake when compared with zero tillage
even when accompanied with farmyard manuring. However, the phosphorus uptake recorded
from the stover harvested from the plot receiving  farmyard manuring in conjunction with

conventional and zero tillage did not differ  statistically.

Table 4.5.2.2 Interaction effect of tillage and FYM on phosphorus uptake (kg ha) by
sorghum stover (1990)

Tillage— Conven- Disc Chisel Minimum Zero

FYM (t ha'}} tional

F;_._-_ 11.680 12.351 10.501 10.6061 11.231
Fs 13.361 14.321 14.361 14,801 12.691]
SEmz 0.502

C.D 5% 1.415

Interaction effect of FYM and levels of phosphorus on phosphorus uptake by sorghum
stover (1990):

An examination of data from interaction between farmyard manuring and phosphate
fertilization on phosphorus uptake by sorghum stover in Kharif 1990 (Table 4.5.2.3) revealed

that application of phosphorus has a definite impact in increasing the phosphorus uptake
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whether farmyard manuring was done or not. However, the increase in phosphorus uptake
recorded over no-phosphorus treatment was statistically significant with phosphorus
fertilization at 26 kg P ha™ under farmyard manuring and upto 26 kg p ha" under situation

where no-FYM was used.

Table 4.5.2.3 Interaction effect of FYM and levels of phosphorus on phosphorus uptake
(kg ha) by sorghium stover (1990)

P levels (kg P ha™)

FYM (¢ ha) | o
- . Po o Pe o By

F, 10.01 13.11 14.84

F,, 10.73 11.65 15.23

SEmz* 0.389

1.096

(c) Total Uptake

Tillage : Like grain and stover the total phosphorus uptake by sorghum was signiticantly
affected by ditterent tillage treatments during both the years 1989 and 1990 (Table 4.5.2).
The maximum value of total phosphorus uptake was recorded from the plot receiving disc
ploughing treatment during both the years of investigation. The value recorded was
significantly higher than those recorded from conventional and zero tillage treatments in
Kharif 1989 and all other tiliage treatments examined in Kharif 1990, Further, signilicantly
lowest value of phosphorus uptake was recorded from the plot receiving zero tillage treatment
when compared with all other tillage treatment examined in either year of research. In Kharif
1989 the total phosphorus uptake recorded foom the plot receiving chisel ploughing and
minimum tillage remained statisticatly at par with those recorded from the plots receiving disc
ploughing treatment. The magnitude of increase in total phosphorus uptake under disc

ploughing was 33.9 and 16.2 per cent respectively during 1989 and 1990 when compared
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with values recorded from plot receiving zero tillage. The mean of two years data shows that
highest total phosphorus uptake was observed from the plot receiving disc ploughing (27 kg

ha™') and the lowest was observed from the plot receiving zero tillage (21.6 kg ha™') treatment.

FYM : Application of farmyard manure also significantly affected the total phosphorus
uptake during either year of research. Incorporation of FYM at 10 tons ha™" increased the total
phosphorus uptake to the extent of 5.8. and 3.9 kg ha' during 1989 and 1990, respeclively

over the value recorded frm the plot receiving no-FYM treatment.

Phosphorus : A further examination of data in Table 4.5.2 show that a subsequent increase
in phosphorus application resulted in a signiticant increase in total phosphorus uptake by
sorghum. The maximum phosphorus uptitke was recorded from the plot where phosphorus
was applied at 26 kg P ha' during both the years of research. The mean increase in total
phosphorus uptake by sorghum with the application of 26 kg P ha' was 1o the tune of 32 per

cent over no-phosphorus treatment.

Interaction eftect of tillage and FYM on total phosphorus uptake by sorghum (1990):

Perusal of data on interaction between tillage treatments and farmyard manuring in Kharif
1990 (Table 4.5.2.4) revealed that incorporation of farmyard manure has significantly
increased the total phosphorus uptake by sorghum under all the titlage treatments. However,
the phosphorus uptake recorded from the plots receiving disc ploughing in conjunction with
farmyard manuring recorded significantly higher vatue than those recorded from the plot
receiving conventional and zero tillage treatments in conjunction with farmyard manuring
(Fig. 4.11). The value of wotal phosphorus uptake by the harvest recorded under the plots
receiving chisel and minimum tillage treatments remained statistically at par with those

recorded from the harvest of the plots receiving dise ploughing in conjunction with FYM.
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Table 4.5.2.4 Interaction effect of tillage and FYM on total phosphorus uptake (kg ha™)
by sorghum (1990)

Chisel

Conventi Disc Minimum Zera

Tillage _,
FYM (t ha)| onal

F, 21.12 | 22.47 | _79;— 5[153.__ -__1-9._6(-1 N
Fio 23.97 26.12 25.62 25.26 _ 22.19
SEm=z* 0.558

C.D.5% 1.570

Interaction effect of tillage and levels of phosphorus on total phosphorus uptake by
sorghum (1989):

A critical examination of data on total phosphorus uptake by sorghum as influenced by
interaction between tillage treatments and phosphate fertilization (Table 4.5.2.5) indicated that
application of phosphorus upto 13 kg P ha' level has significantly increased the t(otal
phosphorus uptake by sorghum under all the tillage treatments examined. Application of
phosphorus beyond 13 kg P ha™ although recorded an increase in total phosphorus uptake
under the plots receiving disc, chisel and conventional tilage treatments but the significance
was observed only for the treatment receiving disc and chisel ploughing. Further, the total
phosphorus uptake recorded under the treatment receiving phosphorus application even at 26
kg P ha'' under zero tillage treatment was significantty lower than the values wecorded under
the treatment receiving 13 and 26 kg P ha' in conjunction with all other tillage treatments

tested,



Table 4.5.2.5

Interaction effect of tillage and levels of phosphorus

uptake (kg ha-1) by sorghwun (1989)

Tillage—
P levels

(kg P ha')

Conventio
nal

22.46
28.65
31.10

Disc Chisel

24.63 22.75

30.64 28.40

34.60 32.07
1.027

3.1064

Mintmum

Zero
24.17 18.62
31.91 24.29
28.95 24.18
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on lotal phosphorus

Perusal of data on interaction between farmyard manuring and phosphate fertilization on total

phosphorus uptake by sorghum during Kharif 1990 (Table 4.5.2.6) revealed that phosphate

fertilization and farmyard manuring alone as well as in combination si gnificantly increased

the total phosphorus uptake by sorghum. However, phosphorus fertilization upto 26 kg P ha!

under no-FYM treatment and 13 kg P ha” under tarmyard manuring was effective in

increasing the total phosphorus uptake by sorghum (Fig. 4.12).

Table 4.5.2.6 Interaction effect of FYM and levels of phosphorus on total phosphovus

FYM (t ha?)

uptake (kg ha?) by sorghum (1990}

PI3

20.79

2642
0.432
1.217

3
l 26

23.46
26.76
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4.5.3 Uptake of potassium by sorghum

Data on uptake of potassium through grain, stover and total harvest by sorghum are presented

in Table 4.5.3 and their analysis of variance appended in appendix X.
(a) Grain :

Tillﬁge : It is obvious from the data (Table 4.5.3) that difterent tillage treatments have
significant effect on potassium uptake by grain during both 1989 and 1990. The maximum
potassium uptake by grain was recorded from the plot receiving disc ploughing treatment
during either year of research and was closely followed by the value recorded under the
treatment receiving chisel ploughing, minimum and conventional Lillage. Further, it was
observed that the potassium uptake by grain under disc ploughing treatment was statistically
at par with those recorded from the plots receiving chisel and minimum tilage and superior
over that recorded from conventional and zero tillage treatments during 1989, however, was
significantly superior over those recorded from all ather tillage treatments during 1990,
Further, the value of potassium uptake by grain recorded in 1990 under the plots receiving
chisel, minimum and conventional tillage though remained stattstically at par but were
significantly higher than the value recorded from the treatment receiving zero tillage. The
mean value of potassium uptake by sorghum grain was 27.10 kg ha™ in disc ploughing as
against 22.50 kg ha'' in zero tillage treatment. The magnitude of mean increase in potassiwm
uptake due to disc, chisel, minimum and conventional tillage treatments were of the order of
202, 14.7, 12.4 and 12.2 per cent over the value recorded (rom the plot receiving zero tllage

treatment.

FYM : [ncorporation of farmyard manure at 10 tons ha! stgnificantly increased the potassiom
uptake through sorghum grain and the extent of increase recorded was in the tune of 3.7 and
3.6 kg ha' over no-FYM treatment during 1989 and 1990, respectively. The corresponding

increase observed over no-FYM treatment were 18.0 and 13.7 per cent.
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Phosphorus : Data in Table 4.5.3 further show that application of phosphorus had significant
effect on potassium uptake by sorghum grain. Application of phosphorus up to 13 kg P ha!
has significantly increased the potassium uptake by sorghum grain. However, phosphorus
application beyond this level did not gave any response during either year of research. When
compared with no-phosphorus treatment the per cent increase in potassium uptake recorded
due to application of 13 kg P ha' treatment was 22.5 and 17.4 during 1989 and 1990,

respectively.
(b) Stover :

Tillage : It is evident from the data on potassium uptake by sorghum stover that different
tillage treatments definitely increased the potassivm uptake dureng botl the yeurs ol tesearch
(Table 4.5.3) however, the difterences observed were found significant only during 1989,
Further, analysis of data on potassium uptake show that the treatments disc ploughing, chisel
ploughing, minimum and conventional tillage though found statistically at par but were
significantly higher than those recorded from the plot receiving zero tillage treatment during
1989. Mean values of two years data for potassium uptake by grain revealed that the
maximum potassium uptake was recorded in chisel ploughing treatment (115.45 kg ha™)
which was followed by minimum tillage, disc ploughing and conventional tillage treatments
where the mean values observed were 114.28, 112.88 and 107.04 kg ha”' as against the
minimum value of 94.46 kg ha™ recorded under the plot receiving zero tillage. The treatments
chisel ploughing minimum tillage, disc ploughing and conventional tillage recorded mean
increase in potassium uptake through stover ta the wune of 22.2, 21.0, 19.5 and 13.3 per cent

over the minimum value recorded in grain harvested from the plot receiving tillage treatment.

FYM : It was observed that application of farmyard manure at 10 tons ha'' significantly
increased the potassium uptake by sorghum stover. The incorporation of farmyard manure
increased the potassium uptake to the magnitude of 20.7 and 17.4 per cent during 1989 and

1990 over no-FYM treatment.
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Phosphorus : A|§plic;|liun ot phosphorus upto 13 kg PP ha ' recorded a definite inerease in the
putassium uptiake through stover during cither year of research, however, the ditferences
recorded over no-phosphorus treatment was significant only during 1990, The mean datsy of
two years research show that application of phosphorus at 13 kg P ha' increased the

potassium uptake by 10.06 per cent over no-phosphorus treatment.
{c) Total uptake :

Tillage : Like stover the total potassium uptake by sorghum was significantly aftected by
different tillage treatments only during 1989. Further, a critical ook on data (Table 4.5.3)¢
potassium uptake by sorghum during 1989 show that the value observed under the treatment
recetving dise ploughing, chisel ploughing and minimum lillage,though found statistically at
par but were significantly higher than those obscrved under conventional tillage was also
significantly superior to those recorded under zero tillage but was significantly lower than
those recorded under disc ploughing treatment. Mean value of the two years data show that
the maximum potassium uptake of 141.28 kg ha™' was recorded in chisel ploughing treatment
which was fotlowed by disc ploughing minimum and conventional tillage where the value
observed were of the order 139.96, 139.58 and 132.31 kg ha'' respectively. The magnitude
of mean increase in total potassium uptake under the treatment chisel, disc, minimum and
conventional tillage were in the tune of 20.8, 19.6, 19.3 and 13.1 per cent over the value

recorded for zero tillage treatment.

FYM : Incorpoeration of tarmyard manure at 10 tons ha™' significantly increased the total
potassium uptake by sorghum. Application of farmyard manure increased the potassium

uptake to the extent of 20.3 and 16.5 per cent during 1989 and 1990 over no-FYM treatment.

Phosphorus : It was observed that application of phosphorus signiticantly increased the total
potassium uptake during either year of research. However, application of phosphorus beyond

13 kg P ha' did not gave any response. The mean data of two years show that application
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of phosphorus at 13 kg P ha” increased the total potassium uptake by 11.8 per cent over no-

phosphorus treatment.

Table 4.5.3  Effect of tillage, FYM and levels of phosphorus on potassium uptake (kg

ha') by sorghum

Treatment -
Grain Stover
_Tilluge o
Conventional 22.670 123.041
Disc 24.268 135.358
Chisel 23.476 134.436
Minimum 23.145 131.003
Zero 19.373 101.3306
SEm=* 0.518 4.4606
CD. 5% 1.597 13.755
FYM (t ha)
F, 20,722 113.282
| 24.450 136.787
SEmz2 0.479 2.985
CD. 5% 1.350 8.409
Phosphorus levels (kg P ha™)
P, ' 19.806 118.341
P, 24.264 128.485
P26 23.689 128.279
SEmz2 0.587 3.656
C.D. 5% 1.653 NS

1989

Toial

145.710
159.620
157.912
154.148
120.709
4.376
13.477

134.005
161.238
3.010

8.478

138.147
152.748
151.968

3.686

10.384

Grain

27.864
29.895
28.196
27.409
25.672

0.396

1.221

26.034
29.604
0.506
1.425

24.962
29.313
29.183
0619
1.745

199()

Stover

31.046
90.409
26.463
97.549
87.576

3.198

NS

85.207
100.010
2.169

6110

84.558
44,832
98.435
2.656
7.483

Total

118.909
120.304
124.659
125018
113.249
3.285
NS

111.241
129.615

2.148

6.051

109.520
124.144
127.619
2.631
7.411
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4.5.4 Uptake of nitrogen by green gram :

Data on uptake of nitrogen seed, stover and total harvest by green gram are presented in table

4.5.4 and their analysis of variance appended in appendix X1
(a) ~ Seed :

Tillage : A critical look at the Table 4.5.4 indicated that all the tillage treatments significantly
increased the nitrogen uptake through seed when compared with zero tillage treatment during
either year of research. The treatment dise ploughing though resulted in maximum nitrogen
uptake but was statistically at par with chisel ploughing in 1989 and chisel, minimum and
conventional tillage in 1990. Further, the nitrogen uptake recorded under the plots receiving
chisel, minimum and conventional tillage were also remained statistically at par during 1989.
The mean nitrogen uptake in disc ploughing treatment was 9.58 kg ha™' as against 7.90 kg
ha' in zero tillage. The per cent increase in nitrogen uptake through grain by disc ploughing
recorded over the value for zero tillage was in the tune of 25.2 and 17.7 during 1989 and
1990. When cumbarcd with zero tillage treatments viz; chisel ploughing, minimum tiltage and
conventional tiltage also recorded a significant increase in nitrogen uptake through seed in
the tune of 17.0, 15.7, 15.0 per cent during 1989 and 13.4, 12.3 10.2 per cent during 1990,

respectively.

FYM : Incorporation of farmyard manure at 10 tons ha' significantly increased the nitrogen
uptake through seed and the magnitude of increase recorded was do the tune of 92,3 and 24.2

per cent over no-FYM treatment during 1989 and 1990, respectively.

Phosphorus : It is apparent from the data in table 4.5.4 that phosphorus application
significantly increased the nitrogen uptake through seed over no-phosphorus application
during 1989 as well as 1990. However, the response to phosphiorus was only upto 13 kg P
ha' level of application. The corresponding increases recorded were of the order 17.30 and

33.45 per cent over no-phosphorus treatment. An examination of the mean increases in
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nitrogen uptake recorded under phosphorus fertilization at 13 kg P ha™* over no-phosphorus

treatment indicated an increase o the extent of 26 per eent.
(b) Stover :

Tillage : Like secd, nitrogen uptake by green gram stover was also affected significantly due
to different tillage treatments during both 1989 and 1990 (Table 4.5.4}. The nitrogen uptake
through green gram stover was significantly higher under the plot recetving disc ploughing
treatment as compared to the values recorded lor all other tillage treatmentsexamined duri ng
both the years of research. Further, the uptake value recorded from the plots receiving chisel,
conventional and minimum was also signiticantly higher than those recorded under zero
tillage treatment, however, the value of nitrogen uptake recorded under these treatments
remained statistically at par when compared among each other during both the years of
research except the treatment receiving minimum tillage when compared with conventional
tillage in Kharif, 1989. The mean nitrogen uptake by stover averaged for the two years
indicated that the maximum value (15.0 kg N ha'y was observed under the plot receiving disc
ploughing treatment as against a minimunt value of 10.2 kg N ha'! recorded under the plot
receiving zero tillage treatment. Further, the treatments conventional tillage, chisel ploughing
and minimum tillage were also found significantly superior over zero tillage treatment in
influencing the nitrogen uptake through stover and the respective mean increases recorded

were of the order 18.51, 14.30 and 11.07 per cent.

FYM: It is evident from the data in Tuable 4.5.4 tha application of farmyard manure at 10
tons ha” gave significantly more nitrogen uplake through stover than no-FYM treatment
during either year of research. The value observed for nitrogen uptake trom FYM treated
plots were 12.10 and 14.25 kg ha™ as against 10.15 and 11.74 kg ha in no-FYM treatment
during 1989 and 1990 respectively. The corresponding per cent increase recorded over no-

FYM treatment were of the order 19.2 and 21.3.
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Phosphorus : A perusal of data from Table 4.5.4 show that phosphorus application upto 13
kg P ha' significantly increased the nitrogen uptake through stover over no-phosphorus
application in either year of research. However, phosphorus when applied beyond 13 kg P
ha! gave no response on nitrogen uptake, rather a decrease was abserved in 1990, Data on
mean of the two years when compared with mean value recorded under no-phosphorus

treatment, application of 13 kg P ha'! recorded an increase of the magnitude 31.14 per cent.
(c) Total uptake :

Tillage : Like seed and stover, the total nitrogen uptake through green gram was aiso
significantbinﬂucnccd by different tillage treatments during both the years of investigation
(Table 4.5.4). Perusal of data on total nitrogen uptake by green gram revealed  that
significantly highest value was observed under the plot receiving dise ploughing treatment.
Further, the treatment receiving conventional, chisel and mininum also recorded o
significantly higher value of total nitrogen uptake over those observed under zero tillage
treatment. However, these three tillage treatments remained statistically at par for the total
nitrogen uptake by green gram. The magnitude of increase in total nitrogen uptake recorded
under disc ploughing when compared with zero, conventional, chisel and minimum tillage
treatments were of the order 24.90, 9.16, 9.5 and 14.5 per cent during 1989 and 44.9, 23.9,
20.0 and 25.9 per cent during 1990. Conventional, chisel and minimum tillage when
compared with zero tillage treatment recorded an increase in total nitrogen uptake by green
gram of the magnitude 14.56, 14.09, and 9.11 per cent during 1989 and 16.90, 15.02 and
15.12 per cent during 1990. The mean of two years data shows that the fighest total nitrogen
uptake of 24.55 kg N ha™ was recorded from the plot receiving disc ploughing treatment,
while the lowest value of 18.12 kg N ha' was recorded from the plot receiving zero tillage

treatment.

FYM : Application of farmyard manure also signiticantly aftected the total nitrogen uptake

during either year of research. When compared with no-FYM treatment the Eirmyard manure
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at 10 tons ha' increased the total nitrogen uptake to the extent of 4.78 and 4.60 kg ha'!

during 1989 and 1990, respectively.

Phosphorus : It was observed that phospliorus application had a significant effect on total
nitrogen uptake by green gram. However, the response to phosphorus fertilization was only
apparent up to 13 kg P ha level of application. The mean increase in nitrogen uptake under

13 kg P ha'' treatment was 28,9 per cent over no-phosphorus treatment.

Table 4.5.4  Effect of tillage, FYM and levels of phosphorus on nitrogen uptake
(kg ha™) by green gram

19%()

Treatment 19-89 - : :
Grain Stover Total Grain Stover Total
Tillage T
Conventional 8.136 11.437 19.572 9.639 12.757 22.395
Disc 8.858 12.486 21.345 10.295 17.463 27.759
Chisel 8.273 11.220 19.493 9914 12,119 22.034
Minimum 8.185 10.456 18.642 9.824 12.228 22.052
Zero 7.072 10.013 17.085 8.744 10411 19.156
SEm * 0.214 0.306 0.347 0.244 0485 0.643
C.D. 5% 0.659 0.942 1.069 0.752 1.493 1.979
FYM (t ha™)
F, 6.691 10.146 16.837 8.636 11.744 200.380
Flo 9.519 12099 21618  10.730 14247  24.978
SEm # 0.196 0.178 (.2067 0.306 0.374 (.471
C.D. 5% 0.551 0.501 0.752 0.861  1.054 1.327
Phosphorus levels (kg P ha™)
P, 7.186 49.370 16.555 8.311 11.055 19.366
P, 8429 11913 20342 1i.091 14877 25968
P26 8.700 12.085 20,785 9.048 13.0506 22704
SEm = 0.240 0218 (0.327 0.374 0.458 0.577

CD. 5% 0.675 (1614 (ru21] 1.O55 1.292 1.625
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4.5.5 Uptake of phosphorus by green gram :

Data on uptake of phosphorus through seed, stover and total harvest by green gram are

presented in Tuble 4.5.5 and their analysis of variance appended in appendix X1
Seed :

Tillage : It is obvious from the data (Table 4.5.5) that different tillage treatments had
significant effect in increasing the phosphorus uptake through seed when compared with Zero
tillage treatment during 1989 as well as 1990. The treatment disc ploughing resulted in
maximum phosphorus uptake by green gram seed during both the years and the value
recorded was significantly higher than all other tillage treatments examined excepl the plot
receiving chisel ploughing in Kharif 1989 where the value observed remained statistically at
par. The phosphorus uptake recorded under the plots receiving chisel and conventional tillage
also recorded significantly higher value as compared to those recorded from the plot receiving
minimum tillage in 1990. Further, the phosphorus uptake recorded under the plots receiving
chisel and minimum as well as minimum and conventional tillage during 1989 and chisel and
conventional tillage during 1990 were found statistically at par. The maximum phosphorus
uptake recorded in disc ploughing treatment had increased the phosphorus uptake through
seed by 26.9 and 41.3 per cent during 1989 and 1990 over these recorded from zero titlage
respectively. A further look on the mean values computed from the data for the two years
revealed that the treatment disc ploughing (1.03 kg P ha') was followed by chisel ploughing
(0.92 kg P ha™"), conventional tillage (0.90 kg P ha') and minimum tillage (0.89 kg P ha''y
treatments. Tllle treatment chisel ploughing, conventional and minimum tilfage increased the

mean plhnsp'hurus uptake through sced by 25.5, 22.4 :nd 21.9 per cent over zero tillage.

FYM : Incorporation of farmyard manure at 10 tons ha™' signiticantly increased the
phosphorus uptake through seed and the magnitude of increase recorded was in the tune of

30.5 and 32.8 per cent over no-FYM treatment during 1989 and 1990, respectively.
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Table 4.5.5  Effect of tillage, FYM and levels of phosphorus on phosphorus uptake (kg

ha*) by green gram

Treatment _ 1-989 .1.99(}
Grain Stover Total a G_ram B Stover
Tillage | -
Conventional 0.767 1.778 2.545 1.036 1.946
Disc 0872 2.059 2.931 1.190 2.656
Chisel 0.824 1.729 2.553 1.024 1.990
Minimum 0.800 1.691 2492 0995 1.900
Zero 0.631 1.465 2095 (0.842 1.634
SEm * 0.018 (.048 {.047 0.074 (L0887
CD. 5% 0.056 0.147 (145 0.074 {).267
FYM (t ha™)
F, 0.670 1.437 2.113 0.874 1.595
Fo 0.882 2052 2933 116l 2455
SEm=* 0.020 0.029 0.036 0.03l {1058
CD. 5% 0.057 0.082 U.100 0.0% .163
Phosphorus levels (kg P ha™)
P, 0.641 1.171 E8I3 0.689 1.274
P 0818  1.943 2761 1249 2509
P26 {.878 2.118 2.996 1.113 2.292
SEm* 0.025 0.036 0.043 (1.658 (1071
C.D. 5% 0.070 0. 100 0.123 0. 106 0.200)

2.981
3.845
3.014
2.895
24706
GO0

0.307

2.469
3.616
0.804
0.181

1.963
3.758
3.405
{.0749

{1221

Phosphorus : On examining the data in Table 4.5.5 show that application of phosphorus had

significantly increased the phosphorus uptake through seed over no-phosphorus treatment

during either year of research. However, the response to phosphorus fertilization was only up

to 13 kg P ha" level of application. The corresponding increases over no-phosphorus
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treatment were in the order 27.6 and 81.3 per cent during 1989 and 1990. However, an
examination of the mean increase  in phosphorus uptake recorded under phosphorus
fertilization at 13 kg P ha' over no-phosphorus treaiment indicated an increase to the extent

of 55.4 per cent.
Stover :

Tillage : Like seed, phosphorus uptake by green gram stover was also significantly affected
due to different tillage treatments when compared with zero tillage during either year of
research (Table 4.5.5). The treatment disc ploughing gave significantly higher phosphorus
uptake through stover over rest of all other tillage treatments during both 1989 and 1990,
Further, the phosphorus uptake recorded under the plots receiving  chisel ploughing,
conventional and minimum tillage remained statistically at par during cither year of yescarch,
The mean data of two years of research show that the treatment dise ploughing gave a
maximum phosphorus uptake of 2.357 kg P ha' followed by conventional tillage (1.862 kg
P ha™), chisel ploughing (1.859 kg P ha'y and minimuin tillage (1.795 kg P ha ') treatment
as against 1.549 kg P ha' from the plot receiving zero tillage tremment, The per cent,
increases recorded in mean phosphorus uptake due to disc ploughing, chisel ploughing,
conventional and minimum tillage were of the order 522, 20.0. 202 4 I5.9 per cent
respectively over the value recorded Tor stover hnvested from the plot aceetving zero tillage

treatment.

FYM : Application of farmyard manure signilicantly increased the phosphosus uptake by
stover during both the years. Incorporation of Farmyard manure at 10 tons ha™' increased the
phusphorus uptake over 10-FYM treatments and the magnitiude of ditterence recorded was

of the order 42.8 and 53.9 per cent during 1989 and 1990, respectively.

Phosphorus : [tis apparent from the data (Table 4.5.5) on phosphorus uptake by preen gram

stover that phosphorus application at 13 and 20 kg P oha' significamly increased  the
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phosphorus uptake through stover over no-phosphotus treatment. However, the response (o
phosphorus fertilization beyond 13 kg P ha' was only apparent in Karif 1989, The
corresponding increases recorded for the uptake of phosphorus by stover were to the tune of

65.9 and 80.9 pér cent in 1989 and 81.3 and 61.5 per cent in 1990, respectively.

Interaction effect of tillage and phosphorus uptake by green gram stover (1989 & 1990):

A critical examination of data on phosphorus uptake by green gram stover as intluenced by
interaction between tillage treatments and phosphate fertilization presented in Table 4.5.5.1
revealed that phosphorus fertilization upto 13 kg P ha' level has stgnificantly increased the
phosphorus uptake under all the tillage treatments in cither year of rescarch. However, the
response to the phosphorus fertilization beyond 13 kg P ha' was only apparent in the
treatment receiving conventional tillage and chisel ploughing in Kharif 1989, Further, the
maximum value of phosphorus uptake was observed under the treatment combination
receiving disc ploughing in conjunction with phusp-horus fertilization at 13 kg P ha! , which
was significantly higher over the phosphorus fertilization even upto 26 kg P ha' in

conjunction with rest of all other tillage treatment during both the years of investigation.

Interaction effect of FYM and levels of phosphorus on phosphorus uptake by green
gram stover (1989 & 1990):

A look at the interaction between farmyard manure and phosphate fertilization on phosphorus
uptake by green gram stover (Table 4.5.5.2) indicated that phosphorus fertilization up to 13
kg P ha™' has significantly increased the phosphorus uptake under both the situations whether
farmyard manuring was practised or not in either year of rescarch. Further, a signiticant
increase in phosphorus uptake due to farmyard manuring was only apparent when it was
applied in conjunction with phosphorus fertilization. ‘The response to phosphorus fertilization
beyond 13 kg P ha was only apparent in Kharif 1989 that too under the situations wiere

farmyard manuring was done.
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Table 4.5.5.1 Interaction effect of tillage and levels of phosphorus on phosphorus uptake
(kg ha') by green gram stover

Tillage— Conven-

mDisc_ ) Chisel Minimum Zero
P levels : tional
(kg P ha))

o 1989 .
P, 1.27 1.26 1.31 1.12 0.90)
P,, 1.89 2.51 1.74 1.90 1.69
P, 2.18 2.41 2.15 2.05 1.81
1990

P, 1.25 1.38 1.28 1.26 1.21
Pis 2.45 3.60 2.34 2.21 1.45
P, 2.15 2.99 2.35 2.23 1.74
Year 1989 1990
S Em 0.080 | 0.159

CD. 5% = 0.224 : 0.447

Table 4.5.5.2 Interaction effect of FYM and levels of phosphorus on phosphorus uptake
{kg ha') by green gram stover

- P levels (k:g_P h;l"j

FYM (1t ha) e =

P, P P,

_ Y 198_9__
Fo 1.12 1.53 1.66
Fio 1.23 2.35 2.58
1990

F, 1.18 1.90 1.71
Fio 1.37 3.12 2.87
Year 1989 1990
SEm * 0.050 O 1)

C.D. 5% 0.142 (0.283
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4.5.5 Total Uptake :

Tillage : Like seed and stover the total phosphorus uptake through green gram was also
affected signiﬁbantly by different tillage practices over zero tillage treatment (Table 4.5.5)
during both the years of investigation. The treatment disc ploughing gave significantly
maximum total phosphorus uptake through green gram over rest of all other tillage treatments
during both 1989 and 1990. Further, the total phosphorus recorded under the plots receiving
chisel ploughing, conventional and minimum tillage also remained statistically at par
during both the years of research. The mean value computed from the data for the two years
of investigation show that the highest total phosphorus uptake was obtained from the plot
receiving disc ploughing treatments (3.39 kg ha' ), while the lowest was obtained trom the
plot receiving zero tillage (2.28 kg ha'). The magnitude of increase in total phasphorus
uptake recorded under the plot ploughed with disc plough over zero tillage was of twe order

39.9 and 55.3 per cent, respectively during 1989 and 1990,

FYM : Incorparation of farmyard manure at 10 tons ha™ significantly increased the total
phosphorus uptake during both the years. The extent of increase in total phosphorus uptake
recorded was to tune of 42.8 and 46.4 per cent over 1o0-FYM treatment in 1989 il 1990,

respectively.

Phosphorus : It was also observed that phosphorus application had @ signiticant effect on
total phosphorus uptake by green gram (Table 4.5.5). The maximum phosphorus uptake
recorded during 1989 was from the plot receiving 26 kg P ha' whereas during 1990 was from
the plot receiving 13 kg P ha' only. The mean increase in phosphoerus uptake recorded for
13 and 26 kg P ha' levels of phosphorus application over no-phosphorus tecatment compuled

from the data for the two years was of the order 72.7 and 69.5 per cent.



128

Interaction effect of tillage and levels of phospliorus on fofal phosphorus uptake by
green gram (1989 & 1990):

A critical took at the daty oninteraction between tillage treatment and phosphate Testilization
on total phosphorus uptake by green genm presented in Table 4553 indicated  that
phusphorus fertilization up to 13 kg P ha™ has significantly increased the total phosphorus
uptake by green gram during both the years of investigation. However, response beyond 13
kg P ha'! was only apparent in Kharif 1989 under the plots receiving conventional, chisel and
minimum tillage. Further, a significandy highest value of torl phospharus uptake was
recorded trom the plot receiving dise ploughing in conjunction with 13 kg P ha ' of phosphate
fertilization, when compared with phosphate fertilization even upto 26 ky P hia Vin rest of all
other tillage treatments during either years of research. The zero LiHage teatment withow
phasphate fertilization recorded the lowest value of 1ol phosphorus uptake during both the

years of research.

Table 4.5.5.3 Interaction effect of tillage and levels of phosphorus on total phosphorues
uptake (kg ha-1) by green gram

Tillage — Conven- [Jise Chiscel Mininnm Zeto
P fevels tional
(kg P ha)|

1989
P, 1.88 1.98 1.93 [.82 144
P, 2.70 3.44 2.67 2.66 2.33
P, 3.05 337 340 299 252
1990
P, | 1.94 2.25 1.94 1.89 1.79
s 3.67 499 3.74 3.40 3.00
% 3.34 4.29 3.36 3.0 204
Year 1u8Y LU}
SEmz# (.098 0176

CD. 5% 0.275 {1493
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Interaction effect of FYM and levels of phosphorus on total phosphorus uptake by green
gram (1989 & 1990):

A look at the data on interaction between tarmyard manuring and phosphate fertilization on
total phosphorus uptake by green gram (Table 4.5.5.4) revealed that phosphorus fertitization
and farmyard manuring alone as well as in combination: have signiticantly increased the total
phosphorus uptake by green gram (Fig. 4.13). However, the response to phosphorus beyond
13 kg P ha! was only apparent in Kharif 1989, Further, examination of data revealed. that the
significantly highest total phosphorus uptake was observed in plot receiving tarmyard
manure  in conjunction with 26 kg P ha' in Kharif 1989 whereas in the subsequent year of
research the significantly highest value was apparent in the plot receiving farmyard manuring

with phosphate fertilization only at 13 kg P ha™',

Table 4.5.54 Interaction effect of FYM and levels of phosphorus on total phosphorus
uptake (kg ha') by green gram

P levels (kg P hah)

FYM (t ha™}) P, P, b,
- 1989

F, 1.68 222 244

F 1.94 3.30 3.56
1990

F, 1.79 2.89 274

Fia 2.14 4.63 4.07

Year 1989 1990

SEm* 0.062 0111

CD. 5% 0.174 0.313
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4.5.6 Uptake of potassium by green gram

Data on uptake of potassium through seed, stover and total harvest by gieen gram are

presented in Table 4.5.6 and their analysis of variance appended in appendix X111,
Seed :

Till:jge : Perusal of data on potassiom uptake presented in Table 4.5.6 revealed that all the
tillage treatments significantly increascd the potassivm uptake throwglh sced over 'f,t‘l'(; tillage
during both the years except from the plot receiving minimum and conventional tillage in
Kharif 1990. A critical look on data presented on potassivm uptake by green gram seed
indicated that the treatment receiving disce, chisel, minimum and conventionat titlage in 1989
and disc, chisel and minimum tillage in 1990, remained statisticatty at pac. Fuither, the dise
and chisel ploughing treatment during Kirarif 1990 also recorded a significant increase in the
potassium uptake through seed over conventional tillage. The dise ploughing treatment
recorded the maximum value of potassium uptake over all other tillage treatment during either
year of research. When compared with zero tillage (reatment, per cent incicase in potassium
uptake through seed under disce ploughing treatment recorded was of the order 26.7 an 15,1
per cent during 1989 and 1994, rcspcctivcly..'l‘llc mean value computed trome dita for fwo
years show that the treatment disc ploughing, clisel s mininuen tilkage reconded anincrease
in the total potassium uptake through seed by 199, 14.4 and 14.0 per cent, respectively over

the value derived for the plot receiving zero tillage.

FYM : Incorporation of farmyard manure at 10 tons ha™ had significantly increased the
potassium uptake through seed over no-FYM treatment. The magnitude of increase recorded
over no-FYM treatment was in the tune ol 35.0 wmwd 27.0 per cent in 1989 and 19940,

respectively.

Phosphorus : It is obvious from the data (Table 4.5.6) that phosphorus apphication a1 13 kg

P ha' significantly increased the potassium uptake throvgh sced over no-phosphorus
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application in either year of research. The magnitude of increase under this treatment was of
the order 23.7 and 42.8 per cent in 1989 and 1990,respectively over no-phosphorus treatment.
However, an examination of the mean increases in phosphorus uptake recorded under
phosphate fertilization at 13 kg P ha™ over no-phosphorus treatment indicated an increase to

the extent of 34.25 per cent.

Table 4.5.6 Effect of tillage, FYM and levels of phosphorus on potassium uptake
(kg ha') by green gram

1989 1940

Treatment X -

Seed Stover Total Seed Stover Total

?uage LT o

Conventional 1.579 3.782 5.3601 1.947 3.959 5.906
Disc 1.728 3.99% 5722 2.189 5.467 7.656
Chisel 1.607 3.652 5_.259 2.130 4,117 6.247
Minimum 1.667 3.483 5,150 2.0506 3.980 6.036
Zero ' 1.364 3.385 4,750 1.901 3470 5.371
SEm#* 0.058 (.124 0.128 0.055 0.195 (1225
C.D. 5% - 0.179 (0.380) 0.394  0.168 000 0.094
FYM (t ha)
Fo : 1.349 3318 4.666 1.801 3.908 5.710
Fio 1.830 4.001 5.831 2.288 4.489 6.776
SEmzt t 0.043 0.062 0.073 (L0068 0.146 0.151
CD.5% 0121 0174 0204 0192 0411 0.426
Phosphorus levels (kg P ha™)
P, 1.349 3.045 4.394 1.667 3451 5.118
P, 1669 3977 5046 2380 4877 7.257
P26 1.750 3.956 5.706 2.086 4.267 6.354
SEmz# 0.052 0.076 (1.O8Y ().084 0.179 0.185

CD. 5% 0.148 0.213 0.251 0.236 0.503 0.522
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Stover ;

Tillage : Perusal of data on potassium uptake by green gram stover presented in Table 4.5.6
revealed that the plot receiving disc and conventional tillage in Kharif 1989 and disc and
chisel ploughing in Kharif 1990 have significantly increased the potassium uptake through
green gram stover over zero tillage treatment. However, the potassium uptake recorded under
the plots receiving conventional, chisel and minimum tilage in 1989 and 1990 were tound
statistically at par. The potassium uptake by stover was maximum in disc ploughing treatment
during both the years. When compared with zero tillage treatment, an increase to the extent
of 18.0 and 57.5 per cent in potassium uptake was apparent in the values recorded for Kharif

1989 and 1990 from the plot receiving dise ploughing treatment.

FYM : Incorporation of farmyard manure at 10 tons ha' stgniticantly increased the potassium
uptake through stover over the treatment receiving no-FYM. The per cent increase in
potassium uptake recorded over no-FYM treatment was of the order 20.6 and 14.9 in 1989

and 1999, respectively.

Phosphorus : On examining the data trom Table 4.5.6 show that application of phosphorus
at 13 kg P ha™ had significantly increased the potassium uptake over no-phosphorus treatment
during both the years. However, the response to phosphorus application beyond 13 kg P ha'
level was not evident. The corresponding increases in potassium uptake recorded for the year
1989 and 1990 due to phosphorus application at 13 kg P ha™' was 30.6 and 41.3 per cent over
no-phosphorus treatment. An examination of mean increases in potassium uptake recorded
under phosphorus fertilization at 13 kg P ha' over no-phosphorus treatment indicated an

increase to the extent of 36.3 per cent.

Interaction effect of tillage and levels of phosphorus on potassium uptake (kg ha) by
green gram stover (1989):

It is obvious from the data on interaction between tillage treatment and phasphate tertilization

on potassium uptake by green gram stover recorded in Kharif 1989 (Table 4.5.6.1) revealed
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that phosphate fertilization upto 13 kg P ha' has signiticantly increased the potassium uptake
under all the tillage treatments examincdshowever, the phosphoras application beyond 13 kg
ha'! had given response only in the treatment where zero tillage was practised. The treatment
receiving disc ploughing in conjunction with phosphorus fertilization at 13 kg P ha ' recorded
the highest value of potassium uptake which was signiticantly higher than those recorded at
this icw:l of phosphorus under the plots where chisel, minimum and zero tillage was given,
however, was statistically at par with the value observed from the plots receiving

conventional tillage in conjunction with 13 kg P ha''.

Tuble 4.5.6.1 Interuction effect of titlage and levels of phosphorus on potassium vptake
(kg ha”') by green gram stover (1989)

Tillage— Conventio Disc Chisel Minimum Zero

P levels nal

(kg P ha)} |

P, 3.02 344 313 3.01 2.62
P, 4.34 4.48 3.70 .88 349
Py 3.98 4.06 413 3.56 4.05
SEmt 0.169

C.D.5% (0477

Total uptake

Tillage : Like seed and stover the total potassium uptake through green gram Table 4.5.6
when compared with value recorded ti;mthe plot receiving zero tillage, application of various
tillage treatments during both the years of research recorded as significant increase except for
the plot receiving conventional titlage in Kharif 1990. The treatment disc ploughing recorded
the highest value of total potassium uptake by green gram, which was significantly higher
when compared with all other tillage treatments except the value recorded from the plot

receiving conventional tillage in Kharif 1989. Further, the plot receiving conventional, chisel
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and minimum tillage remained statistically at par in recording the total potassium uptake by
green gram and were significantly superior to the treatment receiving zero tillage during
either yéar of research except the value recorded from the plot receiving conventional tillage
in Kharif 1990. The treatment disc ploughing was found to be superior over all other tillage
treatments and when compared with zero tillage treatment recorded an increase in total

potassium uptake to the extent of 20.5 and 42.5 per cent during 1989 and 1990, respectively.

FYM : Incorporation of farmyard manure at 10 tons ha significantly increased the total
potassium uptake during both the years. The increase in total potassium vptake recorded over
no-FYM treatment was of the order 25.0 and 18.7 per cent during 1989 and 1990,

respectively,

Phosphorus : [t is obvious from the data in Table 4.5.6 that phosphorus application had a
significant effect on total potassium uptake by green grami. However, the significant response
to phosphorus fertilization in increasing the total potassium uptake was only apparent when
phosphorus was applied upto 13 kg P ha' during buth the years of investigation. The mean
value computed from data for two years revealed that the treatment 13 kg P ha' increased

the total potassium uptake to the extent of 35.6 per cent over no-phosphorus application.

4.6  Protein Content of Sorghum and Green gram :

Data on protein content of sorghum and green gram are presented in Table 4.6.1 and 4.6.2

respectively and their analysis of variance appended in appendix XIV.
4.6.1 Sorghum :

Tillage : It is apparent from the data on protein content of sorghum grain that different tillage
treatments did not affect the protein content during either year of research (Table 4.6.1). The
maximum protein content of 9.03 per cent in Kharif 1989 and 8.83 per cent in Kharif 1990

was recorded from the plot receiving dise ploughing as against i minimum value of 8.82 and
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8.74 per cent observed from the plot receiving zero tillage treatment in 1989 and 1990,

respectively.

Table 4.6.1  Effect of tillage, FYM and levels of phosphorus on protein content (%) by

sorghum grain

Treatment

1989 1990 Mean
Tillage | -
Conventional 8.812 8.762 8.787
Disc 9.030 8828 8.929
Chise| 8.892 8.822 8.857
Minimum 8911 8.741 8.826
Zero 8822 8.740 8.781
SEm=* 0.059 0.049
C.D. 5% NS NS
FYM (t ha)
F, 8.761 8.665 8.713
F, 9.026 8.892 8.959
SEm * 0.041 0.030
C.D. 5% 0.114 0.086
Phosphorus levels (kg P ha)
P, 8.738 8.671 8.704
P, 8.902 8.785 8.843
Py 9.040 8.879 8.959
SEm % 0.050 0.037
C.D. 5%

0.140

0.105

FYM : Incorporation of farmyard manure at 10 tons ha significantly increased the protein

content in sorghum grain. The increases in protein content due to application of FYM was

40 the tune of 3.0 and 2.6 per cent during 1989 and 1990, respectively over no-FYM

treatment.
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Phosphorus : Fertilization of phosphorus also significantly aftected the protein content of
sorghum grain. It was observed that the protein content increase: with a subsequent increase
in phosphorus level and the max.imum value being observed in plot receiving 26 kg P ha'!
treatment during ceither year of research. However, the signiticance of response to the
phosphorus fertilization was observed only upto 13 kg P ha' level of application. The
respective increase in protein content due to 13 and 26 kg P ha' level of phosphorus
application over no-phosphorus treatment was of the order 1.88 and 3.46 per cent during 1989

and 1.31 and 2.40 per cent during 1990.

4.6.2 Green gram :

Tillage : An examination of data on protein content of green gram revealed that different
tillage treatments affected the protein content of green gram of seed to a very little extent
(Table 4.6.2) and the significance of difference was only apparent during Khartf 1990. The
protein content recorded under the plots receiving dise, chisel and conventional tillage th ough
remained statistically at par but were signiticantly higher than those recorded from the plots
receiving minimum and zero tillage treatments. The mean for the two years research show
that the maximum protein content of 22.86 was recorded from the plots receiving disc |
ploughing treatment which was followed by chisel ploughing (22.79) and conventional tillage
(22.74) as against a minimum protein content of 22.61 under plot receiving zero tillage

treatment,

FYM : Data in Table 4.6.2 further show that application of farmyard manure significantly
affected the protein content in green gram seed during both the years of experimentation. It
was observed that farmyard manure when applied at 10 tons ha™ increased the protein content

by 13.94 and 10.94 per cent during 1989 and 1990 over no-FYM treatment.

Phosphorus : Like, FYM the phosphorus application also affected the protein content of
green gram seed significantly during either year of research. The protein content

increased with a subsequent increase in the phosphorus level during both the years. The mean
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values derived from data show that application of phosphorus at 13 and 26 kg P ha’
increased the protein content by 3.78 and 5.61 per ceng respectively over the value derived

from the plot receiving no -phosphorus application.

Table 4.6.2  Effect of Tillage, FYM and levels of Phosphorus on Protein content (%)
by green gram seed

Treatment 1989 1990 Mt:d_n
Tillage

Conventional 23.560 21.923 22.741
Disc 23.770 21.960 22.865
Chisel 23.621 21.964 22,792
Minimum 23.595 21.740 22.667
Zero 23.545 21.681 22.613
SEm=* 0.1267 0.072

C.D. 5% NS 0.221

FYM (t ha')

F, 22.079 20.720 21.399
Fio 25.158 22987 24.072
SEm= 0.104 0.045

C.D. 5% 0.003 0.126

Phosphorus levels (kg P ha™)

P, 22.81 21.29 22.045
P,, 23.70 22.06 22.878
Py 24.350 22.22 23.283
SEm=* 0.127 0.055

C.D. 5% ' 0.359 0.154
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Interaction effect of tillage and FYM on protein content of green gram (1989 & 1990):

Perusal of data on interaction between tillage treatments and incorporation of farmyard
manure (Table 4.6.2.1) revealed that incorpbration of FYM hadl significantly increased the
protein content under various tillage treatments examined during either year of research.
Under the situation where the farmyard manuring was done the protein content recorded from
the plot receiving disc plough though remained statistically at par with the values recorded
from the plots treated with chisel ploughing but was significantly higher than those recorded
from the plots receiving minimum, conventional and zero tillage during Kharif 1989.
However, the protein content recorded in the seed harvested from farmyard manured plots in
Kharif 1990 the treatments receiving conventional, disc and chisel though remained
statistically at par but were significantly superior to those recorded from the plots receiving

minimum and zero tillage treatments.

Table 4.6.2.1 Interaction effect of tillage and FYM on protein content (%) of green

gram

Tillage— Conven- Disc Chisel Minimum Zero

FYM (t ha')} tional - o
1989

Fy 22.36 21.78 219 22.44 22.02

Fio 24.76 25.76 25.45 24.75 25.07
1990

Fo 20.47 20.67 20L78 20.95 20.73

Fi 23.37 23.25 23.14 22.53 22.63

Year 1989 1990

SEm* (0.233 0.100

CD. 5% 0.656 0.281
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Interaction effect of tillage and levels of phosphorus on protein content of green gram
(1989 & 1990):

An overall examination of data on protein content of green gram seed as influenced by the
interaction between tillage treatments and phosphate fertilization (Table 4.6.2.2) indicated that
incorporation of phosphorus at 13 kg P ha™' hadsignificantly increased the protein content of
green gram seed under all the treatment during both the years of investigation except the
chisel treatment in Kharif 1989 and minimum tillage in Kharif 1990, where the values for
protein content recorded remained s-talistically at par with those recorded trom the plots
receiving no-phosphorus application. Further, incorporation of 26 kg P ha' under disc
ploughing treatment during Kharif 1989 recorded the highest protein content which was
though statistically at par with value recorded from the plot receiving the same level of
phosphorus under conventional tillage treatment but was statistically superior to all other
treatment combinations. Similarly incorporation of phosphorus up to the level of 26 kg P ha
under zero tillage and at 26 kg P ha under minimun tillage in Kharif 1990 also recorded
significant increase in the protein content of green gram seed. However, phosphorus
fertilization beyond 13 kg P ha™ in the plots receiving conventional, disc and chisel treatment

gave no response in improving protein content of green gram seed.

Interaction eftect of FYM and levels of phosphorus on protein content of green gram

Perusal of data on protein content from the inferaction between Larmyard manuring and
phosphorus fertilization (Table 4.6.2.3) indicated that incorporation of farmyard manure and
phosphatic fertilizer alone as well as in combination have signiticantly increased the protein
content of green gram seed during both the years of study. Further, phosphate fertilization
upto a level of 26 kg P ha™ was found significant under the situation where no-FYM was

incorporated however, the response to phosphate was only limited up to the level of 13 kg

/

P ha' under situation where farmyard manuring was done.
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Table 4.6.2.2 Interaction effect of tillage and levels of phosphorus on protein content
(%) of green gram seed

Tillage— Comven-  Disc

Chisel  Minimum Zero
P levels tional
(kg P ha™)|

o8 S
P, 22.33 22.31 2345 22.80 22.63
P, 23.38 23.87 23.36 23.97 23.91
| 24.97 25.13 23.55 24.01 24.10
1990

P, 21.44 21.05 21.65 21.31 20.97
P, 22.12 22.47 22.21 21.63 21.86
| 22.21 22.37 22.02 22.28 22.21
Yeér 1989 199}
SEm =+ 0.285 0.122

CD. 5% 0.803 0.345

Table 4.6.2.3 Interaction effect of FYM and levels of phosphorus on protein content (%)
of green gram seed

FYM (t ha') P, Pm P,

- - S . o8 >
F, 2117 2194 23.12
Fy 2444 25.46 25.57

1990
F, 20.01 2097 21.18
Fio. 22.56 23.14 23.25
Years 1989 1990
SEm* (.180 0.077

CD.S5% 0.508 0.218
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Interaction effect of tillage, FYM and levels of phosphorus on protein content of green
gram (1989 & 1990)

An examination of data on protein content as influenced by interaction between tillage,
farmyard manure and phosphate fertilization (Table 4.6.2.4) revealed that farmyard manuring
and phosphate fertilization have significantly increased the protein content of green gram seed
under all the tillage treatments. The protein content under FYM treated plots when compared
with those receiving no-FYM treatment under specilic level of phosphorus used recorded a
definite increase during both the years of research. However, the treatment receiving chisel
ploughing gave no response to phosphorus application whether farmyard manure was applied
or not except the plot receiving 13 kg P ha™ in Kharif 1990 which when compared with P
levels of phosphorus fertilization gave significantly higher protein content. Though the highest
value of protein content was recorded from the plots receiving disc ploughing in conjunction
with farmyard manuring and phosphate fertilization at 26 kg P ha™ during both the years but
the significance was observed only during Kharif 1989 as compared to rest of all the
combination. Further, phosphate fertilization gave response to the level of 13 kg P ha'! only
under no-FYM treatment receiving conventional, disc, chisel and minimum treatments in
Kharif 1990. The same was also true under farmyard manured plots receiving conventional

and disc ploughing treatments.

4.7 Economics of Treatments :

Data on economics of treatments worked out for sorghum equivalent yield are presented in

Table 4.7 and their analysis of variance appended in appendix XV and appendix XVIL

Tillage : A perusal of data presented in Table 4.7 revealed that a significant increase in the
net profit per hectare have been recorded from the plots receiving minimum and disc
ploughing in the year 1989 and disc ploughing in the year 1990 over the value recorded from
the plots receiving zero and conventional tillage treatments. Further, the treatment: receiving

chisel ploughing in the year 1989 hadalso recorded a significantly higher net profit over that
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T.able 4.6.2.4 Interaction effect of tillage, FYM and levels of phosphorus on protein
content (%) of green gram seed

Tillage

Conventional
Disc

Chisel
Minimum

Zero

Conventional
Disc

Chisel
Minimum

Zero

Years
SEm=*
C.D5%

FYM (t ha™)

P__lcvcls (kg P h:i")_
_ P, Py P, P,
1989
20.55 22.45 24.08 24.11
20.34 21.97 23.03 24.28
22.83 20.04 21.84 25.08
21.86 22.15 23.30 23.74
20.28 22.47 23.31 24.97
1990
19.92 20.62 20.87 2295
19.81 21.25 2094 22.28
20.29 2099 21.06 2301
20.46 21.16 2122 22.17
19.54 20.84 21.81 22.40
1989 1990
0.403 0.173

(.488

_ Fu
P, Py

24.30 25 86
25.78 2722
26,08 25.20
2580 24.71
25.35 24 88
23.62 23.54
23.08 2379
23.43 22.98
22,10 2333
22,87 22.61
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recorded from the plots receiving zero tillage. However, treatments receiving disc, chisel and
minimum tiliage remained statistically at par in giving the net profit per hectare during either
year of rescarchOn reviewing the mean data for the two years of research, it is evident that
treatments receiving minimum, disc and chisel tillage recorded an additional profit of Rs.

1753, 1714 and 1201 over that ohserved for the plot receiving zero tillage treatment.

Table 4.7 Effect of tillage, FYM and levels of phosphorus on net return (Rs ha™) on
equivalent yield basis

Treatment 1989 1990 Mean
Tillage

Conventional Y735 10459 10597
Disc 11669 11131 11400
Chisel 11136 10639 10887
Minimum 11780 11099 11439
Zero 9208 10165 Y686
S Em .z 254.22 184.35

C.D. 5% 784 568

FYM (t ha”

F, 10537 10560 10551
Fiy 11274 L0831 11052
SEm * 174.21 135.56

CD. 5% 491.00 NS

Phosphorus levels (kg P ha™

P, 10373 10149 10261
P 11430 11416 11423
P, ‘ 10913 10531 10722
SEm=®* 213.36 166.03

C.D. 5% 601.00 46800

1
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FYM: Incorporation of FYM at 10 tons hia ' though resulted in increased net profit over the
treatment receiving no-FYM but the signiticance in the increase was only observed during

first year of examination.

Phosphorus : Like farmyard manuring the phosphate tertilization at 13 kg P ha* had, also
significantly increased the net profit ha' over no-phosphorus application during either year
of research. However, phosphorus fertilization beyond 13 ky P ha' gave no-additional gain.
Phosphate fertilization at 13 kg P ha' gave an additional return of Rs. 1162 ha' when

compared with the net profit received (rom the plot receiving no-phosphorus application,



5. DISCUSSION

In course of presenting results of the experiments entitled "[nteractive etfect of tillage and
phosphate fertilization in conjunction with farmyard manure on soil physical parameters and

yield of sorghum intercropped with green gram under dryland", significant variations in the
criteria used for evaluating treatments were observed. Variations found signiticant or
assuming a uniform trend, are discussed to establish the cause and etfect relationship vis-g-vis
existing evidences and literature. For the purpose, the discussion has been divided in'to four

parts, Vviz.,

o
P

Eftect of Environment
5.2 Physical and Chemical Properties of the Soil
53  Yield and Uptake of Nutrients

5.4 - Crop Quality and Economics

5.1 Eftect of Environment :

An overall examination of data for the two years (Table 5.1) indicate that during Kharif,
1989 sorghum crop produced higher hiomass and stover yield (137.64 and 112.30 ¢ ha'
respectively) as compared to that recorded during Kharif, 1990 (105.10 and 74.61 g ha',
respectively). Unlike stover and biomass production the grain yield of sorghum as well as the
sorghum equivalent yield recorded during 1990 was distinctly higher than that recorded

during 1989.

Since crop was grown under identical level of management, resources and cultivation

practices, the observed variation in crop yields between the years of experimentation seems
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Table 5.1 Mean Meteorological Data at dilferent crop growth stages (days) and yield
(q ha™ ) during 1989 and 1990

Parameters Years

1989 1Y%H)

Tempérétﬁre (°C)

30 2887 31.23
30 - 45 28.25 29.60
45 - 60 27.67 28.80)
60 - 75 2683 29.20
75 - 90 29.44 28.77
Rainfall (mm)

30 159.30 271.90
30 - 45 125.60 118.60
45 - 60 442 .40 57.80
60 - 75 26.30 67.80
75 - 90 NIL 9.30
Total biomass production of sorghum 137.64 135.10
Sorghum seed yield 2535 30.49
Sorghum equivalent yield 30.52 37.15
Sorghum stover yield 112.30 74.61

to be the resultant of environmental conditions prevailed during the critical crop growth
stages. This might have influenced overall growth and development and finally crop yields.
The profound influence of climatic conditions on productivity of agricultural crops is well
established. In this context, Mistry and Patel (1977) stated that the weather is princial! input
parameter which bring year to year variation in crop productivity, despite consistency of other
input parameters and practices of crop husbandry. The meteorological observations recorded
during 1989 (Table 5.1) revealed that right from initial growth stage, crop received adequate
well distributed total rainfall of 753.6 mm for crop season of which 442.4 mm was received
during 45-60 days of crop growth, whereas, the total rainfall received during 1990 was

restricted to 525.4 mm over the total crop life period of which only 57.6 mm was received
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during 45-60 days of crop growth. Further, the crop experienced comparatively lower mean
temperature up to 75 days of crop growth in the year 1989 over that experienced in the year
1990 (Table 5.1). Thus favourable climatic conditions i.c. adequate rainfall and lower mean
temperature seem - to have improved physiological efficiencies of the crop by virtue of greater
avail.abilily of nutrients and maintaining optimum turgor. This might have resulted in greater
photosynthetic efficiency and effective translocation of photosynthates towards  yield
formation as evident from increased biomass production and stover yicld of sorghum in
Kharif 1989. Sivakumar et al(1989) have reported that the average air temperature in
sorghum belt varies from about 31 °C in the early growing season to 23 "¢ in the late growing
season. Further, the effect of 1°C temperature ranged above its average prove unfavourable
for the sorghum crop during most of the crop life period. The lower biomass and stover yield
in Kharif 1990 is attributed to the  prevailing consistant higher temperature throughout the

vegelative stage of crop growth,

Besides congenial, edaphic environment brought about through improvement in soil physical
conditions (Table 4.1), favourable climatic conditions especially at peak reproductive stage
(60 to 75 days of crop growth) receiving 67.8 mm of raintatt (Table 3.1) in the year 1990
possibly contributed towards realization of higher grain and sorghum equivalent yields. While
on the other hand a long dry spell (Table 3.1) observed at grain filling to maturity (64 days
of crop growth to harvest) resulted in carly maturity of sorghum crop in the year 1989 (87
days of crop growth). Further a heavy showers of rains (442.4 mm) at 45 to 60 days of crop
growth, extending congenial atmosphere for more vegetative growth lead to lower grain as

well as sorghum equivalent yields.

5.2  Physical and Chemical Properties of Soil :
5.2.1 Physical properties

The tillage implements used under dry land condition were intended to bring changes in

different physical properties of the svil. When compared with zero tillage, all the tillage
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treatments, in general lowered the bulk density and increased the total porosity, water holding
capacity, hydraulic conductivity and basic infiltration rate of the soil (Table 4.1, Fig 4.1 to

4.5) and also the profile soil moisture at the time of sowing and harvest (Table 4.1.6).

Among various tillage treatments disc ploughing recorded significantly lowest value of bulk
density and the highest value of soil porosity which was followed by chisel, minimum and
conventional tillage treatments irrespective of depth of soil examined. However, the changes
ohserved were of greater magnitude in surface tayer as compared to sub surtiace layer of soil
profile examined. The various tillage treatments hased on their degree of influencing these
two soil physical parameters can be placed in descending order as disc > chisel > minimum
> conventional. Decrease in bulk densily to a greater degree as a consequence of disc

ploughing is attributable to the change brought in pore geometry.

Bhushan et al (1973) have also reported that deep ploughing results in to more stirring
(loosening and mixing) of soil decreasing the larger size aggregates (210 5 mm) but improved.
the granulation of smaller aggregates (1 to 0.1 mm) and there by increased the total pore
space of the soil and consequently decreased the bulk density of soil. The findings of present
investigation is in agreement with the results of Chaudhary et al. (1983), Fernandis et al.

(1983), El-Gayear et al. (1986), Madeiva (1989) and Rahman (1991) .

The differential degree of response to tillage treatments observed in surface and sub-surface
fayers of soil is because of greater tilling action in the surface Jayer and is in close confirmity
with the findings of Cassel and Nelson (1985) and Tke (1986). Further a higher value of bulk
density and lower value of porosity under zero tillage treatment as compared to various tillage
operations is attributed to want of loosening and mixing of soil layer (Batra et al,, 1972,
Ketcheson, 1980; Voorhees and Lindstrom, 1984; Wang et al. 1986; Sharma ef al. 1988;
Riley and Ekeberg, 1989; Quiroga and Monsalvo, 1990).

Like porosity the maximum value of water holding capacity, basic infiltration rate and

hydraulic conductivity was observed in the plot operated with disc plough which was closely



150
followed by plot receiving chisel ploughing treatment. However, the value vecorded for these
physical parameters were distinctly superior under all the tillage treatments when compared
with values recorded from the plot receiving zero titlage. Subramanian e al. (1975) and Jorge
et al (1984) were also of the opinion that deep tillage leads to an improvement in czipillzlry
porosity and hydraulic conductivity of the soil. An improvement in basic infiltration rate and
hydraulic conductivity due to disc and chisel ploughing over zero tillage is attributed to a
significant change in the soil pore geometry and enhanced root growth in the surface soil
layer which is also evident by decreased bulk density and increased porosity (Table 4.1)
under these treatments. The observations recorded are in close conformity with the findings
of Ambegaonkar ¢f al. (1984); Jorge et al. (1984), Madeiva et al. (1989); Chot ef al. (1990)
and Pelegrin et al. (1990). Pelegrin et al. (1988 and 1990) have also reported that the
differences in infiltration rate by disc ploughing, chisel .ploughing and other tillage
implements could be caused by a different structure pattern with a different pore system being
created by them and to intluence of plough pan. Impaired root growth due to absence of
proper soil cultivation has also been reported by Prihar et al. (1975) and Almound et af.

(1983), Chaudhary et al. (1985).

An improvement in soil physical parameters, bulk density, porosity, infiltration rate, hydraulic
conductivity and water hoiding capacity in turn resulted in an increased soil moisture content
in different layers of soil profile (Table 4.1.6) with concommitant incrczls;: in the total soil
moisture content in the profile (Table 4.1.6.5), are in close cognizance with findings of
Chaudhary et al. (1985), Adeoye and Mohamed-Saleem (1990), Hill (1990) and Heilman et
al. (1991).

Disc ploughing treatment has significantly improved the soil moisture content in surface,
subsurface and deeper soil layers at sowing as well as at harvest during cither year of
research (Table 4.1.6). Disc ploughing was closely tollowed by chisel ploughing treatment
in improving the soil moisture content. Further, there was a higher soil moisture content in

the soil sample drawn at sowing from the ditferent soil layers during second year of
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experimentation is attributed to the cumulative cftect of an improvement in soil physical
conditions brought about as a consequence of tillage treatments (Table 4.1.). A comparatively
higher moisture content in the soil layers recorded at harvest during Kharif 1990 is
attributable to the late rains received at dough stage (43.6 mm) and maturity (9.3 mm)ji.c.

prior to harvest of the sorghum.

Incorporation of farmyard manure at 10 tons ha' resulted in an improvement in soil porosity,
hydraulic conductivity, water holding capacity, basic infiltration rate and ultimately in an
increased moisture content in soil profile and total soil moisture held in the profile (Table
4.1.6.5) with a decreased bulk density in surface and subsurface layer .An improvement in
hydraulic conductivity, available soil moisture and other soil physical parameters as a
consequence of regular addition of farmyard manure have also been reported by a number
of workers (Mandal and Pain, 1965; Biswas ef ul,, 1971; Muthval ef af., 1973; Singh and
Singh, 1974; Weill et al,, 1990).

Further, phosphorus fertilization has distinct effect in favourably altering most of the soil
physical parameters under study. Application of .phusphurus up to 26 kg P ha' has
signiticantly lowered the bulk density and increased the porosity of soil in surface soil layer,
however, such effects were only apparent in the subsurface layer upto the phosphorus level
at 13 kg P ha'. However, phosphorus fertilization has no any signiticant effect on the water

holding capacity of soil.

The lowest value of bulk density and highest value of porosity and basic intiltration rate was
observed under the plots receiving disc ploughing in conjunction with farmyard manuring,
Disc.ploughing when accompanied with farmyard manuring and phosphate fertilization at 26
kg P ha' recorded a significantly lowest value of bulk density and highest value of soil
porosity in surface and subsurface soil layer examined (Table 4.1.1.4 and 4.1.2.4). Like wise
the highest hydraulic conductivity was also recorded in the above said treatment in the
subsurface soil layer (Table 4.1.5.3). Further, phosphate fertitization when accompanied with

farmyard manuring has improved these soil physical parameters under various tillage

e
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treatments examined. The additive etfect of disc ploughing, farmyard manuring and phosphate
fertilization in the betterment of soil physical parameters in the present investigation is
attributed to deep Pcnetrﬁtion and more proliferated roots produced under this treatment
combination as is also evident from the highest value of root density and root dry weight
recorded under this treatment (Table 4.4.1). Tisdal et al. (1984) have reported that adequate
fertilization of surface soil and proper management are important in promoting deeper
vigourous and extensive rooting system. This stimulation of root development is related to
the build of high concentration of nitrogen and phosphorus in the cells that hastens division
and clongation tavouring branching and an increased growth regulator auxins. Production of
more extensive root system in turn might have increased the humus content and improved the
aggregate status of the soil because of formation of polymers-bridges between clay particles
(Taimurazova, 1967). Betlerment in aggregates of soil might have changed the pore geometry
leading to improved bulk density, total air space, hydraulic conductivity and water holding

capacity of the soil (Subramanian ef al. 1975).

A highly negative correlation exist between basic infiltration rate and bulk density, hydraulic
conductivity and bulk density of the soil and a corresponding value of correlation coefficient
(r) observed were -0.738 and - 0.647.  Contrary to this a highly positive correlation was
observed between water holding capacity and basic infiltration rate (r=0.729), water holding
capacity and hydraulic conductivity (r=0.669) and hydraulic conductivity and basic infiltration
rate (r=0.785). That these propertics are inter-relited s evident from the findings of Curtis

and Post (1964), Larson (1964), Luts ¢t al. (1966) and Kolarkar ef al. (1974).

5.2.2 Chemical properties

An examination of the data on physico-chemical and chemical properties of the soil (Table
4.2 and 4.3) indicated that different tillage treatments though did not influenced the pH,
electrical conductivity and available potassium status of the soil but have significantly altered

the organic carbon and available phosphorus status of the soil drawn from the experimental
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plots. Significantly highest value of organic carbon was observed under the plot receiving
zero tillage, while that of soil available phosphorus was recorded from the plots receiving disc
ploughing treatments. The soil under various tillage treatments based on their available
phosphorus status can be placed in descending order as: disc > chisel > minimum >
conventional, where as that for organic carbon status can be placed as: zero > minimum =

conventional = chisel > disc.

No change in pH and electrical conductivity of the soil drawn from the experimental plots
indicate lack of relationship between these parameters and cultivation techniques which is in
close agreement with the tindings of Gaykwad and Khuspe (1976); Khiani and More (1979)
and Rydberg (1987). The maximum value of organic carbon recorded under zero tillage
treatment in the present investigation is attributed to a lesser degree of decomposition of
organic matters (Rydberg, 1987, Carter ef al., 1988 and Madeiva ef ol 1989). Wrucke and
Arnold (1985) and Tke (1987) have also reported that dircet dritling caused clianges in soil
macro aggregation, reduced the evaporation rate and increased the microbial biomass C & N,
total organic carbon and N and extractable ions at the surface when compared with the treat-
ment receiving mould board ploughing. However, decper tillage help in improving the level
of available phosphorus in the soil (Gaikwad and Khauspe, 1976). Disc ploughing in conjun-
ction with farmyard manuring has resulted in significast increase in available P and K status
while decrease in EC of the soil. Further, farmyard manuring and phosphate tertilization alone
as well as in combination in the present investigation have decreased the pH and increased

the organic carbon, available P and K status of the soil (Table 4.2,4.34.3.1.1 & 4.3.2.2).

In general application of phosphorus in conjunction with FYM in all the tillage treatments
though significantly increased the soil available phosphorus but the highest value was
observed from the plot receiving disc ptoughing in conjunction with 26 kg P and 10 tons of
FYM per hectare. Application of FYM in general recorded an increased organic carbon and
soil available phosphorus under all the tillage treatments though the highest value of organic

carbon was apparent from the plot receiving zero tillage.



154
The Favourable effect of tarmyard manuring and phosphate ferilization in improving these
soil parameters is an out_comgof increased proliferation of roots and microbial activity
(Kofoed, 1987), which in turn have relcascd.lhc organic acids lowering down the pH of the
suil (Maurya and Ghaosh,1972 and Ch:nudh:iry et al., 1981) and releasing the native phosphonus
and potassium trom the soil apart from reduction in fixation of apphied plmsphofus (Vyas and
Motiramani, 1971; Sadanadan and Mahapatra, 1972 and Khaiani and More, 1984). Addition
of FYM enhances the solubility of phosphate probably by interfering in some way with the
formation of less soluble Octa calcium from dicalcium phosphate (Cooke, 1967). Sinilarly,
Dhillon and Dev (1979) have reported that improvement in available P in soil may be
attributed to humic substances secreted by roots, mineralization and solubilizing effect of soil
microflora and intense CO, produced by the roots and associated microorganisms which may

promote the solubilization of native soil P.

An increase in organic carbon status of the soil is i consequence af phosphate and farmyard
manure application is attributed to more production of roots and their subsequent
decomposition (Sundra Rao and Krishnan, 1963 and Chaudhary et al., (1981). Significant
increase in available phosphorus status of the soil with phosphorus and FYM application in
the present investigation are in line with those reported by Havanagi and Mann (1970),

Maurya and Ghosh (1972) and Chaudhary et al. (1981).

Like that of organic carbon and available phosphorus, farmyard manuring and phosphorus
application in the present investigation have significantly increased the available potassium
status of the suil which is attributed to addition ot K through FYM as well as to enhanced

mineralization of native K from the soil (Kwakye 1988).

5.3 Yield and Uptake of Nutrients :

An overall examination of data on yield of intercrop (Table 4.4.1, 4.4.2 and 4.4.3) revealed
that when compared with zero tillage, ali other tillage treatments in general significantly

increased the grain/ seed and stover yields of test crops and uptake of N, P and K by them
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in the course of present study. Among various tillage treatments disc ploughing resulted in
highest value of seed and stover yields of sorghum and green gram as well as. the uptake of
N, P and K by seed/ grain, stover and total harvest during both the years of research. Based
on their degree of influencing the sorghum grain yield, sorghum equivalent yield and green
gram seed yield, the tillage treatments can be placed in order as: disc ploughing = chisel

ploughing = minimum tillage = conventional tillage > zero tillage.

The improvement in soil physical conditions in the present investigation as a consequence of
tillage treatments (Table 4.1) lead to more moisture retention in the soil profile (Table
4.1.6.5), higher density of root and root mass production (Table 4.4.4) and better nutritional
environment (Table 4.3) which ultimately resulted in higher grain/seed and stover yields of
crops under study (Yadav, 1984). A si gnificant positive correlation exist between root density
- and sorghum yield in 1990 and soil profile moisture at sowing as well as at harvest and

sorghum equivalent yield during either year of research (Table 5.2).

Findings of Ram and Mohan (1971), Anderson and Cassel (1984), Rahman and Islam (1986),
Hazra (1988), Ekeberg and Riley (1989), Dick et al. (1991) and Wielhelm et al. (1991) aiso
coroborated the results of present investigation. Unger (1984) and Saxena (1987) have
reported that deep ploughing makes the land suitable for maximum absorption of rainwater
and exposes the lower layers of the soil to the sun and air as well as lowered the weed

population at the initial stage of crop growth, which ultimately increased the crop yields.

Incorporation of farmyard manure and phosphate fertilization independently increased the
grain /seed, stover as well as sorghum equivalent yields of intercrops. The application of
phosphorus gave highest response only upto 13 kg P ha" level of fertilization (Table 4.4.1,
4.4.2 and 4.4.3) '



Table 5.2
variable (Y)

Dependent (Y)

Independent (X)

Basic infiltration rate (mm/hr™)

Hydraulic Conductivity (cm/hr)
Water holding Capacity (%)
WHC (%)

Hydraulic Conductivity (cm/hr')
Yicld (4 ha)

Sorghum grain yield (q ha™)
Sorghum grain yield (g ha'y

Green gram seed yicld (g ha')

Total uptake by sorghum (kg ha™)

N

P

K

Towal uptake by green gram
(kg/ha

N

P

K

Sorghum yicld (g ha™)

Green gram yield (q ha™)

* Signilicant at 5% level

Bulk density (rﬁgni:s)

Bulk density (fgm’")

Basic infiltration rate (mm hr ')
Hydraulic conductivity (em hr')
Basic inliltration ratc (mm hr')
Soil profile moisture (cm/45 cm)
Al Sowing

Al harvest

Root density (g fec)

Total N uptake (kg ha'')

Total P uptake (kg ha™")

Total K uptake (kg ha™' )

‘Total N uplake (kg ha ')

Total P uptike (kg ha™)

Total K uptake (kg ha ')

Soil available phosphorus

(kg ha™)

Soil available phosphorus
(ke/ha )

Suil uvailabie phosphorus
(kg ha' )
Soil available phosphorus
(kg ha™)
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Correlation coefficient between independent variable (X) and dependent

Correlation Cocllicient

®

0811**
0838
0.826
0.854**
0.827**
(.88(**
(L723%%
0. 789**
0.5844"*

0.721**
(1LB38**
0.611**

0.819**
(LR70**
0.866**
(0.642**

0.672**

** Signiticant at 1% level

1989

1990
-0.738**

-(.647%*
(L729**
0.669**
0.785*+*

0.780**
0.755%*
¢.931*
ORTL**
0.776**
0.753**
0767
0. 704+
0.738**

0.767**
(L.898**
0.729%*

0.646**
0.803**
0.697**
0.684%*

0.518**
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The Karl Pearson’s Coefficient of Correlation was determined which indicate a non
significant linear relationship between phosphorus application and grain/seed yield of sorghum
and green gram during either year of research. The 'r* values obtained were 0.576 and 0.616
for s;wghum and 0.911 and (1400 for green gram for the year 1989 and 1990, respectively.
However, both the grain yield of sorghum and seed yield of green gram tound suitable to fit
in quadratic nature of regression equation, which represeats the crop out put and phosphorus
input retationship (Fig 5.1). The response curves indicate that phosphorus application gave
yuadratic response for both the crops during either year of research. Lack of response to
higher level of P application in the present investigation is atributed to the marginally high
level of initial available P status in the soil (15 kg P ha'', Table 3.2).
The response equation obtained for sorghum were:
Y = 23.6001 + 04369 x - 00140 x * Y = 29.05 + 0346918 x - 0010887 x *and (or green
gram were: Y = 2.04 + 0.022769 x - 0.000651 x ° Y = 2.52 + 0.09961 x - 0.003402 x *
respectively for the year 1989 and 1990,
Under rainfed conditions, plants heavily depend upon profile stored water 10 overcome
moisture stress and the application ot farmyard manure in the present study has resulted in
enhanced harvesting of rain water which is evident from the increased moisture in the soil
profile (Table 4.1.6.5) leading to better crop yields (Grewal e al. 1985). An increased yields
of crops due to FYM application have also been reported by Bhatia and Shukla (1982), Gupta
{1986), Bhoskar and Raikhelkar (1990).

Application ot phosphorus has significantly increased the yield of sorghum and green gram
which is in agreement with the findings Singh (1982), Patel et al. (1984), Kothari and Saraf
(1986), Kalira (1989) and Bishnoi and Balwinder Singh (1990). Phosphorus fertilization
possibly influenced the vigour of the green gram plant which might have accelerated the
nitrogen fixing power of the plant by increasing the activities of nodule bacteria and thus
resulted in more dry matter as well as seed yields (Arnon, 1953 and Moolant, 1966). Further,
phosphate fertilization have shown definitely beneficial effect in improving 'the sorghum and
sorghum equivalent yields which is attributed to the improvement in nutritional status of the

soil (Table 4.3) in addition to some physical parameters (Table 4.1) of the soil (Badanur and
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Venkata Rao, 1972, Chaudhary et al., ]‘)70): The higher natrient wtibization under the deep
ploughing treatments in the present investigation was probably due to enhanced root growth
(Table 4.4.4) that could have Facilitated greater removal ol nuttients and water from the soil
apart from higher biomass production (Nielsen and Humphries, 1966; Terman et al., 1976;
Chaudhary and Sandha, 1983); Sharma and Ackarya (1987). Rahman and Islam (1986} have
also reported that N, P, K uptake was always higher in deep tillage treatments as compared
to traditional ploughing. Further, the presence of legumes between sorghum lines also reduced

crop weed competition and accentuated uptake of nutrients (Abraham and Singh, 1984).

Incorporation of farmyard manure and phosphate tertilization alone as well as in combination
have increased the NPK uptake by grain /seed, stover and total harvest of inter crops during
both the years of investigation (Table 4.5.1 to 4.5.6). Increased uptake of NPK as a
consequence FYM and phosphorus application is attributed to the tavourable nutritional status
of the soil (Table 4.3 ) resulting into increased biomass production of the crops (Table 4.4.1
and 4.4.2). There exist a highly signiticant positive correlation between yields of intercrops
and total uptake of nutrients and coetficient of correlation (r) observed were 0.854 and 0.723
with N, 0.827 and 0.789 with P, and 0.880 and 0.844 with K uptake during kharif 1989 and
0.871 and 0.767 with N, 0.778 and (.704 with P and 0.753 and 0.738 with K uptake during
Kharif 1990 by sorghum and green gram,respectively. Similardy, a highly significant positive
correlation between soil available phosphorus and total uptake of nutrients and grain/seed
yield of sorghum and green gram as well were observed during either year of research (Table
5.5). Such an increased uptake of NPK under these treatments have also been reported by
Bassin ef al. (1979), Schenk and Barber (1980), Zadode and Padole (1984), Panwar et al.
(1988) and Balaguravaiah ef al. (1989). Thus.improvement in soit physical conditions, soil
moisture in the profile, nutrients status of the soil have resulted in more proliferated roots and
enhanced uptake of nutrients which ultimately lead to increased production of grain/seed and
stover of the crops under study in treatments receiving deeper tillage, FYM and phosphorus

application in the present investigation.
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54  Crop Quality and Economics ;

Perusal of data on protein content of sorghum and green gram (Table 4.6.1 and 4.6.2)
revealed that though tillage treatment in general have no-eftect on protein content of the
intercrops but FYM and phosphate application independently has increased the protein content
of sorghum grain and in combination as well have increased the protein content of green
gram seed during both the years of investigation. Further, FYM and phosphorus when applied
in conjunction with various tillage systems have increased the protein content in green gram
during either year of research (Table 4.6.2.3 and 4.6.2.4) however, the response to phosphate
fertilization was only restricted to 13 kg P ha” leve! of application in FYM treated plots. An
increased protein content in grainfseed of intercrops as a consequence of phosphate
fertilization in the present investigation is attributed to the increased soluble carbohydrate
content (Nandapuri and Singh, 1966). An increase in protein content as a consequence of
phosphorus application is in agreement with the findings of Panwar et al. (1976), Zadode and

Padole (1984), Ahmed ef al. (1986) and Patel and Parmar (1986).

The findings of the experiment presented in the preceding chapter indicate that the treatment
receiving disc ploughing was superior in improving soil physical and chemical properties,
grain/seed and stover yields of inter crops and nutrient uptake and quality of crop as well and
was closely followed by chisel ploughing. However, perusal of data on net return (Table 4.7)
indicated that disc ploughing treatment remained statistically at par with the treatment
receiving minimum and chisel tillage. The higher value of net return rcdmrded under minimum
tillage is attributed to a comparatively higher cost of treatment for disc and chisel ploughing.
Deep tillage though had favourable effect on soil characteristics but reduces the net profit
because of higher operating cost has also been reported by Sheikh e al. (1983). The
economic consequences of different tillage systems are more difficult to assess, as they
depend so much on farm size, investment patterns and fluctuating cost/price relations (Cartee,

1992).

1



6. SUMMARY AND CONCLUSION

Investigation on "Interactive effect of tillage and phosphate tertilization in conjunction with

FYM on soil physical parameters and yield of sorghum intercropped with green gram under
dry land" was carriedout for two consceutive years during kharif, 1989 and 1990 al

Agricultural Research Substation Argjia Bhilwara.

The experiment consisted of 30 treatment combinations, comparising of 5 tillage practices
conventional (desi plough), disc ploughing, chisel ploughing, minimum  tillage (Disc
harrowing) and zero tillage, 2 farmyard manure levels, 0 and 10 tons ha™' and 3 phosphorus
levels 0, 13 and 26 kg P ha'. The experiment was laid-out in split plot design, allocating
tillage operations in main plots and combination of FYM and phosphorus fertilizer in subplots

replicating each treatment in quadruple.

The results obtained during the course of investigation are summarized -and concluded as

follows :

6.1 Effect of Tillage :

Various tillage treatments when compared with zero tillage decreased the bulk density and
increased the soil porosity in both surface and subsurface soil layers, However, the minimum
value of bulk density and maximum value of soil porosity was recorded from the plot
receiving disc ploughing treatment, which was followed by chisel ploughing, minimum tillage

and conventional tillage treatment.

Like wise, an appreciable increase in water holding capacity , basic infiltration rate and

hydraulic conductivity of the soil was observed under the treatments receiving various titlage

*
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operations when compared with zero tillage treatment. Treatment teeciving dise ploughing
recorded the maximum value of these parameters (37.89 %, 15.10 mm hr' and 1.92 cm hr
respectively) and was followed by chisel, minimum and conventional tillage treatments. The
extent of increase in hydraulic conductivity was much more pronounced in surfice soil than

that observed under subsurface soil layers.

Various tillage treatments recorded ‘& increased soil moisture in the samples drawn from
different soil layers (0-15, 15-30 and 30-45 cm) at sowing as well as at harvest during either
year of research. Among various tillage treatmentsdise ploughing was found to be the best
in harvesting the rain water and water storage in the protile which was closely followed by

chisel ploughing treatment.

When compared with zero tillage, various tillage operations decreased the organic carbon and
increased the available phosphorus status of the soil though they did not influence the pH,
EC and available potassium status of the soil to any significant level. The minimum value
of organic carbon (0.38%) and the maximum value of soil available phosphorus (20.85 kg

ha*y was recorded from the plot receiving dise ploughing.

From the view point of positive intluence on soil physical and chemical properties various

tillage treatments can be placed as disc > chiseller > minimum > conventional.

All the tillage treatments in general significantly increased the grain /seed and stover yields
of intercrops over zero tillage treatment. However, disc ploughing resulted in highest
grain/seed and stover yields of sorghum and green gram during both the years of
investigation. The sorghum equivalent yield recorded under this treatment was 31.79 and
37.91 q ha” as against 27.25 and 34.60 ¢ ha" recorded trom the plot receiving zero tillage
in kharif 1989 and 1990, respectively. Further, the pooled analysis indicated that 12.71
percent increase in sorghum equivalent yield was apparent due to disc ploughing treatment

over the treatment receiving zero tillage.
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The uptake of nitrogen, phosphorus and potassium by grain/sced, stover and total harvest of
intercrops observed under varjous tillage treatments were significantly higher than that
recorded from zero tillage treatment. Disc ploughing shuwﬁis superiority in recording the
uptake of nutrients (NPK) over rest of other tillage treatment during both the years of

investigation.

The highest root density and root dry weight ol sorghum was observed in disc ploughing
followed by chisel ploughing and minimum tillage treatments. Tillage treatments in general
have no-effect on protein content of the intercrops.

&
Though disc ploughing treatment came out to be the best followed by chisel ploughing n

influencing the soil physical and chemical parameters, providing more water and nutrients to
the intercrops and uitimately in an increased biological and veonomic yields of crops under
study but when compared with minimum tillage based on net return obtained remained

statistically at par.

6.2  Effect of FYM :

Incorporation of farmyard manure at 10 tons ha' resulted in an improvement of soil physical
properties viz., bulk density, total porosity, watetholding capacity, basic infiltration rate and

hydraulic conductivity and ultimately in an increased moisture content in the soil profiie.

FYM application though decreased the soil pH but increased the organic carbon, available
phosphorus and potassium status of the soil. The increase in arganic carbon content recorded

was 0 tune of 53.6 percent over no-FYM treatment,

An increase in yickds of intercrops and sorgham cquivadent yicld has been tecorded as @
consequence of farmyard manuring. The percent increase in grain/seed yields recorded was
of the order 13.5 and 10.0 for sorghum and 24.0 and 11.6 for green gram during 1989 and
1990, respectively.
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Incorporation of tarmyard manure signilicantly increased the uptake of NPK by grainfseed,
stover and total harvest of sorghum and green gram during either year of research. Further,
FYM application resulted in increased protein content of sorghum and green gram during

either year of rescarch though the magnitude of increase was higher in green gram.

6.3 Effect of Phosphorus :

Phosphorus fertilization . significantly lowered the bulk density and increased the soil
porosity in surface and subsurface layer of soil examined, however, the effect was

pronounced up to 26 kg P ha' in surfuce and at 13 kg P ha' in subsurface soil layer.

Phosphate tertilization, has significantty influenced the basic intilration rate and the
maximum value was observed under the highest level of phosphorus (26 kg P ha 'y used.
Similarly, phosphorus fertilization had a significant effect on the hydraulic conductivity of
the soil and, the highest value was observed under the plot receiving highest level of

phosphorus application irrespective of the depth of soil examined.

Application of phosphorus significantly increased the pH, EC, orgamc carbon and available
phosphorus and potassium status of the soil though the response observed was in general at
par with two levels of phosphorus applicd. The phosphorus application at 13 kg P ha'
significantly increased soil available phosphorus by 75.4 percent aver no-phosphorus

treatment.

Application of phosphorus significantly increased the grain/seed, stover and sorghum
equivalent yields of intercrops though the responses recorded was significant only upto 13

kg P ha' level of fentilization.

Phosphate fertilization significantly increased the NPK uptake in grain/seed, stover and total
harvest of the crops. In general the response obtained was only apparent upto 13 kg P ha'l

level of phosphorus applied.
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Phosphorus application significantly affected the protein content of grain/seed of sorghum and
green gram. The protein content increases with i subsequent increase in phosphorus fevel in

green gram during either year of research.

6.4 Interaction Eftect :

Disc ploughing when accompanied with farmyard manuring and phosphate fentitization at 26
kg P ha' has in general recorded significantly highest value of soil porosity and hydraulic

conductivity in surface and subsurface soil Jayer and the lowest value of bulk density.

Disc ploughing in conjunction with farmyard manure was found 1o be the best treatment for
improvement in soil physical parameters under the course of investigation which was closely
followed by chisel operation. Further, the disc ploughing when applied in conjunction with
13 kg P ha' level of phosphate fertilization has also recorded an increased moisture content

in the soil protile.

The highest value of soil available phosphorus (27.0 kg P ha''y was observed trom the plot
receiving disc ploughing in conjunction with FYM and highest level of phosphate fertilization
which remained statistically at par with the treatment receiving chisel operation under same

set of treatments.

Incorporation of farmyard manure in combination with phosphate fertilization increased the
NPK uptake by grain/seed, stover and total harvest of intercrops during both the years of

investigation.

FYM and phosphorus when applied with various tilage systems increased the protein content
of green gram seed during 1989 and 1990, though the response to phosphate tertilization was
restricted to 13 ky P ha™ under the situation where farmyard manuring was incorporated,
where as under no-FYM treatment, the response was found upto 26 kg P ha' level of phos-

phorus tertilization. Thus,the results of present investigation have conclusively indicated that:
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A definite improvement in soil physical parameters, rain water harvest and chemical
properties of the soils can be brought about by the use of deep tillage operations
when applied alone or in conjunction with FYM and phosphate fertilization under dry

land agriculture.

Disc ploughing used as a primary tillage was superior in improving soil physical and
chemical praperties condusive to better growth of crops under study by providing
more moisture and nutricnts which wltimately resulted inincreased prain/seed and
stover yields of intercrops and soighiom cquivalent yicld duing either yem ot

research.

Though based on economic analysis disc ploughing stands statistically at par with
minimum tillage owing to involvement of higher operational cost but Jooking to the

extent of improvement brought it can prove ¢conomically more sound on long run.

Maximum yield and better quality of interCerops can only be achieved when disc
ploughing treatment was accompanied with incorporation of FYM and phosphorus
fertilization at 13 kg P ha'' level apart from application of recommended dose of

Nitrogen (60 kg N ha™).
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APPENDIX 111

Analysis of Variance (MSS) tor pH and EC

Source of Variation d.f pH E.C.
Replications 3 0.003 0.001
Tillage (T) 4 0.001 0.002
Error (a) 12 0.003 0.002
FYM (F) 1 0.067** 0.001
TXF 4 0.000 0.001
Phosphorus (P) 2 0.010* 0.005*
TXP 8 0.000 0.008**
FXP 2 0.001 0.008**
TXFXP 8 (LOOO 0.003
Error (b) 75 0.003 0.001

*Significant at 5%

**Signifticant at 1%

*



APPENDIX 1V

Analysis of variance (MSS) for O.C., available phosphorus
and available potassivm in soil

Source of variation d.t Organic Available Available
Carbon Phosphorus Potassium
Replications 3 0.002 0.601 3393207
Tillage (T) 4 0.004** 42.830** 705.000
Error (a} 12 0.001 1.821 202878
FYM (F) 1 0.867** 346.800** 32(3.333**
TXF 4 0.001 4.603** 611.667*
Phosphorus (P) 2 0.004%* 1065.733% 1570.000%*
TXP 8 0.002 1.780 142.500
FXP 2 0.001 1.200 223.333
TXFXP 8 0.005** 4.053%* 234.167
Error (b) 75 0.001 1.009 198.769

*Significant at 5%

** Signilicant

al 1%
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APPENDIX VII

Analysis of variance (MSS) for pooled analysis of equivalent yield (1989 & 1990)

Source of Variation ' df MSS
Year 1 2636.22**
Rep X year 6 9.533
Tillage 4 131.183*
Year X tillage 4 2.658
Error (a) 24 5.111
FYM 1 Q4R 51%*
Phosphorus _ 2 341.05%*
FYM X Phosphorus 2 6.97
Year X FYM X Phosphorus 5 4.397
Tillage X FYM 4 4.257
Tillage X Phosphorus 8 1.85
Tillage X FYM X Phosphorus 8 2.18
Year X Tillage X FYM X Phosphorus 20 7.156
Error (b) 150 12.939

* Significant at 5%

** Significant at 1%
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APPENDIX XV

Analysis of Variance (MSS) for Net Return

Source of Variation

| TXF

.i'_

Replications 3

Tillage (T) 4

Error (a) 12

FYM (F) 1

Phosphorus (P}

TXP 8

d.f.

3616188

1710751

1989

25873458+
1551058

16298018+**

11165664**

1081373

I TXFXP 8

FXP 2

Error (b) 75

*Significant at 5%

1820976

431162

1120376

I

**Sigoificant at 1%

16906512**

1990
797457

41561806*

815671
2005100

1413189

871651

1469600
893837

1102596
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~ APPENDIX XVI 6 M
Economics of Treulmem 2' / )

Treatment Gross Returns (Rs) Cost of - Net Returns (Rs) Meun Mean

Cultivation B:C
1489 1990 (Rs) 1984 1 Yth} Ratio
T|F0Pn 15516.75 14893.75 4930 10586.;!5 95;63.7_5 1(3-2.75..-25 o 208_
T, F,P, 1564525 16719.25 5193 10452.25 1126.25 1{989,25 211 :
T, F Py, 16151.50 1581.75 5456 10695.50 1035875 10527.12 1.93
T,F..P, 1626475 15n22.50) 113} 14134.75 Q442 54} YR13.02 1.6¢)
T\F P, 17905.75 17281.00 63yl 11512.75 LONEY.OU 11200.37 1.75
T\F Py 17683.75 17180.75 6656 1102775 10524.75 1077025 1.62
T,F,P, 1553375 15565.75 4080 IOSS3.75  1OMRS.7S  1ONOY.7S 2.32
T,FgP,, 16310.25 160949 .50 Y43 11367.25 111560.50 1261487 2.28
T,FPy 1701925 16023,75 5206 11813.25 10817.75 11315.80 217
T,F,oP, 17232.25 16611.25 5880 1135225 10731.25 11041.75 1.68
T.F.P,, IRA7S.0 {RS3IX.TS 6143 1233200 1239575 2363187 201
TJF"}PM IR702.00 17205.25 040n 1 2246.(H) 10799.25 11547.62 1.80)
T,F,0 15822.75 14502.75 4930 10592.75 Us72.75 138275 2.04
T,FP, 1649750  15924.25 5193 11304.50 1073125 11017.847 2.12
T:F Py 16498.50  15535.50 5456 H4250 1009950 10571.00 1.94
T 10P, 16201.25 16204.00 6130 HH71.25 HO74.00) 10072.62 1.64
T,F,.P,, 1865275 19362.00 6393 1225975 1296900  12614.37 197.
TyF oPy 18199.75 17045.50 6656 11543.75 103K9 50 1U66.62 1.65
T,FP, 1496.50  14289.50 4280 10681.50  10009.5¢  10345.50 242
T,FeP,; 16067.00 16351.25 4543 11524.00 11808.25 1166612 2.57
T FoPas 15518.50 1597475 4806 10712.52 11168.75 10940.62 2.28
T,F..P, 17948.00 16270.50 540 246800} 10790.50 11629.25 2.12
TF, P 18840.75 1749750 5743 13097.75 1175450 12426.12 2.16
TFioPs 18200.00 17065.74 L1 12193.75 1I059.75 11626.75 1.93
T 0P0 11646.00) 14168.75 41K} 7466.00 HUKE. 75 8727.37 2.00
TP, s 1452300 14559.25 4443 LOOBO.OU 1011625 1O0YK.12 2.27
TF Py 1358625  14998.75 4706 8R80.25 1029275 Y586.50 2.04
TF, P, 14%07.00 15358.75 5380 9527.00 Y978, 75 9752.87 1.81
TsF 4P,y 16012.75  16458.50 5643 1036975 1081550 10592.62 1.88
TF P 14828.25  15703.50 5906 892225 979750 9359.87 1.58
T;réatll-;ént_(fusl : - o Cost of Cultivation : Rs. 4180 ha™
Tillage H Conventional tillage (Desi Ploughy : Rs 750 ha''; Disc Ploughing : Rs 500 ba™'; Chisel
Ploughing : Rs. 750 ha™; Minimum tillage (Disc harrowing) : Rs. 1O ha
FYM : Rs 120/ton Phosphorus : Rs.1.40/kg SC‘ \ {'| C]

Cost of byproducts(y ha™): Grain/Secd:Sorghum Rs 300, Green gram Rs 00, Fodder: (Intercrops) Rs 60
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