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Chapter I
INTRODUCTION

Our conceptions of the functions of tillage practices have
changed materially over the last 15 years and there is yet much
that is not understood. §Since tillasge is the largest single item
that shares the major amount of cost of production, 1t entails
that the energy used should be g mininum consistent with optimum
monetgry returns. Improved tillage practices accompanied by
developrent in new tillage tools came up through the use of trial
and error methods Though various tillage practices and inmp-
lements have been compared and evaluated in terms of crop yields,
a little attention has been paid to the changes that are induced
by them. Many a time, excess tillage is given, though it is not
essential for the crop yields, for the want of an optima for a
¢rop in question under the prevailing soil-climate conplex. If
optimum conditions are well defined, the tillage cost nay be
brought down considerably.

Realising the high cost involved in tillage as early as
1943, the Joint Committee on Soil Tilth, established by the
American Socleties of Agronony and Agricultural Engineering
rightly pointed out :

" No amount of empirical experimentation will tell us
whether sub-surface tillage is superior to ploughing, whether
ploughing is superior to disking or what changes are desirable in
the design of tillage machinery. DBefore any progress in this
direction can be rade, we nust know what soil physical state is

desired for a given crop under specified climatic conditions. Hence,



Do

there is a need to measure the changes produced in soil by our

different managerent practices".

Tillage studies are now being undertaken to determine how
tillage alters soil condition especlally in relation to growth
and yield of crops. Cook gk. al.(1953) introduced the concept
of minimum tillage and proved that for some crops the number of
tillage operations could be reduced without sacrificing the yield.
This work has formed the basis for the two zone concept of row
crops (Larson, 1964). More recently, the practice of no-tillage
has been introduced for growing some crops successfully under a
specified climatic condition (Free st. al.,1963; French and
Blake, 1965).

It is necessary to define the requirements of crop root
system in detaii before drawing any conclusion because of the
inability of no-tillage or minimum tillage to achieve its object-
ives under varying agroeclimatic condition. During the last 20
years, agricultural scientists and engineers are actively engaged
to find out the requirements of crop plant at varying stages of
growth in terms of quantitative measurements of soil physical
environment. It is no secret that physical edaphic factors,
namely : solil water, soil seration, soil temperature and mechani-
cal impedance govern to a large extent the emergence of seedlings,
growth of roots and shoots and the final yield of crop. Once the
range of each factor for a crop is known, it is not too difficult
to provide the desired soil environwent to the growing plant.
However, it is still a complex problem to obtain this conducive

soil condition due to wide variations in soil, climate and crop
adaptation.



Wheat was not being grown widely in West Dengal, India.

With the advent of irrigation resources, considerable land is

being brought under wheat cultivation. However, there is no

report on the desirable soil physical environment that should

be provided for wheat growth in this region a part of which

falls under acid lateritic soils, though earlier Tripathi and

Pande (1971) reported the feasibility of wheat cultivation in

this agro-climatic regione The present investigation was,there-

fore, carried out to assess and evaluate the influence of phys-

ical edaphic factors as induced by tillage on wheat growth.

Since there is a distinct lack of information regarding the

optimum soll physical conditions for wheat growth, the present

investigation was carried out to neet the following objectives:

1)

2)

3)

4)

to study the changes brought about in the soil
physical environment as induced by various tillage
practices and to find out the response of seeds to

changed environment,

to evaluate the influence of edaphic factors on

wheat crop performance at various growth phases,

to find out how scononmically the most conducive

soil physical environment can be created for success-
ful wheat growth under the agro-climatic condition
prevalling over Kharagpur, and

to evaluate the properties of clods or aggregates and -

to find out the feaslibility of the information thus
obtained to predict the bulk density of cloddy surface
immediately after tillage.

(¥h)



Although considerable research has been carried out on
the design parameters of tillage tools, the resultant soll physi-
cal conditions are yet to be known fully (Bhushan gt. al., 1971).
It is a common observation that in spite of tool geometry, soil
physical conditions and operating speed also have a profound
influence on the cloddiness of the seedbed and draft require-
ment. Furthernore, the goil fracture during tillage was found
to be proportional to the new soil (clods) surface produced. It
was, therefore, felt necessary to evaluate the influence of bulk
density, soil nmoisture and speed of operaticn on tillage tool
draft and cloddiness potential of the seedbed which governs the

soll physical properties at various growth phases of crop.



Chapter 11
REVIEW OF LITERATURE

Bvery crop has range of physical environment that provides
optimum conditions which may be achieved by various tillage
practices. It is a well recognised fact that tillage operations
wvhich consume more energy than any other field operation bring
about changes in soil structural relatlionship and thereby modify
soil physical factors. The pertinent literature reviewed in this
chapter is presented under the following heads 3

1. Relation between tillage induced solil conditions
and edaphic factors

2. Seedling emergence as influenced by tillage
induced seedbed

3. Tillage induced soil environment and root growth
4, Tillage in relation to crop performance
8. Factors influencing tillage tool draft.

21 Relation Between Tillage Induced Soil Conditions
and Bdaphic Factors

2.1.1 Clod size, bulk density and porosity

Tillage machine features such as size, shape,sharpness and
speed of operations do affect the clod size. The evaluation of
soil structure was made in terms of size distribution of aggre-

gates, aggregate stability and such soil properties as synonymous



with soil structure. Racently, Jain and Biswas (1969) reviewed
the methods for evaluation of soil structure which were based

on mean weight diameter, geometric mean weight diemeter and
arithmatic mean diameter of soil aggregates. The use of mnean
wolght diameter was suggested as a suitable parameter by which
the resulting aggregate distribution could be handled (Van Bavel,
1049; Gardner, 1956; Stirk, 1958; Puri and Purl, 1839; Basu and
Kibe, 1946).

It 18 a well recognised tact that tillage essentially
involves the fracture of the soll, leaving the surface 8soil
eloddy. Allmaras 8t.sl.(1965) used four pre-plant tillage treat-
mentes to obtain different soil conditions in the row-zone.

They observed that within 6 weeks after planting, the bulk den~
sitys Dp increased but the logarithm of geometric mean weight
dismeter of aggregates (log GMD) and the dispersion of aggregate
diameter (0" log 4) changed differently depending on tillage
treatments and year of study. Larger differences occurred in
these measurements among tillage treatrments. It was evident
that Dp of the O to 3~-inch layer increased as ¢ log d increased,
but comparatively srmaller decrease occurred as the log GMD in-
creased. A similar relation was shown in laboratory using nix-
tures of aggregate-diameter separates. These changes in DB were
mainly due to the modifications of the aggregate void space. In
the laboratory, an incresse in weight fraction of water was observel
for inecreasing ¢~ log d. Therefore, they suggested that both
log GMD and 6" log 4 were neasurable parameters of soil conditions

in the beds of aggregates, and might help explain soil water



retention and movement, evaporation losses, seed-soll contact,
and root-soil contact. The significance of aggregate size dis-
tribution for describing packing arrangemenﬁ'vas evaluated from
changes in Dg as predicted by changes in log GMD and 0 log d.
Soil aggregate stability indices - }'D, log GMD and change in
M'D were corparable with soll structure index expressed as
percentage of water stable aggregates greater than 0.25 mm

( Pharande ghe ale, 19693 Puri and Puri, 1239; Van Bavel, 1949).
Geometric mean diameter, bulk density and total air space and
water retention at 1/3 - bar suction also provided good indi-

cation of structural status of the soil.

The size and arrangement of aggregates in soils greatly
influence the amount of configuration of the pore space which
in turn governs air and water relations. Hill and Surner (1967)
reported that soil bulk density changes had marked effects on the
moisture characteristics of different soils., Crable and Siemer
(1968) reported the influence of bulk density and aggregate size
on soil water absorption, oxygen diffusion at lower depths and
growth of corn crops. The roisture content «ras a predominant
influencing factor in producing the quantity and guality of soil
clods ( Lyles and ‘oodruff, 1963). The volume of water retained
per unit volume of aire-dry aggregates was negatively related to
the diameter of aggregate separates (Tamboli,196l; -rittmuss and
Nazurak, 1958).

Jaggl et. al, (1972) concluded that in black cotton soil
a fine seedbed of aggregate size of 1-2 mm with bulk density of
le2 = 1.3 g cu"3 favoured the wheat yielde A curvilinear



relationship existed between aggregate density and the diameter
of aggregates. The aggregate density increased as the diameter

of aggregate decreased (Wittruss and Mazurak, 1958).

Stability of asggregates ranging from 3-5 mm dlameter
increased initially but decreased with the lapse of time (Arya
and Black, 1972). Their findings suggested that an intense rain
soon after ploughing would puddle the scil to a great extent
than 1f it was delayed a few hours. It was assumed that drying
was the significant interceding factor in soil stabilization
following the tillage.

The soil type and the condition at the time of tillage
determined the resulting clod size to a far greater extent.
Ploughing the soil when it was too wet (near field capacity) o-
too dry (below wilting percentage) usually produced larger clods
(Baver, 1956). He further stated that when the soil moisture
vas midway between these two extremes, it produced a finely pu1~
verised soil with smaller clods. The type of tillage implement
had decided influence on the size and stability of the clods
formed and the differences persisted longer than those due to
moisture content (Lyles and Woodruff, 1962). They reported the
occurrence of larger clods in the plots worked with mouldboard
as compared to surface sweep. Different tillage implements
produced varying clod sizes (Yoodruff gt. gl., 1965; Siddoway,
1963y Gill, 19673 Chepil gt. al., 1962; Venhardt, 1962; Lyles
and Dickson, 1968).

Furthermore, the occurrence of clod sizes was also influe-

nced by shape and size of tillage tools (Gill and FKcCreery,1960).



They indicated that clod mean weight diameter increased with
increasing sizes of cut. The radius of curvature of rouldboard
‘plough was observed to have linear relationship with clod size
indicating thereby that as the radius of curvature increased
the size of resulting c¢lods increased (Bhushan and Ghildyal,
1970b). They established beyond doubt that clod size distri-
bution is a single parameter to influence various soil physical
conditions., Bhushan and Ghildyal, (1870a) working with imple-
ments of varying shapes fron blade type (Guntaka) to complex
(mouldboard plough) one, reported higher clod mean weizht dia-
meter in the plot ploughed with the mouldboard plough under the

agro-climatic conditions of Kharagpur,

Very recently, Bhushan gt, al.(1973) conducted the inves-
tigation on this line to study the changes brought about in
soll physical properties by various implements and attempted to
assess the resultant clod size distribution in relation to bulk
density, total porosity and water retention immediately after
treatrents and during the g rowth period of wvheat. It was reporte-
ed that the use of disk plough or mouldboard plough followed by
disking helped in keeping the bulk density low, higher porosity
and greater moisture retention in the soil throughout the growth

N

period of wheat crop.

Initial compaction at optirmum moisture prior to tillage
proved helpful in increasing soil cloddiness (Lyes and Woodruff,
1961). However, the quantity and qusality of clods were dap?ndent
on various factors that influence cbhesion (Lyles and Woodruff,
1963). Bulk density was found lower in plots ploughed with a
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plough than rotary cultivator or tined cultivator (Wilton,1964).
Bhushan and Ghildyal (1970a and 1870b) related this occurrence
of lower bulk density to larger clod sizes. bulk density under

plough was lower than that under disk harrow or guntaka.

Even though the porosity is an important parareter in a
tilled soil, it was not messured throughout the growing season
of & erop. In recent years, the total porosity of the tilled
layer was determined from changes in elevation of the soil
surface (Kuipers and Van Onwerker, 1963; Burwell gt. al., 1963;
Larson, 1964; Wilton, 1964; Bhushan and Ghildyal, 1970a).

In gensral, scientists observed noticeable increase in
total porosity by ploughing which diminished quickly after the
operation, at the rate that was greatly influenced by rainfall
and that the higher porosity was maintained for longer time by
the use of mouldboard plough (Burwell gt. al., 1963; Wilton,
19643 Allmaras, 1967), wheel track and conventional tillage
(Allmaras at. al., 1966; Burwell and Larson, 1969).

2¢1e¢2 Edaphic factors
ZeleZ2¢1l So0il moisture

Consarvation of soil water under arid condition was achie-
ved through tlllage which helped control evaporation. Wwillis
and Bond (1971) observed that tillage effectively terminated first
stage drying and evaporative losses were reduced considerably.
The reduction in water loss was reflected in higher scil water

content throughout the column length below the tilled layer.
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Bvaporation was slightly reduced with 7.5 cm tillage as compared
to 2.5 cms The moisture loss from soll was faster under disk
and mouldboard than other treatments (Bhushan gk. al., 1973;
Holmes gt. al., 1960). Evaporation and drying rate were greatly
influenced by degree of aggregation and compaction which in turn
were affected by tillage operations. Johnson and buchele (1961)
using stable g¢lay loam aggregates found that drying rate in the
top 7.5 cm of the seed zone increased more than two fold with
the increase in clod size from 1.28 to 6.28 cm diameter. ilowever,
compaction of these clods at 5 psi decreased the drying rate by
20 per cent for smaller clods and 50 per cent for larger clods.

Large clods and loose soil promote greater rates of drying.

Van Duin (1958) predicted that the capillary pore volume
fraction could be increased by a factor of 1.4 or so by changing
the aggregate arrangement from close to open packing if the
aggregates were 0.2 mr diameter. This should increase the avail-
able water holding capacity on volure basis. On the other hand,
when aggregates larger than (.6 mm diameter were changed from
close to open packing, the capillary pore volume fraction was
reduced and consequently decreased the available water holding
capacity. Amemiya (1965) indicated that decrease in aggregate
diameter incressed the capillary conductivity when dealing with
aggregates about 1 mm diameter, Manipulation of aggregate or pore
size arrangement by tillage which decreases soil moisture suction
at a given volume moisture content, can increase capillary con-
ductivity of the soil. Subramanyam (1959) noted that deep
ploughed land had the highest infiltration capacity, even higher
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than that of sod land immediately following the tillage opera=-
tions But after about a month, it lagged behind the sod land
in its infiltration capacity. ©OSimllar results were obtained
by Rauhe (1956).

2¢1e2.2 So0il aeration

The seed environment 1s usually close enough® the soll
surface where gasesous exchange poses no problem to germination
and emergence. Domby and Kohnke (1956) showed that unless the
surface was completely impervious or very wet, gas diffusion
through the soil did not depend on properties of the surface
layer. Dasberg and Bakker (1970) attempted to evaluate differ=-
ent soil aeration indices in relation to plant growth (Sojka
at. al.,1972; Varade gt. al.,1970) during fluctuations in soil
moisture content. They found that oxygen concentration of the
soll alr decreased to less than 10 and 5 per cent respectively,
for oxygen concentrations at the soil surface of 21 and 11 per
cent. The oxygen diffusion rate (ODR) measurements as influen-
ced by tillage practice-were quite variable(Burwell gt. al.,
1963; Wilton, 1964; Allmaras at. al., 1966; Burwell and Larson,
1969), Furthermore, they pointed out that total root production
was hardly influenced but the depth of root penetration was
affected strongly by these aeration treatrents.

2¢142.3 Soil terperature

Burrows (1963) stated that tillage could influence the thermal °
properties of soil., He found that the soil temperature at the
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4 inches depth on 40-inch recurring ridge (ridge planting)
averaged 3.8°F greater than that in the furrows (lister planting)
and 2.1°F greater than that in the soil with smooth microrelief
(conventional planting). The results of Shaw and Buchele (1957)
also lend a support to this view. Peak dally temperature diff=-
erence of 1 to 5°C at the 5 cm depth occurred between furrow
bottom and ridge top depending on so0il moisture and clod cover.
The mechanism of achieving higher temperature in the ridge top
was partly assoclated with lower soil moisture content and partly
with the geometry for heat flow. Olson and Schoeberl (1870)
created a wide range of soll conditions with four tillage systens,
namelys conventional, wheeltrack planting, till planting, and
listings They found that soil temperature at seed derth was
lowest in the listed plots wherein corn was planted in the bottom
of furrow. The maximum temperzture was observed in tillage treat-
ments where amplitude of temperature fluctuation was greater and

thermal conductivity low (Allmaras, 1967).

Surface roughness and soil molsture content affected ref-
lectance of radiation from the soil surface (Gates and Hanks,
1967) and hence the soil temperature. Smooth soil surface ref-
lected upwards 850 per cent more radiation than rough, cloddy
surfaces. The rough and cloddy surface dried faster. Dry sur-
faces reflected upwards 50 per cent more radiation than wet
surfaces. Holrmes gt. gl. (1960) noted that temperature in the
beds of aggregates depended on aggregate size and wind speed.

2¢le2+4 Mechanical impedance

The basic objective of tillage is to keep the soil loose
enough so that plant root can penetrate easily and grov profusely.
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Mulches, rainfall and tillage have as greal influence on impe-
dance as on any other seed environment characteristics (Carnes,
1934; Duley, 1839). Phillips and Kirkham (1962) showed that the
relationship between needle penetration and bulk density was
linear (Tabatabai and Hanway, 1968; Lyles and Woodruff, 1963;
Terry and Wilson, 1953). The soil strength was also influenced
by soil moisture (Martin and Buchele, 1960; Lyles and Woodruff,
1963).

Every increase in bulk density is accompanied by increase
in mechanical strength of soil and decrease in porosity, void'
ratio, hydraulic conductivity, water permeability, and gaseous
diffusion but increased capillary conductivity and diffusivity
of the soil (Vomecil and Flocker, 19613 Gill, 19859; 1961; Lutz,
1952; G111 and KMiller, 1956; Swanson and Jacobson, 19563 Phillips
and Kirkham, 1962; Parker and Taylor, 1965; Drew gk. al., 19653
Varade and Ghildyal, 1967).

2.2 Seedling Emergence as Influenced by Tillage Induced Seedbed

Grover (1955) indicated that the seed environnent was
corposed of three distinct parts, namely : chemical, biological
and soil physical environment., Although strict control of the
physical environrment is obviously impossible under field condi-
tions, modification of the same may be achleved to a great
extent from (a) change in soil profile, and (b) application of
additives (Arndt, 1945; Camp and Walker, 19273 Christiansen,
1963; Evans and Kirkham, 1949; Evenari, 1956; Hendricks, 1956;
Henks and Thorp, 1956).
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Larson (1964) suggested that the parameters selected to
describe the required conditions in the seeding environment
zone were soil temperature, secondary aggregate size, bulk den-
sity, and the width and depth of the zone. According to Johnson
and Taylor (1960) the occurrence of aggregates smaller than
2+5 mm provided a proper soll condition for optimum emargence
of corn. However, while working with sugarcane Jain and Agarwal
(1970),found higher germination percentage in 3.2 to 6.4 mm
aggregate size. NMaize seedling emergence decreased as the
aggregate size increased from l.2 to 6.7 mm diaveter (Johnson
and Buchele, 1961)., Though a little gompaction at surface gave
beneficial results (Stout and Snydsr, 18257; Stout et. al.,1960),
the moderate compaction at seed level proved still better than
surface compactions This better emergence was ascribed to

higher water availability (Stout gt. gl., 1960).

Fransworth (1941) indicated that soils with an air poro-
sity of less than 12 per cent suppressed the germination of
sugarbeet. For initial germination and root elongation of corn,
the critical alr porosity was near 30 per gent in larger aggre-~
gates which decreased as aggregate size decreased or bulk den-
sity increased (Grable, 1967). The ckitical porosity seems to
aprroach a lower limit of about 12 per cent in denee soil and
smaller aggregates., Hanks and Thorps (1957) obsgerved that
oxygen was a limiting factor in the emergence of wheat seedlings,
vhenever the oxygen diffisuion rate was below 75 to 100 x 10'83
cm~2 min-l, Erickson and Vandoren (1960) observed that oxygen

deficiency for a day coutd have a great influence on emergence.
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Similar views were also expressed by Cline and Erickson (1958).
Bowen (1968) did not consider meration becomming limiting to
emerging seeds if the air permeability, k = 0.05 x 10™° cu®

or more was maintained.

If the average net hydraulic prescsure required to rupture
the soll over the first eight days after planting wvas less than
11.5 psi, mechanical impedance was considered not limiting
(Bowen, 19668; lanks and Thorps, 1957; Stout gt. al., 1957; Hanks,
196C) to seedling emergence.

The beneficial effects of diurnal temperature on germina-
tion and emergence are reported for several crops (Toole gk. al.,
19565 William, 1963; Parker and Taylor, 1965). From the review
by Cheudhary (1968), it appears that rinimum and maximum soil
tenperature for germination and emergence of seedlings lies in
the range of 12 to 35°C. BHowen, (1966) was of the view that
seeds required about 2600 or more deg hr (based on 55°F as a
lower cardial temperature) for emergence. JIf the soil temper=-
ature was low, the emergence of seedlings might be delayed
because longer tire would be required to attain 2600 deg hr
(Wanjura gt. gl., 1969; sonald and Carlton, 1969; Langride and
MeWilliam, 1967).

2¢3 Tillage Induced Soil Environwment and Root Growth

After the emergence of the seedling, the grouwing roots of
the plant continuously encounter the resistance of the soil.

Koot growth of many crop plants was adversely affected when the
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_plant roots encountered high mechanical strength of so;l(Pfeﬂ&w,
1893; Gill, 1961; Phillips and Kirkham, 1962; Tackett and
Pearson, 1964; Varade, 1965; Satyanarayana and Ghildyal, 1969).
Taylor gh. 8l.(1962) reported that when soil strength was lower
(250 psi or lower), the root growth was not affected but if the
strength increased (400 psli or above), the root growth was res-
tricted severely. The results are in agreenent with Fox and
Lipps, 1960; Taylor and Gardner, 19263; Gardner and Danielson,
1964; Barley gk. al., 1965; Taylor and Burnett, 1964; and Taylor
ak. ale, 1967. )

Root growth was significantly influenced by clod size in
the seedbed (Jain and Agarwal, 19703 Grable and Siemer, 1968;
Baver, 1949; Baver and Fransworth, 1940). Voorhees gt. 3l.(1971)
observed that root growth within a given aggregate was also
affected by the soil strength and pore size distribution within
adjacent aggregates. 1t was observed that the growth of primary
and secondary corn seedling roots decreased as the bulk density
increassd or as needle penetration decreased. Varade (1965) work-
ing with rice plant reported 1.7 g cm~3 bulk density, the limite
ing value for root proliferation and attributed the failure of
root development to the size of pores, Adverse effects of high
bulk densities on crop root growth were alsoc observed by many
other scientists (Gill and Miller, 1956; Taylor gt. al., 1962;
Tackett and Pearson, 1964; Gardner and Danielsoh, 1964; Parker
and Taylor, 1965; leredith and Patric, 1961; “iersum, 1857).
Air-filled porosities less than 10 per cent limited the crop
growth (Vomocil and Flocker, 196l). Edwards gt. 31.(1964)
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determined that 33 per cent total porosity was the mininum limit

for penetration of corn roots in welr silt loam soil.

Low avallability of oxygen at the root surface was found
to affect the corn seedling root growth (Gill and Killer, 1956).
Letey and Stolzy (1964) concluded that roots of many crops would
not grow when the ODR was less than 20 x 10~8 g em~2 min~l and
that root growth would be retarded when ODR values were less than
30 x 1078 g ew™2 min"l. Gradwell (1965) reported that adapted
plants could extend their roots where ODR value was 2 x 108 g
em< min~l. Williamson (1964) found depressed root growth at
ODR 5 x 108 g cm™2 min~1,

The importange of high moisture for root growth was empha-
sized by many workers (Gardner and Danielson, 1964; Gardner, 1966;
Kozlowski , 1964; and Phillip, 1966). Gingrich and Hussell(1956)
showed that the weight and slongation rate of corn roots decrea-
sed with increasing moisture stress. Barley gt.al.(1965) sugges-
ted that increased physical resistance, as the medium decreased

in water content, right offer an alternative explanation.

It is evident from the literature that in spite of varia-
tion in ability to withstand temperature, in different plant
roots, roots grow better with increasing temperature upto certain
limit (in most cases 30°C) and the temperature beyond that injures
the growing cells of roots. 1In general, plant roots grow better
when the soil temperature ranges between 20-30°C (Nielson and
Humphries, 1966).
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Barbar (1971) observed that roots of corn developed exten-
sively, penetrated to a greater depth and were finer in tilled
soil than in untilled seil. Experiments with tillage upto a
depth of 70 cm conducted on deep, impervious, montmorillonitic,
black clay soils, where root devslopmnent of annual crops was
restricted to the upper part of the soil profile, indicated
the benefits of modifying the structure of heavy clay soils by
mechanical means ir ingreasing root development and crop yields
(Buornett and Tackett, 1068), Very recently, Mallick and Rao
(1972) observed that the quantity of wheat roots was related to
the depth of ploughing, and the roots were longest under chisel-
ling followed by mouldboard ploughing, deshi ploughing and diske
ing. Thus deep ploughing facilitated the penetratiocn of roots
to lower depths. €Eirpilar results were reported by ideddy and
Dakshinamurti (1971), Dakshinamurti and Pradhan (1966), and
Rode (1955).

2.4 Tillage in Relation to Crop Ferformance

Since tillage operation shares huge expenditure in farming,
attempts are being nmade to study more precisely and closely the
requirements of crop and then provide that envirohment at the
lowest cost. Keeping this in view, Cook gt. al. (1953) intro-
duced the concept of minimum tillage and proved that for some
crops, the number of tillage operations could be reduced without
sacrificing the yield, This work formed the basis for two zone
concept of row crops (Larson, 1964). More recently, the practice
of no-tillage was introduced and in some cases guccesc=ful results
were achieved (Free gt. al.,1963; French and Blake, 1965).
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Olson and Schoeberl (1970) reported higher dry matter and
grain yield of c¢orn in till-planting and listing than those in
the wheel tr;ck planting and conventlonal tillage. Since mois-
ture depletion was fast in the conventional tillage, it was
thought that moisture became limiting to the growth and grain
ylelde It appears quite reasonable to adapt reduced tillage
system, with its low cost and greater moisture conservation,
without sacrificing the yield under the prevalent climatic condi-
tion (Jones gt. al., 1968; 1969; Olson md Schoeberl, 1970; Shear
and Moschlar, 1969)., However, there are contradictory reports.
According to Jain and Agarwal (1970), tillage producing clods
falling in the range of 3.2 to 6.4 mm diameter proved bensficial
for the growth and yleld of sugarcane. Similarly, for wheat
crop seedbed preparation proved to be better (Horning and Ovenson,
18623 bBhushan gt. gl., 1973). Corn yields were not adversely
affected when minimum tillage methods of wheel track planting
or plough planting were used instead of conventional method of
planting corn (Page gt. al., 1846; Musgrave gt. zl., 1955;
Peterson, 1960). Heowever, Balton and Aylesworth (1957) working
in Ontario obtained mixed results from plough planting during
3 years of trials.

The high bulk density, and low porosity affected aeration
and strength of soil. Under such condition, the root development
and proliferation was restricted, thereby resulting in limited
feeding zone (Flocker and Robert, 1960) which is ultimately
reflected in lower yleld of corn (Van Diest, 1962; Blake 1948;
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and Aldrich, 1955), millet and spring wheat (Smith and Cook,
1948; Bhushan a%. al., 1973), barley (Xubota and William, 1967),
rice (Varade and Ghildyal, 1967; Satyanarayana and Ghildyal,
1969), tomato (Flocker and Hielson, 1960), potato (EBlske and
Aldrich, 1955), sugarbeet (Smith and Cook, 1948) and sugarcane
(Primavesi and Primavesi, 1964). lHowever, Vomocil (1955) indi-
cated, quite reasonably, that the relation between soil bulk
density and plent yield may be des¢ribed by a parabolas Thus,
it would sppear that very low bulk density or high bulk density
would not be optimum for good plant growth.

High mechanical impedance of the soil was found to reduce
yield of rany crops either through reduction in root growth or
seedling emergence (Veihmeyer and Hendrickson, 1248; Lutz, 19523
Bertrand and Kohnke, 19573 Phillips and Kirkham, 1962; Varade
and Ghildyal, 1967).

So0il moisture stress degreased root penetration and pre-
vented norr.al growth and development of wheat according to
Kramer (1963) and Salim gt. gl. (1965). It is well established
by now that atflowering stage the wheat plant can not tolerate
water stress because raxinum leafl developrent occurs at this
stage and paximum stem development takes place during filling
stage of growth (Florell and Faulkner, 1934; Robins and Domingo,
1962; Johnson, 1963; Azzi, 1922; Kezer and Seckeet, 1931,
Yalibage, 19:28; Robertson, 1934). liowever, Day and Intalap(1870)
recently observed that a critical period in the growth span of

wheat was the jointing stage for moisture. Stressing wheat for
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water at jointing stage resulted in early flowering, short
plants, low grain yield, few heads per unit area and fewer
grains per ear head. Yater stress at flowering and dough stage

of wheat growth also reduced yield and enhanced maturity.
28 Factors Influencing Tillage Tool Draft

Most of the development of tillage tcols came through
trial gnd error and, therefore, the designer was mostly guided
by experience and judgement. To supply the basic information
on the forces involved, the study of soil resistance encountered
by tillage tools and the relation of this force with another
forces on the tool is very essential. It is a conxon observa-
tion that in spite of tool geometry, soil physical conditions
at the time of tillage play a significant role in affecting the
cloddiness of the seedbsd and power requirement (Bhushan gh.al.,
1971).

Statistics indicated that field operations constituded
about 48 per c¢ent of the farr draft work and that tillage work
such as ploughing, listimg, fitting ground and cultivating crops
made up approximately 58 per cent of the total H.P. ~ hrs. uti-
lized in field operations (Walker, 1830).

Various workers tried to give an equation, from time to
time, to predigt draft of a simple tillage implement considering
the various properties of soil, tool paraneters and working speed
(Pyne, 1956; Soehne, 1956; Kawarura, 1952a; 1952b). Very recently,
Bhushan gt. al1.(1971) carried out an extensive work on draft in

relation to tool variables like tool angle, nose angle, rake
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angle, height and width of tool, depth of operation on a sandy
loam soll. Similar studies were also carried out in the past

by Pyne (1956); Sahay (1969); Gill and McCreery (1260); Osman
(1964); Pyne and Tanner (1959). An attempt was made to develop
a mathematical expression, not limited by soil type, to relate
the variation assured to influence draft forece on mouldboard

plough (Larson gt. al., 1968).

The soil is & highly variable material and this variabie
lity is largely apparent in the resictance offered by it to
tillage tools. The resistance of the soil to the action of a
tillage tool was found to vary constantly as a result of the
effect of heat, water, bacterial and chemical action and plant
life, all modified in turn by time (Randolf and Reed, 1938).

foil type (Bainer gt. al., 1955) and soil condition deter-
mined the soll behaviour during tillage to a great extent. Under
field conditions, the presence of roots, crop residues and
stones etce. substantially afrfected the magnitude of soil behavi-
our. iandolf and Reed (1938) pointed out that the effects of
plough design and operation factor should be compared only for
similar =o0il conditions, unless coryrehensive correlation curves
to conpensate for variation in moisture, bulk density and other

factors in the physical condition of the soil were avalilable.

Sahay (1962) opined that energy or draft required by a
tillage tool would be minimum when the soil was at friable condi-
tion. Lyles and Woodruff (1961) reported that soil moisture,
s0il texturs, type of tillage implement and soil density largely
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determined clod size distribution and power requirement. The
results of Gill and McCreery (1960) and Gill (1968) also lend

a support to this view. Furthermore, they expressed the relatione
ship'bwtwueh the energy from dropping and the soil break-up and
illustrated the possibility to determine the efficiency of
various tillage tools. They further stated that equivalent energy
as determined by d rop~shatter method could be used to determine
the post effective manner by which the clod size of a hard soil
might be reduced. Farrell gL. al.(1967) used shatter test to
establish a relationship between the energy imparted to the soil
and the degree of fragmentation. They established substantially
constant relationship between cumulative drop height (CDH) and
the break-up of soil. They found that the ratio of CDH and ten-
sile strain energy was approximately constant over the wide range
in water content of the soil. Similar results were reported by
Fox gt.al.(1967) and Bateman et. gl.(1965). They showed that
increasing bulk density of the soll by compaction, increased the

energy required to achleve a given degree of fragmentation.

The effect of soil moisture content was studied oty Ashby
and his associates (1932), and found that a rainfall of 1.3
inches on a falrly dry clay loam reduced the unit draft by about
40 per cent., HRandolf and Keed (1938) noted that increase in
moisture content from 9.1 to 1l.7 per cesnt reduced the unit draft

of mouldboard plough in a fine sandy loam by 15 to 35 per cent.

The speed of operation also has a pronounced effect on
draft requirement of a tillage tool irrespective of soil and tool
variables. Handolf and Reed (1938) noted that the draft per
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square ingh of furrow slice turned, increased with speed, but
due to the limited speed range it was not possible to predict
whether or not it was a stralght line ratio. They further found
that within certain ranges of speed and soil conditions, the
rate of increase in longitudinal, side and vertical components
of draft were a parabolic function of speed in a l4-in. general
purpose bottom plough. McKibben and xeed (1952) concluded that
draft of implement was made up of a number of elments ranging
from forces which were probably independent of speed and accel~
eration forces, prorortional to the square of the speed. They

developed the empirical equation

= = 0,83+ 0.189 V2

where,
Pg = draft at any speed 3 miles per hour
Pg = draft at 3 miles per hour
v

"

speed 1n miles per hour.

Lehoczky (1962) recorded specific resistance and draft for

a tractor drawn plough in sandy aud nmedium loar soil. Draft was
messured for tillage tools (Telischi gt. al., 1956; Collinms,
1821) and it was observed that it increased considerably with
the increase in operating speed, moisture content, clay content
and bulk density (packing force) of the soil. They opined that
because of the non-uniformity of soil, and the fact that the
control of soil properties in the field is alrost impossible,
had made field draft tests for tillage implements difficult.
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From the survey of literature available, it appears that
in tillage research, more attention need to be paid to specific
crop requirements under varying soil climatic complex. Crops
are generally grouped into étereals, pulses and root crops etc.
and it is expected thaﬁ syecies within groups respond alike to
tillage treatments or soil manipulation. However, individual
erop in a given group responds differently to various edaphic

factors,

Although considerable research has been carried out on the
design parameters of the tillage tools, the resultant soil physi-
cal condit.ons are yet to be known fully. It is a comwmon obser=~
vation that in spite of tool geometry, soll physical conditions
and speed of operation affect the cloddiness of the seedbed and
power requirements. There 1s a lack of information on the
influence of these factors on the resultant soil conditions in

lateritic soil of Kharagpur.
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Chapter 1I1II
MATERIALS AWD EXPERIMENTAL TECHNiQUES

This chapter deals with the materlials and experimental
procedure during the course of present investigation. For the
convenience of explanation, it is divided into three parts. Part I
deals with field experiments and Part 1l deals with physical pro-
perties of soil aggregates while Part 1il is concerned with soil

bin experiments.

| Part I
Fleld BExperiments

3.1 Experimentsal Site

The experiments were conducted on the Experirental Farm of
the Agricultural Engineering Department, Indian Institute of
Tachnology, Kharagpur situated within the Kasal drainage basin
in the district of NMidnapur, West bBengal on the east coast of
India at a distance of about 115 km from the sea coast and has
the mean elevation of about 48 m from the mean sea level. The
longitude and latitude of this Institute are 87° 19' and 220 19!

respectively.
3.2 Clirmate

The average annual rainfall of this region is 1500 mm,
mostly concentrated during mansoon fror. June to October. The nean
minimum temperature ranges fromw 12 to 25°C and raximum tempera=
ture from 20 to 40°C in January and kay respectively. The mean

minirum relative humidity varies between 18 to 64 per cent and
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pmaxizum relative humidity from 85 to 88 per cent. The details
of temperature and rainfall during the period of experiments are

given in F 1 2. 3.1 and 3¢:2.
3¢3 So0il Characteristics

The soil of the farm is lateritic sandy loame The perti-
nent physical and chemic¢al soil properties are presented in

Tables 3.1 and 3.2 respectively.
3¢4 Test Crop

Vheat (Triticum sestivum), culti-variety Kalyansona(S 227)
was used as a test crop for the present experirents. it is a
short durated (110-1:0 dayse), high yield and fertilizer respon-
sive two gene dwarf variety. The relevant seeds were cbtained

from National Seed Corporation, Governrent of india undertakinge.
3.5 Experirental Layout

The experirents were established in a sinple randomized
block design with five tillage practices replicated five tines
glving 25 plots (Fig. 3+3)s The details of the treatments are
presaented in Table 3.3.with their syrbols, The experirents were
conducted during ruzbi season, Noverber, 1971 to larch, 1972 and
Hovenber, 197< to March, 1973, Each plot was provided with irrie-
gation channel. Water gates to each plot were used for regula-
ing flow and a Parshall flume was used for the reasurerent of

water.









31

e
A
D0 v
% i
T9°0 062 *0 154 Ade] T0TO*0 S000°0 90 °0 08 0 ov°9 m.mv.n X g88°9¥8 8°G
1708 JO DaS7
% 4 % % % % 4 300T/ber 38 wo/soyu
3TA
opIXOTP uoJY JO 3 d ueJ0I3TU wOQIBD @JUBYIXe ~T3ONDPUOD nd

BOTITS ©seusduey OpTXO0 293y STQEITeAY eTqeRITBAY T®30] OTu®dap

UOTIB) TBOTIIONTH

Tros Jo seyjaedoad Testmwey) 2°€ OIqRl

weoY
88 sL°ST SE*6 9°2¢ R 4 8°%1 Apueg 9G*6T 09°LT 09°8E ¥5°¥C
¥ ¥ % % % ¥ ¥ vzmm vamu
qudquod a1uTT £37o8ded a8e
eanqstoq atary  otase1d  Suyproy ~quessed ALgpoedes sseO L21D  AITS BuUTy 8saeop
J0300ad pIbI] J8mnon Jo98M  BuTqTTh  PIPTS  Teangxag UoT4Ts0dmod TEeOTURYIey

T10s Jo seyaredoxd Teostsiud T1°t etqey






33

Table 3.3 BExperimental treatments showing five tillage
treatments (T) followed in field experiments
during 1971-72 and 1972-73

Ireatment Treatment Description of treatments
symbol abbreviation
5] Disk Ploughing with a tractor drawn disk

plouzh followed by harrowing with a

tractor drawn disk harrow.

2 Mouldboard Ploughing with a tractor drawn mould~
board plough followed by harrowing

with a tractor drawn disk harrow.

Tq Rotary tiller Tilling the soil with a rotary
tiller.

T, Wedge Ploughing with a bullock drawn wedge
plough followed by harrowing with a
bullock drawn disk harrow.

Tg Untilled The plots not ploughed with any
implement.
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3.6 Application of Treatments

It was considered essential to bring the whole experimen-
tal area to as uniform a condition as possible in order to
compare the resultant changes brought about and the effects
produced on the soil by various tillage practices. In order to
achieve this desired uniform condition of soll and thus avoid-
ing differences in corpaction frorm plot to plot, the field was
ploughed upto 15 to 16 om with the help of a tractor drawn mould-
board plough. After ploughing, double harrowing with disk harrow
followed by planking was done. The soil was then uniforrmly com-
pacted by a 75 kg roller roving over it when the molisture content
was ©.00 per cent. All these operations were carried ocut in the
last week of Octobér and the field was left as such with frequent

use of weedicide to keep land completely free of weeds.

Just prior to seeding wheat, various tillage operations
wvere carried out according to experimental plan. A single pass
was made with respective implement in all the treatments. All
the tillage operations were completed during the same day when

the soll molsture content was 8.7 per cent.
3.7 Sowing of Wheat

Wheat seeds previously tested for its viability were sown
at 8 cm depth providing a distance of 20 er from row to row and

5 e from hill to hill.
3.8 Fertilizer Application

Nitrogen (N), Phosphorug (P) and Fotassium (K) were appe
lied at the rate of 100, 80 and 50 ki/ha respectively in two
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split doses. At the time of sowing N, P and K were applied at
the rate of 50 s 50 3 50 kg/ha respectively in the form of ammo-
nium sulphate, single superphosphate and muriate of potash.
Second dose of fertilizer application was done 30 days after
sowing at the rate of 50 and 30 kg/ha of N and F respectively.

3,9 Plant Protection

in the seedling stage, BHC (benzene hexachloride, 5% EC)
vas dusted at the rate of 20 kg/ha as a measure against insects
and pests attacking the new seedlings. iogour was spread twice
during the growth period of wheat. Iirst spraying was done when
the crop was in vegetative growth phase and the second spray

was applied at flowering stage.
3.10 Observations
3.10.1 Vegetative growth of wheat

Sampling technique 3 The plants of 30 ¢m drill were selec-
ted from each plot with the help of a random table and tagged.
Tiller count and observationsg on growth and yield attributes
ware made on this samples Flante with roots were taken out come-
pletely with the help of spade and shovel. Care was taken to
ensure maxirum extraction of roots from O-40 cm depth. The roots
vwere washed off the soil immediately after the sampling. The
vhole soil lump, with plant sample was placed in a specially fab-
ricated 0-5 cm galvanized screen basket lined internally with
¢loth. The screen basket containing soil and plart sanmples was

shaken manually in a trough of water. The roots were gently
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washed free of soil that gradually sloughed off, accumulating
in the bottom of the trough, while plant sample with roots was
retained on the screen basket. It was then removed from the
basket and finally wahsed with a fine spray of water so as to
rerove the closely held soil particles. After recording the
length of root and height of plant, roots were separated from
the plant.

Plant sampling was started on 20th day after sowing,
thereafter sampling was done weekly., However, the sampling for

root studies was done at different stages of growth.

30104141 Plant hreight 3+ Plant height was measured in cm from
the base of theshoot to the tip of the upper most unfolded leaf.

3¢10¢1.2 Tiller number : Changes in number of viable tillers
wat recorded throughout the growth period of crop and was reported
as number of viable tillers per 30 c¢m drill,

3¢10¢1+3 Leaf area 3 The leaves of plants were graded into diff-
erent groups according to their sizes. Three leaves from each
group wvere traced and area was measured with a planimeter to get
an average leaf area. Average leaf area fror different groups

of leaves multiplied by number of leaves in each group and added
together gave the total leaf area. The leaf area index (LAL) was
calculated according to the formula given by Watson (1947) as
follows 3

Leaf area, cm®

LAL =

Land area, cm?



3.10.1.4 Total dry matter s Plants excluding roots were cho=-
pped into small pieces and were kept in paper bags. They were
labelled properly and dried in an oven at 70°C and weighed and
reported as g/30 cm drill.

3:.10.2 Yleld and yleld attributes

The plants of 30 ¢m drill, already selected in each plot,
vere harvested first and were analysed for number of fertile
tillers and other yield attributes.

3:10¢2¢1 Humber of fertile tillers/30 c¢m drill 1 All the ear

bearing tillers of the sample were counted and rscorded.

3+1042¢2 HNumber of grains per spike 3 Filve well grown ears
wvere selected from each sample and grains per spike were court ed.

Average of five spikec was recorded.

3010.2.3 Test weight : A random sarmple fron total grains, ob-
tained earlier from each sarple, was taken. From this random
sanmple, 1000 grains were counted and weighede The weizht thus
cbtained was recorded and reported as test weight.

3¢10.2¢4 Grain yleld 3 After threshing the net plot produce,
the grains were cleaned and weighed. The moisture content in
the grain from each plot was deterrined and yield was calculated

and reported as kg/ha, adjusted to 10.0 per cant noisture content.

3010428 Straw yield s Before threshing the grains, total weight
of the produce was recorded. The weizht of Zrains was substracted
from the total weight to obtain the straw yielde The straw yield

was also reported as kg/ha.
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3.10.3 Root length and weight

After measuring the root length in cm, they were firstly
air dried and finally oven dried at constant weight at 709C
and reported as g/30 cm drill.

36104 Clod size distribution

Just prior to seeding wheat, various tillage implements
were operated and the clods were allowed to dry for 6~7 days.
From randomly selected 30 x 30 cm area, the entire goil was
removed for clod size distribution. The whole soil was trans-
ferred on the top of a nest of sieves. A4 set of sieves of open-
ing 528, 38.0, 25.4, 10.1, 12.7, 9.5, 5.0 and 2.0 mm was used
for the purpose. The soll was shaken gently for a minute taking
due care to avoid breaking of clods. The ¢lods retained on each

sieve were weighted and reported as percentage.

The clod mean weight dlameter was calculated by statistical
method as suggested by Youker and FcGuinness (1957) which states:

Y = 0.876X -~ 0.079
where, Y is the mean weight diameter (kWD) and X is the sum of
the product of aggregate size tires weight of aggregates within
that size. The nean weight dianeter is a single value statisti-~
cal mean of the clod size distribution and serves as a good

index of cloddiness.
3.10.5 Bulk density

Bulk density before tillage operation was deternined from
the undisturved cores taken from the experirental plots. Five



core sarples were randomly taken from each replication of a
treatment and bulk density determined. Average of such values

was noted.

Microrelief reter was used to d=stermine the bulk density
of the tilled layer. As described In the case of porosity detere
rination (3.10.6), one set of heights of measuring pins was recore
ded on the top of the ploughed surface. Ploughed soil was then
rexoved, welzhed and corresponding elevations of pldugh sole
layer were recorded. The differenge of the corresponding heights
of the top profile and the plough sole layer gave the depth of
the tilled soil. The average of all such readings was considered

as the average depth of the soil. The computation was as follows:

Dp = hg - hg

where, Dp is the average depth of ploughed layer in c¢mj hy and
hy are the average heights of the profile and sole layer, respect-
ively.

Tha bulk density was then calculated. During the latter
part of the experiments, core samples were once again taken for
thg determination of bulk density. The 10 ¢m long cores were
used for this purpose.

3.10.6 Measurement of total porosity

A technique described by Burwell gi. al.(1963) was employed
to determine the total porosity. FPrior to tillage operation, 5§

undisturbed cores were randorly taken from depth of 10 cm within
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a single replication of a treatment. For the experiment, the
initial total porosity was estimated from composite of cores from
all treatments. From the undisturbed cores obtained before till-
age, the initial porosity Py, for the layer to be tilled was

calculated as follows

2.65-Db
2.65

Pi = x W

where, D, is the average bulk density in g cm~3 obtained from
undisturbed cores, and W is the depth of the sampled layer in cm.
Since ploughing depth was 10 cny in the experinent ¥W was taken
as 10 cm for coumputetion of Py having unit of cm and zay be,

defined as 'initial porosity in cm per initial 16 cm layer'.

Total porosity after tillage operation throughout the
growth pericd of crop was reasured with a microrelief meter
(Plate 1). It measuree the elevation of scil surface profile.
It is designed to reasure surface elavation on 5 x 5 cm grid
over 100 x 100 cm area (Fige. 3.4). The ricrorelief neter cone
sists of (a) the scale board and measuring pin unit, (b) scale
board support frame and (¢) the support pins. During nmessuree
nents the scale support frame was kept fixed on four support
pins., The scale board and reasuring pins nove horizontally ower
the support frame. Twenty neasuring pins spaced 5 cm apart are
supported by pin guides attached to the scale board. VWhen mes-
suring pins are resting on the soll surface, helghts at the top
of the pins are read on the scale boarde The reasuring pins are

then raised, the scale board is moved 5 c¢m horizontally towards



PLATE I.MICRORELIEF METER







43

the observer, with the help of a chain provided on the frame.
The measuring pins are lowered and heights are read again. This
procedure was continued until 20 such readings were taken at
each of the 20 such positions of the scale board unit on the
frame. Thus, 400 readings were recorded on a 5 x 5 ¢m grid over

an area of 100 x 100 ¢m in each plot.

Four support pins per plot are required to rest the legs
of the microrelief meter framee These pins are driven firmly
into the soil. The top of the pins are levelled with respect
to each other with the help of a dumpy level in order to keep
the top of the pins in the same horizontal plane. The support
pins remaiﬁed in this position throughout the growing period,
Before all subsequent observations were taken, the elevation of
the support pins was checked and height adjusted in mse of vari-
ation in alevation of top of the support pins,

From the microrelief meter readings recorded for the inie
tial setting and at any tire, t, total porosityvwas conmputed as
follows 3 n

>

i=1

L d

i =

-0 |

where, hj was the average height of the pins, at the time the
undisturbed cores were taken, prior to tillagej hy was the indi-

vidual height readings in cm; and n was the number of readings.

The average height of reasuring pins at time t, was cal-

culated as 3 1 n

h - h
hy =3 ézézl t
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where Fiy was the individual height readings in cm at time, t.
The total porsity at time t was then given by
Pt = Pi“‘(-ﬁt-"ﬁi)

The total porosity, thus obtained, may be defined as '¢m of
pbrosity per initial 0~10 ¢k soil layer's In latter part of
the thesis, porosity will be given in c¢m which should be t aken
as porosity per initial 0~-10 cm soil layer.

36107 Soil noisture
3.1047.1 Matric suction

Soil meoisture was determined by gravimetric nethode The
core éamples taltan for bulk density and porosity measurements
were utilized for the determination of soil moisture prior to
tillage operations. During the seedling emergence stage of wheat
growth, moisture content was determined upto a depth of 10 om
because seeds were placed at 8 cm depth. Coil sanples were
taken from O to 10 and 10 to 20 cm depths with the help of spiral
screw augar during the latter part of wheat growth and average
moisture content recorded. Three soil samples per treatnent were
taken on every alternate day. The per cent of scll moisture
content was converted to matrie suetion in bars from water
release curve of the soll obtained (#ig. 3.5) with the help of

a pressure plate apparatus.

Three tensioreters in each treatrent were also installed at

15 c¢m depth to note the finctuations in moisture content during






the various growth phases of wheat crop which also served to be
used as a supplement for moisture determinations. dirrigation
interval was approximately 15 days derending on the noisture
avallability in the =soil. It was decided to irrigate the crop
when the mercury column in the tensiometer set-up raised upto
45 cr in a plot which retained maximum water. Hqual quantity of
water was applied to each treatment in order to know the influ-

ence of different tillage practices on water retention.
3.10.7.2 Infiltration

Infiltration fluctuates widely under different conditions
of so0il moisture and management. The infiltration rates of trea-
ted plots were, therefore, determined at a constant moisture
content between 8 to © per cent in order to assess the influence
of different tillage practices on soil physical conditions imme~
diately after tillage and during the various growth phases of
vheat crop. However, infiltration studies were carried out only

~during 1972-73.

Infiltration rate was determined with a single cylinder
infiltrometer of 15 cm diameter and 30 cm length placed at 20 cm
depth in each treatment as descrived by Subramanyam (1959). The
initial infiltration rate denoted the intske rate during the
first 15 minutes immediately following the application of water
to the infiltrometer and the final infiltration rate was the
rate of entry of water during the 7th and final hour of the
infiltration run at which the rate of entry practically becomss

constant.



3.10.7.3 Hydraulic conductivity

Hydraulic conductivity, prior to seeding wheat and during
different growth phases of the crop was determined with 5 un-
disturbed core samples from each treatrent as suggested by
Dakshinamurti and Pradhan (1966). The average value for each
treatment was recorded. The sensitivity and significance of
hydraulie conductivity at the minimum bulk density value was
taken as an index of soil structural change as influenced by

various tillage treatments,
3¢10.8 8Soil aeration

Aeration status of soll under different soil physical
conditions was characterised by the measurement of oxygen diffu-
sion rate (ODR) of soil. ODR in soil (3 replicates for each
treatment) at 8 cm depth was measured by the platinum micro=-
electrode method as proposed by 8tolzy and Letey (1964), at
regular intervals throughout the growth period of wheat.

Nonecapillary porosity was determined with tension table
as described by Leamer and Shaw (1941). Similarly the porosity
determined with the help of microrelief meter also gave an idea
about the aeration status of soil as influenced by various

tillage practices.
3.10.9 Penetration resistance

The strength of the soil was measured by a ball point impact

type penetrometer in terms of energy required for penetration to



48

different depths (5, 10 and 15 cm) at the increments of 5 cm
(Kumar gt. als, 1271). The measurements were taken in each
treatment when the soil moisture content was 7.0 to 8.0 per cent.
Penetration tests were started after the first irrigation and

the last readings were taken a day after the crop was harvested.

Part 11
Physical Properties of Soil Agzregates

Application of these laboratory studies for interpreta-
tion of field results involving beds of aggregates is hazardous
unless more ls- learnt about the aggregate -~ dlameter distribu-
tion attained in the field. 1t is also a common observation
that determination of bulk density of cloddy surface by core
samples immediately after the application of tillage treatments
becomes difficult. Moreover, it does not represent the real bulk
density of the field at tillage. The equation based on the esti-
mation of log GMD ando log 4 as suggested by Allmaras at. al.
(1965) was, therefore, tried to prediet the bulk density of soil

under tillage treatments.

This part describes a procedure used to reasure aggregate-
diameter distributions along with their ather related physical
properties as influenced by various tillage practices.

3.11 Collection of Soil Sample

Various tillage treatments (Table 3.3) were operated accord-
ing to experimental plan as described in Part 1. 1In all the cases

a single pass was made with respective implement. The operations
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of all treatments were completed in a day at 8.7 per cent soil

roisture content,

After the soil was tilled, the clods were allowed to dry
for 6-7 days., The entire soil was removed fof ¢lod size distrie
bution from randomly selected 30 x 30 e¢m area in each treatment.
Thus collected scil samples were subjected to different tests

in the laboratory.
3.12 Aggregate-diameter Distributions

Five hundred grams of air-dry soil sample containing the
aggregates having diameters € 19.05 mr was placed in the top
sieve of a nest of sieves with different openings as stated in
Table 3.4. The array of sieves was so arranged that the largest
diameter sieve was on the top of the nest of sieves. The nest
of sieves was then placed in a electrically operated mechanical
vibrator in which the degree of vibrations was suitably adjusted
and was run for two minutes. After sieving, all the sieves were
separated from the nest and the soll aggregates retained on each
siave were weighed and recorded. The quantity Qf alr-dry aggre=-
gates in each of 7 siove size classes was determined as descri-
bed in Part I,

3.12.1 Weight fraction of aggregates

The weight fraction of soll aggregate~diameter separates

was calculated using the equation 3

Weight of soil aggregates retained in each sieve
Waeight fraction =

Total weight of sample taken



Table 3.4 Openings of different sieves used in the experiment

Sleve Diameter of openings Average Logarithm of
class dliameter averaze diameter
(log d), mm
mm mm x
I 12,08 -~ 12,70 15,87 2762
11 12470 - 9,80 11.10 20403
I11 950 -~ 4.76 7.13 1.968
v 4,76 - 2.38 3. 57 l.273
v 2¢38 -« 1.19 1.78 0. 577
Vi 1.19 ~« 0450 C.84 -0.174
.
Vil 0. 50 0. 28 -1.383

Average;-:.c =1.068
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3.12.1¢1 Cumulative weight fraction

Cunmulative weight fraction was computed from the values of
weight fraction of aggregate-diameter separates. The relation-
ship between the cumulative.weight fraction and the logarithm
of the respective diameter separates was established which parti-
cularly referred to a tillage treatment performed with a moulde
board plough (Tp). The similar relationship can be drawn for
other treatments also. The least square method was used to find

out the regression equation y = mx + c.
3.12.2 Mean welght diameter (MWD)

The mean welght diameter was calculated by the following
equation as suggested by Van Bavel (1949) 3

n
MWD = 2 Xiwi
1=1

where, n is the number of observations l.e. 7 sieve classes, and
Wi represents the weight of aggregates in a s:z- c¢lass with an

average diameter Xi.

The observations were recorded separately for each tillage

treatment .
3.12.3 Geometric mean dlameter (GMD)

The geometric mean diameter was computed using the equation
suggested by Mazurak (1950) s
n
= Wi log Xi
i=1

GMD = ™
= wi
i=1




where, Wi is the weight of aggregates in a size class with an
average diameter Xi,
Egi Wi is the total weight of the sanple.

The values of GMD which 1s a composite of different sieve
classes in tillage treatments obtained and then from these

values ol GMD for a respective tillage treatment, the logarithmg

of the geometric mean diaweter (log GMD) was estimated.
3.12.4 Dispersion of aggregate~diameter separates (0-log 4d)

The meaning of the word dispersion is analogous to the
variance in statistical concepts. Their meaning is not same,
because variance deals with precision as a component of error
and dlspersion as used in this study desls with diameter hetero-
geneity in a mixture of aggregate~diameter serarates. Furthernmore,
dispersion as used here should not be associated with the sample
preparation for nechanical analysis or vertical segregation of
aggregate diameters in the seedbed. It indicates here the range
of variation or heterogeneity in aggregate-diameter separates

from that of geometric mean diameter of agiregates.

From the lozarithm of everage aggregate-diapeter separates
as stated in Teble 3.4 and the value of log GKD of a tillage
treatment in question, the standard deviation of the average
limit of sieve size classes was then calculated which isstated
as an index of dispersion of aggregate-diameter serarates(o” log 4d)
for the corresponding tillage treatrents. The values of ¢ log d,

thus obtained, were recorded for the tillage treatnents.



3413 Welght Fraction of Water

The known quantity of soil mixture containing the aggre-
gates within the upper and lower limit of sieve sizes was taken
in a core from each tillage treatment separately. The muscline
cloth was tied at one end of such core and was placed in water
to allow it to saturate by capillarity. The weight of satura-
ted soil was recorded. The cores were subjected to C.06 bar
tension on a tension table as deseribed by Leamer and Shaw(194l).
The cores were weighed when the equilibrium was attained. The
water content at equilibrium was treated as the moisture retain-
ed at 0.06 bar tension. The weight fraction of water by volume
was also cémputed by multiplying the value of weight fraction
of water on weight baslis with the respective bulk density of the
aggregate-mi xture depending upon the tillage treatment.

3:.14 Volume Loss upon Mixing

3 of initial volume of aggre-

The volume loss per 100 cm
gates, which results fror rixing, was computed using the follow-

ing equation as suggested by Allmaras gt. 3l.(1965)

V1 z[l - ( Vf/:% vi)]loe

where,
V1l 1is the volume loss upon mixing, em3/100 cma,
Vg 1s tho volume loss after mixing the aggregate~diameter

separates,
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Vi 1s the bed volume of the ith aggregate-diameter
separate before mixing and is computed as the
ratio of oven-dry welght and the dry bulk density, and
n 1s the number of sieve classes 1.8.7.
The ~bservations were recorded separately for each tillage

treatment.
315 Density Determinations

The bulk density of aggregates was determined with a core
sarpler. Pycnometer method was adopted to determine the particle
density of each diameter separate. Aggregate density was deter-
pined by paraffin wax’method. The dry density of aggregate
rixture was simply determined by noting the weight of nixture
sample in a core and the volume occupled by a eoéresponding

mixture in a core sampler.
3.16 Computation of Constants P; and B,

The equation for determination of bulk density (Dg) by in-
corporating the values of log GMD and o~ log 4 as suggested by
Allmaras gk a3l.(1965) was trieds The equation of the interest

was
6(bg) =RB3 [A(los GMD)] + By [A(a“log d)J

The constants B and B, were computed by solving the two
equations simultaneously for two tillage treatrents. A synbolizes
the variagtions that occurred during neasurements. The average
valuesof B1 and B, were noted for the corresponding average values
of log GMD and o log d. These nean values could be taken as the

constants for Kharagp solil.

\



Part 111
Soil Bin Experiments

3.17 Experimental Set-up

The experimental set-up was designed and fabricated to
study the effect of some fastorslike soil density, soil moisture
content and speed of operation on clod size distribution and
draft. The set-up consisted of soil bin, motor with speed reduc-
tion unit coupled with winding drum, processing trolley, tool
mounting trolley and draft recording device.

3.17.1 £oil bin

S0il bin with a motor and speed reduction unit coupled
with winding drum and speclally designed tool mounting trolley
is shown in Fig.3.6. On two sides of a soll bin, there are two
parallel I shaped beams, supported by vertical angle iron posts
at fixed interval of two metres. These ralls guide the notion
of the trollay on which tillage tool is mountede A 5 H.P.
electric motor drives the rope winding drum through speed reduc-
tion unit, equipped with reversible switch . This makes it
possible to obtain forward as well as reversible motion. One end
of the flexible rope is fixed over the surface of the drum and
the other end is attached to one end of dynamoneter. The other
end of dynanometer is attached to a hook fixed at one end of the

trolley.
3.17.2 Processing trolley

Processing trolley consists of a rotary tiller, a leveller
blade, a roller and water sprinkling arrangement (Plate 2). Rotary



tiller is capable of working to 10-15 cm depth. The working
depth of tiller, leveller and roller can be varied with the help
of depth adjusting screw provided separately for each. 4 tank is
provided on the top of the trolley to store water. A valve is
provided to control flow of water through the perforated sprinke

ler to moisten the soil.
3+17.2 Tool mounting trolley

The tillage tool was attached to a tool mounting trolley
through a specially designed tool bar (Plate 3 ). The tool which
consisted of a simple rectangular flat plate (14.5 cm x 5.5 ¢m)
fitted at 90 degree angle with the horisontal plane and was
adjusted to a working depth of 8 cm throughout the experiments.

Extensive studies have been carried out by bhushan gt. al.
(1971)en tool parameters and depth of working of a tillage tool.
They opined that even with the best design of the tool, the
degree of resultant soil cloddiness and energy requirenent was
governed to a large extent by soil factors and operating condi-
tions. It was, therefors, decided to study soil factors and

operating conditions ‘with reference to a simple tillage tool.
3.17.4 Draft recording device

Draft recording device consists of a strain gauge type
dynaroreter coupled with a dvnograph during the test. 4s shown
in Plate 4, a strain gauge dynarometer was designed and fabri-
cated to measure the drafte The dynancrmeter is made of mild

steel flat plate. The cross section of dynaroreter where strain



PLATE 2.SOIL PROCESSING TROLLEY

PLATE 3.TOOL MOUNTING TROLLEY WITH
A TILLAGE TOOL




PLATE 4.STRAIN GAUGE DYNAMOMETER




PLATE 5.S0OIL BED READY FOR TOOL OPERATION

PLATE 6. SOIL BED AFTER TOOL OPERATION
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gauges are fixed is 1 mm x 10 mm. It consists of four strain
gauges connected in Wheatstone's bridge ¢ircudt as shown in

Fig. 3e7e
3.18 Bxperimental Variables

The variables that affect the draft are s resistance to
compaction, shear, friction, compression, cohesion, and speed
(Telischi gt 8l., 1956). These variables are the functions of
the following factors : composition and percentage of colloidal
content, moisture percentage, bulk density and speed of the
implement. Therefore, only the bulk density, per cent roisture
and speed of operation were considered on sandy loam soil.
Details of the experimental variables included in the present

investigation were as follows 3

a) Bulk density
D] 1.65 % 0.02 g em™3
Dy 1.79 & 0,02 g em3
Dz 1.85 % 0.03 g om~3

b) Soil moisture content
M 8.66 & 0.04 per cent
Mz 9.84 £ 0.04 per cent

¢) Speed of operation
Sl 0e25 m/BecC
SB 1.25 mlsec

For determination of bulk density and moisture content, core
samples were taken from random points located in the path of a



tillage tool. Tﬂq desired bulk density was obtained by several
passesg of the roﬂlar which were predetermined for the density
in question at nﬁe roisture that was monitored. The moisture
content was adquted by the sprinkler unit provided on the
processing trollhy. However, there was no appreciable variation
in both factors pqe. bulk density and soil moisture between ex-

perimental runs{

i The operating speed was achieved or adjusted

!
by the gear mechfnism. Draft was measured and recorded by a
previously caliﬂb‘ted recording strain gauge dynamometer coupled

with a dynograpd;during the test.
3.19 Freparatid$ of Soil bed and Recording Obsarvations

3.19.1 Preparaéﬂgn of soil bed

The surraéi soil (0-15 cm depth) collected from the field
~was crushed, aimrﬁried and screened through a sieve of 5 mm open-
ings. Physical’ kharacteristics of the soil are given in Table
3.1. The soil ukp was filled up with this processed soil and
levelled. It vnp watered and allowed to settle for 30 days. The

s0il was then

f tially opened to a depth of 15 em with a spade
and was then tilfled 3-4 tines by a rotary tiller. 1t was level-

led using a blade rounted on the processing trolley.dhe lesirad Jensity

and roisture ¢ t ent were achieved as described earlier. The
unifornity of cmmpaction was ascertained by a cone type penetro-
reter. The heimht of the roller and ths direction of its nove-
ment over the mpﬂ during each pess was same in all sets of ex-
perinents. Lneﬁaoil bin, thus prepared (Plate 5 ), was dlowed

to settle for bﬂmnty four hours before tool was operated. This
procedure was rﬁpeated prior to each run.



3.19.2 Draft measurenent

When a force is applied at one end of the dynanometer, it
causaes change in resistance of strain gauges, consequently the
voltage signal fed to the recording unit of dynograph (Plate7 )
is prorortional to the force applieds The dynaroneter was cali-
brated prior to each test by noting the deflection of pen on
recording chart paper after applying known forces by standard
welights with 5 kg increment upto 35 kg The calibration curve
for the straln gauge dynarmometer fabricated and used is shown
in Fig. 3.8.

First of all, the trolley was pulled without any tillage
tool attached to it and deflection notedes Then tillage tool was
attached to a tool bar. After making adjustments for depth and
anzle etce the tool mounting trolley was pulled by a motor |
through a ropee The deflection of the pen on the chart was noted.
Since the deflection was not uniform (Plate 8) throughout the
length of run, an average was taken. From the calibration curve,
the average draft was computeds From the draft, thus obtained,
resistance offered by the trolley alone was substracted in order
to get the draft for a particular set of experiment. Unit draft
was calculated by dividing the total draft, calculated from the
record of strain gauge dynaroneter as described earlier, by the

area of cross section of a tillage tool (8 cm depth x 5.5 cm width).
3+18.3 Soll sarrling for determination of bulk density
and moisture content

The core saryple to 10 em depth was taken prior %o operating
tillage tool with core sampler. By reasuring the length and
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diameter of the core, the volurme of core was determined. Knowing
dry weight and volume of soil core, bulk density was calculated.
The moisture content of the soil was determined from the same
soll core by gravimetric method.

3+19.4 Sanmpling for clod size distribution

801l samples were collected ?or clod size distribution
studies immediately after the tillage operation., Prior to plough-
ing each furrow, five plastic sheots were placed on both sides
along the tool path so that furrow slice could be collected.

The saections of the furrow slice collected on the plastic sheets
were carefully removed and aire-dried. VWhen dry, the distribution
of aggregates was determined as described in Part I. The mean
weight diameter was calculated as described by Van Bavel (19249).
The entire soll along the length of 30 ¢r furrow was also college

ted to measure the volume of soil fracture during each run.
3.19+5 Drop-~shatter rethod

The equivalent snergy was determined by a drop-shatter
method which was utilized to determine the strength of the soil
(G111 and McCreery, 1960). The energy-clod size relation could
be used as a basis for determining the amount of effective work
done to a particular soil by a tillage tool (Gill, 1968). i

Larger blocks of undisturbed air-dry soil weighing roughly g
5 kg were taken from the test plot and dropped from a height |

ranging from 100 to 1000 em into a large flat pan on a concrete
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floor so that they could be shattered by the falle The rfag-
ments were carefully collacted and the nean weight diameter
determined. The equivalent energy applied to the soil to break
the sample down to each size was calculated from the mass of

the sample, the acceleration of gravity and the distance ¢f fall,
and was expressed in dyne-cm as described by Gill and Mccreery

(1960)s The clod sizes were separated as described earlier.



Chapter IV
RESULTS AND DISCUSEION

The observations and results obtained during the course of
investigation ars presented and discussed in this chapter. The
chapter is divided into three parts. Part 1 deals with the
field experiments and Part 1l covers the physical properties of
soll aggregates while Part Iil is concerned with the experirents
conducted in a soll bin.

Part 1
Field Experiments

4,1 Influence of Pillage Practices on Clocd Size Distribution

The data on clod size distribution as influenced by diff-
erent tillage practices are presented in Table 4.1l. It is evi-
dent that different tillage practices produced varying clod
sizes. The s0il fraction under disk and mouldboard contained
maximum percentage of larger clods and minimum of smaller ones.
On the other hand, soil fraction under rotary tiller and wedge
plough was dominated by the occurrence of smaller clods. iuigher
percentage of clods larger than 52.38 nmr was recorded under disk
and mouldboard as conpared to other treatrents. However, it is
interesting to note that rotary tiller and wedge produced signif-
icantly higher percentage of clods spmaller than 2 px than that

under disk and mouldboard treatrents.

The clod nean weight diameter (WD) values given in Table
4.2 revealed that significant differences occurred in MWD as
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Table 4.2 Effect of various tillage practices (T) on clod mean
weight diameter (MwD), bulk density and total porosity

Ireatments Clod I?i'#b Bulk density Total porosity
mm g om~3 ¢n/10 cm
1871=72
Ty 12029 1.08 8.93
T, 11.83 117 8.49
Tg 3.85 1.3 5.23
T4 7441 l.21 6.93
Tg Nil 1.69 3.71
¥k L2 L2
S.Em g 0.229 0.061 0.983
L8Dy, 05 0.68 0.18 2438
LSDg, o1 0.95 0s 25 3. 28
1972-73
Ty 12.44 1.04 9.08
Ty 12.07 1.13 8455
Ta 4.53 1.35 5. 37
Tq 8.81 1.22 7.17
Tg Nil 1.67 3.76
oo % * %
SeBm % 1.423 0.028 0.327
LSDy, 05 4.26 0.08 1.05
LSDy, o1 5.87 0s12 1.35

** gignificant at 1% level



induced by different tillage treatments. The WD of clod was
found to be maximum under disk followed by mouldboard, wedge
plough and minimum under rotary tiller. This is attributed to
the occurrence of higher percentage of clods larger than 52.8
mm dismeter under disk and mouldboard treatrents. Since rotary
tiller produced higher percentage of c¢lods smaller than 2 mm
diameter, the MWD of clod was minimum. The clod MWD was statis=-
tically lower under rotary tiller as compared to other tillage

treatments.
4.2 Effect of Clod Size on Soil Physical Properties

The initial clod size distribution as induced by various
tillage treatments continues to influence the soil physical
environment aroudd the seed even during the later stages of plant
growths The influence of clod size on soil physical properties
was remarkable (fig.4.1). The bulk density was found to have
significant but negative correlation ( r = «0.97 and -0.94 during
1971-72 and 1972-73 respsctively) whereas, the porosity had
positive significant correlation ( r = (.96 and (.98 during
1971-72 and 1972-73 respectively) with clod ¥WD. The bulk den-
sity decreased from 1.35 to 1.04 g cm™2 as the clod MWD increa-
gsed from 4.53 to 12.44 un under rotary tiller and disk respecte
ively during 1972-73. '

The tillage treatments reduced the bulk density consider-
ably. As can be seen from Table 4.2, the bulk density was minimum
(1.04 g cm~3) in the plots tilled with disk plough and maximum
(1.35 g cw~3) under rotary tiller. Unlike bulk density, maximum






porosity occurred under disk followed by mouldboard, wedge and

minimum under the rotary tiller. Statistically there was no
marked difference in porosity produced by disk, mouldboard and
wedge treatments, though it was significantly higher under disk
and mouldboard as compared to the rotary tiller (Table 4.2).
However, as expected, the soll under zero tillage had the maxi-

mum bulk density and hence the minimum porosity.

4.3 Evaluation of Soil Edaphic Factors as iInfluenced by
Tillage Practices During Growth Period of Vheat

The life span of wheat (culti-variety Kalyansona) and the
duration of various growth phases under the agro-climatic condi-
tions of this region was ascertained during the first year of
experimentation. The experiment revealed that the crop took
about 100 to 110 days to mature. The wheat crop passes through
various growth phases i.e. seedling emergence, vegetative growth,
Jointing, bottling, dough and rijening stages. However, unlike
rice, the above growth phases are not distinct. The vegetative
growth may continue even at jointing or bottling phases. In the
present investigation, the growth of wheat was divided into the
following growth phases 3

1l €Seedling emergence : This phase continued from the day
of seeding to seedling emergence. During this period
seeds gerninated and seedlings emerged. The duration
was approximately 8 days.

2 Vegetative phase 3+ This phase covered the growth period

from seedling emergence to maximum tillering stage.
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During this period, plant registered an appreciable
1ncr§ase in height, tiller number, total dry matter
production and root proliferation. This phase lasted
50 days after sowing.

3 Reproductive phase 5 This phase ranged from panicle
initiation stage to flowering stage. The phase lasted
from 50 to 65 days after sowing.

4 Grain formation : This phase corresponded to the milke
ing or dough stage. During this stage milk in panicles
was converted to graln and vegetative parts started
decreasing. The duration of this phase was 15 days and
lasted till the crop attained 80th day of age.

S Ripening or maturing : This phase continued from milk-
ing staze to harvesting. This phase was marked by sharp
decrsease in vegetative parts., The ripening of grain was
accompanied by change in colour of the zrain from green
to yellow. The duration of this phase was 21 days and

the crop was harvested on 104th day after sowinge.

The above growth phases of wheat were defined in order to
have a clear idea of changes in edaphic factors affecting growth
of wheat. The influence of edaphic factors will be given accord-
ing to the phases described above.

4.3.1 Bulk density

The variation in bulk density with elapse of time after
wheat sowing under various tlllage practices is shown in Fig.4.2.






The initial bulk density of soil prior to tillage was 1.69 g em=3.
After tillage operations, the bulk density values recorded in
different tillage treatments were 1.08, 1.17, 1.34, and l.21 g
em™3 during 1971-72 and 1.04, 1.13, 1.35 and 1.22 g cm~3 during
19672-73 under disk, mouldboard, rotary tiller and wedge plough
treatrents respectively. 1t is evident that pinimum density
cccurred under disk and mouldboard« Similar observations were
made by Wilton (1964) while working with ploughs and disk harrow.
The results of Bhushan (1971) also lend a supprort to these find-
ingse. The occurrence of lower bulk density is ascribed to the
bigger clods initially produced by ploughs (r = =0.25). However,
Kharagpur soil was observed to stabilize very quickly. Just
after first irrigation i.e. after 15 days of theat sowing,
corresponding bulk densities increased to 1.25, 1.30, l.42 and
1.35 g ern™3 during 197172 and 1.23, 1.29, 1.40 and 1.33 g cm~3
during 1l972-73. iiowever, in untilled plots bulk density did not
changes DBut it is worthwhile to note that the plots tilled with
disk and mouldboard ploughs always maintained lower bulk density
during the successive phases of wheat growth as compared to
other tillage treatments. Thereafter, as time elapsed, the soil
settled and bulk densities increased gradually under all treat-

mentsa,

It is observed fron Fig.4.2 that ploughing with either a
disk or mouldboard plough followed by harrowing with a disk harrow
resulted into minimum bulk density of soil throughout the growing
period of wheat. As expected, the maximum bulk density occurred
in untilled plots. At the time of sowing, the maximum values of
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bulk density were obtained under rotary tiller. There was no ap-
preciable difference in bulk density under disk, mouldboard and
wedge plough though the value was considerably lower under disk
as conpared to wedgee The bulk density under rotary tiller was
also significantly higher than that under disk and mouldboard.

A critical observation of Table 4.3 reveals sinilar trend of
bulk density values at various stages of wheat growth under all
tillage practices.

As the initial clod mean weight diameter (MNWD) was bigger
under plough treatments, it night, therefore, be likely that it
would require longer time and greater energy to disintograte
the clods. Irrigation water was the source of disintegrating
force which was constant for all treatrents. Moreovsr, greater
root proliferation under ploughs also attributed towards keeping
the bulk densities low under these treatrments. The results of
Reddy and Dakshinamurti (1971) and Mallick and Rao (1972) also
lend a support to this view. At harvesting, the bulk density
tended to attain its original value and reached l.52 to 1l.62 g
cm™3 because of the textural corposition of soils Varade (1965),
while working with the sare soil also cbserved that when loose
soll was left open to rain impact during manscon, 1t attained

bulk density as high a® 1.55 to 1.65 g cm .

It mey be voncluded that ploughing with a disk or mould-
board plough resulted intc lower bulk density than with wedge and
rotary tiller and was maintained mininum throughout the growth
period of wheatl.
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Table 4.3 Bulk density of soll as influenced by various
tillage practices (T) st different growth
phases of wheat

Bulk density, g om~3

Treatments «

' Seedling Vegetative Reproductive Grain Post
emerge~ growth phase formation harvest
nce stags phase phase

1971-72

Tl 1.08 1.3® 1.45 1.47 1.52

Ty 1.17 1.3 1.47 1.50 1.53

Tq 1.4 1.50 1.58 1.60 1.62

T4 l.21 1.48 1.52 1.55  1.58

Tg 1.69 1.68 1.70 1.71 1.73

. *x 3 L L) %
S.En % 0.061 0.006 0.011 0.005  0.007
LD, o8 0.18 0.02 0.03 0.02  0.02
LSDg, o1 0. 28 0.03 0.05 0,03  0.03
197273

T, 1.04 1.36 l.44 1.46 1.49

T, 1.13 1.3 1.48 1.47 1.52

Tq 1.38% 1.48 1.56 1.58 1.60

T4 l.22 1.45 1.52 1.53 1.57

Ty 1.67 1.64 1.68 1.67 1.70

. % - " %
SeBm & 0.028 0.021 0.G:4 0.016 0.04
LSDg, 05 0.08 0.06 0. 07 0.05 0.10
LSDg, 1 0.12 0.08 0410 0.06 0.14

*+ gignificent at 1% level
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4.3.2 Total porosity

The variation in total porosity with elapse of time after
wheat sowing under different tillage treatments is depicted in
Fig. 4.3 . The initial porosity of the soil prior to tillage
was 3.71 em/10 om which greatly increased with different tillage
practices. The porosity values recorded were 8.93, 8.49 6.93
and 5.23 ¢m/10 cm during 1971-72 and 9.08, 8.55, 7.17 and 5.37
cn/10 cm during 1972-73 under disk, mouldboard, wedge and rotary
tiller respectively. Since the porosity is directly related to
bulk density, any change in latter should produce corresponding
variaetion in the former. Just after first irrigation, the poro-
sity decreased to 7.90, 7.51, 6.20 and 4.95 cw/10 cm during
1971-72 and 8.40, 8.00, 6431 and 5.15 ¢m/10 cm during 1972-73
with the increase in respective bulk densities. The decrease
was gradual thereafter and reached very close to each other and
to the value in untilled plot by the and of the experiments which

was more or less constant throughout the growth period of wheat.

The data presented in Table 4.4 indicate significantly
higher porosity under tillage treatments as compared to untilled.
The differences in porosity under disk, mouldboard and wedge
were non-significant. Similarly rotary tiller produced a little
higher porosity than that under untilled treatment. However,
porosity under disk and mouldboard was significantly higher
than rotary tiller.

The porosity decreased considerably during the successive

phases of wheat growth under all treatments. There was no






Table 4.4 Total porosity as influenced by tillage treatments(T)
at different stages of wheat growth

Total porosity,cm/10 cm
Treatments Seedling Vegetative Reprodustive Grain Post

srer- growth phase formation harvest
5:22: phase phase
A971-72
Ty 8.93 6.83 5.54 5.47 5. 30
T, 8.49 6476 5.32 5.19 4.99
T, 5.23 4,68 4,30 4.18 4.18
T4 6.93 5.63 4.82 4.50 4.38
Tg 3.71 3. 59 3.43 3.32 3.23
* * 'y * * &
S.Bu & 0.983 0.134 0.051 0.087 04130
LSDg, 0§ 2038 0.40 0s15 0426 0. 30
L8Dy o1 3,28 04 55 0s21 0. 36 Ce 55
47273
ST 9.08 7,61 6428 .15 6.04
Ty 8455 749 607 5.88 5.69
Ty 5.37 4.92 4.56 4.38 4.34
Ta 7417 6. 34 50 27 5. 26 4.94
Tg 3.75 3.68 3.52 3.41 3. 30
* % P * % * -k
SeBm & Ce 327 0.174 0. 281 0. 179 0.126
LSDg. 05 1.05 0. 52 0.81 Ce 54 0.38
LSDg, o1 1.35 0.72 1.16 0,75 0. 51

**» gignificant at 19 level
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appreciable difference between disk and mouldboard. Similarly
the difference due to wedge and rotary tiller was also non=-
significant. However, porosity differed significantly in tilled
plots during all growth phases as compared to the porosity
under untilled plots. Similar observations were made by Burwell
at. al. (1963) and Allmaras gt. al. (1966). They also noted
higher porosity in tilled plots than untilled throughout the
experiment. The increased total porosity was always associated
with lower bulk density which reflected a decrease in the frac-
tion of bulk volure not occupied with solids. This is in con-
formity with results obtalned by Veihmeyer and Hendrickson
(1948), Gill (1959), Vomocil and Flocker (1961), Meredith and
patric (1961), and Varade (1965).

Among the tillage treatments, higher total porosity was
recorded under disk and mouldboard as compared to other treat-
ments which remained higher throughout. ©Similar results were
reported by “ilton (1964) while working at Nottingham and he
observed greater increase in elevation of soil surfece due to

cultivation with a plough than with a cultivator or disk.

It may be concluded that ploughing with disk or mould-
board produced higher porosity than tilling the soil with wedge
and rotary tiller and was maintained throughout the growth period
of wheat.

4.3.3 SEoll moisture
4.3,3.1 Matric suction

The initial matric suction at the time of tillage opera-
tion was 0.85 bar which rapidly increased as moisture was lost
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due to evaporation. Two days after sowing, the matric suction
increased to 2.20, 2,00, 1.00, 1.00 and 0.98 bar during 1l971-72
under disk, mouldboard, wedge, rotary tiller and untilled plot
respectivelys The variation in matric suction under different
tillage practices is presented in Fig. 4.4 and 4.5. The matric
suction increased to 6.00, 6.00, 4.00, 3.00 and 2.20 bar in disk,
‘mouldboard, wedge, rotary tiller and no-tillage treatment res-
pectively, 12 days after sowing. The moisture retention order
was reversed after first irrigation which was applied 15 days
after sowing. Plots tilled with disk and mouldboard retained
more moisture, thereby resulting in lower matric suction than

the plots having no-tillage and tilled by rotary tiller.

The matric suction was significantly higher under disk and
mouldboard than other treatrents during seedling emergence stage.
The difference between disk and mouldboard, rotary tiller, wedge
and untilled plot was non-significant. However, it was signif-
icantly higher under disk and mouldbcard as compared to untilled
plot (Table 4.5). The seedbed prepared with disk or mouldboard
contained bigger clods than the other tillage practices. Due to
presence of bigger clods, the bulk density was lower and bigger
pores were formed in the soil surface through which air could
reach lower surface of ¢lods rore freely and conveniently. This
helped in removing soil water faster through wporization. The
faster rate of moisture depletion under disk and rouldboard is
attributed to the occurrence of bigger clods as evaporation and

drying rate are greatly influenced by degree of aggregation.









Bigger clods in the surface soil favoured rapid drying rate due
to incressed radiation and wind speeds The results are in
agreement with the observations of Holmes gk. al.(1960) and
Bhushan et. al.(1973). However, due to greater porosity water
retention was higher during the later phases of growth when the
bigger clods were disintegrated by irrigation. The correlation
coefficient between clod MWD and matric suction was highly sig-
nificant ( r = 0.97 ).

Although disk 4id not differ significantly with mouldboard
during vegetative growth stage of wheat, the matric suction
under disk was significantly lower as compared to wedge, rotary
tiller and untilled. Simllarly nouldboard differed significante
ly with rotary tiller and untilled. There was no significant
difference between wedge, rotary tiller and untilled (Table 4.5).
Simllar trend of soll moisture suction continued during vege-
tztive, reproductive and grain formation phase of wheat growth.
During grain ripening stage, water distribution was almost sane
in all treatments because of continuous rain in the first forte
night of March,1873 (Fig.3.2).

The considerable decrease in porosity and increase in bulk
density with irrigation was noted among all treatments. It appe~-
ared that the vaporization process ceased to remove soil water
and capillarity played important role. Since bulk density was
always lower under disk and mouldboard than other treatnents and
maxipum in untilled plot, it is expected that pores under the
tillage treatments will be more discontinous and bigger which
helped in retaining more water in disk and mouldboard. During



Table 4.5 Matriec suction as influenced by various tillage
practices (T) at different stages of wheat growth

Matriec suction, var
Treatments Seedling Vegetative Reproductive Grain formation

emergence _growth phase phase
stage phase
AQU=12 »
T, 3.48 0.74 0.92 0.56
T, 3.20 0.80 1.06 0.64
Ty 1.17 0491 2439 1.09
Ty 2004 0.87 1.42 0.86
g 1.03 0.97 24 89 1.35
® % L2 L, ¥ %
SeEm & 0,392 0.032 0.091 0.142
LSDy, o5 1.18 0,08 0,27 0,43
L8Dg, o1 1.56 0.13 0.38 0.58
187273
Ty 3.75 0499 1.17 0.81
T, 3.46 1.06 1,32 0490
Tq 1.43 1.17 2438 1.38
T4 20 30 1.13 1.68 1.16
Tg 1e29 1.2l 2468 1.88
LY ¥k * ¥ * ¥
S.Bm &, 04477 ° 0.021 0,082 0.085
LD, g 1.43 0.06 0. 28 0.25
LSDy, o1 1.92 0s09 0. 32 : 0024

*» gignificant at 1% level

D
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later part of wheat growth mulching effect of better vegetal
cover in plots tilled with disk or mouldboard appears to have

contributed to retention of water for longer time.

It may be concluded that although loss of molisture from
soil was faster during seedling emergence stage from plots
tilled with disk and mouldboard, they helped in conserving
moisture for longer period during the later phases of wheat
growth.

4.3.3.2 Infiltration

The infiltration data presented in Table 4.6 indicated
that all tillage treatments differed significantly from each
other. It is interesting to note that at seedling emergence
stage the values of initial and final infiltration rates were
higher than at later phases of growth. This difference in ini.
tial infiltration was noticeable but final infiltration did
not changse in the similar fashion. This may be attributed to the
fact that the larger clods initlally produced under different
tillage treatments helped absorbing more water due to higher
porosity and whlch then decreased due to settlement of particles
and decreased the value of initial infiltration. The disk and
mouldboard helped higher intske of water because of larger clods
as compared to other treatments. Thils shows that the soil struce-
ture was better at all the zrowth séages under disk and mouldboard
followed by wedge and rotary tiller. The untilled plot did not
favour the higher rate of infiltration, thereby indicating the

inability to absorb more moisture because of compacted soil sure

face due to irrigation.
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4.,3.3.3 Hydraulie conductivity

The data in Table 4.7 indicated the influence of root
growth on soil structure as reflected by hydraulic conductivity
variations from seedling emergence to grain formation phase.
Hydraulic conductivity varied signifilcantly among all treat-
rents. The higher values were noted under disk closely followed
by mouldboard, wedze, rotary tiller and was minimum in uncultie-
vated plots. These differences in hydraulic conductivity may
ba attributed to the differential proliferation of roots which
vas eff'ected by the tillage depth. The results are in agreament
with Dakshinamurti and Pradhan (1966), Reddy and Dakshinamurti
(1971), Rane and Varade (1972), and Mallick and Kaeo (1972).

4,3,4 Oxygen diffusion rate (ODR) and non-capillary porosity

The measurerent of ODR immediately after tillage operation
was not possible because molsture content of soill was too low to
provide proper water film around nicro-electrodes. Hence, the
neasurenments were taken after first irrigation when the soll

rolisture content was about 1ll«l2 per cent.

It is evident from Table 4.8 that oxygen diffusion rate
was higher in tilled plots compared to untilled ones. The ODR
values observed at vegetative phase were 78,38, 76,65, 65.97 and
53,20 x 1078 g cp~2 min~l during 1971-72 and 80.03, 79.50, 70.17
and 55.05 x 1078 g cm~2 min~l during 1972-73 under disk, mould-
board, wedge and rotary tiller respectively while it was 29.10
and 33.95 x 1072 z cr~2 rin-l under untilled plots for the corres-
ponding seasons. This indicated that ODR was 2 to 3.5 times
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Table 4.7 Hydraulic conductivity as influenced by tillage
treatments (T) at different stages of wheat
growth during 1972-73

Hydraulic conductivity, cm/hr
Treatments Seedling Vegetative Reproductive Grain

enmor= grovth phase formation
gence phase phase
stage
Tl 2.88 4.86 85.48 6. 56
22 271 4,32 5.08 5.91
Ta 2.34 3.66 4.08 510
T4 255 3.96 4.52 5.45
Tg 216 3.28 3.76 4,69
L2 L X L2 » %
S.Bn & 0. 046 0.003 0.041 0,030
LSDO.OS 0.14 0.08 Cel2 O.12
L3Dg, o1 0.19 0.1l 0el? 0.16

*¢ gignificant at 1% level
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Table 4.8 Oxygen diffusion rate (ODR) as influenced by various
tillage pragtices (T) at differant phases of wheat

growth
Treatments 008, 10" g en"? min™!
Vegotative growth Reproductive Grsin formation
phase rhase phase

4920-72

Ty 78.38 83450 89. 27

1'2 76.68 €l.46 56. 38

TS 53. 20 45.62 44.15

T4 65.97 56418 53. 32

Tg 28.10 25042 24,18

t 1] & »a

S.Em & 2.172 1.455 1.226
LSD,, 0s 6. 51 4.368 3.67
LSDy, o1 8.68 5.81 5.06
1872-73

1‘1 80,03 65.88 61l. 31

T, 79.50 63,81 59.11

Tq 55.05 47.32 45,99

T4 ‘ 70.17 58,00 55.17

Tg 33.95 26470 26.04

LY * % * %

S.Em + 1.581 1.495 1.283
LSDy, o5 4.74 4.48 3.84
LSDO.O]. 6.53 5.96 5.12

*» gignificant at 1% level
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greater in tilled plots as compared to untilled. From Fig.4.6
it is revealed that subsequent irrigation inereased the bulk
density and reduced the porosity which ultimately decreased the
ODR after the sscond irrigation. BSubsequently, a gradual
decrease in ODR of untilled plot was also noted.

At grain formation phase i.e. 75th day after sowing, ODR
wvas reduced to 32 per caent under tillage treatrents, whereas,
it was almost sere in the untilled plot (24.18 and 26.04 x 1078

g en™2 min-l) during either seasons.

A thorough study of data presented in Table 4.8 shows
that ODR decreased considerably as tire elapsed under all tillage
treatments. This trend of decrease in ODH under all tillage
practices, however, remained same during various phases of wheat

growth.

It is seen from Table 4.9 that non-capillary porosity was
higher in tilled plots than untilled ones. The ncn~capillary
porosity values at seedling emergence stage were 45.92, 338.12,
36.94, 28,57 and 13.51 rer cent during 1971-72 and 48.08, 4:.91,
37.10, 22.32 and 15.80 per cent during 1972-73 under disk, mould-
board, wedge, rotary tiller and no-tillage plots respectively.
The higher values of non-capillary porosity during 1972-73 is
attributable to the bigger clods produced (Table 4.2). Further-
more, the non-capiilary (aeration) porosity was reduced consider-
ably as the time elapsed under all tillage treatnents. This may
be because of the settlement of particles or disintegration of

larger clods by irrigaticn water. iiowever, significantly higher






Table 4.9 Non-capillary porosity as influenced by various
tillage practices (T) at different growth phases of

wheat

Non-capillary porosity, per cent

Treatments Seedling Vegetative Reproductive Grain Post
aner- growth phase formation harvest
ggﬁ;: phase phase

Ail=72

I, 45.92 32.59 27.92 25.87 17.93

T, 38.12 28. 59 26.58 20.88 15.12

T 28487 20.34 16,04 14.42  10.57

Ty 36.94 26027 23.44 17.80 12.80

Tg 13.51 11.99 10.10 9¢28 - B5.75
Ll e ¥ ) %

S.Em & 0.312 0¢ 47 0.933 1l.321 1l.278

18Dy, 05  0.93 1.04 2480 3.96 3.83

L8Dy, o1 1.28 l.44 3.86 5.46 5.29

A072:-73

T 48.08 .88 28.81 26.15  19.81

T, 42.91 30062 27414 22.54  15.70

Tq 2032 22,02 16.98 15.59 l2.22

T4 37410 26457 23.81 18.70  13.57

Tg 16.80 15.28 13.63 10. 38 7.62
"% e % & - ¥ LE )

S.Fm & 0. 289 0. 557 1.013 0.927  1.133

LSDp, 05 0.87 1.67 3,04 2.78 3.40

L8Dy, o1 l.19 2023 4.21 3.84 4.69

«» gignificant at 1% leval
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values were noted under disk closely followed by nouldboard
treatment. At grain formation phase, porosity was reduced to

50 per cent under tilled plots, whereas it did not change appre-
ciably in untilled plots ( ©.29 and 10.35 per cent ) during

either seasons.

Eince oxygen diffusion rate is a function of non-caplllary
porosity, it is natural that ODR will increase with hizher poro-
sity and hence very high correlation was obtained at various
stages of growth (Appendix N). As bulk density increased total
porosity decreased and in most of the cases the reduction occurs
at the cost of aeration (non-capillary) porosity (Veihmeyer
and Hendrickson, 1948; Gill, 1959; Vomocil and Flocker, 1961;
Meredith and Patrick, 1961; and Varade, 1965). Eince non-
capillary porosity was higher under disk and mouldboard, it is
expected that aeration pores were more under these treatrents
vhich helped maintain higher oxygen diffusion rate throughout.
Bertrand and Kohnke (1957) also found that oxygen diffusion
decreased when bulk density increased at constant moisture con-

tent.

It may be concluded that use of disk and mouldboard pro-
vided better aeration than wedge and rotary tiller, there being
pinimum under rotary tiller throughcut the growth period of

wheat.

4.3.5 Penetration resistance

The penetration resistance was measured after first irri-
gation when the moisture content of soil was 7 to 8 per cent.



The changas in penetration resistance at 8§, 10 and 15 cm depth
during the growth reriod of wheat are shown in Fig.4.7, 4.8 and
4,9 respectively and the data are given in Table 4.10. Penetra-
tion resistance was found higher under untilled plot compared

to tilled plotse An inerease in penetration resistance under
all tillage practices was observed with the application of irri-
gation and lapse of tire. The increase in resistance was obser-
ved with first two irrigations. lowvever, subsequent increase
vas very sharp., After second irrigation, the increase of about
20«25 per cent in resistance was observed under all treatments
except in untilled plot, wherein the resistance was reduced to
sone extent. However, thie reduction was not remarkabie at 15
cr depth (Fig.4.S). It is observed that on the 100th day after
seeding, alrost same resistance was recorded under all tillage
treatrnents at 5 and 10 ck depth (Fige4.7 and 4.8), whereas, in
the case of 15 cm deprth, the penetration resistance of soll
tilled by rotary tiller tended to approsch that of untilled
plot (Fige 4.9). The differences arong disk, rmouldboard and
wedge were non=-significant, though, significantly higher differ-
ence was noted when compared to rotary tiller. Penetration

resistance increased with inereasing depth.

Resistance to penstration is a function of bulk density
and soll moisture content. Since obsaervations were made at app-
roximately constant moisture content, bulk density appears to be
the only active soil property zoverning penetration resistance.
Higher penetration resistance in uncultivated plots than tilled
ones may, therefore, be attributed to higher bulk density. The
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correlation coefficients between bulk density and penetration
resistance were highly significant (Appendix N). Lutz (1852),
G111 and Miller (1956), Gill (1969), Swanson and Jacobson
(1956), Meredith and Patric (1961), Phillips and Kirkham (1962),
Parker and Taylor (1964) and Drew at. al.(1965) observed increase
in mechanical strength with increase in bulk density. It is,

of course, expected that porosity would have alwuys a negative

correlation (Appendix N) with penetration resistance.

It ray be concluded that ploughing with a disk or mould-
board plough produced less resistance to penetration indicating
their beneficlal effects in kesping the seedbed comparatively
loose for longer duration. The penetration resistance was more
or lese doubled in all tillage treatnents at harvest. it may,
therefore, be suggested tc adopt intercultural operations during
the growth period of crop so as to keep the rinimum resistance

to penetration,

4.4 Emergence of Seedlings as Influenced by Tillage
Practices and Edaphic Factors.

Seedling emergence Study was carried out in the field,
cultivated with different tillage implements as described earli-
er. Ceaeds were sown at 8 c¢m depth and coversd. +ive replicates
each of S0 seeds were used within each treatnent. Seedlings
Wwere presumed Yo have emerged when the shoot tip was visible
on the soil surface. First emergence incident was observed on
the 4th day after sowing and continued for another 3-4 days.
The results were expressed as emergence percentage. During the

period of emergence,continuous depletion of so0il moisture occurred due
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to evaporation. 8Since emergence was completed in 8 days, aver-

age soil molsture was used for the correlation.

The effect of various tillage operations on seedling emer-
gence of wheat is shown in Table 4.11., It is evident that seed-
ling emergence was higher in untilled plot than in tilled ones.
Although the influence of disk and mouldboard was not remarkable,
seedling emergence was congiderably lower under these two treate
ments compared to wedge and rotary tiller. The difference bet~
veen rotary tiller and wedge was significant., However, non-
significant difference occurred between rotary tiller and untill-

ed treatment.

The seedbeds under disk and mouldboard were dominated by
bigger clods closely followed by wedge ploughe Rotary tiller
also produced significanxly higher percentage of smaller clods
(Table 4.1). It can be examined from Fig.4.10 that as the clod
MWD increased beyond 4.0 mm, seedling emergence of wheat was
adversely affected and minimum emergence was recorded vhen the
seedbed contained clods of 12.5 mm MWD under the disk. Seedbed
of 4-6 mm diameter aggregates was also found conduciwve for seed-
ling emergence by Johnson and Taylor (1960) and Johnson and
Buchele (1961).

The influence of edaphic factors on seedling emergence is
presented in Fig.4.10 and 4.11. The bulk density had significant
positive correlation with seedling emergence, whereas, the emer-
gence was affaected adversely by the negative and significant
correlation of porosity (Table 4.11). Porosity helped directly
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in lowering soil moisture end due to lower bulk demsity, soil
vas too loose inhibiting proper seed-soil-water contact. Stout
and Snyder (1987) and Stout gt. 8l1.(1960) observed that a little

compaction was found to be suitable for emergence.

Matric suction (Table 4.11) had highly significant and
negative correlation with seedling emergence indicating that in
wheat crop, moisture was the main limiting factor. Several
workers reported that seeds emerged faster at higher nmoisture
content (Hunter and Erickson, 1952; bowen, 1966). The soil
under disk and mouldboard dried fastly because of larger clods

and high porosity.

It may be concluded from the results obtained that soil
molsture became a limiting factor for proper emergence of wheat

seeds in the lateritic soll of Kharagpur.

4.5 Influence of Tillage Practices on Growth, Yield and
Yield Attributes of Wheat (Culti-variety Kalyansona)

4.5.1 Growth and growth parameters

4.5.1.1 Plant height 3 Plants under each of five tillage treat=
ments attained maximum height at the age of about 80 days in
either experiments (Fig.4.12) which corresponded to the milking
stage of wheat growth; Plante were taller during 1972-73 than
during 1971-72.

Plants in tilled seedbed were always taller than those in
untilled plot. Among the tillage operations, disk and mouldboard
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proved better than wedge and rotary tiller. The differences
among these treatments were significant at milking stage (Table
4.12). '

4.5.1.2 Tiller number : Initiation of tiller formation was
observed to occur on the 20th day of crop age, whereas, the
maximum number reached in about 50 days in either experiments
(Figs 4.13)¢ The number of viable tillers thereafter decreased
under all treatments due to mortality of some of theme The
reduction in number was noted even on the 80th day under disk
and mouldboard while upto 70th day under wedze, rotary tiller

and no=-tillage treatments.

ok

The data taken at maximum tillering stage showed that
the crop plants in tilled plots produced significantly higher
number of tillers than untilled plot. In sither experiments,
the rotary tiller produced significantly fewer tillers as conm~
pared to disk, mouldboard and wedge. The difference in tiller
number under disk and mouldboard was none-significant. Similarly
there was no difference bvetween rotary tiller and untilled plot.
The tiller production under wedge was better than rotary tiller
but lesser than disk and mouldboard. The performance of crop
wags found better in the following order :

disk > mouldboard > wedge > rotary tiller-
>untilled treatment.

4.5.1¢3 Leafl area index (LAIL) s Maximum leaf area index was
observed in about 60-70 days after so-ing during 1971-72 and

f

i
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Table 4.12 Orowth and growth attributes of wheat as influenced
by various tillage treatments (T)

Mazimum Maximum Maximum Maximum Straw yield
Treatments gtgzgt gélé;r/ %gggxér‘a gﬁir?%S
drill (LAL) cm drill
_ om g kg/ha
4971-72
T, 89,63 40.82 4491 56.88 4356.78
7., 88.45 38.28 4.53 54.45 4348. 51
Tqa 60,92 26,30 2419 30.13 3268, 50
Tq 7138  35.01 294 39,28 2499.62
15 56.49 23.21 1.14 18.51 3233.46
ok *®% L X ® 5 *
S.Bm + 0.994  2.279 0+ 240 1.455 165. 324
LSDg, 05 2.88  6.83 0.72 4,36 485,28
LSDg, 01 3.84 9.12 0.97 5480 647.04
1972-73 |
T 9215 51.80 5.63 65. 21 4547.885
Ty 88.95 504,00 8.58 62.90 4534.958
T4 71.05  20.80 3.12 39. 3 3433, 22
Ty 74.60 37.20 3.87 47.77 3678.97
5 66.05 26400 2.19 27.68 3393.63
L X * L * * %
S.Em & 1.061 2.422 0250 1.545 169,716
LEDg, o5 3,18  7.26 0.75 4,63 508. 67
LSDg, o1 4.25 9.68 1.02 6.16 798. 24

*» gimificant at 1% level
* gignificant at 5% level






50-60 days duéing 1972-73. The LAI reached maximum value in

plot tilled with rotary tiller and no-tillage treatment a few

days earlier Ehan other tillage practices(Fig. 4.14).

The daté presented in Table 4.12 reveal a significant
decrease in f in untilled plot as compared to tilled plots.
Maximum LAT whs 4.91, 4.53, 2.94, 210 during 1971-72 and 5.63,
5.58, 3.87 anj 3,12 during 1972-73 under disk, mouldboard, wedge
and rotary t jler respectively. It is evident that tillage

treatmants d
and mouldbos

ifered gignificantly among themselves except disk
§. GHowever, it is clear that the use of disk and
mouldboard p iduced significantly greater LAL compared to other
tillage Operspions. Leaf aree index wee significently higher
under wedgze tian under rotary tiller.

4.5.1.4 Dry $atter scoumulation : Dry matter accumulation vas
better during§1972~73. There was an apprecisble increase in the
rate of dry mjtter accumulation by plants from 50 to 65 days,
thereafter, ii slowed down gradually. No appreciable addition

wvas recorded f‘ er 85 days (Fig. 4.18).

Tillagegtreatments proved far_supericr over no-tillage in
dry matter scqumulation. The results (Table 4.12) indicate
that performafjce of crop was equally good under disk and mould=
board in eith&r experiments, Howevar, significantly higher dry
matter accumuiation was noted under these two tillage treatments
as compared tg wedze and rotary tiller. There was significant
difference infjdry matter accumulation under wedge, rotary tiller
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4.5.1,5 Straw yield s+ In both the experiments, straw yield

wag significantly lower in untilied plots than tilled plots.
There was no appreciable difference between disk and mouldboard
but they produced significantly higher yield of straw than other
treatrents. The tillage treatments namely : disk, mouldboard,
wedge and rotary tiller produced 34.0, 33.6, 8.4 and l.2 per
cent higher straw yield as compared to untilled plots, respective-
ly. Straw production was rmaximum under disk which proved better
than wedge and rotary tiller. Minimum straw yield was noted in
untilled plots The lower straw yleld in untilled plot was non-
significant when comparei with wedge and rotary tiller. Armong
all tillage trestments, straw yield was found better during
1972-73 (Table 4.12).

4.5.2 0Uraln yleld and yleld attributes

4+5.2.1 Grain yield : The data in Table 4.13 indicate that
significantly lower grain yield was obtained in untilled plot
than under tillage treatmentc . The grain yleld increased by
80¢3, 68.9, 47.8 and 16.0 per cent under tilled plots, namely 3
disk, mouldboard, wedge and rotary tiller respectively, as com-
pared to uncultivated plots. However, the difference between
untilled and rotary tiller was non-significgnt. Maximum yield
was recorded under disk closely followed by mouldboards There
was no significant differenge between wodge and mouldboard.
However, the grain yleld under wedge differed significantly than
under untilled plot. The grain yield during 127273 was reported
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Table 4,13 Grain yield attributes of wheat as influenced by

various tillage practices (T)

i 4
¢

Ciiiers/ Doaeen grain/S veies via
Treatments 30 c¢m spike
drill
en g kg/ha
1871-72
T, 24,18 9.83 62400 3.3  331.42
Ty 23,06 9.81 59442 33,33  3104.72
Iy 16.60 7.86 53.04 30.156 2063. 89
T4 18.00 8.82 54.83 32. 35 2680. 23
Ts 14.80 Te2® 46,96 29.96 1747.83
& | * " ¥ T
E.En % 1.225 0731 l.272 O.427 165.518
L8D,, os 3.67 2.19 3.81 l1.28 496,15
LSDy, o1 4,89 2.93 5.08 1.71 661.52
4872-13 A
3] 25.13 ©.89 82.41 35.02 34986.63
T, 24. 22 9.84 60.33 H.64 3202.87
T4 16.93 7.93 53.03 .78 2242.10
T4 18.95 0.12 54.17 SZe18 2865.456
I 15.88 7.48 47455 28.41 1938.04
£ 7 ) *® * ® % * %
BeEm & 1.288 0.877 1.254 0.484 183.106
LSDg. 05 3.86 1.73 3.76 1.45 578.22
LSDg, o1 5,16 2033 5.01 1.92 771.08

«» gignificant at 1% level
* gignificant at 5% level
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to be higher than during 1971-72, there being similar trend of

differences among tillage treatments.

4.5.2.2 Fertile tillers s The maximum fertile tillers occurred
under disk which was significantly higher as compared to untilled
plot. However, the differences between disk and mouldboard, and
wedge and rotary tiller were non-significant. The tillage treat-
nentes except disk and mculdboard neither differed among them-
selves nor they could produce batter results than untilled plot.
The dats in Table 4.13 clearly indicate that tillage treatments,
namely : wedge and rotary tiller failed to establish their

superiority over no-tillage treatments.

4.5.2.3 8plke length s+ It is seen from Taeble 4.13 that signif-
icantly longer spikes were produced under tilled plots than un-
tilled one. ESpike length was longest under disk which was also
significantly longer than other tiliage practices. However, in
either experiments, the performance of disk and mouldboard was
equally zood and better than other tillage treatnments, The diff-
erence in spike length due to the use of wedge, rotary tiller or
in untilled plot was non-significant during 1971-72 but the
remarkable difference was noticed between wedge and rotary tiller
during 1972-73. |

4.5.2.4 Number of grains per spike : All the tillage treatnents
significently produced higher number of grains per spike than
untilled plot. The number of grains per spike was significantly
higher under disk in either experiments. The use of wedge and
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rotary tiller did not produce significant results, however, they
varied signiricantly when compared to untilled plot (Table 4.13).

4,5.2.5 Thousand grains weight 3 There was no appreciable
difference in thousand grain weight among different tillage
practices, however it was significantly higher than under un-
tilled plot. The difference between disk and mouldboard, Wedge
and }otary tiller was found to be non~significant. Disk plough
produced significantly higher thousand grain weight than other
treatrents and significantly lower weight was recorded under

untilled plot closely followed by rotary tiller (Table 4.13).
4.5.83 Root development

4¢5.3.1 Root length : It was observed that maximum root length
wgs obtained among all treatrents at the age of 70 days in either
experivents (Fig.4.16). However, the root length was slightly
better during 1972-73. The longest roots Wwere observed under
disk closely followsd by mouldboard (Table 4.14). The disk and
mouldboard ploughs created conducive soll environment which
helped roots to grow and penetrate the soll to a greater depth
than other tillage treatrents. ESimilar findings were reported
by Reddy and Dakshinamurti (1271). They found better root pene-
tration under deep ploughing because of improvement in the soil
structure in the rhizosphere, and noted a significant correlation
between root growth and soil structure. The shortest roots were
noted under untilled plot. The root length varied significantly
among tillage br;atments during 19272-73, however, results obtain-
ed during 1971=-72 did not show any significant effect with the
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use of wedge and rotary tiller. But the wedge produced signife
icantly longer roots than wncultivated plot.

4.5.3.2 Root weight s The root weight, as expected, was

closely assoclated with the length of roots. The results of root
weight, therefore, revealed a similar trend as that of root
length among all tillage practices (Fig. 4.16). The maximum

root welght was recorded under disk and mouldboard. The produced
2.5 times as ruch roots than untilled treatment. During 127172,
disk and mouldboard showed no significant difference among theme
selves, however, they differed significantly as compared to other
treatments. The resuits of wedge and rotary tiller also differed
significantly than untilled plct; Rotary tiller produced less
root weight than wedge. During 1972-73, the influence of tillage
operations proved to be highiy significant for ell tillage prace
tices. The similar trend was noted as that of previous experie
ment (Tsble 4.14)e | —

GENBRAL DISCUSSION

The resuits clearly indicate that grain yleld was higher
in tilled plots than in untilled one. Disk and mouldboard proved
superior in their performance to other tillage treatments. Better
performance of wheat under tilled plots is ascribed to the impro-
ved soil physical environment through tillage operations. The
resultes reported by Reddy and Dakshinamurti (1971) also lend a
support to these {indingse.

The highest grain yield was recorded under disk but it was
on par with mouldboard. Wedge, however, gave the lowest yield
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compared to disk snd mouldboard but it was also statistically on
a par at 1 per cent leval vithgyield obtained in rotary tiller.
The observed beneficial effect% of deep ploughing (disk) of
this region confirm the earliui findings of Moolanl and lHukkeri
(1965) and Bhushan gt. al. (19;

pectively. The variation in ptrformance of wheat in either

3) for nmalze and wheat crops res-

i

geasons is obviously due to the changes brought about in the

rhizosphere of soil environ&an& by tillage. It 1s, therefore,
imperative to attribute the hi%her yleld of wheat to conducive

soil physical edaphic factors produced by tillage practices.

it is evident from the ¢prrelation studiles that grain
yield had significant relationBhip with differant growth parame-
ters and yield attributes (Figh 4.17 and 4.18). It may be nmen-
tioned that every increase in [leaf area index, number of tillers

and in root welght within a ceprtaln range was accompanied by

increase in grain yield. GraiL yield had strong relationship
with leaf area index ( r = 0.9% )y tiller number ( r = 0,99 ),
root weight ( r = 0,99 ) and uiith various yield attributes as
given in Appendix L.

Crop performance was betiter in plot of lower bulk density
and higher porosity as indicaljed by the various growth parameters.
Better performance of wheat ¢xop in tilled plots nay be attribu-

ted to increased root developfient : as a result the roots could
absorb more moisture and plany nutrients from a greater soil
volume which was favourably influenced by adequate aeration,lower

penetration resistance and loﬁer ratric suction ¢Fig., 4.19 and
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4.20)s The leaf area index and tiller formation also conse-
quently had a similar relationship with edaphic factors (Fig.
4.21’ 4022, 4.23 and 4.24).

It is seen from the results that lower matric suction
occurred in tilled plots during the c¢ritical moisture require-
nent phase of wheat i.e. reproductive phase (Table 4.5). The

increased moisture stress decreased rcot development and preven-
ted normal wheat plant growth (Kramer, 1963; Salim gt. al.,
1965), From the findings of Johnson (19853), Robins and Domingo
(1962) and Day and Intalap (1970), it is evident that wheat crop
did not tolerate water stress at f{lowering stage because maximum
leaf development took place during this stage. The tillage
treatments, namely : wedge, rotary tiller and no-tillage plot,
therefore, resulted in lower grain yield, fewer head per unit
area and few grains per ear head. This high matric suction may
be because of highest consumptive use of wheat during this phase

of growth.

Above discussion clearly brings about the importance of
g80il molsture and explains the reason of higher yield under disk
and mouldboard as compared to rotary tiller, wedge and untilled
plots The grain yield was highest under disk because disk plough
(deep) opens up the sub-surface soil and allows easy infiltra-
tion of water (Table 4.6)s Thus the scil absorbs more water,
and a favourable soil-water relationship is maintained under disk
ploughing. Furthermore, this enables us to know the soil physical
condition that should be provided in order to reduce the frequeancy
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of irrigation and the soil manipulation practice that should be
adapted under restrained condition of irrization water. This
is fact would help to increase the water use oficiency.

The ODR values at various growth phases of wheat orop
were significantly higher in plots tilied with disk or nrould=-
board as corpared to wedge, rotary tiller and unkilled plot
(Table 4.8). The ODR values were always below 30 x 10~8 g em™2
min-} in untilled plot except vegetative growth phase during
1972-73. Stolzy and Letey (1964) emphasized that ODR played an
important role in restricting the root developrent and, therefore,
if the ODR is less than 30 x 10”8 g cm~2 min-l, the resultant
grain yield is affected adversely. Lower grzsin yield in un-
tilled plots is ascrived to the adverse effect of lower ODR
values (Table 4.8).

The quantity of roots were related to the depth of plough-
ing and the roots were highest under disk followed by mouldboard,
wedge and rotary tiller (Table 4.14). Thus disk and mouldboard
ploughing facilitated the penetration of roots to lower depths.

A positive correlation existed between root distribution and
graln yield. Under wedge and rotary tiller, there was a relative
concentration of roots in the surface layer as compared to other
treatrents. This suggests the possibility of accumulation of
finer roots in the sub-surface soil under shallow ploughing.

Apart from higher penetration resistance throughout the
growth period, poor aeration in untilled plots seems to have
affected the root development very adversely.
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Figures 4.25 and 4.26 show the relationship between number
of fertile tillers and edaphic factors at reproductive phase.
Greatier nunber of fertile tillers at lower bulk density was in-
fluenced by profuse tillering during vegetative phase and compen-
sated the poor emergence in plots of lower bulk density especla-
lly wnder disk and mouldboard treatnents.

The grain yield of c¢rop depends on root and shoot growthe.
The @traight'line relationship with root weight indicates that
root growth is vital for better harvest. <The curvilinear rela-
%}onship of grain yield with leaf area index and number of till-
Qr' clearly indicates that yleld can not go on increasing with
thc increase in the above three factors, rather there lies an
cptima for an individual factor and combination of all, from
the point of view of grain ylield. From Fig.4.18, it appears
tha$ during 1972-73, if the number of tillers/30 c¢m drill, leaf
ﬁraﬁ index and fertile tillers/30 c¢m drill exceed respectively
52.;5.54 and 25, the yield may be adversaely affected. Grain
yla@d had similar relationship with edaphic factors as was exhie-
bited by various growth parareters and yield attributes. Almost
lll.the growth factors studied in both the seasons had higher
values in disk (deep) ploughing operation followed closely by
neuidboard rloughing than those in other treatrents.

It appears fron the results obtained that soil physical
sovironment et various growth phases should be created in such
a way that would be conducive to produce the optimum nunber of
tillers and leaf area index. From Fig. 4.21, 4.22, 4.23, 4.24,
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4.25 and 4.26, it may be concluded that bulk density of 1.35 -
1.40 g cm~3 during vegetative growth phase created favourable
soil environment which produced the desired leaf area and

nurber of tillers. At reproductive phase, the most conducive
bulk density, however, would be 1.40 - 1.45 g cm™3. It may be
concluded from Fig.4.27 and 4.28 that during grain formation
phase, bulk density in the range of 1.45 « 1.50 g cm™3 favoured A

the maintenance of the most desired soil environrent.

In the present investigations, the above mentioned con-
ducive soll physical environrent was found to be created by the
disk and mouldboard plough treatments in the seedbeds of which
the initial clod size was in the range of 11 to 1250 mm MWD
in lateritic soils of Kharagpur.

Part 11
Physical Properties of Soll Aggregates

4.6 Distribution of Dry Agzregates

The distribution of dry aggrezates in the various size
groups (Table 4.15) shows that higher weight fraction was obser-
ved for larger clods in the order of disk, mouldboard, wedge and
rotary tillers The rotary tiller produced more ¢lods having
smaller diameter and very few c¢lods having big;er diameter. The
percentage clods smaller than 1.19 ux diameter was higher in the
case of rotary tiller and wedge as compared to mouldboard and
disk. Very recently, Bhushan gt. 8l.(1973) found similar results
while working on the same soil.
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The data on clod mean Weight diameter (MWD) reveal that
the effect of different tillage treatnents on MWD of clod was
highly significant (Table 4.16). The clod MWD was statistically
lowar under rotary tiller compared to other tillage practices.
The maxinum MWD ofclod was foﬁnd under disk closely followed
by mouldboard, wedge and rotary tiller. This is attributed to
the predominance of clods larger than 12.70 mr diameter under
disk and rouldboard treatments. Since rotary tiller produced
higher percentage of clods spaller than 2.38 p; diameter, the
MWD of clods was pinlmum.

The geometric mean diameter (G}D) of clods had also the
similar trend as that of MwD. However, during 1971-72, no signie
ficant difference was noted betWeen mouldooard and vedge, but
it is worth noting that these two treatrents rroduced signifi-
cantly higher GMD of clode than rotary tiller (Teble 4.16). The
clods of highest GMD were produced by disk ploughing.

4.7 Bstimation of log GMD and 0 log 4

Logarithm of geomelric mean diameter is a simple method of
representing a soil aggregate~size distribution by an analytical
expression (Gardner, 1956). From the air-dry weights of the sieve
fractions of a sample from O to 8 cm layer, two parameters were
estimated viz.(a) the logarithm of the geometric nean diameter
( log G¥D ) and (b ) an index of the dispersion of
thg aggregate diameters (0~ log d). Estirmation of these parare-
ters requires that the proportion of soil aggregates by weight in
the sample be distributed approximately normally as the logarithm

of the diameter. The two parameters were computed mathemstically,



but the computation was conformed to the graphical estimation
11llustrated in Fig.4.20, Using the logarithm of the diameter
of average limit for sieve classes shown in Table 3.4 and the
proportion by weizht in the sieve classes, an array of fraction-
undersize versus logarithm of aggregate diameter was calculated.
The fraction-undersize was then transformed as cumulative

weight fraction. Under the assumption of a log normally dis-
tributed sgzregate diameters, a linear relation was expected
between the cumulative weizht iraction-undersize and the loga-
rithm of the aggregate diareter. The estimated GMD for treat-
rent 2 during 1971-72 was 3,806 mm (Table 4.16) and the estinate
of 0" log 4 was 1.526 mm specified that 67 per cent of the sample
contained aggregates having a diasmeter within the range of 0.618
to 13.420 nm, ie.e. antilog (1.354 +1.526). 4and if for instance,
the value of ¢ log 4 is 1.032 which 18 used as an index of
dispersion, 50 per cent of the sample (Fig. 4.29) would fall in
the range of 1,038 to 9.180 mm, i.e. antilog (1.354 £1.032).

The cnanges in log GFD and @ log d due to sieving were estimated

by sieving several randomly selected samples.

The validlty of the assumed log normal distribution of
aggregate diameter was judged gualitatively from comparison of
observed and estirated weight fractions (Fig.4.29)., There
appears to be no rigorous and yet facile manner to check the
assunption when there is a small number of sieve sizes, and
when the welghls are observed rather than number of particles.
Figure 4.20 (Treatnent 2) represents one of the poorest fit of

a linear relatlion between cunulative weight fraction and the
logarithe of the diameter.
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4.8 Aggregates and Related Soll Physical Properties
4.8.1 Vater retention

The data on water retention at 0.08 bar tension, bulk den-
sity and volume loss upon mixing are presented in Table 4.16.
The results of water retention at 0.06 bar tension indicated that
the tillage trestment which produced larger clods retained more
moisture than the tillage practice producing smaller clods.
Even though the wgter retained by weight was more in tillage
induced larger ¢lods than those producing smaller ones, there
appears to be very less difference in the water retained on
volumetric basis because the larger clods had the lesser bulk
density which ultimately reduced its water content by volume
vhile in case of rotary tiller producing smaller clods of which
the bulk density was comparatively higher than the larger clods
which ultinately increased water content on volume basis. Vater
retained at 0,06 bar tension varied significantly among the
tillage treatments, there being no significant differences bet
veen disk and mouldboard (Table 4.186).

It is interesting to note that with decrease of 0" log d
(Table 4.16) there was also a decrease in the quantity of water
retained at 0.06 bar tension. JAmemiya (1968) found differences
of capillary conductivity in beds of nmixture of aggregate-
diameter separates when the sustion moisture curves for these
beds differed. Hence, alterations of interaggregate void space
nay also affect water movement relations in beds of aggregates
in the row zone of tillage.
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4.,8.2 Volume loss upon mixing

From the synthesised mixtures of aggregate~diameter sepa-
rates, the volume loss upon mixing these aggregates was noted
in the laboratory. It is evident from Table 4.16 that the voluue
loss upon mixing decreased with decreasing 0 log d. There was a
greater decreass ih volume loss with decreasing ¢ log d at the
smaller values of log Gbin; This clearly indicates that because
of the smaller clods produced by rotary tiller in wvhich inter-
aggregate void space was much less compared to clods produced
under disk and mouldboard which settled firmly and resulted in
lesser loss of volume upon mixing. The maximum volume loss was
noted under disk. The volume loes after mixing differed non-
significantly among mouldboard, wedge and rotary tiller during
1971-72, However, during 1972-73, significant difference was
noted between mouldboard and rotary tiller.

As the measurements of volume loss deal with interaggregate
volid space, the associated changes in bulk density; Dp were there-
fore, brought about mainly by the changes in the interaggregate
void spaces A close inspsction of Table 4.16 indicates a volume
loss about 16 to 23 cm3/100 cm3 initial volume. It is likely
that there was more mixing of aggregate~diameter separates in

the laboratory as compared to fleld conditions.

4.8.3 Aggregate densities

The results of dry density of soil aggregate mixture pre-
sented in Table 4.16 reveal that the bulk density under disk and

mouldboard was lower than wedze and rotary tiller. Although
the density under rotary tiller was quite high, difference in



149

bulk density obtained by rotary tillér and wedge plough wvas
little. The dry density of mixture varied between 1l.12 to l.14
g ex~3. All the tillage treatments differed significantly. The
maximum density was noted under rotary tiller because of the
smaller clods produced with its operation which helped close
packing of the aggregates whereas inh the case of disk and mould-
board, the clods were bigger and because of more interaggregate
void space, the packing was loose resulting in lower bulk den-
sity of mixture.

The results of particle density, density of individual
aggregate and density of bulk volure of aggregatesas indicgted
in Table 4.17 show that the aggregate density increased with the
decrease in agzregate diameter. The aggregates of diameter
15.87 mm had the density of 1.57 g cn™° while the smaller aggre-
gates of 3.57 mm diameter possessed a density of 1.63 g cm~3,
Similarly density of bulk of aggregates varied from 0.76 to
l.11 g cn~3 for largest and smallest diameter respectively. But
the particle density of the aggregates in the various size
groups had nearly an uniform value of 2.65 g em~™S. Thus it may
be staied that the smaller asggregates were not as porous as
those of larger dianeter aggregates. The results are in agree-
ment with the observations rade by Wittmuss and Mazurak (1958),
Larson (1964), and Allmaras gt. al.(1965).

The significance of the aggregate-diameter distribution
for describing packing arrangenment was evaluated from the changes
in bulk density; Dy (also from the volume loss upon mixing aggre-
gatee-diameter separates) as predicted by the changes in log GED
and 0~ log d» The larger values of 0~ log d were expected for
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Table 4.17 Bulk density, aggregate density and particle density
of soil aggregates

Sieve classes Bulk density Aggregate Particle density
deneit
2 o3 2 om=3 g cn~3
1971=72
I 0.76 1.87 2. 64
iI 0.82 1.60 2468
111 0.83 1.62 2064
IV 0486 1.63 2468
\ 0.91 - 265
Ip! 0.95 - | 2.64
VIl 1.11 - 2468
L3 * g *
S.Em + 0.0021 0.0013 0. 0017
LSDy, 05 04006 0.004 0.005
LSDy, o1 04009 0.006 0.007
19722-73
1 0.80 1.87 2.65
11 . 0.88 1.61 24 66
111 0487 1.62 2065
v 0.89 1.64 2066
' 0.94 - 2465
VI 1.04 - 2465
Vi 1.16 - 2. 66
L X ] LT £y )
S.Bm & 0.0047 0.0012 0.0021
LSDp,05 0.018 0.004 0.007
L8Dg, 01 0,028  0.008 0.009

*& gignificant at 1% level
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larger values of log GMD« The larger values of log GMD and

O log 4 (Table 4.16) were observed in disk and mouldboard than
in wedge and rotary tiller. The change of Dy was observed cone-
comitantly with changes in 0 log d. Some change in log GMD
was also noted. These relations were examined more conmprehen=-
gively. For each of 25 locations, the measurements of log GMD,
O log 4 and Dy were taken. For a given location, the mean of
each of the measurements was taken as a reference point. The
equation based on these measurements as suggested by Allmaras
ate ale (1965) was then used to predict the bulk density of soil

under various tillage practices.

It is evident from Table 4.16 that each of both i.es log
GMD and 0 log 4 made only a linear contribution to Dg. The
velues of constants B3 and B were computed as suggested by
Allmaras gt. al. (1968) and the constants for this soll were found
to be of interest in predicting the bulk density of the soil
irmediately after tillage operation. The equation, established,

therefore, can be stated as

A(pg) - /31[A(log QMD)] +P2.[A(o" log d)] coses
Allraras gte. al. 41065

A(pg) = -0.66 [A(log GMD)] +1.34|4( 0 log d)]

Once the values of log GKMD and 0" log d after tillage are
known along with f1 and B,, it 1s possible to predict the bulk
density of cloddy surface immediately after tillage which in

practice poses a serious problem of bulk density measurements.
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Part 11l
Soil Bin Experiments

A laboratory study was conducted to evaluate the influence
of bulk density, soil moisture content and speed of operation on
tillage tool draft and cloddiness potential of the seedbed.

4.9 Clod Size Distribution

Table 4.18 shows cled size distribution as influenced by
the combinations of the experimental varliebles, namely ¢ bulk
density, soil moisture and speed. It pr.ay be observed that higher
percentage of clods larger than 50 rn diameter was recorded at
the highest values of bulk density, soll molsture and speed
(DgMgB,) closely followed by the treatment combinatlon DgMp8;
thereby indicating the reduction in clod sizes with the decrease
in speed from 1.25 to 0.25 m/sec. The data reveal that clod
size distribution was affected by the change in bulk density of
s0il to a great extent. It is seen that the percentage of c¢lods
larger than 4,76 mn was less when the soil was tilled at 1.65 g
cm=3 initial bulk density compared to clods produced at the den-
sity of 1.79 and 1.85 g om™2 respectively.

It is evident from Fige4.30 that the mean weight diameter
of clods also increased with the increase in bulk density, soil
moisture and speeds This indicates that when the 20il was comp-
acted to higher bulk density, the occurrence of larger clods
dominated the soil surface thereby increasing surface roughness.
tHowever, this resultant larger clods induced higher draft as

more energy was consured in the process of 1lifting furrow slice
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in sueh cases (Fig.4.31)s The presence of larger clods indi-
cates that the less work was done on the soil whereas rore work
was done on the tool. The results of Gill and NcCreery (1960)
also lend a support to this views The so0il fraction at lower
values of bulk density, moisture content and speed was domina-
ted with smaller clods. A close cbservation of Table 4.18
indicates that the clod size distribution of soil varied con-

siderably under different treatnents,

Maximum soil fracture was noted (Table 4.19) as the bulk
density, moisture content and speed were increased from 1.65 to
1485 g cr~3, 8.66 to 9.84 per cent and 0.25 to 1.25 m/sec res-
pectivelys ldeally we are interested in how nmuch energy a till-
age tool puts into fra&turing the soile The amount of soil
fracture is difficult to estimate in a tillage experiment, but
it can reasonably be a#gned from the data that fracture is
proportional to the amount of new soll (clods) surface produced.
Furthermore, it 1s seen from Table 4.19 that the energy or draft
required to achieve a c¢ertain clod size is directly related to
the new soil (clods) surface produced. Our objective, therefore,
is to maximise s0il fracture for a given input of drafte The
maximum soil fracture was 3704 cm® which produced clods of 3.60
mm MWD and least soll break-up was noted as 2465 em® which con-
tained clods of 1.28 mm MWD. However, there was no significant
differsnce among the soil fracture produced at higher moisture
content and speed, but it was significantly lower compared to

highest density (Table 4.20). Similarly the differences in soil
density (1.79 g cm~3), moisture content (8,66 per cent) and speed
(0«25 m/sec) were non-significant.



Table 4.19 Combination effect of bulk density, soil moisturae
and speed on draft, clod mean weight dliameter(lMwD)
and soil fracture

Treatment Total draft Unit draft Mean weight ©8Soil fracture

combinag=- diameter along 30 cm
tions . (MwD) length of
furrow
kg kg/cm? o em3
D1M31Sy 6.00 0.136 1.28 2465
DgM181 9.75 0.222 1.30 NN
DgM181 14.25 0.325 1.77 3142
D1M3So 16425 0. 369 1.65 2638
D182 19.00 0.432 2006 2815
Daiy 5, 23,25 0.528 2.14 2299
Dy¥oSy 10.00 0e 227 1.60 2548
DadigBy 14,00 0. 318 252 3075
Dghighy 17.50 0.398 3.35 3450
DMy 19.25 0.437 1.91 3028
DghigSo 22, 28 0.506 3.03 3175

DaMose 25.28 0. 561 ‘3. 60 3704




Table 4.20

Individual effect of bulk density, soll moisture

and speed on draft, clod mean welght diameter

(¥wD) and soil fracture

Treatments Total draft Unit draft Mean weight Soil
diameter fracture
(MWD) along 30
cm length
kg kg/cm3 mm of gm o
D, 12.87 0¢292 1.61 2763.08
Do 16.25 0e 370 2,25 2048400
Dy 12.81 0.453 2472 3302.00
¥ L3 » g -
SeBm + 0.156 0.0058 0,033 48,984
LSDg, 05 046 0.017 0.11 143.67
18Dy, o1 0.62 0.023 0.13 105,28
My 14.75 0. 338 1.72 2003, 22
Mg 17.88 0.408 2467 3163. 50
e » % * % * %
S.Bm & Oel? 0+0046 0.07 39.998
L&Dy, o5 0o 37 0.014 0.09 117.2
L8Dy, o1 2.51 0.019 0ell 159.45
Y 11.92 0. 271 1.99 2056472
Sg 20.71 0.472 2040 3110.00
* ¥ L2 L2 ¥ a4
S.Bm & 0«1l 0+0046 0.027 39.995
L8Dy, 05 0e 37 0,014 0.09 117.31
LSDg, o1 0451 0.019 Oell 159.48

157

*+ gignificant at 1% level.
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The influence of bulk density, moisture content and speed
on clod mean weight diameter (MWD) and unit draft is presented
in Table 4.20 and Fig.4.32.1t is worth noting that each variable
contributed significantly towards the varliation in clod KWD. The
highest MWD occurred under highest bulk density (1.85 g cm’3)
closely followed by hizhest moisture content (9.84 per cent) and
higher speed (1l.25 m/sec). The lower "D was noted at low soil
density (1.65 g cm=3). |

It is evident from Table 4.20 that the variation in draft
due to bulk density, soil moisture and speed was highly signi-
ficant. The relationship of bulk density with respective values
of total draft, unit draft, clod MWD and soil fracture under
various possible combinations of soil moilsture and speed are
given in Table 4.21. A positive correlation existed among all
of then.

A shatter test was used to establish a relationship between
the energy imparted to the soil and the degree of fragrentation.
It is evident from Fig. 4.33 that the plotted data tend towards
a straight line as the number of drops incresses. An snergy
curve was prepared from the data secured in the drop-shatter
tests. The distance of fall was found great encugh to cause
shatter of the soll and aecunulated input energy from a given
number of drops was plotted against the resultant clod size as
shown in Fig.4.34. The relationship was taken as the characteris-
tics of =0il strength. It is observed that clod mean weight
diametaer (MWD) was inversely proportional to the equivalent energy

input by dropping. The observations are in agreement with Gill
and McCreery (1960).
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The relationship between cumulative drop height (CDH) and
the resultant clod mean weight diameter (MWD) is given in Table
4,22, As expected, clod MWD decreased with repeated droppings
in all the treatments. It shows that MWD was inversely propore-
tional to the CDH. It is interesting to note that the clod KMD
values at 1000 ¢m CDH was found to be more at higher bulk den-
sity under sirilar soil moisturs and speed conditions. Low
values of WD were noted at lesser bulk density. This low value
of clod M'D indicates that more work was done on the soll by
repeated droppings. Higher values of NYD even after droppings
at higher bulk density indicate that the clods produced in such
cakes possess greater mechanical stability than those produced
at;lower density. This increased mechanical stability is attri-
butable to firm packing of the soil particless

4.10 Effect of Bulk Density on Draft

The pasking force of the soll as applied by the weight of
the reller during soil bed preparation changed the bulk density.
Itjis evident from Fig.4.31 that every increase in bulk density
vas a¢companied by the increase in unit draft at the same mois-
ture content and speede This relationship was nearly a straight
line in all the cases. This increase in draft may be ascribed
to’the apount of resistance of soil to the forward movement of
the tool. This 1s because of the firm packing of soil particles
which requires more energy to break oren the furrow. Under iden-
tical conditions of speed, the unit draft was found raximum in

the order of 0.528 and 0.561 kg/cm® with 1.85 g cm™3 bulk density
at 8.66 and 9.84 per cent moisture content respectively, whereas
it was minimum at the density of 1.65 g cm™>.
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4.11 Effect of Moisture Content on Draft.

The data shown in Table 4.19 reveal that the draft increa-
sed with the increase in moisture content under identical condi-
tions of bulk density and speed. The gradual increase in unit
draft is clearly seen from Fig.4.3l. Maximum unit draft was
required at 9.84 per cent moisture content whenthe tool was
operated at the speed of 1.26 m/se¢ and was found minimum at
8.66 per cent moisture content when the speed was 0.25 m/sec
under the similar conditions of density of the soil bede It is
surprising to note that even though there was hardly a difference
of about 1.18 per c¢ent between two moisture contents, the varia-
tion in unit draft was remarkable (Table 4.20) between these

two levels of soil rolisture contents.
4.12 Bffect of Speed on Draft

The moisture content at which speed did not influence appre-
clably was slightly above the wilting point (Telischi gk. al.,
1956), It was found that as the moisture content increased from
8.66 to 9.84 per cent, the slope of the line plotted in Fig.4.31
increased progressively under the similar conditions of bulk
density. 1In the present investigations, the high speed selected
vas 1.25 m/sec which was 5 tires higher than the low speed of
0.25 m/sec. I¥ can reasonably be pointed out that though the
time required for tillage operation was much less at high speed,
the horizontal opposite forces actinz on the tool coupled with
the resistance of soil against the forward rovenent of the tool

were also obviously higher which resulted in greater draft.
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It can be seen from Fig.4.31 that unit draft varied due to
two differen£ operational speeds under the same moisture and
density conditions. The trend of incbease in unit draft was
found to be uniform at 8.66 per cent moisture which varied
greatly at 9.84 per cent moisture content. This shows that along
with speed of operation, soll moisture content and bulk density

play a significant role in draft requirement for fracturing the
soll during tillags.



Chapter V
SUMMARY

Every crop has a range of soil physical environment that
provides optimum conditions which may be achieved by various
tillage practices. The crop grows simultaneously in two environ-
ments i.e. the atmospheric and soil environment. Agriculturist
has little or no control over the former whereas it is possible
to modify the latter to some extent to meet the requirement of
crop. Therefore, agriculturists aim at providing such & soil
environment which would provide most favourable condition for
seedling emergence, vegetative growth and grain yield. It appears
that for every crop, there exists an optimum range of soil eda-
phic factors for proper plant stand and growth. Once the opti-
mum edaphic factors are known, it would not be very difficult to
produce the same conducive condition through various soil manage~

ment practices.

Part 1
Field Experiments

This research project was taken up on the Experimental
Farm of Agricultural Engineering Department, Indian Institute of
Technology, Kharagpur with the objective to develop suitable
s0il management practices for successful cultivation of wheat in
this region wherein this crop has been recently introduced. Spe-
cific information on the basic need of wheat crop for optimum
801l physical condition was sought through the present investi-

gations in order to develop a wheat culture schedule.
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Different soil conditions were provided in the field with
various tillage implements (Table 3.3) which included disk, mould-
board, wedge plough and rotary tiller. Soil edaphic factors were
correlated with seedling emergence, root growth, various growth
parameters and yleld attributes in order to find out the most
desirable so0il physical environment for successful wheat growth.
The edaphic factors such as soil aeration, moisture stress and
penetration resistance were measured quantitatively at frequent

intervals.
feedling emergence

The seedling emergence was higher in untilled plot than in
tilled plots. However, the emergence of seedlings was better or
almost equal in plot tilled with rotary tiller as compared to
untilled plot. Seedling emergence was greatly influenced by
moisture stress. The higher percentage of seedling emergence
was due to greater moisture availability. A highly significant
correlation ( r = -0.99) was observed between matric suction and
seedling emergence. The moisture depletion was very fast under
disk and mouldboard due to very rough and broken soil surface.
At the same time, due to presence of larger clods, the seed-soll
contact was not proper, resulting in poor seedling emergence.
The correlation of soil physical properties with clod size brings
out the importance of soil structural relation on seedling enmer-
genges The emergence of seedlings was better in the pldts domi-

nated with average size ¢lods of 4 ﬁo 7 mm mean weight diameter.
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Growth and yield of wheat

The grain yield of crop depends on root and shoot growth.
The straight line relationship with root weight indicates that
root growth is vital for better harvest. Thus root is the vital
part of growing plant which grows entirely in the rhizosphere of
the soll. 1t is evident from highly significant correlation
that better root proliferation increased the feeding zone and
influenced the aerial parts and hence the yield of wheat. There-
fore, root developrent and proliferation has raximum bearing on
crop production. The grain yleld of wheat was highly correlated
with leaf area index and tillering ability of plants in the early
growth phase. It was dependent on the number of fertile tillers,
spike length and other yield attributing characters. The signif-
icant influence of edaphic factors was through their beneficlal
effect on root development, growth parameters and yleld attri-

butes.

The results clearly indicate that the yield of wheat was
significantly higher in tilled plots than in untilled one. Anong
the soil management practices, disk and mouldboard proved supe-
rior to other treatrents in their performance. The variation in
performance of wheat crop in either seasons is obviously due to
the changes brought about in soil environment by tillage. Better
performance of wheat crop in tilled plots was attributed to
increased root development which was favourably influenced by
adequate aeration, lower penetration resistance and lower matric

suction.



The bulk density and porosity of soil at various growth
phhjes of wheat plant appear to have governed the edaphic factors.
Thﬁjbetter crop performance in plots of low bulk density was
co&?alated with higher ODR, lower matric suction and lower pene-
téaiion resistance. A4s discussed earlier, the wheat plant is
quy sensitive to zeration, moisture avallability and soil
sﬂﬁenrth. Since the ODR wvalues were alway® higher than 30 x
ld'*'8 g cm™2 min~l, it may be assumed that ODR was not the limiting
fautor in tilled plots. but the low ODx wvalue, less than 30 x
1678 g cw™? min™l, in untilied plot seems to have definitely

aféected the root development and performance of crop adversely.

‘ The matric suction was significantly higher in untilled
piét and plot tilled by rotary tiller than other treatmnents espe-
cially at the reproductive phase. ihe higher roisture stress
dufing this peak moisture regquiremant phase of wheat appears to
haye affected the leaf development and production of fertile
th}ler, head per unit ares, grains per head and finally the yield.
However, higher porosity under mouldboard and disk, helped in
sxpring water and plant did not suffer from moisture stress and

ﬁhprefore, the resultant grain yleld was highest under them.

Fl
i

§§ The curvilinear relationship of grain yield with leaf area
fédex and number of tillers clearly indicates that yield can not
éé on increasing with increase in the above three factors, rather
ﬁﬁere lies an optima for an individual factor and combination of
411, from the point of view of grain yleld. It appears that in
fhe agro-climatic region of “West Bengal, wheat yield can be naxi-

nmised if 19 to 24 tillers/30 ¢m drill bear heads.



It appears that edaphic factors are closely related to bulk
density of seil. From the results, it is evident that bulk den-
sity of 1.35 -~ 1,40 g cm~2 during vegetative growth phase provi-
des conducive soil environrent which produces the desired leaf
area and number of tillers. At reproductive phase, the most
conducive bulk density, however, would be 1,40 -~ 1.45 g cm™3.
During grain formation phase, bulk density in the range of 1.45 -
1.50 g cu™3 favours the maintenance of the most desired soil

environment,

The above soil physical environment should be created by
altering the soll structural relationship in such a way that
would be conducive to produce the optirum number of tillers and
leaf area index. Tillage practices make the soil loose, rough
and cloddy. The direct relationship of clod size with bulk
density leads to the conclusion that clod size is a single soil
perameter to express soil structural changes which are responsi-
ble for variation in edaphic factors during the entire period of
wheats In the present investigations, the most conducive soil
physical environrent found to be created by the disk and moulde-
board plough in the seed beds of which the initial clod size was
11 %o 12,50 mm KWD in lateritic soll of Kharagpur.

Part 11
Physical Properties of Soil Aggregates

Four pre-plant tillage treatments, namely s disk, mould-
board, wedge and rotary tiller were used to obtain different soil
conditions. In a seed bed of aggregated soil, the average
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aggregate diameter and the proportion having certain diameter
limits may be modified somewhat by choice of tillage operation.
The desired modification depends on the casual relations between
aggregate-diameter distribution ( and geometrical arrangerent )
and proce#ses such as movement and retention of water, evapora-
tion losses, seed-soil and rootesoil contacte The size and
arrangemeit of aggregates in soils has profound influence on the
amount and configuration of the pore space which in turn governs

air and wvater relations.

The siznificance of the aggregate~diameter distributions
for describing packing arrangerent was evaluated from the changes
in bulk density ( also from the volume loss upon mixing agzregate-
dlameter separates ) as predicted by the changes in log GMD and
0 log d« The logarithm of geometric mean diameter (log GMD) and
the dispaersion of aggregate diameter (0" log d) changed different-
ly depending on the tillage treatments and year of study. Large
differenées were noted in these neasurerments among tillage treat-
rents. It is evident that bulk density increased among tillage
treatmenﬁs with the decrease in log GKD and 0 log ds The larger
values oi log GMD anuo” log d were noted under disk and moulde-
board than under wedge and rotary tillers The change of bulk
density was observed concoritantly with changes in 0" log 4 and
log GMD., The changes in bulk density were brought about mainly
by the changes in interaggregate void space. The minimum density
was noted under disk and mouldboard as compared to wedze and
rotary tiller. The aggregate density increased as the diameter

of aggregate decreased, The volume loss measurerents also deal
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wié@ interaggregate void space, associated with bulk density.
Mafimnm volume loss upon rixing the aggregate mixture was noted
uni;r disk and mouldboard whereas minimum under wedge and rotary
tiiier. In the laboratory, an inerease in weight fraction of
waéer was observed from increasing ¢ log 4. Therefore, it may
boésuggosted that both log GMD and ¢ log d are measuragble para-
me:ers of soll conditions in the beds of solil aggregates and may
heip explain soil water retention and movement, evaporation
loises, seod-80il and root-soll contacts Furthermore, the change
inébulk density can be predicted from clod size distribution.

Thg values of 1 and By computed for this soil wers found to be
-0§66 and 1.3 respectively. by incorrorating these values in
th§ equation suggested by Allmaras gt. u1.(1965), it is interest-
iné to find out the relationship between changes in bulk density

frim an aggregate size distribution determination.

o .

a7

Part 1Ii1
Soil Bin Experiments

AN TSI A w

. The relationship between the draft requirement and some
vepiables like bulk density, soil moisture and speed of operation

b observed under laboratory conditions in order to study the

‘ requirements of a rectangular tillage tool and the result-
an& clod size distribution which serves as a single parsneter
r@@ evaluation of soil physical conditions immediately after
tul S

Increase in draft was higher with the increase in bulk den-

sgiy, soll moisture and speede The unit draft increased from
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0,292 to 0.453, 0.335 to 0.408, and 0.271 to 0.472 as the bulk
density, soil moisture content and speed were increased from

1.65 to 1.85 g cn~3, 8.66 to 9.84 per cent and 0.25 to 1.25 m/sec
respectively (Table 4.20)s Since moisture content and speed of
operation can be nonitored under field conditions, it may, there-
fore, be suggested that soil should be tilled at proper moisture
content and speed. Maximum soil fracture was noted as the bulk
density and moisture content were increased. 1t is seen that
draft required to achieve a certain clod size 1s directly related
to the resultant new soil surface. 1t is also evident that the
clod mean weight diameter increased from 1l.61 to 2.72, 1.72 to
2067 and 1.99 to 2.40 mm as the bulk density, soil moisture
content and spesd were increased from 1.65 to 1.85 g cm™°, 8.66
to 9.84 per cent and 0.25 to 1.25 m/sec respectively (Table 4.20).

A shatter test was also used to establish a relationship
betwean the energy imparted to the soil and the degree of frag-
mentation. It is observed that clod rean weight diameter (MWD)
was inveréely proportional to the equivalent enerzy input by
dropping. Low value of clod MWD indicated that nmore work was
done on the soil by repeated dropringse.
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Chapter VI
CONCLUS LONS

The following conclusions may be drawn from the present

investigations @

1) the clod MWD may be regarded as a measure of the
structural state of seedbed, that governs the soil physical pro-
perties at various growth phases;

2) the bulk density and total porosity, which are inter-
related, have direct bearing on the edaphic factors, namely 3

soil water, aeration, and mechanical impedance;

3) the seedling emergence was very adversely affected if
the seedbed was dominated by larger clods partly due to faster
molsture depletion and partly due to improper seed-soil contact.
The most conducive seedbed would be of clod size ranging from 4
to 7 mm MWD. Moisture avallability to germinating seeds appears
to be the most inmyortant lirmiting factor to seedling erergence
under the agro-climatic condition of Kharagpur;

4) the grain yleld was higher in disk and mouldboard than
in wedge and rotary tillers The yield was correlated with root
growth, vegetative growth and yield attributes;

8) wheat plant was observed to be very succeptible to
moisture stress at reproductive phase. ligher moisture stress
(greater than 2.0 bar) during this critical phase reduced the
number of fertile tiller, ear head per unit area, grains per ear
head and finally the grain yield;
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” 6) the ODR should always be maintained above 50 x 1075 g

em ¢ min~1 for proper root development and yield of grain;

7) the lower penaetration resistance to 10 om depth during
vegetative phase (less than 3.0 joules om™3) and reproductive
phase (less than 4.0 joules cm™3) helped root proliferation and
higher grain yield;

8) the significant higher grain yield at lower matric
suction, lower penetration resistance and higher ODR, appeared
to be due to beneficial effect of above factors on root and shoot

growthy

9) the number of tillers/30 cm drill, leaf ares index,
and fertile tillers/30 ¢m drill should be in the range of 50 to
55, 5 to 6 and 19 to 24 respectively to have best results;

». 10) the most conducive and desirable soil physical environ-
ment for wheat under the agro-climatic conditions of Kharagpur
could be obtained if the bulk density ranges from 1.35 to 1.40,
1.40 to 1.45 and 1.45 to 1.50 g cm™3 during the vegetative, re-

productive and grain formation phase respectively;

*~11) the above soil physical conditions at various growth
phases may be obtained by tilling the land with disk and mould~
board plough in the seedbeds of which the initial clod size was
11 to 12.50 nm MWD in lateritic soil of Kharagpur;

12) the logarithm of geometric mean diameter (log GMD) and

the dispersion of azgregate~dlameter separates (6 log d) are the
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measurable parameters of soil conditions in the beds of agzre-
gated soil and ray help explain soil water retention and rove-

rent, seed-soil and root-soil contact;

13) the egquation established for Kharagpur soil vas 3
8(pp) = ~0.66 [a(log GMD)] + 1.34[8( log )]
The above equation gave the best results of the changes in bulk
density that occurred under different tillage practices. Thus
the changes in bulk density ean be predicted from clod size
distribution irmediately after tillage;

14) the larger values of log GMD and 0 log 4 were noted
under disk and mouldboard than under wedge and rotary tiller.
The bulk density increasedwith the decrease in log GMD and
0" log d. The change of bulk density was observed concomitantly
with changes in log GMD and 0 log de Volume loss upon mixing
decreased with decreasing ¢ log d and was inversely proportional
to bulk density of aggregate mixtures. However, water retention
at 0.08 bar tension increased with the increase in 0 log d and
log GMD. The aggregate density increased as the diameter of

aggregate decreased;

15) the ragnitude of increase in draft was higher with the
increase in bulk density, solil moisture and speed. lMinipum unit
draft occurred at 1.65 g cm=3 bulk density and 8.66 per cent

noisture content when the tool wae operated at 0.25 m/sec speed;

16) clod MWD and soll fracture increased linearly with the

increase in bulk density, soil moisture and speed. Presence of
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;fiiﬁter clods indicated that less work was done on soil whereas
:fifmaro ﬁnrk was done on the tool resulting in greater draft.
| 'Fhmntnre.was proportional to the amount of new soil (clods)
" surtase produced. Draft required to achieve a certain clod
- sige was directly related to this resultant cloddy surface of
- seil. Furthermore, the clod K'D was inversely proportional to
"iiﬁia equivalent energy input by droppings. Low value of MWD,
i*~%;zi,suoh cases indicated that more work was done on the soil by
ffr.pegged droppings.

' From the results of the present investigations, it appears
| that soil in this agro-climatic region should be tilled at 8 per
| ¢ent moisture content with the speed of 0.25 m/sec (0.9 km/hr)

- in opder to produce the soil condition desirable for wheat

‘ growvbh and maximization of yield. This results in maximum
fracture of the soil with minimum draft and yet help create
imitial clod size which is conducive for the best performance
ﬁf'upeat.

LB
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APPENDICES

APPENDIX 4

Summary of analysis of variance of data presented in Table 4.2

Mean sum of squares

Sources of
variation sigcglh:ean Bulk density Total porosity

diameter

(MwWD)

mm g cm™3 cn/10 cm

A871=72
Blocks 4 ‘ 0.22 0.008 0. 32
Tillage 3/4 79.88 ] Oe 209 48.34
Brror 12/16 3.812 ., 0.0082 0.378
4872~73
Blocks 4 0.11 0. 008 0.78
Tillage V4 67.48 8.572 31.86
Bryor

- 12/16 0.027 0.0071 1.883
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APPENDIX G
Summary of analysis of variance of data presented in Table 4.12

Mean sum of squares

Sources of
variation df Maximum Maximum LAL Maximum Straw yield
plant tiller/ dry matter
height 30 om /30 en
drill drill
om g kg/ha
1971-72
Blecksg 4 7.50 12.20 0.13 10.83 1C.76
Tillage 4 116.92 297.34 12,53 1316.72 1280.92
Brror 16 1.253 9,39 0.047 7.128 8. 285
A212-73
Blocks 4 4.79 10.14 0.17 774 13.52
. T4llage 4 678.50 677.14 11.47 1304.87 1680.63

Error 16 3.181 6.821 0.078 4.528 4.869
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Summary of analysis of variance of data prefented in Table 4.13

Mean sum of squares

Sou;cos i
o
Number Spike Number 1000 Grain
variation of length of grain  yield
fertile grains weight
tiilers/ per
0 em splke
drill
em g kg/ha
49721=72
Blocks 5.06 0.19 8. 26 1.61 42,78
Tillage 4 8l.26 6.53 167.66 32.16 368.74
Brror 16 00485 0012’? 1. 853 00987 160 %2
i972=-73
Blocks 4 4,98 013 7.09 4,49 65.92
Tillage 84.16 6.07 177.69 .38 474.85
Brror 16 1.008 0.097 24518 0.998 38.532
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APPENDIX L

Correlation coefficient between grain yield, yield attributes and
soil edaphlic factors during 1971-72

Urain Fertiie D LAL Tiller/ Root

Characters yield tillers matter N en weigh
drill

1000 grain wt. 0.33

Grain /spike 0.93

Spike length 099

No.of fertile tillers 0.96

Dry matter/30 cm drill Ce98

LAl 0eB7 0488 (.99

Tiller/30 cm drill 0699 0489 0.88 (.99

Root welght 0e88  0a86 G99 (88  0.97

ODR vegetative 0e89 086 0.95 0496 0.98

ODR reproductive 0«84 0.85 C.086 0.82 Q.82 0.96

ODR grain formation 0«82 085 (.83

Matric suetion
vegetative «0e98 =096 =0.88 =082 =0.94
reproductive «0e09 =0:93 =098 =0s97 =0.06 =0.94
graln formation «0.98 «=0.98 «=0.,97

Penetration resistance
15 o vegetative w(eP2 =089 «0.84 «0.91

rerroductive =(e87 «0e89 «(0.86 =0.94 «=0.92 «0.98

grain formation-0.97 «0e88 «0.85
10 cm vegetative ~(Je82 =089 «0.84 «0.80
reproductive «0e83 «0e85 «(e€4 «Ce92 =086 -(.82

grain forpation «0¢93 «0e87 =085
S5 cm vegetative «0.83 =0.91 =~0.86 ~0.92
reproductive «0¢85 «0¢90 «0.86 «0.95 =~0.81 «0.96

grain forpation «0.26 «(.22 «0.98

Bulk density
vegatative «0eB4 =093 «0.97 =092 =0.,88 =0.92
reproductive =487 =088 «CeU8 «(0s08 «(0.87 «0.99
grain formation «0e94 =095 «(0.97

Total porosity ‘
vegatative 092 083 0.89 0.98 0.97 0.99
reproductive 0.98 0.94 0.99 Ce98 0.96 0.98

grain formation 0«88 0.93 (.98
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APPENDIX M

Correlation coefficient between grain yield, yield attributes and
801l edaphic fagctors during 1972-73

Grain Fertile Dry LAL Tiller/ Root

Characters yield tillers matber 0 em weight
drill

1000 grain wt. Ce55

Grain/spike 0.24

Spike length 0.99

No.of fertile tillers 0.98

Dry matter/30 cm drill 0,98

LAL 0.96 0,97 0.99

Tiller/30 cm drill 0.99 0.93 0.96 (.95

Root weight 099 0,95 0.88 .98 0.98

ODR vegetative 0.89 Q.97 (.24 (.81 0.97

ODR reproductive GeB4  0oB7 0485 0.83 0.93 0.96

ODR grain formation 0.92 0.83 0.982

Matric suction
vegetative =0e84 «0.828 «0.,26 =0.94 ~0.92
reproductive «0e92 «0.91 =0.96 «0.96 «0.08 ~0.,99
grain formation w0e04 «0.,94 0,99

Penetration resistance
15 cm vegetative «0e91 =0.82 «(.88 ~0.02

reproductive =0:96 «0e88 =0.96 <~0e85 <0.96 <0,98
grain formation «0.96 «0.83 =0.95
10 cm vegetatlve =92 «0e81 «0.86 =(.91
reproductive «GCeB2 «0485 =(e896 =095 «0.86 «0.82
grain formation «0.93 <=0.86 =0.,985
8 em vegetative —0.84 -0.92 -0.88 =0.96
raproductive «0e85 w090 «(e07 «0.96 =0.92 =0.93
grain formation «0.285 «0.90 «0.97
Bulk density
vegetative =0e91 =086 «=0.94 <«0.06 «0.96 =0.95
reproductive =0e84 «0e80 =087 =065 «0.93 =0.,96
grain formation «0.98 =0.82 «(.96
Total porosity

vegetative 070 0,26 0.92 0.28 0.96 0,99
reproductive 0.96 G.94 C.08 0.09 Ce92 0.97

grain formation 0.97 C.84 0.8¢




