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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 tillage is the largest single item 
that shares the major amount of cost of production, it entails 
that the energy used should be a minimum consistent with optimum 
monetary returns. Improved tillage practices accompanied by 
development in new tillage tools came up through the use of trial 
and error method# Though various tillage practices and imp­
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 
crop in question under the prevailing soil-climate complex, if 
optimum conditions are well defined, the tillage cost may 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 Societies of Agronomy 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. Before any progress in this 
direction can be made, we must know what soil physical state is 
desired for a given crop under specified climatic conditions. Hence
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there is a need to measure the changes produced in soil by our 
different management practices'*.

Tillage studies are now being undertaken to determine hov 
tillage altars soil condition especially in relation to growth 
and yield of crops. Cook £&• ai.(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 jg£. jai.,1963| French and 
Blake, 1965).

It is necessary to define the requirements of crop root 
system in detail before drawing any conclusion because of the 
inability of no-tillage or minimum tillage to achieve its object­
ives under varying agro-climatic 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 i soil water, soil aeration, 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 environment 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.



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

to evaluate the properties of clods or aggregates and 
to find out the feasibility of the information thus 
obtained to predict the bulk density of cloddy surface 
immediately after tillage*

Wheat was not being grown widely in West Bengal, 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 region* 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 soil physical conditions for wheat growth, the present 
investigation was carried out to meet the following objectives:

H*
DO

01
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Although considerable research has been carried out on 
the design parameters of tillage tools, the resultant soil physi­
cal conditions are yet to be knovn fully (Bhushan ai*, 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. Furthermore, the poll 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 moisture and speed of operation on tillage tool 
draft and cloddiness potential of the seedbed which governs the 
soil physical properties at various growth phases of crop.
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Chapter II

REVIEW OF LITERATURE

Every 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 
which consume more energy than any other field operation bring 
about changes in soil structural relationship and thereby modify 
soil physical factors. The pertinent literature reviewed in this 
chapter is presented under the following heads t

1. Relation between tillage induced soil conditions 
and edaphio 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

5. Factors influencing tillage tool draft.

2.1 Relation Between Tillage Induced Soil Conditions 
and Edaphio 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
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with soil structure. Recently, Jain and Biswas (1969) reviewed 
the methods for evaluation of soil structure which were based 
on mean weight diameter, geometric mean weight diameter and 
arithmetic mean diameter of soil aggregates, the use of mean 
weight diameter was suggested as a suitable parameter by which 
the resulting aggregate distribution could be handled (Van Bavel, 
1949; Gardner, 1956; Stirk, 1958; Puri and Puri, 1939; Basu and 
Kibe, 1946).

It is a well recognised fact that tillage essentially 
involves the fracture of the soil, leaving the surface soil 
cloddy. Allmaras et.al.(1965) used four pre-plant tillage treat­
ments to obtain different soil conditions in the row-zone.
They observed that within 6 weeks after planting, the bulk den­
sity; Db Increased but the logarithm of geometric mean weight 
diameter of aggregates (log OHD) and the dispersion of aggregate 
diameter (clog d) changed differently depending on tillage 
treatments and year of study. Larger differences occurred in 
these measurements among tillage treatments. It was evident 
that Dg of the 0 to 3-inch layer increased as <r log d increased, 
but comparatively smaller decrease occurred as the log 3KD in­
creased. A similar relation was shown in laboratory using mix­
tures of aggregate-diameter separates. These changes in Db were 
mainly due to the modifications of the aggregate void space. In 
the laboratory, an increase in weight fraction of water was observe 
for increasing or log d. Therefore, they suggested that both 
log GMD and <r log d wore measurable parameters of soil conditions 
in the beds of aggregates, and might help explain soil water
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retention and movement, evaporation losses, seed-soil contact, 
and root-soil contact. The significance of aggregate size dis­
tribution for describing packing arrangement was evaluated from 
changes in Dy as predicted by changes in log QMD and <T log d.
Soil aggregate stability indices - MrD, log SMD and change in 
KM) were comparable with soil structure index expressed as 
percentage of water stable aggregates greater than 0.25 m 
( Pharande ,al., 1969j Puri and Puri, 1939; 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 Sumner (1967) 
reported that soil bulk density changes had marked effects on the 
moisture characteristics of different soils. Grable 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 moisture content was a predominant 
influencing factor in producing the quantity and quality of soil 
clods ( Lyles and 'roodruff, 1963). The volume of water retained 
per unit volume of air-dry aggregates was negatively related to 
the diameter of aggregate separates (Tamboli,1961; vittmuss and 
Kazurak, 1958).

Jaggi et. al. (1972) concluded that in black cotton soil 
a fine seedbed of aggregate size of 1-2 mm with bulk density of 
1.2 - 1.3 g cm*3 favoured the wheat yield. A curvilinear
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relationship existed between aggregate density and the diameter 

of aggregates. The aggregate density increased as the diameter 

of aggregate decreased (Wittmuss and Mazurak, 1958).

Stability of aggregates ranging from 3-5 mm diameter 
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 soil to a great extent 

than if it was delayed a few hours. It was assumed that drying 
was the significant interceding factor in soil stabilisation 

following the tillage.

The soil type and the condition at the time of tillage 

determined the resulting clod size to a far greater extant. 

Ploughing the soil when it was too wet (near field capacity) or 
too dry (below wilting percentage) usually produced larger clods 

(Saver, 1956). He further stated that when the soil moisture 

was midway between these two extremes, it produced a finely pul­

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 (Woodruff ji. , 1965} Siddoway, 

1963$ Gill, 1967$ Chepil jg&. jal., 1962$ Wenhardt, 1962$ Lyles 

and Dickson, 1968).

Furthermore, the occurrence of clod sizes was also influe­

nced by shape and size of tillage tools (Gill and McCreery,1960).
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They indicated that clod mean weight diameter increased with 
increasing sizes of cut* The radius of curvature of mouldboard 
plough was observed to have linear relationship with clod size 
indicating thereby that as the radius of curvature increased 
the size of resulting clods 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, (1670a) working with imple­
ments of varying shapes from blade type (auntaka) to complex 
(mouldboard plough) one, reported higher clod mean weight dia­
meter in the plot ploughed with the mouldboard plough under the 
agro-climatic conditions of Kharagpur*

Very recently, Bhushan et» al.(1973) conducted the inves­
tigation on this line to study the changes brought about in 
soil 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 
treatments and during the g rowth period of wheat* It was report­
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 
period of wheat crop*

Initial compaction at optimum moisture prior to tillage 
proved helpful in increasing soil cloddiness (Ljies and Woodruff, 
1961). However, the quantity and quality of clods were dependent 
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 tlned cultivator (Wilton,1964). 
Bhuahan and Ghildyal (1970a and 1970b) related this occurrence

l

of lower bulk density to larger clod sizes* Bulk density under 
plough was lower than that under disk harrow or guntaka.

Sven though the porosity is an important parameter in a 
tilled soil, it was not measured throughout the growing season 
of a crop* 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 £&• jX* , 1963} 
Larson, 1964} Wilton, 1964} Bhushan and Shildyal, 1970a)*

In general, 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 &£.* jl*, 1963} Wilton,
1964) Allmaras, 1967), wheel track and conventional tillage 
(Allmaras jJL*, 1966} Burwell and Larson, 1969)*

2*1*2 Sdaphic factors

2*1*2*1 Soil moisture

Conservation of soil water under arid condition was achie- 
ved through tillage which helped control evaporation* Willis 
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 soil water 
content throughout the column length below the tilled layer*



Evaporation was slightly reduced with 7.6 os tillage as compared 
to 2.5 cm. The moisture loss from soil vas faster under disk 
and mouldboard than other treatments (Bbushan jJL* , 1973} 
Holmes j&. jl., 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 clay 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 1.2S to 6.25 cm diameter. However, 
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 mm diameter. This should increase the avail­
able water bolding capacity on volume basis. On the other hand, 
when aggregates larger than 0.6 mm diameter were changed from 
close to open packing, the capillary pore volume fraction vas 
reduced and consequently decreased the available water holding 
capacity. Amemiya (1965) indicated that decrease in aggregate 
diameter increased 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



than that of sod land immediately following the tillage opera­

tion. But after about a month, it lagged behind the sod land 

in its infiltration capacity. Similar results were obtained 

by Eauhe (1956).

2.1.2.2 Soil aeration

The seed environment is usually close enough the soil 

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. aI.,1972; Varade £&• ,ai.,1970) during fluctuations in soil 

moisture content. They found that oxygen concentration of the 

soil air 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 (ODE) measurements as influen­

ced by tillage practice? were quits variable (Orwell jal.,

1963; Wilton, 1964; Alimaras at. jb!«, 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 treatments.

2.1.2.3 Soil temperature

Burrows (1963) stated that tillage could influence the thermal ' 

properties of soil. He found that the soil temperature at the

to
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4 inches depth on 40-inch recurring ridge (ridge planting) 
averaged 3.8°P 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 daily temperature diff­

erence of 1 to 5°C at the 6 cm depth occurred between furrow 
bottom and ridge top depending on soil moisture and clod cover.
The mechanism of achieving higher temperature in the ridge top 
was partly associated with lover soil moisture content and partly 
with the geometry for heat flow. Olson and Schoeberl (1970) 
created a vide range of soil conditions with four tillage systems, 
namelyt conventional, wheeltrack planting, till planting, and 
listing. They found that soil temperature at seed depth was 
lowest in the listed plots wherein corn was planted in the bottom 
of furrow. The maximum temperature was observed in tillage treat­
ments where amplitude of temperature fluctuation was greater and 
thermal conductivity low (Alimaras, 1867).

Surface roughness and soil moisture 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 50 per cent more radiation than rough, cloddy 
surface. The rough and cloddy surface dried faster. Dry sur­
faces reflected upwards 50 per cent more radiation than vet 
surfaces. Holmes et. al. (1960) noted that temperature in the 
beds of aggregates depended on aggregate size and wind speed.

2.1.2.4 Mechanical impedance

The basic objective of tillage is to keep the soil loose 
enough so that plant root can penetrate easily and grow profusely.
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Mulches, rainfall and tillage hare as great Influence on Impe­
dance as on any other seed environment characteristics (Carnes, 
1934; Duley, 1939). Philips and Kirkham (1962) showed that the 
relationship between needle penetration and bulk density was 
linear (Tabatabal and Hasway, 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 (Vomocil and Flocker, 1961; Gill, 1959; 1961; Luts, 
1952; Gill and Miller, 1956; Swanson and Jacobson, 1956; Phillips 
and Kirkham, 1962; Parker and Taylor, 1965; Drew ji., 1965; 
Varade and Ghildyal, 1967).

2.2 Seedling Emergence as Influenced by Tillage Induced Seedbed

Grover (1955) indicated that the seed environment was 

composed of three distinct parts, namely i chemical, biological 
and soil physical environment. Although strict control of the 
physical environment is obviously impossible under field condi­
tions, modification of the same may be achieved to a great 
extent from (a) change in soil profile, and (b) application of 
additives (Arndt, 1945; Camp and Walker, 1927; Christiansen, 
1963; Evans and Kirkham, 1949; Evenari, 1956; Hendricks, 1956; 
Hanks 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 m provided a proper soil condition for optimum emergence 
of corn. However, while working with sugarcane Jain and Agarwal 

(1970),found higher germination percentage in 3.2 to 6.4 mm 
aggregate size. Maize seedling emergence decreased as the 
aggregate size increased from 1.2 to 6.7 mm diameter (Johnson 
and Buchele, 1961). Though a little compaction at surface gave 
beneficial results (Stout and Snyder, 1957} Stout at. jl* ,1960), 
the moderate compaction at seed level proved still better than 
surface compaction. This better emergence was ascribed to 
higher water availability (Stout at,, jal., I960).

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 air porosity was near 30 per cent in larger aggre­
gates which decreased as aggregate size decreased or bulk den­
sity increased (Grable, 1967). The critical porosity seems to 
approach a lower limit of about 12 per cent in dense soil and 
smaller aggregates. Hanks and Thorps (1957) observed that 
oxygen was a limiting factor in the emergence of wheat seedlings, 
whenever the oxygen diffisuion rate was below 75 to 100 x 10"8g 

cm**2 min*"1. Erickson and Vandoren (1960) observed that oxygen 
deficiency for a day could have a great influence on emergence.
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Similar views were also expressed by Cline and Erickson (1959). 

Bowen (1966) did not consider aeration becomming limiting to 
emerging seeds if the air permeability, k = 0.05 x 10 cmr 

or more was maintained*

If the average net hydraulic pressure required to rupture 
the soil over the first eight days after planting was less than 
11*5 psi, mechanical impedance was considered not limiting 
(Bowen, 1966} Hanks and Thorps, 1957; Stout at# j]»*, 1957; Hanks, 
1960) to seedling emergence*

The beneficial effects of diurnal temperature on germina­

tion and emergence are reported for several crops (Toole fit* fil*t 
1956; William, 1963; Parker and Taylor, 1965)* From the review 
by Chaudhary (1968), it appears that minimum and maximum soil 
temperature for germination and emergence of seedlings lies in 
the range of 12 to 35?C. Bowen, (1866) was of the view that 
seeds required about 2600 or more deg hr (based on 55°F as a 
lower cardial temperature) for emergence, if the soil temper­
ature was low, the emergence of seedlings might be delayed 
because longer time would be required to attain 2600 deg hr 
(Wanjura fit* jai*, 1969; Hon aid and Carlton, 1969; Langrida and 
McWiXXiam, 1967).

2.3 Tillage Induced Soil Environment and Root Growth

After the emergence of the seedling, the growing roots of 
the plant continuously encounter the resistance of the soil.
Root growth of many crop plants was adversely affected when the
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plant roots encountered high mechanical strength of soil( Pfeifer, 
1893$ Gill, 1961$ Phillips and Kirkham, 1962$ Tackett and 
Pearson, 1964$ Varade, 1965$ Satyanarayana and Ghildyal, 1969). 
Taylor (1962) reported that when soil strength was lower
(250 psi or lower), the root growth was not affected but if the 
strength increased (400 psi or above), the root growth was res­
tricted severely. The results are in agreement with Fox and 
Lipps, I960; Taylor and Gardner, 1963$ Gardner and Danielson, 
1964$ Barley £&• aL., 1965$ Taylor and Burnett, 1964$ and Taylor 

et. jai*, 1967.

Root growth was significantly influenced by clod size in 
the seedbed (Jain and Agarwal, 1970$ Orable and Siemer, 1968$ 
Baver, 1949$ Saver and Franswerth, 1940). Voorhees j|£.. al.(1971) 
observed that root growth within a given aggregate was also 
affected by the soil strength and pore size distribution within 
adjacent aggregates. It was observed that the growth of primary 
and secondary corn seedling roots decreased as the bulk density 
increased or as needle penetration decreased. Varade (1965) work­
ing with rice plant reported 1.7 g cm*3 bulk density, the limit­
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 wars also observed by many 
other scientists (Gill and Killer, 1956$ Taylor £&. jai., 1962$ 
Tackett and Pearson, 1964$ Gardner and Danielsoh, 1964$ Parker 
and Taylor, 1965$ Meredith and Patric, 1961$ Viarsum, 1957). 
Air-filled porosities less than 10 per cent limited the crop 
growth (Vomocil and Flocker, 1961). Edwards £&• al. (1964)
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determined that 33 per cent total porosity vas the minimum limit 
for penetration of corn roots in weir silt loam soil*

Low availability of oxygen at the root surface was found 
to affect the corn seedling root growth (dill and Miller, 1956). 
Letey and Stolzy (1964) concluded that roots of many crops would 
not grow when the ODR was less than 20 x 1CT8 g cm*2 min*1 and 
that root growth would be retarded when OKI values were less than 
30 x 10*8 g cm-2 min”1. Gradwell (1965) reported that adapted 
plants could extend their roots whore ODR value was 2 x 10*8 g 
cm*2 min*1. Williamson (1964) found depressed root growth at 
OKI 5 x 10*8 g cm*2 min*1.

The importance 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 Rus sell(1956) 
showed that the wight and elongation rate of corn roots decrea­

sed with increasing moisture stress. Barley (1965) sugges­
ted that increased physical resistance, as the medium decreased 
in water content, eight 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 bettor with increasing temperature upto certain 
limit (in most cases 30°C) and the temperature beyond that injures 
the growing cells of roots. In general, plant roots grow better 
when the soil temperature ranges between 20-30°C (Hielson and 
Humphries, 1966).
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Barbar (1971) observed that roots of corn developed exten­

sively, penetrated to a greater depth and vere finer In tilled 
soil than in untilled soil. Experiments with tillage upto a 
depth of 70 cm conducted on deep, impervious, montmorillonitic, 
black clay soils, where root development 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 in increasing root development and crop yields 
(Buornett and Tackett, 1968). Very recently, Kallick and Eao 

(1972) observed that the quantity of wheat roots was related to 
the depth of ploughing, and the roots vere longest under chisel­
ling followed by mouldboard ploughing, deshi ploughing and disk­
ing* Thus deep ploughing facilitated the penetration of roots 
to lover depths* Similar results vere reported by Reddy and 
Dakshinamurti (1971), Dakshinamurti and Pradhan (1966), and 
Rode (1955).

2*4 Tillage in Relation to Crop Performance

Since tillage operation shares huge expenditure in farming, 
attempts are being made to study more precisely and closely the 
requirements of crop and then provide that environment at the 
lowest cost* Keeping this in view, Cook at. jJ*. (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 oases successful results 
were achieved (Free jaJL**1963; French and Blake, 1965)*
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Olson and Schoeberl (1970) reported higher dry natter and 
grain yield of corn in till-planting and listing than those in 
the wheel track planting and conventional tillage* Since mois­
ture depletion was fast in the conventional tillage, it was 
thought that moisture became limiting to the growth and grain 

yield* Xt 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 £&» , 1968; 1969$ Olson end Schoeberl, 1970$ Shear
and Moscfalar, 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 beneficial 
for the growth and yield of sugarcane. Similarly, for wheat 
crop seedbed preparation proved to be better (Horning and Ovenson, 
1962$ Bhushan et. al.. 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 &£• j&., 1946$ Musgrave , 1955$
Peterson, 1960). However, Balfcon 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 yield of corn (Van Diest, 1962$ Blake 1948$
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and Aldrich, 1955), millet and spring wheat (Smith and Cook, 
1948; Bhushan at. al.. 1973), barley (Kubota and William, 1967), 
rice (Varade and Jhildyal, 1967; Satyanarayana and Ohildyal, 
1969), tomato (Flocker and Hielson, 1960), potato (Blake and 
Aldrich, 1955), sugarbeet (Smith and Cook, 1948) and sugarcane 
(Primavesi and Primavesi, 1964)• however, Vomocil (1955) indi­
cated, quite reasonably, that the relation between soil bulk 
density and plant yield may be described by a parabola* Thus, 
it would appear 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 many crops either through reduction in root growth or 
seedling emergence (Veihmeyer and Hendrickson, 1948; Lutz, 1952; 
Bertrand and Kohnke, 1957; Phillips and Kirkham, 1962; Varade 
and Ohildyal, 1967).

Soil moisture stress decreased root penetration and pre­
vented normal growth and development of wheat according to 
Kramer (1963) and Salim et* ai* (1965). it is well established 
by now that at flowering stage the wheat plant can not tolerate 
water stress because maximum leaf develop: ent occurs at this 
stage and maximum stem development takes place during filling 
stage of growth (Florell and Faulkner, 1934; Robins and Domingo, 
1962; Johnson, 1953; Azzi, 1922; Kezer and Sackeet, 1931, 
Malibage, 1928; Robertson, 1934). However, Day and Intalap(1970) 
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 oar head. Water stress at flowering and dough stage 
of wheat growth also reduced yield and enhanced maturity.

2.5 Factors Influencing Tillage Tool Draft

Most of the development of tillage tools came through 
tiial and 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 common 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 seedbed and power requirement (Bhushan jgk.jaJL., 
1971).

Statistics indicated that field operations constituted 
about 48 per cent of the farm draft work and that tillage work 
such as ploughing, listing, fitting ground and cultivating crops 
made up approximately 58 per cent of the total H.P. - hrs. uti­
lized in field operations (Walker, 1930).

Various workers tried to give an equation, from ti|ie to 
time, to predict draft of a simple tillage implement considering 
the various properties of soil, tool parameters and working speed 
(Pyne, 1956; Soehne, 1956; Kawamura, 1952a; 1952b). Very recently, 
Bhushan et. jai* (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 
loan soil* Similar studies were also carried out In the past 
by Pyne (1956); Sahay (1969); Gill and McCreery (1960); Osman 
(1964); Pyne and Tanner (1959). An attempt was made to develop 
a mathematical expression, not limited by soil type, to relate 
the variation assumed to Influence draft force on mouldboard 
plough (Larson al., 1968).

The soil is a highly variable material and this variabi­
lity is largely apparent in the resistance 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 (Handolf and Heed, 1938).

Soil type (Bainer et. jJ*., 1955) and soil condition deter­
mined the soil behaviour during tillage to a great extent* Under 
field conditions, the presence of roots, crop residues and 
stones etc* substantially affected the magnitude of soil behavi­
our. Handolf and Reed (1938) pointed out that the effects of 
plough design and operation factor should be compared only for 
similar soil conditions, unless comprehensive correlation curves 
to compensate for variation in moisture, bulk density and other 
factors in the physical condition of the soil were available*

Sahay (1969) opined that energy or draft required by a 
tillage tool mould be minimum when the soil was at friable condi­
tion* Lyles and Woodruff (1961) reported that soil moisture, 
soil texture, type of tillage implement and soil density largely
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determined clod size distribution and power requirement. The 

results of dill and HcGreery (1960) and Sill (1968) also lend 
a support to this view. Furthermore, they expressed the relation­
ship between 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 most effective manner by which the clod size of a hard soil 
might be reduced. Farrell £&• .ai,. (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 (1967) and Bateman fit* &L. (1965). They showed that
increasing bulk density of the soil by compaction, increased the 
energy required to achieve a given degree of fragmentation.

The affect of soil moisture content was studied by Ashby 
and his associates (1932), and found that a rainfall of 1.3 
inches on a fairly dry clay loam reduced the unit draft by about 
40 per cent. Eandolf and Heed (1938) noted that increase in 
moisture content from 9.1 to 11.7 per cent 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. Eandolf and Heed (1938) noted that the draft per
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square inch of furrow slice turned* Increased with speed* but 
due to the Halted speed range it was not possible to predict 
whether or not it was a straight 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 14-In. general 
purpose bottom plough. McKibben and Heed <1952) concluded that 
draft of implement was made up of a number of elements ranging 
from forces which were probably independent of speed and accel­
eration forces, proportional to the square of the speed. They 
developed the empirical equation t

ps
■s- * 0.83 + 0.189 V2p3

where,
Pg » draft at any speed s miles per hour 
Pg * draft at 3 miles per hour 
V * speed in miles per hour.

Lehoczky (1962) recorded specific resistance and draft for 
a tractor drawn plough in sandy and medium loam soil. Draft was 
measured for tillage tools (Telischi £&. ji., 1956; Collins, 
1921) 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 almost 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, core attention need to be paid to specific 
crop requirements under varying soil climatic complex. Crops 
are generally grouped into fcereals, pulses and root crops etc. 
and it is expected that species within groups respond alike to 
tillage treatments or soil manipulation. However, individual 
crop in a given group responds differently to various edaphic 
factors#

Although considerable research has been carried out on the 
desipi parameters of the tillage tools, the resultant soil physi­
cal conditions are yet to be known fully. It is a common obser­
vation that in spite of tool geometry, soil physical conditions 
and speed of operation affect the oloddiness of the seedbed and 
power requirements. There is 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 III

materials and experimental techniques

This chapter deals with the materials and experimental 
procedure during the course of present investigation. For the 
convenience of explanation, it is divided into three parts. Part 1 
deals with field experiments and Part II deals with physical pro* 
parties of soil aggregates while Part III is concerned with soil 
bin experiments.

Part I
Field Experiments

3.1 Experimental Site

The experiments were conducted on the Experimental Farm of 
the Agricultural Engineering Department, Indian Institute of 
Technology, Kharagpur situated within the Kasai drainage basin 
in the district of Kidnapur, West Bengal 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 22° 19' 
respectively.

3.2 Climate

The average annual rainfall of this region is 1500 mm, 
mostly concentrated during mansoon from June to October. The mean 
minimum temperature ranges from 12 to 25°C and maximum tempera­
ture from 20 to 40°C in January and Kay respectively. The mean 
minimum relative humidity varies between 18 to 64 per cent and
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maxibub relative humidity from 85 to S3 per cent. The details 
of temperature and rainfall during the period of experiments are 
given in 5* i g» 3.1 and 3*2.

3*3 Soil Characteristics

The soil of the farm is 1ataritic sandy loam. The perti­
nent physical and chemical soil properties are presented in 
Tables 3.1 and 3.2 respectively.

3.4 Test Crop

Wheat (Triticum aestivum), cuiti-variety KalyansonaCS 227) 
was used as a test crop for the present experiments, it is a 
short durated (110-120 days), high yield and fertilizer respon­
sive two gene dwarf variety. The relevant seeds were obtained 
from National Seed Corporation, Government of India undertaking.

3.5 Experimental Layout

The experiments were established in a simple randomized 
block design with five tillage practices replicated five times 
giving 25 plots (Fig, 3.3). The details of the treatments are 
presented in Table 3.3.with their symbols. The experiments were 
conducted during rabi season, November, 1971 to March, 1972 and 
November, 1972 to March, 1973. Each plot was provided with irri­
gation channel. Water gates to each plot were used for regulat­
ing flow and a Parshall flume was used for the measurement of 
water.
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fable 3.3 Experimental treatments shoving five tillage 
treatments (T) followed in field experiments 
during 1971-72 and 1972-73

Treatment Treatment 
symbol abbreviation

Description of treatments

tx Disk Ploughing with a tractor drawn disk
plough followed by harrowing with a

tractor drawn disk harrow.

Tg Mouldboard Ploughing with a tractor drawn mould
board plough followed by harrowing
with a tractor drawn disk harrow.

T3 Rotary tiller Tilling the soil with a rotary
tiller.

T4 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 soil and thus avoid­
ing differences in compaction from plot to plot, the field was 
ploughed upto 15 to 16 cm 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 uniformly com­
pacted by a 75 kg roller moving over it when the moisture content 
was 8.00 per cent. All these operations were carried out in the 
last week of October and the field was left as such with frequent 

use of veedicide to keep land completely free of weeds.

Just prior to seeding wheat, various tillage operations 

were 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 soil moisture 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 cm from row to row and 
5 cm from hill to hill.

3.8 Fertilizer Application

Nitrogen (N), Phosphorus (P) and Potassium (K) were app­

lied at the rate of 100, SO and 50 kg/ha respectively in two
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split doses. At the time of sowing H, P and K were applied at 
the rate of 50 * 50 » 50 kg/ha respectively in the form of somo­
ni um sulphate, single superphosphate and muriate of potash. 

Second dose of fertilizer application was done 30 days after 

sowing at the rate of SO and 30 kg/ha of H and P respectively.

3.9 Plant Protection

In the seedling stage, BHC (benzene hexachioride, 5% SC) 

was dusted at the rate of 20 kg/ha as a measure against insects 

and pests attacking the new seedlings, nogour was spread twice 

during the growth period of wheat. First spraying was done when 

the crop was in vegetative growth phase and the second spray 

was applied at flowering stage.

3.10 Observat1ons

3.10.1 Vegetative growth of wheat

Sampling technique s The plants of 30 cm drill were selec­

ted from each plot with the help of a random table and tagged, 
filler count and observations on growth and yield attributes 

were made on this sample. Plants with roots were taken out com­

pletely with the help of spade and shovel. Care was taken to 

ensure maximum extraction of roots from 0-40 cm depth. The roots 

were washed off the soil immediately after the sampling. The 

whole soil lump, with plant sample was placed in a specially fab­

ricated 0-5 cm galvanized screen basket lined internally with 

cloth. The screen basket containing soil and pi art samples 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 remowed from the 
basket and finally wahsed with a fine spray of water so as to 
remove 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 soving, 
thereafter sampling was done weekly. However, the sampling for 
root studies was done at different stages of growth.

3.10.1.1 Plant height t Plant height was measured In cm from 
the base of the shoot to the tip of the upper most unfolded leaf.

3.10.1.2 Tiller number t Changes In number of viable tillers 
-was recorded throughout the growth period of crop and was reported 
as number of viable tillers per 30 cm drill.

3.10.1.3 Leaf area s The leaves of plants were graded Into diff­
erent groups according to their sizes. Three leaves from each 
group were traced and area was measured with a pianimeter to get 
an average leaf area. Average leaf area from different groups
of leaves multiplied by number of leaves in each group and added 
together gave the total leaf area. The leaf area index (LAI) was 
calculated according to the formula given by Watson (1947) as 
follows i

Leaf area, cm2 

Land area, cm2
LAX a
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3.10.1*4 Total dry matter i 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 Yield and yield attributes

The plants of 30 cm drill, already selected in each plot, 

were harvested first and were analysed for number of fertile 

tillers and other yield attributes*

3.10.2.1 Humber of fertile tillers/30 cm drill : All the ear 

bearing tillers of the sample were counted and recorded*

3.10.2.2 Number of grains per spike * Five well grown ears 

were selected from each sample and grains per spike were counted. 

Average of five spikes was recorded.

3.10.2.3 Test weight i A random sample from total grains, ob­

tained earlier from each sample, was taken. From this random 

sample, 1000 grains were counted and weighed* The weight thus 

obtained was recorded and reported as test weight*

3.10.2*4 Grain yield * After threshing the net plot produce, 

the grains were cleaned and weighed. The moisture content in 

the grain from each plot was determined and yield was calculated 

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

3.10*2.5 Straw yield t Before threshing the grains, total weight 

of the produce was recorded. The weight of grains was substracted 

from the total weight to obtain the straw yield. 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 70°C 
and reported as g/30 cm drill*

3*10*4 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 soil was 
removed for clod size distribution. The whole soil was trans­
ferred on the top of a nest of sieves. A set of sieves of open­
ing 52*8, 38*0, 25*4, 19*1, 12*7 , 9*5, 5*0 and 2*0 mm was used 
for the purpose* The soil was shaken gently for a minute taking 
due care to avoid breaking of clods* The clods retained on each 
sieve were weighted and reported as percentage*

The clod mean weight diameter was calculated by statistical 
method as suggested by Youker and KcGuinness (1967) which statesi

Y * 0.876X - 0.079
where, Y is the mean weight diameter (Mfl>) and X is the sum of 
the product of aggregate size times weight of aggregates within 
that size* The mean weight diameter 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 determined from 
the undisturbed cores taken from the experimental plots. Five
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core samples were randomly taken from each replication of a 
treatment and hulk density determined. Average of such values 
was noted.

Microrelief meter was used to determine the hulk density 
of the tilled layer. As described in the case of porosity deter­
mination (3.10.6), one set of heights of measuring pins was recor­
ded on the top of the ploughed surface. Ploughed soil was then 
removed, weighed and corresponding elevations of plough sole 
layer were recorded. The difference 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 ~ h^ - hs

where, Dp is the average depth of ploughed layer in cm; h$ and 
hs are the average heights of the profile and sole layer, respect­
ively.

The hulk density was then calculated. During the latter 
part of the experiments, core samples were once again taken for 
the determination of hulk density. The 10 cm long cores were 
used for this purpose.

3.10.6 Measurement of total porosity

A technique described by Burwell £&• juL* (1963) was employed 
to determine the total porosity. Prior to tillage operation, 5 
undisturbed cores were randomly taken from depth of 10 cm within
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a single replication of a treatment. For the experiment, the 
initial total porosity vas estimated from composite of cores from 
all treatments. From the undisturbed cores obtained before till­
age, the initial porosity P^, for the layer to be tilled vast 
calculated as follows s

2.65 - Dp

where, Db 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 cm, in the experiment W was taken 
as 10 cm for computation of P* having unit of cm and may be. 
defined as ’initial porosity in cm per initial 10 cm layer*.

Total porosity after tillage operation throughout the 
growth period of crop was measured with a microrelief meter 
(Plate 1). It measures the elevation of soil surface profile.
It is designed to measure surface elevation on 5 x 5 cm grid 
over 100 x 100 cm area (fig. 3.4). The microrelief meter con* 
sists of (a) the scale board and measuring pin unit, (b) scale 
board support frame and (c) the support pins. During measure­
ments the scale support frame was kept fixed on four support 
pins. The scale board and measuring pins move horizontally over 
the support frame. Twenty measuring pins spaced 5 cm apart are 
supported by pin guides attached to the scale beard. When mea­
suring pins are resting on the soil surface, heights at the top 
of the pins are read on the scale board# The measuring pins are 
then raised, the scale board is moved 5 cm horizontally towards
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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 cm grid over 
an area of 100 x 100 cm in each plot.

Four support pins per plot are required to rest the legs 
of the microrelief meter frame. 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 plana. The support 
pins remained in this position throughout the growing period. 
Before all subsequent observations were taken, the elevation of 
the support pins was checked and height adjusted incase of vari­
ation in elevation of top of the support pins.

From the microrelief meter readings recorded for the ini­
tial setting and at any time, t, total porosity was computed as 
follows f n

i » 1

where, hi was the average height of the pins, at the time the 
undisturbed cores were taken, prior to tillage} hi was the indi­
vidual height readings in cm; and n was the number of readings.

The average height of measuring pins at time t, was cal­
culated as t Hfc 1

n
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where Ufc was the individual height readings in cm at time, t.

The total porsity at time t was then given by 

Pt « Pj. ♦ { ht - hi )

The total porosity, thus obtained, may be defined as *cm of 

porosity per initial 0-10 cm soil layer*, in latter part of 

the thesis, porosity will be given in cm which should be t akan 

as porosity per initial 0-10 cm soil layer*

3.10*7 Soil moisture

3.10*7*1 Hatric suction

Soil moisture was determined by gravimetric method. The 

core samples taken 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 cm 

because seeds were placed at 3 cm depth. Soil samples were 

taken from 0 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 treatment were 

taken on every alternate day. The per cent of soil moisture 

content was converted to metric suction in bars from water 

release curve of the soil obtained C^lg. 3.5) with the help of 

a pressure plate apparatus.

Three tensiometers in each treatment were also installed at 

15 cm depth to note the flucbuations in moisture content during



ba
r

M
A

TR
IC

 SUCT
IO

N

FI
G

.3
.5

 M
O

IS
TU

R
E R

ET
EN

TI
O

N
 CH

AR
AC

TE
R

IS
TI

C
 OF 

TH
E S

O
IL



46

the various growth phases of wheat crop which also served to be 
used as a supplement for moisture determinations* irrigation 
interval was approximately 15 days depending on the moisture 
availability in the soil* it was decided to irrigate the crop 
when the mercury column in the tensiometer set-up raised upto 
45 cm in a plot which retained maximum water* Equal 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 soil moisture and management• The infiltration rates of trea­
ted plots were, therefore, determined at a constant moisture 
content between 8 to 9 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 
wheat crop* However, infiltration studies were carried out only 
during 1973-73.

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 descnoed by Subramanyam (1959). the 
initial infiltration rate denoted the intake 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 becomes 
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 treatment as suggested by 
Dakshinamurti and Pradhan (1966). The average value for each 
treatment was recorded. The sensitivity and significance of 
hydraulic 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 Soil aeration

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

Non-capillary porosity was determined with tension table 
as described by learner 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
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different depths (5, XO and 15 cm) at the increments of 5 cm 
(Kumar £&* 1971)• 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 II
Physical Properties of Soil Aggregates

Application of these laboratory studies for interpreta­
tion of field results involving beds of aggregates is hazardous 
unless more is learnt about the aggregate - diameter distribu­
tion attained in the field* It 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 and <r log d as suggested by Allmaras £&• al. 
(1965) was, therefore, tried to predict the bulk density of soil 
under tillage treatments*

This part describes a procedure used to measure aggregate- 
diameter distributions along with their other 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 I. In 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 
moisture content*

After the soil was tilled, the clods were allowed to dry 
for 6-7 days* The entire soil was removed for clod size distri­
bution from randomly selected 30 x 30 cm area in each treatment. 
Thus collected soil samples were subjected to different tests 
in the laboratory*

3.12 Aggregate-diameter Distributions

Five hundred grams of air-dry soil sample containing the 
aggregateshaving diameters < 19.05 mm 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 soil aggregates retained on each 
sieve were weighed and recorded. The quantity of air-dry aggre­
gates in each of 7 sieve size classes was determined as descri­
bed in Part I*

3.12.1 Weight fraction of aggregates

The weight fraction of soil aggregate-diameter separates 
was calculated using the equation t

Weight of soil aggregates retained in each sieve
Weight fraction - -...........—...... ..........—.-.—.... ........ —......—.

Total weight of sample taken



Table 3*4 Openings of different sieves used In the experiment

Sieve Diameter of openings Average Logarithm of 
class diameter average diameter

(log d)y mm
mm mm x

I 19.05 - 12.70 15.87 2.762

II 12.70 - 9.50 11.10 2.403

III 9.50 - 4.76 7.13 1.968

IV 4.76 - 2.38 3.57 1.273

V 2.38 - 1.19 1.78 0.577

VI 1.19 - 0.50 0.84 -0.174

VII ^0.50 0.25 -1.383

Average;x *1.068



3.12.1.1 Cumulative weight fraction

Cumulative 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 mould- 
board plough (T2). 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 weight diameter (MWD)

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

n
MWD * ^Xi wi 

i»l

where, n is the number of observations i.e. 7 sieve classes, and 
¥i represents the weight of aggregates in a s:.ze class with an 
average diameter Xi,

The observations were recorded separately for each tillage 
treatment .

3.12.3 Geometric mean diameter (GMD)

The geometric mean diameter was computed using the equation 
suggested by Mazurak (1950) *

n
zsl wi log xi

GMD « ——-----------
Vi
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where, Wi is the weight of aggregates in a size class with an 

average diameter XI, 

n
21 Wi is the total weight of the sample* 
i=l

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

values of QHD for a respective tillage treatment, the logarithm8 
of the geometric mean diameter Clog SHD) was estimated*

3*12*4 Dispersion of aggregate-diameter separates (<riog d)

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 dispersion as used in this study deals with diameter hetero­

geneity in a mixture of aggregate-diameter separates. Furthermore, 

dispersion as used here should not be associated with the sample 

preparation for mechanical 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 aggregates*

From the logarithm of average aggregate-diameter separates 
as stated in Table 3.4 and the value of log CHID of a tillage 

treatment in question, the standard deviation of the average 

limit of sieve size classes was then calculated which 3s stated 

as an index of dispersion of aggregate-diameter separates (o'log d) 

for the corresponding tillage treatments. The values ofcTlog d, 

thus obtained, were recorded for the tillage treatments.
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3*13 Weight 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 museline 
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 0.06 bar 
tension on a tension table as described by learner and Shaw(1941). 
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 computed by multiplying the value of weight fraction 
of water on weight basis with the respective bulk density of the 
aggregate-mixture depending upon the tillage treatment.

3.14 Volume loss upon Mixing

The volume loss per 100 cm** of initial volume of aggre­
gates, which results from mixing, was computed using the follow­
ing equation as suggested by Allmaras j&. al.( 1965)i

where,
VI is the volume loss upon mixing, cm^/100 cm**,
Vf is the volume loss after mixing the aggregate-diameter 

separates,
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VjL is the bed volume of the ith aggregate-diameter 
separate before mixing and is computed as the 
ratio of oven-dry weight and the dry bulk density, and 

n is the number of sieve classes i.e.7.
The observations were recorded separately for each tillage 
treatment.

3.15 Density Determinations

The bulk density of aggregates was determined with a core 
sampler. Pycnometer method was adopted to determine the particle 
density of each diameter separate. Aggregate density was deter­
mined by paraffin wax method. The dry density of aggregate

/

mixture was simply determined by noting the weight of mixture 
sample in a core and the volume occupied by a corresponding 
mixture in a core sampler.

3.16 Computation of Constants p>i and /32

The equation for determination of bulk density (Db) by in­
corporating the values of log QMD and cr log d as suggested by 
Allmaras jl*(1965) was tried. The equation of the interest 

, was i

&(DB) *01 prtlog

The constants 02 vore computed by solving the two
equations simultaneously for two tillage treatments, d symbolizes 
the variations that occurred during measurements. The average 
valuesof 0^ and 02 were noted for the corresponding average values 
of log QMD and cr log d./ These mean values could be taken as the 
constants for Kharagpijlr soil.

1

GHD)J + fig £d(tT log d)J



Part ill
Soil Bin Experiments 

3.17 Experimental Set-up

The experimental set-up was designed and fabricated to 
study the effect of some factorslike 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 Soil bin

Soil bin with a motor and speed reduction unit coupled 
with winding drum and specially designed tool mounting trolley 
is shown in Fig. 3.6. On two sides of a soil bin, there are two 
parallel X shaped beams, supported by vertical angle iron posts 
at fixed interval of two metres. These rails guide the motion 
of the trolley on which tillage tool is mounted. 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 dynamometer. The other 
end of dynamometer 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
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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. A tank is 
provided on the top of the trolley to store water* A valve is 
provided to control flow of water through the perforated sprink­
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 cm) 
fitted at 90 degree angle with the horizontal plane and was 
adjusted to a working depth of 8 cm throughout the experiments*

Extensive studies have been carried out by Bhushan at,, ai*
(197l)on 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 requirement was 
governed to a large extent by soil factors and operating condi­
tions* It was, therefore, 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 
dynamometer coupled with a dynograph during the test* As shown 
in Plate 4, a strain gauge dynamometer was designed and fabri­
cated to measure the draft* The dynamometer is made of mild 
steel flat plate* The cross section of dynamometer where strain



PLATE 2.SOIL PROCESSING TROLLEY

PLATE 3.TOOL MOUNTING TROLLEY WITH 
A TILLAGE TOOL





PLATE 6. SOIL BED AFTER TOOL OPERATION

PLATE 5. SOIL BED READY FOR TOOL OPERATION
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Soil moisture content

8*66 + 0.04 per cent 

Ma 9*84 + 0.04 per cent

c) Speed of operation

0.25 m/B90 

S2 1.25 m/sec

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

gauges are fixed is 1 mm x 10 me:, it consists of four strain 

gauges connected in Wheatstone's bridge circuit as shown in 

Fig. 3.7.

3.18 Experimental Variables

The variables that affect the draft are * resistance to 

compaction, shear, friction, compression, cohesion, and speed 

(Telischi sfc. j&., 1956). These variables are the functions of 

the following factors s composition and percentage of colloidal 

content, moisture percentage, bulk density and speed of the 

implement. Therefore, only the bulk density, per cent moisture 

and speed of operation were considered on sandy loam soil. 

Details of the experimental variables included in the present 

investigation were as follows %

a) Bulk density

1.65 +, 0.02 g cm"3 

D2 1.79 ♦ 0.02 g car3 

D3 1.85 t, 0.03 g car3
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tillage tool* Ue desired bulk density vas obtained by several 
passes of the ro|ler which were predetermined for the density

in question at t|« moisture that was monitored* The moisture
■6 ■

content was adjusted by the sprinkler unit provided on the
ii^

processing trollpr* However, there was no appreciable variation 
in both factors |«e* bulk density and soil moisture between ex­
perimental runs*! The operating speed was achieved or adjusted 

by the gear mechanism. Draft was measured and recorded by a 
previously calibrated recording strain gauge dynamometer coupled 

with a dynograpbi during the test.
ji

3*19 Preparation of Soil Bed and Recording Observations 

3*19*1 Preparation of soil bed

The surfa4|l soil (0-15 cm depth) collected from the field
was crushed, airi-dried and screened through a sieve of 5 mm open-

II
lags* Physical ^characteristics of the soil are given in Table 
3*1* The soil tjpi was filled up with this processed soil and

watered and allowed to settle for 30 days* The 
opened to a depth of 15 cm with a spade 

3-4 times by a rotary tiller. It was level- 
mounted on the processing trolley .The desired density 

ent were achieved as described earlier* The
t

uniformity of compaction was ascertained by a cons type penetro­
meter* The height of the roller and the direction of its move­
ment over the sgil during each pass was same in all sets of ex- 
periments* The faoil bin, thus prepared (Plat© 5 ), was allowed 
to settle for twenty four hours before tool was operated. This

!ii
procedure was repeated prior to each run*

levelled. It 
soil was then 
and was then t 
led using a bl 
and moisture c
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3.19.2 Draft measurorient

When a force is applied at one end of the dynamometer, it 
causes change in resistance of strain gauges, consequently the 
voltage signal fed to the recording unit of dynograph (Plate7 ) 
is proportional to the force applied. The dynamometer was cali­
brated prior to each test by noting the deflection of pen on 
recording chart paper after applying known forces by standard 
weights with 5 kg increment upto 35 kg. The calibration curve 
for the strain gauge dynamometer 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 noted. Then tillage tool was 
attached to a tool bar. After making adjustments for depth and 
angle etc. the tool mounting trolley was pulled by a motor 
through a rope. 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 computed. 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 dynamometer as described earlier, by the 
area of cross section of a tillage tool (8 cm depth x 5.5 cm width).

3.19.3 Soil sampling for determination of bulk density 
and moisture content

The core sample to 10 cm depth was taken prior to operating 
tillage tool with core sampler. By measuring the length and



PLATE 8. A SAMPLE RECORD OF DRAFT
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FIG.3.8 CALIBRATION CURVE FOR STRAIN GAUGE DYNAMOMETER
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diameter of the core, the volume of core was determined. Knowing 
dry weight and volume of soil core, hulk density was calculated. 
The moisture content of the soil was determined from the same 
soil core by gravimetric method.

3.19.4 Sampling for clod size distribution

Soil samples were collected for clod size distribution 
studies immediately after the tillage operation. Prior to plough­
ing each furrow, five plastic sheets were placed on both sides 
along the tool path so that furrow slice could be collected.
The sections of the furrow slice collected on the plastic sheets 
were carefully removed and air-dried* when dry, the distribution 
of aggregates was determined as described in Part I. The mean 
weight diameter was calculated as described by Van Bavel (1949). 
The entire soil along the length of 30 cm furrow was also collec­
ted to measure the volume of soil fracture during each run.

3.19.5 Drop-shatter method

The equivalent energy was determined by a drop-shatter 
method which was utilized to determine the strength of the soil 
(dill and KcCreery, I960). 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).

Larger blocks of undisturbed air-dry soil weighing roughly 
5 kg were taken from the test plot and dropped from a height 
ranging from 100 to 1000 cm into a large flat pan on a concrete
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floor so that they could be shattered by the fall* The frag­
ments were carefully collected and the mean weight diameter 
determined* The equivalent energy applied to the soil to break 
the sample down to each size vas 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 MeCreery 
(I960)* The clod sizes were separated as described earlier*
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Chapter IV

RESULTS AMD DISCUSSION

The observations and results obtained during the course of 
investigation are presented and discussed in this chapter. The 
chapter is divided into three parts. Part X deals with the 
field experiments and Part 11 covers the physical properties of 
soil aggregates while Part III is concerned with the experiments 
conducted in a soil bin.

Part I
Field Experiments

4.1 Influence of Tillage Practices on Clod Size Distribution

The data on clod size distribution as influenced by diff­
erent tillage practices are presented in Table 4*1. It is evi­
dent that different tillage practices produced varying clod 
sizes. The soil 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, digher 
percentage of clods larger than 52.8 mm was recorded under disk 
and mouldboard as compared to other treatments. However, it is 
interesting to note that rotary tiller and wedge produced signif­
icantly higher percentage of clods smaller than 2 mm than that 
under disk and mouldboard treatments.

The clod mean weight diameter (Hl7D) values given in Table
4.2 revealed that significant differences occurred in KWD as
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Table 4.2 Effect of various tillage practices (T) on clod mean
tfeight diameter (MWD), bulk density and total porosity

Treatments ciod ii m
BSBI

Bulk density 
g cur 3

Total porosity 
cm/10 cm

mi~Lz
12*29 1.08 8.93

*8 11.33 1.17 8.49

*3 3.85 1.3d 5.23

t4 7.41 1.21 6.93

*5 Nil 1.69 3.71

♦ ♦ ♦ ♦ ♦ ♦

S.Bm %, 0.229 0.061 0.983

^0.05 0.63 0.18 2.38

^O.Ol 0.95 0.25 3.28

1322*7.3

»1 12.44 1.04 9. OS

*2 12.07 1.13 8.55

T3 4.53 1.35 5.37

% 8.31 1.22 7.17

*5 Nil 1.67 3.75
*« ** *♦

S.Bte + 1.423 0.028 0.327

^0.05 4.26 0.08 1.05

MD0.01 5.87 0.12 1.35

*♦ significant at 1$ level



induced by different tillage treatments# The I4WD 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 diameter under disk and mouldboard treatments. Since rotary 
tiller produced higher percentage of clods smaller than 2 mm 
diameter, the MWD of clod was minimum# The clod KWD 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 around the seed even during the later stages of plant 
growth# The influence of clod size on soil physical properties 
was remarkable (£lg.4.1). The bulk density was found to have 
significant but negative correlation ( r a -0.97 and -0.94 during 
1971-72 and 1972-73 respectively) whereas, the porosity had 
positive significant correlation ( r « 0.96 and 0.98 during 
1971-72 and 1972-73 respectively) with clod MWD. The bulk den­
sity decreased from 1.35 to 1.04 g cm*3 as the clod MWD increa­
sed from 4.53 to 12.44 mm under rotary tiller and disk respect­
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 cm*3) under rotary tiller. Unlike bulk density, maximum
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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 soil under zero tillage had the maxi­
mum bulk density and hence the minimum porosity.

4*3 Evaluation of Soil Edaphic Factors as influenced by 
Tillage Practices During Growth Period of Wheat

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 ripening 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 »

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

2 Vegetative phase i This phase covered the growth period 
from seedling emergence to maximum tillering stage.
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During this period, plant registered an appreciable 
increase in height, tiller number, total dry matter 
production and root proliferation* This phase lasted 

50 days after sowing*

3 Reproductive phase s This phase ranged from panicle 
initiation stage to flowering stage. The phase lasted 
from SO to 65 days after sowing,

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

5 Ripening or maturing t This phase continued from milk­
ing stage to harvesting* This phase was marked by sharp 

decrease in vegetative parts* The ripening of grain was 
accompanied by change in colour of the g rain from green 
to yellow. The duration of this phase was 21 days and 
the crop was harvested on 104th day after sowing*

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 tillage practices is shown in Fig.4.2.
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The initial bulk density of soil prior to tillage vas 1,69 g cnr3. 
After tillage operations, the bulk density values recorded in 
different tillage treatments were 1*08, 1.17, 1.34, and 1.21 g 
cm*® during 1971-72 and 1.04, 1.13, 1.35 and 1.22 g cm”3 during 
1972-73 under disk, mouldboard, rotary tiller and wedge plough 
treatments respectively. It is evident that minimum density 
occurred 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 support to these find­
ings. The occurrence of lower bulk density is ascribed to the 
bigger clods initially produced by ploughs (r = -0.95). However, 
Kharagpur soil was observed to stabilize very quickly. Just 
after first irrigation i.e. after 15 days of wheat sowing, 
corresponding bulk densities increased to 1.25, 1.30, 1.42 and 
1.35 g cm"3 during 1971-72 and 1.23, 1.29, 1.40 and 1.33 g cm"3 
during 1972-73. However, in untilled plots bulk density did not 
change. But 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
ments.

It is observed from rig.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 compared to wedge. The bulk density under rotary tiller was 
also significantly higher than that under disk and mouldboard.
A critical observation of Table 4.3 reveals similar trend of 
bulk density values at various stages of wheat growth under all 
tillage practices.

As the initial clod mean weight diameter (KWD) was bigger 
under plough treatments, it might, therefore, be likely that it 
would require longer tine and greater energy to disintegrate 
the clods. Irrigation water was the source of disintegrating 
force which was constant for all treatments. Moreover, greater 
root proliferation under ploughs also attributed towards keeping 
the bulk densities low under these treatments. The results of 
Reddy and Dakshinamurti (1971) and Hal lick and Kao (1972) also 
lend a support to this view. At harvesting, the bulk density 
tended to attain its original value ahd reached 1.52 to 1.62 g 
caT3 because of the textural composition of soil. Varade (1965), 
while working with the same soil also observed that when loose 
soil was left open to rain impact during mansocn, it attained 
bulk density as high as 1.55 to 1.65 g cm**3.

It may be concluded that ploughing with a disk or mould­
board plough resulted into lower bulk density than with wedge and 
rotary tiller and was maintained minimum throughout the growth 
period of wheat.
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Table 4.3 Bulk density of soil as Influenced by various 
tillage practices (T) at different growth 
phases of wheat

Treatments
Bulk density, g cm*3

Seedling 
emerge* 
nee stags

Vegetative
growth
phase

Reproductive
phase

Grain
formation
phase

Post
harvest

ISHrlZ
*1 1.08 1*39 1.45 1.47 1.52

*2 1.17 1*39 1.47 1.50 1.53

*8 1*34 1.50 1.58 1.60 1.62

T4 1.21 1.48 1* 52 1.55 1.58

*• 1.69 1*68 1.70 1.71 1.73
*♦ ** «• *♦ #♦

S. Bm ♦. 0*061 0.006 0.011 0.005 0.0C7

^Dq.05 0.18 0.02 0.03 0.02 0.02

^0.01 0.25 0.03 0.05 0.03 0.03

Ti 1.04 1.36 1*44 1.46 1.49

T2 1.13 1. 38 1.45 1.47 1.52
»a 1.35 1.48 1.56 1.58 1.60

*4 1*22 1.45 1.52 1.53 1.57
f5 1.67 1.64 1.65 1.67 1.70

*♦ ** ** *♦ ♦♦

S.Bm +, 0*028 0.021 0*024 0.015 0.034

^0.05 0.08 0.06 0.07 0.05 0.10

^0.01 0.12 0.08 0.10 0.06 0.14

** significant 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 cm/10 cm which greatly increased with different tillage 
practices. The porosity values recorded were 8.93, 8.49 6.93
and 5.23 cm/10 cm during 1971-72 and 9.08f 8.55, 7.17 and 5.37 
cm/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 
variation in the former. Just after first irrigation, the poro­
sity decreased to 7.90, 7.51, 6.20 and 4.95 cm/10 cm during 
1971-72 and 8.40, 8.00, 6.31 and 5.15 cm/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 end 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
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Table 4*4 Total porosity as influenced by tlXXage treatments^) 
at different stages of wheat growth

Total porosity,cm/10 cm
Treatments Seedling

emer­
gence
stage

Vegetative
growth
phase

Reproductive
phase

Grain
formation

phase

Post
harvest

1221=22

8.93 6*83 5.54 5.47 5.30

*2 8.49 6.76 5.32 5.19 4.99

T3 5.23 4.68 4.30 4.18 4.15

*4 6.93 5.63 4.52 4.50 4.38

f5 3.71 3.59 3.43 3.32 3.23
♦♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦

S. Em jj. 0.933 0.134 0.051 0.087 0.130

I'SBo.os 2.38 0.40 0.15 0.26 0.39

XSD«0.01 3.28 0.55 0 .21 0.36 0.56

naaaa

H
I 9.08 7.61 €.28 6.15 6.04

*2 3.55 7.49 6.07 5.83 5.69

*S 5.3? 4.92 4.56 4.33 4.34

t4 7.17 6. 34 5.27 5.26 4.94

*5 3.75 3.63 3.52 3.41 3.30
♦ ♦ ♦ * *♦ ** ♦ ♦

S.Bm +, 0.327 0.174 0.281 0.179 0.126

«H\).05 1.05 0.52 0.81 0.54 0.38

^0.01 1. 35 0.72 1.16 0.75 0.51

*♦ significant at 1% 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 

£&• (1963) and Alimaras jJL* (1966), They also noted
higher porosity in tilled plots than unbilled throughout the 
experiment* The increased total porosity was always associated 
with lower bulk density which reflected a decrease in the frac­
tion of bulk volume not occupied with solids* This is in con­
formity with results obtained by Veihmeyer and Hendrickson 
(1948), dill (1959), Vomocil and Flocker (1861), 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 Wilton (1964) while working at Nottingham and he 
observed greater increase in elevation of soil surface 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 Soil moisture 

4.3.3.1 Metric suction

The initial metric suction at the time of tillage opera­
tion was 0.85 bar which rapidly increased as moisture was lost



due to evaporation. Two days after sowing, the metric suction 
increased to 2.20, 2.00, 1.00, 1.00 and 0.98 bar during 1971-72 
under disk, mouldboard, vedge, rotary tiller and unbilled plot 
respectively, The variation in metric suction under different 
tillage practices is presented in Fig. 4.4 and 4.5. The metric 
suction increased to 6.00, 6.00, 4.00, 3.00 and 2.90 bar in disk, 
mouldboard, vedge, rotary tiller and no-tillage treatment res­
pectively, 12 days after sowing. The moisture retention order 
vas reversed after first irrigation which was applied 15 days 
after sowing. Plots tilled with disk and mouldboard retained 
more moisture, thereby resulting in lover metric suction than 
the plots having no-tillage and tilled by rotary tiller.

The metric suction was significantly higher under disk and 
mouldboard than other treatments during seedling emergence stage. 
The difference between disk and mouldboard, rotary tiller, wedge 
and untilled plot vas non-significant. However, it was signif­
icantly higher under disk and mouldboard 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 clods more freely and conveniently. This 
helped in removing soil water faster through vaporization. The 
faster rate of moisture depletion under disk and mouldboard is 
attributed to the occurrence of bigger clods as evaporation and 
drying rate are greatly influenced by degree of aggregation.
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Bigger clods in the surface soil favoured rapid drying rate due 

to increased radiation and wind speed* The results are in 
agreement with the observations of Holmes jfc. ji.(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 HWD and metric suction was highly sig­

nificant ( r * 0.97 ).

Although disk did not differ significantly with mouldboard 
during vegetative growth stage of wheat, the metric suction 
under disk was significantly lower as compared to wedge, rotary 
tiller and untilled. Similarly mouldboard differed significant­
ly with rotary tiller and untilled. There was no significant 
difference between wedge, rotary tiller and untilled (Table 4.5). 
Similar trend of soil moisture suction continued during vege­
tative, reproductive and grain formation phase of wheat growth. 
During grain ripening stage, water distribution was almost same 
in all treatments because of continuous rain in the first fort­
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 treatments and 
maximum 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 Hatrie suction as influenced by various tillage
practices (T) at different stages of wheat growth

Treatments
Metric suction, bar

Seedling
emergence
stage

Vegetative
growth
phase

Reproductive
phase

Grain formation 
phase

*1 3*49 0.74 0.92 0.56

*a 3* 20 0.80 1.06 0.64

*3 1.17 0.91 2.39 1.09

*4 2.04 0.87 1.42 0.86

*8 1.03 0.97 2.59 1.35
♦ ♦ *♦ ♦ *

s.% ♦ 0. 392 0.032 0. 091 0.142

*«V).0B 1.18 0.08 0.2? 0.43

1.56 0.13 0.38 0.58

lazami
3.75 0.99 1.17 0.81

*3 3.46 1.06 1.32 0.90

*3 1.43 1.17 2.35 1.35

2.30 1.13 1.68 1.16

Ts 1. 29 1.21 2.65 1.59
.* ♦ ♦ ♦ * ♦ ♦

S,Em i. 0.477 * 0.021 0.082 0.085

MD0,0» 1.43 0.06 0.25 0.25

MD0.01 1.92 0.09 0. 32 0.3&

significant at 1% level
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later part of wheat growth mulching effect of hotter 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 moisture 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 fable 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 change in the similar fashion. This may be attributed to the 

fact that the larger clods initially produced under different 

tillage treatments helped absorbing more water due to higher 

porosity and which then decreased due to settlement of particles 

and decreased the value of initial infiltration. The disk and 

mouldboard helped higher intake of water because of larger clods 

as compared to other treatments. This shows that the soil struc­

ture was better at all the growth stages 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 sur­
face due to irrigation.
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4.3. 3*3 Hydraulic 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 significantly among all treat­
ments* The higher values were noted under disk closely followed 
by mouldboard, wedge, rotary tiller and was minimum in unculti­
vated plots. These differences in hydraulic conductivity may 
be attributed to the differential proliferation of roots which 
was effected by the tillage depth* The results are in agreement 
with Dakshinamurti and Pradhan (1966), Heddy and Dakshinamurti 
(1971), Hane and Varade (1972), and Mai lick and Kao (1972).

4*3*4 Oxygen diffusion rate (ODE) and non-capillary porosity

The measurement of ODE immediately after tillage operation 
was not possible because moisture content of soil was too low to 
provide proper water film around micro-electrodes* Hence, the 
measurements were taken after first irrigation when the soil 
moisture content was about 11-12 per cent.

It is evident from Table 4*8 that oxygen diffusion rate 
was higher in tilled plots compared to untilled ones. The ODE 
values observed at vegetative phase were 78,38, 76.66, 65.97 and 
53.20 x 10"8 g em-2 min-1 during 1971-72 and 80.03, 79.50, 70.17 
and 55.05 x 10“8 g cm**a min-1 during 1972-73 under disk, mould- 
board, wedge and rotary tiller respectively while it was 29.10 
and 33.95 x 10“8 g cm-8 min*1 under untilled plots for the corres­
ponding seasons. This indicated that ODE was 2 to 3.5 times



table 4*7 Hydraulic conductivity as influenced by tillage 
treatments (T) at different stages of vheat 
grovth during 1972-73

Hydraulic conductivity, cm/hr
treatments Seedling Vegetative Reproductive Grain

ester- grovth phase formation
gence phase phase
stage

T1 2.38 4.86 5.45 6.56

T2 2.71 4.32 5.05 5.91

t«3 2.34 3.66 4.08 5.10

*4 2.55 3.96 4.52 5.45

2.16 3.28 3.76 4.69
♦ * ** ♦ ♦

S.Sm + 0.046 0.003 0.041 0.039

***6.05 0.14 0.08 0.12 0.12

LSD0#0i 0.19 0.11 0.17 0.16

♦♦ significant at X% level
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Table 4*8 Oxygon diffusion rats (ODE) as Influenced by various 
tillage practices (T) at different phases of wheat 
growth

Treatments
ODE, 10“8 g cm*2 min*1

Vegetative growth 
phase

Reproductive
phase

drain formation 
phase

*X 78*38 63.50

T2 76.65 61.46 56.38

*3 53.20 45.62 44.15

*4 65.97 56.15 53.32

TS 29.10 25.42 24.18

»* *• *♦

S.Bfa +, 2.1? 2 1.455 1.225

^o.os 6.51 4. 36 3.07

^“o.ox 8.68 5. 81 5.06

lazaaa
80.03 65.85 61.31

T2 79.50 63.81 59.11

H
I

6* 55.05 47.32 45.99

T4 70.17 58.00 55.17

% 33.95 26.70 26.04

«* ♦ * *♦

S.Bm +. 1.581 1.495 1.283

^o.os 4.74 4.48 3.34

^O.Ol 6.53 5.96 5.12

♦♦ significant at 1$ level



greater in tilled plots as compared to untilled* From Fig,4.6 

it is revealed that subsequent irrigation increased the bulk 

density and reduced the porosity which ultimately decreased the 

OKI after the second irrigation* Subsequently, a gradual 

decrease in ODR of untilled plot was also noted*

At grain formation phase i.e* 75th day after sowing, OKI 

was reduced to 32 per cent under tillage treatments, whereas, 

it was almost same in the untilled plot (24*18 and 26*04 x 10”8 

g cm*a min-1) during either seasons.

A thorough study of data presented in Table 4*8 shows 

that ODR decreased considerably as time elapsed under all tillage 

treatments* This trend of decrease in ODE 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 non-capillary 

porosity values at seedling emergence stage were 45.92, 38.12, 

36.94, 28.57 and 13.51 per cent during 1971-72 and 48.08, 42.91, 

37.10, 29.32 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-capillary (aeration) porosity was reduced consider­

ably as the time elapsed under all tillage treatments* This may 

be because of the settlement of particles or disintegration of 

larger clods by irrigation water, however, significantly higher
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Table 4*9 Non-capillary porosity as influenced by various
tillage practices (T) at different growth phases of 
wheat

Non«>oapillary porosity, per cent

Treatments Seedling Vegetative Reproductive Grain Post
aaer- growth phase formation harvest
gone® phase phase
stage

misZM

h 45.92 32.59 27.92 25.57 17.93

Ta 38.18 33.59 25.58 20.88 15.12

*3 m*m 20.34 16.04 14.42 10.87

*4 36.94 25.27 23*44 17.80 12.80

®B 13. 61 11.99 10.10 9.29 5.75

♦♦ «♦ ♦♦ ♦ ♦

s.aa + 0.312 0.347 0.933 1.321 1.278

***6.0* 0.93 1.04 2.80 3.96 3.33

1. 28 1*44 3.86 5.46 5.29

w.ma
43*08 34.88 28*31 26.15 19.81

T2 42.91 30.62 27.14 22.54 15.70

*3 29.32 22.02 16.98 15.59 12.22

37.10 26.57 23.81 18.70 13.57

*B 15.80 15.26 13.63 10.35 7.62
** ♦ ♦ »♦ * *

S.BlS 4^ 0.289 0.557 1.013 0.927 1.133

***0.0* 0.87 1.67 3.04 2.78 3.40

**D0.01 1.19 2. 23 4.21 3.84 4.69

** significant at 1% level
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values were noted under disk closely followed by mouldboard 
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 (9.29 and 10.35 per cent ) during 
either seasons.

Since oxygen diffusion rate is a function of non-capillary 
porosity, it is natural that ODH will increase with higher 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, 1948j Gill, 1959; Vomocil and Flocker, 1961| 
Meredith and Patrick, 1361; and Varade, 1965). Since non­
eapillary porosity was higher under disk and mouldboard, it is 
expected that aeration pores were more under these treatments 
which helped maintain higher oxygen diffusion rate throughout. 
Bertrand and Kohnke (1957) also found that oxygon 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 
minimum under rotary tiller throughout 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.
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The changes in penetration resistance at 5, 10 and 15 cm depth 

during the growth period 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 plots. An increase in penetration resistance under 

all tillage practices was observed with the application of irri­

gation and lapse of time. The increase in resistance was obser­

ved with first two irrigations. However, subsequent increase 

was 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 

some extent. However, this reduction was not remarkable at 15 

cm depth (Pig.4.9). It is observed that on the 100th day after 

seeding, almost same resistance was recorded under all tillage 

treatments at 5 and 10 cm depth (Fig.4.7 and 4.8), whereas, in 

the case of IS cm depth, the penetration resistance of soil 

tilled by rotary tiller tended to approach that of untilled 

plot (Fig, 4.9). The differences among disk, mouldboard and 

wedge were non-significant, though, significantly higher differ­

ence was noted when compared to rotary tiller. Penetration 

resistance increased with increasing depth.

Resistance to penetration is a function of bulk density 

and soil moisture content. Since observations were made at app­

roximately constant moisture content, bulk density appears to be 

the only active soil property governing 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 (1952),
Gill and Killer (1956), Gill (1969), Swanson and Jacobson 
(1956), Meredith and Patric (1961), Phillips and Kirkham (1962), 
Parker and Taylor (1964) and Drew £&• £1.(1965) observed Increase 
in mechanical strength with increase in bulk density. It is, 
of course, expected that porosity would have always a negative 
correlation (Appendix N) with penetration resistance.

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

4.4 Mergence 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. Seeds were sown at 8 cm depth and covered. Five replicates 
each of 50 seeds were used within each treatment. Seedlings 
were presumed to 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 soil moisture occurred due

o
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to evaporation* Since emergence was completed in 8 days, aver- 
aga soil moisture was used for the correlation*

The affect of various tillage operations on seedling emer­
gence of wheat is shown in 7able 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 considerably lover under these two treat­
ments compared to wedge and rotary tiller* The difference bet­
ween rotary tiller and wedge vas 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 plough* Rotary tiller 
also produced significantly higher percentage of smaller clods 
(Table 4*1)* It can be examined from Fig*4*10 that as the clod 
KWD increased beyond 4*0 mm, seedling emergence of wheat was 
adversely affected and minimum emergence vas recorded when the 
seedbed contained clods of 12*5 mm KWD under the disk* Seedbed 
of 4-6 mm diameter aggregates was also found conducive for seed­
ling emergence by Johnson and Taylor (1960) and Johnson and 
Buehele (1961)*

The influence of edaphic factors on seedling emergence is 
presented in Pig*4*10 and 4*11* The bulk density had significant 
positive correlation with seedling emergence, whereas, the emer­
gence was affected adversely by the negative and significant 
correlation of porosity (Table 4*11}* Porosity helped directly
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in levering soil moisture and due to lover bulk density, soil 
was too loose inhibiting proper seed-soil-water contact. Stout 
and Snyder (1957) and Stout et. jj»*(1960) observed that a little 
compaction was found to be suitable for emergence.

Metric suction (fable 4*11) had highly significant and 
negative correlation vith seedling emergence indicating that in 
wheat crop, moisture was the main limiting factor. Several 
workers reported that seeds emerged faster at higher moisture 
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 
moisture became a limiting factor for proper emergence of wheat 
seeds in the lateritic soil 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 t 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* Plants 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 t 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 
(Fig. 4.13). The number of viable tillers thereafter decreased 
under all treatments due to mortality of some of them. The 
reduction in number was noted even on the 80th day under disk 
and mouldboard while upto 70th day under wedge, rotary tiller 
and no-tillage treatments.

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 either experiments, 
the rotary tiller produced significantly fewer tillers as com­
pared to disk, mouldboard and wedge. The difference in tiller 
number under disk and mouldboard was non-significant. Similarly 
there was no difference between 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 
was found better in the following order s

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

4.5.1.3 Leaf area index (LAI) » Maximum leaf area index was 
observed in about 60-70 days after sowing during 1971-72 and

O



Treatments
Maximumplantheight
OB

Maximum tiller/ 30 cm drill

Maximum Maximum leaf area dry ma- index tter/30(LAX) cm drill
S

Straw yield

kg/ha
1221=22*i 89*63 40*82 4.91 56.88 4356.78

*2 88*45 33*25 4.53 54.45 4348.51
*3 60*92 26*30 2.19 30.13 3268.50
*4 71.38 35*01 2*94 39.28 3499.62
*5 56*49 23*21 1.14 18.51 3233.46

*♦ ♦ ♦ ♦ ♦ ♦ ♦
S.Sm + 0*994 2*279 0*240 1.455 165.324
^^O.OS 2.98 6*83 0.72 4.36 485.28
MD0.0X 3.84 9*12 0.97 5.80 647.04

Tx 92.15 51*80 5.63 65.21 4547.85
*8 39.95 50.00 5.58 62*90 4534.98
*3 71.05 29.80 3.12 39.27 3433.22
*4 74.60 37.20 3.87 47.77 3678.97
*5 66.05 26*00 2*19 27.68 3393.63

•• *♦ ♦ ♦ ♦ ♦ ♦
S*Bte + 1.061 2.422 0.250 1.545 169.716
^O.OS 3.18 7.26 0.75 4.63 508.67
^D0.01 4. 25 9.68 1*02 6.16 798.24

** significant at 1% level 
♦ significant at 5% level
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50-60 days du|lng 1972-73* The LAI reached maximum value In 
plot tilled with rotary tiller and no-tillage treatment a few 

days earlier than other tillage praetices(Fig* 4*14)*
the dat|i presented in table 4*12 reveal a significant 

decrease in IJUL in untilled plot as cospared to tilled plots* 
Maximum LAI vis 4*91, 4*§39 2*94, 2*19 during 1971-72 and 5.63, 
5*58, 3*87 an| 3*12 during 1972-73 under disk, mouldboard, wedge 

and rotary tiller respectively* It is evident that tillage 
treatments differed significantly among themselves except disk 
and mouldboar * However, it is clear that the use of disk and 
mouldboard pr >duced significantly greater LAI compared to other 
tillage opera ions* Leaf area index was significantly higher 
under wedge t tan under rotary tiller*

4*5*1*4 Dry tatter accumulation t Dry matter accumulation was 
better during 1972-73* There was an appreciable increase in the 
rat# of dry matter accumulation by plant# from 50 to 65 days, 
thereafter, if slowed down gradually* Ho appreciable addition 

was recorded |fter 85 days (Fig* 4*15)*

Tillage 
dry matter ac

treatments proved far superior over no-tillage in 
umulation. The results (Table 4*12) indicate 

that performance of crop was equally good under disk and mould- 
board in eith|r experiments* However, significantly higher dry 

matter accumulation was noted under these two tillage treatments
I

as compared tl wedge and rotary tiller* There was significant 
difference inldry matter accumulation under wedge, rotary tiller 

and no-tillagl plots*
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4*5*1*5 Straw yield i In both the experiments, straw yield 
was significantly lower in untilled plots than tilled plots.

There was no appreciable difference between disk and mouldboard 
but they produced significantly higher yield of straw than other 
treatments, the tillage treatments namely s disk, mouldboard, 
wedge and rotary tiller produced 34.0, 33.6, 8.4 and 1.2 per 
cent higher straw yield as compared to untilled plots, respective­
ly. Straw production was maximum under disk which proved better 
than wedge and rotary tiller. Minimum straw yield was noted in 
untilled plot, the lower straw yield in untilled plot was non­
significant when compared with wedge and rotary tiller. Among 
all tillage treatments, straw yield was found better during 
1972-73 (Table 4.12).

4.5.2 drain yield and yield attributes

4.5.2.1 drain yield i The data in Table 4.13 indicate that 
significantly lower grain yield was obtained in untilled plot 
than under tillage treatments • The grain yield increased by 
80.3, €©.9, 47.8 and 16.0 per cent under tilled plots, namely i 
disk, mouldboard, wedge and rotary tiller respectively, as com­
pared to uncultivated plots* However, the difference between 
untilled and rotary tiller was non-significant. Maximum yield 
was recorded under disk closely followed by mouldboard. There 
was no significant difference between wedge and mouldboard. 
However, the grain yield under wedge differed significantly than 
under untilled plot. The grain yield during 1972-73 was reported
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Table 4.13 Grain yield attributes of wheat as influenced by 
various tillage practices (T)

Treatments
Fertile 
tillers/ 
30 cm 
drill

Spike
length

cm

Number of
grains/
spike

1000 grains Grain 
weight yield

g kg/ha

1221=22
24*18 9*83 62.00 34.39 3311.42

*2 23*06 9*81 59*42 33. 33 3104.72
*3 16.60 7.86 53.04 30.15 2063.89

*4 18*00 8*82 54*63 32.35 2680.23
*s 14*30 7*29 46*96 29.96 1747.83

*♦ * ♦ ♦ *♦ ♦ *

S.Sm t, 1*225 0*731 1*272 0.427 165.518
^D0.05 3*67 2*19 3*81 1.28 496.15
MD0.0X 4,39 2*93 5.08 1.71 661.52
122.ar.7.a

Tx 25*13 9*89 62.41 35.02 3496.63

*a 24.22 9*84 60*33 34.64 3292.87
f3 16*93 7.93 53.03 30.78 2249.10
*4 18*95 9*12 54.17 32.18 2865.45
% 15*88 7.48 47.56 29.41 1938.04

*♦ *♦ ♦ ♦ ♦ ♦ ♦ ♦
S. Em +m 1*288 0*577 1*254 0.484 193.106
VMq.05 3*86 1.73 3.76 1.45 578.22
^.01 6*16 2*33 5.01 1.92 771.08

*♦ significant at 1% level 
♦ significant 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 t 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
ments except disk and mouldboard neither differed among them­
selves nor they could produce better results than untilled plot* 
The data in Table 4*13 clearly indicate that tillage treatments, 
namely ; wedge and rotary tiller failed to establish their 
superiority over no-tillage treatments*

4.6.2*3 Spike length t It is seen from Table 4*13 that signif­
icantly longer spikes were produced under tilled plots than un­
tilled one. Spike length was longest under disk which was also 
significantly longer than other tillage practices. However, in 
either experiments, the performance of disk and mouldboard was 
equally good and better than other tillage treatments. The diff­
erence in spike length due to the use of wedge, rotary tiller or 
in untilled plot was non-significant during 1871-72 but the 
remarkable difference was noticed between wedge and rotary tiller 
during 1972-73.

4*5*2*4 Number of grains per spike s All the tillage treatments 
significantly 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 significantly when compared to untilled plot (Table 4.13).

4.5.2.5 Thousand grains weight i 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 rotary tiller was found to be non-significant. Disk plough 
produced significantly higher thousand grain weight than other 
treatments and significantly lower weight was recorded under 
untilled plot closely followed by rotary tiller (Table 4.13).

4.5.3 Hoot development

4.5# 3.1 Hoot length i It was observed that maximum root length 
w&s obtained among all treatments at the age of 70 days in either 
experiments (Fig.4*16). However, the root length was slightly 
better during 1973-73. The longest roots were observed under 
disk closely followed by mouldboard (Table 4.14). The disk and 
mouldboard ploughs created conducive soil environment which 
helped roots to grow and penetrate the soil to a greater depth 
than other tillage treatments. Similar findings were reported 
by Reddy and Dakshinamurti (1971). 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 treatments during 1973-73, 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 signif­
icantly longer roots than uncultivated plot.

4.5.3.2 Hoot weight t The root weight, as expected, was 
closely associated 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 weight was recorded under disk and mouldboard. The produced 
2.5 times as much roots than untilled treatment. During 1971-72, 
disk and mouldboard shoved no significant difference among them­
selves, however, they differed significantly as compared to other 
treatments. The results of wedge and rotary tiller also differed 
significantly than untilled plot. Rotary tiller produced less 
root weight than wedge. During 1972-73, the influence of tillage 
operations proved to be highly significant for all tillage prac­
tices. The similar trend was noted as that of previous experi­
ment (fable 4.14).

GENERAL DISCUSSION

The results clearly indicate that grain yield 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 t illed plots is ascribed to the impro­
ved soil physical environment through tillage operations. The 
results reported by Reddy and Dakshinamurti (1971) also lend a 
support to these findings.

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 and mouldboard but It vas also statistically on
|

a par at 1 per cent level withiyield obtained in rotary tiller. 
The observed beneficial effect!! of deep ploughing (disk) of 
this region confirm the ear lie:* findings of Moolanl and Hukkerl 
(1965) and Shush an j&. (19" 3) for maize and wheat crops res*
pactively. The variation in performance of wheat in either 
seasons is obviously due to th» changes brought about in the 
rhizosphere of soil environment by tillage* It is, therefore, 
Imperative to attribute the higher yield of vheat to conducive 
soil physical edaphic factors produced by tillage practices.

It is evident from the correlation studies that grain 
yield had significant relationship with different growth parame­
ters and yield attributes (Fig 
tioned that every increase in

» 4*17 and 4.18). It may be men* 
leaf area index, number of tillers

and in root weight within a cejrtain range was accompanied by 
increase in grain yield. Grain yield had strong relationship 
with leaf area index ( r - 0.97 ), tiller number ( r * 0.99 ), 
root weight ( r - 0.99 ) and vjith various yield attributes as 
given in Appendix I*.

Crop performance was betjter in plot of lower bulk density 
and higher porosity as indicated by the various growth parameters. 
Better performance of wheat crop in tilled plots may be attribu* 
ted to increased root development t as a result the roots could 
absorb more moisture and plant nutrients from a greater soil 
volume which was favourably influenced by adequate aeration,lower 
penetration resistance and lover metric suction (Fig. 4.19 and
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4.20). The leaf area index and tiller formation also conse­
quently had a similar relationship with edaphic factors (Fig.
4.21, 4.22, 4.23 and 4.24).

It is seen from the results that lower matric suction 
occurred in tilled plots during the critical moisture require­
ment phase of wheat i.e. reproductive phase (Table 4.5). The 
increased moisture stress decreased root development and preven­
ted normal wheat plant growth (Kramer, 1963; Salim si.* &L*t 
1966). From the findings of Johnson (1953), Robins and Domingo 
(1962) and Day and Intalap (1970), it is evident that wheat crop 
did not tolerate water stress at flowering stage because maximum 
leaf development took place during this stage* The tillage 
treatments, namely s wedge, rotary tiller and no-tillage plot, 
therefore, resulted in lower grain yield, fever 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 
soil moisture and explains the reason of higher yield under disk 
and mouldboard as compared to rotary tiller, wedge and untilled 
plot. 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). Thus the soil 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 frequency
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of irrigation and the soil manipulation practice that should be 

adapted under restrained condition of irrigation water. This 

la fast would help to increase the water use efficiency.

The OCR values at various growth phases of wheat ~*rop 

were significantly higher in plots tilled with disk or mould- 

board as compared to wedge, rotary tiller and untilled plot 
(Table 4.8). The ODR values were always below 30 x 10“s g cm*2 

min~^ in untilled plot except vegetative growth phase during 

1972-7 3. Stolzy and Letey (1964) emphasised that ODR played an 

important role in restricting the root development and, therefore, 
if the ODR is less than 30 x 1CT8 g cm*2 min-1, the resultant 

grain yield is affected adversely. Lower grain yield in un­

til! ed plots is ascriued 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 
grain yield. Under wedge and rotary tiller, there was a relative 

concentration of roots in the surface layer as compared to other 

treatments. 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.

LOCOvH



Figures 4*25 and 4*26 show the relationship between number 
of Fertile tillers and edaphic factors at reproductive phase* 
Greater number 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 especial 
lly under disk and mouldboard treatments*

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. The curvilinear rela­
tionship of grain yield with leaf area index and number of till-

■ i ■ I
#rs clearly indicates that yield can not go on increasing with 
the increase in the above three factors, rather there lies an 
optima for an individual factor and combination of all, from 
the point of view of grain yield* From Fig.4.18, it appears 
that during 1972-73, if the number of tillers/30 cm drill, leaf 
•free index and fertile tillers/30 cm drill exceed respectively 
88y 5*54 and 25, the yield may be adversely affected* Grain 
yield had similar relationship with edaphic factors as was exhi­
bited by various growth parameters and yield attributes* Almost 
til the growth factors studied in both the seasons had higher 
values in disk (deep) ploughing operation followed closely by 
mouldboard ploughing than those in other treatments*

It appears from the results obtained that soil physical 
environment at various growth phases should be created in such 
a way that would be conducive to produce the optimum number 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 
number 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 
the maintenance of the most desired soil environment.

In the present investigations, the above mentioned con­
ducive soil physical environment 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 II to 12.50 mm MWD 
in lateritic soils of Kharagpur.

Part IX
Physical Properties of Soil Aggregates 

4.6 Distribution of Dry Aggregates

The distribution of dry aggregates 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 tiller. The rotary tiller produced more clods having 
smaller diameter and very few clods having bigger diameter. The 
percentage clods smaller than 1.19 mm diameter was higher in the 
case of rotary tiller and wedge as compared to mouldboard and 
disk. Very recently, Bhushan £&• jai,.(1973) found similar results 
while working on the same soil.
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The data on clod mean weight diameter (Mi©) reveal that 
the effect of different tillage treatments on KWD of clod was 
highly significant (Table 4.16). The clod KWD was statistically 
lower under rotary tiller compared to other tillage practices.
The maximum MUD of clod was found under disk closely followed 
by mouldboard, wedge and rotary tiller. This is attributed to 
the predominance of clods larger than 12.70 mm diameter under 
disk and mouldboard treatments. Since rotary tiller produced 
higher percentage of clods smaller than 2.38 mm diameter, the 
KWD of clods was minimum.

The geometric mean diameter (GKD) of clods had also the 
similar trend as that of KWD. However, during 1971-72, no signi­
ficant difference was noted between mouldboard and wedge, but 
it is worth noting that these two treatments produced signifi­
cantly higher GHD of clods than rotary tiller (Table 4.16). The 
clods of highest GMD were produced by disk ploughing.

4.7 Estimation of log GMD and <T log d
logarithm of geometric mean diameter is a simple method of 

representing a soil aggregate-size distribution by an analytical 
expression (Gardner, 1966). Prom the air-dry weights of the sieve 
fractions of a sample from 0 to 8 cm layer, two parameters were 
estimated viz.(a) the logarithm of the geometric mean diameter 
( log GKD ) and (b ) an index of the dispersion of 
the aggregate diameters ( CT log d). Estimation of these parame­
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 mathematically,
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but the computation was conformed to the graphical estimation 
illustrated in Fig.4.29. Using the logarithm of the diameter 
of average limit for sieve classes shown in fable 3*4 and the 
proportion by weight 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 aggregate diameters, a linear relation was expected 
between the cumulative weight fraction-undersize and the loga­
rithm of the aggregate diameter. The estimated GKD for treat­
ment 2 during 1971-72 was 3.896 mm (Table 4.16) and the estimate 
of CT log d was 1.526 mm specified that 67 per cent of the sample 
contained aggregates having a diameter within the range of 0.613 
to 13.420 cm, i.e. antilog (1.364 +1.526). And if for instance, 
the value of <T log d is 1.032 which is used as an index of 
dispersion, 50 per cent of the sample (Fig. 4.29) would fall in 
the range of 1.036 to 9.180 mm, i.e. antilog (1.354 +1*032).
The changes in log GKD and <f log d due to sieving were estimated 
by sieving several randomly selected samples.

The validity of the assumed log normal distribution of 
aggregate diameter was judged qualitatively from comparison of 
observed and estimated weight fractions (Fig.4.29). There 
appears to be no rigorous and yet facile manner to check the 
assumption when there is a small number of sieve sizes, and 
when the weights are observed rather than number of particles. 
Figure 4.29 (Treatment 2) represents one of the poorest fit of 
a linear relation between cumulative weight fraction and the 
logarithm of the diameter.
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LOGARITHM OF AGGREGATE DIAMETER , mm

.

FIG.4.29 GRAPH ICAL ILLUSTRATION OF DETERMINATION
OF ioqGMD AND CT Jbc) d FOR SELECTED AGGRE­

GATE SAMPLE (T2) DURING 1971-72
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4*8 Aggregates and Belated Soil Physical Properties 

4*8*3. Water retention

fhe data on water retention at 0*08 bar tension, bulk den­
sity and veins# loss upon n.ixing are presented in Table 4*16* 
fhe results of water retention at 0*08 bar tension indicated that 
the tillage treatment which produced larger clods retained sore 
moisture than the tillage practice producing nr allor clods*
Sven though the wfter retained by weight was sore in tillage 
Induced larger clods than those producing smaller ones, there 
appears to he very less difference in the water retained on 
volmietrie basis because the larger clods had the lesser bulk 
density which ultlmatAy reduced its water content by volume 
while in case of rotary tiller producing smaller clods of which 
the bulk density was comparatively higher than the larger clods 
which ultimately increased water content on volume basis* Water 
retained at 0*©8 bar tension varied significantly among the 
tillage .“treatments, there being no eignifieant differences bet­
ween disk and mouldboard (Table 4.16).

Xt is interesting to note that with decrease of (T log d 
(Table 4*18) there was also a decrease in the quantity of water 
retained at 0*88 bar tension* Amemiya (1955) found differences
of capillary conductivity in beds of Uigurs of aggregate* 
diameter separates when the suction moisture curves for these 
beds differed* Bsnce, alterations of iateraggregate void space 
may also affset water movement relations in beds of aggregates 
in the row sons 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 volume 
loss upon mixing decreased vith decreasing <T log d* There vas a 
greater decrease ih volume loss vith decreasing <T log d at the 
smaller values of log GMD* This clearly indicates that because 
of the smaller clods produced by rotary tiller in which inter­
aggregate void space vas 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 vas 
noted under disk* The volume loss after mixing differed non- 
significantly among mouldboard! vedge and rotary tiller during 
1971-72* Howeverf during 1972-73f significant difference was 
noted between mouldboard and rotary tiller*

As the measurements of volume loss deal with interaggregate 
void space, the associated changes in bulk density} Dg were there­
fore, brought about mainly by the changes in the interaggregate 

void space* A close inspection of Table 4*16 indicates a volume 
loss about 16 to 23 em3/100 cm3 initial volume* It is likely 
that there vas more mixing of aggregate-diameter separates in 
the laboratory as compared to field 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 vas lower than wedge and rotary tiller* Although 
the density under rotary tiller was quite high, difference in
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bulk density obtained by rotary tiller and wedge plough was 
little* The dry density of mixture varied between 1.12 to 1*14 
g cm*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 in the case of disk and mould­
board, the clods were bigger and because of more inter aggregate 
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 volume of aggregates as indicated 
in Table 4.17 show that the aggregate density increased with the 
decrease in aggregate diameter. The aggregates of diameter 
15.87 mm had the density of 1.57 g cm*3 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 
1.11 g cm*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 2.66 g cm*3. Thus it may 
be stated that the smaller aggregates were not as porous as 
those of larger diameter aggregates. The results are in agree­
ment with the observations made by ¥ittmuss and Mazurak (1958), 
Larson (1964), and Allmaras £&• al.(1965).

The significance of the aggregate-diameter distribution 
for describing packing arrangement was evaluated from the changes 
in bulk density; % (also from the volume loss upon mixing aggre­
gate-diameter separates) as predicted by the changes in log OMD 
and cT log d. The larger values of (T 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

t OB'3

Aggregate 
density 

g car3

Particle density

g cm-* 3
miszz

I 0*76 1*57 2.64
II 0*82 1.60 2.65

III 0*83 1.62 2.64
IV 0*86 1.63 2.65

V 0*91 - 2.65
VI 0*95 - 2*64

VII 3. 3. - 2.65
** *• ♦ *

S.Sm +, 0*0021 0.0013 0.0017

^0.05 0*006 0.004 0.005
LSD0.0l 0.009 0.006 0.007

i 0.80 1.S7 2.65
ii 0.85 1.61 2.66
in 0*87 1.62 2* 65

IV 0.89 1.64 2.66
V 0*94 - 2.65

VI 1.04 - 2.65
VII 1*16 • 2.66

** ** ♦ *
S.Bbj + 0.0047 0.0012 0.0021
^&0. 05 0.018 0.004 0.007
WD0.01 0.025 0.005 0.009

** significant at 1% level
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larger values of log GMD. The larger values of log GMD and 

0~ log d (Table 4*16) were observed in disk and mouldboard than 
in wedge and rotary tiller* The change of Dg was observed con­
comitantly with changes in 0~ log d. Some change in log GMD 

was also noted* These relations were examined more comprehen­
sively. For each of 25 locations, the measurements of log GMD,
CT log d and Dfi 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 
at. al. (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*e* log 
GMD and 0T log d made only a linear contribution to Djg* The 
values of constants and g were computed as suggested by 
Allmaras £&• aL* (1965) and the constants for this soil were found 
to be of interest in predicting the bulk density of the soil 
immediately after tillage operation* The equation, established, 
therefore, can be stated as t

Allmaras si* jal.,1965

Once the values of log GMD and (T log d after tillage are 
known along with p x and fig, it is possible to predict the bulk 
density of cloddy surface Immediately after tillage which in 
practice poses a serious problem of bulk density measurements*



Part III
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

fable 4.18 shows clod size distribution as influenced by 
the combinations of the experimental variables, namely i bulk 
density, soil moisture and speed. It may be observed that higher 
percentage of clods larger than 50 mm diameter was recorded at 
the highest values of bulk density, soil moisture and speed 
(Dghg^ closely followed by the treatment combination DgMgS^ 
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 
soil to a great extent. It is seen that the percentage of clods 
larger than 4.76 mm was less when the soil was tilled at 1.66 g 
cm*3 initial bulk density compared to clods produced at the den­
sity of 1.79 and 1.85 g cm*3 respectively.

It is evident from Fig.4.30 that the mean weight diameter 
of clods also increased with the increase in bulk density, soil 
moisture and speed. This indicates that when the soil was comp­
acted to higher bulk density, the occurrence of larger clods 
dominated the soil surface thereby increasing surface roughness. 
However, this resultant larger clods induced higher draft as 
more energy was consumed in the process of lifting furrow slice

CMto
1
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in such cases (Fig.4.31)# The presence of larger clods indi­
cates that the less work was done on the soil whereas more work 
was done on the tool. The results of Gill and KcCreery (1960) 
also lend a support to this view. The soil fraction at lower 
values of bulk density, moisture content and speed was domina­
ted with smaller clods. A close observation of Table 4.18 
indicates that the clod size distribution of soil varied con­
siderably under different treatments.

Maximum soil fracture was noted (Table 4.19) as the bulk 
density, moisture content and speed were increased from 1.65 to 
1.85 g cm*3, 8.66 to 9.84 per cent and 0.25 to 1*25 m/sec res­
pectively. Ideally we are interested in how much energy a till­
age tool puts into fracturing the soil. The amount of soil 
fracture is difficult to estimate in a tillage experiment, but 
it can reasonably be argued from the data that fracture is 
proportional to the amount of new soil (clods) surface produced. 
Furthermore, it is seen from Table 4.19 that the energy or draft 
required to achieve a certain clod size is directly related to 
the new soil (clods) surface produced. Our objective, therefore, 
is to maximise soil fracture for a given input of draft. The 
maximum soil fracture was 3704 cm3 which produced clods of 3.60 
mm M¥D and least soil break-up was noted as 2465 cm® which con­
tained clods of 1.28 mm M¥D. However, there was no significant 
difference 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 moisture 
and speed on draft, clod mean weight diameter(KWD) 
and soil fracture

Treatment 
comb in a- 
tions

Total draft Unit draft Kean weight 
diameter 

(KWD)

Soil fracture 
along 30 cm 
length of 
furrow

kg kg/CB3 mm cm3

DlHlSi 6*00 0.136 1 Oft if G& 2465
D#lSi 9*75 0.222 1.39 2727
D3H1S1 14.25 0.325 1.77 3142

*>1*1*2 16.25 0.369 1.65 2638
D#iS2 19.00 0.432 2.06 2815
¥is2 23.25 0.528 2.14 2299

DlMgSi 10.00 0.227 1.60 2548

14.00 0.318 2.52 3075

^2®! 17.50 0.398 3.35 3450

D1M2S2 19.25 0-437 1.91 3028

22.25 0.506 3.03 3175
DaHaB2 25.25 0.561 3.60 3704
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Table 4.20 Individual affect of bulk density, soli moisture 
and speed on draft, clod mean weight diameter 
(MM)) and soil fracture

Treatments Total draft

kg

Unit draft

kg/cma

Mean weight 
diameter 

(MWD)

mm

Soil 
fracture 
along 30 
cm length 
of furrow cm3

“i 12.87 0.292 1.61 2F53.08
°2 16.25 0.370 2.25 2948.00
d3 19.81 0.453 2.72 3309.00

*« ♦ ♦ ♦ ♦ ♦♦
S.Bm i. 0.156 0.0053 0.033 48.984
V&Q.05 0.46 0.017 0.11 143.07
^0.01 0.62 0.023 0.13 195.28

14.76 0.335 1.72 2903.22
k2 17.88 0.408 2.67 3163.50

*« *♦ *♦
S.Em i. 0.12? 0.0046 0.02? 39.995
^O.OS 0.37 0.014 0.09 117.31

0.51 0.019 0.11 159.45

Si 11.92 0. 271 1.99 2956.72
s2 20*71 0.472 2.40 3110.00

** ♦ ♦ ♦ * ♦ *
S.Bm ±, 0.127 0.0046 0.02? 39.995
^O.OS 0.37 0.014 0.09 117.31
^0.01 0.51 0.019 0.11 159.45

♦♦ significant 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 -it is worth noting that each variable 

contributed significantly towards the variation in clod MWD. The 

highest KWD occurred under highest bulk density (1.85 g cm"3) 

closely followed by highest moisture content (9.84 per cent) and 

higher speed (1.25 m/sec). The lower KWD 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 moisture and speed are 

given in Table 4.21. A positive correlation existed among all 

of them#

A shatter test was used to establish a relationship between 

the energy imparted to the soil and the degree of fragmentation.

It is evident from Fig. 4.33 that the plotted data tend towards 

a straight line as the number of drops increases. An energy 

curve was prepared from the data secured in the drop-shatter 

tests. The distance of fall was found great enough to cause 

shatter of the soil and accumulated 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 soil strength. It is observed that clod mean weight 

diameter (HwD) was inversely proportional to the equivalent energy 

input by dropping. The observations cure in agreement with Gill 
and McCreery (1960).
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The relationship between cumulative drop height (CDE) and 

the resultant clod mean weight diameter (M'JD) is given in Table 

4* $2* As expected, clod MWD decreased with repeated droppings 
in all the treatments, it shows that MV® was inversely proper- 
tional to the CDH. It is interesting to note that the clod MWD 
values at 1000 cm CDH was found to be more at higher bulk den­
sity under similar soil moisture and speed conditions. Low 
values of KWD were noted at lesser bulk density* This low value 
of clod KWD indicates that more work was done on the soil by 
repeated droppings. Higher values of HVD even after droppings 
at higher bulk density indicate that the clods produced in such 
cases possess greater mechanical stability than those produced 
at lower density. This increased mechanical stability is attri­
butable to firm packing of the soil particles*

4*10 Effect of Bulk Density on Draft

The packing force of the soil as applied by the weight of 
the roller during soil bed preparation changed the bulk density* 
It is evident from Fig.4*31 that every increase in bulk density 
was accompanied by the increase in unit draft at the same mois­
ture content and speed. This relationship was nearly a straight 
line in all the cases. This Increase in draft may be ascribed 
to the amount of resistance of soil to the forward movement of 
the tool. This is because of the firm packing of soil particles 
which requires more energy to break open the furrow. Under iden­
tical conditions of speed, the unit draft was found maximum in
the order of 0.528 and 0.561 kg/cm2 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*3.
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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 hulk density and speed. The gradual increase in unit 
draft is clearly seen from Fig.4.31. Maximum unit draft was 
required at 9.84 per cent moisture content when the tool was 
operated at the speed of 1.25 m/sec and was found minimum at 
8.66 per cent moisture content when the spaed was 0.25 m/sec 
under the similar conditions of density of the soil bed. It is 
surprising to note that even though there was hardly a difference 
of about 1.18 per cent between two moisture contents, the varia­
tion in unit draft was remarkable (Table 4.20) between these 
two levels of soil moisture contents.

4.12 If feet of Speed on Draft

The moisture content at which speed did not influence appre­
ciably was slightly above the wilting point (Telischi jgt* al»» 
1966). It was found that as the moisture content increased from 
8.66 to 9.84 per cent, the slope of the line plotted in Pig.4.31 
increased progressively under the similar conditions of bulk 
density. In the present investigations, the high speed selected 
was 1.25 m/sec which was 5 times higher than the low speed of 
0.25 m/sec. It can reasonably be pointed out that though the 
time required for tillage operation was much less at high speed, 
the horizontal opposite forces acting on the tool coupled with 
the resistance of soil against the forward movement 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 different operational speeds under the same moisture and 
density conditions, the trend of increase 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, soil moisture content and bulk density 
play a significant role in draft requirement for fracturing the 
soil during tillage.



167

Chapter V 

SUMMARY

Every crop has a range of soil physical environment that 
provides optimum conditions vhich 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 a 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 I
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 
soil 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 
soil 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 yield attributes in order to find out the most 
desirable soil physical environment for successful wheat growth* 
The edaphic factors such as soil aeration, moisture stress and 
penetration resistance were measured quantitatively at frequent 
intervals*

Seedling 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 metric 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*soil 
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 emer­
gence* The emergence of seedlings was better in the plots domi­
nated with average size clods of 4 to 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 soil. It 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 development and proliferation has maximum bearing on 
crop production. The grain yield 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 beneficial 
effect on root development, growth parameters and yield attri­
butes.

The results clearly indicate that the yield of wheat was 
significantly higher in tilled plots than in untilled one. Among 
the soil management practices, disk and mouldboard proved supe­
rior to other treatments 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 metric 
suction.
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The bulk density and porosity of soil at various growth 

phases of wheat plant appear to have governed the edaphic factors. 

The better crop performance in plots of low bulk density was 

correlated with higher ODR, lower matric suction and lower pene-
I •

ti|dtion resistance. As discussed earlier, the wheat plant is

v^r|r sensitive to aeration, moisture availability and soil
* »

stjijength. Since the ODE values were always higher than 30 x
!JL

1C| • g cm”2 min”^, it may be assumed that ODH was not the limiting 

factor in tilled plots. But the low ODR value, less than 30 x 
10*?8 g cm”2 min"^, in untilled plot seems to have definitely 

affected the root development and performance of crop adversely.

The matric suction was significantly higher in untilled 

plit and plot tilled by rotary tiller than other treatments espe­

cially at the reproductive phase. The higher moisture stress 

during this peak moisture requirement phase of wheat appears to 

hjafre affected the leaf development and production of fertile 

teller, head per unit area, grains per head and finally the yield. 

Hovever, higher porosity under mouldboard and disk, helped in 

storing water and plant did not suffer from moisture stress and 

therefore, the resultant grain yield was highest under them.
I j
i I The curvilinear relationship of grain yield with leaf area
i i

ijijdex and number of tillers clearly indicates that yield can not 

get on increasing with increase in the above three factors, rather 

there lies an optima for an individual factor and combination of 

all, from the point of view of grain yield. It appears that in 

the agro-climatic region of West Bengal, wheat yield can be maxi­

mised if 19 to 24 tillers/30 cm drill bear heads.
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It appears that edaphic factors are closely related to bulk 

density of Soil. From the results, it is evident that bulk den­

sity of 1.35 - 1.40 g cm*3 during vegetative growth phase provi­
des conducive soil environment 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 cm*3 favours the maintenance of the most desired soil 
environment.

The above soil physical environment should be created by 
altering the soil structural relationship in such a way that 
would be conducive to produce the optimum 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 
parameter to express soil structural changes which are responsi­
ble for variation in edaphic factors during the entire period of 
wheat. In the present investigations, the most conducive soil 
physical environment found to be created by the disk and mould­
board plough in the seed beds of which the initial clod size was 
11 to 12.50 mm HWD in lateritic soil of Kharagpur.

Part II
Physical Properties of Soil Aggregates

Four pre-plant tillage treatments, namely i 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 ma& be modified somewhat by choice of tillage operation.
The desired modification depends on the casual relations between 
aggregated!ameter distribution ( and geometrical arrangement ) 
and processes such as movement and retention of water, evapora­
tion losses, seed-soil and root-soil contact. The size and 
arrangement of aggregates in soils has profound influence on the 
amount ant configuration of the pore space which in turn governs 

air and water relations.

The significance of the aggregate-diameter distributions 
for describing packing arrangement was evaluated from the changes 
in bulk density ( also from the volume loss upon mixing aggregate- 
diameter separates ) as predicted by the changes in log GMD and 

<T log d. The logarithm of geometric mean diameter (log GMD) and 
the dispersion of aggregate diameter (cr log d) changed different­
ly depending on the tillage treatments and year of study. Large 
differences were noted in these measurements among tillage treat­
ments. It is evident that bulk density increased among tillage 
treatments with the decrease in log GMD and <T log d. The larger 
values of log GMD ana cr log d were noted under disk and mould- 
board than under wedge and rotary tiller. The change of bulk 
density was observed concomitantly with changes in <T log d and 
log GMD. The changes in bulk density were brought about mainly 
by the changes in interaggregate void space. The minimum density 
was note# under disk and mouldboard as compared to wedge and 
rotary tiller. The aggregate density increased as the diameter 
of aggregate decreased. The volume loss measurements also deal
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wit|i inter aggregate void space, associated with bulk density. 

Manaus volume loss upon mixing the aggregate mixture was noted 
un&r disk and mouldboard whereas minimum under wedge and rotary 
tiller. In the laboratory, an increase in weight fraction of 
wafer was observed from increasing <T log d. Therefore, it may 
be Suggested that both log QMD and (T log d are measurable para- 
me|ers of soil conditions in the beds of soil aggregates and may 

he|p explain soil water retention and movement, evaporation 
looses, seed-soil and root-soil contact. Furthermore, the change 
inibulk density can be predicted from clod size distribution.
Th| values otfii and computed for this soil were found to be

i
-o|66 and 1.34 respectively. By incorporating these values in 
th| equation suggested by Allmaras al.(1965)t it is interest- 
in| to find out the relationship between changes in bulk density 
frfm an aggregate size distribution determination.

g-'

I
j Part III
I Soil Bin Experiments

l The relationship between the draft requirement and some 
variables like bulk density, soil moisture and speed of operation 
wap observed under laboratory conditions in order to study the 
di|ift requirements of a rectangular tillage tool and the result- 
4 clod size distribution which sex’ves as a single parameter 
fo|* evaluation of soil physical conditions immediately after 
tillage*

Increase in draft was higher with the increase in bulk den­
sity, soil moisture and speed. 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 1.86 g cm*®, 8*66 to 9.84 per cent and 0.25 to 1.25 m/sec 

respectively (Sable 4.20). Since moisture content and speed of 

operation can be monitored 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. It is seen that 

draft required to achieve a certain clod size is directly related 

to the resultant new soil surface. It is also evident that the 

clod mean weight diameter increased from 1.61 to 2.72, 1.72 to 

2.67 and 1.99 to 2.40 mm as the bulk density, soil moisture 
content and speed were increased from 1.65 to 1.85 g cm”3, 8.66 

to 9.84 per cent and 0*25 to 1.25 m/sec respectively (fable 4.20).

A shatter test vas also used to establish a relationship 

between the energy imparted to the soil and the degree of frag­

mentation. It is observed that clod mean weight diameter (MWD) 

was inversely proportional to the equivalent energy input by 

dropping. Low value of clod M¥D indicated that more work was 

done on the soil by repeated droppings.
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Chapter VI 

CONCLUSIONS

The following concilia ion* may be drawn from the present 

investigations «

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

2) the bulk density and total porosity, which are inter­
related , have direct bearing on the edaphic factors, namely t 
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 
moisture 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 availability to germinating seeds appears 

to be the most important limiting factor to seedling emergence 
under the agro-climatic condition of Kharagpur;

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

5) wheat plant was observed to be very suoceptible to 
moisture stress at reproductive phase. Higher 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 ODE should always be maintained above 50 x 10“ g 
cbT** min~l for proper root development and yield of grain;

7) the lower penetration resistance to 10 cm depth during 
vegetative phase (less than 3*0 joules cm*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 metric 
suction, lower penetration resistance and higher ODE, appeared 
to be due to beneficial effect of above factors on root and shoot 
growth;

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

v 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;

\vll) 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 mm M¥D in lateritic soil of Kharagpur;

12) the logarithm of geometric mean diameter (log QMD) and 
the dispersion of aggregate-diameter separates (c*log d) are the
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measurable parameters of soil conditions in the beds of aggre­
gated soil and may help explain soil water retention and move- 
rent, seed-soil and root-soil contact!

13) the equation established for Kharagpur soil was i 
MDB) * -0.66[n(log QMD)] + 1.34f(iTlog d)]

The above equation gave the bast results of the changes in bulk 
density that occurred under different tillage practices. Thus 
the changes in bulk density oan be predicted from clod size 
distribution immediately after tillage!

14) the larger values of log GMD and CT log d were noted 
under disk and mouldboard than under wedge and rotary tiller.
The bulk density increased %Ath the decrease in log GMD and 
CT log d. The change of bulk density was observed concomitantly 
with changes in log QKD and <r log d. Volume loss upon mixing 
decreased with decreasing <T log d and was inversely proportional 
to bulk density of aggregate mixtures. However, water retention 
at 0.06 bar tension increased with the increase in <T log d and 
log QMS. The aggregate density increased as the diameter of 
aggregate decreased!

15) the magnitude of Increase in draft was higher with the 
increase in bulk density, soil moisture and speed. Minimum unit 
draft occurred at 1.65 g cm*3 bulk density and 8.66 per cent 
moisture content when the tool was operated at 0.25 m/sec speed!

16) clod MWD and soil fracture increased linearly with the 
increase in bulk density, soil moisture and speed. Presence of
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larger clods indicated that less work was done on soil whereas 
more work was done on the tool resulting in greater draft. 
Fracture was proportional to the amount of new soil (clods) 
serfage produced. Draft required to achieve a certain clod 
sit# Has directly related to this resultant cloddy surface of 
sgll. Furthermore, the clod KM) was inversely proportional to 
■tie equivalent energy input by droppings. Low value of KM), 

ift rush cases indicated that more work was done on the soil by 
|| f; reposed droppings.

4
From the results of the present investigations, it appears 

that soil in this agro-climatic region should be tilled at 8 per 
Cant moisture content with the speed of 0.25 rc/sec (0.9 km/hr) 
in order to produce the soil condition desirable for wheat 
growth and maximization of yield. This results in maximum 
fracture of the soil with minimum draft and yet help create 
iaitial clod size which is conducive for the best performance 
4t wheat.
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APPENDICES 

APPENDIX A

Stan©ary of analysis of variance of data presented in fable 4,2

Mean son of squares

variation
df Clod mean 

weight 
diameter 
(MWD)

BOB

Bulk density

g cm-3

Total por<

cm/10 (

18ZlsZ2

Blocks 4 0*22 0*006 0*32

Tillage SI/4 79*65 0*299 48. 3A

Error la/ie 3*912 0*0082 0.375

mMm -

Blocks 4 0.11 0.009 0.78

Tillage S/4 67.45 5.572 31.86

Error laae 0.027 0.0071 1.893
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APPENDIX 0

Summary of analysis of variance of data presented in Table 4*12

Mean sum of squares
Sources of 
variation df Maximum

plant
height

cm

Maximum 
tiller/ 
30 os 
drill

LAI Maximum 
dry matter 

/30 cm 
drill 

g

Straw yield

kg/ha

imirJLZ

Blocks 4 7.50 12.20 0.13 10.83 10.76

Tillage 4 116.92 297.34 12.53 1316.72 1280.92

Error 16 1.253 9.39 0.047 7.128 8.285

*222=22

Blocks 4 4.79 10.14 0.17 7.74
•

13.52

Tillage 4 678.50 677.14 11.47 1304.87 1680.63

Error 16 3.181 6.821 0.078 4.528 4.869

C
D

C
O
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appendix h

Susan ary of analysis of variance of data presented in Table 4*13

Sources
of

variation

Kean sum of squares
df Number

of
fertile 
tillers/ 
30 cm 
drill

Spike
length

cm

Number
of

grains
per
spike

1000
grain
veight

8

Qr ain 
yield

kg/ ha

1221=22
Blocks 4 5.06 0.19 8.26 1.61 42.75

Tillage 4 31. 26 6.53 167.66 32.16 368.74

Error 16 0.485 0.12? 1.852 0.987 16.382

igaaa
Blocks 4 4*98 0.13 7.09 4.49 65.92
Tillage 4 84.16 6.07 177.69 30.38 474.85
Error 16 1.008 0.097 2.518 0.998 38.532
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APPENDIX L

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

Characters
drain Fertile Dry
yield tillers matter

'lil..... Tiller/
30 cm 
drill

1 Root
weigh;

1000 grain wt. 0.33
drain /spike 0.93
Spike length 0.99
No.of fertile tillers 0.96
Dry natter/30 cm drill 0.98
LAI 0.97 0.98 0.99
Tiller/30 cm drill 0.99 0.99 0.98 0.99
Root weight 0.99 0.96 0.99 C.98 0.97
OKI vegetative 0.89 0,96 0*95 0.96 0.98
ODR reproductive 0.94 0.85 0.95 0.92 0.89 0.96
ODR grain formation 0,92 0.85 0.93
Katric suction

vegetative -0.93 -0.96 -0.98 -0.89 -0.94
reproductive -0.99 -0.93 -0.98 -0.97 —0.96 -0.94
grain formation -0,99 -0.98 -0.97

Penetration resistance
16 am vegetative -0.92 —0.89 -0.84 -0.91

reproductive -0.97 -0.89 -0.96 -0.94 -0.92 -0.98
grain formationl-0.97 -0.88 —0.95

10 cm vegetative —0.92 -0.89 -0.84 -0.90
reproductive —0.93 —0.85 -0.94 -0.92 -0.86 -0.92
grain formation -0.93 -0.87 —0.95

5 cm vegetative -0.93 -0.91 -0.86 -0.92
reproductive —0.95 —0.90 —0.96 -0.95 -0.91 -0.96
grain formation -0.96 -0.92 -0.98

Bulk density
vegetative -0.94 -0.9S -0.97 -0.92 —0.88 -0.92
reproductive -0.97 -0.95 -C.98 —0.98 -0.97 -0.99
grain formation —0.94 —0.95 -0.97

Total porosity
vegetative 0.99 0.93 0.99 0.98 0.97 0.99
reproductive 0.98 0.94 0.99 0.98 0.96 0.98
grain formation 0.98 0.93 C.98
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appendix m

Correlation coefficient between grain yield, yield attributes and 
soil edaphic factors during 1972-73

Characters
Grain
yield

Fertile
tillers

Dry
matter

LAI Tiller/
30 cm 
drill

Root
weiglt

1000 grain wt. 0.55
Grain/spike 0.94
Spike length 0.99
No.of fertile tillers 0.98
Dry matter/30 cm drill 0.98
LAI 0*96 0.97 0.99
Tiller/30 cm drill 0.99 0.93 0.96 0.95
Hoot weight 0.99 0.95 0.98 0.98 0.98
ODE vegetative 0.89 0.97 0.94 0.91 0.97
0DH reproductive 0.94 0.87 0.95 0.93 0.93 0.96
0DR grain formation
Hatric suction

0.92 0.83 0.92

vegetative —0.94 —0.98 *-0.96 -0.94 -0.92
reproductive -0.99 -0.91 ■-0.96 -0.96 —0*98 -0.99
grain formation -0.94 -0.94 -0.99

Penetration resistance
15 cm vegetative -0.91 -0.89 —C«.88 -0..92

reproductive —0.96 -0.88 -0.96 -0.95 -0..96 -o,.98
grain formation -0.96 -0.88 -0.95

10 cm vegetative -0.92 —0.91 -o..86 -0.,91
reproductive -0.92 -0.36 -0.96 -0.95 -0..86 -o..92
grain formation -0.93 -0.86 -0.95

5 cm vegetative -0.94 -0*92 -0..88 -0..96
reproductive -0.95 -0.90 -0.97 -0.96 -0..92 -0..93
grain formation -0.95 —0.90 -0.97

Bulk density
vegetative -0.91 -0.86 -0.94 -0.96 -0..96 -0..95
reproductive -0.94 -0.90 -0.97 —0.95 -0..93 -0,.96
grain formation -0.9S —0»89 —0.96

Total porosity
vegetative 0.70 0.96 0.99 0.98 0..96 0..99
reproductive 0.96 0.94 0.98 0.99 0,.92 0.,97
grain formation 0.97 0.94 0.89


