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INTRODUCTION

Onattukara tract, spread over Kollam and Alappuzha districts is unique for the
cropping system practiced there. The cropping intensity is very high i.e. 300 per cent.
Three crops are raised in the kharif, rabi and summer seasons. Cropping system usually
followed in Onattukafa tract is Rice-Rice-Sesamum/Pulses/Vegetables. The soil in that
area is coarse textured with low nutrient and water retention capacity. Because of their -
low water storage in the root zone and high susceptibility to leaching of mobile nutrients,
crops on these soils are more prone to water and nutrient stresses. These stresses cause
reduced plant growth and development and hence low crop yields. These observations
imply that crop yield in sandy soils can be increased through a host of management
practices, albeit with different modes of action. |

Soil productivity is a complex phenomenon, governed by physical, chemical and
biological characteristics, climatic conditions, management practices and other hazards
such as pathogens and pests. Onattukara soils are coarse textured having lower specific
surface areas and higher infiltration/percolation rates. Specific problems in the
management of sandy soils include their excessive permeability and leaching of nutrients
and their small soil moisture storage capacity in the profile.

Productivity of coarse textured sandy and loamy sand soils is relatively low due to
its extreme permeability, which permits deep percolation of water and nutrients. For such
soils of high infiltration rate, reduction of seepage losses by reducing the relative
proportion of macro pores through compaction has an important beneficial effect on
growth and yield of crops. Soil compaction increases soil strength and volumetric water

content and decreases total porosity, air content, infiltration rate and saturated hydraulic



conductivity- Along with compaction, application of coir pith and kayal silt, which are

locally available, definitely improve the soil physical properties such as water retention

and soil structure. Excessive permeability of Onattukara soil can be decreased to an
extent by management practices such as soil compaction, application of organic manures
and amendments such as coir pith and kayal silt.

Rice based cropping system is prevalent in Onattukara tract. Inclusion of legumes
in the cropping system will definitely improve the soil health and consequently result in
increasing the yields of subsequent crops in the sequence.

Thus in order to increase and stabilize the productivity of crops in Onattukara
tract, suitable management practices such as soil compaction and application of
amendments such as coir pith and kayal silt have to be adopted. Therefore the present
investigation was undertaken with the following objectives.

1. To study the effect of soil compaction with organic manures and soil amendments
on nutrient availability, rooting pattern, yield and quality of rice, sesamum, green
gram and cowpea.

24 To find out the best amendment for increasing the soil moisture content and yield
of crops.

3. To estimate the residual effect of compaction on rice based cropping system.

4. To assess the effect of compaction on soil physical and chemical properties.
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Review of literature

Onattukara soils are predominantly loamy sand in texture. These soils retain
only very little moisture and nutrients. The large pores in these soils enclosed by coarse soil
fractions are drained at relatively low tension. Thus with increasing soil moisture tension,
there is very fast initial release of water. Owing to high final infiltration rates up to 40
cm hr, percolation losses are heavy. Because of the predominance of macrospores, these
soils are excessively drained, have low plant available water reserves and are extremely
susceptible to drought (Lal, 1995) In sandy soil, losses due to leaching particularly of
soluble nutrients such as NOs-N and potassium are considerably higher.

Compactibility of soil is dependent on the soil moisture content at the time of
compaction and thrust of the roller. Almost all physico-chemical properties of coarse
textured soils are affected by soil compaction. Studies relevant to compaction effects are
reviewed for different parameters.

2.1 Treatment effects on physical properties of soil.

Compaction affects the soil physical properties like moisture content, water holding
capacity, infiltration rate, hydraulic conductivity, porosity, aggregate stability, soil strength
etc. The pore geometry of a soil is altered upon compaction and changes occur in the
magnitude of aeration, mechanical impedence and moisture holding capacity. The plant
response to soil compaction within a given bulk density range is the result of interaction of
these factors. A study of these interactions would be helpful in understanding the behaviour
of plant growth in compacted soils.

2.2 Effect of treatments on hydraulic conductivity of the soil
The effect of compaction on hydraulic conductivity of soil on which aeration and

moisture availability can be predicted from the changes brought about in the size and



geometry of voids, based on Poisseulli equation which states that the volume of water
flowing through a tube per unit time is proportional to the fourth power of its radius.

Progressive decrease in saturated hydraulic conductivity with compaction was
observed by various workers. Miller and Gardner (1962) showed that an impeding layer
causes abrupt discontinuities in moisture content and hydraulic conductivity at the inter-
layer boundaries and a pronounced reduction in infiltration.

Thus compaction by decreasing the larger voids had marked effect in decreasing
water transmission in saturated soil (Warkentin, 1971).

Waldron et al. (1971) stated that compaction caused local shearing and particle
rearrangement resulting in a greater reduction in hydraulic conductivity.

Greacen and Sands (1980) reported that soil compaction decreases saturated
hydraulic conductivity. A slight increase in sub surface compaction of about 0.1 Mg m’
reduced the saturated hydraulic conductivity (Agrawal, 1980, Agrawal ef al 1987)

Sur et al. (1981) reported that puddling and soil submergence during rice growth
decreased hydraulic conductivity in 5 — 25 cm. soil layer.

When compared to no till treatment and puddiing, ébmpaction treatment recprded
lowest saturated hydraulic conductivity of 0.12 per pum s’ in a sandy loam soil (aeric
tropaquent) cultivated to low land rice in south west Nigeria. In puddled soil, hydraulic
conductivity was 0.15 um s-'and in no till treatment it was 1.65- um s, This is because the
undisturbed soil in the no till treatment, has greater porosity and a predominance of
macropores or bio channels created by soil fauna and decayed roots. In contrast both
puddling and compaction decreased the macropores and improved the soil structure
(Ogunremi et al.1986).

Nimmo and Katherine (1988) reported that in sandy soils at low water content, soil

compaction either by bringing the fine particles closer together or by altering their



orientation in a way that affects pore size distribution could cause a decrease in hydraulic
conductivity.
2.3. Effect of treatments on moisture content of soil

Compaction to a certain level brings about an increase in micropores at the expense
of macropores resulting in an increase in available water content.

A slight iﬁcrease in subsurface compaction of about 0.1 Mg m™ increased the soil
moisture retention (Agrawal, 1980, Agrawal et al. 1987)

Gupta and Abrol (1993) reported that the amount of water retained in the 0-10 cm
loamy sand layer after 24 hours of irrigation was 21.5% higher in the soil compacted by 8
passes of 490 kg roller than in uncompacted soil. The available water storage capacity also
increased.

Sharma et al. (1995) reported that in a loamy soil (aquic dystropept), the compacted
plots had the greatest soil water after rice crop harvest. High soil moisture content after
harvest is essential to increase cropping intensity through production of an upland crop after
rice.

2.4 Effect of treatments on infiltration rate of s‘oil

The effect of compaction on infiltration rate is similar to its effect on hydraulic
conductivity. Compaction has been found to result in a decrease in infiltration rate, though
the magnitude of decrease differs in different soil types depending upon the pore size
distribution. The changes in infiltration rate as a result of compaction have been reported
by several workers (Patel and Singh; 1981; Douglas and Mckyes, 1982).

An increase in subsurface compaction by 0.1 Mg. M reduced the water infiltration

rate (Agrawal, 1980 and Agrawal et al .1987).



Ogunremi et al .(1986) reported that in aeric tropaquent, the equilibrium infiltration
rate in a compacted treatment was 0.12umS™ which was lower than the ploughed and no till
treatments. The rate of infiltration decreased with soil compaction.

Agrawal (1991) reported that the average infiltration rate of subsurface compacted
sandy soil is 25.3 cm hr' and that of surface compacted soil is 22.2 cm hr! against an
infiltration rate of 32.7 cm hr! in non compacted soils.

The compaction of a loamy sand decreased the cumulative infiltration by 24.0%,
25.5%, 26.5% and 27.5% above the cumulative infiltration of 18.2 cm, 29.1 cm, 36.9 cm,
and 43.3 cm in 30, 60, 90 and 120 minutes respectively (Gupta and Abrol, 1993)

The infiltration rate of compacted sandy soils cropped with ground nut decreased
from 9.20 cm hr! (control) to 5.10 cm hr” (20 passes of roller) where as in the sorghum
plots the infiltration rate reduced from 32.0 cm hr (control) to 11.2 cm hr™* (12 passes of

roller) (TNAU, 1995)
2.5 Effect of treatments on porosity of soil

The moisture characteristics of the soil is a function of pore size distribution of soils.
Compaction results in alteration of the pore size disuibutic;n, which in turn influences the
plant growth through changed water relations of the soil. Greacan and Sands (1980)
reported that soil compaction decreased total porosity.

Ogunremi et al (1986) reported that the total porosity of a compacted soil (aeric
tropaquent) was less when compared to a no till treatment. Soil compaction compresses
large pores into smaller ones favouring water retention over drainage (Gulati et al, 1985;
Abo-Abda and Hussain, 1990).

Increased compaction of the soil caused an increase in the volume of storage pores,

which is a common characteristic of applied stress (Gupta et al. 1989). Mc A Fee et al.



(1989) reported that presowing compaction on a clay soil reduced the total porosity of soil
by 6% owing to loss of pores greater than 60 pm and water retention was increased.
Compaction interlocked the aggregates in such a way that it minimized the volume
of macropores and reduced the percolation losses. The compacted treatments reduced the
volume of transmission pores by 83 per cent, decreased the percolation losses by 30%
where as the volume of storage pores (50 to 0.5 pm) increased with compaction. The
number of large pores decreased sharply under compaction as the pores oriented themselves
perpendicular to the action of load. Compaction interlocked the aggregates in such a way
that it minimized the volume of macropores and reduced the percolation losses (Acharya

and Sood, 1992).
2.6. Effect of treatments on mean weight diameter

The resistance of soil aggregates to the slaking and dispersive effects of water
(aggregate stability) is important for maintaining of the porous structure of soil. The term
mean weight diameter is used to quantify the aggregate stability. A mean weight diameter
of 5 mm is considered to be optimum for seed beds (Larson, 1964).

Aggregate stability to wet sieving has been relatéd to organic matter content
(Chaney and Swift, 1984). Soil organic matter has a particularly important role in relation to
aggregate stability because of its binding and cementing actions (Oades, 1984). A positive
correlation of organic carbon and aggregate stability was reported by Sharma and Agrawal
(1984) and Christensen (1986).

The larger mean weight diameter in the soils is primarily due to the occurrence of
oxides of Fe, Al and Mn in these soils, which resisted break down. Hart et al. (1988) found
that changes in macro aggregate stability was more closely related to decline in microbial

bio mass carbon than to total organic carbon.



Increasing concentration of organic carbon at the soil surface may improve soil
structure and aggregate stability depending on soil type (Carter ef al.1990). Aggregate
stability was significantly correlated with total soil organic matter content over a wide
range, of cropping histories indicating that the binding action of humic substances were
playing an important role in stabilizing aggregates (Haynes et al. 1991).

Carter (1991) reported that in a typic psammagquent, addition of farmyard manure to
the river deposit improved its structure as significantly higher values of water stable
aggregates and mean weight diameter were observed.

Acharya and Sood (1992) reported that compaction of soil interlocked the
aggregates in such a way that it minimized the volume of macropores and reduced the
percolation loss.

Horne et al. (1992) reported that the conservation tillage system are less damaging
to soil aggregate stability than conventional tillage and continuous cropping caused a
decline in aggregate stability compared with pasture.

Nicous ef al. (1993) reported that plant roots particularly those of graminae improve
the soil structure. Below the threshold clay content of 20% and especially when the clay
fraction does not contain expanding lattice clay minerals, the soil is considered structurally
inert. In these soils, plant roots cannot by themselves improve soil structure. In these soils
tillage is necessary to help offset the inefficiency of natural factors in improving soil
structure.

Kay et al. (1994) reported that wet aggregate stability is more responsive, to
management than the tensile strength. The aggregate stability at 0-5 cm depth showed a
positive correlation with organic carbon content.

Unger (1997) reported that mean weight diameter of water stable aggregates was related
to soil organic matter or organic carbon concentration. Small aggregates reduced

infiltration and there by the potential for soil water storage. Aggregate size differed due to



cropping systems, rotation phase and crop but aggregate water stability and dry aggregation

differences generally were not significant.
277  Effect of treatments on bulk density of soil

Bulk density is related to the total porosity of soil. Soil compaction increases the bulk
density of the soil. Increasing the bulk density of a clay loam soil from 1.1 to 1.8 Mg. m”
resulted in significantly greater root cation exchange capacity of several plant species
(Kulkarni and Savant, 1977). Soil compaction is characterized by changes in bulk density
(Cassel, 1982; Canarache et al. 1984)

The compaction of the sandy loam soil increased the bulk density, but the magnitude of
increase in bulk density was within the optimum limits of loamy sand for sustainable crop
production (Gupta ef al.1984). Ogunremi et al. (1986) reported that in a sandy loam soil
(aeric tropaquent), the compacted plots recorded highest bulk density than puddled and no-
till treatments.

Pabin et al. (1991) reported that maximum sugar beet yield was obtained when the
average soil bulk density was 1.64 g cm™ in 0-60cm layer and 1.51 g cm? in 0-30 cm layer.
Yield decreases when mean soil bulk density in the 0-60 cm»:layer was increased to more
than 1.70 gcm 3.

Gupta and Abrol (1993) reported that the compaction of loamy sand at Jobner,
Rajasthan by eight passes of the 490 kg tractor drawn roller increased the bulk density by
0.140 t m™ , 0.120 t m™ and 0.100 tm™ above the original bulk densities of 1.480 t m’>
1.530 tm™>, and 1.520 tm™ in the 0-15, 15-30 and 30-45 cm layers respectively. The bulk
density of 0-15 cm layer decreased during the sowing of pearl millet but that of the
subsurface layer was not affected much. The effect of compaction on the bulk density of

the subsurface layers persisted until the harvest of second crop.
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2.8 Effect of treatments on soil strength

Soil strength is a composite property related to many factors such as size and continuity
of pores, rigidity of soil, displaceability of particles, number of particle to particle contact
etc. (Kaddah, 1971).

High soil strength without high bulk density could be associated to the rough surface of
sand particles, which resist particle displacement by slippage (Cruse et al.1980).

Soil strength was related to pore size distribution especially the level of large soil
pores which tend to decrease inter granular or effective stress (Byrd and Cassel, 1980,
Vepraskas 1984). Reduction of soil strength to about 0.1 M.Pa to a depth of 40cm greatly
increased root growth and penetration to deeper layers (Chaudhary et al. (1985). Sail
compaction is characterised by changes in soil strength (Bauder ef al. 1981; Swan ef al.
1987)

The critical range for the maintenance of an optimum aerobic environment of 8-
14% (v/v) for macropore volume for a Charlotte town fine sandy loam would be related to a
concomitant range for bulk density, shear strength and field penetration resistance of 1.44 —
129 Mgm™, 3.2~ 1.8k Paand 1.50 - 0.90 M Pa respectively (Carter, 1988).

McAFee et al. (1989) reported that presowing compaction on a clay soil recorded
a penetrometer resistance of 3.5 M Pa in the control plot and 4.5 M Pa in the compacted plot
after sowing.

Comparisons of non volumetric indices of soil structure such as vane shear strength
and penetrometer resistance with macropore volume indicated a relatively close relationship
between the two parameters when the soil moisture potential was held constant. Regression
equations between soil strength and macropore volume accounted for 50-67% of the

variation in loamy sand to loam textured soils subjected to various degrees of tillage (Carter,

1990).
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Nitant and Singh (1995) reported that soil strength decreases with an increase in soil

water contents and organic matter content but increases with an increase in bulk density.
2.9.Effect of treatments on nutrient status of soil and plant.

Patel (1977) reported a higher tissue content of N, P, Mg and Mn in the compacted
plots when compared with conventional tillage treatments. He attributed this increase in
nutrient uptake is due to the reducing conditions caused by soil compaction. In addition,
compaction of a permeable sandy soil decreases water percolation and thus curtails leaching
loss.

In sandy soils, the losses due to leaching, particularly of soluble nutrients such as NOs-
N and potassium are considerable. Smika et al. (1977) showed that in a coarse textured soil
from eastern Colorado, per centimeter of water percolating below crop root zone (150 cm)
10 kg ha” of NO;-N was leached. The movement of water and NO;-N in soil can be
modified by compaction and puddling through changes in the volume of non-capillary water
conducting pores. Cameron et al. (1978) reported for a well drained sandy soil , 0.65 and
145 kg N ha! day " as average spring to fall rates of N losses. These losses were directly
proportional to 120 and 255 kg N ha™ respectively. n

According to Mahajan et al. (1981) surface compaction in loamy sand resulted in
greater retention of nutrients in the surface 30 cm soil layer as compared with no
compaction. Reduced K uptake in compacted soil was mostly attributed to the decrease in
root surface area. Greater K influx per unit root surface in compacted soil without K
application was not sufficient to compensate for reduced K concentration due to restricted
root growth of soybean seedling (Hallmark and Barber, 1981). In some sandy areas of
Nebraska about 50 percent of N applied as fertilizer leached to ground water (Watts and

Martin, 1981).
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Restriction of root growth in compacted soil and the resulting drop in P uptake can be
partially compensated for by greater uptake in nonstressed parts of soil. (Shierlaw and
Alston, 1984)

Shierlaw and Alston (1984) using labelled P in a pot experiment containing three layer
of soil with a compacted central layer, showed that the greater the compaction of the central
layer the greater was the fraction of P in the plant tops which came from the surface soil.
The ability to compensate was positively influenced by greater water supply in the non
stressed soil layers.

The compacted treatment showed significantly higher N utilization at different growth
stages over other treatments due to higher dry matter accumulation and increased
concentration of nitrogen except in grain where it was at par, The compacted treatment
showed higher uptake of N by 23%. Compaction of soils also increased the uptake of Mn -
and P (Ognuremi et al. 1986).

Since phosphorus is relatively immobile, the effect of soil compaction on P uptake is
mostly related to the configuration of the root system. Generally a restricted root system
and a low accessibility to soil P in compacted soil resulted i¥1 smaller amount of total P
absorbed (Barraclough and Weir, 1988; Misra ef al, 1988).

Agrawal and Jhorar (1989) concluded from a sandy soil column study that surface
compaction reduced the leaching more than that of subsurface compaction. The average
water infiltration rate decreased and in the 0-20 cm layer a greater amount of soil water and
NO;-N was retained. In the 0-20 cm layer of the surface compacted treatment NO; ~ N
Content was 10 times greater or even more than in the control. Subsurface compaction in
the  10-20 cm layer was less effective than surface compaction in reducing NO; —N
leaching in a field study on the same soil under cropped conditions. A higher soil moisture

Content in the 0-30 cm layer was observed under subsurface compaction than under no
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compaction. After irrigation, the NOs - N retained in the 0-30cm soil layer was 43.5% and
29.9% in subsﬁrface compaction and no compaction treatments respectively.

Field studies with a relatively wide range of bulk densities showed a significant
reduction in P uptake by spring barley in strongly compacted soil. Soil compaction reduced
the phosphorus concentration much more in straw than in grain. This was atiributed to
greater diffusion of P to the roots greater uptake per unit length of root of maize grown in
compacted unfertilized soil was accompanied by greater P concentration in the shoots and
less of total P uptake (Wolkowskii 1990)

Compaction of sandy soils, which are conducive to leaching resulted in considerably
greater nitrate retention in the top soil and in less leaching (Agrawal, 1991).

Wolkowskii (1991) reported that increased compactness resulted 4-11% reduced K
concentration, which was accompanied by an increase in shoot growth of maize. The author
indicated that this reduction was not large enough to result in reduced shoot growth. The
above responses imply that in some cases soil compaction could be a desirable practice in
regulating nutrient uptake and crop response. Additional K application increased the K
concentration in the tissue of maize grown in compacted soil. )

Subsoil compaction increased the Ca® concentration in maize and caused a slight
differentiation in the total uptake (Gediga, 1991).

Dolan ef al. (1992) reported that surface compaction resulted in an enhancement of P
and K uptake of corn when June and July precipitation was average or wetter than 30 year
average.

In surface compacted sandy soils, the NO3-N content was several times greater than in
uncompacted soil. The reduction of NOs-N and water losses resulted in higher productivity
of sandy soils (Agrawal, 1992). Arvidsson (1993) reported that in a compacted soil P uptake

was much reduced than N uptake.
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Mathan ef al. (1994) reported that as a result of sub soil compaction in sandy soil where
the bulk density was maintained at 1.7 to 1.8 Mg m™> there was significantly higher
available N than in surface soils with bulk density of 1.5 to 1.6 Mg. m~. As the compaction
of surface soil increased from 1.5 to 1.8 Mg m>, the available K content of the soil is also
iﬁcreased perhaps due to moisture retention and solubilisation.

Lipiec and Stepniewski (1995) reported that the effect of soil compaction on transport of
nutrients to the roots depends on the amount of soil compaction and on water and nutrient
supply. In well watered and high fertility conditions, moderate soil compaction may have a
beneficial effect.

Westermann and Sojka (1996) reported that sub soil compaction of fine loamy soil
reduced the P and K uptake by com when rainfall was 25% low but enhanced when the
rainfall was average or above average. Surface compaction affected P uptake than sub soil
compaction.

2.9 Effect of treatments on biometric observations

Compacted treatments generally have greater root weight, number of leaves, leaf area
and plant dry matter yield than the puddled or no till treatméﬁts. Better rice growth in a
compacted sandy soil was also reported by Ghildyal (1978). Cruse et al. (1980) reported

that rigidity of the soil pores plays an important role in root growth.

Increased root growth under compacted treatment could be ascribed to the increase in
. nutrient content per unit volume of soil (Ogunremi ef al.1985). Hifiker and Lowery (1988)

reported that the effect of tillage on root development is more obvious on heavier soils.

Kaselowsky et al. (1989) reported that there is no significant effect of soil compaction
on total root length of sugar beet grown in a compacted soil. Kumar e al (1993) reported
that bulk density affects root growth. The root penetration ratio has a significant and

positive correlation with green pod yield of peas grown in a compacted typic udorthent soil.
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The root is the main organ of plant which has to make contact with the soil to absorb
putrients and water but the quantum and rate of water and nutrient uptake by the plants
depends mainly on the development of root system in spread, depth and density particularly

under conditions of dry land agriculture (Nitant and Singh 1995).

Sharma et al. (1995) reported that in compacted plots, root mass der;sity was greater in
0-10cm layer. About 98% of the total root length density was in 0-20cm layer in compacted
plots. Root : shoot dry weight ratio was greatest in compacted plots. Sub soil compaction
led to greater concentration of rice roots in plough layer above the compacted zone.
Panicles emerged seven days earlier in sub soil compacted plots. Water stress delays

panicle emergence and maturity in rice.
2.10 Effect of treatments on yield

Nair et al. (1976) reported that the compaction of soil increased the grain yield of rice
remarkably. Even a slight increase in bulk density had a desirable effect on the upland rice
in lateritic sandy loam soil. The rice yield in the rainfed marginal uplands could be
increased substantially by applying 80 kg Nha and compacting the soil to a bulk density of
1318 g cc after seeding. In sandy soils with high percolation losses, rice grain yield from
soil compaction treatments were superior to that of dry or wet tillage treatments (Ghildyal,

1978).

Ogunremi (1986) reported that compacted treatment resulted in a significantly higher
dry matter yield at the maximum tillering growth stage. Compacted soils produced the
highest dry matter and grain yield following greater growth. Other soil physical and
hydrological properties that are associated with low infiltration capacity therefore increased

rice grain yield considerably under a continuously flood moisture regime.
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Al-Janabi(1989) studied the effect of soil compaction on soil physical properties and
wheat growth. The highest yield was obtained at a bulk density of 1.3 g cm™ and at soil
water potential of 0.05 M Pa. The effect of soil compaction on yield was greater in

conditions of moisture stress.

Mathan and Natesan (1990) reported that in a compacted vertisol, the rice yield was
enhanced by 18% over control and the residual effects of compaction persisted over five

growing seasons.

The maize grain yield increased and dry matter content decreased with increasing sub

soil bulk density by subsoil compaction (Gediga, 1991).

Pabin er al. (1991) reported that maximum sugar beet yield was obtained when the
average soil bulk density was 1.64 g cm™ in 0-60 cm layer and 1.51g cm™ in the 0-30 cm
layer. Maximum yields were obtained when the soil strength was 2.90 M Pa in the 0-60 cm,
layer and 1.75 M Pa in the 0-30 cm layer. Significant yield decrease occurred when mean

soil bulk density in the 0-60 cm layer increased to more than 1.70 g cm™.

Acharya and Sood (1992) reported that the compacted treatments significantly

increased grain yield of 15.17% over other treatments in a typic hapludalf.

Gupta and Abrol (1993) reported that the compaction of the loamy sand significantly

increased the grain yield of rain fed pearl millet and guar by 25.4% and 25.0% over the
| control yield of 1.26 and 1.00 t ha respectively and that of irrigated pearl millet, wheat and
barley by 16.4%, 17.0% and 14.5% over the control yield of 2.68, 2.41 and 2.28 t ha™

respectively.

Sharma et al. (1995) reported that the grain yield and harvest index of rice crop were

greatest in compacted treatment and were directly related to sub soil compaction. Sub soil
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compaction has the potential for increasing and stabilizing rice yield in coarse textured,

rainfed low land soils.

2.11 Effect of farmyard manure and amendments on soil properties and

crop growth,

In coarse textured soils incorporation of organic matter either in the form of crop
residues or farmyard manure improves the structure, water retention capacity and nutrient

values (Khanna et al. 1975).

Bhagat (1990) reported that addition of farmyard manure to a river deposit
(typic psammaquent) improved its structure. Conventional tillage with farmyard manure
produced significantly higher values of water stable aggregate, mean weight diameter and
total porosity and significantly lower values of bulk density compared to all other
treatments. The best soil structure under farmyard manure treatment was attributed to the
incorporation of farmyard manure in soil. The lack of response of soil structure
improvement to the incorporation of crop residue may be attributed to its slow
decomposition under low soil temperature conditions. Farmyard manure applied plots
retained higher water content at all suction values between 0 and 1000 K Pa. Total N

uptake by wheat plants at all stages was highest under farmyard manure treated plots.

Yadav and Somani (1990) studied the effect of mixing of clayey soil and
éompaction to a sandy soil on the physical properties and yield of cluster bean (Cyanopsis
tetragonaloba) and found that mixing of clayey soil had little effect on bulk density but
both mixing clayey soil and compaction improved the moisture retaining power of soil

especially when both techniques are combined. The yield of cluster bean also increased
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with compaction as well as with mixing of clayey soil and compaction had additive effect

on soil properties and cluster bean yield.

Gupta and Abrol (1993) reported that the mixing of a fine textured soil having 37%
clay into the lbamy sand to increase its clay content by 1% and 2%, followed by 8 passes of
490 kg roller further reduced the cumulative 120 minute infiltration by 5% and 10%
respectively. The effect of compaction and the addition of clay on infiltration rates
persisted through the growth of a succeeding crop of wheat. The amount of water retained
in the 0-10 cm loamy sand layer after 24 hour of irrigation was 2.15% higher in the soil
compacted by 8 passes of 490 kg roller than in uncompacted soil. It was further increased
by 0.50% and 1.05% with the addition of 1% and 2% clay respectively followed by
compaction. The effect of compaction and addition of clay on water retention persisted

through out the growth of a succeeding crop of wheat.

Gajri et al. (1994) observed that organic mulches conserve soil moisture, decrease
soil temperature and improve root growth. Application of farmyard manure improves
nutrition and yield. Hadas er al. (1994) reported that maintenance of a soil surface with

stabilized structure requires addition of residues at a rather high frequency of 2 to 3 months.

Singh and Singh (1995) reported that straw application can replace fertilizer for rice
grown under dry land condition in an inceptisol as it gives a yield response that did not

differ statistically from that of chemical fertilizer application.

In order to initiate organic carbon build up in soil, organic carbon input must exceed
2.5 tha™ year ' (Sharma et al. 1995). Arunarajagopal et al. (1995) reported that application
of coir waste in a sandy loam soil resulted in higher productivity, net returns and benefit

Cost ratio.
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Durai ef al. (1996) reported that irrespective of irrigation regime in a sandy loam
soil, basal incorporation of coir waste at 25 t ha™ recorded higher cane yield of 134.3 t ha
owing to more moisture retentive capacity than other amendments like farm yard manure,
press mud and Jalasakthi. Cane yield was also higher in Jalasakthi (124.6t ha) than FYM
(1145 t ha') and press mud (1199 t ha ). Application of coir waste and Jalasakthi. in
treatments where water was applied once in 19 days resulted a net profit of Rs.21,674/- and

Rs.16,248 respectively.

Rasmussen and Collin (1996) reported that the type of organic residue applied is of
less importance than its quantity. Trojan and Linden (1998) reported that steady state
infiltration rates on a typic hapludoll were not different in tilled and non tilled soil with or
without residues present but instantaneous infiltration rates and time required to reach

steady state were significantly greater for soils retaining annual residues.
2.12 Significance of cropping system

Years of adverse drought have proved disastrous in mono cropped areas (Patnaik et
al. 1971). Diversification of cropping provides an insurance against total crop failure.
There is a need to develop efficient rice based cropping system such as intercropping for

upland situations that can ensure stable optimal yield and maximum profit.

Pande et al. (1985) advocated the use of pigeon pea as an intercrop in rice fields. With
" the over all view of maintaining soil fertility and economizing fertilizer application it is
beneficial to include legume as component of intensive cropping systerns (Palaniappan,
1985). Legumes both as sole and as intercropping combination with cereals have been

advocated not only for yield augmentation but also for maintenance of soil health.
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Jadhav (1989) pointed out that inclusion of leguminous crop in the cropping sequence
leads to an improvement in soil nutrients and consequently results in increasing the yield of

succeeding crops in the sequence.

Srinivasan et al. (1991) studied the effect of summer legumes on the growth and
productivity of succeeding Kharif maize. Summer pulses particularly cowpea significantly
increased the productivity of the succeeding Kharif maize. Summer pulses contributed to

an addition of 15 kg N ha™ .

Kalarani (1995) reported that raising a summer crop resulted in saving of 25 per
cent N for the succeeding rice crop. Mathew ez al (1996) reported the influence of summer
cropping on fertilizer use efficiency and productivity of rice. The cropping systems studied
are Rice-Rice-Fallow (RRF), Rice-Rice-Daincha (RRD), and Rice-Rice-Sesamum (RRS)
and Rice-Rice-cowpea (RRC). The highest yield was recorded by RRD followed by RRC
and both were on par. This is due to addition of appreciable quantities of organic matter
and fixation of N. The study revealed that chemical fertilizer application in rice can be

reduced to 75 percent when an ideal cropping sequence is followed.

Bindhu (1999) reported that raising a sole crop of black gram in the rice fallows of
Onattukara tract appears to be more profitable. Under the circumstances where an inter
crop is desired for yield stability to reduce risk or for yield diversity, raising sesamum and

.black gram in 1:1 proporﬁon can be recommended which is economically viable and
biologically sustainable practice for the rice follows of Omattukara region during the

summer season.



MATERIALS AND METHODS




MATERIALS AND METHODS

The present investigations was undertaken with the objective of studying the effect
of soil compaction with organic manures and soil amendment on nutrient availability,
rooting pattern, yield and quality of different crops under rice based cropping system of
Onattukara tract of Kerala. The field experiment was conducted during the period from
May 1998 to May 1999.The details of the materials used and methods adopted for the
study are described below.

3.1  Materials.
3.1.1 Experimental site.

The experiment was conducted in the rice fields of Rice Research Station,
Kayamkulam. The experiment field is located at 9° 80" N latitude and 7 6° 20'E longitude
at an attitude of 3.05 m above mean sea level.

3.1.2 Soil

The soil of the experimental site is loamy sand and acidic in nature. The soil is
classified as coarse loamy mixed isohyperthermic aquic ustipsamments. The physico-
chemical properties of the soil are presented below.

Table 1. Mechanical composition of the soil of the experimental site.

S1.No. | Fraction Content in soil

A Mechanical composition

1 Coarse sand (%) 65.62
2 Fine sand (%) 17.20
3. Silt (%) 5.22

4 Clay (%) 10.20

5 Textural class Loamy sand




Table2. Physical constants of the soil of the experimental site

Si.No. | Parameter Observation
1 | Soil Strength (kg m™) 1.08
2 | Bulk density (Mg m™) 1.55
3 | Particle density (Mg m™) 241
4 Total porosity (%) 33.00
5 Macro porosity (%) 12.26
6 Micro porosity (%) 20.74
7 Water holding capacity (%) 18.73
8 Mean weight diameter 042
9 | Field moisture content (%) 18.60

10 | Hydraulic conductivity (cm hr™) 21.35
11 | Infiltration rate (cm hr'™) 36.35
12 | Available water (%) 1.93

Table3. Chemical properties of the experimental site

S1L.No | Parameter Observation
1 Soil pH (ratio) 510

2 Organic Carbon (%) 0.48

3 Available N (kgha™) 188.89

4 Available P (kg ha™) 34.89

5 Available K (kg ha™) 47.79

6 Exchangeable Ca (cmolkg”) | 1.70

7 Exchangeable Mg (cmol kg™) | 1.41
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Before the starting of the experiment, the compaction treatment was given in an

area near to the experimental plot. The profile was exposed and soil samples collected
from different horizons were analysed for physical properties and the observations are

presented below.

Table 4. Physical properties of soil as affected by compaction

SLNo. Parameter Observation

0-20 cm | 21-50 cm | 51-90cm | 91-150 cm

1 | Soil Strength (kg m™) 2.92 3.00 3.33 3.17
2 | Bulk density (Mg m™) 1.98 1.98 1.99 1.98
3 | Particle density (Mg m™) 2.56 2.47 2.41 2.38
4 | Total porosity (%) 3972 | 3523|3561 39.48
5 Macro porosity (%) 22.21 17.31 20.07 18.97
6 | Micro porosity (%) 17.51 17.92 15.54 20.51
7 | Water holding capacity (%) 16.67 17.61 21.49 20.46
8 | Mean weight diameter 0.50 047 0.59 0.57
9 | Field moisture content (%) 15.18 17.14 [ 1699 16.69
10 | Hydraulic conductivity (cm hr™) | 10.75 11.49 10.59 9.79
11 | Infiltration rate (cohr™) 25.44 25.77 23.47 23.94
12 | Available water (%) 493 475 5.06 543

3.1.3 Cropping history of the field.
The experimental area was under bulk crop of sesamum during the previous
season.

3.1.4 Season.
The experiment initiated during the Virippu season of May 1998 with the first crop

of rice. The second crop of rice was transplanted during the Mundakan season of
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September 1998. The third crops viz. sesamum, green gram and cowpea were raised

during the summer season of February 1999 to May 1999.
3.1.5 Weather conditions.

The weekly averages of temperature, relative humidity, sunshine hours, rainfall
and evaporation during the cropping period were collected from the observatory attached
to CPCRI, Kayamkulam and the data are presented in Appendix I. The weather condition

during the period was favourable for the satisfactory growth of the crop.

3.1.6 Crop characters and source of seed materials

Table 5. Crop characters and source of seed materials

SL Crop Variety Duration Characteristics Source of seed
No. (days) material
1 |Rice Bhagya 100 Suitable for first crop RRS,

o season in Onattukara. Kayamkulam
Drought resistant in early
stages

2 | Sesamum| Kayamkulam -1 | 70-75 It is a pure line selection | RRS,

from Onattukara local. Kayamkulam
Best suited to summer
rice fallows of
Onattukara

3 | Green Pusa 8973 65-70 High yielding and locally | RRS,

Gram adopted to summer rice Kayamkulam
fallows of Onattukara
4 | Cowpea | Kanakamoni 90 Dual purpose variety RRS,
| Kayamkulam

3.1.7 Manures and fertilizers.

Farmyard manure (0.4 per cent, 0.3 per cent, 0.2 per cent N, P,05; and K;0
respectively) was used for the experiment. Urea (46 per cent N), Mussoriephos (20 per
cent P,0s) and muriate of potash (60 per cent K,O) were used as source of nitrogen (N),

phosphorus (P) and potassium (K) respectively.
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3.2 Methods.
3.2.1 Design and lay out.
The experiment was laid out in a factorial randomized block design. The

experimental layout is given in figure 1. The experiment consisted of eighteen treatments

with three replications.
Number of treatments -18
Number of replication -3
Total Number of plots -54
Plot size -6x6m’

3.2.2 Treatments.

1 CoFoAg 10 CiFoAo Co — No compaction

2 GFoA; 11 CFoA C1 — Compaction with 4 passes of 400 kg roller
3 GFoAy 12 CiFoA; Fo — No farmyard manure

4 CoF1Ao 13 CiF1Ao F) — 2.5 t farmyard manure ha™

5 CGoF1A; 14 CFiA F, — 5 t farmyard manure ha

6 CoFiAy 15 GFiA; Ag — No coir pith or kayal silt

7 CoF2Ag 16 CiFaAg A; — 5t coir pith ha™

8 CoF2Ay 17 CiFA; Ay - 5 t kayal silt ha™

9 CoRA; 18 CiF,A

Coir pith (0.27 percent, 0.02 per cent, 0.77 per cent N, P and K
respectively) and kayal silt (0.32, 0.12, 0.69 N, P and K respectively) were the amendment

treatments. The compaction treatment was given only once before the sowing of first crop
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of rice. After the harvest of first crop, second crop of rice was transplanted in the

experimental plots with the same treatments without removing the stubbles. During the
third crop season, each experimental plot was divided into three equal plots and sesamum
(So) green gram (S;) and cowpea (S;) were sown in these plots respectively.
3.2.3 Land preparation

The experimental atea was ploughed with a power tiller, clods broken and weeds
and stubbles of previous crop were removed. The plots were laid out according to the
design of the experiment. FYM, coir pith and kayal silt were applied according to the
treatments and incorporated with the soil after levelling the plots. The compaction
treatment was done by 4 passes of a 400 kg roller. After compacting the soil the surface
soil is disturbed by light hoeing.

After the harvest of first crop the layout of the experiment was not disturbed.
The plots were dug twice and all the cultivation practices and treatments were given to
second and third crops similar to that of the first crop except the compaction treatment
3.2.4 Fertilizer application

The N, P and K were applied as urea, mussoriephos and muriate of potash as per
the Package of Practices Recommendation (KAU,1996).The fertilizer doses, time and
method of application are as follows. For the rice crop the fertilizer dose of 70:35:35 kg
ha' NPK was applied. Half the dose of N and K and full dose of P was given as basal
dressing at the time of final ploughing. Twenty five percent N was applied as top dressing
30 days after sowing and the remaining 25% N and 50% K was given as top dressing 45
days after sowing.

A fertilizer dose of 30:15:30 kg ha” NPK was applied for sesamum. At the time of

land preparation, 75% N, full dose of P and K was applied as basal dressing. The remaining
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25% N was applied 20 days after sowing. For green gram a fertilizer dose of 20:30:30

kg ha' NPK and for cowpea a fertilizer dose of 20:30:10 kg ha™ NPK was applied. Half
the dose of N, full P and K were applied as basal dressing and the remaining dose of N was

applied 20 days after sowing for green gram and cowpea.
3.2.5 Seeds and sowing

Dry sowing of seeds of first crop of rice along lines was done on 22" May 1998.
The seeds were covered with soil after sowing. Nursery was raised for the second crop of
rice and transplanted to the main field on 21% 0ct0b§r 1998. Sowing of sesamum, green
gram and cowpea along lines were done on 17™ February 1999. After sowing, seeds were

covered with soil and planking was done.
3.2.6 After cultivation

Spraying of the herbicide butachlor was done on the third day after sowing for the
first crop of rice. Two weedings at fort night interval were done for the first crop. For the
second crop of rice, two hand weedings were done at fort night interval.

Thinning was done a fortnight after sowing of sesam@ green gram and cowpea
plots, so as to maintain the spacing of 15x10 c¢m between the plants by working with
Kochuthumpa a special type of implement prevalent in Onattukara tract. The second
intercultural operations and weeding were done 25 days after sowing.

3.2.7 Plant protection

Ten per cent carbaryl was applied as spray to control the leaf and pod caterpillar

during the flowering period of sesamum. Spraying of 0.03% quinalphos was also done for

controlling pea aphids.
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3.2.7 Harvesting

The first crop of rice was harvested on 27™ August 1998 and the second crop of rice
was harvested on 4™ January 1999. The grain and straw yield of each plot were recorded
separately. The grain yield from each plot was dried, cleaned, winnowed, weighed and
expressed in t ha™'. The straw from each plot was dried under sun and weight was
expressed in t ha™

Sesamum and green gram were harvested on 28% April 1999 and cowpea was
harvested on 17 May 1999 when the leaves turned yellow. Harvesting of sesamum was
done by pulling out the plants, cutting out the root portion and stacking the plants in shade
in bundles for 3 to 4 days. Later, the bundles were spread in the sun and beaten with sticks
to break the capsules and seeds were collected. Drying and threshing were repeated for
four more days. The pods of green gram and cowpea were picked by hands and beaten

with sticks to separate the seeds.
3.3 Observations recorded

Observation on growth characters, yield and yield attributing characters of rice,

sesamum, green gram and cowpea were recorded and the mean values were worked out.

3.3.1 Growth characters

Observations on the growth characters of number of leaves per plant were taken
from 10 plants from each plot of rice at maximum tillering, panicle initiation and flowering
stages. For the other three crops, the above observation was taken at 30 days after sowing
(DAS), 60 days after sowing (60DAS) and at harvest. After elimination of border, 10
plants were selected randomly as observational plants. At harvest, five out of ten

observational plants were used for dry matter estimation and chemical analysis.
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3.3.1.1 Leaf area index (LAI)

Area of all leaves produced per plant was recorded by LICOR-3100 Leaf Area
Meter and LAI was worked out using the formula suggested by William (1946)
LAI = Leaf area / Land area
Observation was recorded in five sample plants from each plot.
3.3.1.2 Days to maximum tillering
Number of days taken for maximum tillering of the two crops of rice in each

treatment were noted and recorded
3.3.1.3 Days to 50 per cent flowering

The number of days taken by 50 per cent of plants for the emergence of flowers in

each treatment of all the crops were recorded.
3.3.1.4 Root length, Root volume and Root density.

At the time of harvest the observational plants were carefully dug out without
disturbing the roots. The roots were carefully washed and length of longest root was
measured and recorded. The volume of roots was determined by water displacement
method. Driving a metallic core collected the roots for root density determination. The
roots were made free from soil by washing with water. The root mass was dried at 68° C
followed by weighing and expressing results on unit soil volume basis.

3.3.1.5 Dry matter production

At the time of harvest, the observation plants were used for recording dry matter
production. Five plants were uprooted from each plot carefully without damaging the roots.
The plants were dried under shade and then oven dried at 65 + 5° C till consecutive weights

agreed. The dry weight of the plants were found out and expressed as t ha™
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3.3.1.6 Carbohydrate content.

Sample lots of rice grain were drawn from the seed obtained from each treatment
plot and the carbohydrate content was determined by anthrone method (Sadasivam and
Manickam, 1992).
3.3.1.7 Crude protein content.

Nitrogen content in the seeds of all crops were analysed and percentage of protein
in the seed was calculated by multiplying the percentage of nitrogen with the factor 6.25
(Simpson et al., 1965).
3.3.1.8 Oil content

Sample lots of sesamum seeds were drawn from the seed obtained from each
treatment plot and the oil content was estimated by cold percolation method (Kartha and
Sethi, 1957).
3.3.2 Soil analysis
Soil samples collected from 0-15 cm (surface) and 15-30 cm (sub-surface) depths from
each plot after the harvest of each crop were analysed for physicd-chemical properties.
3.3.2.1 Physical Properties

Bulk density, particle density, porosity, water holding capacity and hydraulic
conductivity were determined from undisturbed samples. Jnsitu determination of surface
compaction and infiltration rate were recorded. Aggregate analysis and available water
were also determined from the disturbed samples.

3.3.2.1.1 Bulk density, particle density, porosity, water holding

capacity and hydraulic conductivity.

Core samples were collected from two depths of 0-15 cm and 15-30 cm and determined the
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bulk density, particle density, porosity, water holding capacity and hydraulic

conductivity as described by Gupta and Dakshinamoorthi (1980)
3.3.2.1.2 Seil compaction

Using pocket penetrometer, the soil compaction of the surface soil was recorded for
each treatment.
3.3.2.1.3 Infiltration rate

Infiltration rates were recorded using the double ring method (Gupta and
Dakshinamoorthi, 1980) by nullifying angular effect.
3.3.2.1.4 Aggregate analysis.

Aggregate analysis was carried out by Yoder's wet sieving method (Yoder,1936).
The samples were wetted slowly and using a set of sieves, water stable aggregates were
determined. Mean weight diameter was taken as the structural index (Bavel, 1949).
3.3.2.1.5 Water retention characteristics.

The capacities of retention of soil moisture of the samples at 33 and 1500 KPa were
determined by pressure plate and pressure membrane Z apparatus (Gupta and
Dakshinamoorthi, 1980). From this available water for each treatment was calculated.
3.3.2.2 Chemical Properties

The soils collected from two depths of 0-15 cm (surface) and 15-30 cm (sub
surface) were analysed for available nitrogen, phosphorus, potassium and exchangeable
calcium and magnesium. The methods followed for the assay of various soil chemical
parameters are given in table 6.
3.3.2.3 Plant analysis.

The plants of rice, sesamum, green gram and cowpea at harvest were analysed for
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nitrogen, phosphorus, potassium, calcium and magnesium. The samples were dried to

constant weight in an electric oven at 70°C, ground into fine powder and subjected to acid
extraction for total nutrient analysis. The methods used for the determination of various

nutrients are given in table 7.

Table 6. Chemical methods for soil analysis.

'SLNO| PARAMETER METHOD REFERENCE
1 Mechanical analysis International pipette method Piper, 1966
2 Soil pH pH Meter with glass electrode Jackson, 1973
3 Organic Carbon Walkey and Black's rapid Jackson, 1973
titration method
4 Auvailable Nitrogen Alkaline Permanganate method Subbiah and
Asija, 1956
5 Available phosphorus Bray and Kurtz colorimetric Jackson, 1973
method
6 Available potassium Stanford and English Flame Jackson, 1973
photometer method ‘
7 Exchangeable calcium Stanford and English F]amé Jackson, 1973
photometer method
8 Exchangeable magnesium | Atomic absorption spectro Jackson, 1973
Photometer Model PE-3030 using
o ammonium acetate extract




Table 7. Analytical Methods for Plant Parameters
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SL. NO. PARAMETER METHOD REFERENCE

1 Total Nitrogen Modified Jackson, 1973
microkjeldhal method

2 Total Phosphorus Vanado-Molybdo Jackson, 1973
phosphoric yellow
colour method

3 Total potassium Flame photometer Jackson, 1973

method

4 Total Calcium Flame photometer Piper, 1966
method

5 Total Magnesium Atomic absorption Piper, 1966
spectro photometer
model PE-3030

3.4 Statistical analysis

Data relating to each character was analysed by applyiﬁg the Analysis of variance

technique (Gomez and Gomez, 1984). Wherever the effects were found to be significant,

critical difference standard error were given for effecting comparisons among the mean.
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RESULTS

Data generated through soil and plant analysis and observation on the yield of two
crops of rice, summer crops of sesamum, green gram and cowpea were subjected to
statistical analysis to study the effect of applied treatment on various parameters. Results

are presented in this section for first, second and third crops.

4.1 First crop — Rice

4.1.1 Effect of treatments on moisture characteristics of soil

4.1.1.1 Field moisture content

The surface soils recorded a field moisture content ranging from17.56 percent to
27.12 percent (Table 8A). The main effect of coir pith and kayal silt treatments
significantly influenced the moisture content of the soil (Table 9). Such differences were
not seen in the case of C and F treatments. The interaction effects of treatments also did
not significantly influence the moisture content of the soil.

The subsurface soils recorded a moisture content ranging from 16,54 percent to
24.88 percent (Table 8B). The subsurface soils also recorded a similar trend as that of
surface soils except that the main effect of coir pith and kayal silt was not significant

4.1.1.2 Hydraulic conductivity

The hydraulic conductivity of the surface soils ranged from 9.79 cm hr' to 24.66
cm hr' (Table 8A). The hydraulic conductivity decreased in compacted treatments. The
main effect of C and F and interaction effect of CF and FA significantly influenced the
hydraulic conductivity (Table 10A). The main effect of coir pith and kayal silt and

interaction effects except CA did not significantly influence the hydraulic conductivity of



Table:8A. Effect of treatments on moisture characteristics of surface soil
Table:5A..

[ Treatment | Moisture Hydraulic | Infiltration | Available | Maximum
Content | Conductivity | Rate Water Water

(percent) | (ecmhr™) (cm hr ) (Percent) | Holding

Capacity

(Percent)
CoFoAg 18.60 21.35 36.35 1.93 18.73
CoFoA1 27.12 2149 38.15 1.87 21.63
CoFoAs 20.13 20.32 37.18 1.59 21.00
CoF1Ag 19.83 20.93 3822 1.65 19.84
CoF1A4 21.36 19.77 39.65 2.22 21.37
CoF1A, 19.47 21.12 43.57 2.09 19.52
Col2A0 17.56 21.16 43.00 2.57 21.19
CoFoA4 21.32 23.13 44.45 2.08 22.59
CoF2A; 19.24 24.66 38.96 2.87 19.34
CiFoAp 21.79 11.41 33.26 347 21.87
CiFoA, 20.07 11.73 30.57 4.30 20.48
CiFoA, 21.29 10.75 31.21 3.76 21.43
CiFiAp 20.81 11.49 26.99 4.11 20.81
CiFA; 23.56 10.59 25.44 493 20.26
CiFi1A; 18.17 09.79 25.77 4.75 18.14
CiF2A, 22.20 10.70 23.47 5.06 22.21
CiFA4 25.96 10.16 23.94 5.43 24.83
CiF:A, 21.12 10.11 25.68 5.46 19.47

CD NS NS 3.80 “NS NS

SE 2,19 0.66 1.32 045 1.82

Note : NS - Not Significant

CD - Critical Difference
SE - Standard Error

35
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Table:8B. Effect of treatments on moisture characteristics of sub surface
Table:ob.

soil
: Moisture Hydraulic Available Maximum
Treatment | Content Conductivity | Water Water

(percent) |(cmhr™) (Percent) Holding

' Capacity
(Percent)

CoFoAo 21.40 17.54 143 21.42
CoFoAy 16.54 16.81 1.49 16.65
CoFoA, 18.71 16.49 1.60 18.76
CoF1A0 17.24 17.35 1.72 17.30
CoF1A 17.75 17.29 245 17.83
CoF1A; 16.77 16.33 1.73 17.44
CoF2Ag 24.88 15.55 231 19.80
CoF2A; 20.43 16.57 2.81 24.16
CoF2A; 23.19 16.22 2.31 19.54
CiFoAo 18.70 9.31 2.81 23.04
CiFoA, 18.45 9.40 3.45 18.48
CiFoA; 18.27 8.49 3.80 19.89
CiF1Aq 16.87 7.83 3.84 16.89
CiFA; 20.08 7.75 294 20.14
CiF1A; 17.66 7.20 2.67 17.69
CiFAp 23.07 6.18 4.07 23.07
CiF,A 17.26 8.07 3.73° 17.23
CiFA; 21.89 7.76 3.85 20.05

CD NS NS NS NS
SE 2.96 0.57 0.46 2.48

Table: 9 Main effect of treatments and two factor interactions on field
moisture content (percent) of surface soil

Fo Fl Fz Ao A1 Az Mean
G 18.66 23.27 19.61 21.95 20.22 19.37 20.05
G 21.05 20.85 23.09 21.60 23.20 20.19 21.66

Ay Ay A, Mean _(_32 §E Q_D_ SE
Fo 20.19 2360 [20.71 21.50 C NS 062 CF NS 124
F, 20.32 22.46 18.82 20.54 FNS 093 CA NS 124
K, [1988 2364 2098 |2123 |A252 093 FA NS 149
Mean [20.13 23.23 19.90
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the soil. The subsurface soils recorded a hydraulic conductivity ranging from 6.18 cm hr’
to 17.54 cm hr! (Table 8B). The subsurface soils recorded a similar trend as that of

surface soils except that interaction effect were not significant (Table10B).
4.1.1.3 Infiltration rate

The infiltration rate ranged from 23.47 cm hr' to 44.45 cm hr! (Table 8A). The
effect of treatments on infiltration rate was significant. The treatment CoF,A, recorded the
highest infiltration rate of 44.45 cm hr” and the treatment CiF2Ap recorded the lowest
infiltration rate of 23.47 cm hr''. Considerable reduction in infiltration rate in compacted
plots (27.37 cm hr'') compared to uncompacted plots (39.95 cm hr' ) was noticed (Table
11).
4.1.1.4 Available water

The available water content of the surface soils ranged from 1.59 percent to 5.46
percent (Table 8A). The main effect of C and F were signiﬁc&nt. The available water
content increased in C; plots and F; and F, plots (Table12A). The subsurface soils
recorded an available water content of 1.43 percent to 4.07 percent (Table 8B). The
subsurface soils recorded a similar trend that of surface soils. The main effects of C and F

were significant (Table 12B).
4.1.1.5 Maximum water holding capacity

The maximum water holding capacity of the surface soils ranged from 18.14
percent to 24.83 percent (Table 8A). The subsurface soils recorded a maximum water

holding capacity ranging from 16.65 percent to 24.16 percent (Table 8B). None of the
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Table:10A Main effect of treatments and two factor interactions on
hydraulic conductivity (cm hr™" ) of surface soil

F0 Fl ,Fz Ao A1 Az Mean
GCo 21.05 20.61 22.98 21.15 21.47 22.03 21.55
C 11.30 10.62 10.32 11.20 10.83 10.22 10.75

Ag Ay A Mean CD SE CD SE
Fo 16.38 | 16.61 15.54 21.50 C 062 022 CF 1.08 038
F, 16.21 15.18 15.45 20.54 F 0.76 027 CA NS 038
F, 15.93 16.65 17.39 21.23 A NS 027 FA 132 046
Mean 20.13 23.23 19.90

Table: 10 B Main effect of treatments and two factor interactions on
hydraulic conductivity (cm hr'' ) of subsurface soil

Fo F] Fz Ao A1 Az Mean
GCo 16.95 16.99 16.11 16.81 16.89 16.35 16.68
Cy 9.07 7.59 7.34 7.77 8.40 7.82 8.00

Ag Ay A, Mean Cb SE CD SE
Fo 13.43 13.10 12.49 13.01 C 053 0.18 CF NS 0.32
Fy 12.59 12.52 11.77 12.29 F 065 023 CA NS 032
F, 10.87 12.32 11.99 11.72 A NS 027 FA NS 0.38
Mean | 12.29 12.65 12.08

Table: 11 Main effect of treatments and two factor interactions on

infiltration rate of soil
Fo Fl F2 Ao A1 Az Mean
Co 37.23 4048 42.14 39.19 40.75 39.90 39.95
G 31.68 26.07 24.36 27.91 26.65 27.55 27.37
Ay Ay A, Mean CD SE CD SE
Fo 34.81 34.36 34.20 34 .46 C 1. 27 O 44 CF 2 19 0. 76
Fy 32.61 32.54 34.67 3327 F NS 057 CA NS 0.76
F, 33.24 34.20 32.32 33.25 ANS 057 FANS 092
Mean 33.55 33.70 33.73
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Table: 12A Main effect of treatments and two factor interactions on
A ———— . :
available water content (percent) of surface soil

— Fo Fl Fz Ao A1 Az Mean
Co 1.80 1.99 2.51 2.05 2.06 2.181 2.10
C; 3.84 4.60 5.32 4.21 4.89 4.66 4.59

Ag Ay A, Mean CD SE CD SE
Fo 2.70 3.09 2.68 2.82 C 048 0.17 CF NS 025
F, 2.88 | 3.57 3.42 3.29 F 059 021 CA NS 025
T, 3.82 3.75 4.17 3.91 A NS 021 FANS 030
Mean 3.13 347 342

Table: 12 B Main effect of treatments and two factor interactions on
available water content (percent) of subsurface soil

Fo F1 Fz Ao A] Az Mean
Co 1.51 1.97 2.48 1.82 2.25 1.88 1.98
Cy 3.35 3.15 3.90 3.58 3.37 345 347

Ag Ay Az Mean Q _Sl*:_ _@_ _§E
Ko 2.12 2.47 2.70 2.43 C 043 0.15 CF NS 0.26
Fy 2.78 2.69 2.20 2.56 F 053 018 CA NS 0.26
| ) 3.19 3.27 3.10 3.19 A NS 018 FA NS 031
Mean 2.70 2.81 2.66
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treatments or their interactions significantly influenced the maximum water holding

capacity of surface and sub surface soils.

4.1.2. Effect of treatments on structural characteristics of soil

4.1.2.1 Mean weight diameter

The surface soils recorded a mean weight diameter ranging from 0.42 to 0.78
(Table 13A). There was no significant difference among treatments except the interaction
effect of FA (Table 14A). The subsurface soils recorded a mean weight diameter ranging
from 0.47 to 0.61 (Table 13B ). The main effect of F significantly influenced the mean
weight diameter (Table14B). The mean weight diameter increased with increasing doses
of F.

4.1.2.2 Micro porosity

The micro porosity of the surface soils ranged from 17.93 percent to 31.79
percent (Table 13A). The treatment C;F;A; recorded the highest micro porosity of 31.79
percent. The main effect of C significantly influenced the miéro porosity (Table 15A).
The interaction effects of treatments except FA were not significant. The subsurface soils
recorded a micro porosity ranging from 17.53 percent to 27.51 percent (Table 13B). The
main effect of compaction increased the micro porosity of subsurface soil (Table15B).
The subsurface soils recorded a similar trend that of surface soils.

4.1.2.3 Macro porosity

The macro porosity of surface soils ranged from 10.23 percent to 26.89 percent
(Table 13A). None of treatments or their interaction significantly influenced the macro
porosity of the soil. The macro porosity of sub surface soils ranged from 7.49 percent to

22.17 percent (Table13B). The main effects of compaction significantly influenced the



Table:13 A. Effect of treatments on structural characteristics of surface
=
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soil
Treatment | Mean Micro | Macro Total Bulk Particle Soil
weight | porosity | porosity | Porosity | Densi Density Strength
diameter | (Percent) | (Percent) | (Percent) | (Mgm’ ) | Mgm™) (Kg m™)

CoFoAo 0.42 19.73 19.66 39.39 1.46 241 1.08
CoFoA 0.78 20.74 12.26 37.15 1.55 2.38 1.17
CoFoAs 0.57 23.33 23.35 46.78 1.48 2.69 1.50
CoF1 A 0.46 18.84 17.32 36.16 1.57 2.45 1.25
GoFA1 0.49 20.62 25.44 46.06 1.37 2.45 1.75
T CoFiA; 0.47 19.18 16.75 35.67 1.60 2.51 1.00
CoF2Ag 0.56 18.27 26.89 45.17 1.59 241 1.42
CoRA) 0.52 23.96 17.21 41.17 1.44 245 1.58
CoF2A; 0.59 23.49 24.62 48.01 1.50 2.59 1.50
CiFoAg 0.57 23.39 13.30 33.68 1.51 2.35 2.83
CiFoA, 0.49 17.93 16.89 38.91 1.49 2.39 2.92
CiFoA2 0.51 29.48 19.50 40.02 1.52 248 3.00
CiFiAg 0.47 2748 17.02 36.87 1.54 2.46 3.33
CiF1A; 0.54 31.79 10.23 40.47 1.53 2.36 3.17
CiFiA; 0.48 21.25 18.54 39.45 1.52 235 3.17
CiFAp 0.67 23.55 17.90 40.89 1.51 2.44 3.17
CiFA, 0.47 3041 25.29 39.77 1.46 2.45 2.92
CiRA, 0.50 21.62 15.16 37.55 149 2.54 3.33
CD NS NS NS NS NS NS NS
SE 0.06 245 5.72 4.48 0.05 0.08 0.13
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Table:13 B. Effect of treatments on structural characteristics of sub surface

soil

mt Mean Micro Macro Total Bulk Particle

weight porosity porosity Porosity Densi Density

diameter | (Percent) | (Percent) | (Percent) Mg m (Mg m"")
CoFoAo 0.51 20.27 22.17 39.86 1.54 2.56
CoFoA1 0.49 19.81 19.32 32.10 1.66 247
CoFoA2 0.48 18.29 20.25 43.19 1.62 241
CoF1A¢ 0.51 18.60 16.16 36.48 1.64 2.38
CoF1A; 0.52 17.53 20.89 40.45 1.51 246
CoF1A2 0.54 18.63 11.25 33.07 1.60 2.29
CoF2A0 0.58 19.65 09.91 45.82 1.62 - 2.37
CoFA; 0.61 24.61 19.89 43.90 1.38 242
CoF2A2 0.50 18.40 19.64 38.93 1.57 2.46
CiFoAo 0.47 26.49 15.08 37.62 1.52 2.46
CiFoA; 0.49 26.26 07.49 35.89 1.58 2.51
__ClFAy 0.55 25.77 15.28 37.36 1.64 2.65
- CiFiAg 0.50 21.39 12.76 33.58 1.68 2.44
CiFiA; 0.59 25.26 14.46 41.96 1.55 2.58
CFiA; 0.57 22.85 12.26 36.73 1.60 2.52
CiFAq 0.58 24.88 10.22 38.18 1.62 2.37
CiFA 0.56 22.75 10.85 39.53 1.64 2.45
CiFA, 0.56 27.51 12.52 39.00 1.72 2.63
CD NS NS NS NS NS NS
SE 0.04 2.39 3.71 4.32 0.07 0.09
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Table: 14A Main effect of treatments and two factor interactions on mean
weight diameter of surface soil

Fo F] Fz Ao A1 Az Mean
Co 0.59 0.47 0.56 0.48 0.59 0.54 0.54
(o 0.50 0.49 0.55 0.55 0.50 0.50 0.51

Ay Ay A, Mean CDh SE CD SE
Fo 0.46 0.64 0.54 0.55 C NS 002 CF NS 0.04
Fy 0.47 0.51 0.47 0.48 F NS 0.03 CA NS 0.04
F, 0.62 0.49 0.55 0.55 A NS 0.03 FA 0.13 0.04
Mean 0.51 0.55 0.52

Table: 14B Main effect of treatments and two factor interactions on mean

weight diameter of sub surface soil

Fo F1 Fz Aq) A1 Az Mean
Co 0.49 0.53 0.56 0.53 0.54 0.51 0.53
C; 0.50 0.55 0.57 052 0.55 0.56 0.54

Ao A1 Az Mean Q_D_ §_E_ Q_D_ §_]‘;
Fy 0.49 0.49 0.51 0.50 C NS 001 CF NS 003
Fy 0.51 0.56 0.56 0.54 F 005 002 CA NS 003
Fy 0.58 0.59 0.56 0.57 A NS 002 FA NS 003
Mean |0.53 0.54 0.53
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Table:15A Main effect of treatments and two factor interactions on micro

porosity (percent) of surface soil

T Fo Fi F, Ag Ay A, Mean
Co 21.27 19.55 21.91 18.95 21.77 22.00 20.91
C 23.60 26.84 25.20 24.81 26.71 24.12 25.21

Ay A A, Mean CD SE CD SE
Fo 21.56 19.33 26.40 22.43 C 230 0.80 CF NS 1.39
Fy 23.16 26.20 20.22 23.20 F NS 104 CA NS 139
F, 20.19 27.19 22.56 23.55 A NS 105 FA 488170
Mean | 21.88 24.24 23.06

Table: 15B

porosity (percent) of sub surface soil

Main effect of treatments and two factor interactions on micro

Fy F, F, Ay Ay A, Mean
Co 19.46 18.19 20.89 19.44 20.65 18.44 19.51
C; 26.17 23.17 25.05 24.25 24.76 25.38 24.80

Ao A1 Az Mean CD §E C_D §E_
Fo 23.38 23.04 22.03 22.81 C 230 078 CF NS 135
Fy 19.89 21.44 20.74 20.68 FNS 101 CANS 135
F, 22.27 23.68 22.96 22.97 A NS 101 FA 488 162
Mean 21.85 22.71 21.91

Table: 16 Main effect of treatments and two factor interactions on macro

porosity (percent) of sub surface soil

Fﬂ l'Tl Fz Ao A] Az Mean
Co 20.58 16.10 16.48 16.08 20.03 17.05 17.72
G 12.62 13.16 11.20 12.69 10.93 13.35 12.32

AO Al Az Mean g)_ S_E .(l .S_E_
Fo - 18.63 13.41 17.76 16.60 C 348 126 CF NS 2.09
F; 14.46 17.67 11.76 14.63 F NS 157 CA NS 209
F, 10.06 15.37 16.08 13.84 A NS 157 FA NS 252
Mean 14.38 15.48 15.20
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macro porosity of the sub surface soil (Table16). The macro porosity  decreased
significantly in compacted plots. Other treatments and their interaction did not

significantly influence the macro porosity
4.1.2.4 Total porosity

The total porosity of the soils ranged from 33.68 percent to 48.01 percent (Table
13A). None of the treatments or their interactions significantly influenced the treatments.
The subsurface soils recorded a total porosity ranging from 32.10 percent to 45.82

percent (Table 13B). The subsurface soils showed the same trend as surface soils.

4.1.2.5 Bulk Density

The bulk density of surface soils ranged from 1.37 Mg m™ to 1.60 Mg m™ (Table
13A). None of treatments or their interactions significantly influenced the bulk density.
The bulk density of the subsurface soils ranged from 1.38 Mg m™ to 1.72 Mg m?
(Table13B). The bulk density of the soil was not significantly influenced by any of the

treatments either alone or in combination.
4.1.2.6 Particle density

The particle density of the surface soil ranged from 2.35 Mg m™ 10 2.69 Mg m’
(Table13A). None of the treatments or their interactions significantly influenced the
particle density except the main effect of A (Table 17A). The particle density increased
significantly in A, plots compared to A, and A, plots. The subsurface soils recorded a
particle density ranging from 2.29 Mg m” to 2.65 Mg m™ (Table 13B) .The main effect
of compaction significantly influenced the particle density (Table 17B). The particle
density significantly increased in compacted plots. Other main effects or interaction

effects of treatments did not significantly affect the particle density.



46

Table:17A Main effect of treatments and two factor interactions on particle

density Mg m™ ) of surface soil

— Fo F1 Fz Ao A1 Az Mean
Co 2.50 2.47 248 2.42 243 2.60 2.48
C 241 2.39 2.48 2.42 2.40 2.46 2.43
Ap Ay A, Mean CD SE CD SE
Fo 2.38 1 2.39 2.59 245 CNS 003 CF NS 0.05
Fy 2.45 2.41 2.43 2.43 F NS 003 CA NS 005
F, 2.43 2.45 2.56 2.48 A 009003 FANS 005
Mean 2.42 2.41 2.53

Table:17B Main effect of treatments and two factor interactions on particle
density Mg m™ ) of sub surface soil

Fo F] Fz Ao Al Az Mean
Co 2.48 2.38 242 2.44 2.45 2.38 242
G 255 2.51 2.48 2.42 2.51 2.61 2.51

Ao 7 Al Az Mean CD _SE CD SE
Fo 2.51 2.49 2.54 2.51 C 008 0.03 CF NS 0.05
Fy 241 2.52 2.40 2.44 F NS 004 CA NS 0.05
F, 2.37 1 2.44 2.55 245 A NS 004 FA NS 0.05
Mean 243 2.48 2.50

Table: 18 Main effect of treatments and two factor interactions on strength
of soil (kg m™)

Fo F; F, Ay Ay Ay Mean
Co 1.25 1.33 .50 1.25 1.50 1.33 1.36
C 2.92 322 3.14 3.11 3.00 3.17 3.09

Ag Ay A, Mean CD SE CD SE
Fo 1.96 2.14 2.25 2.08 C 0.12 004 CF NS 007
¥y 2.29 2.46 2.08 2.28 F 0.15 005 CA 021 0.07
F, 2.29 2.25 242 2.32 A NS 005 FA 026 0.09
Mean 2.18 2.25 2.25
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4.1.2.7 Soil strength

The strength of the surface soil ranged from 1.00 kg m? to 3.33 kg m™
(Table13A). The main effect of C and F significantly affected the soil strength (Table
18). The soil strength increased significantly in compacted and in F, and F, plots. All

other interaction effects except CF were significant.

4.1.3 Effect of treatments on chemical characteristics of soil

4.1.3.1 Soil reaction

The surface soils recorded a soil pH ranging from 4.87 to 5.30 (Table 19A). The
treatments significantly influenced the pH of surface soil. The treatment C,F;A, recorded
the highest pH of 5.30 and treatment CoF;A, recorded the lowest pH of 4.87. The main
effect of the treatments and their two factor interactions did not significantly influence
the soil pH. The pH of subsurface soil ranged from 4.90 to 5.13 (Table 19B). The pH was
higher in A; plots compared to Ag and A, plots. None of the treatments or their

interactions did not significantly affect the soil pH.
4.1.3.2 Organic carbon

The organic carbon content of the surface soil was not significantly affected by
the treatments alone or their combinations. The organic carbon content ranged from 0.53
percent to 0.73 percent (Table 19A). The organic carbon content of subsurface soil
ranged from 0.50 percent to 0.69 percent (Table 19B). The treatments significantly
influenced the organic carbon content of the subsurface soil. The treatment CoF2A0
recorded the highest organic carbon content of 0.69 percent and the treatment C;FoA,
recorded the lowest organic carbon content of 0.50 percent. None of the main effect or

the two factor interactions did significantly affect the organic carbon content .



Table:19A Effect of treatments on chemical characteristics of surface soil

Treatment Seil pH Organic
carbon
(Percent)

CoFoAy 5.07 0.67
CoFoAs 5.23 0.63
 CoFoA, 4.90 0.53
CoFiAo 5.13 0.58
CoF1A; 497 0.62
CoF1A; 4.87 0.57
CoF2Ap 5.07 0.57
CoF2A; 497 0.67
CoF2A, 497 0.68
CiFoAp 5.20 0.64
CiFoA, 5.03 0.59
CiFoA; 5.00 0.63
CiFiAp 497 0.62
C\F1A,; 5.00 0.60
CiFiA; 5.30 0.59
CiF2A¢ 5.13 0.73
CiRA, 4.90 0.70
CiF2A; 497 0.62
CD 0.21 NS
SE 0.07 0.07
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Table:19B _Effect of treatments on chemical characteristics of sub surface

soil

Treatment Soil pH Organic

carbon

(Percent)
CoFoAo 5.13 0.53
CoFoA, 5.03 0.63
CoFoA, 4.90 0.52
CoF1Ag 4.93 0.54
CoF1A4 5.00 0.60
CoF1A; 4.97 0.60
CoF2A¢ 4.97 0.69
CoFrA4 5.07 0.58
CoF2A; 5.03 0.57
CiFoAy 5.00 0.54
CiFoAy 5.13 0.50
CiFoA, 4,90 0.66
CiF1Aq 4.93 0.55
CiF1A4 4.97 0.59
CiF1A, 5.10 0.52
CiFAg 5.13 0.52
CiFA, 5.10 0.51

C1F2A2 5.07 0.64 -
CD NS 0.13
SE 0.07 0.06
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4.1.3.3 Available nitrogen

The surface soils recorded an available nitrogen content ranging from 186.03 kg
ha’ to 289.07 kg ha' (Table 20A). None of treatments or their interactions significantly
affected the available nitrogen content of the surface and subsurface soils. The subsurface
soils recorded an available nitrogen content ranging from 186.00 kg ha™! to 260.30 kg ha™
(Table 20B).

4.1.3.4 Available phosphorus.

The surface soil recorded available phosphorus content ranging from 14.53 kg
ha'! to 32.83 kg ha™! (Table 20A) and that of sub surface soils ranged from 15.47 kg ha™
to 28.33 kg ha! (Table 20B). The main effects of C significantly influenced the
phosphorous content of the surface and subsurface soil (Tables 21A and 21B). The
available phosphdrous content of surface and subsurface soils significantly increased in
the compacted plots. Other treatments alone or in combination did not significantly affect

the available phosphorous content of soil.
4.1.3.5 Available potassium.

The available potassium content of the surface soil ranged from 4121 kgha' to
73.94 kg ha "' (Table 20A). The main effects of C,F and A significantly influenced the
available potassium content of surface soil (Table 22A). The available potassium content
signiﬁcantly increased in the C;, F, and A, plots. The subsurface soils recorded an
available potassium content ranging from 46.43 kg ha 140 73.90 kg ha™ (Table 20B).
The main effect of C and F significantly influenced available potassium content of the
sub surface soils (Table 22B). The available potassium content of sub surface soils

increased significantly in the C; and F; plots.
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Table:20A Effect of treatments on available N, P, K and exchangeable Ca
and Mg content of surface soil

Treatment | Available | Available | Available | Exchangeable | Exchangeable
N P K Ca Mg
(kgha™) | (kgha™) | (kgha') | (cmolkg™) | (cmolkg™

CoFoAo 220.55 23.91 41.21 1.72 1.39
CoFoA1 186.03 19.30 56.41 1.70 1.39
CoFoA; 214.04 15.87 52.40 1.71 1.41
CoF1A¢ 232.06 12.33 51.49 1.70 1.39
CoF1A, 247.44 22.43 59.76 1.71 1.39
CoF1A; 225.74 2143 66.48 1.70 1.41
CoF2A0 225.74 19.10 51.50 1.70 1.41
CoF2A; 196.50 14.53 49.77 1.71 1.39
CoFA; 211.14 21.40 54.37 1.74 1.41
CiFoAg 187.87 23.70 53.73 1.71 1.41
CiFoA; 254.00 18.17 62.67 1.73 1.44
CiFoA; 201.67 22.13 56.50 1.75 1.43
CiFiAq 191.40 23.90 58.93 1.78 1.42
CiF1A; 190.23 23.47 73.94 1.81 1.42
CiFiA; 210.14 32.83 70.90 1.78 1.44
CiF2A¢ 253.17 27.00 48.83 1.73 1.47
CiF2A 266.54 26.77 66.40 1.75 1.46
CiF.A; 289.07 25.73 51.83 1.75 1.46
CD NS NS NS NS NS
SE 2.51 3.78 5.93 0.02 0.01
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Table:20B Effect of treatments on available N, P, K and exchangeable Ca
and Mg content of sub surface soil

Treatment | Available | Available | Available Exchangeable | Exchangeable

N P K Ca Mg
(gha™) | (kgha™) | (kgha™) |(emolkg™ | (cmolkg™)

CoFoAg 251.20 20.00 46.43 1.68 1.35
CoFoA 186.00 18.03 48.33 1.68 1.33
CoFoA2 243.33 15.73 48.39 1.69 1.33
CoF1Ag 230.97 2247 52.63 1.68 1.32
[ GoFiA 215.13 15.47 54.13 1.72 1.37
CoF1A; 245.63 17.47 59.77 1.68 1.37
CoF2Aq 220.50 18.37 50.77 1.72 1.34
CoF2A; 204.57 18.57 48.90 1.74 1.34
CoF2A, 196.47 18.30 53.00 1.75 1.32
CiFoAy 224.40 26.53 62.33 1.73 1.34
CiFoAy 225.73 26.63 55.97 1.76 1.33
CiFoA; 223.67 24.30 62.23 1.79 1.35
CiF1A¢ 213.20 25.67 59.30 1.75 1.36
CiFA, ~260.30 28.33 73.90 1.77 1.36
CiF1A; 220.60 26.40 62.67 1.72 1.35
CiF2Aq 195.50 25.03 48.10 1.79 1.37
CiFA; 209.97 23.67 54.87 1.78 1.37
CiFA; 246.90 26.97 57.77 1.81 1.37
CDh NS NS NS NS NS
SE 1.61 2.03 4.28 0.02 0.01




53

Table:21A Main effect of treatments and two factor interactions on

available phosphorus (kg ha™) content of surface soil

— Fo F] Fz Ao Al Az Mean
Co 19.69 18.73 18.24 18.45 18.76 19.57 18.26
C 21.33 26.73 26.50 24.87 22.80 26.90 25.95

Ao ‘Al Az Mean C__D_ _S_E_ Q _SL
Fo 23.81 18.73 19.00 21.87 C35 124 CF NS 215
Fs 18.12 22.95 27.13 22.63 F NS 1.61 CA NS 215
F, 23.05 20.65 23.57 21.82 A NS 161 FA NS 258
Mean 23.01 21.78 21.52

Table:21B_Main effect of treatments and two factor interactions on
available phosphorus (kg ha™) content of sub surface soil

Ko Fy F, Ag Ay Az Mean
Co 17.92 18.46 18.41 20.28 17.36 17.16 18.92
C 25.82 26.80 25.22 25.74 26.21 25.89 24.86

Ay Ay A, Mean CD SE CD SE
Fy 23.27 22.33 20.02 20.51 C 191 067 CF NS 1.15
Fy 24.07 21.90 21.92 22.73 F NS 087 CANS 115
F, 21.70 21.12 22.63 22.42 ANS 087 FANS 138
Mean 21.66 20.78 23.23
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Table: 22A Main effect of treatments and two factor interactions on
Table: 222
available potassium content (kg ha™) of surface soil

Fﬂ Fl Fz Ao A1 Az Mean
Co 50.01 59.24 51.88 48.07 55.31 57.75 53.71
C 57.63 67.92 55.69 53.83 67.67 59.74 60.42

Ao Al Az Mean g_]_)__ _S_E_ _(_:_]_)__ §_E_
Fo 4747 1 59.54 54.45 53.82 C 557 194 CF NS 336
F 55.21 66.85 68.69 63.58 F 683 238 CA NS 336
F, 50.17 58.08 53.10 53.78 A 683 238 FA NS 4.03
Mean 50.95 61.49 58.75

Table: 22B Main effect of treatments and two-factor interactions available
potassium content (kg ha™) of sub surface soil

Fo

F] Fz Ao A1 Az Mean
Co 47.72 55.51 50.89 4994 15046 |53.72]51.37
C 60.18 65.29 53.58 56.58 |61.58 |60.89 |59.68
Ay Aq A, Mean | CD SE CD SE
Fy 54.38 52.15 55.31 5395 [C402 140 CF NS 243
Fy 55.97 64.02 6122 6040 |F 493 1.72 CA NS 243
F, 4943 51.88 55.38 5223 |A-NS 172 FA NS 2091
Mean 53.26 56.02 57.30
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4.1.3.6 Exchangeable calcium .

The surface soil recorded an exchangeable calcium content ranging from 1.70 ¢
mol kg'1 to 1.81 ¢ mol kg‘1 (Table 20A). The main effects of C and F significantly
affected exchangeable calcium content of the surface and subsurface soil. The
exchangeable calcium content of subsurface soils ranged from 1.68 ¢ mol kg™ to 1.81 ¢
mol kg (Table 20B). The exchangeable calcium content increased in Ci plots of both
surface and subsurface soils (Tables 23A and 23B). In F plots of sub surface soils, the
exchangeable calcium content increased significantly, where as in subsurface soils F,
plots recorded the highest exchangeable calcium content. The interaction effect of CF

also significantly influenced the exchangeable calcium content of surface soils.
4.1.3.7 Exchangeable magnesium.

The exch;ﬂgeable magnesium content of the surface soils ranged from 1.39 ¢ mol
kg to 1.47 ¢ mol kg™ (Table 20A). The main effect of C and A significantly influenced
the exchangeable magnesium content (Table 24A). Exchangeable magnesium content
of the surface soils increased significantly in C; and A, plots compared to other levels of
respective factors. The interaction effect of CF also differed significantly among the
plots. The subsurface soils recorded an exchangeable magnesium content ranging from
1.32 ¢ mol kg to 1.37 ¢ mol kg’ (Table 20B). The interaction effect of CF significantly
influenced the exchangeable magnesium content of the soil. Other treatments or
interaction effects of treatments did not significantly affect the exchangeable magnesium

content of the soil (Table 24B).
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Table: 23A Main effect of treatments and two factor mteractlons on
f
exchangeable calcium content (¢ mol kg ) of surface soil

Fo F F, Ag Aq A, Mean
Co 1.71 1.70 1.72 1.71 1.71 1.72 1.71
C, 1.71 1.79 1.74 1.73 1.79 1.74 1.75

Ag Ay A, Mean CD SE CD SE
Fo 1.71 1.71 1.72 1.72 C 0.02 001 CF 0.03 0.01
Fs 1.74 1.76 1.74 1.75 F 002 001 CA NS 001
F, 1.72 1.73 1.74 1.73 A NS 001 FA NS 001
‘Mean 1.72 1.73 1.74

Table: 23B Main effect of treatments and two factor interactions on
exchangeable calcium (¢ mol kg’ ) content of sub surface

soil-

Fo F; F, Ay Ay Az Mean
Co 1.68 1.70 1.73 1.69 1.71 1.71 1.70
C 1.76 1.75 1.79 1.76 1.77 . 1.77 1.77

Ao A Az Mean CD SE CD SE
Fy 1.71 1.72 1.74 1.72 C 0,02 001 CF NS 0.01
Fy 1.72 1.74 1.70 1.72 F 002 001 CA NS 0.01
F, 1.76 1.76 1.78 1.76 A NS 001 FA NS 001
Mean 1.73 1.74 1.74
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Table:24A Main effect of treatments and two factor mteractlons on
/
exchangeable magnesium content (¢ mol kg') content of

surface soil

Fo Fl Fz An A1 Az Mean
Co 1.40 1.40 1.40 1.40 1.39 1.44 1.40
C, 1.42 1.43 1.46 1.43 1.44 1.44 1.44

Ay A4 A, Mean CD SE €D SE
Fo 1.40 1142 1.42 141 C 0.01 0.003 CF 0.01 0.01
Fi 1.41 1.40 1.43 1.41 F NS 0004 CANS 001
F, 1.44 1.42 1.44 1.41 A 0.01 0.004 FANS 0.008
| Mean _ 1.41 141 1.43

Table:24B_Main effect of treatments and two factor interactions on
exchangeable magnesium content (¢ mol kg') of sub surface soil

Fﬂ Fl Fz Ao Al Az Mean
Co 1.34 1.36 1.33 1.34 1.35 1.34 1.34
G 1.34 1.35 1.36 1.35 1.35 1.36 1.35

Ag Ay A, Mean Ch SE CDh SE
Fo 1.34 1.33 1.34 1.34 C NS 0.004 CF 0.02 0.01
Fy 1.34 1.37 1.36 1.36 F NS 0.006 CA NS 0.01
F, 1.36 1.35 1.34 1.35 A NS 0.006 FA NS 0.008
Mean 1.35 1.35 1.35
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4.1.4 Effect of treatments on biometric observations

4.1.4.1 Leaf area index

The leaf area index at maximum tillering stage ranged from 1.18 to 1.50, where as
the leaf area index at panicle initiation stage ranged from 4.14 to 4.77 (Table 25). The
treatments alone or in combination did not ;igniﬁcantly affect the leaf area index at these
stages. At flowering stage, the leaf area index ranged from 4.62 to 4.94 with a mean of
4.79. The main effect of C and F and the interaction effect of CF and FA significantly
affected the treatments. Leaf area index significantly increased in compacted plots (Table
27).
4.1.4.2 Time taken for maximum tillering

The time taken for maximum tillering ranged from 22.00 to 23.67 days (Table
26). None of the treatments alone or in combination significantly affected the time taken
for maximum tillering except the main effect of C (Table 28). The C, treatment

significantly reduced the time taken for maximum tillering,
4.1.4.3 Time taken for 50 percent. flowering

The time taken for 50 percent flowering ranged from 61.33 days to 62.00 days
(Table 26). The treatments alone or in combination did not significantly affect the above

observations.

4.1.4.4 Root length

The length of root ranged from 15.67 cm to 25.33 ¢m (Table 29). The main
effects or the interaction effects of treatments did not significantly influence the root

length



Table: 25. Effect of treatments on leaf area index at maximum tillering,

panicle initiation and flowering stage.

Treatment Maximum Panicle | Flowering
Tillering Initiation

CoFoAy ~ 136 4.20 4.71
CoFoA; 1.18 * 417 4.76
CoFoA, 1.18 4.14 4.76
CoF1A 1.44 4.15 4.70
CoF1A4 1.29 4.15 4. 81
CoF1A; 1.27 4.16 4.70
CoF2Ap 1.29 4.17 4. 65
CoFAy 1.28 4.26 4. 64
CoF2A, 1.40 442 4. 62
CiFoAo 1.50 4.62 4.75
CiFoA 1.25. 4.73 4. 80
CiFoAs 1.39 4.77 4. 83
CiF1Ag 1.38 4.74 4. 87
CiF1A; 1.38 4.74 4. 89
CiF1A; 1.34 4.73 4.92
_CiF2Ag 1.29 4.77 4. 94
CiFA; 1.35 4.69 4. 87
CiFA; 1.33 4.74 4. 90
CD NS NS NS
SE 0.10 0.10 0.03
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Table: 26. Effect of treatments on time taken for maximum tillering and

fifty percent flowering
Treatment | Maximum Fifty percent
Tillering Flowering

(days) (days)
CoFoAg 23.67 62.00
CoFoAy 22.67 62.00
CoFoA, 23.33 62.00
CoF1Ao 23.33 61.67
CoF1A4 22.67 61.67
CoF1A; 23.00 61.67
CoF2A0 23.33 61.67
CoF2A; 23.33 62.00
CoFA, 23.67 62.00
CiFoAy 23.00 61.67
CiFoA,; 22.67 61.33
CiFoA, 22.33 62.00
CiFiAg 22.33 61.33
CiF1A; 22.33 62.00
CiFA; 22.67 62.00
CiF2Ap 22.00 61.67
CiFA 23.00 62.00
CiFhA, 22.67 61.33

CD NS NS
SE 0.44 0.10

60



61

Table: 27 Main effect of treatments and two factor interactions on leaf area
m———————

index at flowering stage

R

Fo Fl Fz Ao A1 Az Mean
Co 4.74 4.74 4.64 4.69 4.73 4.69 4.71
C 4.79 4.89 491 4.85 4.85 4.89 4.86

Ay Ay A, Mean CD SE CDh SE
Fo 4.73 4.78 4.79 4.77 C0.02 001 CF 004 0.01
F; 4.79 14.85 4.81 4.82 F 0.03 001 CA NS 0.01
F, 4.80 4.76 4.76 4.77 A NS 0.01 FA 005 0.02
Mean 4.77 4.79 4.79

Table:28 Main effect of treatments and two factor interactions on time taken

for maximum tillering (days)

Fy F F, Ap | Aq Ay Mean
Co 23.22 23.00 23.44 23.44 22.89 23.33 23.22
C 22.67 22.44 22.56 22.44 22.67 22.58 22.56

Ay Ay A, Mean CD SE CD SE
Fo 23.33 22.67 22.83 22.94 C 042 014 CF NS 0.25.
Fy 22.83 22.50 22.83 22.72 FNS 019 CANS 025
F, 22.67 23.17 23.17 23.00 ANS 019 FANS 030
Mean 22.94 22.78 22.94
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4.1.4.5 Root volume

The volume of roots ranged from 16.00 cc to 35.33 cc (Table 29). The root
volume differed significantly with regard to C, F, and A effects and also with CF
interactions (Table 30).
4.1.4.6 Root density

The root density ranged from 1.28 Mg m> x 10" to 1.81 Mg m™ x 10 ® (Table
29). The main effects and the interaction effects of CF significantly influenced the root
density (Table 31). The root density significantly increased in C; , F>, and A; plots.
4.1.4.7 Grain yield

The grain yield ranged from 1.33 t ha™ to 3.15 t ha™ (Table 32). All effects and
interactions except A differed significantly (Table 33). The grain yield significantly
increased in C, and F; plots.
4.1.4.8 Straw yield

The straw yield ranged from 1.75 t ha™ to 2.96 t ha™* (Table 32). None of the
factors significantly influenced the straw yield except CF (Table 33).
4.1.4.9 Dry matter production

The dry matter production ranged from 3.07 t ha” to 6.11 t ha-' (Table 32). The
main effect of the compaction and the interaction effects of the CF significantly
influenced the dry matter production (Table 35). The dry matter production significantly

increased in compacted plots.



Table: 29. Effect of treatments on root length, root volume, and root

density
Treatment | Root length | Root volume Root
(cm) (cc) densit
(Mg m3i§
CoFoAy 24.33 16.33 1.28
CoFoA; 22.00 16.00 1.29
CoFoA, 2533 19.67 1.38
CoF1Ag 15.67 18.33 1.35
CoF1A, 18.00 28.33 1.36
CoF A, 21.33 33.33 1.42
Col2A¢ 21.00 27.00 1.46
CoFA4 16.33 28.00 1.51
CoF2A; 21.33 27.33 1.52
CiFoAp 21.33 21.00 1.71
CiFoA, 22.33 35.00 1.78
CiFoA, 19.33 28.67 1.81
CiF1Ay 18.67 28.67 1.77
CFA; 20.00 27.33 1.81
CiFiA; 23.33 30.33 1.73
CiF,Aq 19.67 34.00 1.80
CiRA, 21.67 31.67 1.80
CiF:A; 24.67 35.33 1.80
CD NS NS NS
SE 2.78 2.82 0.03
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Table: 30 Main effect of treatments and two factor interactions on root

volume (cc)

Fo Fy F, Ao Ay A, Mean
Co 17.33 26.67 27.44 20.56 24.11 26.78 23.81
C 29.89 28.78 33.67 29.56 31.33 31.44 30.78

Ay A A, Mean CD SE CD SE
Fo 21.17  '125.50 24.17 23.61 C 265 092 CF 459 1.60
Fi 23.50 27.83 31.83 27.72 F 325113 CA NS 160
F, 30.50 29.83 31.33 30.56 A 325113 FANS 192
Mean 25.06 27.72 29.11

Table: 31 Main effect of treatments and two factor interactions on root

density (Mg m” x 10”)

Fo Fl Fz Ao Al Az Mean
Co 1.32 1.38 1.50 1.36 1.39 1.44 1.40
G 1.77 1.77 1.80 1.76 1.80 1.78 1.78

Ay Ay A, Mean CD _S_E Q_D_ §E
Fo 149 1.54 1.59 1.54 C 003 0.01 CF 0.03 0.02
F 1.56 1.59 1.58 1.58 F 0.03 001 CA NS 0.02
F, 1.63 1.66 1.66 1.65 A 003 001 FA NS 002
Mean 1.56 1.59 1.61




Table: 32 Effect of treatments on grain yield, straw yield, and dry matter

production
Treatment Grain Straw Dry Matter
Yield (tha™) | Yield (tha™) | Production
(tha™)

CoFoAy 1.63 2.04 3.67
CoFoA; 1.58 2.34 3.92
CoFoA, 1.33 1.75 3.07
CoF1Aq 1.61 2.01 3.62
CoF1A; 1.60 1.75 3.35
CoF1A, 1.49 1.96 3.45
CoF2A0 1.59 2.38 3.97
CoF)A,; 1.67 2.35 4.20
CoF>A, 1.65 2.78 443
CiFoAy 2.06 2.47 4.53
CiFoA4 1.94 2.20 4.78
CiFoA; 2.67 2.11 4.79
CiF1A¢ 2.33 2.19 4.52
CiFi1A; 3.15 2.96 6.11
CiFi1A; 2.39 2.35 4.75
CiF2Ay 2.43 2.35 4.78
CiF2A; 2.18 2.17 4.35
CiFA; 2.28 2.37 4.65

CD 0.28 0.53 0.70

SE 0.10 0.19 0.24
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Table: 33 Main effect of treatments and two factor interactions on grain

yield (t ha™)
| F F, F, Ay Ay A, Mean
Co 1.51 1.57 1.64 1.61 1.62 1.49 1.57
Cy 2.23 2.62 2.30 2.27 2.42 245 2.38
Ag Ay A, Mean CD SE Ch SE
Fo 1.85 1.76 2.00 1.87 C 0.09 0.03 CF 0.16
T 197 [238 1.94 2.10 F 0.11 0.03 CA 0.16
¥, 2.01 1.93 1.97 1.97 A NS 003 FA0.20
Mean | 1.94 2.02 1.97

Table: 34 Main effect of treatments and two factor interactions on straw

yield (t ha™)

FO Fl Fz Ao A] A2 Mean
Co 2.04 1.91 2.50 2.14 2.15 2.16 2.15
Ci 2.26 2.50 2.30 2.34 245 2.28 2.35

Ag Aq Az Mean _(_:_I_)_ _S_E _(_j_l_)_ _S_E
Fo 2.26 227 1.93 2.15 CNS 006 CF 031 0.11
¥ 2.10 2.36 2.16 221 F NS 008 CA NS 0.11
F, 2.36 2.26 2.57 2.40 A NS 008 FA NS 0.13
Mean 2.24 2.30 222

Table:35 Main effect of treatments and two factor interactions on dry matter

content (t ha™)

Fn Fl Fz Ao A1 Az Mean
Co 3.55 3.47 4.20 3.75 3.82 3.65 3.74
G 4.70 5.13 4.59 4.61 5.08 4.73 4.81
. Ay Ay Ay Mean CD SE CD SE
Fo 4.10 4.35 3.93 4.13 C 023 0.08 CF 041 0.14
F 4.07 4.73 4.10 4.30 F NS 011 CANS 014
F, 438 428 4.54 4.40 A NS 0.11 FA NS 0.17
Mean 4.18 4.45 4.19
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4.1.4.10 Carbohydrate content

The carbohydrate content ranged from 67.43 percent to 71.19 percent (Table 46).
The main effects of treatments or their interactions did not significantly influence the
carbohydrate content.
4.1.4.11 Crude protein content

The crude protein content ranged from 4.79 percent to 8.65 percent (Table 36).
The main effects of C and A and the interaction effects of the CF and FA significantly
influenced the crude protein content (Table 37). The crude protein content significantly
increased in C, and A, plots.
4.1.4.12 Total nitrogen content

The total nitrogen content of the plant ranged from 1.23 to 2.04 percent (Table
38).The main effects of C, F and A and the interaction effects of CF and FA significantly
influenced the N content (Table 39). The N content increased significantly in C;, F, and
A; plots.
4.1.4.13 Total phosphorus content.

The total phosphorus content of the plant ranged from 0.13 percent to 0.29
percent (Table 38). The main effects of C and F significantly influenced the P content
(Table 40).
4.1.4.14. Total potassium content

The total potassium content of the plant ranged from 1.69 to 2.21 percent (Table
38). The main effect of C, F and A significantly affected the potassium content of the

(Table 41),
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Table: 36 Effect of treatments on quality characteristics

Treatment | Carbohydrate | Crude protein
content content
(percent) (percent)

CoFoAo 70.10 4.79
CoFoA, 70.24 5.29
CoFoAy 69.73 5.49
CoF1Ay 69.60 5.61
CoF1A; 70.81 5.36
CoF1A, 70.77 6.06
CoF2A¢ 67.43 5.83
CoFA; 70.48 6.43
CoFLA, 70.17 7.25
CiFoAg 69.98 7.13
CiFoA4 69.72 7.00
CiFoA; 70.43 8.65
CiF1Ap 70.61 7.25
CiF1A4 70.37 7.94
CiF1A; 70.12 6.65
CiF,Ay 70.60 5.73
CiFA 71.19 7.25
CiF,A, 70.59 8.17
CD NS 0.91
SE 0.90 0.30

Table:37 Main effect of treatments and two factor interactions on protein

content (percent)

Fy F; F, Ag Ay A, Mean
Co 5.18 5.68 6.50 541 5.68 6.27 5.78
C 7.59 7.28 7.05 6.70 7.40 7.82 7.31

Ay Ay A, Mean CD SE CD SE
Fy 5.96 6.12 7.07 6.38 C 030 0.11 CF 053 0.18
F 6.43 6.65 6.35 6.48 F NS 013 CA NS 0.18
F, 5.78 6.84 7.71 6.78 A 037 0.13 FA 065 023
Mean 6.06 6.54 7.04
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Table: 38 _ Effect of treatments on total N, P, K, Ca and Mg content in the
plant.

[ Treatment N P K Ca Mg
(percent) | (percent) | (percent) | (percent) | (percent

CoFoAy 1.23 0.13 1.69 0.46 0.23
CoFoA; 1.34 0.17 1.80 0.47 0.23
CoFoA, - 1.38 0.20 1.78 0.47 0.23
CoF1Ag 1.46 0.21 1.84 0.47 0.23
CoF1A4 1.49 0.22 1.81 0.47 0.23
CoF1A; 1.53 0.21 1.80 0.47 0.23
CoF2Ag 1.45 0.24 1.77 0.47 0.22
CoFoA4 1.57 0.24 1.81 0.47 0.22
CoF2As 1.78 0.26 1.93 0.48 0.22
CiFoAo 1.83 0.20 2.05 0.47 0.23
CiFoA, 1.76 0.25 2.09 0.48 0.23
CiFoA, 2.04 0.22 2.08 0.49 0.24
CiFiAg 1.79 0.24 2.09 0.48 0.24
CiF1A; 1.98 0.26 2.14 048 0.23
CiF1A, 1.72 0.23 2.15 0.48 0.23
CiFAy 1.59 0.28 2.15 0.48 0.23
CiFA; 1.81 0.29 2.21 0.49 0.24
CiF,A; 2.01 0.25 2.21 0.49 0.24
CD 0.15 NS NS NS NS
SE 0.05 0.01 0.03 0.003 0.01
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Table:39 Main effect of treatments and two factor interactions on total

nitrogen content (percent) in the plant

— Fo Fl Fz Ao A1 Az Mean
Co 1.32 1.49 1.60 1.38 1.47 1.56 1.47
Ci 1.87 1.83 1.80 1.74 1.85 1.92 1.84
Ao Ay A, Mean CD SE CD SE
Fo 1.53 1.55 1.71 1.60 C0.05 002 CF 0.08 0.03
F; 1.62 1.74 1.62 1.66 F 0.06 002 CA NS 0.03
F, 1.52 1.69 1.89 1.70 A 006 0.02 FA 0.10 0.04
Mean | 1.56 1.66 1.74

Table:40 Main effect of treatments and two factor interactions on total
phosphorus content (percent) in the plant

Fo F1 Fz Ao Al Az Mean
Co 0.17 0.22 0.25 0.20 0.21 0.23 0.21
C; 0.22 0.24 0.27 0.24 0.26 0.23 0.25

A Ay A Mean CD SE CD SE
Fo 0.17 0.21 0.21 0.19 C 0.03 0.04 CF NS 0.008
F; 0.23 0.24 0.22 0.23 F 004 001 CA NS 0.008
F, 0.26 0.26 0.26 0.26 A NS 001 FA NS 001
Mean 0.22 0.23 0.23

Table: 41 Main effect of treatments and two factor interactions on total
potassium content (percent) in the plant

Fo Fl Fz Ao A1 Az Mean
GCo 1.76 1.82 1.84 1.76 1.81 1.84 1.80
G 2.07 2.13 2.19 2.10 2.15 2.15 2.13

Ay Ay A Mean Q S_E C_D §E
Fo_ 1.87 1.94 1.93 1.91 C 0.03 001 CF NS 0.02
Fy 1.97 1.98 1.98 1.97 F 004 0.01 CANS 002
F, 1.96 201 2.07 2.01 A-0.04 001 FA NS 0.02
Mean 1.93 1.98 1.99
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4.1.4.15 Total calcium content

The total calcium content of the plant ranged from 0.46 to 0.49 percent (Table
38). The main effects of treatments or their interactions except CF did not significantly
influence the calcium content (Table 42).

4.1.3.16 Total magnesium content

The total magnesium content of the plant ranged from 0.22 to 0.24 percent (Table
38). Neither the main effect nor the interaction effect significantly influenced the

magnesium content except main effect of C (Table 43).
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Table: 42 Main effect of treatments and two factor interactions on total
—————————

calcium content (percent) in the plant

— Fo Fl Fz Ao A1 Az Mean
GCo 0.46 0.47 048 0.47 0.47 0.47 0.47
C, 0.48 0.48 0.49 0.48 0.48 0.48 0.48

Aq Ay 1A, Mean CD SE CD SE
Fo 0.47 0.47 0.48 0.47 C 0.01 0.001 CF NS0.002
F; 0.48 0.47 0.48 0.47 F NS 0.001 CANSO0.002
F, 0.48 0.48 0.48 0.48 A NS 0.001 FANSO0.002
Mean 0.47 0.47 0.48

Table: 43 Main effect of treatments and two factor interactions on total
magnesium content (percent) in the plant

Fo Fy F; Ag Aq A, Mean
G 0.23 0.23 0.22 0.23 0.23 0.23 0.23
C 0.23 0.23 0.24 0.23 0.23 0.24 0.23

Ao A1 Az Mean CD S_E _C_g §E_
Fo 0.23 0.23 0.23 0.23 CNS 0.004 CF 0.01 0.007
Fy 0.23 0.23 0.23 0.23 F NS 0.005 CA NS 0.007
F, 0.23 0.23 0.23 0.23 ANS 0.005 FA NS 0.007
Mean 0.23 0.23 0.23




4.2 SECOND CROP - RICE.

4.2.1 Effect of treatments on moisture characteristics of soil

4.2.1.1 Field Moisture Content

The surface soils recorded a field moisture content ranging from 15.93 to 24.58
percent (Table 44A). The subsurface soils recorded a field moisture content ranging from
14.17 to 24.44 percent (Table 44B). None of the treatments or their interactions

significantly influenced the moisture content of surface and sub surface soils.
4.2.1.2 Hydraulic conductivity

The hydraulic conductivity of surface soils ranged from 10.03 (CiFoA,;) to
22.34 cm hr' (CFoA,) (Table 44A). The hydraulic conductivity showed a significant
decrease in compécted plots. The main effect of compaction sigtﬁﬁcantly influenced the
hydraulic conductivity (Table 45A). The sub surface soils recorded a hydraulic
conductivity ranging from 7.68 to 19.01 cm hr' (Table 44B). Sub surface soils showed a
significant decrease in hydraulic conductivity in the compacted plots. The main effects of C

and F significantly influenced the hydraulic conductivity (Table 45B).
4.2.1.3. Available water content

The available water content of the surface soils ranged from 1.58 to 5.18 percent
(Table 44A). The available water content showed a significant increase in compacted
Plots. The C;F;A, plot recorded the highest available water content. The main effects of C
and F significantly influenced the available water content (Table 46A). The sub surface
soils recorded an available water content of 1.56 t07.00 percent (Table 44B). The sub

surface soils showed the similar trend that of surface soils (Table 46B).



Table: 44A Effect of treatments on moisture characteristics of surface soil
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Moisture Hydraulic Available Maximum
Treatment | Content Conductivity Water Water holding
(percent) |(cmhr™) (percent) Capacity
(Percent)
CoFoAo 24.58 20.52 1.58 31.75
CoFoA; 19.66 21.83 1.73 27.04
CoFoA; 15.93 22.34 1.58 23.02
CoF1Ao 17.94 22.09 2.04 22.75
CoF1A4 19.42 21.05 2.33 25.02
CoFi1A2 20.41 22.00 2.15 30.38
CoF2Ag 18.61 20.87 1.77 26.46
CoFA 18.24 21.86 2.01 26.49
CoFA; 18.06 19.94 2.44 25.01
CiFoAg 19.75 11.43 3.64 30.37
CiFoA4 22.24 10.03 3.55 29.62
CiFoA, 19.14 10.32 3.80 27.37
CiF1Ay 17.18 10.46 5.18 22.45
CiFiA; 16.82 11.53 438 22.65
CiFiA; . 22.27 11.35 3.57 30.14
CiF2A¢ 20.54 10.19 2.95 28.67
CiFA 20.69 11.01 4.72 25.69
CiFA 24.10 10.74 3.84 27.39
CD NS NS NS NS
SE 2.18 0.58 0.38 3.52




Table: 44 B Effect of treatments on moisture characteristics of sub surface soil
o —————— .

Treatment | Moisture | Hydraulic | Available Maximum
Content | Conductivity | Water Water Holding

(percent) | (emhr™) (percent) Capacity

. (Percent)
CoFoAo 16.79 16.70 2.50 25.21
CoFoA; 19.54 17.64 1.63 23.29
CoFoA, 24.44 17.02 2.21 18.11
CoF1Ay 18.30 19.01 2.56 19.04
CoF\Ay 16.89 17.68 2.49 22.42
CoF1A; 15.80 17.48 1.56 18.90
CoF2A0 19.59 18.37 3.42 25.02
CEA, 17.92 17.74 2.03 23.05.
CoF2A; 19.70 18.89 2.36 23.20
CiFiAg 16.34 8.03 4.60 27.71
CiFoAy 19.35 8.16 4.61 33.26
CiFoA, 15.43 7.68 5.43 18.65
CiFoAy 14.17 8.10 5.04 33.51
CiFiA; 15.38 7.99 7.00 18.81
CiF1A; 17.77 8.62 5.97 24.23
CiF,Ap 16.22 8.21 6.54 19.06
CiFA) 17.47 .85 - 6.22 24.87
CiFA; 17.44 8.71 6.98 20.01
CD NS NS NS NS
SE 2.87 0.56 0.36 2.46

75
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Table: 45A_Main effect of treatrnents and two factor interactions on hydraulic
_———-—'—'—
conductivity (cm hr' ) of surface soil

Fo Fy F; Ay Ay A; Mean
Co 21.56 21.72 20.76 21.16 2145 2143 21.34
C 10.59 11.11 10.65 10.69 10.86 10.80 10.78

Ay Ay Ay Mean CD SE CDh SE
Fo 1598 | 15.93 16.33 16.08 C 0.55 0 20 CF NS 0 33
F; 16.28 16.29 16.67 16.41 F NS 025 CANS 033
F, 15.53 16.24 15.34 15.70 A NS 025 FANS 039
Mean 15.931 16.15 16.12

Table: 45B Main effect of treatments and two factor interactions on hydraulic

conductivity (cm hr'' ) of sub surface soil

Fo F] Fz Ao A1 Az Mean
Co 17.12 18.05 18.33 17.12 18.05 18.33 17.84
G 7.96 8.24 8.59 7.96 8.24 8.59 8.26

Ao A1 Az Mean CD S_E_ C_D _S_E
Fy 12.36 12.90 12.35 12.04 C055 019 CF NS 032
Fy 13.55 12.83 13.05 13.15 F 065 024 CA NS 032
F, 13.29 13.29 13.80 13.46 ANS 024 FA NS 038
Mean 13.07 13.01 13.07




77

4.2.1.4 Maximum water holding capacity

Maximum water holding capacity of the surface soils ranged from 22.45 to 31.75
percent (Table 44A). None of the treatments or their interactions except FA significantly
affected the maximum water holding capacity of the soil (Table 47A). The subsurface soils
recorded the maximum water holding capacity ranging from 18.11 to 33.51 (Table 44B).
The subsurface soils recorded a similar trend that of surface soils. None of the treatments or

their interactions significantly affected the maximum water holding capacity of the soil.

4.2.2.Effect of treatments on structural characteristics of soil.

4.2.2.1 Mean weight diameter

The mean weight diameter of the surface soils ranged from 0.50 to 0.65 (Table
48A). The main effect of F significantly affected the mean weight diameter (Table 49A).
Other treatments or their interactions did not significantly affected the mean weight
diameter of the soil. The subsurface soils recorded a mean weight diameter ranging from
0.54 to 0.67 (Table 48B). None of the treatments or their interactions did not significantly

affect the mean weight diameter of the soil.
4.2.2.2 Microporosity

The microporosity of the surface soils ranged from 15.90 to 36.00 percent (Table
48A). The main effect of compaction significantly increased the microporosity of surface
soils (Table 50A). The subsurface soils recorded a microporosity ranging from 17.05 to
37.63 percent (Table 48B). The main effect of C and F significantly influenced the
microporosiy of sub surface soils (Table 50B). The other treatments or their interactidns

did not significantly influence the microporosity of subsurface soils
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Table: 46A Effect of treatments a{ld two factor interactions on available water content
== (percent) of surface soil

| Fy F F; Ag Ay Ay Mean
Co 1.63 2.17 2.17 1.80 2.02 2.05 1.90
Cy 3.66 438 3.84 3.92 4.22 3.74 3.90

Ao Al Az ) Mean C]_)_ _S_E_ _Cl S_E
Fo 2.61 2.64 2.69 2.65 C 035 0.12 CF NS 021
F; 3.61 3.36 2.86 3.28 F 043 015 CA NS 021
F, 2.36 3.36 3.14 2.95 A NS 015 FA 075026
Mean | 2.86 342 2.90

Table; 46B Effect of treatments and two factor interactions on available water content
(percent) of sub surface soil

Fo F, F, Ay Ay Az Mean
Co 2.11 2.20 2.61 283 2.05 2.04 2.31
C; 4.88 6.00 6.58 5.40 5.94 6.13 5.82

A Ay A, Mean CD SE  CD SE
Fo 3.55 3.12 3.82 3.53 C 034 012 CF 0.58 0.20
F; 3.80 474 3.76 410 F 041 0.14 CA 0.58 0.20
F, 498 4.13 4.67 4.59 A NS 014 FA 071 0.25
Mean 4.10 4.00 4,09

Table: 47 Main effect of treatments and two factor interactions on water holding

capacity (percent)of surface soil

Fo F1 Fz Ao Al Az Mean
Co 27.27 26.05 25.91 26.99 26.18 26.14 26.54
C 29.12 25.08 27.25 27.16 25.99 28.30 27.15

Ao A1 Az Mean CD _Sl‘:, Q S_E_
Fy 31.06 28.33 25.19 28.19 CNS 084 CF NS 139
F, 22.10 23.83 30.26 25.57 F NS 105 CA NS 139
F, 27.56 26.09 26.20 26.62 A NS 105 FA 490 1.71
Mean 27.07 26.08 27.22




Table: 48A Effect of treatments on structural characteristics of surface soil
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Treatment | Mean | Micro | Macro | Total Bulk Particle | Soil
weight porosity | porosity | Porosity | Density | Density Strength
diameter | (Percent) | (Percent) | (Percent) | (Mg m™) Mg m™) (L(gm'z)

CoFoAo 0.52 19.83 21.23 45.89 1.61 2.58 1.00
CoFoAl 0.50 16.46 33.60 48.91 1.70 2.60 1.00
CoFoA2 0.54 17.52 29.05 42.91 1.56 2.70 1.00
CoF1Ao 0.59 17.06 22.57 37.93 1.63 2.50 1.33
CoF1A1 0.58 15.90 29.38 39.62 1.56 2.52 1.33
CoF1A2 0.58 17.67 29.16 48.44 1.74 2.65 1.33
CoF2Ag 0.62 22.30 23.87 45.87 1.60 2.46 1.33
CoFAq 0.64 20.90 20.96 39.48 1.67 2.60 1.33
CoF2Az 0.61 17.87 27.13 39.36 1.55 2.55 2.58
CiFoAg 0.56 24.35 18.50 45.63 1.61 2.59 3.00
CiFoA1 0.50 16.91 34.80 51.33 1.43 2.51 3.00
CiFoAz 0.51 28.23 15.39 43.01 1.77 2.59 3.17
CiF1Ao 0.59 2749 19.77 41.07 1.50 2.65 3.08
CiF1A; 0.57 36.00 16.30 37.12 2.02 2.57 3.00
CiF1A; 0.58 20.80 28.85 45.92 1.49 2.55 3.42
CiFAy 0.65 24.01 21.33 46.62 1.76 2.64 3.00
CiFA, 0.61 31.21 15..78 39.08 1.57 2.58 3.00
CiFA> 0.62 23.09 23.39 46.60 1.73 2.59 3.00
CD NS NS NS NS 0.35 NS 0.45
SE 0.03 3.83 4.25 3.85 0.006 0.16

0.12




Table: 48B Effect of treatments on structural characteristics of sub surface soil
Table: 401
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Treatment | Mean Micro Macro Total Bulk Particle

weight porosity porosity Porosity Density Densitg

diameter | (Percent) | (Percent) (Percent) | (Mg m—’! Mgm™)
CoFoAo 0.57 25.30 13.57 38.87 1.61 2.63
CoFoA1 0.54 22.72 22.02 34.74 1.83 2.60
CoFoAz 0.56 18.68 24.62 39.97 1.56 2.60
CoF1Ag 0.62 21.32 21.22 35.01 1.63 2.51
CoF1A 0.66 24.32 21.67 39.32 1.72 2.56
CoF1Az 0.65 17.05 15.77 29.49 1.74 247
CoF2Ag 0.62 23.65 21.11 38.09 1.67 2.55
CoF2A4 0.63 21.58 18.89 33.94 1.67 2.53
CoFaA, 0.64 19.77 22.37 38.79 1.54 2.54
CiFoAg 0.65 27.19 14.57 38.42 1.61 2.62
CiFoA4 0.67 37.63 18.15 44.90 1.60 2.60
CiFoA; 0.67 26.02 17.43 31.69 1.77 2.60
CiF1Ay 0.60 22.98 21.83 41.49 1.73 2.56
CiF1Aq 0.61 21.88 13.51 18.73 2.02 249
CiF\A; - 0.58 24.06 25.50 42.90 1.79 2.60
CiF:Aq 0.58 21.79 14.42 32.87 1.76 2.63
CiFA,; 0.58 25.85 15.30 37.82 1.57 2.52
CiFA, 0.55 27.68 16.25 33.94 1.73 2.57
CD NS NS NS 13.73 NS NS
SE 0.02 292 3.69 0.11 0.04

4.88



81

Table: 40 Main effect of treatments and two factor interactions on mean weight diameter
of surface soil

r’f Fo Fl Fz Ao Al Az Mean
Co 0.52 0.58 0.62 0.58 0.57 0.57 0.57
C; 0.52 0.55 0.63 0.60 0.56 0.57 0.58

A A A, Mean CD SE  CD SE
Fo 0.54 10.50 0.53 0.52 CNS 001 CF NS 002
Fy 0.59 0.58 0.58 0.58 F 004 001 CANS 002
F» 0.64 0.62 0.61 0.62 ANS 001 FANS 0.02
Mean 0.59 0.57 0.57

Table: SOA Main effect of treatments and two factor interactions on micro porosity

(percent) of surface soil

Fo F1 Fz Ao A1 Az Mean
Co 17.94 16.88 20.36 19.73 17.75 17.69 18.39
Cy 23.16 28.09 26.10 25.28 28.04 24.04 25.79

Ay Ay Ay Mean CD SE CD SE
F, 22.09 16.68 22.88 20.55 C 360 125 CF NS 217
Fy 22.28 25.95 19.23 2248 FNS 163 CANS 217
F, 23.25 26.06 20.45 23.23 A NS 163 FANS 260
Mean 22.51 24290 ]20.86

Table: S0B Main effect of treatments and two factor interactions on micro porosity
(percent) of sub surface soil

[ F, ¥ F, Ao A A, Mean
Co 20.07 19.55 20.79 18.63 20.86 20.92 21.60
C; 16.72 20.28 15.32 16.94 15.65 19.63 26.12

Ay Ay A, Mean CDh SE CD SE
Fy 14.01 20.08 21.03 26.26 C 27509 CF NS 166
Fy 16.72 20.28 15.32 21.94 F 336 1.17 CA NS 166
F, 17.77 17.09 19.31 23.39 ANS 117 FA NS 199
Mean [23.70 25.66 2221
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4.2.2.3 Macroporosity

The macroporosity of the surface soils ranged from 15.39 to 34.80 percent (Table
48A). The main effect of compaction and the interaction effect of FA significantly
influenced the macroporosity of the soil (Table 51). The macroporosity significantly
decreased in compacted plots. The macroporosity of the subsurface soils ranged from 13.51
to 25.50 percent (Table 48B). The main effect of compaction significantly decreased the
macroprosity. None of the treatments or their interactions significantly influenced the

macroporosity of the subsurface soils.

4.2.2.4 Total Porosity

The total porosity of the surface soils ranged from 37.12 to 51.33 percent (Table
48A). The interaction effect of FA significantly influenced the total porosity of the surface
soil (Table 52A).”The other treatments and their interactions did not significantly influence
the total porosity of the soil. The subsurface soils recorded a total porosity ranging from
1873 to 44.90 percent (Table 48B). None of the treatments or their interactions

significantly influenced the total porosity of the sub surface soil.

4.2.2.5 Bulk Density

The bulk density of the surface soils ranged from 1.43 to 2.02 Mg m™> (Table 48A).
The three factor interactions significantly influenced the bulk density of surface soils. The
treatment C,F,A; recorded the highest bulk density of 2.02 Mg m> and the treatment
CiFoA; recorded the lowest bulk density of 1.43 Mg m>. The other factor or their
interactions did not significantly affect the bulk density of surface soil. The bulk density of
the subsurface soils ranged from 1.54 to 2.02 Mg m™ (Table 48B). None of the treatments

or their interactions significantly influenced the bulk density of subsurface soils.
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Table: 51 Main effect of treatments and two factor interactions on macro porosity

(percent) of surface soil
— Fo Fl Fz Ao A] Az Mean
Co 27.96 27.04 23.99 22.55 27.98 28.45 26.33
C 22.90 21.64 20.17 19.87 22.30 22.55 21.57

Ay Ay Az Mean CDh SE CDh SE
Fo 19.86 34.20 2222 25.43 C 399139 CF NS 241
F, 21.17 22.84 29.01 24.34 F NS 181 CA NS 241
F, 22.60 18.37 25.26 22.08 A NS 181 FA 847295
Mean 21.21 25.11 25.50

Table: 52 Main effect of treatments and two factor interactions on total porosity (percent)
of surface soil

F() F] Fz Au A1 Az Mean
Gy 45.90 42.00 41.57 43.23 42.67 43.57 43.16
G 46.66 = | 4137 44.10 44 .44 42.51 45.18 44.04

A Ay Ay Mean CD SE CD SE
Fo 45.76 50.12 42.96 46.28 CNS 130 CF NS 218
Fy 39.50 38.37 47.18 41.68 FNS 163 CA NS 218
F, 46.25 39.28 42.98 42.83 A NS 163 FA 767 267
Mean 43.84 42.59 44.37
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Table: 53A Main effect of treatments and two factor interactions on particle density
(M gm™) of surface soil

Fo F, F, Ay Ag Ay Mean
Co 2.63 2.56 2.54 2.51 2.58 2.63 2.57
Cy 2.54 2.59 2.60 2.63 2.55 2.57 2.58

Ay Ay A, Mean CD SE CDh SE
Fy 2.59 12.56 2.65 2.60 C NS 002 CFNS 003
Fi 2.58 2.55 2.60 2.57 FNS 002 CA0.08 003
¥, 2.55 2.59 2.57 2.57 A NS 002 FANS 003
Mean 2.57 2.56 2.60

Table: 53B Main effect of treatments and two factor interactions on particle density

Mg m™) of sub surface soil

Fo F] Fz Ao A1 Az Mean
Co 2.61 2.51 2.54 2.56 2.56 2.53 2.55
C 2.61 2.55 2.57 2.60 2.54 2.59 2.58

Ag A Ay Mean CD_ SE CD SE
Fy 2.63 2.60 2.60 2.61 C NS 001 CF NS 002
Fq 2.53 2.52 2.53 2.53 F 004 001 CA NS 002
F, 2.59 2.52 2.56 2.56 A NS 001 FA NS 002
Mean 2.58 2.55 2.56

Table; 54 Main effect of treatments and two factor interactions on soil strength (kg m)

Fo Fy F Ay Aq Ay Mean
Co 1.00 1.33 1.75 1.22 1.22 1.64 1.36
G 3.06 317 3.00 3.03 3.00 3.19 3.07
L Ay Ay A, Mean CD SE CD SE
Fy 2.00 2.00 2.08 2.03 C 0.15 005 CF 0.26 0.09
F, 2.21 2.17 2.38 2.25 F 018 006 CA NS 0.09
F, 2.17 217 2.79 2.38 A 018 006 FA NS 0.11
Mean 213 2.11 242




Table: SSA Effect of treatments on chemical characteristics of surface soil

Treatment Seil pH Organic
carbon
(Percent)

CoFoAy 5.1 0.45
CoFoA, 5.2 0.48
_CoFoA, 5.0 0.45
CoF1Ap 5.1 0.48
CoFiA, 5.1 0.52
CoF1A; 5.1 0.51
CoF2Ag 5.2 0.54
CoFA; 5.0 0.56
CoF2A; 5.2 0.54
CiFoA 5.1 0.58
CiFoA; 5.0 0.57
CiFoA, 52 0.60
CiFiAp 5.0 0.64
CiFi1A 5.1 0.65
CiFiA; 5.2 0.67
CiFAp 5.0 0.65
CiRhA,; 52 0.67
CiF2A, 5.1 0.64
CD NS NS
SE 0.05 0.02

85
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Table: 55B Effect of treatments on chemical characteristics of sub surface soil

Treatment Soil pH Organie carbon
(Percent)

CoFoAy 5.13 0.52
CoFoA,y 5.10 047
CoFoA; 5.00 0.45
CoF14A 5.03 0.48
CoF1A; 5.13 0.47
CoF1A; 5.00 0.50
CoF2A¢ 5.03 0.46
CoFhA,; 5.10 0.48
Col2A; 4.90 0.49
CiFoAo 5.00 0.50
CiFoA4 4.90 0.49
CiFoA, 5.07 0.50
CiFi1Ap 5.07 0.51
CiFiA, 5.07 0.48
CiFiA; 5.03 0.47
CiF2A¢ 5.00 0.48
CiFA; 4.97 0.47
CiF2A; 5.00 0.44

CD NS NS

SE 0.06 0.02

Table: 56 Main effect of treatments and two factor interactions on pH of sub surface soil

Fﬂ Fl Fz Ao A1 Az Mean
Co 5.08 5.06 5.01 5.07 511 4.97 5.05
C, 4.99 5.06 4.99 5.02 498 5.03 5.01
A9 Ay Ag Mean CD SE CD SE
F, 5.07 5.00 5.03 5.03 £ on L0
C NS 002 CF NS 003
T 5.05 5.10 5.02 5.06
F NS 003 CA 0.090.03
¥, 5.02 5.03 4.95 5.00 A NS 003 FA NS 004
Mean | 5.04 5.04 5.00 : '
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4.2.2.6 Particle Density

The particle density of the surface soils ranged from 2.46 to 2.70 Mg m™  (Table
48A). The interaction effect of CA significantly influenced the particle density of surface
soil (Table 53A). None of other treatments or their interaction significantly influenced the
particle density of surface soil. The particle density of the sub surface soils ranged from
2.47 t0 2.63 Mg m™ (Table 48B). The main effect of F significantly influenced the particle
density of sub surface soil (Table 53B).
4.2.2.7 Seil Strength

The strength of surface soils ranged from 1.00 to 3.42 kem™ (Table 48A). The main
effects of C, F, A and the interaction effect of CF significantly influenced the soil strength
(Table 54). The treatment C;F;A; recorded the highest soil strength of 3.42 kg m? and the

treatments C.FoA, , CoFoA; and C.F,A; recorded the lowest soil strength of 1.00 kg m™.

4.2.3 Effect of treatments on chemical characteristics of soil

4.2.3.1 Soil Reaction

The pH of the surface soil ranged from 5.0 to 5.2 (Table 55A). None of the
treatments or their interactions significantly influenced the pH of surface soil. The
subsurface soils recorded a soil pH ranging from 4.90 to 5.13 (Table 55B). The interaction

effect of CA significantly influenced the pH of subsurface soils (Table 56).



Table: SSA Effect of treatments on chemical characteristics of surface soil

Treatment Soil pH Organic
carbon
(Percent)

CoFoAy 5.1 0.45
CoFoA, 5.2 0.48
__CoFoAy 5.0 0.45
CoF1Ay 5.1 048
CoF1A, 5.1 0.52
CoF1A, 5.1 0.51
CoFrA0 5.2 0.54
CoFA4 5.0 0.56
CoFA; 5.2 0.54
CiFoAo 5.1 0.58
CiFoA, 5.0 0.57
CiFoA, 52 0.60
CiF1Ay 5.0 0.64
CiFiA, 5.1 0.65
CiF1A; 5.2 0.67
CiFhAp 5.0 0.65
CiFoA, 5.2 0.67
CihA; 5.1 0.64
CD NS NS
SE 0.05 0.02
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Table: SSB Effect of treatments on chemical characteristics of sub surface soil

Treatment Soil pH Organic carbon
(Percent)

CoFoAy 5.13 0.52
CoFoA4 5.10 0.47
CoFpA, 5.00 0.45
CoF1Ap 5.03 0.48
CoF1A4 5.13 0.47
CoF1A; 5.00 0.50
CoF2Ag 5.03 0.46
CoFoA 5.10 0.48
CoF24A; 4.90 0.49
CiFoAy 5.00 0.50
CiFoA, 4.90 0.49
CiFoA, 5.07 0.50
CiF1Ag 5.07 0.51
CiF1A; 5.07 0.48
CiF1A; 5.03 . 0.47
CiF2Ap 5.00 0.48
CiFA, 497 0.47
CiFA; 5.00 0.44

CD NS NS

SE 0.06 0.02

Table: 56 Main effect of treatments and two factor interactions on pH of sub surface soil

Fo Fl— Fz Ao A1 Az Mean
C, 5.08 5.06 5.01 5.07 5.11 4.97 5.05
C, 4.99 5.06 4.99 5.02 4.98 5.03 5.01
Ao Ay A2 Mean CD SE CD SE
F, 507 5.00 5.03 5.03 S o =0 2b
C NS 002 CF NS 003
Fy 505 5.10 5.02 5.06
F NS 003 CA 0.090.03
Mean | 5.04 5.04 5.00 ' '
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4.2.3.2 Organic Carbon

The surface soil recorded an organic carbon content ranging from 0.45 to 0.67
percent (Table 55A). The main effects of C and F significantly increased the organic
carbon content of surface soils (Table 57). The subsurface soils recorded an organic
carbon content ranging from 0.45 to 0.52 percent (Table 55B). None of the treatments or

their interactions significantly influenced the organic carbon content of subsurface soils.

4.2.3.3.Available N

The available N content of the surface soil ranged from 183.00 to 220.18 kg ha™
(Table 58A). The main effects of C, F and A and the interaction effect of CF significantly
increased the available N content of surface soils (Table 59A).The subsurface soil recorded
an available N content ranging from 173.22 to 187.71 kg ha™ (Table 58B). The main effect
of C, Fand A aﬁ& the interaction effect of CF significantly increased the available N

content of subsurface soils (Table 59B).

4.2.3.4 Available P

The available phosphorus content of the surface soil ranged from 32.45 to
4134 kg ha™' (Table 58A). The main effect of C, F and the interaction effect of CF
significantly increased the available P content of surface soils (Table 60A). The subsurface
soils recorded an available phosphorus ranging from 33.80 to 43.16 kg ha™ (Table 58B).
The main effect of C, F and the interaction effect of CA significantly increased the

available P content of subsurface soils (Table 60B).
4.23.5 Available K

Auvailable potassium content of the surface soils ranged from 47.79 to 73.17 kg ha™

(Table 58A). The main effect of C and A and interaction effect of CF and CA significantly
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Table: 57 Main effect of treatments and two factor interactions on organic carbon
Tabie: 57 .
content (percent) of surface soil

| F F, F, Ag Ay A, Mean
Co 0.46 0.51 0.55 0.49 0.52 0.50 0.51
Cs 0.58 0.65 0.65 0.62 0.63 0.63 0.63
Ao A1 Az Mean CD _S_E_ Q_I_Z_ S_E
Fo 052 053 0.53 0.52 C 002 001 CF NS 001
F 0.56 0.58 0.59 0.58 F 003 001 CA NS 001
F, 0.60 0.62 0.59 0.60 A NS 001 FA NS 002
Mean 0.56 0.58 0.57

Table: 58A Effect of treatments on available N, P, K, exchangeable Ca and Mg content of
surface soil

[Treatment | Available | Available | Available Exchangeable | Exchangeable
N P K Ca Mg
(kgha™) | (kgha?) | (kgha™) (emol kg ) (c mol kg ™)

CoFoAy 183.00 32.45 47.79 1.70 1.40
CoFoA; 188.89 34.23 53.01 1.71 1.42
CoFoA, 188.88 35.38 55.25 1.70 1.43
CoF1A0 189.79 35.97 55.25 1.72 1.44
CoF1A; 192.60 37.30 47.79 1.74 1.45
CoF1A;, 198.16 38.75 64.21 1.75 1.46
CoF2Ap 201.89 38.03 59.72 1.74 1.47
CoFA 202.90 36.19 58.24 1.70 1.50
CoF2A; 204.00 36.73 64.21 1.71 1.44
CiFoAq 212.42 39.35 70.19 1.73 1.47
CiFoA, 212.20 39.66 71.68 1.73 1.46
CiFoA, 216.40 40.08 73.17 1.74 1.47
CiFiAg 220.16 40.05 66.45 1.78 1.43
CiF1A, 219.77 40.81 70.19 1.77 1.45
C\F A, 220.18 39.39 69.44 1.74 1.47
CiFA, 211.40 41.34 66.45 1.68 1.44
CiFA, 211.93 40.05 71.68 1.75 1.45
CiFA; 218.65 38.68 69.48 1.80 148
CD NS NS NS 0.07 NS
SE 2.69 0.95 2.89 0.02 0.02
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Table: 58B Effect of treatments on available N, P, K exchangeable Ca and Mg content Qf
subsurface soil

Treatment | Available | Available | Available | Exchangeable | Exchangeable

N P K Ca Mg
(kg ha ™) (kg ha ™) (kg ha ) (cmol kg ™) (cmolkg ™)

CoFoho 173.61 33.80 56.75 1.68 1.32
CoFoAs 176.20 35.43 61.97 1.68 1.32
CoFoA2 174.67 36.81 56.00 1.65 1.32
CoF1Ao 173.22 36.83 56.75 1.64 1.36
T CoRiA; 173.42 38.88 61.97 1.63 1.36
CoF1A2 178.69 37.68 56.75 1.64 1.36
CoF2Ag 178.38 39.77 58.99 1.65 1.33
CoF2A 174.68 39.25 69.44 1.68 1.35
CoF2A; | 180.51 41.03 70.93 1.70 1.32
CiFoAg 180.24 42.77 61.23 1.65 1.35
CiFoA, 181.86 43.16 65.71 1.69 1.35
CiFoA2 184.52 42.09 69.44 1.69 1.35
CiF1A 186.00 41.49 69.44 1.67 1.35
CiF1A 187.71 42.01 79.83 1.68 1.36
CiF1A 187.64 40.13 74.67 1.68 1.35
CiF2Aq 18518 | 4242 73.92 1.68 1.36
CiRA, 186.04 41.75 67.95 1.69 1.34
CiRA, 187.51 41.11 72.43 1.70 1.35
CD NS NS 8.65 NS NS
SE 1.29 0.75 3.01 001 0.01
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Table: 39A Main effect of treatments and two factor interactions on available nitrogen

content (kg ha™) of surface soil

F0 Fl Fz Ao A1 Az Mean
Co 186.93 193.54 202.93 191.56 194.82 197.02 194.46
Cs 213.62 220.04 | 213.99 214.66 214.63 218.36 215.88

Ao A1 Az Mean _Q]_)_ _S_E_ Q §_l_‘:_
Fo 197.71 200.55 202.56 20027 |C 253 088 CF 439 153
Fi 204.97 206.21 209.17 206.79 F 310 108 CANS 153
F, 206.65 207.42 211.33 208.46 A 310 108 FANS 18
Mean 203.11 204.73 207.69

Table: 39B Main effect of treatments and two factor interactions on available nitrogen
content (kg ha™) of sub surface soil

Fo Fl Fz Ao Al Az Mean
Cy 174.83 175.13 177.86 175.07 174.79 177.96 175.94
G 182.21 187.12 ~ | 186.25 183.81 185.20 186.56 185.19

Aq Ay Az Mean CD. SE CD SE
Fo 176.93 179.03 179.60 178.52 C 122 042 CF 211 0.73
F; 179.61 180.59 183.16 181.12 F 149 052 CA NS 0.73
F, 181.78 180.36 184.01 182.05 A 149 052 FA NS 088
Mean 179.44 180.00 182.26
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Table: 60A Main effect of treatments and two factor interactions on avallable phosphorus

content (kg ha™) of surface soil

K F F, Ay Ay Az Mean
Co 3402 13734 13698 3548 3591 [3695 [36.11
G 3970 _ [40.08 14002 4024 [40.18 [3938 [3993

An A1 Az Mean CD §E _CL S_E.
Fy 3590 13695 3773 |36.86 | C 0.89 031 CF 1.54 054
F, 3801 13906 13907 [3871 |F 109 038 CANS 054
Fy 3968 3812 13770 3850 |ANS 038 FANS 0.64
Mean _ |[37.86  [3804 3817

Table: 60B Main effect of treatments and two factor interactions on available phosphorus
content (kg ha™) of sub surface soil

Fo | F F, A Ay Ay Mean
Co 35.35 37.80 40.02 36.80 37.85 38.51 37.72
Ci 42.67 41.21 41.76 4223 4231 41.11 41.88

A A A, Mean CD SE CD SE
Fo 38.29 39.30 39.45 39.01 C 071 025 CF NS 043
F 3916 40.45 38.90 39.50 F 08 030 CA 122 043
F, 41.10 40.50 41.07 40.89 A NS 030 FA NS 051
Mean 39.51 40.08 39.81
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| increased the available K content of the surface soils (Table 61A). The subsurface soils
recorded an available potassium content ranging from 56.00 (CoFoA,) to 79.83 (CiF1A1)
kg ha” (Table 58B). The treatments differed significantly among themselves in available
K content. The main effects of C, F, A and the interaction effect of CF significantly
increased the available K content of subsurface soils (Table 61B).

4.2.3.6 Exchangeable Ca

The exchangeable Ca content of the surface soils ranged from 1.68 to 1.80 ¢ mol kg!

(Table 58A). The main effect of C significantly increased the exchangeable Ca content of
surface soils (Table 62A). The effect of three factor interactions were also significant The
ex‘changeable Ca content of the sub surface soils ranged from 1.63 to 1.70 ¢ mol kg
(Table 58B) .The main effect of C and interaction effect of CF significantly increased the
exchangeable Ca content of sub surface soils (Table 62B).

4.2.2.7 Exchangeable Mg.

The exchangeable Mg content of the surface soils ranged from 1.40 to 1.50
¢ mol kg’ (Table 58A). None of the factors or their interactions except CF significantly
affected the exchangeable Mg content of surface soils (Table 63A). The sub surface soils
recorded an exchangeable Mg content ranging from 1.32 to 1.36 ¢ mol kg‘l (Table 58B).
The main effect of F significantly affected the exchangeable Mg content of sub surface

soils. (Table 62B)
424. Effect of treatments on biometric observations.

4.2.4.1 Leaf Area Index

The leaf area index at maximum tillering stage ranged from 1.03 to 1.57 (Table 64).

The treatment CiFoA; recorded the highest leaf area index of 1.57 and the treatment CoFoAg
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Table: 61A Main effect of treatments and two factor interactions on available potassium

content (kg ha™) of surface soil

| F, F, Ay Ag Az Mean
Ca 5202|5575 6073 |5425 [5301 |6123 |356.16
C,  |7168 16869 16918 [67.70 7118 [70.68 | 69.85

Ag Ay Az Mean CDh SE CD SE
F, 15899 6235 6421 |61.85 |C 271095 CF 470 164
i 60.85 [5899 16683 [6222 |FNS 116 CA 470 164
F, 63.09 6496 (6682 [6496 |A 333116 FA NS 197
Mean | 6098 [ 61.10 | 65.95

Table: 61B Main effect of treatments and two factor interactions on available potassium
content (kg ha™) of sub surface soil

Fo F; F, Ay A4 Az Mean
Co 58.24 58.49 66.45 57.49 64.46 61.23 61.06
C 65.46 74.65 71.43 68.24 71.16 72.18 70.50

Ay Ay A, Mean CDh SE CD SE
Fa 58.9 63.84 62.72 61.85 C 288 1.00 CF 5.00 174
F; 63.09 70.90 65.71 66.57 F 353 123 CANS 174
F, 66.45 68.69 71.68 68.94 A 353 123 FA NS 209
Mean 62.24 67.81 66.71
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m]_e_:_gy; Main_ 1effect of treatments and two factor interactions on exchangeable calcium
content (¢ mol kg )of surface soil

F’( Fo Fl Fz Ao Al Az Mean
Co 1.70 1.74 1.72 1.72 1.72 1.72 1.72
G 1.73 1.76 1.74 1.73 1.75 1.76 1.75
Ay A A, Mean CDh SE CD SE
Fo 1.71 1.72 1.72 1.72 C 002 0.01 CF NS 0.01
¥ 1.73 1.75 1.76 1.75 FNS 001 CA NS 001
F, 1.71 1.73 1.76 1.73 A NS 001 FA NS 002
Mean 1.72 1.73 1.74

Table: 62B Main effect of treatments and two factor interactions on exchangeable calcium
content (c mol kg™ )of sub surface soil

Fo F1 Fz Ao A] Az Mean
Co - 1.68 1.64 1.66 1.66 1.66 1.66 1.66
C 1.69 1.67 1.69 1.69 1.67 1.69 1.68

Ao - A1 Az Mean _(_:D_ E C_D_ §E_
Fo 1.69 1.67 1.68 1.68 C 0.01 0.04 CF 0.02 0.01
Fy 1.67 1.66 1.66 1.66 F NS 0006 CA NS 0.01
F, 1.66 1.67 1.69 1.67 A NS 0.006 FA NS 0.01
Mean 1.73 1.74 1.74
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Table: 63A Main effect of treatments and two factor interactions on exchangeable
Table: 694
magnesium content (¢ mol kg') of surface soil

Fo Fy F, Ag Ay As Mean
Co 1.42 1.45 1.47 1.44 1.46 144 1.45
Cy 1.47 1.45 1.46 1.45 1.45 147 1.46

Ag Ay A, Mean CD SE CD SE
Fo 1.43 1.44 1.45 1.44 C NS 0.005 CF 0.03 0.01
Fy 1.44 1.45 1.46 1.45 F NS 0007 CA NS 0.01
T, (146 147|146 [146 __ |A NS 0007 FA NS 00
Mean 1.44 1.45 1.46

Table: 63B Main effect of treatments and two factor interactions on exchangeable

magnesium content of (¢ mol kg) of subsurface soil

Fo | | Ay Ay Az Mean
Co 1.42 1.45 1.47 1.44 1.46 1.44 1.34
G 1.47 1.45 1.46 1.45 145 1.47 1.35

Ag Aj A, Mean CDh SE Cb SE
Fo 1.43 144 1.45 1.33 C NS 0004 CFr NS 0008
| 1.44 1.45 1.46 1.36 F 0.02 0.01 CA NS 0.008
F, 1.46 1.47 1.46 1.34 A NS 0.01_ FA NS 0.01
Mean 1.34 1.34 1.34
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recorded the lowest leaf area index of 1.03. The main effects of C, F, A and the interaction
effect of CF and CA significantly affected the leaf area index at maximum tillering stage
(Table 65). The leaf area index at panicle initiation stage ranged from 4.13 to 4.74 (Table
64). The treatments C F1A;, CiF2Aq and CiF,A, recorded the highest leaf area index of
4.74 and the treatment CoFpA, recorded the lowest leaf area index of 4.13.The main effects
of C, F and the interaction effect of CF significantly increased the leaf area index (Table
66). The leaf area index at flowering stage ranged from 4.75 to 4.95 (Table 64). The leaf
area index significantly increased in compacted plots. The interaction effect of CF also
significantly increased the leaf area index at the flowering stage (Table 67).
4.2.4.2 Time Taken for Maximum Tillering.

The time taken for maximum tillering ranged from 22.00 to 24.00 days (Table 68).
The treatments CoFA; and CyF1A, recorded the highest number of days taken for
maximum tillering and the treatments C;F,A; and C;F,A; recorded the lowest number of
days taken for maximum tillering. The main effect of C, A and the interaction effect of CA
and FA significantly affected the time taken for maximum tillering (Table 69). The three
factor interactions also significantly affected the time taken for maximum tillering,
4.2.4.3. Time taken for fifty percent flowering

The time taken for fifty percent flowering ranged from 61 to 63 days (Table 68).
The main effects of C, F and the interaction effects of CA significantly affected the time
taken for fifty percent flowering (Table 70).
4.2.4.4 Root Length

The root length ranged from 11.33 to 21.00 cm (Table 71). The treatment C;F,A;

Tecorded the highest root length of 21.00 cm and the treatment CoF,A  recorded the lowest
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Table:64 Effect of treatments on leaf area index at maximum tillering , panicle initiation
———— .
' and flowering stage.

Treatment | Maximum | Panicle | Flowering
Tillering | Initiation

CoFoAy 1.03 4.21 4.78
CoFoA, 1.05 4.16 4.81
CoFoA, 1.11 4.13 478
CoF1Ag 1.07 4.19 4.80
CoF1A; 1.14 4.30 4.81
CoF1A, 1.14 433 4.77
CoF2A¢ 1.22 443 4.75
CoFoA; 1.22 4.50 4.79
CoF2A, 1.36 4.55 4.84
CiFoAy 1.49 4.62 4.86
CiFoA4 1.57 4.73 4.90
CiFoA, 1.44 473 4.90
CiFoAy 1.47 4.70 4.95
CiF1A; 1.44 4.73 491
CFiA; 1.51 4.74 4.93
CiFAp 1.55 4.74 4.90
CiFA 1.54 4.73 4.94
CiF2A; 1.56 4.74 4.94

CD 0.08 0.11 NS

SE 0.03 0.04 0.03
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Table: 65 Main effect of treatments and two factor interactions on leaf area index at
o ——— . . .
maximum tillering stage

E:j F(j Fl Fz Ao Al Az Mean
Co 1.06 1.12 1.27 1.11 1.14 1.20 1.15
C: 1.50 1.52 1.50 1.50 1.52 1.50 1.51

Ao A1 Az Mean _(_:_D_ S_E Ql_)_ S_E
Fo 1.26 1.31 1.27 1.28 C 0.03 0.01 CF 0.04 0.02
F 1.27 1.29 1.32 1.29 F 0.03 001 CA 004 0.02
F. 1.39 1.38 1.46 1.41 A 003 001 FA NS 0.02
Mean | 1.31 1.33 1.35

Table: 66 Main effect of treatments and two factor interactions on leaf area index at
panicle initiation stage

Fo F, F, Ay A A, Mean
Co © 1 4.17 428 4.50 4.28 4.32 4.34 4.31
G 4.69 4.72 4.73 4.69 4.73 4.74 472

1As | A4 A, Mean CD SE CDh SE
Fo 4.42 4.44 4.43 4.43 C 0.04 001 CF 0.06 0.02
| 445 4.52 4.52 4504 F 004 002 CA NS 0.02
F, 4.58 4.62 4.65 4.52 A NS 002 FA NS 003
Mean 448 4.52 4.54

Table: 67 Main effect of treatments and two factor interactions on leaf area index at

flowering stage

Fy Fl Fz Ap Ay Az Mean
Co 4.79 4.79 478 4.77 4.81 4.78 4.79
G 4.87 4.92 4.94 4.89 4.92 491 4.91

Ap Ay Ay Mean CD SE CD SE
Fo 4.81 4.84 4.84 4.83 C 0.02 001 CF 0.04 0.01
Fy 4.85 4.88 4.84 4.86 F NS 0.01 CA NS 0.01
F, 4.84 4.87 4.86 4.86 A NS 001 FA NS 0.02
Mean 4.83 4.86 4.85
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root length of 11.33 cm. The main effect of C, A and the interaction effect of CF
significantly affected the root length (Table 72). The C; and A, plots recorded significantly
highef root length.
4.2.4.5 Root Volume
The root volume ranged from 13.00 to 32.67 cc (Table 71). The main effect of C
and F significantly affected the root volume (Table 73). The C; and F, plots recorded
higher root volume.
4.2.4.6 Root Density

~The treatments recorded a root density ranging from 1.24 to 1.83 Mg m>x10¢
(Table 71). The main effects of C, F, A and the interaction effect of CA significantly
increased the root density (Table 74).
4.2.4.7 Grain yieid

The grain yield ranged from 0.91 to 2.72 t ha” (Table 75). The main effect of CF
and the interaction effect of CF significantly affected the grain yield (Table 76). The
compacted plots recorded significantly ﬁigher grain yield than non-compacted plots. The
F; plot recorded significantly higher grain yield than Fyand F, plots.

4.2.4.8 Straw yield

The straw yield ranged from 1.11 to 2.84 t ha™ (Table 75). The treatment C,F,A,
recorded the highest straw yield of 2.84 t ha™ and the treatment CoF;A, recorded the lowest
straw yield of 1.11 t ha”. The main effect of C, F and the interaction effects of CF and CA
significantly affected the straw yield (Table 77). The compacted plots showed significantly

higher straw yield than non compacted plots. The F, plots showed
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Table: 68 Effect of treatments on time taken for maximum tillering and fifty percent

flowering
Treatment | Maximum Fifty percent
Tillering Flowering
(days) (days)
CoFoAg 23.67 62.67
~ CoFoAq 23.33 62.67
CoFoA; 23.00 62.67
CoF1Ao 24.00 61.67
CoF1A 23.00 62.00
CoFA, 22.33 63.00
CoF2Ay 23.00 62.33
CoF A4 24.00 62.67
CoF2A; 22.67 62.33
CiFoAo 22.33 62.67
CiFoA 22.67 62.00
CiFoA, 23.00 61.67
CiFiAg 23.00 61.33
CiF1A; 22.33 61.67
CiFiA; 22.33 61.00
CiF,Ap 23.00 61.67
CiFA; 22.00 61.00
CiFhA; 22.00 61.33
CD - 0.76 NS
SE 0.27 0.28 -
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Table: 69 Main effect of treatments and two factor interactions on time taken for

maximum tillering (days)

K Fy F, A Ay A; Mean |
Co 23.33 23.11 23.22 23.56 23.44 22.67 23.22

Cy 22,67 22.56 22.33 22.78 22.33 22.44 22.52
‘f Ag Ay A, Mean CD SE CD SE
Fo 23.00  [23.00 23.00 23.00 C 025009 CF NS 0.15
F; 23.50 22.67 22.33 22.83 F NS 0.11 CA 044 0.15
j ) 23.00 23.00 22.33 22.78 A 031 0.11 FA 0.54 0.19
Mean 23.17 22.89 22.56

Table: 70 Main effect of treatments and two factor interactions on time taken for 50

percent flowering (days)

Fo Fy F, Ay Ay A, Mean
Co 62.67 62.22 62.44 62.22 62.44 62.67 62.44
C, 62.11 61.33 61.33 61.89 61.56 61.33 61.59

Ay A A, Mean CD SE CD SE
Fo 62.67 62.33 62.17 61.39 C 027 0.09 CF NS 0.16
F; 61.50 61.83 62.00 61.78 F 033 0.11 CA 046 0.16
F, 62.00 61.83 61.83 61.89 A NS 011 FANS 019
Mean 62.39 61.78 61.89 ’




Table: 71 Effect of treatments on root length, root volume, and root density

Treatment Root Root Root density
length volume (mg m>x10°’
(cm) (cc)

CoFoAg 14.00 13.67 1.24
CoFoA, 17.00 13.00 1.25
CoFoA, 12.33 15.00 1.31
CoF1Ap 15.33 19.33 1.36
CoF1Aq 15.67 23.33 1.29
CoF1A, 11.67 17.00 142
CoF2Ay 11.33 26.00 1.42
CoFrA 11.67 18.67 1.46
CoF2A; 14.67 23.00 1.51
CiFoAy 15.67 24.00 1.63
CiFoA,; 16.00 31.33 1.64
CiFoA, 16.67 27.67 1.69
C,Fi1A, 18.67 26.00 1.72
CiF1A 18.00 22.00 1.80
CiF1A, 15.00 26.67 1.78
CiF,A¢ 19.67 27.33 1.81
CiF>A; 21.00 32.67 1.83
CFA, 16.33 29.33 1.79

CD 3.97 NS NS

SE 1.38 1.70

0.03
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Table: 72 Main effect of treatments and two factor interactions on root length (cm)

Fo Fi F Ag Ag Ay Mean
GCo 14.44 14.22 12.56 13.56 14.78 12.89 13.74
C; 16.11 17.22 19.00 18.00 18.33 16.00 17.44

Ao Al Az Mean _(_:_2 ﬂ!‘;‘ _C_]_)_ _SE
Fo 14.83 16.50 14.50 15.28 C 132 046 CF 229 0.80
Fy 17.00 16.83 13.33 15.72 F NS 056 CA NS 0.80
F; 15.50 16.33 15.50 15.78 A 162 056 FA NS 096
Mean 15.78 16.56 14.44

Table: 73 Main effect of treatments and two factor interactions on root volume (cc)

Fo F] Fz Ao A] A2 Mean
Gy 13.89 19.89 22.86 19.67 18.33 18.33 18.78
G 27.67 24 .89 29.78 25.78 28.67 27.89 27.44

Ao A A, Mean CD SE CD SE
Fo 18.83 22.17 21.33 20.78 C 302 105 CF NS 1.82
Fy 22.67 - | 2267 21.83 22.39 F 370 129 CA NS 1.82
F, 26.67 25.67 26.67 | 26.17 A NS 129 FA NS 219
Mean 22.72 23.50 23.11

Table: 74 Main effect of treatments and two factor interactions root density (Mg mx10°)

Fo Fl Fz Au A1 A2 Mean
Co 1.27 1.36 1.46 1.34 1.33 1.41 1.36
G 1.65 1.77 1.81 1.72 1.75 1.75 1.74

Ao A1 Az Mean g)_ _SE _Q_D_ _S:_E_
Fy 1.44 1.44 1.50 1.46 C 002 001 CF NS 0.02
F 1.54 1.55 1.60 1.56 F 003 0.01 CA 0.04 0.02
F, 1.62 1.64 1.65 1.63 A 0.03 001 FA NS 0.02
Mean 1.53 1.54 1.58
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Table: 75 Effect of treatments on grain yield, straw yield and dry matter production

Treatment Grain Straw Dry Matter
Yield Yield Production
(tha™) (tha™) (tha™)

CoFoAy 1.17 1.43 2.59
CoFoA, 1.07 1.33 2.40
CoFoA, 1.16 1.38 2.61
CoF1Ao 1.18 1.64 2.82
CoF1A; 1.23 1.30 2.52
CoF1A; 0.91 1.11 2.02
CoF2Ap 1.15 1.36 2.61
CoFA; 1.12 1.32 245
ColA; 1.39 1.55 2.94
CiFoAg 2.08 1.86 3.94
CiFoA,; 1.96 2.00 3.96
CiFoA; 1.91 1.97 3.88
CiFiAy 1.92 1.63 3.55
CiFiA; 2.09 2.04 4.15
CiFiA; 1.98 2.13 4.11
-~ CiF2A 2.15 2.22 4.38
CiFA, 2.72 2.84 5.54
CikBA, 237 2.44 4.81
CD NS 0.27 0.48
SE 0.12 0.09 0.09
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Table: 76 Main effect of treatments and two factor interactions on grain yield (t ha™)

; Fo F] Fz Au A1 Az Mean
Co 1.13 1.10 1.22 1.17 1.14 1.15 1.15
C; | 199 2.00 2.41 2.05 2.26 2.09 2.13
| A A A; Mean CD SE CD SE
Fo 1.63 1.52 1.53 1.56 C 0.11 0.04 CF 0.19 0.07
) 1.55 1.66 1.45 1.55 F 0.14 005 CA NS 007
¥, 1.65 1.92 1.88 1.82 A NS 005 FA NS 008
Mean | 1.61 1.70 1.62

Table: 77 Main effect of treatments and two factor interactions on straw yield (t ha™)

Fo Fl F2 Ao A1 A2 Mean
Co 1.38 1.35 1.41 1.48 1.32 1.34 1.38
G 1.94 1.93 2.50 1.90 2.29 2.18 2.13

Ao A1 A2 Mean C_D_ _SE_ g]_)_ §E_
Fo 1.64. 1.67 1.67 1.66 C 009 003 CF 0.15 0.05
Fy 1.64 1.67 1.62 1.64 F 0.11 0.04 CA 0.15 0.05
F, 1.79 2.08 1.99 1.96 A NS 004 FA NS 006
Mean 1.69 1.80 1.76

Table: 78 Main effect of treatments and two factor interactions on dry matter production

(tha”)

Fo Fl Fz Ao A1 Az Mean
Co 2.53 2.45 2.67 2.67 2.46 2.52 2.55
kY 3.93 3.93 4.91 3.96 4.55 4.27 4.26

Ao A A, Mean CD SE CD SE
Fo 3.26 3.18 3.24 3.23 C 0.16 006 CF 0.28 0.10
F 3.19 3.33 3.07 3.19 F 019 007 CA 0.280.10
F, 3.49 4.00 3.87 3.79 A NS 007 FANS 012
Mean 3.31 3.50 3.39
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significantly higher straw yield, followed by F; and F, plots .The effect of three factor
interactions were also significant.
4.2.3.7 Dry matter production.

The dry matter production of the crops ranged from 2.02 to 5.54 t ha™ (Table 75).
As in the case of grain yield and straw yield the treatment C;F, A, recorded the highest dry
matter production of 5.54 t ha” and the treatment CoF1A; recorded the lowest dry matter
production of 2.02 t ha™'. The main effect of C, F and the interaction effect of CF and CA
significantly increased the dry matter production (Table 78). The Ci, Fy and F; plots

recorded significantly higher dry matter production compared to Cy and F; plots.

4.2.5 Effect of treatments on quality characteristics

4.2.5.1 Carbohydrate content
The carbohydrate content of the grain ranged from 69.20 to 71.78 percent (Table 79).
None of the treatment or their interactions significantly influenced the carbohydrate
content.
4.2.5.2. Crude protein content
The crude protein content of the grain ranged from 4.67 to 8.88 percent (Table 79).
The main effects of C, F, A and the interaction effects of CF significantly increased the

crude protein content (Table 80).

4.2.6 Effect of treatments on total nutrient content of plant

4.2.6.1 Total nitrogen content in the plant

The total nitrogen content in the plant ranged from 1.29 to 2.37 percent (Table 81).

The main effects of C, F and A significantly increased the nitrogen content (Table 82 ).



Table: 79 Effect of treatments on quality characteristics

Treatment | Carbohydrate | Crude protein
Content Content
(percent) (percent)

CoFoAy 70.22 4.67
CoFoA,; 69.20 7.77
CoFoA; 70.32 5.13
CoF1Ag 70.95 5.38
CoF1A4 70.47 5.61
CoF1A, 69.77 6.65
CoF24A 70.96 6.42
Co oA 69.36 7.13
CoF2A; 70.98 7.61
CiFoAo 69.97 7.81
CiFoA; 70.31 8.17
C1FoA, 70.72 8.75
CiFi1Ay 70.10 7.96
CiFi1A, 70.59 8.29
CiFiA; 70.97 8.75
CF2A¢ 71.38 8.15
CiF2A, 71.78 8.75
CiF2A, 70.25 8.88

CD NS NS

SE 0.51 0.25
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Table; 80. Main effect of treatments and two factor interactions on crude protein content

(percent)
—_

Fo F] Fz Ao A1 Az Mean
Cy 4.86 5.88 7.05 5.49 5.84 6.46 5.93
G 8.25 8.34 8.59 7.98 8.40. 8.79 8.39

Ao A1 Az Mean _C_]_)_ S_E. Q _SE
Fy 6.24 6.47 6.94 6.55 C 023 008 CF 040 0.14
Fy 6.67 6.95 7.70 7.11 F 029 010 CA NS 0.14
F, 7.29 794 824 7.82 A 029 010 FA NS 0.17
Mean 6.73 7.12 7.63




Table: 81 Effect of treatments on total N, P, K, Ca and Mg content in the plant.

P

Treatment N K Ca Mg
(percent) | (percent) | (percent) | (percent) (percent)

CoFoAo 1.29 0.20 1.67 0.46 0.23
CoFoA; 1.34 0.20 1.77 0.47 0.23
CoFoA, 1.42 0.22 1.69 0.48 0.23
CoF1A¢ . 1.51 0.23 _ 1.69 0.48 0.23
CoF1A; 1.53 0.25 1.59 0.48 0.23
CoF1A, 1.64 0.26 1.60 0.48 0.23
CoF2A¢ 1.63 0.28 1.66 0.48 0.24
CoF2A; 1.74 0.30 1.75 0.48 0.24
CoF2A, 1.89 0.31 1.78 0.48 0.24
CiFoAo 1.96 0.33 1.96 0.48 0.24
CiFoA, 1.94 0.33 2.01. 047 0.24
CiFoA, 2.11 0.33 2.09 0.48 0.24
CiF1A 2.00 023 2.07 0.48 0.24
CiF1A, 2.03 0.34 2.09 0.48 0.24
CiFiA; 2.09 0.23 2.17 0.48 0.26
CiF,Aq 2.11 0.34 2.19 0.48 0.24
CiF2A, 2.20 0.34 223 0.48 0.24
CiFA; 2.37 0.35 2.32 0.48 0.24
CD NS NS NS NS NS
SE 0.08 0.01 0.04 0.003 0.004
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4.2.6.2 Total phosphorus content in the plant
The total phosphorus content in the plant ranged from 0.20 to 0.35 percent (Table 81).
Thé main effects of C, F and the interaction effect of CF significantly increased the
phosphorus content (Table 83).
4.2.6.3 Total potassium content in the plant

The total potassium content in the plant ranged from 1.60 to 2.32 percent (Table 81).
The main effect of C, F, A and the interaction effect of CF significantly increased the
potassium content (Table 84).
4.2.6.4 Total calcium content in the p»lant
The total calcium content of the plant ranged from 0.23 to 0.26 percent (Table 81).
Neither the treatments nor their interactions significantly affected the calcium content,
except the main effect of C (Table 85).
4.2.6.5 Total magnesium in the plant

The total magnesium content of the plant ranged from 0.46 to 0.48 percent (Table
81). The Cy, Fiand F, plots recorded significantly higher magnesium content than the Co

and F plots (Table 86).
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Table: 82 Main effect of treatments and two factor interactions on total nitrogen content

(percent) in the plant
| Fe F; K, Ag Ay A; Mean
Co 1.35 1.56 1.75 1.48 1.54 1.65 1.56
C 2.00 2.04 2.23 2.02 2.06 2.19 2.09
Ay A Ay Mean CD SE CD SE
Fy 1.62 1.64 1.77 1.68 C 007 002 CF NS 0.04
F 1.76 1.78 1.87 1.80 F 009 003 CA NS 004
F 1.87 1.97 2.13 1.99 A 009 003 FA NS 0.05
| Mean 1.75 1.80 1.92

Table: 83 Main effect of treatments and two factor interactions on total phosphorus

content (percent) in the plant

Fo Fl Fz Ao A] Az Mean
Co 0.21 0.25 0.30 0.24 0.25 0.26 0.25
Ci 0.33 0.33 0.35 0.33 0.34 0.34 0.34

Ao Al Az Mean _(_:_]2 §E_ _Q_Q_ S_E
Fy 0.26 0.27 0.27 0.27 C 0.010.003 CF 0.02 0.01
Fy 0.28 0.30 0.30 0.29 F 0.01 0.004 CA NS 0.01
F, 0.31 0.32 0.33 0.32 A NS 0004 FA NS 0.007
Mean 0.29 0.29 0.30 '

Table: 84 Main effect of treatments and two factor interactions on total potassium content

(percent) in the plant

Fo Fy F, Ag Ay A, Mean
Co 1.71 1.62 1.73 1.67 1.70 1.69 1.69
G 2.02 2.11 2.25 2.08 2.11 2.19 2.13

Ag Ay Ay Mean CD SE CDh SE
Fy 1.81 1.89 1.89 1.86 C 0.04 001 CF 0.07 0.02
F 1.88 1.84 1.89 1.87 F 005 002 CA NS 002
) 1.93 1.99 2.05 1.99 A 007 002 FA NS 003
Mean 1.87 1.90 1.94
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Table: 85 Main effect of treatments and two factor interactions on total calcium content

" (percent) in the plant

Fo Fy | ) Ag Ay A, Mean
Co 0.47 0.48 0.48 0.47 0.48 0.48 0.47
G 0.48 0.48 0.48 0.48 0.48 0.48 0.48

Ay Ay A; Mean CD SE €D SE
Fo 0.47 0.47 0.48 0.47 C 0.01 0.001 CF NS 0.002
F 0.48 0.48 0.48 0.48 F 0.01 0.001 CA NS 0.002
F, 0.48 0.48 0.48 0.48 A NS 0.001 FA NS 0.002
Mean 0.47 0.48 0.48

Table: 86 Main effect of treatments and two factor interactions on total magnesium

content (percent) in the plant

-Fo Fl Fz Ao A1 Az Mean
Co 0.23 0.23 0.24 0.23 0.24 0.23 0.23
G 0.24 0.24 0.24 0.24 0.24 0.24 0.24

Ao A1 Az Mean Q_Q _S_E C_D__ §E_
Fo 0.24 0.24 0.24 0.24 C 0.01 0001 CF NS 0.002
F 0.24 0.24 0.25 0.24 F NS 0002 CA NS 0.002
F, 0.24 0.24 0.24 0.24 A NS 0.002 FA NS 0.003
Mean 0.24 0.24 0.24




43 SUMMER CROPS - Sesamum, Green gram and Cowpea

4.3.1. Effect of treatments on moisture characteristics of soil

4.3.1.1 Moisture content

The moisture content of surface soil of S, plots ranged from 13.14 to 23.81 per cent
(Table 87). The treatrﬁent CiFoA, recorded the highest moisture content and the treatment
Cof]Az recorded the lowest moisture content. The moisture content of S; plots ranged from
14.29 (CoFoAo) to 24.08 percent (C,F,A;) (Table 87). In the S, plots the moisture content
ranged from 13.76 to 22.24 percent (Table 87). The treatment C;F>A; recorded the highest
moisture content and the treatment CoFyA, recorded the lowest moisture content. The S,
plot recorded the highest moisture content of surface soil followed by S, and the lowest by
Sy plot (Table 88A). The main effect of compaction significantly influenced the moisture
content. The C, plot recorded significantly higher moisture content than C, plot.

The main effect of farmyard manure and amendments significantly influenced the
moisture content. The F, plot recorded significantly higher moisture content than the F;
and Fy plot. The A, plot recorded significantly higher moisture content followed A, plot and
the lowest by Ay plot. The interaction effects of SC, SF, SA CF, CA and FA significantly
influenced the moisture content. The S; plot recorded higher moisture content with and
without compaction followed by S; plot and lowest by S, plot.

In the sub surface soils of Sy plots moisture conteﬁt ranged from 11.51 to 18.02
(Table 87). The treatment C;F;A; recorded the highest moisture content and the treatment
CoF2A, recorded the lowest moisture content. In the S1 plots the moisture content ranged
from 11.94 to 21.57 per cent (Table 87). The treatment C,F,A; recorded the highest

moisture content and the treatment CoFoA; recorded the lowest moisture content. The
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Table 88A.

Main effects of treatments and two factor interactions on
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field moisture content (percent) of surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ao A] Az Mean
Co 1479 11463 | 1564 |14.72 15.59 114.77 |15.02
Cy 19.89 12029 {2091 19.82 2045 120.82 12036
Ao Al Az Mean
Fo 1645 (1751 |18.06 |17.34
Fy 1729 11769 | 1741 17.47
E, 18.07 | 1886 |17.91 18.27
Mean 17.27 11802 | 17.79
Co C1 Fo F] Fz Ao A] Az Mean
Se 144211888 17.62|16.11]16.21|1649|17.19] 16.28 | 16.65
S, 11577121.141731|18.17119.89|17.77 | 18.62 | 1898 | 18.45
S, 114.88/21.08]17.09]18.12]1873|17.55|1826|18.15]17.98
S C F A SF SA FA CF |CA Cs
CD | NS 084 103 103 |1.78 |178 1178 | 145 | 145 |145
SE {064 030 1037 |037 {063 1063 {063 {052 (052 |052

Table 88B. Main effects of treatments and two factor interactions on field

moisture content (percent) of sub surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ag AI Az Mean
Co 1348 |14.50 | 14.65 1431 | 1431 14.28 14.21
C 18.12 | 1898 |19.84 1843 |19.30 19.21 18.98
Ay A4 A, Mean
Fa 1529 [16.01 |16.09 15.80
F; 1644 |16.78 |16.99 16.74
F, 17.37 | 17.57 |16.79 17.24
Mean | 1637 |16.79 | 16.62
Co C1 Fo F1 Fz Ao Al A, Mean
Se_ | 12.65 | 17.03 | 14.61 {1495 [ 1498 | 1461 | 1545 | 14.48 | 14.84
S, | 1427 | 19.58 | 15.51 [ 17.17 | 18.11 [ 1652 | 16.85 | 17.41 | 16.93
S, [1570 12032 |17.29 | 18.10 | 18.65 | 17.99 | 18.06 | 17.99 | 18.01
S C F A SF SA FA CF CA CS
CD| 122 049 (060 1060 [1.03 [1.03 [1.03 |084 [084 |034
SE {031 [0.17 [021 [021 [036 |036 |036 030 030 }030
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effects of treatments were significant. Among the three crops, the cowpea plots recorded
significantly higher moisture content of sub surface soils followed by the green gram plots
and the least by the sesamum plots (Table 88B). The compacted plots recorded significantly
higher moisture content than the uncompacted plots. The F; plot recorded significantly
higher moisture content than the F, and Fy plot. The A, plot recorded higher moisture
content than the A, and the A, plot. The effect of two factor interactions such as SC, SF,

SA, CF, CA and FA were also significant.
4.3.1.2 Hydraulic conductivity

The sesamum plots recorded a hydraulic conductivity of surface soils ranging from
8.74 to 23.29 cm hr’' (Table 89). The treatment C,F;A; recorded the lowest hydraulic
conductivity and the treatment CoF;1A, recorded the highest hydraulic conductivity. In the
green gram plots, the treatment C, F) Ag recorded the lowest hydraulic conductivity of 9.78
cm hr' and the treatment Cy F; A, recorded the highest hydraulic conductivity of 25.42 cm
hr'' (Table 89). In the case of cowpea, like sesamum and green gram plots, the lowest
hydraulic conductivity of 9.37 cm hr”' was recorded by the treatment C,;F;A, The highest
hydraulic conductivity of 22.43 cm hr! was recorded by the treatment CoF»A, (Table 89).
The sesamum plots recorded the lowest hydraulic conductivity of surface soils and the green
gram plots recorded the highest hydraulic conductivity (Table 90A). The C, plot recorded
almost half the value for hydraulic conductivity than C, plot. The Fyand F, plots recorded
significantly higher hydraulic conductivity than F, plot. The A,and A, plots recorded

lower hydraulic conductivity than the A, plot. The effect of two factor interactions was also
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Table 90A. Main effects of treatments and two factor interactions on hydraulic

conductivity (cm hr') of surface soil of sesamum, green gram and cowpea

e

Fo Fy F, Ag Ay A, Mean
Co 21.33 2096 |21.72 21.60 [21.43 |2096 21.34
C 10.81 [9.86 10.27 10.29 ] 10.12 | 10.55 10.32
Ao Al Az Mean
Fo 1598 (1579 |1647 16.08
Fy 1572 11539 |15.13 15.41
F; 1595 116.17 |15.69 16.00
Mean | 1595 [1578 | 15.76
Co Cl Fo F] Fz Aa A1 Az Mean
Se 12083]1032/1664 1530|1478 |6.18 |1555]|14.00] 1558
S: 12213[10.27 15611547 (1753|1622 |16.0916.29 | 16.20
S, [21.04]10381597 15471569 |1543|15.70 1599 | 15.71
S C F A SF SA FA |CF |CA CS
CD 080 /038 [047 |047 1081 (081 |081 [066 |066 |0.66
SE 1020 |0.14 |0.17 [0.17 029 {029 [029 [023 [023 |023

Table 90B. Main effects of treatments and two factor interactions on hydraulic

conductivity (cm hr") of sub surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ag Ay A, Mean
Co 17.80 16.71 14.33 17.19 16.75 11490 |1628
C 857 8.62 8.94 8.97 8.58 8.67 8.71
: Ay Ay Az Mean
Fo 13.66 13.03 12.87 13.18
Fy 12.97 12.58 12.44 12.67
F, 12.48 12.38 10.04 11.64
Mean 13.03 12.66 11.79
Co C] Fo Fl Fz An . Al Az Mean
Se 1591 |8.08 |13.06 {1217 {10.75]12.58 | 12.38 [ 11.02 | 12.00
S; | 16.6119.49 |12.79113.33 {13.01 [ 13.09 [ 12.98 | 13.06 | 13.05
S; 11632856 |13.70 1248 | 11.13 ] 1342 | 12.62 | 1127 | 12.44
S C F A SF SA FA CF CA CS
CD 073 10.26 032 |0.32 [0.55 (055 [055 {045 |045 |045
SE [0.19 1009011 [0.11 [020 |020 [020 {016 |0.16 |0.16
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jower hydraulic conductivity than the A, plot. The effect of two factor interactions was also
significant.

In the sub surface soils sesamum plots recorded a hydraulic conductivity ranging
from 7.54 10 19.08 cm hr” (Table 89). The treatment C,F,A, recorded the lowest hydraulic
conductivity and the treatment CoFoA, recorded the highest hydraulic conductivity. In the
green gram plots the treatment C,FoA; recorded the lowest hydraulic conductivity (8.96 cm
hr') and the treatment CoF;A¢ recorded the highest hydraulic conductivity of 17.93 cm hr!
(Table 89). In the cowpea plots the treatment C;Fy A; recorded the lowest hydraulic
conductivity of 7.74 cm hr’ and the treatment CoFoAo recorded the highest hydraulic
conductivity of 20.15 cm hr'’ (Table 89). The main effects of treatments and two factor
interactions were significant (Table 90). The sesamum plots recorded the lowest hydraulic
conductivity followed by cowpea plots and the maximum by the green gram plots. The C,
plot recorded almost half the hydraulic conductivity compared to Cy plot. The F, plot
recorded the lowest hydraulic conductivity followed by F; and Fy plots in the increasing
order. Among the amendments, the A, plot recorded the lowest hydraulic conductivity

followed by A, plot and the maximum by the Ay plot.
4.3.1.3 Available water

In the sesamum plots, the available water content of surface soil ranged from 1.96
(CoF1A2) to 5.41 percent (CiF1A) (Table 91). The available water content of the green
gram plots ranged from 1.57 (CoF2A¢) to 6.17 percent (C) Fo Az) (Table 91). In the cowpea
plots, the available water content ranged from 1.87 (CoFiA;) to 5.89 percent (CiF2Ao)
(Table 91). The green gram plots recorded higher available water content followed by

Sesamum plots and the least by cowpea plots (Table 92A). The C; plot recorded
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Table 92A. Main effects of treatments and two factor interactions on available water

content (percent) of surface soil of sesamum, green gram and cowpea

Fo F] Fz Ao A] Az Mean
Co 2.32 2.30 2.38 222 2.36 242 2.34
C 4.63 5.22 5.12 5.23 4.79 4.95 4.99
Ay Ay Ay Mean
Fy 3.39 3.62 3.43 3.48
Fy 3.82 3.78 3.70 3.76
F, 3.97 3.53 3.93 3.68
Mean | 3.73 3.58 3.69
Co C1 Fo Fl Fz Aa Ay Az Mean
So 252 1484 1337 1375 |391 |388 [348 [348 |3.68
S 217 537 [385 {391 [354 [359 |3.8 [391 |3.77
S 231 |476 [321 [362 [379 |369 [345 |347 |3.54
S C F A SF SA . |FA CF CA CS
CD 0.67 025 1030 /030 [053 053 |053 |043 |043 0.43
SE 017 1009 j0.11 [0.11 [019 [0.19 |[0.19 [015 |0.15 0.15

Table 92B. Main effects .of treatments and two factor interactions on available water

content (percent) of sub surface soil of sesamum, green gram and cowpea

Fn F] Fz Ag Aj Az Mean
Co 2.22 293 2.44 2.30 2.77 2.52 2.53
Cs 5.37 6.01 6.06 6.09 5.65 5.69 5.81
An Ay Az Mean
Fo 3.51 3.92 3.96 3.79
Fy 4.40 441 4.59 447
F, 4.68 4.31 3.76 425
Mean 4.20 421 4.11
Co C Fo ¥ F, Ay Ay A, Mean
Se 229 |548 |338 [4.15 |4.11 [3.98 [383 |385 |389
S; (283 |6.51 [454 {496 {451 {469 [4.81 [450 |467
S, 1247 1544 [346 (429 [4.11 [391 [399 [397 | 396
S C F A SF SA |FA |CF |CA CS
1CD (039 1026 |032 [0.32 {056 |0.56 {056 | 046 | 0.46 0.46
SE (0.10 [0.09 |0.12 {0.12 {020 | 020 | 020 |0.16 | 0.16 0.16
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-significantly higher (almost double) values for available water content compared to C plot.

The F1 and F; plots recorded significantly higher available water content compared to F,
'pm Among the amendments the Az plot showed higher available water content than Ay
plot.

In the sub surface soils sesamum plots recorded an available water content ranging
from 1.56 (CoF>Aq) to 6.61percent (C;F,A,) (Table 91). The available water content of the
green gram plots ranged from 2.14 (CoFoA;) to 7.35percent (CiF>Ao) (Table 91). The
cowpea plots recorded an available water content ranging from 1.54 (CoFoAg) to 6.64
percent (CiF2Ap) (Table 91). The main effeets of the treatments also showed significant
difference. The green gram plots recorded significantly higher available water content
followed by the cowpea plots and the least by the sesamum plots (Table 92B). The C; plot
recorded significantly higher available water content compared to Co plot. The F, plot
recorded higher available water content followed by F; plot and the least by F, plot. Among

the amendments, the A, plot recorded higher available water content than A; plot.
4314 Maximum water holding capacity.

The maximum water holding capacity of surface soils of the sesamum plots ranged
from 13.17 (CiF,A,, CoF1A2) to 23.82 percent (C1FoA;) (Table 93). In the green gram plots
the maximum water holding capacity ranged from 13.94 (CoF,A;) to 20.97 percent (CiF1A0)
(Table 93). The cowpea plots recorded a maximum water holding capacity ranging from
15.21 (CoF,A¢) to 24.09 percent (C;F1A;) (Table 93). Among the crops, the maximum
Water holding capacity of plots did not show any significant difference. The C, plot
Tecorded significantly higher maximum water holding capacity than C, plot (Table 94A).

The F, and F, plots were on par. The A, plot showed higher maximum water holding
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Table 94A. Main effects of treatments and two factor interactions on water holding

capacity (percent) of surface soil of sesamum, green gram and cowpea

Fo F] Fz Aa A] Az Mean
Co 15.47 14.79 15.59 15.19 15.71 14.98 15.29
G 20.48 20.48 19.69  119.08 20.26 20.57 120.22
Aq Ay A, Mean
Fy 16.89 18.17 18.87 17.98
Fy 17.65 18.05 17.21 17.64
F, 17.99 17.73 17.19 17.64
Mean | 17.51 17.98 17.76
B Co C1 Fo F] Fz Ao A1 Az Mean
So 1441 1882 |17.63 1599|1621 1646|1720} 16.17 | 16.61
St 15.36 | 19.15 [ 17.50 | 17.00 | 17.25 { 17.18 | 17.53 | 17.04 | 17.25
Sy 16.09 1 22.69 | 18.80 { 19.92 | 19.46 | 18.89 | 19.22 | 20.06 | 19.39
S C F A SF [SA FA CF | CA Cs
CD | NS 0.79 | NS NS 168 | 168 |168 [1.37 |1.37 |1.37
SE 077 1028 1035 035 1060 0.60 |0.60 1049 049 |0.49

Table 94B. Main effects of treatments and two factor interactions on water holding

capacity (percent) of sub surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ao A[ Az Mean
Co 13.87 15.00 15.18 14.74 14.65 14.66 14.68
G 19.05 2025 |20.18 19.25 20.02 20.22 19.83
Ao Al Az Mean
Fo 15.67 16.54 17.18 16.46
Fy 17.46 17.66 17.76 17.63
| ) 17.84 17.81 17.38 17.68
Mean 16.99 17.34 17.44
Co Cl Fo Fl Fz Ao A] Az Mean
1S | 12.72 11697 | 14.68 | 14.96 | 14.89 | 14.56 | 15.34 | 14.64 | 14.85
S; 1473 119.61 | 1581 [17.74 11796 | 16.78 | 17.05 | 17.68 | 17.17
S; 1659 2290 |{18.89 |20.19 {20.18 | 19.63 | 19.63 |19.99 | 19.75
S C F A |SF SA FA CF CA CS
Cb 116 |051 [063 [0.63 1.09 1109 (109 (08 |0.89 0.89
SE 1030 [0.18 [022 022 [039 [039 [039 [032 [0.32 0.32
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capacity than A; plot.

In the sub surface soils of sesamum plots, the treatment C,F,A, recorded the highest
maximum water holding capacity of 17.94 percent and the treatment CoF2A; recorded the
Jowest maximum water holding capacity of 11.66 percent (Table 93). The green gram plots
recorded a highest maximum water holding capacity of 21.55 percent (C,F2A;) and the
lowest being 12.63 percent (CoFoA;) (Table 93). The cowpea plot recorded the highest
maximum water holding capacity of 23.99 percent (C;F,A;) and the lowest being o-f 14.37
percent (CoFoAg) (Table 93). The cowpea plots recorded significantly higher maximum
water holding capacity followed by green gram plots and the least by sesamum plots. The
Ci plot recorded significantly higher maximum water holding capacity than C, plot. The F,
and F; plots recorded significantly higher maximum water holding capacity than Fy plots.
The A, and A; plots recorded higher maximum water holding capacity than untreated plots.

(Table 94B).

43.2 Effect of treatments on structural characteristics of soil

4.3.2.1 Mean weight diameter

In the surface soils of sesamum plots the mean weight diameter ranged from 0.47 to
0.63 (Table 95). The treatment CiFoAo recorded the highest mean weight diameter of 0.63
and the treatment CoFoAg and CoFA; recorded the lowest mean weight diameter of 0.47.
The green gram plots recorded a maximum mean weight diameter of 0.64 (CiFoA;) and a
minimum mean weight diameter of 0.52 (CyFiA;) (Table 95). The highest mean weight
diameter of cowpea plot was 0.56 (CoFoA;) and the lowest mean weight diameter was 0.47

(CiF,A,) (Table 95). The green gram plots recorded the highest mean weight diameter
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followed by sesamum plots and the least by cowpea plots. The C, plots recorded
g;gniﬁcantly higher mean weight diameter compared to Co plots. The F, and F; plots
recorded significantly higher mean weight diameter than Fo plots. The A; and A, plots
recordéd higher mean weight diameter than A, plots (Table 96A).

The subsurface soils of sesamum plots recorded a maximum mean weight diameter of
0.63 (C1FoAo) and a minimum mean weight diameter of 0.47 (CoFoA, and CoFoA;) (Table
95). The green gram plots showed the maximum mean weight diameter of 0.63 (CiFiA))
and a minimum mean weight diameter of 0.50 (CiF2A;) (Table 95). The highest mean
weight diameter of cowpea plots was 0.57 (CoF1A2) and the lowest was 0.51 (CiFA;,
CiFiAz and C,F>A;) (Table 95). The green gram plots recorded significantly higher mean
weight diameter followed by the sesamum plots and the least by the cowpea plots. The
plots recorded significantly highest mean weight diameter than C, plots. The F, plots
recorded significantly higher mean weight diameter than Fy plots and the F; plots which
were on par. The A, plots recorded higher mean weight diameter than the A, plots and Ao

plots, which were on par (Table 96B).
43.2.2 Microporosity.

The microporosity of the surface soil of sesamum plots ranged from 18.01 (CoF,A,)
to 3338 percent (CoFiA;) (Table 97). The green gram plots recorded a highest
microporosity of 28.29 (CiF2A)) and a lowest microporosity of 15.90 percent (CoF1A,)
(Table 97). The cowpea plots showed a microporosity ranging from 15.95 (CoF24,) to
25.97 percent (CiF1A2) (Table 97). The sesamum plots recorded the highest microporosity

followed by green gram and cowpea plots. The C; plots recorded significantly higher
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" able 96A. Main effects of treatments and two factor interactions on mean weight

diameter of surface soil of sesamum, green gram and cowpea

Fo F1 Fz Ao A1 Az Mean
E 0.54 0.52 0.52 0.52 0.53 0.54 0.53
) 0.55 0.53 0.53 0.53 0.55 054 |054
Ag Ay Ay Mean
F, 0.53 0.57 0.55 0.55
F, 0.54 0.53 0.52 0.53
F, 0.52 0.53 054 [053
Mean |0.53 0.54 0.54
Co Cl Fo F1 Fz Ao A1 Az Mean
S, 1052 (054 1056 [052 (053 053 (054 [0.54 [0.54
S, 053 059 1056 055 {056 055 1056 |0.55 |0.56
S, 1052 (049 |051 [{051 [049 (050 |051 [0.51 1051
S C F A SF SA FA |[CF CA |CS
cD 10032 [0.017 [0.021 [0.021]0037 |0.037 |0.037]0.030 {0.030]0.030
SE | 0.008 |0.006 |0.008 {0.008 {001 {001 [0.01 {001 [001 |0.01

Table 96B. Main effects of treatments and two factor interactions on mean weight

diameter of sub surface soil of sesamum, green gram and cowpea

A

Fo Fy | J) Ag Ay Mean
Co 0.52 0.54 0.56 0.53 0.54 0.56 0.54
C 0.58 0.56 0.55 0.57 0.57 0.56 0.57
Ag Ay A Mean
Fo 0.54 0.55 0.56 0.55
j 3 0.56 0.55 0.56 0.55
F, 0.55 0.57 0.56 0.56
Mean 0.55 0.55 0.56
Co C, Fy F F, Aq Ay A, Mean
S 1053 {059 |055 |055 {058 {055 [055 |0.57 |0.56
S, |055 {058 [055 |058 [0.57 [057 [056 |056 |0.57
S 1054 (052 |054 |053 1052 (056 [053 1054 |0.53
S C F A SF SA FA CF CA CS
CD | 0.036 | 0.016 | NS NS 0.035 | 0.035 | 0.035 |0.028 | 0.028 | 0.028
SE | 0.009 | 0.006 | 0007 |0.007 {001 [0.01 {001 [001 |0.01 0.01
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microporosity than Co plots. The F; plots recorded the highest microporosity followed.by
the Fo plots and F, plots. The A, plots recorded highest microporosity than A, plots and A,

plots (Table 98A).

The microporosity of sub surface soils of the sesamum plots ranged from 17.05
(CoF2A2) 10 31.17 percent (C;F1Az) (Table 97). The green gram plots recorded a maximum
microporosity of 33.35 percent (CiF»A;) a minimum microporosity of 15.57 percent
(CoFoA1) (Table 97). The cowpea plpts showed a 'range in microporosity from 15.80
percent (CoF1A¢) to 25.19 percent (C1F1A;) (Table 97). As in the case of surface soil
samples, the sesamum plots recorded highest microporosity followed by green gram plots
and the least by cowpea plots. The .C1 plot recorded significantly highest microporosity than
Co plot. The F; plot recorded highest microporosity followed by the F, plot and the least by
Fo plot. The A, plot recorded the highest microporosity, which was on par with the A, plot,

and the least by Ay plot (Table 98B).
4.3.2.3 Macroporosity.

The macroporosity of the surface soil of sesamum plots ranged from 13.43 (CoFoAq)
to 21.68 percent (CoF»A;) (Table 99). The green gram plots showed a macroporosity
ranging from 13.44 (C,F2A;z) to 21.14 percent (CoF2Ao) (Table 99). The cowpea plots
recorded a highest macroporosity of 24.47 percent (CiFoA;) and a lowest macroporosity of
13.83 percent (C,F;A;) (Table 99). The cowpea plots recorded the highest macroporosity
followed by green gram plots and the least by sesamum plots. The Cy plots recorded

significantly highest macroporosity than C, plots. The F, and F, plots were on par and
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Table 98A. Main effects of treatments and two factor interactions on micro porosity

(percent) of surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ao Ay Az Mean
Co 20.66 20.60 17.56 20.18 20.45 18.21 19.61
G 23.31 25.01 26.36 23.98 25.26 2545 24.89
Ao A1 Az Mean ’
Fo 21.96 21.93 22.07 21.98
F; 21.87 124.11 2243 22.81
F, 22.41 22.50 20.99 21.97
Mean | 22.08 22.85 21.83
r———i Co C] Fo Fl Fz Ao A] Az Mean
So 2237 12483 [22.88 12583 [22.17 {2347 [2522 |22.19 | 23.63
S 1760 | 2582 12196 12096 [2223 [21.76 |21.78 | 21.61 21.72
S, 18.86 |23.97 [21.13 |21.63 {2149 [21.00 |21.56 | 21.69 2142
S C F A SF SA FA CF CA CS
CD |NS 123 | NS NS 260 1260 (260 [212 [212 [210
SE {098 1048 [059 1|0.59 1.03 1.03 1.03 084 (084 1084

Table 98B. Main effects of treatments and two factor interactions on micro porosity

(percent) of sub surface soil of sesamum, green gram and cowpea

Fo F] Fz Ayp A1 Az Mean
Co 20.66 20.60 |17.57 20.18 2044 ]1821 [17.94
C 23.31 2501 [2636 |23.98 25.26 2545 |26.19
Ay Al Az Mean
Fo 20.22 21.98 |[2261 21.61
F; 21.19 22.16 |2428 22.55
F, 21.52 2290 |21.70 22.04
Mean 20.98 22.34 |[22.87
E} C] Fo F] Fz Ao A] Az Mean
S [20.29 [25.72 2350 |23.50 |22.02 | 2069 |23.87 24.45 |23.01
S 1645 [2913 [21.45 [23.40 | 2352 |22.00 | 2201 23.37 | 22.79
S [17.08 [23.72 [19.88 [20.74 |20.57 |20.16 | 20.26 20.77 |20.40
1S C F A SF SA FA CF CA CS
CD | NS 1.12 | NS NS 237 1237 1237 194 [194 |194
SE_[060 [046 |057 1057 |098 10098 098 [080 [080 [0.80
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showed significantly lower macroporosity than F, plot. The A; plot recorded higher

_macroporosity than A; and A, plots (Table 100).

The macroporosity of the sub surface soil of the sesamum plots ranged from 7.32
(CiFA1) 10 22.14 percent (CoF;A0) (Table 99).The green gram plots recorded a highest
macroporosity of 18.20 percent (CoF3A;) and a lowest macroporosity of 11.68 percent
(CiFzA)) (Table 99). The cowpea plots recorded a macroporosity ranging from 16.01
(CiF2A0) to 25.19 percent (CoFAq) (Table 99). The cowpea plots recorded significantly
highest macroporosity followed by green gram plots and the least by sesamum plots. The Cp
plots showed significantly higher macroporosity than C; plots. The F, plots recorded
highest macroporosity than F, plpts and Fy plots. The A; and A, plots were on par and

tecorded lower macroporosity than A, plots (Table 100B).
43.2.4 Total porosity

The sesamum plots recorded a total porosity of surface soils ranging from 31.49
(CiFA,) to 44.79 percent (C1F,A;) (Table 101). The green gram plots showed a total
Porosity ranging from 33.16 percent (CoF,A,) to 42.52 percent (CFoA) (Table 101). The
fotal Porosity of the cowpea plots ranged from 39.56 percent (CoF1A,) to 46.55 percent
(ClFoAl) (Table 101). The cowpea plots recorded the significantly highest total porosity
than sesamum and green gram plots which were on par. The C, plots recorded significantly
highest total porosity than Cy plots. The F; and F; plots recorded lower total porosity than

Fo plots. The A, plots showed highest total porosity than Ag plots and A, plots (Table
1024), |
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Table 100A. Main effects of treatments and two factor interactions on macro

porosity (percent) of surface soil of sesamum, green gram and cowpea

Fo Fy F, Ag Ay A, Mean
Co 18.94 18.14 19.74 17.96 19.63 19.23 18.94
Ci 18.36 15.72 14.80 16.59 17.05 15.24 16.30
Ao A1 Az Mean
Fo 17.09 20.30 18.56 18.65
Fy 17.78 16.21 16.80 16.93
K, 16.95 18.51 16.35 17.27
Mean 17.27 18.34 17.24
Co C[ Fo Fl Fz Ag ’A[ Az Mean
So [ 16.63 1578 | 16.89 | 15.56 | 16.18 | 15.31 | 17.82 | 15.51 16.21
S; [183311540 17981648 |16.14 | 16.82 | 17.06 | 16.72 16.87
S, [21.85]17.69 (21,08 18.75]|19.49 | 19.69 | 20.14 | 19.48 19.77
S C F A SF SA FA |CF CA CSs
CD | NS 136 [166 (166 {289 (289 289 |236 236 |236
SE {098 048 [059 059 [1.03 [1.03 [1.03 [o0.84 0.84 1084

Table 100B. Main effects of treatments and two factor interactions on macro porosity

(percent) of sub surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ao A1 Az Mean
Co 16.87 |19.34 | 18.31 19.16 1841 | 16.95 18.17
Ci 14.19 | 13.82 | 13.51 13.96 13.17 | 14.39 13.84
Ay Aq Ay Mean
Fy 15.57 | 1540 | 15.64 15.53
Fy 17.72 [ 1593 | 16.09 16.58
| 16.40 |16.05 | 15.28 15.91
Mean 16.56 | 15.79 | 15.67
F Co C] Fo Fl Fz An A] ‘Az Mean
Se 1486 |9.27 11039 | 1345 {1235 {13.06 | 1191 |11.23 | 12.07
5 16.67 | 14.84 | 1524 | 1596 | 16.07 | 16.09 | 1517 | 16.01 | 15.75 ]
S 12299 11742 {2097 {2032 |19.31 |20.54 {20.30 | 19.77 | 20.20
S C F A SF SA FA CF CA |CS
CD (236 {130 |NS NS 276 (276 | NS 225 1225 1225
SE [060 [046 057 (057 098 (098 [098 !0.80 (080 |0.80
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| The total porosi?}r of the sub surface soils of sesamum plots ranged from 28.64
(CoF2Az) to 42.21 percent (CF1A;) (Table 101). The green gram plots recorded a total
porosity ranging from 30.96 (CoFoA;) to 45.17 percent (C;FoAz) (Table 101)._ The highest
total porosity of the cowpea plots was 41.98 percent (C1F1A,) and the lowest total porosity
was 39.05 percent (CoF2A,) (Table 101).The cowpea plots recorded significantly highest
total porosity followed by the green gram plots and the least by the sesamum plots. The C;
plots recorded significantly higher total porosity than C, plots. The F; plot showed
significantly higher total porosity than F, plot. The A; plots recorded higher total porosity

than A; plots and A, plots (Table 102B).

4.3.2.5 Bulk density.

The bulk density of the surface soils of sesamum plots ranged from 1.54 Mg m™
(CiFoAz) to 1.81 Mg m™ (CiF,A;) (Table 103). The green gram plots recorded a highest
bulk density of 1.82 Mg m™ (C;FA; and CiF2A;) and a lowest bulk density of 1.58 Mg m™
(CoFoAo and CoF2Aq) (Table 103). The bulk density of cowpea plots ranged from 1.47 Mg
m* (CoF2A0) to 1.92 Mg m™ (CF1A, and CiF,A,) (Table 103). The cowpea plots showed
significantly higher bulk density followed by green gram plots and the least by sesamum
plots. The C, plots showed significantly higher bulk density than C; plots. The Fy, F, and
the Fy plots. were on par. The A, plots showed significantly higher bulk density followed by

A, plots and the least by the A plots (Table 104A)

The bulk density of the sub surface soils of sesamum plots ranged from 1.51 Mg m”
(CoF1Ap) to 1.95 Mg m™ (CoF1A;) (Table 103). The green gram plots recorded a bulk

density ranging from 1.52 Mg m™ (CoFoA,) to 1.95 Mg m” (C,F2A;) (Table 103). The
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Table 102A. Main effects of treatments and two factor interactions on total porosity

(percent) of surface soil of sesamum, green gram and cowpea

F, 0 F 1 F 2 Ao A] Az Mean
Co 39.61 36.84 |[37.38 3749 38.88 3745 37.94
Cy 41.27 40.87 |40.70 40.69 42.47 39.68 40.95
Ay Ar Ay Mean
Fo 39.05 42.30 39.98 40.44
Fy 38.54 39.33 38.68 38.85
F, 39.69 40.39 37.03 39.04
Mean 39.09 40.67 | 38.56
Cn C1 Fo Fl F. 2 An A] Az Mean
So 37.09 |39.96 | 39.22 | 38.36 | 38.00 | 38.15 | 41.12 36.32 |38.53
S 35.98 1 41.25 [ 39.94 | 37.71 [ 38.21 [ 38.39 | 39.14 | 38.32 38.62
S, 40.74 | 41.62 | 42.17 | 40.48 [ 40.90 | 40.74 | 41.75 | 41.05 | 41.18
S C F A SF SA FA CF CA CS
CD 273 [131 [NS 1.61 (279 (279 {279 |223 2.23 2.23
SE_{069 1047 [057 (057 [099 (099 [099 |081 0.81 0.81

Table 102B. Main effects of treatments and two factor interactions on total porosity

(percent) of sub surface soil of sesamum, gréen gram and cowpea

Fo F1 Fz An A] Az Mean
Co 34,94 37.51 3591 36.20. |36.10 36.05 36.12
Cy 38.92 40.92 13897 |3879 3973 40.30 39.61
Ao Al Aj Mean
Fo 3579 37.27 37.74 36.93
Fy 39.33 38.10 4022 3921
F, 37.37 38.37 36.57 3743
Mean |3749 37.91 38.18
l G |G IFr TF F, Ag Ay A, Mesan
So_ | 34.79 |34.61 | 33.34 [37.50 |33.26 |33.76 |3522 |3522 34.70
Si [33.52 143.19 | 36.67 [39.23 {39.15 |38.19 |38.09 |3877 38.35
152 | 40.05 | 41.02 [40.79 [40.91 [39.90 |4054 |4042 | 4064 40.53
S C F A SF- SA FA CF CA CS
CD 277 |166 {203 |[NS 3.52 3.52 3.52 2.88 2.88 |288
|§E 071 1059 1072 (072 {172 1.72 1.72 1.02 1.02 |1.02
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cowpea plots showed a bulk density ranging from 1.52 Mg m™ (CoF;Ao) to 1.93 Mg m>
(CiF2A0). (Table 103). The green gram plots recorded significantly higher bulk density than
sesamum and cowpea plots, which were on par.(Table 104B). The C; plots showed
significantly higher bulk density than C, plots. Tile F, plots showed significantly higher
bulk density than F, plots and Fy plots. The A, plots showed significantly higher bulk

density than A; and Ao plots.
4.3.2.6 Particle density.

The particle density of sesamum plots ranged from 2.33 Mg m* (CuFlAz) to
267 Mg m™ (CoFoAo) (Table 105). The green gram plots recorded a particle density
ranging from 2.53 m™ (CoF,A;, CiF1A, and CiFoAo) to 2.67 Mg m™ (CyFoAo) (Table 105).
The cowpea plots recorded a highest particle density of 2.60 Mg m™ (CoF2A; and CoF2A3)
and a lowest particle density of 2.42 Mg m™ (C\F2A,) (Table 105). The green gram plots
recorded significantly higher particle density followed by sesamum plots and the least by
cowpea plots (Table 106A). The .Cl plots recorded significantly lower particle density than
Coplots. The F, plots showed significantly highest particle density than F; plots and Fy plots
which were on par. The A; plots showed significantly higher particle density compared to
A plots and A plots.

The particle density of subsurface soils of the sesamum plots ranged from
245Mg m* (CoF1A;) t0 2.62 Mg m (CoFoAg) (Table 105). The green gram plots recorded
a highest particle density of 2.67 Mg m2 (CoFoA;) and a least particle density of 2.41 Mg
m* (CyF2Aq) (Table 119). The cowpea plots showed a particle density ranging from 2.42

Mg m™ (C1FoAo) to 2.60 Mg m™ (C{FyA,) (Table 105). The green gram plots recorded
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Table 104A. Main effects of treatments and two factor interactions on bulk density

: m™) of surface soil of sesamum, green gram and cow
Mg pea

Fo F; F, Ag Ay A, Mean
Co 1.59 1.61 1.64 1.61 1.61 1.61 1.62
Cy 1.71 1.74 1.75 1.74 1.73 1.73 1.74
An A1 Az Mean
Fo 1.68 1.69 1.66 1.67
F, 1.66 1.69 1.66 1.67
F, 1.62 1.64 1.76 1.67
Mean | 1.65 1.67 1.69
[ G ¢ TR TF F2 1A A A | Mean
So 164 161 [161 (163 [164 [161 |161 |1.67 |163
Si |161 173 |161 [165 [166 |[165 |168 |167 |1.67
S; 159 [18 173 1173 [1.71 [1.70 [1.73 |1.74 |1.73
S C F A SF _|SA [FA [CF |ca CS
CD | 0.065]0.039 {NS |0.048 | 0.083 | 0.083 | 0.083 | 0.068 | 0.068 | 0.068
SE_[0.02 1001 j0.02 002 [0.03 [003 |003 [002 (002 |002

Table 104B. Main effects of treatments and two factor interactions on bulk density

(Mg m™) of sub surface soil of sesamum, green gram and cowpea

Mean

Fo Fy K, A Ay A;
Co 1.68 1.64 1.70 1.67 1.66 1.70 1.67
C; 1.81 1.79 242 1.76 2.44 1.83 2.01
A.o Al Az Mean
Fo 1.75 1.68 1.71 1.71
F, 1.69 1.77 2.67 2.05
F, 1.79 1.71 1.79 1.77
Mean 1.75 1.72 2.06
i Co C | F Fy F; Ay A A; | Mean
Se 1.74 1.71 | 1.73 1.69 1.76 {172 | 1.73 1.73 | 1.73
N 1.65 2.47 | 1.66 2.71 1.82 |1.77 {169  |[271 |2.06
S, 1.63 1.84 | 1.75 1.74 1.72 | 1.74 1 1.73 1.73 | 1.74
S C F A SF SA FA CF |CA CS
CDh 0.18 042 {051 0.51 0.89 [0.89 |0.89 0.73 {0.73 0.73
SE |0.18 0.15 |10.18 0.18 032 {032 1032 0.23 1023 0.23
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significantly higher particle density followed by the sesamum plots and the least by cowpea
plots (Table 106B). The C; plots recorded significantly lower particle density than C, plots.
The Fo plots recorded significantly higher particle density followed by the F, plots and F,
plots.The A; plots showed significantly lower particle density than A, plots and A plots
which were on par.

4.3.2.7 Soil Strength.

The surface soils of sesamum plots showed a soil strength ranging from 1.08 kg m™
(CoFoA1) to 3.50 lkg m™ (CiF1Ay) (Table 107). The soil strength of green gram plots ranged
from 1.08 kg m™ (CoFoAo and CoFoA;) to 3.33 kg m? (C1F;Ao and C,FA,) (Table 107). The
cowpea plots showed the highest soil strength of 3.33 kg m? (C,F,A;) and a lowest soil
strength of 1.08 kg m? (CoFoAo, CoF1A; and CoF2Aq) (Table 107). The sesamum plots
showed higher soil strength followed by the green gram plots and the least by the cowpea
plots (Table 108). The C; plots recorded significantly higher (more than 2.5 times) soil
strength than C, plots. The F; plot showed significantly higher sqil strength followed by F,
plots and least by Fy plots. The A, plots recorded significantly higher soil strength followed

by A; plots and the least by A, plots.

433. Effect of treatments on chemical characteristics of soil

4.3.3.1 Soil reaction

The surface soils of sesamum plots recorded a soil pH ranging from 5.00 (C1F,A;) to
3.30 (CiF,A;) (Table 109). The soil PH of green gram plots ranged from 4.90 (CoF)A;) to
5.27 (C4F1A¢) (Table 109). The cowpea plots showed a soil pH ranging from 4.97 (CoF1A)
0 5.27 ( CiFpA;) (Table 109). The sesamum plots recorded significantly higher soil pH

followed by green gram plots and the least by cowpea plots (Table 1 10A). The C, plots
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Table 106A. Main effects of treatments and two factor mteractlons on particle density

Mg m’ %) of surface soil of sesamum, green gram and cowpea

N

Fy Fy F; Ay Ay A, Mean
Co 2.55 2.58 2.57 2.55 2.57 2.58 2.57
Cq 2.52 2.52 2.51 2.52 2.51 2.51 2.52
Ao A] Az Mean
Fo 2.51 2.53 2.56 2.54
Fy 2.54 2.56 2.55 2.55
F, 2.56 2.53 2.55 2.54
Mean [254 254 [ 255
Cn C1 Fo Fl Fz Ao Al Az Mean
Se [254 (251 249 |256 [253 1253 [253 1250 2.53
S; [260 258 [260 258 [258 [256 |258 |256 2.59
S, {255 (245 [250 1250 [250 [2.50 [250 [2.51 |251
S C F A SF SA | FA CF CA CS
CD 10.078 10.02 10.03 [0.03 [0.05 |0.05 |0.05 |0.04 |0.04 0.04
SE {008 [0.07 008 {008 {001 {001 |001 |001 0.01 0.01

Table 106B. Main effects of treatments and two factor interactions on pérticle density

(Mg m") of sub surface soil of sesamum, green gram and cowpea

Fo Ty Fz Ap Ay Az Mean
Co 2.56 2.52 2.54 2.55 2.55 2.51 2.54
C 2.55 2.55 247 |2.51 2.52 2.53 2.52
An A1 Az Mean
Fo  |255 |25 2.56 . | 2.56
Fy 2.55 2.54 2.53 2.54
| P 2.51 2.52 2.50 2.51
Mean | 2.54 2,54 2.53
Co Cl Fo Fl Fz An A] Az Mean
Se 257 252 (256 [250 {251 |253 [253 [250 | 253
St 262 252 |261 [257 {252 |257 |259 [2:56 | 254
S, 249 1252 {249 {253 249 [250 1250 |251 {251
S C F A SF |SA [FA |CF (CA CS
CD 004 [0.02 {002 |002 [0.04 |0.04 |0.04 | 003 | 003 0.03
SE_[0.08 0.07 [0.08 {0.08 [001 {001 [0.01 {001 |0.01 0.01




Table 107. Effect of treatments on soil strength (kg m™)

Surface soil
Treatment Sesamum Greengram Cowpea
CoFoAg 1.16 1.08 1.08
CoFoA, 1.08 1.08 1.17
CoFoA, 1.33 1.17 1.25
CoF14y 1.17 1.33 1.33
CoF1A4 1.67 1.25 1.08
CoF1A, 1.25 1.25 1.50
CoF2A¢ 1.42 1.50 1.08
CoFA 1.58 1.75 1.42
ColA, 2.50 1.33 1.33
CiFoAo 2.58 292 2.83
CiFoAy 2.58 2.67 2.75
CiFoA; 2.75 2.83 3.00
CiF1Ap 3.42 3.33 3.25
CFilA, 3.50 3.25 3.17
CiF1A; 3.08 3.08 3.08
-CiF)Ay 3.17 3.00 3.17
CiFA, 2.67 3.33 3.25
CiFA, 3.25 3.17 3.33
CD 0.21 0.21 0.21
SE 0.15 0.15 0.15

Table 108. Main effects of treatments and two facto
of surface soil of sesamum, green gram and cowpea

146

r interactions on strength (kg m'z)

Fo F; F, Ag Ay A, Mean
Co 1.16 1.31 1.55 1.24 1.34 1.44 1.34
G 2.77 3.24 3.15 3.07 3.01 3.06 3.05
Ay Ay A, Mean ’
Fo 1.94 1.89 2.06 1.96
K 2.30 2.32 2.20 2.28
F, 2.22 2.33 2.49 2.35
Mean 2.16 2.18 2.25
r Co Cl Fo F1 Fz An A1 Az Mean
'S 146 1130 {192 1235 243 [215 [2.18 | 236 |223
S 1.30 13.06 (196 1225 [235 [219 (222 [213 2.19
S, 125 1309 [201 1234 [226 [212 [214 |225 2.17
S C F A SF SA {FA ICF |CA CS
1 CD NS [0.08 {001 |0.01 [017 [0.17 |0.17 [0.14 0.14 0.14
SE 0.05 {0.03 |0.04 [0.04 [0.06 [0.06 |006 005 0.05 0.05
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Table 110A. Main effects of treatments and two factor interactions on pH of snrface-

soil of sesamum, green gram and cowpea

Fo F; F, Ag Ay A, Mean
Co 5.13 5.10 5.08 5.10 5.12 5.08 5.10
C 5.18 5.11 5.09 5.11 5.12 5.11 5.13
Ao Al Az Mean
| 5.11 5.16 5.20 5.16
F, 5.17 5.10 5.06 5.11
F, 5.05 5.11 5.11 5.09
Mean 5.11 5.12 5.12
D C |G Fo F, F, Ay | A A; | Mean
So 5.1 {513 [513 |514 |510 |510 |515 (512 |5.13
S; 510 {513 {507 (510 {507 |511 {513 |5.10 |5.12
Sa 509 [5.13 [516 |508 {508 |511 (509 |5.13 |5.11
S |C F A SF SA FA CF CA CS
CD ]0.020 | 0.028 | 0.034 | NS 0.059 | 0.059 | 0.059 | 0.063 | 0.063 0.063
SE 001 001 (002 {0.02 (003 (003 {003 [0.02 {002 0.02

Table 110B. Main effects of treatments and two factor interactions on pH of sub

surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ao A1 Az Mean
Co 5.04 4.99 4.98 4.98 5.01 5.03 5.01
Cy 4.98 4.98 5.00 4.99 4.97 5.00 4.99
Ay Ay A, Mean
Fo 5.01 5.01 5.02 5.01
F 498 4.99 5.00 4.99
F, 4.97 4.97 5.04 4.99
Mean | 499 4.99 5.02
Co Cl Fo F1 Fz Ao A1 Az Mean
So {501 |504 {503 [5.03 {504 [502 [506 |501 |5.03
S; [500 495 {500 [496 1497 1496 [495 |501 |498
S; [501 /496 |501 {498 1497 [496 [4.96 |502 |498
S C F A SF SA |FA |CF |CA CS
' CD |0.020 | NS NS |NS 0.059 | 0.059 | 0.059 | NS NS NS
SE_10.005/0.01 {001 [0.01 [0.02 [0.02 [0.02 [0.02 |0.02 0.02
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showed significantly higher soil pH than C, plots. The F; and F, plots showed significantly
lower soil pH than F, plots. The A; and A, plots were on par and showed higher soil pH
than Ay plots.

The sub surface soils of sesamum plots recorded a soil pH ranging from 4.97
(CoF1A2) to 5.10 (CiFiA; and CiFoA;) (Table 109). The green gram plots recorded a
maximum soil pH of 5.07 for all CoF, treatments and a mimimum soil pH of 4.90 in three
of the compacted plots and in one uncompacted plot (Table 109). The cowpea plots
recorded a maximum soil pH of 5.10 (CoF;A;z) and a minimum soil pH of 4.90 (CoF2A.
and CiFoA;) (Table 109). The sesamum plots recorded significantly higher soil pH than
green gram and cowpea plots which were on par (Table 110B). The C; plots recorded
significantly higher soil pH than C, plots. The F, and F,; plots recorded lower soil pH

than Fo plots. The A; plots recorded higher soil pH than A; and A, plots.

4.3.3.2 Organic Carbon.

In surface soils of sesamum plots the treatment C;F,A, recorded the highest organic
carbon content of 0.67 percent and the treatment CoFoAy recorded the lowest organic carbon
content of 0.41 percent (Table 111). The green gram plots recorded a maximum organic
carbon content of 0.57 percent (C1F,A, CiF3A,, C1F1A; and C,FpA,) and a minimum organic
carbon content of 0.43 percent (CoFoAo) (Table 111). The cowpea plots recorded an organic
-carbon content ranging from 0.43 percent (CoFpAo) to 0.59 percent ( C;FoA;) (Table 111).The
sesamum plots showed higher organic carbon content than green gram and cowpea plots,
which were on par. (Table 112A).The C, plots recorded significantly higher organic carbon

content than Co plots. The F; plots recorded significantly higher organic carbon content
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fable 112A. Main effects of treatments and two factor interactions on organic carbon

content of soil (percent) of surface soil of sesamum, green gram and cowpea

Fo F1 Fz Ao A1 Az Mean
Co 043 048 0.51 0.47 0.47 0.48 047
Ci 0.56 0.58 0.59 0.57 0.57 0.58 0.58
Ao A1 Az Mean
Fo 0.48 0.50 0.50 0.50
F, 0.53 0.52 0.53 0.53
F, 0.55 0.56 0.56 0.55
Mean 0.52 0.53 0.53
Co C1 Fo Fl Fz Ag A1 Az Mean
S 048 (061 (050 055 {059 [0.54 1054 |056 |0.55
S: 047 1055 [049 [0.52 [053 [051 {052 [052 [052
S, 046 1055 {049 1050 1053 |0.51 [050 [051 |0.52
S C F A SF SA FA CF CA L]
[ CD | NS 0.01 [0.01 |NS 0.02 (002 [0.02 |0.006|0.006 |0.006
SE_{0.01 ]0.003]0.004 |0.004 | 0.007 | 0.007 | 0.007 | 0.006 | 0.006 | 0.006

Table 112 B. Main effects of treatments and two factor interactions on organic carbon

content of soil (percent) of sub surface soil of sesamum, green gram and cowpea

F 0 Fl F 2 Ao A] Az Mean
Co 0.43 0.45 047 0.45 0.45 0.46 0.45
C; 0.51 0.52 0.54 0.52 0.53 0.53 0.53
' Ay Ay A, Mean
Fo 0.46 0.47 0.48 0.47
F, 0.48 0.49 0.49 0.50
¥, 0.51 0.50 0.51 0.51
Mean | 0.49 0.49 0.50
Cn C1 Fo F 1 Fz Ao A] Az Mean
Se 046 1057 1049 {052 |0.53 {051 051 {053 [0.52
S 044 1050 (045 {047 (049 1047 047 [047 {047
Sy 045 1050 (046 047 (049 [047 [047 [047 |047
S C F A SF SA FA |CF |CA CS
CD [ 0.01 ]0.007]0.009]0.009]0.015]0.015]0.015 | 0.012 ] 0.012 | 0.012
SE {0.003]0.003 ] 0.003 | 0.003 | 0.005 | 0.005 | 0.005 | 0.004 | 0.004 | 0.004
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followed by F1 plots and the least by F, plots. The A; and A, plots recorded higher organic
carbon content than A, plots.

The sub surface soils of sesamum plots recorded a maximum organic carbon content
of 0.59 percent (CF2A; and CiF1Ao ) and a minimum organic carbon content of 0.42
percent (CoFoAo) (Table 111).The organic carbon content of the green gram plots ranged
from 0.42 percent (CoFoAo) to 0.53 percent (CiF;A; and CiF,Ag). The cowpea plots
recorded an organic carbon content ranging from 0.42 percent (CoFyAp) to 0.53 percent
(CiFzAz) (Table 111). The sesamum plots recorded significantly higher organic carbon
content than green gram and cowpea plots which were on par (Table 112B). The C; plots
recorded significantly higher organic carbon content than Cy plots. The F, plots recorded
significantly higher organic carbon -than F, plots and the least by Fo plots. The A, plots
recorded significantly higher organic carbon content than A; and A, plots which were on
par.
4.3.3.3. Available N

The available N content of surface soils of the sesamum plots ranged from 182.38
kg ha”  (CoFoAo) to 233.05 kg ha™ ( C,F1A;) (Table 113).The gi-een gram plots recorded
an available N content ranging from 181.35 kg ha™ ( CoFoAo) to 218.34 kg ha!
(CiF1Az) (Table 113).The cowpea plots recorded an available N content ranging from
184.59 kg ha" (CoFoAs) to 234.10 kg ha' ( C/F1A;) (Table 113).The sesamum plots
fecorded significantly higher available N content followed by the cowpea plots and the least
by green gram plots (Table 114A). The C, plots showed significantly higher available N
content than Co plots. The F; and F, plots showed significantly higher available N content

than F; plots. The A, plots showed higher available N content than Az and Ay plots.
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Table 114A. Main effects of treatments and two factor interactions on available N

content (kg ha '1) of surface soil of sesamum, green gram and cowpea

gi Fo Fy F, Ay A A Mean
184.04 | 18897 19413 [187.42 | 189.37 | 190.36

i 189,05
G 215.84 223.00 219.49 216.80 22243 121922 21949
Ag Ay Ay Mean
Fy 198.05 200.52 201.28 199.95
Fy 203.06 209.19 205.87 | 206.04
F, 205.23 207.99 207.23 206.82
Mean 202.11 205.90 204 .99
Co G Fo F F, A Ay Az Mean

S [193.1 [223.12 |201.92 |210.06 |212.43 | 20522 |210.06 | 209.13 | 208.43

§ |182.56 |216.19 |199.06 |199.97 | 199.09 | 19836 | 199.82 | 199.82 | 19938

$, [19143 |219.13 | 198.85 |208.10 | 20891 [202.75 |207.81 | 205.30 | 20529

S C F A SF SA FA CF CA CS

CD |243 1.14 1.40 1.40 2.43 2.43 243 1.98 1.98 1.98

SE | 0.62 0.41 0.50 0.50 0.86 0.86 0.86 0.70 0.70 0.70_

Table 114B. Main effects of treatments and two factor intei'actions on available N

content (kg ha ') of sub surface soil of sesamum, green gram and cowpea

Fo F1 Fz Ap A1 Az Mean
Co 174.61 175.94 175.86 175.75 175.02 117570 | 175.49
C 184.46 187.40 187.12 18530 -~ | 186.85 | 186.83 | 186.33

Ay Ay Ay Mean

Fo 177.65 179.89 181.15 179.57

Fy : 182.59 181.24 181.16 181.67

F, 181.33 181.67 | 18147 | 18149

Mean 180.53 180.94 181.26

TG G F, F, F, Ae Al A, [Mean
So | 175.55]|185.15 | 178.5 | 180.50 | 182.03 | 179.99 | 180.48 | 180.59 | 18036
$i [ 17556 | 189.07 | 182.5 | 183.26 | 181.17 | 182.26 | 182.27 | 18241 | 182.32
S, 1753418475 | 177.63 | 181.23 | 181.26 | 179.31 | 180.05 | 180.77 | 180.05
S C F A SF _|SA |FA |CF |Ca |Cs
CD[NS [0.87 [106 |NS |18 |184 |184 150 1150 1150
SE [063 031 |038 [038 1065 |065 ]065 1053 1053 1053
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In the sub surface soils of sesamum plots the treatments CoFoAp showed the lowest
available N content of 171.58 kg ha™' and the treatment C;F;A; showed the highest available
N content of 187.93 kg ha™ (Table 113).The available N content of green gram plots ranged
from 173.60 kg ha™ (CoFA,) to 192.04 KG ha™ (CiF1Ao) (Table 113). The cowpea plots
recorded an available N content ranging from 172.40 kg ha™ ( CgF\A;) to 189.63 kg ha™
(CiF1Az2) (Table 113). The green gram plots showed higher available N content than
sesamum and cowpea plots which were on par (Table 114B). The C, plots showed
significantly higher available N content than Co plots. The F; and F, plots showed
sig:ﬁﬁéantly higher available N content than F, plots. The A, plots showed higher

available N content than A, and A, plots.

4.3.3.4. Available P

In the surface soils of sesamum plots the treatment C,F,A; recorded the highest
available P content of 45.98 kg ha™ aﬁd the treatment CoFoA, recorded the lowest available
P content of 31.53 kg ha™(Table 115). The green gram plots recqrded an available P content
ranging from 31.94 kg ha’ (CoF1A2) to 45.73 kg ha™! (C1F2A;) (Table 115). The cowpea
plots recorded an available P content ranging from 26.94 kg ha! (CoFoAo) to 44.29 kg ha
(CiF1Ao) (Table 115). The sesamum plots recbrded significantly highest available P content
than green gram and cowpea plots, which were on par (Table 116A).The C, plots recorded
significantly higher available P content than C, plots. The F; plots recorded the sigrniﬁcanﬂy
higher available P content followed by F, plots and the least by F; plots. The A, plots
fecorded significantly higher available P content than A; and A, plots.

The available P content of sub surface soil of sesamum plots ranged from 34.33 kg
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Table 116A. Main effects of treatments and two factor interactions on available P

content (kg ha '1) of surface soil of sesamum, green gram and cowpea

F0 Fl Fz Ao Al Az Mean
L 31.90 |32.94 34.73 32.78 33.04 33.76 |33.19
Cs 40.34 |43.78 43.71 41.84 42.47 43.53 |42.62
Ag Ay Az Mean
Fo 34.61 |36.47 37.29 36.12
F; 38.52 |37.64 38.94 38.37
F, 38.82 |39.15 39.72 39.22
Mean 3731 13775 38.64
Co C, Fo Fi F, Ag Ay Az | Mean
Se | 34.25 [43.36 | 36.27 [39.59 |40.55 |38.35 | 38.43 | 39.65 |38.81
S, |33.28 [42.24 136.61 [37.55 [39.12 [37.53 | 37.45 |38.29 | 37.62
S, 132.05 4224 [3548 [37.96 |38.06 | 36.06 |37.37 [38.00 |37.15
S C F A SF SA FA |[CF |CA CS
cDb|134 |066 [081 |08 |141 |[141 [141 {115 {115 LIS
SE {034 1024 [029 [029 {050 050 {050 [041 |041 |041

Table 116B. Main effects of treatments and two factor interactions on available P

content (kg ha *) of sub surface soil of sesamum, green gram and cowpea

Fo F1 | Ap A1 Az Mean
Co 3460 | 3696 |3747 (3594 |36.22 36.88 36.34
C 4393 (4660 (4721 4487 |4634 46.52 45.91
Ao A[ Az Mean
Fo 37.74 40.31 39.76 | 39.27
Fy 40.75 42.11 42,50 |41.78
F, 42.73 4144 14286 [42.34
Mean | 40.41 4128 |41.70
Co C1 Fo F] Fz Ao A] Az Mean
Se 37.06 | 46.88 | 40.05 | 43.08 [42.74 | 40.96 | 42.04 | 42.88 41.96
S 36.72 | 45.47 | 38.89 | 42.20 [ 42.20 | 40.32 [ 41.04 | 41.92 41.09
S: 3528 | 45.39 | 38.86 | 40.07 | 42.07 | 39.94 | 40.76 | 40.30 40.34
S C F A SF SA FA CF CA CS
CD 062 (054 (066 (066 |1.14 (114 [1.14 1093 0.93 0.93
SE 016 (019 (023 023 (040 (040 1040 [033 0.33 0.33
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ha” (CoFoAq) to 48.50 kg ha’! (CiF2A;) (Table 115). The green gram plots recorded an

available P content ranging from 34.07 kg ha™! (CoFAo) to 47.63 kg ha (CiF\A;) (Table
115).The cowpea plots recorded an available P content ranging from 33.44 kg ha (CoFoAy)
to 49.28 kg ha' (CiF2A¢) (Table 115).The sesamum and green gram plots recorded
significantly higher available P content followed the cowpea plots (Table 116B). The C;
plots showed significantly higher available P content than C, plots. The F plots recorded
significantly higher available P content followed by F; plot and the least by Fo plot. The A,

and A, plots were on par and showed significantly higher P content than A, plots.

4,3.3.5. Available K

In the surface soils of sesamum plots the treatment C;F,A, recorded the highest
available K content of 74.15 kg ha™ and the treatment CoFyA, and CoFyA; recorded the
lowest available K content of 48.37 kg ha™ (Table 117). The green gram plots recorded an
available K content ranging from 69.85 kg ha™ (C;F,A) to 48.23 kg ha™ (CoF1Aq) (Table
117). The cowpea plots recorded available K content ranging from 45.78 kg ha (CoF1Ag)
t0 71.96 kg hal¢ (CiF2A,) (Table 117). The sesamum plots recorded significantly highest
available K content than green gram and cowpea plots, which were on par (Table 118A).
The C; plots recorded sigrﬁﬁcantly higher available K content than Cy plots. The F, plots
recorded significantly higher available K content followed by Fy plots and the least by F,
plots. The A; plots recorded significantly hi gher available K content than A; and A, plots

The available K content of sub surface soil of sesamum plots ranged from 58.45 kg
ha™ (CoFoAo) to 69.22 kg ha™ (CiF2A,) (Table 117). The green gram plots recorded the

highest available K content of 69.79 kg ha™! (CiF>Az) t0 58.72 kg ha™* (CoF; As)
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Table 118A. Main effects of treatments and two factor interactions on available K

content (kg ha ™) of surface soil of sesamum, green gram and cowpea

160

Fo F] Fz Ao A] Az Mean
Co 48.44 49.84 56.17 51.12 51.51 51.98 51.52
C 67.06 69.22 70.40 | 68.19 68.78 | 69.71 68.89
Ag Ay Az Mean
Fo 57.30 57.85 58.12 57.75
Fq 58.56 59.60 60.58 59.58
F, 63.11 63.00 63.74 63.29
Mean | 59.66 60.15 60.81
Cu C1 Fu Fl Fz An A[ Az Mean
Se [354.52]70.70 | 58.92 | 61.04 | 67.83 | 62.11 | 62.35 | 63.38 | 62.62
S; |51.0868.51|5853{59.68 |61.18|59.65|59.80 |59.93 | 5821
S: 1489316747 | 55.80 | 57.96 | 60.84 | 57.20 | 58.28 | 59.12 | 58.21
S C F A SF SA FA |[CF |CA CS
_CD (377 1093 (114 [114 [198 [198 |198 |162 |1.62 1.62
SE {096 {033 [041 (041 (070 10.70 {0.70 {0.57 {057 0.57

Table 118B. Main effects of treatments and two factor interactions on available K

content (kg ha ™) of sub surface soil of sesamum, green gram and cowpea

Fo F1 Fz Ao A1 . Az Mean
Go 48.44 14994 |56.15 51.12 51.52 |51.91 59.98
C 67.06 |69.22 |7040 68.19 68.78 |68.71 66.12
Ay A Ay Mean
Fo 6146 |61.65 |62.07 61.73
Fy 6233 [62.99 |63.89 63.07
F, 63.67 | 64.81 |64.59 64.35
Mean 6249 |63.15 |63.52
Co C] Fo F 1 F 2 Aa A1 A2 Mean
Se [5453 7070 5892 |[61.09 |67.82 |62.11 [62.35 |6338 |6421
S; | 51.08 (6851 |5852 15968 |61.18 |[59.65 |59.80 |5994 |62.78
S, 4893 16747 |5580 5796 |60.84 |57.20 |5828 |59.12 |62.06
S C F A SFK SA FA CF CA CS
CD {203 0.73 0.90 0.90 1.56 1.56 1.56 1.27 1.27 1.27
| SE | 0.52 0.26 0.32 0.32 0.55 0.55 0.55 0.45 0.45 0.45
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(Table 117). The cowpea plots recorded an available K content ranging from 57.63 kgha™
(CoFo A1) 10 70.30 kg ha! (C1F;A;) (Table 117). The sesamum plots recorded significantly
higher available K content followed by the green gram plots and the least by the cowpea
plots. (Table 118B). The C; plots showed significantly higher available K content than Cy
plot. The F; plots recorded significantly higher available K content followed by F; plot and
the least by Fo plot. The A; and A; plots were on par and showed significantly higher K

content than A, plot.
4.3.3.6. Exchangeable Ca

The surface soils of sesamum plots recorded a higher exchangeable Ca content of 1.64 ¢
mol kg ! and a lowest of 1.57 ¢ mol kg ! (Table 119). The exchangeable Ca content of the
green gram plot ranged from 1.58 ¢ mol kg ™ to 1.62 ¢ mol kg ! (Table 1119) . The
cowpea plots recorded a exchangeable Ca content ranging from 1.57 ¢ mol kg T t0163¢

mol kg ™!

(Table 119). The green gram and cowpea plots were on par and recorded
significantly higher exchangeable Ca content than sesamum plots iTable 120A). The G
plots recorded significantly lower exchangeable Ca content than C, plots. The F; plots
recorded significantly higher exchangeable Ca content than F; and F; plots. Tﬁe Ajand Ay

plots recorded significantly higher exchangeable Ca content than A; plots.

The sub surface soils of sesamum plots recorded an exchangeable Ca content
ranging from 1.60 ¢ mol kg ™' (CoFoAo) to 1.73 ¢ mol kg ' (CoF2A; and CoF,A,) (Table
119). The green gram plots recorded a highest exchangeable Ca content of 1.66 ¢ mol kg ™

and a lowest exchangeable Ca content of 1.59 ¢ mol kg ' (Table 119). The exchangeable
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Table 120A. Main effects of treatments and two factor interactions on exchangeable

Ca content of (c mol kg™*) of surface soil of sesamum, green gram and cowpea

Fo F1 Fz An A1 Az Mean
GCo 1.60 1.59 1.60 1.59 1.59 1.60 1.60
G 1.59 1.59 1.58 1.60 1.59 1.59 1.59
An Al Az Mean
Fo 1.59 1.60 1.60 1.60
F 1.61 1.59 1.59 1.59
F, 1.59 1.59 1.58 1.59
Mean 1.60 1.60 1.59
Co Cl. Fo F1 Fz Ao A1 Az Mean
So 160 1158 1159 [159 (160 (159 [159 |159 [1.59
Si 159 [160 160 160 {159 |160 [159 [159 [1.60
S; 159 1159 1160 160 (158 [160 {159 [159 |1.60
S C F A SF SA FA CF CA Cs
CD_10.009 | 0.006 | 0.008 | 0.008 | 0.01 |0.01 |0.01 [001 |001 0.01
SE_|0.002 {0.002 ] 0.003 | 0.003 { 0.005 | 0.005 | 0.005 | 0.004 { 0.004 | 0.004

Table 120B. Main effects of treatments and two factor interactions on exchangeable

Ca of (¢ mol kg'l ) of sub surface soil of sesamum, green gram and cowpea

Fo Fl Fz Ay Ay Az Mean
Co 1.60 1.62 1.65 1.61 1.63 1.65 1.62
G 1.64 1.61 1.67 1.63 1.64 1.65 1.64
Ay Ay A Mean
Fo 1.60 1.61 1.62 1.61
Fy 1.63 1.65 1.66 1.65
F> 1.64 165 |1.64 1.64
Mean 1.62 1.64 1.64
Co Cl Fo F1 Fz Ao Al Az Mean
Se 1167 (164 [161 160 {161 [165 161 |[1.61 |1.66
S; 165 {160 {168 1163 [163 {167 |162 |163 |162
S, 160 164 1169 {162 {162 167 |162 {163 [1.62
S C F A SF |SA |FA |CF |(CA CS
CD | NS 001 (002 10.02 /003|003 |0.03 002 [0.02 0.02
SE | 0.002 | 0.005 | 0.006 | 0.006 | 0.01 | 0.01 |{0.01 | 0.008 | 0.008 0.008
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Ca content of cowpea plots ranged from 1.59 ¢ mol kg ™' to 1.66 ¢ mol kg ™! (Table 119).
The cowpea plots showed significantly higher exchangeable Ca content followed by green
gram plots and the least by sesamum plots (Table 120B). The C; plots recorded significantly
| higher exchangeable Ca content than C, plots. The F; and F, plots recorded significantly
higher exchangeable Ca content than F, plots. The A ;and A; plots recorded significantly

higher exchangeable Ca content than A, plots.
4.3.3.7. Exchangeable Mg

The exchangeable Mg content of the surface soils of the sesamum plots ranged from
1.40 ¢ mol kg ™! (CoF,A;) to 1.53 ¢ mol kg ']‘(ClFaAo) (Table 121). The green gram plots
recorded an exchangeable Mg content ranging from 1.39 ¢ mol kg (CoFoAg) to 1.51 ¢
mol kg ' (CiFoA) (Table 121). The cowpea plots recorded exchangeable Mg content
ranging from 1.37 ¢ mol kg ™' (CoFoAy) to 1.53 c mol kg ™' (CoF1A,) (Table 121). The
cowpea plots recorded higher exchangeable Mg content than sesamum and green gram plots
(Table 122A). The C, plots recorded a significantly higher exchangeable Mg content than
Co plots. The F, plots showed significantly higher exchangeable Mg content than F; and F,
plots . The A, plots recorded significantly higher exchangeable Mg content than A | plots

and A plots.

The exchangeable Mg content of sub surface soils of sesamum plots ranged from 1.33
¢ mol kg ™ (CoF;A; and CiF1A) to 1.40 ¢ mol kg ™ (C1F2A) (Table 121). The green gram
plots recorded an exchangeable Mg content ranging from 1.37 ¢ mol kg™ (C\FAg) to 1>.42
cmol kg ' (C;F»Ao) (Table 121). The cowpea plots recorded an exchangeable Mg content

ranging from 1.37 ¢ mol kg "' (C;F A) to 1.43 cmol kg ™ (CiFoAo and C1F1Ay)
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Table 122A. Main effects of treatments and two factor interactions on exchangeable

Mg content (¢ mol kg™ ) of surface soil of sesamum, green gram and cowpea

Co C1 Fo Fl Fz Ao Al Az Mean
Se 144 146 145 145 145 145 145 145 145
S 145 147 144 144 149 145 146 146 146
S; 145 149 144 146 151 146 146 148 147
S C F A SF SA FA CF CA CS
-CD NS 001 0.02 002 003 003 003 002 002 0.02
SE 001 0.004 0.005 0.005 0.009 0.009 0.009 0.007 0.007 0.007
Fo Fy F, Ay Aq Ay Mean
Co [ 140 1.44 1.49 143 1.44 1.44 1.44
C, [ 149 146 | 147 1.47 1.48 1.47 1.47
Ap Ay Az Mean :
Fo 1.45 1.45 1.45 1.45
Fy 1.43 1.44 147 1.45
F, 1.47 1.48 1.47 1.48
Mean 1.45 1.46 1.47

Table 122B. Main effects of treatments and two factor interactions on exchangeable

Mg content (c mol kg™ ) of sub surface soil of sesamum, green gram and cowpea

Ko Fi F; Ay Ay A; Mean
Cy 1.38 1.38 1.38 1.38 1.38 1.38 1.38
Ci 1.38 1..38 1.37 1.37 1.38 1.38 1.38
Ay Ay A, Mean
Fo 1.38 1.37 1.39 1.38
| O 1.37 1.38 1.38 1.38
F, 1.38 1.38 1.38 1.38
Mean 138 |1.38 1.38
Co C1 Fo Fl Fz Au A] Az Mean
Se 134 1135 |135 (135 [135 [135 |135 [1.35 [1.35
Si 139 1138 138 138 [139 [{138 |139 {139 |1.39
S 139 1140 (140 {140 139 {140 {140 |1.40 {140
S C F A SF SA FA CF CA CS
CD 0.02 | NS NS NS 0.01 [0.01 |0.01 |NS NS NS
SE 0.005 | 0.002 { 0.003 | 0.003 { 0.005 | 0.005 | 0.005 { 0.004 | 0.004 | 0.004
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(Table 121). The main effects of treatments except C, F and A were not significant. The
cowpea plots recorded significantly higher exchangeable Mg content followed by green

gram plots and the least by sesamum plots. (Table 122B)
4.4. Sesamum

4.4.1 Effect of treatments on biometric observations

4.4.1.1 Leaf area index

The leaf area index at 30 days after sowing ranged from 1.18 to 1.27 (Table 123).
The main effects of C, F and A significantly influenced the leaf area index (Table 124). The
leaf area index was significantly higher in F, plots compared to Fy and F, plots. The F; plots
recorded significantly higher leaf area index than F, plot. The Aqand A, plots were on par
and recorded sigm'ﬁcantly lower leaf area index than A, plots .

The leaf area index at 60 days after sowing ranged from 1.85 to 2.00 (Table 123).
The main effect of C F and A significantly influenced the leaf area index (Table 125). The

Ci plots recorded sigm'ﬁcaritly higher leaf area index than Cj plots. The F, plot recorded
significantly higher leaf area under than F, and F, plots and the F, plot recorded
significantly higher leaf area index than F, plot. The A, and A, plots were on par and
recorded significantly higher leaf area index than A, plots.

The leaf area index at harvest ranged from 1.73 to 1.87 (Table 123). There was
significant difference azﬁong treatments in leaf area index at harvest. The treatments
CiFA, ,CleAo and C;F,A; recorded the highest leaf area index of 1.87 and the treatments
CoFoAq, CoFoA;and CoFoA; recorded the least leaf area index of 1.73. The main effect of

C and F significantly influenced the leaf area index at harvest (Table 126). The leaf area
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Table 123.  Effect of treatments on leaf area index at 30 days after sowing, 60 days

after sowing and harvest of sesamum.

Treatment | 30 days | 60 days | Harvest
after after
sowing | sowing

CoFoAo 1.18 1.85 1.73
CoFoAy 1.19 1.87 1.73
CoFoA, 1.19 1.86 1.73
CoF1Ag 1.20 1.86 1.75
CoF1A; 1.20 1.89 1.75
CoF14; 1.20 1.90 1.76
CoF2A 1.20 190 1.77
CoF2A; 1.21 1.89 1.79
CoF2A; 1.21 1.92 1.82
CiFoAg 1.22 1.95 1.81
CiFoAy 1.22 1.96 1.81
CiF1A; 1.25 1.97 1.82
CiFoAo 1.25 1.97 1.83
CiFiA; 1.23 2.00 1.84
CiF1A; 1.26 1.99 1.87
CiFAp 1.27 1.99 1.87
CiFA, 1.27 2.00 1.87
CiFA,; 1.27 1.99 1.85

CD NS NS 0.003

SE 0.005 0.01 0.01
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Table 124. Main effect of treatments and two factor interactions on leaf area index at

30 days after sowing of sesamum

r—f Fo Fi F, Ag Ay A Mean
G 1.19 1.20 1.21 1.19 1.20 1.20 1.20
G 1.23 1.25 1.27 1.25 1.24 1.26 1.25
Nl Ag Ay Ay Mean CD SE CD SE
Ko 1.20 1.21 1.22 121 | C 0.01 0.001 CF 0.010.003
Fy 1.23 1.21 1.23 1.22 | F 0.01 0.002 CA 0.010.003
F, 1.24 1.24 1.24 124 | A 0.01 0.002 FA 0.010.004
Mean 1.22 1.22 1.23

Table 125 Main effect of treatments and two factor interactions on leaf area index at

60 days after sowing of sesamum

Fo F] Fz Ao A1 Az Mean
Co 1.86 1.88 1.91 1.87 1.89 1.89 1.88
C 1.96 1.99 2.00 1.97 1.99 1.98 1.98

Ao A1 Az Mean _C__Q _S_]i _(_:]_)_ ﬂ
Ko 1.90 1.92 1.92 1.91 C 0.01 0.004 CF 0.01 0.007
Fy 1.92 1.94 1.94 1.94 F 001 0.01 CA 0.01 0.007
F, 1.95 1.95 1.96 1.95 A 001 001 FAO0.01 0.009

Mean 1.92 1.94 1.94

Table 126. Main effect of treatments and two factor interactions on leaf area index at

harvest of sesamum
Fo Fl Fz Au A] Az Mean
Co 1.73 1.75 179 1.75 1.76 1.77 1.76
C; 1.81 1.85 1.86 1.84 1.84 1.85 1.84
Ay Ay A, Mean CD SE CDh SE
Fy 1.77 1.77 1.78 1.79 C 0.01 0.004 CF NS 0.007
Fy 1.79 1.82 1.82 1.80 F 0.01 0.005 CA NS 0.007
F, 1.82 1.83 1.84 1.83 A NS 0.005 FA NS 0.008
Mean 1.79 1.80 1.81
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index was significantly higher in C; plots compared to Cy plots. The F, plots recorded
gignificantly higher leaf area index than Fo and F; plots and the F, plot recorded
significantly higher leaf area index than F; plots.
4.4.1.2 Time taken for 50 percent flowering

The time taken for 50 percent flowering ranged from 35.67 to 38.33 days (Table
127). The main effect of C significantly influenced the time taken for 50 percent flowering
(Table 128). The C, plots recorded significantly more time taken for 50 percent flowering
compared to C; plots.
4.4.1.3 Root length

The root length ranged from 16.28 to 21.05 cm (Table 129). The ﬁain effect of C
and interaction effect of CF significantly influenced the root length (Table 130). The root
length was sigrﬁﬁcantly higher in C, piots compared to C, plots.
4.4.1.4. Root Volume
The root volume ranged from 7.92 to 10.13 cc (Table 129). There was signiﬁcant
difference among treatments in root volume. The treatment C,F,A, recorded the highest

root volume of 10.13 cc and the treatment CoFpA, recorded the lowest root volume of

7.92 cc. The main effects of C and F significantly influenced the root volume (Table 131).
The root volume was significantly higher in C; plots compared to Co plots. The F; and F,
plots were on par but recorded significantly higher root volume than F; plot.
4.4.1.5 Root density

The root density ranged from 1.15 to 1.74 Mg m™ x 10 (Table 129). The main
effects of C, F and A significantly influenced the root density (Table 132). The C, plots

recorded significantly higher root density then Co plots. The Fy plots recorded significantly
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Table 127.  Effect of treatments on time taken for fifty percent flowering of sesamum

Treatment 50 %
Flowering

(days)

CoFoAy 38.33
CoFoA 38.00
CoFoA; 37.67
CoF1 A 37.67
CoF1A 38.00
CoF1A, 38.00
CoF2Ap 37.00
CoF2A; 38.33
CoF2A, 37.67
CiFoAg 37.33
CiFpA, 37.33
CiFoA, 36.33
CiF1Ap 36.00
CiF1A,4 36.67
CiF1A; 36.00
CiF,Aq 36.33
CiF2A, 36.07
CiFA, 35.67

CD NS
SE 0.48

Table 128. Main effect of treatments and two factor interactions on time taken for 50

percent flowering (days) of sesamum

N Fo Fl Fz An A] Az Mean
Co 38.00 37.89 37.67 37.67 38.11 37.78 37.85
G 37.00 36.22 36.00 36.56 | 36.67 36.00 36.41

Al Al A2 Mean | CD SE CD SE

Fo 37.83 -37.67 37.00 3750 |C 045 0.16 CF NS 027

Fy 36.83 37.33 37.00 3706 |F NS 020 CA NS 027

F, 36.67 37.17 36.67 3683 |A NS 020 FA NS 032
Mean 37.11 37.39 36,89
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Table 129.  Effect of treatments on root length, root volume, and root density of

sesamum.

Treatment | Root length | Root volume Root density
(cm) (cc) Mg mx1 0°)

CoFoAo 19.47 7.92 1.15
CoFoA, 19.10 8.55 1.15
CoFoA, 19.78 8.63 1.18
CoF1A¢ 19.89 9.23 1.21
CoF1A4 21.01 8.58 1.19
CoF1A; 21.05 8.72 1.22
CoF>Ap 20.84 8.83 1.21
CoFoA4 20.88 9.25 1.25
Co2A, 20.23 9.33 1.21
CiFoAyp 18.58. 9.02 1.32
CiFoAq 17.89 9.25 . 1.34
CiFoA; 17.89 9.33 1.41
CiFiAp 18.30 9.13 1.46
CiF,A 17.45 10.13 1.49
CiFiA; 16.28 9.71 1.44
CiFAp 17.92 9.87 - 1,62
CiFA, 17.54 9.63 1.64
CiFA; 17.13 9.63 1.74

CD NS 0.62 NS

SE 0.64 0.22 0.03
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Table 130. Main effect of treatments and two factor interactions on root length (cm)

of sesamuim
— Fo F, K, Aqg Ay Ay Mean
" Co 19.45 20.65 20.65 20.07 20.33 20.36 2025
Cy 18.11 17.34 17.53 18.27 17.62 17.10 | 1766
Ag Ay A, Mean €D SE CD SE
Fo 19.03 18.48 18.84 1878 |C 0.60 021 CF 1.04 036
F, 19.09 19.23 18.67 1900 |F NS 027 CA NS 036
F, 19.38 19.21 19.68 1909 |A NS 027 FA NS 043

" Mean 19.17 18.97 18.73

Table 131. Main effect of treatments and two factor interactions on root volume {cc) of

sesamum

Fo Fy F; Ay A Ay Mean
Co 8.37 8.85 9.14 8.66 8.80 889 | 878
G 9.20 9.66 9.70 9.34 9.67 9.57 9.53

Ao Ay A, | Mean | CD SE (D SE
F, 8.47 8.90 8.98 878 | C 021 0.007 CF NS 013
F 9.18 9.36 9.22 925 |F 025 0009 CA NS 013
F, 935 9.44 9.50 943 |A NS 0009 FA NS 015
Mean | 9.00 9.23 9.23

Table 132. Main effect of treatments and two factor interactions on root density

(Mg m>x10®) of sesamum

- Fo Fy F, Ay Ay A, Mean
Ca 1.16 1.20 1.25 1.19 1.20 1.22 1.20
C 1.36 1.47 1.67 1.47 1.49 1.53 1.50

L Ay Ay A; Mean Cb SE CD SE

. F 1.24 1.25 1.29 126 |C 0.01 001 CF 005 002
Fy 1.34 1.34 1.33 1.34 F 004 001 CANS 002
F, 1.42 1.45 1.51 1.46 A004 001 FANS 002

_Mean 1.33 1.34 1.38
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Jowest root density. The F, plots recorded significantly hi ghést root density. The Agand A,
plots were on par and the A; plots recorded significantly higher root density than A, and A
plots.

4.4.1.6 Seed yield

The seed yield of sesamum ranged from 320.23 to 529.79 kg ha™ (Table 133).
There was signiﬁéant difference among treatments in seed yield. The treatment CoFyA,
recorded the lowest seed yield of 320.23 kg ha™' and the treatment C,F,A, recorded the
highest seed yield of 529.79 kg ha’. The main effects of C, F and A significantly
influenced the seed yield (Table 134). The C, plot recorded significantly higher seed yield
than Co plot. The F; plot recorded significantly higher seed yield than F, plot and the F,
plots recorded significantly higher grain yield than Fo plot. The A, plot recorded
significantly hjghéf seed yield than A, plot.
4.4.1.7. Stover yield |

The stover yield ranged from 1230.78 to 1684.37 kg ha’ (Table 133). The main
effect of C, F and A significantly affected the stover yield (Table 135). The stover
yieldwas signiﬁcantly higher in C, plots compared to C, plots. The F, plots recorded
significantly higher stover yield than Fy plots. The Fy and F; plots were on par and the F;
and F; plots were on par. The A, plots recorded significantly higher stover yield than A,

~and A, plots and the A, plots recorded significantly higher stover yield than A, plots
4.4.1.8 Dry matter production

The dry matter production ranged from 1551.02 to 2199.47 kg ha! (Table 133). The
main effect of compaction significantly influenced the dry matter production (Table 136).

The C; plots recorded significantly higher dry matter production than C, plots.



Table 133. Effect of treatments on seed yield, stover yield, and dry matter production

of sesamum
Treatment | Seed Yield | Stover Yield Dry Matter
(kg ha™) (kg ha™) Production
(kg ha™)
CoFoAy 320.23 1230.78 1551.02
CoFoA, 346.88 1246.14 1594.85
CoFoAy 334.09 1298.30 163239
CoF1Ag 372.75 1283.00 1654.15
CoF1A 350.35 1239.73 1590.08
CoF 1A, 378.35 1296.60 1674.95
CoF2A¢ 369.28 1238.72 1608.00
CoFrA, 364.46 1251.17 1615.65
CoF, A, 386.50 1286.80 1673.30
CiFoAg 440.47 1595.97 2036.34
CiFoA 432.90 1647.08 2340.16
CiFoA; 490.63 1647.20 2134.16
CiF 1A 474.72 1613.55 2088.26
CiF 1A, 491.68 1646.89 2138.57
CiFiA; 466.03 1659.41 2125.05
CiF2Aq 486.96 1658.32 2165.32
CiFA, 529.79 1684.37 2194.32
CiFA; 520.68 1678.12 2199.47
CD 32.60 NS NS
SE 11.35 12.13 68.73
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Table 134. Main effect of treatments and two factor interactions on seed yield

(kg ha") of sesamum

T Fo F, ) Ay A A,y Mean
Co 333.73 | 367.15 | 37341 | 35409 | 35390 | 36631 | 35810
C, 454.67 | 47748 | 51248 | 46739 | 484.79 | 49245 | 481.54

Ap A] Ar Mean g]! §E_ _(_:_]_)_ _S_E_
Fo 380.35 | 389.89 | 41236 | 39420 | C10.87 3.78 CF NS 656

R 42374 | 421.02 | 42219 | 42231 |F 1331 464 CA NS 6.56

F, 428.12 | 447.13 | 45359 | 44295 |A 1331 464 FA NS 7.87
Mean | 41074 | 41934 | 42938

Table 135. Main effect of treatments and two factor interactions on stover yield (kg

ha') of sesamum

Fo Fy F; Ay Ay Ay Mean
Co 1258.41 | 1273.11 | 125890 | 1250.84 | 124568 | 129390 | 1263.47
C 1630.08 | 163995 | 1673.61 | 162262 | 165945 | 1661.58 | 1647.88

Ay Aq Ay Mean D SE CDh SE
Fo 1413.38 | 1446.61 | 1472.75 | 144425 | C 11.40 3.97 CF 19.74 6.88
F; 1448.28 | 1443.31 | 1478.01 | 1456.53 | F 13.96 4.86 CA 19.74 6.88
F, 1448.52 | 1467.77 | 1482.46 | 1466.25 | A 13.96 4.86 FA NS 8.25

Mean 1436.73 | 1452.56 | 1477.73

Table136. Main effect of treatments and two factor i'hteractions on dry matter

production (kg ha™) of sesamum

Fo F1 Fz Ao A] Az ‘Mean

Co 1592.75 | 1639.73 | 1632.32 | 1604.39 | 1600.19 | 1660.21 | 1621.60

C 2170.22 | 2117.30 | 2186.37 | 2096.65 | 2224.35 | 2152.89 | 2157.96

Ao Al As Mean g_]!_ S_E_ _C_D_ ‘S_E_

Fy 1793.68 | 1967.51 | 1883.27 | 188149 | C 64.55 22.49 CF NS 3895

F, 1871.21 | 1864.33 | 1900.00 | 1878.51 |F NS 2921 CA NS 3895
N 1886.66 | 1904.99 | 1936.99 | 190934 |A NS 2921 FA NS 46.74

Mean 1850.52 | 1912.27 | 1906.55
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4.4.2. Effect of treatments on total. nutrient content

4.4.2.1 Total N content in the plant

The total N content ranged from 0.97 to 1.34 per cent (Table 137). There was
significant difference among treatments in the N content. The treatment CoFoAg recorded
the lowest N content of 0.97 per cent and the treatment C;FoA, recorded the highest N |
content of 1.34 percent. The main effects of C and F significantly influenced the N content
(Table 138). The C; plot recorded significantly higher N content than C plot. The F, plots
recorded significantly higher N content than Fo and F; plots

44.2.2 Total P content in the plant

The total P content ranged from 0.18 to 0.29 percent (Table 137). The main effect
of C and F significantly influenced the P content (Table 139). The C, plots recorded
significantly higher P content than C, plots. The F, plot recorded significantly higher P

content than Fo plot. The F and F; plots were on par and the F, and F;, plots were on par.

4.4.2.3 Total K content in the plant

The total K content ranged from 0.36 to 0.58 percent (Table 137). There was
significant difference among treatments in the K content. The treatment C;FoA, recorded
the highest K content of 0.58 per cent and the treatment CoFoAo recorded the lowest K
content of 0.36 per cent. The main effects of C and A significantly influenced the K
content (Table 140).  The K content was significantly higher in C, plots compared to C,
plots. The A, and A, plots were on par and recorded significantly higher K content than A

plot.
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Table 137. Effect of treatments on total N, P, K, Ca and Mg content of sesamum

Tﬁ;tment N (percent) | P (percent) | K (percent) | Ca (percent) | Mg (percent)
CoFoAo 0.97 0.18 0.36 0.22 0.15
CoFoAi1 1.12 0.21 0.41 0.28 0.17
CoFoA2 1.14 0.22 0.44 0.32 0.18
CoF1Ao 1.23 0.23 0.46 0.36 0.18
CoF1A; 1.22 ' 0.24 0.47 0.35 0.18
CoF1A2 1.17 0.25 0.50 0.37 0.17
Col2A0 1.27 0.26 0.52 0.39 0.18

CoFAy 1.24 0.27 0.54 0.39 0.19
CoF2A; 1.24 0.26 0.52 0.35 0.16
CiFoAo 1.34 0.26 0.52 0.35 0.18
CiFoA4 1.28 0.28 0.55 0.36 0.19
CiFoA, 1.26 0.29 0.58 0.36 0.19
CiFiAq 1.27 0.28 0.55 0.36 0.19
CiF1A; 1.24 0.25 0.52 0.37 0.21
CiF1A; 1.31 0.25 0.51 0.38 0.20
CiF2A¢ 1.29 0.26 0.51 0.43 0.20
CiF2Aq 1.26 0.26 0.52 0.40 0.21
CiFA; - 1.33 0.26 0.52 0.40 0.21

CD 0.10 NS 0.06 NS NS
SE 0.04 0.03 0.02 0.02 0.02
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Table 138. Main effect of treatments and two factor interactions on total N content

(percent) of sesamum

T Fo Fy F, Ay Aq Ay Mean
Co 1.08 1.20 1.25 1.16 1.19 1.18 1.18
C; 1.29 1.27 1.29 1.30 1.26 1.30 1.29

’ Ag A A, Mean CDh SE CD SE
Fo 1.16 1.20 1.20 1.19 C 0.03 001 CF 0.06 0.02
¥ 1.25 1.23 1.24 1.24 F 0.04 001 CA NS 002
F, 1.28 1.25 1.28 127 |A NS 001 FA NS 0.03
Mean 1.23 1.23 1.24

Table 139. Main effect of treatments and two factor interactions on total P content

(percent) of sesamum

Fo Fl Fz Ao A1 Az Mean
Co 0.20 0.24 0.26 0.22 0.24 0.25 0.24
C 0.28 0.26 0.26 0.27 0.26 0.27 0.27

Ag Ay Ay Mean €D SE CD SE
Fo 0.22 0.25 0.26 0.24 C 0.03 001 CF 0.05 0.02
Fy 0.26 0.25 0.25 0.25 F 003 001 CA NS 002
F, 0.26 0.27 0.26 0.26 A NS 001 FA NS 0.02
Mean 0.25 0.26 0.26

Table 140. Main effect of treatments and two factor intefactions on total K content

(percent) of sesamum

[ Fo | F F, Ao A A; Mean
Co 1.52 1.54 1.57 1.51 1.56 1.56 1.54
C 1.59 1.59 1.60 1.59 1.59 1.60 1.60

L An Al Az Mean _C_]_)_ _S__E_ _(_:_R _Sl
Fy 1.50 1.58 1.59 1.56 | C 0.02 001 CF NS 0.01

- F 1.56 1.57 1.57 157 |F NS 001 CA NS 0.01
F, 1.59 1.58 1.58 1.58 | A 0.02 001 FA 0.04 001
Mean 1.55 1.58 1.58
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4.4.2.4 Total Ca content in the plant

The total Ca contént ranged from 0.22 to 0.43 percent (Table 137). The main effects
of C and F significantly influenced the Ca content (Table 141). The C; plots recorded
significantly higher Ca content than C, plots. The F, plots recorded significantly higher Ca
content than Fo and F; plots and the F; plots recorded significantly higher Ca content than
Fy plots.
4.4.2.5 Total Mg content in the plant

The total Mg content ranged from 0..15 to 0.21 per cent (Table 137). The main
effects of C and F significantly influenced the Mg content (Table 142). The

C, plots recorded significantly higher Mg content than Cy plots. The F; and F; plots were

on par and recorded significantly higher Mg content than Fy plots.

4.4.3 Effect of treatments on quality characteristics

4.4.3.1. Oil Content

" The oil content of sesamum ranged from 47.54 to 51.77 percent (Table 143). The
main effects of C and F significantly influenced the oil content (Table 144). The C; plots
recorded significantly higher oil content than Co plots. The F; plots recorded significantly
higher oil content than Fy plotsand F, plots .
4.4.3.2 Crude protein content

The crude protein content ranged from 6.02 to 8.36 percent (Table 143). There was
significant difference among treatment in the crude protein content. The treatment C;FoAy
'recorded the highest crude protein content of 8.36 per cent and the treatment CoFoAy
recorded the lowest pfotein content of 6.02 percent. The main effects of C and F

significantly influenced the crude protein content (Table 145). The C, plots recorded
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Table 141. Main effect of treatments and two factor interactions on total Ca content

(percent) of sesamum

r" Fo F1 Fz Ao Al Az Mean
Co 0.27 0.36 0.37 0.32 0.34 0.35 0.34
Ci 0.36 0.37 041 0.38 0.38 0.38 0.38

A A A, Mean CD SE CD SE
| 0.29 0.32 0.34 0.32 C 002 001 CF 0.03 0.01
Fy 0.36 0.36 0.38 0.37 F 002 001 CA NS 0.01
F, 0.41 0.39 0.37 0.39 A NS 001 FA NS 0.01
Mean 0.35 0.36 0.36

Table 142. Main effect of treatments and two factor interactions on total Mg content

(percent) of sesamum

Fo Fy F, Ag Ay Aa Mean
Co 0.17 0.18 0.18 0.17 0.18 0.17 0.18
C; 0.19 0.20 0.21 0.19 0.20 0.20 0.20

Ao A] Az Mean _gl! .Sl Q_ ili
Fo 0.17 0.18 0.36 0.19 C 001 001 CF NS 001
Fy 0.19 0.20 0.38 019 |F 002 001 CA NS 001
F» 0.19 0.20 0.36 0.19 |A NS 001 FA NS 0.01
Mean 0.18 0.19 0.19
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significantly higher crude protein content than Co plots. The F, plots recorded

significantly higher crude protein content than F, plots.

4.5 Green gram

4.5.1 Effect of treatments on biometric observations

4.5.1.1 Leaf area index

The leaf area index at 30 days after sowing ranged from 0.59 to 0.70 (Table 146).
The main effects of treatments except A were significant (Table 147). The C, plots showed
significantly higher leaf area index than C, plots. The F; and F, plots recorded significantly
higher leaf area index than F plots.

The leaf area index at 60 days after soWing ranged from 2.57 to 2.68 (Table 146).
The main effects of treatment except the effects of A were significant (Table 147). The C,
plots showed significantly higher leaf area index at 60 days after sowing than C, plots. The
F, and F plots recorded significantly higher leaf érea index at 60 days after showing than F,
plots.

The leaf area index at harvest ranged from 2.35 (CoF2A0) t0 2.58 (C1FoA,) (Table
146).. The treatment effects and main effects except that of A were significant (Table 149).
The C, plots recorded significantly higher leaf area index at harvest than C, plots. The F,

and F; plots showed significantly lower leaf area index at harvest than Fo plots.
4.5.1.2 Time taken for 50 percent flowering
The time taken for 50 percent flowering ranged from 37.00 days to 39.67 days

Table 150). The effect of treatments except C were not significant (Table 151). The C; plots

showed significantly less number of days for 50 percent flowering compared to C, plots.



Table 143. Effect of treatments on oil and crude protein content of

seeds.

Treatment | Oil content | Protein
(percent) content
(percent)

CoFoAg 47.54 6.02
CoFoA; 48.68 7.00
CoFoA, 4829 7.15
CoF1Ap 48.51 7.67
CoF1A 49.19 7.61
CoF1A; 49.39 7.31
CoF2A¢ 4922 7.92
CoFA 50.80 7.75
CoF2A, 50.44 7.54
CiFoAg 50.02 8.36
CiFoA, 49.84 8.24
CiFoA, 50.26 7.87
CiF,Ap 50.28 7.96
CF1A; 50.29 7.71
CiF,1A, 51.00 8.15
CiF Ay 50.73 8.05
CiF:A, 50.87 7.92
CiF,A, 51.77 8.30

CD - NS 0.65

SE 0.53 0.23
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sesamum
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Table 144. Main effect of treatments and two factor interactions on oil content

(percent) of sesamum

Fo | 3 | Ap Ay A, Mean

Co 4817 | 4903 | 50.15 | 4842 | 4956 | 4937 | 49.12

G 5004 | 5052 | 5092 | 5034 | 5034 | 5081 | 50.50

Ao A1 Az Mean _C_D_ _S_E_ _C__D_ _S_]_!:_

Fo 4878 | 4926 | 4928 | 49.11 |C 049 0.17 CF NS 030

Fy 4939 | 4974 | 5020 | 49.78 |F 0.60 0.21 CA NS 030

R 49.97 | 5084 | 5080 | 5054 |A NS 021 FA NS 036
" Mean | 4938 | 4995 | 50.09

Table 145. Main effect of treatments and two factor interactions on crude protein

content (percent) of sesamum

Fo F1 Fz Ao A] Az Mean
Co 6.72 7.53 7.74 7.20 7.45 7.33 7.33
G 8.16 7.94 8.11 8.12 7.96 8.13 8.07

Ay A1 Az Mean g]l _S_I_':__ _Cl)_ g
Fo 7.19 7.62 7.51 7.44 C 022 008 CF 038 0.13
Fy 7.82 7.66 7.73 7.73 F 027 009 CA NS 0.13
F, 7.98 7.83 7.95 7.92 A NS 009 FA NS 036

Mean 7.66 7.70 7.73
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Table 146. Effect of treatments on leaf area index at 30 days after sowing, 60 days

after sowing and at harvest of green gram.

Treatment 30 days 60 days Harvest
after after
sowing sowing

CoFoAy- 0.59 2.57 2.57
CoFoA,; 0.59 2.58 2.42
CoFoAy 0.59 2.58 2.56
CoF1Ap 0.60 2.59 2.52
CoF1A; 0.59 2.59 2.43
CoF1A; 0.60 2.58 2.39
CoF2Ay 0.62 2.59 2.35
CoF2A 0.59 2.59 247
CoFA; 0.60 2.59 2.40
CiFoAo 0.61 2.62 2.52
CiFoA4 0.64 2.63 2.58
CiFoA, 0.66 2.63 2.56
CiF\Ap 0.67 2.66 2.56
C,F1A, 0.68 2.68 2.56
C\F1A, 0.70 2.68 2.54
CiFAp 0.68 2.68 2.56
CiFA, 0.68 2.66 2.55
CiF,A, 0.64 2.66 2.55

CD NS NS 0.06

SE 0.01 0.01 0.02
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Table 147 .Main effect of treatments and two factor interactions on leaf area index at

30 days after sowing of green gram

[ Fo F; | P Ag Ay A, Mean
Co 0.59 0.60 0.60 0.60 0.59 0.60 0.60
Cy 0.65 0.68 0.69 0.67 0.67 0.67 0.67

Ay Ay A, Mean Cb SE CD SE
Fo 0.61 0.62 0.62 062 |C 001 0004 CF NS 0.006
Fy 0.64 0.63 0.64 064 |F 0.01 0004 CA NS 0.006
. 0.66 0.64 0.64 064 |A NS 0004 FA NS 0.007
Mean 0.64 0.63 0.63

Table 148. Main effect of treatments and two factor interactions on leaf area index at

60 days after sowing of green gram

Fo F] Fz Ao A] Az Mean
Co 2.58 2.59 2.58 2.58 2.58 2.59 2.58
G 2.62 2.67 2.67 2.65 2.66 2.65 2.65

Ag Ay Az Mean Q_Q _S_E_ _C_D _S_E
Fo 2.60 2.60 2.60 260 |C 0.01 0.003 CF 0.020.005
Fy 2.62 2.64 2.62 2.63 F 0.01 0.004 CA NS 0.005
Fa 2.63 2.62 2.63 2.63 A NS 0004 FA NS 0.007

Mean 2.62 2.62 2.62

Table 149. Main effect of treatments and two factor interactions on leaf area index at

harvest of green gram

Fo Fl Fz Ao Al Az Mean
Co 2.50 2.45 2.40 2.46 2.44 2.45 2.45
Cy 2.55 2.55 2.55 2.55 2.56 2.55 2.65

Ag A, A, Mean €D SE CD SE
Fy 2.51 2.50 2.56 2.60 C 002 001 CF 004 001
F 2.54 2.50 2.46 2.63 F 003 001 CA NS 0.01
F, 2.46 2.51 2.47 263 |A NS 001 FA 0.04 0.02
Mean 2.62 2.62 2.62
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4.5.1.3 Root length

The root length ranged from 18.65 cm to 27.52cm (Table 152). The main effect of
treatments except that of amendments were significant (Table 153). The C; plots showed
significant higher root length than Cy plots. The F, and F, plots recorded significantly
higher root length than F, plots.
4.5.1.4. Root volume

The root volume ranged from 6.40 cc to 9.95 cc (Table 152). The effects of
treatments except C were not significant (Table 154). The C, plots recorded significantly
higher root volume than Cy plots
4.5.1.5. Root density

The root density ranged from 1.19 Mg m-* x 10° to 1.78 Mg m™® x 10%

(Table 152). The main effects of treatments were significant (Table 155). The C; plots
recorded significantly higher root density than C, plots. The F; plots recorded significantly
higher root density, followed by the F, plots and the least by the F, plots. The A, plots
showed significantly hi'gher root density followed by theA,; plots and the least by Ay plots
4.5.1.6 Seed yield

The seed yield ranged from 1196.83 kg ha™ to 1250.92 kg ha (Table 156). The
effect of treatments except C were not significant (Table 157). The C,; plots showed
significantly higher seed yield than Cy plots.
45.1.7 Haulm yield

The haulm yield ranged from 2222.43 kg ha™ to 2395.95 kg ha™ (Table 156). The

main effect of C and F were significant (Table 158). The C, plots showed significantly
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Table 150.  Effect of treatments on time taken for fifty percent flowering of green

gram
Treatment 50 %
Flowering

(days)

CoFoAo 38.67
CoFoA; 39.67
CoFoA, 39.33
CoF1A¢ 39.00
CoF1A 38.67
CoF1A, 38.67
CoFyAg 3833
CoF2A; 38.67
CoF2A; 38.33
CiFoAo 38.00
CiFoA; 37.33
CiFoA, 37.33
CiFiAy 37.67
CiF1A, 37.67
C\F1A, 37.67
CiF2A, 37.33
CiF2A, 37.67
CiF.A; 37.00

CD NS
SE 0.05

Table 151. Main effect of treatments and two factor interactions on time taken for 50

percent flowering (days) of green gram

Fy F1 F, Ao Al Az Mean
Co 39.22 38.78 38.44 38.67 39.00 38.78 38.81
C, 37.56 37.69 37.32 37.67 37.56 37.33 37.52
Ag Ay A, Mean CD SE CD SE
Fo 38.33 38.50 38.33 3839 |C 038 0.02 CF NS 0.03
Fy 38.33 38.17 38.17 3822 [FNS 002 A NS 003
F, 37.83 38.17 37.67 3789 |A NS 002 FA NS 0.03
Mean 38.17 38.28 38.06
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Table 152. Effect of treatments on root length, root volume and root density of green

gram

Treatment | Root length | Root volume | Root density
(cm) (cc) Mz m’x10%)

CoFoAg 18.99 6.40 1.19
CoFoA, 19.64 6.56 1.21
CoFoA; 19.18 6.64 1.22
CoF1Ag 19.40 6.82 1.23
CoF1A; 20.69 7.19 1.33
CoF1A; 20.96 6.83 1.33
CoF2Ag 21.26 7.30 1.26
CoF2A; 19.66 7.10 1.24
CoFbA, 18.65 7.96 1.34
CiFoAg 20.99 9.25 1.34
CiFoAy 22.52 8.73 1.45
CiFoA; 24.27 9.73 1.58
CiF1Ay 2421 9.95 1.63
-CiFiA, 24.75 9.72 1.67
CiFiA; 25.62 9.17 1.73
CiF2Ag 26.56 8.44 1.66
CiFA 2726 8.63 1.74
CiFA, 27.52 8.86 1.78
CD NS NS NS
SE 0.67 0.37 0.05
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Table 153.  Main effect of treatments and two factor interactions on root length (cm)

of green gram

f"” Fo F, F, Ag Ay Ay Mean
Co 1927 | 2035 19.81 19.88 20.00 19.59 19.82

G 22.59 24.86 | 27.11 23.92 24.84 25.80 24.86

Ao A, A, Mean CD SE "CD SE
Fo 19.99 21.08 | 2172 2093 | C 063 022 CF 1.09 038
Fi 21.80 272 | 2329 2261 |F 0.77 027 CA 1.09 038
F, 23.91 2346 | 23.08 2348 |A NS 027 FA NS 046
Mean 21.90 22.42 22.70

Table 154. Main effect of treatments and two factor interactions on root volume (cc)

of green gram

Fo Fy F; Ay Ay A, Mean
Co 6.54 6.95 7.45 6.84 -6.95 7.15 6.98
C, 9.24 9.58 8.64 9.21 9.03 9.22 9.15

Ay A A, Mean CD SE CD SE
Fo 7.83 7.65 8.19 7.89. |C 035 0.12 CF 0.61 0.21
Fy 8.39 8.46 7.95 8.26 FNS 016 CA NS 021
F, 7.87 7.87 8.41 8.05 A NS 016 FA NS 025

Mean 8.03 7.99 8.18

Table 155. Main effect of treatments and two factor interactions on root density

(Mg m>x10°®) of green gram

[ Fo, | F F, Ag A A; Mean
Co 1.21 - 1.29 1.28 1.23 1.26 1.30 1.26
C 1.46 1.67 1.72 1.54 1.62 1.70 1.62

Ay Ay Az Mean CDh SE CD SE
Fo 1.27 1.33 1.40 1.33 C 004 002 CF 0.08 0.03
Fy 1.43 1.50 1.53 1.48 F 005 002 CANS 003
F, 1.46 1.49 1.56 1.50 | A005 002 FANS 0.03
Mean | 138 144 | 150
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higher haulm yield than C, plots. The F; and F, plots showed sigm'ﬁcarit]y higher haulm
yield than Fo plots.
45.1.8 Dry matter production
The dry matter production ranged from 3424.49 kg ha™ to 3550.09 kg ha™ (Table

156). The interaction effects of treatments were not significant.

45.2. Effect of treatments on total nutrient content

4.5.2.1 Total N content in the plant

The total N content ranged from 2.00percent (CoFoA) to 2.52 percent (C;FoAg)
(Table 159). The main effects and the two factor interactions were significant (Table 160).
The C; plot recorded significantly higher N content than C, plots. The F; plots recorded
significantly higher N content followed by the F, plots and the leasf by Fy plots. The A,

plot shower higher N content followed by the A; plots and the least by A, plots.
45.2.2 Total P content in the plant

The P content ranged from 0.25 percent (CoFoAo) to 0.41 percent (C1FoAo) (Table 159). But
the main effect of treatment and two factor interactions were significant (Table 161). The C,
plots showed significantly higher P content than C, plots. The F, plots showed
significantly higher P content than Fy and F; plots which were on par. The A, plots showed
significantly higher P content than Ay and A, plots which were on par.

45.2.3 Total K content in the plant

The total K content ranged from 1.02 percent (CoF2Aq ) to 1.36 percent (C,F,A;)
(Table 159). The interaction effects and the main effects of treatments were (Table 162).

The C; plots showed significantly higher K content than Cq plots. The F; plots showed
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Table 156. Effect of treatments on seed yield, haulm yield, and dry matter production

of green gram

Treatment | Seed Yield | Haulm Yield | Dry Matter
(kg ha™) (kg ha™) | Production
\ (kg ha™).
CoFoAo 1196.83 222243 3685.93
CoFoA,y 1198.91 2225.38 3424 49
CoFoA, 1200.52 2249.39 3449..79
CoF1Ap 1201.65 2255.20 3455.85
CoF1A; 1203.56 2278.70 3482.26
CoF1A, 1204.06 2317.25 3488.11
CoF2Ao 1199.06 2284.54 3485.38
CoFA; 1203.18 2313.35 3488.50
CoF2A, 1203.58 2319.84 3488.01
CiFoAg 1213.73 2324.65 3526.40
CiFoA4 1213 .47 2326.77 3533.56
-CiFoA, 1217.56 2395.95 3542.09
CiF1Ag 1219.38 2329.95 3546.14
CiFiA 1220.48 2329.25 3550.09
CiF1A, 1219.63 2329.73 3545.53
CiF2Ap 1250.92 2324 .41 3546.77
CiF2A 1218.09 2325.61 3543.67
CiF,A; 1218.20 2329.45 3547.75
CD NS NS NS
SE 7.98 22.56 64.22
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Table157. - Main effect of treatments and two factor interactions on seed yield (kg

ha™) of green gram

r-—’i Fo F1 Fz Ao A] Az Mean
Co 1198.75 | 1203.09 | 1201.94 | 1199.18 | 1201.88 | 1202.72 | 1201.26
C, 1214.92 | 1219.83 | 1229.07 | 1228.01 | 121735 | 121846 | 1221.27

— Ao A1 Az Mean Q_]! .S_E_ Q_]_)_ §_l_§.
Fo 1205.28 | 1206.19 | 1209.04 | 1206.84 | C 7.50 2.61 CF NS 452
F 1210.52 | 1212.02 | 1211.85 | 1211.46 |F NS 339 CA NS 452
F, 122499 | 1210.64 | 1210.89 | 121551 |A NS 339 FA NS 542

[ Mean | 1313.60 | 1209.62 | 1210.59

Table 158. Main effect of treatments and two factor interactions on haulm yield (kg

ha™) of green gram

Fo

Fl F, Ao A] Az Mean
Co 2232.40 | 2283.72 | 2295.95 | 2254.06 | 227432 | 2283.69 | 2270.69
C 2319.30 | 2350.66 | 2326.49 | 2321.51 | 2347.15 | 2327.79 | 2332.15

Ao A1 Az Mean _C__I_)_ _Sl:_ C_D QE
Fo 2267.89 | 2272.64 | 2287.02 | 2275.85 | C 21.20 7.39 CF NS 12.79
Fy 2290.99 | 233733. | 232325 | 2317.19 | F 2597 9.05 CA NS 12.79
F, 2304.48 | 2322.48 | 2306.95 | 231122 |A NS 9.05 FA NS 15.35
Mean | 2287.78 | 2310.73 | 2305.74
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Table 159. Effect of treatments on total N, P, K, Ca and Mg content of green gram

Treatment | N (percent) | P (percent) | K (percent) | Ca (percent) | Mg (percent) |

 CoFoho 2.00 0.25 1.02 0.28 0.16 |
" CoFoA, 2.08 0.28 1.25 0.34 0.19
CoFoAs 2.15 0.33 1.31 0.36 0.20
[ CoFiAo 2.17 0.31 1.30 0.34 0.2
CoF1A4 2.23 0.32 1.28 0.39 0.23
CoF1Az 2.22 0.36 1.28 0.35 0.21
CoF2A0 2.19 0.36 1.28 0.36 0.20
CoFoAy 2.26 0.38 1.30 0.39 0.21
CoF2As 2.39 0.40 1.30 0.38 0.22
CiFeAg 2.52 041 1.30 0.39 0.24
CiFoAy 2.31 0.37 1.30 0.39 0.23
CiFoA - 232 0.38 1.31 041 0.23
CiFiAg 2.37 0.35 1.31 0.44 0.22
CiF1Ay 2.39 0.38 1.32 0.40 023
CiFiAz 2.40 0.35 1.32 0.45 0.22
CiF2Ap 248 0.35 1.34 0.46 0.23
CiF A, 2.40 0.36 1.34 0.39 0.23
CiF A, 2.43 0.38 1.36 043 0.24
CD 0.09 NS 0.06 NS NS
SE 0.03 0.01 0.02 0.01 0.04
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Table 160. Main effect of treatments and two factor interactions on total N content

(percent) of green gram

T Fﬁ F1 Fz Aa A1 Az Mean
Co 2.08 2.21 2.28 2.12 219 | 225 2.19
Ci 2.39 2.38 2.40 2.42 2.37 2.38 2.39
Ao | A | A | Meam | CD SE CD SE
Fa 226 | 220 2.24 227 {C 003 001 CF 005 002
F, | 227 2.31 2.31 229 [F 004 001 CA 0.05 0.02
F> 2.29 2.33 241 234 | A 004 001 FA 006 0.02 |
Mean | 227 | 228 | 232 '

Table 161. Main effect of treatments and two factor interactions on total P content

(percent) of green gram

Fy Fl i Fz An Al : Az Mean
Co 0.29 0.33 0.38 0.31 0.33 0.36 0.33
C; 0.39 0.36 0.37 0.38 0.37 037 | 037
' Ag A, A, Mean _C_Q _S_E _@ _S_E
Fo 033 | 032 0.36 034 | C 001 0005 CF 002 001
F; 0.33 0.35 0.35 0.35 F 0.02 001 CA 002 001 |
| O 0.37 0.37 0.39 0.38 A002 001 FA 002 001
Mean | 034 | 035 | 037 '

Table 162. Main effect of treatments and tweo factor interactions on total K content

(percent) of green gram

Fa l F1 . Fz Aa A1 Az Mean
Cy 1.19 1.29 1.30 1.20 1.28 1.30 1.26
Ci | 131 1.32 - 1.35 1.32 1.32 1.34 1.33

Ao Al Az Mean C_D_ _S_E_ QB §_E_ ;
Fa 1.16 1.27 1.32 1.25 | C 0.02 001 CF 004 001 |
Fy 1.30 1.30 1.30 130 [F 0.03 0.01 CA 004 001
F, 1.31 1.32 1.33 132 [A 003 0.01 FA 004 001 |
Mean 1.26 130 | 1.32 '
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significantly higher K content followed by F; plots and the least by F, plots. The A; plots
showed significantly higher K content than Ao plots and A; and A, plots were on par.
4.5.2.4 Total Ca content in the plant

The Ca content ranged from 0.22 percent to 0.43 percent (Table 159). The main
effects of treatments except C and the interaction effects of treaﬁnents except CA were not
significant (Table 163). The C, plots recorded significantly higher Ca content than Cy plots.
The F; and F; plots showed higher Ca content than F plots.
4.5.2.5 Total Mg content in the plant

The total Mg content ranged from 0.16 percent to 0.24 percent (Table 159). The
main effects of treatment except the effect of A and the effect of two factor interactions
except FA and CF were significant (Table 164). The C; plots showed significantly higher
Mg content than Co plots. The F; and F; plots recorded significantly higher Mg content than

Fy plots.

4.5.3. Effect of treatments on quality characteristics

4.5.3.1. Crude protein content

The crude protein content ranged from 12.43 percent (CoFpAg) to 15.76 percent
(CiFoAo) (Table 165). The main effect and interaction effects of treatments except A were
significant. The C; plots recorded significantly higher crude protein content than Cy plots.
The F, and F; plots recordéd significantly higher crude protein content than F, plots (Table

166).
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Table 163. Main effect of treatments and two factor interactions on total Ca content

(percent) of green gram

Fa F1 Fz Ae Al Az Mean
Co 0.32 0.36 0.37 0.36 0.37 0.36 0.35
T Cy 0.40 0.43 0.43 0.43 0.49 0.43 0.42
Ay | A A, Mean CD SE CD SE
T Fp 033 | 036 0.38 036 |C 0.01 0.005 CF NS 0.01
T F 0.39 0.39 0.40 039 [F 001 0.01 CA 002 001
F, 0.41 0.39 0.40 040 |A NS 001 FA NS 0.01
Mean 041 | 039 | 040

Table 164. Main effect of treatments and two factor interactions on total Mg content

(percent) of green gram

Fo | Fr | F | A | A | A | Mean
Co 018 | 022 | 026 0.19 0.21 0.21 0.21
G 023 | 0.23 0.23 023 | 023 0.23 0.23

A | A A, | Mean | CD SE CD SE |
Fy 0.20 0.21 0.21 021 |[C 002 001 CF NS 0.01
F, | 023 0.23 0.22 023 [F 002 001 CA 002 001
F, | 022 022 | 023 023 |A NS 001 FA NS 0.03
Mean | 022 | 022 | 022 | ' '




198

Table 165. Effect of treatments on crude protein content of green gram

Treatment Crude protein
content
(percent)

CoFoAy 12.43
CoFoA 13.00
CoFoA, 13.23
CoF1Ag 13.59
CoF1A 13.92
CoF1A, 13.85
CoF2Ag 13.71
CoFhA; 14.13
CoF2A, 14.96
CiFoAq 15.76
CiFoA 14.46
CiFoA; 14.52
CiFiAg 14.79
CiF1A; 14.90
CiF1A; 14.98
CiF2Aq 14,88
CiF2A, 15.08
CiFA; 15.19

CD 0.56

SE 0.20

Table166. Main effect of treatments and two factor interactions on crude protein

content (percent) of green gram

Fo Fl Fz Ap A] Az Mean

Gy 12.89 3.79 14.26 13.24 13.68 14.01 13.65

G 14.91 14.89 15.05 15.14 14.81 14.90 14.95

Ay Ay A, Mean |CD SE CD SE

Fo 14.09 13.73 13.88 13.90 | C 0.19 0.07 CF 032 011

L F 14.19 14.41 14.42 1434 |F 023 008 CA 032 0.11

¥, 14.29 14.61 15.07 1466 (A NS 008 FA 040 0.14
Mean 14.19 14.25 14.41
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4.6. Cowpea
4.6.1. Effect of treatments on biometric observations

4.6.1.1 Leaf area index

The leaf area index at 30 days after sowing ranged from 0.89 to 1.00 (Table 167).
The main effect of treatments except the effect of amendments and the two factor
interactions except CF were significant (Table 168). The C; plots recorded significantly
higher leaf area index at 30 days after sowing than Co plots. The F; and F, plots showed
significantly higher leaf area index at 30 days after sowing than Fo plots.

The leaf area index at 60 days after sowing ranged from 2.84 (CyF,Aq) to 3.01
(CiF2A0) (Table 167). The main effect of treatments except the effect of amendment and the
two factor interactions except CA were significant (Table 169). The C; plots recorded
significantly higher leaf area index at 60 days after sowing than C, plots. The F; plots
showed significantly higher leaf area index at 60 days after sowing than Fy plots.

The leaf area index at harvest ranged from 2.70 to 2.88 (Table 167) .The main effect
of treatments were significant (Table 170). The C, plots recorded significantly higher leaf
area index at harvest than Cy plots. The F; and F, plots showed significantly higher leaf
area index at harvest thaﬁ Fo plots. The A; and A, plots showed significantly higher leaf

area index at harvest than Ao plots.
4.6.1.2 Time taken for 50 percent flowering

The time taken for 50 percent flowering ranged from 43 days (C;F1A;) to 45.33 days

(CoFoAg) (Table171). However the main effect of C and the two factor interaction FA were
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Table167. Effect of treatments on leaf area index at 30 days after sowing, 60 days

gfter sowing and harvest of cowpea

Treatment 30 days 60 days Harvest
after after
sowing sowing

CoFoAy 0.90 2.88 2.70
CoFoA, 0.91 2.90 2.71
CoFoA, 0.89 2.85 2.71
CoF1Ag 0.91 2.84 2.75
CoF1A; 0.92 2.90 2.75
CoF1A; 0.93 2.89 2.76
CoF2Ap 0.93 2.85 2.77
CoFoAy 0.94 2.87 2.78
CoF2A; 0.90 2.89 2.76
CiFoAo 0.95 2.97 2.81
CiFoA; 0.96 2.96 2.82
CiFoA, 0.96 2.95 2.83
CiF1Aq 0.97 2.94 2.81
CiFiA; 0.98 2.98 2.85
CiF1A; 1.00 2.99 2.88
CiFA, 0.98 3.01 2.86
CiFA; 0.98 2.98 2.86
CihA; 0.98 2.99 2.88

CD NS NS - NS

SE 0.007 0.02 0.01
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Table 168.Main effect of treatments and two factor interactions on leaf area index at

30 days after sowing of cowpea

Fy Fy F, Ap Ay A Mean
TG 0.90 0.92 0.92 0.91 0.92 0.91 0.91
Cy 0.96 0.98 0.98 0.97 098 | 098 0.97
] Aﬂ A] Az Mean _C_l)_ _S_E_ _C_Q S_E_
Fo 0.93 0.93 0.93 093 |CO0.01 0002 CF NS 0.004
Fy 0.94 0.95 0.96 095 |F 0.01 0.003 CA 0.010.004
F, 0.95 0.96 0.94 095 |A NS 0.003 FA 0.010.005
Mean 0.94 0.95 0.94

Table 169. Main effect of treatments and two factor interactions on leaf area index at

60 days after sowing of cowpea

| I F1 Fz Ao A1 Az Mean
Co 2.88 2.88 291 2.87 2.88 2.89 2.89
Cy 2.94 2.97 2.98 2.96 2.97 2.96 296.
Ao A1 A2 Mean 92 ﬂ‘l_ _@ §E
) 2.92 2.93 2.90 291. | C 0.01 0.005 CF 0.02 0.009
Fy 2.92 2.95 2.95 2.94 F 0.02 0.006 CA NS 0.009
F, 2.63 292 2.93 2.93 A NS 0.006 FA 0.03 0.01
Mean 2.92 2.93 2.93 '

Table 170. Main effect of treatments and two factor interactions on leaf area index at

harvest of cowpea
N Fo F, F, Ao Ay Az Mean
- Ce 2.71 2.75 2.77 2.74 2.74 2.75 2.74
C: 2.82 2.84 2.86 2.83 2.84 2.86 2.84
Ao A1 Az Mean Ql)_ S_E_ _C_l_)_ §_]_‘:_
Fo 2.76 2.76 2.77 2.76 C 0.01 0003 CF NS 0.009
¥ 2.82 2.84 2.86 2.80 F 001 0.005 CA NS 0.009
F, 2.82 2.82 2.82 2.8 A 0.01 0.005 FA NS 0.01
Mean 2.78 2.79 2.80




202

significant (Table 172). The C; plots recorded significantly lower number of days than Cq
plots.

4.6.1.3 Root length

The root length ranged from 20.66 cm (CoFoA;) to 31.11cm (CiF,A,;) (Table 173).
The main effect of treatmenté except the effect of C and the effect of two factor interaction
except FA were not significant (Table 174). The C, plots showed significantly higher root
length than C, plots.

4.6.1.4. Root volume

The root volume ranged from 8.74 cc (CoF2A,) to 14.24 cc (C\F2A;) (Table 173).
The main effect of treatments and the two factor interaction except FA were significant
(Table 175). The C, plots recorded significantly higher root volume than C, plots. The F,
and F, plots recordéd significantly higher root volume than F, plots. The A, plots recorded
significantly higher root volume than Aq plots.
4.6.1.5 Root density

The root density ranged from 1.19 Mg m™ x 10 (CoF,A;) to 1.77 Mgm‘3k 10
(CiF2A) (Table 173). The main effect of treatments except the effect of C and F and the
effect of two factor interactions except CF were not significant (Table 176). The C; plots
recorded significantly higher root density than C, plots. The F, plots recorded significantly
higher root density, followed by the F, plots and the least by the Fy plots.
4.6.1.6 Seed yield

The seed yield ranged from 479.90 kg ha” (C;FoA;) to 594.78 kg ha'! (CiF,A))

(Table 177). None of the treatments or their interactions were significant.
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Table 171. Effect of treatments on time taken for fifty percent flowering of cowpéa

Treatment 50 %
Flowering (days)
CoFoAg 45.33
CoFoA; 45.00
CoFoA, 44.33
CoF1Ap 44.67
CoF1A4 44.67
CoF1A, 44.67
CoF2Ay 44.33
CoFrA; 45.00
ColLA; 43.33
CiFoAg 43.67
CiFoA4 43.33
CiFoA, 44.33
CiFoAy 44.00
CiFA,) 43.00
CiF1A; 44.33
CiF,Ag 43.33
C1F2A1 ] 44 33
CiFA; 43.33
CD NS

SE 0.43

Table 172. Main effect of treatments and two factor interactions on time taken for 50

percent flowering (days) of cowpea

- Fo F] Fz Ao A] A2 Mean
Cy 44.89 44.67 44.22 44.78 44.89 44.11 44.59
C 44.11 43.78 43.67 43.67 43.89 44.00 43.85
Ao Ay A Mean Cbh SE CD SE
Fo 44.50 44.67 44.33 4450 |C 040 0.14 CF NS 0.24
Fy 44.30 43.83 44.50 4422 |F NS 018 CA NS 0.24
F, 43.83 44.67 43.33 4394 {A NS 0.13 FA 085 030
Mean 44.22 44.39 44.06
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Table 173. Effect of treatments on root length, root volume and root density of

cowpea
Treatment Root Root Root density
length (cm) volume(cc) (Mg m>x10°)

CoFoAy 21.12 _9.18 1.21
CoFoA, 20.66 8.79 1.22
CoFoA; 21.11 9.31 1.23
CoF1A0 21.85 9.66 1.26
CoF1A4 22.90 9.63 1.29
CoF1A; 22.68 9.05 1.22
CoF2A¢ 23.57 9.20 1.23
CoFrA4 22.11 8.74 1.19
CoFo A, 21.96 9.45 1.23
CiFoAy 23.99 10.87 1.39
CiFoA; 24.46 11.14 1.43
CiFoA; 26.13 12.53 1.37
CiF1Ap 29.21 1241 1.54
CiFiA, 27.54 13.19 1.53
CiF1A, 29.16 13.73 1.65
CiFA 30.47 12.44 1.68
CiFhA, 31.11 12.40 : 1.66
CiRA; 29.33 14.24 1.77

CD NS NS NS

SE 0.57 0.40 0.04
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Table 174. Main effect of treatments and two factor interactions on root length (cm)

of cowpea
Fo Fl Fz Ao A1 Az Mean
Co 20.96 22.48 22.55 22.18 21.89 21.92 22.00
Ci 24.86 28.64 30.31 27.89 27.71 28.26 27.93
Fo 2255 | 2256 | 23.62. | 2291 CD SE CD SE
F1 25.53 25.22 25.92 2556 [C 040 0.19 CF NS 033
F, 27.02 26.61 25.65 2643 [FNS 023 CA NS 033
Mean 25.03 24.80 25.06 ANS 023 FA 085040

Table 175. Main effect of treatments and two factor interactions on root volume (cc)

of cowpea
) ) F, F; Ao Ay A Mean
Co 09.09 09.45 09.13 09.34 09.05 09.27 922
C, 11.51 13.13 13.03 11.92 12.24 13.50 12.56
A Al A; Mean | CD SE CD SE
Fo 10.02 09.97 10.92 10.30 | C 0.37 0.13 CF 0.65 0.22
e 11.06 11.41 11.39 1129 |F 04 0.16 CA 065022
| 10.82 10.57 11.85 11.08 |A 046 0.16 FA NS 027
Mean 10.63 10.65 11.39

Table 176. Main effect of treatments and two factor interactions on root density

(Mg m>x10®) of cowpea
Fo Fl Fz Ao A1 Az Mean
Co 1.22 1.26 1.22 1.23 1.23 1.23 1.23
Cy 1.40 1.57 1.70 1.54 1.54 1.60 1.56
Ag A1 Az Mean _C_]_)_ _S_E_ Q_D_ _S_E_
Fy 1.30 1.32 1.30 1.31 C 0.04 001 CF 0.07 0.02
Fy 1.40 141 1.44 1.42 F 005 002 CA NS 002
F, 1.46 143 1.50 1.46 A NS 002 FA NS 0.03
|_Mean 1.39 1.41 1.41
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Table 177, Effect of treatments on seed yield, haulm yield, and dry matter production

of cowpea

Treatment Seed Yield | Haulm Yield Dry Matter
(kg ha™) (kg hal) Production
(kg ha™)
CoFoAy 512.59 1125.21 1637.80
CoFoA, 534.19 1176.18 1698.20
CoFoA, 545.92 1219.57 1765.22
CoF1Ap 553.15 1281.02 1834.17
CoF1A, 558.50 1220.17 1778.67
CoF1A; 549.80 1246.92 1796.72
CoF2A 564.50 1389.15 1953.73
CoFAq 568.96 1363.91 1932.83
CoF2A, 561.45 1373.60 1935.19
CiFoAo 563.77 1247.32 1811.10
CiFoA; 519.70 1294.96 1864.,67
C1FoA, 573.82 1274.34 1848.06
CiF1Ay 585.15 144891 2034.31
CiF1Ay 556.83 1324.25 1881.19
CiFiA; 569.36 1318.04 1887.58
CiF2A 590.43 1366.67 1949.26
CiFoA, 594.78 1327.89 1926.20
CiFA, 479.90 1395.28 1975.18
CD NS NS NS
SE 78.91 30.59 32.03
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4.6.1.7 Haulm yield

The haulm yield ranged from 112521 kg ha™ (CoFoAo) to 1448.91 kgha™ (CiF1A¢)
(Table 177). The main effect of treatments except the effect of A and the effect of two
factor interaction except CA were significant. (Table 178). The C; plots showed
significantly higher haulm yield than Cq plots. The F; plot recorded significantly higher
haulm yield than F; plots and F, plots.
4.6.1.8 Dry matter production

The dry matter production ranged from 1637.80 kg ha'! (CoFoAo) to 2034.31 kg ha™
(CiF1A¢) (Table 177). The main effects of C and F and the interaction effect of CF and FA
were significant (Table 179). The C; plots recorded significantly higher dry matter
production than Cy plots. The F, plots showed significantly higher dry matter production

than F; and Fy plots.

4.6.2 Effect of treatments on total nutrient content in plant

4.6.2.1 Total N content in the plant

The total N content ranged from 2.13 percent (CoFoAo) to 3.15 percent (CF2A;) (Table
180). The main effects of treatments and the effect of two factor interaction CF were
significant. (Table181). The C; plots recorded significantly higher N content than C, plots.
The F, and F, plots showed significantly higher N content than Fo plots. The A; and A,
plots recorded significantly higher N content than A, plots.

4.6.2.2 Total P content in the plant

The total P content ranged from 0.31 percent (CoFpAp) to 0.55 percent (CF1A;) (Table

180). The main effect of treatment except the effect of A were significant
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Table 178. Main effect of treatments and two factor interactions on haulm yield (kg

ha') of cowpea

: Fy F, F, Ay Ay A, Mean
Co 1173.65 | 1249.37 | 1375.55 | 1265.13 | 1253.42 | 1280.03 1266.19
G 1272.21 | 1363.71 | 1363.68 | 1354.30 | 1315.70 | 1329.22 | 1333.07
Ao A] Az Mean Q §_E_ _(_:_]_)_ _S_E_
Fo 1186.26 | 1235.57 | 1246.95 | 122293 | C28.73 10.01 CF 49.77 17.34
Fy 1346.96 | 1272.21 | 1282.48 | 1306.55 | F 35.19 1226 CA NS 1734
F 1377.91 | 1345.90 | 1384.44 | 1369.42 | A NS 1226 FA 60.96 2123
Mean | 1309.71 | 1284.56 | 1304.62 '
Table 179 Main effect of treatments and two factor interactions on dry matter

production (kg ha™) of cowpea

Fo Fi F, Ag Ay A, Mean
Co 1706.41 | 1803.14 | 1940.56 | 1808.57 | 1803.23 | 1832.38 1814.73
G 1841.27 | 1934.36 | 1950.21 | 1931.55 | 1890.69 | 1930.61 1908.62

Ao Ay A; Mean Ch SE CD SE
Fo 1724.45 | 1781.43 | 1806.64 | 1770.84 | C 30.08 10.48 CF 52.101815
F 1934.24 | 1829.93 | 1842.15 | 1868.77 | F 36.84 12.83 CA NS 18.15
F, 1951.49 | 1929.51 | 1955.19 | 194540 |A NS 12.83 FA 63.812223

Mean | 1870.06 | 1846.96 | 1867.99
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Table 180. Effect of treatments on total N, P, K, Ca and Mg content of cowpea

Treatment | N (percent) | P (percent) | K (percent) | Ca (percent) | Mg(percent) |

I CoFoAe 2.13 0.31 1.02 | 0.27 0.17
CoFoAy 2.78 0.36 1.20 0.34 0.20
CoFoA, 2.81 ‘ 0.38 1.32 . 0.36 0.23
- CoFiAg 2.76 0.45 127 | 0.37 024
CoF1A4 2.92 040 1.33 0.39 0.23
CoFiA;, | - 284 | 0.42 1.35 0.39 0.22
CoF2A0 2.67 - 0.51 1.25 0.38 0.23
CoFoA1 2.67 0.44 1.30 0.44 0.23
CoF2A» 2.76 0.41 1.22 - 0.40 0.23
CiFoAg 2.77 | 0.40 1.31 | 0.37 0.22
CiFoAy - 2.83 ‘ 0.45 134 » 0.38 0.23
CiFoAy | 2.67 0.50 . 1.39 | 0.48 0.24
CiFiAy | 2.67 0.45 1.27 0.38 0.25
CiFA; | 2.67 | 0.55 ) 1.30 ’ 0.40 | 0.25
CiFiA, . 2.81 ' 0.43 - 1.34 0.37 0.25
CiFhbAy | 2.82 0.46 ‘ 1.34 0.39 0.23
CiFA 3.10 0.45 142 0.43 0.24
CiF2A; 3.15 ' 0.52 148 ' 0.41 ’ 0.23
CD - 0.27 NS NS NS 0.04
SE ﬁ 0.10 . 0.03 0.05 [ 0.02 0.01
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(Table182). The C, plots showed significantly higher P content than Cy plots. The F; and
F, plots recorded significantly higher P content than Fj plots.
4.6.2.3 Total K content in the plant

The total K content ranged from 1.02 percent (CoFoAo) to 1.48 percent (C,F2Az)
(Table180). The main effects of treatments except the effect of F were significant (Table
183). The C; plots recorded significantly higher K content than C, plots. The A, plots
recorded significantly higher K content than A, plots and A plots.
4.6.2.4 Total Ca content in the plant

The total Ca content ranged from 0.27 percent (CoFpAy) to 0.48 percent (C;FoA;)
(Table 180). The main effects of treatments were significant (Table 184). The C, plots
recorded significantly higher Ca content than C, plots. The F, plots showed significantly
higher Ca conténf than Fo plots. The A; and A; plots showed significantly higher Ca
content than A, plots. |

4.2.6.5 Total Mg content in the plant

The Mg content ranged from 0.17 percent (CoFvo) to 0.25 percent (C,F A,
and C;F;1A;) (Table 180). The main effect of treatments and the effect of two factor
interactions except CA were significant (Table 185). The C, plots recorded significantly
higher Mg than C, plots. The F; and F, plots showed significantly higher Mg content than

Foplots. The A, and A, plots recorded significantly higher Mg content than A plots.

4.6.3 Effect of treatments on quality characteristics

4.6.3.1 Crude protein content

The crude protein content ranged from 13.31 percent (CoFpAo) to 19.71 percent
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Table 181. Main effect of treatments and two factor interactions on total N content

(percent) of cowpea

| Fa ] Fl ] Fz Ao A1 Az . Mean
Co 2.57 2.84 2.70 2.52 2.79 2.81 2.71
C; 2.76 2.72 3.02 2,75 2.87 2.88 2.83

Ao Ay Ay Mean | CD SE CD SE
Fo 2.45 2.80 2.74 267 |{C 009 003 CF 0.16 0.05
Fy 2.71 2.80 2.89 278 |F 0.11 004 CA NS 005 |
F; 2.75 2.89 2.96 28 | A 011 004 FA NS 0.07
| _Mean 2.64 2.83 2.84 '

Table 182. Main effect of treatments and two factor interactions on total P content

(percent) of cowpea

i F& Fl | Fz . Ao . A1 | Az ‘ Mean
Co - 0.35 0.43 0.45 0.42 0.40 0.40 0.41
C, 0.45 0.48 0.47 043 0.48 048 | 047
Ag Al A, Mean | 22 §£ !CSD S_E
Fp 035 | 040 | 044 0.40 C 003 001 CF NS 002
Fy 0.45 0.47 0.43 0.45 F 004 001 CA NS 002
F, 0.48 0.44 0.47 046 |A NS 001 FA NS 0.02

Mean | 043 | 04 | 044 '

Table 183. Main effect of treatments and two factor interactions on total K content

(percent) of cowpea

] Fﬂ | K, Fz | Ag . A1 » Az » Mean
Co 1.18 1.32 1.26 1.19 1.28 1.30 1.25
C; 1.35 1.31 1.41 1.31 1.35 1.40 1.36
Ag Ay Ay Mean | CD SE CD SE
Fy 1.17 1.27 1.36 126 |C 002 002 CF 0.03 003 |
F, 127 1.32 1.35 131 |F NS 002 CANS 003
F, 131 136 135 134 |A 002 002 FANS 0.04
Mean 1.25 1.31 1.35 : :
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‘Table 184. Main effect of treatments and two factor interactions on total Ca content

(percent) of cowpea
. ] - F ) Ap A Ay Mean
Co 032 | 038 0.41 034 | 039 0.38 0.37
G 0.41 038 | 041 038 | 040 | 042 0.40
Ay | A A Mean ¢CD SE CD SE
Fo 0.32 0.36 0.42 037 |C0.02 001 CF 004 001
F, | 038 039 | 038 038 |F 003 001 CANS 0.01 |
F, 0.39 044 | 040 041 |A 003 001 FA 005 0.02
. Mean | 036 040 | 040 | ' '

Table 185. Main effect of treatments and twe factor interactions on total Mg content

(percent) of cowpea
! Fo ! F] i Fz A@ ] A1 Az Mean
Co 0.2 0.2 0.2 | 0.21 0.22 0.23 0.23
Cy 0.23 0.25 0.23 0.23 024 | 023 0.23
Ay A A Mean | CD SE CD SE
Fo 020 | 022 | 024 0.22 C 0.01 0005 CF 0.02 0.01
Fy 025 | 024 | 024 | 024 |[F002 001 CA NS 001]
F, 0.23 0.23 0.23 023 |A 002 001 FA 003 001
Mean | 023 | 023 | 024 |
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(CiF2A2) (Table 186). The main effects of treatments were significant. The C, plots
recorded significantly higher crude protein than C, plots (Table 187). The F; and F; plots
showed significantly higher crude protein content than Fy plots. The A; and A, plots

showed higher crude protein content than A, plots.
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Table 186. Effect of treatments on crude protein content of cowpea

Treatment | Crude protein
content

CoFoAo 13.31
CoFoAy 17.38
CoFoA2 17.58
CoF1Aq 17.27
CoF1A 18.29
CoF1A; 17.77
CoF2A¢ 16.71
CorA, 16.67
CoFoA, 16.92
CiFoAy 17.31
CiFoAy 17.67
CiFoA; 16.71
CiF1Ao 16.67
CiF1A; 16.71
CiF\A; 17.54
CiF2A¢ 17.60
CiF2A; 19.40
CiF:A; 19.71

CD NS

SE 0.59

Table 187. Main effect of treatments and two factor interactions on crude protein

content (percent) of cowpea

Fo F1 Fz Ay A1 A2 Mean
Co 16.09 17.77 16.77 15.77 17.44 17.42 16.88
C, 17.23 16.97 18.90 17.19 17.93 17.99 17.70

Ag Ay Az Mean CD SE CD SE
Fo 15.31 17.52 17.15 1666 |C 056 020 CF 097 034
F, 16.97 17.49 17.66 1737 |F 069 024 CA NS 034
F, 17.16 | 18.03 18.31 1783 |A 069 024 FA NS 041
Mean 16.48 17.68 17.71 ‘
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DISCUSSION

The nature of excessive permeability of the Onattukara soils result in very poor
water retention capacity, very high hydraulic conductivity and infiltration rates. So
whatever the nutrients and water added to these soils are not utilized by the crops and
subjected to loss. Soil compaction helps to minimize these constraints to some extent.
Compaction of sandy soils modified the physical and chemical properties of the soil and
yield of crops. Application of locally available amendments such as coir pith and kayal
silt helps to conserve soil moisture and improves the nutrient status. Inclusion of
legumes in the cropping system of Onattukara tract enriches the available nitrogen status
of soil through nitrogen fixation. The data collected on the above observation were
statistically analyzed and the results are discussed in this chapter in the light of published
information
3.1. Kharif - rice
5.1:1 Effect of treatments on moisture characteristics.

Soil compaction modified the moisture characteristics of soils such as field
moisture content, hydraulic conductivity, infiltration rate, available water and maximum
water holding capacity.

The effect of treatments on moisture content was not significant in the surface and
sub surface soils. Since the crop was harvested in standing water there was no significant
difference in the field moisture content among treatments. But the A; plots showed
significantly higher moisture content in the surface soil compared to A, plots (Figure 2).

This result is in accordance with Rajendran (1991) who reported that the moisture content
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of subsoil up to 60 cm depth was consistently higher in coir waste mulch treatment in the
cotton and cotton - green gram cropping system in a loamy sand .

The hydraulic conductivity of the compacted treatment was almost 50 per cent
low and significantly lower than that of uncompacted treatment in the surface and
subsurface soils (Figure 3). Nimmo and Katherine (1988) reported that in sandy soils at
low water content, soil compaction by bringing the fine particles closer together or by
altering their orientation in a way that affects pore size distribution could cause a
decrease in hydraulic conductivity. Any attempt to decrease the size of pore either by
compaction to force the soil particles in a close pack arrangement or by addition of clay,
to divide the soil pores into a number of pores of smaller radii could reduce the
conductivity or permeability considerably.

The infiltration rate of the surface soil was significantly reduced in compacted
treatments (Figure 3). The changes in the infiltration rate as a result of compaction have
been reported by several workers. (Patel and Singh, 1981, Douglas and Mckyes, 1982).
The ploughing of compacted fields increased the infiltration rates to that of original level
during first thirty minutes but essentially had no effect on infiltration during the later
period flow.

The available water content of the surface anci subsurface soils were significantly
higher in compacted plots (Figure 2). The F, plots also recorded significantly higher
available water content in both surface and subsurface soils. Compaction to a certain
level brings about an increase in micropores at the expense of macropores resulting in an
increase in available water content (Sharma er al. 1995). The intra aggregate space is
reduced by compaction there by reducing the radius of pores leading to moisture

retention,
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In addition to supplying the nutrients, organic matter like farmyard manure
promotes soil aggregation. Under submergence however, it helps to create a reduced zone
that may favour rice growth and generally increases water holding capacity of mineral
soils. The farmyard manure treated plots retained higher water content at all suction
values between 0 and 1000 kPa (Bhagat, 1990). The farmyard manure acts as a bridge
between the cations and anions and more water retention takes place.

The maximum water holding capacity of the soil was not significantly influenced

by the treatments, but availability of water is increased by capillary rise (Figure 2).
5.1.2 Effect of treatments on structural characteristics of soil.

Soil compaction modified the structural characteristics of the soil such as mean
weight diameter, microporosity macroporosity, total porosity, bulk density, particle
density and soil Sﬁength. The mean weight diameter of the soil was not significantly
affected by the treatments.

The microporosity of the soils was significantly higher in compacted plots (Figure
4). Soil compaction compresses large pores into smaller ones favouring water retention
over drainage (Gulati et al,, 1985, Abo- Abda and Hussain, 1990). The intra aggregate
space is diminished. Compaction of the soil caused an increase in the volume of storage
pores which is a common characteristic of applied stress (Gupta et al., 1989). The
macroporosity and total porosity of the surface and subsurface soil decreased in
Qompacted treatménts (Figure 4). The F, and A, plots recorded higher macroporosity and
total porosity. The decrease in total porosity of soil as a result of compaction has been
reported by (Ogunremi ez al. 1986) Compaction interlocked the aggregates in such a way
that it minimized the volume of macropores and reduced the percolation losses (Acharya

and Sood, 1992).
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The bulk density of the subsurface soil increased as a result of compaction (Figure
6). In the surface soil there was no effect of compaction. The A; plots also recorded
higher bulk density in the surface and subsurface soils, though not statistically significant.
The increase in bulk density of soil as a result of compaction has been reported by
Ogunremi et al. (1986) and Gediga, (1991) Yadav and Somani (1990) reported that
mixing of clayey soil had little effect on bulk density. By compacting the soil we are
increasing the mass per unit volume of soil, thereby increasing the bulk density.

The particle density of the soil was not much affected by compaction and
application of amendments (Figure 6).

The soil strength of the compacted treatment was significantly higher than
uncompacted treatment (Figure 5). The effect of amendments on soil strength was not
significant. This result was in accordance with MCAfee er al. (1989) who reported that
presowing compaction on a clay soil increased the soil strength from 3.5 M Pato 4.5 M

Pa. Soil strength is also dependent on moisture content of soil.
3.1.3 Effect of treatments on chemical characteristics of soil.

There was no significant effect of compaction on soil pH. The effect of farmyard
manure and amendments on soil pH were also not significant. The quantity of farmyard
manure and amendments applied in this soii could not bring any changes in soil pH.

The organic carbon content of the surface ‘and subsurface soils increased as a
result of compaction, application of farmyard manure and by the application of coir pith,
though not significant. In order to initiate organic carbon build up in soil, organic carbon
input must exceed 2.5 t ha” year” (Sharma er al. 1995)

The available nitrogen content of the soil increased in compacted treatment and

farmyard manure applied plots (Figure 7). Increase in the available nitrogen content of
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Figure 6. Main effects of freatments on bulkdensity and particle density of

surface soil of kharif rice
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the soils as a result of compaction has been reported by several workers (Mahajan- et al.
1981, Agrawal and Jhorar, 1989). The application of farmyard manure increases the
organic carbon content of the soil, which in turn increases the available nitrogen status of
the soil.

The available phosphorus content of the soil significantly increased in compacted
treatment compared to uncompacted treatment (Figure 7). This result is in accordance
with Dolan et al.(1986) who stated that surface compaction resulted in an enhancement
of P uptake of corn.

The available potassium content of the surface and subsurface soils increased as a
result of compaction (Figure 7). Mathan ef al. (1994) reported that as a result of
compaction of surface soil the bulk density was increased from 1.5 to 1.8 Mg m>, the
available potassium content of the soil also increased perhaps due to moisture retention
and solubilisation. The application of farmyard manure @ 2.5 tha” and coir pith
significantly increased the available potassium content of the soil.

The exchangeable Ca and Mg content of the soil sié;ﬁﬁcanﬂy increased in the
compacted plots. The increased concentration 6f Mg in the compacted plots has been
reported by Patel (1977). Gediga (1991) reported that subsoil compaction increased the
Ca® concentration in maize. The higher availability of plant nutrients as result of
compaction can be due to greater water retention and lower hydraulic conductivity in the
case of mass flow transport (Kemper et al. 1977), increased diffusion coefficient of ions
(Bhadoria er al. 1991) or to increased ion concentration in soil. Low permeability or
hydraulic conductivity as a result of compaction reduces the nutrient losses by leaching

resulting in an increase in the available and exchangeable nutrients in the soil.
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5.1.4 Effect of treatments on biometric observations.

The leaf area index at maximum tillering stage and panicle initiation stage were
not significantly affected by compaction or farmyard manure or amendment, though the
compacted plots recorded higher leaf area index than uncompacted plots. The leaf area
index at flowering stage was significantly higher in cbmpacted treatment. The leaf area
index was significantly higher in F; plots. The effect of coir pith and kayal silt on leaf
area index were not significant. This corroborates the finding of Ogunremi et al. (1986)

who reported an increase in leaf area as a result of compaction.

There was no significant effect of compaction, farmyard manure and amendments
on the time taken for maximum tillering and 50per cent flowering. However Sharma et
al. (1995) reported that panicles emerged about seven days earlier as a result of subsoil
compaction. Water stress delays panicle emergence and maturity in rice. But during the
panicle initiation stage of this crop, there was no water stress in the field. This may be
the reason for the lack of significant difference among treatments on the time taken for
maximum tillering and flowering,

There was no significant effect of compaction, farmyard manure and amendments

, oﬂ the root length. Similar report was made by Kaselowsky et al. (1989) in the case of
sugar beet grown in a compacted soil. The root volume and root density significantly
increased in compacted plots compared to uncompacted plots. Increased root growth
under compacted treatment could be ascribed to the increase in nutrient content per unit
volume of soil due to increase in bulk density owing to compaction effect that made more
nutrients available per unit volume of soil (Ogunremi et al. 1985). Prihar et al. (1985)

have reported that some times it is necessary to compact the soil with roller to establish
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better seed — soil contact. This stimulates the rooting for the optimum growth of upland
crops.

5.1.5 Effect of tl_'eatments on yield and quality.

The grain and the dry matter production were significantly higher in compacted
treatments compared to uncompacted treatments. Increase in yield as a result of
compaction has been reported earlier by Ghildyal (1978); Ognuremi et al, (1986) and
Gediga (1991).

The grain yield was significantly higher in F; plots (Figure 8). The effect of coir
pith and kayal silt on grain yield, straw yield and dry matter production were not
significant. The carbohydrate content of the grain was not significantly influenced by
compaction and farm yard manure where as the protein content of the grain was
significantly hiéhér in compacted plots and kayal silt treated plots. This may be due to
the increased availability of nitrogen leading to maximum uptake in the compacted
treatment (Agrawal, 1991) and in kayal silt treated plots. .

Gupta et al. (1984) compiled the report of the result of compaction for a highly
permeable soil. It was found that the nitrogen uptake by pearl millet grain and total dry
matter was increased significantly by 40 percent due to compaction in loamy sand at
Jobner.

5.1.4 Effect of treatments on total nutrient content

The nitrogen, phosphorus and potassium contents of the plants were significantly
higher in compacted treatments. The higher concentration of N, P and K in compacted
plots has been reported by Patel (1977). Patel attributed this increase in nutrient uptake

to the reducing conditions caused by soil compaction. In addition, compaction of a
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permeable sandy soil decreases water percolation and thus curtails leaching losses. The
calcium and magnesium content of the plants were not affected by the treatments.

Gupta et al. (1984) reported that compaction of loamy sand by 1500 Kg roller at
Hissar increased the nitrogen content of grain and straw by 25 percent and 15 percent and
the phosphorus content by 40 percent and more than two fold respectively. The potassium
content of grain was not affected but that of straw increased by 15 percent by
compaction.

5.2 Rabi- Rice.

The data obtained from the observation of second crop of rice were statistically

analysed and the results are discussed below with the help of published information.
5.2.1 Effect of treatments on moisture characteristics of soil

As in thé ncase of first crop, the field moisture content of the surface and
subsurface soils were not significantly affected by compaction, however there was an
increase in field moisture content in compacted plots (Figure 10). The farmyard manure
and amendment treatments also did not significantly influence the field moisture content.
The second crop has been transplanted in standing water and there was standing water in
the field almost through out the second cropping season. As a result the effect of
treatments were not significant for field moisture content.

The hydraulic conductivity of surface and subsurface soils was lower in
compacted treatments, similar to the first crop (Figure 9). Agrawal et al. (1987) reported
that a slight increase in subsurface compaction of about 0.1Mg m™ reduced saturated

hydraulic conductivity.



SINIWLVINL
¢V WV OV 24 14 ©°4 10 9O

J-1y wo)
AiAnonpuo)
olinespAH @

(-4y wo) Ajanonpuog dlnespAH

90U Iqeu
JO [1O0S @%ens JOo AJIAIISNPUOD JijnelpAYy UO SJUSUWIIEaL] JO S19943 UIRA ‘6 a1nbBig



%) M1oedes
Buipjoy 183 [

(%) 3udjuoo
ainjsiow p|aid @

(%)
l9jem ajqejieAy

SININIV3IYL

¢V LV Oy 24 14 o4 1D 09D

Q OO
L O
T2

G o 0
2z
S8

0l ’
4
1]

Gl i
o
&

(1YA Q

G2

0¢

9JLl Iqed Jo |10S adeuns JoO
alnNisiowl pial] ‘191eAn ajqgejieaAe

Aj1oedes Buipjoy J191em pue Juajuod
Uuo si1uasuwuleal) Jo S1959311D UIBJAl "OL ”h:m_.ﬂ_

ainjsiow pjal} ‘19)eMm a|ge|ieAy



223

The available water content of surface and subsurface soils was significantly
higher in compacted treatment (Figure 10). This result is in accordance with that of first
crop. The surface soils of the F; plots recorded significantly higher available water
content. In the subsurface soils the F, plots recorded significantly higher available water
content. This may be due to the effect of organic matter and soil water bridging. Agrawal
et al. (1987) reported that a slight increase in subsurface compaction of about 0.1 Mg m?
increased soil moisture retention.

The maximum water holding capacity was not affected by the treatments (Figure
10). However the compacted plots recorded higher maximum water holding capacity than
uncompacted plots. Also the coir pith treatment showed higher maximum water holding
capacity than kayal silt. Coir pith has the binding capacity and helps in retaining about
five times its weight of water.

Thus it is evident from the above discussion that the moisture characteristics of
the soil were almost similar for the first crop and second crop even though the two crops

were raised in two different season viz. Kharif and Rabi respectively.
3.2.2 Effect of treatments on structural characteristics of soil.

The mean weight diameter of the soils, which is a measure of aggregate stability
was not significantly affected by the treatments (Figure 12). Acharya and Sood (1992)
reported that compaction of soil interlocked the aggregates. The F, plots recorded
significantly higher mean weight diameter than other plots. Unger (1997) reported that
mean weight diameter of water stable aggregates was related to soil organic matter or
organic carbon.

The microporosity of the surface and subsurface soils was significantly higher in

Compacted plots (Figure 11). The macroporosity of the soil was significantly lower in
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compacted treatments. Compaction inter locked the aggregates in such a way that it
minimised the volume of macropores and reduced the percolation losses. (Acharya and
Sood, 1992). The micropores are further divided into smaller pores leading to increase in
porosity. The treatments did not significantly affect the total porosity of the soil. The F,
plots and the A, and A; plots recorded higher total porosity. The results are in
accordance with that of M C A fee er al. (1989) who reported that presowing compaction
on a clay soil reduced the total porosity by 6 per cent v/v owing to the loss of pores
greater than 60 um and water retention was increased.

The treatments did not significantly influence the bulk density of the soil even
though the compacted plots recorded higher values in the surface and subsurface soils
(Figure 13). Changes in bulk density of the soil as a result of compaction have been
reported by Cassel (1982) and Canarche et al. (1984).

The particle density of the surface and subsurface soil were not significantly
affected by the treatments (Figure 13). The F, plots recorded significantly higher particle
density than F; and F, plots. When organic matter is incr;ased, the quantity or the
proportion of heavy mineral particles reduced per unit volume resulting in lower particle
density of the soil. Since the application of farmyard manure reduces the mass per unit
volume of soil solids (particle density), the farmyard manuré treated plots recorded lower
particle density. The compaction treatments affect the arrangement of soil particles and
rearrange them according to the pressure of the load. As a result there may be no change
in the soil solids and in turn particle density. Soil strength will be more in a soil, which is

well aggregated and the particles are in close contact.
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5.2.3 Effect of treatments on chemical characteristics of soil

The pH of the soil was not significantly affected by the treatments as in the case
of first crop. Unlike in the case of first crop the compaction treatment and farmyard
manure treatments significantly increased the organic carbon content of the surface soil.
The effect of treatments on the orggnic carbon of the subsurface soil was not significant.

The available nitrogen content of the soil was not significantly influenced by the
treatments even though the available N content of the compacted plots was higher than
uncompacted plot (Figure 14). The farmyard manure treated plots also recorded higher
available nitrogen content. Agrawal (1991) reported that in a surface compacted sandy
soil, the nitrate — nitrogen content was several times greater than that in uncompacted
soil. The reduction of nitrate nitrogen and water losses resulted in higher productivity of
sandy soils (Agrawal,1991,1992) |

The available phosphorus content of the surface and subsurface soil significantly
increased under compacted treatment (Figure 14). The available phosphorus content was
also significantly higher in farmyard manure treated plots. Ogunremi et al., (1986)
reported an increased uptake of phosphorus in compacted soils.

The available potassium content of the surface and subsurface soil was
significantly increased in C;, F; and A; plots (Figure 14). This result is in accordance
with Mathan er al. (1994) who reported an increase in the available potassium content of
the soil as a result of compacting soil from a bulk density of 1.5 to 1.8 Mg m>. They
attributed this to the increased moisture retention and solubilisation as a result of
compaction.

The exchangeable calcium content of the soil was significantly higher in

compacted treatments of both surface and subsurface soils, where as the exchangeable
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magnesium content of the soil was not significantly influenced by the treatments
Gediga (1991) reported that subsoil compaction increased the Ca* concentration in
maize.

5.2.4 Effect of compaction on biometric observations.

The leaf area index at maximum tillering stage, panicle initiation stage and
flowering stage was significantly higher in compacted treatment compared to
uncompacted plots. The F,, A; and A, plots significantly increased the leaf area index at
maximum tillering and panicle initiation stages. Ogunremi et al. (1986) reported that the
leaf area was higher in compacted treatments compared to the uncompacted treatment.

The compaction treatment significantly reduced the time taken for maximum
tillering and 50 percent flowering. Sharma et al (1995) reported that panicles emerged
seven days earlier in subsoil compacted plots. Water stress delays panicle emergence and
maturity in rice. Due to compaction seed-soil contact is increased and early germination
and emergence is effected.

The root length, root density and root volume were significantly higher in
compacted treatments compared to uncompacted treatments. The F, plots significantly
increased the root volume and root density. Kaselowsky et al. (1989) reported that there
is no significant effect of soil compaction on root length of sugar beet grown in a
compacted soil. However increased root growth under compacted treatment was reported
by Ogunremi et al. (1986). They ascribed this to the increased in nutrient content per unit
volume of soil due to increase in bulk density owing to compaction effect that made more

nutrients available per unit volume of soil.
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5.2.5 Effect of treatments on yield and quality.

As in the case of first crop, the grain yield, straw yield and dry matter production
were significantly higher in compacted treatments in the second crop (Figure 15). The
farmyard manure treated plots also significantly increased the grain yield, straw yield and
dry matter production. Nair ef al. (1976) reported that the compaction of soil increased
the grain yield of upland rice crop in a lateritic sandy loam soil. Increase in the grain
yield of rice as a result of compaction has been reported by several workers (Ghildyal,
1978; Ognuremi et al, 1986, Acharya and Sood, 1992). Sub soil compaction has the
potential for increasing and stabilizing rice yields in coarse textured, rain fed low land
soils. Subsoil compaction is far effective than puddling to conserve rainwater and is far
more practical than subsurface plastic barriers (Sharma et al., 1995).

The compéétion was given during the first crop. The effect of which was equally
good for the second crop also leading to more yield in compacted plots.

The carbohydrate content of the grain was not signiﬁcantly influenced by the
treatments. However the crude protein content of the grain was significantly higher in
compacted plots, farmyard manure treated plots and kayal silt treated plots. This may be
due to the higher nitrogen content of the soil and nitrogen uptake in the compacted
treatments,

3.2.6 Effect of treatments on the total nutrient content of plant

The nitrogen, phosphorus and potassium content of the plant were significantly
higher in C; and F, plots. The A, plots recorded significantly higher content of nitrogen
and potassium. The compacted treatment showed higher N utilization at different growth

stages over other treatments due to higher dry matter accumulation and increased
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nitrogen concentration of rice. The compacted treatment showed higher uptake of N by
23per cent (Ogunremi et al, 1986). The higher content of N, P, Mg and Mn in the
c(;mpacted plots treatments was reported by Patel (1977) who attributed this to the
increase in nutrient uptake to the reducing conditions caused by soil compaction. In
addition, compaction of a permeable sandy soil decreases water percolation and thus
curtails leaching loss. Westermann and Sojka (1996) reported that subsoil compaction of
fine loamy soil enhanced the phosphorus and potassium uptake by corn when the rainfall
was average or above average. Compaction may actually increase the nutrient uptake if it
increases the movement of ions to the roots via diffusion. Roots may also partially
compensate for reduced root growth by, increased uptake per unit length (Hoffman and
Jungk, 1995; Shierlaw and Alston, 1984).

Thus it is clearly evident from the above discussion that the soil properties,
biometric observations, yield of rice, quality and plant nutrient content of the two crops
of rice followed a similar trend with few exceptions. So it can be concluded that the
effect of compaction persisted throughout the growth of succeéding crop of rice in the
second crop season. The grain yield and straw yield increased significantly in compacted
plots. Thus the management practices of coarse textured Onattukara soils should include
the compaction of the soil before the sowing of first crop together with the application of
farmyard manure and amendments such as coir pith and kayal silt. These management
practices will definitely boost up the production in Orattukara tract and improves the soil

health,
5.3 Summer crops - Seasmum, green gram and cowpea

The data on the soil properties of sesamum, green gram and cowpea are pooled

and statistically analysed and the results are discussed below.



229

5.3.1 Effect of treatments on moisture characteristics of the soil

The moisture content of the green gram plots was significantly higher than
sesamum and cowpea plots (Figure 17). The compacted plots recorded significantly
higher moisture content than uncompacted plots. The F, and A, plots recorded
signiﬁcantly higher field moisture content. Same results have been reported by a number
of workers. Sub soil compaction created by surface rolling one to two days after
irrigation or rain fall reduces water and nutrient losses and increases soil moisture storage
in highly permeable deep sandy soils there by increasing, their productivity by 30 to
50per cent (Agrawal et al., 1987, Agrawal, 1988 and Gupta et al. 1989). Sharma et al.
(1995) reported that the compacted plots have the greatest soil water after rice crop
harvest. High soil moisture content after harvest is essential to increase cropping
intensity througﬁ production of an upland crop of rice. Thus subsoil compaction may
enable farmers to increase cropping intensity in rain fed low land rice areas.

The hydraulic conductivity of the green gram plots was significantly higher
compared to sesamum and cowpea plots of both surface and sﬁbsurface soils (Figure 16).
The compacted plots recorded significantly lower hydraulic conductivity than
uncompacted plots. Progressive decrease in saturated hydraulic conductivity with
compaction was observed by various workers. Waldron et al. (1971) stated that
compaction caused local shearing and particle rearrangements resulting in greater
reduction in hydraulic conductivity.

The available water content of both surface and subsurface soils were greater in
green gram plots (Figure 17). The compacted plots recorded significantly higher

available water content than uncompacted plots in both the surface and subsurface soils.
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Similar result was reported by Reddy (1973). He atiributed the increase in available
water content to the squeezing effect of compaction on large pores.

The maximum water holding capacity was higher in cowpea plots compared to
sesamum and green gram plots (Figure 17). The compacted plots recorded significantly
higher maximum water holding capacity than uncompacted plots. This result is in
accordance with that of Gupta and Abrol (1993). They reported that amount of water
retained in the 0-10cm loamy sand layer after 24 hours of irrigation was 21.5per cent

higher in the soil compacted by 8 passes of 490 kg roller than in uncompacted soil.
5.3.2 Effect of treatments on structural characteristics of soil

The mean weight diameter of the surface and subsurface soils was significantly
higher in the green gram plots (Figure 19). The compacted plots recorded significantly
higher mean weight diameter than uncompacted soils. Larson (1964) reported that a
mean weight diameter of Smm is considered to be optimum for seed beds.

The micro porosity of the surface and subsurface soii was significantly higher in
sesamum plots (Figure 18). The compacted plots also recorded significantly higher
microporosity than uncompacted plots. The F, plots and A, plots recorded significantly
higher microporosity. Acharya and Sood (1992) reported that the compacted treatments
reduced the volume of transmission pores by 83 per cent, decreased the percolation losses
by 30 percent where as the volume of storage pores (50 to 0.5um) increased with
compaction.

The macroporosity was significantly higher in cowpea plots (Figure 18). The
compacted plots recorded significantly lower macroporosity than uncompacted plots.

This result was in accordance with Acharya and Sood (1992). They reported that
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compaction interlocked the aggregates in such a way that it minimized the volume of
macropores and reduced the percolation losses.

| The total porosity was significantly higher in cowpea plots for both surface and
subsurface soils (Figure 18). The compacted plots recorded significantly higher total
porosity than uncompacted plots. The coir pith treated plots also showed significantly
higher total porosity. This result is in accordance with that of Ogunremi et al. (1986)

The bulk density of surface soils was significantly higher in cowpea plots (Figure
20). Where as the green gram plots recorded significantly higher bulk density of
subsurface soils. The compacted plots showed significantly higher bulk density of
surface and subsurface soils. This result corroborates the findings of Gupta and Abrol
(1993). They reported that the compaction of the loamy sand increased the bulk density 7
by 0.140 t m™, 0.120 t m™ and 0.100 t m™® above the original bulk density of 1.480 t m™
1.530 t m* and 1.520 t m® in the 0-15, 15-30 and 30-45 cm respectively. According to
them, the effect of compaction on bulk density of the subsurface layers persisted until the
harvest of seéond Ccrop.

The particle density of the surface and subsurface soil was significantly higher in
green gram plots (Figure 20). The uncompacted treatment showed significantly higher
particle density

The sesamum plots recorded higher soil strength than green gram and cowpea
plots (Figure 19). The compacted treatments showed significantly highér soil strength
than uncompacted treatment. The F and the A, plots recorded significantly higher soil
strength. ' Similar results were reported by Bauder ef al. (1981) and Swan etal (1987)

5.3.3 Effect of treatments on chemical characteristics of soil.

The pH of the surface and subsurface soils were significantly higher in sesamum
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plots. The soil pH was higher in compacted plots. The coir pith and kayal silt treated
plots also recorded significantly higher pH. The compaction of the soil helped to retain
more cations in the soil. This may be the reason for increase in pH in the compacted
treatments

The sesamum plots recorded higher organic carbon content than green gram and
cowpea plots. The compacted plots recorded significantly higher organic carbon than
uncompacted plots. The F, plots recorded significantly higher organic carbon content.

The available nitrogen content of the surface soils was significantly higher in
sesamum plots where as the green gram plots recorded higher available nitrogen content
in subsurface soils (Figure 21). The compacted treatments recorded significantly higher
available nitrogen content than uncompacted plots. The farmyard manure treated plots
and the coir pith and kayal silt treated plots recorded significantly higher available
nitrogen content. The results are in accordance with Tindzhyulis and Brazauskas (1987),
Agrawal and Jhorar (1989), Agrawal (1991). They reported that compaction of sandy
soils, which are conducive to leaching resulted in considerabl§ greater nitrate retention in
the top soil and in less leaching.

The sesamum plots showed significantly higher phosphorus content of surface
soils than green gram and cowpea plots (Figure 21). The available phosphorus content of
the compacted plots was significantly higher than that of uncompacted plots. The F; plots
recorded significantly higher available phosphorus content. This reSult is in accordance
with the results of Ogunremi efal.(1986) ‘

The available potassium content of the soil was significantly increased in
sesamum plots (Figure 21). The compacted plots showed significantly higher available

potassium content. The F, and A; plots showed significantly higher potassium content.
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Mathan et al. (1994) reported that increase in compaction from 1.5 to1.8 Mg m? resulted
in an increase in available potassium content of soil perhaps due to moisture retention and
solubilisation.

The exchangeable calcium content of the surface soil was significantly higher in
green gram and cowpea plots, whereas the exchangeable calcium content of the
subsurface soil was higher in cowpea plots. The compaction treatment significantly
reduced the exchangeable calcium content of surface soil, where as the exchangeable
calcium content of the subsurface soil was significantly increased by compaction.

The exchangeable magnesium content of the surface and subsurface soil was
higher in cowpea plots. The compacted treatment significantly increased the
exchangeable magnesium content of the soil.

Thus it is clearly evident from the above discussion that the effect of compaction
on soil properties persisted throughout the growth of the third crops. Similar results have

been reported by Gupta and Abrol (1993)

54 Sesamum

3.4.1 Effect of treatments on biometric observation

The leaf area index (LAI) at 30 days after sowing, 60 days after sowing and
harvest were significantly higher in compacted plots. The F, and A, plots showed
significantly higher LAL. Similar results were reported by Ogunremi ef al.(1986)

Root length of the compacted treatments was. significantly lower than
uncompacted plots. However Kaselowsky er al. (1989) reported that there is no
significant effect of soil compaction on total root length of sugar beet grown in

compacted soil.
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The root volume and root density of the compacted plots were significantly higher
compared to uncompacted plots. The farmyard manure treated plots recorded
significantly higher root volume and root density. The kayal silt treated plots recorded
significantly higher root density. Sharma (1995) reported that in compacted plots root
mass density was greater in 0-10cm layer. About 98per cent of the total root length
density was in 0-20cm layer in compacted plots. Root: shoot dry weight ratios was
greatest in compacted plots. Sub soil compaction led to greater concentration of rice
roots in plough layer above the compacted zone.

The time taken for 50per cent flowering was significantly lower in compacted
plots. Sesamum took an average of 36 to 37 days for 50per cent flowering in all the
treatments. The other treatments did not significantly affect the above observation. This

was in conformity with the findings of Sharma (1995).
5.4.2 Effect of treatments on the yield and quality.

The seed yield, stover yield and dry matter production were significantly higher in
compacted treatment compared to uncompacted treatment (Fiéﬁre 22). The F, and A,
plots showed significantly higher yield. The increase in yield as a result of compacﬁon
has been reported by séveral workers (Mathan and Natesan (1990), Gupta and Abrol
(1993), Sharma et al. (1995). The increase in water and nutrient retention in the soil due
to compaction resulted in higher yields in compacted plots.

The oil content of sesamum in the compacted plots and the F, was significantly
higher than other treatments. This may be attributed to the better growth of plants in
compacted plots.

The crude protein content of the compacted plots and the F; plots were

significantly higher. The higher nutrient retention in the compacted plots compared to the
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uncompacted plots resulted in higher crude protein content. The crude protein content

reflects the level of nitrogen uptake.
5.4.2 The effect of treatments on the total nutrient content in plant.

The nitrogen, phosphorus, potassium, calcium and magnesium content of the
plant was significantly higher in compacted plots compared to uncompacted plots. The
farm yard manure treated plots recorded significantly higher N, P, Ca and Mg content.
This corroborates the findings of Ogunremi et al., (1986), Agrawal and Jhorar (1989),

and Agrawal(1991),

5.5 Green gram

5.5.1 Effect of treatments on biometric observations

The leaf area index (LAI) at 30 days after sowing, 60 days after sowing and
harvest were significantly higher in compacted plots. The farmyard manure treated plots
also recorded a significantly higher LAI This corroborates the findings of Ogunremi et
al. (1986).

The root length, root volume and root density were significantly higher in
compacted plots and farmyard manure treated plots. The effect of soil compaction on
transport of nutrients to the roots depends on the amount of soil compaction and on water
and nutrient supply. In well watered and high fertility conditions, moderate soil
compaction has a beneficial effect (Lipiec and Stepniewski, 1995). This can be due to
the greater water retention and hydraulic conductivity in the case of mass flow transport,
(Kemper et al.,1977) increased diffusion coefficient of ions (Warncke and Barber, 1972,

Bhadoria et al.,1991) or to increased ion concentration in soil.
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5.5.2 Effect of treatments on yield and quality.

The seed yield and haulm yield were significantly higher in compacted plots
(Figure 23). Gupta and Abrol (1993) reported that the compaction of the loamy sand
significantly increased the grain yield of rain fed pearl millet and guar by 25.4 percent
and 25.0 percent over the control yields of 1.36 t ha™ and 1.00 t ha™ respectively.

The crude protein content of seed in the C;, F; and F, plots was significantly
higher than C, and Fy plots. Better N utilization in the compacted treatment at all growth
stages due to higher dry matter accumulation and increased concentration of nitrogen has
been reported by Ogunremi (1986). This may be the reason for higher crude protein
content in compacted treatments.

5.5.3 Effect of treatments on total nutrient content in plant.

The corﬁpé.cted plots recorded significantly higher nitrogen, phosphorus,
potassium, calcium and magnesium content of the plant tissue. The farm yard manure
and kayal silt treatments showed significantly higher N, P, K, Ca and Mg content of plant
tissue. This is in agreement with the findings of Lipiec and Stepniewski,(1995) and
Mathan et al., (1994)

3.6 Cowpea.

5.6.1 Effect of treatments on biometric observations

The leaf area index (LAI) at 30 days after sowing, 60 days after sowing and
harvest were significantly higher in compacted plots. The farmyard manure treated plots
also recorded significantly higher LAL. This was in conformity with the findings of

Ogunremi et al. (1986).
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The root length, root volume and root density were significantly higher in
compacted plots. The farmyard manure treatments also recorded significantly higher root
length, root volume and root density. This was in conformity with the findings of
~ Ogunremi (1986).

The time taken for 50 percent flowering was 43 to 44 days in all treatments. The
é.bove observation was significantly lower in cofnpacted treatments. However Sharma
(1995) has reported that panicle emerged seven days earlier in subsoil compacted

treatments.
5.6.2 Effect of treatments on yield and quality.

The haulm yield and dry matter production were significantly higher in the
compacted plot and farmyard manure treated plots (Figure 24). The treatment effect on
grain yield was not Signiﬁcant. This result was in conformity with the findings of Gupta
and Abrol (1993).

The crude protein content of the compacted treatment and farmyard manure
treatment was significantly higher than control treatments. Better N retention in the
compacted plots might have incréased the crude protein content.

5.6.3 Effect of treatments on total nutrient content of plant.

The nitrogen, phosphorus, potassium, calcium and magnesium content of the
plant tissue were higher in compacted treatment. Compaction may actually increase the
nutrient uptake by increasing the movement of ion to the roots via diffusion (Hoffman

and Jungk (1995) and Shierlaw and Alston (1984).
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5.7 Effect of treatments on cropping system.

It is clearly evident from the above discussion that the yield of the two crops of rice,
sesamum, green gram and cowpea were significantly higher in compacted treatments.
The observations on the soil properties and biometric observations suggest that the effect
of compaction persisted through out the third crop season. This is in conformity with the
findings of Gupta and Abrol (1993).

Diversification of cropping provides an insurance against total crop failure. Thus
there is a need for developing efficient rice based, cropping system that can ensure stable
optimal yields and maximum profit (Pathania and Thékur, 1994). With the over all view
of maintaining soil fertility and economizing fertilizer application, it is beneficial to
include legume as component of intensive cropping system (Palaniappan, 1985). With
this in view green gram and cowpea can be included in the traditional cropping system of
Rice-Rice-Sesamum of Onattukara tract.

This study has shown that the surface and subsurface compaction could reduce the
water and nutrient losses from highly permeable Onattukara sanciy soil and increase the
productivity by 30 to 50 percent. It could also increase water use efficiency of crops and
increase the water storage capacity of surface soil. It has also demonstrated the feasibility
of inducing a layer of high bulk density in a large area by compaction of the soil at

optimum moisture level.
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SUMMARY

An investigation was carried out at Rice Research Station, Kayamkulam to study the
effect of soil compaction with organic manure and amendments on soil physical properties,
autrient availability, rooting pattern, yield and quality of crops like rice, sesamum, green

gram and cowpea under rice based cropping system of Onattukara tract of Kerala.

The treatments included two levels of compaction, three levels of farm yard manure
and three levels of soil amendments in different combinations. The compaction treatments

were zero compaction and compaction with four passes of 400 kg roller. The farm yard
manure treatments consisted of no farm yard manure, farm yard manure @25t ha-l and

farm yard manure @ 5 t ha-1. Coir pith@5t ha-1, kayal silt @ 5 t ha-1 and control were

the amendment treatments.

Two crops of rice (variety - Bhagya) were raised in the kharif and rabi seasons.
During the summer season, eachrplot of rice was divided into three equal plots and sesamum,
green gram and cowpea were raised in these plots. The compaction treatment Was given only
once, before the sowing bof kharif rice. All other treatments were given before the planting

of each crop.

The soil prop’erties, nutrient availability, rooting pattern and yield of all the crops
were altered by the treatments. After the harvest of the first crop of rice, the available water
content was significantly higher in compacted plots compared to uncompacted plots. The
hydraulic conductivity and infiltration rate were significantly lower in compacted plots. The
field moisture content was highér in coir pith and kayal silt treated plots. The microporosity

of the soil was also higher in compacted plots.
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As a rtesult of compaction treatment the soil strength increased from 1.08 to 3.33

kg m-2. Among the nutrients available N, P, K and exchangeable Ca and Mg were
significantly higher in compacted plots. The leaf area index at flowering stage was
significantly higher in compacted plots and farm yafd manure treated plots. The root volume
and root density were significantly higher in compacted treatment, farm yard manure
ueauﬁent and coir pith and kayal silt treatments. The grain yield, straw yield, dry matter

production and crude protein content were significantly higher in compacted plots. The
yreatment C1F1A recorded the highest grain yield of 3.15 t ha-l. The kayal silt and coir pith

freatments significantly increased the crude protein content. The N, P and K content in

plants were significantly higher in compacted and farm yard manure treated plots.

The treatments significantly influenced the soil properties, nutrient availability and
yield of rabi rice also. The available water content was significantly higher in compacted
plots where as hydraulic conductivity showed a significant decrease in compacted plots. The
mean weight diameter significantly increased in farm yard manure treated plots. There was
an increase in the microporosity of the surface soil and a decrease in macroporosity as a
result of compaction. Soil strength significantly increased in compacted plots, farmyard
manure treated plots and coir pith and kayal silt treated plots. The organic carbon content of
the soil was higher in compacted and farm yard manure treated plots. The compacted plots

recorded significantly higher available N, P, K and exchangeable Mg content.

The leaf area index significantly increased in compacted plots. The time taken for
maximum tillering and 50 percent flowering significantly decreased in compacted plots.

Root length, root volume and root density were significantly higher in compacted plots. The
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jighest grain yield of 2.72 t ha-1 was recorded in C1F2A1 treatment. The grain yield, straw

-);;éld, dry matter production and crude protein content were significantly higher in
compacted treatment and farm yard manure treatment. The N, P and K content in plants
were also higher in the compacted and farm yard manure treated plots. The coir pith and

tayal silt treated plots recorded higher potassium content.

The effect of compaction persisted after the harvest of summer crops also as evident
from the result. The main effects of compaction, farm yard manure, coir pith and kayal silt
signiﬁcantly increased the field moisture content, available water content, maximum water
holding capacity, bulk density, microporosity and total porosity and decreased the hydraulic
conductivity and macroporosity for sesamum, green gram and cowpea. The available N and

P content of the soil was higher in compacted plots.

The leaf area index, root volume, root length and root density were significantly
higher in compacted treatment, farm yard manure treatment and amendment treatment. The

compacted plots recorded relatively less time taken for 50 percent flowering.

Highest seed yield of sesamum was recorded in the C1FyA treatment. Main effect of

compaction and farm yard manure significantly increased the oil content and protein content.

The treatment C1FpA recorded the highest seed yield of green gram. The N, P and K and

protein content were significantly increased by compaction treatment. The highest seed yield

of cowpea was recorded in the C{FpA1 treatment. The N, P and K content in plants and

Protein content were significantly increased in the compacted treatment.

Thus it can be concluded that compaction of coarse textured soil along with

application of 2.5 t ha-1 farm yard manure and 5 t ha-! coir pith significantly improved the
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s0il physical properties, nutrient availability and in turn thé yield of different crops under rice
pased cropping system of Onattukara tract of Kerala, Among the amendments the coir pith
was found to be the best as far as yield is concerned in relation to soil physical properties.
Further investigations with more compaction and with reduced levels of
mendments like coir pith and kaya/ silt can be carried out to get more confirmatory results
for using the locally available materials, free of cost. Definitely the compaction technology
can be adopted to increase the rice yield of Onatfukara belt especially during the first crop
without much financial involvement. This technology can be tried in similar soils which

contains more than 70 to 80 percent sand, to increase the production potential.
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APPENDIX 1

Li WEATHER DATA DURING THE CROPS PERIOD (MAY’9S - APRIL’99)
STANDARD PERIOD RAIN | AVERAGE | AVERAGE | AVERAGE
| WEEK FALL | MAXIMUM | MINIMUM | RELATIVE
(mm) | TEMPERA- | TEMPERA- | HUMIDITY
TURE (°C) |TURE (°C) (%)
~ From To ’
% April 30 May 6 301 ] 352 749 75.0
1) May 7 May 13 56.3 35.4 24.7 80.5
) May 14 May 20 124.8 32.5 259 85.0
i May 21 May 27 55 | 339 756 825
7 May 28 June 3 77.1 34.1 25.6 83.0
3 June 4 June 10 498 | 330 243 820
f June 11 June 17 140.8 315 237 87,5
5 June 18 June 24 643 319 239 82.5
3 June 25 Tuly 1 160.7 299 231 9.5
7 Tuly 2 Tuly 8 546 315 258 80.0
B July 9 July 15 416 319 238 85.0
b [Tty 16 July 22 67.0 29.9 23.6 87.0
b July23 [ July29 66.5 31.5 234 86.0
Ir Tuly 30 August 5. 18.20 31.2 24.0 84.0
'j!} August 6 August 12 47.80 30.0 239 835
T August 13| August 19 791 301 343 87.0
J August20 | August 26 362.1 30.6 23.6 825
" August27 | September2 | 46.1 31.0 236 85.5
§ September 3 | September 9 | 185.5 30.3 23.8 86.5
i September 10 | September 16 | 80.2 318 733 85.0
;‘ September 17 | September 23 52.3 31.3 240 92.0
j September 24 | September 30 | 83.9 394 233 80.0
i October 1| October 7 251 305 732 825
E October 8 | October 14 | 3053 786 231 81.0
October 15| October 21 392 311 227 86.0
v TOctober 22 | October 28 216 30.9 237 79.0




RAIN

AVERAGE | AVERAGE | AVERAGE

PERIOD FALL | MAXIMUM | MINIMUM | RELATIVE

(mm) | TEMPERA- | TEMPERA- | HUMIDITY
TURE(°C) | TURE(°C) (%)

FROM TO

October 29 November 4 19.8 31.3 23.1 85.0
November 5 | November 11 | 129.8 30.0 24 79.0
November 12 | November 18 22.3 31.5 235 85.0
November 19 | November 25 0 321 229 70.0
1 November 26 | December 2 . 1.7 31.7 23.2 78.5
December 3 | December 9 222 32.0 222 81.5
{50 December 10 | December 16 | 34.5 31.4 20.6 80.0
tIE December 17 | December23 | 2.9 31.8 21.0 81.5
152 December 24 | December 31 325 20.6 78.0
i1 January 1 January 7 0 323 19.7 73.0
2 January 8 January 14 34 33.0 18.6 725
{3 January 15 | January 21 0 338 21.5 735
4 January22 | January 28 33.4 21.8 725
{5 January 29 | February 4 26 32.4 222 70.0
6 February 5 | February 11 0 325 21.9 69.8
7 February 12 | February 18 1.8 324 21.5 69.5
1738 February 19 | February 25 0 343 222 755
9 February 26 | March 4 21 35.0 26.1 65.0
1°10 March 5 March 11 31 35.0 23.8 71.5
1 March 12 March 18 21 33.6 25.1 68.0
1T2 March 19 March 25 2.1 325 245 71.5
173 March 26 April 1 12 335 235 715
tT April 2 April 8 58 339 233 79.0
ﬁ April 9 April 15 74.6 33.4 239 79.5
TT6 April 16 April 22 23.8 33.0 234 77.0
E April 23 April 29 216.7 319 24.5 79.0
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ABSTRACT

An investigation was carried out at Rice Research station, Kayamkulam to
study the effect of soil compaction with organic manure and amendments on soil physical
properties, nutrient availability, rooting pattern, yield and quality of crops like rice,
sesamum, greengram and cowpea under rice based cropping system of Onattukara tract

of Kerala.

The compaction treatment with four passes of a 400 kg roller significantly
improved the soil physical properties, nutrient availability and yield of all the crops. The
available water content, microporosity, available N, P and K, root volume and root
density significantly increased in compacted treatments for all the crops. Application of
coirpith and kayal silt improved the field moisture content in kharif rice. The hydraulic

conductivity and infiltration rates decreased in compacted plots.

The compacted plots recorded less number of days for 50 percent flowering of

sesamum, green gram and cowpea. The rabi crop of rice, sesamum and cowpea recorded
the highest grain yields of 2.72 t hal, 529.79 kg ha-l and 594.78 kg ha'l in the

compacted treatment along with coirpith and farm yard manure (@2.5 tha-1)

combination, where as the kharif crop of rice recorded the highest grain yield of 3.15 t
ha-! in the compacted and coir pith treatments along with 5 t ha-1 farm yard manure.

The seed yield of green gram was highest in compacted and 5 t ha-! farm yard manure

treated plots with no amendments.



Thus it can be concluded that compaction of coarse textured soils along with the
application of 2.5 t ha-1 farm yard manure and 5 t ha"! coir pith significantly improved
the soil physical properties, nutrient availability and inturn the yeild of different crops

under rice based cropping system of Onattukara.



