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CHAPTER-I

INTRODUCTION

The word tillage is derived from the Anglo-Saxon words lilian and teolian,
meaning to plough and prepare soil for seed to sow, to cultivate and to raise
crops. Generally, it is the mechanical manipulation of soil for obtaining
conditions ideal for seed germination, seedling establishment and growth of
crops. The purpose of tillage is to obtain a seedbed having optimum soil tilth,
break weed, insect and diseases cycles, bury plant residues, incorporate
fertilizers and amendments, break surface crust and fracture plough pans or

hard subsoil horizons (Jones et al., 1990).

In modern times, soil tillage has emerged as an integral part of a crop system.
Scil tillage and soil surface ménagement have been found important in
alleviating soil related constraints encountered in crop production. An
important effect of soil tillage on crop productivity is through its influence on
soil processes, soil properties and crop growth. At the same time, soil tillage
has its impact on the environment e.g. soil degradation, water quality,
emission of green house gases from soil related processes etc. The need to
attain self-sufficiency in agriculture production has been particularly urgent in
several tropical eco-regions and soils of low carrying capacity in the tropics.
Appropriate tillage systems are soil and crop specific and their adoption is
governed by both bio-physical and socio-economic factors. In addition to

increasing crop vyields, tillage methods must also facilitate soil and water



conservation, improve root system development and maintain a favourable

level of soil organic content (Lal, 1991).

The rice-wheat is the principle cropping system occupying 24 million ha of
cultivated land in the Asian subtropics. In South Asian countries, the system is
brevalent in about 13.5 million ha in the Indo-Gangetic Plains (IGP) of 10
million ha in India, 2.2 million ha in Pakistan, 0.8 million ha in Bangladesh and
0.5 million ha in Nepal and about 10.5 million ha in China. This system covers
about 32 per cent of the total rice area and 42 per cent of the total wheat area
in these four countries (India, Pakistan, Bangladesh and Nepal) and account
for one quarter to one third of the total rice and wheat production (Ladha et al.,
2000). It provides food, income and employment for millions of people. The
annual system productivity in IGP is low (3-5 Mg ha') as compared with the
climatic crop yield potential of the region i.e. 12.0-19.3 Mg ha™ (Ladha et al.,
2003a: Pathak et al., 2003a). The rice-wheat system is pivoted to food security
not only of the country but also of Indian subcontinent as a whole. The ten-fold
increase in rice-wheat sequencé in India, Nepal, Bangladesh and Pakistan
during the last 30 years is an ample proof of it (IRRI, 1992). Further, rice has
been grown as a food crop for more than 6,000 years in Asia. Today more
than 90 per cent of global rice supplies are produced and consumed in Asia,
contributing 30-75 per cent of dietary calories for populations in these
countries (Dobermann and Cassman, 1996). About half of the irrigated wheat

production in South Asia comes from rice-wheat rotation (Pillai, 1994).



The rice-wheat is the most extensive and traditional cropping system in India
which has become the main stay of cereal production in the country. It
occupies 10.5 million ha area, dominates agricultural systems in India mostly
in Punjab, Haryana, Uttar Pradesh and Madhya Pradesh (Yadav and Subba
Rao, 2001) and contributes 75 per cent of the national food grain production
(Yadav, 1996). In India as well as in Himachal Pradesh, these two crops are
again major food grain crops. On all India basis, total area under rice and
wheat is 44.28 and 24.86 million hectares with the production of 87.00 and
72.06 million tonnes, respectively (Anonymous, 2003-04). In Himachal
Pradesh, wheat occupies first position in acreage covering about 0.37 million
hectare area with the production of 0.50 million tonnes, whereas in Kharif
season the rice crop is sown on 0.08 million hectare area with the production
of 0.09 million tonnes (Anonymous, 2004-05); of which about 0.08 million

hectare area come under rice-wheat cropping sequence (Thakur et al., 1994).

The environmental requirements for growth and development of rice and
wheat crops are contrastingly different. Rice grows best under water stagnant
conditions; while wheat requires a well pulverized soil with a proper balance of
moisture, air and thermal regime. Rice in most parts of South and South-East
Asia is traditionally cultivated in well-puddled soils. In Himachal Pradesh, rice
is cultivated with wet tillage in 95 per cent of total rice area (approximately
90,000 ha). Puddling is an intensive tillage system, which brings about
significant changes, especially, in physical properties of soil, including

structural, hydraulic and mechanical properties. Such changes, although are



favourable for rice, but not suitable for the following upland wheat crop
(Sharma and De Daitta, 1986: Sharma et. al. 2003). Consequently, wheat
growth and yield are poor in post-rice soils probably constrained due to factors
such as large turn around time (Fujisaka et al., 1994), poor soil tilth of seedbed
(Chenkual and Acharya, 1990), subsoil compaction (Bhushan and Sharma,
1997), poor drainage (Regmi et al., 2002), restricting aeration (Bhushan and
Sharma, 1999), nutrient stress (Hobbs, 1994) and high mechanical impedance

to roots (Bhagat and Verma, 1991).

Rice-wheat is the major crop rotation of Kangra Valley of Himachal Pradesh.
The average productivity of rice and wheat in Himachal Pradesh are 1.0 Mg
ha' and 1.4 Mg ha' (Anonymous, 2004-05), which are far below than the
national average of 2.0 Mg ha' and 2.9 Mg ha™, respectively (Anonymous,
2003-04). Wheat productivity after puddled rice is relatively low, especially in
medium to fine textured soil as compared to yield after other upland cereals.
Various soil physical constraints Fave been assigned to the relatively low
wheat yields in post-rice soils in Himachal Pradesh. Puddled soils upon
desiccation usually develop compact sub-surface layers having low porosity
and permeability, high penetration resistance and cracks resulting in the
formation of large clods upon cultivation (Sharma and Bhagat, 1993; Sharma
et al., 1995). Root growth in these soils may be restricted if the soil penetration
resistance exceeds certain critical value. Restricted root growth may be
responsible for reduction in wheat yields in post-rice soils, as a definite

relationship has been shown to exist between root growth and water extraction



pattern by wheat plants (Bhagat and Acharya, 1987). However, no conclusive
research results are available in literature on the effect of root modification on
water relations and wheat yields in post-rice soils. Therefore, the present
investigation entitled, “Soil-water dynamics, root growth and wheat yield in a
sequentially deep tilled post-rice soil” was conducted with the following broad
objectives: -
I.  To study the effect of depth of tilage on root growth of wheat in
post-rice soil.
Il. To study the effect of depth of tillage on soil and plant-water
relations.
ill.  To study the effect of depth and frequency of tillage on root growth

pattern of wheat vis-a-vis wheat yield.
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CHAPTER-II

REVIEW OF LITERAURE

Tillage is defined as the soil related actions necessary for better crop
production (Bonne, 1988). It is an integral part of cropping system aimed at
optimizing crop production by solving specific soil related ecological
constraints to crop production. There are several specific reasons for soil
tillage. Short term reason include optimization of soil temperature and
moisture regimes, seed germination, emergence and seedling establishment,
root proliferation and development, minimizing weed competition and energy
input. Long term reasons are maintenance of soil productivity and sustainable

management of soil and water resources (Prihar et al., 2000).

Soil tillage systems such as conventional, reduced and deep tillage are
considered as important soil management practices. These practices alter the
soii physical environment and affect the plant and root growth, thereby, water
and nutrient uptake and crop yields. The effect of tillage on moisture
conservation depends upon soil type and climatic conditions (Prihar et al.,
1968), time of tillage (Gill et al., 1977), porosity and thickness of mulch created
vy tillage (Acharya and Prihar, 1969) and size of aggregates or clods left at the
surface after tillage (Chaudhary and Acharya, 1993). Therefore the literature
relevant to the proposed investigation entitied, “Soil-water dynamics, root
growth and wheat yield in a sequentially deep tilled post-rice soil" has been

briefly reviewed and documented in this chapter under the following heads: -



2.1 Physical characteristics of post-rice soils
2.2 Constraints in releazing optimum post-rice wheat yields
2.2.1 Poor soil tilth
2.2.2 Subsoil compaction
2.2.3 Large turnaround time
2.3 Effect of depth of tillage on soil physical properties of wheat crop
2.3.1 Soil water content
2.3.2 Bulk density
2.3.3 Soil penetration resistance
2.3.4 Infiltration
2.3.5 Hydraulic conductivity
2.4 Effect of depth of tillage on wheat root growth

2.5 Effect of depth of tillage on wheat yield

2.1 Physical characteristics of post-rice soils

Puddling refers to a tillage systera in which soil is repeatedly ploughed and
harrowed under submerged conditions to make the soil soft for transplanting
and less permeable to water. It is an intensive tillage system. Puddling breaks
the soil aggregates and peds into fine plastic mud, thereby practically
eliminating the water transmission (macro) pores (Bodman and Rubin, 1984,
Sharma and De Datta, 1986; Acharya and Sood, 1992). Dispersed clay
particles settle in horizontal orientation in the puddle layer. Fine clay particles
move downwards with percolation water, and clog the remaining macro-pores

(Adachi, 1990). This results in drastic reduction in percolation losses of water



and nutrients (Sharma and De Datta, 1985; Sharma et al., 1988). Depth of
puddling plays a significant role in reducing percolation losses. Sharma and
Bhagat (1993) reported exponential reduction in water flux through soils with

increase in puddling depth,

Puddled soils shrink on drying, become compact and hard, and produce
surface fissures varying in size, depth and pattern (Bolton and De Datta, 1979;
Sur et al., 1981; Bhagat and Acharya, 1987; Prihar et al., 1990). Sharma et al.
(1995) observed the development of wide and deep cracks in a hexagonal
pattern upon drying of puddle silty clay loam soil after rice harvest. The total
length of the cracks of width <5, 5 to 10, 10 to 15, and 15 to 20 mm was 0.9,
2.5,2.6 and 2.1 m m? area, respectively, with a corresponding volume of 0.2 x
104, 7.0 x 10, 1.8 x 10 and 2.5 x 10 m® m?2 respectively. The cracking
width was positively and linearly correlated with cracking depth. The cracking
pattern of the soil surface affects the hydrodynamic properties of soil. Cracking
extends the soil air interface irio the soil profile, thereby increasing the
moisture loss through evaporation. It also influences the extent and size

distribution of clod formation during land preparation and, thus, the tilth of seed

bed for wheat.

Reduction in water transmission (macro) pores resulted in a corresponding
increase in water retention and residual pores. Water retention in puddle soils
always exceeds that in non-puddled soils, usually below -0.01 MPa water
potential. Evaporation losses from puddled soils are relatively low, and it may

take weeks to months before a puddle soil reaches the optimum moisture



content for tillage (Sharma and De Datta, 1986).

The draft-power requirement of dried post-rice soils is very high. Bhagat et al.
(1994) reported 5.4 GJ ha' energy requirements for plowing a silty clay loam
soil after rice harvest. Further, puddling, decreases the soil moisture range
over which an optimum soil tilth can be obtained for sowing the following
upland crop. According to Utomo and Dexter (1981), for some soils,
gravimetric moisture content around 0.9 times the plastic limit provided the
maximumn friability. At this moisture content, soil tillage maximizes the

proportion of small aggregates (Ojeniyi and Dexter, 1979).

The long-term effect of puddling is the formation of hardpan in subsoil below
the puddie layer at 0.1-0.45 m depths (Sur et al., 1981; Sharma and De Datta,
1986: Sawhney and Sehgal, 1989; Chenkual and Acharya, 1990; Rahman,
1691; Boparai et al., 1992). Chenkual and Acharya (1990) observed higher
bulk density throughout the 0.0-0.3 m profile under rice-wheat than under
maize-wheat in silt loam, silty clay loam, and silty clay soils. Titkov and
Gausev (1989) recorded in increase in bulk density from 1.27-1.29 to 1.45-
1.54 Mg m™, and a decrease in porosity from 48-53 to 42-46 per cent at the
0.1-0.36 m depth in soil under rice monoculture system. According to a survey
of 35 rice growing locations in South and South-East Asia, the soil horizon
below the 0.1-0.15 m depth had mechanical impedance >2.8 MPa, high

enough to inhibit root elongation of most crop plants (Hasegawa et al., 1985).

Sub-surface hardpans may develop due to physical compaction caused by the
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use of heavy machinery; animal and human processes during tillage,
transplanting, weeding, and other processes; and chemical precipitation of Fe,
Mn. and Si in the subsoil layers. It may take as little as 3 year, as in fine sandy
loam, and as many as 200 year, as in polder lands, to develop a hardpan

(Sharma and De Datta, 1986).

Hardpans are characterized by high bulk density and penetration resistance,
and low porosity and water permeability (Hasegawa et al., 1985; Sharma and
De Datta, 1985; Sharma et al., 1988). In one study (Sur et al., 1981), the
saturated hydraulic conductivity (Ks) of a 0.156-0.2 m layer under rice-wheat
rotation was less than one-half (1.14 cm ha™') that under maize-wheat rotation
(2.58 cm hr'). Sawhney and Sehgal (1989) observed lower cumulative water
intake under rice-wheat than under maize-wheat rotation due to the presence
of a compact layer at the 0.12-0.45 m depth. Meelu et al. (1979) observed
1.86 cm hr' infiltrability of soil under maize-wheat-mungbean rotation
compared with 2.76 cm hr' in soil under maize-wheat-mungbean rotation. The
low infiltrability in the former case was attributed to the subsoil compaction.
Yun-Sheng (1983) observed a decline in percolation rate from 0.360-4.212 to
0.072-0.432 cm hr' due to a shift in cropping system from rice-wheat to rice-
rice-wheat. The ‘K¢’ of the plow layer was as high as 43.2 cm hr”', compared
with 0.07 cm hr'" in the plow pan; it was 0.13 cm hr' in soil below the plow
pan. Thus, the 'Kq' value of the plow pan was about 0.15 per cent of that in the
plow layer. Chenkual and Acharya (1990) also observed lower infiltrability due

to high bulk density under rice-wheat than under maize-wheat system.
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2.2 Constraints in releazing optimum post-rice wheat yields

Wheat, in general, requires a well-drained soil with good aeration for
producing potential yield. Poor soil aeration is the single most important soil
constraint responsible for low wheat yields after wetland rice, especially in
medium to fine textured soils (Bhushan and Sharma, 1999). The significance
of soil physical properties on wheat yield, however, may be seen probably at
relatively higher production levels. In a long-term field experiment,
improvement in soil physical properties contributed only <20 per cent toward
increased wheat yields at yield levels >3 Mg ha™, the rest of the yield increase
came from improved nutrient status of the soil (Sharma and Verma, 2001;
Sharad and Verma, 2001: Bhushan and Sharma, unpublished data). Other
factors, which are the indirect consequence of puddling, are responsible for
raduced wheat yields in post-rice soils. Different factors that adversely affect
wheat yields in post-rice soils are described below: -

2.2.1 Poor soil tilth

Medium (dominating in clay fracfion) to fine-textured soils are difficult to till
after rice harvest because of their massive structure, high bulk density, and
high draft-power requirement. Sometimes the draft-power requirement is so
high that it becomes difficult to till them with the animal-drawn countryside
plow cor even small tractors. Upon tillage, they break into medium to large
cleds, having a high breaking strength (Sharma and Bhagat, 1993). To crush
these clods into a fine tilth is a time and energy intensive process. In spite of
the energy and time spent on crushing, the mean weight diameter of soil

aggregates of the seed bed, most of the time, remain large, resulting in poor
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seed-soil contact. Larger clods also permit greater water losses from the
surface layer and may cause seed-zone moisture to fall below the level
needed for seed germination (Prihar et al., 1985). The large clods cause poor
germination and seedling emergence, resulting in unsatisfactory crop stand of
wheat (Sawhney and Sehgal, 1989; Chenkual and Acharya, 1990; Hobbs,
1994). Therefore, cloddy soil tilth is unfavourable for the wheat crop.

2.2.2 Subsoil compaction

Sub-surface compaction is beneficial for rice, as it lowers percolation losses
and increases water and nutrient use efficiency. However, its effect on wheat
yield is determined by the penetration resistance and water permeability of the
compact layer. Some degree of. sub-surface compaction in coarse-textured
soils (below the critical value that restricts root growth) may favor wheat yields
by decreasing leaching losses of water and nutrients, especially N. If sub-
surface compaction is so high that it restricts the root growth, then to achieve
the same wheat yield precise regulation of water and nutrients is a must in soil
above the compact layer (Bhushan and Sharma, 1997). Otherwise, a crop with
restricted root growth may experience nutritional stress and produce lower
yield. Occasional or permanent water-logging in soils with sub-surface
compaction may cause oxygen stress, decrease soil redox potential, and favor
accumulation of phytotoxins in the root-zone. It lowers wheat yields. Under
such circumstances, precise regulation of soil moisture through improvement
in soil drainage properties is needed to improve wheat yields. Soil penetration
resistance in a given soil is influenced by the bulk density, pore-size

distribution, rigidity of pore system, and soil moisture content. Sharma et al.
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(1971) observed a decline in root mass of wheat in a clay soil above a bulk
density of 1.42 Mg m™ in the surface layer and 1.55 Mg m™ in the sub-surface
layer. Root mass in the sub-surface layer was the same at bulk densities from
1.10 to 1.42 Mg m™. They concluded that 1.20 to 1.30 Mg m™ bulk density is
ideal for root growth of wheat in clay soils. Tomar et al. (1981) observed 80 to
85 per cent of the total root mass of wheat within the top 0.1 m soil layer, with
a bulk density of 1.25 Mg m™. Root growth declined when the bulk density of
soil below 0.1 m depth increased from 1.45 to 1.55 Mg m™. Barraclogh and
Weir (1988) reported a reduction in vertical extension of winter wheat root
system in a sandy loam soil layer at the 0.35 m depth compacted to a bulk
density of 1.8 Mg m™. Roots were largely confined above the pan during the
early period of wheat. Around anthesis, roots reached a maximum depth of 1.0
m, compared with 1.4 m in pan-free soil. However, the total root length above

the pan was the same in soil with and without a hardpan. Early shoot growth

was reduced due to pan formation.

Sur et al. (1981) observed reduced root growth of wheat below a 0.15-0.2 m
depth after rice than after a maize crop in a sandy loam soil. Total root mass
within 0.9-1.8 m profile was 48 per cent higher after maize than after rice.
Restricted root growth of wheat after rice than after maize was also observed
by other workers (Prihar et al., 1975; Chenkual and Acharya, 1990; Boparai et
al.. 1992). Restricted root growth may result into restricted nutrient uptake and
low crop yields. Barraclough and Weir (1988) obtained a 5 per cent lower grain

yield in winter wheat in a soil with a pan at the 0.35 m depth than in the pan-
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free soil. Rao and Kathavate (1972) observed a decline in wheat yield when

the 0.075-0.3 m soil layer was compacted to 1.5 Mg m™ bulk density.

Water-logging adversely affects growth and yield of wheat due to depletion of
dissolved oxygen, accumulation of toxins, and/or changes in concentrations of
autrient ions in soil solution (Trought and Drew, 1980). Bhushan and Sharma
(1999) concluded that poor soil aeration was the most limiting factor for wheat
yield in post-rice soils. Wheat is ‘sensitive to water-logging, particularly during
early growth periods (Hobbs, 1994); it decreases with age and duration of
water-logging (Belford, 1981; Belford et al., 1984; Cannell ef al., 1984, Meyer
and Barrs, 1988). In one study, very few wheat plants survived more than 6
days of water-logging during germination and emergence stage. After
emergence, water-logging reduced tillering (Belford et al., 1984). Wheat plants
under excess water conditions turn yellow, and show reduced tillering (Hobbs,
1994), shoot biomass (Guyot and Prioul, 1985), leaf number on the main stem

(Cai and Cao, 1987), and apparent nhotosynthesis (Meyer and Barrs, 1988).

It is generally agreed that the aeration porosity of soil for the successful
cullivation of upland crops must be more than 10 per cent. Proper drainage in
water-logged soils, therefore, must be provided to keep a proper balance of air
and water in the rhizosphere.

2.2.3 Large turnaround time

Puddled soils have relatively high water retention because of increased micro-
porasity (Taylor, 1972; Sharma and De Datta, 1986). Relatively more energy is

required to evaporate the same quantity of water in puddle than in un-puddied
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soils, while the atmospheric evaporativity after rice harvest is relatively low. In
addition, higher unsaturated hydraulic conductivity of puddle soils may also
help keep the surface soil wet longer by transporting more water upward to the
soil surface from the lower profile (Sharma and De Datta, 1986). As a result,
puddled soils remain more wet than un-puddled soils for a longer time
(Sharma et al., 1988). The situation is aggravated further if a shallow water
table exists that is capable of keeping the soil surface wet through capillarity.
In many low-lying areas, therefore, it takes several weeks before poorly

drained puddle soils reach a state with workable moisture content.

Longer turnaround time delays wheat planting, which results in low yields.
Delayed planting has been identified as one of the serious causes of low
wheat productivity in rice-wheat areas of South Asia (Fujisaka et al., 1994).
According to an estimate, each day of delay in planting after 18 November
lowered wheat yield by 0.04 Mg ha™ (Regmi et al., 2002). Hobbs et al. (1996)
reported a yield decline of 1 per cert (equivalent to 0.035 Mg ha™ d) for each
day of delay in wheat planting beyond the optimum sowing date (15-20
November). According to Aggarwal et al. (2000), potential wheat yields in the
IGP (except West Bengal) under late sown conditions were lower than in
optimal sown conditions by almost 0.6-1.5 Mg ha'. In West Bengal, no
reduction in potential wheat yield was apparent. These data emphasize that
timely sowing of wheat is crucial for maximizing wheat yields in post-rice soils.

Data from various farmers' participatory trials in the IGP have also shown that

wheat yields may be increased in rice soils by enhancing the date of planting
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of wheat.

2.3 Effect of depth of tillage on soil physical properties of wheat crop

The physical properties (mechanical behaviour) of a soil greatly influence its
use and behaviour towards plant growth. The plant support, root penetration,
drainage, aeration, retention of moisture, and plant nutrients are linked with
the physical properties of soil. Physical properties also influence the chemical
and biological behaviour of all soils. Soil compaction changes the soil physical
parameters and water infiltration that cause reduction in the crop yield. Proper
sub-soiling or deep tillage alleviates the negative effect of soil compaction and
make the soil favorable for optimum crop production (Akinci, 2004).

2.3.1 Soil water content

Tillage affects the soil water status as well as capacity of plants to utilize it. It
increases the detention of surface water and its entry (infiltration) into the soil.
Moreover, it also influences the soil wetness through reduction in evaporation
and weed control. Tillage not only conserves the moisture in the profile but
also helps in carrying over the moisture in the seed-zone. Several workers
have reported that deep ploughing increases soil water storage and crop
yields (Carlson, 1978; Unger, 1979; Bhagat and Acharya, 1987; Sharma and

Acharya, 1993).

Gupta (1987) indicated that all tillage conditions (no disking, one disking or
three disking) increased the moisture retention by 8 to 20 per cent in wheat
grown field. Khan and Raja (1989) reported higher soil moisture with tillage

depth of 0.2 m compared to 0.1 m depth. Campbell and Akhtar (1990) reported
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greater soil moisture recharge during heavy rainfall with deep tillage in fallow-

wheat sequence compared to conventional tillage.

Carefoot (1990) reported that soil water content in the top 0.075 m soil layer
was greater in no tillage than in conventional tillage treatment during the
growing seasons of winter wheat-barley-fallow system in a clay loam soil.
Sharma (1991) showed lowest profile moisture storage in sandy loam soil at
Faizabad and its utilization in minimum tillage compare to reduced or
conventional tillage. Lawerence et al. (1994) reported greater soil water
content in the 1.0-1.8 m soil layer in zero tilled wheat plots than conventional

tilled wheat in medium-textured soils under rainfed conditions.

Ailien et al. (1995). was conducted a field experiment in the Southern High
Plains of the USA on a clay loam soil and reported that the 1986 deep tillage
increased deep soil water storage between the 1.0 and 2.3 m depths during
1988 to 1992. Water use efficiencies were 8 per cent greater for the deep
ploughing treatments. Further, they observed irrigation intake increased 40 per
cent (52 mm) of soil water content with 0.6 m deep ploughing; however, there
was no additional increase for 0.8 m ploughing. Similarly, Pikul (1999) found
that average water content of the top 1.2 m of sandy loam soil in the spring

year was 21 mm greater on sub-soiled plot than on not sub-soiled plot.

2.3.2 Buik density
Buik density is a widely used soil parameter to know the structure status of the

soils. The magnitude of change in bulk density of soil depends upon its
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antecedent properties, time of measurement, -depth and intensity of fillage
operations. Soil loosening decreases and compaction increases the bulk
density. The deep tillage of a sandy soil decreases the bulk density of tilled
zone more than that is achieved by conventional tillage (Gajri et al., 1997). No
tilage generally increases the bulk density of soil in surface layers. Unlike

tillage, the compaction of a sandy soil increases the bulk density of surface

layer.

Yozar (1985) found higher soil bulk densities in minimum tillage plots as
compared to conventional tillage. Similarly, Gupta (1987) indicated that all
tillage conditions (no disking, one disking or three disking) in wheat crop
decreases the bulk density by 0.05 to 0.07 g em™ and soil strength by 1.25 to

3.25kgcm™

Pelegrin et al. (1990) reported higher bulk density under zero tilled wheat in
sandy loam soils compared with conventional tilled plots. Hollaway and Dexter
(1991) noticed that bulk density in South Australia was reduced by deeper
tillage and increased by re-compaction, but densities were generally not
excessive, despite high penetration resistance. Similarly, Rahman (1991)
while comparing four tillage treatments on a gray flood plain soil of
Bangladesh reported that irrigation and normal tillage had little influence on
the bulk density as compared to deep tillage. Khakural et al. (1992) in USA
showed that no tillage treatment had higher bulk density than the mouldboard

ploughing treatment in well drained and fine loamy soil.
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it is generally recognized that there is a need for both primary as well as
secondary tillage operations for land preparation before wheat sowing.
Aggarwal et al. (1992) observed that chiseling after a primary tillage in wheat
field lowered the bulk density by loosening the soil to greater depths and
created favourable environment for better root growth and proliferation. Gajri
et al. (1997) reported that deep tillage on alluvial sand in north-west India also
decreased bulk density and soil strength in soil tilled zone and increased the

depth and density of rooting while frequent small irrigation enhanced root

growth during the dry years.

Bordovsky (1999) was conducted a field experiment in Texas, USA on a fine
sandy loam soil and found that bulk density of wheat grown field under the
reduced tillage system was higher than with the conventional tillage system.
Because of higher bulk density, use of a reduced tillage system may result in
the need for occasional deep chiseling to reduce the effects of compaction.
2.3.3 Soil penetration resistance

The soil strength increases with increase in bulk density and decreases with
increase in soil water content. Conservation tillage usually increases the soil
strength in surface layers. Loosening of soil by tillage also decreases
cohesiveness and particle to particle contact and hence reduces soil strength
in the filled layer. Soil penetration resistance was generally influenced by
different tillage methods (no tillage, conventional tillage and deep tillage).
Greater we ftilled the soil at different depths, less the soil penetration

resistance values and vice-versa (Hollaway and Dexter, 1991). Pelegrin et al.
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(1990) reported higher soil penetration resistan.ce in zero tilled plots of wheat
as compared with conventional tilled plots. Pikul (1999) reported that the cone
index of the top sandy loam 0.3 m of wheat soil in eastern Montana 2.5 years

after sub-soiling was lower on sub-soiled plot (891 kPa) compared with not

sub-soiled plot (981 kPa).

Busscher et al. (2000) indicated that disced, non-deep-tilled treatments
resulted in a pan at the 0.2-0.3 m depth. In deep-tilled treatments in wheat
field, mean profile cone indices on loamy soil were 0.31 to 0.36 MPa lower
than treatments not deep tilled. Ishaq et al. (2002) found that soil penetration
resistance on a sandy clay loam soil in wheat crop was lower for deep tillage
(DT) than conventional tillage (CT) and minimum tillage (MT). Similarly, Abu,
Hamdeh (2003) reported that soil cone index was still affected from 0.1 down
to 0.5 m by axle load in Jordan.

2.3.4 Infiltration

Infiltration is one of the most important processes in the soil phase of the
hydrological cycle because its rate often determines the amount of run-off over
the soil surface during rainstorms. Tillage can modify soil surface conditions to
retain water for longer time to promote greater infiltration in soils that are
slowly permeable (Burwell et al., 1966). Gupta (1987) showed that all tillage
conditions (no disking, one disking or three disking) in wheat soil increased the
infiltration rate by 10 to 20 per cent. Aggarwal et al. (1992) observed that deep
tilage significantly increased the infiltration rate of a silt loam soil of wheat

crop in the Doon Valley, India. Further, Aggarwal et al. (1997) also observed
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that deep tilled systems increased infiltration rafes of a clay loam soil in wheat
crop than, that under the minimum tillage system. Pikul (1999) found that final
water infiltration rate averaged 15 mm hr'! on sub-soiled plot (PT) and 6 mm

hr'! on not sub-soiled plot (NOPT) for nine months after sub-soiling.

Abu Hamdeh (2003) reported that infiltration rate was strongly affected by the
compaction and increased with deep tillage at four depths (0.1-0.5 m) in wheat
crop. Further, Barzegar et al. (2004), while working on silty clay loam soil in
Southwestern Iran noticed that . greater infiltration rate was found in
conventional tillage (11.7 to 13.0 mm hr'') for wheat crop than either reduced
tillage (7.0 to 9.1 mm hr'') or no tillage (7.0 to 9.0 mm hr'). Soil loosening in
the conventional tillage probably contributed to the increased infiltration rate.
2.3.5 Hydraulic conductivity

Hydraulic conductivity, as the name suggests, measures the ability of the soil
to conduct water and is expressed as length per unit time. In other words, it is
the ratio of the flux to the hydraulic gradient. Generally, the hydraulic
conductivity depends on both the nature of the soil (the porous matrix) and the
fluid (water) properties. Coarse-textured soils having a high porosity have high
hydraulic conductivity than heavy clays which have finer pores. The lower
conductivity of soils having finer pores may be due to the drag exerted by the
walls of the channels on the viscous fluid. In general, the hydraulic conductivity
of light to heavy-textured soils may range from 10%-107 ¢m s™'. The different

lillage system increased the hydraulic conductivity as compared to no-till
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system which is associated with loosening of the soil (Unger and Cassel,

1991).

Chang (1992) observed that the hydraulic conductivity of zero tillage soil under
wheat crop was less than that of conventional tillage soil in the tillage zone
and greater below the tillage zone. Aggarwal et al. (1992) observed that
chiseling after a primary tillage in a wheat crop increased saturated hydraulic
conductivity. Further, Aggarwal et al. (1997) observed that deep tilled systems
increased hydraulic conductivity of surface and sub-surface soil of wheat crop
than, that under the minimum tillage system. Bordovsky (1999) was conducted
a field experiment in Texas, USA on a fine sandy loam soil and found that
saturated hydraulic conductivity of the surface soil was increased by reduced
tillage practices compared with conventional tillage. This may have been
attributing to higher amounts of micro-aggregates and larger macro-pores

under the reduced tillage system.

Ferreras (2000) noticed that the saturatea hydraulic conductivity of wheat crop
grown on loam soil was significantly lower in no tillage (3.5 x 107" m s ") thanin

conventional tillage plots (10.9 x 107 m s™).

2.4 Effect of depth of tillage on wheat root growth

Root growth means lengthening of a root due to elongation of new cells that
are formed in the apical region, which push root tip through the surrounding
medium. In general, more than 90 per cent of the total root mass (dry) is found

in the top 0.3 m soil layer. The access of crop to water and nutrients is directly
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related to the size of its root system. Tillage affects the depth and density of
rooting by modifying the mechanical impedance, continuity, stability and size
distribution of pores, air water dynamics and thermal regimes of the soil

(Prihar et al.. 2000). The role of tillage is to make rootable spaces within the

soil by reducing the soil strength and increasing the macro-porosity. Loosening
of root-restricting hard soil layers by tillage promotes root growth into deeper
soil layers. The effect of tillage on root growth is governed by soil type, climate
and other management practices. Deep tillage (sub-soiling to 0.4 m depth) has
been found to increase the depth and density of corn roots (Arora et al., 1991).
However, tillage effect on root growth is more pronounced on sand followed by

loamy sand and sandy loam soils.

The rate of water uptake from a given volume of soil depends upon rooting
density, the hydraulic conductivity of soil and the differences between the
average soil water suction (Gardner, 1964). The water uptake is highest where
the rooting density is the greatest, provided that the matric suction is uniform
throughout all depths of the rooting zone. Normally, there are differences in
the rooting density within the soil profile which result in the non-uniformity of
water uptake from different soil profile depths (Ogata et al., 1960). In general,
rooting density is greatest in the upper layers than in the lower layers of the
rooting zone and the roots deep with in the profile are less effective than those
near the soil surface (Klepper et al., 1973). The water content in the lower
layers is thus depleted by two simultaneous processes viz., uptake by the

roots of that layer, and the flux divergence, the direction of which would
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depend upon the direction of the suction gi‘adients- Ehrier et al. (1980)

indicated that the water uptake by oats was functionally related to rooting

density and soil water potential.

Tillage helps in controlling weeds, improvement in soil physical properties, free
exchange of gases in soil and air which results in better root growth, their
penetration to sub-surface depth and hence greater utilization of subsoil
moisture (Orellana et al., 1990). Several workers have reported that deep
tillage increases soil water storage enhances root proliferation of deeply stored
water and crop yields (Acharya and Bhagat, 1984; Bhagat and Acharya, 1987;
Sharma and Acharya, 1993; Thompson, 2001). Similarly, Bennie and Botha
(1985) observed that deep ploughing in wheat resuilted in higher rooting
density in the deeper soil layers and rate of water extraction and

evapotranspiration throughout the growing season.

The subsoil pans have mechanica! strengths that restrict root growth
(Busscher et al., 2000). To reduce strengths, soils are deep tilled annually and
perhaps biannually for double cropping in the United States (Unger and Jones,
1998). This practice is followed in the United States because depth of tillage
has a significant interaction on root growth and crop yields. Busscher et al.
(2000) reported that root growth of wheat increased significantly as mean or
maximum soil strength decreased. Bhagat and Acharya (1988) reported that
deep fillage maintained higher water withdrawal rate from the sub-surface

depths. The total water withdrawal rate from the profile (0.0-0.6 m depth) was
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the highest (1.83 cm d') under deep tillage and the lowest (0.574 cm d™)
under zero tillage in wheat. Werner (1988) obtained increased uptake of water

by 20-40 mm in 0.0-1.0 m soil layer by deep loosening of soil in wheat crop.

Campbell and Akhtar (1990) found that deep tillage increased wheat yield by
decreasing soil strength and allowing greeter and deeper root development.
Sharma and Acharya (1993) reported higher root water uptake under deep
ploughing (0.0-0.3 m) as compared to conventional tillage (0.0-0.15 m).
Similarly, Hall et al. (1994) observed increased water storage and depletion
with deep tillage. Allen et al. (1995) while working on Pullman clay loam in the
Southern high plains of USA also observed that slowly permeable soils

respond to deep tiliage with increased water intake.

Continuous practice of lowland rice based cropping sequence in general
results in the formation of hard pans. Hollaway and Dexter (1991) reported
that in South Australia, soil strength was reduced by tillage to 0.3 m, but tillage
to 0.15 m did not remove a hard pan below normal tillage depth. Deep tillage
resulted in enhancement of root growth and water extraction. Early post-
sowing irrigation and deep tillage have been shown to reduce soil strength,
stimulate crown root development and increase the rate of root extension of
wheat particularly in the less retentive soils (Gajri et al. 1991). These studies
further indicated that irrigation and deep tillage increased root length, modified
density profiles, reduced water depletion and increased grain yields. Aggarwal
et al. (1992) also observed that wheat root length density in the 0.0-0.25 m soil

I : : ; : -
ayer was 3-6 times greater with deep tillage than with shallow minimum and
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normal tillage. Sharma and Acharya (1993) reported higher root water uptake

under deep ploughing (0.0-0.3 m) as compared to conventional tillage.

(n a long term study in Taiwan, Zhao et al. (1997) observed that disc ploughing
in autumn before the sowing of wheat promoted root growth for the first 1-2
vears of the rotation. After 3-4 years, a pan formed under the discing layer
(0.15-0.2 m) which impeded root growth into deeper soil layers and
accelerated root senescence after flowering. The study suggested that a
system in which disc ploughing was alternated with mouldboard ploughing or

deep chiseling could promote wheat root growth and increase crop yield.

Khan et al. {(1998) reported research results of field experiments conducted at
two locations in Bangladesh i.e. silty clay loam soil of‘Joydebpur and clay loam
soil of Jessore, which indicated that root weight density was always maximum
in the surface layers in all treatments (minimum tillage, conventional tillage
and deep ftillage). A considerable root growth was noticed below 0.3 m depth
in deep tiiled plots and lower root weight density was found in minimum tilled
plots. Use of continuous deep tillage on alternate systems prevented the
formation of a dense layer in the soil profile thus facilitating the wheat roots to
penetrate to lower soil depths in post-rice soils. Bhushan and Sharma (1999)
observed that the wheat root mass density (RMD) on clay loam soil increased
Progressively and significantly with the increase in root-zone depth from 0.05
10 0.3 m. In shallower root Zone, probably nutritional and space constraints

were responsible for reduced root growth.
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Ferreras (2000) noticed that increased soil méchanical resistance under no
lillage can decrease growth of wheat roots in Argentina on a loam soil and
reduce dry matter accumulation and wheat yield as compared to conventional
and deep ftillage. Further, Hajabbasi (2001) found that tillage systems
influence soil physical characteristics which in turn may alter, root
characteristics, growth, and development. The upper layer (0.0-0.1 m)
contained a higher quantity of root mass density (RMD), root length density
(RLD) and surface area density (RSD), but the reverse was observed for the
lower layer (0.3-0.4 m). The upper layer (0.0-0.1 m) contained almost 46 per
cent of the total RMD, while the second (0.1-0.2 m), the third (0.2-0.3 m) and
fourth (0.3-0.4 m) depths contained 23, 18.5 and 12.5 per cent of the total
RMD, respectively. The average RLD of four depths for mouldboard ploﬁghing
+ discing (MD), chisel ploughing + disc (CD), chisel ploughing + rotary filling
(CR) and chisel ploughing (twice) + discing (2CD) were significantly higher
than ploughing with a khishchi (a regional rigid cultivator) (KD), till planting with
cultivator combined drill (TP) and no tillage (NT) systems (24.9, 25.1, 24.2,
and 23.8, as compared with 22.3, 21.8 and 21.6 km m™, respectively). Results
of this study showed that, for the arid soils of central Iran, with weak structure
and low organic matter content, as the number of tillage operations increased,

root morphological characteristics improved.

Ishaq et al. (2003) studied the effect of tillage on wheat crop in Punjab
(Pakistan) on a sandy clay loam soil and reported that almost 50 per cent

more root length density was measured at 0.0-0.15 m than at 0.15-0.30 m soil
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depths. Similarly, Xi Ying et al. (2004) reported that winter wheat in the North
China Plain had a prolific root system with an average maximum rooting depth
of 2 m. Most of the root system was concentrated in the upper 0.4 m of soil.
Root length density in the top layer of soil (0.0-0.2 m) was very high, with
values more than 5 cm cm™. The distribution of water uptake from the soil
profile under high soil moisture conditions was the same as the distribution of
root length density. The roots in the top layer of soil played an important role in
soil water uptake. When root length density was less than 0.8 cm cm™, the
root was the main factor limiting the complete utilization of soil water by crops.
The scarcity of roots in the deep soil layers restricted the full utilization of sail
water by the crops. Results showed that deep tillage to break the soil pan
irﬁproved root growth in the deeper soil layers, and sowing the crop evenly
also enhanced water uptake from the top soil layer to compete with soil

evaporation.

2.5 Effect of depth of tillage on wheat yield

For 2 tillage system to have a positive effect on growth and yields of crops, it
must alleviate soil constraints which limit the yield. The crop performance
under different tillage systems depend upon the site-specific soil and climate
constraints and allied management practices (irrigation, fertilizer management,
weed control and residue status). Deep tillage of coarse-textured soils,
exhibiting increase in soil strength on drying, with a chisel which disrupts the
soil to a depth of 0.4 m without inversion, has been found to increase the yield

of maize, wheat, mustard and sunflower. The magnitude of yield increase is
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more in summer season than in winter season.-AIso. the yield increase varies
with soil water retentivity. It is more on sand and loamy soil than on sandy
loam soils. In loose sands, compaction of soils increases micro-porosity and
‘consequently there is an increase in water and nutrient retention leading to an
increase in the yield of crops, as has been observed in pearl-millets and other
crops (Majumdar, 1994). Depending upon the depth and density of sub-
surface layer, sub-soiling with chisel to 0.4 m depth or profile maodification
increases the infiltration of water and storage in the profile by breaking the
restricting the layer. The tillage practices also encourage deeper rooting and
hence better mining of water by the crops, resulting in high yields (Sharma and

Acharya, 1993; Ishaq et al., 2003).

Pot and Ouwerkerk (1980) reported that grain and straw yields with minimum
tilage were 9 and 12 per cent lower, respectively than conventional tillage.
Gajri ef al. (1991), while working on wheat (cv. HD-2329) crop grown in 3
years at Ludhiana on loamy sand and sandy loam soils reported that mean
grain yield was higher with deep tillage (5.0 Mg ha”') as compared to
conventionai tillage (4.6 Mg ha™). It also concluded that soil related constraints
on root growth may be alleviated by deep tillage, which corresponds to higher
wheat yield. Sharma and Kharwara (1994) observed that grain yield of
imigated as well as rainfed wheat was the same with minimum and
Conventional tillage, but was lowest with no tilage. Shafiq et al. (1994)
reported that grain yield of rainfed wheat from zero, conventional and deep

tilled un-weeded plots were 1.71, 2.26 and 2.71 Mg ha’', respectively
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compared with 2.31, 2.54 and 2.97 Mg ha™ \.rvhere herbicide were applied.
Allen et al. (1995) indicated that wheat grain yields increased from 4.2 to 5.0

Mg ha™" (19%) for the 0.4 m or deeper ploughing.

Singh and Singh (1996) showed the maximum wheat yield from one harrowing
during first year while in the second year conventionally tilled plots yielded
highest. Gaijri et al. (1997) reported that an optimum combination, in terms of
crop yields was obtained by combining deep tillage (Sub-soiling to 0.4-0.45 m)
with freguent iow volume irrigation in which an increase of 2.3 Mg ha™' was
achieved. Deep tilled systems yielded more wheat crop than, that under the
minimum tillage svstem (Bhagat and Chand, 1994; Aggarwal et al., 1997).
Singh et al. (1998) observed 15 to 25 per cent higher wheat yields with
conventional tillage than zero tillage in medium-textured soils. The lower
wheat yvield in zero tillage plots was associated with heavy crop-weed
competition. Moreover, the population of monocot weeds was significantly

higher in zero than in conventional tillage plots.

Bajpai and Tripathi (2000) noticed that conventional tillage of wheat produced
significantly higher (25%) grain yield than that of zero tillage in silty clay loam
soil of Uttar Pradesh, India. In a field study in the Southern Coastal Plains of
the LUSA, Busscher et al. (2000) found that for every MPa decrease in mean
prefile cone index due to tillage (0.0-0.3 m), wheat yields increased from 1.5 to

17 o1
*.7 Mg ha™ on loamy sand.



31

Abu Hamdeh (2003) indicated that in Jordan, déep tillage upto 0.1 to 0.5 m of
the compacted plots removed the compaction effect and improved wheat
yields in all treatments. Similarly, Tomar (2003) reported that significantly
“higher grain yield of wheat (cv. HD-2285) on alluvial sandy loam well drained
soiis at Modipuram, Uttar Pradesh was recorded with summer deep tillage and
conventional tillage in direct seeded rice followed by conventional tillage in
succeeding wheat (4.59 Mg ha™') compared with zero tillage (4.11 Mg ha™).
Maximum grain yield (4.72 Mg ha™') was obtained with two hand weedings,

which was significantly higher than herbicides alone (4.07 Mg ha™).
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CHAPTER-III

MATERIAL AND METHODS

The present investigation entitled, “"Soil-water dynamics, root growth and
wheat yield in a sequentially deep tilled post-rice soil" was carried out during
Rabi season, 2002-04 and 2003-04, at the experimental farm of CSK
Himachal Pradesh Krishi Vishvavidyalaya, Palampur (Himachal Pradesh),
India. The details of the material and the methods used in carrying out the
experimental work are presented in this chapter under the following heads: -
3.1 General description of the study area
3.1.1 Location
3.1.2 Climate and weather
3.1.3 Soils
3.2 Experimental background
3.3 Treatment details
3.4 Experimental layout
3.5 Soil studies
3.5.1 Structural properties
3.5.1.1 Particle size distribution
3.5.1.2 Bulk density
3.5.1.3 Particle density
3.5.1.4 Total porosity

3.5.1.5 Soil penetration resistance



3.5.2 Hydraulic properties
3.5.2.1 Soil water content
3.5.2.2 Soil water retention
3.5.2.3 Hydraulic conductivity
3.5.2.3.1 Saturated hydraulic conductivity
3.5.2.3.2 Unsaturated hydraulic conductivity
3.5.2.4 Soil matric potential
3.5.2.5 Infiltration characteristics
3.5.3 Mechanical properties
3.5.3.1 Energy required for land preparation
3.5.4 Soil temperature
3.5.5 Sail chémical and physico-chemical properties
3.5.5.1 Soil pH
3.5.5.2 Organic carbon
3.5.5.3 Cation exchange capacity
3.5.5.4 Available nutrients
3.5.5.4.1 Available nitrogen
3.5.5.4.2 Available phosphorous
3.5.5.4.3 Available potassium
3.6 Plant observations
3.6.1 Plant growth parameters
3.6.1.1 Emergence count
3.6.1.2 Plant height

3.6.1.3 Number of tillers

33
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3.6.1.4 Dry matter accumulation

3.6.2 Leaf water potential

3.6.3 Root studies
3.6.3.1 Root mass density
3.6.3.2 Root length density
3.6.3.3 Root volume density
3.6.3.4 Root porosity

3.6.4 Crop yield

3.7 Meteorological parameters

3.8 Statistical analysis

3.1 General description of the study area

3.1.1 Location

The axperiment was conducted at the Experimental Farm of the Department of
Soil Science, CSK HPKV, Palampur (H.P.). The experimental site is situated
at 32%' N latitude and 76°3' E longitude at an elevation of about 1290 m
above mean sea level. The area lies in Palam Valley of Kangra district in the
foothills of Dhauladhar range and represents the high rainfall mid-hill wet-
temperate zone of Himachal Pradesh in north-west Himalayas.

3.1.2 Climate and weather

The climate of the area is wet temperate, characterized by severe winters and
mild summers. Annual mean temperature vary from 8.2°C in January to
around 28.0°C during the months of May-June. The average annual rainfall of

the place is about 2475 mm. The monsoons set in June end and recede in mid
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September. More than 80 per cent of the total annual rainfall is received during
this period only. Winter rains are meager and erratic. The relative humidity in
the region varies from 46 in May to 84 per cent in July/August. The soil

temperature drops as low as 2°C during the winters and frost incidences are

commaon.

3.1.3 Soils

The soils of the region are Gray Brown Podzols as per the Genetic System of
Classification. Taxonomically, these soils fall under the Order of “Alfisols” and
subgreup Typic Hapluadalf (Verma, 1979). Rice-wheat and maize-wheat are
the two important cropping sequences of the region. These soils owe their
origin tc the fluvioglacial parent material developed from rocks like slate,

phyilites, quarzites, schists and gneisses.

Before tha conduct of the experiment, soil samples (0.00-0.15, 0.15-0.30 and
0.30-C.45 m soil depth) from experimental site were collected randomly from
six spots and composite samples were prepared, which were air-dried, ground
and sieved through 2 mm sieve and then subjected to chemical and

mechanical analysis to determine the native fertility status and texture.

Soil samples from experimental site were also collected randomly from 0.00-
G.15, 0.15-0.30 and 0.30-0.45 m depth for six spots for the determination of
various physical properties such as particle size distribution, bulk density,
particle density, total porosity, saturated hydraulic conductivity, soil water

rétention and infiltration before conduct of the experiment.
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The field experiments were conducted at the Experimental Farm of the

Department of Soil Science, CSK HPKV, Palampur in district Kangra for a

period of two consecutive years, with rice as a general crop and wheat as a

test crop. The effect of the depth of tillage on water movement in soil, root

water uptake, root growth (spatial and temporal) and yield of wheat crop were

monitored. The experiment was conducted in both the wet (Kharif) and dry

(Rabi) seasons. The details of experimental crops are as under in Table 3.1: -

Table 3.1: Details of experimental crops

Sr. No. Parameters Rice Wheat
Variety RP-2421 Surbhi (HPW-89)
Seed rate (kg ha™) 35 100
3. Spacing (cm)
[. Rows 20 20
IIl. Plants 10 -
4. Fertilizers (kg ha™)
. N 90 120
Il. P20s 40 60
i, K20 40 30
3. Sowing/ Transplanting
|. First Crop July 19, 2002 November 24,
2002
Il. Second Crop July 17, 2003 November 13,
2003
6. Harvesting
|. First Crop October 28, 2002 May 10, 2003
Il. Second Crop October 24,2003 May 5, 2004
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The nursery sowing of rice (cv RP-2421) was done on June 17 during 2002
and June 15 during 2003 with seed rate @ 35 kg ha™'. Transplanting was done
on July 19 during 2002 and July 17 during 2003 with 2-3 seedlings per hill at a
spacing of 20 cm x 10 cm. Half quantity of nitrogen with entire quantity of
phosphorous and potassium was applied as basal dose and remaining haif
dose of nitrogen was top dressed in two equal splits each at tillering and
panicle initiation stages of rice. Rice was irrigated to keep the water standing
in the plots throughout the crop seasons. The rice crop was harvested on

QOctober 2& during 2003 and October 24 during 2003.

The land was ploughed manually to different depths of 10, 20 and 40 cm for
sowing of wheat (cv HPW-89). Wheat was sown at 2-3 cm soil depth in
furrows using seed rate @ 100 kg ha™' and row spacing of 20 cm. The wheat
was sown on November 24, 2002 and November 13, 2003. In wheat crop, half
of the nitrogen and whole of the phosphorous and potassium was applied as
basal dose and remaining half dose of nitrogen was top dressed at tillering
stage. Wheat crop was irrigated regularly to ensure optimum moisture level
throughout the crop season and it was irrigated four times. Crop was

harvested on May 10, 2003 and May 5, 2004 (Table 3.1).

3.3 Treatment details

Two cropping cyt-:les of rice-wheat system was conducted during 2002-2004.
During both the years, rice was raised as a general crop in seven plots with
fécommended package of practices under puddled and transplanted

Condition, During Rabi season, different treatments of depth of tillage were
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imposed and wheat crop was raised. In wheat crop, following tillage

(reatments as presented in Table 3.2 were imposed: -

Table 3.2: Treatment details in wheat crop

Treatments I*' year (2002 - 03) 2" year (2003 - 04)
T, No tillage (To) No tillage (Tp)
Ta 10 cm deep tillage (T+o) 10 cm deep tillage (T1o)
Ts 20 cm deep tillage (T20) 20 cm deep tillage (T20)
T4 40 cm deep tillage (T4o) 40 cm deep tillage (T40)
Ts 10 cm deep tillage (T1o) No tillage (To)
Tes 20 cm deep tillage (T2) No tillage (T,)
T, 40 cm deep tillage (T4o) No tillage (T,)

In the first year, wheat crop was planted in the seven plots in a randomized
block design having plot size 11.2 m?. Four treatments i.e. To, T1o, T20and Tao
were imposed on four plots out of seven. In the same year, treatments such as
Tyo, T2o and T4 were doubled and grown on another three plots. Then, in
second year, same treatments i.e. Ty, T1o, T20 @and T4 were continued on four
plots and the remaining three plots were kept as no tillage treatment to see

whether tillage at different depths is required in second year or not (Table 3.2).

3.4 Experimental layout

Treatments were allocated for wheat crop to the individual plots in each
replication using random table. The field arrangement of replications and plots
has been shown in Figure 3.1. The dimensional details of the layout are

funished in Table 3.3.



REPLICATION |

CL L]

REPLICATION II

L]

Te lll T, T, II T

REPLICATION Il

_IE—TB— T, || Ts

T3 " Ts | T7 III T2

First year wheat crop season
(2002- 03)

T: : Notillage (T,)

T, : 10 cm deep tillage (T4o)
: 20 cm deep tillage (Ty)

Ts : 40 cm deep tillage (Tag)

Ts : 10 cm deep tillage (T4o)

Ts : 20 cm deep tillage (Ty)

T; : 40 cm deep tillage (Ta0)

Second year wheat crop season
(2003- 04)

No tillage (T,)
10 cm deep tillage (T1o)
20 cm deep tillage (T2o)
40 cm deep tillage (T40)
No tillage (T,)
No tillage (T,)
No tillage (T,)

+— 40m —

Figure 3.1: Field Layout Plan for Wheat Crop
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table 3.3: Details of layout for wheat crop

Total number of treatment : Seven

combinations

Number of replications : Three

Total number of plots : 7 x3=21

Plot size (individual) : 4mx28m=11.2m?

Size of bund : 020m

Design of experiment :  Randomized Complete Block Design

3.5 Scil studies

The soil samples were collected from three replications (seven treatments
gach in one replication) at the time of sowing and harvesting of crops during
2002-03 and 2003-04 for the determination of the following properties: -

3.5.1 Structural properties

3.5.1.1 Particle size distribution

The mechanical or particle size analysis of soil layers (0.00-0.15, 0.15-0.30
and 0.30-0.45 m) before the initiation of the experiment was done by the
International pipette method (Piper, 1966). The textural class was determined
using textural triangle given by International Society of Soil Science.

3.5.1.2 Bulk density

The bulk density of soil was determined by Core Sampler method (Singh,
1980) using metallic cores having 0.126 m length and 0.104 m internal
diameter, The core had a sharp edge at the bottom to facilitate easy

Penetration into the soil and 0.01 m thick open circular cap fitted on the edge
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of the core at the top. The core was driven into the soil by hammering with a
sentre weight concentrated hammer. Undisturbed soil cores were collected
from four different soil depths 0.0-0.1, 0.1-0.2, 0.2-0.3 and 0.3-0.4 m in
triplicate. Four soil cores were removed at each depth and fresh mass of each

soil core was recorded and moisture content determined by thermo-

gravimetric method. The bulk density was calculated using mass-volume

relationship.

Where,

ps ¢ Bulk density (Mg m™)
Ms : Oven dry mass of the bulk soil (Mg)

V, : Total volume of soil equal to the volume of metal core (m®)

3.5.1.3. Particle density

Particle density of soil layers (0.00-0.15, 0.15-0.30 and 0.30-0.45 m) was
determined by Pycnometer method (3lack, 1965) using the following

relationship: -

ps= Ms / (Mpw + Ms — Mpsw)

Where,
ps - Particle density (Mg m?)
Ms : Mass of the soil taken (g)
Mew @ Mass of water filled with Pycnometer (g)

Mpsw @ Mass of Pycnometer + water + soil (g)
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3.5.1.4 Total porosity
The total porosity of soil layers (0.00-0.15, 0.15-0.30 and 0.30-0.45 m) was

determined before the initiation of the experiment from their bulk and particle

density values, using the following relationships: -

Where,
f : Total porosity (%)

pp : Bulk density (Mg m™)

ps : Particle density (Mg m™)
3.5.1.5 Soil penetration resistance
Soil penetration resista;lce refers to the resistance offered by the soil to a
metal probe (representing plant roots) pushed into soil. The soil penetration
resistance as a function of soil moisture content was determined after first
irrigation. at flowering stage and harvesting of wheat crop. About seven
observations were made per plot at each depth for computing the average soil
Penetration resistance, with the help of a Proctor penetrometer having 0.18 m

long probe with a flat tip of 2.61 x 10™* m? surface area.

For determining soil penetration resistance at different profile depths (0.00-
0.03, 0.06-0.09, 0.12-0.15 and 0.18-0.21 m), auger holes (with tube auger)
Were made to the required depths. The probe of penetrometer was inserted

o the hole and pushed 0.03 m into the soil.
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3.5.2 Hydraulic properties

3.5.2.1 Soil water content

The weekly changes in soil water content during crop growth at different profile
depths (0.0-0.1, 0.1-0.2, 0.2-0.3 and 0.3-0.4 m) were monitored by using
gravimetric method before and after each rainfall. The soil water content was

calculated by the following formula: -

I| w = (Ms- Mg) / Mg X 100 ,I

Where,
w  : Soil water content (%)
Ms : Fresh mass of soil sample (g)
Mg : Oven dried mass of soil sample (g)

The mass wetness was converted into volume wetness for each soil layer by
multiplying mass with the bulk density of respective soil layer.

3.5.2.2 Soil water retention

Undisturbed soil core samples, drawn in metal rings (0.3 m long, 0.5 m
diameter), were collected in triplicate from different depths with the help of a
Core Sampler (Cat No. 200-A, manufactured by Soil Moisture Equipment

Corporation, Santa Barbara, California, U.S.A).

Maisture content at 0, 33.3 and 1500 kPa suction was determined with the
help of Pressure Plate Apparatus. Soil samples were saturated for 24 hours on

the porous plate and then equilibrated against applied pressure. The water
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content was determined gravimetrically and converted into volumetric water

~ontent (6).

The Plant available water capacity was determined from the corresponding

soil water retention values, which were computed as follows: -
’ PAWC = FC - PWP ,

Where,

PAWC : Plant available water capacity

rC . Field capacity i.e. moisture retained at 33.3 kPa suction
PWP : Permanent wilting point i.e. moisture retained at 1500 kPa
suction.

3.5.2.3 Hydraulic conductivity

3.5.2.3.1 Saturated hydraulic conductivity

The undisturbed soil core samples were collected from three different soil
depths 0.00-0.075, 0.075-0.15 and 0.15-0.30 m in ftriplicate. Saturated
hydraulic conductivity was determined by constant head method and was

calculated by Darcy’s equation (Klute, 1965) as: -

Ks = QL/AT (L+H)



Where,
Ks : Saturated hydraulic conductivity (m s™)
Q : Steady state volume of outflow from entire soil samples (m™)
A : Cross sectional area of soil (m?)
T : Time(s)
L : Length of the soil column (m)

H : Hydraulic head (m)

3.5.2.3.2 Unsaturated hydraulic conductivity

The unsaturated hydraulic conductivity of different depths of soil profile of the
experimental site was determined by an internally draining profile method
(Hillel et al., 1972). Field determinations of in situ hydraulic conductivity were
carried out in the study area with the he-lp of mercury manometer tensiometers
were installed in duplicate at five different soil depths such as 0.1, 0.2, 0.3, 0.4
and 0.5 m depths in 4 m x 2.8 m plot (Plate 1). The successive measurements
of matric potential (or its negative suction) and water content were made, after
uniformly wetting the profile, in an internal drainage process over a period
extending over 30 days. During the drainage period, evaporation was
eliminated by means of a pine needle covered polythene sheet laid over the
surface. The data obtained for soil water content and matric potential changes,
during the internal drainage of the profile was analyzed for the calculation of

the unsaturated hydraulic conductivity water content relation as under:

The general equation describing flow of water in a vertical soil profile is

06/6t = (6/0Z)(KeOH/6Z) (1)




Plate 1: Experimental set up for in situ hydraulic conducti\}ity determination
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Where,

g : Volumetric wetness

t : Time

Z : Vertical depth (directed negatively downward)

K : Hydraulic conductivity

H : Hydraulic potential (sum of matric and gravitational potentials)

Integrating equation 1, we get

Z
f (86/8t)dZ = K (8H/BZ),
0
or (66/6t)Z = (K 8H/3Z);

Z is svil depth fo which measurement applies. Since the soil is covered to
prevent evaporation and only the internal drainage is allowed, the total water
conient changes per unit time (obtained by integrating between successive

scil moisture profiles down to depth Z) is given by:

(dw/dt)z = K (8H/6Z); = q

Where, q is the hydraulic flux (cm day’') and w is total water content of profile

to depth Z i.e.

Z
w:f 68dzZ
0
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or finally, Kg = (q)/(8H/6Z)

The data obtained for hydraulic conductivity were fitted to the equation of the

type:
K= ae™
Where,
K : Hydraulic conductivity (m s™)
8 : Moisture content (m* m™)

aandb : Constants

A semi-log plot of the above equation gave the values of unsaturated hydraulic
conductivity in the form of unsaturated hydraulic conductivity Vs. water content
relationship.

3.5.2.4 Scil matric potential

Two banks of mercury manometers type tensiometers were installed at five
different soii depths (0.1, 0.2, 0.3, 0.4 and 0.5 m) in one of the replicates fo
monitcr changes in soil water potential. Daily observations on soil water
potential were taken at 0900 hours. The matric potential was calculated by

using the following equation: -

! Yy =-126X+Y +Z l
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Where,
¥, : Matric potential (cm)
X : Depth of mercury in the mercury container (cm)
Y : Height of mercury reservoir above ground level (cm)
Z : Depth of installed of tensiometer (cm) from soil surface to

the centre of the tensiometer porous cup

3.5.2.5 Infiltration characteristics

The infiliration behaviour of the study area prior to the studies and
subsequently after the harvest of each crop was studied using double ring
infiltrorneters installed in duplicate. The infiltrometers were installed in the field,
using specially designed circular driving cap and a crossbar hammer. Care
m;as taken to avoid formation of cracks at the soil surface while the
infiltrometers were driven into soil. A polythene sheet was kept inside the ring
to avoid soil dispersion while pouring the water into it, which was removed
during infiltration process. Constant water head was maintained in the
infiltrometers and water intake was measured as a function of time until a
steady state arrived. The water intake rate (i) as well as the accumulated
intake (1) were plotted on a simple scale as a function of time. These data

were then fitted to the equation of the type (Kostiakov, 1932).

Z
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Wwhere,
| : Accumulated intake (cm)
t 1 Time (hours)
aandb : Constants

Differentiating equation (2) w.r.t. "t” we get

di/dt=abtt'=abt’/t

di/dt = b.a.t°/ t (3)

Comparing equation (2) and (3), we get

i = dl/dt = bl/t

Where. dl/dt = i gives time rate change of infiltration .having dimensions LT
i.e. length per time.

3.5.2 Mechanical properties

3.5.3.1 Energy required for land preparation

The plots after the harvest of rice crop were manually prepared for sowing of
wheat. The time required to dig and pulverize each plot was recorded. The
energy required to prepare each plot was computed by considering the energy
of an adult worker equal to 1.96 MJ human hr'. Energy required in land

Preparation ha™' (E, GJ ha™') was computed as follows: -

E=1.96x10°xt/A

Where, tis the time (hours) required to prepare the plot having area A (mg).
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3.5.4 Soil temperature

soil temperature measurements at 0.05 and 0.1 m depth was determined
during wheat cropping seasons (2002-03 and 2003-04) using probe digital
thermometer in all the tillage treatments (Garvitech, 1956).

1.5.5 Soil chemical and physico-chemical properties

3.5.5.1 Soil pH

The soil pH was determined using glass electrode pH meter using soil-water
suspension in the ratio of 1: 2.5 (Jackson, 1967).

3.5.5.2 Organic carbon

Organic carbon was determined by wet digestion method of Walkley and
Black’s rapid titration method, as described by Walkley and Black (1934).
3.5.5.3 Cation exchange capacity ‘

Cation exchange capacity was determined by using neutral normal ammonium
acetate extraction method given by Jackson (1967).

3.5.5.4. Available nutrients

3.5.5.4.1 Available nitrogen

Available nitrcgen content was determined by alkaline potassium
permanganate method (Subbiah and Asija, 1956).

3.5.5.4.2 Available phosphorous

Available phosphorous was determined by employing the method for
extraction with 0.5N NaHCojs at pH 8.5 given by Olsen’s (Olsen et al., 1954).
3.5.5.4.3 Available potassium

Available potassium was determined by using neutral normal ammonium

acetate extraction method as described by Hanway and Heidal (1952).
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3.6 Plant observations

3.6.1 Plant growth parameters

The observations on plant growth characters viz., emergence count, plant
height, number of tillers per square meter and dry matter accumulation were
recorded at periodical interval of 30 days.

3.6.1.1 Emergence count

To work out the emergence count, three observational units of one metre row
length each were selected randomly from each net plot before crop
emergence and number of seeds germinated were counted thoroughly till the
constant number of germinated seeds was obtained. The emergence count
was expressed in number of plants emerged per square metre.

3.6.1.2 Plant height

Five plants per plot were randomly selected and height of these plants from
surface to the tip of the tallest part of the plant was measured at 30 days
interval starting from the date of sowing until crop harvest. The average height
of the five plants was calculated and expressed as mean plant height (cm).
3.6.1.3 Number of tillers

Total number of tillers was counted per metre row length at 30 days interval
after one month of sowing till constant number of tillers were observed and
then mean value was recorded and converted into number of tillers per square
metre.

3.6.1.4 Dry matter accumulation

For dry matter accumulation, all plants from one meter row length at 30 days

interval after one month of sowing till maturity was taken by clipping the plants
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close to the soil surface. The plant samples were taken and dried in sun and
then kept in oven dried at 65+5°C till a constant weight was achieved. The
values thus obtained were averaged and converted into dry weight (g) per
square metre.

3.6.2 Leaf water potential

Leaf water potential was recorded using a portable pressure chamber
apparatus (Waring and Cleary, 1967). Observation was taken at mid-day
(1200 hour) under full sunlight. At crown root initiation stage (CRI), whole plant
was taken for measurement after cutting from the ground level. At other
growth periods, fully exposed leaf, second from the top, was selected. Three
leaves per plant per treatment were sampled and values were averaged for
gach treatment.

3.6.3 Root studies

Representative wheat plants from three replications (seven tillage treatments
each in one replication) on root growth parameters, viz. root length density,
root mass density, root porosity, root volume density and rooting depth were
selected for root sampling recorded at 30, 60, 90, 120 and 150 days after
sowing (DAS) during Rabi 2002-03 and 2003-04. Some root parameters were
also determined at 120 and 150 DAS in three consecutive soil depths (0.0-0.1,

0.1-0.2 and 0.2-0.3 m).

Metallic cores (0.126 m length and 0.104 m internal diameter) were excavated
for root parameters in three replications. The cores were kept in water

Overnight and then roots were made free from soil by washing with fine spray
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of water. Roots were collected on fine sieve (1 mm) for a final washing with
micro-jet tap and observations for the following parameters were made: -
3.6.3.1 Root length density

Root length was measured in a glass bottomed shallow dish of 0.4 m x 0.2 m
dimension using Newman (1966) technique. Graph paper ruled in millimeters
was placed under the dish. The wet roots were cut from the root-shoot joint
and poured into the dish containing some water. The roots were positioned
randomly over the graph paper lines (representing a grid) with the help of a
forceps and a needle, so that they did not overlap one another. The long
branched roots were cut into smaller pieces. The counts for intersections of
roots (N) with vertical and horizontal lines of 1 cm grid from the graph paper

were recorded. Care was taken to avoid more than 400 counts at one instance

(Kopke, 1979).

Root length was computed using the modified version of Newman (1966)

formula as proposed by Marsh (1971) and Tennant (1975): -

| Root length (R) = 11/14 x Number of intersections (N) x grid unit (cm) i

The grid unit was combined with 11/14 factor, which gave a factor of 0.786 for
Une grid square. The root length density (RLD) was calculated as root length

per unit soil core volume.

“ Root length density = Total root length (m)/ Volume of the core (m?) ‘I
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3.6.3.2 Root mass density

soil samples were collected with the help of core from each treatment in all the
three replications. The roots were washed on 70 mesh sieve with water jet and
dried in an oven at 70°C for three days to determine the root mass. The root

mass density (RMD) was calculated as root mass per unit soil core volume.

Root mass density = Oven dry weight of roots (kg)/ Volume
of the core (m®)

Volume of the core was calculating as follows: -

V = MNr*h

Where,

V : Volume of the core

nm : 314 o0r22/7

r ! Radius of core (m)

h : Height of the core (m)
3.6.3.3 Root volume density
The volume of the roots was determined by displacement method (Mishra and
Ahmed, 1987). For this, the roots were immersed in a marked cylinder filled
with distilled water and the volume raised by these roots was recorded for
calculating the root volume. This root volume is divided by the volume of the
core to compute root volume per unit volume of soil (root volume density). The
foots were then transferred to a filter paper and were gently pressed in its

folds to remove the imbibed water.

Root volume density = Volume of water displaced (m®)/ Volume
of the core (m”)
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3.6.3.4 Root porosity

The porosity of the roots was calculated by using the Jensen et al. (1969)

formula as: -

% Root porosity = 100 (W — Wrey) [ (W + W, = Wiey)

W : Weight of a sample of the roots in Pycnometer bottle filled with

Where,

water (g)

W, : Weight of root sample alone (g)

W. : Weight of the Pycnometer bottle filling with water only (g)

W, : Weight of the homogenate mixture of the root sample in
Pycnometer bottle (g)

3.6.4 Crop yield

The crop from the net plot area was harvested with the help of sickles, and
was left in the respective plots for sun drying for 2-3 days. When most of the
straw in a handful bundle broke up on folding, then total produce was weighed
znd recorded as biological yield. The produce was then threshed with thresher
and grains were separated out. The grains thus collected were weighed and
moisture content in grain samples from all the plots was determined using
Universal Moisture Meter. The grain yield recorded as kg per plot was
standardized at 14 per cent moisture and was converted into Mg ha™. The
straw yield was obtained by deducting the grain weight from the corresponding

weight of the biological produce and was converted into Mg ha™.
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3.7 Meteorological parameters
The meteorological data of the study area pertaining to all the periods of the
investigation for temperature, relative humidity, wind velocity, bright sunshine
hours, rainfall and evaporation were procured from the Meteorological
Observatory of the Department of Agronomy, CSK Himachal Pradesh Krishi

Vishvavidyalaya, Palampur located within about 1 km distance from the

experimental site.

3.8 Statistical analysis

The data recorded in respect of various observations were subjected to
statistical analysis based on analysis of variance techniques as described by
Cochran and Cox (1963) to identify the treatment effects and were tested at 5

per cent level of significance to interpret the significance differences.
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CHAPTER- IV

EXPERIMENTAL RESULTS

The results obtained from the present investigation entitled, “Soil-water
dynamics, root growth and wheat yield in a sequentially deep tilled post-rice
soil” have been presented in this chapter through tables and illustrated with
the help of figures wherever necessary.
4.1 Meteorological parameters

4.1.1 Temperature

4.1.2 Relative humidity

4.1.3 Rainfall

4.1.4 Evaporation

4.1.5 Bright sunshine hours

4.1.6 Wind velocity
4.2 Initial soil properties

4.2.1 Particle size distribution

4.2.2 Bulk density

4.2.3 Particle density

4.2.4 Total porosity

4.2.5 Saturated hydraulic conductivity

4.2.6 Infiltration rate

4.2.7 Soil water retention

4.2.8 Plant water available capacity



4.2.8 Soil chemical and physico-chemical properties
4.2.8.1 Soil pH
4.2.8.2 Organic carbon
4.2.8.3 Cation exchange capacity
4.2.8.4 Available nutrients
4.3 Soil studies
4.3.1 Structural properties
4.3.1.1 Bulk density
4.3.1.2 Soil penetration resistance
4.3.2 Hydraulic properties
4.3.2.1 Soil water content

4.3.2.2 Hydraulic conductivity

4.3.2.2.1 Saturated hydraulic conductivity

4.3.2.2.2 Unsaturated hydraulic conductivity

4.3.2.3 Soil matric potential
4.3.2.4 Hydraulic gradient
4.3.2.5 Hydraulic flux
4.3.2.6 Infiltration rate
4.3.3 Mechanical properties
4.3.3.1 Energy required for land preparation
4.3.4 Soil temperature
4.4 Plant observations
4.4.1 Plant growth parameters

4.4.1.1 Emergence count
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4.4.1.2 Seedling emergence parameters
4.4.1.3 Plant height
4.4.1.4 Number of tillers
4.4.1.5 Dry matter accumulation
4.4.2 Leaf water potential
4.4.3 Root studies
4.4. 3.1 Root mass density
4.4.3.2 Root length density
4.4.3.3 Root volume density
4.4.3.4 Root porosity
4.4.3.5 Rooting depth

4.4.4 Crop yield

4.1 Meteorological parameters

Meteorological data of the study area pertaining to the periods of study,
recorded at a nearby university weather station, have been appended in
appendices | and Il and illustrated graphically in Figure 4.1, 4.2, 4.3 and 4.4.
4.1.1 Temperature

The maximum air temperature varied from 10.0 to 32.0°C and 8.4 to 33.0°C
and the corresponding ranges of a minimum temperature from 1.0 to 22.0°C

and 1.8 to 18.3°C in 2002-03 and 2003-04 (Figure 4.1 and 4.3), respectively.



(ww) jjejuiey

o o o o o o o (= o
& © ~ @ rst = ) ~ - o
n M i 1 1 i L L L
*
-d-...___ e
L] -
[ <
s, e
" .
-— *
- I
— -
o] P
I_. - 04-...__'
— —
] e
l——-—._.__-'_.____‘______..-o
-“l..._- o'-'-:....__,.
_-_‘—-—-—-_-
--..._-H. — —
— -. . L
U -- <5 e y———=+ o
|- .:—;- '““-..’ -
g n-® «-—"
—
3 .l- :.0
] —
B = - e
.
o E = ~., ~
=N E - p——
E —_— "a ."'0
o r—_——— g
- (=] .-"'""'. -___'.-""'o
E = A —
@ W= —*
2 - ?l *e
& g_ —n o
P .
X m = e —
- * -
© > - e
- —
? I.I.I “"---..' E L
] O
-
n q.= *~e
| R, o= .
£
] .
]
p—
x o —
--—--... '---.
— e
L] R
.— —_— . =
.
[
-~ v —
_.l._“ .
-
— o -
wt ~s
- .'-n
.,
-'= -
o v :
o - T
— .. -
@ & -
f ek e e,
= | -"‘"---. — —
-— . —
m J—— * ~ ol
o Im—— o = e
8 & —_—
. Tee—
—_— -1 *
£ J
E § = :
- LS -
= o | v
— E -. 0--.._.
= 3 . .
] [ ] ™
‘E .E _— *
e c ... "
T o= .nl .:0
xr = = for
I '."'---. o"..__.-—-—
s .:I o=
| —n ~e.
.____._.--.
[ | £,
R *
- »
w '...--"
-
- -
i~ .
g ="
n—" —
L] —
~
...-. Vo—
— pd
g ="
] —
- -
- L=
~n ._'3
- .
2 o'
...-- —~—.—
A
" -'.'a'
"= ....
a -
— 3 "
L] ] ¥ L] ¥ L] L
= ) o 0 o w0 (= 7o) o
el ™ o~ o~ - -

(ww) uonesodeaz pue (gn) aimjesadwa]

175

150

125

100

75

50

25

Time (days)

t wheat crop season

Irs

data of Palampur for the f

ion

Daily rainfall, temerature and evaporat

.
»

Figure 4.1

(2002- 03)



(s4y) aulysuns ybug

e o 7] o 7o) o [Te] o
(=} - <t o] ™ o~ o™~ L o =
ll? I B i L i el 1 i
o
o
>
=
=t
E‘C‘
Z £
@
2k
- —
£z
2%
[=]
E S
E>
=17
X e
G =
s =
| |
E @
[
=
>
°
75
£ <
-
e >
€ =
i oo
5D
2 E
o
£ €
& €
m =
Il
+*
|
1 3
(=
o™
|

T
o
[e=]
—
(,

Ay wy) A1p019A puipm pue (%) Aipiuny saneiay

175

150

125

100

75

50

25

Time (days)

humidity, wind velocity and bright sunshine hours of Palampur for

ive

: Daily relati

Figure 4.2

the first wheat crop season (2002- 03)



‘- 90

(ww) rejurey

- 80
- 70

—s— Maximum temperature (°C)

I Rainfall (mm)

Evaporation (mm)

—+—Minimum temperature (°C)

40 -

35 4
0

a & &
(ww) uonesodeagz pue (,) ainjesadwa]

Time (days)

data of Palampur for the second wheat

ion

Daily rainfall, temperature and evaporati

crop season (2003- 04)

Figure 4.3



(s4y) aulysung jybug

o wn (=] wn o e o w o
e} <t < (o] Lar o™ o~ -— Lo w o
% 3 i i 1 1 = 1 1 2
J— e & e — @
= — —_—
— . ~e
- r-' —r
-n ""—'—*. - —
._=.__,__—-L' * .A“'
S ) — ¢ — S
- r—
- I._._.—'--o-—-—'""" -5
7~ i e
—————————n o
o~ el ———— [
et ] e N —
o .-==,L._'___'0-- —— .
- N —— it
—_—a T
e — s
> e e —
= T, = e——
:E L] s - e———T
T —
£ ey By —~ ——
=] E .""-. 0.—?_"
—— e
£ & R —————— )
-— —
> E ...—--."'F—F. 0 e & .—'2
= = - = - —
TS s — .
E - .___'.______‘--._.‘
@ == —~R D e ———
- O ...--l""" s =
— [ m————
E o .‘i-. i o. —-—_..
E - '=l.._.—--o--—"" -——:,.
2 - .-—-—-_'_'0—"= * —U‘
E == ——_— Y
= T . - . 5
X & e —e——t
o —-— """:. - e —
= g .,. — . '—_——-;.
— 0
£ - e——
—
i i =
[ "= 3
== — —_
¥ fo
W — - —
I—-—-——.... ao)‘ __.-
— o — .
s oo ———
.-h.______—o _.h.
.:_"._;:o ——-_..‘..
—— e —"8
LH o—— ——
.__.__:-‘—'='l — e —
- - A R——r——
p——
i g + .,...-‘."
R —_—
\-; - ” i .."-'.‘=-‘_ _:.
s-' -'_-—-"#- * —
* —
- —— e ———————) L
o -;'—-'—-".'_'—;—_'o _l:'
— 'c ——- _. » —
w it — " —-—;—h
el L]
- E _ﬂ: S
(=] e ——
= = —=
E B [ = e —
4] > - Fd -
= —n " N —
e
2z W B —
b ————
£ = .'-'_‘—‘. - —_— ——————a—
g b a—r, * >
— —— -
—— .
= - S —
0 E ’-_._'.:—E-.——.-"_'_—'-. —ﬁ-
- = | - =, “..
————
= .E - . | ."-"-—._.__.F._ ——
.g, = m 0-'...—. —.‘
M= .____._-—-I . L] _-'.
o = " — —
| - LA
— ——— O e
o . M ._______.: —:
I T, T e, =
.'.r..-._——-—-ﬁ —:
y— . —————
— p—t —
= T —
do=n Pl P
....-. Y— _3
= —— S—
.-—-._._:::.——__.___'_:_‘ _-:
n o= ——
'-i.:-_ .-—__.. —.1-‘.
-—"‘.‘:I T, ———r:‘
.:- * —’..
e Y— .
e s G —
— —
— ~— &)
- * L
L] L] L L] L] L]
o =] o (=1 o (=] o
2 o =+] ©w Al o~
-

—

A4 unj) A300j9A puIM pue (%) Aypluny aanejay

175

150

125

100

75

50

25

Time (days)

d velocity and bright sunshine hours data of Palampur

idity, win

hum

ive

: Daily relati

Figure 4.4

for second wheat crop season (2003- 04)



59

4.1.2 Relative humidity

The maximum relative humidity (Figure 4.2 and 4.4) was observed on March
2, 2003 (93%) and January 1, 2004 (97%) and minimum (10 per cent) on
(February 18, 2003), and 18 per cent on (March 30, 2004).

4.1.3 Rainfall

During 2002-03 study period, 32 rainy days accounted for 209.5 mm of rainfall,
and during 2003-04 study period, total rainfall received was 417.3 mm in 28
rainy days (Figure 4.1 and 4.3).

4.1.4 Evaporation

Total open pan evaporation during both wheat crop seasons i.e. 2002-03 and
2003-04 was 572.9 mm and 536.2 mm (Figure 4.1 and 4.3), respectively.

4.1.5 Bright sunshine hours (BSS) '

The maximum BSS were 12.0 hours on May 10, 2003 and April 15, 2003 and
11.2 hours for May 5, 2004 during both years of the crop study (Figure 4.2 and
4.4).

4.1.6 Wind velocity

The wind velocity varied from 4.0 to 13.0 km hr' during the first year of the
study and in second year, it varied from 2.0 to 11.2 km hr” (Figure 4.2 and

4.4), respectively.

4.2 Initial soil properties
4.2.1 Particle size distribution
A perusal of Table 4 1 showed that the silt content was the highest (52.1%) in

0.00-0.15 m followed by 49.1 per cent in 0.15-0.30 m and 48.3 per cent in
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0.30-0.45 m soil depth; clay content was the highest (29.4%) in 0.15-0.30 m
and sand was the highest (24.4%) in 0.00-0.15 m layer. The textural class was
silty clay loam for the 0.00-0.15, 0.15-0.30 and 0.30-0.45 m depths.

4.2.2 Bulk density

The highest value of bulk density (1.35 Mg m™) was observed for 0.30-0.45 m
depth and lowest (1.24 Mg m™) for surface 0.00-0.15 m depth (Table 4.1).

4.2.3 Particle density

The particle density was lowest (2.54 Mg m3)in 0.00-0.15 m and highest (2.57
Mg m™) in 0.30-0.45 m soil layer, respectively as given in Table 4.1.

4.2.4 Total porosity

The porosity was highest (51.2%) in 0.00-0.15 m and lowest (47.5%) in 0.30-
0.45 m layer, respectively as shown in Table 4.1.

4.2.5 Saturated hydraulic conductivity

Saturated hydraulic conductivity values determined in the laboratory for 0.00-
0.45 m profile depth showed a decreasing trend from 2.01 x 10° to 1.29 x 10°®
m s with depth (Table 4.1).

4.2.6 Infiltration rate

The steady state infiltration rate was 0.92 ¢cm hr™' for the study site (Table 4.1).

4.2.7 Soil water retention

Volumetric water content (8) in all the layers decreased with increase in
suction (¥). The '@’ values for 0.00-0.15 m soil layer at 0, 33.3 and 1500 kPa
suctions was 45.3, 30.4 and 18.3 per cent and 55.6, 40.3 and 23.5 per cent for

soil depth 0.30-0.45 m, respectively. The water retention increased with depth

alall suction values (Table 4.1).
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Table 4.1: Important physical, chemical and physico-chemical properties
of experimental soil at the initiation of experiment

~sr. No. Parameters Soil depth (m
0.00-0.15 0.15-0.30 0.30-0.45
1. Particle size distribution
|. Clay (%) 23.2 294 27.3
1. Silt (%) 52.1 491 48.3
[Il. Sand (%) 24.4 20.2 241
2. Textural class Silty clay  Siltyclay  Silty clay
loam loam loam
3. Bulk density (Mg m™) 1.24 1.29 1.35
4. Particle density (Mg m™) 2.54 2.56 2.57
5. Porosity (%) 51.2 49.6 47.5
6. Saturated hydraulic 2.01 1.63 1.29
conductivity (x 10° m s7")
7. Steady state infiltration 0.92
(cm hr')
8. Soil water retention (%)
l. 0 kPa 45.3 51.2 55.6
Il. 33.3 kPa 30.4 354 40.3
I1l. 1500 kPa 18.3 213 23.5
9. Plant available water 121 14.1 16.8
capacity (%)
10. pH (1: 2.5) 5.6 5.4 5.0
11. Organic carbon (%) 0.73 0.58 0.41
12.  Cation exchange capacity 9.7 7.9 6.9
[cmol(p+) kg™]
13.  Available nutrients (kg ha™)
|. Available nitrogen 294 251 218
Il. Available phosphorous 204 16.2 12.9

IIl. Available potassium 185 139 108
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4.2.8 Plant water available capacity

A plant water available capacity was higher (16.8%) in 0.30-0.45 m and lower
(12.1%) in 0.00-0.15 m soil depth (Table 4.1).

4.2.8 Soil chemical and physico-chemical properties

4.2.8.1 Soil pH

The soil of the experimental site was acidic in reaction with a pH of 5.6 at 0.00-
0.15 m followed by 5.4 and 5.0 in 0.15-0.30 and 0.30-0.45 m soil depth (Table
4.1), respectively.

4.2.8.2 Organic carbon

The organic carbon content of the soil decreased with increased in depth
(Table 4.1). It was highest (0.73%) in 0.00-0.15 m and lowest (0.41%) in 0.30-
0.45 m soil layer, respectively.

4.2.8.3 Cation exchange capacity

The cation exchange capacity value of the experimental soil was highest 9.7
cmol(p+) kg™ in 0.00-0.15 m layer followed by 7.9 and 6.97 cmol(p+) kg™, for
0.15-0.30 and 0.30-0.45 m depths, respectively (Table 4.1).

4.2.8.4 Available nutrients

The soil was medium to low in available nitrogen, phosphorous and potassium
contents with values 294, 20.4 and 185 kg ha™ in 0.00-0.15 m and decreased

fc 218, 12.9 and 108 kg ha™ in 0.30-0.45 m soil depth, respectively as given in

Table 4.1,
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4.3 Soil studies
4.3.1 Structural properties

4.3.1.1 Bulk density

The bulk density (pv) values determined at sowing and harvest under different
tilage treatments of both wheat crops (2002-03 and 2003-04) in 0.0-0.1, 0.1-
0.2, 0.2-0.3 and 0.3-0.4 m soil depths are depicted graphically in Figure 4.5,

4.6, 4.7 and 4.8, respectively. In general, ‘py’ values increased with depth in

both the years of the study.

It is evident from the Figure 4.5 that at the time of sowing, 'py' values for 0.0-
0.1 m depth was significantly lower in treatment T4 (at par with T;, Tg and T7)
as compared to Ty, T2 and Ts. At0.1-0.2, 0.2-0.3 and 0.3-0.4 m depths, ‘pp’
values was significantly lower in T4 as compared to Ty, T, T3, Ts and Tg, which
remained statistically at par with T+, respectively. At the time of harvesting, ‘py’
values was statistically at par in treatments T4 and T;, but was significantly
lower as compared to Ty, To, Ta, Ts and Ts, respectively to all the soil depths

(Figure 4.6).

Curing second year of the study (Figure 4.7), ‘py’ values (0.0-0.1 and 0.1-0.2 m
soil depths) at the time of sowing was significantly lower in treatment T4 as
COmpared to Ty, T, Ts, Ts and Ty, but remained statistically at par with Tj. At
0.2-0.3 and 0.3-0.4 m depths, treatment T4 had significantly lower 'py’ values
as compared to Ty, Ty, T3, Ts, Te and Ty, respectively. Similar trend was

observed in ‘mu’ values with Ty at the time of harvesting of second wheat crop

T e
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Figure 4.5: Depth-wise bulk density under different tillage treatments at the time
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Figure 4.6: Depth-wise bulk density under different tillage treatments at the time

of harvesting of first wheat crop season (2002- 03)
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Figure 4.7: Depth-wise bulk density under different tillage treatments at the time

of sowing of second wheat crop season (2003- 04)
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(Figure 4.8). At harvest of second wheat crop, treatment T; had significantly
jower 'po’ values as compared to Ty, T2, T3, Ts, and Teat 0.2-0.3 and 0.3-0.4 m
depths. However, at 0.0-0.1 and 0.1-0.2 m soil depths, the ‘py" values were
significantly lower as compared to T4, Ts and Tg, respectively. In both the year
of study, T4 had significantly lower and T4 was higher 'py’ value at sowing and
harvest of wheat crops.

4.3.1.2 Soil penetration resistance

The soil penetration resistance (SPR) values determined after first irrigation, at
flowering stage and harvest under different tillage treatments of both wheat
crop seasons (2002-03 and 2003-04) at different soil depths (0.00-0.03, 0.06-
0.09, 0.12-0.15 and 0.18-0.21 m) are presented in Figure 4.9, 4.10, 4.11, 4.12,
413 and 4.14, respective-ly. In gen(;:ral, SPR values decreased with tillage and
moisture content in both the years of the study. The treatment T; had
significantly lower SPR valﬁes and the higher SPR values were, however,

observed in Ty in both the years of the study.

During first year of the study (2002-03), the SPR values (0.00-0.03 and 0.06-
0.09.m depths) were significantly lower for T4 (at par with T, T3, Ts, Tg and Ty)
than T, after first irrigation (Figure 4.9). At 0.12-0.15 m depth, the SPR values
after first irrigation were significantly lower for T4 (at par with T3, T and T7) as
Compared to Ty, T» and Ts. The SPR values for 0.18-0.21 m depth were
significantly lower for T4 (at par with T7) as compared to Ty, Ta, T3, Ts and Te.
Similar trend was also observed at flowering stage in first wheat crop study

(Figure 4.10). At harvest of first wheat crop (Figure 4,11), the SPR values for
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Figure 4.9: Depth-wise soil penetration resistance after first irrigation under
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Figure 4.10: Depth-wise soil penetration resistance at flowering stage under

different tillage treatments of first wheat crop season (2002- 03)
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Figure-4.11: Depth-wise soil penetration resistance after harvesting under
different tillage treatments of first wheat crop season (2002- 03)
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Figure 4.12; Depth-wise soil penetration resistance after first irrigation under
different tillage treatments of second wheat crop season (2003- 04)
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Figure 4.13: Depth-wise soil penetration resistance at flowering stage under
different tillage treatments of second wheat crop season (2003- 04)
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Figure 4.14: Depth-wise soil penetration resistance after harvesting under
different tillage treatments of second wheat crop season (2003- 04)



65

0.00-0.03, 0.06-0.09 and 0.12-0.15 m depth were significantly lower for T4 (at
par with T3, Ts and T7) as compared to Ty, Tzand Ts, whereas for 0.18-0.21 m

depth, Ta (at par with T7) had significantly lower SPR values as compared to

T1, T2, Ta, Ts and Ts.

It is evident from the Figure 4.12 that the SPR values during second wheat
crop season (2003-04) for 0.00-0.03 and 0.06-0.09 m depths were significantly
lower in treatment T4 as compared to T4, Ts, Tg and T;, but remained
statistically at par with T, and T3. The next higher was T; which was
statistically at par with treatment Ts, but significantly different from T4, Ts and
Te. At 0.12-0.18 m depth, the SPR values were significantly lower in treatment
T. (at par with T3) as compared to Ty, Ty, Ts,.Ts and T7, whereas Tz which was
statistically at par with trea;tment Ts, but significantly different from T4, Ts and
Te. The SPR values for 0.18-0.21 m depth were significantly lower for T4 as
compared to Ty, To, T3, Ts, T and T;. However, treatment T (at par with T3)
had significantly lower SPR values than Ti, T2, Ts and Te. Similar trend was
observed at flowering and harvest stage of first wheat growing season (Figure
4.13 and 4.14), except in 0.12-0.15 m depth at harvest where the SPR values
were significantly lower in treatment T4 as compared to all other treatments.
4.3.2 Hydraulic properties

4.3.2.1 Soil water content

The volumetric water content (8) determined at sowing and harvest under
different tillage treatments of both wheat crops (2002-03 and 2003-04) in 0.0-

0.1, 0.1-0.2, 0.2-0.3 and 0.3-0.4 m soil layers are depicted graphically in
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Figure 4.15, 4.16, 4.17 and 4.18, respectively. In both the year of study, T4 had

significantly lower and T1 had higher ‘6" values at sowing and harvest of wheat

crops.

It is evident from the Figure 4.15 that at the time of sowing, ‘@' values during
the first year of the study for 0.0-0.1 m soil depth was significantly higher in
treatment Ty as compared to Ty, T3, Ts, Ts, Ts and T7. At 0.1-0.2 m soil depth,
‘8" values were significantly higher in T, (at par with T, and Ts) than T3, Ts, Ts
and T7. However, at 0.2-0.3 and 0.3-0.4 m soil layer, ‘©' values were
significantly higher in T4 (at par with T, T3, Ts and Tg) than T4 and T7. Similar

trend was also observed at the harvest of the study (Figure 4.16).

During second year of the study, ‘0’ values for 0.0-0.1 m soil depths at the time
of sowing (Figure 4.17) were significantly higher in treatment T; as compared
to Ty, T3, T4 and T7, but remained statistically at par with Tsand Ts. At 0.1-0.2
m depth, treatment T (at par with T2, Ts and Tg) had significantly higher '8’
values as compared to Ts, T4 and T7, respectively. However, at 0.2-0.3 and
0.3-0.4 m soil layer, ‘0" values were significantly higher in T4 (at par with Tz, T,
Ts and Ts) than T4 and T. At the harvest of second wheat crop (Figure 4.18),
¥ values for 0.0-0.1 m soil depth were significantly higher in treatment T; (at
Parwith Ty, Ts, Tsand T) as compared to T3 and Ta, respectively. Similarly, at
0.1-0.2 m soil depth, '@’ values were significantly higher in treatment T, (at par
With T, and Ts) as compared to Ti, T4, Tg and T;, respectively. Further,
reatment Ty (at par with Ty, T3, Ts, Ts and T;) had significantly higher ‘@'

val
Ues compared to T4at 0.2-0.3 and 0.3-0.4 m soil layer, respectively.
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Figure 4.15: Depth-wise soil water content under different tillage treatments at
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the time of sowing of first wheat crop season (2002- 03)
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Figure 4.16: Depth-wise soil water content under different tillage treatments at

the time of harvesting of first wheat crop season (2002- 03)
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The changes in water content with time under different tillage treatments (T4,
T, T3, Ta, Ts, Ts and T7) at four consecutive soil depths (0.0-0.1, 0.1-0.2, 0.2-
0.3 and 0.3-0.4 m soil depths) during both the wheat crop seasons (2002-03
and 2003-04) are presented in Figure 4.19, 4.20, 4.21, 4.22, 4.23, 4.24, 4.25,
4.26, 4.27, 4.28, 4.29, 4.30, 4.31 and 4.32. During first year of the wheat crop
season (2002-03), the '@’ values in all the four consecutive depths at 20 days
after sowing (DAS) were higher in T4 and T7 treatments as compared to T, Tz,
Ts, Ts, and Ts. Further, the '8’ value was higher in T4 as compared to Ty, T3, Ta,
Ts, Tg and T7 in all the soil depths when there were rainless periods. On 87
DAS (34.0 mm rainfall), the ‘©’ values for 0.0-0.1, 0.1-0.2, 0.2-0.3 and 0.3-0.4
m soil depths were higher in T4 and T; as compared to Tq, Tz, Ta, Ts and Ts

(Figure 4.19, 4.20, 4.21, 4.22, 4.23, 4.24 and 4.25).

During the second year of the study (2002-03), the ‘0’ values at 27 DAS were
higher in T4 as compared to Ty, Ty, T3, Ts, Ts and Ty treatments when first
irrigation of 5 cm was applied one day before During the second year also,
the '8’ value was higher in T, as compared to T, T3, T4, Ts, Ts and T; in all the
soil depths when there were rainless periods. On 79 DAS (72.5 mm rainfall),
the '8" values for 0.0-0.1, 0.1-0.2, 0.2-0.3 and 0.3-0.4 m soil depths were
higher in T, as compared to Ty, T, Ta, Ts T and T (Figure 4.26, 4.27, 4.28,

4.29,4.30, 4.31 and 4.32).
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Figure 4.19: Changes in soil water content with time under tillage treatment T,
at different depths (m) for the first wheat crop season (2002- 03)

0.5 -‘

o o e
[\¥] W 1
A i 1

Soil water content (m * m™)

e
=Y
—

0 T T T T T T 1

0 25 50 75 100 125 150 175

Days after sowing

Figure 4.20: Changes in soil water content with time under tillage treatment T,
at different depths (m) for the first wheat crop season (2002- 03)
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Figure 4.21: Changes in soil water content with time under tillage treatment T,
at different depths (m) for the first wheat crop season (2002- 03)
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Qure 4,22- Changes in soil water content with time under tillage treatment T,
at different depths (m) for the first wheat crop season (2002- 03)
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Figure 4.23: Changes in soil water content with time under tillage treatment T;
at different depths (m) for the first wheat crop season (2002- 03)
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Figure 4.24: Changes in soil water content with time under tillage treatment Ts
at different depths (m) for the first wheat crop season (2002- 03)
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Figure 4.25: Changes in soil water content with time under tillage treatment T;
at different depths (m) for the first wheat crop season (2002- 03)
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Figure 4.26: Changes in soil water content with time under tillage treatment T,
at different depths (m) for the second wheat crop season (2003- 04)



0.5 1

e
£
L

Soil water content (m > m?)

0.1

0 L] L L L] Ll L] 1

0 25 50 75 100 125 150 175

Days after sowing

Figure 4.27: Changes in soil water content with time under tillage treatment T,
at different depths (m) for the second wheat crop season (2003- 04)
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Figure 4.28: Changes in soil water content with time under tillage treatment T;
at different depths (m) for second wheat crop season (2003- 04)
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Figure 4.30: Changes in soil water content with time under tillage treatment Ts

at different depths (m) for the second wheat crop season (2003- 04)
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Figure 4.31: Changes in soil water content with time under tillage treatment T;
at different depths (m) for the second wheat crop season (2003- 04)
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Figure 4.32; Changes in soil water content with time under tillage treatment T,
at different depths (m) for the second wheat crop season (2003- 04)
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4.3.2.2 Hydraulic conductivity

4.2.2.2.1 Saturated hydraulic conductivity

The depth-wise saturated hydraulic conductivity (ks), determined at sowing
and harvest in two wheat seasons (2002-03 and 2003-04) under different
tilage treatments are presented in Figure 4.33, 4.34, 4.35 and 4.36. In both
the years of study, treatment T4 had significantly higher ‘ks' values as

compared to all the other tillage treatments at sowing and harvest of both

wheat crops.

For the first year of the study, the 'ks' values in 0.00-0.075 m soil depth at the
time of sowing had significantly higher in treatment T4 as compared to Ty,
which remained statistically at par with T, T3, Ts, Tg and T7 (Figure 4.33).
Similarly, ‘ks' values for 0.075-0.15 m depth were significantly higher in
treatment T, (statistically at par with T;) as compared to T4, T2, T3, Ts and Tg,
while in 0.15-0.30 m depth, Ty, T2, T3, Ts, Te and T; had lower ‘ks' as
compared to T4, respectively. At harvest of first wheat crop, 'ks' values in all
the three consecutive soil depths (0.00-0.075, 0.075-0.15 and 0.15-0.30 m soil
deptn) was statistically at par in treatments T4 and T7 but weré significantly

higher as compared to T;, Tz, T3, Ts and Ts ( Figure 4.34), respectively.

The 'k' values at sowing during second year of the study were significantly
higher in treatment T (at par with T3) as compared to Ty, T, Ts, Ts and T7 at
0.000.075 and 0.075-0.15 m soil depth. Similarly, T4 had significantly higher
k' values as compared to all the tillage treatments between 0.15 and 0.30 m

S0i .
Ol depth (Figure 4.35). At second wheat crop sowing for 0.00-0.075 and
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Figure 4.33: Depth-wise saturated hydraulic conductivity under different tillage
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Figure 4.34: Depth-wise saturated hydraulic conductivity under different tillage

treatments at the time of harvesting of first wheat crop season
(2002- 03)
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. Figure 4.35: Depth-wise saturated hydraulic conductivity under different tillage
treatments at the time of sowing of second wheat crop season
(2003- 04)
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treatments at the time of harvesting of second wheat crop season
(2003- 04) '
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0.075-0.15 m soil depths, Ty treatment had significantly higher 'ks' values as
compared fo T4, Ts and Ts, however, between 0.15 and 0.30 m soil depth, Ty,
T, Ts and T, had lower 'ks’ values as compared to T;. In all the three soil
depths (0.00-0.075, 0.075-0.15 and 0.15-0.30 m), the 'k’ values at harvest of
crop were significantly higher in treatment T4 as compared to Ty, Ty, T3, Ts, Ts
and T7. The next higher was T7 which was significantly different from T4, Ts
and Te (Figure 4.36).

4.3.2.2.2 Unsaturated hydraulic conductivity

The unsaturated hydraulic conductivity [K(B)] values obtained in situ for
different layers are presented in Figure 4.37. In general, soil depths of 0.2-0.3
and 0.4-0.5 m showed higher values of K(8) in comparison to the surface and
intermediate layers of soil profile. The mag}‘litude of difference between
different layers in K(B8) increased with increase in water content. For example,
at 20 per cent moisture content, the K(B) values were 2.49 x 107, 0.91 x 107,
0.51 x 107, 0.46 x 107 and 0.28 x 107 m s™' for the soil depths of 0.2-0.3, 0.4-
0.5, 0.3-0.4, 0.1-0.2 and 0.0-0.1 m, respectively, and at 60 per cent water
content, the K(6) values were 5.90 x 107, 3.52 x 107, 2.49 x 107, 1.84 x 107
and 1.56 x 107 m s™' for the depths of 0.2-0.3, 0.4-0.5, 0.3-0.4, 0.1-0.2 and 0.0-
0.1 m, respectively.

4.3.2.3 Soil matric potential

The changes in matric potential (W) with time in different tillage treatments at
0.1, 0.2, 0.3, 0.4 and 0.5 m depths during crop growth have been shown for
two years of study period in Figure 4.38, 4.39, 4.40, 4.41, 4.43, 4.42 and 4.44

(2002-03) and Figure 4.45, 4.46, 4.47, 448, 449, 4.50 and 4.51 (2003-04),
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Figure 4.37: Field determined hydraulic conductivity values of the experimental
site for wheat crop
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respectively. The "¥n' values increased with depth of soil. In no tillage
treatment (T4), “Pr' values in 0.0-0.1 and 0.1-0.2 m soil depth were decreased
in general as the dry period progressed. In general, whenever there was a
rainfall event, the "V’ values increased immediately in the upper 0.0-0.1 m

layer but increased gradually in the lower layers.

During first year of the wheat crop season (2002-03), the "' values at 20
DAS were higher in T4 as compared to Ty, T2, T3, Ts, Tgand T; treatments for
0.1, 0.2, 0.3, 0.4 and 0.5 m depths when first irrigation of 5 cm was applied
one day before. However, when there were rainless periods, the “V,' values
were lower in Ty as compared to Tz, T3, T4, Ts, Ts and T7 in all the depths. On
87 DAS (34.0 mm rainfall), the "¥,,' values for 0.1, 0.2, 0.3, 0.4 and 0.5 m
depths were higher in T4 and T; as compared to T,, Ty, Ts, Ts and Tg (Figure

4.38,4.39, 4.40,4.41, 443, 4.42 and 4.44).

During the second year of the study (2002-03), the "“¥,' values at 27 DAS were
higher in T4 as compared to Ty, T2, T3, Ts, Te and T7 treatments when first
irigation of 5 cm was applied one day before. Further, the “¥,' values were
highar in Ty as compared to T2, T, T4, Ts, Ts and T7 in all the soil depths when
there were rainless periods. On 79 DAS (72.5 mm rainfall), the "V,' values for
0.1, 0.2, 0.3, 0.4 and 0.5 m depths were higher in T4 as compared to Ty, T,

T3, Ts, Ts and T (Figure 4.45, 4.46, 4.47, 4.48, 4.49, 4.50 and 4.51).
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4.3.2.4 Hydraulic gradients

The changes in hydraulic gradient with time in different tillage treatments at
0.1-0.2, 0.2-0.3, 0.3-0.4 and 0.4-0.5 m depths during crop growth period have
been shown for two years of study period in Figure 4.52, 4.53, 4.54, 4.55,
456. 4.57 and 4.58 (2002-03) and Figure 4.59, 4.60, 4.61, 4.62, 4.63, 4.64
and 4.65 (2003-04), respectively. At a glance, these figures revealed that
during both the years of the study, the movement of water was mostly upward.
The magnitude of upward movement was highest for the 0.0-0.3 m layer as
compared fo all the other depths. The 0.4-0.5 m depth had the least upward
movement and some downward movement was also observed for this layer. In
almost all the treatments, the hydraulic gradients at soil depths of 0.3-0.4 and
0.4-0.5 m remains almost around the line of zero flux. Periods beyond 125
days, registered downward movement noticed in 0.4-0.5 m depth.

4.3.2.5 Hydraulic flux

The changes in hydraulic flux with time in different tillage treatments at 0.1-0.2,
0.2-0.3, 0.3-0.4 and 0.4-0.5 m depths during crop growth period have been
shown for two years of study period in Figure 4.66, 4.67, 4.68, 4.69, 4.70, 4.71
and 4.72 (2002-03) and Figure 4.73, 4.74, 4.75, 4.76, 4.77, 4.78 and 4.79
(2003-04), respectively. In general, in all the treatments for the both year the
Upward hydraulic flux were noticed. Magnitude of the upward hydraulic flux
varied among different soil depths. The layer of 0.2-0.3 rn had the maximum
hydraulic flux while the lowest value was observed in 0.1-0.2 m depth in
almost all the treatments. Downward flux was noticed in 0.2-0.3 m soil depth in

dlmost all the treatments (0.0-0.05 m day™) at 60, 100 and 125-140 days after
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sowing during first year. However, during the second year, a discernable
downward flux was observed for 0.4-0.5 m soil depth of during initial 7 to 23
days after sowing.

4.3.2.6 Infiltration rate

The effect of different tillage treatments o;l'l infiltration rate (i) and accumulative
intake (I) after harvest of first and second wheat crop are depicted in Figure
4.80, 4.81, 4.82, 4.83, 4.84, 4.85 and 4.86 (2002-03) and Figure 4.87, 4.88,
4,89, 4.90, 4.91, 4.92 and 4.93 (2003-04), respectively. These figures present
typical infiltration-time curves of the study area. The final infiltration rate and
accumulated intake during both years of wheat study were lower under T; as

compared to all of the other treatments.

During first wheat crop season, the steady-state infiltration rate (cm hr'') at
harvest was higher in T7 (4.95) as compared with T4 (0.85), T2 (1.71), T3 (3.67),
T+(4.81), Ts (1.47) and Tg (3.77) (Figure 4.52, 4.53, 4.54, 4.55, 4.56, 4.57 and
4.58) and in second year, it was higher under T4 (4.91) as compared with Ty
(0.72), T, (1.68), T3 (3.34), T5(1.10), T¢ (2.35) and T7(3.32) (Figure 4.59, 4.60,
461, 462, 463, 4.64 and 4.65). The accumulated intake (cm) during first
Wheat crop season at harvest was higher in T7 (64.78) as compared with T
(17.64), T, (28.21), T3 (51.32), T4 (62.86), Ts (25.21) and Ts (49.01) (Figure
452, 453, 4.54, 4.55, 4.56, 4.57 and 4.58) and in second year, it was higher
under T, (64.46) as compared with Ty (19.76), T» (29.53), T3 (50.08), Ts
(23.78), T4 (32.37) and T, (48.73) (Figure 4.59, 4.60, 4.61, 4.62, 4.63, 4.64 and

4.65). The steady-state infiltration was achieved in both cases in about 8 to 10
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first wheat crop season (2002- 03)
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Figure 4.81: Infiltration-time curve under tillage treatment T, at post harvest of
first wheat crop season (2002- 03)
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Figure 4.82: Infiltration-time curve under tillage treatment T; at post harvest of
first wheat crop season (2002- 03)
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Figure 4.83: Infiltration-time curve under tillage treatment T, at post harvest of
first wheat crop season (2002- 03)
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Figure 4.84: Infiltration-time curve under tillage treatment Ts at post harvest of
first wheat crop season (2002- 03)
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Figure 4.85: Infiltration-time curve under tillage treatment T, at post harvest of
first wheat crop season (2002- 03)
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Figure 4.86: Infiltration- time curve under tillage treatment T, at post harvest of
first wheat crop season (2002- 03)
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Figure 4.87- Infiltration-time curve under tillage treatment T, at post harvest of
second wheat crop season (2003- 04)
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Figure 4.88: Infiltration-time curve under tillage treatment T, at post harvest of
second wheat crop season (2003- 04)
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Figure 4.89: Infiltration-time curve under tillage treatment T, at post harvest of
second wheat crop season (2003- 04)
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Figure 4.90: Infiltration-time curve under tillage treatment T, at post harvest of
second wheat crop season (2003- 04)
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Figure 4.91: Infiltration-time curve under tillage treatment T5 at post harvest of
second wheat crop season (2003- 04)
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Figure 4.92: Infiltration-time curve under tillage treatment T; at post harvest of
second wheat crop season (2003- 04)
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second wheat crop season (2003- 04)



hours depending upon the different tillage treatments.

The data on infiltration rate and cumulative infiltration were fitted to the
equation of the type | = at’, and are given in Table 4.2 and 4.3 for 2002-03 and
2003-04, respectively. A perusal of data in Table 4.2 showed that the value of
‘a’ during first year of the wheat study was higher under T4 and T; and

minimum in Ty treatment following the trend T4> T7> T3> Tg> T2> Ts5> Ty,

respectively.

Table 4.2: Empirical equations of cumulative intake and infiltration rate
under different tillage treatments at post harvest of first wheat

crop season (2002-03)

Treatments* Accumulative Intake Infiltration rate R®
(cm) (em hr)
T4 | = 5.90t ° i = dl/dt = 2.80t °* 0.9845
Ty | =9.03t %% i = di/dt = 4.97t 04 0.9834
Ta | =12.81t 065 i = dl/dt = 8.33t % 0.9884
Ta | = 15.28t 08 i = dl/dt = 9.78t 03 0.9962
Ts | =8.42¢ %95 i = dl/dt = 4.63t °% 0.9796
Te | =12,73t %82 i = dl/dt = 7.89t 038 0.9902
Ty | = 16.10t 062 i = dl/dt = 9.98t 08 0.9954

*Ty~ No tillage; T, Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; Ts— Tillage upto 20 cm depth and T; -

Tillage upto 40 cm depth

It is evident from Table 4.3 that the value of 'a' during second year of the

wheat study was higher under T, and minimum in Ty treatment following the

frend T4> T7> T3> To> Tg> Ts> Ty, respectively.
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Table 4.3: Empirical equations of cumulative intake and infiltration rate
under different tillage treatments at post harvest of second
wheat crop season (2003-04)

Treatments*  Accumulative Intake Infiltration rate R*
(cm) (cm hr')
Ty | =7.05t%% i = dI/dt = 3.89t % 0.9830
* | =10.38t %52 i = dl/dt = 5.40t 04 0.9797
Ta ['=14.42¢%80 i = dI/dt = 8.47t 040 0.9863
A b= Tiee i = dl/dt = 10.19t °3° 0.9952
Ts | = 8.37t %8 i = dl/dt = 4.69t 04 0.9835
Te | = 9.48t %8 i = dI/dt = 5.50t 042 0.9939
Ty | = 14.48t %8 i = dl/dt = 8.40t 42 0.9822

*T;— No tillage; T, — Tillage upto 10 cm depth; T; - Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— No tillage; Ts~ No tillage and T;— No tillage

4.3.3 Mechanical properties

4.3.3.1 Energy-required for land preparation

The plots were dug and pulverized manually one month and fifteen days after
rice harvest for sowing of wheat during 2002 and 2003, respectively. The
energy required for land preparation during both years of wheat study was
higher under T4 as compared to all of the other treatments. The energy
required for land preparation during first year of the study (Figure 4.94)
increased significantly from 1.97 GJ ha™ in treatment T, to T3 (5.16 GJ ha™)
and T, (10.01 GJ ha'). Similarly, the energy required for land preparation
increased significantly from 1.67 GJ ha™ in treatment T, to T3 (4.21 GJ ha™')
and T4 (8.67 GJ ha") during second year of wheat growing season.

4.3.4 Soil temperature

The weekly soil temperature measured twice a day at 0.05 and 0.1 m depth

i.e. at 0630 and 1430 hours during the first and second wheat crop season are
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shown in Figure 4.95, 4.96, 4.97 and 4.98 (2002-03), and 4.99, 4.100, 4.101
and 4.102 (2003-04), respectively. The daily data were averaged into weekly
values. The soil temperature under all the treatments was less at 0630 than
1430 hours. The difference in soil temperature between 0630 and 1430 hours
was more during cold periods and this difference became narrow as the warm
period progressed. An examination of figure indicates that at 0630 hours, the
soil temperature in 0.1 m soil depth was higher as compared to 0.05 m soil
depth and the soil temperature was higher in 0.05 m soil depth than 0.1 m at
1430 hours in all the seven tillage treatments (Ty, T2, T3, T4, Ts, Te and Ty)
during 2002-03 and 2003-04. The treatments T4 and T7 had 0.5 to 1.3°C and
0.3 to 1.4°C higher minimum temperature at 0630 hours and 0.5 to 1.6°C and
0.5 to 1.7°C lower maximum temperature at 1430 hours compared to Ty in
0.05 m soil depth during 2002-03 (Figure 4.95 and 4.97), whereas in 0.1 m soil
depth, the T4 and T; had 0.2 to 1.6°C and 0.4 to 1.6°C higher minimum
temperature at 0630 hours and 0.4 to 1.7°C and 0.4 to 1.8°C lower maximum
temperature at 1430 hours compared to T4 during 2002-03 (Figure 4.96 and
4.98), respectively. The corresponding values during 2003-04 for minimum
temperature were 0.4 to 1.3°C and 0.1 to 0.6°C and for maximum temperature
were 0.1 to 2.7°C and 0.1 to 0.9°C under T4 and T; as compared to Ty
treatment in 0.05 m soil depth (Figure 4.99 and 4.101), whereas in 0.1 m soil
depth, the values for minimum temperature were 0.2 to 1.7°C and 0.1 to 14976
I'and for maximum temperature were 0.5 to 2.5°C and 0.1 to 1.1°C under T4

and T; as compared to T treatment in 0.05 m soil depth (Figure 4.100 and

4.102), respectively.
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Figure 4.97: Mean weekly temperature variations at 0.05 m soil depth under
different tillage treatments for the first wheat crop season (2002-
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Figure 4.98: Mean weekly temperature variations at 0.1 m soil depth under
different tillage treatments for the first wheat crop season (2002-
03), at 1430 hours
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4.4 Plant observations

4.4.1 Plant growth parameters

4.4.1.1 Emergence count

An observation of data on emergence count per m? of wheat as influenced by
different treatments revealed that during Rabi season of 2002-03 and 2003-
04, tillage at different depths had significant influence on the emergence count
have been presented in Table 4.4 and 4.5. A perusal of the data in Table 4.4
reported that during 2002-03, emergence count per m? was statistically at par
in treatments T4 and T; but was significantly higher as compared to T4, Tz, T3,
Ts and Ts, respectively.

Table 4.4: Emergence count under different tillage treatments for the first
wheat crop season (2002-03)

Treatments™ Emergence count (m™)
Ts 156.00
T2 168.67
Ts 181.67
T4 194.33
Ts 169.67
Ts 180.67
T; 193.33
LSD (0.05) 10.05

*T;~ No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts - Tillage upto 10 cm depth; Ts— Tillage upto 20 cm depth and T; -
Tillage upto 40 cm depth

During second wheat crop season (2003-04), the emergence count per m?
Was significantly higher in treatment T4 as compared to all the other treatments

(Table 4.5). The next higher was T; which was statistically at par with

treatment T, but significantly different from T, Ty, Ts and Tg, respectively. n
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both the years of study, the treatments T4 and T; showed higher wheat
emergence count per m* as compared to all the other treatments. The lowest
emergence count per m? was, however, observed in Ty in both the vears of

crop study.

Table 4.5: Emergence count under different tillage treatments for the
second wheat crop season (2003-04)

Treatments* Emergence count (m™)
Ty 156.67
T2 171.00
T 185.00
Ta 198.33
Te 166.33
Te 174.33
T7 181.00
LSD (0.05) 5.86

*Ty~ No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— No tillage; Tg— No tillage and T; - No tillage

4.4.1.2 Seedling emergence parameters

The seedling emergence parameters viz. initiation of emergence (days), days
for attaining constant emergence and emergence velocity (% day™) recorded
dufing both (2002-03 _and 2003-04) crop seasons are presented in Table 4.6
and 4.7, respectively. The seedling emergence parameters were significantly
affected by the different tillage treatments (T4, T2, T3, T4, Ts, Ts and T7) in both
Wheat crop seasons.

4.4.1.2.1 Initiation of emergence

During the first year of the study (2002-03), significantly higher days to

initiation of emergence (12.7 days) were taken under T1 compared to all the
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other treatments (Table 4.6). Treatments T3, T4, Tg and T were statistically at
par and days to initiation of germination under the treatments were

comparatively less.

Table 4.6: Seedling emergence parameters under different tillage
treatments for the first wheat crop season (2002-03)

Initiation of Constant Emergence #Emergence

Treatments* Emergence Emergence (%) Velocity
(days) (days) (% per day)

T 12.7 25.7 70.7 2.75

T2 11.0 23.0 78.0 340

T3 9.3 21.7 84.0 3.88

Ts 8.3 18.7 90.0 4.82

Te 10.7 22.0 77.7 3.53

Te 9.0 21.0 84.0 4.01

T7 8.7 18.0 89.7 . 4.99
LSD (0.05) 1.3 1.3 1.8 0.3

*T,- No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; Ts— Tillage upto 20 cm depth and T;—
Tillage upto 40 cm depth

Emergence (%)

# Emergence Velocity =
(% per day) Days to constant emergence

The number of days taken for initiation of emergence during the second year
of the study (2003-04) was statistically less under treatment T4 (7.7days) as
compared to Ti, T2, Ts, Ts. and Ty (13.7, 10.7, 12.0, 10.3 and 9.3 days)
treatments, but was statistically at par with T; (8.7 days). Similar to first year
study, the significantly highest days to initiation of emergence (13.7 days)
were taken by T and significantly lowest under Ts (7.7days) treatment. The
treatment T; had taken significantly less time for initiation of emergence as

Compared to T, T and T3(Table 4.7).



79

Table 4.7: Seedling emergence parameters under different tillage
treatments for the second wheat crop season (2003-04)

Initiation of Constant Emergence Emergence
Treatments*  Emergence Emergence (%) Velocity
(days) (days) (% per day)
T4 13.7 25.3 72.3 2.86
T, 10.7 22.7 79.0 3.48
T3 8.7 20.7 85.0 412
Ta 7.7 18.0 923 513
Ts 12.0 24.0 74.7 3.11
Ts 10.3 22.0 78.0 3.55
Ty 9.3 20.3 80.7 3.79
LSD (0.05) 1.3 1.0 1.2 0.1

*T,— No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— No tillage; Tg— No tillage and Ty— No tillage

4.41.2.2 Seedling constant emergence

A perusal of the data in Table 4.6 indicated that during the first year of the
study the number of days taken to attain constant emergence were lowest
under T4 (18.7) and were significantly lower as compared to Ty, T, T3, Ts and
Ts(25.7, 23.0, 21.7, 22.0 and 21.0), however, T4 was statistically at par with T

(18.0 days).

During second year of the study, the number of days taken to attain constant
emergence was significantly less under treatment T4 (18.0 day) as compared
to Ty, Ty, T3, Ts Ts and T as given in Table 4.7. The next higher was T7 (at par
with T3) and significantly different from Ty, T, Ts and Te, respectively. The

trend during both the year of the study was almost similar.
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4.4.1.2.3 Seedling emergence
The percentage of seedling emergence during first year of the study was
significantly higher under treatments T, and T7 (90.0 and 89.7%) as compared

to T1, T2, T3, Ts and T (70.7, 78.0, 84.0, 77.7, and 84.0%); T4 and T7 remained

statistically at par (Table 4.6).

During second year of the study, the percentage of seedling emergence was
significantly higher under T4 (92.3%) as compared to T, Ty, T3, Ts, Tg, and Ty
(72.3, 79.0, 85.0, 74.7, 78.0, and 80.7%), whereas T7 had significantly higher
percentage of seedling emergence as compared to T4, T,, Ts and Tg as given
in Table 4.7. During both the years of the study, T4 had the highest and T had
the lowest emergence percentage, but T4 and T7 treatments were statistically
at par.

4.4.1.2.4 Emergence velocity

A perusal of the data in Table 4.6 revealed that the emergence velocity was
significantly higher under treatment T4 (4.82 % day") as compared to T4, Ty,
Ta, Ts and Ts (2.75, 3.40, 3.88, 3.53, and 4.01 % day™"), while treatments T4

and T; remained statistically at par.

During second year of the study, the emergence velocity was significantly
higher under treatment T4 (5.13 % day™') as compared to Ty, T2, Ta, Ts, Ts, and
T7 (2.86, 3.49, 4.12, 3.11 3.55, and 3.79 % day'); T, regarded the lowest
emergence velocity (Table 4.7). The next higher was T; which was

significantly different from Ty, T,, Ts and Tg, respectively.
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4.4.1.3 Plant height

For the first year of the study, the plant height under different tillage treatments
is presented in Table 4.8. At all the data of measurements for 30, 60, 90, 120
and 150 DAS (it is the characteristic of the variety that the plant height keeps
on increasing even until 150 days); T4 had the maximum whereas T4 had the
minimum plant height. Significantly higher plant height was observed at all the
observation data under T4 as compared to all the other treatments except T
(which was at par with Ty).

Table 4.8: Plant height (cm) under different tillage treatments for the first
wheat crop season (2002-03)

Treatments* 30 DAS 60 DAS 90 DAS 120 DAS 150 DAS

Ty 12.30 23.40 43.83 73.10 89.60
T2 13.07 25.37 47.16 76.20 94.37
Ts 13.80 27.37 50.00 78.87 99.20
Ty 14.50 29.07 53.73 83.40 104.83
Ts 13.30 25.73 48.06 76.17 95.30
Ts 14.20 27.70 50.57 79.73 99.57
T7 14.93 29.36 54.60 84.93 105.33
LSD (0.05) 0.46 1.49 1.85 1.98 2.50

“Ty— No tillage; T, - Tillage upto 10 cm depth; T;~ Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; Ts— Tillage upto 20 cm depth and T, -
Tillage upto 40 cm depth

During second wheat crop season (2003-04), the plant height was significantly
higher in treatment T, as compared to T1, T2, T3, Ts, Ts, and Ty, at all stages of
Observations (Table 4.9). In 30, 90 and 150 DAS, treatment T; had
significantly higher plant height as compared to Ty and Ts, which remained

statistically at par with T,, T3 and Te. The treatment T in 60 and 120 DAS had
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significantly higher plant height as compared to Ty, Ts and Tg, but remained

statistically at par with T, and Ts.

Table 4.9: Plant height (cm) under different tillage treatments for the
second wheat crop season (2003-04)

Treatments® 30 DAS 60 DAS 90 DAS 120 DAS 150 DAS

T 13.33 2433 44.10 73.63 90.60
Ta 14.03 26.53 47.77 77.13 95.30
Ts 14.70 27.73 51.83 80.03 100.17
Ti 15.37 29.20 55.13 84.23 106.13
Ts 13.53 25.17 45.67 75.30 91.57
Te 14.00 25.80 48.77 76.40 93.83
T, 14.37 27.00 50.33 78.77 95.13
LSD (0.05) 0.52 1.10 2.92 1.70 2.65

*T;— No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— No tillage; Ts— No tillage and T; - No tillage

4.4.1.4 Number of tillers

The effect of different tillage treatments on number of tillers per m* of wheat is
presented in Table 4.10 and 4.11, respectively. It is evident from Table 4.10
that for the first year of the study, a progressive increase in tiller count per m?
was observed upto 90 days of wheat sowing in all the tillage treatments. At 30,
60 and 90 DAS, the number of tillers per m? was statistically at par between
freatments T4 and T7 but was significantly higher compared to Ty, To, T3, Ts

and Ts.

During second wheat crop season (2003-04), the number of tillers per m* was
Significantly higher in treatment T4 as compared to Ty, T2, T3, Ts, Te, and Ty in
30, 60 and 90 DAS (Table 4.11). In 30 DAS, T; had significantly higher

Number of tillers per m? as compared to Ty, Tz, Ts, and T, which remained
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statistically at par with treatment T3 at all stages of observations, respectively.
Similar trend was observed in 60 and 90 DAS of wheat plant.

Table 4.10: Number of tillers (m™?) under different tillage treatments for
the first wheat crop season (2002-03)

Treatments” 30 DAS 60 DAS 90 DAS
T1 197.0 274.7 352.3
T2 214.0 307.3 401.0
T3 234.7 350.0 446.0
Ta 254.7 379.0 491.7
Ts 215.7 316.7 417.7
Te 234.0 356.0 453.7
T7 255.0 387.3 495.0
LSD (0.05) 16.0 14.0 13.9

*T,= No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T;— Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; Ts— Tillage upto 20 cm depth and T —
Tillage upto 40 cm depth

Table 4.11: Number of tillers (m™) under different tillage treatments for
the second wheat crop season (2003-04)

Treatments* 30 DAS 60 DAS 90 DAS
Ty 198.3 . 279.0 373.7
T 216.7 311.3 413.7
T3 236.3 352.7 452.7
T4 2589.7 383.3 507.3
Ts 209.7 292.0 388.0
Tg 224.0 303.7 412.0
T7 234.3 339.3 443.7
LSD (0.05) 131 14.8 11.6

‘Ti— No tillage; T,— Tillage upto 10 cm depth; T,— Tillage upto 20 cm depth; T,— Tillage
Upto 40 cm depth; Ts— No tillage; Ts— No tillage and T;~ No tillage
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4.4.1.5 Dry matter accumulation

The effects of different treatments on dry matter accumulation for two year of
study i.e. 2002-03 and 2003-04 have been presented in Table 4.12 and 4.13,
respectively. A study of data during first wheat crop season in Table 4.12
revealed that in general, fillage treatments significantly influenced the dry
matter accumulation of wheat at all stages of observations i.e. 30, 60, 90, 120
and 150 DAS. An examination of data showed that dry matter accumulation
was significantly higher in treatment T, (statistically at par with T7) as
compared to Ty, Tz, T3, Ts and Tg at all the stages of observations. Other
treatments were intermediate.

Table 4.12: Dry matter accumulation (g m?) under different tillage
treatments for the first wheat crop season (2002-03)

Treatments™* 30 DAS 60 DAS 90 D_AS 120 DAS 150 DAS

T4 3.7 29.56 261.23 474.19 597.93
T 5.01 43.52 411.43 673.31 776.37
Ts 6.06 78.98 611.44 831.81 977.47
T4 7.89 99.27 869.67 946.66 1124.73
Ts 5.00 43.23 402.01 672.38 775.12
Ts 6.16 78.12 589.18 824.49 955.42
T7 7.89 98.36 888.18 956.77 1119.48
LSD (0.05) 0.50 4.24 28.78 34.10 36.03

"T1~ No tillage; T, Tillage upto 10 cm depth; T; - Tillage upto 20 cm depth; T,~ Tillage
u_pto 40 cm depth; T;— Tillage upto 10 cm depth; T - Tillage upto 20 cm depth and T;—
Tillage upto 40 cm depth

The dry matter accumulation during second year of the study was significantly
higher in treatment T4 as compared to T, To, T3, Ts, Ts, and T7 in 30, 60, 90,
120 and 150 DAS (Table 4.13). At all the stages of abservations, treatment T

had significantly higher dry matter accumulation as compared to T1, T2, Ts,



85

and Ts, which remained statistically at par with treatment T3, respectively. The
grv matter accumulation was, however, observed in T; and highest in T4
treatment in both the years of crop study.

Table 4.13: Dry matter accumulation (g m?) under different tillage
treatments for the second wheat crop season (2003-04)

Treatments* 30 DAS 60 DAS 90 DAS 120 DAS 150 DAS

Ty 4.02 31.92 282.08 497.27 641.74
T2 9.21 46.26 422.23 619.96 792.04
T3 6.38 83.96 612.49 820.22 991.59
T4 8.24 104.89 907.73 1009.44 1247.70
Ts 4.41 39.76 338.98 592.38 700.37
Te 4.87 56.46 480.76 728.91 860.63
T7 5.71 71.35 599.67 801.93 978.86
LSD (0.05) 0.27 4.63 23.88 26.64 23.52

*Ty,— No tillage; T, - Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts~ No tillage; Ts— No tillage and T;— No tillage

4.4.2 Leaf water potential

Leaf water potential values determined at crown root initiation and flowering
stage of both the years of wheat crop during 2002-03 and 2003-04 on selected
days at 1200 hour have been shown in Table 4.14 and 4.15. Data indicated
that leaf water potential during both the years of the study period was non-
significant in all the tillage treatments at crown root initiation and flowering

stage. No discernable difference among different treatment was observed.
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Table 4.14: Leaf water potential (12 noon) at crown root initiation and
flowering stage under different tillage treatments for the first
wheat crop season (2002-03)

Leaf water potential (-kPa)

Treatments” Crown root initiation Fiowering stage
T 3113 2267
T2 3133 2253
Ta 3100 2260
T4 3123 2246
Ts 3120 2270
Te 3130 2257
T7 3113 2253
LSD (0.05) NS NS

*T,— No tillage; T,— Tillage upto 10 cm depth; T,~ Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts—~ Tillage upto 10 cm depth; Ts— Tillage upto 20 cm depth and T;—
Tillage upto 40 cm depth

Table 4.15: Leaf water potential (12 noon) at crown root initiation and
flowering stage under different tillage treatments for the
second wheat crop season (2003-04)

Leaf water potential (-kPa)

Treatments* Crown root initiation Flowering stage
T4 3340 2353
T2 3347 2360
T3 3337 2363
Ta 3323 2357
Ts 3333 2373
Ts 3343 2343
Tz 3340 2367
LSD (0.05) NS NS

*T;~ No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
Upto 40 cm depth; Ts— No tillage; Tg— No tillage and T;— No tillage
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4.4.3 Root studies

4.4.3.1 Root mass density (RMD)

The effect of different tillage treatments on root mass density (RMD) values of
wheat is presented in Table 4.16 and 4.17 for 2002-03 and 2003-04,
respectively. A perusal of data presented in Table 4.16 indicated that during
2002-03, the RMD values for T4 (at par with T7) on 30, 60 and 90 DAS were
significantly higher than Ty, T2, T3, Ts and Ts, respectively.

Table 4.16: Root mass density (kg m'3) under different tillage treatments
at 0.0-0.1 m soil depth for the first wheat crop season (2002-

03)
Treatments* 30 DAS 60 DAS 90 DAS

T 0.024 0.153 0.354

Ts . 0.032 0.234 0.536

T 0.039 0.334 0.680

T 0.049 0.433 0.875

Ts 0.033 0.235 0.586

Ty 0.040 0.351 0.677

Ta 0.048 0.463 0.847

LSD (0.05) 0.005 0.058 0.107

;T1— No tillage; T,— Tillage upto 10 cm depth; T; - Tillage upto 20 cm depth; T,~ Tillage
upto 40 cm depth; Ts~ Tillage upto 10 cm depth; Tz - Tillage upto 20 cm depth and T; -
Tillage upto 40 cm depth

During the second year of the study (2003-04), the RMD values (30, 60 and 90
DAS) were significantly higher in treatment T4 as compared to all the other
freatments (Table 4.17). The next higher was T; which was statistically at par
with treatment T, but significantly different from T4, T2, Tsand Ts. In both the

years ot study, the treatments T4 and T; showed higher RMD values as
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compared to all the other treatments. The lowest RMD value was, however,

observed in T1in both the years of study.

Table 4.17: Root mass density (kg m™) under different tillage treatments
at 0.0-0.1 m soil depth for the second wheat crop season

(2003-04)
Treatments” 30 DAS 60 DAS 90 DAS
T 0.025 0.171 0.373
Ta 0.33 0.259 0.570
T 0.040 0.363 0.715
T 0.049 0.458 0.922
T 0.028 0.190 0.406
Ts 0.030 0.249 0.534
T, 0.038 0.375 0.691
LSD (0.05) 0.003 0.073 0.112

*T,- No tillage; T, - Tillage upto 10 cm depth; T,— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts~ No tillage; Ts— No tillage and T;— No tillage

The depth-wise RMD values under different tillage treatments were also
determined at 120 and 150 DAS in two wheat seasons during 2002-03 and
2003-04 (Table 4.18 and 4.19). In Iboth the years of study, RMD value
decreased with soil depth. A perusal of the data in Table 4.16, also indicated
that RMD values at 120 and 150 DAS in all the consecutive soil layers (0.0-
0.1, 0.1-0.2 and 0.2-0.3 m) was significantly higher in T4 as compared to Ty,

T2, T3, Ts and Tg, which remained statistically at par with T in first year study.

The RMD values at 120 and 150 DAS during second year (2003-04) of the
study were significantly higher in T, as compared to Ty, Tz, Ta, Ts, Tg and Tz in
all the three consecutive soil depths (0.0-0.1, 0.1-0.2 and 0.2-0.3 m),

respectively. Additionally, T3 and Tz (which were at par among themselves)
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Table 4.18: Depth-wise root mass density (kg m™~) under different tillage
treatments at 120 and 150 DAS for the first wheat crop

season (2002-03)

120 DAS 150 DAS
Treatments™ Depth (m)
0.0-04 0.1-02 0.2-0.3 0.0-01 0.1-0.2 0.2-0.3
T 0.924 0.155 0.048 1.320 0.246 0.064
T2 1.233 0.217 0.064 1.617 0.331 0.082
T3 1.490 0.263 0.104 1.923 0.419 0.140
Ta 1.826 0.406 0.141 2.387 0.539 0.185
Ts 1.251 0.207 0.068 1.544 0.319 0.080
Ts 1.462 0.272 0.114 1.893 0.403 0.145
Tz 1.804 0.391 0.152 2.362 0.578 0.190
LSD (0.05) 0.149 0.041 0.015 0.153 0.047 0.032

*T;~ No tillage; T~ Tillage upto 10 cm depth; T, - Tillage upto 20 cm depth; T;— Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; T — Tillage upto 20 cm depth and T; -

Tillage upto 40 cm depth

Table 4.19: Depth-wise root mass density (kg m™) under different tillage
treatments at 120 and 150 DAS for the second wheat crop

season (2003-04)

120 DAS 150 DAS
Treatments* Depth (m)
0.0-0.1 0.1-0.2 0.2-0.3 0.0-0.1 0.1-0.2 0.2-0.3
Ty 0.953 0.169 0.053 1.345 0.270 0.069
T2 1.261 0.239 0.069 1.653 0.356 0.088
T3 1.542 0.283 0.114 1.968 0.438 0.154
Ty 1.901 0.429 0.165 2.584 0.568 0.198
Ts 1.045 0.178 0.054 1.408 0.278 0.073
Te 1.301 0.227 0.075 1.558 0.308 0.094
T7 1.461 0.248 0.099 1.797 0.401 0.139
LSD (0.05) 0.123 0.045 0.016 0.206 0.040 0.014

*Ti= No tillage; T,— Tillage upto 10 cm depth; T,~ Tillage upto 20 cm depth; T,— Tillage

Upto 40 cm depth; Ts— No tillage; T;— No tillage and T;— No tillage
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had significantly higher RMD value as compared to T4, T2, Ts and Tg (Table
4.19).

4.4.3.2 Root length density (RLD)

The influence of different tillage treatments on RLD of wheat during 2002-03
and 2003-04 recorded at 30, 60 and 90 DAS is presented in Table 4.20 and
4.21, respectively. During 2002-03 at 30, 60 and 90 DAS, the RLD values
were statistically at par in treatments T4 and T7 but were significantly higher as
compared to Ty, T, T3, Ts and Ts, respectively (Table 4.20).

Table 4.20: Root length density (m m“:’) under different tillage treatments
at 0.0-0.1 m soil depth for the first wheat crop season (2002-

03)
Treatments* 30 DAS 60 DAS 90 DAS

T 0.030 - 0.102 0.353

T 0.038 0.163 0.579

T3 0.044 0.247 0.879

T 0.053 0.375 1.117

Ts 0.038 0.169 0.543

Ts 0.043 0.234 0.902

T 0.051 0.357 1.151

LSD (0.05) 0.005 0.028 0.135

*Ty— No tillage; T,— Tillage upto 10 cm depth; T; - Tillage upto 20 cm depth; T4— Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; Ts— Tillage upto 20 cm depth and T;~-
Tillage upto 40 cm depth

ltis evident from Table 4.21 that the RLD values during second year (2003-04)
of the study at 30, 60 and 90 DAS were significantly higher in T4 as compared
to Ty, Tp, Ts, Ts, Ts and T; treatments. The next higher values of RLD were

observed under Ty (at par with T3) which were significantly higher than Ty, To,

Tsand Te.
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Table 4.21: Root length density (m m™) under different tillage treatments
at 0.0-0.1 m soil depth for the second wheat crop season

(2003-04)
Treatments* 30 DAS 60 DAS 90 DAS
T, 0.031 0.113 0.364
Tz 0.039 0.179 0.595
T3 0.045 0.294 0.912
T4 0.053 0.434 1.184
Ts 0.032 0.120 0.399
Te 0.035 0.153 0.512
T 0.041 0.275 0.809
LSD (0.05) 0.04 0.039 0.114

*T,— No tillage; T,— Tillage upto 10 cm depth; T,— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— No tillage; Ts— No tillage and T; - No tillage

The depth-wise RLD values under different tillage treatments were also
determined at 120 and 150 DAS in two wheat seasons during 2002-03 and
2003-04 (Table 4.22 and 4.23). In both the years of study, RLD values were
decreased with soil depth. An examination of data in Table 4.22 showed that
RLD values at 120 and 150 DAS were statistically at par in treatments T4 and
T7 but were significantly higher as compared to Ty, Tz, T, Ts and Tg in all the

soil depths (0.0-0.1, 0.1-0.2 and 0.2-0.3 m).

During second year of the study, the RLD values at 120 DAS were significantly
higher in T4 as compared to Ty, T, T3, Ts, Ts and T; in all the three
Consecutive soil depths (0.0-0.1, 0.1-0.2 and 0.2-0.3 m), respectively. The
treatment T; (at par with T3) had significantly higher RLD values as compared
to Ty, To, Ts and T (Table 4.23). Similar trend was observed in RLD value on

150 DAS.
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Table 4.22: Depth-wise root length density (m m™) under different tillage
treatments at 120 and 150 DAS for the first wheat crop
season (2002-03)

120 DAS 150 DAS
Treatments™ Depth (m)

0.0-0.1 0.1-0.2 0.2-0.3 0.0-0.1 0.1-0.2 0.2-0.3
T 0.758 0.210 0.052 1.078 0.291 0.070
T2 1.017 0.253 0.065 1.468 0.362 0.095
T3 1.260 0.308 0.111 1.839 0.450 0.152
Ta 1.784 0.424 0.154 2.316 0.561 0.201
Ts 0.989 0.258 0.069 1.538 0.372 0.091
Ts 1.304 0.297 0.105 1.914 0.463 0.160
T7 1.759 0.411 0.153 2.283 0.554 0.204

LSD (0.05) 0.207 0.043 0.012 0.188 0.026 0.021

*T,— No tillage; T,— Tillage upto 10 cm depth; T;- Tillage upto 20 cm depth; T;~ Tillage
upto 40 cm depth; Ts— Tiilage upto 10 cm depth; T;— Tillage upto 20 cm depth and T; -
Tillage upto 40 cm depth

Table 4.23: Depth-wise root length density (m m™) under different tillage
treatments at 120 and 150 DAS for the second wheat crop
season (2003-04)

120 DAS 150 DAS
Treatments* Depth (m)

0.0-0.1 0.1-0.2 0.2-0.3 0.0-0.1 0.1-0.2 0.2-0.3
T4 0.792 0.218 0.056 1.105 0.302 0.068
T» 1.188 0.271 0.068 1.475 0.373 0.097
T3 1.314 0.320 0.123 1.963 0.464 0.165
Ty 1.839 0.442 0.161 2.486 0.582 0.206
Ts 0.872 0.230 0.061 1.149 0.327 0.072
Ts 0.956 0.253 0.074 1.320 0.368 0.098
T 1.210 0.294 0.110 1.860 0.438 0.154

LSD (0.05) 0.118 0.029 0.015 0.125 0.032 0.016

"Ti= No tillage; T, Tillage upto 10 cm depth; T,— Tillage upto 20 cm depth; T,— Tillage
Upto 40 cm depth; T;— No tillage; T — No tillage and T;— No tillage
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4.4.3.3 Root volume density (RVD)

The depth-wise RVD values under different tillage treatments were determined
at 120 and 150 DAS in two wheat seasons (2002-03 and 2003-04) and are
presented in Table 4.24 and 4.25, respectively. A perusal of data in Table 4.24
indicated that during 2002-03, RVD values at 120 and 150 DAS were
statistically at par in treatments T4 and T;, but were significantly higher as
compared to T, Ta, T3, Ts and Tg, respectively in all the soil depths (0.0-0.1,
0.1-0.2 and 0.2-0.3 m).

Table 4.24: Depth-wise root volume density (x 10> m® m™) under different

tilage treatments at 120 and 150 DAS for the first wheat
crop season (2002-03)

120 DAS 150 DAS
Treatments™ Depth (m)

0.0-0.1 0102 0.2-0.3 0.0-0.1 0.1-0.2 0.2-0.3
Ty 0.760 0.206 0.029 0.827 0.247 0.048
T, 0.870 0.238 0.036 0.940 0.290 0.067
Ts 1.013 0.284 0.054 1.130 0.350 0.097
T4 1.150 0.340 0.082 1.383 0.433 0.144
Ts 0.890 0.244 0.038 0.960 0.303 0.063
Ts 1.030 0.296 0.056 1.150 0.367 0.093
T; 1.160 0.354 0.087 1.400 0.453 0.139

LSD (0.05) 0.021 0.027 0.006 0.022 0.030 0.018

T,—No tillage; T, Tillage upto 10 cm depth; T,— Tillage upto 20 cm depth; T4~ Tillage
upto 40 cm depth; Ts~— Tillage upto 10 cm depth; Tg — Tillage upto 20 cm depth and T, —
Tillage upto 40 cm depth

The RVD values on 120 DAS during second year (2003-04) of the study were
significantly higher in T4 as compared to Ty, Tz, T3, Ts, Ts and T in all the
three consecutive soil depths (0.0-0.1, 0.1-0.2 and 0.2-0.3 m). The next higher

Was Ty (at par with T3) which had significantly higher RVD values as compared



to Ty, T2, Ts and Tg (Table 4.25). Similar trend was observed in RVD value on

150 DAS.

Table 4.25: Depth-wise root volume density (x 10> m® m™®) under different
tillage treatments at 120 and 150 DAS for the second wheat
crop season (2003-04)

120 DAS 150 DAS
Treatments* Depth (m)

0.0-0.1 0.1-0.2 0.2-0.3 0.0-0.1 0.1-0.2 0.2-0.3
Ty 0.763 0.215 0.030 0.870 0.266 0.050
Ts 0.887 0.254 0.038 0.977 0.314 0.075
Ta 1.067 0.304 0.062 1.156 0.375 0.104
T4 1.160 0.363 0.094 1.417 0.460 0.160
Ts 0.790 0.221 0.033 0.930 0.278 0.056
Ts 0.823 0.241 0.041 0.973 0.303 0.068
T7 1.043 0.293 0.058 1.130 0.357 0.097

LSD (0.05) 0.027 0.020 ~0.005 0.029 0.031 0.008

*T,— No tillage; T,— Tillage upto 10 cm depth; T, - Tillage upto 20 cm depth; T;— Tillage
upto 40 cm depth; Ts— No tillage; Tg— No tillage and T;— No tillage

4.4.3.4 Root porosity (RP)

An observation of data on RP of wheat as influenced by different treatments
revealed that during both the years of the study (2002-03 and 2003-04), tillage
at different depths had significant influence on the root porosity at 80, 120 and
150 DAS (Table 4.26 and 4.27). The per cent RP values during the first year of
the study were significantly lower at 90, 120 and 150 DAS in T4 (at par with

T7) than T3, T, Ta, Ts and Tg (Table 4.26), respectively.

During the second year of the study (2003-04), the per cent RP values at 90,
120 and 150 DAS were significantly lower in treatment T, as compared to all

other treatments (Table 4.27). The next lower was T; which was statistically at
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par with treatment T3, but significantly different from Ty, T2, Ts and Ts. In both
the years of study the treatments T4 and T; showed lower per cent RP values
as compared to all the other treatments. The highest per cent RP value was,
however, observed in T1in both the years of study.

Table 4.26: Root porosity (%) under different tillage treatments at 0.0-0.1
m soil depth for the first wheat crop season (2002-03)

Treatments* 90 DAS 120 DAS 150 DAS
' Ty 35.13 24,77 19.60
T 29.20 19.50 15.27
T3 24.57 13.57 11.60
T4 17.97 8.77 5.76
Ts 29.67 19.90 15.73
Ts 24 .47 13.67 11.67
Tz 17.63 8.63 6.10
LSD (0.05) 0.83 0.96 0.83

*T; - No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; T; - Tillage upto 20 cm depth and T; -
Tillage upto 40 cm depth

Table 4.27: Root porosity (%) under different tillage treatments at 0.0-0.1
m soil depth for the second wheat crop season (2002-03)

Treatments* 90 DAS 120 DAS 150 DAS
T4 33.97 2427 19.33
T2 29.10 18.67 14.87
T3 23.30 12.67 10.90
T4 1737 797 5.40
Ts 32.90 21.57 17.63
Ts 27.10 17.50 13.20
Tz 24.60 13.50 11.67

LSD (0.05) 1.54 112 1.03

Ty~ No tillage; T, Tillage upto 10 cm depth; T, Tillage upto 20 cm depth; T4~ Tillage
Upto 40 cm depth:; Ts— No tillage; T¢— No tillage and T;— No tillage
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4.4.2.5 Rooting depth (RD)

The data pertaining to rooting depth have been presented in Table 4.28 and
4.29 for the year 2002-03 and 2003-04, respectively. A study of data in Table
4.28 observed that during first year of the study, RD values at 30, 60, 90, 120
and 150 DAS were significantly higher in treatment T4 (at par with T;) as
compared to Ty, Tz, T3, Ts and Te. Additionally, T3 and Ts (which were at par
among themselves) had significantly higher RD values as compared to T,, Ta,
and Ts, respectively.

Table 4.28: Rooting depth (cm) under different tillage treatments for the
first wheat crop season (2002-03)

Treatments* 30 DAS 60 DAS 90 DAS 120 DAS 150 DAS

Ty 4.6 9.7 19.2 22.6 248
T2 5.0 10.9 21.0 24.8 26.6
T 5.1 13.6 22.8 26.9 29.1
Ta 5.5 16.1 25.3 30.6 34.0
Ts 5.0 10.7 20.6 25.0 25.5
Ts 5.2 13.4 22.5 26.9 28.5
T7 5.6 16.2 25.0 31.0 32.8
LSD (0.05) 0.2 0.5 (i 1.6 1.4

*T; - No tillage; T;— Tillage upto 10 cm depth; T;~ Tillage upto 20 cm depth; T,~ Tillage
upto 40 cm depth; Ts— Tillage upto 10 cm depth; T — Tillage upto 20 cm depth and T, -
Tillage upto 40 cm depth

During the second year of the study (2003-04), the RD values at 90, 120 and
150 DAS were significantly higher in treatment T4 as compared to all other
treatments (Table 4.29). The next higher RD values was under T; which was
sfatistically at par with treatment T3, but significantly different from T, T2, Ts

and Ts, respectively. In both the years of study the treatments T4 and T
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showed higher RD values as compared to all the other treatments. The lowest

RD value was, however, observed in Ty in both the years of study.

Table 4.29: Rooting depth (cm) under different tillage treatments for the

second wheat crop season (2003-04)

Treatments™ 30 DAS 60 DAS 90 DAS 120 DAS 150 DAS
Ty 4.7 10.4 2%.1 22.9 25.3
T2 5.0 11.5 22.6 251 22
T3 9.3 141 243 27.2 29.7
T4 5.7 18.0 26.0 31.0 35.1
Ts 47 10.6 2.7 231 254
Ts 4.8 10.9 22.4 242 26.1
Ty 5.1 13.4 23.5 25.8 28.3

LSD (0.05) 0.2 0.9 1.0 1.4 1.6

*T;— No tillage; T, ~ Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— No tillage; Tg— No tillage and T;— No tillage

4.4.4 Crop yield

The data pertaining to grain, straw and biological yield have been presented in

Table 4.30 and 4.31 for the year 2002-03 and 2003-04, respectively. A study

of data in Table 4.30 observed that during first year of the study, grain, straw

and biological yields were significantly higher in treatment T, (at par with T;)

as compared to T4, Tp, T3, Ts and Ts, respectively. Additionally, T; and Ts

(which were at par among themselves) had significantly higher grain, straw

and biological yield as compared to Ty, T,, and Ts, respectively.
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Table 4.30: Crop yield under different tillage treatments for the first
wheat crop season (2002-03)

Treatments™ Grain yield Straw yield Biological yield
(Mg ha') (Mg ha) (Mg ha")
Ty 2.10 3.42 5.52
T2 2.39 3.80 6.19
T3 2.86 4.57 7.41
Ta 3.35 5.78 9.13
Ts 2.36 3.73 6.09
Te 2.90 4.50 7.23
T7 3.39 5.53 8.92
LSD (0.05) 0.18 0.15 0.19

*T,— No tillage; T,— Tillage upto 10 cm depth; T:— Tillage upto 20 cm depth; T,~ Tillage
upto 40 cm depth; Ts — Tillage upto 10 cm depth; Tg— Tillage upto 20 cm depth and T, —
Tillage upto 40 cm depth

It is evident from Table 4.31 that grain, straw and biological yields during
second wheat crop season (2003-04) were also significantly higher in
treatment T4 as compared to Ti, T2, T3, Ts, Ts and T;, whereas, T; had
significantly higher grain, straw and biological yield as compared to Ty, T2, Ts
and Tg, but remained statistically at par with treatment T3. The next higher was
T3 which was significantly different in grain, straw and biological yield from Ty,
T2, Ts and Ts. The lowest crop yield (grain, straw and biological yield) was,

however, observed in Ty and highest in T4 treatment in both the years of study.
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Table 4.31: Crop yield under different tillage treatments for the second
wheat crop season (2003-04)

‘?reatments* Grain yield Straw yield Biological yield
(Mg ha™) (Mg ha") (Mg ha')
T4 2.16 3.62 5.68
T2 2.66 4.11 6.77
Ts 3.00 5.07 8.01
T4 3.53 6.25 9.78
Ts 2.55 3.78 6.33
Ts 2.76 412 6.88
T7 2.99 5.24 8.23
LSD (0.05) 0.15 0.19 0.23

*T,- No tillage; T,— Tillage upto 10 cm depth; T;— Tillage upto 20 cm depth; T,— Tillage
upto 40 cm depth; Ts— No tillage; Ts— No tillage and T;— No tillage
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CHAPTER-V

DISCUSSION

The experimental results obtained from the present investigation entitled,
“Soil-water dynamics, root growth and wheat yield in a sequentially deep tilled
post-rice soil" have been described in detail in previous chapter. In this chapter
attempt have been made to highlight the important findings and to interpret the
different ftillage treatment effects on various parameters studied by
gstablishing suitable ‘cause’ and ‘effect’ relationship in the light of available
evidence and literature under the following heads: -

5.1 Initial soil properties

5.2 Soil studies

5.3 Plant growth parameters

5.4 Root studies

5.5 Crop yield

5.1 Initial soil properties

The experimental site was terraced in year 1975 for the purpose of crop
production. Prior to this, the area was under tea plantation (Bhagat, 1982).
After terracing, the crops of maize and wheat were grown in a sequen(;e for 23
years. After the year 1998, the rice-wheat system replaced maize-wheat
Sequence. The soils of the experimental site were fairly stabilized after these
were cut, filled and graded at several places while terracing. The mechanical

analysis of the study area revealed that the texture of the upper layer (0.00-
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0.15 m) was silty clay loam (Table 4.1). The lower layers (0.15-0.30 and 0.30-
0.45 m), however, showed increase in clay content. The soils of the study area
are fairly permeable to water with a basic intake rate of 0.92 cm hr'. The
water retention in the surface layer (0.00-0.15 m) is poor in comparison to the
lower layers. The “available water capacity (AWC)" of the soil defined as per
the classical concepts, “water retained in the range of field capacity (10 to 33.3
kPa suction) to wilting point (1500 kPa suction)” is quite low. For the surface
0.00-0.15 m, it was 12.1 per cent while lower 0.15-0.30 and 0.30-0.45 m
depths showed AWC to be 14.1 per cent and 16.8 per cent by volume,
respectively. It was observed that at all the depths, the decrease in water
content from 0 to 10 kPa suction was quite rapid and then gradual beyond this
suction.' This decrease for the surface depths was observed to be as high as
22 per cent by volume. This indicated that most of the water after rainfall event

or irrigation application drains down the profile and less amount is available for

the plant growth.

5.2 Soil studies

The crops were grown in rice-wheat sequence and wheat was the test crop.
Soil studies were performed at sowing and after the harvest of rice and wheat
crops. Soil studies at the time of sowing of wheat crop showed that no-tilled
treatment (T;) had the highest bulk density (py) values. Puddling in rice
destroys soil structure and converted the soil aggregates and peds into soft
plastic mud and thereby practically eliminating the water transmission macro-

Pores (Sharma and De Datta, 1986; Acharya and Sood, 1992). Puddled soils
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shrink on drying, became compact and hard (Bolton and De Datta, 1979; Sur
ot al., 1981, Bhagat and Acharya, 1987 Prihar et al, 1990). No-tilled
treatment in the present study in both the years, therefore, showed the highest

‘oo’ values compared to all other treatments (Pelegrin et al., 1990; Khakural et

al., 1992).

Successive increases Iin the depth of tillage showed decrease in ‘py’ values to
the depths upto which the tillage operation was done. Lowest 'py' values were
observed in T4 treatment where deep tillage was done upto a depth of 40 cm.
Such observations were recorded in both the years of the study and both at
sowing and harvest of wheat crop (Figure 4.5, 4.6, 4.7 and 4.8). This may be
due to the increase in non-capillary perosity and reduction in mass per unit
valume. Since, total porosity (f) and ‘py' are inversely related to each other,
hence even depth-wise, the layer that had the higher 'f', showed the lower bulk
density and vice-versa. Similar trends in low 'py' values have been observed
by various other workers (Sharma et al., 1971; Mielke et al., 1986; Gupta
1987; Campbell and Akhtar, 1989; Aggarwal et al., 1992; Bhagat and Chand,

1994; Mehta et al., 1996; Gajri et al., 1997; Akinci, 2004).

During the second year of the crop study, the residual effect of the deep tillage
Was quite discernable in treatment T; where deep tillage-no tillage sequence
was followed with a puddled rice crop in between. The 'py’ values in Ty were
less than T, T2, Ts and Tg, which also clearly indicated the positive effect of

deep tillage even after inclusion of a puddled lowland crop. The effect of deep
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tillage in second year was reflected more in lower layers in T;. Since the
puddling effect are mostly confined in the upper layers and the lower layers
are left as such which may be the reason of more pronounced effect of deep

tillage in lower layers (Zhao et al., 1997).

The soil penetration resistance (SPR) values decreased with tillage and
moisture content in both the years of the study. T4 treatment in the first year
and T7 in the second year of the study had lower values of SPR compared to
other treatments (Figure 4.9, 4.10, 4.11, 4.12, 4.13 and 4.14). Since these two
treatments had the lower ‘py' values, hence this may be the reason of lower
SPR in the treatments (Kumar et al., 1971; Kisu, 1978). Increase in the 'pp’
increases the resistance to penetration in soil. Any treatment, which increases
pp will increase SPR values. In the present study, these observations were
made in T4 (no tillage treatment). As these successive tillage treatments were
imposed (T2, Ts, Ts and Tg), SPR values progressively decreased. This
reduction is similar to that observed in 'py’ values. The reduction in SPR
values due to py was also reported by earlier workers (Pelegrin et al., 1990;
Bhagat and Verma, 1991; Pikul, 1999; Busscher, 2000; Ishaq et al., 2002; Abu
Hamdeh, 2003). The tillage operations have further been reported to break,
pulverize and loosen the soil mass and thus reduces the SPR values (Gupta

and Jaggi, 1979).

In general, the volumetric water content (8) values under no-tilled treatment

(T1) were higher at all the depths compared to all the other treatments. This
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increase in '®’ values may be a consequence of the higher 'py' in no-tilled
treatment (Figure 4.15, 4.16, 4.17 and 4.18). Such observations are also
supported by Carefoot (1990), Bhagat and Chand (1994) and Lawerence et al.
(1994). It was, however, noted that immediately after the application of
irrigation or a rainfall event, the '8’ values were higher under tilled treatments
and maximum values were observed under deep tillage (T4) (Carlson, 1978;
Unger, 1979; Bhagat and Acharya, 1987; Sharma and Acharya, 1993). The
loss of water was more under T4 probably because of rapid drainage due to
the presence of macro-pores. This would also indicate that the water retention
at prolonged periods was less in deep tillage compared to no-tilled treatment
(Figure 4.19, 4.20, 4.21, 4.22, 4.23, 4.24, 4.25, 4.26, 4.27, 4.28, 4.29, 4.30,
4.31 and 4.32). The advérse effects of this water loss were, however, not
noticed on crop growth because of recommended irrigation and adequate
rainfall in both the years of the study. Such observations have also been

reported by Bhagat and Acharaya (1989).

The ftillage operations significantly increased the saturated hydraulic
conductivity (ks) values as compared to no-till plots in both the years of study
(Figure 4.33, 4.34, 4.35 and 4.36). The increase in ‘ks’ values in tilled plots
could be attributed to loosening of the soil by fillage operations (Unger and
Cassel, 1991; Aggarwal et al., 1992, Aggarwal et al., 1997; Bordovsky, 1999).
The 'k¢' values decreased with depth also. The increase in fineness of the
texture with depth may be responsible for this decrease in 'ks' values. Further,

low ks values in lower layers may also be attributed to the higher 'py' and
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mechanical impedance (Chang, 1992). Such observations were recorded at

both years during sowing and harvesting of wheat crop.

The in situ hydraulic conductivity [K(8)] values determined during the internal
drainage process of a pre-saturated soil profile at the experimental area
showed the lower K(8) values for the surface 0.0-0.1 and 0.1-0.2 m depths,
whereas, the lower depths had higher K(8) values (Figure 4.37). The values of
the exponent for ‘@', which is related to the permeability function, were the
lowest for the depth (0.0-0.1 m) in comparison to the other depths. There were
differences in the field and laboratory determined hydraulic values. The kg
values were generally greater for the field data than the laboratory data. These
differences have to be seeked in the assumptions outlined in the two methods.
In the laboratory, a comparatively smaller sample is used which may not
exactly represent the field conditions. In the internal drainage field method, on
the other hand, the data are based on the measurement of greater area and
hence K(B) values could be more representetive to the field situations to
correlate the fluxes within the root zone. A similar usage of the field data have
been suggested by La Rue et al. (1968), Van Bavel et al. (1968), Bhagat and
Acharya (1988) and Bhagat et al. (1999). Hence, hydraulic conductivity values
obtained from the field data have been used to measure the fluxes within the
root zone in these studies. The K(B) values were determined within the
EXperimentai site during both the years. The data had a very close agreement

for both the years. No further attempt was however made to quantify the
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spatial variability of the field determined hydraulic conductivity within the

experimental site, which was assumed to be uniform.

In order to estimate the soil water dynamics in the profile, the data on matric
potential (W) and ‘6" values were taken for the entire wheat growth period.
The total rainfall received during the crop growth period 2002-03 and 2003-04
were 209.5 and 417.3 cm, respectively. The distribution of rain along with
changes in "¥,,' are shown in Figure 4.38, 4.39, 4.40, 4.41, 443, 4.42 and 4.44
(2002-03) and Figure 4.45, 4.46, 4.47, 4.48, 4.49, 4.50 and 4.51 (2003-04).
After rain or irrigation as the dry period progressed, the ¥’ values were
decreased in all the treatments (Figure 4.38, 4.39, 4.40, 4.41, 4.43, 4.42, 4 44,
445, 446, 4.47, 4.48, 4.49, 4.50 and 4.51). The decrease was comparatively
greater in the surface (0.0-0.1 and 0.1-0.2 m) compared to sub-surface depths
(0.2-0.3, 0.3-0.4 and 0.4- 0.5 m). The decrease in "¥' values was primarily as
a result of the water uptake by the roots and evaporation at the soil surface.
However, the profile was frequently rewetteu by either winter rain or applied
irrigation. Surface depth seems to have contributed maximum water loss. No-
tilled plots (T4) had dried up quickly at the surface and decreased in "“¥n'
values was noticed. Surface layers in Ty had lower ‘¥, values compare to
sub-surface layers. During rainless period, the higher ‘¥’ values in Ty (no
tillage) at lower depths may be a consequence of higher water retention in
these treatments (Bhagat and Chand, 1994). In T4 (deep tillage), due to the

Secondary planes of evaporation coupled with fast drainage may be a reason

for low ", values in this treatment.
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When the hydraulic potential (the sum of matric and gravitational potentials)
became lower than that of the layer immediately below it, an upward
movement of water towards this layer was induced. This is evident from
changes in hydraulic gradients (Figure 4.52, 4.53, 4.54, 4.55, 4.56, 4.57, 4.58,
4.59, 4.60, 4.61, 4.62, 463, 4.64 and 4.65), the soil water content (Figure
4.15,4.16, 4.17, 4.18, 4,19, 4.20, 4.21, 4.22, 4.23, 4.24, 4.25, 4.26, 4.27, 4.28,
4.29, 4.30 and 4.31), the hydraulic flux values (Figure 4.66, 4.67, 4.68, 4.69,
470,4.71,4.72,4.73, 4.74, 4.75, 4.76, 4.77, 4.78 and 4.79) at different depths
of soil profile under different treatments. The hydraulic gradient below 0.4 m
depth in all the treatments remained around the line of zero flux for most of the
growth period. However, changes in hydraulic gradient were noticed after 130
-days of crop growth. Past studies have defined the effective rooting depth as
the maximum depth at which the hydraulic gradient was zero (Mc Gowan,
1974). In these studies, the maximum rooting depth worked out to be 30-37
cm for the entire crop period. This is substantiated by the data on the changes
in the magnitude and direction of the hydraulic flux within the profile depths
under different treatments. The direction of hydraulic flux indicated that the
crop extracted water mainly upto the 0.3-0.4 m layer during most of the crop
period in all the treatments. At certain, periods i.e. around 60, 100 and 125
days, the surface layers were quite wet and met the evapotranspiration
demand besides some downward movement. While at other periods, the flux
was mostly upward. The three periods i.e. around 60, 100 and 125 days
received rainfall or irrigation, while at other periods; the relative effective depth

for the water withdrawal was reflected from the soil profile under different
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treatments. Similar results were also obtained by Gregory et al. (1978) and
Bhagat and Acharya (1988). Such estimates serve to indicate the maximum
identifiable depth of water extraction but do not guarantee the presence or
activity of roots. Roots may be present in a particular layer without extracting
water from the layer or water may move upward through the soil before being
taken up by the crops. Thus, the estimates based on the changes in the
energy status of water must be correlated with the actual rooting density

determination (Bhagat and Acharya, 1988).

The steady-state infiltration rate determined at harvest of crop during both
years was higher in deep-tilled plots as compared to other treatments which
might be due to increase in macro-porosity by loosening of soil to a greater
depths (Figure 4.80, 4.81, 4.82, 4.83, 4.84, 4.85, 4.86, 4.87, 4.88, 4.89, 4.90,
491, 4.92 and 4.93). Aggarwal et al. (1992) have also reported that steady-
state infiltration rate was significantly higher under deep tillage than minimum
tillage system in silty loam soil of wheat crop in Doon Valley. Studies
conducted at other places have also reported higher steady-state infiltration
rate under deep tillage than other treatments (Aggarwal et al., 1997; Abu
Hamdeh, 2003; Barzegar, 2004). The no-tilled plots registered lowest basic
intake rate, however, these values increased as the depth of tillage increased
which indicated that as the profile was loosened to different depths, the basic
intake rate increased. The values became highest for T4 (40 cm deep tillage).

Such results have also been reported by Bhagat (1987).
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The different tillage treatments imposed in this study not only altered the soil
water regime at different profile depths but also affected the thermal regime
(Figure 4.67, 4.68, 4.69, 4.70, 4.71, 4.72, 4.73 and 4.74). Alteration of soil
temperature even by 1°C has been known to significantly affect the crop
growth (Barley, 1970). The weekly soil temperature in both wheat crop
seasons during 2002-03 and 2003-04 indicated that deep/conventional tillage
had higher minimum temperature at 0630 hours and lower maximum
temperature at 1430 hours compared to no tillage in 0.06 m soil depth.
Similarly, in 0.1 m soil depth, the deep tillage had higher minimum temperature
at 0630 hours and lower maximum temperature at 1430 hours compared to no
tillage. This would indicate that deep tillage to some extent moderated the
temperature favourably and also resulted in a better stand of crop. The
treatment of no tillage (T;) lowered the soil temperature and did not moderate
it in any way. It is likely the rapid loss of water at the soil surface under this
treatment resulted in earlier desiccation of the surface layer and thereby
decreased the heat capacity of soil to some extend. Such results have also

been reported by Bhagat and Acharya (1988).

5.3 Plant growth parameters

The plant growth parameters of wheat recorded were emergence count (Table
4.5 and 4.6), seedling emergence parameters (Table 4.7 and 4.8), plant height
(Table 4.9 and 4.10), number of tillers (Table 4.11 and 4.12) and dry matter
accumulation (Table 4.12 and 4.13). These were significantly influenced by

different tillage treatments. In both the years of study, the emergence count
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per m® during both the years of experimentation was significantly higher in
deep (T4)/ conventional tillage (T, and T3) as compared to no tillage (T1) which
can be attributed to loosening of soil which increased the soil temperature may
be due to increased heat absorbance from the sun and hence enhanced early
emergence and emergence count in winter sown wheat crop (Drury et al.,
1999). Enhanced radiation interception due to profuse tillering as well as better
nutrition of crop plants by tillage treatments might have increased the
photosynthetic rate which was reflected in significant increase in dry matter
accumulation at all the dates of observation. Significantly lowest emergence
count was, however, observed in no tillage treatment which may be due to the
reason that soils after rice harvest become hard for penetration, because of
their massive 'structure, high bulk density and increased mechanical

impedance. Such results are also supported by Brar et al. (2000) and Sharma

and Bhagat (1993).

The seedling emergence parameters viz. initiation of emergence (days), days
for attaining constant emergence and emergence velocity (per cent per day)
were significantly affected by different tillage treatments recorded during both
the crop seasons. In 2002, 90 per cent and 84 per cent of the plants emerged
after 8.3 and 9.3 days with the deep and conventional tillage treatments,
respectively, whereas, 12.7 days were required under no tillage to attain
emergence of 70.7 per cent. The deep tillage treatment had a significantly
higher emergence rate than all the other treatment. In this study, the no tillage

treatment had delayed emergence due to the cooler wetter soil initially during
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seedling emergence period and poor seedbed conditions. Other studies have
also indicated delayed emergence primarily as a result of decreased soil
temperature (Al-Darby and Lowery, 1987; Gupta et al., 1988; Fortin and

Pierce, 1990; Fortin and Pierce, 1991).

The plant height in wheat crop during both the years continued to increase
with age upto 150 DAS, thereafter there was no further increase as the crop
proceeded towards maturity. In general, plant height recorded after 30, 60, 90,
120 and 150 DAS of wheat during 2002-03 and 2003-04 was significantly
higher in plots where deep tillage (T4) treatment was imposed which was
followed by conventional tillage (T, and T3). However, significantly lowest plant
height was recorded in no tillage (T+) in both the years of the study. Smaller
plant height and lesser number of tillers per m? of wheat under no tillage
treatment after transplanting were probably associated with poor physical
conditions after the puddled wetland rice. The higher py of soil and penetration
resistance increased the soil compaction an¢' soil strength resulting in smaller
plant height (Peterson et al., 1984; Dass and Kashyapi, 1992; Padma Raju

and Dev, 1996).

A progressive increase in tiller count per m? of wheat was observed upto 90
DAS in all the tillage treatments and thereafter there was no increase in tillers
upto maturity. In both the wheat crop seasons, the number of tillers was
significantly higher in deep (T4) / conventional (T2 and T5) tillage than no tillage
(T4) in 30, 60 and 90 DAS. The lesser number of wheat tillers per unit area

after puddled wetland rice were associated with the poor physical conditions
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leading to poor growth of succeeding wheat crop in no tillage. Such resuits are

also supported by Das and Mukherjee (1995) and Sandeep et al. (2004)

findings.

The dry matter accumulation during both the wheat crop seasons (2002-03
and 2003-04) was significantly higher in deep (T4) / conventional (T, and Tj)
tillage than no tillage (T;) at all the dates of observations. The higher dry
matter production could be attributed to favourable effect of soil physical
environment created by deep tillage which helped in controlling weeds, free
exchange of gases in soil and air that enhanced root growth for greater uptake
of water, higher plant population and better use of nutrients and produced
more number of effective ftillers in wheat. Higher dry matter accumulation
under deep tillage treatments was also reported by Gajri (1997), Ferreras

(2000) and Gangwar et al. (2004).

5.4 Root studies

The role of tillage is to make rootable spaces within the soil by reducing the
soil strength and increasing the macro-porosity. Loosening of root- restricting
hard soil layers by ftillage promotes root growth into deeper soil layers.
Moreover, tillage helps in controlling weeds, improvement in soil physical
properties, free exchange of gases in soil and air which results in better root
growth, their penetration to sub-surface depth and hence greater utilization of
sub-soil moisture (Orellana et al., 1990; Acharya and Bhagat, 1984; Bhagat
and Acharya, 1987, Ishaq et al., 2003; Xi Ying et al., 2004). The root mass

density (RMD), root length density (RLD), root volume density (RVD) and
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rooting depth (RD) values were higher in deep tillage (T4) treatment which was
followed by conventional tillage (T and T3), however, significantly lower value
was recorded in no tillage (T;) at 30, 60, 90, 120 and 150 DAS in both the
years of the study (Table 4.14, 4.15, 4.18, 4.19, 4.24, 4.25, 4.26 and 4.27).
The higher values of root parameters under deep-tilled plots (T4) were mainly
as a result of loosening of sub-surface compact layers. The shattering of the
compact layers not only helped in the better elongation and proliferation of
roots, but also decreased the impedance to water movement and providing
thereby a better environment for the plant growth. Similar observations have
also been made by other workers (Trouse, 1979; Acharya and Bhagat, 1984;
Bhagat and Acharya, 1987; Gajri et al., 1991; Sharma and Acharya, 1993;
Thompson, 2001; Ishaq et al., 2003; Xi Ying et al., 2004)- The lower RMD,
RLD, RVD and LLR values in no tillage (T4) could be attributed to the
increased soil strength at the surface as a result of soil compaction. The
increase in bulk density in the surface layers as a result of compaction
provided a hydraulic barrier at the surface resulting in water standing after rain
for comparatively more time. This might have adversely affected air-water
relations resulting in poor root growth (Ferreras, 2000). The RMD, RLD and
RVD values for the depths 0.0-0.1, 0.1-0.2 and 0.2-0.3 m were also higher in
deep tillage treatment which were followed by conventional tillage, however,
significantly lower values were recorded in no tillage at 90, 120 and 150 DAS
in both the years of the study (Table 4.16, 4.17, 4.20, 4.21, 4.24 and 4.25). In
Case of wheat, root porosity under T4 at three periods (90, 120 and 150 DAS)

was significantly lower as compared to conventional and no tillage treatments,
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which resulted in higher RMD and RLD values (Table 4.22 and 4.23). Such

results have been obtained by Jensen et al. (1969).

5.5 Crop vyield

The tillage system has a positive effect on growth and yields of crops because
it alleviates soil constraints which limit the yield. The crop performance under
different tillage systems depend upon the site-specific soil and climate
constraints and allied management practices (irrigation, fertilizer management,
weed control and residue status). The crop yields of wheat were significantly
influenced by different tillage treatments in both wheat crop seasons (Plate 2,
3, 4 and 5) during 2002-03 and 2003-04 (Table 4.28 and 4.29). The grain,
straw and biological yields were significantly higher in plots where deep tillage
(T4) treatment was adopted which were followed by conventional tillage (T>
and T3). This could be associated with improvement in soil physical properties
(bulk density, total porosity, mechanical impedance, saturated hydraulic
conductivity, infiltration etc.), which helped in ~ontrolling weeds and free
exchange of gases in soil and air which results in better root growth.
Moreover, the deep tillage practices also encourage deeper rooting and hence
better mining of water by the wheat crop resulting in high yields (Sharma and
Acharya, 1993; Bhagat and Chand, 1994; Gajri et al., 1997; Bajpai and
Tripathi, 2000; Busscher and Baurer, 2003; Abu Hamdeh, 2003; Tomar, 2003;
Ishaq, 2003; Murty, 2004). However, significantly lower grain, straw and
biological yields were recorded in no tillage during both the years of the study.

The lower wheat yield in no tillage (T,) plots was associated with heavy crop-
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weed competition. The population of weeds was significantly higher in no
tillage than in deep/conventional tillage plots (Sharma and Kharwara, 1994;

Singh et al., 1998).



SUMMARY



CHAPTER-VI

SUMMARY

Field experiments were conducted on the project entitled, “Soil-water
dynamics, root growth and wheat yield in a sequentially deep tilled post-rice
soil" at the Experimental Farm of the Department of Soil Science, CSK
Himachal Pradesh Krishi Vishvavidyalaya, Palampur (Kangra) for two years
(2002-03 and 2003-04) in rice-wheat cropping sequence under irrigated
conditions with the following broad objectives: -

1. To study the effect of depth of tillage on root growth of wheat in post-

rice soil.
2. To study the effect of depth of tillage on soil and plani-water relations.
3. To study the effect of depth and frequency of tillage on root growth

pattern of wheat vis-a-vis wheat yield.

The experimental site was situated about 1290 m above mean sea level in
north-west Himalayas and had sub-temperate humid climate. The mechanical
analysis of the profile revealed that the texture of the upper layer (0.00-0.15 m)
was silty clay loam. The lower layers (0.15-0.30 and 0.30-0.45 m), however,
showed increase in clay content. The soil of the study area was acidic in
reaction, categorized as medium in organic carbon, medium to low in available
nitrogen, phosphorous and potassium and classified as Alfisols, Typic
Hapluadalf. The available water capacity (AWC) of the soil was 12.1 per cent

for the surface (0.00-0.15 m), while lower 0.15-0.30 and 0.30-0.45 m depths
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showed AWC to be 14.1 per cent and 16.8 per cent by volume, respectively. It
was observed that at all the depths, the decrease in water content from 0 to 10

kPa suction was quite rapid and then gradual beyond this suction.

Successive increases in the depth of tillage showed decrease in bulk density
(pw) values to the depths upto which the tillage operation was done. Lowest pj,
values were observed in T4 treatment where deep tillage was done upto a
depth of 40 cm. Such observations were recorded in both the years of the
study and both at sowing and harvest of wheat crop. During the second year
of the crop study, the residual effect of the deep tillage was quite discernable
in treatment T; where deep tillage-no tillage sequence was followed with a
puddled lowland rice crop in between. The p, values in T7 were less than Ty,
T,, Ts and Ts, which also clearly indicated the positive effect of deep tillage

even after inclusion of a puddled crop.

The soil penetration resistance (SPR) values decreased with tillage and
moisture content in both the years of the study. T4 treatment in the first year
and T7 in the second year of the study had lower values of SPR compared to

other treatments. Lower py values contributed towards fow values of SPR.

The volumetric water content (8) values under no-tilled treatment (T¢) were
higher at all the depths compared to other treatments. It was, however, noted
that immediately after the application of irrigation or a rainfall event, the 8

values were higher under filled freatments and maximum values were

observed under deep tillage (T4).
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The saturated hydraulic conductivity values decreased with depth from 0.00-
0.075 m to 0.075-0.15 and 0.15-0.30 m. The unsaturated hydraulic
conductivity [K(B)] values determined in situ, showed lower values for the
surface 0.0-0.1 and 0.1-0.2 m depth, whereas, the deeper depths had higher
K(8) values. Moreover, the hydraulic conductivity values obtained from the

field data were greater than those obtained from the laboratory data.

The changes in matric potential (¥,,) values observed at different profile
depths during the period of crop growth under different treatments showed that
for most of the time the water needs of the crop were met by the layers upto
0.3 m depth. Upper layers in no-tilled plots (T4) dried up quickly and decrease

in ‘¥’ values was noticed. In deep tillage, the changes in V' values were

observed to the greater depths.

The hydraulic gradient below 0.4 m depth in all the treatments remained
around the line of zero flux for most of the growth period. However, changes in
hydraulic gradient were noticed after 130 days of crop growth. This was further
substantiated by the data on the changes in the magnitude and direction of the
hydraulic flux within the profile depths under different treatments. The direction
of hydraulic flux indicated that the crop extracted water mainly upto the 0.3-0.4
m layer during most of the crop period in all the treatments. At certain, periods
i.e. around 60, 100 and 125 days, the surface layers were quite wet and met
the evapotranspiration demand besides some downward movement. While at

other periods, the flux was mostly upward.
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The infiltration studies at the post harvest of wheat crop in rice-wheat
sequence for two years showed that the treatment of deep tillage (T4) always
favoured greater water entry into the soil profile as compared to all the other
treatments. The hydraulic resistance at surface layers of T4 may be because
of a built up of ‘py’, which impeded water entry to a greater extent resulting into

low infiltration in this treatment.

The weekly soil temperature in both wheat crop seasons during 2002-03 and
2003-04 indicated that deep/conventional tillage had slightly higher minimum
temperature at 0630 hours and lower maximum temperature at 1430 hours

compared to no tillage in 0.05 and 0.1 m soil depth as compared to no tillage.

In both the years of study, the emergence count per m?, seedling emergence
parameters, plant height, number of tillers per m* and dry matter accumulation
during both the years of experimentation was significantly higher in deep (T4)/

conventional tillage (T, and T3) as compared to no-tillage (T1).

The root mass density (RMD), root length density (RLD), root volume density
(RVD) and rooting depth (RD) values were higher in deep tillage (T4) treatment
which was followed by conventional tillage (T, and T3), however, significantly
lower values were recorded in no-tillage (T¢) at 30, 60, 90, 120 and 150 DAS
in both the years of the study. The RMD, RLD and RVD values for the depths
0.0-0.1, 0.1-0.2 and 0.2-0.3 m were also higher in deep tillage treatment which
were followed by conventional tillage, however, significantly lower values were

recorded in no tillage at 90, 120 and 150 DAS in both the years of the study.
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The root porosity under T4 at three periods (90, 120 and 150 DAS) was
significantly lower as compared to conventional and no tillage treatments,

which resulted in higher RMD and RLD values.

The grain, straw and biological yields were significantly higher in plots where
deep tillage (T4) treatment was imposed which were followed by conventional
tilage, however, significantly lower grain yields were recorded in no-tilled (T4)

plots.

Conclusion
From the results of the study entitled, “Soil-water dynamics, root growth and
wheat yield in a sequentially deep tilled post-rice soil”, it can be concluded
that: -
» The increase in depth of tillage favourably moderated the soil physical
properties, thereby, soil and plant-water relations.

The root growth of wheat was enhanced with the increase in tillage as

V!

soil-water relations were also improved.

With the improvement in physical properties, soil-plant-water relations,

Y

and root growth due to deep tillage, the grain and straw yields of wheat

also increased significantly.
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Appendix I: Daily meteorological data of Palampur for the first wheat
crop season (2002-03)

TBMax.) T‘.['M!n.} RHmax)y RHmin, WV BSS RF Evap.
C C

Date % % (Km/hr) (hr) (mm) (mm)
1 2 3 4 5 6 7 8 9
24-11-02 235 11.0 49 40 55 8.3 0.0 3.9
25-11-02  23.0 9.2 50 39 4.5 5.0 0.0 4.0
26-11-02  23.5 9.2 50 34 5.1 9.5 0.0 4.2
27-11-02  23.0 7.6 49 41 5.9 9.6 0.0 4.0
28-11-02 215 8.5 55 40 5.0 9.0 0.0 4.0
29-11-02 215 7.0 47 33 5.0 9.0 0.0 3.5
30-11-02  20.5 6.0 47 38 8.4 9.5 0.0 3.0
01-12-02 20.5 6.0 47 38 8.4 9.5 0.0 3.0
02-12-02 20.5 6.5 46 43 7.3 94 0.0 2.8
03-12-02  20.0 6.0 52 36 5 9.0 0.0 3.0
04-12-02 195 7.3 68 52 5.0 9.1 0.0 2.8
05-12-02  18.0 8.5 69 50 5:3 6.0 0.0 2.0
06-12-02  18.0 7.0 53 50 4.0 1.0 0.0 2.0
07-12-02 18.5 6.5 43 22 5.0 9.5 0.0 2.0
08-12-02 18.5 6.0 44 24 4.4 8.5 0.0 2.0
09-12-02 19.4 6.0 40 24 9.4 8.8 0.0 2.0
10-12-02 21.5 6.5 71 29 4.8 9.8 0.0 oot
11-12-02 204 8.0 47 46 5.3 5.5 0.0 3.2
12-12-02 19.0 6.0 59 32 4.5 2.8 0.0 3.0
13-12-02  20.8 8.3 46 50 5.2 6.2 0.0 3.5
14-12-02 19.8 7.0 45 49 4.8 4.8 0.0 3.3
15-12-02  19.0 6.5 51 41 5.3 5.3 0.0 3.0
16-12-02  21.5 6.5 58 49 4.9 4.6 0.0 3.0
17-12-02  20.0 8.5 54 37 4.2 32 0.0 3.4
18-12-02 21.5 8.5 40 30 5.8 9.2 0.0 3.8
19-12-02  21.0 9.8 58 41 6.0 6.3 0.0 3.0
20-12-02  19.0 6.5 54 35 4.0 3.6 0.0 2.2
21-12-02 195 8.0 37 26 6.6 86 0.0 2.5
22-12-02 19.5 6.0 49 26 53 9.8 0.0 3.0
23-12-02 19.5 6.0 42 31 5.7 9.2 0.0 3.0
24-12-02 19.5 6.0 52 49 5.6 6.4 0.0 2.0
25-12-02 19.5 6.0 55 31 4.5 3.5 0.0 2.0
26-12-02 19.5 5.5 68 63 52 8.4 0.0 2.0
27-12-02 195 3.5 73 43 4.6 4.0 0.0 2.0
28-12-02  18.0 3.0 62 55 47 9.0 0.0 2.0
29-12-02  16.0 3.0 55 51 4.4 2.8 0.0 1.8
30-12-02 155 2.5 64 26 4.3 6.0 0.0 2.0
31-12-02 16.0 248 72 65 4.0 1.8 0.0 2.0
01-01-03 12.0 2.0 67 56 6.1 6.8 0.0 1.8
02-01-03 135 3.0 70 43 5.7 44 0.0 o3

03-01-03  16.5 4.5 60 55 5.3 8.0 0.0 1.2
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1 2 3 4 5 6 7 8 9
04-01-03  15.5 3.5 56 56 6.9 9.3 0.0 1.4
05-01-03  16.5 6.0 53 49 6.0 9.6 0.0 1.2
06-01-03 185 5.0 45 33 5.9 8.0 0.0 2.0
07-01-03 185 2.3 61 47 5.7 8.2 0.0 2.1
08-01-03  18.5 3.5 62 33 5.1 9.3 0.0 2.2
09-01-03 17.2 4.0 45 35 5.3 9.3 0.0 2.1
10-01-03  17.5 3.5 56 27 54 9.4 0.0 2.2
11-01-03  18.0 4.0 49 26 70 9.0 0.0 22
12-01-03  17.0 3.5 4 29 5.8 9.2 0.0 2.3
13-01-03  16.0 3.5 43 19 6.1 9.0 0.0 2.4
14-01-03  18.6 3.0 4 22 5.4 9.5 0.0 3.0
15-01-03  18.6 5.0 34 30 7.3 9.3 0.0 3.2
16-01-03  18.0 5.0 37 27 54 8.5 0.0 2.6
17-01-03  19.5 5.5 37 27 5.7 5.6 0.0 2.0
18-01-03  19.5 5.0 53 38 4.9 6.5 0.0 2.8
19-01-08 194 6.6 30 33 4.0 3.1 0.0 2.3
20-01-03  18.5 6.0 43 36 5.7 8.5 0.0 2.0
21-01-03 19.6 6.0 30 33 5.6 9.3 0.0 2.0
22-01-03  19.8 6.0 36 28 5.0 8.2 0.0 2.2
23-01-03 19.5 6.0 37 23 6.0 9.1 0.0 24
24-01-03 196 5.9 42 27 4.7 9.4 0.0 2.8
25-01-03 18.6 5.5 52 31 8.0 9.2 0.0 2.9
26-01-03  20.0 7.8 56 24 4.5 8.8 0.0 3.3
27-01-03  20.2 10.0 38 36 7.2 4.0 0.0 4.0
28-01-03  20.0 6.5 93 87 6.5 5.0 4.0 3.5
29-01-03  20.2 4.5 88 62 6.7 0.0 158 2.0
30-01-03  15.0 6.5 87 97 4.2 6.3 0.0 2.6
31-01-03  10.0 6.0 91 94 5.8 0.0 4.3 1.8
01-02-03  11.0 4.0 86 74 4.5 0.0 16.6 1.5
02-02-03  12.0 5.0 74 59 6.7 2.0 1.2 1.8
03-02-03  15.0 5.0 64 40 5.7 5.6 0.0 1.8
04-02-03 16.8 5.5 66 44 6.2 9.9 0.0 2.9
05-02-03  18.5 6.5 64 35 5.1 9.9 0.0 3.8
06-02-03 18.5 7.5 51 45 6.1 10.2 0.0 3.5
07-02-03 18.0 7.5 85 56 5.7 8.4 0.0 2.0
08-02-03 17.5 6.0 61 76 4.6 8.0 0.0 2.8
09-02-03  18.0 6.0 73 80 53 5.0 0.0 2.0
10-02-03  18.0 5.0 65 45 3.7 8.5 0.0 2.0
11-02-03 17.6 5.0 67 54 5.4 10.3 0.0 2.0
12-02-03  17.5 5.5 70 47 9.9 9.0 0.0 3.2
13-02-03  16.5 5.5 55 44 5.7 8.3 0.0 3.0
14-02-03  16.5 6.0 58 37 5.1 8.8 0.0 3.0
15-02-03 17.6 7.0 64 32 7.0 9.0 0.0 2.8
16-02-03  19.5 7.0 87 85 7.4 7.2 1.6 2.2
17-02-03  18.0 8.0 60 73 11.3 0.0 0.4 2.0
18-02-03  15.0 7.5 90 10 13.0 0.0 124 1.8
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1 2 3 4 5 6 7 8 9
19-02-03 125 2.0 92 82 11.9 0.0 340 1.6
20-02-03 126 2.2 85 58 8.6 2.0 2.1 1.8
21-02-03 135 5.0 48 35 6.2 7.0 0.0 2.2
22-02-03 175 5.0 44 47 6.1 10.0 0.0 3.8
23-02-03 19.0 5.0 87 59 5.8 9.0 2.0 3.0
24-02-03 19.5 5.0 80 66 4.3 0.8 1.6 1.8
25-02-03  19.0 5.5 77 42 4.8 6.0 0.0 2.8
26-02-03  21.0 9.5 56 43 4.3 9.0 0.0 3.5
27-02-03 215 11.0 60 39 5.0 6.5 0.0 3.2
28-02-08 22.0 1.5 56 37 9.6 6.0 0.3 2.8
01-03-03 16.0 7.0 87 93 6.5 50 20.8 3.5
02-03-03  19.0 8.5 93 75 9.9 00 264 1.6
03-03-03 19.0 8.5 75 44 10.4 3.7 189 2.5
04-03-03  19.0 5.0 78 56 5.5 5.0 0.0 1.8
05-03-03 16.8 3.0 56 44 6.3 5.3 0.0 2.2
06-03-03 17.8 5.0 65 37 6.5 10.0 0.0 3.3
07-03-03  18.0 6.5 49 34 6.3 10.0 0.0 3.2
08-03-03 19.6 6.0 40 32 7.1 10.2 0.0 3.8
09-03-03  18.0 6.5 48 38 6.7 7.3 0.0 3.3
10-03-03  20.2 10.0 70 32 8.0 0.1 0.0 3.2
11-03-03  22.2 9.0 39 34 7.1 3.5 0.0 4.0
12-03-03  22.0 10.0 40 33 6.0 103 0.0 4.0
13-03-03  22.0 9.5 52 38 7.6 8.0 1.7 3.8
14-03-03  20.5 10.0 39 40 6.3 8.5 0.0 3.8
15-03-03  20.5 10.0 56 40 4.7 1.5 0.0 2.0
16-03-03  23.5 10.0 35 30 7.5 8.0 0.0 2.0
17-03-03  24.0 7.5 48 30 141 6.0 6.0 2.0
18-03-03  24.0 8.0 49 40 13.0 7.5 4.0 2.0
19-03-03  24.0 8.0 44 31 5.4 7.0 0.0 2.5
20-03-03  24.0 9.0 48 41 4.6 104 00 3.2
21-03-03  24.0 10.5 45 35 6.6 104 0.0 4.0
22-03-03 24.2 12.5 43 42 7.9 105 0.0 4.2
23-03-03 26.0 12.0 43 31 7.6 6.8 0.0 4.1
24-03-03  25.0 13.0 44 37 7.0 7.4 0.0 3.3
25-03-03 255 13.5 47 63 5.7 6.2 0.0 3.5
26-03-03  25.5 12.0 57 43 6.4 0.2 0.0 4.0
27-03-03  23.0 13.0 57 28 5.9 7.8 0.0 3.2
28-03-03 235 12.5 50 47 5.4 9.0 0.0 3.5
29-03-03 23.0 8.2 75 33 9.1 3.3 0.2 3.0
30-03-03  20.5 10.5 70 79 5.7 0.1 3.6 o}
31-04-03 15.0 23.0 59 45 9.1 2.0 9.6 1.5
01-04-03  10.0 12.0 35 41 70.0 0.0 0.0 1.2
02-04-03 24.0 12.0 42 45 9.4 9.7 25 3.0
03-04-03 245 13.0 67 41 5.6 5.5 1.3 2.9
04-04-03 245 12.5 48 43 10.9 2.6 24 3.1
05-04-03  23.5 9.0 44 41 7.5 6.0 9.0 2.9
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1 2 3 4 5 6 7 8 9
06-04-03 23.0 10.5 42 40 7.6 9.9 0.0 3.5
07-04-03 24.8 12.5 54 39 7.4 11.0 0.0 4.4
08-04-03 26.0 13.0 47 39 5.1 11.0 0.0 5.2
09-04-03 26.5 15.0 51 42 T3 11.0 0.0 4.8
10-04-03 28.0 16.5 48 31 4.5 11.0 0.0 4.8
11-04-03 29.5 16.5 42 35 4.7 11.0 0.0 52
12-04-03 28.5 16.0 44 44 10.2 11.2 0.0 5.0
13-04-03 26.3 16.2 48 46 7.6 10.5 0.0 4.2
14-04-03 25.0 13.2 43 38 9.1 6.8 0.8 3.0
15-04-03 24.5 13.6 49 44 6.9 6.0 0.0 4.4
16-04-03 25.5 15.0 70 39 7.6 4.0 0.6 3.4
17-04-03 23.8 16.0 53 38 6.5 5.0 0.7 3.6
18-04-03 23.8 15.4 55 51 5.8 11.0 0.0 3.8
19-03-03 24.5 1.0 46 54 7.4 84 0.0 5.0
20-03-03 245 10.5 40 31 11.7 2.7 25 4.0
21-03-03 25.0 10.5 42 34 6.1 11.5 0.0 4.9
22-03-03 26.5 10.5 30 35 5.6 0.1 0.0 5.5
23-03-03 28.0 12.5 42 34 101 11.6 0.0 54
24-03-03 29.8 18.5 49 35 6.3 11.7 0.0 6.2
25-04-03 31.0 22.0 49 29 7.8 11.5 0.0 5.9
26-04-03 32.0 20.5 38 32 9.8 11.3 0.0 8.7
27-04-03 20.5 17.5 43 33 7.3 4.0 0.1 6.0
28-04-03 27.5 14.0 57 36 8.2 2.0 0.3 4.0
29-04-03 27.0 1855 48 39 4.5 8.2 0.0 5.2
30-04-03 28.5 17.0 52 34 52 11.6 0.0 6.0
01-05-03 29.5 19.0 64 43 54 10.0 0.0 6.0
02-05-03 29.0 22.0 50 38 4.1 9.6 0.0 6.4
03-05-03 29.5 19.0 40 34 9.1 0.5 0.0 7.8
04-05-03 25.0 18.0 66 36 12.3 6.0 0.0 4.8
05-05-03 24.0 14.0 VT 32 T 0.0 0.0 6.0
06-05-03 26.6 14.0 38 17 6.2 10.4 0.0 6.0
07-05-03 28.0 15.0 34 18 5.9 9.4 0.0 7.4
08-05-03 29.0 16.5 33 17 7.5 11.5 0.0 94
09-05-03 28.5 17.5 35 20 84 11.0 0.0 8.0
10-05-03 28.5 17.0 36 23 ‘6.6 12.0 0.0 8.0
11-05-03 29.0 16.5 31 18 6.4 8.2 0.0 8.0
12-05-03 31.8 17.5 42 21 7.9 50 0.0 9.0
13-05-03 32.0 19.0 52 31 6.0 11.0 0.0 7.5
T (Max) Maximum Temperature

(Min.) Minimum Temperature
RH (max) Maximum Relative Humidity
RH miny Minimum Relative Humidity
wv Wind Velocity
BSS Bright Sunshine
RF Rainfall

Evap.

Evaporation
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Appendix ll: Daily meteorological data of Palampur for the second wheat
crop season (2003-04)

T{,’Max.} T&Mln.) RHmax) RHimin) WV BSS RF Evap.
C C

Date % Y% (Km/hr) (hr)  (mm) (mm)
1 2 3 4 5 6 7 8 9
13-11-03 215 9.0 57 41 5.3 6.5 0.0 2.7
14-11-03 220 11.0 57 58 4.0 59 0.0 2.9
15-11-03 215 11.0 64 64 4.2 4.8 0.0 2.2
16-11-03  19.8 9.5 65 94 4.5 3.5 0.0 2.0
17-11-03  18.0 6.5 82 89 51 0.0 5.0 1.0
18-11-03 155 8:5 93 43 5.9 02 145 1.1
19-11-03 19.5 7.5 65 32 4.2 7.5 11.4 1.9
20-11-03 21.2 6.5 57 38 4.7 8.3 0.0 2.5
21-11-03 21,5 7.8 62 38 4.3 9.8 0.0 2.6
22-11-03 233 6.5 57 39 6.6 9.8 0.0 2.7
23-11-03  21.0 6.8 54 43 6.1 9.5 0.0 2.8
24-11-03  21.3 7.0 64 46 3.5 9.5 0.0 2.8
25-11-03  20.5 7.0 65 41 7.8 9.5 0.0 2.8
26-11-03  21.0 7.0 86 39 5.2 9.5 0.0 2.7
27-11-03 21.0 6.0 60 36 5.6 9.4 0.0 28
28-11-03  20.0 5.5 62 41 5.0 9.4 0.0 25
29-11-03 195 6.4 58 36 6.3 9.5 0.0 2.4
30-11-03  20.5 5.5 67 60 4.8 9.4 0.0 2.0
01-12-03 185 5.0 70 40 4.2 4.8 0.0 1.3
02-12-03  20.7 7.5 65 45 4.0 8.3 0.0 1.8
03-12-03 20.8 8.8 60 45 5.6 6.8 0.0 1.8
04-12-03 195 8.0 67 43 54 3.2 0.0 13
05-12-03 204 7.8 68 47 4.7 5.8 0.0 2.1
06-12-03 21.5 8.0 67 49 5.0 9.3 0.0 2.2
07-12-03 215 8.5 61 39 6.0 9.2 0.0 2.2
08-12-03 21.2 8.0 62 42 5.0 9.3 0.0 23
09-12-03 21.8 8.5 65 65 4.9 9.0 0.0 2.0
10-12-03  20.2 10.5 61 49 45 7.5 4.9 1.8
11-12-03  20.5 9.0 58 52 5.5 8.7 0.0 1.9
12-12-03 20.0 8.5 75 58 6.2 7.5 0.0 2.1
13-12-03 18.5 8.5 66 50 59 5.0 4.3 2.3
14-12-03 18.0 8.5 65 50 2.1 1.0 0.0 2.3
15-12-03 21.0 10.0 65 70 8.5 9.0 0.0 2.5
16-12-03 18.0 7.0 75 59 1.2 3.5 114 1.0
17-12-03 16.0 6.0 75 56 56 8.6 0.0 2.4
18-12-03 17.0 5.8 72 49 5.1 9.0 0.0 1.6
19-12-03 18.0 5.0 76 55 55 84 0.0 14
20-12-03  18.0 6.0 62 41 4.7 9.2 0.0 1.7
21-12-03  18.5 5.8 60 44 &7 9.2 0.0 2.0
22-12-03 18.5 5.8 86 38 6.2 8.5 0.0 19
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1 2 3 4 5 6 7 8 9
23-12-03  18.0 6.0 56 48 5.1 9.2 0.0 1.8
24-12-03  16.0 5.0 72 40 5.1 1.0 0.0 1.5
25-12-03  16.5 5.0 60 35 54 9.1 0.0 1.6
26-12-03  16.5 3.5 71 35 4.4 5.0 0.0 1.5
27-12-03  15.0 7.0 60 67 5.5 6.5 0.0 1.4
28-12-03 16.4 5.0 62 50 5.8 5.5 0.0 1.3
29-12-03 14.0 3.0 54 39 5.0 8.5 0.0 2.1
30-12-03  16.5 5.0 67 51 5.3 2.0 0.0 1.7
31-12-038 16.5 5.0 74 67 4.5 0.0 0.0 1.2
01-01-04 16.5 5.0 80 61 4.0 0.8 0.0 1.4
02-01-04 155 4.5 70 34 3.8 1.8 0.0 1.1
03-01-04 16.0 4.3 60 49 4.1 7.4 0.0 1.7
04-01-04 15.8 5.0 68 49 4.0 8.6 0.0 1.6
05-01-04 15.6 4.0 75 70 3.9 5.2 0.0 &
06-01-04  15.0 4.0 66 54 3.8 1.5 0.0 1.1
07-01-04  16.0 4.0 64 39 5.5 8.2 0.0 1.4
08-01-04 17.0 5.0 72 44 4.4 8.7 0.0 2.0
09-01-04 18.0 5.8 70 43 5.7 6.8 0.0 2.2
10-01-04 194 6.5 62 42 5.8 9.2 0.0 2.2
11-01-04  18.0 6.5 i 37 5.7 8.4 0.0 1.9
12-01-04 18.5 6.2 76 62 4.8 8.9 0.0 2.0
13-01-04 18.0 9.0 70 54 5.0 4.0 0.0 1.9
14-01-04  18.5 7.0 73 61 4.3 8.0 0.0 1.8
15-01-04  18.5 7.5 72 51 3.8 8.5 0.0 1.9
16-01-04  18.5 7.5 75 45 6.3 9.0 0.0 1.8
17-01-04  21.5 10.0 39 39 6.5 4.2 0.0 1.5
18-01-04  20.0 5.5 78 56 10.6 1.0 220 2.0
19-01-04  16.4 5.0 65 51 5.6 9.2 0.0 1.8
20-01-04 16.2 6.0 62 50 5.0 5.3 0.0 14
21-01-04  16.0 7.5 80 95 6.3 4.0 0.7 1.3
22-01-04 13.6 5.7 87 62 7.3 0.0 26.5 1.2
23-01-04 1565 3.6 97 91 5.2 3.0 244 1.0
24-01-04  15.0 2.0 84 67 8.4 0.0 66.0 1.1
25-01-04  14.0 2.0 57 66 4.7 5.5 0.0 1.0
26-01-04  14.5 3.0 71 65 4.5 8.5 0.0 1.5
27-01-04 142 2.5 55 47 52 5.8 0.0 1.5
28-01-04  13.5 4.0 61 68 5.2 9.0 0.0 1.8
29-01-04  15.0 6.0 74 72 4.1 1.5 0.0 1.8
30-01-04  13.5 4.5 89 83 5.2 0.0 228 1.0
31-01-04  10.5 2.0 94 92 9.9 0.0 725 0.7
01-02-04 8.4 1.8: 76 59 4.9 0.0 120 0.8
02-02-04 13.5 2.0 70 59 4.5 8.0 0.0 1.4
03-02-04 155 2.5 71 47 4.0 9.4 0.0 1.8
04-02-04 16.0 4.0 71 51 5.2 9.2 0.0 1.8
05-02-04 1565 4.5 55 47 6.1 100 00 2.0
06-02-04 16.0 4.0 63 48 5.0 9.8 0.0 2.0
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1 2 3 4 S 6 7 8 9
07-02-04  16.5 4.0 62 42 5.1 10.0 0.0 2.2
08-02-04 17.0 4.0 59 62 4.5 10.0 Q.0 2.0
09-02-04 17.5 3.8 78 51 5.5 10.0 06 1.9
10-02-04 17.5 7.2 58 63 7.4 5.4 17.7 1.4
11-02-04 17.5 6.5 57 42 6.2 8.6 0.0 1.0
12-02-04  20.2 8.2 43 41 5.7 9.5 0.0 1.9
13-02-04  20.8 7.5 53 58 5.4 10.0 0.0 2.2
14-02-04 18.6 8.5 68 51 4.8 8.0 0.0 1.8
15-02-04  19.5 8.0 61 45 5.6 8.2 2.1 2.2
16-02-04  20.0 8.3 47 48 6.1 8.5 0.0 1.6
17-02-04  21.0 10.0 63 50 3.8 9.5 0.0 1.6
18-02-04  20.5 10.5 78 58 6.5 6.5 0.0 2.0
19-02-04  20.5 6.0 81 58 2.0 2.0 15.2 2.0
20-02-04 18.8 7.5 49 28 6.1 8.8 0.0 1.8
21-02-04 21.0 8.5 51 34 4.3 10.3 0.0 2.1
22-02-04 215 9.5 55 41 5.3 10.3 0.0 2.8
23-02-04  21.5 8.4 49 45 4.5 10.3 0.0 3.0
24-02-04 228 9.5 46 40 6.6 10.3 0.0 3.6
25-02-04 23.6 10.9 49 41 4.3 104 0.0 3.3
26-02-04  24.2 10.9 39 54 5.4 102 0.0 3.8
27-02-04  25.0 10.9 27~ 42 9.9 104 0.0 4.5
28-02-04 245 10.0 69 29 9.2 20 0.3 3.8
01-03-04  24.5 9.0 46 29 5.6 10.3 0.0 41
02-03-04  23.5 9.6 43 37 6.8 104 0.0 4.2
03-03-04 23.0 9.5 40 34 6.5 104 0.0 4.5
04-03-04  23.5 9.0 47 32 8.7 103 0.0 4.2
05-03-04  23.5 10.5 40 26 5.8 104 0.0 4.5
06-03-04  23.6 9.7 40 27 6.0 102 00 4.3
07-03-04 235 12.0 42 22 7.3 9.6 0.0 4.4
08-03-04 24.0 13.0 65 59 6.0 10.5 0.0 4.7
09-03-04 230 15.0 70 53 4.8 8.0 0.0 4.5
10-03-04 21.5 8.5 49 41 B85 25 0.0 4.0
11-03-04  25.0 8.5 66 54 4.7 9.5 0.0 4.5
12-03-04 252 12.5 51 41 6.7 10.0 0.0 44
13-03-04  25.0 12.0 55 33 6.8 10.0 0.0 4.2
14-03-04 265 12.0 54 45 6.9 10.0 0.0 4.9
15-03-04  26.0 1.5 57 32 5.2 10.0 0.0 4.6
16-03-04  28.0 13.5 50 36 5.0 10.1 0.0 4.7
17-03-04  30.5 16.4 44 31 8.9 10.5 0.0 5.3
18-03-04 304 16.8 40 35 5.6 103 0.0 4.9
19-03-04  30.5 14.5 34 27 6.7 9.6 0.0 4.5
20-03-04  28.5 14.0 32 23 7.4 9.5 0.0 4.7
21-03-04  28.8 14.0 29 26 5.9 8.0 0.0 45
22-03-04 295 14.5 34 a7 6.7 9.5 0.0 4.5
23-03-04 305 14.8 62 44 54 9.6 0.0 4.5
24-03-04  28.5 15.5 54 29 5.3 1.0 0.0 4.0
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1 2 3 4 5 6 7 8 9
25-03-04 27.0 120 47 18 66 58 00 3.8
26-03-04 275 120 41 36 68 99 00 44
27-03-04 260 125 35 23 56 95 00 45
28-03-04 270 125 37 23 60 98 00 49
29-03-04 272 130 38 23 65 100 00 47
30-03-04 27.0 140 42 18 69 99 00 48
31-03-04 27.0 130 40 57 67 100 00 48
01-04-04 282 140 46 34 55 103 00 47
02-04-04 265 145 41 34 51 40 00 40
03-04-04 285 158 33 30 55 68 00 46
04-04-04 30.0 155 54 36 56 98 00 5.1
05-04-04 300 158 45 38 54 99 00 5.1
06-04-04 300 175 35 20 86 104 00 67
07-04-04 296 183 42 31 55 58 00 60
08-04-04 300 180 34 32 70 100 00 75
09-04-04 305 160 49 44 52 60 00 7.0
10-04-04 30.0 145 54 46 94 50 21 53
11-04-04 30.0 145 47 27 56 80 00 55
12-04-04 31.0 150 44 30 66 100 00 6.0
13-04-04 310 165 43 52 641 100 00 65
14-04-04 315 165 35 22° 58 90 00 65
15-04-04 30.8 169 32 22 58 112 00 7.3
16-04-04 315 169 34 57 54 108 00 7.0
17-04-04 320 200 55 63 66 85 00 70
18-04-04 325 175 50 36 54 32 00 67
19-04-04 312 182 40 26 56 70 00 75
20-04-04 330 218 60 33 57 77 00 7.8
21-04-04 310 155 39 36 63 35 01 60
22-04-04 280 160 52 45 76 30 60 60
23-04-04 255 120 61 68 78 12 118 38
24-04-04 225 130 47 35 53 44 15 34
25-04-04 265 150 46 46 44 110 00 44
26-04-04 275 175 65 39 47 70 00 55
27-04-04 280 176 69 48 48 57 00 5.1
28-04-04 275 130 50 49 71 39 121 29
29-04-04 245 128 57 62 69 15 19 30
30-04-04 190 128 75 43 83 0.0 230 26
01-05-04 235 9.1 64 52 8.0 16 245 27
02-05-04 235 100 64 44 60 62 00 3.8
03-05-04 245 110 53 56 66 106 00 46
04-05-04 285 138 61 44 49 97 00 53
05-05-04 288 16.0 56 32 48 112 00 52
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