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I INTRODUCTION

The rice-wheat cropping system dominates agricultural system in Northern parts of
. |
country with an approximate area of 10.5 m hectares(Singh, 1995). The rice-wheat cropping
system is pivotal to food security system not only of the country but of Indian subcontinent as a
whole. The ten-fold increase in rice-wheat cropping system in India, Bangladesh, Nepal and
Pakistan during the last 30 years is an ample proof of it (IRRI, 1992). About half of the
irrigated wheat production in South Asia comes from rice-wheat rotation (Pillai, 1994).

‘The requirements of growing environment for rice and wheat crops are contrastingly
different. While rice grows best under water stagnant conditions, wheat requires a well
pulverised soil with a proper balance of moisture, air and thermal regime. Rice in most parts of
South and South-east Asia is traditionally transplanted in well puddled soils. In Himachal
Pradesh rice is cultivated with wet tillage in 70 per cent of total rice area. Puddling -is an
intensive tillage system which brings about significant changés, ‘especially, in physical properties
of soil, including structural, hydraulic and mechanical properties. Such changes, although are
favourable for rice, are not suitable for the following wheat crop. Consequently, wheat
performs poor in post-rice soils. ’

Wheat yields after rice have generally been observed to be lower than yields after upland
crops like, maize, soybean etc. Several reasons have been assigned to the low productivity of
wheat in post-rice soils, although there is lack of systematic studies comparing wheat yields in
rice and non-rice soils under similar environmerits. Of late, serious and concerted efforts are
being made at national and international level to identify constraints to wheat cuiiivation in rice

soils. Scientists of International Rice Research Institute (IRRI), International Centre for Maize
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and Wheat Improvement (CIMMYT) and National Agricultural Research System (NARS) are
investigating soil productivity under rice-wheat cropping system. Diagnostic surveys conducted
throughout the rice-wheat zone in Soﬁth Asia over the last 5 or more years have identified soil
and water degradation, -and nutrient deficiency as the key constraints affecting wheat |
productivity after rice (Hobbs, 1994). Rice soils, generally, have high penetration resistance in
the root-zone, compact surface layers which are difficult to till into well pulverised seed bed,
and have restricted drainage resulting into occasional water stagnation and aeration problem.
The management practices to ameliorate ill-effects on wheat due to unfavourable soil. physical
conaitions are problem and site specific.

Incorporation of organic residpes have long been known to improve physical and
chemical properties of puddled soils and, thus the crop yields. But the challenge always has,
been to obtain organié material in sufficient quantities fc?r incorporation into soils, because most
of the organic materials have alternate uses as fodder or fuel or Both. It was thought to use
locally available organic residues as organic amendment, which have few alternate uses. In
North India, Lantana é|amara is a fast growing bush and is encroachir;g on the cultivated lands
at an alarming rate. It is an obnoxious weed and unfit-for cattle feed. Being a thorny bush, it is
rarely used as fuel wood. Serious efforts are being made in the state to eradicate this weed. It
has its maximum growth and foliage during wet season (June-September), when rice is

cultivated. A long-term field experiment was initiated in June, 1987 to study the potential of]

lantana biomass as an organic amendment in rice-wheat cropping. Changes in chemical

properties due to lantana additions in this experiment have been extensively studied (Sharma,
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1996; Sharad,' 1997). The present study proposed to investigate changes in soil physical

propert‘iés during the tenth cropping cycle and their effects on crop productivity.

~ The characterisation of soil physical environment in relation to plant growth is difficult

because of strong interdependence of different soil physical-properties. It is difficult to change

one soil physical property without changing the other one. Letey (1985) proposed ‘Non-

Limiting Water Range’ (NLWR) as a single value soil physical index. The index requires

extensive field testing to establish its utility in characterising soil physical environment in

| relation to plant growth.

" The objectives of the present study were to investigate :

—

2.

the organic carbon build-up in 0-0.30 m soil layer as a result of lantana additions;

changes in soil structural properties, viz. bulk density, porosity, pore-size
distribution, air-filled porosity at field moisture content, water-stability of
aggregates, apparent specific volume, puddlability, coefficient of linear extensibility,

surface cracking behaviour clod-size distribution and mechanical impedance;

changes in soil hydraulic properties, viz. soil-water retention characteristics, plant-

~ available water capacity, saturated hydraulic anductivity, infiltration characteristics

and soil-water contact angle;

changes in soil mechanical properties, viz. soil consistency limits, draft requirement

-and clod brea“,king strength,;

" rooting pattern of wheat in relation to changes in soil physical properties due to

lantana additions;

direct and residual effects of lantana additions on rice and wheat yield; and

the characterisation of soil physical environment in terms of “Non-Limiting Water

Range”, a single value index and its relation with wheat yield.
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II REVIEW OF LITERATURE

‘Deterioration in soil physical properties due to puddling is considered to be the major
cause of reduction in the productivity of upland crops after lowland rice. It is well known that
a general relationship exists between soil physical properties and the amount of organic matter
(OM) in a soil. All other factors being equal, a soil with a high soil OM has good physical
conditions. Thus, a treatment capable of increasing the soil OM level is expected to improve
physi¢al conditions of soil.

. Information on the role of various organic amendments in improving OM content and
physicai-conditions of soils, with consequeni effect on crop productivity, under rice-wheat
cropping, have been compiled in this chapter. The literature has been reviewed under the
following heads :

2.1 Effect of Organic Matter on Soil Physical Properties
2.1.1 Soil Aggregation
2.1.2 Bulk Density
2.1.3 Moisture Content and Availability
2.1.4 Water Movement
2.2 Effect of Organic Residues on Soil Organic Matter
2.3 Effect of ’Orgam'c Residues on Soil Ph}ilsical Properties
2.3.1 Soil Structural Properties |
a) Soil Aggregation
b) Bulk Density
c) Porosity .
d) Soil Penetration Re§istance

e) Other Structural Properties



2.3.2 Soil Hydraulic Properties
a) Water Retention and Availability
b) Infiltration
¢) Hydraulic Conductivity

'd) Soil-Water Contact Angle

2.3.3 Soil Mechanical Properties
a) Soil Consistency Limits
b) Energy Required for Land Preparation
c¢) Clod Breaking Strength

2.4 Effect of Organic Materials on Crop Yields in Rice-Wheat Sequence

2.5 Research Gaps

2.1 Effect of Organic Matter on Soil Physical Properties

All physical properties of soil are affected by changes in OM levels of soil . The extent
to which soil physical properties might change and conditions under which the improvement in
these parameters might occur are poorly defined. In the following para, an attempt has been
made to briefly explain the mechanism by which the OM affects soil physical properties.

2.1.1 Aggregation

Martin ef al. (1955) defined a soil aggregate as a “naturally occurring cluster or group
of soil particles in which the forces holding the particles together are much stronger than the
forces between adjacent aggregates.” Different forces are involved in aggrt;gate formation and
their stabilisation. Few agents are involved ‘in both processes.

Organic matter affects, both, formation and stabili§ation of aggregates; the later being

affected more. Baver (1935) concluded that OM favoured formation of relatively large stable
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aggregates (>0.1 mm dia). Significant effect of OM content on aggregation was observed in soil

having clay content < 2|5 per cent; aggregation also improved with OM in soil having clay
content > 35 per cent, but not to th;a same extent . In fine-textured soils, coarse organié
materials may prévent the formation of large aggregates by blocking attractive forces between
smaller aggregates.

Organic colloids in combination with cléy, forming clay-organic complexes, are
V"responsvible for soil aggregation. Greenland (1965) reviewed the results of various investigators
and .goncluded that about 52-98 per cent of the total carbon in soil existed in clay-carbon
compltexes.

In temperate soils, OM is the primary aggregate stabilising agent. The incorporation of
OM in soil increases microbial activities of fungi, actinomycetes, bacteria and yeast. Fungi and
actinomycetes produce mycelia. The.metabolic processes of the micro-organisms synthesise
complex organic . molecules. Decorhposition products of plant and animal residues, like
microbial gums and mucilaginous, low molecular weight fluvic acid molecules, and linear
organic polymers like fats and waxes, are responsible for aggregate stabilisation (Greenland ef
al., 1962; Harris et al., 1966; Allison, 1973).

Greenland (1965), however, argued that OM determination may not always correlate
well with soil aggregation because the total OM analysis is not measuring just those OM
- fractions responsible for aggregate stabilisation. De Kimpe e al. (1982) did not find significant
correlation between soil OM levels and dry- and vxizet—sieve analysis in their study of 21 Ouebec
soils. Cootie and Ramsey (1983) did not find a significant correlation between OM and mean

weight diameter in four Ontario soils. Harris et al. (1966) observed that poor correlation
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between OM content and soil aggregation may also result from inadequacies of sieving

pr'océdures. |
2.1.2 Bulk Density
With few exceptions, if any, OM decreases the bulk density of soils. It may result from
the improvement in soil aggregation and/or by dilution of soil matrix with less dense material.
| Many studies have reported significant and negative correlation between OM content and bulk
density of soils _(Cu'rtis and Post, 1964; Saini, 1966; Soane, 1975, Millette et al., 1980; De
Kimpe, et al., 1982; Coote and Ramsey 1983; Sharmaland Aggarwal, 1984; Sharma ef al.,}.
1995) | | |
2.1.3 Moisture Content and Availabilityb
Water holding capacity (WHC) of soils depends principally on (i) the amount and size
distribution of soil pores, and (ii) the specific surface area of soils. Pore-size distribution affects
WHC mainly at .hig'her water potentials, such as those at field capacity, where WHC is a
function of soil structure. At lower water potentials close to‘permanent wilting poir;t, the WHC
is a function of soil texture, and depends on the speciﬁc surface area of soil particles. Organic
matter affects both the soil properties. It increaseé soil pores favourable for water retention and
the specific surface area of soils. Water holding capacity of OM itself is very high, although
rﬁuch of the water is retained at potentials below permanent wilting point (Feustal and Byers,
1936, Jamison, 1953). Thus, when added to soil, it dilutes the material of low water retentivity
with that of high retentivity. |
Organic matter increases aggregation and decreases bulk density of soils (Biswas et al.,

1971, Khaleel ef al., 1981; De Datta and Hundal, 1984; Sharma and Aggarwal, 1984; MacRae
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and Mehuys, 1985; Clapp ef al., 1986). It increases total porosity and causes alteration in the

pore-size di.stribution; the relative number of water retention pores increases. It is especially
true in coarse-textured soils (Volk ar;d Uttery, 1973). Increase in WHC at lo»Qer water
potentials due to increase in specific surface area of soils upon addition of OM has also been
* reported by various workers (Volk and Uttery? 1973; Gupta et al., 1977; Rajput and Sastry,
1988a). Niskanen aﬁd Mantylahti (1987), using the data from 60 soils, obtained the following
relationship (r* = 0.84) between specific surface area (m* g?), clay ( per cent) and organic
carbon content (OC, " per cent) of soilbs ;

Sﬁeciﬁc:‘- surface area = 2.69 + 1.23 clay + 8.69 OC | (2.1)

Equation (2.1) shows that the effect of OC on specific surface area is about 7 times that of clay
content.

Khaleel et al. (1931) concluded that about 80 per cent of the obsérved variations in
percentage increase in water retention may i)e explained by soil texture and increases in organic
carbon. Coarse-textured soils, in general , show greatest ipcrease in water retention at, both,
field capacity and permanent wilti;lg point due to additio!n of organic matter (Clapp et al.,
1986). |

Unlike WHC, the l plant-available water capacity (PAWC), i.e. the water retained
between field capaci.ty.and wilting point, is affected little or not at all by OM . it is because OM
raises water retention of soils at both lower and higher tensions, and decreases their bulk
density. The decreased bulk density tends to counter-balance any increase in PAWC on mass
basis. Sc, when,moisture content is computed on volume basis, increase may not be as dramatic

or even non-existent (Khaleel ez al., 1981; MacRae and Mehuys, 1985;' Clapp et al., 1986).
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Most of the studies which show positive correlation between PAWC and OM of soils have

computed water content on mass basis (Biiswas and Ali, 1969; Epstein ef al., 1976, Gupta and
Larson, “1970; Lal, 1979 ; Dé Kimpe et al., 1982). In ord?r to evaluate the real effects of OM
on PAWC, the moisture should_be.determined on volume blasis.

Diverse opinions have emerged regarding the effect of OM on PAWC in relation to soil
texture. AcCording to one group of workers, OM benefits PAWC in coarse-text_ured soils only.
Jérr‘ﬁs‘on (1953), using the data of Peele ef al. (1948), concluded that OM increased PAWC of
sandy soils having clay < 15 per cent. As soil texture became finer, OM had less effect on
PAWC; %actors other than OM dominate in determining the PAWC. In another study, Jamison
and Kroth (1958) found OM to influence PAWC onlylin soils of medium-low clay content (13-
20 per cent). Earlier, Coile (1938) had also concluded that OM increased moisture equivalent in
coarse-textured soil more than their permanent wilting point, and thé effect on water retention,
_in general, decreaséd With the fineness of texture. Several other studies have reported increase
in PAWC (on volume basis) with the increase in OM content of sandy soils (Salter ef al., 1965;
Biswas et al., 1971 Kumar ez al., 1984; Bhadoria, 1987, MacRae and Mehuys, 1987, Ramunni
et al., 1987, Rajput and Sastry, 1988a,b; Tester, 1990). But contrary to this, many workers did
not find any improvement in PAWC of s;‘mdy soils due to additions of OM (Petersen ef al.,
1968; Hartmqnn and De Boodt, 1974; Singh et al., 1976; Kladivko and Nelson, 1979).

Accordi‘ng to another school of thought, it is the fine-textured soils which benefit most
from OM additions for their PAWC (Khaleel ef al., 1(9,8—1’,/Elapp et ul., 1986). These reviews

AN

conclude that in fine-textured soils, increases in water retention due to increase in OM are

greater at field capacity than wilting point. This effect is probably the result of increased
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aggregation, producing a grater number of large-size pores which could not drain under

gravity. In coarse-textured soils, on the othervhand, OM produces a largg increase in water
retention at permanent wilting point than at field capacity, perhaps due to an increase in the
number of smaller pores not draining at —1500 kPa. Consequently, PAWC increased in fine-
textured and not in coarse-textured soils due to OM build-up. Russel et al. (1952) reported
about 0.012 cm® cm” increase in PAWC of a silty loam soil due to addition of 40 Mg ha’
“manure. However; Petersen ef al. (1968), Morachan et al. (1972), Epstein (1975) and Weil and
Krooﬁt_jé (1979) did not find any improvement in PAWC due to OM in silt loam to clay loam
soils. S(;mmerfeldt and Chang, (1986) rather observed a decline in PAWC with the increase in
OM content of a clay loam soil.

Many workers have reported improvement in PA\NC due to OM irrespective of soil
- texture. Unger (1975) observed increase in PAWC by about 1.8 per cent (volume basis) for
each per cent increase in fIOM for soils ranging in texture from sandy to clay. Mbagwu (1989)
also obtained increased P;AWC with manure applications (2-10 per cent) in sandy loam, sandy
clay loam and clay soilé; the effect, however, decreased with the fineness of texture . Studies
reveal that the influence of OM on WHC is comparatively more at lower than at higher
tensions, irrespective of soil texture (Salter and Williams, 1963; Biswas and Ali, 1969; Biswas
et al., 1971; Sharma and Nath, 1979; Jo, 1990). On the bases of data from 144 rice soils, Jo
(1990) concludeé that every 1 per cent increase in OM increased field capacity and PWP by
2.21 and 1.01 (w/w), respectively. Water retention is largely affected by fhe clay content of

soils (Biswas and Ali, 1967).
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Such diverse conclusions may arise due to varied nature of soil OM, different sources

of organic amendments used, different ‘.duration of OM additions after which the data were
~ collected, and different ecological situations under which the experiments were conducted.
Same OM contént in soils may yield different results depending on whether the OM was
directly incorporated into soil or was build-up in situ over a period of time (Biswas and
Ali, 1969). |
2.1.4 Water Movement

Water transmission characteristics of soils are closely associated_ with their OM status
(Wischr;ieier and Manninering, 1965; Allison, 14973; Khaleel et al., 1981; Jo, 1990). In general,
while fine-textured soils show increase in inﬁltrability and saturated hydraulic conductivity with
the increase in tﬁeir OM content due to improvement in aggregation (Tiark ef al., 1974; Gupta
et &l., 1977; Mathers and Stewart, 1984), sz;ndy soils show a decline (Das ef al., 1966; Biswas
etal., 1971; Kumar ef al., 1984; MacRae and Mehuys, 1987; Rajput and Sasrty, 1988a; Bhagat
and Acharya, 1989; Bhagat, 1990). The decline is associated with ?eduction in water

transmission and increase in water ret_entio['n pores of soils. If the OM is hydrophob!ic in nature,

whatever the soil texture, it would décféase the hydraulic conductivity of soils (Weil and
|

Kroontje', 1979). Gupta et al. (1977) observed decline in the diffusivity of a sandy soil with the

increase in OM content. They argued that this behaviour of sandy soils is important with respect

.

conductivity and diffusivity decrease the water loss due to evaporation.

to water storage, particularly in wet tropics and arid zones. Lower unsaturated hydraulic
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2.2 Effect of Organic Residues on Soil Organic Matter Levels

The maintenance. or accumulation of OM in soil is dependent on a number of factors,
- such as the chemical hature (composition, moisture content, C : N ratio, mineral ion content ),
amount, timing, method and frequency of added material, soil (topography, soil type, texture,
soil temperature, pH. moisture, native OM content, microbial activities, use of fertilisers etc.)
and climatic factors (solar radiation, precipitation, evaporation ). The popular conclusion is that
a plant material resistant fo ready decomposition is necessary if soil OM level is to be
maintained or increased. Warman (1980) stated that plant materials typically lowvin N (<15
per cen;N on dry-weight basis) can bé!effectivé in improving the OM content of soil.

Different types of organic materials that can be used are farm yard manure (FYM),
animal wasteé, crop residues, green manures, composts, night soil, sewage, sludge and 6rganic
wastes from industries etc. Asian farmers mostly use cattle dung as the organic source;
composts and green manures are also common.

‘The decomposition rate of these materials in soil depends on (i) the chemical
composition (C:N ratio) of material, (ii) soil temperature, (iii) soil moisgure, (iv) method of

~ application (surface applied, soil incorporation etc.), and (v) rate of "applicatio.n. Organic
materials added to soil practically burn-up in humid tropics and sub tropics (Singh, 1962).
Decofnposition is slower in waterlogge.db than in aerable upland soils. Wetting and drying
processes, as in rainfed lowland rice, speed-up the rate of decomposition (Amato e!t al., 1984).
Sometimes additions of fresh OM to soil accelerate the decomposition of native OM, rather

than a build-up (Singh, 1.962; Khaleel ez al., 1981 ). Therefbre, moderate application of organic



13
residue have negligible residual long-term effect on soil OM content. For the build-up and

maintenance of organic materials, regular additions of large quantities of organic materials are
required (Khaleel et al,, 1981; Eck al;d Unger, 1985; MacRae and Mehuys, 1985). Also,
substantial increase in OM content is required for perceptible change in soil physical properties.
Biswas et al. (1970) observed increase in the organic carbon (OC) content from 0.46 to
0.61 per cent with the annual additions of FYM @ equivalent to 45 kg N ha™ (= 9.0 Mg ha™)
for 10 years in a sandy loam soil a;t Bﬁubneshwar (Orissa) . The increase in OC was 33 per cent
over qoﬁtrol. Low and Piper (1973) also observed 33 per cent increase in OM content in a loam
soil, w1th the application of FYM @ 75 Mg ha™ for 6 consecutive years. The OM increased
from 3.0 in control to 4.0 per cent in treated soil. Formoli and Prasad (1979) also observed
increase in OC with the application of 15 Mg ha” FYM for 3 years in a sandy clay loam soil.
Ganai and Singh (1988) reported 29 per cent increase in OC from 0.72 to 0.93 per cent with
the use of FYM @ 20 Mg ha™ for 2 years at Malan (H.P.). At Pantnagdr, Kumar and Tripathi
| (1990) reported 15 pef cent increase in OM, from 2.50 in control to 2.88 per cent, with the use
‘of FYM @ 15 Mg ha™ for 9 years in a silty clay loam soil. More (1994) reported an increase of
30 per cent in OC (from 0.50 in control to 0.65 per cent) with the incorporgtion of FYM @ 50
Mg ha™' in a sodic Vertic fine-textured soil at Parbhani (Maharashtra). According to Gupta et
al. ( 199,5)" use of FYM @ 10 Mg ha™, along with either prilled urea or urea super g;én‘ules,
increased the OC by 27 and 20 pef cent over control at Sabour. The OC content increased from
0.41 in control to 0.52 and 0.50 per cent for the two urea forms, respectiv.ely.
Gupta et al. (1995) reported significant increase in OC from 0.39 to 0.43 per cent with

the use of 5.2 Mg ha™ of rice husk in a loam soil at Sabour. With the further increase in the rate
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of rice-husk application from 2.5 through 5.0, 7.5 to 10.0 Mg ha" there was marginal increase

in OC; the values of OC in plots treated with 5.0, 7.5 and 10.1 Mg ha', rice husk were 0.44,
0.45 and 0.43 per cent, respectively. |

Sharma et al. (1988) reported ‘a significant increase (by about 19 per cent) in OC from
1.12 to 1.33 per cent wfth the applicatjion of saw dust @ 7.5 Mg ha in a silty clay loam soil at
Palampur (H.P.). |

Biswas ef al. (1970) reported increase in OC of a sandy loam soil by about 30 per cent
over control with the use of ground nut cake @ equivalent to 45 kg N ha™ over a period of 10
years é‘t\“Bhubneshwar (Orissa). The OC Qalue-increased from 0.37 per cent in control to 0.48
per cent with the treatment. Gupta et al. (1977) reported that application of sewage sludge @
0, 112, 225 and 450 Mg ha” to a sandy soil also increased the OM from 1 to 5 per cent.
‘Sharma e# al. (1988) reported an increase in OC by about 30 per cent over control when green
Lantana camara was applied @ 7.5 Mg ha'' to a silty clay loam soil at Palampur; the OC

content in control soil was 1.12 per cent. Similarly, Sharma et al. (1995) étudiedithe effect of

use of fresh lantana biomass @ 10, 20 and 30 Mg ha in a silty clay loam soil at Palampur (H.P)

over a period of 6 years. They repgrted an fncrease in OC t“rom 1.10 per cent in control to 1.23,
1.30 and 1.37 per cent with the three rates of lantana, respectively.

To summarise, the OC content of soils increased by 12-33 per cent over control with
the use of different orgallic materials applied @ 10-75 Mg ha” over a period of 2-12 years.

FYM has been the most commonly used organic material. The effects of green manures have

not been well documented. From these data, it is difficult to draw specific conclusions because
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of large variability in the organic sources, soils, climatic conditions and method of handling of

. . 1
organic materials. !

2.3 Effect of Organic Residues oh Soil Physical Properties

2.3.1 Soil Structural Propérties
a) Soil Aggregation , Effect of different types of organic materials, viz. FYM, poultry
manure, pig dung, green manures, crop residues, rice husk, waste organic materials, indusfrial
wastes etc. on aggregation have been studied in soils under rice-based cropping system. Of
thesé, the most commonly used materials are FYM and green manures.

kumar and Tripathi (1990) observed increase in mean weight diameter (MWD) and
water-stable aggregates (WSA) > 0.25 mm dia in a silty clay soil at Pantnagar (U.P.) with the
addition of FYM @ 15 Mg ha’. The MWD increased from 1.09 to 1.20 mm, and WSA > 0.25
mm from 32.7 to 45.0 per cent. Bhagat and Verma (1991) reported increase in MWD from
0.61 to 0.81 mm, and WSA > 0.2‘5 mr; dia from 69.7 to 80.7 per cent with the application of
FYM @ 5 Mg ha" for 5 years in a silty clay loam soil at Palampur (H.P.). Prasad (1994)
reported increase in macro aggregates (> 1.0 mm dia) from 6.5 to 10.6 per cent and micro
aggregates (< 1.0 mm dia ) from 13.2 to 22.2 per cent with the incorpofation of 10 Mg ha™
FYM in a calcareous soil. Gupta et al. (1995) studied the effect of FYM @ 10 Mg ha™, in
combination with prilled urea (PU) and urea super granules (USG) @ 87 kg N ha™, on soil
aggregation in a clay soil at Sabour. The WSA > 0.25 mm dia increased from 39.1 per cent in

control to 56.9 per cent with ‘FYM + PU’, and 57.9 per cent with ‘FYM + USG’.
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Li and Zeng (1991) improved aggregation in a paddy soil in China by using pig dung @

7.5-22.4 Mg ha. Sen ef al. (1994) in a long-term experiment reported increase in micro
aggregates (< 1.0 mm dia) in a paddy ’Jsoil with the use of pig manure. Rixon ef al. (1991),
however, did not find significant change in aggregation with the use of pig dung @ 22.5 Mg
hé'l for 3 years in a paddy soil in China.

Ram and Zwerman ( 1960) reported that aggregate stability is positively correlated with
the quality and quantity of OM added to the soil. The effects and effectivenéss \fary with soil
texture and green manure used, the effects last long if green manures are added continuously to
the soﬁi* MacRae and Mehuys (1985) reviewed the effect of green manures on aggregate
distributioﬁ aﬁd stability in temperate areas. They reported that silt loam soils seem to be most
responsive to aggregate-stability increases with green manuring, effects are more variable in
clayey and sandy soils.

Darra et al. (1968) reported increase in WSA >0.25 mm dia from 6.74 per cent in
control to 8.94 per cent with dhaincha (Sesbania aculeata) and 9.08 per cent with sanhemp
- (Crotalaria juncea) green manure in a clay loam soil at Kota (Rajasthan). Biswas et al. (1970)
reported increase in WSA > 0.25 mm dia from 16.9 per cent in control t0 28.2 per cent in a
sandy loam soil treated with green manure @ eéuivalent to 45 kg N ha""{for a period of 10
years at Bhubneshwar (Orissa). Boparia er al. (1992) studied distribution of WSA in a sandy
loam soil at Ludhiana (Punjab) treated with dhaincha (Sesbania aculeata) for 2 years. The
WSA in"the size range of 0.25-0.1 mm, 0.5-0.25 mm and >0.5 mm di.a increased from 12.8 to

17.3 per cent, 9.4 to 10.5 per cent, and 3.9 to 4.6 pér cent, respectively.



_ 17
Mandal ef al. (1992) reported increase in WSA ( 0.1-1.0 mm dia ) from 28.2 per cent in

confrol to 32.5 and 33.3 per cent in a sandy clay loam soil treated with azolla @ 10 And 20 Mg
ha, respectively for 2 years at Kalaya;li (West Bengal). Prasad (1994) reported increase in
macro aggregates (> 1 mm dia ) in a calcareous soil from 5.6 to 9.6 per cent when treated with
blue green algae @ 15 kg algal mass ha™'. The corresponding increase in micro aggregates (0.3
to 1.0 mm dia ) was from 13.2 to 20.0 per cent. They further reported that incorporation of 10
Mg ha™ FYM along with blue éreen! algae further improved soil aggregation, although the
effect w;w not substantial.

‘.Yao (1984) observed significant increase in MWD ( from 0.16 to 3.71 mm ) when a
paddy soii was treated with ‘rice straw + milk vetch’ (1:1 ratio) @ 20 Mg ha™ for 3 years in
_China. Bhagat and Verma (1991) reported increase in MWD from 0.61 mm to 0.74 mm in a
silty clay loam soil at Palampur (H,P.) when supplied with rice straw @ 5 Mg ha™ for 5 years;
| the WSA > 0.25 mm dia in_creased from 69.7 to 77.3 per cent. They further stated that
incorporation of FYM @ 5 Mg ha™! along with wheat straw further increased MWD to 0.83,
mm and WSA > 0|.25 mm dia to 81.2 per cent. Gupta e? al. (1994) reported frbm Jabalpur
increase in value of WSA >0.25 mm dia from 30.1 per cent in control to 620 and .64.8 per cent,
respectively when rice soil was treated vxiith rice straw @ 10 Mg ha”', in combination with
prilled ur}ea (PU) and urea shper granules (USG) @ 87 kg N ha'! each. According to these
workers WSA of size range 0. 1-0.55 mm dia decreased fror!n 19.5 in control to 9.8 and 12.4 per
cent with ‘rice straw + PU’ and ‘rice straw + USG’.

Singh et al. ( ]976)'l reported increase in geometric mean diameter (GMD) from 0.413 to

0.493 mm with rice husk, and from 0.413 to 0.491 mm with wheat bhusha in a sandy loam soil
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at Kharagpur (West Bengal); rice husk, and wheat bhusha, both, were applied @ 25 Mg ha

for 2 years. The WSA > 0.25 mm dia were increased from 28.0 to 44.4 and 41.9 per cent with
two materials. Gupta ef al. (1994) repofted that, at Sabour, incorporation of rice husk @ 10
Mg ha in a loam soil increased WSA > 0.25 mm dia from 23;6 to 48.2 per cent, while
decreased WSA of size range 0.1-0.25 mm dia from 10.5 to 7.6 per cent.

Biswas ef al. (1970) used groundnut cake to improve structure of rice s!oils. They
reported increase in WSA > 0.25 mm dia from 29.5 to 35.1 per cent with groundnut cake @
equivalent to 45 kg N ha™' used for 10 years at Bhubneshwar (Orissa).

‘.'[n a field study at Palampur Sharma et al. (1995) reported that 6 annual additions of
fresh lantana biomass @ 30 Mg hg‘l increased WSA > 0.25 mm dia from 2.66 to 4.09 mm in a
! ‘
slty clay loam soil. |

To conclude, the MWD increased by 16-33 per cent with FYM, 19-2219 per cent with
crop residues, and 13-54 per cent with other organic materials; WSA > 0.25 mm dia increased
by 8-107 per cent with FYM, 7-204 per cent with green manure, 11-105 per cent with crop
residues, and 8-18 per cent with other organic materials, applied @ 3-30 Mg ha over 2-12
years.
~b) Bulk density: The addition of OM to a soﬂ zone is expected to decrease the bulk density
of that zone, because the added material is generally of low density than of soil matrix; the type
of material used to affect such a change is largely inconsequent. However, the rate of
application and the time allowed for the decomposition process to take pl;ce have significant

effect on the bulk density values. Because of saturated water regime, the decomposition rate in
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~ rice soils are quite different than those in arable soils, and hence the change in bulk density

values due to the incorporation of organic residues will be different.

Low and Piper (1973) reported e;bout 3 per cent decrease in bulk density of a loam soil,
from 138 to 1.34 Mg m>, with the application of 75 Mg ha” FYM for 6 years. Bhadoria
(1987) studied changes in bulk density of a sandy: loam soil at Kharagpur (West Bengal) due to
the application of FYM @ 25 Mg ha™ at two soil depths, i.e. 5 and 20 cm. Bulk density
decreased from 1.85 to 1.73 (6.3 per cent decline), and 1.81 to 1.68 Mg m™ (7.2 per cent
decline) at two depths, respectively. According to Sharma ef al. (1987), application of FYM @
equiva.l"e"nt. to 100 kg N ha™ to either rice or wheat or both the crops in a clay loam soil at
- Palampur (H.P.) for 6 years decreased the bulk density by 3.9, 3.9 and 7.8 per cent,
-respectively, over the control value of 1.28 Mg m™, Similérly, in another experiment at Malan
(H.P.), Ganai and Singh (1988) reported that incorporation of FYM @ 20 Mg ha™ for 2 years
to rice or wheat decreased bulk density by, 19.8 and 21.4 per cent over control 'va1111e of .73 Mg
m>. Bhalgat and Verma (1991) reported that bulk density of a silfy clay loam soil at Palampur
(HP) degacreased from 1.32 to 1.26 Mg r_n'3 (4.5 per cent dc!icline) when the soil was treated with
FYM @ 5 Mg ha™ for a period of 5 years. Patel et al. ( 1993) reported.red‘uction in bulk density
of a clayey soil at Navsari1 (Gujrat) from 1.41 to 1.36 Mg m™ (3.1 per cent decline) with the use
of FYM @ 25 Mg ha'l.f! Studies conducted at different locations under an All India Co-
ordinated 4Research Project also reported decrease in bulk density by 4 to 6 per cent in rice soils

with the incorporation of FYM @ 5-10 Mg ha™' year" over a period of time. Bulk density

decreased from 1.21 to 1.16 Mg m™ in a clay soil at Jabalpur; from 1.50 to 1.53 Mg m™ in a
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clay loam soil at Kaul (Haryana); from 1.23 to 1.16 Mg m™ in a black soil at Jabalpur; and from

1.54 to 1.45 Mg m™ at Sabour (Gupta et al., 1994, 1995).

According to Darra et al.(1968) incorporation of dhaincha (Sesbania aculeata) and
sanhamp (Crotalaria juncea) to rice during kharif did not show any effect on the bulk density
of a clay loam soil observed after wheat harvest at Kota (Rajasthan). Incorporation of 7.5 Mg
ha™ azolla or 2275 Mg ha™' water hyacinth in a paddy soil for 2 years, decreased the bulk density
from 1.23 to 1.1 Mg m™ (9.8 per cent decline) in China Yao, (1984). Boparai ef al. (1992)
| also reported decrease in bulk density of a loamy sand soil at Ludhianal (Punjgb) with the

ihcorpbrgtion of 60 d-old dhaincha (Sesbariia aculeata) green manure beforé rice for 2 years. In
the first yéar of dhaincha incorporation thé decrease in bulk density was from 1.61 to 1.57 Mg
m> (2.5 lper cent decline) and 1.66 to 1.62 Mg m* (2.4 pex! cent decline) at 0-15 and 15-30 cm
depths. After two years the decrease in bulk density was from 1.58 to 1.38 Mg m™ (3.2 per cent
decline) and from 1.66 tc{» 1.61 Mg m™ (3.0 per cent decline) at two depths. Mandal et al.
(1992) reported decrease in bulk density of a sandy clay loam soil at Kalayani (West Bengal)
by 1.8 and 6.7 per cent over control (1.65 Mg m™) with 10 and 20 Mg ha azolla after one
year, and by 8.5 and 13.3 per cent aﬁef the second year. Thakur es al. (1995) pbserved
significant decrease in bulk density of a silty" clay loam soil at Palﬁpur (H.P.) due to
incorporation of dhaincha (Sesbania aculeata) and french bean biomass at an average rate of
183 and 1.3 Mg ha” year! after 3 years. The effect of dhaincha (Sesbania aculeata) was
| signiﬁcantly higher than french bean probably because of much higher biomass added in the first
case. Gubta et al. (1995) reported that in a clay loam soil at Kaul (Haryana) incorporation of

- dhaincha (Sesbania aculeata) @ 33 Mg ha™ decreased bulk density by 8.1 per cent at 0-15 cm
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and 2.3 per cent at 15-30 cm depths over the control. The bulk density values in control and

treated plots were 1.60 and 1.74 Mg m” at 0-15 ém, and 1.75 and 1.71 Mg m™ at 15-30 cm soil
depth. Aécording to these workers, buik density decreased by 9.1 per cent, from 1.54 to 1.40
Mg m”, with the use of ‘dhaincha + prilled urea’ in a puddled clay soil at Sabour. Aggarwal et
al. (1997) reported decrease in the bulk density of a clay loam soil from %.69 to 1.60 Mg m™
(55 pe.r cent drop) in 0-5 cm soil layer v}vith the incorporation of 30-d-old dhain¢ha (Sesbania

aculeata) @ 30 Mg ha™ in direct-seeded rice. Bulk density remained unaffected at 15-30 cm

_ |
layer. ! ' .

“Yao, (1984) reported 4 ber cent decrease in bull; density, from 1.18 to 1.14 Mg m”,
with the use of rice straw @ 4.5 Mg ha™ for 2 years in China. Bhadoria (1987) reported 13.5
per cent decrease in bulk'! density, from 1.85 to 1.60 Mg m™, with the incorporation of rice husk
@ 25 Mg ha in a sandy loam soil. Bhagat and Verma (1991) reported that incorporation of
rice straw @ 5 Mg ha”', alone or in combination with FYM @ 5 Mg ha”, for S years, decreased
bﬁlk density in silty clay loam soil at Palampur (H.P.).by 5.3 and 10.6 per cent, respectively,
over control. The bulk density value in control and x;lots treated with straw and ‘straw + FYM’
were 1.32, 1.25 and 1.18 Mg m>, respectively. No change in bulk density was observed by
More (1994) with the use of ‘wheat straw + 'pressmud’ @ 30 Mg ha (1:2 ratifo) in a soil
containing 46 per-cent clay over a period of 3 years at Parbhani (Maharashtra). According to -
Gupta et al. (1994) bulk density of a clay soil decreased by 5.8 per cent over control (from 1.21
to 1.14 Mg m™) in 0-15 cm soil layer with the use of rice husk @ 5 Mg ha™'. Reduction in bulk
density in a black clay soil at Jabalpur was from 1.23 to 1.16 Mg m™ (5.7 per ;ent drop), 1.30

/

to 1.24 (4.6 per cent drop) and 1.47 {o 1.38 Mg m™ (6.1 per cent drop) at 0-10, 10-20 and 20-
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30 cm depths, respectively, in response to rice husk incorporation @ 5 Mg ha™' (Gupta et al.

1995). They also reported decrease in bulk density of 0-20 cm layer of a black clay soil at
fabalp_ur with the incorporation of n'cize’vhusk and rice straw each @ 5 Mg ha’'; bulk density at
20-30 cm layer remained practically unchanged. The bulk density values were 1.40, 1.52 and
1.62 Mg m” in control, 1.43, 1.46 and 1.60 with rice husk, and 1.44, 1.51 and 1.61 Mg m®
with rice straw in 6-10, 10-20 and 20-30 cm soil layers, respectively. In a puddled clay soil at
Sabour, Gupta et al. (1995) reported decrease in bulk density by 2.7 per cent, from 1.50 to 1.46
Mg mz ,in 0-10. cm soil layer. Bulk density in a loam soil decreased from 1.51 to 1.44 Mg m>
and 157 to 1.49 Mg m? in 0-15 and 15-30 ¢m soil layer, with the use of rice husk @ 10 Mg
‘ ha'. Thé decrease was 4.6 and 5.1 per cent over control, respectively. Combination of either
prilled ur‘e.a or urea super granules, to supply 87 kg N ha”', with paddy straw decreased the bulk
density by 9.1 and 5.8 per cent, respectively, of a clay soil at Sabour. The ?value decreased from
1.54 in controi to 1.40 and 1.45 Mg m? v?vith the two urea forms, respectively.

,iSharma et al. (1983) reported decrease in bulk density of a silty clay loam soil at
Palampur (H.P.) from 1.24 to l.él .Mg r_n'3 (2.4 per cent‘ decline over control) with the use of
lantana @ 7.5 Mg ha™' (incorporation between rows); saw dust did not change the bulk density.
Lantana incorporation @ 30 Mg ha™ for 6 yéus, in another experiment at Palampur (H.P.)
(Sharma et al., 1995), decreased the bulk density of a silty clay loam soil from 1.42 to 1.31 (7.7
per cent drop) at 0-7.5 cm and 1.48 to 1.38 Mg m™ (6.8 per cent drop) at 7.5-15 cm depth. The
bulk density of aggregates (2-8 mm) and clods (4-6 c¢m) in the same experiment, decreased

from 1.54 to 1.48 Mg m” (3.9 per cent decrease) and 1.49 to 1.40 Mg m” (6.0 per cent

decrease).
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‘Gupta et al. (1994) reported that incorporation of saw dust @ 5 Mg ha' year' in a

black clay soil at Jabalpur decreased the bulk density of é-lS, 15-30 and 30-45 cm layers by
6.6, 4.8 and 2.9 per cent over control.

Thus, the bulk deri!‘sity decreased by 0-21 pef cent with FYM @ 5-25 Mg ha'', 2-17 per

cent with green manures @ 1.3-22.5 Mg ha™', 0-18 per cent with crop residues @ 4.5-25 Mg
ha”, and 2-30 per cent with other organic materials when applied @ 10-30 Mg ha™, over a
period of 2-7 years.
c) Porosity :  Effect of FYM on soil porosity under rice- wheat cropping have been studied
by van'(;'us workers. Low and Piper (1973) repbﬁed that addition of 75 t FYM ha™ year™ for 6
consecutive years increased the total porosity of loam soil by 3.6 per éent, from 46.9 per cent in
control to 48.6 per cent. In a silty clay loam soil at Palampur (H.P.), total porosity increased by
8 9 per cent when FYM was applied @ 5 Mg ha™ over a period of 5 years (Bhagat and Verma,
- 1991); the increase was from 49.9 to 53.0 per cent . According to Patel e al. (1993), the use of
FYM @ 25 Mg ha' for 6 years in a clayey soil under rice-wheat-green gram cropping sequence
at Navasari (Gujrat), increased the total porosity from 46.0 to 48.0 per cent (4.3 per cent
in?:rease)‘

Green manuring with dhaincha (Sesbdm'a‘ aculeata) and sanhemp (Crotalaria junceq)
increased the total porosity from 43.9 to 45.8 and 45.7 per cent, respectively, in a clay loam soil
at Kota (Réjasthan) (Darra et al., 1968). The per cent increase the total porosity over control
was 4.5 and 4.1 per cent for dhaincha and sanhemp. Yao, (1984) in China reported increase in
total porosity from 53.5 to 58.0 per cent (8.4 per cent inérease) with azolla @ 7.5 Mg ha™', and

from 52.8 to 54.9 per cent (4 per cent increase) with water hyacinth @ 22.5 Mg ha'. Azolla
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and water hyacinth incorporation for 3 years, in another study, increased the total porosity from

54.0 and 53.0 per cent in control to 58.0 and 55.0 per cent (Gu and Wen, 1981). These
treatments, however, did not affect thé non-capillary porosity of soil. Mandal et al. (1992)
~ reported from Kalayani (West Bengal) that the application of azolla @ 10 and 20 Mg ha' in a
sandy clay loam soil for 2 years increased the total porosity from 32.7 to 37.1 and 39.1 per
cent; the increase over control being lf&.6 and 19.9 per cent.

Bhagat and Verma (1991) reported that wheat straw incorporation @ 5 Mg ha'in a
silty clay loam soil at Palampur (H.P.) for 5 years increased the total porosity by 5.1 per cent
over c‘antrol, ie. from 49.4 to 51.4 per cent. They further reported that wheat straw in

“combination with FYM @ 5 Mg ha™ further increased the total porosity to 54.6 per cent. In a
field experiment, Sharma et al. (1995) reported that 6 annual additions of fresh lantana biomass
@ 30 Mg ha™, not only increased total porosity of whole soil from 42.2 to 46.0 per cent, but
also of soil aggregates (2-8 mm dia) from 38.2 to 40.6 per cent, i.e. 6.3 per cent increase over
vcontrol.

Use of organic materials also affect air-filled porosity of soils. Lovi{/ and Piper (1973)
observed that FYM @ 15 Mg ha™ year™ for 6 years increased the air-filled porosity at field
capacity pf a loamy soil from 8.3 in control to 9.; per cent. Zhu and Yao (1993) reported that
soils treated with organic materials were loose and air-filled pores increased more rapidly than
in the control soil. Green manuring for three years also increased the aeration status of a saline
coastal soil from 36.5 to 455.9 per cent, i.e. by 25.7 per cent over control (Liu, 1988).

These data show that the addition of organic residues increased, both, total and air-filled

porosity. The total porosity increased by 3-7 per cent with FYM @ 5-75 Mg ha™, by 4-20 per
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cent with green manures @ 7.5-22.5 Mg ha™', from 5-11 per cent with crop residues @ 5-10

‘Mg ha™" from 6-26 per cent with other organic materials @ 10-30 Mg ha for 2- 6 years.
d) Soil Penetration Resistance : Oréanic materials modify soil penetration resistance (SPR)
by changing, both, the bulk densify and water holding capacity of soils. Ganai and Sipgh (1988)
in a field experiment at Malan (H.P.) reported that the incorporation of FYM @ 20 Mg ha™' for
2 years decreased the SPR of rice soil. The SPR decfeased from 3.66 to 3.50 kg cm’ after rice,
~ and frofn 3.74 to 3.64 kg cm after wheat harvest. Gupta et al. (1994) reported that application
of FYM @ 5 Mg ha™ in a clay soil at Jabalpur 10 d-before puddling decreased the SPR from
322 tc;‘2.\..61 kg cm? at 5 cm depth, fr?m 4.50 to 3.70 at 10 cm depth and from 5.36 to 4.49 kg
cm” at- 15 cm depth. The per cent decrease over control was 19.0, 19.0 and 14.5 per cent,
respectively. In another experiment at Jabalpur (éupta et al., 1995), decrease in SPR (from 3.1
to 2.6 kg cm™) was significant only in the top 5 cm depth; at 10 and 15 cm depths change in
SPR was marginal.

Gu and Wen (1981) reporfed that incorporation of green manures, like azolla and
common water hyacinth, f‘or a period of 3 years decreased the SPR of a rice soil by 9.7 and
16.2 per cent over control. The SPR value in control, and azolla- and v?ater hyacinth-treated
~plots were 31.9, 28.0 and 26.0 kg cm?, respectively. Yao (1984) in Japan reported decrease in
SPR in a paddy soil with the use of azolla @ 7.5 Mg ha™ and water hyaci%;th @ 22.5 Mg ha™*
over a period of 3 years in a paddy soil in’China. The decfease was from 3{1‘4 to 27.9 kg cm?,
i.e. 11.1 per cent with azolla and from 30.7 to 26.0 kg cm™, i.e:15 per cent with water hyacinth

over a périod of three years.
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- Gu and Wen (1981) observed decrease in SPR from 32.0 to 26 0 kg cm™ (18.8 per cent

decrease over control) with the application of rice straw for 3 years in a paddy soil in, China. At
Jabalpur, in a black clay soil, Gupta ef al. (1995) reported that use of rice straw ami rice husk
@ 5 Mg ha'! each decreased SPR at 0-5 cm depth from 3.1 to 2.9 and 2.9 kg cm’?,
- respectfvely. At 5-10 and 10-15 cm depths the decrease was from 5.6 to 5.2 and 5.3 kg cm”
with rice straw, and from 7.7 to 5.8 and 6.3 kg cm™ with rice husk. Fagi and De Datta (1983),
however did not find any effect of crop residues of upland crops planted before rice SPR in a
sandy clay loam soil at IRRI, Phlhppmes |
B_hagat et al. (1994) reported reduction m SPR of a rice soil, silty clay loam in texture,
with the incorporation of fresh lantana biomass in soil before‘puddling, over a period of 3 years
at Palampur (H.P.). The SPR values at 2.5, 7.5, 12.5 and 17.5 cm depths were 0.47, 0.60, 0.65
~and 0.64 MPa in control, and 0.26, 0.28, 0.40 and 0.45 MPa, respectively, in plots treated with
klantana @ 30 Mg ha”'. Gupta et al. (1994) reported that saw dust @ 5 Mg ha™ decreased the
SPR of a black clay soil at Jabalpur upto 15 cm depth; the SPR decreased from 3.22 kg cm™ to
.2.78,4.58 t0 3.78 and 5.36 to 5.19 kg cm‘z at 5, 10 and 15 cm depths, respectively. The per
cent decrease in SPR over control was 14.0,' 18.0 and 3.0 at three depths, =fespecti§ely.
These data conclude that SPR dec%'eases with the additions of orgaﬂlic matéﬁals in soils.
The SPR decreased by 0-19 per cent with FYM @ 5-22 Mg ha”', by 10-16 per cent with green
manures @7 5-22.5 Mg ha’, by 1-34 per cent with crop resndues @ 5-10 Mg ha™, and 3-57 per
cent with other organic residues @ 5-30 Mg ha™ used over a period 1-6 years.
e) Other Structural Properties :  Other soil physical parameters which can be used as an

i
index of structural status of rice soils include change in apparent specific volume (A ASV),
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coefficient of linear extensibility (COLE) and surface cracking behaviour etc. Very few studies

have been conducted to investigate the effects of organic materials on these soil properties,

especially under rice-wheat cropping.
;
Fagi and De Datta (1983) reported that incorporation of soybean and maize residues

increased the change in apparent specific volume (A ASV) of a rice soil. Soybean residue @ 11
Mg ha” .éncreased A ASV frém 0.13 to 0.27 cm® g, whiereas maize residue @ 14 Mg ha’
increased A ASV from 0.13 to 0.31 cm® g", at IRRI, Philip;;ines.

| . Kumar et al. (1984) observéd increase in COLE of a sandy soil from 0.060 to 0.064 cm
cm’! duc;\to the incorporatille_ of FYM @ 846 Mg ha’ at PAU, Ludhiana (Puﬁjab).

In a field experiment at HPKV, Palampur (H.P.) (Sharma ef al., 1995), incorporation of
‘lantana @ 30 Mg h‘a'l for 6 years in a silty clay loam soil decreased volume of soil under cracks
from 5.0 x 10* m* m? to 1.2 x 10* m* m? (76 per cent reduction). The cracking pattern
changed from almost hexagonal deep cracks in ¢ontrol to close network of fine cracks in
lantana treated soil.

2.3.i Soil Hydrological Properties

a) Water Retention and Availability :  Incorporation of organic materials invariably changes
water retention as well as plant-available water capacity (PAWC) of soils. However, the
magnitude of changes depends on whether the data are expressed on mass-basis, or volume-
basis. The expression of data on volume-basis are more meaningful, although the effects are less
conspicuous in that case. The data in !this review are presented on volume-basis or otherwise

mentioned in the text.
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Rixon et al. (199i) reported that with thé addition of 22.5 Mg ha™ of pig dung in a
 barley-early rice-late rice cropping sequence, grown on a soil having 23 per cent clay in China,
the water retention at 0.33 bar increé.s_edll from 39.5 to 42.0 per cent, expressed on mass-basis.
Liu (1988) reported increase in maximum water holding capacity (WHC) from 43.6 to
46.5 mm, with the use of Seshania green manure in a saline coastél soil. Mandal ef al.(19§2)
reported that in sandy clay loam soil at Kalayani (West Bengal), use of 20 Mg ha™ azolla for 2
years increased the WHC from 31.5 to 38.0 per cent (mass-basis) in .treated plots. |
Kumar and Tripathi (1990) after 9 years of experimentation found that application of
. FYM@ \15 Mg ha™' year” increased the moisture content at 0.33 bar from 30 to 32 per cent;
water retention at higher suction remained unchanged. Thus, the PAWC increased from 17.0 to
20;0 per cent. Bhagat and Verma $l991) reported that application of FYM alone or in
cémbination with rice st.raw, each @ 5F Mg ha .", for 5 years in a silty cléy loam soil at Palampur
(H.P.) increased the water retention from 41.0 "co ‘48.5 per cent at 0.33 bar, and 14.5 to 19.5 per
cent at 15 bar suction. The PAWC increased from 26.5 per cent in control to 29.0 per cent in
treated plots. Gupta et al. (1995) reported that incorporation of FYM @ 10 Mg ha in a black
clay loam puddled soil at Kaul (Haryana) increased the water retention from 38.4 to 39.9 per
éent at 0.33 sucfion, and from 22.4 to 22.8 per. cent at 15 bar suction in 0-15 cm soil layer.
Water retention was also improved at 15-30 cm depth; increase being from 38.9 to 47.3 per
‘cent at 0.33 bar, and 24.3 to 25.3 per cent at 15 bar suction. The PAWC at twé depths was
increased from 16.0 and 14.6 per cent in control to 17.1 and 22.0 per cent, (gspectively.
Biswas ef al. (1970) observed thatl in a sandy loam soil at Bhubnesl;war (Orissa) use of

green manures @ equivalent to 45 kg N ha™ for 10 years increased the water retention, both, at
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0.33 and 15 bar suctions. The water retention increased from 13.4 to 17.2 per cent at 0.33 bar,

and from 4.0 to 4.5 per cent at 15 bar suction . This lead to a marginal increase in PAWC from
9.4 to 10.0 per cent on me’tss-basis. '

" Gupta et al.(1995) reported that mixing of combine-harvested wheat residues in a black
clay loam soil at Kaul (Harayana) increased the water retention of 0-15 cm soil layer at 0.33 bar
suction from 38.4 to 39.3 per cent, but did not affect water retention at 15 bar suction; the
values at control and treated plots were 22.4 and 22.3 tper cent. Thus, PAWC increased from

' 16.0‘t\o 16.9 per cent. The correspoﬁding incfeases in 15-30 cm soil layer was from 39.8 to 42.4
per' cér;f‘at 0.33 bar, and 24.3 to 25.5 per cent at 15 bar; thereby increasing PAWC fr?m 15.5to
16.9 per cent.

Bhagat and Verma (1991) reported increase in the water retention from 41.0 to 44.0 per

- cent at 0.33 bar, and 14.5 to 17.5 per cent at 15 bar suction with the incorporatic;n of rice straw

@ 5 Mg ha "' for 5 years in a silty clay loam soil at Palampur (H.P.). The PAWC ini:reased from
29.0 per cent to 35.0 per cent. |

Singh et al.(1976) reported th#t the addition of wheat bhusha @ 25 Mg ha™ for 3 years
increased thé water retention of a sandy loam soil at Khar#gpur (West Bengal). The water
retention increased from 13.2 to 13.6 per cent at.0.33 bar and 4.9 to 5.2 per cent at 15 bar and
the PAWC from 8.3 to 8.4 per cent, when expressed on mass-basis.

According to Bhagat et al. (1994), incorporation of fresh lantana @ 30 Mg ha™ in a silty
clay loam soil at Palampur (H.P.) for 3 years increased the water retention from 40.0 to 48.0
per cent at 0.33 bar and from 11.0 to 13.0 per cent at 15 bar suction. The PAWC increased

from 29.0 to 35.0 per cent.
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According to Singh ef al. (1976), incorporation of saw dust @ 25 Mg ha for 2 years
increased the soil-water retention; bot!h," at 0.33 and 15 bar suctions. The increase was from
13.3 to 14.3 per éent, and from 5.0 to 6.0 per cent at 0.33 and 15 bar suctions, respectively, on
mass-basis. The PAWC thus, remained unchanged with saw dust treatment.

Biswas e? al. (1970) and Singh et al. (1976), on the other hand, observed decline in
PAWC, when expressed on mass-basis with the use of different organic materials due to more
increase in water retention at 15 than at 0.33 bar suction. Use of neem cake @ equivalent to 45
kg N=.la1a'I for 10 years in a sandy loam soil at Bhubneshwar (Orissa) decreased the water
retentio;{ 'ét 0.33 bar from 13.9 to 13.2 per ceﬁt, but increased water retention at 15 bar from
| 3.9 to 4.3 per cent (Biswas et al., 1970). Thus, the PAWC decreased from 10.1 to 8.9 per cent,
expressed on mass—Basis. They also reported that use of FYM @ equivalent?to 45 k}g N ha™ for
iO years in a sandy loam soil at Bhubneshvéar (Orissa) increased the water retention at 0.33 and
15 bar suctions from 13.9 to :14.3, and 3.9 to 4.4 per cent, respectively; the PAWC decreased
from 10.1 to 9.6 per cent. Singh e; al. (1976) observed appreciable decrease in water retention
of a sandy loam soil at Kharagpur (West Bengal), when amended with FYM @ 25 Mg ha.
Water retention increased 1ﬁom 13.3 to 13.6 per cent at 0.33 bar, and from 5.0 to 5.8 per cent
at 15 bar suction, reSpecti\;ely. The available water decreased from 8.2 to 7.6 per cent, although
the decrease was not statistically signiﬁcént. They again reported that addition of rice husk @
25 Mg ha™' for 2 years increased the water retention in a sandy loam soil at Kharagpur (West
Bengal) at 15 bar (from 4.9 to 5.3 per cent), but not at 0.33 and suction (13.3 per cent). Thus,

the PAWC decreased from 8.4 to 8.0 per cent with rice husk.
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Gupta et al. (1995) also reported decrease in PAWC with the use of dhaincha @ 33 Mg

ha™! in a puddled clay loam soil at Kaul (Haryana).The water retention at 0.33 bar decreased

from 38.2 to 38.4 per cent and at 15 bar suction from 22.4 to 20.9 per cent; the PAWC

decreased from 16.0 in control to 14.6 per cent in treated plots.

b) Infiltration : Sharma et al.(1987) observed an increase in the cumulative infiltration

(over a period of 2 h) in a silty clay loam soil from 7.3 to 13.5 cm at Palampur (H.P.) with the

_continuous application of FYM @ equivalent to 100 kg N ha™ for 6 years to wheat in rice-

wheat cropping sequence; when FYM was applied to rice, the cumulative igrlﬁltration increased
to 11.7‘\‘c‘m; when FYM was applied to, |both', rice and wheat crops, cuxgnulativé inﬁltratiop
increased fo 19.8 cm. Similar results were Iobtained by Ganai and Singh (1988). They reported

|

that application of FYM @ 20 Mg ha' for 2 years tT) wheat, increased the cumulative
infiltration from 5.1 to 7.6 cm in 3 h period; when applied té) rice, the value increase from 5.7 té
7.2 cm. According to Kumar and Tripathi (1990), final infiltrability of a silty clay loam soil

treated with FYM @ 15 }vlg ha™ for 9 years was 0.36 cm h™ as compared to 0.20 cm h” in
untreated pontrol at whéat harvest at Pantnagar (U.P.). Bhagat and Verma (1991) reported that
incorporation of FYM @ 5 Mg ha™ year” in a silty clay loarﬁ soil at Palampur (H.P.) over a
period of 5 years, increased the cumulative inﬁltrétion (observed for 15 h) from 0.48 to 0.56 m.

More (1994) reported that incorporgtion of FYM @ 50 Mg ha™ for 3 years in a soil containing
46 per cent clay at Parbhani (Maharashtra) increased the infiltration rate from 1.4 x 10° to 3.3

x 10° m s™'; with biogas slurry @ 10 Mg ha™' the infiltration rate increased to 1.4 x 10 m s™.

Gupta et al. (1995) reported that incorporation of FYM @ 5 Mg ha™ increased the infiltration
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rate in black clay soil at Jabalpur from 0.50 to 0.89 cm h. The cumulative infiltration increased

from 6.8 to 15.6 cm after 6 hours.

Green manuring with dhaincha (Sesbania aculeata) increased water permeability in a
clay loam soil at Kota (Rajasthan) from 0.027 to 0.091 cm h! (Darra et al., 1968i; increased
cumulative infiltration by 59 mm (in 300 min) over control when used for 3 years in a loamy
sand soil at PAU, Ludhiana (Punjab) (Boparai et al., 1992); decreased percolation rate in a
sandy loam soil at PAU, Ludhiana from 12.1 to 11.6 mm d?, when used for 6 years (Aggarwal
etal; ~-.1 995); and increased percqlation rate in a clay loam soil from 0.33 x 10° to 6.56 x 107
ms’ wiien used for 2 years @ 13 M!g ha (Aggarwai et al., 1997). Similarly, green manuring
with sanhemp ( Crotalaria Juricea) incfeased water bermeability from 0.027 10 0.044 cm h™ in a
clay loam soil at Kota (Rajasthan) (Darra et al., 1968); increased cumulative infiltration in a
silty clay loam soil at Palampur (H.P.) when used for 3 years @ 18.3 Mg ha™! (Thakur ef al.,
1995).

Burial of crop residues for 6 years increased the cumulative infiltration for 2 h of a clay
loam soil at Palampur (H.P.) from 11.4 to 14.8 cm (Sharma ef al., 1987). Bhagat and Verma
| (1991) reported that application of rice straw @ 5 Mg ha for 5 years in} silty clay loam soil at
Palampur (H.P.) ipcreased the c;lmulative infiltration observed for 15 hours from 0.48 m in

@

control to 0.53 m. Combined application of wheat straw @ 10 Mg ha! andilpressimud @ 20 Mg
[
ha' to a soil having 46 per cent clay at Parbhani (Maharashtra) for 3 years increased the
infiltration rate from 1.9 x 10® to 2.8 x 10° m s™ (More, 1994). According to Gupta et al.
: l

(1995), use of rice husk @ 5 Mg ha™' in a black soil at Jébalpur increased the infiltration rate
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~from 0.50 to 0.85 cm h™'; infiltration rate was doubled with rice straw @ 5 Mg ha™ from 0.50 to

1.00 cm b,

Use of fresh lantana biomass @“3() Mg ha' for 3 years increased the infiltration rate in
a silty clay loam soil at Palampur (H.P.) from 0.09 to 0.27 cm h™' (Bhagat et al., 1994). More
(1994) 1Leported increase in infiltration rate from 1.4 x 10*51 to 2.8 x 10 m s with the pressmud
@ 20 Mg ha used for 3 years in a soil having 46 per cert i<:lay at Parbhani (Maharashtra).

The infiltration rate, cumulative infiltration and percolation rate were increased with the
addition of different type(s of organic materials. The increase in infiltration rate was 78-136 per
cent \;ith FYM, 8.7-100 per cent with crop residues, and 100-200 per cent with other materials;
in cumulative infiltration from 17-129 per cent with FYM and 10-30 per cent with crop
residues; and in percolation rate from 63-237 per cent with green manures, when used @ 2-35
Mg ha™' over a period of 2-9 years,
¢) Hydraulic Conductivity :  Applications of FYM over a period of time have generally been
seen to increase the saturated hydraulic conductivity (Ks) of soils under dce-whe&t cropping.
Bhagat and Verma (1991) observed about 4 times increase in Ks from 0.80 x 10 to 3.21 x 10
m s™'in a silty clay loam soil at Palampur (H.P.) with FYM @ 5 Mg ha’ Lised for 5 years. Gupta
et al. (1995) reported 2.5 times increase in Ks from 0.26 to 0.64 cm h™ in a black clay soil at
Jabalpur with FYM @ S Mg ha”. Prasad (1994) reported that use of FYM @ 10 Mg ha’
increased Ks of a soil from 0.221 to! 0.368 cm h™'. Gupta et al.(1995) reported about 8-fold
increase in Ks from 0.15 to 1.24 cm h™ in a puddled clay loam soil at Kaul (Haryana) with FYM

@ 20 Mg ha'. Aggarwal ef al. (1995) reported that in a Fatehpur sandy loam soil at Ludhiana
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(Punjab) use of FYM @ 20 Mg ha for 6 years increased the average percolation rate from

122mmd” to 13.1 mmd”.

Biswas et al. (1970) did not find any change in Ks of a sandy loam soil at Bhubneshwar
(Orissa) with use of FYM @ equivalent to 45 kg N ha'! for 10 years, but with green manuring,
at the same rate, from 0.25 to 0.30 cm h™". Joshi ef al.(1994) observed increase in Ks of a clay

‘loam soil from 3.1 to 4.8 cm d” when green manured with dhaincha (Sesbania aculeata).
According to these workers, dhaincha (Sesbania aculeata) was superior to the incorporation of
Leucaena leucocephala leaves or weeds in rice-wheat sequence. Prasad (1994) reported that
use of Bl!ue green algae @ 15 kg ha™ algal cruét, alone or in combination with FYM @ 10 Mg
ha”, increased Ks from 0.221 to 0.254 and 0.441 cm h'| }espectively. At Kaul (Haryana), use
of dhaincha @ 33 Mg ha™' as green manure caused about 3-fold increase in Ks (from 0.055 to
0.160 cm h')in a puddleﬁi clay loam soil (Gupta et al., 1995). Aggarwal ef al. (1997) reported
that incorporation of 30-d£-old dhaincha @ 13 Mg ha™ in clay loam soil nearly doubled Ks (from
1.36 x 10° to 2.64 x 10® m s7); Ks was detemliﬁed 30-d-after direct sowing of rice. The value
of Ks increased from 0.56 x 10 in control to 1.19 x 10° m s’ after 2 years of continuous
green manuring. Aggarwal ef al. (1995) reported decrease in percolation réte of in a sandy loam
soil from 12.2 to 11.6 mm d"' when manured with dhaincha (Sesbania aculeata) @ equivalent
to 140 kg N ha! for 6 years.

Bhagat and Verma (1991) reported about 4-fold increase in Ks (from 0.86 x 10° to
3.21 x 10° m s™) with the incorporation of ‘rice straw + FYM’ each @ 5 Mg ha™' in asilty clay

- loam soil at Palampur (H.P.). Gupta ef al. (1995) reported increase in Ks from 0.6 to 0.9 cm h’'
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with rice straw @ S Mg ha™, and from 0.221 to 0.485 cm h' with rice straw @ 10 Mg ha”, at

two locations in Sabour. They further reported that in a field experimgnt at Sabour, use of rice
straw @ 10 Mg ha™" along with prilled uré; (PU) or urea super granules (USG) @ 87 kg N ha,
increased the Ks of a puddied clay soil from 0.136 to 0.396 and 0.415 cm h™, respectively.
Gupta et al. (1994, 1995) have reported the effect of rice husk @ 5 Mg ha'! on Ks at
two locations. At Jabalpur, in a puddled clay soil, Ks increased from 0.28 to 0.51 cm h”, and at
.Sabour, ina pud.dled loam soilv, Ks increased from 0.6 to 0.8 cm h™. |
.Eﬁ’ect of groundnut cake, compost and lantana etc. on Ks of rice soil have also been
studied By\some workers. Biswas ef al (1970) reported that groundnut cake @ equivalent to 45
kg N ha"' for 10 years in a sandy loam soil at Bhubneshwar (Orissa) increased Ks from 0.25 to
0.31 cm h'}l‘. Shin and Shin (1975) observed increase in Ks of a rice soil in Japan from 2.96 to
5.21 cm h* with the use of compost @ 7.5 Mg ha™ for 20 years. Bhagat ez al. (1994) reported
increase in Ks in a silty clay loam soil from 3.88 x 107 to 8.33 x 107 m s with the use of
lantana @ 30 Mg ha™ over a period of 3 years.
According to these reports, with few exceptions, where no change in Ks v;/as observed,
the use of organic residues invariably increased Ks of soils. The Ks of rice soils increased by
7-727 per cent with FYM @ 5-20 Mg ha®, 15-191 per cent with green manures @ 13-33 Mg

ha”, 30-301 per cent with crop residues @ 5-10 Mg ha” and 24-115 per cent with other

1
!

organic materials applied @ 7.5-30 Mg ha'lg, ovef a period of 2-20 years.
d) Soil-Water Contact Angle : Very few reports are available on the effect of organic
materials on soil-water contact ang!e. Das and Das (1972) determined soil-water contact angle

in samples from two soil horizons, differing mainly in OC content. The contact angle was 79.1°
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for surface horizon (0-18.5 cm) which had 6.84 per cent OC, and 76.0° for subsurface horizon

(18.5-33.5 cm) which had 3.57 per cent OC. Thus increase in soil OC increased soil-water
contact angle, making soil less hydroﬁhyllic. Similar observations were made by Kumar et al
(1984) in a pot experiment; the contact angle of Ludas sand increased from 33.3° to S| 2,725,

85.1 and 85.9°, when the sand was treated for 10 monthe with FYM @ 133, 270, 540 and 846
i

Mg ha™', respectively.
2.3.3 Mechvan»ical Properties '

a) Soii Consistency Limits : The soil consistency limits include properties like liquid limit,
plastie\ Limit, shrinkage limit and plasticityJindex. Very few studies have addressed to changes in
soil consistency limits with the use of organic materials, especielly in rice-based cropping
system. Jo (1990) reported that application of compost @ 7.5 Mg ha™ yr'for 20 years
increased the liquid limit of a rice soil from 32._2 to 34.5 per cent, plastic limit from 58.4 to 30‘.2
per cent and plasticity index from 3.8 to 4.2 per cent. In a soil under barley-early rice-late rice
rotatien, Rixon ef al. (1991) observed that application of pig dung @ 22.5 Mg ha™' before rice
crop increased the liquid li_mit from 41.0 to 42.0 per cent, plastic limit soil from 30.0 to 30.8 per
cent and plasticity index from 11.0 to 11.2 per cent, when the material was applied to barley,

: !

the values were 43.1, 30.0 and 13.1 per cent, respectively; the values with the use of rice straw
@ 22.. 5 Mg ha™ to late rice were 42.3, 29.6 and 12.7 per cent, respectively. The effects, if any,
appeared marginal.

b) Energy Required for Land Preparation : Low and Piper (1973) rep01:ted that use of

FYM @ 7.5 Mg ha' year” in a loam soil decreased the draw-bar pull (draft force recorded

during ploughing at 15-cm depth using a single furrow plough) from 1.66 in control to 1.54 kN,
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which is 8.4 per cent less as compared to control. Fagi and De Datta (1983) compared the

effect of incorporation of soybean residue in puddled wet-land and non-puddied dry-l?md rice in
a silty clay soil. They observed that the energy required to plough one hectare of land after rice
harvest decreased by almost 15 per cent, from 1.21 x 10° to 1.03 x 10° J. Bhagat et al. (1994)
reported that application of fresh lantana biomass @ 30 Mg ha for 3 years decreased the draft
" requirement by 36 per cent, from 5.35 to 3.24 GJ ha’', in a silty clay loam soil under rice-wheat
cropping. | .
¢) Clod Breakirig Strength : Sharma ef al. (1995) observed that fresh lantana biomass @
10, 20 ‘én\d 30 Mg ha™ for 6 years in a silty clay loam soil decreased the clod breaking strength
from 419.§ to 377.2, 220.8 and 215.6 kPa, respectively, which was about 10, 47, and 49 per
cent lowqr as compared to control.
2.4 Efféct of Organic Materials on Crop Yields in Rice-Wheat Sequence
Recycling of organic residues into soil has long been seen to increase soil productivity
and crop yields. The ben,leﬂtS of oiganic residues have been attributed to improvement in
chemical, physical and bioglogical properties of soils. Increases in yields of individual crops due
to organic manuring have amply been reported in literature. This para reviews literature on the
effects of organic manuring on the productivity of rice-wheat cropping system as a whole. Use
of different types of organic materials, like FYM, crop residues, green manures, pressmud,
biogas slurry, saw dust, rice husk etc., either alone or in combination»s, to improve productivity
of rice-wheat cropping have been reported. The organic residues have mostly been inqorporated

into soils before transplanting of rice.
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Maskina ez al. (1988) used FYM @ 12 Mg ha™' year™ to improve the grzin yield of rice

and wheat in a loamy sand soil. Five years’ pooled data indicate that the FYM, without any |
chemical fertiliser, increased the yield of wetland rice from 2.8 to 3.7 Mg ha™' (32 per cent
increase). Grain yield of the following wheat crop increased frpm 1.3 to 3.9 Mg ha™ (200 per
cent increase). Thus, the total ‘rice + wheat’ productivity increased by 85 per cent over the
- control. The treatment started showing effect in the first cropping season itself. Soni and
Sikarwar (1991) also reported increase in the grain yields of rice and wheat with. FYM @ 12
Mg hz{l at four locations. The rice yield increased from 1.78 to 2.15 Mg ha" at Kalyani (West
Benga-l‘:.)‘,‘ frém 135 to 1.54 Mg ha™ at Pusa farm (U.P.), from 0.92 to 1.32 Mg ha™ at Masoda
(UP) aﬁd from 3.06 to 4.03 Mg ha” at Karjat (Maharashtra). The increases in wheat yield,
without the use of chemical fertilisers, were from 1.94 t0 2.34, 124 to 1.57, 0.93 to 1.20 and
from 0.36 to 0.86 Mg ha-1, at four locations, respectively. The FYM @ 12 Mg ha™' along with
chemical fertilisers @ 60 kg N, 30 kg P,Os and 30 kg K,0 ha” to, both, rice and wheat,
increased the rice yields from 2.95 to 3.26, 1.93 to 2.34, 3.21 to 3.32 and 4.60 to 5.08 Mg ha”,
and wheat yields from 2.84 to 3.44, 2.24 to 2.49, 3.09 to 3.39 and 1.21 to 1.34 Mg ha™', at the
four locations, respectively. Thus, the use of FYM increased total productivity of ‘rice + wheat’
by 20.7, 20.1, 36.2 and 42.1 per cent without chemical fertilisers, and 15.7, 15.8, 56.0 and 34.1
per cent with chemical fertilisers, respectively.

According to Bhandari ef al. (1992), on the basis of 4-y field experimentation, it was
not possible to substitute fertiliser N with FYM even to the tune of 25 per cent in 2 loamy sand
soil. With 25 per cent substitution of fertiliser N with FYM, the grain yield decreased from 6.28

to 5.83 Mg ha” in case of rice, and from 4.39 to 3.93 Mg ha" in case of wheat. However,
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green manuring with jantar (Sesbania aculeata), for compensating 50 per cent N, along with 50

per cent NPK through fertilisers to rice, produced as much rice yield (6.27 Mg ha'') as the 100
‘per cent recommended NPK through chemical fertilisers (6.28 Mg ha™). Inclusion of a short
duration mung-bean crop before rice not only produced 1.10 Mg ha” grain yield (mung-bean),
but also substituted 50 per cent NPK for rice. Wheat yields following rice with 100 per cent
NPK were 4.39, 431 and 4.21 Mg ha™ in ;:ontrol (without organic manuring), green manured
and mung-bean straw-added plots, respectively.

More (1994) compared pressmud, dried biogas slurry, FYM and wheat straw, alone or
in cor;ibinations, for their effect on the productivity of rice-wheat cropping system for 3 years in
a sodic c{la‘y soil. The applicationrc)f orgapic materials to soil enhanced significantly the grain
and straw yields of wheat. The eﬂ'ectivengss of different treatments on crop yields was in the
order : ‘FYM (25 Mg ha') + pressmud (20 Mg ha™y’ > FYM (50 Mg ha™") > dried biogas slurry
(10 Mg ha'l) > pressmud.( 20 Mg ha'l) > ‘wheat straw (10 Mg ha') + FYM (25 Mg ha'')’ >
‘wheat straw (10 Mg ha™) + pressmud (20 Mg ha")’. Based on the daté pooled for 3 years, rice
grain yield with ‘FYM + pressmud’ and FYM alone incréased from 0.80 Mg ha™ in control to
1.82 and 1.65 Mg ha™". T}!xe corresponding increases in the wheat yield were from 0.88 to 1.98
and 1.78 Mg ha”, respectively. Thus, the total pfoductivity of ‘rice + wheat’ system increased
by 126 ahd 104 per cent with ‘FYM + pressmud’ and FYM, respectively.

Prasad (1994), based on the data from some field experiments, concluded that ‘compost
@ 10 Mg ha! + blue green algae (BGA) @ 15 kg ha™ was effective in improving the
productivity of rice-wheat cropping system. He observed residual effect equivalent to 20 kg N,

12 kg P,0;s and 8 kg K20 ha™' on the yield of succeeding wheat crop. He further concluded that
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biogas slurry, FYM and water hyacinth compost @ 10 Mg ha™! each contributed 60 kg P-Os in

ri.ce-wheat cropping system. When supplemented with 100 per cent NPK, the rice yield
increased from 3.22 Mg ha™ in control to 3.61 Mg ha” with FYM @ 10 Mg ha', 3.21 with
BGA @ 15 kg ha™, and 3.49 with ‘FY:M + BGA’; the corresponding increases in wheat yields
were from 3.64 to 4.09, 3.91 and 4.21 Mg ha”, brespectively. The total productivity of rice-
wheat system increased by 11.3, 2.9 and 11.3 ber cent over control (7.7 Mg ha!) with FYM,
BGA and ‘FYM + BGA’, respectively.

_ Aggarwal ef al. (1995) did not observe any effect of FYM @ equivalent to 120 kg N
ha™ (2(5 Mg ha™') or green manuring @ equivélént to 140 kg N ha' along with 60 kg N through
urea on rice yield upto 6 years in a sandy loam soil compared to control (60 kg N ha™ through

urea). Howéver the wheat yield showed significant increase from second year onwards with
‘urea + FYM’ treatment.

Gupta ef al. (1995) compiled data from different locations under AICRP and concluded
that application of organic residues, like ;TYM, rice husk, saw dust and green manures before
rice inc_r?eased g‘rain yield under rice-wheat cropping. FYIIVI', in general, was found superior to
other organic materials. Rice yielés increased from 2.44-7:.01 to 2.74-7.36 Mg ha”', and wheat
yields from 0.98-4.46 to 1.29-4.82 Mg ha™ with organic residue recyclingt The over all increase
in the productivity of rice’!—wheat copping was from 3.93-11.68 to 4.36-12.23 Mg ha™.

According to Kumar and Yadav (1995), in a long-term experiment established in a sodic
silty loam soil, 25 -50 per cent substitution of N through organic source (FYM, green manuring
with Sesbania aculeata and Sesbania cannabina, and wheat straw) reduced the rice yield by 6-

23 per cent compared to 100 per cent NPK alone for first three years. In the following years,
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25-50 per cent N through FYM or green manure along with 50-75 per cent NPK to rice gave

equal or more rice yield compared to 100 per cent NPK. Wheat yields for the first three years
remained unchanged with FYM or greerxx manure treatments. After three years, the substitution
of chemical fertilisers with organic manures increased wheat yield. Additions of wheat straw did
not show any visible residual effect on wheat yield.

* Mahapatra and Sharma (1995) could increase grain yield of ‘rice + wheat’ from 4.35
Mg ha' in control to 8.40 Mg ha™ with dhaincha (Sesbania aculeata) green manure, and 9.10
Mg ha'! with :dhaincha +30 kg N ha™. The yield with 120 kg fertiliser N ha™ was 8.2 Mg ha™"

Al‘Pathak and Sarkar (1995) compared the effects of dhaincha (Sesbania aculeata) green
manure, FYM, biogas slurry and rice straw on the productivity of rice-wheat cropping. FYM,
biogas slurry and green manure along with urea in 50:50 ratio on N equivalent b;sis produced
almost the same grain yield of rice (3.{91-4.36Mg ha'') and wheat (3.03-3.37 Mg ha™') as urea
alone (4.24 Mg ha' rice grains and, 3.27 Mg ha! wheat grains). Rice yield was lowest (3.52 Mg
ha™) with ‘rice straw + urea’, while wheat yield with this treatment was the same (3.81 Mg ha™)
as with other organic sources.

Tiwari et al. (1995) compared the effects of Sesbania fo_strata and Sesbania cannabina
along with different levels of fertiliser N on thel productivity of rice and wheat in a silty clay
loam soil. They observed that the productivity of the total system increased from 6.26 Mg ha™
without green manure to 7.77 and 7.67 Mg ha” with Sesbania rostrata and Sesbania

-cannabina, respyectively.
According to these data, soil incorporations of different organic materials before

transplanting of rice increased the total productivity of ‘rice+wheat’ cropping on an average by
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2.9 to 126.2 per cent over control. The increases in crop yields were attributed to improvement

in soil physical properties, like bulk density, penetration resistance, aggregation, hydraulic
‘conductivity, infiltration and moisture rétention (Prasad, 1994; More, 1994; Gupta et al., 1995,
Aggarwal et al., 1997; Mishra and Sharma 1997), and chemical properties, v;like organic carbon,
available macro- and micro- nutrients like Zn, Cu, Mn and Fe etc. (Méskina et al., 1988;
Bhandari et al, 1992; Prasad, 1994, Aggarwal et al., 1995; Kumar and Yadav, 1995,
Mabhapatra and Sharma, 1995; Pathak and Sarkar, 1995; 'I]Viwari‘et al.,1995). Chemical changes
increased the nutrient supplying power of rice soils. In case of sodic soils, organic mixing
decrea;ed pH, EC, and I%SP thereby increasing crop yields (More, 1994; Kumar and Yadav,
1995).

2.5 Research Gaps :

1) Several studies have reported increases in crop yields in rice-wheat sequence
with organic manuring. The increases in crop yields have generally been associated with the
improvement in soil chemical and physical properties. However, there is a general lack of
quantitative data supporting relationship between crop yields and soil physical proper:ties. There
is a need to specifically work out changes in soil physical properties due fo the use ;>f different
kinds of organic residues and relate them quantitatively with the crop yields under different
agro-ecological situations.

2) Quantitative data are required to distinguish between the eﬁ’ect§ of chemical
and physical properties of soils, modified due to recycling of organic residues in soils, on crop

yields.
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3) The farm yard manure, green maunres and crop residues have by far been the

major qrganic sources in amending rice soils. Most of these materials are in limited supply and
have several alternate uses. There is a need to identify and test the organic waste materials
which are locally available and have few alternate uses, such as fodder and fuel.

| 4) Criteria have not been developed for characterising physical conditions of
soils in relation to plant growth, probably because of strong interdependence of different soil
physical properties and their interactive effects on plant growth. However, in order to evaluate
the effects of different treatments on the improvemeént of soil physical environment, it is

important to develop a single value soil physical index.
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[l MATERIAL AND METHODS

The present investigation was carried out in an ongoing long-term experiment

: .established in kharif (wet season), 1987. The details of the field experiment and methodology

adopted have been described under the following heads :

3.1 General Description of the Study Area
3.1.1 Location
3.‘1.2 Climate
3.1.3 Soils
3.2 Experimental Background
3.3 Treatment Details |
3.4 Soil Observations
3.4.1 Organic Carbon
3.4.2 Soil Physical Properties
3.4.2..} Soil Temperature
3.42.2 Soil Colour
3.4.2.3 Structural properties
3.4.2.4 Hydraulic Properties
3.4.2.5 Mechanical Properties
343 Non—Limitiné Water Range
3.5 Plant Observations
3.5.1 Crop Yields
3.5.2 Root Studies
3.5.2.1 Spatial Distribution of Roots
! 3.5.2.2 Root Mass Density and Shoot/Root Ratio

3.6 Distinguishing between effects of physical and chemical properties of soil
on wheat crop '

3.7 Statistical Analysis
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y 3.1 General Description of the .Study Area
3.1.1  Location
| The experiment was conducted at: the experimental farm of the Department of Soil
Science, jl—{PKV,‘Palampur (H.P.). The experimental site lis situated at 32°6' N latitude and
76°3' E longitude at an elevation ;:f 1290 m above mean éea level. The area lies in the Palam
Vélley of Kangra District in the foot-hills of Dhauladhar range. It represents the high rainfall
mid-hill wet&emperate zorLe of Himachal Pradesh in North-west Himalayas.
3.1.2- .iClimate

'fhe climate of the area is wet températe characterized by severe winters and mild
summers. Annual mean temperature varies from 8.2°C in January to around 28.0°C during the
hottest month of June. The annual rainfall of the area ranges from 2500 to 3000 mm. The
distribution of. rainfall is uneven. About 80 per cent of it is received during mid June to mid
Septe‘mber, the main kharif season. The mean relative humidity in the region varies from 46 to
84 per cent; the minimum being in May and maximum in July/August.
3.1.3. Soils

Taxonomically, the experimental soil is classified under the order “Alfisol” and
subgfoup Typic Hapludalf (Verma, 1979). According to the Genetic System of Classification,
the soils of the areé are classified as G'!ray Brown Podzols. The soils have been developed from
fluvioglacial parent materiel. These soils owe their origin to rocks, like slate, phyllites,
quartzﬁes, schists and gneisses. The soils are acidic in reaction (pH 5.2 to 6.2). Important
physical, chemical and physio-chemical properties of the experimental soil are given ’in

Table 1.
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Table 1. Important physical, chemical and physico-chemical properties of experimental soil at

the initiation of experiment.

Parameter Value Method used
Mechanical Analysis :
1) Sand (%) 16.8 International  Pipette = Method
2) Silt (%) 52.7 (Piper, 1966)
3) Clay (%) 30.0
Textural Class Silty clay loam International Society of Soil
| Science (ISSS) Textural diagram
pH (1:1.25, H;0) 5.8 E!xpanded Scale pH meter
(Jackson, 1967)
Ofganic Carbon (g kg'! soil) 8.8 Rapid Titration Method (Walkley
1 and Black, 1934)
Cation Exchange Capacity (c 11.8 Neutral Normal = Ammonium
mol [p]" kg™) Acetate Method (Black, 1965)
Available N (mg kg™ soil) 120 Alkaline Permanganate Method
“(Subbiah and Asija, 1956)
Available P (mg kg soil) 8 0.5 M NaHCO; (pH 8.5) Method
(Olsen et al., 1954)
Available K (mg kg™ soil) 76 Neutral Normal  Ammonium

Acetate Method (Hanway and
Heidal, 1952)

3.2 Experimental Background

The experiment was established during A%arif, 1987 with four levels of lantana-boimass

incorporation (0, 10, 20 and 30 Mg ha" on fresh weight basis) and three methods of land

preparation (no puddling, puddling and soil compaction), in three replications in randomized -
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complete block design for rice. The lantaha was incorporated into the soil about 10-12 days
before transplanting of rice seedlings. All the rice plots received nutrients at recommended rates
;
(90N-18P-33K kg ha™). Wheat followed rice as a géneral crop, receiving nutrients at
recommended rates (120N-39P-25K kg ha). The experiment was modified in kharif, 1993,
when three land preparation methods were replaced by three N application rates to rice, viz. 50,
75 and 100 per cent of recommended N. The P and K were applied at the recommended rates.
Rice was transplanted in puddled soil. Wheat crop received 100, 75 and 50 per cent of
recommended N in the plots receiving 50, 75 and 100 per cent N during rice crop, respectively.
On thé' basis of results obtained, the fertilizer treatments were again modified in kharif, 1996.
The N levels were replaced by three NPK levels, i.e. 50, 75 and 100 per cent of recommended
NPK to rice. The following wheat crop received an uniform application of fertilizers @ 75 per
cent of recommended NPK. Due to high incidence of blast during kharif, 1996 the fertilizer
levels were again modified during kharif, 1997 to 33, 66 and 100 per cent of recommended NK
to rice and an uniform dose of 66 per cent of recommended NPK to wheat. Due to substantial
build-up of P in the soil, the P application to rice was omitted.

3.3 Treatment Details

The treatment details of the experiment during the period of study were :

A. Rice Crop
1) Lantana Levels 1996-97 1997-98
My no lantana no lantana
M, 10 Mg ha™ 10 Mg ha™'
M, 20 Mg ha™ 20 Mg ha

M; 30 Mg ha 30 Mg ha'



48

ii) Fertilizer Levels

F, = 50 per cent of reccommended NPK* 33 per cent of recommended NK
F, = 75 per cent of reccommended NPK 66 per cent of recommended NK
F; = 100 per cent of recommended NPK 100 per cent of recommended NK

* Recommended rate of NPK épplication to rice is 90-18-33 kg ha

The nursery sowing was done on June 5 during 1996 and June 7 during 1997. The
variety of rice was HPU 2216 during 1996 and HPR 976 during 1997. The lantana was
collected, vchopped into 2-4 cm pieces and incorporated into soil on June 26-29 during both the
years. Sb\il was puddled with a power tiller. Transplanting was done on July 8 during 1996 and
July 12 dﬁring 1997 with 2-3 seedlings per hill at a spacing of 20 cm x 20 cm. The N was
applied one-third each at 7, 30 gnd 45 DAT (days after transplanting). The P and K were
-applied during puddling as per treatements. The rice crop was harvested on October 23 during
1996 and Noverﬁber 7 during 1997. Average nutrient composition of ﬁmtana is given in
Table 2. I

Table 2. _iéAverage composition of lantana biomass (dry weight basis)

C(%) | N(%) P (%) K (%) C:N ratio "

50.52 2.50 0.25 1.40 20:1

iR

B. Wheat Crop
Wheat (cv. Aradhana) was raised as a general crop, receiving 75 per cent of

recommended NPK (90N-30P-19K kg ha™) during 1996-97, and 66 per cent of recommended

NPK’ (80N-26P-17K kg ha™) during 1997-98. The land was prepared manually to a depth of
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© 10-15 cm. The N was applied in three splits, i.e. half at seeding, and one-forth each at 30 days
after sowing (DAS) and at flowering stage. During 1996-97, wheat was sown on November 23
and was harvested on May 27. During 1997-98, the crop was sown on December 25 and was

harvested on May 25. Wheat was sown in lines at 22 cm apart using seed @ 100 kg ha™.

3.4 Soil Observations

Soil properties were studied during tenth cropping cycle.
3.4.1 Organic Carbon (OC)

.Soil samples were collected at rice harvest for two depths, 0-0.15 and 0.15-0.30 m, in
triplicatejk'from each plot and bulk blended. One Sub-sample was collected from the bulk sample
for further analysis. The OC was detemﬁned in four replications for each treatment, using
‘Walkley and Black’s rapid titration method (Walkley and Black, 1934)
3.4.2 Soil Physical Properties |

3.4.2.1 Soil Temperature

Sc_iil temperature at 0.05 m depth was determined on selected days during wheat
cropping season using digital therm('>meter (CT 802) at 06.3(!) and 14.30 hours.
3.4.2.2 Seil Colour
The colour of dlly as well as moist soil under different lantana treatments was
determined with the help of Munsell Colour Chart.
3.4.2.3 Structural Properties |
a) Bulk Density (py) :  Bulk density of whole soil, soil aggregates (2-8 mm dia) and soil clods

(4-6 cm dia) was determined after rice harvest. Bulk density of whole soil was determined by

using standard core method. Metal cores of 0.03 m length and 0.054 m dia were used for
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collecting undisturbed soil samples of known volume. Bulk density was determined in duplicate
from each plot at seven depths, i.e. 0-0.03, 0.03-0.06, 0.06-0.09, 0.09-0.12, 0.12-0.15, 0.15-
0.225 and 0.225-0.30 m layers. For characterizing bulk density of 0.15-0.225 and 0.225-0.30
m, the core samples were collected at 0.17-0.20 m, and 0.25-0.28 m depths, the mid point of
each soil layer.
Bulk density of soil aggregates was determined by mercury displacenlment method. Mass
of a relétively small moisture box (m,, g), }capable of accommodating 3-4 sé)il aggxlgegates (2-8
mm dia) was recorded. It was filled with mercury to the brim. Mass of ‘moisture box +
_ mercu;y,"\‘(mz, g) was recorded. Soil aggregates, 3-4 in nun?ber, were oven dried, weighed and
put in the }hoisture box filled with mercury. The aggregates were presséd into the moisture box
with a transparent plastic strip having a small hole in the center to remove the mercury
disj)laced by the aggregates in the moisture box. The mass of ‘moisture box + mercury +
aggregates’ (m;, g)‘ was recorded. Then the bulk density of aggregates was determined ﬁsing
the following relationship :- |
py(aggregates) =m, / [((my-m3-my) / pyg] (3.1)
where, pygis the density of mercuryr (13.6 g cm™) |
The bulk density of soil clods (4-6 cm dia) was determined by using clod saturation
method of Prihar and Hundal (1971). The soil clod was oven dried, weighed (m;, g) and
saturated by placing it on a sand bath. The mass of the saturated clod was recorded (my, g). The
bulk density of clod was determine& as follows :

pb (ClOd) = ml/[(mz—ml) + (mllps)] (32)

where, p, is the particle density of soil. -
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The bs was determined using the standard pycnometer method. The p, and p, were
expressed as Mg m™ (= g cm™)
b) Total Porosity (f) :  The total porosity of whole soil, soil aggregates (2-8 mm dia) and
clods‘(4-6 cm dia) was determined at rice harvest from their particle and bulk density values,
using the following relationship :

f=(1-ppy) x 100 (3:3)
where, f is the total porosity ( per cent), py the bulk density (Mg m™) and p; the particle density
(Mg m”) |
c) Air;}f"illéd Porosity (f)) :  Air-filled porosity was determined at frequent intervals starting
after irrigation to wheat at 30 DAS (days after sowing). The /d_eterminations were made at 0-
0.075 and 0.075-0.15 m soil depths. Air-filled porosity ;Nas determined using followiﬁg
equétion ;

fe=f-8 (3.4)

where, f,, f and O refer to air-filled porosity (per cent), total porosity (per cent) and volumetric
water coiitent (per cent). Total porosity of whole soil was determined as mentioned in para (b)
» ‘(eqn. 3.3). Volumetric water éontent was obtained by multiplying gravime;tric moisture content
with the bulk de_nsify of soil layer. For determiniﬁg gravimetric moisture cc?ntent, [soil samples
were taken with the help §f tube auger. - |
d) Water-Stable Aggregates : For determining the water-stable aggregates (WSA), soil
samples were collected from 0.15 m soil layer at 7, 30 and! 60 DAT (days after transplanting),
and after rice harvest. Soil samples from the soil were collected by pushing a metal core, 0.15 m

long and 0.103 m dia intg the puddled layer to 0.15 m depth. The wet soil samples were air
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dried, gently broken into aggregates and passed through 8 mm and 2 mm sieves. The
aggregates retained on 2 mm sieve were used for wet sieving. Soil samples ;collected after rice
harvest were alsb prepared for wet sievihg by passing them through 8—and‘ 2-mm sieves. The
wet sieving was done with Yoder’s apparatus (Yoder, 1936) for half an hour by using the
proceduré as mentioned by Singh (1980). ' |
The water-stable aggregates were expressed as WSA > 0.25 ‘mm dia (per cent) and
mean weight diameter (MWD, mm) (Van Bavel, 1949). The WSA > 0.25 mm dia and MWD
were c_omp&ted as follows l
WSA} 0.25mm = (mass of WSA>0.25 mm / total mass of aggregates) x 100 (3.5)
MWD =3 x.w; (3.6)

where, x; is the mean diameter of any particular size-range of aggregates separatea by sieving
(mm), and m; is the mass of aggregates in that size range as a fraétion of the total mass of
sample analyzed.
e) Apparent Specific Volume : Change in apparent specific volume (ASV) (if the soil
reflects the susceptibility of soil to puddling. It refers to difference between ASV after and

before puddling (Bodman and Rubin, 1948). Ifthg density of water is considered as 1.0 Mg m™,
| ASV is computed as :

ASV=w+ 1/p, _ 3.7
{

where, w is the gravimetric moisture content (per cent, mass basis) at saturation and p, the
particle density (Mg m) of the soil.
The ASV was determined before and after puddling of soil. Before puddling, 1 m” area

&

in the center of each plot was provided with bunds and saturated with water. The gravimetric



! ' 53
water content of saturated soil (0-0.15 m) was determined in triplicate to compute the ASV.
Similarly, gravimetric wa'éer content was detemﬁned for the same soil layer 3-d after puddling.
Change in apparent specific volume (AASV) was determined by the following relationship :

AFASV = ASV,,— ASVy, (3.8) |
where, ASV,, and ASVy, refer to apparent specific volume aﬁef puddling and before puddling
of soil.
f) Puddling Index :  Puddling index was determined by the method given by Sinha . !
(1964). Samples of puddied soil were collected in 8 cm long beakers immediately after puddling
in eacl{“p\lot. Depth of the soil suspension (/;, cm) was measured in each beaker. The suspension
was allerd to settle for 24 hours. The supernatant liquid was then discarded and the depth of
settled soil was recorded (/;, cm). The puddling index was computed as follows

Puddling index = (/,/ ;) x 100 3.9
g) Coefficient of Linear Extens;'bilizj_%y (COLE) : The COLE is a measure of the potential
volume change of a soil upon its wetting or drying and swelling and shrinkage. The soil with
high COLE have management problems. The soil with a COLE value of 0.69 or greater are
placed in the Vertic sub-group. COLE was computed as :

| COLE = (Poa / Pom) " ~1 (3.10)
where, pyg and ey, are bulk densities of dry and moist soil, respectively.\
- Metal cores, 0.03 m long and 0.054 m in dia, greased from inside, were used to collect

soil samples from the field for determination of COLE. Three soil cores were collected from the
: sAurface layer of each plot, when the soil was wet. The mass of ‘empty core’ and ‘core + Qet

soil” were recorded. The soil-core was dried gradually at room temperature. When the soil core
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left the walls of the metal core, it was taken out of core and dried in hot air oven. The mass of
the oven-dried soil core was recorded. Soil core was then immersed in molten paraffin wax with
‘the help of a thin thread tied to the core, to make the soil core water proof. The mass of oven-
dried soil core coated with thin layer of paraffin wax was recorded to compute the volume of
wax. The volume of wax-coated soil core was determined by placing the core m a beaker
containing water and noting the volume of water displaced by the core.
The moist ( psm) and dry ( psa) bulk densities were cdmputed as follows :

Pem = Mass of oven-dry soil core (g)/Volume of metal core (cm®) 3.11)

Pod = Mass of oven-dry fml core (g)/ Volume of oven-dry soil core (cm®) (3.12)

Whnle computing the volume of oven-dry soil core by water displacement method, as
mentioned above, the_volume of wax coated on the soil core was subtracted from the volume of
water displaced. The volume of wax (Vya, cm’) coated on the soil core was calculated as
follows :

Vwax = (Mass of wax coated on soil core — Mass of oven-dried soil core without wax) /
density of wax _ , (3.13)

The density of the paraffin wax was 0.50 g cm™.
h) Soil Cracking : Soil cracking was evaluated in a 1-m x 1-m area in the center of each plot
by the method outlined by Sharma - et al. (1995). Cracks were divided into five classes of
width <&, 5-10, 16-15, 15-20 and >20 mm. The length of cracks was nteasured w1th the help of
a thread spread over the entire length of a given crack-class. The average depth of each crack-
class was determined by inserting at 1.5 imm dia wire at several locations along the entire length

. of the crack.
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The volume (V, m®) and surface area (SA, m?) of the crack was computed by using the
!

following equations :

V =305 wxd.x/ | (3.14)
SA=Y2x! | (3.15)
¢ =[(0.5 w)*+d*"” (3.16)

where, w, d and / refer to mean width (m), depth (m) and length (m) of a given crack-class.
i) Clod Size Distribution : Clbd-size distribution was determined after the soil was prepared
for sgwing of wheat. Three sieves were fabricated with the help of steel wire (1.5 mm dia ),
each hxa‘ving square holes of 2, 4 and 6 cm, reépectively. About 10 kg of soil collected from the
tilléd layer (0-0.15 m) at field moisture content was passed through the nest of three sieves (6, 4
and 2 cm ). The mass of clods retained on each sieve was recorded and corrected to oven-dry
equivalent basis by determining its gravimetric moisture content. The clod-size distribution was
expressed on per cent basis.
i) Soil Penetration Resistance (SPR) :  Soil penetration resistance refers to the resistance
offered by the soil to a metal probe érepresenting plant roots ) pushed into soil. The SPR as a
function of soil moisture content was determined at 0.075 and 0.15 m soil depths at frequent
intervals starting at 30 DAS when wheat was irrigated. About ten observations were made ir
~each plot at each depth for computing the average SPR. The SPR was determined with the helg
of a Proctor penetrometer having 0.18 m long probe with a flat tip of 2.61 x 10 m’ surféce
area.

For determining SPR at 0.75- and 0.15 m depths, auger holes (with tube auger) were

made to the required depths. The probe of the penetrometer was inserted into the hole and
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~ pushed 0.03 m into the soil. After recording the SPR value, soil sample from the same soil layer
(0.03 m) was collected with the help of a tube auger for determining gravimetric moisture

content.

- The SPR versus gravimetric moisture content values were plotted. The relationship was
i

used to determine ‘Non-Limiting Water Range’ (NLWR) values.

3.4.2.4 Hydraulic Properties
- a) Soil-water retention Curve :  Soil-water retention curve was determined during rice (30
DAT), after rice harvest and 30 DAS of wheat (after applying ﬁhe first irrigation)f Soil-core
samples, 003 m long and 0.054 m dia were collected in triplicate from each plot in the middle
of 0-0.075 m soil layer with the helb of metal cores. The soil-water retention curve was
determined usihg pressure plate apparatus (Soil ?Moisture Equipment Co., Santa Barbara, -
USA).

- These data were used to determine pore-size distribution using capillary-rise equation as
follows : |

h=2TCosO/pygr _ . ’ (3.17)

or h=4T Cos0/pygd (3.18)
where, h is the pfessure applied (cm), I the surface tension (dynes cm™), 6 the soil-water
contact angle in degrees, p, the density of water (g m™), g the acceleration du? to gravity (cm s'a),
“ and r and d the radius and diameter of the: pores (cm). | |

Soil-water contact angle is so small that Cos 0 is practically equal to 1, and at 20°C, the

values of other parameters are :
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" =72.75 dynes cm’

pw=0.998 g m”

g =98] cm s
Using these values, eqn. (3.18) reduces to

h=0298/d =03 /d (3.19)

Using eqn. (3. 19); the suction values equivalent to different p‘ore sizes were computed.
The volume of each pore range was then calculated by determining the volume of water
retained by the soil between the equivalent suction values. Based on these values, volume of
transmi;sion pores (> SO um), water storage pbres (50-0.5 pm), and residual pores (< 0.5 um)
were determined (Greenland, 1979).
b) Plant-Available Water Capacity (PAWC) :  The PAWC was determined frqm the soil-
moisture characteristic curve for different treatments, both, at rice harvest and 30 DAS of
wheat. The PAWC was determined as follows :

PAWC =FC - PWP (3.20)
where, FC is the field capacity, i.e. moisture retained at 30 kPa suction, and PWP the
permanent wilting point, i.e. moisturejretained at 1500 k Pa suction.
¢) Soil Infiltrability : The infiltration behavior of soil under different treatménts was studied
at rice and wheat lharvest using double ring infiltrometer. The infiltrometers were pushed into
the ground to a depth of 0.10 m. A pointed nail was fixed inside the inner infiltrometer at about
0.10 m height from the surface of soil Same water level was maintained in, both, the inner and
outer infiltrometers. The volume of water infiltred into soil as a function of time was measured

by replacing the water receded inside the inner infiltrometer with the help of measuring cylinder.
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The depth of the water infiltred was computed by deviding the volume with the cross-section
area of the inner infiltrometer. Regular determinations were made at periodical intervals until
the steady state condition of water flux was reached. The data was plotted as infiltration rate
and cumulative infiltration versus time.
d) Saturated Hydraulic Conductivity (Ks):  The Ks was determined after the harvest of rice
and wheat crops by constant water head method of Klute (1965). Undisturbed soil cores were

collected in triplicate from each plot in metal cores of 0.03 m length and 0.054 m dia. The Ks

was determined as follows : |
KQ‘=QL/AT(L+H) | (321)

where, Ks is the saturated hydraulic conductivity (m s™), Q (m®) the amount of water passing
through the soil sample of cross-section:al area A (mz) and length L (m) in time T (s), and H (m)
the depth of water maintained at the soil surface.

¢) Soil-Water Contact Angle :  Air-dry soil passed through 2 mm sieve was packed into
graduated 0.70 m long and 10 mm dia glass tubes, closed at one end with a piece of muslin
cloth. For uniform packing, the soil was poured into the entire length of glass tube in one lot.
The glass tube was tapped for one hundred times for the settling of soil particles. The final
length of the soil was about 0.55 m. Four such soil columns per treatment were prepared in this
why |

| The glass tube was placed vertically in metallic stands. Two glass tubes were dipped 10

mm deep in ethanol and the other two in distilled water contained in 100 ml beakers. The

height of capillafy rise of ethanol and water in glass tubes was recorded after 24 hours. The
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contact angle was determined by using capillary-rise equation as follows :

h=2T CosB/pgr | (3.22)
or r=2I'Cos6/pgh (3?23) )

where, h is the.hefght of capillary rise (cm),'! I the surface tension of liquid (dynes cm™), 0 the
contact anigle in degrees, p the density of liquid (g m'3), g the acceleration due to gravity
~ (cm s7) and r the average radius of ;apiﬂaries (cm).

| -Ihe value of r was calculated from eqn. (3.23) by using data on capillary rise of ethanol,
assuming\\\soil-ethanol cont%lct angle to be zero.. Then Cos 6 for ethanoi is equal to 1. For
ethanol the capillary-rise eqﬁation (3.23) would be

F=2x2232 x 1/0.789 x 981 x hiehanch

= 0.05767 / heethanc) | (3.24)

The value of r computed from eqn. (3.24) was used to determine the soil-watef contact
angle (0), assuming pore-size distribution in soil columns used for capillary rise of water and
ethanbl as identical. The cépillary-ﬁse equation (3.23) for water would be

r =2x72.75 CosB / 0.998 x 981 x hipater)

or  huaen =2 x 72.75 CosB/0.998 x 981 x r

Cos B = 6.7#9 X T Niwater)

hence 8 = Cos"(6.72‘9 r Bgusen) | (3.25)

f) Drying Pattern : The observations on drying pattern of soil were studied during the

standing crop of rice after giving the last irrigation, and continued after rice harvest. Mercury
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tensiometers were placed in duplicate at 0.15 and 0.30 m depths in each plot in one replication.
Daily observations on the soil matric pqténtial were made at 10.00 h and continued until the
mercury in tensiometer stopped rising. A regular vigil on the appearance of surface cracks was
maintained. Immediately at the appearance of hair-line Icracks at soil surface, gravimetric
moisture content of 0-0.15 m soil layer was determined. The plots were allowed to dry for the
development of surface cr'ﬁcks.
3.4.2.5 Mechanical Properties
a) Soi{ Consistency Limits : The term soil consistency conveys the idea of degree of
cohesioﬁ ‘between the soil particles. Consistenéy limits indicate the soil moisture content limits
for various states of consistency. The consistency linﬁts are : the liquid limit (the moisture
content at which a soil transforms from plastic to liquid state), the plastic limit (the moisture
content at which a soil transforms from plastic into semi-solid state) and shrinkage limit (the
moisture content at which a soil transforms from semi-solid state to solid state).

The consistency limits of experimental soil were determined after the harvest of rice
crop. Soil samples were collected from 0-0.15 m soil layer from each plot. They were air-dried,
passed through 2 mm sieve and analyzed for different soil consistency limits as follc;ws :

i) Liquid Limit (LL) : 'Liquid limit was determined according to ASTM (American
Society for Testing Materials) procedure using Casagrande’s liquid limit device. About 200 g
soil sample Was taken to make stiff paste with distilled water. About 30 g of this paste wés put
in the cup of the device so as to form a 0.01 m thick layer of paste. The cup was pre-adjusted to
0.01 m drop. With the help of a groove tool, 0.01 m groove was cut at the center of the paste.

The crank was turned at 2 revolutions per second and number of taps required to close the
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groove at the bottom was recorded. The procedure was repeated several times at different
moisture contents. Five observations of number of taps (varying between 18 and 32) and the
gravimetric moisture of soil were recorded. Observations with number of taps <18 or >32 were
discarded. The liquid limit (per cent, mass basis) was determined as follows :

LL = w, (N/25)"" ' | (3.26)
where, N is the number of taps required to close the groove in the soil paste having
gravimeteric moisture content w, (per cent, mass basis).

. ii) Plastic Limit (PL) :  About 10-15 g of stiff paste of soil was kneaded to ball and
rolled b;iween ﬁﬁgers to form an approximately 3 mm dia thread. The procedure was repeated
until the thread began to crumble (at 3 mm dia). Corresponding moisture ¢ontent of soil was
determined by oven-dry method (per cent , mass basis) to give the plastic limit.

iii) Shrinkage limit (SL) :  Saturation paste of soil was prepared. The paste was
transferred into émall, greased shrinkage dishes of knov\}n volume with gentle tapping for
exclusion of air bubbles, if any. The top of the shrinkage dish was cleared off excess soil by
" means of a straight edge. The mass of ‘dish + soil’ was recorded. Dish containing soil was oven
dried, and the mass of ‘dish + oven-dry soil’ was recorded. These data were used to compute
the moisture content of saturation paste. The volume of dried soil cakes was determined by
mercury displacement method as mentioned in para 3.4.2.1 (d). The shrinkage limit (per cent,
mass basis) was calculated as follows :

SL = wi-[(Vi-Vs) pw/ Wg] x 100 : (3.27)
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where, w; is the initial moisture content of saturation paste (per cent, mass basis), v; initial
- volume of soil cake, i.e. the volume of shrinkage dish (cm®), v, the volume of oven-dry soil cake
(cm®), py the density of water considered as 1.0 g m™ and w the dry mass of soil cai<e (g).

iv) Plasticity Index (P1) : ° qusticity index indicates the moisture range through which
soil has the property of a plastic mat;eriel. The ‘plasticity index (per cent, mass basis) was
determined as follows : | |

PI=LL-PL (3.28)

"‘y) Friability Range :  Friability range indicates the moisture range at which soil has
maximurri friability. The friability range (per cent, h\aSs basis) was det_ermined as:

Friability Range = PL - SL | - (3.29)

b) Energy Required for Lahd Preparation :  The plots after the harvest of rice crop were
manually prepé,red 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 consid?ring the energy of
an adult worker equal to 1.96 MJ human hl Energy required in land prepé.ration iha‘l (E, GJ
ha) was computed as follows :

E=196x 10/ A 7 | (3.30)
where, t is the time (h) required to prepare the plot having area A (m?).

c) Clod Breaking Sirengtlf :  Clod breaking strength (CBS) refers to the energy required to
break the clods. The CBS‘twas determined at different moisture contents. using 'the apparatus
developed by Sharma and .Bhagat (1993). About thirty clods (4-6 cm dia) collected per
treatment were saturated on a sand bath and allowed to dry under laboratory conditions for

varying periods. At regular intervals, a set of five clods was transferred to a polyethylene bag,
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N sealed and kept for 2-3 days to homogenize the moisture within the clod. The clods were then
tested for CBS. The moisture content of _each broken clod was determined gravimeterically.
3.4.3 Non-Limiting Water Range : -i

The ‘non-limiting water range’ (NLWR) concept was given by }Letey (1985) for
evaluating the soil physical conditions with respect to plant growth. It is a single value index.
Higher the NLWR, better is the soil physical conditions.

The NLWR was computed as the difference between the soil moisture content at which
the air:ﬁlled porosity (f.) was 10 per cent (upper limit of moisture content)[Letey (1985) used
ODR (c;iygen diffusion rate) instead of airé:-‘ﬁlléd porosity] and the moisture content at which
the soil penetration resistance (SPR) was 2 MPa (lower limit of moisture content) at 0.15 m soil
depth. The value of 2 MPa SPR was used based on our previous studieé (Bhushan and Sharma,
| 1997). At this SPR, the RMD of wheat was reduced to about half. THe whea{;t crop was
irrigated at 30 DAS. The f, and SPR were determined frequently at regular intervéls by using
the procedure as described in para 3.4.2.3 (c) and 3.4.23 (j), respectively.

A hole was made upto 0. 15m depth in soil with a tilbe auger. The SPR was determined

with proctor penetrometer. Soil sample was extracted from 0.15-0.18 m depth with the tube
~ auger to determine the grayimetric moisture content and f,.
3.5 Plant Obsel;vaﬁo;ls :
3.5.1 Crop Yields :

Grain and straw yields of rice é.nd wheat were recorded at crop harvest. However,
during kharif, 1996 due to, damage caused to rice. crop by blast incidence, total biomass was

recorded at crop harvest.
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3.5.2 Root Studies

Root syStem of wheat was studied, both quantitafively and qualitatively. For studying
the spatial distribution, the intact root-system was extracted from soil with the help of pin-
boards, and for determining root mass density, the roots were collected with the help of metal
core. Representative wheejit plants were selected in each plot for root sampling.
3.5.2.1 Spaﬁd Distribution of Roots : A pin-board, 0.45 m long and 0.30 m wide, was
fabric#f‘ed by welding 0.15 m long iron nails on galvanized iron sheet (10 gauge) at 0.05-m grid.
A handle was provided at the upper end of pin-board for its handling. A trench, about 0.50 m
deep, was dug 0.075 m apart on one side of the crop row. The pin-board was hammered into
the side of the profile containing root systém. The soil block held on the pin-board was dug out.
The soil block was kept under water for 24 hours and then washed free of soil wit}; fine jet of
water. The roots were air-dried on board and photographed.
3.5.2.2 Root Mass Density and Shoot/Root Ratio :  Soil core samples (0.15 m long and
0.103 m dia) were collected at 0 - 0.15 and 0.15 - 0.30 m depths from each treatment in all the
three replications. The roots were was,hed on 70 ‘mesh sieve with water jet and dried in 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 volume. |

Before collecting soil-cores, the shoot was cut at soil surface, oven-dried at 70° C and

weighed. These data were used to compute shoot /root ratio.
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3.6 Distinguishing between effects of physical and chemical properties of
soil on wheat yield ‘

An attempt was made to distinguish between the effects of changes in physical and
chemical proberties of soil due to lantana additions on wheat crop. For this, 10 kg séil sample
was collected from the surface layer (0-0.15 m) of each plot after tilling the plots for wheat

| soWing. The ~s;oil sample was crushed and passed through 2 mm sieve to eliminate the
diﬂ'erences in physical properties of soil. Each sample was packed in polyethylene bags 0.30 m
long ar;d."‘0.2 m dia. Equal amounts of gecqmmended NPK on soil-weight basis was mixed with
soil in eaéh bag. The polybags were kept in a plot near the experimental éite and were
randomized similar to field plots. Six seeds of wﬁéat (cv. Aradhana) were dibbled in each bag _
and an amount of 4-cm water was added. After germination the seedlings were thinned to two
per bag. Each polybag was subsequently irrigated with 2-cm water on alternate days. The wheat
plants were harvestéd at maturity. The grain and straw yields were recorded. The per cent
increase in grain yield with a given treatment over control in the field and polybags was
computed. The increase in grain yield in the field was considered due to the improvement in
both, chemical and physical properties, and in the polybags due to chemical properties only.

- Hence, the difference in yield increases in the field and polybags was conéigered to be due to

improvement in soil physical properties. |

3.7 Staﬁstical Analysis :

The data were analyzed statistically using standard statistical procedures.
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IV RESULTS

The results pertaining to the study, “ Changes in soil physical properties and crop yields
with long-term additions of Lantana camara biomass in rice-wheat cropping,” have been
presented in this chapter under the following heads :

4.1 Soil Organic Carbon

4.2 Soil Physical Properties

4.2.1 Soil Colour

4.2.2 Soil Temperature

4.2.3 Structural Properties

4.2.4 Hydraulic Properties

'4.2.5 Mechanical Properties
4.1 Crop Studies

4.3.1 Root Studies

4.3.2 Shoot /root Ratio

4.3.3 Crop Yields

4.2 Non-Limiting Water Range

4.3 Distinguishing Between Effects of Physical and Chemical Properties of Soil on

wheat Yield -

4.1 Seil Organic Carbon

Lantana additions significantly increased the organié carbon (OC) content of sufface (0-
0.15 m) and subsurface (0.15-0.30 m) soil layers (Table 3). The OC content of soil treated with
0, 10, 20 and 30 Mg ha'! lantana was 11.1,12.5,13.0and 142 g kg'1 of soil, respectively, in 0-
0.15 m soil layer, and 7.6, 8.9, 9.6 and 10.6 g kg™ of soil, respectively, in 0.15-0.30 m soil

layer. Thus, application of lantana to rice @ 10, 20 and 30 Mg ha™ over a period of ten years
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increased the OC in 0-0.15 m soil layer by 12.6, 17.6 and 27.9 per cent, and in 0.15-0.30 m soil

layer by 17.1, 26.3 and 39.5 per cent over control, respect_i\Tely.

The total amount of OC add'ed to 0-0.15 m soil layer, éorresponding to 10, 20 and 30
Mg ha" year” for 10 yearf, was 18.2, 36.2 and 54.6 Mg ha™. Of this, 3.0, 4.1 and 6.7 Mg OC
ha” was retained in 0-0.15 m soil layer, and 2.8, 4.3 and 6.5 Mg ha™ was retained in 0.15-0.30
m soil layef. (The amount of OC retained in soil was determined by subtracting OC in control
plots from that in lantana-treated plots). Thus, 17, 11 and 12 per cent of OC was retained in 0-
0.15 m soil layer, and 15, 12 and 12 per cent of OC was retained in 0.15-0.30 m layer.
Conside?in_g FO-O.30 m soil layer as a whole, 32, 23 and 24 per cent of the added OC was

retained in soil.

4.2 Soil Physical Properties

4.2.1 Soil Colour ) )
The colour of the soil became darker with the use of lantana (Table 4). The soil colour
changed from 10 YR 6/6 (brownish yellow) in control to 10 YR 6/4 (light yellowish brown) in
lantana-treated plots when obseﬁéd for dry soil samples. The colour of moist soil samples
changed from. 10 YR 5/4 (yellowish brown) in control to 10 YR 5/3 (brown) in plots treated
with 10 Mg lantana .ha'l, and 10 YR 4/3 (dark brown) in plots treated with 20 and 30 Mg

fantana ha .

4.2.2 Soil Temperature

Soil temperature were recorded at 0.05 m depth on selected days during wheat growth.

Soil temperatures recorded at 06.30 h (minimum) and 14.30 h (maximum) on December 30,
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1997 (one of the coldest ‘!days) are shown in Table 4. Both, minimum as well as maximum
temperatures, were lowest in control and increased with the amount of lantana applied. The
minimum temperature was 5.4°C in coﬁtrol and increased to 5.6, 5.7 and 5.7°C in plots
treated with 10, 20 and 30 Mg lantana ha™, respectively. The corresponding values of maximum

soil temperature were 11.9, 12.2, 12.3 and 12.5°C, respectively.

Table 4 Effect of ten annual applications of lantana on soil colour determined at rice harvest

Treatment Soil Colour Soil Temperature (°C)
(Lantana, Mg ha™") Dry Moist Max. Min.
0 10 YR 6/6 10 YR 5/4 11.9 54
: (Brownish yellow)  (Yellowish brown)
10 10 YR 6/4 10 YR 5/3 12.2 5.6
(Light yellowish brown) (Brown)
20 10 YR 6/4 10 YR 4/3° 123 5.7
(Light yellowish brown) (Dark brown)
30 10 YR 6/4 10 YR 4/3 12.5 57
(Light yellowish' brown)  (Dark brown)

4.2.3 Structural Properties
4.2.3.1 Soil Aggregation :  Addition of lantana @ 10, 20 and 30 Mg ha™ improved soil
aggregation, evaluated and expressed as mean weight diameter (MWD, mm) and water stable-
aggregates > 0.25 mm dia (WSA, per cent) (Table 5).

MWD as well as WSA at any time during cropping season of rice were significantly
(P = 0.05) higher in lantana-treated plots than in control plots. The MWD in plots treated with
lantana @ 0, 10, 20 and 30 Mg ha™ at 7 DAT (days after transplanting) was 0.75, 0.95, 1.27
and 1.75 mm; at 30 DAT was 0.92, 1.43, 1.57 and 2.79 mm; at 60 DAT was 1.25, 1.75, 2.10

and 2.86 mm; and at harvest was 1.93, 2.73, 2.81 and 3.64 mm, respectively. The MWD at 7
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DAT was 27, 69 and 133 per cent of control, at 30 DAT was 55, 71 and 203 per cent of
control; at 60 DAT was 40, 68 and 129 per cent of control; and at .harvest was 41, 46 and 89
per cent of control. The WSA in plots treated with 0, 10, 20 and 30 Mg ha" lantana at 7 DAT
was 33.6, 42.2, 57.8 and 64.2 per cent; at 30 DAT was 36.2, 53.5, 64.2 ar%d 73.9 per cent, at
60 DAT was 45.0, 60.8, 67.4 arid 77.9 per cent; and at rice harvest was 6:2.0, 71:5, 78.4 and

86.8 per cent, respectively.

Table 5 Effect of ten annual applications of lantana bioma$$ on water-stable aggregates during
rice cropping season ‘ ’

Treatment MWD (mm) at DAT* WSA > 0.25 mm dia (%) at DAT
(Lantana, Mgha') | 7 30 60 atharvest | 7 30 = 60 at harvest

0 075 092 125 1.93 33.6 362 450 62.0

10 095 143 175 2.73 422 535 608 71.5

20 127 157 210 2.81 578 642 674 78.4

30 1.75 279 286 3.64 642 739 719 86.8
LSD(P=005) | 026 029 028 028 | 110 88 111 81

* DAT = Days after transplanting

4.2.3.2 Bulk density :  Bulk density of soil determined at rice harv:est at reghlar depth
intgrvals upto 0.30 m depth is shown in Fig. 1. (Appendix I). Bulk density in 0-0.30 m depth
varied betweén 1.41 and 1.44 Mg m” in control (My), between 1.25 and 1.41 in plots treated
~ with 10 Mg lantana ha” (M,), between 1.16 and 1.38 Mg m™ in plots treated with 20 Mg
lantana ha™'(M2), and between 0.99 and 1.37 Mg m™ in plots treated with 30 Mg lantana ha’
(M3). These data showed that bulk der;sity in control was highest at all soil depths upto 0-0.30

m. Additions of lantana significantly decreased bulk density, and the decrease was proportional
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to the amount of lantana added. Thus, at any depth within 0-0.30 m, profile bulk density
followed the trend of M, > M, > M, > M; treatment.

On an average, the bulk density of plough layer (0-0.15 m) was reduced by 6, 13 and 19
per cent, and of subsoil (0.15-0.30 m) by 2, 4 and 6 per cent over control with the addition of
lantana @ 10, 20 and 30 Mg ha™, respectively (Table 6). The differences in bulk density with
different lantana treatments were statistically significant (P = 0.05).

Bulk density of soil aggregates (2-:8 mm dia) as well as clods (4-6 cm dia) was also
reducgd signiﬁcantly by lantana treatments (Table 6). The reduction in bulk density of soil
aggregétcle_s was 7, 11 and 14 per cent, and of clods was 4; 7 and 9 per cent over control with
10, 20 and 30 Mg ha', respectively.

Table 6 Effect of ten annual applications of lantana biomass on bulk density of soil, soil
aggregates and blods at rice harvest

Treatment Bulk Density (Mg m™)
(Lantana, Mg ha™) 0-0.15m 0.15-030m  Soil aggregates Clods
soil soil (2-8 mm dia) (4-6 cm dia)

0 1.42 1.44 1.60 1.49

10 133 1.41 1.49 1.43

20 1.23 1.38 1.43 1.38

i 30 1.15 1.36 1.37 1.35
LSD (P = 0.05) 0.06 0.04 0.05 0.04

4.2.3.3 Total Porosity :  The values of total porosity of soil were determined at rice harvest
by using the relationship between total porosity, bulk density and particle density. The particle

density (ps) was determined in all the experimental plots. Since there was no substantial

difference in the values of p in diﬁerent plots, an average value of ps, equal to 2.44 (+0.02) Mg
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m>, was uéed for computing total porosity. The values of total porosity of Whole soil (0-0.15
_ ), soil aggregates (2-8 mm dia) and clod's‘(4-6 cm dia) as inﬂuénced by lantana treatment are
given in Table 7. |
~ Addition of lantana signiﬂc;ntly increased the total porosity of soil in plough layer, soil
aggregates and soil clods. The increase in total porosity with 10, 20 and 30 Mg lantana ha

over the control was abou'ti 9, 11 and 27 per cent in 0-0.15 m soil layer, 13, 20 and 27 per cent

in soil aggregates, and 6, 12 and 15 per cent in soil clods, respectively.

Table 7 Effect of ten annual applications of lantana biomass on total porosity of soil, soil
- aggregates and clods at rice harvest

Treatment Total porosity ( %)

(Lantana, Mg ha™) at 0-0.15 m Soil aggregates Ciods
‘ _ (2-8 mm dia) (4-6 cm dia)

0 41.80 34.42 38.93

10 45.49 © 38.93 41.39

20 49.59 41.39 43.44

30 52.87 43.85 44.67
LSD (P = 0.05) 1.13 2.12 161 °

4.2.3.4 Pore-size Distribution :  The pore-size distribution was computed from soil-water
retention data during rice cropping (30 DAT), at rice harvest and during wheat season (at 30
DAS), and are shown in Fig 2 (Appendix II). The total porésity in untreated control was 62.3
per cent during rice cropping, 51.4 per cent at rice harvest, and 52.4 per cent during wheat
season. It increased to 62.5, 63.9, and 64.1 per cent during rice, 53.6, 56.0 and 57.3 per cent at
rice harvest, and 61.2, 62.5 and 64.3 per cent during wheat season with 10, 20, and 30 Mg

lantana ha', respectively.
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Pores were classified according to the classification given by Greenland (1979). The
transmission (> SO um), storage (0.5-50 um) and residual pores (< 0.5 pum) in control and
treated plots are shown in Fig 3 (Appendix II1). During rice cropping season, the transmission
pores increased by 20-37 per cent over control while the storage and residual pores decreased
by 7-15 and 6-15 per cent, respectively, with lantana treatments. At rice harvest, transmission
and storage pores increased by 27-136 per cent and 7-14 per cent, respectively, while residual
pores decreased by 8-24 per cent over control, with lantana treatments. During wheat season,
transmission as well as storage pores increased by 22-29 and 6-16 per cent, respectively, whilc
the res-idual pdres decreased by 16-21 per cent over control.
4.2.3.5 Soil Penetration Resistance :  Soil penetration resistance (SPR), determined at 30
DAS (days after sowing) of wheat (after irrigation) and thereafter at frequent intervals at 0.075
and 0.15 m soil depths, was significantly affected by lantana treatments and soil moisture
content. The SPR at a given moisture content was highest in control plots, and decreased
progressively with the increase in amount of lantana added. Similar trend was observed at 0.075
and 0.15.m soil depths (Fig. 4, Appendix 1V). The SPR (MPa) was linearly, negatively and
significantly correlated with moisture content (8, per cent), at each levels oflantana addition at

both the soil depths as follows:

At 0.075 m soil depth : (n=35, 23.0 <0 <41.0)

SPR (Mo) =3.03 - 0.062 0, r=-0.805%* @

SPR (M) =2.97 - 0.0628; =~ 0.891** (4.2)
SPR (M) =2.93 - 0.0960; 1=~ 0.915%* (4.3)

SPR (M;) = 2.87 — 0.096 8; =~ 0,790%* (4.4)
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At 0.15 m soil depth © (n=33, 26.0 <8 <46.0)

SPR (M) =3.74 - 0.0650; r=-0.887**
SPR (M;) =3.65-0.0670; r=-0.833**
SPR (M) =3.37-0.0600; r=-0.794**

SPR (M) =3.01 ~0.0528;, r=—0.793**

(4.5)
(4.6)
4.7)

(4.8)
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4.2.3.6 Apparent specific volume :  The apparent specific volume (ASV) determined, both,

before and 3-d after puddling, and hence the change in ASV (A ASV) was significantly (P =

0.05) affected by the lantana treatments (Table 8). The ASV was always lowest in control plots

and it-increased progressively with the increase in amount of lantana added. The differences in

ASV values due to lantana additions were non-significant at rates between 10 and 20 Mg ha’!

but significant between 20 and 30 Mg ha™'. Similar trend was observed in case of A ASV. The A

ASV increased by 67, 66/ and 87 per cent over control with 10, 20 and 30 Mg ha lantana,

respectively.

Table 8 Effect of ten annual applications of lantana biomass on apparent specific volume,
change in apparent specific volume (A ASV), puddling index (PI) and coefficient of

linear extensibility (COLE)

Treatment Apparent specific volume(cm’® g™) A ASV Pl COLE
(Lantana, Mg ha™") | Before puddling  Afier puddling | (cm’g?) (%) (cm cm™)
0 0.675 0915 0.240 76.7 0.070
10 0.693 1.084 0.401 78.8 - 0.097
20 ' 0.705 1.116 0.411 80.6 0.101
_ 30 0.745 1.192 % 0.447 84.6 0.116
LSD (P = 0.05) 0.028 0.076 0.029 13 0.019
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4.2.3.7 Puddling Index :  Puddling index, which is the ratio of soil suspension after and
before settling for 24 h, increased significantly with the addition of lantana (Table 8). The
values of puddling index increased by 3, ‘5 and 10 per cent over cont.rol value of 76.7 per cent.
The differences in puddling index were significant at each level of treatment.
4.2.3.8. Coefficient of Linear Extensibility : The coefficient of linear extensibility (COLE)
increased significantly with the use of lantana as compared to control, although differences in
COLE among three lantana rates were non-significant (Table 8). The COLE values increased
from 0.070 cm cm™ in control to 0.097, 0.101 and 0.116 cm cm” with 10, 20 and 30 Mg ha
lantana.," respéctively.
4.2.3.9 Soil Cracking :  Hair-line cracks started appearing at soil surface at 33.7, 39.9, 42.5
and 44.1 per cent moisture content in 0-0.15 m soil layer of the plots treated with 0, 10, 20 and
30 Mg lantana ha”, respectively. The differences in moisture content at which surface soil

started cracking were statistically significant (LSD ¢ 5 = 1.6). The matric suction values at the

corresponding moisture contents were 11.3, 9.2, 8.7 and 8.6 kPa, respectively.

Addition of lantana modified the surface cracking pattern of soil. The cracks developed
in control plots were wider and deeper than in lantana-treated plots, and almost in an hexagonal
pattern. The cracking pattern changed to close-spaced network of fine cracks in lantana treated
plots (Plate 1). ' !

Addition of lantana increased the fine cracks (< 5 mm wide) >at the expense of wider
cracks (>10 mm); cracks of 5-10 mm dia remained almost unchanged (Fig 5). The total length

'1

of cracks of sizes < 5, 5-10, 10-15, 15-20 and >20 mm was 176, 289, 180, 149 and 46 m m™ in

M, (control); 458, 280, 123, 65 and 18 m m? in M, (10 Mg ha”, lantana); 1050, 354, 67, 13
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aﬁd 0 m m? in M; (20 Mg ha™’, lantana); and 1266, 336, 29, 0 and 0 m m™ in M; (30 Mg ha”,
lantana), respectively. |
The crack depth (d,cm) was linearly, positively and significantly correlated with crack width
( w, mm) (Eqn. 4.9, Fig.6) as follows : (n=17,4.78 < w < 19.80)

d=235+072 w, r= 0.965%* | - (4.9)
According to these data average depth of cracks for different width-ranges also decreased with
lan’tanav rates. The average depth for width-'ranges <5, 5-10, 10-15, 15-20 and >20 mm was 4.8,
8.7, 13.7, 15.1 and 18.9 cm in My; 3.7, 8.9, 13.7, 14.9 and 17.5 cmin M;; 2.9, 7.2, 9.2, 12.8
and 0.0 in My; and 2.9, 7.2, 11.4, 0.0 and 0.0 cm in M3, respectively. Because of changes in
length and'depth of cracks of different size-ranges, the volume and surface area of cracks also
changed significantly with the lantana treatments (Fig 7). Both of these parameters followed the
same trend as the length of cracks. The total volume of the cracks per unit surface area was
530 x 107 3.40 x 10-“,' 1.84 x 10™* and 1.30 x 10™* m’ m™, and surface area was 1.78, 1.44,
1.17 and 1.13 m* m? with 0, 10, 20 and 30 Mg ha lantana, ;espectively (Fig 8). Thus, the
addition of lantana @ 10, 20 and 30 Mg ha™' decreased the total volume of cracks by 36, 65 and
| 76 per cent, and surface area by 19, 34 and 37 per cent over the control, respectively.
4.2.3.10 Clod-Size Distribution : The clod-size distribution determined after the land was
prepargd for wheat sowing after rice harvest is shown in (Table 9). Lantana treatmef\ts'
significantly affected clod-size distribution. The clods of size < 2 cm dia were significantly
increased with the lantana treatment from 46.5 per cent in control to 54.7, 56.1 and 61.6 per
cent in plots treated with lantana @ 10, 20 and 30 Mg ha™', respectively. The increase was in

line with the increase in the rate of lantana application. The clods of the sizes 2-4 cm dia and 4-
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6 cm dia, on the other hand, were highest in control and decreasgd progressively with thé
addition of lantana; the differences among different treatments were statistically (P = 0.05)
significant. The clods of size >6 cm dia \A;ere found only in control plots‘ |

Table 9 Effect of ten annual applications of lantana biomass on clod-size distribution in wheat

seed bed

Treatement ' _Clod-size distribution ( per cent) .
(Lantana rate (Mg ha™) <2cm 2-4 cm 4-6 cm >6 cm
0 46.3 23.7 22.1 .79

10 54.7 238 21.5 nil

20 56.2 ! 22.5 213 nil

30 61.3 . 202 18.5 nil

LSD (P = 0.05) 2.8 2.0 2.4 -

4.2.4 Hydraulic Properties :
4.2.4.1 Soil-water Retention and Water Availability : .Soil-water retention, expressed on
mass-basis and volume-basis, during rice crop (30 DAT), at rice harvest and during wheat crop
(30 DAS) are shown in Fig 9 and 10. (Appendix V). The water retention on mass-basis
increased with the use of lantana at all the suction values from saturation to permanent wilting
point (1500 kPa) in all the treatments and at all the stages (Fig. 9). The increase was mbre at
lower suction values as compared to higher suction values.

When expreésed on volume-basis (Fig 10), the increase in water retention was observed
at suction values < 6 kPa during rice cropping, < 10 kPa at rice harvest and < 50 kPa during
wheat cropping season. At higher suction values, water reténtion was always lower in lantana-

treated than in control plots.




Matric suction (kPa)

1600

1400 |-
1200 -
1000 |-
800 |
600 |-
400 |+

200

0
—O

10

20

Lantana rate (Mg hia")

30

_,+.,,

10

Rice season

60 70 80

1600

1400

——

1200 |

1000 -

600 -

400 |-

1600

At rice harvest

50 60

1400 -

1200

1000 |-

Wheat season

. = . Ao |
10 20 30 40 50 60 7

Moisture content (%, g g”)

Figure 9. Effect of ten annual applications of lantana biomass on the soil-water retentic
(mass-basis) in the top 0.075 m soil layer



1600 —r
' e Lantana rate (Mg ha') Rice season
100 - ) 0o 10 20 30

e N R

1200 |-

1000 -

600

400 |-

200 -

50 60 : 70

1600

4{.0 S At rice harvest
o0 1

1200 -

1000 -

600 |-

Matric suction (kPa)

200 -

20

1,600 -

i Wheat season
1,400 A Wheat s

1,200 |-

1.000

400

200 |-

10 20 30 40 50 60 20
Soil meisture (%, m>m>)

Figure 10. Effect of ten annual additions of lantana biomass on soil moisture retention
(volume-basis) in the top 0.075 m soil layer



78

The plant-available water capacity (PAWC), when expressed on mass-basis increased
significantly with lantana additions at all the sta’.ges, i.e. during rice cropping, at rice harvest and
during wheat season (Table 10). During rice season, the PAWC increased from 17.6 per cent in
conttol to 18.9, 21.4 and 21.9 p<;r cent with 10, 20 and 30 Mg lantana ha™, respectively. The
corresponding values at rice harvest were 15.4, 16.0, 18.5 and 17.8 per cent, and during wheat
season-were 11.7, 12.7, 13.6 and 15.0 per cent, respectively.
>On Fhe .other hand, when PAWC was expressed on volume-basis (bulk density values given in
Table 10), the trend was reversed during and at rice harvest, but did not cﬁange during wheat
season. The PAWC on volume-basis were statistically same in all plots during rice season, but
decreased significantly at rice harvest, from 22.0 per cent in control to 20.9, 19.8 and 18.8 per
cent in plots treated with 10, 20 and 30 Mg ha' respective!ly. The PAWC during wheat season

increased from 12.9 per cent in control to 13.4, 13.7 and 15.0 per cent with three lantana

treatments, significantly. '

Table 10 Effect of ten annual applications of lantana biomass on plant-available water capacity

Treatment ' Plant Available Water Capacity ( per cent)
(Lantana, Rice Season At Rice Harvest Wheat Season
_ Mgha') Mass-basis Vol.-basis Mass-basis  Vol.-basis Mass-basis  Vol.-basis
0 17.6 20.4 (1.06) 154 22.0 (1.43) 11.7 12.9 (110)
10 189  200(1.06) 160  209(1.31) 127 13.4 (1.05)
20 214 “20.7 (0.97) 16.5 19.8 (1.20) 13.6 13.7 (1.01)
3¢ 219 19.0(0.88) 17.8 18.8(1.06)  15.0 15.0 (1.00)
LSO | o8 ns 0.7 RY 12 00
(P =0.05) '

Nete : Values in pavanthesis indicle bulk density (Mg Hf) 1n sail.
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4.2.4.2 Infiltration : Infiltration charactgﬁstics of soil treated with lantana and determined at
rice and wheat harvest are shown in Fig. 1~1 and 12 (appendix VI). The infiltration rates at any
given timé was lowest in control followéd by in plots trea}ed with 10, 20 and 30 Mg lantana
ha”, respectively. The final inﬂltrability at rice harvest was 0.28 x 107, 0.44 x 107, 1.12 x 107
and 2.22 x 10 m s in control and 10, 20 and 30 Mg ha™ lantana-treated plots, respectively
(Table 11). Thus, the ﬁnal! infiltrability with 10, 20 and 30 Mg ha lantana at rice harvest was
1.5, 4 and 8 times that of control. The final infiltrability arrived within about 6 hours. The
cumulative iﬁﬁltration during 6 h-period was 0.14, 0.24, 0.44 and 0.67 m with 0, 10, 20 and 30
Mg ha’i' lantana, respectivély.

' Similar trends of infiltration were observed after wheat harvest, although the values
were substantially higher. The final infiltrability with 10, 20 and 30 Mg lantana ha™ was 17.2 x
107, 29.6 x 107 and 35.5 x 10 m s™ as compared to 8.7 x 10°m s in control (Table 11).
Thus, the final infiltrability corresponding to three rates of lantana increased by 2, 3 and 4 times
that of control. The final infiltrability was reached in about 10 h-period. The cumulative
infiltration values after 10 h were 0.27, 0.63, 2.12 and 2.13 m with 0, 10, 20 and 30 Mg lantana
ha™, respectively.
4.2.4.3 Saturated Hydraulic Conducﬁ'vizjy : The values of saturated hydraulic conductivity
(Ks) determined at rice and wheat harvest are shown in Table 11. The Ks at rice harvest
increased from 3.61 x 10 m s™' in control to 4.61 x 107, 6.56x 10° and 7.44 x 10° m 5™
with 10, 20 and 30 Mg lantana ha™’, respectively. The increase was about 1.3, 1.8 and 2.1 times

that of Ks in control, respectively. Similarly Ks at wheat harvest was 16.92 x 10°°, 24.19 x
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10 37.22 x 107 and 72.61 x 107 m s* with 10, 20 and 3Q. Mg lantana ha". Thus, at

wheat harvest, the Ks increased by 1.4, 2.2 and 4.3 times that of control with three rates of
lantana, respectively.
4.2.4.4,- Air-filled porosity : Air-filled porosity of 0.075-0.105 and 0.15-0.18 m soil
layers as a ﬁmction of soil moisture determined after irrigation of wheat (30 DAS) is shown
in Fig 13 (Appendix VII). In both the soil layers, air-filled porosity at a given moisture
content was lowest in control; it incréased progressively with the increase in amounf of
lantana: .added to soil. The soil moisture content in 0.075-0.105 m soil layer corresponding
to 10 per'ccnt air-filled porosity, aeration critical for most of the upland crops, was 38.4 per
cent in control and it increased to 40.0, 54.5 and 55.7 per cent in the plots treated with 10,
20 and 30 Mg lantana ha™, respectively. The corresponding values of moisture content in
0.15-0.18 m soil layer were 31.4, 32.2, 33.9 and 34.6 per cent, respectivély.

Air-filled porosity in 0.075-0.105 and 0.15-0.18 m soil layers as a function of time
after irrigation to wheat is shown in Fig 14 (Appendix VII). In 0.15-0.18 m soil layer, the 10
ﬁer cent air-filled porosity reached after 22, 15, 12 and 12 days of irrigation in plo*s treated
with 0, 10, 20 and 30 Mg lantana ha™, respectively; while in 0.075-0.105 m soil layer, the 10
per cent air-filled porosity was attained within a few hours after irrigation in lantana treated
plots as against 4 days in control plots.
4.2.4.5 Drying Pattern : Matric suction values at 0.15 and z0.30 m soil depths as a function
of time after the plots received the last irrigation on 89 DAT are shown in Fig. 15
(Appendix VIII). The matric suction at 0.15 m soil depth increased gradually and at almost

the same rate in all plots upto 110 DAT (the rice crop was harvested at 114 DAT), after

which the increase in matric suction was relatively higher in control than in lantana-treated
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4.2.4.6 plots. Thus, after 110 DAT matric suction at any time followed the trend of Mo.>

- M; > M, > M3,although the differences in matric suction among different treatments were

not very large.

The matric suction (W, kPé) increased as a power function of time (t, days after last
irrigation to rice) in both the layers. The regrassion equation is as follows :

0-0.15 m soil layer (n=31; 1 <t. <31)

Wm(Mg) = 0.96 t'%%;  r=0.988** (4.10)
Ym (M) =087 t"%%  r=0.991%* ‘ , (4.11)
Wa(M2) =0.79 t"%;  1r=0.992%* 4.12)
Wm(M3) =0.66 t'2%  r=0.994** (4.13)

0.19:-0.30 m soil layer (n =29; 1 <t. <29)

Wm(Mg) =031t r=0.992%* (4.14)
Y (M) =025t r=0.989** (4.15)
Wa(M2) =0.23 "% r=0.989** (4.16)
VUm(Ms) =0.18t"7%  r=0.985** - (4.17)

4.2.4.6 Soil-Water Contact Angle :  The incorporation of lantana for ten years increased
the soil-water contact angle. The soil-water contact angIIe was 72.Q° in control, which
increased to 72.7°, 74.4° and 76.0° with lantana @ 10, 20 and 30 Mg ha™, respectively.
4.2.5 Mechanical Propex;ties

4.2.5.1 Soil Consistency limits :  All the soil consistency limits, viz. Liquid limit, plastic
limit, plasticity index and shrinkage limit, were affected significantly with the use of lantana
(Table 12). The moisture content at liquid limit was increased from 37.5 per cent in control
to 39.1, 40.7 and 42.1 per cent with 10, 20 and 30 Mg lantana .ha'l; the corresponding

values of moisture content at plastic limit were 27.2, 28.5, 29.6 and 30.6 per cent,
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respectively. The data show that the increase in moisture content at liquid limit was
relatively more than at plastic limit. It resulted into significant increase in plasticity index.
The values in control and lantana-treated plots @ 10, 20 and 30 Mg ha'! were 10.3, 105,

11.1 and 11.5 per cent, respectively. According to Attraberg (1913) as quoted by Jumikis

(1967), all the soils were in the medium plastic range.

Table 12 Effect of ten annual applications of lantana on soil consistency limits. determined
at rice harvest

Treatment Soil Moisture Content (%) at |
Lantana, Mg ha) |  Liquid Plastic Plasticity =~ Shrinkage  Friability
) , Limit Limit Index Limit range
0 375 27.2 103 18.3 8.9
10 39.1 28.5 10.5 203 82
20 40.7 29.6 11.1 21.8 7.8
30 | 421 30.6 I1.5 22.8 7.8
LSD (P = 0.05) 1.'6 1.1 0.5 1.0 0.4

The moisture content at shrinkage limit also increased from 18.3 per cent in control
to 20.3, 21.8 and 22.8 per cent in plots treated with lantana @10, 20 and 30 Mg ha™,
respectively. The moisture content at friability range decreased significantly from 8.9 per
cent (in control) to 8.2, 7.8 and 7.8 per cent in plots treated with 10, 20 and 30.Mg™

lantana, respectively.

4.2.5.2 Energy Required for Land Preparation :  The plots were dug and pulverised
manually one month after rice harvest for sowing of wheat at an average moisture content
of 29.6 (+ 2.7) per cent. The energy required to prepare land decreased significantly (Table

13) from 1.9 GJ ha™' in control to 1.46, 1.25 and 1.01 GJ ha” in plots treated with 10, 20
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and 30 Mg ha' lantana, respectively. Thus, the use of lantana @ 10, 20 and 30 Mg ha'!

decreased the energy requirement by 23, 34 and 47 per cent over control.

Table 13 Effect of ten annual applications of lantana on enefgy required for land
preparation for sowing sowing of wheat

Treatment Energy required for land preparation (GJ ha™)
Lantana, Mg ha™")
0 1.90
10 1.46
20 1.25
A 30 | 1.01
LSD (P = 0.05) | 0.12

4.2.5.3 Clod Breaking Strength :  The breaking strength of clods of sizes 2-6 cm dia
(CBS) determined after tillage for wheat was affected significantly with lantana treatments
and moisture content of clods (Fig 16, Appendix IX). The CBS at any moisture content
below 25 per. cent was highest in control plots and decreased progressively with the
increase in amount of lanfana added. For example, ét 11 per cent moisture cc;ntent of clods
the CBS was 636.7, 450.8, 381.5 and 371.1 kPa in plots treated with lantana @ 0, 10, 20
and 30 Mg ha”, respectively (below moisture content of 11 per cent, it was difficult to
break the clods with the clod-breaking apparatus used in this study). The CBS above 25
per cent moisture of clods was almost the same for all the treatments.

The CBS was significantly, negatively and exponentially correlated with moisture
content of clods. The following relationships between CBS (kPa) and moisture content of
clods (w, per cent) were observed : (n=12, 10.3 <w <25.8)

CBS (Mg) =8.274 ¢%10™.  r=_0.991** (4.18)

CBS (M) =7.712 e 5% 1 =_ 0 990%+ | (419
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CBS (My) = 7.538 ¢ 14", r=_0,973%* (4.20)

CBS (M3) =7.518 ¢ 21967, r=_0.976%* (4.21)
The CBS (kPa) was lineariliy, positively and significantly correlated with bulk

density of clods (p,, Mg m™) (n =4, 1.49 > p, > 1.36)
CBS =-2251.1+19194 py; r=0975* (4.22)

4.3 Crop Studies
4.3.1 Root Studies

Spatial distribution of wheat roots is shown in Plate 2. The root-spread was wider
and deeper in lantana-treated plots than in control plots. The rooting depth was about 0.30
min cor;t"rol, which increased to 0.35, 0.35 and 0.40 m in plots treated with 10, 20 and 30
Mg ha' lantana, respectively.

Tﬁe root mass density (RMD) at 0-0.15 and 0.15-10.30 m soil depth is shown in
Table 14. The RMD increased significantly with increasing levels of lantana and fertilizer
levels (NPK), and their interaction effects were also significant.

The RMD at 0-0.1"5 m soil depth increased from 1.563 kg m™ in control (My) to
1.743, 2.350 and 2.735 kg m” in plots treated with 10 (M;), 20 (M) and 30 (M;) Mg
lantana ha™, respectively. The corresponding values at 0.15-0.30 m soil depth were 0.270,
0.296, 0.346 and 0.427 kg m™, respectively. The main effect of fertilizer on RMD was also
significant. The RMD values in 0-0.15 m soil layer increased from 1.826 kg m™ with F,
fertilizer treatment (33 per cent NK to rice + 66 per cent NPK to wheat) to 2.093 and 2.737
kg m™ with F, (66 per cent NK to rice + 66 per cent NPK to wheat) and F5 (100 pef cent
NK to rice + 66 per cent NPK to wheat) fertilizer treatments. Similarly the RMD in 0.15-
0.30 m soil layer was 0.305, 0.332 and 0.376 kg m”, respectively, with three fertilizer

| levels.
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Plate 2. Effect of lantana on wheat root system (M, = no lantana,
M,= 10 Mg ha', M, = 20 Mg ha*, M;= 30 Mg hiYantana)
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The interaction effects of lantana and fertilizer on RMD were also significant at both the

soil depths. The RMD in 0-0.15 m soil layer was highest (3.055 kg m™) with M;F; treatment.
The RMD with MaF; (1.947 kg m®) was at par with MoFs (1796 kg m”). The lowest RMD
was 1.446 kg m™ with MyF, treatment. Similarly in 0.15-0.30 m soil layer RMD was highest
(0.486 kg m™) with MsF3. The RMD at MsF; (0.391 kg m™) was at par with M,F; (0.326 kg m3)
"+and RMD at M,F, (0.308 kg m™) was at par with Mo (0.264 kg m”) treatment. The RMD
was lowest (0.256 kg m™) with M,F, treatment.
4.3.2 Shoot/root Ratio :

Shoot/root ratio of wheat is shown in Table 15. The shoot/root ratio was significantly

affected by lantana treatments and not by fertilizer treatments; however, the

Table 15 Effect of ten annual applications of lantana on shoot/root ratio of wheat during tenth
rice-wheat cropping cycle

Treatment Shoot/root Ratio

(lantana, Mg ha) F, F, Fs Mean
0 6.37 6.62 6.62 6.54
10 _ 7.94 8.62 8.77 _ 8.4
20 9.01 9.35 _ 9.43 9.26
30 9.09 10.87 11.90 10.52
Mean 7.94 8.55 8.85
LSD(P=0.05) = | Lantana =174
Fertilizer =ns
Lantana x fertilizer = 2.69

Note : Fy =33 % NK to rice + 66 % NPK to wheat
F, = 66 % NK to rice + 66 % NPK to wheat
F: = 100 % NK to rice + 66 %NPK to wheat
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interaction effects of two were statistically significant. Incorporation of lantana @) 10 (My), 20

(M,) and 30 (Ms) Mg ha' year”, increased the shoot/root ratio from 6.54 in control to 8.40,
9.26 and 10.52, respectively. The interaction effects of lantana and fertilizer showed that lowest

shoot/root ratio was 6.3 7with MyF; and highest was 11.90 with M;F; treatment.

4.3.3 Crop Yields

4.3.3.1 Riceyield: Grain yield of rice in'l 996 was adversely affected by the severe incidence
of blast '(iiséase.“" {Ience, in 1996, instead of grain and straw Yields, total biomass was reéorded,
The effects of lantana and fertilizers on rice yield are re{)orted in Table 16. Rice yield was
signiﬁcaﬁtly 5ﬁ’ected by iant'ana and fertilizer treatments; th'eir interaction eﬁ"eéts;j*,.were also
signiﬁce_mt.

Durmg 1996, the total biomass production irrespective of fertilizer levels: was 9.82 Mg

ha™! in control'(My) plots ‘and increased significantly to 11.40, 12.56 and 12.98 Mg ha™ in plots

treated with 1-(‘),('M,), 20 (M) and 30 (Ms) Mg ha™ lantana, respectively. The total biomass was

o+

x

statistically sarfie 2t 20 and 30 Mg ha” lantana. Averaging over different lantana levels, the
lowest biomass (10.74 Mg ha) was produced with 50 per cent of recommended NPK (F,),
followed by 11.70 and 12.63 Mg ha™ at 75 per cent (F,) and 100 per cent (F3) of recommended
NPK fertilizers, r‘e_spective;ly, and the differences in biomass producﬁon were siatistically

significant.

The interaction effect of lantana and fertilizers was also significant. The highest biomass
production (13.60 Mg ha™') was obtained with M;F; which was statistically at par with
MsF, (12,07 Mg ha), M,F, (12.70 Mg ha') and M,F; (12.50 Mg ha') treatments. The

total  biomass production was lowest with MF, (8.80 Mg ha') treatment. The
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boimass production with MsF; (12.07 Mg ha') was at par with MgF; (10.93 Mg ha'")

treatment.

During 1997, the grain and straw yields of rice were significantly affected by all the
treatment combinations (Table 16). The grain yield of rice increased significantly from 1.95
Mg ha™ in control (M) to 2.36, 2.81 and 3.58 Mg ha! with M,;, M; and M; treatments; and
from 2.44 Mg ha™ with 33 per cent of recommended NK (F;) to 2.69 and 2.91 Mg ha'! with
66 (F,) and IOO per cent (F3) of recommended NK, respectively.

The interaction effects during 1997 showed that highest grain yield (3.71 Mg ha')
was obtz;ihed with M;F;; it was statistically at pﬁr with the yield obtained with MsF; (3.57
Mg ha') and M;F, (3.48 Mg ha™) treatment. The grain yield produced with M,F, (2.33 Mg
ha'') was statistically the same as with MoF, (1.96 Mg ha™"), MoFs (2.13 Mg ha™') and M,F;
(2.50 Mg ha™) treatments. The lowest grain yield (1.77 Mg ha) was obtained with MF,
treatment.

The straw yield foilowed the similar trend as the grain yield. It increased from 6.47
Mg ha™ in control (My) to 9.10, 10.14 and 11.16 Mg ha™* with M,, M, and M, tre:atments,
respectively. The effect of fertilizer treatments on rice straw yield was als§ significant. The
rice straw was 8.82, 9.16 and 9.88-Mg ha™! with F,, F, and F; fertilizer levels, respectively.
The interaction effeéts showed that the highest straw (11.20 Mg ha™) was produced with
M;F, treatment and it was, statistically at par with MsF; (11.16 Mg ha') and M:F, (11.11
Mg ha') treatments. The straw yield with M,F, (9.47 Mg ha'') was statistically same with
M F: (9.07 Mg ha'') and M,F, (9.06 Mg ha™') treatments. The lowest straw yield (5.43 Mg
ha'") was produced with MyF, treatment.
4.3.3.2 Wheat Yield :  Wheat grain yield was significantly affected by main as wellas

interaction effects of lantana and fertilizer levels during both the years (Table 17). During
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1996-97, the wheat grain yield was 1.52 Mg ha™ without lantana (Mo), which increased to

1.61, 1.77 and 1.83 Mg ha™ with 10, 20 and 30 Mg lantana ha™, respectively. The grain yield
was statistically same with M, and M, treatments. The grain yield was 1.50, 1.70 and 1.85
Mg ha™ with 50 per cent of recommended NPK to rice + 75 per cént of recommended NPK
to wheat’ (F,), ‘75 per cent of recommended NPK to éach rice and wheat’ (F>) and ‘100 per
cent of recommended NPK to rice + 75 per cent of recommended NPK to wheat’ (Fs),
B respectively.

Interaction effects of lantana and fertilizer levels on grain yield of wheat were’also
signiﬁéén';. Significantly highest grain.j yield of 1.92 Mg ha' was obtained with M;F;
treatment,\whereas, the grain yield of wheat with M;F; treatment (1.78 Mg ha") was
statistically at par with M>F; (1.88 Mg ha™"), MyF; (1.78 Mg ha™"), M,F; (1.80 Mg ha™') and
MoF; (1.80 Mg ha'') treatments. The lowest grain yield (1.22 Mg ha™) was obtained with
MF,, which was at par with M,F; (1.35 Mg ha™") treatment.

| During 1997-98 almost similar trends in wheat ‘grain yield were observed (Table 17).
The grain yield was 1.99 Mg ha™' with M, treatment which increased to 2.31, 2.46 and 2.76
Mg ha” with My, M, and M, treatments, respectively. The yield was statistically same with
M, and M, treatments. Averaging over lantana rates, grain yield was 2.22, 2.38 and 2.54 Mg
ha" with *33 per cent of recommended NK to rice + 66 per cent of recomrﬁendevaPK to
wheat’ (F,), ‘66 per cent of recommended NK to rice + 66 per cent of recommended NPK to
wheat (F,) and ‘100 per cent of recommended NK to rice + 66 per cent of re;:ommended
NPK to wheat’ (F3), respectively.

The interéction effects of lantana and fertilizer levels were also significant. The

highest grain yield of 2.96.Mg ha™ was obtained with MsFs, which was statistically at par

with MsF; (2.75 Mg ha™'), MyF, (2.68 Mg ha™) and M,F: (2.70 Mg ha™) treatments. The
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~ grain yield obtained with MaF; (2.25 Mg ha') was statistically same as with M;F (2.02 Mg

ha'), MF; (2.00 Mg ha'') and MyF; (2.05 Mg ha™) treatments. The lowest grain yieid (1.93
Mg ha'') was obtainéd with MoF,, which was at par with MoF (2.00 Mg ha'), MoF (2.05
" Mg ha'') and MF; (2.02 Mg ha") treatment.

The straw yield of wheat was also affected significantly by all the treatments and
their interactions (Table 17). During 1996 -97, the straw yield of wheat was 1.81, 2.46, 2.53
and 2.83 Mg ha™! with My, M;, M, and1 M; treatments; and 2.15, 2.40 and 2.67 Mg ha™ with
Fi, F2 and F; treatments, respectively. The interaction effects of lantana and fertilizer on
straw yiéld of wheat were also signiﬁcant.'Like. grain yield, the highest straw yield (3.32 Mg
ha') was produced with M;F, and lowest (1.65 Mg ha™) with MgF, treatment.

During 1997-98 also the wheat straw yield was significantly affected by lantana and
fertilizer treatments and their combinations. The straw yield was 2.88 Mg ha” with M,
treatment, and increased to 3.57, 3.74 and 4.08 Mg ha! with M;, M, and M; treatments,
respectively. The straw yield with F;, F, and F; treatment was 3.19, 3.64 and 3.87 Mg ha”',
‘respectively. The interactions amo.ng different lantana and fertilizer treatments were also
significant and the highest straw yield of 4.34 Mg ha™' was obtained with'I\:I3F3, and lowest
yield of 2.65 Mg ha™! with M,F; treatment.'
4.3.3.3 Total Productivity of ‘Rice + Wheat’ Cropping S‘[vstem ¢ The total productivity,
i.e. the grain yield of ‘rice + wheat; followed the similar treild as the grain yield of inbdividual
crops of rice and wheat (Table 18). The total productivity was caiculated only for the year
1997-98. The incorporatic;n of lantana @ 10 (M,), 20 (M,) and 30 (M;) Mg ha increased
the total productivity of the system from 3.95 Mg ha™ in control (M,) to 4.68, 5.24 and 6.35

Mg ha™!, respectively. The total production with chemical fertilizers @ 33 per cent (F)), 66
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per cent (Fy) and 100 per cent (F3) of recommended NK to rice plus a uniform dose of 66

per cent of recommended NPK to wheat, was 4.65, 5.68 and 5.95 Mg ha”'| respectively.

The interaction effects of lantana and fertilizer were also significant on total
productivity. The highest crop production was observed in M treated plots, irrespective of
fertilizer levels. The values of total grain yield were 6.16,°6.32 and 6.57 Mg ha'! in MsF,,
M;F, and M:F; treated plots, respectively, which were statistically at par. The total grain
yield produced by MIFI (4.21 Mg ha") was statistically same as with MF; (4.18 Mg ha')

treatment. The lowest grain yield (3.70 Mg ha') was obtained with MoF treatment.

Table 18 Effect of ten annual applications of lantana biomass on total productivity of
' ‘rice + wheat’ during 10™ rice-wheat cropping cycle

Treatment ‘Rice + wheat’ grain yield (Mg ha™) 1997-98
(Lantana, Mg haj F; F, F; . Mean
0 3.71 3.96 ' 4.18 3.95
10 421 4.75 5.07 4.68
20 4.50 524 5.99 5.24
30 6.16 ' 6.32 i6'57 6.35
Mean 4.65 5.68 5.95
| Lantana =026 ]
LSD (P =0.05) | Fertilizer =0.21
Lantana x fertilizer = 0.49

Note F; =33 % of recommended NK to rice + 66 % of recommended NPK to wheat
F,= 66 % of recommended NK to rice + 66 % of recommended NPK to wheat
F3 = 100 % of recommended NK to rice + 66 % of recommended NPK to wheat

4.4 Non-Limiting Water Range

Non-limiting water range (NLWR) was determined by using the data of soil
penetration resistance (Fig. 4) and air-filled porosity of 0.15- 0.18 m sbil layer (Fig 13 ). The
volumetric moisture content corresponding to 10 per cent air-filled porosity (upper limit of

NLWR) and 2 MPa soil penetration resistance (lower limit of NLWR), and corrésponding
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NLWR values under different treatments are given in Table 19. According to these data, the

moisture content corresponding to 10 per cent air-filled porosity increased, while moisture
content corresponding to 2 MPa soil penetration resistance decreased with the increasing
rates of lantana addition. Consequently the NLWR, which is the difference in moisture
content between two limits, increased with increase in the amount of lantaﬁa added. The
NLWR values were 4.35, 7.43, 10.89 and 15.04 per cent soil moisture (volume-basis) in

control and plots treated with 10, 20 and 30 Mg lantana ha™', respectively.

Table 19 Effect of ten annual applications of lantana biomass on non-limiting water
* range (NLWR) determined during wheat cropping season

Treatment Moisture Content (%, m>m™) at

(Lantana, Mg ha') 10% air-filled porosity 2 MPa SPR* NLWR
0 31.21 26.86 4.35
10 | 3222 2479 743
20 33.85 - 22/96 10.89
30 34.67 19.63 ' 15.04
LD @ "6'633 """"""""" o4 121 104 |

* Soil penetration resistance

The NLWR was linearly, positively and significantly correlated with grain yield of wheat
(Fig 17, Appendix IX). The following relationship between NLWR ( per cent, soil moisture)
and grain yield of wheat (GY, Mg ha™') was obtained.
(N = 12, 4.10 NLWR 15.86)

GY =178 -007NLWR:  r=0858%+ | (4.23)

4.5 Distinguishing Between Effects of Physical and Chemical Properties
-of Soil on Wheat Yield

The grain yield of wheat grown simultaneously in the field and polybags kept

adjoining to the experimental site, are shown in Table 20. The grain yield of wheat under
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field conditions was affected by both chemical and physical properties, while in polybags,

wheat yield was influenced only by chemical properties of soil (because the soil physical

properties in all polybags, filled with crushed and sieved soil samples at the same bulk
density, was the same).

The per cent increase in grain yield of wheat over control with different treatments
in the field was 11.6-13.9 per cent, while in polybags it was 10.5-12.7 per cent. The
comparison of these data showed that per cent increase in grain yield due to lantana
treatment in the field was higher than in polybags by 0.5-1.2. This increase in grain yield of
wheat v\'vas attributed to improvement in various soil physical properties Considering
improvemen; in grain yield of wheat in the field due to lantana treatment over control
(colut’ﬁn I) as 100 per cent, the contribution of soil physical properties towards increase in
grain yield amounted to 4.0-9.5 per cent (Table 20). In other words, only 4.0-9.5 per cent
increase in grain yield of wheat was attributed to the improvement in soil physical
properties, and the rest to improvement in soil chemical (and possibly biological) properties

of soil due to addition of lantana biomass.

Table 20 Comparison of grain yield of wheat in the field treated with different lantana levels
and 1n polybags filled with soil collected from the corresponding plots

Treatment Wheat grain yield Per cent increase in grain Difference
| (Lantana, Field Polybags yield over control
Mgha') | Mgha') (gbag')  Field (1) Polybag (II) 1-1)  %of(l)
0 - 1.99 14.83 - - - . -
10 2.31 15.56 11.6 10.5 1.1 9.5
20 2.46 17.58 12.4 11.9 0.5 40
_____ 30 _{..z76 1883 139 127 12 8.6
Lso | ... 0 L, T
6 — — _ _
(P=005) 0.1 1.34
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V_ DISCUSSION

Long-term additions of organic'_ ‘residues influence soil physical properties by adding
organic matter to soil having low bulk density, high por‘osity, high water retention and high
specific surface area, and its interaction with soil particles forming clay-organic complexes. Due
to regular additions of organic residues, soil contains organic matter (OM) at different stages of
its decomposition, including fresh material, decorhposing material and decomposed material
which has Ef;Vened into soil humus. The decomposition of organic residugs of soils and build-
up of soil OC depend on many f#cto_rs likg nature, amcunt, frequency and mode of application
of 6rga¥fxc materiél, cropping sequence, and_séil and environmental conditions. In the present
long-tenﬁ field experiment, fresh lantana (Lantana camara) biomass @ 10-30 Mg ha', is being
' ;ﬁsed aé an organic amendment in soil under rice-wheat cropping. The effect of ten annual
l;"’<.§e‘1ddifi6ns of ‘lantana biomass on OC build-up, soil physical properties and crop yields are
discussed under the fo]lox.ifing heads :

' it %
5.1" Soil Organic Carbon Content

5.2 Soil Physical Properties
- 5.2.1 Soil Colour and Temperature
522 Structural Properties
5.2.2.1 Soil Aggregation
5.2.2.2 Bulk Density, Porosity and Pore-size Distribution
5223 Soil Penetration Resistance
5.2.2.4 Degree of Pudddling

5.2:2.3 Coeflicient of Linear Extensibility, Cracking Behaviour and
Clod-Size Distribution
5.2.3 Hydraulic Properties

52.3.1 Soil-Water Retention and Availability
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5.2.3.2 Soil-Water Transmission Properties
5.2.3.3 Drying Pattern of Sall
5.2.3.4 Air-Filled Porosity
5.2.4 Mechanical Properties
5.2.4.1 Soil Consistency Limits

52.44 Clod Breaking Strength and Energy Required for Land
Preparation for Wheat
5.5 Crop Performance

5.3.1 Root and Shoot Growth
5.3.2 Crop Yields
5.4 None-Limiting Water Range — A Single Value Physical Index

5.1 Séil Organic Carbon Content o

"Ten annual applications of lantana significantly increased the OC content of surface ( 0-
0.15 m ) and subsurface (0.15-0.30 m ) soil layers (Table 3). A total of 17.8, 35.6 and 54.4 Mg

i

ha OC was added over a period of 1ten years to 0-0.15 m soil layer through lantana @ 10, 20
and 30 Mg ha™' year’', respectively. Out of this only 3.0, 4.1 and 6.7 Mg OC ha” was retained in
0-0.15 m soil layer; and 2.8, 4.3 and 6.5 Mg OC ha™ in 0.15-0.30 m soil layer. It amounted to
17, 11 and 12 per cent increase in OC over control in surface and 15, 11 and 12 per cent
increase in OC in subsurface soil layer respectively. During tenth cropping cycle, the OC
content of plots treated with zero, 10, 20 and 30 Mg ha™ lantana was 11.1, 12.5, 13.0 and
14.02 g kg™ in surface layer , and 7.6, 8.9, 9.6 and 10.6 g kg™ in subsurface soil layer,
respectively. Considering 0-0.30 m soil layer as a whole, 33, 23 and 24 per cent of added OC
was retained in soil. These data lead to the conclusion that (i) only a small fraction of applied

OC is retained by the soil; a major part is lost to the atmosphere during its decomposition

process, and (ii) the retention of OC in soil is not proportional to the amount of OC added; the
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fraction of OC retained by soil decreased with the increase in the amount of OC added. These
dala also suggest that large additions of organic residﬁes continuously over a period of time are
required to cause a éigniﬁcént build-up in soill ocC.

A major portion of the added OC is lost from soil to the atmosphere probably through
carbondioxide (CO;) or methane (CH4) evolution. Alternate wetting (during rice season) and
drying (during wheat season) of soil f” enhance OC losses from soil (Amatc; etal, 1984) Ina
laboratory incubation study, Rasmusseﬁ and Collins (1991) reported that 60 to 75 per cent of
the crop residue-carbon is evolved as CO; in one year. Our results are in line with Brar and
Dhillon (1994), who detected only 8.1 per cent of 32 Mg OC ha™ applied through FYM over a
period of 4 years in a rice-wheat cropping under sub-tropical conditions.

MacRae and Mehuys (1985) reported that if soil-OC levels are to be increased or
maintained, the organic material added to the soil must be resistant to ready decomposition.
According to Warman (1980), the plant materials low in nitrogen (< 1.5 per cent N on dry mass
basis) are most effective for this purpose. The nitrogen content of lantana biomass was 2.5 per
cent (Table 2) and the C:N was around 20:1. Relatively high N content an;l naﬁow C:N ratio
probably were responsible for rapid decomposition and, hence, loss of added OC to the
atmosphére and less retention in sgil. Any waste organic rrj,lateriai having lower N content, and
wider C:N ratio than lantana bic;mass may prove more effective in a rising the OC content of
soil. Substantial increases in OC are required before improvements in soil physical proberties
become visible. In the p;esent experiment, the increase in OC in 0-0.30 m soil layer was

sufficient to cause significant effects on soil physical properties.
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5.2 Soil Physical Properties
5.2.1 Soil Col(;ur and Temperature

The addition of lantana made the soil dark by changing"the value and chroma of tﬁe
soil; hue remained unchanged. When observed under dry conditioﬁs, soil colour changed from
brownish yellow (10 YR 6/6) in control to light yellowish brown (IFO YR 6/4) in lantana-treated
plots (Table 4). Under moist conditions, soil colour was yellowish brown (10YR 5/4) in
control, which changed to brown (10 YR 5/3) with 10 Mg ha™ and dark brown (10YR 4/3)
with 20.and 30 Mg lantana ha™ . The change in colour of the surface soil layer influenced the soil
thermal fegime probably by increasing black-body effect and decreasing the albedo. The soil
temperature recorded at 0.05.m soil depth on Dec. 30, 1997 (one of the coldest days) at 06.30
h (minimum) was 5.4°C in control plots as compafed to 5.6, 5.7 and 5.7°C in plots treated with
10, 20 and 30 Mg lantana ha™', respectively. Likewise, maximum temperatures recorded at
14.30 h were 11.9, 12.2, 12.3 and 12.5°C in control and lantana-treated plots, respectively
(Table 4). Even small changes in soil temperature-have profound effect on crop growth and
yield (Walker, 1969).
5.2.2. Structural Properties
5.2.2.1 Soil Aggregation :  Lantana additions signiﬁcantly influenced the water-stability of
soil aggregates, expressed as méan weight diameter (MWD) and water stable aggregates
(WAS) > 0.25 mm dia. At any time during rice cropping season, MWD in tr;aated plots was 27-
203 per cent higher than the control depénding on the rate of lantana added (Table 5) The
similar trend was observed in case of WSA > 0.25 mm dia. Increase in soil OC improves soil

aggregation by way of forming clay-organic complexes in soil (Greenland, 1965). In temperate
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regions, OC has been found to be the primary aggregate stabilising agent. Much of the applied
OC remains in soil as discrete particles and only a part of it enters into close association with
soil particles (Sharma et al., 1995). Tisdall and Oades (1982) concluded tha_t micro aggregates
(<025 mh dia) are less susceptible to changes in soil OC than macro aggregates. It may take
many years of regular additions of organic residues for the added OC to enter and stabilise
micro agéregates (Christensen, 1986).

Soil aggregation during rice cropping season increased progressively with time elapsed
after puddling in .all the plots (’fable 5), the effect increased with the increase in amount of
lantana Added. Chaudhary Lnd Ghildyal (1969) feported that soil structure lost during puddling
is not only regenerated, but is further improved during crop growth under submerged
conditions. It may result from settling of soil particles, intermittently dehydration of soil
particles due to wetting and drying of soil and /or formation of clay-organic complexes with
time, especially in the presence of high amounts of organic matter (OM).

A positive correlation of aggregate stability with OC has been shown by many workers
(Biswas et al.,1970; Sharma and Aggarwal, 1984; Chﬁstenseﬁ, 1986; Bhagat and Verfna, 1991;
Sharma etal., 1995).
5.2.2.2 Bulk Density, Porosity and Pore-Size Distribution :  The bulk density of whole soil
(0-0.30 m soil depth), soil aggregates (2-8 mm dia ) and soil clods (4-6 cm dia) decreased
significantly with the addition of lantana biomass (Fig. 1, Table 6). The decrease in bulk density
over control was 6-19 per cent in 0-0.15 m soil layer, 2-6 per cent in 0.15-0.30 m soil layer, 7-
14 per cént in soil aggregates, and 4-9 per cent in soil clods, depending on the rates of lantana

application. Reduction in soil bulk density resulted from the dilution of soil matrix (mineral
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matter) with less dense material (organic matter) and improvement in soil aggregation. The bulk
density of OM is much lower than inorganic mineral matter. Improvement in aggregation
encourages a fluffy and porous condition in soil which results in low bulk density values. The
reduc;tion in bulk density of soil due to increase in soil OC has been amply reported in literature
(Soane,1975; Coote and Ramsey, 1983; Sharma and AggarWal, 1984; Sharma et al., 1995).

The data show that the decrease in bulk density was more in wﬁole soil as compared to
soil aggregates and soil clgds. It may be due to the fact that a bulk of applied lantana biomass
(decomposed, partially decomposed and undecomposed) remained in soil and only a small
fraction of it entered in aggregates and clods as drganic carbon. Moreover, the clods are formed
due to compressive forces exerted on soil duriﬁg tillage operations. Further, decrease in bulk
density was more in 0-0.15 m soil layer than in 0.15-0.30 m soil layer, agéin due to the reason
that the lantana biomass applied was remained in the surface soil layef, and a part of it probably
moved into the subsoil after decomposition. Moreover, the long-term additions of lantana
biomass increased the volume of the soil, thereby, causing lengthening of surface layer. Since,
the bulk density determinations were made in the top 0-0.15 m, a part of the lengthened soil
layer beyond 0.15 m depth was included in subsurface layer.

The lantana additions did not significantly affect:. particle density of soil.’ The average
particle density value was 2.44 (+ 0.02) Mg m”. Hence, the fotal porosity of whole soil, soil
aggregates and soil clods, which was computed from their particle and bulk density values,
increased with the lantana additions. The per cent increase in total porosity of whoie soil, soll
aggregates and soil clods observed at rice harvest was 9-27, 13-21 and 15-16 over control,

respectively, depending on the rate of lantana added (Table 7). Similar trend in total porosity of
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0-0.075 m soil layer were observed at 30 DAT of rice, rice harvest and 30 DAS of wheat
(Fig. 2).

The pore-size distribution in 0-0.075 m soi.l layer, as per the classification suggested by
Greenland (1979), is shown in Fig. 3. At all the three stages of observations, i.e. during rice
crop, at rice harvest and during wheat crop, the water transmission pores (pores > 50 m)
generally increased, residual pores (< 0.5 um) decreased, while the water storage pores (0.5-50
pm) either remained almost same as during rice cropping season, or increased with lantana
additions. The increased in water transmission pores in soil due to lantana additions might have
resulted from large amount of undecomposed material lying in soil aﬁd formation of channels
due to decomposition of organic material. Increase in soil aggregation was probably responsible
for the reduction in residual pores, because more of the intra-aggregate pore space acts as
water storagé pores. This increase in water storage pores was probably offset due to the
conversion of water storage pores into water transmission pores as fhe inter-aggregate pore
space. Such changes in pore-size distribution would favour p]ant-avéilable water capacity and
improved drainage conditions of soil.
5.2.2.3 Soil Penetration Resistance : Soil penetration resistance (SPR) is a measﬁre of
resistance that must be overcome to cause a deformation in soil. In a given soil type, it depends
largely on moistUré content and bulk density. The SPR decreases with moisture content and
increases with bﬁlk density (Kumar et al.,1971; Kisu, 1978). Increase in bulk density increases
the resistance of soil to, both, volumetric compression and linear deformation. Any treatment
which decreases bulk density is expected to lower SPR. It was clearly demonstrated by the SPR

data collected in the present experiment The SPR in the plbugh layer (at 0.075 and0.15 m) was
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highest in control and it decreased progressively with the application c;f lantana biomass @ 10-
30 Mg .ha". ’fhe application of lantana de_creased bulk density (Fig. 1, Table 3) and thereby
decreased SPR. Reduction in SPR due to decrease in bulk density‘ of soil have also been
reported by earlier workers (Ganai and Singh, 1988; Bhagat and Vemié, 199%).

' The SPR Was ]i'near'ly, negatively and significantly correlated with moisture content at
each le;/el of lantana biomass at both the depths (Fig. 4, eqns. 4.1-4.8). The SPR decreased with
the moisture confent because increase in moisture ;ontent decreases 'tile inter-particle binding |
and the soil can be easily deformed. The reduction in SPR with decrease in moisture content is

. | _
well doéumented in Iiteratiure (Bateman et al.,'1965; Gu and Wen, 1981; Larson and Clapp.
1084; Tester, 1990).

Increase in SPR due to wet tillage in rice is a common observation and offers major
constraint in the cultivation of upland crops after rice. Applicatioﬁ of lantana, thus, decreased
this problem in rice-wheat sequence. |
5.2.2.4 Degree of Puddling :  The degree of puddling of soil during rice transplanting, as
expressed by puddling index and change in apparent specific volﬁme (A ASV), was
significantly affected by lantana biomass (Table 8). The degree of puddliﬁg depends on the ease
with which the aggregates can be broken down and the safuratioh‘ ‘vsoil moisture content.
Application of lantana decreased soil bulk density and made soil fn'able; as was reflected from
the data on ‘SPR (Fig. 4) and clod breaking strength (Fig. 16); Soil wate? contenf at saturation
also ?ncreased with the lantana due to increase in total porosity of soil. These effects resuited

into increased degree of puddling. Fagi and De Datta (1983) also reported increase in A ASV in

a rice soil supplied with the residues of previous crops-of soybean and maize. According to
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these wbrkérs, AASV was significantly and positively correlated with change in soil porosity. 1t
very well cdrrobqrated our findings.

Higher values of A ASV and puddling index in lantana-treated t‘ha’n‘in control plots
reﬂéctvedv::tﬁvé: increase in susceptibility of soil to puddlir.lg.;» It reflects the q‘ﬁality of soil puddle for
tranSﬁl;;ijii:fijgf‘:,fiéé‘fs'eedlin'gs and water retention in rice ﬁ{elds. The A ASV of puddled soil may
increase th;'séil tdrtuosity for water movement,whicﬁ in turn reduces the percolation and
evaporaiion 1lvosseslo'f soil water. Lantana applications, thus, favoured rice cultivation.
4.2.2.5 Coeﬁicient of Linear Extensibility, Cracking Behaviour and Clod-size distribution :
The nature ‘and e;(tent of so{!l ‘cracking depends on swell-shrink properties of surface soil. The
ocC build-'upin soil‘due to lantana additions significantly éffécted cracking behaviour of soil by
changmg its coefﬁcnent of linear extensxblllty (COLE). Appllcatlon of lantana increased C OLE.
value from 0.070 cm cm™ in control plots to 0.097- 0. 116 cm cm’ in lantana-treated plots
(Table 8). The jhcr/ease in COLE due to the addition of Ol\/linto the soil probably resulted from
high swell-shrink prdperties of organic matter. The soils with.COLE yalué of 0.090 cm cm™ or
greater are placed in Vertic Sub Group (Lewis, l979).> Even though these soils laick the
intensity of swell-shrink necessary to place them in Vertisol Sub Group, the amount of volume
change that occurs c;n wetting and drying presents management problexﬁs that are .serious
enough to warrant set_fing these soils aside from others that_i'ac':k high swell-shrink tendenc;.
The COLE data, thus, shows that application of lantana :i'x‘l:creased Vertic properties of the
experimental soil. It was also indicated byithe moisture con#e.nt at which hair-line cracks started

appearing on the soil surface. The hair-line cracks started appearing at moisture content of
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39.9, 42.5 and 44.1 per cent in 10, 20 and 30 Mg ha! lantana-treated plots, respectively, as
compared to 33.7 per cent in control.

Applicatiqn of lantana modified éracking pattern from almost hexagonal-shaped wide
cracks in control to close-spaced network of fine crﬁcks (Plate 1). The proportion of finer
cracks (< Smm width) increased at the expense of wider cracks with lantana treatments; the
effect increased with the amount of lantana added. In response to decrease in width of cracké,
the depth, surface area and volume of cracks decreased with lantana additions. Ther valqes were
in the order of My > M; >M; > M; (Fig. 5, 6, 7 and 8, eqn. 4.9). The depth of cracks was
linearl);;"ppsitively and significantly correlated with width of cracks (Fig. 7). Due to this there
was sighiﬁqan‘t decrease in the total surface area exposed to evaporation in lantana-treated
b]ots. In control, the wider and deep cracks provided secondafy planes of evaporation, thereby
increasing the evaporation losses.

The cracking pattérn affects, both, the extent and size-distribution of clods formed when
the soil is tilled, and the hydrodynamic properties of the soil. Application of lantana decreased
the proportion of large-sized clods (> 2 cm dia), and increésed small-sized clods (< 2 cm dia);
~ the clods > 6 cm dia were found only in control plots (Table 9). Large clods‘ in control plots
were associated with wider and deep cracks. Conversely, close network of fine cracks in
lantana-treated plots favoured the smaller clods. Further, the application of lantana increased
the plastic limit from 27.2 to 28.5-30.6 per cent (discussed in para 5.2.4. 1), which is the upper
l“imit of friability of soil. The tillage was done at 29.6 (+ 2.7) per cent soil moisfure content
when the soil in control was above the plastic limit while in 20-30 Mg ha'' lantana-treated plots

it was below plastic limit. The tillage above plastic limit, moisture content favours clod
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~ formation. This was also the reason for higher percentage of large clod:s in control plots.
Lantana additioﬁs; thus, modified soil cracking behaviour in favour of reducéd clod formation.
5.2.3 ﬁydraulic prd"perties

5.2.3.1 Soil-Water Retention and Availability :  Soil-water retention at all suction values
from 0-1500 kPa, when expressed on mass-basis, increased progressively with the amount of
lantana added. Same trenéi was observed during rice season, at rice harvest and during wheat
season (Fig. 9). However, the trend was reversed, when soil water retention was expressed on
volume.-basis; the water retention above about 50 kPa suction was always lower in lantana-
treated than control plots (Table 10).. |

Water retention capacity of soils depends principally on, -(i)v the number and size-
distribution of soil pores and (ii) the specific surface area of soils. Pore-size distribqtion affects
soil water retention primarily at lower suction values, while waterv retention at higher values 1s
influenced by specific surface area of soil constituents. The OM affect both these soll
properties. It increases soil pores favourable for water retention (Fig. 2) and specific surface
area of soils. The water holding capacity of OM is very high. When added to .soil, it dilutes
material of low water retention with that of high retention.

The plant-available water capécity (PAWC), which was computed as the difference in
soil water content ‘a‘t 30 and 1500 kPa suction, was lower in control as compared to lantana-
treated plots, when expressed on mass-basis (Table 10). The water retention increased with the
amount of lantana added. The trend was same during rice season, at rice harvest and during
‘wheat season. But, when PAWC was expressed on volume-basis, the trend was almost

reversed. The PAWC on volume-basis decreased with lantana additions at rice harvest:
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increased during wheat season, while remained same during rice season irrespective of [antana
treatments.

The addition of OM to soil, although increases soil water retention, decreases soil bulk
density. The decreased soil bulk density may counter balance any increase m PAWC on mass-
basis. Therefore, .whe_n moisture content is computed on volume-basis, the increase in PAWC
may be non-existent or PAWC may even decrease, as was observed in th;é present case. The
decrease illl soil bulk ‘dvensity..due to !antana additions during rice season was such that it masked
the increase in PAWC on volume-basis. At rice harvest, the decrease in bulk density was almost
in proportion té increase in PAWC on mass basié and hence, PAWC on volume-basis decreased
with lantana additions. Dl;!l'ing wheat season, however, the decrease in bulk density due to
lantana additions was less than the PAWC on mass-basis and henée, PAWC on volume-basis
showed the same (increasing) trend as PAWC on mass-basis. Relatively large changes in bulk
density during rice season and at rice harvest were attributed to freshly added lantana biomass
into surface soil layer. By the wheat season a major Sénion of added OM was probably
decomposed and hence, its effect on bulk density was less than during rice season.

Many studies have shown positive correlation between PAWC and soil organic matter
content, but they have computed the correlation using PAWC on mass-basis (Biswas and Al
1969; Epgtein et al'.,' 1976; Gupta and Larson, 1979; Lal.1979; De Kimpe ef al., 1982). These
data may, however, lead to wrong conclusions, because the plaht roots exploit the soil on
volume-basis and not on mass-basis for extract‘ing soil moisture. In order to evaluate the real

—
effect of OM on PAWC, moisture content should be expressed on volume-basis. In the present
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study, therefore, lantana addi‘tions increased PAWC (volume-basis) of soil during wheat season
but did not show any effect on PAWC during rice season.
5.2.3.2 Soil-Water Transmission Properties : Two soil-water trz;nsmission properties,'.
namely infiltration and saturated hydraulic conductivity (Ks), were determined at rice and wheat
harvest (Fig. 11 and 12; Table 11). Infiltration rate as well as Ks of soil increased significantly
with the lantana additions. Application of lantana @ 10, 20 z;nd 30 Mg ha showed 2, 4 and 8-
fold increase in final infiltrability of soil over control at rice harvest, and 2, 3 an 5- fold increase
at wheat harvest, respectively. The corresponding increases in Ks with three lantana rates were
1.3, 1.8 and 2.1- fold at ﬁce-haﬁest, and 1.4, 2.2 and 4.3- fold at wheat hawégt, respectively.

The water transmission through soil is clos¢ly related to the pore-size distribution.
Inﬁltra‘tionl and K increase witﬁ watver transmission por%!sjof ]SOil. In the present experiment also
" the increases in infiltrability and Ks were associated wifh the increase in water transmission
pores ::lue to lantana additions (Fig. 3): The infiltrability values at rice harvest may als_o be
influenced by soil cracking.' Soil vcracking would enhance the infiltrability. Howe;fer, in the
present determinations.due care was taken to avoid the effect of soil cracks.
5.2.3.3 Drying Pattern of Soil : Maitrié suctions at 0.15 as well as 0.30 m soil depths at
were almost the same in all plots under different treatments untill the harvest of rice crop. The
effect of lantana treatments on soil drying became evident after the rice crop was harvéstéd.
The matric suction, in general, increased as a power function of time (egns. 4.10-4.17). Lantana
applic':ations suppressed the rate of drying of soil upto.0.30 m soil depth (Fié. 15). The drying

pattern of soil depends on soil-water retention and evaporation losses of water from soil.

Applications of lantana on one hand, increased the soil water retention (Fig. 9) and on the other
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hand, increaséd the soil water con;cact angle from 70° in control to 76° in 30 Mg ha™ lantana-
treated plotsy, thereby, making the soil vmo're hydrophobic. Both these changes probabl.y helped
in lowe;ing the evaporati&m rate from soil surface. Although the soil cracks started appearing
relatively at higher moisture content in lantaﬁa treated plots, but majority of them were fine and
superficial. Control plots developed wider and deeper cracks, which acted as secondary planes
of evapo_ratioh, thereby increasing net evaporation losses from the soil. Conséquently the rate of
drying followed the trend of M, > M; > M, > M.

5.2.3.4  Air-Filled Porosity :  Data on air-filled porosity collected after first irrigation to
" wheat'!avl".t' 30 DAS (Fig. 13 Iand 14) maké tWo conclusions. One, air-filled porosity at. any
moisture content was higher in lantana-treated than chtrol plots. Low and Piper (1973) also
reported highe‘r air-filled porosity (9.5 per cent) at ﬁéﬁd capacity in loamy soil treatéd with 6
consécutiVe applications of farm yard manure @ 75 Mg ha™, than in control (8.3 per cent).
Two ‘the 10. per cent air-filled pbrosity, considered critical for most of the upland Crops,
ap‘peafed ruch earlier in lantana-treated than in control plots. Thesé effects increased with the
increase in rate of lantana application. The effect of lantana on air-filled pbrosity of soil was
manifested through incre_ase- in water transmission pores in soil. Lantana z;.dditions increased
- water transmission pores in soil by 22-29 per cent over control (Fig. 3). It helped in attainmént
of 10 per cent air-filled poros;ty in the active root-zone of wheat earlier in lantana-treated than
in control plots. It has a greater significance in cultivation of wheat after rice. In our earlier
experiment (Bhushan, 1995), inadequate air—ﬁlled porosity due to restricted drainage was tound

&
to be the major constraint to wheat cultivation in post-rice soil. Thus, application of lantana or
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any other waste organic material to soil favour wheat cultivation by improving draina;

conditions of soil.

5.2.4 Mechanical Properties

5.2.4.1 Soil Consistency Limits : Soil consistency determines the workability of soil. The be
moisture range for .tillage is between plastic and shrinkage limits of the soil. In this range ti
soil is friable. The plasticity index which is the difference between liquid and plastic limif
indicates the moisture range through which soil has properties of plasti(; material. Utomo ar
Dexter (1981) observed that for some séils a gravimetric moisture content around 0.9 times tl
plas‘t;c‘ limit provided the maximum friability.b At this moisture content, soil tillage maximises tl
proportion of small aggregates (Ojeniyi and Dexter, 197;)). The application of lantana increast
plastic limit, but decreased the friability range optimum for tillage (Table 12). Fagi and [
Datta (1983) also reported reduction in soil moisture range for ease of tillage due -
incorporation of crop residues in a sandy clay loam soil. Nevertheless, the lantana-treated sc
became friable at fairly high moisture content because of increase in its plastic limit moistu
content. i‘he increase in plastic limit and shrinkage limit values with OM has been we
documented in literature (Baver et al., 1976). The COLE is an index of shrinkage behaviour «
soil. Thus, the increase in shrinkage limit with OM is also supported by increase in COLE val
(Table 8). The oM increased moisture content at all consistency limits resultant from the hig
absorptive capacity of OM for water. The increase.particularly in plastic limit moisture conte
occurs because hydration of OM must be fairly complete before sufficient water is available fc

film formed around the mineral particles, thereby, making the soil plastic.
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5.2.4.2 Clod Breaking Sf;'ength and Ener@ Required for Land Proportion : The energy
required for land preparatién depends on the mechanical impedance of soil and clod breaking
strength (CBS). Mechanical impedance of soil during tillage primarily depends on bulk density
and moisture content at the time of tillage. Lantana applications decreased, both, bulk density of
soil (Table 3) and CBS of clods (Fig. 16), thereby decreasing the energy required for land
preparation (Table .1 3).

The CBS of clods was positively and linearly correlated with bulk density (Eqn. 4.22)
and negatively and exponentially with moisture content of clods (Eqns. 4.18-4.21, Fig 16).
Both, ti1e moisture as well as bulk density, aﬁ'ect the inter-particle bonds within soil clods.
Increase in moisture content decreases the inter particle bond through its lubricating effect.
Higher bulk density increases the mechanical impedance towards clod crushing due to increased
degree of compaction.
5.3 Crop Performance
5.3.1 Root and Shoot Growth

It is clear from the preceding discusson that application of lantana continuously over a
period of 10 years, significantly improved soil physical properties. Earlier studies have shown
that lantana applications also significantly improved soil chemical properties, including soil
reaction and the stétus of available macro and micro nutrients (Sharma, 1996; Sharad, 1997).
_Improvement in soil productivity resulted into increase in crop growth and yield under rice-
wheat cropping system. Cultivation of wheat after wet-land rice is generally adversely affected
by higher mechanical impedance, unfavourable pore-size distribution and d;ainage problems in

the root zone. Root growth of wheat in the present experiment significantly increased with the
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amount of lantana applied (Plate 2, Table 14). Thé increase in RMD of wheat was possibly
caused by reduction in soil penetration resistance (Fig. 4), increase in macro-pores (Fig. 3),
increase in aeration porosity (Fig. 13 and 14) and regulation of favourable moisture regime in
the root zone. Thé pore-size distribution is of significance to the root growth, because the
diameter of roots of most of the cereal:crops varies between 0.2 and 0.4 mm (Russell, 1977,
Sharma 1979). The proportion of pores > 0.1 mm dia is usually restricted in soil. Application of
lantana @ 10-30 Mg ha'incireased soil pores > 0.05 mm dia from 17 to 2].-22 per cent as
observed at 30 DAS of wheat. The roots are unable to penetrate the soil pores which are
narrowe'l;' than their root caps (Weirsum, 1957; Cannell, 1977). However, once the root has
penetrated the soil pores, the continuation of root growth is possible if the roots are able to
expand the pores by pushing aside soil particles, and hence is influenced by the rigidity of pore
system. In a given soil, the rigidity of pore system is affected by the bulk density and mé_isture
content. Lantana additions decreased bulk density (Fig. 1; Table 3) and increased the soil water
retention (Fig. 9). | |

Literature shows that a definite relaftionship exists between root and shoot growth of
plant and shoot/root ratio for a given crop is almost constz?nt ( Gales, 1979, Yosﬁida, 1981).
However, ou'r‘earlier studies have sl;lown that wheat shOot/rc‘)o.t ratio is significantly affected by
soil properties like bulk density, aeration status, soil water regime, status of available nutrients
etc. ( Bhushan, 1995; Bhushan and Sharma, 1997). In the present stgdy also, shoot/root ratio
increased with the amount of lantana added (Table 15). These data show that improvement in
soil enviroﬁmént due to lantana additions improves shoot growth more than root grbv;ith.

Earlier studies also suggest that a relatively shallow root system can support a luxuriant shoot
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growth if adequate ﬁutrition, water and air are available in the root zone (Bhushan and Sharma,
1997). The effect of lantana further increased with the increased rates of chemical fertilizers.
Increased nutrient availability at higher fertilizer rates was responsible for higher shoot/root
ratio and the data are well supported by our earlier studies (Bhushan and Sharma, 1997).

5.3.2 Crop Yields |
Improvement in physical and chemical properties 'of soil due to lantana additions
_’increased grain and straw yields of both rice and wheat crops (Table 16 and 17). Grain yield of
rice in 1997 increased by 21], 44 and 84 per cent over control, while the straw yield increased by
41, 57 ar;d 72 per cent overv control with lantana@ 10, 20 and 30 Mg ha”', respectively (during
1996 the rice crop experienced neck blast infection). Similarly, wheat gréin yield increased by 6,
16 and 20 per cent over control during 1996-97 and 16, 24 and 39 per cent over control during
1997-98, and straw yield increased by 36, 40 and 56 per cent over control during 1996-96 and
24, 30 and 42 per cent over control during 1997-98 with lantana @ 10, 20 aﬁd 30 Mg ha'!,
respectively. A significant interaction between lantana and chemical fertilizer rates was
observed for grain and straw yields of both the crops. The rice grain yield With recorﬁmended
fertilizer (NK) was significantly lower than with 33 per cent of recommended NK + 30 Mg ha™
lantana; the yield was at par with 66 per cent of recommended NK + 20 Mg ha™ lantana (Table
16). The wheat grain yield in the plots treated with 20-30 Mg ha™ lantana + 33-50 per cent of
recommended chemical fertilizers to rice was either higher or same as in plots receiving no
lantana but only 100 per cent of recommended chemical fertilizers to rice (Table 17).
Data in Table 18. show that total grain production of rice + wheat (1997-98) with .30

Mg ha™ lantana + 33 per cent of recommended NK to rice was 1.98 Mg ha” higher than in
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plots receiving 100 per cent of recommended NK during rice season (all plots during wheat
season received 66 per cent of recommended NPK); the yield was statistically at par with 20

Mg ha lantana + 33 per cent NK and 100 per cent of recommended NK but without lantana to

" rice.

The straw yields of both rice and wheat followed almost the same trend as the grain
yields during both the years, i.€.1996-97 and 1997-98.

These data clearly show that with the application of lantana biomass @ 20 Mg ha"
during rice season, it was possible to save chemical fertilizers to the tune of 67 per cent of the
recommehded. It will not only be economical but will have repercugsions in terms of improved
soil productivity on sustainable basis. |

Studies have shown that the improvements in soil chemical properties, when studied
independent of physical 'properties (para 3.6), substantially dominated the soil physical
properties in their effect on crop yield. The contribution of improved soil physical properties
towards increase in grain yield of wheat was 4-10 per cent, and those of chemical properties
‘was 90-96 per cept (Table 20). However, since under field conditions plant is influenced by
both _physical and chemical properties simultaneously and their ‘effects are additive, the
contribution of physical properties in crop yield may be higher than 4-10 per cent as was
observed in the present study. Nevertheless, these studies do suggest that the deterioration in
physical properties of rice soil due to wet tillage, in relation to the following upland crop, need

to be extensively and critically quantified so as to adopt suitable management practices for their

amelioration.
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5.4 Non-Limiting Water Range — A Single Value Physical Index

Soil physical properties in relation to plant growth may be broadly classified into two
c‘ategori.es: one, those which directly influence the plant growth (by affecting direct pfoperties),
viz. water, oxygen, temperature and mechanical resistance in the root zone, and two, those
which indirectly influence the plant growth, viz. bulk density, texture, aggregation, aggregate
stability, pore-size distribution etc. The major complication in defining the suitability of soil
physical properties to plant growth arises from the fact vthat the four soil physical properties
directly -aﬁ‘ecting plant growth are inter-related and never independent of each other. It is
impossible under field conditions to change the value of one factor without also changiﬁg the
value of one or more of other factors. A balance between various soil physical properties is
must for the optimum plant growth and yield.

Of the four physical properties directly influencing plant growth, water is dominant
controlling factor. A change in water content causes a definite change in other three soil
physical properties. Based on this fact, Letey,(1985) proposed “non-limiting water range”
(NLWR) as a single value index for characterising the suitability of soil physical properties in
relation to plant growth. According to this index the upper limit of water availability may not
depend on field capacity but on aeration status in the root zone. If the aeratign status is limiting
for root growth at field capacity, a lower water content is required for adequate soil aeration
and thus, the upper limit of plant availability will be lower than field capacity of soil. Hé used
oxygen diﬁusion rate (ODR) to evgluate the aeration status of root zone. Similarly, the lower
limit of plant water availability is decided by the soil penetration resistance in the root zone

rather than the permanent wilting point (PWP), as the penetration resistance may become
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limiting to root growth at a water content much higher than the PWP. The NLWR represents
soil water range bgtween critical soil aeration as the upper limit and soil pengtratio’n resistance
as the lower limit. The NLWR decreases with poor aeration and/or high penetration resistance
in the root zone. Higher the NLWR, batter is the soil\physical condition for plant growth and
vice-ver,sa.‘ ' {

We used moisture content at 10 per cent air-filled porosity as thé upper limit in NLWR
instead of ODR (oxygen diffusion rate) as suggested by Letey (1985). Air-filled porosity is
relatiy.ely easy to determine. The application of lantana increased NLWR values from 4.35 per
cent in control to 7.43-15.04 per cent, thereby indicating an improvement in soil physical

‘r
properties in relation to wheat growth (Table 19). It was proved by significant correlation
(r = 858*) between NLWR and wheat grain yield (Fig. 17, eqn 4.23). These data suggest that
NLWR s a suitable single value physical index for characterising soil physical properties in
relation to plant growth. It is simple, quantitative and feasible, as it necessitates the
determination of only three soil properties, viz. aeration status (air-ﬁlled porosity or oxygen
diffusion rate), soil penetration resistance critical for root growth (may be experimentally

determined or referred from literature) and soil water content. Extensive testing of NLWR is

needed'to establish rating system of physical fertility of soil.



SUMMARY



VI  SUMMARY

Wheat yields in rice-wheat cropping are generally lower than in cropping sequences like
maize-wheat, soybean-wheat etc. Deterioration in soil physical properties due to wet tillage in
rice has largely been attributed to the decline in wheat yields. To improve and sustain wheat
yield in rice-wheat cropping system, a long-term field experiment was establishéd in June, 1987,
in which fresh lantana biomass (Lantana cémara) was used as an organic amendment. The
lantana was applied @ 10, 20 and 30 Mg ha’ annually, 10-15 days before puddling and

|
transplantmg of rice. The objectlves of the present study were to investigate changes in soil
physical properties without and with lantana additions for ten years and their consequent effect
on crop ‘growth and yield.' A single value physical index was also evaluated to assess the
improvement in soil physical properties due to lantana additions.

Rice seedlings, 2-3 seedlings per hill (cv. HPU 2216 in 1996 and cv. HPR 976 in 1997)
were transplanted during second week of July. Wheat (cv. Aradhana) was sown following rice
during last week of November in 1996-97 and last week of De‘cember. in 1997-98. The chemical
fertilisers were applied @50, 75 and 100 per cent of recommended NPK to rice , and 75 per
cent of recommend¢d NPK to wheat during 1996-97; and 33, 66 and 100 per- cent of
recommended NK to rice, and 66 per cent of recommended NPK to wheat during 1997-98. The
recommended rates of chemical fertilisers for rice are 90 N-18 P-33 K kg ha™ and for wheat are
120 N-39 P-25 K kg ha™. Fresh lantana was chopped into 2-3 cm pieces and mixed in top 0-
0.15 m moist soil layer manually before puddling.‘

Lantana applications significantly increased soil OC in surface (0-0.15 m) and

subsurface (0.15-0.30 m) soil layers. The soil OC in lantana-treated plots increased from ] 1.1
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(in control) to 12.5-14.2 g kg™ of soil Ein surface layer, and from 7.6 to 8.9-10.6 g kg of soil in
subsurface soil layer. After ten annual .applications of lantana @ 10-30 Mg ha™, the surface
layer retained 3.0-6.7 per cent, while subsurface layer retained 2.8-6.5 per cent of the total
“applied OC. It caused 13-28 and 17-39 per cent increase in soil OC over control in surface and
subsurface soil layers. The build-up in soil OC trigéered a series of changes in soil physical
properties.

The colour of the surface soil layer changea from brownish yellow to light yellowish
browg under dry conditions, and from yellowish brown to brown-dark brown under moist
conditil‘o‘ns with lantana applications. It inﬂuenéed the soil temperature. When observed during
last week of Decembér, 1997, maximum temperature at 0.05 m soil dépth was 11.9°C in

control as compared to 12.2-12.5°C in lantana-treated plots, the minimum temperatures were

5.4°C ar;d 5.6-5.7°C in control and lantana-treated plots. |

The soil vstructural properties, characterised by ;oil aggregation, bulk density, total
porosity, pore-size distribution, soil penetration resistance; degree of puddling, coefficient of
linear extensibility (CdLE), soil cracking behaviour and c]od-sizg distribution, were
significantly improved with lantana applications. Water stable aggregates (WSA) were
determined as a function of time starting at 7 DAT of rice. The mean weight diameter (MWD)
and WSA > 0.25 rﬁm dia increased significantly with time after puddling and lantana additions;
the effect increased with the amount of lantana added. MWD in control plots was 0.75 mm at 7
DAT which mcreased to 1.93 mm at rice harvest. Similarly, the MWD in lantana- treated plots

mcreased from 0.95-1. 75 mm at 7 DAT to 2.73-3.64 mm at rice harvest. The corresponding

values of WSA > 0.25 mm dia at 7 DAT and at rice harvest were 33.6 and 62.0 per cent in
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control plots, and 42.2-64.2 and 71.5-86.6 per cent in lantana-treated plots, respectively. Bulk
density of whole soil (0-0.30 m soil depth), aggregates (2-8 mm dia) and soil clods (4-6 cr
dia) determined at rice harvest decreased significantly with lantana treatments. Bulk density ir
surface layer decreased by 6-19 per cent, in subsurface layer by 2-6 per cent, in soil aggregates
by 7-14 per cent and in soil cl<;ds by 4-7 per.cent over control. The particle density remaining
the same, decrease in bulk density was associated with the corresponding increase in total
porosity by 9-12 per cent in surface soil layer, 13-27 per cent in soil aggregates and 6-15 per
cent..in soil clods. The lantana treatments significantly increased fhe water, transmission pores (>
50 urﬁ dia) and decreased the residual pores (< 0.5 pm dia), while did not show much effect on
water storage pores (0.5-50 um dia) when observed at 30 DAT of rice, at rice harvest and at 30
DAS 6f wheat. The degree of puddling, as assessed throiigh change in apparent specific volume
(A ASV) and puddling index, improved with lantana*additions. The‘ AASYV increased by 67-87

per cent and puddlin‘glindex by 3-10 per cent over control. The soil penetration resistance
(SPR) was determined l.s a function of moisture content at 30 DAS of wheat at 0.075 and 0.15
m soil depths. The SPR decreased significantly with the amount of lantana additions as well as
with moisture content. Lantana additions increased Vertic properties of soil, as was also
indicated by increase in COLE values from 0.070 cm ¢cm™ in control to 0.097-0.116 cm cm™ in

lantana-treated plots.. The surface cracking changed from almost hexagonal pattern of wide and

deep cracks in control to close network of fine and shallow cracks. Cracking pattern affected

clod-size distribution. The tilled surface of control plots had higher per centage of clods > 4 cm

dia than in lantana-treated plots.
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Lantana addifions significantly affected soil hydraulic properties like soil water
retension, plant available water capacity (PAWC), saturated hydraulic conductivity (Ks),
infiltrability, ‘air-ﬁlled porosity, and drying pattern of soil. Soil water retention expressed on
mass-basis increased at all suction values from saturation to 1500 kPa with lantana addition, but
| the trend almost reversed on volume-basis; the effects increased with lantana application rate.
Correspondingly, the PAWC, while increased on mass-basis, decreased when‘expressed on
volume-basis, during rice season and at rice harvest. However, during wheat season, PAWC
increased with lantana, both, on mass- and volume basis. The final infiltrability increased with
lantana\ treatments by 1.5-8 times over control at rice harvest, ‘and 2-4 times at wheat harvest.
The increase in Ks was 1.3-2.1 times over.control at rice harvest, and 1.4-4.3 times at wheat
harvest. The ten per cent air-filled porosity at 0.075-0.105 m and 0.15-vO.18 m soil depth
reached earlier in lantana-treated than in control plots after irrigation to wheat at 30 DAS. Also,
the sufface layer of control plots dried faster than the lantana-treated plots after the rice harvest.

The soil mechanical properties including, soil consistency limits, clod breaking strength

~ (CBS) and energy required to prepare land for wheat sowing showed signiﬁcant changes due to

lantana additions. All the soil consistency limits, viz. llquld limit, plastic {limit, shrmkage limit |

and plastlcnty index, were hlgher in lantana-treated than in control plots. Although the friability
moisture range decreased with the lantana from 8.9 to 7.8-8.9 per cent, the moisture content at
which soil became friable increased with lantana treatmemllts. The lantana-treated plots required
1’.46-1.01 GJ ha! compared with 1.90 GJ ha™ energy for preparing land for wheat. It was partly
due to reduction in cl}od breaking strength upon additions. The CBS was significantly,

negatively and exponentially correlated with moisture content of clods.



122

The improvements in soil physi[cal properties were reflected in increased root and shoot
growth, and grain and straw yield of, both, rice and wheat crops. A significant interaction
~ between lantana and chemical fertiliser application rates was observed in case of root growth,
shoot/root ratio, and grain and straw yields of rice and wheat. Root growth (RMD), in general,
increased both with lantana and fertiliser application rates. The RMD of wheat in plots
receiving ‘30Mg lantana ha™ + 100 per cent of recommended NK during rice and 66 per cent
of recommended NPK during wheat’ was the highest in both 0-0.15 m (3.055 kg m™) and 0.15-
030m (O'.'486 kg'm'3) soil layers. The RMD in control plots was always the lowestvin both 0-
0.15m ( 1.446 kg m™) and 0.15-0.30 m (0.256 i(g m™) soil layers. The shoot/root ratio was also
the highest (11.9) in plots receiving highest amount of lantana (30 Mg;vha'l) and chemical
ferﬁlisers (160 per cent of recommended NK to rice and 66 per cent of recommended NPK to
wheat), and the lowest (7.37) with lowest fertiliser rates (33 per cent of recommended NK to
rice and 66 per cent of recomme;lded NPK to wheat) wi!thout lantana. Crop yields increased
significantly over control with lantana and fertiliser application rates. During 1997, statistically
same rice grain yield (2. 13 Mg ha'') as in plots recei\;ing 100 per cent NK (without lantana) was
observed with ‘33 per cent NK during rice + 10 Mg ha™ lantana’(2.19 Mg ha™) -and ‘33 per
cent NK during rice + 20 Mg ha’ lantana’ (2.33 Mg ha"); with 30 Mg ha™' lantana the rice yield
even with applicatién of 33 per cent NK during rice was significantly higher (3.48 Mg ha™') than
with 100 per cent of recqmmended NK (without lantana). Wheat grain yields following rice
during tenth cropping cycle were statistically similar inl ;;,plots receiving 33 per cent of

recommended NK with 10 (2.02 Mg ha™) and 20 Mg ha™' (2.25 Mg ha™") lantaha biomass

during rice season, but lower than with ‘33 per cent of recommended NK + 30 Mg ha™ lantana
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biomass’ (2.68 Mg ha").. Almost similar trends were observed in case of straw yields of rice and
wheat. The total ‘rice + wheat’ gfajn yield in plots treated with 33 per cent of recommended
NK along With 10,‘ 20 énd 30 Mg ha"' lantana during rice were 4.21, 4.50 and 6.16 Mg ha' as
compared to 4.18 Mg ha™ in control plots receiviﬁg 100 per cent of recommended NK during
rice season (during wheat season all the plots received an uniform dose of 66 per cent of
recommended NPK). According to these data, application‘ of as low as 10 Mg ha' lantana
biomass over a period of ten years reduced the requirement of chemical fertilisers to one-third
to rigg and two-third to wheat. With 30 Mg ha' lantana along with 33 per cent of
recomﬁfended NK to rice and 66 per cent of recommended NPK to wheat produced about 48
per cent higher grain yield of ‘rice + wheat’ over the yield with recom.;nended fertiliser but
without lantana. Qur studies have shown that the contribution of improvedl soil physical
p’ropert?e‘s on improvement in wheat yield was only to the tune of 4-10 per cent of that of
contribution by improved chemical properties. !

The ‘non-limiting water range’ (NLWR), a single value soil pﬁysical index suggested by
Letey (1955), was slight!y modified and evaluated under field conditions. The index was found
uéeful in assessing soil pkllysical properties in relation to plant growth. The improvements in soil
physical properties due to lantana additions were clearly indicated by NLWR index. The NLWR
increased ﬁom.4.35 in control to 7.43-15 40 per cent in lantana-treated plots. The NLWR was

significantly, linearly and positively correlated with grain yield of wheat.
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CONCLUSIONS

1. The organic carbon in surface soil layer (0-0.15 m) increased from 11.1 (in control)
to 12.5-14.6 g kg and in subsurface (0.15-0.30 m) soil layer from 7.6 to 8.9-10.6 g kg™ with

the use of lantana @ 10-30 Mg ha™' year™over a period of ten years.

2. The addition of lantana for ten years favourably improved all the soil physical properties,
viz. soil colour, temperature, aggregatlion, bulk density, porosity, pore-size distribution, soil
penetration resistance, apparent specific volume, puddling index, coefficient of linear
extensibility, surface soil cracking behaviour, clod-size distribution, soil water retention, plant-
availab'l\e,_water capacity, infiltrability, saturated hydraulic conductivity, soil-water contact angle,
air-filled porosity, drying pattern of soil, soil consistency limits, clod breaking strength and

energy required for land preparation for wheat.

3. The use of lantana along with chemical fertilisers resulted in higher root mass density of
wheat in both surface (0-0.15 m) and subsurface (0.15-0.30 m) soil layers as compared to

chemical fertilisers alone.

4. The grain and straw yields of both, rice and wheat crop were increased with lantana
additions. It was concluded that even with 10 Mg ha™' year™ lantana over a period of ten years,
the doses of chemical fertilisers for rice can be reduced to one-third and for #wheat to two-third
without affecting crop yields; the use of 30 Mg ha™ lantana gave 48 per cent higher; grain yield

of both ‘rice + wheat’.

5. The ‘non§- hmmng water range’ (NLWR) a single Value soil physical index was found
useful in characterising soil physncal properties in relatlon to plant growth. The NLWR
increased from 4.35 (in control) to 7.43-15.40 per cent in lantana-treated plots. It was

statistically correlated with wheat grain yield.
i
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_ Appendix 1
Bulk Density Profiles '
Treatment [ Bulk density (Mg m”)
(Lantana, Mg ha) {0-0.03 0.03- 0.06- 0.09-. 0.12- 0.15- 0.225-
m 006m 009m 0.12m 0.J5m 0225m 030m
0 1.42 1.43 1.41 1.42 1.41 143 1.44
|
10 1.25 .36 1.34 1.35 1.37 1.41 1.40
20 1.16 124 1.22 1.25 1.29 1.37 1.38
30 0.99 1.13 1.21 . 1.20 1.20 1.35 1.37
[ LSD(P=005) [007/ 006 006 006 005 005 003
’ - Appendix II
Pore-Size Distribution (%) '
Treatment Pores (% of total, um) Total
(Lantana. Mgha') | >50  >30  >10 >5 >3 >0.6 >0.5 >03 >0.2 porosity
During rice season (30 DAT
0 2492 - 3523 6189 - - 6568 - 6792 6227
10 3001 - 3851 6412 - - 6794 - 7040 6251
20 3408 - 3921 6389 - - 6873 - 7164 6386
30 33.39 4305 6664 - - 7076 - 7315 64.06
At rice harvest
0 525 876 1175 1459 22.16 4324 4400 4699 5462 5139
10 6.67 1098 1940 2283 2646 4670 4825 5401 5788  53.61
20 1082 1857 2388 2706 3293 S51.67 5238 5528 5924  55.99
30 1241 2069 2855 3323 39.04 5551 5638 5984 6143 5727
During wheat season (30DAS)
0 1695 2826 36.16 3823 4334 5606 5614 5643 60.68  52.44
10 21.92 37.14 4585 4859 5236 63.66 6307 6600 6803  61.18
20 2155 3591 46.11 4936 53.04 63.85 6428 6588 6805 6254
30 20.16 3361 4585 51.88 5589 6507 6547 67.09 69.11  64.32
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Classification of Soil Pores (Greenland, 1979)
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During rice season (30 DAT)

Treatment Pores (% of total, um) Total porosity (%)
(Lantana, Mg ha™) > 50 50-0.05 <0.05
0 24.92 40.76 34.25 62.27
10 30.01 37.93 32.06 62.51
20 34.18 34.54 31.28 63.86
30 33.39 37.37 29.24 64.06
At rice harvest
0 5.25 38.74 56.01 51.39
10 6.67 41.58 51.75 53.61
20 10.82 ‘41.56 47.62 55.99
30 12.41 44.86 42.73 57.27
During wheat season (30DAS)
0 16.95 39.19 43.86 52.44
|
i0 21.92 41.46 36.92 61.18
20 21.35 42.72 35.73 62.54
30 20.16 45.26 34.58 64.32
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Appendix IV
Soil Penetration Resistance (kPa)
Lantana rate (Mg ha™")
0 10 20 30
w (%) SPR w (%) SPR w (%) SPR w (%) SPR
0.07S m soil depth
35.2 0.68 36.9 0.69 29.7 1.05 30.4 1.40
35.8 0.82 35.6 0.77 30.9 1.00 317 0.58
35.9 0.60 33.4 1.13 320 0.74 345 0.63
35.4 0.43 35.1 0.83 5, 088 31.8 0.88
335 0.62 379 063 332 078 | 367 0.40
33.9 0.63 36.5 1.04 322 0.78 324 0.60
34.7 128 36.1 0.50 30.6 0.76 322 0.66
344 0.83 48 0.81 29.2 0.91 316 1.04
36.6 1.04 " as 0.89 35.1 0.81 32,0 0.58
30.9 0.76 30.1 0.94 289 1.26 300 0.68
289 1.52 312 1.03 28.7 123 30.5 0.94
30.5 1.52 30.1 1.04 30.0 0.83 288 0.99
316 0.89 279 143 29.4 1.10 262 1.00
294 111 25.4 1.50 272 1.08 298 1.19
29.5 0.99 30.3 127 262 1.39 292 0.68
30.5 129 30.1 1.10 29.5 1.16 30.2 0.91
32.8 127 338 0.86 30.5 0.83 29.1 0.94
30.9 119 30.6 1.07 30 0.94 272 1.01
35.0 1.17 275 1.24 282 1.08 31.4 0.50
292 111 29.5 1.14 29.4 1.26 292 0.99
28.3 1.32 33.8 0.99 28.7 121 28.1 0.7
29.4 134 36.9 0.59 299 111 322 0.86
264 1.32 284 1.03 239 L1 31.2 1.19
27.1 1.32 295 1.01 25.4 1.20 276 1.14
316 142 30.0 0.73 29.8 120 312 0.89
266 1.09 31.0 1.09 26.6 1.14 29.4 1.17
278 1.32 360 0.64 292 1.04 26.1 1.06
404 0.5 38.9 04 333 0.68 35.7 0.37
4038 0.45 36.4 0.81 404 0.32 37.3 0.40
409 04 37.7 0.44 39 0.35 36.8 037
39.3 0.71 39.6 0.55 325 0.67 32.1 0.73
38.1 0.67 38.2 0.6 34.6 0.50 327 0.66
389 0.53 325 0.95 332 0.58 362 0.57

contd..
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37.68 1.56 35.6 Lll.(%gl—sml (13?33t ! 1.45 37.0 1.34
40.65 1.17 36.2 1.37 37.1 114 38.8 1.00
42.47 0.95 36.4 175 36.4 1.34 34.3 1.44
37.54 0.94 38.2 111 377 1.04 35.4 0.95
3738 1.55 39.1 1.25 36.6 1.52 39.9 0.91
38.07 1.30 33.2 114 319 1.40 29.2 136
38.20 1.68 29.5 16 35.9 1.14 345 1.63
39.05 1.32 33.5 1.23 336 1.11 37.7 0.99
33.96 1.29 29.4 1.86 327 1.26 31.5 1.12
3479 155 322 L15 353 1.27 332 1.37
33.81 147 31.6 1.53 34.5 1.17 34,9 1.01
350 1.42 27.5 1.8 3138 1.29 33.1 1.37
37.2 1.60 36.4 1.23 34.0 1.63 35.3 1.57
30.9 1.78 32.9 1.32 32.2 1.32 35.6 1.17
34.4 1.68 34.5 1.25 39.5 1.01 34.0 1.42
33.1 1.46 31.8 1.73 32.1 134 36.5 137
3138 1.60 313 1.83 314 111 313 1.09
34.3 1.40 26.5 1.82 36.3 1.01 28.0 1.57
27.6 173 I 383 0.85 31.4 1.42 32.1 1.32
35.0 1.60 37.8 0.95 32.5 1.55 35.4 1.17
30.1 1.52 34.0 118 29.2 2.01 34.6 132
30.7 1.76 33.4 1.53 29.1 1.91 34.4 1.23
32.8 1.68 27.5 1.78 30.5 2.08 30.9 1.24
346 1.88 317 143 324 1.43 327 1.40
44.1 0.76 36.9 1.41 416 1.06 37.9 0.99
46.0 0.71 39.7 1.08. 416 0.90 40.7 0.48
44.0 0.69 413 0.98 40.6 0.95 443 0.68
437 0.79 36.9 1.02 418 1.00 39.8 L1l
432 - 0.86 412 1.04 413 0.73 37.8 1.09
433 0.85 38.6 0.99 412 0.83 44.1 0.76
25.9 2.11 28.5 1.94 26.7 1.58 28.6 1.55
275 1.98 30.9 1.59 27.0 1.69 263 1.72
28.5 1.88 26.7 2.06 305 141 25.8 1.68
w = Gravimetric moisture content 7

SPR = Soil penetration resistance (MPa)
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Appendix V
Soil-Water Retention (mass-basis) ‘
Lantana ‘ Matric Suction (kPa)
Rate'! 0 6 10 30 50 100 500 600 1000 1500
(Mg ha™) During rice season
0 62.27 46.75 - 40.33 - - o 21.37 - 19.95
10 62.51 43.75 - 38.44 - - - 20.01 - 18.45
20 63.86 42.03 - 38.82 - - - 19.97 - 18.11
30 64.06 4267 [ 36.48 - - - 18.73 - 17.20
At rice harvest
0 51.39 4869 4689 4535 446 41 29.17 28.78 27.24 2332
10 53.66 50.08 4772 4347 4185 3941 2855 2777 2463 2255
20 5599 4993 4589 4265 4121 3854 2706 26.66 25.04 2282
30 | 5727 50.16 4542 4092 3846 3491 2548 2485 23 22
During wheat season
0 5244 4355 3762 3348 3283 2971 23.04 23 22.85 20.62
10 61.18 4777 3883 33.59 3258 2967 2287 22,59 2146 20.24
207 62.54 49.06 40.08 337 3224 2937 2261 22.34 2131 19.98
30 64.32 5135 42.7 34.83 3159 2837 2247 22.21 21.17 19.87
Soil-Water Retention (volume-basis)
Lantana ‘ Matric Suction (kPa)
Rate 0 6 10 30 50 100 . 500 600 1000 1500
Mg ha') During rice season
0 62.27 46.75 - 40.33 - ~ - 21.37 - 19.95
10 6251 4375 - 38.44 - ~ - 20.04 - 18.45
20 63.86 4203 - 38.82 - - - 19.97 - 18.11
30 | 64.06 4267 - © 3648 - - - B87B - 1110
At rice harvest
0 51.39. 4869 4689 4535 4460 4100 2917 2878 2724 2332
10 | 5366 5008 4772 4347 4185 3941 2855 2777 2463 2255
20 5599 4993 4589 4265 41.21 3855 2706 2666 2504 22.82
30 5727 50.16 4542 4092 3846 3491 2548 2498 23.00 22.00
During wheat season
0 5244 4355 3762 3348 3283 2971 2304 23.00 22385 2062
10 61.18 4777 3883 3359 32.58 2967 2287 2259 2146 2024
20 - | 6254 4906 40.08 3370 3224 2937 2261 2234 2131 1998
30 6432 5135 4270 3483 31.59 2837 2247 2221 2117 19.87
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, Appendix VI
Infiltration Characteristics
Lantana rate (Mg ha™)
0 10 20 30
CT i I CT i I CT i 1 CT i 1
At rice harvest

5 9.60 2.88 5 1483 445 5 2056 745 5 26.39 10.92
10 261 l3.67 10 7.28 7.22 10 17.69 1261 10 20.67 17.12
30 1.36 498 15 2.92 10.95 15 13.67 16.76 15 ;15.14 21.66
40 0.61 541 25 3.64 12.13 20 10.58 19.93 20 20.08 27.68
50 0.58 5.94 30 047 1448 25 575  20.00 25 15.14 3222
60 - 047 6.55 40 247 15.96 30 431 23.04 30 15.14 36.22
70 - 10.39 6.90 50 1.03 16.58 40 472 25.86 35 1222 4043
85 - 028 716 | 60 103 1719 | 45 439 2718 | 40 1194 4401
100 0.86 7.95 70 0.86 18.71 55 355 2972 45 11.64 4751
130 0.44 8.73 80 0.86 19.23 65 339 3236 50 700 49.60
160 0.44 9.52 95 0.78  20.93 75 3.08 3462 55 5.08 5291
190  0.33 10.13 IEIO 028 2120 85 292  36.97 65 436 5497
220 0.39 10.83 | 140 069 2135 95 268 3842 75 364 56.15
250 0.33 11.44 170 044 2220 115 247 3941 95 3.56 58.43
280 0.39 12.14 200 069 2251 145 212 51.15 110 3.11  60.23
310 0.28 12.66 230 044 2280 175 172 4179 ] 125 272  61.87
340 0.28 -13.16 260 044 23.09 205 142 42385 140 281 6220
370 0.28 13.71 290 0.44 2331 235 1.12 4373 165 226 63.20
380 0.28 14.56 320 044 2366 265 1.15 434} 195 226 64.01
3.25 .12 43.66 | 225 222 64.79
255 222 64.79
285 222 66.35
345 222 67.11

condd...
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At wheat harvest
s 424 3.20 5 105.9 7.99 S 2096 15.04 5 291.9 20.48
10 380 6.07 10 1016 15.65 10 1707 28.09 10 264.2 39.01
15 36.1 8.79 15 96.1 2290 15 1675 41.89 15 251.1 $6.63
20 35.1 11.43 20 923 2980 | 20 1600 5389 | 20 2273 72.58
25 33.8 13.98 25 821 35991 25 1575 68.86 | 25 205.3 86.98
35 332 15.23 35 800 3901 30 1556 79.86 [ 30 188.4 100.26
45 322 16.44 45 798 4202 35 1512 9232 | 35 175.8 112.53
55 30.3 17.58 55 674 4456 | 40 1462 10338 | 40 167.4 124.23
65 279 18.63 65 649 4704 | 45 1411 11503 | 45 164.8 135.79
75 217 19.67 | 75 569 4922 50 1374 125.05 O 1526 146.49
85, 265  20.67 85 542 5126 S5 1361 136.61 55 150.7 157.06
;-95$ww,s.2 21.62 95 528 5325 60 1311 14744 1 60 145.0 167.23
110 24.1 22.23 110 509 5453 | 65 1298 15817 | 70 142.5 174.23
125 22.5 22.8 125 148 5574 75 1261 160.4 | 80 135.1 178.97
140 21.8 2335 140 448 5687 | 85 1236 16959 [ 90 125.6 18337
155 207 23.87 155 444 $799( 95  1S1 17470 | 100 124.2 185.73
170 198 2437 170 437 5909} 105 1057 179.50 | 110 117.6 191.86
185 192 2485 200 415 2961 | 115 1054 184.88 | 120 107.4 195.63
215 178 25.07 230 389 6010 125 1032 18825 | 135 100.3 197.30
245 172 2528 | . 260 349 6054 | 140  10L9 193.10 | 150 97.8 200.30
275 16.1 2548 | | 290 295 6091 | 155 99.5 19692 | 165 89.3 202.39
305 153 2567 320 254 6123 | 170 88.9 198.67 | 180 78.9 204.39
335 145 2885 350 238 61.53 | 200 375 201.94 | 210 779 205.30
365 139  26.02 380 206 6179 [ 230 738 202.06 | 240 69.2 206.11
395 13.0 2618 410 18.1 6202 | 260 67.3 204.09 { 270 60.3 207.11
425 124 2634 440 178 6224 | 290 62.3 205.03 | 300 51.1 208.42
455 976 2642 470 172 6246 | 320 56.7 206.00 [ 330 48.1 209.18
485 9.1 26.57 500 172 6268 | 350 52.1 206.69 | 360 46.5 209.5)
515 87 2668 530 1738 6290 | 380 49.4 207.43 | 390 429 210.01
345 87 2679 560 172 63.12] 410 44.4 208.13 | 420 40.6 210.48
575 87 26.90 590 172 6334 440 40.6 209.13 | 450 388 210.93
605 87 2701 470 36.9 209.34 | 480 357 211.35
YUl 500 35.1 21034 | 510 358 21177
530 29.9 210.87 540 35.5 212.18
560 28.1 21135 | 570 355 212.59
590 2738 21178 | 600 355 213.00
620 276 21217 { 630 35.5 213.41

CT = Cumulative time (min)
= Infiltration rate (X 10® ms™)

i
I

= Cumulative infiltration (mm)
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Appendix VII
Air-Filled Porosity (f;, %)
Daysafter | 6 (%)  f, 0(%) J 6 (%) o 6(%) Jfo
lmgatlon )
0.075-0.105 m soil depth

1 4085 753 3960 1040 4000 1450 3810  17.64

2 3985 853 3890  1L10 3900 1550  37.80  17.94

4 3850 988 3810 - 1190 3790 1660 3670  19.04
5 36.60 1178 3730 1270 3510 1940 3600  19.74
7 3570 1268 3660 1340 3460 1990 3450 2124

9 [ 3483 1355 3590 1400 3320 2130 3250  23.44

12 3340 1498 3450 1550 3230 2221 3180  23.94

15 3100 1738 3160 1840 3040  24.11 30.90  24.84

18 | 2940 1898 3030 1970 2960 2461 3000 2574
20 | 2860 1978 . 30.10 1990 2900 2551 2930  26.44

22 2750 2088 2910 2090 2820 2631 2870  27.04

24 2650 2188 2770 2230 2550 2901 2740  28.34

0.15-0.18 m soil depth )

1 4599 000 4134 087 418  2.02 4070 397

2 4409 000 4040 181 4062  3.23 39.84 483

4 4340 000 3867 354 3946  4.39 3931 536

5 4250 000 3821 400 3740 645 3785 682

7 4070 069 3700 521 3640 °  7.45 3683 7.74

9 3860 279 3528 693 3523 862 3539 9.28

12 37.90 349 3342 879 3367 1018 3460  10.07

15 3690 449 3258 963 3237 1148 3410  10.57

18 3460 679 3158 1063 3156 1229 3298 1169

20 3380 759 2994 1227 3053 1332 3144 1323
22 3153 98 2800 1421 2917 1468 2858  16.09
24 2740 1399 26.91 153 2683 1702 2603 1864

0= Volumgtric moisture content
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Appendix VIII
Drying pattern of soil at rice harvest ‘
DAT Matric suction (kPa)
0.15 m depth 0.30 m depth

89 1.29 1.04 0.92 0.66 . e ~an ns
90 2.43 2.3 2.05 1.8 0.55 - - -
91 3.56 3.43 3.18 2.93 140 0.93 0.80 0.55
92 | 495 482 457 457 | 294 2.56 231 2.06
93 6.84 6.21 5.95 532 | 433 420 3.95 3.45
94 | 847 822 18 742 | 597 5.59 4.96 458
95 9.73 9.23 8.73 8.6 123 6.60) 5.84 5.59
96 11.23 1087  10.62 10.11 | 873 8.36 s 7.86
97 12.88 1238 1213 11.88 10.25 9.62 9.37 8.49
98 | 1351 1326 1251 1225 | 1138 10.88 10.5 10.12
99 14.52 1414 1351 12.75 12.14 12.14 11.84 11.38
100 16.41 15.91 15.78 14.77 14.41 13.78 13.64 12.90
101 18.18 1755 1717 16.92 15.50 15.29 1516 . 14.66
102 | 2095 19.44  19.06 183 18.31 17.05 1579 . 15.16
103 22.33 2158 20.44 2002 | 1920 18.31 17.94 17.13
104 23.47 2246 21.96 21.2 2018 19.70 19.20 18.94
105 24.22 23.72 2356 2322 21.92 20.96 20.71 19.70
106 23.72 2334 2296 22.46 21.84 20.83 20.58 19.45
107 26.24 25.48 2498 24.73 24.49 22.22 21.46 20.96
108 29.14 28.13 2725 26.74 25.87 24.61 23.48 22.22
109 38.41 3405  33.67 32.16 30.79 29.53 28.52 27.13
110 38.46 36.82  36.32 35.82 34.44 33.18 32.30 31.92
111 43.63 4136  40.75 38.84 39.61 37.34 36.08 35.58
112 4779 4627 4438 43.75 43.51 40.99 39.96 39.23
113 51.44 49.93 48.42 46.4 46.54 4540 44,94 43.26
114 54.84 52.2 50.05 48.79 50.95 48.43 46.16 45.66
115 60.26 57.87 55.6 5497 | S8.6) 625 50.95 48.18
116 67.82 66.18 59.38 5887 [ 6355 57.88 55.36 51.07 |
117 71.47 64.92 63.16 62.65 066.70 65.44 58.63 55.86
118 74.5 71.98 7135 68.83 08.71 66.32 61.12 58.38 |
119 75.14 73 71.36 70.86 0972 61.9 63.55 62.04

DAT = Days after transplanting
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' : Appendix IX
Clod breaking strength (CBS, kPa)
Lantana Rate (Mg ha™)
0 10 .20 30
w(%)  CBS w (%) CBS w (%) CBS w (%) CBS
11.12 589.9 10.62 4729 10.28 338.9 11.58 283.6
13.22 475.1 12.23 3_53.8 12.40 316.9 13.33 261.6
15.76 355.9 15.49 2743 14.90 248.8 14.96 2249 |
16.50 236.8 16.41 197.3 16.85 199.0 15.25 204.0
17.27 193.7 17.48 177.3 17.81 173.5 ) 17.19 168.9
18.46 176.0 18.25 132.5 18.27 124.5 18.47 115.5
19.47 158.0 19.99 126.1 19.48 109.5 19.65 106.6
20.76 135.1 20.37 119.7 20.21 97.1 20.57 97.8
21.60 116.6 21.60 113.4 21.48 80.2 22417 87.4
22.26 943 22.00 87.8 22.50 75.1 23.55 | '61.9
23.50 76.7 23.88 69.5 | 23.81 68.1 24 40 579
25.61 59.5 25.58 49.5 25.57 35.1 25.76 30.4
w = Moisture content
i
_Appendix X

1

Non-Limiting Water Range

Moisture content (%) at

Non-limiting water ~ Wheat grain yield

10 % air-filled porosity 2 MPa SPR range (%) (Mg ha')
31.21 26.81 4.40 2.20
31.21 27.11 4.10 2.05
31.21 26.66 455 - 2.00

132.22 23.89 8.33 2.25
32.22 2490 7.32 235
32.22 25.58 6.64 2.50
33.85 24.23 - 10.72 2.10
33.85 22.80 11.05 2.68 -
33.85° 22.95 10.90 2.50
34.67 19.48 15.19 2.85
34.67 20.60 14.04 2.75
34.67 18.81 15.85 3.08

SPR = Soil penetration resistance (MPa)




